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Background: Coronavirus disease 2019 has rapidly spread all over the world. Personal protective equipment (PPE)
including masks and gloves is needed to avoid transmission. Adverse skin reactions associated with PPE have been
described, but there is no information regarding objective measures to assess skin impairment related to PPE.

Objective: The aim of the study was to evaluate the impact of using facial mask and nitrile gloves on epidermal barrier
function and skin homeostasis.

Methods: A cross-sectional study was designed. Thirty-four health care workers wearing nitrile gloves and a mask for 2
hours were included. Transepidermal water loss, stratum corneum hydration, erythema, and temperature were measured.

Results: Transepidermal water loss (31.11 vs 14.24 g-m™2h™"), temperature (33.29°C vs 32.57°C), and erythema were sig-
nificantly greater at the area covered by gloves compared with the noncovered area. Transepidermal water loss (22.82 vs
13.69 g-m2h™"), temperature, and erythema (411.43 vs 335.52 arbitrary units) were significantly increased at the area cov-
ered by mask, whereas stratum corneum hydration was lower. Transepidermal water loss was greater at the area covered

by a surgical mask than at a filtering respirator mask coded filtering facepiece 2 (27.09 vs 18.02 g-m 2h™", P=0.034).
Conclusions: Skin homeostasis and epidermal barrier function may be impaired by gloves and mask use. High-quality
PPE should be provided, and adequate skin prevention measures should be implemented to reduce epidermal bar-

rier damage.

n December 2019, a new virus initially called “novel coronavirus

2019-nCoV” and later renamed to severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) rapidly emerged in Wuhan,
Hubei Province, China, and quickly spread in China and other
countries around the world. At the time of this writing, the total
number of cases worldwide has exceeded 20 million people, affect-
ing 188 countries, with more than 730,000 deaths." Spain has been
one of the most heavily affected countries, with more than 320,000
cases and 28,000 deaths."

To stop the spread of the outbreak, thousands of health care
workers (HCWs) have been working tirelessly taking care of in-
fected and suspected patients. This effort has made HCWs have a
high risk of infection, especially while providing care to coronavirus
disease 2019 (COVID-19) patients with inappropriate personal
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protective equipment (PPE).” In fact, during the SARS pandemic
in 2003, HCWs made up 21% of global cases.” To date, more than
50,000 HCWs have been infected in Spain, up to 20% of Italian
HCWs have developed COVID-19, and an early report in a single-
center case series in Wuhan found that 29% of hospitalized patients
were HCWs.*®

Health care workers should protect themselves from the virus by
performing adequate handwashing and wearing adequate PPE, in-
cluding medical masks, goggles or face shields, plastic gowns, and
gloves. The long-term working sessions and the daily use of PPEs
can lead to physical and psychological disturbances among HCWs,®
such as headache or exacerbation of their preexisting disorder.” In
fact, the prevalence of PPE-related skin injuries has been estimated
between 42.8% and 74%.%° Facial masks, goggles, and face shields
can lead to erosion, abrasion, maceration, and ecchymosis in the
cheeks, forehead, and nasal bridge.'® Moreover, a recent study reported
an overall 21% of work absenteeism due to these facial lesions.'’ The
frequent use of handwashing alcoholic or chlorine-based disinfectants
could also cause skin injuries, leading to desquamation and even irri-
tative or allergic contact dermatitis,'® and the prolonged use of gloves
could cause irritant and allergic contact dermatitis, glove-related hand
urticaria,'> pompholyx, or secondary infections."’

The skin damage associated with PPE could be evaluated objectively
by the measurement of some parameters. Assessment of epidermal bar-
rier function usually involves measurements of transepidermal water
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loss (TEWL),' the quantity of condensed water that diffuses across
a fixed area of stratum corneum to the skin surface per unit time.'*
Higher TEWL is often associated with skin barrier impairments.'
Stratum corneum hydration (SCH) is another important parame-
ter,'® and a lower value is frequently associated with skin barrier
dysfunction.” Erythema and temperature may also influence epi-
dermal barrier function and skin homeostasis.'®"”

Although many PPE-related skin injuries have been described in
the literature, to date the impairment of the skin barrier has not been
measured by objective methods. Thus, the aim of this study is to
evaluate the effect of using a facial mask and nitrile gloves on epider-
mal barrier function and skin homeostasis.

MATERIAL AND METHODS

A cross-sectional study was designed. It was conducted between
April 2020 and May 2020 in the Dermatology Department of the
Hospital Universitario Virgen de las Nieves in Granada, Spain.
Healthy HCWs, men or women older than 18 years, and volunteers
who were wearing for at least 2 hours nitrile gloves and a mask (a
surgical mask or a filtering respirator mask coded filtering facepiece
2 [FFP2]) were included in the study. The exclusion criteria of the
study population were as follows: (1) having a previous personal his-
tory of any inflammatory skin disease (psoriasis, atopic dermatitis,
hidradenitis suppurativa, acne, or seborrheic dermatitis), (2) pres-
ence of a clinical infection on the measured area, (3) a history of al-
lergy, or (4) not signing the informed consent form.

Information regarding sex, age, occupational category, kind of
mask and gloves being worn was gathered during the clinical interview.
Homeostasis parameters related to epidermal barrier function were
measured. Transepidermal water loss (in gram per hour per m?,
using Tewameter TM 300), SCH (in arbitrary units [AU], using
Corneometer CM 825), erythema (in AU, using Mexameter MX 18),
and skin temperature (in degree Celsius, using Skin-Thermometer ST
500) were measured by a Multi Probe Adapter (Courage + Khazaka
Electronic GmbH, Germany). All variables were measured at least 2
hours (ranging from 2 to 3 hours) after the participants were wearing
gloves and mask into their shift varying days of their work schedule.
All participants did not change the mask during this period, whereas

glove change was allowed if needed. The new gloves were to be imme-
diately replaced without use of any products on the hands and arms.
Measurements were taken at 4 anatomic areas: the distal right volar
forearm where covered by glove and a noncovered area 2 cm from
the covered site (Fig. 1), a right cheek site covered by the mask and
another area 2 cm from the covered site. All parameters were mea-
sured 10 times at each area, using their average for analysis. Measure-
ments were taken in the same room, and ambient air temperature was
measured with the TFA Lab Thermometer IP65 LT-101. The average
ambient air temperature at the time of the study was 22°C + 1°C, and
the average ambient air humidity was 45% + 3%.

Descriptive statistics were used to present the sample character-
istics. Continuous data were expressed as mean * SD. The absolute
and relative frequency distributions were estimated for qualitative
variables. Shapiro-Wilk test was used to check the normality of data
distribution. Student t test for paired samples or Wilcoxon test was
used to compare homeostasis parameters between areas. Student ¢
test for independent samples or Mann-Whitney U test was applied
when necessary to compare independent continuous data. Cohen
d was calculated to assess effect size, using the SD of the baseline
measure. A P value of less than 0.05 was considered statistically sig-
nificant. Statistical analyses were performed using the SPSS package
(SPSS for Windows, version 24.0; SPSS, Inc, Chicago, IL).

This study was approved by the ethics committee of Hospital
Universitario Virgen de las Nieves (epidermal barrier function and
skin homeostasis project). The nature of the study was explained
to all the participants, who agreed to participate. All measurements
were noninvasive, and patient data were kept confidential.

RESULTS

Thirty-four participants, 61.76% (21/34) women and 38.24%
(13/34) men, were included in the study. The mean age was 44.97
(SD, 11.97) years: 46.33 (SD, 11.33) years for women and 42.77
(SD, 13.08) years for men. A total of 47.06% (16/34) were doctors,
26.47% (9/34) were nurses, and 26.47% (9/34) were miscellaneous
HCWs, including nurses' assistant and cleaners.

Figure 1. A, Area covered by gloves. B, Measurement location on the right volar forearm. C, Glove-covered area. NC, non—glove-covered area.
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17:\:11=3 M Homeostasis Parameters at Areas Covered
and Noncovered by Gloves

Homeostasis Parameters at Areas

!overed by Different Types of Masks

Distal Forearm Distal Forearm
Noncovered by Covered by
Gloves (n=34) Gloves (h=34) Cohend P*

TEWL, gm™2h™" 14.24 (9.84) 31.11(18.34) 092 <0.001*
SCH, AU 4326 (12.31) 58.28 (17.08) 0.88 <0.001*
Temperature, °C 32.57 (0.81) 33.29 (0.86) 0.84 <0.001*
Erythema, AU 21555 (3869) 24397 (4497) 065 <0.001*

*P value after using Student t test for paired samples to compare homeostasis parame-
ters between the forearm covered and noncovered by gloves.

AU, arbitrary units; SCH, stratum corneum hydration; TEWL, transepidermal water loss.

Skin Homeostasis Analysis Between Areas Covered and
Noncovered by Gloves

Epidermal barrier function parameters between the distal volar fore-
arm covered and noncovered by the nitrile gloves were compared
(Table 1). Transepidermal water loss was greater at the glove-covered
area (31.11 vs 14.24 g-m’z-h’l, P <0.001, d = 0.92). Stratum corneum
hydration was also increased at the area covered (43.26 vs 58.28 ar-
bitrary units, P < 0.001, d = 0.88). Moreover, temperature (33.29°C
vs 32.57°C, P < 0.001, d = 0.84) and erythema (243.97 vs 215.55 AU,
P <0.001, d = 0.65) were also higher at the area covered by gloves
when compared with the noncovered area.

Skin Homeostasis Analysis Between Areas Covered and
Noncovered by Mask

Homeostasis parameters were also different in the areas covered and
noncovered by a mask (Table 2). Transepidermal water loss was sig-
nificantly greater on the area covered by mask (22.82 vs 13.69 g¢-m>-h™,
P<0.001,d=0.73), whereas SCH was lower (53.87 vs 59.50 AU,
P =0.058, d = 0.37). Temperature (33.19°C vs 32.54°C, P < 0.001,
d = 0.80) and erythema (411.43 vs 335.52 AU, P < 0.001, d = 0.88)
were both increased at the area covered by mask.

17:\:11p 8 Homeostasis Parameters at Areas Covered
and Noncovered by Mask

Cheek Cheek
Noncovered by Covered by
Mask (h=34) Mask (n=34) Cohend P

TEWL,gm™2h™"  13.69 (4.66) 22.82(12.59) 0.73 <0.001*
SCH, AU 5950 (14.76) 53.87 (15.30) 0.37 0.058

Temperature, °C  32.54 (0.85) 33.19 (0.81) 0.80 <0.001*
Erythema, AU 33552 (8050) 411.43(86.20) 0.88 <0.001*

*P value after using Student t test for paired samples to compare homeostasis parame-
ters between the forearm covered and noncovered by gloves.

AU, arbitrary units; SCH, stratum corneum hydration; TEWL, transepidermal water loss.

Surgical Mask FFP2 Mask
(n=18) (n=16) Cohend P
TEWL, gm2h™" 27.09 (15.30) 18.02 (6.09) 0.59 0.034*
SCH, AU 49.70 (16.73) 58.56 (12.39) 0.53 0.092
Temperature, °C  33.25 (0.86) 33.13(0.78) 0.14 0.674
Erythema, AU 42985 (91.23) 390.70 (77.78) 0.43 0.190

*P value after using Student ¢ test for independent samples or Mann-Whitney U test to
compare homeostasis parameters between the cheek covered by a surgical mask and
that covered by an FFP2 mask.

AU, arbitrary units; SCH, stratum corneum hydration; TEWL, transepidermal water loss.

The Influence of Mask Type on Skin Homeostasis

Differences in homeostasis parameters were found depending on
the type of mask (Table 3). Stratum corneum hydration was less
at the surgical mask-covered area (49.70 vs 58.56 AU, P = 0.092,
d = 0.53) when compared with FFP2 mask-covered area. No differ-
ence in temperature was found (33.25°C vs 33.13°C, P = 0.674,
d=0.14).

Transepidermal water loss was significantly greater at the area cov-
ered by a surgical mask than at the FFP2 one (27.09 vs 1802 gm >h™",
P =0.034, d = 0.59). Moreover, surgical mask had a greater power in in-
creasing TEWL (P = 0.026; Table 4). Although the cheek covered by sur-
gical mask increased 12.54 (SD, 2.14) gm>h™' compared with the
noncovered area, the FFP2 area covered was only 5.28 (SD, 2.27)
gm>h! greater than the noncovered area.

The Influence of Age and Sex on Skin Homeostasis
Covered Areas

To evaluate the impact of age in skin homeostasis—covered areas,
participants were grouped as individuals 45 years and younger or
those older than 45 years (Table 5). It was observed that mask im-
pact was similar between age groups. Nevertheless, it was found that

1y:\:{1:% Mean Differences Between Covered and
Uncovered Mask Areas for Homeostasis Parameters

Surgical Mask FFP2 Mask

(n=18) (n=16) Cohen d P
TEWL,gm™2h™" 1254 (11.40) 5.28 (5.30) 0.64 0.026*
SCH, AU —8.99 (18.94) —1.85(13.37) 057 0.218
Temperature, °C ~ 0.61 (0.42) 0.69 (0.53) 0.19 0.615
Erythema, AU 80.28 (65.06) 70.98 (46.95)  0.14 0.640

*P value after using Student t test for independent samples or Mann-Whitney U test to
compare changes in mask covered and noncovered homeostasis parameters between
the type of masks.

AU, arbitrary units; SCH, stratum corneum hydration; TEWL, transepidermal water loss.
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m Mean Differences Between Covered and Uncovered Areas for Homeostasis Parameters Between
Age Groups

Gloves

Mask

Age <45y (n=18) Age>45y(n=16) Cohend

P* Age<45y(n=18) Age>45y(n=16) Cohend Pt

TEWL, g-m_g-h_1 14.11 (11.61) 19.97 (15.46) 0.50
SCH, AU 9.34 (9.14) 12.29 (19.66) 0.32
Temperature, °C 0.53 (0.47) 0.93 (0.39) 0.85
Erythema, AU 15.47 (28.14) 43.00 (44.31) 0.98

0.218 7.93 (5.96) 10.48 (12.70) 0.43 0.45

0.571 —6.92 (21.65) —4.19 (9.13) 0.13 0.640
0.013* 0.71 (0.32) 0.59 (0.60) 0.38 0.471
0.036* 70.42 (57.29) 82.08 (57.04) 0.20 0.557

*P value after using Student ¢ test for independent samples or Mann-Whitney U test to compare changes in glove-covered and noncovered homeostasis parameters between par-

ticipants 45 years or younger and older than 45 years.

1P value after using Student ¢ test for independent samples or Mann-Whitney U test to compare changes in mask-covered and noncovered homeostasis parameters between par-

ticipants 45 years or younger and older than 45 years.

AU, arbitrary units; SCH, stratum corneum hydration; TEWL, transepidermal water loss.

gloves have a different impact depending on the age. The older group
had higher temperature increase between the covered and noncovered
areas than did the younger group (0.93°C vs 0.53°C, d = 0.85,
P =0.013). Moreover, the erythema increase in glove-covered areas
was also greater in the older group (43.00 vs 1547 AU, d = 098,
P =0.036). A positive correlation between age and temperature increase
(r=0.34, P=0.051) was found. No differences between sexes were found.

DISCUSSION

This study shows that epidermal barrier function and skin homeo-
stasis may be impaired by gloves and mask. An increased TEWL,
temperature, and erythema in the area covered by gloves and an in-
creased TEWL, temperature, and erythema but a decreased SCH in
the area covered by masks were observed. Moreover, surgical masks
are more harmful for the skin than FFP2 masks, showing greater
TEWL in areas covered by surgical masks. Epidermal barrier func-
tion integrity is important to prevent SARS-CoV-2 infection, as pre-
vious reports have shown.'"*°

The hands are the most common site affected by PPE-related ad-
verse skin reactions during the COVID-19 outbreak.” This is due to
excessive handwashing, hydroalcoholic solutions, and glove use.*'
Medical gloves are mostly made of different polymers such as latex
and nitrile,'* nitrile being the preferred gloves during the COVID-19
pandemic because of their high protection and durability.”* Many
adverse skin reactions have been described associated with their
use, such as irritant contact dermatitis, allergic contact dermatitis,
and contact urticaria.”> Glove use often causes skin maceration pre-
senting as softening, whitening, wrinkling of the skin, and, some-
times, skin peeling.*® This study showed higher SCH values at the
glove-covered area, which may be explained in part by increased
sweat production in the covered area.'” Nevertheless, the difference
in TEWL between 2 near areas, glove covered and noncovered, re-
flects skin barrier damage related to glove use. This may explain
the increased cases of hand eczema, allergic contact dermatitis, sec-
ondary superficial fungal infection, and pompholyx seen in HCW
glove users.”>** Previously, higher TEWL values during 30 minutes
of glove use have also been described.” Nevertheless, the effects of glove

occlusion are controversial in the literature.”® This study also shows
high erythema and temperature at the area covered by gloves. This is
in agreement with previous reports, as erythema is the second most re-
ported skin adverse sign among HCWs.”

Moreover, the high erythema and temperature are markers of in-
flammation and increased skin permeability.*® Although SARS-CoV
spreads mainly via the respiratory route, other possible pathways of
infection have been proposed, including skin surface.”*** Thus, the
permeability increased by gloves, added to the abundant presentation
of angiotensin-converting enzyme 2, the cell receptor for SARS-
CoV-2, in the basal layer of the epidermis and the blood vessels of the
skin, may increase the risk of being infected with SARS-CoV-2.%*
Transepidermal transmission of this virus is, however, still theoret-
ical. Possible solutions to prevent PPE and hand hygiene-related in-
juries have been described, such as increased protective skincare
measures after washing hands or using gloves®® and alcohol-based
disinfectant solutions containing glycerin as moisturizer.*'

The cheeks are the second area most affected by PPE-related ad-
verse skin reactions during the COVID-19 outbreak.” In fact, masks
are the most common culprit among all PPEs that cause skin
damage,”” leading to indentations, ecchymosis, maceration, abra-
sion, and erosion.'® This study observed high TEWL values at the
mask-covered area, revealing skin impairment associated with
mask use. This may explain some skin reactions associated with
mask use such as allergic contact dermatitis or urticarial facial
eruption.”’ In contrast to gloves, mask-covered areas showed
lower SCH values than noncovered. This may be explained be-
cause of lower density of eccrine sweat glands on the cheek.”
Moreover, this study shows that mask-covered areas have higher
temperature and more erythema than nearby noncovered areas,
relating to increased permeability.”® This could also explain
mask-induced itch®® and may be a risk factor to get SARS-
CoV-2, because frequent face touching may increase the exposure
and entry of SARS-CoV-2 infection.'' Moreover, the increased
temperature is also a contributor to developing acne and sebor-
rheic dermatitis.’** To the best of our knowledge, there is no
previous information regarding epidermal barrier function and
skin homeostasis with mask use.
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This report also shows TEWL increased more at areas covered
by the surgical mask than at FFP2 mask-covered areas. This may
mean that surgical masks are more harmful for the skin barrier.
Filtering facepiece 2 masks have more filter efficiency,”> meaning
that they are more protective to avoid COVID-19 transmission.*®
Nevertheless, no differences in skin damage between different
types of masks have been reported to date. A possible explanation
for the differences in TEWL values may be the different materials
the masks are made from.””

This study also found greater increase in erythema and temper-
ature at glove-covered areas in people older than 45 years. It has
been previously pointed out that these parameters may be associated
with a high permeability.”® Moreover, elderly people are more sus-
ceptible to skin damage®® and more frequently experience itch,*
causing face touching and increasing the exposure to SARS-CoV-2.
This is an important fact, as old people have a high risk of developing
critical or mortal COVID-19 disease.*’

Although the reference values for homeostasis parameter are still
controversial, our study shows similar values on the noncovered
areas to those of a previous report in healthy people. In our popula-
tion, the mean TEWL was 14.24 g-m >-h™" on the distal volar fore-
arm and 13.69 g-m™>-h™" on the cheek, in agreement with reference
values in a meta-analysis (reference values ranging from 9.84 to
17.96 g-'m>-h™" on the distal right volar forearm and ranging from
12.92 to 14.91 gom >h™" on the right cheek).'® Stratum corneum
hydration values were also similar to previous reports.*' Erythema
values on noncovered areas were also within the reference values
on healthy skin: 215.55 AU on the volar forearm (reference values
=222.7-288.4 AU) and 335.52 AU on the cheek (reference values =
294.2-409.4 AU).*

Limitations of this study include the small sample size and the
lack of follow-up to assess skin barrier dysfunction over a long period.
Moreover, the distal volar forearm may not be the area primarily af-
fected by glove use, meaning that the effect of glove use may be
underestimated in this study. This location was selected instead of
the palm to increase similarities between skin properties in the cov-
ered and noncovered areas. Nonetheless, this pioneering study pro-
vides insights into the objective measures for glove and mask skin
damage during the COVID-19 outbreak.

Skin homeostasis and epidermal barrier function may be im-
paired by glove and mask use. Surgical mask use is associated
with greater TEWL values than FFP2 mask. Although before the
COVID-19 pandemic, only HCWs wore gloves and masks, and only
for limited periods, now the whole population uses them for a
long period. High-quality PPE should be provided, and adequate
skin prevention measures should be implemented to reduce epider-
mal barrier damage.

ACKNOWLEDGMENTS

The authors thank all the individuals who generously shared their
time to participate in this research. The results of this study are part
of the PhD work of Trinidad Montero-Vilchez.

REFERENCES

1. Johns Hopkins University & Medicine. Coronavirus Resource Center 2020.
Available at: https://coronavirus.jhu.edu/map.html. Accessed August 11, 2020.

2. Celebi G, Piskin N, Beklevi¢ AC, et al. Specific risk factors for SARS-CoV-2
transmission among health care workers in a university hospital. Am J Infect
Control 2020;S0196-6553(20):30765-30763.

3. Johnston LB, Conly JM. Severe acute respiratory syndrome: what have we
learned two years later? Can J Infect Dis Med Microbiol 2004;15(6):309-312.

4. Wang D, Hu B, Hu C, et al. Clinical characteristics of 138 hospitalized pa-
tients with 2019 novel coronavirus—infected pneumonia in Wuhan, China.
JAMA 2020;323(11):1061-1069.

5. The Lancet. COVID-19: protecting health-care workers. Lancet 2020;
395(10228):922.

6. Pappa S, Ntella V, Giannakas T, et al. Prevalence of depression, anxiety, and
insomnia among healthcare workers during the COVID-19 pandemic: a sys-
tematic review and meta-analysis. Brain Behav Immun 2020;88:901-907.

7. Ong JJY, Bharatendu C, Goh Y, et al. Headaches associated with personal
protective equipment—a cross-sectional study among frontline healthcare
workers during COVID-19. Headache 2020;60(5):864-877.

8. Jiang Q, Song S, Zhou J, et al. The prevalence, characteristics, and prevention
status of skin injury caused by personal protective equipment among medical
staff in fighting COVID-19: a multicenter, cross-sectional study. Adv Wound
Care (New Rochelle) 2020;9(7):357-364.

9. Lin P, Zhu S, Huang Y, et al. Adverse skin reactions among healthcare
workers during the coronavirus disease 2019 outbreak: a survey in Wuhan
and its surrounding regions. Br ] Dermatol 2020;183:190-192.

10. Zhang B, Zhai R, Ma L. COVID-19 epidemic: skin protection for health care
workers must not be ignored. ] Eur Acad Dermatol Venereol 2020 May 2. doi:
10.1111/jdv.16573.

11. Singh M, Pawar M, Bothra A, et al. Personal protective equipment induced
facial dermatoses in healthcare workers managing coronavirus disease
2019. ] Eur Acad Dermatol Venereol 2020;34(8):¢378-€380.

12. Tabary M, Araghi E Nasiri S, et al. Dealing with skin reactions to gloves dur-
ing the COVID-19 pandemic. Infect Control Hosp Epidemiol 2020;1-2.
Published online 2020 May 8. doi:10.1017/ice.2020.212.

13. Fluhr JW, Feingold KR, Elias PM. Transepidermal water loss reflects perme-
ability barrier status: validation in human and rodent in vivo and ex vivo
models. Exp Dermatol 2006;15(7):483-492.

14. Alexander H, Brown S, Danby S, et al. Research techniques made simple:
transepidermal water loss measurement as a research tool. J Invest Dermatol
2018;138(11):2295-2300.e1.

15. Akdeniz M, Gabriel S, Lichterfeld-Kottner A, et al. Transepidermal water loss
in healthy adults: a systematic review and meta-analysis update. Br ] Dermatol
2018;179(5):1049-1055.

16. du Plessis J, Stefaniak A, Eloff E et al. International guidelines for the in vivo
assessment of skin properties in non-clinical settings: part 2. Transepidermal
water loss and skin hydration. Skin Res Technol 2013;19(3):265-278.

17. Takahashi H, Tsuji H, Minami-Hori M, et al. Defective barrier function ac-
companied by structural changes of psoriatic stratum corneum. J Dermatol
2014;41(2):144-148.

18. Khosrowpour Z, Ahmad Nasrollahi S, Ayatollahi A, et al. Effects of four soaps
on skin trans-epidermal water loss and erythema index. J Cosmet Dermatol
2019;18(3):857-861.

19. Shahzad Y, Louw R, Gerber M, et al. Breaching the skin barrier through tem-
perature modulations. J Control Release 2015;202:1-13.

20. Hamming I, Timens W, Bulthuis ML, et al. Tissue distribution of ACE2 pro-
tein, the functional receptor for SARS coronavirus. A first step in understand-
ing SARS pathogenesis. J Pathol 2004;203(2):631-637.

Copyright © 2021 American Contact Dermatitis Society. Unauthorized reproduction of this article is prohibited.


https://coronavirus.jhu.edu/map.html

62

DERMATITIS, Vol 32 ® No 1 = January/February, 2021

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Balato A, Ayala F, Bruze M, et al. European Task Force on Contact Der-
matitis statement on coronavirus disease-19 (COVID-19) outbreak and
the risk of adverse cutaneous reactions. J] Eur Acad Dermatol Venereol
2020;34:e353-e354.

Chen X, Shang Y, Yao S, et al. Perioperative care provider's considerations in
managing patients with the COVID-19 infections. Transl Perioper Pain Med
2020;7:216-223.

Long H, Zhao H, Chen A, et al. Protecting medical staff from skin injury/
disease caused by personal protective equipment during epidemic period of
COVID-19: experience from China. ] Eur Acad Dermatol Venereol 2020;
34(5):919-921.

Guertler A, Moellhoff N, Schenck TL, et al. Onset of occupational hand ec-
zema among healthcare workers during the SARS-CoV-2 pandemic: com-
paring a single surgical site with a COVID-19 intensive care unit. Contact
Dermatitis 2020;83:108-114.

Antonov D, Kleesz P, Elsner P, et al. Impact of glove occlusion on cumulative
skin irritation with or without hand cleanser-comparison in an experimental
repeated irritation model. Contact Dermatitis 2013;68(5):293-299.

Wetzky U, Bock M, Wulfhorst B, et al. Short- and long-term effects of single
and repetitive glove occlusion on the epidermal barrier. Arch Dermatol Res
2009;301(8):595-602.

Lan J, Song Z, Miao X, et al. Skin damage among health care workers man-
aging coronavirus disease—2019. ] Am Acad Dermatol 2020;82(5):
1215-1216.

Luo J, Hu H. Thermally activated TRPV3 channels. Curr Top Membr 2014;
74:325-364.

Xue X, Mi Z, Wang Z, et al. High expression of ACE2 on keratinocytes reveals
skin as a potential target for SARS-CoV-2. ] Invest Dermatol 2020;S0022-202X
(20)31602-X. [Epub ahead of print, 2020 May 23].

Yan Y, Chen H, Chen L, et al. Consensus of Chinese experts on protection of
skin and mucous membrane barrier for health-care workers fighting against
coronavirus disease 2019. Dermatol Ther 2020;213310.

31

32.

33.

35.

36.

37.

38.

39.

40.

41.

Gheisari M, Araghi E Moravvej H, et al. Skin reactions to non-glove personal
protective equipment: an emerging issue in the COVID-19 pandemic. ] Eur
Acad Dermatol Venereol 2020;34:6297-e298.

Wa CV, Maibach HI. Mapping the human face: biophysical properties. Skin
Res Technol 2010;16(1):38-54.

Szepietowski JC, Matusiak £, Szepietowska M, et al. Face mask-induced itch:
a self-questionnaire study of 2,315 responders during the COVID-19 pan-
demic. Acta Derm Venereol 2020;100:adv00152.

. Narang I, Sardana K, Bajpai R, et al. Seasonal aggravation of acne in summers

and the effect of temperature and humidity in a study in a tropical setting.
J Cosmet Dermatol 2019;18(4):1098-1104.

Cherrie JW, Apsley A, Cowie H, et al. Effectiveness of face masks used to pro-
tect Beijing residents against particulate air pollution. Occup Environ Med
2018;75(6):446-452.

Kim MN. What type of face mask is appropriate for everyone-mask-wearing
policy amidst COVID-19 pandemic? ] Korean Med Sci 2020;35(20):e186.
Jung S, Schleusener J, Knorr E et al. Influence of polyester spacer fabric, cot-
ton, chloroprene rubber, and silicone on microclimatic and morphologic
physiologic skin parameters in vivo. Skin Res Technol 2019;25(3):389-398.
Cowdell E, Jadotte YT, Ersser S, et al. Hygiene and emollient interventions
for maintaining skin integrity in older people in hospital and residential care
settings. Cochrane Database Syst Rev 2020;1:CD011377.

Reszke R, Bialynicki-Birula R, Lindner K, et al. Itch in elderly people: a
cross-sectional study. Acta Derm Venereol 2019;99(11):1016-1021.

Zheng Z, Peng F, Xu B, et al. Risk factors of critical & mortal COVID-19 cases:
a systematic literature review and meta-analysis. ] Infect 2020;81:¢16-¢25.

Ye L, Wang Z, Li Z, et al. Validation of GPSkin Barrier® for assessing epider-
mal permeability barrier function and stratum corneum hydration in
humans. Skin Res Technol 2019;25(1):25-29.

. Nedelec B, Forget NJ, Hurtubise T, et al. Skin characteristics: normative data

for elasticity, erythema, melanin, and thickness at 16 different anatomical lo-
cations. Skin Res Technol 2016;22(3):263-275.

Copyright © 2021 American Contact Dermatitis Society. Unauthorized reproduction of this article is prohibited.



