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RESUMEN

Antecedentes

La piel es el 6rgano mas grande del cuerpo humano y cumple multiples funciones
defensivas y reguladoras. Es posible evaluar de forma objetiva y no invasiva la funcion
de barrera epidérmica (FBE) y los parametros de homeostasis cutanea (HC) que podrian
diferir entre regiones anatémica. Estos parametros incluyen la pérdida de agua
transepidérmica (transepidermal water loss, TEWL) -la variable principal para determinar
la funcién de la barrera cutanea -, la hidratacion del estrato corneo (stratum corneum
hydration, SCH), el pH, el eritema, la melanina, la temperatura, la elasticidad y la
capacidad antioxidante. Es necesario realizar un abordaje global y multiparamétrico para
evaluar toda la gama de funciones biofisicas de la barrera cutanea.

La FBE puede verse alterada en la psoriasis -debido a la hiperproliferacion
epidérmica y a la diferenciacion defectuosa de los queratinocitos-, y en la dermatitis
atopica (DA), -principalmente a causa de las mutaciones de la filagrina (FLG)-,
traduciéndose en alteraciones de la FBE y la HC. En la actualidad, no existe una escala
objetiva para valorar la gravedad de estas enfermedades y evaluar la respuesta al
tratamiento. Los parametros de FBE y HC podrian relacionarse con la gravedad de la
enfermedad y ayudar a los médicos a resolver este problema.

La fototerapia es un tratamiento eficaz para la psoriasis, pero se necesitan muchas
visitas médicas para conseguir una mejora significativa. Ademas, actualmente existen
otras opciones terapéuticas que producen tasas mas altas de respuesta en un periodo de
tiempo mas corto. El efecto beneficioso de la fototerapia se explica por una inhibicion de
la hiperproliferacion epidérmica y un efecto inmunomodulador, que probablemente
modifique los parametros de la FBE y la HC. Asi pues, los cambios objetivos en la FBE

y laHC podrian ayudar a los clinicos a predecir la mejora de la psoriasis tras la fototerapia.
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El uso de equipos de proteccién individual (EPIs), incluyendo las mascarillas y
los guantes, y el interés por las estrategias de higiene de manos han aumentado tras la
aparicion de la enfermedad por Coronavirus 2019 (COVID-19). El uso de EPIs y la
higiene de manos se han relacionado con varios tipos de trastornos cutaneos, pero su
frecuencia varia en funcion del estudio. Ademas, se desconoce la repercusion del uso de
mascarillas sobre la FBE y la HC, el efecto de los guantes es controvertido y hay escasa
evidencia sobre el impacto en la barrera cutanea utilizando diferentes estrategias de
higiene de manos en la préctica clinica.

Por lo tanto, nos planteamos las siguientes preguntas: ¢Podrian diferir la FBE y la
HC entre regiones anatomicas? ¢Podria la funcion de barrera cutanea estar alterada en
pacientes con psoriasis y DA y podrian los parametros de FBE y HC estar relacionados
con la gravedad de la enfermedad? ¢Podrian cambiar la FBE y la HC tras la fototerapia?
¢Podrian estos cambios ayudar a los médicos a seleccionar los pacientes mas adecuados
para ser tratados con fototerapia? ¢Podrian las mascarillas y los guantes perjudicar la
funcién de la barrera cutanea? ¢Cual podria ser el procedimiento de higiene de manos
menos agresivo y mas eficaz? /Cuél es la prevalencia real de los acontecimientos

adversos relacionados con los EPIs?

Participantes y métodos

Nuestra investigacion se dividid en siete etapas: 1) Un estudio transversal para
comparar la FBE y la HC en individuos sanos en tres regiones anatomicas (la mejilla, la
region volar del antebrazo y la palma de la mano). 2) Un estudio transversal para
comparar la FBE y la HC entre individuos sanos, pacientes con psoriasis y DA y para
explorar la relacion entre la disfuncién de la barrera cutdnea y la gravedad de la

enfermedad. 3 y 4) Un estudio observacional prospectivo en pacientes con psoriasis para
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evaluar los cambios en la FBE y la HC tras la fototerapia y explorar su potencial como
parametros predictivos de respuesta al tratamiento. 5) Un estudio transversal con
sanitarios sanos para comparar las zonas cubiertas y no cubiertas por mascarillas y
guantes. 6) Un ensayo clinico para evaluar las diferencias entre tres estrategias diferentes
de higiene de manos -gel hidroalcohdlico, agua y jabdn, y toallitas desinfectantes- en la
disfuncion de la barrera cutanea, la efectividad antimicrobiana y la tolerabilidad de los
usuarios. 7) Una revision sistematica y un metaanalisis para explorar la evidencia
cientifica disponibles sobre los efectos adversos en la piel asociados a los EPIs.

Etapa 1-6. La investigacion se llevo a cabo entre abril de 2019 y enero de 2021 en
el Servicio de Dermatologia del Hospital Universitario Virgen de las Nieves de Granada,
Espafia, y en el Departamento de Dermatologia de la Universidad de Granada, Granada,
Espafia. Se incluyeron individuos sanos, pacientes con psoriasis y DA que acudieron a
nuestro Servicio de Dermatologia (estadio 1-4) y sanitarios sanos (estadio 5-6). Se
midieron variables de FBE y HC, como la TEWL, la SCH, el pH, el indice de eritemay
melanina, la temperatura de la piel, la elasticidad y la capacidad antioxidante total (CAT).
Los datos sociodemograficos y las caracteristicas clinicas de los pacientes con psoriasis
y DA se registraron a través de una historia clinica y una exploracion fisica. También se
recogieron muestras microbiolégicas y las tasas de tolerabilidad y aceptabilidad de los
procedimientos de higiene de manos.

Etapa 7. Se realizd una revisién sistematica y un metaanalisis siguiendo las
directrices PRISMA utilizando las bases de datos Medline, Scopus y Embase desde su
concepcidn hasta el 21 de enero de 2021. La busqueda se limit6 a: (i) datos en humanos,
(ii) estudios in vivo, (iii) eventos adversos cutaneos relacionados con los EPIs, (iv)
articulos escritos en inglés. Las variables evaluadas fueron el disefio del estudio, la tasa y

el tipo de acontecimientos adversos cutaneos relacionados con los EPI, los factores de
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riesgo para desarrollar manifestaciones cutaneas, el nimero de participantes, el autor, el
pais, la edad, el sexo, las herramientas de evaluacion, las regiones anatdmicas dafiadas y
el tipo de medidas preventivas. La prevalencia global de los eventos cutaneos
relacionados con los EPIs se calculo mediante un metaanalisis de efectos aleatorios
ponderado por el tamafio de la muestra del estudio. Se construyeron diagramas de bosque

para resumir las estimaciones de prevalencia y sus intervalos de confianza del 95%.

Resultados

Etapa 1. Se incluyeron 87 individuos sanos en el estudio. La TEWL fue menor en
la regién volar del antebrazo que en la mejilla y la palma (9,69 vs. 15,16 vs. 49,32
g-m2-h"%, p<0,001). La SCH fue menor en la region volar del antebrazo que en la mejilla
y la palma (43,46 vs. 52,23 vs. 60,06 unidades arbitrarias (UA), p<0,001). EI pH fue
menor en la palma que en la mejillay la region volar del antebrazo (5,58 vs. 5,72 vs. 5,74,
p<0,001). El eritema fue mayor en la mejilla que en la palma o la region volar del
antebrazo (413,51 vs. 259,98 vs. 252,02 UA, p<0,001). La melanina fue menor en la
palma de la mano que en la mejilla 'y la region volar del antebrazo (92,72 vs. 147,63 vs.
151,07AU, p<0,001). Cada aumento de un afio en la edad se asocié con un aumento de la
TEWL de 0,45 g-m2-h* en la mejillay de 0,32 g-m~2-h"* en la palma.

Etapa 2. Se incluyeron 314 participantes en el estudio, de los cuales 92 eran
pacientes con psoriasis y 92 sus controles, y 65 eran pacientes con DA y 65 sus controles.
La TEWL fue mayor en las placas de psoriasis que en la piel psoriasica no afecta y en la
piel sana (18,45 vs. 12,06 vs. 12,34 g-m2-h™%, p<0,001), mientras que no se encontraron
diferencias entre la piel psoriasica no afecta y la piel sana. La SCH fue significativamente
menor en las placas de psoriasis que en la piel psoriasica no afecta y en la piel sana (8,71

vs. 38,43 vs. 44,39 UA). La temperatura fue mayor en las placas de psoriasis que en la
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piel psoriasica no afecta (30,95 vs. 30,57 °C, p=0,046). El indice de eritema fue
significativamente mayor en las placas de psoriasis que en la piel psoriasica no afecta y
en los controles sanos (408,44 vs. 311,56 vs. 285,91 UA). No se encontraron diferencias
en el pH o la elasticidad. En las placas de psoriasis, un valor de temperatura superior a
30,85 °C, con una sensibilidad del 72,7%; y un valor de TEWL superior a 13,85
g-m2-h'%, con una sensibilidad del 81,8%; indicaban que un paciente tenia psoriasis
moderada/grave, indice de gravedad del area de psoriasis (PASI) > 7.

En cuanto a los pacientes con DA, la TEWL fue significativamente mayor en las
lesiones eczematosas que en la piel no afecta y la piel sana (28,68 frente a 13,15 vs. 11,60
g-m2-h'). La SCH fue mas baja en las lesiones eczematosas que en la piel no afecta y
en la piel sana (20,20 vs. 40,95 vs. 50,73 UA, p<0,001). La temperatura fue
significativamente mayor en las lesiones eccematosas que en la piel no afecta y en la piel
sana (32,05 vs. 31,35 vs. 31,37 °C), mientras que no se encontraron diferencias entre la
piel no afecta y la piel sana. El indice de eritema fue significativamente mayor en las
lesiones eczematosas que en la piel sana (387,21 vs. 244,44 UA). La elasticidad fue
significativamente menor en las lesiones eccematosas de la DA que en la piel sana (69%
vs. 74% vs. 76%), mientras que no se encontraron diferencias entre la piel no afecta de la
DAy la piel sana. No se encontraron diferencias en el pH. En las lesiones eczematosas,
un valor de temperatura superior a 31,75 °C, con una sensibilidad del 81,8%; y un valor
de TEWL superior a 23,19 g-m~2-h™%, con una sensibilidad del 73,5%; indicaban que un
paciente tenia DA moderada/grave, indice de gravedad de la DA (SCORing Atopic
Dermatitis, SCORAD) > 37.

Etapa 3. Tras una sesion de fototerapia, la temperatura aument6 0,81°C en la piel
no afectada (p=0,001) y 0,64°C en las placas de psoriasis (p=0,003). La SCH y el eritema

aumentaron 1,15 UA 'y 9,63 UA en las placas de psoriasis, respectivamente, mientras que
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no se observo ningun cambio en la piel no afecta. Se observo una tendencia a la
disminucion de los valores de la TEWL en ambas localizaciones. No se encontraron
cambios en el pH ni en la elasticidad.

Tras quince sesiones de fototerapia, la temperatura y el eritema aumentaron en la
piel no afecta y en las placas de psoriasis. La SCH aumentd en las placas de psoriasis. La
TEWL disminuy6 en 3,50 g-m~2-h"* en la piel no afecta (p = 0,021) y en 5,19 g-m 2-h?
en las placas de psoriasis (p = 0,016). No se encontraron cambios en la piel sana no
expuesta.

Etapa 4. Tras la primera sesion de fototerapia, los pacientes con una mejora del
PASI >3 mostraron un mayor aumento del eritema en comparacion con los pacientes que
no alcanzaron esta mejoria (71,08 vs. 11,54 UA, p = 0,011). Se gener6 una curva ROC
para determinar un valor de corte 6ptimo para los aumentos de eritema tras una sesion de
fototerapia, que permitia a los médicos predecir la mejora después de 15 sesiones de
fototerapia (area bajo la curva = 0,789, p = 0,026). Un incremento del eritema superior a
53,23 UA después de la primera sesién de fototerapia, con una sensibilidad del 71,4% y
una especificidad del 84,2%, indicaba que un paciente mejoraria su PASI >3 puntos
después de quince sesiones de fototerapia.

Etapa 5. Se incluyeron 34 sanitarios. La TEWL (31,11 vs. 14,24 g-m2-h%,
p<0,001), la SCH (43,26 vs. 58,28 AU, p<0,001), la temperatura (33,29 vs. 32,57°C,
p<0,001) y el eritema (243,97 vs. 215,55 AU, p<0,001) fueron mayores en la zona
cubierta por los guantes en comparacion con la zona no cubierta, respectivamente. La
TEWL (22,82 vs. 13,69 g-m2-h?, p<0,001), la temperatura (33,19 vs. 32,54°C, p<0,001)
y el eritema (411,43 vs. 335,52 UA, p<0,001) fueron mayores en la zona cubierta por las

mascarillas en comparacion con la no cubierta, mientras que la SCH fue menor (53,87 vs.
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59,50 UA, p=0,058). La TEWL fue mayor en la zona cubierta por la mascarilla quirurgica
que en la FFP2 (27,09 vs. 18,02 g-m~2-h™%, p=0,034).

Etapa 6. Se incluyeron en el estudio 62 sanitarios, 20 de ellos en el grupo de agua
y jabon, 21 en el de gel hidroalcohdlico y 21 en el de toallitas desinfectantes. La TEWL
aumentd en 5,45 g-m~2-h"* en el grupo de toallitas desinfectantes y en 3,87 g-m2-h* en
el grupo de agua y jabdn, mientras que se redujo en 1,46 g-m 2-h~‘en el grupo de gel
hidroalcoholico, con diferencias significativas entre los grupos (p=0,020). Tras construir
un modelo de regresion lineal, se observo que el agua y el jabon (B=4,77, p=0,05) y las
toallitas desinfectantes (=6,14, p=0,016) se asociaban de forma independiente con un
aumento de la TEWL. La reduccion del recuento de unidades formadoras de colonias
(UFC) de bacterias y hongos fue menor en el grupo de agua y jabon que en el de gel
hidroalcohdlico y toallitas desinfectantes. Las toallitas desinfectantes se consideraron méas
dificiles de usar (p=0,013) en comparacion con el aguay el jabon y el gel hidroalcoholico.

Etapa 7. La busqueda bibliogréfica identificé 1.007 articulos, 35 de las cuales
cumplieron los criterios de elegibilidad y fueron incluidos en el andlisis, representando a
31.453 participantes. La media de eventos adversos cutaneos relacionados con el EPI fue
de 75,13%. La tasa de eventos adversos cutaneos relacionados con las mascarillas fue del
57,71% y los asociados a los guantes y productos de higiene de manos fue del 49,16%.
Los acontecimientos adversos cutdneos mas comunes fueron la dermatitis de contacto, el
acnéy el picor. Las regiones anatdmicas mas dafiadas fueron el puente nasal, las mejillas
y las manos. Una larga duracién del uso del EPIs fue el factor de riesgo mas comun. El
lavado frecuente de las manos, los guantes y las mascarillas fueron los agentes mas
frecuentemente relacionados con las reacciones cutaneas. Las mascarillas N95 fueron el
tipo de mascarilla mas perjudicial para la piel. El uso de hidrocoloides evit6 el desarrollo

de acontecimientos adversos cutaneos relacionados con las mascarillas
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Conclusion

Los parametros de FBE y HC en individuos sanos son diferentes en la mejilla, la
region volar del antebrazo y la palma de la mano. La FBE y la HC difieren entre los
individuos sanos, los pacientes con psoriasis y los pacientes con DA; y la temperatura y
la TEWL pueden ayudar a los médicos a determinar objetivamente la gravedad de la
enfermedad. La FBE y la HC se modifican con la fototerapia. Un punto de corte en el
incremento del eritema tras la primera sesion de fototerapia podria ayudar a los clinicos
a seleccionar a los pacientes con psoriasis con mayor probabilidad de responder a quince
sesiones de fototerapia. El uso de guantes y mascarillas deteriora la barrera cutanea,
siendo las mascarillas quirdrgicas mas perjudiciales que las FFP2. La higiene diaria de
las manos con gel hidroalcohdlico mostrd las tasas mas bajas de alteracién de la barrera
cutanea, la mayor reduccién de la carga microbiana y las tasas mas altas de tolerabilidad.
La prevalencia de acontecimientos adversos cutaneos relacionados con el uso de EPIs es

alta, siendo la mayoria de ellos leves.
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ABSTRACT

Background

Skin is the largest organ of the human body and accomplishes multiple defensive
and regulatory functions. It is possible to assess objectively and non-invasively epidermal
barrier function (EBF) and cutaneous homeostasis (CH) parameters on the skin and they
could differ between each anatomic region. These parameters include transepidermal
water loss (TEWL) - the key characteristic to assess skin barrier function-, stratum
corneum hydration (SCH), pH, erythema, melanin, temperature, elasticity and antioxidant
capacity. An integrated and a multiparametric approach is needed to evaluate the full
range of biophysical functions of the skin barrier.

Skin barrier function may be disrupted in psoriasis -due to epidermal
hyperproliferation and defective keratinocyte differentiation-, and atopic dermatitis (AD),
-mainly because of filaggrin (FLG) mutations, being translated into EBF and CH
alterations. Currently, there is no objective scale to assess objectively these diseases
severity and evaluate clinical outcomes. EBF and CH parameters could be related to
disease severity and help clinicians to solve this problem.

Phototherapy is an effective therapy for psoriasis, but many medical appointments
are needed to see a significant improvement and there are currently other treatments
options with higher and faster effect. The beneficial effect of phototherapy is explained
by the inhibition of epidermal hyperproliferation and an immunomodulatory effect, likely
modifying EBF and CH parameters. So, objective changes in the EBF and CH may help
could help physicians to predict psoriasis improvement after phototherapy.

The use of personal protective equipment (PPE), including masks and gloves, and
the interest in hand hygiene strategies has increased after the COVID-19 outbreak. PPE

and hand hygiene have been related to several type of skin disorders, but its frequency
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varies depending on the research. Moreover, it is unknown the effect of masks wearing
on EBF and CH, the impact of gloves is controversial in there is scarce evidence about
the impact on skin barrier using different hand hygiene strategies in the clinical practice.

Thus, we asked ourselves the following questions: Could EBF and CH differ
between anatomical regions? Could skin barrier function be impaired in patients with
psoriasis and AD and could EBF and CH parameters be related to disease severity? Could
EBF and CH change after phototherapy? Could these changes help physicians to select
the most appropriate patients to be treated with phototherapy? Could mask and gloves
impair skin barrier function? Which could be the least aggressive and the most effective

hand hygiene procedure? What is the real prevalence of adverse events related to PPE?

Participants and methods

Our research was divided in seven stages: 1) A cross-sectional study to compare
EBF and CH in healthy individuals at three anatomic regions (the cheek, the volar forearm
and the palm). 2) A cross-sectional study to compare EBF and CH between healthy
individuals, patient with psoriasis and AD and to explore the relation between skin barrier
dysfunction and disease severity. 3 and 4) A prospective observational study in patients
with psoriasis to evaluated changes in EBF and CH after phototherapy and to explore
them as potentially predictive parameters of treatment response. 5) A cross-sectional
study including healthy healthcare workers (HCWSs) to compared areas covered and non-
covered by masks and gloves. 6) A clinical trial to assess differences between three
different hand hygiene strategies- alcohol based hand sanitizer (ABHS), water and soap,
and disinfectant wipes- in skin barrier dysfunction, microbial load and users’ tolerability.
7) A systematic review and metanalysis to explore the available scientific evidence

regarding skin adverse events associated with PPE.
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Stage 1-6. The research was conducted between April 2019 and January 2021 in
the Dermatology Department of the Hospital Universitario Virgen de las Nieves in
Granada, Spain, and in the Dermatology Department of Granada University, Granada,
Spain. Healthy individual, patients with psoriasis and AD that attended to our
Dermatology Department (stage 1-4) and healthy HCWs (stage 5-6) were included. EBF
and CH variables were measured, including TEWL, SCH, pH, erythema and melanin
index, skin temperature, elasticity, and total antioxidant capacity (TAC).
Sociodemographic data were recorded by clinical interview. Clinical characteristics for
patients with psoriasis and AD were included by means of clinical interview and physical
examination. Microbiological samples and tolerability and acceptability rates for hand
hygiene procedures were also collected.

Stage 7. A systematic review and meta-analysis were conducted following
PRISMA guidelines using Medline, Scopus and Embase databases from conception to
21%t January 2021. The search was limited to: (i) human data, (ii) in vivo studies, (iii) skin
adverse events related to PPE, (iv) articles written in English. 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, kind of preventive measures. 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.

Results
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Stage 1. We included 87 healthy individuals. TEWL was lower on the volar
forearm than the cheek and the palm (9.69 vs. 15.16 vs. 49.32 g-m %-h?, p<0.001). SCH
was lower on the volar forearm than check and palm (43.46 vs. 52.23 vs. 60.06 arbitrary
units (AU), p<0.001). pH was lower on the palm than on the cheek and the volar forearm
(5.58 vs. 5.72 vs. 5.74, p<0.001). Erythema was higher on the cheek than on the palm or
volar forearm (413.51 vs. 259.98 vs. 252.02 AU, p<0.001). Melanin was lower on the
palm than on the cheek and the volar forearm (92.72 vs. 147.63 vs. 151.07AU, p<0.001).
Each one-year increase in age was associated with an increase in TEWL of 0.45 g-m 2-h!
on the cheek and 0.32 g-m%h~* on the palm.

Stage 2. We included 314 participants, consisting of 92 patients with psoriasis and
their 92 controls and 65 with AD and their 65 controls. TEWL was higher at psoriatic
plaques than at uninvolved psoriatic skin and healthy skin (18.45 vs. 12.06 vs. 12.34
g-m2-h™%, p<0.001) while no differences were found between uninvolved psoriatic skin
and healthy skin. SCH was significantly lower at psoriatic plaques than uninvolved
psoriatic skin and healthy skin (8.71 vs. 38.43 vs. 44.39 AU). Temperature was higher at
psoriatic plaques than at uninvolved psoriatic skin (30.95 vs. 30.57 °C, p = 0.046). The
erythema index was significantly higher at psoriatic plaques than at uninvolved psoriatic
skin and healthy controls (408.44 vs. 311.56 vs. 285.91 AU). No differences in pH or
elasticity were found. On psoriatic plaques, a value for temperature exceeding 30.85 °C,
with a sensitivity of 72.7%; and a TEWL value higher than 13.85 g-m2-h!, with a
sensitivity of 81.8%; indicated that a patient had moderate/severe psoriasis, psoriasis area
severity index (PASI) > 7.

Regarding patients with AD, TEWL was significantly higher at AD eczematous
lesions than at uninvolved AD skin and healthy skin (28.68 vs. 13.15 vs. 11.60 g-m2-h™%).

SCH was lower at AD eczematous lesions than at uninvolved AD skin and healthy skin
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(20.20 vs. 40.95 vs. 50.73 AU, p<0.001). Temperature was significantly higher at AD
eczematous lesions than at uninvolved AD skin and healthy skin (32.05 vs. 31.35 vs.
31.37 °C), while no differences were found between uninvolved AD skin and healthy
skin. The erythema index was significantly higher at AD eczematous lesions than healthy
skin (387.21 vs. 244.44 AU). Elasticity was significantly lower at AD eczematous lesions
than healthy skin (69% vs. 74% vs. 76%), while no differences were found between
uninvolved AD skin and healthy skin. No differences in pH were found. On eczematous
lesions, a value for temperature exceeding 31.75 °C, with a sensitivity of 81.8%; and a
TEWL value higher than 23.19 g-m~2-h™%, with a sensitivity of 73.5%; indicated that a
patient had moderate/severe AD, SCORing Atopic Dermatitis (SCORAD) > 37.

Stage 3. After one phototherapy session, temperature increased by 0.81°C at
uninvolved skin (p=0.001) and 0.64°C at psoriatic plaques (p=0.003). SCH and erythema
increased by 1.15 AU and by 9.63 AU at psoriatic plaques, respectively, while no effect
was reported for uninvolved skin. A decreasing trend was observed for TEWL values at
both locations. No changes in pH or elasticity were found.

After fifteen phototherapy sessions, temperature and erythema increased at
uninvolved skin and psoriatic plaques. SCH increased at psoriatic plaques. TEWL
decreased by 3.50 g-m~2-h"! at uninvolved skin (p = 0.021) and by 5.19 g-m2-h™! at
psoriatic plagues (p = 0.016). No effect was observed at healthy non-exposed skin.

Stage 4. After the first phototherapy session, patients with a PASI improvement
>3 showed a higher erythema increase (71.08 vs. 11.54 AU, p = 0.011). A ROC curve
was generated to determine an optimum cut-off value for erythema increases after one
phototherapy session, which allowed clinicians to predict the improvement after 15
phototherapy sessions (area under the curve = 0.789, p = 0.026). A value for erythema

increases exceeding 53.23 AU after the first phototherapy session, with a sensitivity of
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71.4% and specificity of 84.2%, indicated that a patient may improve PASI by >3 points
after fifteen phototherapy sessions.

Stage 5. Thirty-four HCWs were included. TEWL (31.11 vs 14.24 g-m2-h%,
p<0.001), SCH (43.26 vs 58.28 AU, p<0.001), temperature (33.29 vs 32.57°C, p<0.001)
and erythema (243.97 vs 215.55 AU, p<0.001) were higher at the area covered by the
gloves compared to the non-covered area, respectively. TEWL (22.82 vs 13.69 g-m2-h %,
p<0.001), temperature (33.19 vs 32.54°C, p<0.001) and erythema (411.43 vs 335.52 AU,
p<0.001) were higher at the area covered by the mask compared to the non-covered, while
SCH was lower (53.87 vs 59.50 AU, p=0.058). TEWL was higher at the area covered by
a surgical mask than at the FFP2 one (27.09 vs 18.02 g-m2-h%, p=0.034).

Stage 6. Sixty-two HCWSs were included in the study, 20 of them in the water and
soap group, 21 in ABHS group and 21 in disinfectant wipes group. TEWL increased by
5.45 g-h™:-m in disinfectant wipes group and 3.87 g-h"*-m in water and soaps group
while it was reduced by 1.46 g-h™t-m2in the ABHS group with significant differences
between groups (p=0.020). After constructing a linear regression model, it was observed
that water and soap (B=4.77, p=0.05) and disinfectant wipes (p=6.14, p=0.016) were
independently associated with a TEWL increase. Bacteria and fungi colony-forming unit
(CFU) count reduction was lower for water and soap group than for ABHS and
disinfectant wipes. Disinfectant wipes were considered more difficult to use (p=0.013)
compared to water and soap and ABHS.

Stage 7. The literature search identified 1,007 references, 35 of them met the
eligible criteria and were included for analysis, representing 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
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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 hand
washing, 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

Conclusion

EBF and CH parameters in healthy individuals are different in the volar forearm,
the cheek and the palm. EBF and CH differs between healthy individuals, patients with
psoriasis and patients with AD; and temperature and TEWL may help clinicians to
determinate objectively disease severity. EBF and CH change after phototherapy. A cut-
off point in erythema increases after the first phototherapy session could help clinicians
to select psoriasis patients with more likelihood of responding to fifteen phototherapy
sessions. Gloves and mask wearing impair skin barrier, being surgical masks more
harmful than FFP2 one. Daily hand hygiene with ABHS showed the lowest rates of skin
barrier disruption, the highest microbiologic load reduction and the highest tolerability
rates. The rate of cutaneous adverse events related to PPE use is high, being most of them

mild and being dryness, pressure related symptoms and itching the most frequent one.
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1. INTRODUCTION

1.1. Skin barrier function

Skin is the largest organ of the human body and accomplishes multiple defensive
and regulatory functions®. Skin is composed by three layers: the epidermis, dermis, and
hypodermis. The epidermis is the most superficial sheet and it is form by keratinocytes
organized in four epidermal layers (stratum basal, stratum spinosum, stratum granulosum
and stratum corneum). The dermis resides below the epidermis and consists of a fibrous
extracellular matrix (ECM), composed by collagens and elastin fibers between other
elements, with fibroblasts and immune cells. The hypodermis is the deepest layer and is

mainly form by fatty tissue?.

The barrier function of skin resides mainly in the epidermis, especially in the
stratum corneum, its most superficial layer®. This epidermal barrier maintains cutaneous
homeostasis (CH) and protects the body against numerous external stressors, including
chemical, environmental, and physical stress, such as ultraviolet (UV) radiation®. The
regulation of epidermal barrier function (EBF) and cutaneous homeostasis remains poorly
understood, and knowledge of the patterns of homeostatic parameters that regulate
healthy skin is important to support clinical decision-making in patients with cutaneous

diseases®.

Transepidermal water and retained water make up the water content of skin.
Transepidermal water from circulating blood migrates through the dermis into the
epidermis, eventually evaporating on the skin surface, and it plays an essential role in the
supply of nutrients to the epidermis, which is devoid of blood vessels®. Retained water in
the stratum corneum is localized within corneocytes between lipid bilayers, and it
maintains the mechanical properties of the cornified layer, increases the plasticity of the

epidermis, and enhances the hydrophilic properties of keratin’. Transepidermal water loss
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(TEWL), i.e., the diffusion of condensed water through the stratum corneum, is a key
characteristic to assess skin barrier function®. Greater TEWL is often associated with skin
barrier impairments and has been observed in some skin diseases®. Stratum corneum
hydration (SCH), i.e., the water content of the stratum corneum, is another important
parameter, and a lower value is frequently associated with skin barrier dysfunction’. In
addition, an elevated TEWL value in a disturbed skin barrier is frequently correlated with

a reduced SCH value.

The skin surface pH is also considered in the assessment of epidermal functions,
as acidic pH of the stratum corneum is considered to present an antimicrobial barrier
preventing colonization and is essential to preserve metabolic and enzymatic activity and
maintain the structure of lipids''. Thus, neutralization of the stratum corneum produces
abnormalities in its function, with aberrant permeability barrier homeostasis and

decreased stratum corneum integrity and cohesion??,

Erythema, temperature and melanin are also determinants of skin health2,
Increases in erythema and temperature results from the exposure of skin to irritants such
as chemical substances, cleansers, allergens, or UV, among others**, and they could be
translating an increased in skin permeability due to an inflammatory®®. Melanin
production is stimulated by ultraviolet B (UVB) light and it is a skin defense mechanism
against sun radiation®. Melanin is formed in melanocytic melanosomes and is transferred
to the keratinocytes, migrating with the desquamation cycle. There is a higher density of
melanocytes on the face and genitals. However, differences in pigmentation among
anatomic areas are not related to their density but rather to the proportion of mature
melanosomes and their distribution and activity, which is influenced by endocrine factors,

radiation, and the pHY’.
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Furthermore, the skin is a potential target of oxidative damage as it is continuously
exposed to environmental factors such as air pollution, solar radiation, chemicals and
microorganism, inducing free radicals’ formation®8. Antioxidants remove free radical and
protect cells against the oxidative stress®®. The stratum corneum contains high levels of
water- and lipid-soluble antioxidants such as glutathione, vitamin C, tocopherol, squalene
and coenzyme Q. An imbalance between the antioxidants and oxidative free radicals
cause injury to cell membranes and DNA leading to cytotoxicity, cell death, lipid
peroxidation and protein breakdown leading to an impaired skin barrier?®. Elasticity is
another important property of the skin that resides mainly in the elastic fibers of the inner
dermal layer?!. Elastin is the major component of elastic fibers, and it is a particularly
vulnerable protein because of its slow turnover??. A normal production of elastic fiber
and their integration with other ECM proteins, such as proteoglycans and
glycosaminoglycans, is necessary to preserve a functional skin structure?®. Elastin
production is susceptible to be damaged by environmental exposure or inflammation due

to a recruitment of elastases, elastolytic enzymes, that degrade elastin fibers??,

An integrated and a multiparametric approach is needed to evaluate the full range
of biophysical functions of the skin barrier!®?* (Figure 1). Despite their importance for
the accurate evaluation and treatment of skin conditions, few normative data are available

on cutaneous homeostasis parameters in healthy individuals.
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Figure 1. Epidermal barrier function and cutaneous homeostasis parameters that can be assessed non-invasively on the skin.
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1.2. Skin barrier impairment in psoriasis and atopic dermatitis

Psoriasis is a chronic, recurrent, multisystemic inflammatory disease®® caused by
a combination of immunological imbalances, genetic associations, and environmental
factors?. Its prevalence around the word has been estimated at between 0.51% and
11.43%2". There are several types of psoriasis, including plaque psoriasis, guttate
psoriasis, erythrodermic psoriasis, and pustular psoriasis?®. Plaque psoriasis is the most
common variant of psoriasis and clinically it is characterized by erythematous, scaly and
raised plaques?®. Skin manifestations are often the only recognized symptoms of
psoriasis®, but it is associated with multiple comorbidities, including cardiovascular
disease, arthritis and inflammatory bowel disease®®, and with and impairment in
patients and cohabitants’ quality of 1ife36-3, Epidermal barrier dysfunction has not been
considered in detail in psoriasis pathophysiology although epidermal hyperproliferation
and defective keratinocyte differentiation may impair skin barrier function®®4,
Hyperproliferation of keratinocytes generates a thicker epidermis and the aberrant
epidermal differentiation in response to inflammatory cytokines decreased tight junction

protein expression and dysregulate ceramide production in the ECM*2,

Atopic dermatitis (AD) is a chronic cutaneous inflammatory disease caused by
genetic and environmental factors*>#4, It is one of the most prevalent skin diseases and its
prevalence ranges from 0.96% to 22.6% in children and from 1.2% to 17.1% in adults®,
with higher prevalence in industrialized countries*. Clinically, it is characterized by
recurrent and itchy eczematous lesions, excoriations, scaling and dry skin*. AD is also
related to other comorbidities including allergic disorders, such as asthma, hay fever, food
allergy and eosinophilic esophagitis; and psychosocial disturbances, such as depression
and anxiety®’. So, it is a disease with greatly impairment in patients and cohabitant

patients quality of life*®. Epidermal barrier dysfunction, immune dysregulation, and gut
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dysbiosis may play roles in this disease*. Skin barrier dysfunction is considered the first
step in the development of AD>°%, Filaggrin (FLG) mutations leads to alterations in the
differentiation and growth of a normal stratum corneum, increasing cutaneous water loss
from normal levels®. Skin barrier dysfunction in AD includes abnormalities in the
cornified envelope, tight junctions, lipid lamellae, and cutaneous microbiome®3.
Moreover, impairment in skin barrier increases allergic sensitization to antigens® and is
an independent risk factor for developing food sensitization®®.

The assessment of EBF and CH in psoriasis and AD could evaluate qualitative
and quantitative skin alterations of lesioned and non-lesioned skin and help to better
understand the complex and still incomplete etiopathogenesis of these diseases*>3,
Furthermore, there is a need to develop objective tools to assess psoriasis and AD severity
in therapeutics and outcome research®®>’. Despite multiple diagnostic tools have been
used to evaluate severity in patients with psoriasis and AD, all of them have a subjective
component that could lead to a high intra- and inter-observer variability®®°°, The psoriasis
area severity index (PASI) is the most widely used scale for assessing psoriasis severity®°.
This score quantifies extent (the percentage of involvement of the four anatomical
regions: head, trunk, and upper and lower extremities) and intensity of the psoriatic
plaques (evaluating erythema, desquamation, and induration separately for the four
anatomical regions)®’. The Eczema Area and Severity Index (EASI) and the SCORing
Atopic Dermatitis (SCORAD) are the most common index used to assess AD severity®?.
The EASI tabulates body surface area in four areas (head and neck, upper extremities,
trunk, and lower extremities) and assesses separately in each one the erythema,
induration/papulation/edema, excoriations, and lichenification, assigning a score of 0 to
3 (none, mild, moderate, and severe, respectively)®. The SCORAD evaluates the extent

of the disorder, the intensity (composed of six items: erythema, oedema/papules, effect
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of scratching, oozing/crust formation, lichenification, and dryness) and subjective
symptoms (itch, sleeplessness)®. As all these scales have an observer-dependent
component, the measurement of EBF and CH could help clinicians to assess the disease

severity objectively®*,

1.3. The role of phototherapy in skin restoration

Phototherapy is an effective, safe, and low-cost therapy for mild—moderate plaque
psoriasis®’. Nevertheless, many medical appointments are needed to see a significant
improvement®® and there are currently other treatments options for psoriasis that have a
higher and faster effect®. Several types of light and lasers are useful for treating psoriasis,
including narrowband ultraviolet B (NB-UVB); broadband ultraviolet B (BB-UVB); and
psoralen ultraviolet A photochemotherapy (oral or bath PUVA)™. NB-UVB, wavelengths
ranging from 311 to 313 nm, is the most effective type of phototherapy for psoriasis and
the most frequently used’. The starting dose is based on skin phototype or minimal
erythema dose (MED) and two or three sessions per week are recommended, reaching
clearance after two- or three-months treatment’*"2. The beneficial effect of phototherapy
for psoriasis is explained by the inhibition of epidermal hyperproliferation and an
immunomodulatory effect’®. Previously, it has been shown that phototherapy increases
TEWL and decrease SCH®". So, objective changes in the EBF may help clinicians to

select the right patient for phototherapy and to predict disease improvement.

1.4. Skin impairment related to personal protective equipment

The use of personal protective equipment (PPE) between healthcare workers

(HCWs) and the general population has increased due to the Novel Coronavirus-2019
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disease (COVID-19) outbreak’. COVID-19 is an infectious disease caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), a novel virus, emerged in
December 2019 in Wuhan, China Popular Republic’®. This virus rapidly spread around
the world, causing multiple deaths and a saturation of health systems?”.

To fight against the pandemic and avoid the virus transmission HCWs should wear
adequate PPE, including gloves, facial masks, goggles or face shields and plastic gowns
and perform frequent and proper hand washing’®. Daily use of the PPE can lead to
physical and psychological disturbances, such as headache, depression, anxiety or
insomnia’®. Skin disorders are one of the most frequent side events related to PPE®!,
Their prevalence range between 42.8% and 74%, with high differences between studies®>
8. Moreover, there is scarce evidence regarding the most common skin side events, the
type of equipment most likely to cause skin damage or preventive measures to avoid these
adverse cutaneous events related to PPE®®#7,

The need of face masks wearing has been widespread to the whole population
after COVID-19 pandemic, having to use them for long-period as it is a compulsory
measure in many countries®®®, Facial masks can lead to erosion, abrasion, maceration
and ecchymosis in the cheeks, forehead and nasal bridge®, and it has been also reported
an overall 21% of work absenteeism due to these facial lesions®®. Despite being related
to several skin conditions, mask impact on EBF and CH has hardly been evaluated and it
is controversial the type of mask that cause higher cutaneous impairment®?. The
prolonged use of gloves can cause different skin conditions, including irritant and allergic
contact dermatitis, glove-related hand urticaria®®, pompholyx or secondary infections®,
but the effect of gloves in EBF and CH is controversial in the literature®*9,

The frequent use of hand washing products is also associated with skin damage®®.

Hands are the main vector for infectious diseases transmission in a hospital environment®’
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and injured skin facilitates microorganism penetration, including SARS-CoV-2%.
Currently, there are several hand hygiene products available, including soaps, alcohol-
based hand sanitizers (ABHS) and disinfectant wipes®" %191, ABHS reduce skin
pathogens more efficiently'%%1% and, therefore, frequent application of ABHS containing
at least 60% alcohol or, if unavailable, hand washing with soap and water for at least 30
seconds, are recommended'®*%, Regarding EBF and CH, it has been reported that
TEWL increased with soaps'* and decreased with ABHS!, but there is only one study
comparing the impact of different hand hygiene products on EBF and CH in the clinical
practice!®. An adequate hand hygiene procedure should be effective -eliminating
microorganism from the skin and avoiding disease transmission-, non-harmful for the
skin and tolerable for the user. Nevertheless, there are scarce studies that compare these

three factors when using different hand hygiene strategies in a clinical setting.

57



58
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2. JUSTIFICATION AND HYPOTHESIS

Epidermal barrier function (EBF) and cutaneous homeostasis (CH) may be
different depending on the anatomical location because the skin structure is different in
each body region. EBF and CH might be disrupted in patients with psoriasis and atopic
dermatitis (AD). The changes in EBF and CH could be related to disease severity and
could be improved with the therapies for these diseases. Currently, it is not well defined
which is the most appropriate treatment for each patient with psoriasis or AD. The
measurement of EBF and CH parameters could help clinicians to choose the right patient
profile for each treatment, facilitating an effective and early approach and preventing
disease progression and development of associated complications. Therefore, we asked
ourselves the following questions: Could EBF and CH differ between anatomical
regions? Could skin barrier function be impaired in patients with psoriasis and AD and
could EBF and CH parameters be related to disease severity? Could EBF and CH change
after phototherapy? Could these changes help physicians to select the most appropriate
patients to be treated with phototherapy?

Personal protective equipment (PPE), including gloves and masks, and hand
hygiene products might impair EBF and CH. Currently, it is not well known the effect
that gloves, masks and hand hygiene products have on EBF and CH. This knowledge
could help to provide appropriate materials and develop adequate measures to prevent
skin damage associated with these products use. A skin damage reduction could
contribute to increase the compliance with protection protocols and decrease the risk of
disease transmission. Thus, we asked ourselves the following questions: Could mask and
gloves impair skin barrier function? Which could be the least aggressive and the most
effective hand hygiene procedure? What is the real prevalence of adverse events related

to PPE?
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3. OBJECTIVES

General objective

To assess epidermal barrier function (EBF) and cutaneous homeostasis (CH) in

patients with psoriasis and atopic dermatitis (AD) and in healthcare workers (HCWSs)

using personal protective equipment (PPE).

Specific objectives

1)

2)

3)

4)

5)

6)

7)

To evaluate EBF and CH in healthy individuals in different anatomical
regions.

To assess differences in EBF and CH between healthy individuals, patients
with psoriasis and patients with AD and to explore the relation between skin
barrier dysfunction and disease severity.

To evaluate changes in EBF and CH in patients with psoriasis after
phototherapy.

To explore EBF and CH as potentially predictive parameters of response to
phototherapy.

To evaluate the impact of gloves and masks use on EBF and CH.

To assess the effect of hand hygiene strategies on EBF and CH, on the
microbial load and on users’ tolerability and acceptability.

To explore the available scientific evidence regarding skin adverse events

associated with PPE.
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4. PARTICIPANTS AND METHODS

4.1. Objectives 1-6

4.1.1. Design

Objective 1 and 2. A cross-sectional study was designed including healthy

individuals, patient with psoriasis and atopic dermatitis (AD).

Objective 3 and 4. A prospective observational study was carried out on patients

with psoriasis and healthy individuals.

Objective 5. A cross-sectional study including healthy healthcare workers
(HCWs) was designed.

Objective 6. An observer-blinded randomised comparative study following

CONSORT guidelines including HCWs was conducted.

4.1.2. Setting
This research was conducted between April 2019 and January 2021 in the
Dermatology Department of the Hospital Universitario Virgen de las Nieves in Granada,

Spain, and in the Dermatology Department of Granada University, Granada, Spain.

4.1.3. Participants and inclusion / exclusion criteria

Objective 1. Participants were student that attended the Dermatology Department
of Granada University, Granada, Spain. Inclusion criteria: 1) age between 20-40 years, 2)
absence of concomitant inflammatory skin disease, 3) absence of any medication.
Exclusion criteria: 1) having applicated a topical product 12 hours before measurements,

2) not signing the informed consent form.
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Objective 2-4. Participants were healthy individuals, patients with psoriasis and

AD that attended the Dermatology Department of the Hospital Universitario Virgen de

las Nieves in Granada, Spain.

Inclusion Criteria:

v

v

Male or female.

Age between 18-65.

Healthy volunteers were people who attended the Dermatology Service for
common conditions, such as melanocytic nevi or seborrheic keratoses, and
did not have previous personal or family history of any inflammatory skin
disease.

Patients with psoriasis were patients with an established clinical diagnosis
of active moderate-to-severe plague-type psoriasis (minimum Psoriasis
Area and Severity Index (PASI) score of 4)%° and had a psoriasis plaque
on their elbows. Moreover, for resolving objective 3 and 4, these patients
had to be selected by clinical criteria to attend phototherapy treatment with
UVB narrowband (NB-UVB)®%.

Patients with AD were patients with established clinical diagnosis of mild

to severe AD%8 and had an eczematous lesion on their volar forearms.

Exclusion Criteria:

v

Psoriasis patients currently having non-plaque forms of psoriasis, e.g.,
erythrodermic, guttate, or pustular psoriasis, or a drug-induced form of
psoriasis.

Healthy volunteers who had previous personal history of any
inflammatory skin disease.

Having applicated a topical product 12 hours before measurements
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v" Clinical infection on the measured area.

v' History of allergy, cancer or an immunocompromised disease.

v Not signing the informed consent form.

Objective 5-6. Participants were healthy HCWSs working at the Dermatology
Department of the Hospital Universitario Virgen de las Nieves in Granada, Spain.
e Inclusion criteria:

v Male or female.

v" Age between 18-65.

v To resolve the objective 5, participants should also be wearing for at least
two hours nitrile gloves and a mask (a surgical mask or a filtering
respirator mask coded filtering facepiece 2 (FFP2))

e Exclusion criteria:

v Having previous personal history of any inflammatory skin disease
(psoriasis, atopic dermatitis, hidradenitis suppurativa, acne or seborrheic
dermatitis).

v Having applicated a topical product 12 hours before measurements.

v" Clinical infection on the measured area.

v" History of allergy, cancer or an immunocompromised disease.

v Not signing the informed consent form.

4.1.4. Specific characteristics for longitudinal studies: randomization,
follow-up and exposure (only for objective 3,4 and 6)

Objective 3 and 4. Patients with psoriasis (exposed subjects) were evaluated

before and after receiving the first phototherapy session and before and after the 15th

phototherapy session. The starting dose for NB-UVB therapy and the dosage schedule

69



were based on skin phototype following the current guidelines’. The frequency was two
or three times a week depending on the patient’s availability. Non-exposed subjects were
evaluated twice, on the same days as their exposed pair.

Objective 6. Participants were randomized in a 1:1:1 ratio (computerized
randomization) to use for their hand hygiene between every patient, either washing with
water and soap, applying and rubbing their hands with an alcohol alcohol-based hand
sanitizer (ABHS) or using disinfectant wipes for 20 seconds at least. Intervention
assignments were allocated by the study coordinator (SAS). The evaluator (TMV) was
blinded to the assignments. After randomization, baseline measurements were taken at
around 08:00 a.m. (before participants had started their work shift) and final

measurements were recorded after a full working day (around 03:00 p.m.).

4.15. Variables

Epidermal barrier function and cutaneous homeostasis variables

Transepidermal water loss (TEWL) was measured in g-m2-h! using
Tewameter® TM 300, stratum corneum hydration (SCH) in arbitrary units (AU) using
Corneometer® CM 825, pH using Skin-pH-Meter® PH 905, erythema and melanin index
in AU using Mexameter® MX 18, skin temperature in °C using Skin-Thermometer ST
500, and elasticity, assessed by R2 value, in % using Cutometer® Dual MPA 580. All
these sensors were connected to a Multi Probe Adapter (MPA, Courage + Khazaka
electronic GmbH, Mirocaya, Bilbao, Spain). Elasticity parameters were measured four
times and the other variables were measured ten times, using their average for analysis.

Total antioxidant capacity (TAC), both fast antioxidants (Q1), that have a lower
oxidation potential, and slow antioxidants (Q2), were measured using eBQC

electrochemical method (Bioguochem S.L. (BQCKit), Asturias, Spain), and expressed in
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micro-coulombs. Briefly, a conductive hydrogel, designed for direct measurement of the
antioxidant capacity, is stuck to the skin surface and maintained in contact for five
minutes and then peeled off and placed on the measurement area of the e-BQC strips'®.

All of these measurements were taken following the same order, in the same room

at a mean room temperature of 23 + 1 °C and ambient air humidity of 45% (range, 40—
50%). All participants underwent an adaptation period of at least 20 min before the
measurements were taken.

Measurement location:

e Objective 1. EBF and CH parameters were evaluated at three body sites:
cheek, volar forearm, and palm.

e Objective 2-4. EBF and CH parameters were measured at two anatomical
locations in healthy individuals (the elbow and the volar forearm), at two
body sites in psoriatic patients (on a psoriatic plaque and on an uninvolved
skin area at the elbow) and at two body sites in AD patients (on an eczematous
lesion and on an uninvolved skin area at volar forearm).

e Objective 5. Measurements were taken at four anatomic areas: at the distal
right volar forearm covered by the glove and in another area 2 cm far from
not covered; and at the right cheek covered by the mask and in another area 2
cm far from not covered.

e Objective 6. EBF and CH parameters were measured on the dominant palm

Sociodemographic data

Sex, age, comorbidities, smoking and alcohol habit, previous history of
inflammatory disorders, skincare habits (moisturizing or suntan lotion use), professional

group (doctor, nurse, miscellaneous) and work-related activities likely to cause skin
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damage were recorded by a clinical interview. The phototype was assessed by a

dermatologist using Fitzpatrick grading®.

Clinical data (objective 2-4)

Psoriasis severity was assessed by the psoriasis area and severity index (PASI).
AD severity was assessed by SCORing Atopic Dermatitis (SCORAD). The body surface
area (BSA) was also recorded. All these scales were calculated by a dermatologist after
physical exploration. The dermatology life quality index (DLQI) was also collected using
a self-reported questionary.

Age at diagnosis, psoriasis and AD family history, previous treatments, and
disease duration were gathered by means of clinical interview. Information about the
previous number of phototherapy sessions, session dose and total cumulative dose was

also collected.

Microbiological evaluation (objective 6)

Microbiological samples were obtained by direct application of the 4 fingertips in
a Petri dish with culture medium, either for bacteria (right hand) or fungi (left hand). For
bacteria, smears were placed in Trypcase Soy 3P Irradiated Trypcase Soy Agar (TSA3),
a non-selective method, between 28-32°C for 72 hours and for fungi in Sabouraud
Dextrose 3PTM Agar with irradiated neutralisers (SN3P) between 20-25°C for 96 hours.
The total number of CFU per plate were counted after 72 or 96 hours of incubation, and
differences between baseline and end of the working day were used to assess the

microbial load.
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Tolerability and acceptability (objective 6)

Tolerability and acceptability of the hand hygiene procedures were assessed after
the workday using the protocol proposed by the WHO that allowed both objective
evaluation by an observer and subjective evaluation by the participants'’. Briefly, on a
seven-point Likert scale, participants assessed the product’s: colour (unpleasant-
pleasant), smell (unpleasant-pleasant), texture (sticky-non-sticky), irritation (very
irritating-not irritating), drying effect (very much-not at all), ease of use (very difficult-
very easy), speed of drying (very slow-very fast), application (unpleasant-pleasant), and
overall evaluation (dissatisfied-satisfied). Likewise, on a seven-point scale, participants
rated the skin condition of their hands: appearance (abnormal-normal); intactness
(abnormal-normal); moisture content (abnormal-normal); sensation (abnormal-normal);
overall integrity of the skin (very altered-not altered). Skin condition was also assessed
by the dermatologist evaluator, as follows: redness (0—3, no redness-very bright with
oedema), scaling (0—3, no scaling-very pronounced desquamation), fissures (0-3, no
fissure-extensive cracks with bleeding or seeping), visual scoring of skin scale (0, no
observable scale or irritation of any kind; 1, occasional scale that is not necessarily
uniformly distributed; 2, dry skin and/or redness; 3, very dry skin with whitish
appearance, rough to touch, and/or redness, but without fissures; 4, cracked skin surface
but without bleeding/seeping; 5, extensive cracking of skin surface with
bleeding/seeping). All evaluations were carried out at baseline and after the working day

using the hand-hygiene product.

4.1.6. Statistical analysis
In a descriptive analysis, continuous variables were expressed as means + standard

deviation (SD) and qualitative variables as absolute and relative frequency distributions.
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The Shapiro-Wilk test was used to check the normality of data distribution and Levene’s
test was used to check the homogeneity of variance.

The chi-square test or Fisher’s exact test, as appropriate, were used for qualitative
data. The Student's t-test for paired samples or the Wilcoxon test, as appropriate, was used
to compare EBF and CH parameters in the same individual- cheek vs. volar forearm vs.
palm (objective 1); uninvolved psoriatic skin vs. psoriatic plaques and uninvolved atopic
skin vs. eczematous lesions (objective 2); before vs. after phototherapy (objective 3 and
4); covered vs non-covered areas (objective 5); before and after hand hygiene procedure
(objective 6). The Student’s t-test for independent samples or the or the Mann-Whitney
test, as appropriate, was used for comparisons of continuous variables between
participants. One-way analysis of variance (ANOVA), post-hoc Bonferroni correction,
was used to compare quantitative variables between more than two groups (different hand
hygiene procedure). When necessary, adjusted regression models were constructed to
compare continuous data between participants. The effect of phototherapy by time
(before, after) and skin involvement (uninvolved skin, psoriatic plaque), adjusted by total
cumulative dose, was analysed using repeated measures ANOVA (RM-ANOVA) with
post hoc Bonferroni correction.

The Pearson correlation coefficient was calculated to test for possible correlations
between continuous variables. Linear regression models were also constructed for
predictive analysis. PASI and SCORAD respectively, were analyzed to establish cut-off
points using receiver operating characteristic (ROC) curves for the values of temperature,
TEWL, and SCH. The results of ROC curves were used to calculate sensitivity and
specificity for various criteria together. To predict PASI improvement after fifteen
phototherapy sessions, cut-off points were generated using ROC curves for the changes

of erythema and SCH after the first phototherapy session. To produce these ROC curves,
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the sensitivities and specificities for changes of erythema and SCH values after the first
phototherapy that predict an improvement in PASI of >3 after the fifteenth phototherapy
session were tabulated and the graphical ROC curve was generated by plotting true
positive rate (sensitivity) on the y-axis against false positive rate (1-specificity) on the x-
axis for the various values tabulated. To select the optimal cut-off point, the point nearest
to the top-left-most corner of the ROC curve was chosen, giving equal weight to the
importance of sensitivity and specificity.

A p-value of <0.05 was considered statistically significant. Statistical Analyses
were performed using the SPSS package (SPSS for Windows, Version 24.0 Chicago:

SPSS Inc.).

4.1.7. Ethics

All participants included in the research were volunteers. The nature of the study
was explained to all the participants, who agreed to participate and signed the informed
consent form. All measurements employed were non-invasive, so participants did not
suffer any damage due to the inclusion in the study. Participant’s data was kept
confidential. This doctoral thesis was conducted according to the guidelines of the
Declaration of Helsinki, and its protocol was approved by the Ethics Committee of
Hospital Universitario Virgen de las Nieves, Granada, Spain (protocol code HCO01 / 0442-

N-20).
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4.2. Objective 7

A systematic review and meta-analysis were conducted following PRISMA
guidelines. A literature search was performed using Medline, Scopus and Embase
databases from conception to 21% January 2021. The following 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 (CORONAVIRUS DISEASE 2019)).

The search was limited to: (i) human data, (ii) in vivo studies, (iii) skin adverse
events related to PPE, (iv) articles written in English. All types of epidemiological studies
(clinical trials, cohort studies, case-control studies and cross-sectional studies) regarding
skin adverse events related to PPE were included and analyzed. Reviews, guidelines,
protocols, case series, case reports and conference abstracts were excluded.

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
references were checked for additional sources. The articles considered relevant by both
researchers were included in the analysis. Disagreements about inclusion or exclusion of
articles were subjected to discussion until a consensus was reached. If not reached,
resolution was achieved by discussion with a third researcher (AMLO).

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, kind of

preventive measures.
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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% ClIs. These figures
present measures of heterogeneity across studies (Cochrane Q statistic, noted the 12
statistic). Microsoft Excel version 2016, Redmond, Washington, The USA. was used to

run this data'?,
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5. RESULTS
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5.1. Skin barrier function in healthy individuals in different anatomical
regions.

Skin is one of the most important organs of the body as it protects us against
external stressor and maintain a suitable environment for life. Knowing skin properties
and characteristics in healthy individuals at each anatomic region could help clinicians

to better understand how skin barrier is disrupted in cutaneous diseases.
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CUTANEOUS HOMEOSTASIS AND EPIDERMAL BARRIER FUNCTION IN

A YOUNG HEALTHY CAUCASIAN POPULATION

Abstract

Background. Transepidermal water loss (TEWL), stratum corneum hydration
(SCH), and skin surface pH are indicators of skin barrier integrity. There is scant evidence
on normative data for cutaneous homeostasis parameters in healthy individuals.

Material and methods. A cross-sectional study was conducted in healthy
volunteers aged 20 to 40 years. TEWL, SCH, pH, erythema, and melanin were measured
on cheek, volar forearm, and palm.

Results. The study included 87 healthy volunteers (34 males). The lowest TEWL
was on the volar forearm (9.69+2.94 g-m 2h?) and the highest on palm (49.32+14.55
g-m 2-h™1). Erythema was higher on cheek than on palm or volar forearm (413.51 AU vs.
259.98 AU vs. 252.02 AU). The lowest melanin index was on palm (92.72+41.70 AU).
pH levels were similar among locations. The erythema index was significantly higher in
males versus females at all locations. Linear regression analysis adjusted for age and SCH
revealed an increase of 0.45+0.18 g-m 2-h™* TEWL on cheek and of 0.32+0.10 g-m 2h'?
TEWL on forearm for each one-year increase in age.

Conclusion. We contribute normative data for individuals aged 20-40 years
across three anatomical locations and propose a predictive model for TEWL on cheek and

forearm as a function of age and SCH.

Keywords: skin barrier function, cutaneous homeostasis, biophysical parameters,

anatomical sites, gender, age
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1. Introduction

Skin is the largest organ of the human body and accomplishes multiple defensive
and regulatory functions!. The barrier function of skin resides in the epidermis, especially
in the stratum corneum?. This epidermal barrier maintains cutaneous homeostasis and
protects the body against numerous external stressors, including chemical, environmental,
and physical stress, such as ultraviolet (UV) radiation®*. The regulation of cutaneous
homeostasis remains poorly understood, and knowledge of the patterns of homeostatic
parameters that regulate healthy skin is important to support clinical decision-making in
patients with cutaneous diseases®.

Transepidermal water and retained water make up the water content of skin.
Transepidermal water from circulating blood migrates through the dermis into the
epidermis, eventually evaporating on the skin surface, and it plays an essential role in the
supply of nutrients to the epidermis, which is devoid of blood vessels. Retained water in
the stratum corneum is localized within corneocytes between lipid bilayers, and it
maintains the mechanical properties of the cornified layer, increases the plasticity of the
epidermis, and enhances the hydrophilic properties of keratin®. Transepidermal water loss
(TEWL), i.e., the diffusion of condensed water through the stratum corneum, is a key
characteristic of the skin barrier’. Greater TEWL is often associated with skin barrier
impairments and has been observed in some skin diseases, including atopic dermatitis and
psoriasis®. Stratum corneum hydration (SCH), i.e., the water content of the stratum
corneum, is another important parameter, and a lower value is frequently associated with
skin barrier dysfunction. In addition, an elevated TEWL value in a disturbed skin barrier
is frequently correlated with a reduced SCH value®. The skin surface pH is also considered
in the assessment of epidermal functions, as acidic pH of the stratum corneum is

considered to present an antimicrobial barrier preventing colonization®®. Thus,
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neutralization of the stratum corneum produces abnormalities in its function, with
aberrant permeability barrier homeostasis and decreased stratum corneum integrity and
cohesion!!. Conversely, barrier disruption and injury to the stratum corneum was found
to increase its pH from baseline levels of 5.0-5.5 up to 7.0'%. Acidic pH is essential to
preserve metabolic and enzymatic activity, maintain the structure of lipids, and defend
against microorganisms®2,

Melanin and erythema are useful to assess the integrity of the epidermal barrier,
which also has a photoprotective function. Skin pigmentation and light absorption by
chromophores (urocanic acid and melanin) protect against UV light radiation. Melanin is
formed in melanocytic melanosomes and is transferred to the keratinocytes, migrating
with the desquamation cycle. There is a higher density of melanocytes on the face and
genitals. However, differences in pigmentation among anatomic areas are not related to
their density but rather to the proportion of mature melanosomes and their distribution
and activity, which is influenced by endocrine factors, radiation, and the pH*. Erythema
results from the exposure of skin to irritants such as chemical substances, cleansers,
allergens, or UV, among others®®. An integrated and a multiparametric approach is needed
to evaluate the full range of biophysical functions of the epidermal barrier?®.

Despite their importance for the accurate evaluation and treatment of skin conditions, few
normative data are available on cutaneous homeostasis parameters in healthy
individuals®t"18, Therefore, the objectives of this study were: 1) to develop normative
data for skin erythema, melanin, pH, SCH, and TEWL; 2) to identify differences in these
variables among different anatomic locations; and 3) to explore factors that may modify

these values.
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2. Material and methods

Design and study population

A cross-sectional study was undertaken, recruiting participants from among
students at the School of Medicine of Granada University (Spain) from March through
April 2019. Inclusion criteria were: age between 20-40 years, absence of concomitant
disease, and no receipt of medication. No application of topical products was allowed
during the 12 hours before measurements.

Study variables

Main variables of interest

Five biophysical parameters were measured at three locations: cheek, volar
forearm, and palm. All participants underwent an adaptation period of at least 20 minutes
before the measurements were taken. All these measurements were taken at identical sites
following the same order: SCH (in arbitrary units [AU]), using a CM 825Corneometer®;
TEWL (g-m %h™1), using a TM 300 Tewameter®; pH value, using a 905 skin pH meter®;
and erythema and melanin indices (in AU), using an MX 18 Mexameter®. These
epidermal barrier function parameters were measured with a Multi Probe Adapter (MPA,
Courage + Khazaka electronic GmbH, Germany). All variables were measured ten times,
using the average value for the analysis. All measurements were taken in the same room
at a mean room temperature of 23£1°C and ambient air humidity of 45% (range, 40—
50%).

Other variables of interest

Data were gathered in a clinical interview on the participants’ sex, age,
smoking/alcohol habits, family history of cutaneous disease, personal history of atopy or

other cutaneous disease, skincare habits (moisturizing or suntan lotion use), and hours of
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sun exposure during the previous week. Two age groups were considered in the analysis:
<23 years and > 23 years.

Statistical analysis

In a descriptive analysis, continuous variables were expressed as means + standard
deviation (SD) and qualitative variables as absolute and relative frequency distributions.
The Student’s t-test for independent samples or Student's t-test for paired samples, as
appropriate, was used for comparisons of continuous variables. The chi-square test or
Fisher’s exact test, as appropriate, were used for qualitative data. The Pearson correlation
coefficient was calculated to test for possible correlations between continuous variables.
Linear regression models were constructed for predictive analysis.

Statistical significance was defined by a two-tailed p<0.05. SPSS version 24.0 (SPSS Inc,
Chicago, IL) was used for statistical analyses.

Ethics

All participants signed their informed consent to participation in the study, which
was approved by the ethics committee of Granada University. All measurements were

non-invasive, and the confidentiality of participant data was strictly preserved.
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3. Results

The study included 87 healthy individuals (34 men and 53 women) with a mean
age of 22.72 (3.06 SD) years. Demographic characteristics of the participants are
displayed in Table 1.

Table 2 exhibits the difference in parameters among the anatomic locations tested.
The lowest TEWL was on the volar forearm (9.69 (2.94 SD) g-m 2-h) and the highest
on the palm (49.32 (14.55 SD) g-m 2ht). The SCH value was lowest on the volar
forearm (43.46 (10.74 SD) AU), and lower on the cheek (52.23 (13.18 SD) AU) than on
the palm (60.06 (22.88 SD) AU), p<0.001. Erythema was higher on the cheek than on the
palm or volar forearm (413.51 (78.06 SD) AU vs. 259.98 (60.64 SD) AU vs. 252.02
(50.59 SD) AU), and the lowest melanin index was on the palm (92.72 AU (41.70 SD).
pH was lower on the palm than on the cheek and the volar forearm (5.58 (0.37 SD) vs
5.72 (0.29 SD) vs 5.74 (0.31 SD)).

TEWL values on the cheek (14.46 (3.70 SD) g-m >h™* vs. 16.91 (7.80 SD)
gm >h™1, p=0.049) and volar forearm (9.23 (4.02 SD) g-m >h™* vs. 10.82 (4.02 SD)
g-m 2h, p=0.022) were higher in the over-23-year-olds (Table 3). Results of linear
regression analysis adjusted for age and SCH showed that each one-year increase in age
was associated with an increase in TEWL of 0.45 g-m >h™* (SD 0.18) on the cheek and
0.32 (SD 0.10) g-m 2hton the palm (table 5).

Comparison between the sexes (table 4) revealed higher melanin levels on the
cheek of males (p=0.04) and higher erythema values at all locations in males than in
females. Linear regression analysis showed that, in comparison to the females, erythema
values for males were 81.56 (SD 14.81) AU higher on the cheek, 27.66 (SD 9.34) AU

higher on the volar forearm, and 35.91 (SD 12.83) AU higher on the palm.
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A positive correlation was observed between age and TEWL values on cheek (r=0.272,
p=0.011) and volar forearm (r=0.349, p=0.001). Figure 1a-g depicts correlations between
biophysical parameters at each location. On the cheek we found a negative correlation
between TEWL and SCH values (r=-0.259, p=0.015, Figure 1a), a positive correlation
between melanin and erythema (r=0.229; p=0.033, Figure 1b) and a negative correlation
between pH and erythema (r=-0.224, p=0,037, Figure 1c). On the volar forearm, the sole
correlation was between SCH and erythema values (r=0.48, p<0.001, Figure 1d). On the
palm we found a negative correlation between melanin and TEWL (r=-0.211, p=0.05,
Figure 1e), between pH and TEWL (r=-0.52, p<0.001, Figure 1f) and between pH and

SCH (r=-0.406, p<0.001, Figure 19g).
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4. Discussion

The skin barrier plays a crucial protective role against water loss and penetration
of pathogens from the external environment. This study of healthy individuals revealed
differences in TEWL, SCH, erythema, melanin and pH among three anatomic sites
(cheek, volar forearm and palm). This fact might be explained by the variations in the
amount of sebaceous glands, lipids and natural moisturizing factor, in the size of
corneocytes, in exogenous compounds on skin surface and occlusion®2L,

TEWL is a key characteristic of skin barrier function and may have predictive
value for the development of atopic dermatitis and psoriasis®2. However, no consensus
has been reached on the definition of “normal” TEWL. According to this study, TEWL
values in healthy individuals widely differ among anatomic locations, which has been
attributed to differences in the number of corneocyte cell layers, and in the size and
turnover rates of corneocytes?®. TEWL values were higher on the cheek than on the volar
forearm, consistent with previous reports?*23, This might be related to the smaller
corneocytes, fewer cell layers, faster cell turnover, and greater vascularization in facial
areas!®?*, The quantity and composition of intercellular lipid bilayers might also affect
inside-out water diffusion, and the greater density of sebaceous glands on the face than
on the forearm would also be related to the higher TEWL on facial areas?. The highest
TEWL value was observed on the palms, attributable to its thicker stratum corneum,
higher exposure to friction and damage, and greater density of eccrine sweat glands?®.
Our findings are in agreement with the results of a recent systematic review, which found
the highest TEWL values to be on the palm, followed by the face and forearm?®.

The lowest SCH value was on the volar forearm. The higher SCH on the cheek
reflects the thinner stratum corneum of facial skin, which has smaller corneocyte layers

in comparison to limbs, offering an adequately hydrated skin surface but a relatively poor
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barrier function'®. Higher SCH values on the cheek than on the forearm may be influenced
by the greater ease of measuring water content in the thinner skin of the face, given that
hydration gradually increases at deeper layers?'. The highest SCH values were found on
the palm, which may be explained by its higher density of eccrine sweat glands?.

Both an increase in TEWL values and a decrease in SCH values are associated with skin
disease’, nevertheless, to the best of our knowledge, the correlation between these
parameters have been only showed on the cheek®, in agreement with our report. This
could be due to regional anatomical differences in sweat gland activity, skin temperature,
thickness, and corneocyte size and maturity?’.

Nedelec et al'® described melanin and erythema parameters as determinants of
skin health. We found higher levels of erythema and melanin on the cheek than on the
forearm and the palm, which may be due to the increased blood circulation in this sun-
exposed area?®?8, As expected, the lowest melanin value was on the palm of the hand,
which contains low melanocytes or melanin®®. Our finding of virtually no change in pH
values among locations is in agreement with previous studies!®2,

The negative correlation found between melanin and pH on the cheek may be due
to the more acidic melanocytic dendrites on type 1V-V versus type I-1l skin. These
transfer more melanosomes to the stratum corneum, and melanosome secretion
contributes to the more acidic pH of type IV-V skin®, providing darkly-pigmented skin
with a superior permeability barrier function®.,

Adjusted linear regression analysis revealed that a one-year increase in age was
associated with an increase in TEWL of 0.45 g-m 2h™* on the cheek and 0.32 g-m 2-h!
on the volar forearm. The relationship between age and TEWL has been controversial®3%
3 _ Although the rate of intrinsic skin aging does not differ among body areas®?, some

locations are more exposed to UV radiation, cold dry weather, and pollution, among other
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extrinsic factors. Hence, the relationship between age and TEWL may vary among
anatomic sites and different age ranges. We propose, to our best knowledge for the first
time, a model to predict TEWL on the volar forearm and on the cheek as a function of the
SCH value and age within an age range of 20 to 40 years. This fact may help clinicians
to make more emphasis on skin care recommendations for patients who are more likely
to suffer epidermal damage with age.

In comparison to the females, the males had higher erythema values at all three
locations and a higher melanin index on the cheek, similar to previously published
findings and attributed to the greater exposure of males to outdoor activities'®?3,
Nevertheless, this difference might have been influenced by a volunteer bias, given that
the majority of participants were female. Further limitations of our study include the
relatively small sample size and the cross-sectional design.

In conclusion, this study of individuals with healthy skin describes differences in
homeostasis among anatomic locations (cheek, volar forearm, and palm) and indicates
the influence of sex and age on TEWL, SCH, melanin, erythema and pH values. These
findings are useful for comparisons with pathological skin features. We propose a model
to predict TEWL as a function of SCH value and age. The development of standardized
biophysical profiles of healthy human skin and increased knowledge of modifying factors
will enhance our understanding of cutaneous diseases and improve clinical decision-

making.
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7. Tables

Table 1. Characteristics of the sample.

Age

Sex

- Male

- Female

Smoking habit (yes)
Alcoholic habit (yes)
Solar exposure (hours)
Family history of atopy
Skincare

- Moisturizing use (yes)
- Sun lotion use (yes)

SD, standard deviation

Study population

(n=87)
22.72 (3.06 SD)

34 (39.1%)
53 (60.9%)
10 (11.5%)
54 (62.1%)
7.86 (5.79 SD)
25 (28.7%)

26 (29.9%)
7 (8.0%)

Age<23
(n=62)
62 (71.26%)

25 (40.3%)
37 (59.7%)
7 (11.3%)
39 (62.9%)
7.87 (5.88 SD)
17 (27.4%)

19 (30.6%)
4 (6.5%)

doi: 10.1684/ejd.2021.4021

Age>=23
(n=25)
25 (28.74%)

16 (64.0%)
9 (36.0%)

3 (12.0%)
15 (60%)
7.88 (5.87SD)
8 (32.0%)

7 (28.0%)
3 (12.0%)

Table 2. Biophysical skin parameters by anatomical location in the study population.

Study population (n=87)

Cheek
TEWL (g'm%h) 15.16 (5.28 SD)
SCH (AU) 52.23 (13.18 SD)
Erythema (AU) 413.51 (78.06 SD)
Melanin (AU) 147.63 (33.23 SD)
pH 5.72 (0.29 SD)

Volar forearm
9.69 (2.94 SD)
43.46 (10.74 SD)
252.02 (50.29 SD)
151.07 (36.30 SD)
5.74 (0.31 SD)

Palm
49.32 (14.55 SD)
60.06 (22.88 SD)
259.98 (60.64 SD)
92.72 (41.70 SD)
5.58 (0.37 SD)

p*
<0.001
<0.001
<0.001

0.412
0.492

p**
<0.001
<0.001

0.181
<0.001
<0.001

AU, arbitrary units; SD, standard deviation; SCH, stratum corneum hydration; TEWL,

transepidermal water loss.

*p value after using Student T test for paired samples when comparing the values of the

corresponding skin parameter between face and arm

** p value after using Student T test for paired samples when comparing the values of the

corresponding skin parameter between face and palm

*** p value after using Student T test for paired samples when comparing the values of the

corresponding skin parameter between face and palm
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Table 3. Biophysical skin parameters stratified by age.

doi: 10.1684/ejd.2021.4021

Cheek Volar forearm Palm
Age<23 Age>=23 ; " Age<23 Age>=23 ; " Age<23 Age>=23 g .
(n=62) (n=25) | Pvalue (n=62) (n=25) | Pvalue (n=62) (n=25) erellis
TE_\éVL_l 14.46 16.91 0.049% 9.23 10.82 0.022% 49.85 48.03 0.
(gm2h™) (3.70SD) (7.8 SD) (4.02SD) | (4.02 SD) (15.48 SD) (12.11 SD)
51.80 53.30 43.08 44.37 61.94 55.40
SRR (1353 SD) = (12.47 SD) Blizet (10.32SD) = (11.90 SD) e (22.43 SD) (23.80 SD) D2
Erythema 415.83 407.76 0,665 257.80 237.71 0,092 264.61 24851 0.265
(AU) (75.21SD) = (86.08 SD) (4848 SD) | (52.81 SD) (60.22 SD) (61.38 SD)
Melanin 146.31 150.90 153.98 143.85 92.76 92.62
(AU)  (3293SD) (34425D) %% (3774sp) @203sp) %% (37.90sD) (50.80 SD) U
5.72 5.74 5.74 5.76 5.54 5.66
pH (0.91SD) = (0.31SD) 0.778 (0.31SD) | (0.34SD) 0.791 (0.35 SD) (0.41 SD) 0.176
AU, arbitrary units; SD, standard deviation; SCH, stratum corneum hydration; TEWL,
transepidermal water loss.
*p value after using Student T test for independent samples
Table 4. Biophysical skin parameters stratified by gender.
Cheek Volar foream Palm
Male Female value* Male Female value* Male Female value*
(n=34) (n=53) P (n=34) (n=53) P (n=34) (n=53) P
TEWL 9.06(6.35 @ 7.09 (5.31 1021 (3.77 = 9.35(2.23 49.84 (12.82 48.99 (15.66
(g-m-2h"Y) sD) SD) 0.154 SD) sD) 0.223 sD) SD) 0.792
49.62 53.90 43.38 4351 61.88 (21.16 58.90 (24.05
SEb A (13.33SD) = (12.93SD) LAkl (11.21SD) = (10.54 SD) Ble SD) SD) ek
Erythema 463.20 381.64 N 270.17 240.39 N 281.86 (62.23 | 245.95 (55.79 .
(AU) 7266SD)  (6387SD) 091" ugo1sp)  (48e55D) 0006 sD) sD) 0.006
Melanin 156.75 141.79 e 153.06 149.79 i 95.46 (47.84 90.96 (37.62 e
(AU) (32.00SD) | (32.97 SD) : (36.22SD) = (36.64 SD) : SD) SD) :
5.68(0.33 | 5.75(0.27 571(0.23 | 5.77(0.35 5.59 (0.40
pH SD) sD) 0.295 sD) sD) 0.385 5.55 (0.31 SD) sD) 0.602

AU, arbitrary units; SD, standard deviation; SCH, stratum corneum hydration; TEWL,

transepidermal water loss.

*p value after using Student T test for independent samples
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Table 5. Linear regression model to predict TEWL on the face and on the arm from age.

Dependent variable Independent Coefficient Star_lda}rd p*
variables Deviation
TEWL on the cheek Constant 10.012 4,557
Age 0.462 0.175 0.010
SCH on the cheek -0.102 0.041 0.013
TEWL on the volar Constant 0.541 241
forearm
Age 0.317 0.097 0.002
SCH on the arm 0.045 0.028 0.111
TEWL on the palm Constant 25.12 9.891
Age -0.008 0.400 0.984
SCH on the palm 0.406 0.053 <0.001

SCH, stratum corneum hydration; TEWL, transepidermal water loss.
*p value after using a linear regression analysis to predict TEWL on the face an on the arm after
adjusting by the age and SCH on the face and on the arm respectively.
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Figure 1. Correlation between biophysical skin parameters at the same skin area. a) TEWL
and SCH on the cheek (r=-0.259, p=0.015), b) Melanin and erythema on the cheek (r=0.229; p=0.033), c)
pH and erythema on the cheek (r=-0.224, p=0,037), d) Erythema an melanin on the volar forearm (r=0.48,
p<0.001), ) Melanin and TEWL on the palm (r=-0.211, p=0.05), f) pH and TEWL on the palm (r=-0.52,

p<0.001), g) pH and SCH on the palm (r=-0.406, p<0.001).
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5.2. Skin barrier function in patients with psoriasis and atopic dermatitis.

There is a continuous increase in the number of available therapies for psoriasis
and atopic dermatitis. Nevertheless, it is not known the most effective treatment for each
patient and, currently, there are no tool to assess objectively disease severity and clinical
outcomes. Skin barrier dysfunction in patients with psoriasis and atopic dermatitis

severity could help clinicians to solve these problems.
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Abstract: Multiple diagnostic tools are used to evaluate psoriasis and atopic
dermatitis (AD) severity, but most of them are based on subjective components.
Transepidermal water loss (TEWL) and temperature are skin barrier function parameters
that can be objectively measured and could help clinicians to evaluate disease severity
accurately. Thus, the aims of this study are: (1) to compare skin barrier function between
healthy skin, psoriatic skin and AD skin; and (2) to assess if skin barrier function
parameters could predict disease severity. A cross-sectional study was designed, and
epidermal barrier function parameters were measured. The study included 314
participants: 157 healthy individuals, 92 psoriatic patients, and 65 atopic dermatitis
patients. TEWL was significantly higher, while stratum corneum hydration (SCH) (8.71
vs. 38.43 vs. 44.39 Arbitrary Units (AU)) was lower at psoriatic plaques than at
uninvolved psoriatic skin and healthy controls. Patients with both TEWL > 13.85
g-m2h! and temperature > 30.85 °C presented a moderate/severe psoriasis (psoriasis
area severity index (PASI) > 7), with a specificity of 76.3%. TEWL (28.68 vs. 13.15 vs.
11.60 g-m~2ht) and temperature were significantly higher, while SCH (25.20 vs. 40.95
vs. 50.73 AU) was lower at AD eczematous lesions than uninvolved AD skin and healthy
controls. Patients with a temperature > 31.75 °C presented a moderate/severe AD
(SCORIng Atopic Dermatitis (SCORAD) > 37) with a sensitivity of 81.8%. In
conclusion, temperature and TEWL values may help clinicians to determine disease
severity and select patients who need intensive treatment.

Keywords: atopic dermatitis; homeostasis; psoriasis; skin barrier; transepidermal

water loss
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1. Introduction

The skin is the largest organ of the human body, and accomplishes multiple
defensive and regulatory functions [1]. The barrier function of skin resides in the
epidermis, mainly in the stratum corneum [2]. This epidermal barrier maintains cutaneous
homeostasis and protects the body against numerous external stressors [3]. Assessment
of epidermal barrier function usually involves measurements of transepidermal water loss
(TEWL) [4], stratum corneum hydration (SCH) [5], skin surface pH [6], temperature [7],
elasticity [8], melanin [9], and erythema index [10].

Psoriasis and atopic dermatitis (AD) are cutaneous inflammatory diseases
resulting from the interaction between environmental and genetic factors that may alter
epidermal barrier function [11]. Hyper-proliferation and defective keratinocyte
differentiation in psoriasis [12] and decreased filaggrin expression [13] may impair
epidermal barrier function. There are scarce reports regarding barrier function
characteristics in psoriasis and atopic dermatitis [14,15]. Nevertheless, the assessment of
skin homeostasis and epidermal barrier function in these diseases could evaluate
qualitative and quantitative skin alterations of lesioned and non-lesioned skin, and help
to understand the com-plex and still incomplete etiopathogenesis of these diseases [15].

Moreover, multiple diagnostic tools have been used to evaluate severity in patients
with psoriasis and AD [16,17]. The psoriasis area severity index (PASI) is the most
widely used scale for assessing psoriasis severity [18]. This score quantifies extent (the
percentage of involvement of the four anatomical regions: head, trunk, and upper and
lower extremities) and intensity of the psoriatic plaques (evaluating erythema,
desquamation, and induration separately for the four anatomical regions) [19]. The
SCORing Atopic Dermatitis (SCORAD) is the most common in-dex used to assess AD

severity [20]. It consists of the evaluation of the extent of the disorder, the intensity
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(composed of six items: erythema, oedema/papules, effect of scratching, oozing/crust
formation, lichenification, and dryness) and subjective symptoms (itch, sleeplessness)
[21]. In therapeutics and outcome research, it is important to measure psoriasis and AD
severity, but all of these scales have a subjective component that could lead to a high in-
tra- and inter-observer variability [22,23]. In that way, the measurement of skin
homeostasis and epidermal barrier function in psoriatic and AD patients could help
clinicians to assess the disease severity objectively [24].

Thus, the objectives of this study are 1) to compare cutane-ous homeostasis and
skin barrier function between healthy skin, psoriatic skin, and AD skin; and 2) to assess

if skin homeostasis and skin barrier function could predict disease severity.
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2. Materials and Methods

2.1. Design
A cross-sectional study was undertaken to assess skin ho-meostasis differences
between healthy skin; involved and unin-volved skin in psoriatic patients; and involved

and uninvolved skin in AD patients.

2.2. Study Population

Participants were recruited from October 2019 to February 2020 in the
Dermatology Service of the Hospital Universitario Virgen de las Nieves in Granada.

¢ Inclusion Criteria:

o Healthy volunteers were people who attended the Derma-tology Service
for common conditions, such as melanocytic nevi or seborrheic keratoses,
and did not have previous personal or family history of any inflammatory
skin disease.

o Patients with psoriasis were patients with an established clinical diagnosis
of mild to severe plaque-type psoriasis [25] and had a psoriasis plague on
their elbows.

o Patients with AD were patients with established clinical di-agnosis of mild
to severe AD [26] and had an eczematous lesion on their volar forearms.

e Exclusion Criteria:

o Psoriasis patients currently having non-plaque forms of psoriasis, e.g.,
erythrodermic, guttate, or pustular psoriasis, or a drug-induced form of
psoriasis.

o Healthy volunteers who had previous personal history of any

inflammatory skin disease.

107



J Clin Med. 2021;10(2):359 doi: 10.3390/jcm 10020359

o Clinical infection on the measured area.
o History of cancer, including skin cancer.
o Subjects with intense sun exposure during the study.

o Not signing the informed consent form.

2.3. Study Variables

Main variables of interest

Homeostasis parameters related to epidermal barrier func-tion were measured.
SCH (in arbitrary units, using Corneometer® CM 825, Mirocaya, Bilbao, Spain), TEWL
(in g'm—2h—1, using Tewameter® TM 300, Mirocaya, Bilbao, Spain), pH (using Skin-
pH-Meter® PH 905, Mirocaya, Bilbao, Spain), erythema and melanin index (in arbitrary
units, using Mexameter® MX 18, Mirocaya, Bilbao, Spain), skin temperature (in °C,
using Skin-Thermometer ST 500, Mirocaya, Bilbao, Spain), and elastic-ity parameters
(including R2 value, measured in %, using Cut-ometer® Dual MPA 580, Mirocaya,
Bilbao, Spain) were measured by a Multi Probe Adapter (MPA, Courage + Khazaka
electronic GmbH, Mirocaya, Bilbao, Spain). Elasticity parameters were measured four
times and the other variables were measured ten times, using their average for analysis.
All of these measurements were taken following the same order. All measurements were
taken in the same room at a mean room temperature of 23 + 1 °C and ambient air humidity
of 45% (range, 40-50%). All partici-pants underwent an adaptation period of at least 20
min before the measurements were taken. No systemic or topical treatments was allowed
three hours before the measurements were taken.

These variables were measured at two body sites in psoriatic patients (on a
psoriatic plaque and on an uninvolved skin area at the elbow), at two body sites in AD

patients (on an eczematous lesion and on an uninvolved skin area at volar forearm), at
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one body site in healthy volunteers (on the elbow in controls for pso-riasis or on the volar

forearm in controls for atopic dermatitis).

Other variables of interest

Data were gathered in a clinical interview on the partici-pants’ sex, age,
smoking/alcohol habits, family history of cuta-neous disease, personal history of
cutaneous disease, skincare habits (moisturizing or suntan lotion use), and hours of sun
ex-posure during the previous week. Psoriasis severity was assessed by the PASI and

body surface area (BSA), and AD severity was assessed by SCORAD.

2.4. Outcome Measures

Primary outcome measures:

e To assess differences in TEWL, SCH, and temperature values between healthy
skin, psoriatic skin, and AD skin.

e To evaluate TEWL and temperature values’ ability to dis-criminate mild
psoriasis versus moderate/severe psoriasis.

e To evaluate TEWL and temperature values’ ability to dis-criminate mild AD
versus moderate/severe AD.

Secondary outcome measures:

e To assess differences in other homeostasis parameters be-tween healthy skin,
psoriatic skin, and AD skin: erythema, melanin, pH, and elasticity.

e To assess differences in homeostasis parameters between mild psoriasis and
moderate/severe psoriasis: TEWL, SCH, temperature, erythema, melanin, pH,

and elasticity.
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e To assess differences in homeostasis parameters between mild AD and
moderate/severe AD: TEWL, SCH, tempera-ture, erythema, melanin, pH, and

elasticity.

2.5. Statistical Analysis

In a descriptive analysis, continuous variables were ex-pressed as means + standard
deviations (SDs) and qualitative variables as absolute and relative frequency
distributions. The Student’s t-test for independent samples or Student’s t-test for paired
samples, as appropriate, was used for comparisons of continuous variables. The Pearson
correlation coefficient was calculated to test for possible correlations between continuous
variables. Psoriasis and AD severity, assessed by PASI and SCORAD respectively, were
analyzed to establish cut-off points using receiver operating characteristic (ROC) curves
for the val-ues of temperature, TEWL, and SCH. The results of ROC curves were used to
calculate sensitivity and specificity for various cri-teria together. Statistical significance
was defined by a two-tailed p < 0.05. SPSS version 24.0 (SPSS Inc, Chicago, IL, USA)

was used for statistical analyzes.
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3. Results
The study included 314 participants, consisting of 92 patients with psoriasis and
their 92 controls and 65 atopic dermatitis patients and their 65 controls. Table 1 shows

the characteristics of the sample

Table 1. Characteristics of the sample. This table shows sociodemographic features in psoriatic
patients, atopic dermatitis patients, and healthy participants.

. . Psoriatic =~ Healthy Participants assessed on  Atopic Dermatitis Healthy Participants assessed on the
Sociodemographic features.

Patients (n=92) the Elbow (n=92) Patients (1 = 65) Volar Forearm (1 = 65)
Age (years) 48.63 (15.70) 42.06 (18.59) 28.14 (19.59) 35.96 (19.03)
Sex (%)
Female 46 (50%) 57 (62%) 42 (64.6%) 48 (73.8%)
Male 46 (50%) 35 (38%) 23 (35.4%) 17 (26.2%)
Smoking habit (yes) 31 (33.7%) 12 (13%) 7 (10.8%) 6 (9.23%)
Alcohol habit (yes) 29 (31.5%) 29 (31.5%) 15 (23.1%) 10 (15.4%)
Family history of o o o o
psoriasis/atopic dermatitis (yes) 43 (46.7%) 12 (13%) 32 (49.2%) 7 (10.8%)
Emollients use (yes) 51 (55.4%) 35 (38%) 51 (78.5%) 28 (43.1%)
Treatment
Topical treatment 49 (53.26%) 39 (60%)
Systemic treatment 23 (25%) 26 (40%)
Biologic drugs 20 (21.7%) 0

Data are expressed as relative (absolute) frequencies and means (standard deviations (SDs)).

3.1. Skin Homeostasis in Psoriatic Patients

Skin barrier function parameters between healthy, involved, and uninvolved skin
in psoriatic patients were compared (Figure 1, Table S1). TEWL was significantly higher
at psoriatic plaques (18.45 g-m~2-h™1) than at uninvolved psoriatic skin (12.06 g-m2-h™?)
and healthy skin (12.34 g-m~2-h™?), while no differences were found between uninvolved
psoriatic skin and healthy skin. SCH was significantly lower at psoriatic plaques than
uninvolved psoriatic skin and healthy skin (8.71 vs. 38.43 vs. 44.39 AU). Temperature
was higher at psoriatic plaques than at uninvolved psoriatic skin (30.95 vs. 30.57 °C, p =
0.046). The erythema index was significantly higher at psoriatic plaques than at
uninvolved psoriatic skin and healthy controls (408.44 vs. 311.56 vs. 285.91 AU). No

differences in pH or elasticity were found.
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Figure 1. Homeostasis parameters between psoriatic patients and healthy participants and
homeostasis parameters between atopic dermatitis patients and healthy participants. A)
Transepidermal Water Loss (TEWL) between psoriatic patients and healthy participants and TEWL
between atopic dermatitis patients and healthy participants. B) Stratum corneum hydration (SCH)
between psoriatic patients and healthy participants and SCH between atopic dermatitis patients and
healthy participants. C) Temperature between psoriatic patients and healthy participants and
temperature between atopic dermatitis patients and healthy participants. D) Erythema between
psoriatic patients and healthy participants and erythema between atopic dermatitis patients and healthy
participants. E) Elasticity between psoriatic patients and healthy participants and elasticity between
atopic dermatitis patients and healthy participants. F) pH between psoriatic patients and healthy
participants and pH between atopic dermatitis patients and healthy participants.

This figure shows TEWL, SCH, temperature, erythema, elasticity, and pH in psoriatic
patients, AD patients, and healthy individuals. The differences between healthy skin, uninvolved
psoriatic skin, and psoriatic plaque are observed in the left side of each parameter. The differences
between healthy skin, uninvolved AD skin, and AD eczematous lesioned skin are found in the right
side of each parameter.
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AD, atopic dermatitis, AU, arbitrary units, SCH, stratum corneum hydration, TEWL, Transepidermal Water Loss.

*p value after using Student’s t test for independent samples to compare homeostasis parameters between healthy skin and uninvolved
psoriatic skin.

**p value after using Student’s t test for independent samples to compare homeostasis parameters between healthy skin and psoriatic
plaque.
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***p value after using Student’s t test for paired samples to compare homeostasis parameters between uninvolved psoriatic skin and
psoriatic plague.

#p value after using Student’s t test for independent samples to compare homeostasis parameters between healthy skin and uninvolved
AD skin.

#p value after using Student’s t test for independent samples to compare homeostasis parameters between healthy skin and eczematous
lesion.

##p value after using Student’s t test for paired samples to compare homeostasis parameters between AD skin and eczematous lesion.

The mean PASI was 6.57 (4.82), so patients were divided into two groups: PASI
< 7 and PASI > 7 (Table 2). There were no differences in age, sex, or treatment
distribution between groups. Regarding current treatment, 27.1% (16/59) patients with
PASI < 7 and 21.2% (7/33) patients with PASI > 7 were receiving systemic treatment
without differences between groups (p = 0.835); 20.3% (12/59) patients with PASI < 7
and 24.2% (8/33) patients with PASI > 7 were receiving biologics, without differences
between groups (p = 0.941).

SCH was significantly lower in patients with PASI > 7 than in patients with PASI
< 7 on psoriatic plaques (4.78 vs. 10.91 AU, p < 0.001). Temperature was higher in
patients with PASI > 7 than in patients with PASI < 7 on psoriatic plaques (31.56 vs.
30.62 °C, p = 0.005). Moreover, it was observed that patients with PASI > 7 had nearly
significantly higher TEWL on psoriatic plaques than patients with PASI < 7 (20.75 vs.
17.16 g-m2h"!, p = 0.109). There was a negative correlation between SCH on the plaque
and PASI (r =-0.292, p = 0.005), and a nearly significant positive correlation between

temperature on the plaque and PASI (r = 0.187, p = 0.074).
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Table 2. Homeostasis parameters in psoriatic patients depending on disease severity. This table
shows differences in TEWL, SCH, temperature, erythema, melanin, pH, and elasticity between patients
with mild psoriasis (PASI < 7) and patients with moderate/severe psoriasis (PASI > 7).

Skin . Psoriatic Patients with PASI <7 Psoriatic Patients with PASI>7 P
homeostasis p value
(n=59) (n=33) value
parameters
Title Uninvolved Psoriatic Psoriatic Uninvolved Psoriatic Psoriatic . -
Skin Plaques Skin Plaques P P
TEWL (gm-2h-) 12.18 (7.52) 17.16 (9.58) 11.86 (8.78) 2075 (11.22)  0.855 0.109
SCH (AU) 37.76 (13.13) 10.91 (9.76) 39.63 (14.69) 478 (5.24)  0.531 < 0;901
Tem}’;‘g‘t“re 30.51 (2.00) 30.62 (1.65) 30.66 (1.09) 31.56 (1.13)  0.6390.005 **
Erythema (AU) 311.78 (73.15) 404.37 (73.76) 311.34 (69.90) 412.79 (67.91) 0.981 0.648
Melanin (AU) 246.49 (81.63) 193.65 (69.98) 230.05 (75.64) 188.36 (69.30) 0.422 0.770
pH 6.01 (0.64) 6.06 (1.01) 6.12 (0.56) 5.90(0.87) 0.422 0.468
Elasticity (%) 0.74 (0.13) 0.77 (0.20) 0.69 (0.15) 072(0.17) 0110 0.251

AU, arbitrary units; PASI, psoriasis area and severity index; SCH, stratum corneum hydration; TEWL, transepidermal water loss; *
p-value after using Student’s t-test for independent samples to compare homeostasis parameters between uninvolved psoriatic skin in
psoriatic patients with PASI < 7 and uninvolved psoriatic skin in psoriatic patients with PASI > 7; ** p-value after using Student’s t-
test for independent samples to compare homeostasis parameters between psoriatic plaques in psoriatic patients with PASI < 7 and
psoriatic plaques in psoriatic patients with PASI > 7.

As patients with moderate/severe psoriasis (PASI > 7) exhibited higher
temperature values on psoriatic plagues, an ROC curve was generated to determine an
optimum cut-off value for temperature that allowed to suspect risk of moderate/severe
psoriasis (area under the curve = 0.68, p = 0.004). A value for temperature exceeding
30.85 °C indicates, with a sensitivity of 72.7% and a specificity of 55.9%, that a patient
had moder-ate/severe psoriasis. TEWL was also higher in psoriatic patients with
moderate/severe PASI; thus, when generating the ROC curve to establish an optimum
cut-off point for suspicion of moderate/severe psoriasis (area under the curve = 0.636, p
= 0.031), it was noted that a TEWL value higher than 13.85 g-m~2-h! indicated that a
patient had moderate/severe psoriasis, with a sensitivity of 81.8% and a specificity of
50.8%. SCH was lower in patients with high PASI, so a third ROC curve was generated
to establish an optimum cut-off point for this parameter to identify possible patients with
a risk of moderate/severe psoriasis (area under the curve = 0.285, p = 0.001). A value of
SCH lower than 2.07 indicated, with a sensitivity of 60.6% and a specificity of 15.3%,

that a patient had moderate/severe psoriasis. Moreover, it was observed that patients with
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both temperature > 30.85 and TEWL > 13.85 presented moderate/severe psoriasis, with

a sensitivity of 60.6% and a specificity of 76.3% (Table 3).

Table 3. Odds ratios for main parameters analyzed in the study to predict moderate/severe
psoriasis (PASI > 7). Sensitivity and specificity values to predict moderate/severe psoriasis based on skin
homeostasis parameters, cut-off values, and odds ratios.

Skin homeostasis parameters Cut-off valueSensitivitySpecificity OR  p
Temperature (°C) 30.85 72.7% 55.9% 3.390.010 *
TEWL (g'm~h-) 13.85 81.8% 50.8% 4.660.003 *
SCH (AU) 2.07 39.4% 84.7% 0.280.011 *
Two criteria (temperature > 30.85 + TEWL > 13.85) - 60.6% 76.3% 4.950.001 *

AU, arbitrary units; OR, odds ratio; PASI, psoriasis area and severity index; SCH, stratum corneum hydration; TEWL,
transepidermal water loss. *p value after using a logistic regression to evaluate the association between disease severity
(independent variable), as a categoric variable (PASI<7 or PASI > 7) and each skin homeostasis parameter cut-off point
(dependent variable), considered as a categoric variable (lower o equal than the cut-off point o higher than the cut-off point).

3.2. Skin Homeostasis in Atopic Dermatitis Patients

Skin barrier function parameters between healthy, involved, and uninvolved skin
in AD patients were compared (Figure 1, Table S2). TEWL was significantly higher at
AD eczematous lesions than at uninvolved AD skin and healthy skin (28.68 vs. 13.15 vs.
11.60 g-m2-h!). SCH was significantly lower at AD eczematous lesions than at
uninvolved AD skin and healthy skin (20.20 vs. 40.95 vs. 50.73 AU). Temperature was
significantly higher at AD eczematous lesions than at uninvolved AD skin and healthy
skin (32.05 vs. 31.35 vs. 31.37 °C), while no differences were found between uninvolved
AD skin and healthy skin. The erythema index was significantly higher at AD eczematous
lesions than healthy skin (387.21 vs. 244.44 AU). No differences in pH were found.
Elasticity was significantly lower at AD eczematous lesions than healthy skin (69% vs.
74% vs. 76%), while no differences were found between uninvolved AD skin and healthy
skin.

The mean SCORAD was 36.96 (21.65), so patients were divided into two groups:

SCORAD < 37 and SOCRAD > 37 (Table 4). There were no differences in age, sex, or

treatment distribution between groups. Regarding current treatment, 30.8% (8/26)
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patients with SCORAD < 37 and 52.9% (18/34) were receiving systemic treatment
without differences between groups (p = 0.132). No patient was being treated with
biologics.

SCH was significantly lower in patients with SCORAD > 37 than in patients with
SCORAD < 37 both at uninvolved AD skin (34.78 vs. 47.10 AU, p = 0.003) and AD
eczematous lesion (19.90 vs. 30.68 AU, p = 0.044). Temperature was higher in patients
with SCORAD > 37 than in patients with SCORAD < 37 at AD eczematous lesion (32.45
vs. 31.74, p = 0.015). Moreover, it was observed that patients with SOCRAD > 37 had
nearly significantly higher TEWL at the AD eczematous lesion than patients with
SCORAD < 37 (31.67 vs. 26.33 g-m 2-h™!, p = 0.161). No differences in pH or melanin
were found. Elasticity was significantly lower in patients with SCORAD > 37 than in
patients with SCORAD < 37, both at uninvolved AD skin (67% vs. 79%, p = 0.003) and
AD eczematous lesion (63% vs. 75%, p = 0.01). Furthermore, a positive correlation
between temperature and SCORAD at the AD eczematous lesions (r = 0.39, p = 0.002)
was found, and between TEWL and SCORAD, both at the AD eczematous lesions (r =
0.27, p = 0.036) and at uninvolved AD skin (r = 0.27, p = 0.038). A negative correlation
between SCH and SCORAD both at the AD eczematous lesions (r = —0.364, p = 0.005)
and at uninvolved AD skin (r = —0.519, p < 0.001) was observed. Moreover, a negative
correlation between elasticity and SCORAD, both at the AD eczematous lesions (r =

—0.421, p = 0.003) and at uninvolved AD skin (r = —0.542, p <0.001) was found.
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Table 4. Homeostasis parameters in atopic dermatitis patients depending on disease severity. This
table shows differences in TEWL, SCH, temperature, erythema, melanin, pH, and elasticity between
patients with mild AD (SCORAD < 37) and patients with moderate/severe (SCORADI > 37).

Skin homeostasis AD Patients with SCORAD < 37 AD Patients with SCORAD 2 37
p value p value
parameters. (n=26) (n=34)

Title Uninvolved AD Skin AD Eczematous Lesion Uninvolved AD Skin AD Eczematous Lesion p* p**

TEWL (g'-m~h) 10.88 (8.04) 26.33 (15.34) 13.75 (6.62) 31.67 (13.74) 0.135 0.161
SCH (AU) 47.10 (17.01) 30.68 (24.23) 34.78 (13.55) 19.90 (11.40) 0.003 * 0.044 **
Temperature (°C) 31.30 (1.04) 31.74 (1.00) 31.35(1.46) 32.45(1.15) 0.891 0.015 **

Erythema (AU) 201.05 (17.30) 351.78 (102.64) 254.93 (78.78) 395.71 (77.71) 0.004 * 0.361

Melanin (AU) 168.91 (37.39) 1990.04 (23.33) 212.55 (82.57) 215.24 (88.88) 0.221 0.298

pH 5.79 (0.62) 5.87 (0.61) 6.04 (0.41) 6.03 (0.47) 0.97 0.274
Elasticity (%) 0.79 (0.11) 0.75 (0.12) 0.67 (0.16) 0.63 (0.20) 0.003 * 0.01 **

AD, atopic dermatitis; AU, arbitrary units; PASI, psoriasis area and severity index; SCH, stratum corneum hydration; TEWL,
transepidermal water loss; * p-value after using Student’s t-test for independent samples to compare homeostasis parameters between
uninvolved AD skin in AD patients with SCORAD < 37 and uninvolved AD skin in AD patients with SCORAD > 37; ** p-value
after using Student’s t-test for independent samples to compare homeostasis parameters between AD eczematous lesion in AD patients
with SCORAD < 37 and AD eczematous lesion in AD patients with SCORAD > 37.

As patients with moderate/severe AD (SCORAD > 37) exhibited higher
temperature values at AD eczematous lesions, an ROC curve was generated to determine
an optimum cut-off value for temperature that allowed to determine the risk of
moderate/severe AD (area under the curve = 0.71, p = 0.006). A value for temperature
exceeding 31.75 °C indicated, with a sensitivity of 81.8% and a specificity of 57.7%, that
a patient had moderate/severe AD. TEWL was also higher in AD patients with
moderate/severe SCORAD; thus, when generating the ROC curve to establish an
optimum cut-off point for suspicion of moderate/severe AD (area under the curve =0.633,
p = 0.078), it was noted that a TEWL value higher than 23.19 g-m~2-h"! indicated that a
patient had moderate/severe AD, with a sensitivity of 73.5% and a specificity of 53.8%.
SCH was lower in patients with high SCORAD, so a third ROC curve was generated to
establish an optimum cut-off point for this parameter to identify possible patients with a
risk of moderate/severe AD (area under the curve = 0.367, p = 0.083). A value of SCH
lower than 14.54 AU indicated, with a sensitivity of 71.9% and a specificity of 23.1%,
that a pa-tient had moderate/severe AD. Moreover, it was observed that patients with both
temperature > 31.75 °C and TEWL >23.19 g-m—2-h—1 presented a moderate/severe AD,
with a sensitivity of 69.2% and a specificity of 61.8% (Table 5).
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Table 5. Odds ratios for main parameters analyzed in the study to predict moderate/severe AD
(SCORAD > 37). Sensitivity and specificity values to predic moderate/severe AD based on skin
homeostasis parameters, cut-off values, and odds ratio.

Skin homeostasis parameters Cut-off Value Sensitivity  Specificity OR P
Temperature (°C) 31.75 81.8% 57.7% 6.14  0.003 *
TEWL (g'm~2h) 23.19 73.5% 53.8% 324  0.034*
SCH (AU) 14.54 71.9% 23.1% 0.77 0.663
Two criteria (temperature > 31.75 + o o
TEWL > 23.19) - 69.2% 61.8% 3.64 0.19

AU, arbitrary units; OR, odds ratio; SCH, stratum corneum hydration; SCORAD, SCORing Atopic Dermatitis; TEWL, transepidermal
water loss. *p value after using a logistic regression to evaluate the association between disease severity (independent variable), as a
categoric variable (SCORAD < 37 or SCORAD > 37) and each skin homeostasis parameter cut-off point (dependent variable),
considered as a categoric variable (lower o equal than the cut-off point o higher than the cut-off point).

3.3. Skin Homeostasis Analysis Between Psoriatic Patients and AD Patients

It was observed that temperature was higher in AD patients than in psoriatic
patients both at uninvolved skin (31.35 vs. 30.56 °C, p = 0.001) and involved skin (32.05
vs. 30.95, p < 0.001). Moreover, TEWL was higher at eczematous lesions than at pso-
riatic plaques (28.69 vs. 18.48 gem—2-h—1, p <0.001). Erythema was lower at eczematous
lesions than at psoriatic plaques (244.50 vs. 311.56, p < 0.001). No differences in pH or

elasticity were found.
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4. Discussion

Skin homeostasis analysis showed differences between healthy skin, psoriatic
skin, and AD skin. In psoriatic patients, SCH was lower at psoriatic plaques than
uninvolved psoriatic skin and healthy controls. Psoriatic plaques showed higher TEWL,
temperature, and erythema values than uninvolved psoriatic skin. Temperature and
TEWL at psoriatic plaques could help to identify moderate/severe psoriatic patients. In
AD patients, TEWL was higher at eczematous lesions than at uninvolved AD skin and
healthy controls, while SCH was lower. Eczematous lesions showed higher temperature
than uninvolved AD skin. Moreover, AD patients with a more severe disease showed
higher temperature, higher TEWL, and lower SCH at their eczematous lesions.
Temperature and TEWL at eczematous lesions in AD patients could help to identify AD
moderate/severe patients.

This report shows that the whole epidermal barrier is affected in psoriatic patients,
not only at psoriatic plagues. Some homeostasis parameters have previously been
evaluated in psoriatic patients. Other research showed higher TEWL at psoriatic plaques
than at uninvolved psoriatic skin and healthy controls [27,28]. Nevertheless, differences
in TEWL values between un-involved psoriatic skin and healthy controls are
controversial [27,28]. Lower SCH values have been found at psoriatic plaques than at
uninvolved psoriatic skin and healthy controls, in agreement with our results [15,27]. The
differences in TEWL and SCH between psoriatic plagues and uninvolved skin in the same
patient could be explained by a decrease in AQP3 expression in plaques and perilesional
skin [29]. Controversial results have been reported for pH values. Cannavo et al. found
lower pH values for psoriatic skin [15], while Delfino et al. reported no change [30].
Temperature and erythema were also higher at psoriatic skin, explained by its

inflammatory pathogenesis [31]. There is a need for reliable assessment of psoriasis
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severity [32] and, to our knowledge, there is no information regarding a cutaneous
homeostasis parameter to assess psoriasis severity. We observed that a value for
temperature on psoriatic plaques higher than 30.85 °C indicates, with a sensitivity of
72.7%, that psoriasis is moderate/severe, and that a value for TEWL higher than 13.85
g'm—2-h—1 indicates, with a sensitivity of 81.8%, that psoriasis is moderate/severe. This
may help clinicians to objectively measure psoriasis severity.

Furthermore, this study shows that the whole epidermal barrier is affected in AD
patients. TEWL is the most studied parameter in AD patients. Like previous reports, this
study shows that TEWL is higher at eczematous AD lesions than at uninvolved AD
lesions and healthy skin [33—35]. The increased TEWL values reveal an epidermal barrier
dysfunction that could be ex-plain by filaggrin mutations [14]. Jungersted et al. also
showed that erythema was increases at AD lesions compared to healthy control skin,
while SCH was lower and pH was similar at both locations in 49 participants [14].
Moreover, other previous re-ports, evaluating a smaller number of participants, showed
that SCH was higher in healthy controls than at uninvolved AD skin and at eczematous
lesions [36]. In agreement with our results, this report shows that the skin barrier function
is degraded in AD patients, which is specifically expressed in lesioned skin [36]. This
could be explained by a filaggrin deficiency, as this protein is a major constituent of the
stratum corneum and contributes to keratin filament aggregation [37]. Temperature and
erythema were also higher at eczematous lesions than at uninvolved AD skin and healthy
skin, showing inflammatory changes in this disease [38]. To our knowledge, only one
previous report has evaluated elasticity parameters in AD patients [39]. Like our results,
they observed a more decreased elasticity at AD eczematous lesions than at uninvolved

AD skin in 22 patients, without including a healthy control group. Differences in elasticity
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may reveal that collagen or elastin, the main proteins responsible for skin elasticity [40],
are other proteins altered in AD patients.

There is scarce information regarding cutaneous homeostasis parameters and AD
severity. Correlations between skin hydration and SCORAD [22,41], and between TEWL
and SCORAD [42], have been previously observed. Moreover, it has been shown that
TEWL values at non-involved AD skin predicts the development of AD [43,44].
Nevertheless, cut-off points have not been established to assess disease severity. We
observed that a value for temperature on the eczematous lesion higher than 31.75 °C
indicates, with a sensitivity of 81.8%, that AD is moderate/severe, and that a value for
TEWL higher than 23.19 g'm—2-h—1 indicates, with a sensitivity of 73.5%, that AD is
moderate/severe. This research could help clinicians to select AD patients that need to be
treated intensively. Moreover, the skin barrier function measurement could also help to
resolve the current need for ac-curate and reproducible scoring systems for the grading of
AD [16].

Limitations of this study include the lack of follow-up due to its cross-sectional
design, and that patients with different ongoing treatments were included, which might
modify epidermal barrier function. Nevertheless, there were no differences in systemic or

biologic treatment distribution between severity groups, neither in psoriasis nor in AD.

5. Conclusions

In conclusion, the skin barrier is impaired in psoriasis and AD. Temperature and
TEWL values may help clinicians to de-terminate disease severity and select patients who

need an in-tensive treatment.
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Supplementary Material

Table S1. Homeostasis parameters between psoriatic patients and healthy participants.

Skin homeostasis = Healthy skin =~ Uninvolved psoriatic skin Psoriatic plaque . P e
parameters (n=92) (n=92) (n=92)
TEWL
12.34 (7.77) 12.06 (7.95) 18.45 (10.28) 0.811  <0.001**  <0.001***
(g'm?h-1)
SCH (AU) 44.39 (18.91) 38.43 (13.66) 8.71 (8.90) 0.015*  <0.001**  <0.001***
T t
emﬂecr;‘ e 31.18 (1.05) 30.57 (1.73) 30.95 (1.55) 0.004* 0244 0046
Erythema (AU) 285.91 (55.23) 311.56 (70.99) 408.44 (70.52) 0.029*  <0.001**  <0.001***
Melanin (AU) 180.19 (46.24) 238.54 (78.57) 191.10 (8.92) <0.001* 0.312 <0.001***
pH 5.97 (0.74) 6.05 (0.62) 6.01 (0.96) 0.457 0.791 0.687
Elasticity (%) 0.75 (0.11) 0.73 (0.14) 0.75 (0.19) 0.205 0.953 0.246
AU, arbitrary units; SCH, Stratum Corneum Hydration; TEWL, Transepidermal Water Loss. * p value after using
Student's t test for independent samples to compare homeostasis parameters between healthy skin and uninvolved
psoriatic skin. ** p value after using Student's t test for independent samples to compare homeostasis parameters between
healthy skin and psoriatic plaque. *** p value after using Student's t test for paired samples to compare homeostasis
parameters between uninvolved psoriatic skin and psoriatic plaque.
Table S2. Homeostasis parameters between atopic dermatitis patients and healthy participants.
Skin homeostasis Healthy skin Uninvolved AD skin AD eczematous lesion (1= 65) p* P e
parameters (n = 65) (n = 65)
TEWL
11.60 (7.78) 13.15 (7.92) 28.68 (14.28) 0.296 <0.001** <0.001***
(g'm?h-1)
SCH (AU) 50.73 (21.78) 40.95 (16.03) 25.20 (18.28) 0.007* <0.001** <0.001***
T t
emff_)ecr: T s ) 31.35 (1.27) 32.05 (1.30) 0.956  0.017%*  <0.001%*
Erythema (AU) 244 .44 (43.92) 24450 (74.05) 387.21 (83.06) 0.997 <0.001** <0.001***
Melanin (AU) 165.30 (30.83) 204.10 (77.42) 210.37 (98.37) 0.017*  0.023** 0.557
pH 5.75 (0.72) 5.91 (0.54) 5.94 (0.53) 0.207  0.112 0.442
Elasticity (%) 0.76 (0.10) 0.74 (0.15) 0.69 (0.17) 0.319  0.023**  0.038***

AD, atopic dermatitis; AU, arbitrary units; SCH, Stratum Corneum Hydration; TEWL, Transepidermal Water Loss. *p
value after using Student's t test for independent samples to compare homeostasis parameters between healthy skin and
uninvolved AD skin. ** p value after using Student's t test for independent samples to compare homeostasis parameters
between healthy skin and AD eczematous lesion. *** p value after using Student's t test for paired samples to compare
homeostasis parameters between uninvolved AD skin and AD eczematous lesion.
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5.3. The impact of phototherapy on skin barrier.

Phototherapy is an effective treatment for psoriasis. Its beneficial effect is
explained by the inhibition of epidermal hyperproliferation and an immunomodulatory
effect, likely modifying skin barrier function. Assessing changes in skin barrier with
phototherapy may increase the knowledge about how this treatment works and develop

further treatments directly acting against skin barrier disruption.
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Abstract

Background. Some skin diseases may modify epidermal barrier function.
Psoriasis is a chronic multi-systemic inflammatory disease that affects the epidermal
barrier. Phototherapy is an option for treating psoriasis, but little is known about how
epidermal barrier function is modified by phototherapy in psoriatic patients.

Objectives: 1) To compare skin homeostasis between involved and uninvolved
skin in psoriatic patients with healthy controls 2) To evaluate changes in the epidermal
barrier function in psoriatic patients treated with phototherapy.

Methods: Sixty patients with plaque-type psoriasis and sixty gender and age-
matched healthy controls were enrolled. Temperature, transepidermal water loss
(TEWL), stratum corneum hydration (SCH), pH, elasticity, erythema and melanin index
were measured using non-invasive tools in the healthy control and involved and
uninvolved psoriatic skin before and after phototherapy.

Results: Healthy controls had lower TEWL and erythema index and higher SCH
than psoriatic patients, both at uninvolved psoriatic skin and psoriasis plaques. TEWL
was higher at psoriasis plagues than at uninvolved skin (19.20 vs. 11.57g/h/m2; p<0.001).
Following phototherapy, a decreasing trend was observed for TEWL, of 1.03 (SD 0.75)
and 0.97 (SD 0.81)g/h/m? for uninvolved and involved skin respectively. SCH was
significantly lower at psoriatic plaques than at uninvolved skin (7.32 vs. 36.62Arbitrary
Units (AU); p<0.001). SCH increased by 1.15AU (SD 0.26) on psoriatic plaques after the
phototherapy session (p<0.001).

Conclusion: Psoriatic plaques showed epidermal barrier dysfunction compared to
uninvolved skin and healthy controls. Phototherapy may improve epidermal barrier
function in psoriatic patients. SCH increased after a phototherapy session on the psoriatic

plaques.
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Summary statement

There is scarce information about how epidermal barrier function is modified by
phototherapy in psoriatic patients. This study enrolled sixty patients with plaque-type
psoriasis and sixty gender and age-matched healthy controls. Healthy controls had lower
transepidermal water loss (TEWL) and erythema index and higher stratum corneum
hydration (SCH) than psoriatic patients. Following only one phototherapy session, SCH
increased by 1.15 AU (SD 0.26) on psoriatic plaques after the phototherapy session

(p<0.001). Phototherapy may improve epidermal barrier function in psoriatic patients.



Photodermatol Photoimmunol Photomed. 2021;37(4):285-292. doi: 10.1111/phpp.1265

1. Introduction

The skin is the largest organ of the human body and accomplishes multiple
defensive and regulatory functions?®. Skin barrier function mainly resides in the epidermis
and particularly in the stratum corneum? The epidermal barrier is important for
maintaining skin homeostasis and protecting the human body against many external
stressors, including chemical stress, environmental conditions and physical stress®#.
Assessment of the epidermal barrier usually involves measurements of Transepidermal
Water Loss (TEWL)®. Higher TEWL is often associated with skin barrier impairments®.
Stratum corneum hydration (SCH) and skin surface pH are also considered to be
important parameters for assessing the epidermal function”®. Other parameters used to
asses epidermal barrier function are temperature, elasticity and erythema index®*2,

Psoriasis is a chronic multi-systemic inflammatory disease with predominant skin
involvement that results from deregulation between epidermal keratinocytes and cells of
both innate and acquired immunity®3. It affects between 0.5 and 3% of the population®*.
Multiple diagnostic tools have been used to evaluate severity in patients with psoriasis:
the Psoriasis Area and Severity Index (PASI), the Body Surface Area covered by psoriasis
(BSA), and the Dermatology Life Quality Index (DLQI)*>8, subjective measures which
could lead to a high intra- and interobserver variability®®. Epidermal barrier function has
not been considered in detail regarding psoriasis pathophysiology although the possible

interplay between pro-inflammatory cytokines and barrier integrity has been shown in
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other inflammatory dermatological disorders?®. Furthermore, hyperproliferation and
defective keratinocyte differentiation may impair epidermal barrier function?.,

Phototherapy is a treatment option for patients with psoriasis and an effective first-
line therapy for generalized plaque psoriasis?®. There are several types of phototherapy:
narrowband ultraviolet B (NB-UVB); broadband ultraviolet B (BB-UVB); and psoralen
ultraviolet A photochemotherapy (oral or bath PUVA), NB-UVB being the most used for
psoriasis?®. The beneficial effect on psoriasis lesions is explained by the inhibition of
epidermal hyperproliferation and its immunomodulatory effect?*. To date, only two
studies have evaluated the changes in epidermal barrier function following phototherapy,
showing an improvement in TEWL?® and SCH?®.

The aims of this study are: 1) To compare skin barrier function between normal
skin (healthy controls) with involved and uninvolved skin in patients with psoriasis 2) To

evaluate changes in epidermal barrier function in psoriatic patients after phototherapy.
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2. Material and methods

Design

A) A cross-sectional study to assess skin homeostasis differences between healthy
skin, involved and uninvolved skin in psoriatic patients.

B) A prospective observational study on patients with psoriasis to assess changes

in skin barrier function following a phototherapy session.

Study population

Participants were recruited from January to May 2019 in the Dermatology Service
of the Hospital Universitario Virgen de las Nieves in Granada. Cases were patients with
established clinical diagnosis of moderate-to-severe plaque-type psoriasis who were
chosen using clinical criteria to attend phototherapy treatment with NB-UVB. Controls
were healthy volunteers gender- and age-matched (£3 years) with cases. These volunteers
were people who attended the Dermatology Service for common conditions such as
melanocytic nevi or seborrheic keratoses, and did not have previous personal or family

history of any inflammatory skin disease.

Study variables
Psoriasis severity was assessed by the psoriasis area and severity index (PASI)
before inclusion in the study. Every study patient was also evaluated with the dermatology

life quality index (DLQI). Gender, age, age at diagnosis, psoriasis family history, co-
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morbidities, smoking habit, other inflammatory disorders, previous treatments, use of
emollients, distribution of lesions and disease duration were gathered by means of clinical
interview. Information about the previous number of phototherapy sessions, session dose

and total cumulative dose was also collected.

Main variables of interest

Homeostasis parameters related to epidermal barrier function were measured.
SCH (in arbitrary units, using Corneometer® CM 825), TEWL (in g/h/m?, using
Tewameter® TM 300), pH (using Skin-pH-Meter® PH 905), erythema and melanin
index (in arbitrary units, using Mexameter® MX 18), skin temperature (in °C, using Skin-
Thermometer ST 500) and elasticity parameters (including R2 value, measured in %,
using Cutometer® Dual MPA 580) were measured by a Multi Probe Adapter (MPA,
Courage + Khazaka electronic GmbH, Germany). Elasticity parameters were measured
four times and the other variables were measured ten times, using their average for
analysis. Participants were not allowed to use any treatment topical or systemic at least
24 hours before skin homeostasis parameter were measured. These variables were
measured at two body sites in patients: on a psoriatic plague and on an uninvolved skin
area at the elbow. Measurements were taken both before and after one NB-UVB
phototherapy session. Control measurements were taken only once at the elbow.

Measurements were taken in the same room and ambient air temperature was measured
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with the TFA® Lab Thermometer IP65 LT-101. The average ambient air temperature at

the time of the study was 22+1°C.

Statistical analysis

Descriptive statistics were used to present the sample characteristics. Continuous
data was expressed as the mean + standard deviation. The absolute and relative frequency
distributions were estimated for qualitative variables. The Shapiro-Wilk test was used to
check the normality of data distribution. Linear regression models were constructed to
compare continuous data between healthy skin and psoriatic patients. The student's t-test
for paired samples was used to compare homeostasis parameters before phototherapy.
The effect of phototherapy by time (before, after) and skin involvement (uninvolved skin,
psoriatic plaque), adjusted by total cumulative dose, was analysed using repeated
measures ANOVA (RM-ANOVA) with post hoc Bonferroni correction. A p-value of
<0.05 was considered statistically significant. Statistical Analyses were performed using

the SPSS package (SPSS for Windows, Version 24.0 Chicago: SPSS Inc.).

Ethics

This study was approved by the ethics committee of Hospital Universitario Virgen
de las Nieves. The nature of the study was explained to all the participants, who agreed
to participate by verbal and written consent. All measurements were non-invasive and

patient data was kept confidential.
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3. Results
A total of 120 subjects, consisting of 60 psoriatic patients and 60 healthy controls

were included in the study. Table 1 summarizes the general characteristics of the sample.

Skin homeostasis analysis between psoriatic patients and healthy controls

Skin barrier function parameters between healthy controls and involved and
uninvolved skin in psoriatic patients before phototherapy were compared (table 2).
Temperature was higher at psoriatic plaques than at uninvolved psoriatic skin (31.07 vs
30.27°C, p <0.001). TEWL was significantly higher at psoriatic plaques than uninvolved
psoriatic skin and healthy controls (19.20 vs 11.57 vs 11.53 g/h/m?). SCH was
significantly lower at psoriatic plaques than uninvolved psoriatic skin and healthy
controls (7.32 vs 36.62 vs 39.69 AU). The erythema index was significantly higher at
psoriatic plaques than uninvolved psoriatic skin and healthy controls (408.44 vs 311.56
vs 285.91 AU) and the melanin index was significant higher at uninvolved psoriatic skin
than psoriatic plaques and healthy controls (238.54 vs 191.10 vs 180.19 AU). No

differences in pH or elasticity were found.

Skin homeostasis changes in patients with psoriasis after phototherapy
Homeostasis parameters changed after phototherapy session (table 3).
Temperature was higher at psoriatic plaques than at uninvolved skin (31.35 vs 30.71°C,

p<0.001). Temperature increased by 0.81°C (0.18 SD) at uninvolved skin (p=0.001) and
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0.64°C (0.17 SD) at psoriatic plaques (p=0.003) after phototherapy. No differences in pH
or elasticity were found.

TEWL was also higher at psoriatic plaques than at uninvolved skin (18.23 vs
10.54 g/h/m?, p<0.001). A decreasing trend was observed at both locations after the
phototherapy session. It decreased by 1.03 (0.75 SD) g/h/m?at uninvolved skin (p=0.172)
and 0.97 (0.81 SD) g/h/m? at psoriatic plaques (p=0.235).

SCH was lower at psoriatic plaques than at uninvolved skin (9.61 vs 36.50 AU,
p<0.001). The phototherapy session had different effects on patients’ SCH values
depending on the skin involvement. SCH increased by 1.15 (0.26 SD) AU at psoriatic
plaques (p<0.001) while no effect was reported for uninvolved skin (p=0.887).

Erythema and melanin index were higher at psoriatic plaques than uninvolved
skin. The erythema increased by 9.63 (3.64 SD) AU at psoriatic plagues (p=0.007) while
no effect was observed at uninvolved skin (p=0.713).

Figure 1 summarizes the changes after phototherapy at uninvolved skin and

psoriatic plaques.
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4. Discussion

Skin homeostasis analysis showed differences between control skin, uninvolved
skin and plaques in psoriasis patients. Erythema was higher at psoriatic plaques than
uninvolved psoriatic skin and healthy controls. Psoriatic plaques showed higher TEWL
values and lower SCH values than uninvolved psoriatic skin. After phototherapy,
increased SCH, temperature and erythema index levels at psoriatic plaques were
observed. Phototherapy may improve epidermal barrier function in psoriatic patients.

The objective measurements have proven that the whole epidermal barrier is
affected in psoriatic patients, not just at psoriatic plagues. Some homeostasis parameters
have previously been evaluated in psoriatic patients, of which the most studied are TEWL
and SCH. Other research showed higher TEWL at psoriatic plaques than uninvolved
psoriatic skin and healthy controls?’?8, Nevertheless, differences in TEWL values
between uninvolved psoriatic skin and healthy controls are controversial. Including
similar participants number, while Nikam et al. found higher TEWL on psoriatic skin?,
Takahashi et al did not report any differences?®, in agreement with our results. Lower
SCH values have been found at psoriatic plagues than at uninvolved psoriatic skin and
healthy controls, with no differences between uninvolved psoriatic skin and healthy
controls, in agreement with our results?®2°. The differences in TEWL and SCH between
psoriatic plaques and uninvolved skin in the same patient could be explained by a

decrease in AQP3 expression in plagues and perilesional skin®.

10
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Controversial results have been reported for pH values. Cannavo et al. found lower
pH values for psoriatic skin?® while Delfino et al reported no change®. Changes in
elasticity have been only evaluated by Choi et al. who found lower values for psoriatic
patients assessed by R7%?, the ratio of elastic recovery to total deformation, a less reliable
parameter for measuring elasticity than the one we used (R2, overall elasticity)®.
Temperature and erythema were also higher in psoriatic skin, explained by its
inflammatory pathogenesis®*.

There is scarce research on the role of phototherapy in epidermal barrier function.
Our results show improvement in epidermal barrier function following phototherapy. It
has previously been reported that phototherapy decreases TEWL and increases SCH?>%,
Brazzelli et al. have already examined changes in SCH and TEWL levels between pre-
and post-treatment with eight sessions of phototherapy and active topical vitamin D3
ointment in psoriasis showing the recovery of epidermal hydration and TEWL level
before the clinical improvement of the lesion?®. Darlenski et al. have reported clinical
improvement in psoriatic plaques with fourteen sessions of NB-UVB therapy, shown by
a decreased PASI and reflected by an increase in SCH and a decrease in TEWL?. This
study also showed an increased SCH at the psoriatic plaque after only one phototherapy
session. So, in agreement with Brazzelli et al., the improved SCH at involved skin might
precede the clinical improvement®. The decreased SCH might be explained by the

phototherapy effect on the inhibition of epidermal hyperproliferation®2°.

11
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Temperature, erythema and melanin index increased after the phototherapy
session, in accordance with previous reports®®-38, Nevertheless, no information has been
found regarding different effects depending on the skin involvement. This might highlight
a local effect on psoriasis plaques®®°. Elasticity and pH did not change after
phototherapy, with no previous information found to contrast these results.

This study was subject to several limitations: the limited follow-up period
considered and the variation of the homeostasis parameter depending on external
conditions. Nevertheless, in order to increase outcome reliability, all participants were
measured in the same room and the ambient conditions were measured. Although the aim
of the study was to assess epidermal barrier function and skin homeostasis parameter
before and after one single treatment and only in psoriatic patients, to increase more
knowledge regarding the role of phototherapy in epidermal barrier function and to
distinguish with treatment effects and effects of improving condition, further prospective
researches should be done in other inflammatory skin disease and using more treatment’s
options.

This study highlights the role of non-invasive, objective and easily performed
measurements to evaluate barrier function. Psoriatic patients have higher TEWL and
lower SCH values, both at psoriasis plaques and uninvolved skin, than healthy control
skin. For the first time, to the best of our knowledge, we report changes in epidermal
barrier function after one phototherapy session. SCH on psoriatic plaques improved after

phototherapy which might be related to clinical efficacy on psoriatic patients under

12
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phototherapy. The assessment of the cutaneous homeostasis parameters might help us to
gain a better understanding of the role of phototherapy in the improvement of psoriatic

patients.

13
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6. Tables
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Table 1. Characteristics of the sample

All participants Controls Psoriatic p*
(n=120) (n=60) patients (n=60)

Age (years) 46.51 (£16.71)  46.08 (+16.83)  46.93 (x16.72) 0.78
Sex (%) 1.00
-Female 68 (56.67%) 34 (56.67 %) 34 (56.67 %)

-Male 52 (43.33%) 26 (43.33 %) 26 (43.33 %)
Smoking habit 0.008*
- Non-smoker 68 (56.57%) 42 (70.00%) 26 (43.33%)
- Ex-smoker 28 (23.33%) 10 (16.67%) 14 (23.33%)
- Smoker 24 (20.00%) 8 (13.33%) 20 (33.33 %)
Alcohol habit 38 (31.67%) 19 (31.67%) 19 (31.67%) 1.00
(yes)
Family history 26 (21.67%) 0 26 (43.33%)
of psoriasis (yes)
Emollients use 68 (56.67%) 23 (38.33%) 45 (75.00%) <0.001*
(yes)
Measurements 3 (2.50%) 1 (3.33%) 2 (6.70 %) 1.00
discomfort (yes)
DLQI 7.90 (5.98)
PASI 8.13 (5.04)
BSA 12.65 (9.32)
Previous
treatments
- Topical 60 (100%)
corticosteroids
- Acitretin, methotrexate or 11 (18.33%)
cyclosporine
- Biologic drugs 5 (8.33%)
Concomitant
treatments
- Topical 26 (43.33%)
corticosteroids
- Acitretin 4 (6.67%)
- Biologic drugs 1 (1.67%)
Number of 74.70 (6.91)
previous
sessions of NB-
uvB
phototherapy

Session dose 0.70 (0.48)
(Jules)

Total cumulative dose (Jules) 106.76 (56.37)

Session time 178.35 (21.63)
(second)

BSA, Body Surface Area; DLQI, Dermatology Life Quality Index; NB-UVB, Narrow-Band Ultraviolet B; PASI, Psoriasis Area and
Severity Index.
*p value after using Student T test for independent samples or Welch’s test when needed to compare continuous variables and the chi-

square test or Fisher’s exact test, as appropriate, were applied to compare categoric data between controls and psoriatic patients.
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Table 2. Homeostasis parameters at controls versus uninvolved psoriatic skin and psoriatic plaque before

phototherapy.
Uninvolved Psoriatic
psoriatic skin plaque * o
Control before before P P
phototherapy phototherapy
pH 6.22 6.17 6.14 0.315 0.267
Tem?,‘g;"t”re 31.06 30.27 31.07 0.009*  0.614
Elasticity (%) 0.73 0.70 0.73 0.053 0.323
TEWL .
(g/h/mz) 11.53 11.57 19.20 0551 <0.001
SCH (AU) 39.69 36.62 7.32 0.397 <0.001**
Er&rﬁ)ma 285.91 311.56 408.44 0104  <0.001**
Melanin (AU)  180.19 238.54 191.10 <0.001* 0.255

AU, arbitrary units; SCH, Stratum Corneum Hydration; TEWL, Transepidermal Water Loss

p***

0.755
<0.001***
0.334
<0.001***
<0.001***
<0.001***
<0.001***

*p value after using a linear regression model adjusted by smoking habit and emollients use to compare homeostasis

parameters between control and uninvolved psoriatic skin before phototherapy.

**p value after using a linear regression model adjusted by smoking habit and emollients use to compare homeostasis

parameters between control and psoriatic plaque before phototherapy.

*** p value after using Student's t test for paired samples to compare homeostasis parameters between uninvolved psoriatic

skin and psoriatic plague before phototherapy.
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Table 3. Homeostasis parameters at controls versus uninvolved psoriatic skin and psoriatic plaque after

pH
Temperature
(°C)
Elasticity
(%)
TEWL
(g/h/m?)
SCH (AV)
Erythema
(AU)
Melanin
(AU)

Uninvolved Psoriatic
psoriatic skin plaque
after after
phototherapy phototherapy
6.03 6.29
30.71 31.35
0.73 0.72
10.54 18.23
36.50 9.61
309.63 427.69
228.20 188.02

phototherapy.

Mean difference
at uninvolved
skin after vs
before
phototherapy
-0.16 (SD 0.08)

0.45 (SD 0.14)
0.02 (SD 0.01)

-1.03 (SD 0.75)
-0.06 (SD 0.44)
-0.97 (SD 2.61)

-10.35 (SD 5.05)

Mean difference
at psoriatic plaque

after vs before
phototherapy

0.16 (SD 0.16)
0.28 (SD 0.09)

-0.02 (SD 0.03)

-0.97 (SD 0.81)
1.15 (SD 0.26)
9.63 (SD 3.64)

-3.08 (SD 2.76)

AU, arbitrary units; SCH, Stratum Corneum Hydration; TEWL, Transepidermal Water Loss

*

0.351
<0.001*

0.323

<0.001*
<0.001*
<0.001*

<0.001*

p**

0.676
0.001**

0.236

0.172
0.888
0.713

0.095

*p value after using RM-ANOVA, post hoc Bonferroni correction, adjusted by total cumulative dose to compare homeostasis
parameters between uninvolved psoriatic skin and psoriatic plague after phototherapy
**p value after using RM-ANOVA, post hoc Bonferroni correction, adjusted by total cumulative dose to compare homeostasis
parameters before and after the phototherapy session at uninvolved psoriatic skin.
***p value after using RM-ANOVA, post hoc Bonferroni correction, adjusted by total cumulative dose to compare
homeostasis parameters before and after the phototherapy session at psoriatic plaque
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0.204
0.003***

0.491

0.235
<0.001***
0.007***
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7. Eigures

Figure 1. Homeostasis skin parameters on psoriatic patients on uninvolved psoriatic skin and

psoriatic plaque before and after phototherapy.
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5.4. Epidermal barrier function and cutaneous homeostasis as potentially

predictive parameters of response to phototherapy.

Many medical appointments are needed to see a significant improvement in
patients with psoriasis treated with phototherapy and today there are other therapeutic
options faster and more effective than it. The cost-effectiveness of phototherapy could
be implemented if clinicians could predict the clinical response in the first session. Skin
barrier changes could help to select the most appropriated patient to be treated with

phototherapy.

21



22



1

2

J Clin Med. 2021;10(17):3897 doi: 10.3390/jcm10173897
| Lof Impact factor: 4.242
ournal o ..

Clinical Medicine Medicine, General & Internal — SCIE Q1 (39/167)

Article

Erythema Increase Predicts Psoriasis Improvement
after Phototherapy

Trinidad Montero-Vilchez 12, Antonio Martinez-Lopez 1%*, Alvaro Sierra-Sanchez 2, Miguel
Soler-Gongora 3,

Eladio Jimenez-Mejias ¢, Alejandro Molina-Leyva 2, Agustin Buendia-Eisman 3 and Salvador
Arias-Santiago 123

Dermatology Department, Hospital Universitario Virgen de las Nieves, Avenida de Madrid, 15, 18012 Granada,
Spain; tmonterov@correo.ugr.es (T.M.-V.); salvadorarias@ugr.es (S.A.-S.)

Instituto de Investigacion Biosanitaria GRANADA, 18012 Granada, Spain;
ana.fernandez.gonzalez@juntadeandalucia.es

Dermatology Department, Faculty of Medicine, University of Granada, 18001 Granada, Spain;
miguelsg@correo.ugr.es (M.S.-G.); abuendia@ugr.es (A.B.E.);

Epidemiology and Public Health Department, Faculty of Medicine, University of Granada, postcode 18012, Granada,
Spain; eladiojimenez@ugr.es

Correspondence: antoniomartinezlopez@aol.com; Tel.: +34-958-023-422

Abstract: Psoriasis is a major global health problem. There is a need to develop techniques to help
physicians select the most appropriate cost-effective therapy for each patient. The main objectives of this
study are (1) to evaluate changes in epidermal barrier function and skin homeostasis after phototherapy
and (2) to explore potentially predictive values in epidermal barrier function and skin homeostasis to
assess clinical improvement after fifteen sessions of phototherapy. A total of 76 subjects, 38 patients with
plaque-type psoriasis and 38 gender- and age-matched healthy volunteers, were included in the study.
Erythema, transepidermal water loss (TEWL), temperature, stratum corneum hydration (SCH), pH,
sebum, and antioxidant capacity were measured before and after the first and fifteenth phototherapy
session. Erythema (401.09 vs. 291.12 vs. 284.52 AU, p <0.001) and TEWL (18.23 vs. 11.44 vs. 11.41 g-m->h",
p < 0.001) were significantly higher at psoriatic plaques than in uninvolved psoriatic skin and healthy
volunteers, respectively, while SCH was lower (9.71 vs. 44.64 vs. 40.00 AU, p < 0.001). After fifteen
phototherapy sessions, TEWL (-5.19 g-m->h7, p = 0.016) decreased while SCH (+7.01 AU, p = 0.013) and
erythema (+30.82 AU, p = 0.083) increased at psoriatic plaques. An erythema increase exceeding 53.23 AU
after the first phototherapy session, with a sensitivity of 71.4% and specificity of 84.2%, indicates that a
patient may improve Psoriasis Area and Severity Index (PASI) by >3 points after fifteen phototherapy
sessions. In conclusion, phototherapy improves epidermal barrier function in psoriatic patients and the
erythema increase after one phototherapy session could help doctors select psoriasis patients who are
more likely to respond to phototherapy.

Keywords: phototherapy; psoriasis; skin barrier; skin physiology; skin homeostasis
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1. Introduction

Psoriasis is a chronic, recurrent, multisystemic inflammatory disease [1] caused by a
combination of immunological imbalances, genetic associations, and environmental factors [2].
Its prevalence around the word has been estimated at between 0.51% and 11.43% [3]. Psoriasis is
considered a major global health problem [4]. Although the skin manifestations are often the only
recognized symptoms of psoriasis [5], this disease is associated with multiple comorbidities [6—
9] and impacts the patient’s quality of life [5,10]. Moreover, the economic burden of psoriasis is
high, as in Europe the annual total cost per patient is EUR 6000-12,000 [11].

Multiple treatments are effective for psoriasis, including topical medicines, oral systemic
prescriptions, phototherapy, and biologics [12]. Nevertheless, it is not known which type of
patient would respond best to each treatment [13]. Moreover, tools to assess disease severity and
treatment effectiveness are subjective [14]. Thus, there is a need to develop techniques to help
physicians select the most appropriate cost-effective therapy for each patient [15].

Phototherapy is an effective, safe, and low-cost therapy for mild-moderate psoriasis,
although many medical appointments are needed to see an improvement [16]. Several types of
light and lasers have been developed to treat psoriasis, the narrowband ultraviolet light B (NB-
UVB) being the most frequently used. NB-UVB wavelengths ranges from 311 to 313 nm. The
starting dose is based on skin phototype or minimal erythema dose (MED), and two or three
sessions per week are recommended [17]. Selecting the right patient profile for this treatment and
accurately assessing disease severity would improve patient satisfaction and healthcare spending
[13]. It would also be interesting to predict the response to assess home phototherapy
effectiveness [18]. As the development of psoriasis plaques results from the deregulation of
epidermal keratinocytes and immunity cells [19] and the phototherapy’s beneficial effect on
psoriasis lesions is explained by it blocking epidermal hyperproliferation and an
immunomodulatory effect [20], objective changes in the epidermal barrier function may help to
select the right psoriasis patients for phototherapy treatment and to assess disease improvement.
Epidermal barrier dysfunction in psoriasis patients has previously been reported, assessed by an
increase in transepidermal water loss (TEWL) and a decrease in stratum corneum hydration
(SCH) [21,22]. To date, only three studies have evaluated the variations in epidermal barrier
function following phototherapy, displaying an improvement in TEWL and SCH [23-25].

Thus, the aims of this study are (1) to compare epidermal barrier function and skin
homeostasis of healthy volunteers, uninvolved psoriatic skin, and psoriatic plaques, (2) to assess
changes in epidermal barrier function and skin homeostasis after one session of phototherapy,
(3) to assess changes in epidermal barrier function and skin homeostasis after fifteen
phototherapy sessions, and (4) to explore potentially predictive values in epidermal barrier
function and skin homeostasis to assess clinical improvement after fifteen phototherapy sessions.
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2. Materials and Methods

2.1. Design
A cross-sectional study was conducted to evaluate epidermal barrier function and skin

homeostasis disparities between healthy skin, uninvolved psoriatic skin, and psoriatic plaques.

A prospective observational study was carried out on patients with psoriasis to assess
epidermal barrier function and skin homeostasis following fifteen phototherapy sessions.
Psoriatic patients were exposed to fifteen phototherapy sessions, while healthy volunteers were
only reviewed after this period of time without being exposed to phototherapy.

2.2. Setting
This study was conducted between September 2019 and March 2020 in the Dermatology

Department of the Hospital Universitario Virgen de las Nieves in Granada, Spain.

2.3. Study population
Inclusion Criteria:

e Patients with established clinical diagnosis of active moderate-to-severe plaque-type
psoriasis (minimum Psoriasis Area and Severity Index (PASI) score of 4) [1] selected by
clinical criteria to attend phototherapy treatment with UVB narrowband (NB-UVB) [16].

e Controls were healthy volunteers, gender- and age-matched (+3 years) with psoriasis
patients. These volunteers were people who attended the Dermatology Department for
trivial conditions such as melanocytic nevi or seborrheic keratoses. The same criteria were
used to select the non-exposed group in the prospective study.

Exclusion Criteria:

e For psoriasis patients, currently having non-plaque forms of psoriasis.

e  For healthy volunteers, having previous personal or family history of any inflammatory
skin disease.

e (linical infection on the treatment area.

e History of cancer or an immunocompromised disease.

¢ Not signing the informed consent form.

2.4. Follow-up and exposure

Exposed subjects were evaluated before and after receiving the first phototherapy session
and before and after the 15th phototherapy session. The starting dose for NB-UVB therapy and
the dosage schedule were based on skin phototype following the current guidelines [17]. The
frequency was two or three times a week depending on the patient’s availability. Non-exposed
subjects were evaluated twice, on the same days as their exposed pair.

2.5. Variables
Clinical and sociodemographic variables.

Gender, age, smoking and alcohol habit, psoriasis family history, and use of emollients were
gathered by means of clinical interview. Psoriasis severity was assessed by the PASI and the body
surface area (BSA). Every study patient was also evaluated with the Dermatology Life Quality
Index (DLQI). Information about disease duration, previous treatment, the previous number of
phototherapy sessions, session dose, and total cumulative dose was also collected.

Epidermal barrier function variables.

Homeostasis parameters related to epidermal barrier function and skin homeostasis were
measured. SCH (in arbitrary units, using Corneometer®CM825), TEWL (in g-m2h, using
Tewameter®TM300), pH (using Skin-pH-Meter®PH905), erythema index (in arbitrary units, using
Mexameter®MX18), sebum (in arbitrary units, usingSebumeter®SM815), and skin temperature (in
°C, using Skin-ThermometerST500) were measured by a Multi Probe Adapter (MPA,
Courage+Khazaka electronic GmbH, Koln, Germany). Total antioxidant capacity (TAC) was
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measured using eBQC® electrochemical method (Bioquochem S.L. (BQCKkit), Asturias, Spain), and
expressed in microcoulombs. TAC is divided into two sections: fast antioxidants (Q1), which have
a lower oxidation potential, and slow antioxidants (Q2) [26]. All variables were measured at a
psoriatic plaque on the elbow and at an uninvolved skin area near the elbow in psoriatic patients,
while healthy subjects were measured at a skin area on their elbows. All parameters were
measured ten times for each area, using their average for analysis. The measurements were taken
in the same room. The average ambient air temperature at the time of the study was 22 + 1°C, and
the average ambient air humidity was 45% * 3%.

2.6. Statistical analysis

Descriptive statistics were used to present the sample characteristics. Continuous data were
expressed as the mean + standard deviation. The absolute and relative frequency distributions
were estimated for qualitative variables. The Shapiro-Wilk test was used to check the normality
of data distribution, and Levene’s test was used to check the homogeneity of variance. Linear
regression models were constructed to compare continuous data between healthy skin and
psoriatic patients. To predict PASI improvement after fifteen phototherapy sessions, cut-off
points were generated using ROC curves for the changes of erythema and SCH after the first
phototherapy session. To produce these ROC curves, the sensitivities and specificities for changes
of erythema and SCH values after the first phototherapy that predict an improvement in PASI of
>3 after the fifteenth phototherapy session were tabulated and the graphical ROC curve was
generated by plotting true positive rate (sensitivity) on the y-axis against false positive rate (1-
specificity) on the x-axis for the various values tabulated. To select the optimal cut-off point, the
point nearest to the top-left-most corner of the ROC curve was chosen, giving equal weight to the
importance of sensitivity and specificity. A p-value of <0.05 was considered statistically
significant. Statistical Analyses were performed using the SPSS package (SPSS for Windows,
Version 24.0 Chicago: SPSS Inc.).

2.7. Ethics

This study was authorized by the ethics committee of Hospital Universitario Virgen de las
Nieves. The nature of the study was explained to all participants, who agreed to participate
through verbal and written consent. The measurements taken were noninvasive, and patient data
were kept confidential. All experiments were done in accordance with relevant guidelines and
regulations.
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3. Results

3.1. Skin Homeostasis Parameters between Healthy Participants and Psoriatic Patients

The study included 76 participants, consisting of 38 psoriatic patients and 38 healthy
participants, Table S1.

Differences in skin homeostasis parameters between healthy skin, uninvolved, and involved
psoriatic skin before phototherapy were found, Table 1. Lower TEWL values were found in
healthy skin compared with uninvolved psoriatic skin and psoriatic plaques (11.41 vs. 11.44 vs.
18.23 g'm=>h, p < 0.001). Higher SCH values were observed in healthy skin compared with
uninvolved psoriatic skin and psoriatic plaques (40.00 vs. 44.64 vs. 9.71 AU, p < 0.001). Lower
temperature values were detected in uninvolved psoriatic skin than at psoriatic plaques (30.40
vs. 31.25 °C, p < 0.001). Lower erythema index was found in healthy skin than in uninvolved
psoriatic skin and psoriatic plaques (284.52 vs. 291.12 vs. 401.09 AU, p < 0.001). Higher total
antioxidant capacity was observed in uninvolved psoriatic skin than at psoriatic plaques (6.33 vs.
5.54 uC, p =0.014). No differences were found in pH or sebum.

Table 1. Homeostasis parameters in healthy skin, uninvolved psoriatic skin, and involved psoriatic
skin at baseline.

Uninvolved

Healthy skin at .. . Psoriatic plaques
baseline (1 = psoriatic S kin at baseline pP* p** P
38) at baseline (= 38)
(n=38)
TEWL 1141 (6.63) 11.44 (8.11) 18.23 (9.46) 0792 <0.001*  <0.001 ***
(gm 2h 1)

SCH (AU)  40.00 (1050)  44.64 (12.49) 9.71 (9.81) 0073  <0.001**  <0.001 **
Tem?eé)ature 30.92 (1.04) 30.40 (1.34) 31.25 (1.59) 0080 0280 <0.001 ***
Erythema (AU) 28452 (55.54)  291.12 (7543)  401.09 (6451) 0574  <0.001*  <0.001 ***

pH 5.98 (0.63) 5.86 (0.64) 591 (0.47) 0321 0301 0.728

Sebum (AU)  27.91 (2695)  26.97 (30.50) 30.14 (30.38) 0957  0.056 0.386
Q1 (uC) 0.86 (0.2) 1.15 (0.46) 0.96 (0.45) 0.001* 0176 0.001 ***
Q2 (uC) 430 (1.37) 5.20 (1.85) 457 (2.16) 0.028* 0565 0.026 ***
QT (uC) 5.16 (1.53) 6.33 (2.26) 5.54 (2.53) 0.015* 0474 0.014 ***

AU, arbitrary units; Q1, fast antioxidant capacity; Q2, slow antioxidant capacity; QT, total antioxidant capacity; SCH,
stratum corneum hydration; TEWL, transepidermal water loss; uC, microcoulombs. The data are expressed as means
(standard deviation). * p-value after using a linear regression model adjusted by emollient use to compare homeostasis
parameters between healthy skin and uninvolved psoriatic skin at baseline. ** p-value after using a linear regression
model adjusted by emollient use to compare homeostasis parameters between healthy skin and psoriatic plaques at
baseline. *** p-value after using Student’s t-test for paired samples to compare homeostasis parameters between
uninvolved psoriatic skin and psoriatic plaques at baseline.

3.2. Differences in Skin Homeostasis Parameters after One Phototherapy Session

Skin homeostasis parameters were modified after one phototherapy session, Table 2. TEWL
did not change at psoriatic plaques or in uninvolved skin after one phototherapy session. The
effect of phototherapy on SCH values was different depending on the skin involvement. It was
observed that SCH increased by 2.45 + 0.72 AU (p = 0.002) at psoriatic plaques (but SCH was not
modified in uninvolved skin (p = 0.126).

Temperature increased by 0.24 + 0.10 °C at psoriatic plaques (p = 0.016). The erythema index
increased by 31.42 + 8.30 AU (p < 0.001) at psoriatic plaques, but no changes were observed in
uninvolved skin.

Total antioxidant capacity was not modified at psoriatic plaques or in uninvolved skin after
one phototherapy session. No differences in pH or sebum were observed.
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Table 2. Homeostasis parameters for uninvolved psoriatic skin and psoriatic plaques after one
phototherapy session.

. Mean
U;:(::;lt‘i,:d Psoriatic Difference
R Plaques in Mean Difference at
Skin fter O Uninvolved Psoriatic Pl
after One arter Une l'llflV ve soriatic aques p* p P wr
PhoTotherapy Skin after  after vs. before
Phototherapy .
. Session vs. before Phototherapy
Session (n=38) Photothera
(n=38) P
y
TEWL
o 1078 (8.84)  17.72(846)  —0.66 (0.87) -052(094)  <0.001* 045 0568
(gm~h™)

SCH (AU) 4278 (11.26) 1216 (10.77)  -1.86 (1.19) 245 (0.72) <0.001* 0126  0.002***
Temfcr?mre 3054 (154) 3149 (142)  0.14(0.13) 024 (0.1) <0.001* 0297 0.016%**
Er?{:}{?;“a 294.11 (78.14) 432.51 (81.91)  2.98 (6.19) 3142(830)  <0.001* 0.633 0.001 ***
pH 584(054)  604(051)  -0.03(0.11) 0.13 (0.18) 0081 0815 0.1
Sebum (AU) 3021 (27.40) 27.71(17.19)  0.97 (3.65) -3.41 (3.84) 0571 0792 0381
Q1 (uC) 1.09(032)  093(0.39)  -0.05(0.07) -0.03 (0.06) 0010* 042 0.6
Q2 (uC) 500(131)  451(157)  -0.18(0.26) -0.09 (0.24) 0.026* 0494 0744
QT(uC)  609(155  544(191)  -0.21(0.32) -0.11 (0.28) 0013* 0505 0703

AU, arbitrary units; Q1, fast antioxidant capacity; Q2, slow antioxidant capacity; QT, total antioxidant capacity; SCH,
stratum corneum hydration; TEWL, transepidermal water loss; uC, microcoulombs. The data is expressed are means
(standard deviation). * p-value after using Student’s t-test for paired samples to compare homeostasis parameters
between uninvolved psoriatic skin and psoriatic plaques after one phototherapy session. ** p-value after using Student’s
t-test for paired samples to compare homeostasis parameters in uninvolved psoriatic skin before and after one
phototherapy session. *** p-value after using Student’s t-test for paired samples to compare homeostasis parameters at
psoriatic plaques before and after one phototherapy session.

3.3. Skin Homeostasis Changes after Follow-Up

The prospective study included 76 subjects, where 52 (68.42%) met the requirements (26
psoriatic patients and 26 healthy participants). The mean session dose at baseline was 0.46 (0.31)
J. Homeostasis parameters changed after follow-up, Table 3. TEWL decreased by 3.50 + 1.41
g'm2-h!in uninvolved skin (p = 0.021) and by 5.19 + 2.00 g-m~2h" at psoriatic plaques (p = 0.016).
No effect was observed in healthy non-exposed skin. SCH increased by 7.01 +2.63 AU at psoriatic
plaque (p = 0.013), while no changes were observed in healthy skin.
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Table 3. Homeostasis parameters in healthy skin, uninvolved psoriatic skin, and psoriatic plaques
after fifteen phototherapy sessions.

Uninvolved Mean Mean
.. Psoriatic difference difference at
. psoriatic . . iy
Healthy skin . plaques Mean difference in psoriatic
skin . . .
after follow- after in healthy skin uninvolved plaques
after . p * p *% p e
up hotothera phototherap after follow-up skin after  after vs.
n=20 P P vs. before before
(n = 26) (n=26) phototherap phototherap
y y
TEWL *% Hok
(@many 1218@5)  848(677) 1198(545 030(111) 350 (L4) -519(200) 0786 0.021* 0016
SCH (AU) 45.73 (10.13) 40.78 (11.70) 17.45 (13.41)  4.18(1.96)  —6.10(2.91) 7.01(2.63) 053 0.046*  0.013 **
Tem?‘g;‘ture 30.93 (1.39) 31.49 (0.88) 32.13 (0.75) -0.01(025)  1.5(026) 1.42(028) 0537 <0.00 1% <0.001 ***
Erythema 329.57 428.15 .
(AU) 274.13 (55.65) (79.44) (61.82) 13.50 (6.78)  31.83 (17.06) 30.82 (17.06) 0.68  0.007 0.083
pH 654 (0.59) 620(028) 626(0.36)  0.65(0.18)  037(0.16) 0.37(0.16) 0.002* 0.039%  0.039%**

Sebum (AU) 17.27 (11.90) 35.00 (39.18) 32.26 (38.78) -10.38 (4.45) 12.83 (9.51) 7.17(9.80) 0.028* 0.190 0472
Q1 (uC) 072(027) 087(0.25) 0.85(0.30) -0.17(0.04) —0.39(0.09) —-0.22 (0.11) <0.001* <0.001**  0.059
Q2uC)  339(1.20) 432(1.37) 407(120) -1.03(026) -1.24(043) -1.01(0.49) 0.001* 0.009*  0.049*

QT (uC)  413(142) 544(157) 490(143) -1.18(027) -1.36(0.49) -1.23(0.57) <0.001* 0.011*  0.041*

PR

AU, arbitrary units; Q1, fast antioxidant capacity; Q2, slow antioxidant capacity; QT, total antioxidant capacity; SCH,
stratum corneum hydration; TEWL, transepidermal water loss; uC, microcoulombs. The data are expressed as means
(standard deviation). * p-value after using Student’s t-test for paired samples to compare homeostasis parameters in
healthy skin before and after the follow-up. ** p-value after using Student’s t-test for paired samples to compare
homeostasis parameters in uninvolved psoriatic skin before and after fifteen phototherapy sessions. *** p-value after
using Student’s t-test for paired samples to compare homeostasis parameters at psoriatic plaques before and after fifteen
phototherapy sessions.

Temperature increased after phototherapy by 1.5 +0.26 °C in uninvolved skin (p <0.001) and
by 1.42 + 0.28 °C at psoriatic plaques (p < 0.001), while it did not change in healthy non-exposed
skin. Erythema increased by 31.83 + 17.06 AU in uninvolved skin (p = 0.007), and an almost
significant increase of 30.82 + 17.06 AU was also observed at psoriatic plaques (p = 0.087), Figure
1.

Figure 1. Homeostasis skin parameters in healthy skin, uninvolved psoriatic skin, and psoriatic
plaques before and after follow-up. AU, arbitrary units; SCH, stratum corneum hydration; TEWL,
transepidermal water loss; uC, microcoulombs. * p-value after using a linear regression model adjusted
by emollient use to compare homeostasis parameters between control and uninvolved psoriatic skin
before phototherapy. ** p-value after using a linear regression model adjusted by emollient use to
compare homeostasis parameters between control and psoriatic plaques before phototherapy. *** p-
value after using Student’s t-test for paired samples to compare homeostasis parameters between
uninvolved psoriatic skin and psoriatic plaques before phototherapy. Only p-values of <0.05 are
shown.
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After follow-up, PASI decreased by 3.13 + 3.13 points, so patients were placed in two groups:
PASI reduction <3 and PASI reduction 3. Of the patients, 73.1% (19/26) were included in the first
group and 26.9% (7/26) in the second. After the first phototherapy session, patients with a PASI
improvement >3 showed a higher erythema increase (71.08 vs. 11.54 AU, p=0.011), and an almost
significant higher SCH increase (4.69 vs. 1.40; p = 0.141) and higher TEWL decrease (-4.97 vs. 0.86
gm2h’, p=0.199).

A ROC curve was generated to determine an optimum cut-off value for erythema increases
after one phototherapy session, which allowed clinical improvement after 15 phototherapy
sessions to be predicted (area under the curve=0.789, p=0.026) (Figure 2.A). A value for erythema
increases exceeding 53.23 AU after the first phototherapy session, with a sensitivity of 71.4% and
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specificity of 84.2%, indicates that a patient may improve PASI by >3 points after fifteen
phototherapy sessions.

SCH increases were also higher in patients with PASI improvement 23. An ROC curve was
generated to determine an optimum cut-off value for SCH increase after one phototherapy
session, which allowed clinical improvement after 15 phototherapy sessions to be predicted (area
under the curve = 0.692, p = 0.1402) (Figure 2B). A value for SCH increases exceeding 1.06 AU
after the first phototherapy session, with a sensitivity of 71.4% and specificity of 63.8%, indicates
that a patient may improve PASI by 23 points after fifteen phototherapy sessions.

After calculating the different cut-off levels, we evaluated whether combined values may
also predict clinical improvement. Patients with erythema increase >53.23 AU and SCH increase
>1.06 AU after the first phototherapy session may improve PASI by >3 after 15 phototherapy
sessions, with a sensitivity of 57.1% and a specificity of 94.7% (Table S2).

Figure 2. Receiver operating characteristic (ROC) curve for the values of erythema increases after one
phototherapy session. (A) A receiver operating characteristic (ROC) curve was created to determine the
optimal cut-off value of erythema increases after one phototherapy session to predict PASI improvement in
patients with psoriasis after fifteen phototherapy sessions (area under curve = 0.789, p = 0.026). An erythema
increase exceeding 53.23 AU after the first phototherapy session had high probability of improving PASI by
>3 points after fifteen phototherapy sessions (sensitivity = 71.4%; specificity = 84.2%). (B) A receiver
operating characteristic (ROC) curve was created to determine the optimal cut-off value of stratum corneum
hydration (SCH) increases after one phototherapy session to predict PASI improvement in patients with
psoriasis after fifteen phototherapy sessions (area under curve =0.692, p =0.140). An SCH increase exceeding
1.06 AU after the first phototherapy session had high probability of improving PASI by 23 points after fifteen
phototherapy sessions (sensitivity = 71.4%; specificity = 63.8%).
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4. Discussion

Differences in skin homeostasis parameters between healthy skin, uninvolved psoriatic skin,
and psoriatic plaques have been observed. After one phototherapy session, temperature,
erythema, and SCH increased at psoriatic plaques. Moreover, after fifteen phototherapy sessions,
decreased TEWL and increased SCH and temperature levels at psoriatic plaques were observed.
Phototherapy could improve epidermal barrier function and skin homeostasis in psoriatic
patients, and erythema increases after one phototherapy session could help clinicians select
psoriasis patients with more probability of responding to phototherapy.

In agreement with previous reports, it has been observed that the whole epidermal barrier
is affected in psoriatic patients, not only at psoriatic plaques [27]. Other research also found
higher TEWL at psoriatic plaques than in uninvolved psoriatic skin and healthy controls
[21,22,27] and lower SCH values at psoriatic plaques than in uninvolved psoriatic skin and
healthy controls [21,27,28]. The differences in TEWL and SCH values between psoriatic plaques
and uninvolved psoriatic skin may be explained by a low AQP3 expression in plaques [29].
Temperature and erythema were also higher at psoriatic skin, probably due to its inflammatory
pathogenesis [30]. Moreover, TEWL and temperature at psoriatic plaques were noted as useful
tools for evaluating psoriasis severity [27].

The role of phototherapy on epidermal barrier function and skin homeostasis is not well
known. Our results found an improvement in epidermal barrier function and skin homeostasis
after phototherapy. Recently, it has been observed that SCH decreased, and TEWL, erythema,
and temperature increased at psoriatic plaques after only one phototherapy session [25].
Moreover, it was shown that phototherapy increased SCH and decreased TEWL after fourteen
[24] and twenty-four [23] phototherapy sessions, without information regarding other skin
homeostasis parameters. Our study found increased SCH at psoriatic plaques following only one
phototherapy session and increased SCH and decreased TEWL at psoriatic plaques after fifteen
phototherapy sessions. Moreover, in contrast with previous studies, we also included a non-
exposed group with follow-up to prove that changes in SCH are not because of time. Changes in
SCH might be due to the inhibition of epidermal hyperproliferation caused by phototherapy
[20,31]. SCH and TEWL changes were greater at psoriatic plaques than in uninvolved psoriatic
skin, which might underline a local effect on psoriasis plaques [32,33]. Temperature and erythema
index rose after the phototherapy session, in agreement with previous reports [25,34-36].
Assessment of temperature and erythema increase may help clinicians optimize phototherapy to
treat patients with an effective dosage without adverse events. The pH increased in healthy skin,
uninvolved psoriatic skin, and psoriatic plaques, suggesting that time may have an effect on pH
changes. Antioxidant capacity also decreased in healthy skin, uninvolved psoriatic skin, and
psoriatic plaque. This fact might mean that the time have also an impact in antioxidant capacity
or that the sticks used might lose their capacity to measure the antioxidant capacity along the
time. There is little information regarding the effect of phototherapy on antioxidant capacity.
Oxidative stress has been evaluated by measuring different parameters of a blood sample, with
controversial results. Darlenski et al. found a slight decrease in the detoxifying activity of catalase
without significant differences after phototherapy [24]. On the other hand, Pektas et al. observed
total oxidant status and oxidative stress index increased after phototherapy [37]. Our results
showed total antioxidant capacity decreases after phototherapy, in agreement with this research
by Pektas.

Brazzelli et al. suggested that SCH improvement at psoriatic plaques might precede clinical
improvement [23]. As far as we know, it is not known which parameters might predict clinical
improvement in psoriatic patients treated with phototherapy. We observed that SCH changes
after one phototherapy session might predict PASI improvement after fifteen phototherapy
sessions. Moreover, a value for erythema increases exceeding 53.23 AU after the first
phototherapy session, with a sensitivity of 71.4% and specificity of 84.2%, indicates that a patient
may improve PASI by >3 points after fifteen phototherapy sessions. This research could help
clinicians select psoriatic patients for phototherapy treatment. Therefore, patients who do not
reach this value of erythema after the first session can be treated with another therapeutic
alternative. Moreover, this research would also be interesting for selecting candidates for home
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phototherapy, as patients who have an erythema increase exceeding 53.23 AU after the first
phototherapy session may improve during treatment.

This study has some limitations. (1) The variation of the homeostasis parameters depending
on external conditions. Nevertheless, to improve outcome reliability, all participants were
measured by the same researcher in the same room and the ambient conditions were measured.
(2) The loss of patients observed during follow-up as COVID-19 broke out during the follow-up
period and the activity of dermatology practices was greatly reduced.

5. Conclusions

As far as we know, this is the first study to propose a cut-off point in erythema increases
after one phototherapy session to select psoriasis patients with more likelihood of responding to
fifteen phototherapy sessions. This could increase the treatment’s cost-effectiveness and reduce
indirect costs and hospital visits for patients with probable low response.
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Table S1. Characteristics of the participants included in the study.

Non- All Non-
All Exposed = exposed Exposed
. exposed S participants C L
participants .- i Participants oo o O participants  participants *
at baseline  Participa at baseline with follow-  with follow- P
(n=76) at(zels;él)ne (n=38) (n=52) up up (n=26)
- - (n=26)
Age (years) 43.03 44.92 45.13 44.77 45.00 44.54 0.959
gy (17.48) (17.17) (18.17) (17.15) (16.51) (18.08) '
Sex (%)
-Female 40 (52.6%) 20 (52.60%) 20 (52.6%) 24 (46.2%) 12 (46.2%) 12 (46.2%) 1.00
-Male 36 (47.4%) 18 (47.40%) 18 (47.4%) 28 (53.8%) 14 (53.8%) 14 (53.8%)
Phototype
-1 6 (7.9%) 2 (5.3%) 4 (10.50%) 0781
- 66 (78.9%) 33 (86.8%) 30 (78.90%) '
-1V 7 (9.2%) 3 (7.9%) 4 (10.50%)
Smoking habit
- Non-smoker 62 (81.6%) 32 (84.20%) 30 (78.9%)  45(86.5%) 23 (88.5%) 22 (84.6%)  0.554
- Smoker 14 (18.4%)  6(15.80%)  8(21.1%) 7 (13.5%) 3 (11.5%) 4 (15.3%)
@'e‘gho' nabit o5 46.1%)  17(44.70%) 18 (47.4%) 26 (46.2%) 12 (46.2%) 12 (46.2%) 0818
Family history
of psoriasis 18 (28.9%)  0(0.00%) 18 (47.4%) 11 (21.2%) 0 (0.0%) 11 (42.3%)  <0.001*
(ves)
Er:s‘)’"'e”ts U 41(53.9%) 16 (42.10%) 25(65.8%) 26 (50.0%) 9 (34.6%) 17 (65.4%)  0.038*
DLOQI
- Baseline
] 7.91(6.61) 6.92 (5.71) -
Af_ter 15 phototherapy ) 4.88 (5.41)
sessions
PASI
- Baseline
- After 15 phototherapy 198 (.21 DU () i
_ - 4.72 (4.00)
sessions
BSA
- Baseline 10.19 (8.60) i
- After 15 phototherapy 11'02_(8‘54) 6.35 (5.12)
sessions
. . 13.59 15.42
Disease duration (years) (11.46) (11.22) -
Previous treatments
- Topical 28 26
corticosteroids (100.00%) (100.00%) )
- Systemic drugs 7 (18.40%) 6 (23.10%)
- Biologic drugs 3 (7.89%) 3 (11.5%)
Session dose (Joules)
- Baseline
] 0.42 (0.27) 0.46 (0.31) -
Af_ter 15 phototherapy . 1.41 (0.16)
sessions
Session time (seconds) 127.48
- Baseline (181246864) (96.95) i
- 15th phototherapy sessions i 366.62
(50.22)

BSA, Body Surface Area; DLQI, Dermatology Life Quality Index; NB-UVB, Narrow-Band Ultraviolet B;
PASI, Psoriasis Area and Severity Index.

Data are expressed as relative (absolute) frequencies and means (standard deviation (SD). The Student’s t
test for independent samples or Welch’s test, as appropriate, were used to compare continuous variables
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and the chi-square test or Fisher’s exact test, as appropriate, were applied to compare categoric data. Two-
tailed p<0.05 was considered statistically significant in all tests.

*p value to compare non-exposed participant and exposed participants at baseline after using Student’s t
test for independent samples or Welch’s test, as appropriate, to compare continuous variables; and the chi-
square test or Fisher’s exact test, as appropriate, to compare categoric data

**p value to compare non-exposed participant and exposed participants with follow-up after using
Student’s t test for independent samples or Welch’s test, as appropriate, to compare continuous variables;
and the chi-square test or Fisher’s exact test, as appropriate, to compare categoric data.
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5.5. The impact of gloves and masks on skin barrier.

The COVID-19 outbreak has increase the use of gloves and face masks.
Moreover, mask wearing has become compulsory in many countries. The use of these
equipment has been related to several skin disorders. There are several types of masks
available and knowing which is the least aggressive for the skin could help to avoid skin

lesions and develop new types of masks using skin-friendly materials.
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Abstract

Background. Coronavirus Disease 2019 has rapidly spread all over the word.
Protective equipment (PPE) including masks and gloves are needed to avoid
transmission. Adverse skin reactions associated to PPE has been described, but there is
no information regarding objective measures to assess skin impairment related to PPE.

Objectives. To evaluate the effect of using facial mask and nitrile gloves on
epidermal barrier function and skin homeostasis.

Methods. A cross-sectional study was designed. Thirty-four Healthcare Workers
(HCW) wearing nitrile gloves and a mask for two hours were included. Transepidermal
Water Loss (TEWL), Stratum Corneum Hydration (SCH), erythema and temperature
were measured.

Results. TEWL (31.11 vs 14.24 g/h/m?), temperature (33.29 vs 32.57°C) and
erythema were significantly higher at the area covered by the gloves compared to non-
covered area. TEWL (22.82 vs 13.69 g/h/m?), temperature and erythema (411.43 vs
335.52 AU) were significantly increased at the area covered by the mask while SCH
was lower. TEWL was higher at the area covered by a surgical mask than at a filtering
respirator mask coded filtering facepiece 2 (FFP2) (27.09 vs 18.02 g/h/m? p=0.034).

Conclusion. 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 barrier damage.
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1. Introduction

In December 2019, a new virus initially called “Novel Coronavirus 2019-nCoV”
and later renamed to severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
rapidly emerged in Wuhan, Hubei Province, China, and quickly spread lengthwise
China and other countries around the world. At the time of this writing, the total number
of cases worldwide exceeded 20 million people, affecting 188 countries, with more than
730,000 deaths!. Spain has been one of the most affected countries with more than
320,000 cases and 28,000 deaths?.

To stop the spread of the outbreak, thousands of health care workers
(HCW) have been working tirelessly taking care of infected and suspected patients. This
effort has made HCW have a high risk of infection, specially while providing care to
COVID-19 patients with inappropriate personal protective equipment (PPE)2. In fact,
during SARS pandemic in 2003, HCW made up 21% of global cases®. To date, more
than 50,000 HCW have been infected in Spain, up to 20% of Italian HCW have
developed Coronavirus Disease 2019 (COVID-19) and an early report in a single-center
case series in Wuhan found that 29% of hospitalized patients were HCW*®.

HCW should protect themselves from the virus by performing adequate hand
washing and wearing adequate PPE, including medical masks, goggles or face shields,
plastic gowns and gloves. The long-term working sessions and the daily use of the PPE
can lead into physical and psychological disturbances among HCW®, such as headache
or exacerbation of their pre-existing 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 hand washing alcoholic or
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chlorine-based disinfectants could also cause skin injuries, leading to desquamation and
even irritative or allergic contact dermatitis 10 and the prolonged use of gloves could
cause irritant and allergic contact dermatitis, glove-related hand urticarial?, pompholyx
or secondary infections®®.

The skin 44amagee associated to PPE could be evaluated objectively by the
measurement of some parameters. Assessment of epidermal barrier function usually
involves measurements of Transepidermal water 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 parameter'®, and a lower value
is frequently associated with skin barrier dysfunction!’. Erythema and temperature may
also influence epidermal barrier function and skin homeostasis*®*°,

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

epidermal barrier function and skin homeostasis.
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2. 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 HCW, males or females over 18 years, volunteers
who were wearing for at least two 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: 1) not having previous personal
history of any inflammatory skin disease (psoriasis, atopic dermatitis, hidradenitis
suppurativa, acne or seborrheic dermatitis); 2) clinical infection on the measured area;
3) history of allergy or; 4) not signing the informed consent form.

Information regarding gender, age, occupational category, kind of mask and
gloves wearing were gathered during the clinical interview. Homeostasis parameters
related to epidermal barrier function were measured. Transepidermal Water Loss
(TEWL) (in g/h/m?, using Tewameter® TM 300), stratum corneum hydration (SCH) (in
arbitrary units, using Corneometer® CM 825), erythema (in arbitrary units, using
Mexameter® MX 18), and skin temperature (in °C, using Skin-Thermometer ST 500)
were measured by a Multi Probe Adapter (MPA, Courage + Khazaka electronic GmbH,
Germany). All variables were measured at least two hours (ranging from 2 to 3 hours)
after the participant was wearing the gloves and the mask into their shift varying days
of their work schedule. All participants did not change the mask during this period while
gloves change was allowed if needed. The new gloves should be immediately put on
without using any products on the hands and arms. Measurements were taken at four
anatomic areas: at the distal right volar forearm covered by the glove and in another area
2 cm far from not covered (Figure 1); at the right cheek covered by the mask and in

another area 2 cm far from not covered. All parameters were measured ten times at each
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area, using their average for analysis. Measurements were taken in the same room and
ambient air temperature was measured with the TFA® Lab Thermometer 1P65 LT-101.
The average ambient air temperature at the time of the study was 22+1°C and the
average ambient air humidity was 45+3%.

Descriptive statistics were used to present the sample characteristics. Continuous
data was expressed as the mean + standard deviation. The absolute and relative
frequency distributions were estimated for qualitative variables. The Shapiro-Wilk test
was used to check the normality of data distribution. The Student’s t-test for paired
samples or the Wilcoxon test were used to compare homeostasis parameters between
areas. The Student’s t-test for independent samples or the Mann-Whitney test were
applied when necessary to compare independent continuous data. Cohen’s d was
calculated to assess effect size, using the standard deviation of the baseline measure. A
p-value of <0.05 was considered statistically significant. Statistical Analyses were
performed using the SPSS package (SPSS for Windows, Version 24.0 Chicago: SPSS
Inc.).

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 non-invasive and patient data was kept confidential.
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3. Results

Thirty-four participants, 61.76% (21/34) females and 38.24% (13/34) males, were
included in the study. The mean age was 44.97 (11.97 SD) years, 46.33 (11.33 SD) for
females and 42.77 (13.08 SD) for males. 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.

Skin homeostasis analysis between areas covered and non-covered by gloves

Epidermal barrier function parameters between the distal volar forearm covered
and non-covered by the nitrile gloves were compared (Table 1). TEWL was higher at
the gloves-covered area (31.11 vs 14.24 g/h/m?, p<0.001, d=0.92). SCH was also
increased at the area covered (43.26 vs 58.28 AU, p<0.001, d=0.88). Moreover,
temperature (33.29 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 the gloves when compared to

non-covered area.

Skin homeostasis analysis between areas covered and non-covered by mask

Homeostasis parameters were also different in the areas covered and non-covered
by a mask (Table 2). TEWL was significantly higher on the area covered by the mask
(22.82 vs 13.69 g/h/m?, p<0.001, d=0.73) while SCH was lower (53.87 vs 59.50 AU,
p=0.058, d=0.37). Temperature (33.19 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 the

mask.

47



Dermatitis. 2021;32(1):57-62 doi: 10.1097/DER.0000000000000682

The ®nfluence of mask type on skin homeostasis

Differences in homeostasis parameters were found depending on the type of mask
(Table 3). SCH was lower at the surgical mask-covered area (49.70 vs 58.56 AU,
p=0.092, d=0.53) when compared to FFP2 mask-covered. No difference in temperature
was found (33.25 vs 33.13°C, p=0.674, d=0.14).

TEWL was significantly higher at the area covered by a surgical mask than at the
FFP2 one (27.09 vs 18.02 g/h/m?, p=0.034, d=0.59). Moreover, surgical mask had a
higher power in increasing TEWL (p=0.026), Table 4. While the cheek covered by
surgical mask increased 12.54 (SD 2.14) g/h/m? compared to non-covered area, the

FFP2 area covered was only 5.28 (2.27) g/h/m? higher than the non-covered.

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 in individuals < 45 years and > 45 year (Table 5). It was observed that mask
impact was similar between age groups. Nevertheless, it was found that the gloves have
a different impact depending on the age. The older group had higher temperature
increase between cover and non-covered area than the young group (0.93 vs 0.53°C,
d=0.85, p=0.013). Moreover, the erythema increase in gloves-covered areas was also
higher in the older group (43.00 vs 15.47 AU, d=0.98, 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.
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4. Discussion

This study shows that epidermal barrier function and skin homeostasis may be
impaired by gloves and mask. An increased TEWL, temperature and erythema in the
area covered by gloves and an increased TEWL, temperature and erythema and a
decreased SCH in the area covered by masks was observed. Moreover, surgical masks
are more harmful for skin than FFP2 mask, showing higher TEWL in areas covered by
surgical masks. Epidermal barrier function integrity is important to prevent SARS-CoV-
2 infection as previous reports have shown!t2,

Hands are the most common site affected by PPE-related adverse skin reactions
during COVID-19 outbreak®. This is due to excessive hand washing, hydro alcoholic
solutions and gloves use?!. Medical gloves are mostly made of different polymers such
as latex and nitrile!?, being the nitrile one the preferred during the COVID-19 pandemic
because of its high protection and durability?>. Many adverse skin reactions have been
described associated to its use, such as irritant contact dermatitis, allergic contact
dermatitis, and contact urticaria'?. Gloves use often causes skin maceration presenting
as softening, whitening, wrinkling of the skin, and sometimes, skin peeling?. This study
showed higher SCH values at the gloves covered area which may be explained in part
by the increases sweat production in the covered area’®. Nevertheless, the difference in
TEWL between two near areas, gloves covered and non-covered, reflect a skin barrier
damage related to gloves use. This may explain the increased cases of hand eczema,
allergic contact dermatitis, secondary superficial fungal infection and pompholyx
between HCW gloves users?®24, Previously, it has also been described higher TEWL
values during 30 minutes of gloves use?®. Nevertheless, the effects of glove occlusion is

controversial in the literature?. This study also shows high erythema and temperature
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at the area covered by gloves. This is in agreement with previous reports as erythema is
the second most reported skin adverse sign between HCWs?’,

Moreover, the high erythema and temperature are markers of inflammation and
increased skin permeability?®. Although, SARS-CoV spreads mainly via the respiratory
route, other possible pathways of infection have been proposed, including skin
surface?®?®. So the permeability increased by gloves, added to the abundantly
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
for being infected with SARS-CoV-22°1° while transepidermal transmission of this
virus is still theoretical. Possible solutions to prevent PPE and hand hygiene-related
injuries have been described such as increase protective skincare measures after
washing hands or using gloves®® and alcohol-based disinfectants solutions containing
glycerin as moisturizer?.

Cheeks are the second area most affected by PPE-related adverse skin reactions
during COVID-19 outbreak 9. In fact, masks are the most common culprit agent among
all PPE causing skin damage?’ leading to indentations, ecchymosis, maceration,
abrasion and erosion®®. This study observed high TEWL values at the mask covered
area, revealing a skin impairment associated to 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
non-covered. This may be explained because the lower density of eccrine sweat glands
at the cheek®. Moreover, this study shows that mask covered area have high
temperature and erythema than near non-covered areas, relating to increased
permeability?®. This could also explain the mask-induced itch® and may be a risk factor

to get SARS-CoV-2 as frequent face touching may increase the exposure and entry of
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SARS-CoV-2 infection!!. Moreover, the increased temperature is also a contributor for
developing acne and seborrheic dermatitis®1®*. To the best of our knowledge, there is
no previous information regarding epidermal barrier function and skin homeostasis with
mask use.

This report also shows high TEWL increased at areas covered by surgical mask
that at FFP-2 mask covered areas. This may mean that surgical masks are more harmful
for skin barrier. FFP-2 masks have more filter efficiency®®, meaning they are more
protective to avoid COVID-19 transmission®. Nevertheless, no differences in skin
damage between different types of mask has been reported to date. A possible
explanation to differences in TEWL values may be the different material they are made
from®’.

This study also found higher increased in erythema and temperature at gloves
covered areas in people over 45 years. It has been previously pointed out that these
parameters may be associated to a high permeability?®. Moreover, elderly people are
more susceptible to skin damage® and more frequently experience itch3, 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™.

While, the normal values for homeostasis parameter are still controversial, our
study shows similar values on the non-covered areas than previous report in healthy
people. In our population, mean TEWL was 14.24 g/h/m? on the distal volar forearm
and 13.69 g/h/m? on the cheek, in agreement with normal values in a meta-analysis
(normal values ranging from 9.84 to 17.96 g/h/m? on the distal right volar forearm; and
ranging from 12.92 to 14.91 g/h/m2 on the right cheek) *°. SCH values were also similar

to previous reports 41. Erythema values on non-covered areas were also within the
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normal values on healthy skin: 215.55AU on the volar forearm (normal values 222.7-
288.4AU) and 335.52AU on the cheek (normal values 294.2-409.4AU) %2,

Limitations of this study include the small sample size and the lack of follow-up
to assess skin barrier disfunction along time. Moreover, the distal volar forearm may not
be the area primarily affected by glove use, meaning that the effect by glove use may
be underestimated in this study. This location was selected instead of the palm to
increases similarities between skin properties in covered and non-covered areas.
Nonetheless, this pioneering study provides insights into objective measures for gloves
and mask skin damage during the COVID-19 outbreak.

Skin homeostasis and epidermal barrier function may be impaired by gloves and
mask use. Surgical mask use is associated with higher TEWL values than FFP2 mask.
While before COVID-19 pandemic, only HCWs wear gloves and mask during a limited
period, now the whole population use them for long-period. High quality PPE should
be provided and adequate skin prevention measures should be implemented to reduce

epidermal barrier damage.
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6. Tables

Table 1. Homeostasis parameters at areas covered and non-covered by gloves.

Distal
forearm non- Distal forearm
covered by covered by gloves Cohen’s d p*
gloves (n=34)
(n=34)
TEWL -
(g/h/m?) 14.24 (9.84) 31.11 (18.34) 0.92 <0.001
SCH (AU) 43.26 (12.31) 58.28 (17.08) 0.88 <0.001*
Temperature (°C) 32.57 (0.81) 33.29 (0.86) 0.84 <0.001*
215.55
Erythema (AU) (38.69) 243.97 (44.97) 0.65 <0.001*

AU, arbitrary units; SCH, Stratum Corneum Hydration; TEWL, Transepidermal Water Loss

* p value after using Stu’ent's t test for paired samples to compare homeostasis parameters between
forearm covered and non-covered by gloves

Table 2. Homeostasis parameters at areas covered and non-covered by mask.

S:\?g:fagobn' Cheek covered by
y mask Cohen’s d p*
mask (n=34)
(n=34)
TEWL *
(g/h/m?) 13.69 (4.66) 22.82 (12.59) 0.73 <0.001
SCH (AU) 59.50 (14.76) 53.87 (15.30) 0.37 0.058
Temperature (°C) 32.54 (0.85) 33.19 (0.81) 0.80 <0.001*
335.52 .
Erythema (AU) (80.50) 411.43 (86.20) 0.88 <0.001

AU, arbitrary units; SCH, Stratum Corneum Hydration; TEWL, Transepidermal Water Loss

* p value after using Stu’ent's t test for paired samples to compare homeostasis parameters between
forearm covered and non-covered by gloves
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Table 3. Homeostasis parameters at areas covered by different types of masks.

Surgical mask FFP2 mask Cohen’s o*
(n=18) (n=16)
(E/Eh\//r\;%) 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) 429.85 (91.23) 390.70 (77.78) 0.43 0.190

AU, arbitrary units; SCH, Stratum Corneum Hydration; TEWL, Transepidermal Water Loss
* p value after using Stu’ent's t test for independent samples or Mann-Whitney test to compare

homeostasis parameters between the cheek covered by a surgical mask or a FFP2 mask.

Table 4. Mean differences between covered and uncovered mask areas for
homeostasis parameters.

Surgical mask FFP2 mask .
(n=18) (n=16) Cohen’s P
TEWL "
(@/hm?) 12.54 (11.40) 5.28 (5.30) 0.64 0.026
SCH (AU) -8.99 (18.94) -1.85 (13.37) 0.57 0.218
Temperature (°C) 0.610.42) 0.69 (0.53) 0.19 0.615
Erythema (AU) 80.28 (65.06) 70.98 (46.95) 0.14 0.640

AU, arbitrary units; SCH, Stratum Corneum Hydration; TEWL, Transepidermal Water Loss

* p value after using Stu’ent's t test for independent samples or Mann-Whitney test to compare changes in
mask covered and non-covered homeostasis parameters between the type of masks.
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Table 5. Mean differences between covered and uncovered areas for homeostasis
parameters between age groups.

Gloves Mask
Age <45 Age > 45 , - Age <45 Age > 45 , -
(n=18) (n= 16) Cohen’s p (n=18) (n= 16) Cohen’s p
TEWL 1411 19.97 10.48
(qhim?) (AL61) (15.45) 050 0218 793(59) 1,70 043 045
SCH(AU)  9.34(9.14) (igég) 032 0571 -6.92(21.55) -419(9.13) 013  0.640
Temgg;‘t“re 053(0.47) 093(0.39) 085 0013* 071(0.32) 059(0.60) 038 0471
15.47 43.00 . 7042 82.08
Erythema (AU) (28.14) (44.31) 0.98 0.036 (57.29) (57.04) 0.20  0.557

AU, arbitrary units; SCH, Stratum Corneum Hydration; TEWL, Transepidermal Water Loss

* p value after using Stu’ent's t test for independent samples or Mann-Whitney test to compare changes in
gloves covered and non-covered homeostasis parameters between participants < 45 years and > 45 years

** p value after using Stu’ent's t test for independent samples or Mann-Whitney test to compare changes

in mask covered and non-covered homeostasis parameters between participants < 45 years and > 45
years.
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7. Eigures

Figure 1. A) Area covered by gloves. B) Measurements' location on the right volar

forearm; C: gloves covered area; NC: gloves non-covered area
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5.6. Hand hygiene strategies: skin barrier dysfunction, effectiveness and
tolerability.

The COVID-19 outbreak has also increase the public interest for hand hygiene
products. Currently there are several hand hygiene products available, including soaps,
alcohol-based hand sanitizers and disinfectant wipes, but there is scarce knowledge
about which is the least aggressive for the skin, the most effective reducing

microorganism or the most tolerable for the user.
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Abstract

Introduction. COVID-19 has increased the frequency of hand washing. There is
scarce evidence regarding the impact of different hand hygiene procedures on skin barrier
function in clinical practice.

Objective. To compare the impact on skin barrier function of different hand
hygiene measures in health care workers in daily practice.

Methods. A randomized controlled clinical trial was conducted. Participants were
randomized to sanitize their hands with water and soap, alcohol-based hand sanitizers
(ABHS) or disinfectant wipes during their 8-hour work-shift. Epidermal barrier
functional parameters, like transepidermal water loss (TEWL), and the microbial load
were assessed before and immediately after the workday. Tolerance and acceptability of
each product were recorded after work.

Results. Sixty-two participants were included and 20, 21 and 21 were randomized
respectively to use water and soap, ABHS and disinfectant wipes. After the 8-hour shift,
TEWL increase was higher with disinfectant wipes than with soaps or ABHS
(+5.45vs+3.87vs-1.469-h™t-m2 respectively, P=.023). Bacteria and fungi colony-forming
unit (CFU) count reduction was lower for water and soap group than for ABHS and
disinfectant wipes. Disinfectant wipes were considered more difficult to use (P=.013)
compared to water and soap and ABHS.

Conclusion. Daily hand hygiene with ABHS showed the lowest rates of skin

barrier disruption and the highest reduction of CFU.

Keywords: Hand Sanitizers; Hand Disinfection; Hand Hygiene; COVID-19,

Skin Barrier
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1. Introduction

The frequency of hand washing and disinfection has increased during the
coronavirus 2019 disease (COVID-19) pandemic? as it is believed that SARS-CoV-2
can also be transmitted by direct and indirect contact?2. For the required proper hand
hygiene procedure*®, currently there are several hand hygiene products available, such
as soaps, alcohol-based hand sanitizers (ABHS) and disinfectant wipes®. ABHS reduce
skin pathogens more efficiently’® and, therefore, frequent application of ABHS
containing at least 60% alcohol or, if unavailable, hand washing with soap and water for
at least 30 seconds, are recommended®®°. Nevertheless, a frequent use of these products
may induce dry hands and skin damage, resulting in irritant or allergic contact
dermatitis**. Moreover, injured skin is a potential host for SARS-CoV-2*2,

Skin barrier impairment can be measured easily using objective parameters:
namely transepidermal water loss (TEWL)'®* the quantity of condensed water that
diffuses across a fixed area of stratum corneum to the environment*® which increases
with barrier impairments®®, stratum corneum hydration (SCH) ¢, pHY’, temperature®®
and antioxidant capacity'®. TEWL has been shown to increase with use of soaps? and
to decrease with ABHS??, but there is only one study comparing the impact of different
hand hygiene products on skin barrier function in the clinical practice??.

The main objective of this study is to compare the impact on skin barrier function

of soaps, ABHS and disinfectant wipes in health care workers in daily practice.
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2. Material and methods

2.1.  Study design
An observer-blinded randomised comparative study following CONSORT

guidelines (Supplementary Material) was designed and conducted between October

2020 and January 2021 in the Dermatology Department of the Hospital Universitario
Virgen de las Nieves in Granada, Spain. Participants were health care workers (HCWs),
aged 18-60 years, who were randomized in a 1:1:1 ratio (computerized randomization)
to use for their hand hygiene between every patient, either washing with water and soap,
applying and rubbing their hands with an ABHS or using disinfectant wipes for 20
seconds at least. Informative leaflets with rules for each procedure were delivered.

Composition of each product is described in Supplementary Material. Intervention

assignments were allocated by the study coordinator (SAS). The evaluator (TMV) was
blinded to the assignments.

All participants were selected just at work arrival and included in the study after
giving their written informed consent. After randomization, baseline measurements
were taken at around 08:00 a.m. before participants had started their work shift, at least
30 minutes after any hand hygiene procedure. Participants were instructed how to use
only the allocated hand hygiene procedure, record the frequency of its application and
to avoid the use of protective gloves during the study and if gloves were worn, to take
them off as soon as possible. After a full working day (around 03:00 p.m.), at least 5
minutes after the last hand hygiene procedure, microbiological samples were collected
and, at least 30 min thereafter, skin barrier function parameters were measured.

Exclusion criteria were a previous personal history of any inflammatory skin
disease, clinical infection of the area under evaluation, known or suspected incapacity

to comply with the study protocol or no signature of the informed consent form.
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2.2. Outcomes and measures

The primary outcome measure was skin barrier impairment, assessed by changes
in TEWL and secondary outcome measures were changes in temperature, SCH,
erythema, pH and antioxidant capacity?, reduction of microbial load- assessed by
changes in bacteria and fungi colony forming units (CFUSs)-, and perceived differences

in tolerability and acceptability?* among the three hand hygiene procedures.

Skin homeostasis and epidermal barrier function parameters

Before and after a working day, measurements were performed on the dominant
palm after resting at least for 30 minutes in a room with controlled ambient air
temperature and humidity, which were measured with the TFA Lab Thermometer IP65
LT-101, Wertheim, Germany (average air temperature 22+1°C; ambient air humidity of
45%+5%). We used Tewameter TM 300, Courage + Khazaka electronic GmbH, Bilbao,
Spain for TEWL (in g-h-1-m-2), Corneometer CM 825, Courage + Khazaka electronic
GmbH, Bilbao, Spain for SCH (in arbitrary units), Skin-pH-Meter PH 905, Courage +
Khazaka electronic GmbH, Bilbao, Spain, for skin pH, Mexameter MX 18, Courage +
Khazaka electronic GmbH, Bilbao, Spain for evaluating erythema index (in arbitrary
units) and Skin-Thermometer ST 500, Courage + Khazaka electronic GmbH, Bilbao,
Spain for skin temperature (in °C) connected to a Multi Probe Adapter (MPA, Courage
+ Khazaka electronic GmbH, Bilbao, Spain). All parameters were measured ten times,
and their average was used for analysis.

Total antioxidant capacity (TAC), both fast antioxidants (Q1), that have a lower
oxidation potential, and slow antioxidants (Q2)*, were measured using eBQC
electrochemical method (Biogquochem S.L. (BQCKit), Asturias, Spain), and expressed

in micro-coulombs. Briefly, a conductive hydrogel, designed for direct measurement of
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the antioxidant capacity, is stuck to the skin surface and maintained in contact for five

minutes and then peeled off and placed on the measurement area of the e-BQC strips®.

Microbiological evaluation

At baseline and after the working day, microbiological samples were obtained by
direct application of the 4 fingertips in a Petri dish with culture medium, either for
bacteria (right hand) or fungi (left hand). For bacteria, smears were placed in Trypcase
Soy 3P Irradiated Trypcase Soy Agar (TSA3), a non-selective method, between 28-32°C
for 72 hours and for fungi in Sabouraud Dextrose 3PTM Agar with irradiated
neutralisers (SN3P) between 20-25°C for 96 hours. The composition of each medium is

described in Supplementary Material. The total number of CFU per plate were counted

after 72 or 96 hours of incubation, and differences between baseline and end of the

working day were used to assess the microbial load.

Tolerability and acceptability

Tolerability and acceptability of the hand hygiene procedures were assessed after
the workday using the protocol proposed by the WHO that allowed both objective
evaluation by an observer and subjective evaluation by the participants?*. Briefly, on a
seven-point Likert scale, participants assessed the product’s: colour (unpleasant-
pleasant), smell (unpleasant-pleasant), texture (sticky-non-sticky), irritation (very
irritating-not irritating), drying effect (very much-not at all), ease of use (very difficult-
very easy), speed of drying (very slow-very fast), application (unpleasant-pleasant), and
overall evaluation (dissatisfied-satisfied). Likewise, on a seven-point scale, participants
rated the skin condition of their hands: appearance (abnormal-normal); intactness

(abnormal-normal); moisture content (abnormal-normal); sensation (abnormal-normal);
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overall integrity of the skin (very altered-not altered). Skin condition was also assessed
by the dermatologist evaluator, as follows: redness (0—3, no redness-very bright with
oedema), scaling (0-3, no scaling-very pronounced desquamation), fissures (0-3, no
fissure-extensive cracks with bleeding or seeping), visual scoring of skin scale (0, no
observable scale or irritation of any kind; 1, occasional scale that is not necessarily
uniformly distributed; 2, dry skin and/or redness; 3, very dry skin with whitish
appearance, rough to touch, and/or redness, but without fissures; 4, cracked skin surface
but without bleeding/seeping; 5, extensive cracking of skin surface with
bleeding/seeping). All evaluations were carried out at baseline and after the working

day using the hand-hygiene product.

Other variables

Sociodemographic data including sex, age, professional group (doctor, nurse,
miscellaneous), work-related activities likely to cause skin damage and use of protective
hand lotion/cream were recorded by a clinical interview. The phototype was assessed
by a dermatologist using Fitzpatrick grading®. The frequency of hand hygiene

procedures was self-reported by each participant.

2.3.  Statistical analysis

Participants were evaluated according to their randomized group using intention-
to-treat analysis. Descriptive statistics were used to present the sample characteristics.
Continuous data was expressed as the meanzstandard deviation. The absolute and
relative frequency distributions were estimated for qualitative variables. The Shapiro-
Wilk test was used to check the normality of data distribution and Levene’s test to check

the homogeneity of variance. One-way analysis of variance (ANOVA), post-hoc
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Bonferroni correction, was used to compare quantitative variables between different
hand hygiene procedure groups. The Student's t-test for paired samples was used to
compare differences in parameters before and after using the hand hygiene product. A
linear regression model was constructed to evaluate variables associated with TEWL
change. Epidemiological and statistical criteria were used to model variable selection.
The effect of each exploratory variable on the model and its significance were studied.
If the variable improved the model fit and adequacy (based on the likelihood ratio
criteria and the significance of the parameter), it was kept; otherwise, the variable was
excluded. The model was checked for pairwise interaction between covariates. Potential
confounding covariates were studied using a change of significance in the model’s
parameters or a change of 30% of its value. Statistical significance was defined by a
two-tailed P<.05. Statistical analyses were performed using the SPSS package (SPSS
for Windows, Version 24.0 Chicago: SPSS Inc.).

Accepting an alpha risk of 0.05 and a beta risk of 0.2 in a two-sided test, 20
subjects are necessary in each group to recognize as statistically significant a minimum
difference of 6 units in TEWL between any pair of groups assuming that 3 groups exist.
The common deviation is assumed to be 6. It has been anticipated a drop-out rate of 5%.
G*Power 3.1.9.2., Heinrich-Heine-Universitat Dusseldorf, was used to calculate the

sample size.

2.4.  Ethics

This study was approved by the ethics committee of Hospital Universitario Virgen
de las Nieves the 8th September 2020 (HCHJO01 / 1489-N-20). The nature of the study
was explained to all the participants, who agreed to participate by verbal and written

consent. All measurements were non-invasive and subject data was kept confidential.
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3. Results

3.1. Baseline demographic and clinical characteristics

Sixty-two HCWs were included in the study, 20 of them in the water and soap
group, 21 in ABHS group and 21 in disinfectant wipes group (Figure S1). Only one
subject did not finish the study. No significant differences in participants’ demographic
characteristics between groups were found, Table 1. The mean age was 38.32 (13.46)
years and the female: male ratio was 1.48:1. Overall mean frequency of hand hygiene
procedures was 8.52 (1.76) without differences between groups: 8.20 (1.32) times for
water and soap, 8.43 (1.81) times for ABHS and 8.90 (2.07) times for disinfectant wipes.
Only two participants used protective gloves during the study (one in AHBS group and
another in water and soap group) and the stated duration of wearing was less than five

minutes.

3.2.  Skin barrier impairment

TEWL increased by 5.45 (2.15) g-h"t-m in disinfectant wipes group and 3.87
(1.71) g-h"*-m in water and soaps group while it was reduced by 1.46 (1.42) g-h*-m
in the ABHS group with significant differences between groups (P=.020), (Table 2).
Those using disinfectant wipes showed greater increases in TEWL values compared to
those using ABHS (P=.023) but no statistically differences were observed between
disinfectant wipes and soap or between soap and ABHS.

pH increased by 0.37 (0.12) in the water and soap group but remained unchanged
in the ABHS group and disinfectant wipes group. There were differences in pH changes

between the 3 groups (P=.014), but the difference was only statistically significant when

comparing the groups with soap and disinfectant wipes (P=.014).
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Temperature decreased significantly by 1.62 (0.48) °C when using water and soap
and by 1.73 (0.47) °C when using ABHS. TAC decreased significantly in all groups,
both fast antioxidants and slow antioxidants. Fast antioxidant capacity decreased by 0.45
uC in water and soap group, 0.25 uC in ABHS group and 0.25 uC in disinfectant wipes
group; and slow antioxidant capacity decreased by 0.86 uC in water and soap group,
0.71 uC in ABHS group and 0.58 uC in disinfectant wipes group. TAC decreased by
1.31 uC when using water and soap, by 0.96 uC when using ABHS and by 0.86 uC
when using disinfectant wipes. SCH and erythema did not change significantly in any
group (Table 2).

A linear regression model was constructed to assess variables that could influence
TEWL change (Table 3). After adjusting by type and number of the hand hygiene
procedures in each work-shift, temperature change, sex and age, it was observed that
water and soap (B=4.77, P=.05), disinfectant wipes (f=6.14, P=.016) and the
temperature change (f=1.18, P=.015) were independently associated with TEWL

change.

3.3.  Reduction of microbial load

Percentage reduction in bacteria CFU count was lower in the water and soap group
compared to those using ABHS or disinfectant wipes (65.7% vs 90.5% vs 87.44%,
P=.002), Figure 1A. Moreover, percentage reduction in fungi CFU count was lower in
the water and soap group than in those using ABHS and disinfectant wipes (41.4% vs
80.3% vs 82.8%, P=.017), Figure 1B. No significant differences in fungi and bacteria

CFU count reduction were observed between ABHS and disinfectant wipes groups,

Figure S2.
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3.4.  Tolerability and acceptability

Differences were found in subjective evaluation of water and soap, ABHS and
disinfectant wipes regarding grading of colour (P=.046), drying effect (P=.032) and ease
to use (P=.013), but not in other subjective parameters. The colour of disinfectant wipes
was ranked lower than of ABHS (P=.047). Disinfection wipes received worse ratings
for the drying effect than ABHS (P=.047). Disinfectant wipes were less easy to use than
ABHS (P=.011) (Table 4). Regarding tolerability objective evaluation, differences in
changes in redness (-0.05 vs. 0.76 vs. 0.95, P<.001) and changes in visual scoring of
skin scale (-0.05 vs. 0.71 vs. 0.95, P<.001) were observed between water and soap,
ABHS and disinfectant wipes respectively, whereas scaling or fissures were similar
between groups. Changes in redness correlated with changes in erythema (r=0.38,
P=.007). Water and soap produced less redness than ABHS (P<.001) and disinfectant

wipes (P<.001) with no differences between ABHS and disinfectant wipes.
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4. Discussion

This study evaluated the impact of different hand hygiene procedures on the skin
of the hands after a shift of 8 hours in HCWs, which is difficult to compare with other
studies which usually have this evaluation after longer periods and mostly in
experimental settings, outside the regular work setting??’. In our study we noticed that
already after a single working day there were important differences between the three
procedures of hand sanitation in almost all the parameters we evaluated (TEWL, CFU
and tolerability rates).

Disinfectant wipes showed the highest TEWL increase. Water and soap also led
to increase of TEWL values, similarly to disinfectant wipes. ABHS showed the best
results, as it was the only hand hygiene procedure that did not increase TEWL values,
likely in relation to lower skin barrier impairment. Previous studies showed that TEWL
is increased by soaps?® and is decreased by ABHS?! but it has been also stated that the
skin barrier function is impaired by ABHS when applied on skin areas previously
exposed to water immersion?®, To our knowledge, the single previous study that
assessed the impact of different hand hygiene procedures on skin barrier function in the
clinical practice, evaluated the effects of soap and water vs. ABHS and showed no
significant differences in TEWL changes®®. Moreover, in experimental settings, with a
lower participants number, ABHS caused less skin irritation and less skin barrier
disruption than detergents?” %%, ABHS and disinfectant wipes contain additional skin
care substances, such as glycerin, a moisturizing agent which may replenish lipids and
trap water, improving epidermal barrier®!. Moreover, cleaning hands with soap and
water removes skin lipids as they are rinsed off, whereas they remain on the skin when
using ABHS30. Lipids may be also potentially wiped off when using disinfectant

wipes®? explaining their higher epidermal disruption compared to ABHS. Furthermore,
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the type of hand hygiene product was found to be an independent predictor for change
in TEWL after adjusting for other variables namely gender and age, whose influence on
TEWL is controversial®. Other factors, including the number of hand hygiene
procedures and skin temperatures, which may have an impact on TEWL™?, were similar
in the three groups.

pH increase observed in the water and soap group may be explained by the
alkaline pH of soap, or related to stratum corneum swelling, lipid rigidity and skin
irritation®3. TAC decreased in all groups, both fast antioxidants and slow antioxidants.
TAC has been used as an inverse biomarker of oxidative stress, as it is an indicator of
the sample ability to scavenge free radicals?. We used an electromechanical method to
assess this parameter, that carries out a complete oxidation of the sample, considering
individual peaks as the response of a specific antioxidant and obtaining the TAC
measure through a mathematic algorithm. The total charge of antioxidants is divided in
two sections: fast, including antioxidants with lower potential of oxidation, and slow,
including antioxidants with higher potential of oxidation?®, TAC predominantly
measures chain breaking antioxidants, including uric acid and ascorbic acid, and exclude
contribution of metal binding proteins®. TAC decreases when using all hand hygiene
products may be due to the reduction in biological and chemical antioxidant substances,
such as gallic acid equivalents or vitamin C equivalents®, while the lack of differences
between procedures could be explained because the increases oxidative damage to lipids
and proteins is not being considered in this measure®*. It would be interesting to use
different measurements of individual antioxidants and markers of oxidative damage to
accurately assess differences in antioxidant capacity between hand hygiene

procedures®* 26,
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Regarding the antimicrobial power, water and soap showed the lowest reduction
in bacterial and fungi CFU count. ABHS and disinfect wipes had similar CFU reduction
rates and both higher than water and soap. ABHS kills microorganism by penetrating
though their membrane and inducing cellular lysis while soaps only remove debris from
the skin®. Therefore, ABHS and disinfectant wipes may be more effective in reducing
live bacteria and fungi that are able to form colonies in culture (reduced CFU) than water
and soap, as shown in our study. Most studies observed higher rates of microorganism
decontamination with ABHS®" compared to soaps, including in the everyday use® 3,
which is also in agreement with in vitro studies®®. In agreement, WHO guidelines on
hand hygiene in health care recommends using ABHS instead of water and soap if hands
are not visibly dirty°. Viruses are more difficult to study in vivo and there are scarce
studies that compare the viral load reduction with different types of hand hygiene
product. In vitro, both soaps and ABHS are effective in inactivating enveloped virus®.
ABHS has also a high activity against non-enveloped viruses'®. Regarding disinfectant
wipes, previously it has been observed that they are non-inferior compared to water and
soap* and less effective than ABHS*! in reducing bacteria from the hands. These studies
evaluated the antimicrobial power of the product after artificial contamination of the
hands with Escherichia coli*®#! while our study evaluated the effectiveness in removing
usual microorganisms on the hand without any bacteria addition. The differences
observed in the antimicrobial power between studies may depend on the predominant
type of bacteria on the hand.

Hand hygiene products also must be tolerable and acceptable to the user*?. The
lowest rating of tolerability and acceptability in the present study was for disinfectant
wipes, as they were considered as having the highest drying effect and being the least

easy to use. Tolerability rates did not differ between ABHS and water and soap. Previous
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studies showed that ABHS are well accepted and tolerated among HCWSs*?, and during
working hours they could be even more timesaving than water and soap*. There are no
studies evaluating the tolerability of disinfectant wipes. In our study, the lowest rating
of acceptability for disinfectant wipes might be explained by the fact that people are less
used to employ them, and their application is more difficult and time-consuming than
using a solution. Regarding tolerability objective evaluation, disinfectant wipes showed
the highest rates for erythema increase, which might be explained by skin irritation.
This study has some limitations: 1) Only one type of hand hygiene product was
tested in each participant; 2) The short follow-up, as the effect of the hand hygiene
product was evaluated after one work shift. Nevertheless, the assessment of skin barrier
function parameters after only one day allowed to evaluate the overall impact of the
hand hygiene products, as other factors, such as emollients use, could bias this effect. 3)
Bacterial and fungal CFU were not differentiated. Therefore, we were not able to
determine what type of product was most effective in eliminating the different types of
micro-organisms. 4) In contrast to most other studies, the palms and not the dorsum of
the hands were selected for measuring the skin bioengineering parameters. The thicker
stratum corneum of the palms may induce a distinct response to the hygiene procedures,
but on the other hand, the dorsum of the hands might be more influenced by external
factors14. 5) There was a risk that evaporation of wash water was measured when
assessing the TEWL. However, the 30-minute adaptation period before TEWL

measurements reduced this possible bias.

77



Contact Dermatitis. 2021. Ahead of print doi: 10.1111/cod.14034

5. Conclusion
According to our findings, daily hand hygiene with ABHS showed the lowest rates
of skin barrier impairment, the highest rates of CFU reduction and was considered the

most convenient and easy method to use.
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Figure legend

Figure 1. Reduction of microbial load. A) Bacteria colony-forming unit count reduction.

B) Fungi colony-forming unit count reduction.

Table legend

Table 1. Baseline demographic and clinical characteristics.

Table 2. Changes in skin homeostasis and epidermal barrier function parameters between
groups.

Table 3. Analysis of the factors related to TEWL changes.

Table 4. Tolerability and acceptability of the hand hygiene products.
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Supplementary Material

Figure S1. Participants flow chart.

Figure S2. A) Bacteria colony-forming unit count before and after follow-up using each
hand hygiene product, B) Fungi colony-forming unit count before and after follow-up
using each hand hygiene product. These are the culture plates of one subject each from the
respective group.

Composition of hand hygiene products and the medium used to culture microorganism.

Consort Checklist
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Figure 1. Reduction of microbial load. A) Bacteria colony-forming unit count reduction. B) Fungi colony-forming unit count reduction.
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Tables

Table 1. Baseline demographic characteristics.

doi:

10.1111/cod.14034

Characteristic A”_ participants Wfter and soap ﬁ\;%ct)jhc’lsg?\siteigers Disinfect_ant P-value
(n=62) (n=20) (n=21) wipes (n=21)

Age 38.32 (13.46) 39.20 (12.66) 36.43 (13.7) 39.38 (14.37) .736*

Sex

- Female 37 (59.7%) 13 (65%) 12 (57.1%) 12 (57.1%) .840%

- Male 25 (40.3%) 7 (35%) 9 (42.9%) 9 (42.9%)

Professional group

- Doctors 34 (54.8%) 12 (60%) 11 (52.4%) 11 (52.4%) 693"

- Nurses 6 (9.7%) 3 (15%) 1 (4.8%) 2 (9.5%) '

- Miscellaneous 22 (35.5%) 5 (25%) 9 (42.9%) 8 (38.1%)

Phototype

-1l 4 (6.5%) 0 2 (9.5%) 2 (9.5%) 3947

- 111 57 (91.9%) 20 (100%) 18 (85.7%) 19 (90.5%) '

-1V 1 (1.6%) 0 1 (4.8%) 0

Non- work-related

activities likely to cause | 14 (22.6%) 5 (25%) 5(23.8%) 4 (19%) .889%

damage in skin (yes)

Use of protective hand

lotion/cream

- Several times/day 10 (16.1%) 4 (20%) 3 (14.3%) 3 (14.3%)

- Once/day 9 (14.5%) 3 (15%) 2 (9.5%) 4 (19%) .831%

- Sometimes 13 (21%) 5 (25%) 3 (14.3%) 5 (23.8%)

- Rarely 7 (11.3%) 1 (5%) 3 (14.3%) 3 (14.3%)

- Never 23 (37.1%) 7 (35%) 10 (47.6%) 6 (28.6%)

Data are expressed as absolute (relative) frequencies or mean (standard deviation).

* P-value after using one-way independent ANOVA, to compare differences in continuous variables
between different hand hygiene products (water and soap, alcohol-based sanitizer and disinfectant wipes).

#P-value after using chi-square test or Fisher’s exact test, as appropriate, were applied to compare categoric
data between different hand hygiene products (water and soap, alcohol-based sanitizer and disinfectant

wipes).
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Table 2. Changes in skin homeostasis and epidermal barrier function parameters.

homselgsr;asis Water and soap Alcohol-based sanitizer Disinfectant wipes P-
parameters (n=20) (n=21) (n=21) value#
Baseline End Change P- Baseline End Change P- Baseline End Change P-
(n=20) (n=20) (n=20) value* (n=21) (n=21) (n=21) value* (n=21) (n=20) (n=20) value*
(gTrEXVnI;-Z) 24.41 (7.55) (ﬁé?) (+13'7817) 035 | 22.93(7.41) | 21.48 (8.15) ('112126) 316 | 23.09 (9.67) éizg) 5'25'1455) 020 | 0207
4414 40.85 -3.29 46.60 43.26 -3.35 45.20 (19- +0.75
SCH(AU) 1414) | (@600) | (o3 | *?? | (@e1n) (17.82) (Log) | 109 | 4433172 | g (243) | 760 | 319
Temperature 27.32 -1.62 -1.73 29.58 -0.65
C) 28.94 (2.31) (2.48) 0.48) 003 | 29.70 (2.31) | 27.97 (2.40) 0.47) 001 | 29.58(2.53) (2.37) (0.49) 230 | .549
Erythema 238.40 224.04 -14.35 117 253.19 251.40 -1.78 797 251.47 263.81 +9.85 095 068
(AU) (40.85) (39.40) (8.73) ! (55.47) (52.93) (6.82) ' (39.04) (48.18) (5.60) ' !
pH 6.31 (0.48) (gig) (+001327) .005 6.57 (0.60) 6.51 (0.54) (81077) .685 6.85 (0.53) 6.64 (0.39) (812:') 116 .0149
Total
antioxidant | 6.28 (1.51) (‘1‘2?) (012331) <.001 | 6.82(1.64) | 5.86 (1.50) ('gfg 033 6.64 (1.57) | 5.75(1.31) ('5)'2896) 009 | .613
capacity (uC) ' ) ' )
- Fast
antioxid(ant) 0.99 (0.45) (8?3) (81405) <001 | 0.97(0.51) | 0.72(0.25) (8125’) 062 | 090(0.39) | 0.65(0.18) (8025’) 004 | 302
capacity (uC ' ' ' '
- Slow
antioxidant | 5.30 (1.23) (i'gg) (82816) 001 | 5.85(1.30) | 5.15(1.29) (837 41) 049 | 571(125) | 5.10(119) (8255) 027 | 762
capacity (uC) ' ' ' '

Data are expressed as mean (standard deviation).

AU, arbitrary units; SCH, Stratum Corneum Hydration; TEWL, Transepidermal Water Loss, uC, Micro-coulombs.

*P-value after using Student's t test for paired samples to compare parameters at baseline and after using the hand hygiene product.

#P-value after using one-way independent ANOVA, post-hoc Bonferroni correction, to compare changes in skin homeostasis parameters between different hand hygiene
products (water and soap, alcohol-based sanitizer and disinfectant wipes).

~ post-hoc Bonferroni correction to compare changes in TEWL between soap and alcohol-based sanitizer (P=.111), between soap and disinfectant wipes (P=1), between
alcohol-based sanitizer and disinfectant wipes (P=.023).

1 post-hoc Bonferroni correction to compare changes in pH between soap and alcohol-based sanitizer (P=.106), between soap and disinfectant wipes (P=.014), between alcohol-
based sanitizer and disinfectant wipes (P=1).
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Table 3. Analysis of the factors related to Transepidermal Water Loss changes.

Crude model Adjusted model

B Cl 95% P-value* | B Cl1 95% P-value#
Water and
s0ap vs ABHS 1.97 (-2.64,6.59) | .395 4.77 (0, 9.55) .050
Disinfectant
wipes vs ABHS 4.30 (-0.20,8.80) | .061 6.14 (1.20,11.09) | .016
Temperature | ¢ (0.14,1.30) | .006 1.18 (0.24,1.12) | .015
change
Number of
times of | -0.74 (-1.98,0.51) | .240 -0.80 (-1.97,0.36) | .171
handwashig
Sex (female) 2.44 (-1.95,6.82) | .270 2.73 (-1.39, 6.85) | .189
Age 0.095 (-0.07,0.26) | .240 0.01 (-0.14,0.17) | .873

ABHS, alcohol-based hand sanitizers, Cl, Confidence Interval

Data are expressed as mean (standard deviation).

*P-value after using a linear regression model to assess TEWL changes with one predictor. #P-value after
using a linear regression model to assess TEWL changes adjusted by the type of hand hygiene product
(creating two dummy variables to compare water and soap vs alcohol-based hand sanitizers (ABHS) and
disinfectant wipes vs ABHS), temperature change, number of times of hand washing, sex and age.

coefficient and 95% confidence interval (Cl 95%) are shown.
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Table 4. Tolerability and acceptability of the hand hygiene products

All participants

Water and soap

Alcohol-based

Disinfectant

(n=62) (n=20) han?nsza;ll;tlzer wipes (n=21) P-valuef
Subjective evaluation of
the test product after
using
Color (unpleasant-
oleasant) 6.24 (1.15) 6.35 (1.04) 6.62 (0.67) 5.76 (1.48) .046
Smell (unpleasant-
pleasant) 5.95 (1.27) 6.35 (0.88) 6.05 (1.24) 5.47 (1.50) .080
Texture (very sticky- not
sticky at all) 5.16 (2.17) 4.75 (2.45) 4.86 (2.06) 5.86 (1.90) 194
Irritation (very irritation-
not irritating) 5.89 (1.67) 5.80 (1.96) 6.33 (0.86) 5.52 (1.94) 284
Drying enf(f)‘icgt(;’l‘i;y much- 3.66 (2.07) 4.15 (2.06) 4.24 (1.92) 2.71(1.82) 032
Ease to use (very difficult- 5.95 (1.67) 6.10 (1.48) 6.62 (1.16) 5.14 (1.98) 013
very easy)
Speed of drying (very
Slow-very fast) 4.85 (1.87) 4.15 (2.06) 5.24 (1.67) 5.14 (1.77) 121
Application (very
unpleasant-very pleasant) 5.97 (1.47) 6 (1.52) 6.24 (1.26) 5.67 (1.62) 457
Overall evaluation
(dissatisfied-very satisfied) 5.84 (1.35) 5.85 (1.27) 6.24 (1.13) 5.43 (1.54) 150
Subjective evaluation of
skin condition after using
the product
Appearan“;fréjgnorma" 5.95 (1.66) 5.80 (1.79) 6.38 (1.07) 5.67 (1.98) 342
Intactness (abnormal- 6.56 (0.98) 6.60 (0.94) 6.60 (1.14) 6.48 (0.87) 898
normal)
Moisture
content(abnormal-normal) 5.77 (1.73) 5.45 (2.09) 6.48 (0.81) 5.38 (1.88) 71
Sensa“r?gré?ablr)‘orma" 6.31 (1.39) 6.10 (1.71) 6.86 (0.36) 5.95 (1.56) 075
Overall integrity (very
altered- perfect 6.39 (1.00) 6.25 (1.07) 6.67 (0.58) 6.24 (1.22) 292
Objective evaluation
Change in Redness 0.56 (0.08) -0.05 (0.05) 0.76 (0.12) 0.95 (0.12) <.001
Change in Scaliness 0.10 (0.04) 0.05 (0.05) 0.20 (0.09) 0.05 (0.05) 072
Change in Fissures 0(0) 0(0) 0(0) 0(0) 1
Change in Visual Scoring 0.55 (0.64) -0.05 (0.22) 0.71 (0.56) 0.95 (0.59) <.001

of Skin Scale

Data are expressed as mean (standard deviation).

# P-value after using one-way independent ANOVA to compare tolerability and acceptability between
different hand hygiene products (water and soap, alcohol-based handrub and hydroalcoholic wipes)
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Figure S1. Participants flow chart.
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Figure S2. A) Bacteria colony-forming unit count before and after follow-up using each
hand hygiene product, B) Fungi colony-forming unit count before and after follow-up
using each hand hygiene product. These are the culture plates of one subject each from the

respective group.

A) ABHS BS ABHS FW B) ABHS BS ABHS FW

ABHS, alcohol-based hand sanitizers; BS, baseline; DW, disinfectant wipes; FW, follow-up; WS, water and soap
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Composition of hand hygiene products and the medium used to culture

microorganism

Composition of hand hygiene products

- Soap was composed of sodium laureth sulfate, sodium chloride, cocamide DEA,
phenoxyethanol, cocamidopropyl betaine, glycol distearate, cocamide MEA,
perfum, citric acid, water. 55201101-JU-GEL DERMOMANZANA, Tensigel
NCB, CDI Vallés Productos y Sistema para la Higiene Profesional, JUSMER,
Barcelona, Spain.

- Alcohol based-hand sanitizer (ABHS) consisting of in 70% alcohol, 27.55%
water, 2% triethanolamine, 0.25% acrylates, 0.2% glycerine. Gel Higienizante de
manos Hidroalcoholico MIXER, Mixer & Pack SL, Madrid, Spain.

- Disinfectant wipes (DW) composed of 75% alcohol, 23.5% water, 1.5%
glycerine. Toallitas Hidroalcoholicas Deliplus, Ubesol Laboratorios Maverick,
Valencia, Spain.

Composition of the medium used to culture microorganism

- Trypcase Soy 3P Irradiated Trypcase Soy Agar (TSA3 composed of agar 15 g,
casein enzyme peptone (bovine) 15 g, soybean enzyme peptone 5 g, sodium
chloride 5 g and purified water 1 L.

- Sabouraud Dextrose 3PTM Agar with irradiated neutralisers (SN3P) composed of
dextrose 40 g, agar 15 g, casein peptone (bovine) 5 g, meat peptone 5 g, L-
histidine 1 g, soy lecithin 0,7 g, polysorbate 5 g, sodium thiosulphate, 0.05 g and

purified water 1 L.
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CONSORT 2010 checklist of information to include when reporting a randomised trial*

|/
Y
Item Reported on
Section/Topic No  Checklist item page No
Title and abstract
la Identification as a randomised trial in the title 1
1b Structured summary of trial design, methods, results, and conclusions (for specific guidance see CONSORT for abstracts) 2
Introduction
Background and 2a Scientific background and explanation of rationale 4
objectives - N
2b Specific objectives or hypotheses 5
Methods
Trial design 3a Description of trial design (such as parallel, factorial) including allocation ratio 5
3b Important changes to methods after trial commencement (such as eligibility criteria), with reasons 5
Participants 4da Eligibility criteria for participants 5
4b Settings and locations where the data were collected 5
Interventions 5 The interventions for each group with sufficient details to allow replication, including how and when they were 6
actually administered
Outcomes 6a Completely defined pre-specified primary and secondary outcome measures, including how and when they were 6-7
assessed
6b Any changes to trial outcomes after the trial commenced, with reasons 7
Sample size 7a How sample size was determined 7
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7b When applicable, explanation of any interim analyses and stopping guidelines 7-8
Randomisation:
Sequence 8a Method used to generate the random allocation sequence 6
generation - . - , .
8b Type of randomisation; details of any restriction (such as blocking and block size) 6
Allocation 9 Mechanism used to implement the random allocation sequence (such as sequentially numbered containers),
concealment describing any steps taken to conceal the sequence until interventions were assigned
mechanism

Implementation 10 Who generated the random allocation sequence, who enrolled participants, and who assigned participants to 6
interventions

Blinding 1la If done, who was blinded after assignment to interventions (for example, participants, care providers, those 6
assessing outcomes) and how

11b  If relevant, description of the similarity of interventions 6
Statistical methods 12a  Statistical methods used to compare groups for primary and secondary outcomes 9-10
12b  Methods for additional analyses, such as subgroup analyses and adjusted analyses 10
Results
Participant flow (a 13a  For each group, the numbers of participants who were randomly assigned, received intended treatment, and 11
diagram is strongly were analysed for the primary outcome
recommended) . L .
13b  For each group, losses and exclusions after randomisation, together with reasons 11
Recruitment 1l4a  Dates defining the periods of recruitment and follow-up 11
14b  Why the trial ended or was stopped 11
Baseline data 15 A table showing baseline demographic and clinical characteristics for each group 11, Table 1
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Numbers analysed 16

Outcomes and 17a
estimation

17b

Ancillary analyses 18

Harms 19
Discussion
Limitations 20

Generalisability 21

Interpretation 22

Other information

Registration 23
Protocol 24
Funding 25

For each group, number of participants (denominator) included in each analysis and whether the analysis was
by original assigned groups

For each primary and secondary outcome, results for each group, and the estimated effect size and its precision
(such as 95% confidence interval)

For binary outcomes, presentation of both absolute and relative effect sizes is recommended

Results of any other analyses performed, including subgroup analyses and adjusted analyses, distinguishing pre-
specified from exploratory

All important harms or unintended effects in each group (for specific guidance see CONSORT for harms)

Trial limitations, addressing sources of potential bias, imprecision, and, if relevant, multiplicity of analyses
Generalisability (external validity, applicability) of the trial findings

Interpretation consistent with results, balancing benefits and harms, and considering other relevant evidence

Registration number and name of trial registry
Where the full trial protocol can be accessed, if available

Sources of funding and other support (such as supply of drugs), role of funders

doi: 10.1111/cod.14034

11, Fugure S1

11-12

11-12

11-12

11

15

14-15

13-14

*We strongly recommend reading this statement in conjunction with the CONSORT 2010 Explanation and Elaboration for important clarifications on all the items. If relevant, we also recommend reading CONSORT
extensions for cluster randomised trials, non-inferiority and equivalence trials, non-pharmacological treatments, herbal interventions, and pragmatic trials. Additional extensions are forthcoming: for those and for up
to date references relevant to this checklist, see www.consort-statement.org
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5.7. Systematic review and meta-analysis regarding skin adverse events

associated with personal protective equipment.

The need of using personal protective equipment has increased due to COVID-19
pandemic. Many researches have been published about skin side events related to them.
Nevertheless, it is not clear what is the real prevalence of these skin adverse events,
what type of side events are the most common or what are the risk factors for developing

them.
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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 (HCWs) must wear adequate personal protective equipment (PPE). PPE is
associated with several side events, including skin reactions. The objective of this study
is to summarize the prevalence, type and risk factors for cutaneous adverse events related
to PPE and prevention measures to avoid them. A systematic review and metanalysis 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 1,007 references, 35 of them met the
eligible criteria and were included for analysis, representing 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 hand
washing, 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
common risk factor. Using hydrocolloid could prevent from skin injuries related to mask

use.
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1. 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 worlwide?.

To fight against the pandemic and avoid the virus transmission, healthcare
workers (HCWs) must wear adequate personal protective equipment (PPE), including
medical masks, goggles or face shields, plastic gowns and gloves, and perform frequent
hand washing?. The long-term working sessions and the daily use 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 range between different studies® 7, it is not known the type
of material most likely to cause skin damage and there is scarce evidence regarding
preventive measures to avoid adverse skin events related to PPE® °.

The aims of this study are to summarize the prevalence, type and risk factors for
cutaneous adverse events related to PPE and to evaluate preventive measures taken to

avoid cutaneous adverse events related to PPE in HCWs and the general population.
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2. Material and methods

2.1. Design

A systematic review and meta-analysis were conducted (Supplementary 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 are kind of side events are related to gloves
and hand washing?

6) What prevention measures could be taken to avoid skin adverse events related

to PPE?

2.2. Search strategy

A literature search was performed using Medline, Scopus and Embase databases
from conception to 21% January 2021, following PRISMA Guidelines (Supplementary
Material). The following 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 (CORONAVIRUS DISEASE

2019)).
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2.3. Inclusion and exclusion criteria

The search was limited to: (i) human data, (ii) in vivo studies, (iii) skin adverse
events related to PPE, (iv) articles written in English. All types of epidemiological studies
(clinical trials, cohort studies, case-control studies and cross-sectional studies) regarding
skin adverse events related to PPE were included and analyzed. Reviews, guidelines,

protocols, case series, case reports and conference abstracts were excluded.

2.4. 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
references were checked for additional sources. The articles considered relevant by both
researchers were included in the analysis. Disagreements about inclusion or exclusion of
articles were subjected to discussion until a consensus was reached. If not reached,

resolution was achieved by discussion with a third researcher (AMLO).

2.5. 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, kind of

preventive measures.

2.6. 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
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constructed to summarize the prevalence estimates and their 95% Cls. These figures
present measures of heterogeneity across studies (Cochrane Q statistic, noted the 12
statistic). Microsoft Excel version 2016, Redmond, Washington, The USA. was used to

run this datal®.
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3. Results

The literature search identified 1,007 references, 668 after removing 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
Figure S1. Finally, 35 studies, representing 31,453 participants, met the eligible criteria

and were included and fully reviewed.

3.1. What is the prevalence of skin adverse events related 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, Figure S1. Thirteen
studies explored cutaneous adverse events related to PPE>" 1120, Seven studies evaluated
the prevalence of skin side events related to PPE>" 114 All the reports were cross-
sectional studies that evaluated the presence of skin side events with self-administered
questionnaires. 1,912 out of 2,424 participants had skin side events, with high female:

male ratio, and an age ranged from 20 to 65 years, Table 1.

3.2. 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 disorders*®?°; itching
and burning the most common symptoms®®; and erythema and papules the most frequent
signs®. The prevalence and the type of specific skin conditions related to PPE and the

features of skin side events was also investigated®>8, Table S1.
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The most frequently damaged anatomical regions were the nasal bridge (67.22%),
the cheeks (66.9%) and the hands (62.6%) > > 3, Soap and water (56.4%), gloves

(47.5%), sanitizers (38.6%) and masks (20.8%) were the most frequent culprit agents®.

3.3. What are the risk factors for developing skin side events related to PPE?
Longer duration of PPE wearing was the risk factor most frequently associated
with skin side events® "+ 12141920 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 to a surgical one’.

3.4. 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, Figure S2.
Eleven studies evaluated the skin effects related to mask wearing?3. Four studies
analyzed the overall prevalence of skin side events related to mask wearing?-?, Table 2.
All of them were cross-sectional studies assessing the prevalence by questionnaires. 5,296
participants were included, 3,900 non-HCWs and 1,396 HCWs. 2,430 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 in non-HCWs (42.38%) without
statistically significant differences, Figure S4. Longer periods of mask wearing were a
risk factor for skin adverse events?! 32, while controversial results were found regarding
the type of mask. Most reports observed that wearing a surgical mask was a risk factor

for developing skin side events compared to other kind of mask?% 2> 24 Nevertheless,
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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 analyzed itching related to mask wearing® 2°, Table 2.
Itching was reported in 875 out of 4,644 participants. The worst intensity of itch using a
numeric rating scale was moderate in most cases. Sensitive skin, atopic predispositions,
facial dermatoses (such as acne or seborrheic dermatitis) and longer periods of mask use
were risk factors for developing mask-related itching 2> 2. The frequency of itching was

also higher in people wearing a N95/FFP2 mask compared to other types of masks?°.

In addition, five studies evaluated skin barrier function impairment due to mask
wearing®’3!, Table 3. Temperature?” 28 3031 and redness or erythema?®2° were higher
while stratum corneum hydration (SCH)?%° was lower on the mask covered area
compared to the non-covered one. Controversial results were observed in other
parameters. The effect in skin barrier function between surgical mask and N95 one has
been evaluated in three studies®” 2% 30, Two studies showed higher transepidermal water
loss (TEWL) values on the mask covered area compared to the non-covered?® ¥, while
another two investigations did not report changes between both areas? 3!. Comparing
different types of masks, it was observed that temperature increase were higher when
using a N95 mask (1.2 vs 0.7 °C)?. 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®C.

3.5. What is the prevalence and what kind of side events are related to gloves
and hand washing?
The media prevalence of skin side events related to gloves and hand washing was

49.16% after conducting a random effect meta-analysis weighted by the study sample
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size, Figure S5. Skin effects related to gloves use and hand washing were evaluated in
nine studies® 3% 333 Table 4. Three studies evaluated the general prevalence of skin
adverse events associated with gloves use and hand hygiene in 3,713 participants (3,283
non-HCWs and 430 HCWs)?* 33 341 475 participants reported skin side events. The
prevalence of skin side events related to gloves and hand washing was higher in HCWs

(68.16%) than in non-HCWs (36.88%), Figure S6.

One report also found that hand skin manifestations increased by 8.4% compared
to the pre-pandemic period®. Most common adverse event were dryness, erythema,
itching and fissures 2* 3% 3, Female sex3*, working in unit with COVID-19 patients,
hand washing more than 10 times/day?*, alcohol concentration >60%2* 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 7,079 participants (6,858 children and 221 HCWs) %3738 The prevalence of
hand eczema in children was 38.3% (2,627/6,858) during the pandemic and it increased
by 26.2% compared to the pre-pandemic period. The prevalence of hand eczema in HCWs
was between 14.9%% and 50.5%* without differences between HCWSs 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 center
and participant 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 high
frequency of hand washing® 3 were risk factors associated with hand eczema. Its most
frequent morphology was erythematous-squamous (75.8%, 41/54) and the most common

affected area was the hand dorsum (85.2%, 46/54)%.
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Contact urticaria was observed in 8.2% (32/390) HCWSs and was associated with
the number of working hours and previous history of dermatological diseases®. Irritant
contact dermatitis was reported in 42.4% (4,496/6,273) children. Female gender and high

frequency of hand washing was associated with high rate of irritant contact dermatits*2.

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 covered by gloves compared to the

non-covered area®°.

3.6. 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® 4042 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 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) compared to the other side without hydrogel in 19 front-line HCWs using N95
masks*2. Dressing mask with extra-thin hydrocolloid was also compared to foam dressing
in 88 HCWs without differences between groups in skin injuries®. Furthermore, it was

also observed that the use of prophylactic dressing and nasal strip reduced skin injuries
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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 hand washing and gloves use,

Table 4.
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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 are the most
common skin adverse events. Masks and gloves are the agent most frequently related to
cutaneous side events. Longer duration of wearing PPE is the most frequent risk factor
for developing cutaneous reactions. Prevention measures are focused on skin injuries

related to mask use.

Three out four individuals could develop skin adverse events related to PPE.
Nevertheless, this rate showed high variation between studies®” -4, Differences in
participants (non-HCWs, HCWs in frequently contact with COVID-19 patients or HCWSs
not working in COVID-19 units) could explain these disparity’. Moreover, the prevalence
of skin adverse events was mainly evaluated by self-administered questionnaires. High
variability rate was also observed in skin side events associated with masks®*?4, and
gloves and hand washing?* 334, It was observed that the rate of skin side events related
to both mask or gloves was almost double in HCWs and non-HCWs, what may be
explained because HCWSs needs to wear longer periods mask or gloves. This fact makes

it necessary to establish preventive measures in HCWs to avoid adverse events.

Most common adverse events were contact dermatitis, dryness, acne and eczema
pressure related symptoms and itching® 233, Contac dermatitis, dryness and itching were
related to masks, gloves and hand-washing?* 3. Pressure related symptoms was mainly
associated with mask wearing” *’. Other conditions were also reported, such as acne and
related disorders, urticaria®®, palmar hyperqueratosis'® or pigmentation?’. It has been
proved that PPE use increase TEWL®, what could explain their dryness effect.
Furthermore, the temperature raise creates a favorable environment for the development

of some microorganisms, such as Propionibacterium acnes, favoring acne development®,
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The face and the hands were the most frequently damaged regions® 2. Hand
eczema was a frequent condition on the hands®. Face was a common location for
developing skin injuries related to mask wearing, mainly on the nasal bridge and the

cheeks’ 1”44, Acne was also frequent on mask-covered areas®! %,

Studies agreed that longer PPE use and frequent hand washing were the main risk
factor to develop skin adverse events® 7 12:21.35.36.38 ‘Haying a previous history of atopy
or hand eczema were also risk factors for developing hand problems®® % 38_A previous
history of acne or seborrheic dermatitis and having an oily skin were risk for developing
acne aggravated by masks?. Nevertheless, there is controversial information 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*2,
skin adverse events related to mask use®, irritant contact dermatitis'® 39 and hand
eczema®. The prevalence of contact dermatitis and occupational dermatosis was also
higher in female sex*> %6, 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 PPE3. Warming
and sweating were less frequent with surgical masks than with other types®, while acne
rate did not differ between different kind of masks®®. Higher temperature, a marker of
inflammation®’, was observed when using a N95 respirator compared to 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 most damaged the skin, in descending order, were: N95
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respirators, surgical mask, FFP2 and cloth masks, Figure S7. 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 recommended as PPE*°,

Regarding prevention measures, only studies using hydrocolloid to prevent skin
injuries have been reported® %2, Moisturizers use also reduced skin adverse events
related to PPE and frequent hand washing®. As longer PPE wearing is a common risk
factor to develop skin side events® 7 123536 ‘permitting several daily rest periods could
reduce skin damage. It would be also important to wash the face with noncomedogenic
cleanser to avoid acne development®. The frequent use of emollient creams and the use
of alcohol-based hand rubs instead of frequent hand washing 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 programs to teach
people 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 questionnaires to assess skin
cutaneous event. 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 daycare.

Moreover, the absence of patch testing during COVID-19 pandemic, did not allow to
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really distinguish irritative hand eczema from allergic hand eczema related to glove

chemicals, disinfectants, preservatives or fragrances from hand washing 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 questionaries. 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
different types of masks, gloves and hand washing products using objective parameters

to find the lees-aggressive PPE.

In conclusion, the rate of cutaneous adverse events related to PPE use is very high,
longer use periods was the most important risk factor for developing them. Most skin
adverse events were mild, being dryness, pressure related symptoms and itching the most
frequent. Frequent hand washing, gloves and mask use and are two important agents
related with skin disorders. Hydrogel patches could be a protective measure against mask-

related symptoms.
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Table 1. Studies regarding prevalence of skin adverse events related to personal protective equipment.
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Sex
Study and Design Participants Age (female: Assesment Prevglence of skin Most common adverse events Anatomical regions Risk factors
site (years) male tools side events most damaged
ratio)
Cross- Online self- 0 Facial indentation, rash,
Yu@h’i\rl]aet al. sectional | 129 HCWs NS NS administered 94.6% (122/129) dermatitis. NS NS
' study questionnaire
Swaminatha Cross- Online self-
sectional 72 HCWs NS 1.7:1 administer 43.2% (31/72) NS. NS NS
nRetal. UK . ;
study questionnaire
. . High level of
PeiSetal, | Cros Online self-| 75 1, 354/484) Pru”E’L'Jisétggt?ﬁ?gz‘ldigngo’ Face, hand, limbs V\%?Ii?r?tl(;lr’]e hu:gr?gr
o sectional | 484 HCWs. | 20-60 3.14:1 administer 70 papule/oedema, ' ' ' g frequency,
China . . . trunk. longer duration of
study questionnaire exudation/crust, . .
. e wearing protective
lichenification. .
suits.
Female sex,
working in
hospitals with a
Cross- more severe
. 0 A
Lin P_et al. sectional | 376 HCWs NS 3.5:1 Questionnaire 74.5% (280/376) NS Hands, cheeks, ep|d§m|c_,
China nasal bridge. working in
study . .
inpatient wards,
longer PPE wearing
periods (> 6 hours).
#
Symptoms: Dryness/tightness, Wearing a N95
tenderness, itching, mask or goggles,
Cross- Online self- 0 burning/pain. Nasal bridge, longer PPE wearing
Lan J_et al. sectional | 542 HCWs 20-56 3.8:11 administer 97.0% (526/542) Signs: Desquamation, cheek, hands, periods (> 6 hours),
China . . . .
study questionnaire erythema, maceration, fissure, forehead. frequent hand

papule, erosion and ulcer,
vesicle, wheal.

hygiene (> 10 times
daily). #
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Dryness, itching, flaking,

Not using
moisturizers,
previous history of
allergies or skin

Daye M et seCcrt(i)jzal 440 HCWSs (gig_ 15:1 Questionnaire 90.2% (397/440) tingling, spa}ll_ing_, peeling, NS disease, u_sing mask
al. Turkey study 65.0) lichenification. with
' metal nose bridge
and located
especially on the
nose. ¥
381
participants.
(185 HCWs,
. 31 people Longer PPE
Efg'étz%;aé‘ sgt?;;“ with rlljgh 350 2:1 Emai_l / ph(_)ne 53.02%% (202/381) Itching, alcne, skin rash, NS We;;ring peri(_)ds >
ltaly study pub ic 11.7 questionnaires pressure related symptoms. 6 hours), using a
contact job, N95/FFP2 mask.#
165 with
low public
exposure).

HCWs, healthcare workers; L3PPE, Level 3 barrier protection personal protective equipment; NS, not specified; PPE, personal protective
equipment.

Continuous data is expressed as media + SD or median (interquartile range) and categorical data are presented as n or n/N (%).

*Non-defining statistical test

#Logistic regression analyses

¥Chi-square (2) test
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Table 2. Studies regarding the prevalence of skin adverse events related to mask wearing

doi: 10.1111/jdv.17436

Sex

Prevalence of

Study and site Design Participants (égfs) (female:male Type of masks Asigzrgent skin adverse Main adverse events Risk factors
Y ratio) events
General skin adverse events
- 526 surgical
833 masks (63.15%),
participants. i 29(23?%?%?&5'(5 Acne, rashes, itch, Wearing a surgical mask
: Cross- | 357 HCWs 32 ) A o pigmentation and compared to a cloth mask,
;eglhaﬁﬁgﬁgn'a sectional | (42.9%)and | (IQR 25- 2.75:1 9;5\;3;23'3?“ Questionnaire ( 42‘2/58?3 pressure-related skin longer periods of mask
' study 476 non- 41) . y ) injuries. wearing (> 4 hours), masks-
HCW piece of cloth
] 0 reuse. #
(57.1%) (1.0%),
e - 6 N95 masks
(0.72%).
. Cross- . . L Not wearing a surgical
Matusiak, L et sectional | 876 HCWs From 18 NS NS Opllne _ 96.9% Warmlr?g/_svv_eat_mg, itch, mask compared to the other
al. Poland to 27 questionnaire (849/876) skin irritation.
study types of masks. #
- 1231 fabric Acne, itching, greasy | Surgical mask, female sex,
Cross- masks (52.3%), Online self- skin, erythematous rash, | age < 40 years, having oily
Chaiyabutr C sectional 1,231 non- NS 2811 - 552 surgical administered 62.3% pain on mask border, dry | skin, having acne before
et al. Thailand stud HCWs . masks (44.8%), uestionnaires (767/1,231) skin, worsening of pre- starting to wear masks,
y - N95 mask g : existing dermatoses, longer periods of mask
(2.8%, n=35). abrasion. wearing (> 4 hours). #
2,356
participants. -1,779 Dryness, scaling
Alsaidan MS | Cross- (g(-g:\llll/j 21 nf:;g;cggasif) Online self- 15.3% itchiness, redness, Wearing a surgical mask
et al. 2020. sectional n:163) ahd (IQR 18- 0.78:1 - 430 oth.erso administer (360/é 3%6) change in texture, compared to other types of
Saudi Arabia study non-HCWs 26) (18.3%) guestionnaire c_hange in color, mask¥
(93.1% pain/burning, ulcer
n=2,193)
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Itching

- 755 three layers
surgical mask

(54.2%),
- 891 cloth mask Sensitive skin, atopic
(64%) The WI-NRS was predisposition, having
. : Cross- . - 257 respirators . assessed as 4.07 + 2.06 atopic dermatitis, acne or
Szepietowski sectional 2,315 Polish 20.2+ 4071 (N95 +pFFP) Opllne . 19.6% points (range 0-10 seborrheic dermatitis and
et al. Poland study students 1.7 (18.4%) questionnaire (273/1,393) points), indicating itch of wearing face masks for
- 16 half-face moderate severity. longer periods (>5 hours).
elastomeric #
respirator (1.1%)
- 8 full-face
respirator: (0.4%)
- 1,363 surgical Al participants: - . .
2329 mask (58.52%) o5 8% The WI-NRS was Sensitive skin, atopic
parti’cipams HCW: HCW: - 591 cloth mask (602 1 329) 4.6+2.0 points for the predispositions, facial
Krajewski PK | Cross- 1156 HCW 40.5+ 4.48:1 (25.37%) Online HCWS' ' whole population, dermatoses, wearing face
etal. Poland | sectional (and 1173 11.8 Students: - 221 respirators questionnaire 31 6%. 4.6+2.0 points for HCWs |  masks for longer periods
study Students: 2.79:1 (N95/FFP2) s and 4.7+2.1 points for (>4 hours), wearing a
Students). | 50 9+ 2.9 (9.49%) OO I%0). | students, indicatinga | N9S/FFP2 mask compared

- 138 half-face
mask: (5.93%)

(237/1,173).

moderate itch severity.

to other types of masks.

AD, atopic dermatitis; FFP2, filtering respirator mask coded filtering facepiece 2; HCW, healthcare workers; NRS, numeric rating scale, SCH, stratum corneum hidration,

TEWL, transepidermal water loss; WI-NRS, worst intensity of itch

Continuous data is expressed as media £ SD or median (interquartile range) and categorical data are presented as n or n/N (%).

#Logistic regression analyses

¥Chi-square (2) test

fIKruskal-Wallis one-way analysis of variance on ranks
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Table 3. Studies regarding skin barrier dysfunction related to mask use.
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were observed.

Study . - Sex Type of Assesment Outcomes comparing
; Design Participants | Age (years) | (female:male Outcomes after mask removal
and site ratio) masks tools types of masks
Higher increases in
temperature were
observed with N95
Prospective - Surgical Skin Temperature increased at the wearing (1'2i0'5)
Scarano observational 20 non- mask temperature, perioral region and superior lip compared to surgical
Acetal. NS NS - N95 mask | humidity, heat, | ", . masks (0.7£0.5°C).
crossover HCWs Lo . immediately after removal of o .
Italy Wearing it discomfort, . Humidity heat, breathing
study . the mask compared tobaseline. i .
for one hour. | mask touching difficulty, discomfort
and mask touching were
also higher under the
NO95.
Temperature Temperature and redness
P ' increased while SCH
Park SR . . redness,
Prospective Korea Filter decreased on the mask covered
etal. . 21 non- From 20 to sebum
. observational NS 94 mask for 6 . area compared to the non- NS
Republic HCWs 49 secretion, .
study hours covered area. Sebum secretion,
of Korea. SCH, TEWL, S
- TEWL and elasticity did not
elasticity.
change.
- Surgical .
Montero- masks TEWL, temperature and TElegag?Saf't%:'géZntly
Vilchez Cross- (52,94%, TEWL, SCH, erythema were higher on the cc?vered by a suraical
sectional 34 HCWs 44.97+11.97 1.6:1 n=18) temperature, area covered by masks y g
etal. K h h mask than at the FFP2
Spain study - FFP2 masks erythema compareq to the non-covered one (12.54 vs 5.28 g-h
(47.06%, area while SCH was lower. 1o o
s -m, p=0.026).
n=16)
Temperature and pore volume
. Temperature, .
Prospective Korea Filter redness, pore increased after mask use.
Kim J et observational 20 non- 28.10 + 3.49 081 94 mask fpr 6 volume, Elastlglty and pI—! decreased. NS
al. Korea stud HCWs hours daily texture No differences in redness,
y for 2 weeks elasticit),/ roughness, TEWL and sebum
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the non-covered area.

TEWL, sebum
content, pH.
There was no significant
difference between the
physiological values
A randomized - N95 SCH, TEW.L’ pH and between the two types of
. TEWL, SCH, erythema increased
Hua W et crossover 20 non- resplra_t ors erythema, pH significantly after mask use maslfs. More ad\(erse
- study with 34.3%11.5 10:1 - Surgical ' ) reactions and a higher
al. China repeated HCWs masks and sebum and were higher at the area score of discomfort and
P secretion. covered by the mask than at - ;
measurements incompliance were

reported following N95
mask use that following
use of medical mask.

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; WI-NRS, worst intensity of itch

Continuous data is expressed as media £ SD or median (interquartile range) and categorical data are presented as n or n/N (%).
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Table 4. Skin adverse events related to gloves use and hand washing.
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Study and . . Sex Assesment . Main .
; Design Participants Age (years) | (female:male Aim Other outcomes Risk factors
site ratio) tools outcome
Overall prevalence of skin adverse events
Dindarloo | Cross- 1,090 non- 35.22 Self- Ovlerall f o Most common skin
Ketal sectional HCWs (range from 1.12:1 administered prevalence o 41.4% ad_vers_e events: dryness, NS
' o . : skin adverse (451/1,090). itching, redness and
Iran study 15to0 70) questionnaire P
events injuries.
Most commons skin :
Femal k
Altuniski Cross- Self- presgllee:]a(,!ola of 73.6% adverse events: dryness, emauiist?i;vm?c:utmg
Toplu Set | sectional 267 HCWs 35.0£6.9 1.63:1 adml_nlster(_ed skin adverse (203/267) e_rythema, han_d flssqre, COVID-19 patients.
al. Turkey study questionnaire itching, burning-pain,
events . 1
vesicle.
Alsaidan artzié?i)Sgnts Most commons skin :
P pants. . Overall adverse events: dryness, | Hand washing > 10
MS et al. Cross- HCWs (6.91%, . Online self- ; .
2020 sectional n=163) and 21.00 (IQR: 0.78:1 administered prevalence of 34.85% change in texture, times/day, alcohol
: - 18-26) o O skin adverse (821/2356) scaling, itchiness, concentration >60%,
Saudi study non-HCWs questionnaire : .
. events change in color, redness, | using hand gloves. ¥
Arabia (93.1%, ain/burning, ulcer
n=2,193) P g
Prevalence of a specific skin condition
Simonsen | Cross- Parental self- The prevalence of hand | Atopic dermatitis,
ABetal | sectional 6,858 children 3.441.37 11 administered Prevalence of 38.3% eczema increased by female gender, older
' using daycare S ' o hand eczema | (2,627/6,858) 26.2% after the age, high frequency
Denmark study questionnaire. . .
pandemic of hand washing. #
The rate of Longer wor_k hours
e per week, history of
hypersensitivity to latex .
. . dermatological
Pourani Cross- 3457 + Online self- Prevalence of 8.20% gloves was 32.6% diseases. alleraic
MR etal. | sectional 390 HCWs T 2.9:1 administered hand contact ' (123/390) in all HCWs 5€s, atlerg
941 . - - (32/390). . conjunctivitis,
Iran study questionnaire urticaria and 53.1% (17/32) in asthma
HCWs with contact h L
L ypersensitivity to
urticaria.
latex gloves.*
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No differences in hand
114 HCWs:
35.9% (40/114) eczema between HCWs
Cross- | HCWs involved Self- involved in intensive
Guertler A . . . 35.23 + . e Prevalence of 14.9% care of COVID-19
sectional | in intensive care 1.59:1 administered . NS
etal. 10.78 . . hand eczema (17/114) patients and
study and 64.91% questionnaire HCWs without di
(74/114) HCWs CWs V\_llt out direct
. contact with COVID-19
not involved. i
patients were found
The use of
moisturizing hand
ErdemY | Cross- Clinical Prevalence of 50 5% The median HECSI cream in daily life, a
etal. sectional 107 HCWs 29.6+6.3 2.06:1 valuation hand eczem 54/'10; score was 24 (range 3— previous history of
Turkey study evaluatio and eczema ( ) 84) hand eczema, hand
washing frequency
(>20 times/day). #
Female gender,
schoolchildren
Cross- Self- Prevalence of
Borch L. : : _ o= S 42.4% compared to
Denmark secttlgnal 6,273 children 6.70+£3.12 1.1 adml_nlster(_ed wrgant c;)_?_tact (4,496/6,273) NS preschool, hand
study questionnaire ermatitis washing > 7
times/day. 2
Assessment of skin barrier function parameters
Skin TEWL (31.11 vs 14.24 g/h'Ym2, p <
homeostasis To evaluate the 0.001), SCH (43.26 vs 58.28 AU, p <
Montero- Cross- 44.97+11.9 arameters. effect of using 0.001), temperature (33.29°C vs
Vilchez T | sectional 34 HCWs ' 7‘ ' 1.62:1 TpEWL SCH nitrile gloves on 32.57°C, p <0.001) and erythema NS
et al. Spain study ' ' epidermal (243.97 vs 215.55 AU, p<0.001) were
temperature, : . .
barrier function. higher at the area covered by gloves
erythema.
compared to the non-covered area.

HCWs, Healthcare workers; HECSI, Hand Eczema Severity Index; SCH, stratum corneum hydration, TEWL, transepidermal water loss.

Continuous data is expressed as media + SD or median (interquartile range) and categorical data are presented as n or n/N (%).
*Analysis not specified.

#Logistic regression analyses

¥Chi-square (32) test

9 McNemar test

2Poisson regression with robust error variance
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Sex

Stud_y and Design Participants Age (years) (female:male Aim Comparison Follow-up Assesment Main outcomes
site ratio) groups tools
-Control Group
(n=10):
To explore operating
whether without a Hydrogel use decreased
hydrogel Wshaped . . ydrogel use
Questionnaries pain, itching and
patches hydrogel patch . .
. 26 HCWs : NRS (from 0 indentation both on
Zhou N et | Clinical - protect the - Experimental . -
) . wearing N95 NS NS . . 2 weeks to5;5 cheeks and nasal bridge.
al. China trial nasal bridge group (n=16): S -
masks . . indicating most Burning was only
and cheeks | operating with a
. severe) reduced on the nasal
from skin Wshaped bridae
injury by an hydrogel patch ge.
N95 mask use over their
cheeks and
nasal bridge.
-Control group Overall rate of skin
(n=10): non injuries related to PPE
using was 47.9% (23/48). Skin
To prophylactic injuries were 2.5 time
. dressing higher in CG (100%)
us?r? H%Wsle tdheetirfrpelgf gi‘ - Experimental From 24 HCWs’ than in EG2 (12.5%) and
g 9oggee, X group 1 (n=20): | hoursto5 satisfaction in EG1 (10%). The mean
- face shield, prophylactic . L
Yildiz A Clinical | suraical mask dressing on Using days (VAS) number of skin injuries
etal. . 9 34.21 £6.02 8.6:1 go prophylactic Mean Dermatological was higher in CG
trial and FFP3 the prevention . . - .
Turkey mask together of skin dressing duration: evaluation (2.45+0.24) than in EG1
as stan%ard iniuries due to | - Experimental 3.79+- NPIAP PI (0.1+0.06) and EG2
y group 2 (n=8): | 1.18 hours. | staging system | (0.13+0.12). Percentage
PPE the use of . - -
i Using of participants suffering
PPE in HCWs . oot .
prophylactic from itching was higher
dressing and in CG (40%, 8/20), than
nasal strip. in EG2 (12.5%, 1/8) and

EGL (0%).
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To compare No participant developed

P DRPI. Four areas with
foam and “Group 1 erythema were observed

Gasparino 88 HCWs extra-thin (n=44): foam . Y
. . . Participants in both groups. No

RC et al. Clinical | wearing N95 ) hydrocolloid -Group 2 12 hours - . . .

. . 38.0+£9.0 3.6:1 . : N disconfort differences in hyperemia,
Brazil. trial masks. in preventing (n=44): extra- e )
. reported itching, pain or
DRPI thin .

. . discomfort were
associated hydrocolloid. observed between
with PPE.

groups.
To assess - Right side Skin reactions rate
whether (n=19): N95 reported in the control
Short- hydrogel mask. side (13.32+2.06) was
term, patch - Left side higher than in the
l;oré:gh:?q:t self- 19 HCWs NS NS application (n=19): N95 4 hours gggsgg;?gi]rse intervention one (3.47+
' " | controlled relieve the mask 1.39). Hydrogel
study skin damage with hydrogel application decreased
caused by patch indentation by 1.74,
mask wearing redness, and pain.

Data is expressed as media + SD or median (interquartile range)

DRPI, device-related pressure injury CG, control group; EG, experimental group; HCWs, Health Care Workers; NPIAP, National Pressure Injury
Advisory Panel; P, Pressure injuries; PPE, personal protective equipment; NRS, numeric rating scale; Visual Analogue Scale (VAS)
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Main Anatomical
Stud_y and Design | Participants Age Femalg:male Assesment outcome Other outcomes regions Culprit agents Risk factors
site (years) ratio tools most
assessed
damaged
Prevalence of specific skin conditions
Most fre_quent Facial pressure inju_ry Longer PPE
occupational was most frequent in wearing
O'Neill H Prevalence of | dermatosis: Irritant participants wearing periods was
et al Cross- | 337 HCWs occupational | contact dermatitis, respirators (15%, 4/26) related to
UK aﬁd sectional with NS NS NS dermatosis: acne, atopic NS than when using a pressure
Ireland study dermatosis 93.5% eczema, allergic fluid-resistant surgical injuries
' (315/337). contact dermatitis, mask (0.5%, 1/208). incid ¥
facial pressure Acne was not related Inciaence.
injuries, urticaria. with mask type
v || Themos
Kielv LF Cross- Self- contact frequently reported Hands, A previous
Y LT | sectional | 270 HCWs NS 3.5:1 administer o symptom was dry nose and NS history of
Ireland - ; dermatitis: - e
study questionnaire 82 6% skin, redness and cheeks. dermatitis.
(2231270) itching.
Sweating,
The prevalence of daily g
Cross- Online self- Prevalence of DRPI was 30% wearing
Jiang Q et ; 4,306 32.5+ . . skin injuries: (1,293/4,306): :
; sectional 7.3:1 administer - NS NS time, male
al. China stud HCWs 7.1 Lestionnaire 42.8% 81.1% in stage 1, sex. and
y g (1,844/4,306). | 18.3% in stage 2, !
grade 3 PPE.
and 0.6%.
#
Prevalence of
Alluhayyan Nordic irritant The most frequent Hands, Hand cleaners and Female sex,
OB etal Cross- Occupational contact symptom reported nfasal . soaps, being a
.| sectional | 408 HCWs | 34 19 2:1 . . was dryness, bridge, antiseptics/desinfectants, ;
Saudi Skin dermatitis: . pharmacist.
. stud . . redness and wrist, gloves, face mask,
Arabia Questionnaire 46.32% itchiness forearms oaales #
(189/408) ' goggres.
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Characterizing PPE-induced dermatosis

101
participants Contact dermatitis,
with skin acne and related
Mushtag S | Cross- problems 36.71+ History and | Type of PPE- | disorders, eczema, Hands, Soap and water, gloves, Using PPE
etal. 2020. | sectional | related to 15' 72‘ 1.3:1 clinical induced urticaria, pruritus, face and sanitize, mask and full | longer than 4
Turkey study PPE: ' examination dermatoses burning and trunk. body suit. hours. ¥
46HCWs stinging.
and 55
non-HCW.
An age <30
years, the
female sex,
HADS-A
Xerosis, eczema, score <7,
acne, palmar Nasal hand
Metin N. Crc_)ss- 525 HC\.NS ] . . Type of PPE- hyperqueratosis, brld_ge, ear, washing > 10
Turkey sectional | withskin | 34%7 2.2:1 Questionnaire induced xeromycteria periocular NS times /day,
study problems dermatoses o ' areas, ;
urticaria, seborrheic foreheads wearing
dermatitis. ' gloves > 1
hour,
diabetes and
hypertension.

#

DRPI, device-related pressure injury; HCWs, healthcare workers; NS, not specified; PPE, personal protective equipment.

Continuous data is expressed as media £ SD or median (interquartile range) and categorical data are presented as n or n/N (%).
#Logistic regression analyses

¥Chi-square (2) test
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Figure S1. Flow chart of the studies included.
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Figure S2. Metanalysis of the prevalence of skin side events related to PPE.
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Figure S3. Metanalysis of the prevalence of skin side events related to mask use.
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Figure S4. Metanalysis of the prevalence of skin side events related to mask use between HCWs and non-HCWs.
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Figure S5. Metanalysis of the prevalence of skin side events related to gloves and hand-hygiene products.
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Figure S6. Metanalysis of the prevalence of skin side events related to gloves and hand-hygiene products between HCWSs and non-HCWs.

HCW Non-HCWs
Author Rate Lower limit 95%CI  Upper limit 95%CI Rate Lower limit 95%CI Upper limit 95%CI
Dindarloo K etal. Iran = = - 0.41 0.38 0.45
Altuniski Toplu S et al. Turkey 0.76 0.66 0.86 - = =
Alsaidan MS et al. Saudi Arabia 0.58 047 0.70 033 0.31 0.36
Effect summary (random effect) 0.68 0.61 0.76 0.37 0.32 0.42
HCW Non-HCWs
Dindarloo K etal. Iran ==
Altuniski Toplu S et al. Turkey -t 2
Alsaidan MS et al. Saudi Arabia = = -
Effect summary (random effect) &) S
0 10 20 30 40 50 60 70 80 90 100 © 10 20 30 40 50 60 70 80 90 100
Q 4.9038601 Q 12.893309
12 79.607901 12 92.244039

138



J Eur Acad Dermatol Venereol. 2021;35(10):1994-2006 doi: 10.1111/jdv.17436

Figure S7. Type of masks.

Filtering facepiece type 2 or KN95 respirator Cloth mask
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PRISMA guidelines check list.

Section/topic # Checklist item REpEE
on page #

TITLE

Title Identify the report as a systematic review, meta-analysis, or both. 1

ABSTRACT

Structured summary Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, | 3
participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and
implications of key findings; systematic review registration number.

INTRODUCTION

Rationale Describe the rationale for the review in the context of what is already known. 5

Objectives Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, | 5
outcomes, and study design (PICOS).

METHODS

Protocol and registration Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide 6
registration information including registration number.

Eligibility criteria Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, 6
language, publication status) used as criteria for eligibility, giving rationale.

Information sources Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify 6
additional studies) in the search and date last searched.

Search Present full electronic search strategy for at least one database, including any limits used, such that it could be 6
repeated.

Study selection State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, 6-7
included in the meta-analysis).
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Data collection process 10 | Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes 7
for obtaining and confirming data from investigators.

Data items 11 | List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and 7
simplifications made.

Risk of bias in individual 12 | Describe methods used for assessing risk of bias of individual studies (including specification of whether this was 7

studies done at the study or outcome level), and how this information is to be used in any data synthesis.

Summary measures 13 | State the principal summary measures (e.g., risk ratio, difference in means). 7

Synthesis of results 14 | Describe the methods of handling data and combining results of studies, if done, including measures of consistency 7

(e.g., 15 for each meta-analysis.

Page 1 of 2

Section/topic # Checklist item repEliee
on page #
Risk of bias across studies 15 | Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective 7
reporting within studies).
Additional analyses 16 | Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating | 7
which were pre-specified.
RESULTS
Study selection 17 | Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusionsat | 8
each stage, ideally with a flow diagram.
Study characteristics 18 | For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and | 8
provide the citations.
Risk of bias within studies 19 | Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12). 8
Results of individual studies 20 | For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each 8-11
intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.
Synthesis of results 21 | Present results of each meta-analysis done, including confidence intervals and measures of consistency. 8-
11,Figure
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systematic review.

S2-
Figure S6
Risk of bias across studies 22 | Present results of any assessment of risk of bias across studies (see Item 15). 11
Additional analysis 23 | Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]). 10-12
DISCUSSION
Summary of evidence 24 | Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to 13
key groups (e.g., healthcare providers, users, and policy makers).
Limitations 25 | Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of 15
identified research, reporting bias).
Conclusions 26 | Provide a general interpretation of the results in the context of other evidence, and implications for future research. 16
FUNDING
Funding 27 | Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the 1
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6. DISCUSSION

Epidermal barrier function (EBF) and cutaneous homeostasis (CH) differs
between anatomical regions. Skin barrier function is disrupted in patients with psoriasis
and atopic dermatitis (AD) and is related to disease severity. Phototherapy changes EBF
and CH parameters, helping clinicians to select the most appropriate patient with psoriasis
to be treated with this therapeutic option. Skin barrier is impaired by mask, gloves and
hand hygiene procedures. The use of personal protective equipment (PPE) is related to

skin adverse events.

6.1. Skin barrier in healthy individuals

The skin barrier plays a crucial protective role against water loss and penetration
of pathogens from the external environment. This study revealed differences in TEWL,
SCH, erythema, melanin and pH among three anatomic sites (cheek, volar forearm and
palm) in healthy individuals. This fact might be explained by the variations in the amount
of sebaceous glands, lipids and natural moisturizing factor, in the size of corneocytes, in
exogenous compounds on skin surface and occlusion!3114,

TEWL is a key characteristic of skin barrier but no consensus has been reached
on the definition of “normal” TEWL!®. According to this study, TEWL values in healthy
individuals widely differ among anatomic locations, which has been attributed to
differences in the number of corneocyte cell layers, and in the size and turnover rates of
corneocytes'!®. TEWL values were higher on the cheek than on the volar forearm,
consistent with previous reports!**’ This might be related to the smaller corneocytes,
fewer cell layers, faster cell turnover, and greater vascularization in facial areas'*®. The
quantity and composition of intercellular lipid bilayers might also affect inside-out water

diffusion, and the greater density of sebaceous glands on the face than on the forearm
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would also be related to the higher TEWL on facial areas'®. The highest TEWL value
was observed on the palms, attributable to its thicker stratum corneum, higher exposure
to friction and damage, and greater density of eccrine sweat glands*®. Our findings agree
with the results of a recent systematic review, which found the highest TEWL values to

be on the palm, followed by the face and forearm*®>,

The highest SCH values were found on the palm, which may be explained by its
higher density of eccrine sweat glands!'®. Higher SCH values on the cheek than on the
forearm may be influenced by the greater ease of measuring water content in the thinner

skin of the face, given that hydration gradually increases at deeper layers!4,

We found higher levels of erythema and melanin on the cheek than on the forearm
and the palm, which may be due to the increased blood circulation in this sun-exposed
area'®1? As expected, the lowest melanin value was on the palm of the hand, which
contains low melanocytes or melanin®?!. Our finding of virtually no change in pH values
among locations agrees with previous studies'!®??, The negative correlation found
between melanin and pH on the cheek may be due to the more acidic melanocytic
dendrites on type IV-V versus type I-1l skin. These transfer more melanosomes to the
stratum corneum, and melanosome secretion contributes to the more acidic pH of type
IV-V skin'?®, providing darkly-pigmented skin with a superior permeability barrier

function?*,

Adjusted linear regression analysis revealed that a one-year increase in age was
associated with an increase in TEWL of 0.45 g-m 2-h* on the cheek and 0.32 g-m 2-h™?
on the volar forearm. The relationship between age and TEWL has been
controversial*t>120.125.126 ' Although the rate of intrinsic skin aging does not differ among

body areas?°, some locations are more exposed to UV radiation, cold dry weather, and
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pollution, among other extrinsic factors. Hence, the relationship between age and TEWL
may vary among anatomic sites and different age ranges. We propose to our best
knowledge for the first time, a model to predict TEWL on the volar forearm and on the
cheek as a function of the SCH value and age within an age range of 20 to 40 years. This
fact may help clinicians to make more emphasis on skin care recommendations for

patients who are more likely to suffer epidermal damage with age.

In comparison to the females, the males had higher erythema values at all three
locations and a higher melanin index on the cheek, similar to previously published
findings and attributed to the greater exposure of males to outdoor activities™>*’.
Nevertheless, this difference might have been influenced by a volunteer bias, given that

the majority of participants were female.

6.2. Skin barrier in patients with psoriasis and atopic dermatitis

We have observed differences in EBF and CH between healthy skin, psoriatic
skin, and AD skin. In psoriatic patients, SCH was lower at psoriatic plaques than
uninvolved psoriatic skin and healthy controls. Psoriatic plaques showed higher TEWL,
temperature, and erythema values than uninvolved psoriatic skin. Temperature and
TEWL at psoriatic plaques could help to identify moderate/severe psoriatic patients. In
AD patients, TEWL was higher at eczematous lesions than at uninvolved AD skin and
healthy controls, while SCH was lower. Eczematous lesions showed higher temperature
than uninvolved AD skin. Moreover, AD patients with a more severe disease showed
higher temperature, higher TEWL, and lower SCH at their eczematous lesions.
Temperature and TEWL at eczematous lesions in AD patients could help to identify AD

moderate/severe patients.
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This report shows that the whole epidermal barrier is affected in psoriatic patients,
not only at psoriatic plaques. Some homeostasis parameters have previously been
evaluated in psoriatic patients. Other research showed higher TEWL at psoriatic plaques
than at uninvolved psoriatic skin and healthy controls®*#°, Nevertheless, differences in
TEWL values between uninvolved psoriatic skin and healthy controls are
controversial®*“°, Lower SCH values have been found at psoriatic plaques than at
uninvolved psoriatic skin and healthy controls, in agreement with our results®#!, The
differences in TEWL and SCH between psoriatic plaques and uninvolved skin in the same
patient could be explained by a decrease in AQP3 expression in plaques and perilesional
skin?’. Controversial results have been reported for pH values. Cannavo et al. found
lower pH values for psoriatic skin**, while Delfino et al. reported no change!%,
Temperature and erythema were also higher at psoriatic skin, explained by its
inflammatory pathogenesis!?®. Changes in elasticity have been only evaluated by Choi et
al. who found lower values for psoriatic patients assessed by R7*%, the ratio of elastic
recovery to total deformation, a less reliable parameter for measuring elasticity than the
one we used (R2, overall elasticity)*®!. There is a need for reliable assessment of psoriasis
severity’®? and, to our knowledge, there is no information regarding a cutaneous
homeostasis parameter to assess psoriasis severity. We observed that a value for
temperature on psoriatic plaques higher than 30.85 °C indicates, with a sensitivity of
72.7%, that psoriasis is moderate/severe, and that a value for TEWL higher than 13.85
g-m2-h"! indicates, with a sensitivity of 81.8%, that psoriasis is moderate/severe. This

may help clinicians to objectively measure psoriasis severity.

Furthermore, this study shows that the whole epidermal barrier is affected in
patients with AD. TEWL is the most studied parameter in them. Like previous reports,

this study shows that TEWL is higher at eczematous AD lesions than at uninvolved AD
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lesions and healthy skin'®31%, Jungersted et al. also showed that erythema was increases
at AD lesions compared to healthy control skin, while SCH was lower and pH was similar
at both locations in 49 participants®®. Moreover, other previous reports, evaluating a
smaller number of participants, showed that SCH was higher in healthy controls than at
uninvolved AD skin and at eczematous lesions'®’. In agreement with our results, this
report shows that the skin barrier function is degraded in AD patients, which is
specifically expressed in lesioned skin®*’. This could be explained by a filaggrin
deficiency, as this protein is a major constituent of the stratum corneum and contributes
to keratin filament aggregation!®¢%, Temperature and erythema were also higher at
eczematous lesions than at uninvolved AD skin and healthy skin, showing inflammatory
changes in this disease!®. To our knowledge, only one previous report has evaluated
elasticity parameters in AD patients'“°. Like our results, they observed a more decreased
elasticity at AD eczematous lesions than at uninvolved AD skin in 22 patients, without
including a healthy control group. Differences in elasticity may reveal that collagen or
elastin, the main proteins responsible for skin elasticity*, are other proteins altered in

AD patients.

There is scarce information regarding EBF and CH parameters and AD severity.
Correlations between skin hydration and SCORAD2143 and between TEWL and
SCORAD, have been previously observed. Moreover, it has been shown that TEWL
values at non-involved AD skin predicts the development of AD#>146, Nevertheless, cut-
off points have not been established to assess disease severity. We observed that a value
for temperature on the eczematous lesion higher than 31.75 °C indicates, with a sensitivity
of 81.8%, that AD is moderate/severe, and that a value for TEWL higher than 23.19
g-m2h! indicates, with a sensitivity of 73.5%, that AD is moderate/severe. This

research could help clinicians to select AD patients that need to be treated intensively.
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Moreover, the skin barrier function measurement could also help to resolve the current

need for accurate and reproducible scoring systems for the grading of AD®’.

6.3. The effect of phototherapy on skin barrier
We have observed that phototherapy may improve EBF and CH in patients with
psoriasis. SCH, temperature and erythema increased at psoriatic plaques after one and
fifteen phototherapy sessions. Moreover, TEWL at psoriatic plaques decreased after
fifteen phototherapy sessions. Erythema increases after one phototherapy session could
help clinicians to select psoriasis patients with more probability of responding to

phototherapy.

There is scarce research on the role of phototherapy in EBF. It has previously been
reported that phototherapy decreases TEWL and increases SCH®:"*, Brazzelli et al. have
already examined changes in SCH and TEWL levels between pre- and post-treatment
with eight sessions of phototherapy and active topical vitamin D3 ointment in psoriasis
showing the recovery of epidermal hydration and TEWL level before the clinical
improvement of the lesion’. Darlenski et al. have reported clinical improvement in
psoriatic plaques with fourteen sessions of NB-UVB therapy, shown by a decreased PASI
and reflected by an increase in SCH and a decrease in TEWL®®. Our study also showed
an increased SCH at the psoriatic plaque after one and fifteen phototherapy sessions. SCH
and TEWL changes were greater at psoriatic plaques than in uninvolved psoriatic skin,

which might underline a local effect on psoriasis plaques’>’.

Temperature, erythema and melanin index increased after the phototherapy
session, in accordance with previous reports'*®1, Assessment of temperature and

erythema increase may help clinicians optimize phototherapy to treat patients with an
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effective dosage without adverse events. The pH increased in healthy skin, uninvolved
psoriatic skin, and psoriatic plaques, suggesting that time may influence pH changes.
Antioxidant capacity also decreased in healthy skin, uninvolved psoriatic skin, and
psoriatic plaque. This fact might mean that the time have also an impact in antioxidant
capacity or that the sticks used might lose their capacity to measure the antioxidant
capacity along the time. There is little in-formation regarding the effect of phototherapy
on antioxidant capacity. Oxidative stress has been evaluated by measuring different
parameters of a blood sample, with controversial results. Darlenski et al. found a slight
decrease in the detoxifying activity of catalase without significant differences after
phototherapy®®. On the other hand, Pektas et al. observed total oxidant status and
oxidative stress index increased after phototherapy®>2. Our results showed total
antioxidant capacity decreases after phototherapy, in agreement with this research by
Pektas. Elasticity did not change after phototherapy, with no previous information found

to contrast these results.

Brazzelli et al. suggested that SCH improvement at psoriatic plaques might pre-
cede clinical improvement’. As far as we know, it is not known any parameter that might
predict clinical improvement in psoriatic patients treated with phototherapy. We observed
that SCH changes after one phototherapy session might predict PASI improvement after
fifteen phototherapy sessions. Moreover, a value for erythema increases exceeding 53.23
AU after the first phototherapy session, with a sensitivity of 71.4% and specificity of
84.2%, indicates that a patient may improve PASI by >3 points after fifteen phototherapy
sessions. This research could help clinicians select psoriatic patients for phototherapy
treatment. Therefore, patients who do not reach this value of erythema after the first
session can be treated with another therapeutic alternative. Moreover, this research would

also be interesting for selecting candidates for home phototherapy, as patients who have
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an erythema increase exceeding 53.23 AU after the first phototherapy session may

improve during treatment.

6.4. Impact of gloves and mask on skin barrier
We have observed that EBF and CH may be impaired by gloves and mask. An
increased TEWL, temperature and erythema in the area covered by gloves and an
increased TEWL, temperature and erythema and a decreased SCH in the area covered by
masks was observed. Moreover, surgical masks are more harmful for skin than FFP2

mask, showing higher TEWL in areas covered by surgical masks.

Hands are the most common site affected by PPE-related adverse skin reactions
during COVID-19 outbreak®. This is due to excessive hand washing and gloves use®3.
Medical gloves are mostly made of different polymers such as latex and nitrile®, being
the nitrile one the preferred during the COVID-19 pandemic because of its high protection
and durability®>*. Many adverse skin reactions has been described associated to its use,
such as irritant contact dermatitis, allergic contact dermatitis, and contact urticaria®.
Gloves use often causes skin maceration presenting as softening, whitening, wrinkling of
the skin, and sometimes, skin peeling®®. This study showed higher SCH values at the
gloves covered area which may be explained in part by the increases sweat production in
the covered area®. Nevertheless, the difference in TEWL between two near areas, gloves
covered and non-covered, reflect a skin barrier damage related to gloves use. This may
explain the increased cases of hand eczema, allergic contact dermatitis, secondary
superficial fungal infection and pompholyx between HCW gloves users!®>%¢, Previously,
it has also been described higher TEWL values during 30 minutes of gloves use®.
Nevertheless, the effects of glove occlusion is controversial in the literature®*. This study

also shows high erythema and temperature at the area covered by gloves, in agreement
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with previous reports as erythema is the second most reported skin adverse sign between

HCWs™’,

Moreover, the high erythema and temperature are markers of inflammation and
increased skin permeability’®. Although, SARS-CoV spreads mainly via the respiratory
route, other possible pathways of infection have been proposed, including skin
surface’®®1, So the permeability increased by gloves, added to the abundantly
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
for being infected with SARS-CoV-21%81% while transepidermal transmission of this
virus is still theoretical. Possible solutions to prevent PPE and hand hygiene-related
injuries have been described such as increase protective skincare measures after washing

hands'® or use ABHS containing glycerin as moisturizer!®3,

Cheeks are the second area most affected by PPE-related adverse skin reactions
during COVID-19 outbreak®. In fact, masks are the most common culprit agent among
all PPE causing skin damage!®’, leading to indentations, ecchymosis, maceration,
abrasion and erosion®. This study observed higher TEWL values at the mask covered
area compared to the non-covered, revealing a skin impairment associated to mask use.
This may explain some skin reactions associated with mask such as allergic contact
dermatitis or urticarial facial eruption®l. In contrast to gloves, mask covered areas
showed lower SCH values than non-covered. This may be explained because the lower
density of eccrine sweat glands at the cheek!®. Moreover, this study shows that mask
covered area have high temperature and erythema than near non-covered areas, relating
to increased permeability’®, explaining the mask-induced itch®?. The increased

temperature is also a contributor for developing acne and seborrheic dermatitis*®163,
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This report also shows high TEWL increased at areas covered by surgical mask
than at FFP-2 mask covered areas, likely due to the different material they are made
from®®4, This may mean that surgical masks are more harmful for skin barrier. This is the
first research that report differences between different types of masks. As FFP-2 masks
also have more filter efficiency!®®, meaning they are more protective to avoid COVID-19

transmission®®, it would be recommended wear this type of masks.

6.5. Impact of hand hygiene procedures on skin barrier

We have evaluated the impact of different hand hygiene procedures on the skin of
the hands after a work-shift of 8 hours in HCWs, which is difficult to compare with other
studies which usually have this evaluation after longer periods and mostly in experimental
settings, outside the regular work setting”1%8_In our study, we noticed that already after
a single working day there were important differences between the three procedures of
hand sanitation in TEWL, bacteria and fungi colony-forming unit (CFU) and tolerability
rates.

Disinfectant wipes showed the highest TEWL increase. Water and soap also led
to increase of TEWL values, similarly to disinfectant wipes. ABHS showed the best
results, as it was the only hand hygiene procedure that did not increase TEWL values,
likely in relation to lower skin barrier impairment. Previous studies showed that TEWL
is increased by soaps* and is decreased by ABHS but it has been also stated that the
skin barrier function is impaired by ABHS when applied on skin areas previously exposed
to water immersion!®®. To our knowledge, the single previous study that assessed the
impact of different hand hygiene procedures on skin barrier function in the clinical
practice, evaluated the effects of soap and water vs. ABHS and showed no significant

differences in TEWL changes'®’. Moreover, in experimental settings, with a lower
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participants number, ABHS caused less skin irritation and less skin barrier disruption than
detergents®8170.171 ABHS and disinfectant wipes contain additional skin care substances,
such as glycerin, a moisturizing agent which may replenish lipids and trap water,
improving epidermal barrier'’2. Moreover, cleaning hands with soap and water removes
skin lipids as they are rinsed off, whereas they remain on the skin when using ABHS"%,
Lipids may be also potentially wiped off when using disinfectant wipes!’3 explaining their
higher epidermal disruption compared to ABHS. Furthermore, the type of hand hygiene
product was found to be an independent predictor for change in TEWL after adjusting for
other variables namely gender and age, whose influence on TEWL is controversial'”,
Other factors, including the number of hand hygiene procedures and skin temperatures,
which may have an impact on TEWL?8, were similar in the three groups.

pH increase observed in the water and soap group may be explained by the
alkaline pH of soap, or related to stratum corneum swelling, lipid rigidity and skin
irritation!?, TAC decreased in all groups, both fast antioxidants and slow antioxidants.
TAC decreases when using all hand hygiene products may be due to the reduction in
biological and chemical antioxidant substances, such as gallic acid equivalents or vitamin
C equivalents'’®, while the lack of differences between procedures could be explained
because the increases oxidative damage to lipids and proteins is not being considered in
this measure!’®. It would be interesting to use different measurements of individual
antioxidants and markers of oxidative damage to accurately assess differences in
antioxidant capacity between hand hygiene procedures*’>76,

Regarding the antimicrobial power, water and soap showed the lowest reduction
in bacterial and fungi CFU count. ABHS and disinfect wipes had similar CFU reduction
rates and both higher than water and soap. ABHS Kkills microorganism by penetrating

though their membrane and inducing cellular lysis while soaps only remove debris from
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the skin’2. Therefore, ABHS and disinfectant wipes may be more effective in reducing
live bacteria and fungi that are able to form colonies in culture (reduced CFU) than water
and soap, as shown in our study. Most studies observed higher rates of microorganism
decontamination with ABHS!"” compared to soaps, including in the everyday use®:12,
which is also in agreement with in vitro studies'’®. In agreement, WHO guidelines on
hand hygiene in health care recommends using ABHS instead of water and soap if hands
are not visibly dirty'®. Viruses are more difficult to study in vivo and there are scarce
studies that compare the viral load reduction with different types of hand hygiene
products. In vitro, both soaps and ABHS are effective in inactivating enveloped virus®’.
ABHS has also a high activity against non-enveloped viruses. Regarding disinfectant
wipes, previously it has been observed that they are non-inferior compared to water and
soap’® and less effective than ABHS®! in reducing bacteria from the hands. These
studies evaluated the antimicrobial power of the product after artificial contamination of
the hands with Escherichia coli'®!8! while our study evaluated the effectiveness in
removing usual microorganisms on the hand without any bacteria addition. The
differences observed in the antimicrobial power between studies may depend on the
predominant type of bacteria on the hand.

Hand hygiene products also have to be tolerable and acceptable to the user'?, The
lowest rating of tolerability and acceptability in the present study was for disinfectant
wipes, as they were considered as having the highest drying effect and being the least
easy to use. Tolerability rates did not differ between ABHS and water and soap. Previous
studies showed that ABHS are well accepted and tolerated among HCWSs®, and during
working hours they could be even more time-saving than water and soap*®®. There are no
studies evaluating the tolerability of disinfectant wipes. In our study, the lowest rating of

acceptability for disinfectant wipes might be explained by the fact that people are less
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used to employ them, and their application is more difficult and time-consuming than
using a solution. Regarding tolerability objective evaluation, disinfectant wipes showed

the highest rates for erythema increase, which might be explained by skin irritation.

6.6. Systematic review and metanalysis regarding adverse events related to
personal protective equipment.

In this systematic review we observed that the prevalence of skin adverse events
related to PPE is high. Contact dermatitis, acne, eczema and itching are the most common
skin adverse events. Masks and gloves are the agent most frequently related to cutaneous
side events. Longer duration of wearing PPE is the most frequent risk factor for
developing cutaneous reactions. Prevention measures are focused on skin injuries related

to mask use.

Three out four individuals could develop skin adverse events related to PPE.
Nevertheless, this rate showed high variation between studies® 8184188 Differences in
participants (non-HCWs, HCWs in frequently contact with COVID-19 patients or HCWs
not working in COVID-19 units) and the evaluation by self-administered questionnaires
could explain these disparity®®. High variability rate was also observed in skin side events
associated with masks!8%-192 gloves and hand washing®2-1%4, It was observed that the rate
of skin side events related to both mask or gloves was almost double in HCWs and non-
HCWs, what may be explained because HCWSs needs to wear mask or gloves for longer
periods. This fact makes it necessary to establish preventive measures in HCWs to avoid

adverse events.

Most common adverse events were contact dermatitis, dryness, acne and eczema
pressure related symptoms and itching®1%1%3, Contac dermatitis, dryness and itching

were related to masks, gloves and hand-washing'®21%, Pressure related symptoms was
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mainly associated with mask wearing®1%®. Other conditions were also reported, such as

acne and related disorders, urticarial®, palmar hyperqueratosis!®’ or pigmentation?®,

The face and the hands were the most frequently damaged regions'®18¢, Hand
eczema was a frequent condition on the hands!®®, Face was a common location for
developing skin injuries related to mask wearing, mainly on the nasal bridge and the

cheeks®1>1% Acne was also frequent on mask-covered areas'®%2%.

Studies agreed that longer PPE use and frequent hand washing were the main risk
factor to develop skin adverse events®>185186.189.196.198.201 'Having a previous history of
atopy or hand eczema were also risk factors for developing hand problems%6:19.201 - A
previous history of acne or seborrheic dermatitis and having an oily skin were risk for
developing acne aggravated by masks!®. Nevertheless, there is controversial information
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
PPE8®, skin adverse events related to mask use!®, irritant contact dermatitis?°22%® and
hand eczema®. The prevalence of contact dermatitis 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 kind of masks??. It could be concluded that mask
type that most damaged the skin, in descending order, are: N95 respirators, surgical mask,

FFP2 and cloth masks. These differences could be due to the type of material they are
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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 recommended as PPE2%,

Regarding prevention measures, only studies using hydrocolloid to prevent skin
injuries have been reported®®2%%-21 Moisturizers use also reduced skin adverse events
related to PPE and frequent hand washing®. As longer PPE wearing is a common risk
factor to develop skin side events>185186.196.201 ‘nermitting several daily rest periods could
reduce skin damage. It would be also important to wash the face with noncomedogenic
cleanser to avoid acne development?'2, The frequent use of emollient creams and the use
of alcohol-based hand sanitizers (ABHS), instead of washing hand with soap and water,
would be also advisable to decrease side events on the hand® . Furthermore, developing
educational programs to teach people how to use PPE could be a recommendable measure

to reduce the rate of skin side events.

6.7. Limitations

We could have introduced a selection bias as all participants were volunteers and
individuals more worried about their health may be more likely to participate. This would
be a non-differential bias as the real differences would be even higher that the observed
in these studies.

We used objective and validated tools to measure EBF and CH parameters®'3,
Nevertheless, antioxidant capacity measurement was a problematic issue as the proper
way to measure oxidative stress and antioxidants in biological samples is still a topic of
debate in the literature. We assessed total antioxidant capacity (TAC) using an

electromechanical method, that carries out a complete oxidation of the sample,
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considering individual peaks as the response of a specific antioxidant and obtaining the
TAC measure through a mathematic algorithm. TAC has been used as an inverse
biomarker of oxidative stress, as it is an indicator of the sample ability to scavenge free
radicals'®. TAC predominantly measures chain breaking antioxidants, including uric acid
and ascorbic acid, and exclude contribution of metal binding proteins while damage to
lipids and proteins is not being considered in this measure!”.

Regarding the studies designs, we conducted cross-sectional studies to resolve
objectives 1,2 and 5 but it is difficult to evaluate the direction of the observation detected
using this type of design.

The most important bias of our study evaluating EBF and CH after phototherapy
was the losses after the follow-up, due in part to COVID-19 outbreak that made
participants did not go to the hospital to receive their phototherapy session. Moreover, to
avoid that other factors, and not only the phototherapy, could be the responsible for the
changes observed in EBF an CH parameters after the follow-up, we included a non-
exposed group. The non-exposed group were healthy individuals that did not received
phototherapy and were follow the same time that patients exposed. We can’t not
guarantee that these two groups (psoriasis patients and healthy individuals) are
comparable. Ideally, the non-exposed group should be patients with psoriasis that had not
received any treatment but ethically we can’t leave them with any treatment.

To measure the impact of masks and gloves on skin barrier, measurements were
evaluated on a cheek region covered by a mask and on a non-covered area 2 cm away
from it, and on the distal right volar forearm covered by the glove and on a non-covered
area 2 cm away from it. The distal volar forearm may not be the area primarily affected

by glove use, meaning that the glove impact may have been underestimated. This location
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was selected instead of the palm to increases similarities between skin properties in
covered and non-covered areas.

We designed a clinical trial to compare the impact of different hand hygiene
products on EPB and CH. This type of study is ideal for finding causal inferences?'?. The
limitation of this study was its short follow-up, as the effect of the hand hygiene product
was evaluated after one work-shift, but it was also an advantage as the assessment of EBF
and CH parameters after only one day allowed to evaluate the overall impact of the hand
hygiene products avoiding that other factors could bias this effect. Only one type of hand
hygiene product was tested and bacterial and fungal colony forming units (CFU) were
not differentiated, meaning an inability to determine what type of product was most
effective in eliminating the different types of micro-organisms. Moreover, there was a
risk that evaporation of wash water was measured when assessing the TEWL, but the 30-
minute adaptation period before TEWL measurements reduced this possible bias.
Regarding the measurements’ location, the palms and not the dorsum of the hands were
selected for measuring the skin bioengineering parameters, in contrast to other studies.
Despite the thicker stratum corneum of the palms may induce a distinct response to the
hygiene procedures, we selected this area because the dorsum of the hands might be more
influenced by external factors®®,

In the systematic review, we chose broad terms for the search algorithm to include
all relevant research. However, as there are different types of personal protective
equipment (PPE) and there are multiples skin adverse manifestations, we can’t guarantee
that we have not missed any research in the databases analysed. Our systematic review is
also limited by the lack of contact to the authors of the articles and the quality of the
studies included as most researches were cross-sectional and the absence of

dermatological assessment makes it difficult to know the real influence of previous

161



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 daycare. 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 glove chemicals, disinfectants, preservatives or fragrances

from hand washing soaps.
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7. FUTURE PERSPECTIVES
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7. EUTURE PERSPECTIVES

This doctoral thesis is the starting point to develop further research to evaluate
epidermal barrier function (EBF) and cutaneous homeostasis (CH) parameters as markers
of clinical response to different treatments in patients with psoriasis and atopic dermatitis
(AD). The increasing number of drugs for these diseases and the lack of objective
variables to evaluate clinical outcomes, make necessary to develop easy and non-invasive
tools to assess disease severity and treatment effectiveness. Assessment of EBF and CH
could help clinicians to perform a personalized medicine, selecting the most appropriate
treatment for each patient. Furthermore, using an effective treatment as the first
therapeutic choice would help to reduce healthcare costs, an important fact for a public
healthcare system with limited resources. Applying early and effective treatments would
also improve patients cares and quality of life, avoiding patients’ psychological stress
associated to treatment failure and preventing comorbidities related to disease
progression.

The new drugs approved and commercialized for AD treatment, including
dupilumab, tralokinumab and JAK-inhibitors, have changed the paradigm of AD
therapeutic. Our nearest future work will focus on how EBF and CH change after all these
treatments looking for early modifications that could predict treatments response. We will
also explore the correlation between skin barrier dysfunction and cytokines production in
patients with AD. Moreover, we will work on how is skin impaired in other skin diseases
such as alopecia areata.

To commercialize any type of personal protective equipment (PPE) and hand
hygiene product, it would be important to assess their impact on the skin objectively. This
doctoral thesis is the starting point to develop further clinical trials for evaluating

objectively the impact of all types of PPE, including masks, gloves and googles, on EBF
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and CH. Regarding hand hygiene strategies, we have compared only one type of soap,
one type of alcohol-based hand sanitizers (ABHS), and one type of disinfectant wipes. It
would be recommended develop further clinicals trial with different types of these
products to evaluate the most harmful components and excipients of them.

There are also other external factors that could modify skin barrier function,
including sun exposure, air pollution, tobacco smoke, hormones, diet and sleep
disturbances. We will study the impact of these factors both in vitro, using human tissue

engineering skin substitute, and in healthy volunteers.
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8. CONCLUSION

1)

2)

3)

4)

5)

6)

7)

Normative data for epidermal barrier function (EBF) and cutaneous
homeostasis (CH) in healthy individuals are different in the volar forearm,
the cheek and the palm.

EBF and CH differs between healthy individuals, patients with psoriasis and
patients with AD. Temperature and TEWL values may help clinicians to
determinate objectively disease severity.

Stratum corneum hydration (SCH), temperature and erythema increase at
psoriatic plaques after one and fifteen phototherapy sessions. TEWL at
psoriatic plagues decreases after fifteen phototherapy sessions.

A cut-off point in erythema increases after the first phototherapy session
could help clinicians to select psoriasis patients with more likelihood of
responding to fifteen phototherapy sessions.

Gloves and mask wearing impair EBF and CH. Surgical masks use is
associated with higher TEWL values than wearing FFP2 masks.

Daily hand hygiene with alcohol-based hand sanitizers (ABHS) is the hand
hygiene strategy with the lowest rates of skin barrier impairment, the most
effective method to reduce bacterial and fungi colony-forming unit and is
considered the most convenient and easy method to use.

The rate of cutaneous adverse events related to personal protective equipment
(PPE) is high. Most skin adverse events are mild, being dryness, pressure

related symptoms and itching the most frequent.

169



8)

170



9.REFERENCES

171



172



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

REFERENCES

Norlen L, Lundborg M, Wennberg C, Narangifard A, Daneholt B. The Skin's Barrier: A
Cryo-EM Based Overview of its Architecture and Stepwise Formation. J Invest
Dermatol. 2022;142(2):285-292.

Wong R, Geyer S, Weninger W, Guimberteau JC, Wong JK. The dynamic anatomy and
patterning of skin. Exp Dermatol. 2016;25(2):92-98.

Jensen JM, Proksch E. The skin's barrier. G Ital Dermatol Venereol. 2009;144(6):689-
700.

Basler K, Bergmann S, Heisig M, Naegel A, Zorn-Kruppa M, Brandner JM. The role of
tight junctions in skin barrier function and dermal absorption. J Control Release.
2016;242:105-118.

Larcher F, Espada J, Diaz-Ley B, Jaen P, Juarranz A, Quintanilla M. New experimental
models of skin homeostasis and diseases. Actas Dermosifiliogr. 2015;106(1):17-28.
Fluhr JW, Feingold KR, Elias PM. Transepidermal water loss reflects permeability
barrier status: validation in human and rodent in vivo and ex vivo models. Exp
Dermatol. 2006;15(7):483-492.

Verdier-Sevrain S, Bonte F. Skin hydration: a review on its molecular mechanisms. J
Cosmet Dermatol. 2007;6(2):75-82.

Alexander H, Brown S, Danby S, Flohr C. Research Techniques Made Simple:
Transepidermal Water Loss Measurement as a Research Tool. J Invest Dermatol.
2018;138(11):2295-2300 e2291.

Yazdanparast T, Yazdani K, Humbert P, et al. Comparison of biophysical, biomechanical
and ultrasonographic properties of skin in chronic dermatitis, psoriasis and lichen
planus. Med J Islam Repub Iran. 2018;32:108.

Ye L, Wang Z, Li Z, Lv C, Man MQ. Validation of GPSkin Barrier((R)) for assessing
epidermal permeability barrier function and stratum corneum hydration in humans.
Skin Res Technol. 2019;25(1):25-29.

Ali SM, Yosipovitch G. Skin pH: from basic science to basic skin care. Acta Derm
Venereol. 2013;93(3):261-267.

Hachem JP, Crumrine D, Fluhr J, Brown BE, Feingold KR, Elias PM. pH directly regulates
epidermal permeability barrier homeostasis, and stratum corneum integrity/cohesion.
J Invest Dermatol. 2003;121(2):345-353.

Nedelec B, Forget NJ, Hurtubise T, et al. Skin characteristics: normative data for
elasticity, erythema, melanin, and thickness at 16 different anatomical locations. Skin
Res Technol. 2016;22(3):263-275.

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

Luo J, Hu H. Thermally activated TRPV3 channels. Curr Top Membr. 2014;74:325-364.
Yousef H, Alhajj M, Sharma S. Anatomy, Skin (Integument), Epidermis. In: StatPearls.
Treasure Island (FL)2022.

Fajuyigbe D, Lwin SM, Diffey BL, et al. Melanin distribution in human epidermis affords
localized protection against DNA photodamage and concurs with skin cancer incidence
difference in extreme phototypes. FASEB J. 2018;32(7):3700-3706.

Thiele JJ, Schroeter C, Hsieh SN, Podda M, Packer L. The antioxidant network of the
stratum corneum. Curr Probl Dermatol. 2001;29:26-42.

Lohan SB, Lauer A-C, Arndt S, et al. Determination of the Antioxidant Status of the Skin
by In Vivo-Electron Paramagnetic Resonance (EPR) Spectroscopy. Cosmetics.
2015;2(3):286-301.

Rinnerthaler M, Bischof J, Streubel MK, Trost A, Richter K. Oxidative stress in aging
human skin. Biomolecules. 2015;5(2):545-589.

173



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Pullar JM, Carr AC, Vissers MCM. The Roles of Vitamin C in Skin Health. Nutrients.
2017;9(8).

Uitto J, Li Q, Urban Z. The complexity of elastic fibre biogenesis in the skin--a
perspective to the clinical heterogeneity of cutis laxa. Exp Dermatol. 2013;22(2):88-92.
Baumann L, Bernstein EF, Weiss AS, et al. Clinical Relevance of Elastin in the Structure
and Function of Skin. Aesthet Surg J Open Forum. 2021;3(3):0jab019.

Logger JGM, Olydam JI, Woliner-van-der-Weg W, van-Erp PEJ. Noninvasive Skin Barrier
Assessment: Multiparametric Approach and Pilot Study. Cosmetics. 2019;6(1):20.
Boehncke WH, Schon MP. Psoriasis. Lancet. 2015;386(9997):983-994.

Frischknecht L, Vecellio M, Selmi C. The role of epigenetics and immunological
imbalance in the etiopathogenesis of psoriasis and psoriatic arthritis. Ther Adv
Musculoskelet Dis. 2019;11:1759720X19886505.

Michalek IM, Loring B, John SM. A systematic review of worldwide epidemiology of
psoriasis. J Eur Acad Dermatol Venereol. 2017;31(2):205-212.

Raychaudhuri SK, Maverakis E, Raychaudhuri SP. Diagnosis and classification of
psoriasis. Autoimmun Rev. 2014;13(4-5):490-495.

Armstrong AW, Read C. Pathophysiology, Clinical Presentation, and Treatment of
Psoriasis: A Review. JAMA. 2020;323(19):1945-1960.

Mehrmal S, Uppal P, Nedley N, Giesey RL, Delost GR. The global, regional, and national
burden of psoriasis in 195 countries and territories, 1990 to 2017: A systematic
analysis from the Global Burden of Disease Study 2017. J Am Acad Dermatol.
2021;84(1):46-52.

Martinez-Lopez A, Blasco-Morente G, Giron-Prieto MS, et al. Linking of psoriasis with
osteopenia and osteoporosis: A cross-sectional study. Indian J Dermatol Venereol
Leprol. 2019;85(2):153-159.

Arias-Santiago S, Orgaz-Molina J, Castellote-Caballero L, et al. Atheroma plaque,
metabolic syndrome and inflammation in patients with psoriasis. Eur J Dermatol.
2012;22(3):337-344.

Oliveira Mde F, Rocha Bde O, Duarte GV. Psoriasis: classical and emerging
comorbidities. An Bras Dermatol. 2015;90(1):9-20.

Orgaz-Molina J, Buendia-Eisman A, Arrabal-Polo MA, Ruiz JC, Arias-Santiago S.
Deficiency of serum concentration of 25-hydroxyvitamin D in psoriatic patients: a case-
control study. J Am Acad Dermatol. 2012;67(5):931-938.

Amin M, Lee EB, Tsai TF, Wu JJ. Psoriasis and Co-morbidity. Acta Derm Venereol.
2020;100(3):adv00033.

Smejkalova J, Borska L, Hamakova K, Hodacova L, Cermakova E, Fiala Z. Quality of life
of patients with psoriasis. Cent Eur J Public Health. 2020;28(3):219-225.
Martinez-Garcia E, Arias-Santiago S, Valenzuela-Salas |, Garrido-Colmenero C, Garcia-
Mellado V, Buendia-Eisman A. Quality of life in persons living with psoriasis patients. J
Am Acad Dermatol. 2014;71(2):302-307.

Meneguin S, de Godoy NA, Pollo CF, Miot HA, de Oliveira C. Quality of life of patients
living with psoriasis: a qualitative study. BMC Dermatol. 2020;20(1):22.

Takahashi H, Tsuji H, Minami-Hori M, Miyauchi Y, lizuka H. Defective barrier function
accompanied by structural changes of psoriatic stratum corneum. J Dermatol.
2014;41(2):144-148.

Nikam VN, Monteiro RC, Dandakeri S, Bhat RM. Transepidermal Water Loss in
Psoriasis: A Case-control Study. Indian Dermatol Online J. 2019;10(3):267-271.
Cannavo SP, Guarneri F, Giuffrida R, Aragona E, Guarneri C. Evaluation of cutaneous
surface parameters in psoriatic patients. Skin Res Technol. 2017;23(1):41-47.
Orsmond A, Bereza-Malcolm L, Lynch T, March L, Xue M. Skin Barrier Dysregulation in
Psoriasis. Int J Mol Sci. 2021;22(19).

174



43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Wollenberg A, Christen-Zach S, Taieb A, et al. ETFAD/EADV Eczema task force 2020

position paper on diagnosis and treatment of atopic dermatitis in adults and children. J

Eur Acad Dermatol Venereol. 2020;34(12):2717-2744.
Stander S. Atopic Dermatitis. N Engl J Med. 2021;384(12):1136-1143.

Bylund S, Kobyletzki LB, Svalstedt M, Svensson A. Prevalence and Incidence of Atopic

Dermatitis: A Systematic Review. Acta Derm Venereol. 2020;100(12):adv00160.
Lloyd-Lavery A, Solman L, Grindlay DJC, Rogers NK, Thomas KS, Harman KE. What's
new in atopic eczema? An analysis of systematic reviews published in 2016. Part 2:
Epidemiology, aetiology and risk factors. Clin Exp Dermatol. 2019;44(4):370-375.

Silverberg JI. Comorbidities and the impact of atopic dermatitis. Ann Allergy Asthma

Immunol. 2019;123(2):144-151.

Ali F, Vyas J, Finlay AY. Counting the Burden: Atopic Dermatitis and Health-related
Quality of Life. Acta Derm Venereol. 2020;100(12):adv00161.

Luger T, Amagai M, Dreno B, et al. Atopic dermatitis: Role of the skin barrier,

environment, microbiome, and therapeutic agents. J Dermatol Sci. 2021;102(3):142-

157.

Kim J, Kim BE, Leung DYM. Pathophysiology of atopic dermatitis: Clinical implications.

Allergy Asthma Proc. 2019;40(2):84-92.

Kelleher M, Dunn-Galvin A, Hourihane JO, et al. Skin barrier dysfunction measured by

transepidermal water loss at 2 days and 2 months predates and predicts atopic
dermatitis at 1 year. J Allergy Clin Immunol. 2015;135(4):930-935 e931.

David Boothe W, Tarbox JA, Tarbox MB. Atopic Dermatitis: Pathophysiology. Adv Exp

Med Biol. 2017;1027:21-37.
Fernandes TF, Calado R, Gongalo M. Epidermal Barrier Dysfunction in Atopic
Dermatitis. J Port Soc Dermatol Venereol. 2021;79(3):207-216.

Tsakok T, Woolf R, Smith CH, Weidinger S, Flohr C. Atopic dermatitis: the skin barrier

and beyond. BrJ Dermatol. 2019;180(3):464-474.

Flohr C, Perkin M, Logan K, et al. Atopic dermatitis and disease severity are the main

risk factors for food sensitization in exclusively breastfed infants. J Invest Dermatol.
2014;134(2):345-350.

Chalmers RJ. Assessing psoriasis severity and outcomes for clinical trials and routine

clinical practice. Dermatol Clin. 2015;33(1):57-71.

Chopra R, Silverberg JI. Assessing the severity of atopic dermatitis in clinical trials and

practice. Clin Dermatol. 2018;36(5):606-615.
Fink C, Alt C, Uhlmann L, Klose C, Enk A, Haenssle HA. Intra- and interobserver

variability of image-based PASI assessments in 120 patients suffering from plaque-type

psoriasis. J Eur Acad Dermatol Venereol. 2018;32(8):1314-1319.

Hon KL, Kung JSC, Ng WG, Tsang KYC, Cheng N, Leung TF. Are skin equipment for
assessing childhood eczema any good? J Dermatolog Treat. 2021;32(1):45-48.
Llamas-Velasco M, de la Cueva P, Notario J, Martinez-Pilar L, Martorell A, Moreno-
Ramirez D. Moderate Psoriasis: A Proposed Definition. Actas Dermosifiliogr.
2017;108(10):911-917.

Schmitt J, Wozel G. The psoriasis area and severity index is the adequate criterion to
define severity in chronic plaque-type psoriasis. Dermatology. 2005;210(3):194-199.
Eichenfield LF, Tom WL, Chamlin SL, et al. Guidelines of care for the management of
atopic dermatitis: section 1. Diagnosis and assessment of atopic dermatitis. J Am Acad

Dermatol. 2014;70(2):338-351.
Hanifin JM, Thurston M, Omoto M, Cherill R, Tofte SJ, Graeber M. The eczema area

and severity index (EASI): assessment of reliability in atopic dermatitis. EASI Evaluator

Group. Exp Dermatol. 2001;10(1):11-18.

175



64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Oranje AP, Glazenburg EJ, Wolkerstorfer A, de Waard-van der Spek FB. Practical issues
on interpretation of scoring atopic dermatitis: the SCORAD index, objective SCORAD
and the three-item severity score. Br J Dermatol. 2007;157(4):645-648.

Kelleher MM, Dunn-Galvin A, Gray C, et al. Skin barrier impairment at birth predicts
food allergy at 2 years of age. J Allergy Clin Inmunol. 2016;137(4):1111-1116 e1118.
Darlenski R, Hristakieva E, Aydin U, et al. Epidermal barrier and oxidative stress
parameters improve during in 311nm narrow band UVB phototherapy of plaque type
psoriasis. J Dermatol Sci. 2018;91(1):28-34.

Richard EG, Honigsmann H. Phototherapy, psoriasis, and the age of biologics.
Photodermatol Photoimmunol Photomed. 2014;30(1):3-7.

Yanovsky RL, Huang KP, Buzney EA. Optimizing Narrowband UVB Phototherapy
Regimens for Psoriasis. Dermatol Clin. 2020;38(1):1-10.

Nast A, Smith C, Spuls PI, et al. EuroGuiDerm Guideline on the systemic treatment of
Psoriasis vulgaris - Part 1: treatment and monitoring recommendations. J Eur Acad
Dermatol Venereol. 2020;34(11):2461-2498.

Li Y, Cao Z, Guo J, et al. Assessment of efficacy and safety of UV-based therapy for
psoriasis: a network meta-analysis of randomized controlled trials. Ann Med.
2022;54(1):159-169.

Elmets CA, Lim HW, Stoff B, et al. Joint American Academy of Dermatology-National
Psoriasis Foundation guidelines of care for the management and treatment of psoriasis
with phototherapy. J Am Acad Dermatol. 2019;81(3):775-804.

van de Kerkhof PCM, de Gruijl FR. Phototherapy in the perspective of the chronicity of
psoriasis. J Eur Acad Dermatol Venereol. 2020;34(5):926-931.

Yu Z, Wolf P. How It Works: The Immunology Underlying Phototherapy. Dermatol Clin.
2020;38(1):37-53.

Brazzelli V, Barbagallo T, Prestinari F, et al. Non-invasive evaluation of tacalcitol plus
puva versus tacalcitol plus UVB-NB in the treatment of psoriasis: "right-left intra-
individual pre/post comparison design". Int J Immunopathol Pharmacol.
2005;18(4):755-760.

Roberts KP, Phang SC, Williams JB, et al. Increased personal protective equipment
litter as a result of COVID-19 measures. Nature Sustainability. 2021.

Asselah T, Durantel D, Pasmant E, Lau G, Schinazi RF. COVID-19: Discovery, diagnostics
and drug development. J Hepatol. 2021;74(1):168-184.

Johns Hopkins University & Medicine. Coronavirus Resource Center 2020.
https://coronavirus.jihu.edu/map.html. Accessed February 5, 2022.

Ha JF. The COVID-19 pandemic, personal protective equipment and respirator: A
narrative review. Int J Clin Pract. 2020;74(10):e13578.

Pappa S, Ntella V, Giannakas T, Giannakoulis VG, Papoutsi E, Katsaounou P. Prevalence
of depression, anxiety, and insomnia among healthcare workers during the COVID-19
pandemic: A systematic review and meta-analysis. Brain Behav Immun. 2020.

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.

Jose S, Cyriac MC, Dhandapani M. Health Problems and Skin Damages Caused by
Personal Protective Equipment: Experience of Frontline Nurses Caring for Critical
COVID-19 Patients in Intensive Care Units. Indian J Crit Care Med. 2021;25(2):134-139.
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.

176



83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94,

95.

96.

97.

98.

99.

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 J Dermatol. 2020.

Yuan N, Yang WX, Lu JL, Lv ZH. Investigation of adverse reactions in healthcare
personnel working in Level 3 barrier protection PPE to treat COVID-19. Postgrad Med J.
2020.

Battista RA, Ferraro M, Piccioni LO, Malzanni GE, Bussi M. Personal Protective
Equipment (PPE) in COVID 19 Pandemic: Related Symptoms and Adverse Reactions in
Healthcare Workers and General Population. J Occup Environ Med. 2020.

Gasparino RC, Lima MHM, de Souza Oliveira-Kumakura AR, da Silva VA, de Jesus
Meszaros M, Antunes IR. Prophylactic dressings in the prevention of pressure ulcer
related to the use of personal protective equipment by health professionals facing the
COVID-19 pandemic: A randomized clinical trial. Wound Repair Regen. 2020.

Desai SR, Kovarik C, Brod B, et al. COVID-19 and personal protective equipment:
Treatment and prevention of skin conditions related to the occupational use of
personal protective equipment. J Am Acad Dermatol. 2020;83(2):675-677.

Niesert AC, Oppel EM, Nellessen T, et al. "Face mask dermatitis" due to compulsory
facial masks during the SARS-CoV-2 pandemic: data from 550 health care and non-
health care workers in Germany. Eur J Dermatol. 2021;31(2):199-204.

Bundgaard H, Bundgaard JS, Raaschou-Pedersen DET, et al. Effectiveness of Adding a
Mask Recommendation to Other Public Health Measures to Prevent SARS-CoV-2
Infection in Danish Mask Wearers : A Randomized Controlled Trial. Ann Intern Med.
2021;174(3):335-343.

Zhang B, Zhai R, Ma L. COVID-19 epidemic: Skin protection for health care workers
must not be ignored. J Eur Acad Dermatol Venereol. 2020.

Singh M, Pawar M, Bothra A, et al. Personal protective equipment induced facial
dermatoses in healthcare workers managing COVID-19 cases. J Eur Acad Dermatol
Venereol. 2020.

Wilcha RJ. Does Wearing a Face Mask During the COVID-19 Pandemic Increase the
Incidence of Dermatological Conditions in Health Care Workers? Narrative Literature
Review. JMIR Dermatol. 2021;4(1):e22789.

Tabary M, Araghi F, Nasiri S, Dadkhahfar S. Dealing with skin reactions to gloves during
the COVID-19 pandemic. Infect Control Hosp Epidemiol. 2020:1-2.

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

Antonov D, Kleesz P, Elsner P, Schliemann S. 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.

Zhang B, Zhai R, Ma L. 2019 novel coronavirus disease epidemic: skin protection for
healthcare workers must not be ignored. J Eur Acad Dermatol Venereol.
2020;34(9):e434-e435.

World Health Organization. WHO Guidelines on Hand Hygiene in Health Care provide
health-care workers (HCWs). 2009. Available online:
https://www.who.int/publications/i/item/9789241597906 (accessed on 15 May 2021).
SunY, Zhou R, Zhang H, et al. Skin is a potential host of SARS-CoV-2: A clinical, single-
cell transcriptome-profiling and histologic study. J Am Acad Dermatol.
2020;83(6):1755-1757.

Araghi F, Tabary M, Gheisari M, Abdollahimajd F, Dadkhahfar S. Hand Hygiene Among
Health Care Workers During COVID-19 Pandemic: Challenges and Recommendations.
Dermatitis. 2020;31(4):233-237.

177



100.

101.

102.

103.

104.

105.

106.

107.

108.
109.

110.

111.

112.

113.

114.

115.

116.

117.

Montero-Vilchez T, Martinez-Lopez A, Cuenca-Barrales C, Rodriguez-Tejero A, Molina-
Leyva A, Arias-Santiago S. Impact of Gloves and Mask Use on Epidermal Barrier
Function in Health Care Workers. Dermatitis. 2021;32(1):57-62.

Rundle CW, Presley CL, Militello M, et al. Hand hygiene during COVID-19:
Recommendations from the American Contact Dermatitis Society. J Am Acad
Dermatol. 2020;83(6):1730-1737.

Larson EL, Cohen B, Baxter KA. Analysis of alcohol-based hand sanitizer delivery
systems: efficacy of foam, gel, and wipes against influenza A (H1N1) virus on hands.
Am J Infect Control. 2012;40(9):806-809.

Prince-Guerra JL, Nace ME, Lyles RH, et al. Both Handwashing and an Alcohol-Based
Hand Sanitizer Intervention Reduce Soil and Microbial Contamination on Farmworker
Hands during Harvest, but Produce Type Matters. Appl Environ Microbiol. 2020;86(18).
Suchomel M, Eggers M, Maier S, Kramer A, Dancer SJ, Pittet D. Evaluation of World
Health Organization-Recommended Hand Hygiene Formulations. Emerg Infect Dis.
2020;26(9):2064-2068.

The World Health Organisation. WHO guidelines on hand hygiene in health care
[Internet]. 2009 [cited 2021 Jan 21]. Available from:
https://www.who.int/publications/i/item/9789241597906.

Loden M. Ethanol-Based Disinfectants Containing Urea May Reduce Soap Sensitivity.
Dermatitis. 2020;31(5):328-332.

Cowdell F, Jadotte YT, Ersser SJ, 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.

Weidinger S, Novak N. Atopic dermatitis. Lancet. 2016;387(10023):1109-1122.

Rey S, Gémez E, Mufioz-Cimadevilla H, Hevia D. Fast and Accurate Electrochemical
Measurement of Total Antioxidant Capacity as an Alternative to Spectrophotometrical
Methods. Biomed J Sci Techn Res. 2018;11(18):8376.

Gupta V, Sharma VK. Skin typing: Fitzpatrick grading and others. Clin Dermatol.
2019;37(5):430-436.

The World Health Organisation. Protocol for Evaluation of tolerability and acceptability
of alcohol-based handrub in use or planned to be introduced: Method 1 [Internet].
2009 [cited 2021 Jan 21]. Available from:

https://www.who.int/gpsc/5may/Protocol for Evaluation of Handrub Methl.doc?u
a=1.

Neyeloff JL, Fuchs SC, Moreira LB. Meta-analyses and Forest plots using a microsoft
excel spreadsheet: step-by-step guide focusing on descriptive data analysis. BMIC Res
Notes. 2012;5:52.

Tagami H. Location-related differences in structure and function of the stratum
corneum with special emphasis on those of the facial skin. Int J Cosmet Sci.
2008;30(6):413-434.

Logger JGM, Munchhoff CU, Olydam JI, Peppelman M, Van Erp PEJ. Anatomical site
variation of water content in human skin measured by the Epsilon: A pilot study. Skin
Res Technol. 2019;25(3):333-338.

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

Ya-Xian Z, Suetake T, Tagami H. Number of cell layers of the stratum corneum in
normal skin - relationship to the anatomical location on the body, age, sex and physical
parameters. Arch Dermatol Res. 1999;291(10):555-559.

Song Y, Pan Y, Wang H, Liu Q, Zhao H. Mapping the face of young population in China:
Influence of anatomical sites and gender on biophysical properties of facial skin. Skin
Res Technol. 2019;25(3):325-332.

178



118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

Rawlings AV, Matts PJ. Stratum corneum moisturization at the molecular level: an
update in relation to the dry skin cycle. J Invest Dermatol. 2005;124(6):1099-1110.

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

Machkova L, Svadlak D, Doleckova I. A comprehensive in vivo study of Caucasian facial
skin parameters on 442 women. Arch Dermatol Res. 2018;310(9):691-699.
Greenhalgh DG. A primer on pigmentation. J Burn Care Res. 2015;36(2):247-257.
Algiert-Zielinska B, Batory M, Skubalski J, Rotsztejn H. Evaluation of the relation
between lipid coat, transepidermal water loss, and skin pH. Int J Dermatol.
2017;56(11):1192-1197.

Gunathilake R, Schurer NY, Shoo BA, et al. pH-regulated mechanisms account for
pigment-type differences in epidermal barrier function. J Invest Dermatol.
2009;129(7):1719-1729.

Man MQ, Lin TK, Santiago JL, et al. Basis for enhanced barrier function of pigmented
skin. J Invest Dermatol. 2014;134(9):2399-2407.

Baumrin E, Mukansi MM, Sibisi C, Mosam A, Stamatas GN, Dlova NC. Epidermal barrier
function in healthy black South African infants compared with adults. Pediatr
Dermatol. 2018;35(6):e425-e426.

Kim H, Lee M, Park SY, Kim YM, Han J, Kim E. Age-related changes in lip morphological
and physiological characteristics in Korean women. Skin Res Technol. 2019;25(3):277-
282.

LeeY, Je Y], Lee SS, et al. Changes in transepidermal water loss and skin hydration
according to expression of aquaporin-3 in psoriasis. Ann Dermatol. 2012;24(2):168-
174.

Delfino M, Russo N, Migliaccio G, Carraturo N. [Experimental study on efficacy of
thermal muds of Ischia Island combined with balneotherapy in the treatment of
psoriasis vulgaris with plaques). Clin Ter. 2003;154(3):167-171.

Gran F, Kerstan A, Serfling E, Goebeler M, Muhammad K. Current Developments in the
Immunology of Psoriasis. Yale J Biol Med. 2020;93(1):97-110.

Choi JW, Kwon SH, Youn JI, Youn SW. Objective measurements of erythema, elasticity
and scale could overcome the inter- and intra-observer variations of subjective
evaluations for psoriasis severity. Eur J Dermatol. 2013;23(2):224-229.

Kim MA, Kim EJ, Lee HK. Use of SkinFibrometer((R)) to measure skin elasticity and its
correlation with Cutometer((R)) and DUB((R)) Skinscanner. Skin Res Technol.
2018;24(3):466-471.

Bozek A, Reich A. The reliability of three psoriasis assessment tools: Psoriasis area and
severity index, body surface area and physician global assessment. Adv Clin Exp Med.
2017;26(5):851-856.

Yatagai T, Shimauchi T, Yamaguchi H, et al. Sensitive skin is highly frequent in extrinsic
atopic dermatitis and correlates with disease severity markers but not necessarily with
skin barrier impairment. J Dermatol Sci. 2018;89(1):33-39.

Laudanska H, Reduta T, Szmitkowska D. Evaluation of skin barrier function in allergic
contact dermatitis and atopic dermatitis using method of the continuous TEWL
measurement. Rocz Akad Med Bialymst. 2003;48:123-127.

Gupta J, Grube E, Ericksen MB, et al. Intrinsically defective skin barrier function in
children with atopic dermatitis correlates with disease severity. J Allergy Clin Immunol.
2008;121(3):725-730 e722.

Jungersted JM, Scheer H, Mempel M, et al. Stratum corneum lipids, skin barrier
function and filaggrin mutations in patients with atopic eczema. Allergy.
2010;65(7):911-918.

179



137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

Knor T, Meholjic-Fetahovic A, Mehmedagic A. Stratum corneum hydration and skin
surface pH in patients with atopic dermatitis. Acta Dermatovenerol Croat.
2011;19(4):242-247.

Thyssen JP, Kezic S. Causes of epidermal filaggrin reduction and their role in the
pathogenesis of atopic dermatitis. J Allergy Clin Immunol. 2014;134(4):792-799.
Brunner PM, Guttman-Yassky E, Leung DY. The immunology of atopic dermatitis and
its reversibility with broad-spectrum and targeted therapies. J Allergy Clin Immunol.
2017;139(4S):S65-576.

Yazdanparast T, Yazdani K, Humbert P, et al. Biophysical Measurements and
Ultrasonographic Findings in Chronic Dermatitis in Comparison with Uninvolved Skin.
Indian J Dermatol. 2019;64(2):90-96.

Van Doren SR. Matrix metalloproteinase interactions with collagen and elastin. Matrix
Biol. 2015;44-46:224-231.

Hon KL, Kung JSC, Tsang KYC, Yu JWS, Cheng NS, Leung TF. Do we need another
symptom score for childhood eczema? J Dermatolog Treat. 2018;29(5):510-514.

Hon KL, Kung J, Ng WG, Tsang K, Cheng NS, Leung TF. Are skin equipment for assessing
childhood eczema any good? J Dermatolog Treat. 2018:1-15.

Hon KL, Lam PH, Ng WG, et al. Age, sex, and disease status as determinants of skin
hydration and transepidermal water loss among children with and without eczema.
Hong Kong Med J. 2020;26(1):19-26.

Rehbinder EM, Advocaat Endre KM, Lodrup Carlsen KC, et al. Predicting Skin Barrier
Dysfunction and Atopic Dermatitis in Early Infancy. J Allergy Clin Immunol Pract.
2020;8(2):664-673 e665.

Kelleher M, Dunn-Galvin A, Hourihane JO, et al. Skin barrier dysfunction measured by
transepidermal water loss at 2 days and 2 months predates and predicts atopic
dermatitis at 1 year. J Allergy Clin Inmunol. 2015;135(4):930-935 e931.

Ozawa M, Ferenczi K, Kikuchi T, et al. 312-nanometer ultraviolet B light (narrow-band
UVB) induces apoptosis of T cells within psoriatic lesions. J Exp Med. 1999;189(4):711-
718.

Chen HK, Waite GN, Miller PL, Hughes EF, Waite LR. Monitoring temperature and light
exposure of biosamples exposed to ultraviolet and low energy radiation. Biomed Sci
Instrum. 2007;43:312-317.

Kwon IH, Kwon HH, Na SJ, Youn JI. Could colorimetric method replace the individual
minimal erythemal dose (MED) measurements in determining the initial dose of
narrow-band UVB treatment for psoriasis patients with skin phototype I1I-V? J Eur
Acad Dermatol Venereol. 2013;27(4):494-498.

Kwon IH, Woo SM, Choi JW, Kwon HH, Youn JI. Recovery from tanning induced by
narrow-band UVB phototherapy in brown-skinned individuals with psoriasis: twelve-
month follow-up. J Dermatol Sci. 2010;57(1):12-18.

Montero-Vilchez T, Soler-Gongora M, Martinez-Lopez A, et al. Epidermal barrier
changes in patients with psoriasis: The role of phototherapy. Photodermatol
Photoimmunol Photomed. 2021;37(4):285-292.

Pektas SD, Akoglu G, Metin A, Neselioglu S, Erel O. Evaluation of systemic
oxidant/antioxidant status and paraoxonase 1 enzyme activities in psoriatic patients
treated by narrow band ultraviolet B phototherapy. Redox Rep. 2013;18(5):200-204.
Balato A, Ayala F, Bruze M, et al. European Task Force on Contact Dermatitis
statement on coronavirus 19 disease (COVID-19) outbreak and the risk of adverse
cutaneous reactions. J Eur Acad Dermatol Venereol. 2020.

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

180



155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

Long H, Zhao H, Chen A, Yao Z, Cheng B, Lu Q. Protecting medical staff from skin
injury/disease caused by personal protective equipment during epidemic period of
COVID-19: experience from China. J Eur Acad Dermatol Venereol. 2020;34(5):919-921.
Guertler A, Moellhoff N, Schenck TL, et al. Onset of occupational hand eczema among
healthcare workers during the SARS-CoV-2 pandemic - comparing a single surgical site
with a COVID-19 intensive care unit. Contact Dermatitis. 2020.

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

Hamming |, Timens W, Bulthuis ML, Lely AT, Navis G, van Goor H. Tissue distribution of
ACE2 protein, the functional receptor for SARS coronavirus. A first step in
understanding SARS pathogenesis. J Pathol. 2004;203(2):631-637.

Xue X, Mi Z, Wang Z, Pang Z, Liu H, Zhang F. High expression of ACE2 on the
keratinocytes reveals skin as a potential target for SARS-CoV-2. J Invest Dermatol.
2020.

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:e13310.

Gheisari M, Araghi F, Moravvej H, Tabary M, Dadkhahfar S. Skin Reactions to Non-
glove Personal Protective Equipment: An Emerging Issue in the COVID-19 Pandemic. J
Eur Acad Dermatol Venereol. 2020.

Szepietowski JC, Matusiak L, Szepietowska M, Krajewski P, Bialynicki-Birula R. Face
Mask-induced Itch: A Self-questionnaire Study of 2,315 Responders During the COVID-
19 Pandemic. Acta Derm Venereol. 2020.

Narang |, Sardana K, Bajpai R, Garg VK. 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.

Jung S, Schleusener J, Knorr F, et al. Influence of polyester spacer fabric, cotton,
chloroprene rubber, and silicone on microclimatic and morphologic physiologic skin
parameters in vivo. Skin Res Technol. 2019;25(3):389-398.

Cherrie JW, Apsley A, Cowie H, et al. Effectiveness of face masks used to protect
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? J Korean Med Sci. 2020;35(20):e186.

Winnefeld M, Richard MA, Drancourt M, Grob JJ. Skin tolerance and effectiveness of
two hand decontamination procedures in everyday hospital use. Br J Dermatol.
2000;143(3):546-550.

Pedersen LK, Held E, Johansen JD, Agner T. Less skin irritation from alcohol-based
disinfectant than from detergent used for hand disinfection. Br J Dermatol.
2005;153(6):1142-1146.

Plum F, Yuksel YT, Agner T, Norreslet LB. Skin barrier function after repeated short-
term application of alcohol-based hand rub following intervention with water
immersion or occlusion. Contact Dermatitis. 2020;83(3):215-219.

Pedersen LK, Held E, Johansen JD, Agner T. Short-term effects of alcohol-based
disinfectant and detergent on skin irritation. Contact Dermatitis. 2005;52(2):82-87.
Loffler H, Kampf G, Schmermund D, Maibach HI. How irritant is alcohol? Br J Dermatol.
2007;157(1):74-81.

Jing JLJ, Yi TP, Bose RJC, McCarthy JR, Tharmalingam N, Madheswaran T. Hand
sanitizers: A review on formulation aspects, adverse effects, and regulations.
International Journal of Environmental Research and Public Health. 2020;17(9).

Ye C, YiJ, Lai W, Zheng Y. Skin barrier damaging and repairing process: A new
application field of dermoscopy. J Cosmet Dermatol. 2021;20(3):897-905.

181



174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

Zhu H, Jung EC, Phuong C, Hui X, Maibach H. Effects of soap-water wash on human
epidermal penetration. J Appl Toxicol. 2016;36(8):997-1002.

Young IS. Measurement of total antioxidant capacity. J Clin Pathol. 2001;54(5):339.
Pellegrini N, Vitaglione P, Granato D, Fogliano V. Twenty-five years of total antioxidant
capacity measurement of foods and biological fluids: merits and limitations. J Sci Food
Agric. 2020;100(14):5064-5078.

Zaragoza M, Salles M, Gomez J, Bayas JM, Trilla A. Handwashing with soap or alcoholic
solutions? A randomized clinical trial of its effectiveness. Am J Infect Control.
1999;27(3):258-261.

Jain VM, Karibasappa GN, Dodamani AS, Prashanth VK, Mali GV. Comparative
assessment of antimicrobial efficacy of different hand sanitizers: An in vitro study.
Dent Res J (Isfahan). 2016;13(5):424-431.

Golin AP, Choi D, Ghahary A. Hand sanitizers: A review of ingredients, mechanisms of
action, modes of delivery, and efficacy against coronaviruses. Am J Infect Control.
2020;48(9):1062-1067.

Wilkinson MAC, Kiernan MA, Wilson JA, Loveday HP, Bradley CR. Assessment of the
efficacy of a patient hand wipe: development of a test method. J Hosp Infect.
2018;98(4):339-344.

Ory J, Zingg W, de Kraker MEA, Soule H, Pittet D. Wiping Is Inferior to Rubbing: A Note
of Caution for Hand Hygiene With Alcohol-Based Solutions. Infect Control Hosp
Epidemiol. 2018;39(3):332-335.

Tarka P, Gutkowska K, Nitsch-Osuch A. Assessment of tolerability and acceptability of
an alcohol-based hand rub according to a WHO protocol and using apparatus tests.
Antimicrob Resist Infect Control. 2019;8:191.

Gon G, Virgo S, de Barra M, et al. Behavioural Determinants of Hand Washing and
Glove Recontamination before Aseptic Procedures at Birth: A Time-and-Motion Study
and Survey in Zanzibar Labour Wards. Int J Environ Res Public Health. 2020;17(4).
Swaminathan R, Mukundadura BP, Prasad S. Impact of enhanced personal protective
equipment on the physical and mental well-being of healthcare workers during COVID-
19. Postgrad Med J. 2020.

Pei S, Xue Y, Zhao S, et al. Occupational skin conditions on the front line: a survey
among 484 Chinese healthcare professionals caring for Covid-19 patients. J Eur Acad
Dermatol Venereol. 2020;34(8):e354-e357.

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. BrJ Dermatol. 2020;183(1):190-192.

Lan J, Song Z, Miao X, et al. Skin damage among health care workers managing
coronavirus disease-2019. Journal of the American Academy of Dermatology.
2020;82(5):1215-1216.

Daye M, Cihan FG, Durduran Y. Evaluation of skin problems and dermatology life
quality index in health care workers who use personal protection measures during
COVID-19 pandemic. Dermatol Ther. 2020:e14346.

Techasatian L, Lebsing S, Uppala R, et al. The Effects of the Face Mask on the Skin
Underneath: A Prospective Survey During the COVID-19 Pandemic. J Prim Care
Community Health. 2020;11:2150132720966167.

Chaiyabutr C, Sukakul T, Pruksaeakanan C, Thumrongtharadol Waranya Boonchai J.
Adverse skin reactions following different types of mask usage during the COVID-19
pandemic. J Eur Acad Dermatol Venereol. 2020.

Matusiak t, Szepietowska M, Krajewski P, Biatynicki-Birula R, Szepietowski JC.
Inconveniences due to the use of face masks during the COVID-19 pandemic: A survey
study of 876 young people. Dermatologic Therapy. 2020;33(4).

182



192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

Alsaidan MS, Abuyassin AH, Alsaeed ZH, Alshmmari SH, Bindaaj TF, Alhababi AA. The
Prevalence and Determinants of Hand and Face Dermatitis during COVID-19 Pandemic:
A Population-Based Survey. Dermatol Res Pract. 2020;2020:6627472.

Dindarloo K, Aghamolaei T, Ghanbarnejad A, et al. Pattern of disinfectants use and
their adverse effects on the consumers after COVID-19 outbreak. J Environ Health Sci
Eng. 2020:1-10.

Altunisik Toplu S, Altunisik N, Turkmen D, Ersoy Y. Relationship between hand hygiene
and cutaneous findings during COVID-19 pandemic. J Cosmet Dermatol. 2020.

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.

Pourani MR, Nasiri S, Abdollahimajd F. Prevalence of hand contact urticaria and
related risk factors among healthcare workers during the COVID-19 pandemic: A self-
reported assessment. Dermatol Ther. 2020:e14367.

Metin N, Turan C, Utlu Z. Changes in dermatological complaints among healthcare
professionals during the COVID-19 outbreak in Turkey. Acta Dermatovenerol Alp
Pannonica Adriat. 2020;29(3):115-122.

Erdem Y, Altunay IK, Aksu Cerman A, et al. The risk of hand eczema in healthcare
workers during the COVID-19 pandemic: Do we need specific attention or prevention
strategies? Contact Dermatitis. 2020;83(5):422-423.

Yu J, Chen JK, Mowad CM, et al. Occupational dermatitis to facial personal protective
equipment in health care workers: A systematic review. J Am Acad Dermatol.
2021;84(2):486-494.

Kim J, Yoo S, Kwon OS, Jeong ET, Lim JM, Park SG. Influence of quarantine mask use on
skin characteristics: One of the changes in our life caused by the COVID-19 pandemic.
Skin Res Technol. 2020.

Simonsen AB, Ruge IF, Quaade AS, Johansen JD, Thyssen JP, Zachariae C. Increased
occurrence of hand eczema in young children following the Danish hand hygiene
recommendations during the COVID-19 pandemic. Contact Dermatitis. 2020.

Borch L, Thorsteinsson K, Warner TC, et al. COVID-19 reopening causes high risk of
irritant contact dermatitis in children. Dan Med J. 2020;67(9).

Alluhayyan OB, Alshahri BK, Farhat A, et al. Occupational-Related Contact Dermatitis:
Prevalence and Risk Factors Among Healthcare Workers in the Al'Qassim Region, Saudi
Arabia During the COVID-19 Pandemic. Cureus. 2020;12(10).

Warshaw EM, Schlarbaum JP, Silverberg JI, et al. Contact Dermatitis to Personal Care
Products is Increasing (but Different!) in Males and Females: North American Contact
Dermatitis Group (NACDG) Data, 1996-2016. J Am Acad Dermatol. 2020.

Moscato G, Apfelbacher C, Brockow K, et al. Gender and occupational allergy: Report
from the task force of the EAACI Environmental and Occupational Allergy Interest
Group. Allergy. 2020;75(11):2753-2763.

Matusiak t, Szepietowska M, Krajewski P, Biatynicki-Birula R, Szepietowski JC.
Inconveniences due to the use of face masks during the COVID-19 pandemic: A survey
study of 876 young people. Dermatol Ther. 2020;33(4):e13567.

O'Neill H, Narang |, Buckley DA, et al. Occupational dermatoses during the Covid-19
pandemic: a multicentre audit in the UK and Ireland. Br J Dermatol. 2020.

Qaseem A, Etxeandia-lkobaltzeta |, Yost J, et al. Use of N95, Surgical, and Cloth Masks
to Prevent COVID-19 in Health Care and Community Settings: Living Practice Points
From the American College of Physicians (Version 1). Ann Intern Med.
2020;173(8):642-649.

Zhou N, Yang L, Li Y, et al. Hydrogel patches alleviate skin injuries to the cheeks and
nasal bridge caused by continuous N95 mask use. Dermatol Ther. 2020.

183



210.

211.

212.

213.

Yildiz A, Karadag A, Yildiz A, Cakar V. Determination of the effect of prophylactic
dressing on the prevention of skin injuries associated with personal protective
equipments in health care workers during COVID-19 pandemic. J Tissue Viability. 2020.
Dong L, YangL, Li Y, et al. Efficacy of hydrogel patches in preventing facial skin damage
caused by mask compression in fighting against coronavirus disease 2019: a short-
term, self-controlled study. J Eur Acad Dermatol Venereol. 2020.

Balato A, Ayala F, Bruze M, et al. European Task Force on Contact Dermatitis
statement on coronavirus disease-19 (COVID-19) outbreak and the risk of adverse
cutaneous reactions. J Eur Acad Dermatol. 2020;34(8):e353-e354.

Korn EL, Freidlin B. Adaptive Clinical Trials: Advantages and Disadvantages of Various
Adaptive Design Elements. J Natl Cancer Inst. 2017;109(6).

184



