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Abstract

Targeted ultraviolet (UV) phototherapy has been used in the management
of a wide variety of dermatological clinical conditions including moderate to
severe psoriasis unresponsive to topical therapies, vitiligo, severe atopic
dermatitis and lymphoproliferative disorders. To date there are no uniform,
standardised guidelines for the selection and decontamination process for
UV personal protective equipment (PPE) and facial shields used in photo-
therapy. In the current climate, Coronavirus 2019 (COVID-19) pandemic,
standards regarding all decontamination and disinfection processes are
under significant scrutiny. In terms of the UV-PPE and facial shields used in
phototherapy, careful disinfection procedures need to be implemented to
ensure that the decontamination practice is effective enough to neutralise
the virulent virus whilst maintaining maximal protection to the user from UV-
rays and safeguard the equipment from damage during the cleaning pro-
cess. The aim of this report is to provide an evidence based review of the
current and international practice standards guiding the selection, use and
decontamination processes of UV facial shields in phototherapy. The
complications and concerns that the COVID-19 pandemic has had on this
practice is highlighted. As such, we performed a comprehensive evaluation
of the literature to provide recommendations as to the most effective, time
efficient and safest practices for disinfection and decontamination of UV
facial shields used in phototherapy during these unprecedented times.

phototherapy. With a vast number of facial shields

UV-radiation (UVR), commonly used for many derma-
tological conditions can lead to potentially damaging and
harmful biological effects. As such, it is recommended
that UV protective facial shields in combination with other
forms of PPE be worn to protect both skin and eyes
during treatment. There is a paucity in the literature
guiding the selection process and safety specifications
required for the PPE and facial shields worn in

available, it is incumbent that all phototherapy de-
partments are aware of the safety qualities and stan-
dards required to provide optimum protection for patients
undergoing treatment to avoid unnecessary harm.

To date, there are no standardised protocols or
guidelines regarding the decontamination methods used
for UV facial shields or PPE in phototherapy. With the
rapidly emergent nature of the novel Coronavirus Dis-
ease 2019 (COVID-19) there has been a concerted effort
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to find viable means of conserving PPE, including disin-
fection after use. As the incidence of COVID-19 expo-
nentially increases so too has the demand for PPE
causing concern with supply meeting demand. To
manage this, the literature became populated with novel
innovative methods of preserving PPE, with new disin-
fection and decontamination processes. However, the
UV-PPE used in phototherapy requires extra care and
caution as incorrect disinfection practices can result in
damage to the structural integrity of the equipment
impacting its protective qualities."™ Thus far, most
dermatological phototherapy units employ simple effec-
tive cleaning measures guided by local microbiology,
infection control and medical physics departments. Such
processes include the use of soap, water and soft micro-
fibre cloths or a variety of sterile antibacterial cleansing
wipes. However, there has been concerns if these
measures are sufficientto neutralise the COVID-19 virus.

Herein, with this report we provide guidance for
phototherapy units on the safety standards and speci-
fications required of UV facial shields employed in
phototherapy. Following a comprehensive evaluation of
the literature, we divulge the optimum disinfection and
decontamination practices used for UV facial shields
with reference to the challenges generated by the
COVID-19 pandemic.

2 | RESEARCH OBJECTIVES AND
METHODS

An initial survey was undertaken of the practices and
policies of our local phototherapy units, to determine the
selection process and disinfection practices employed in
terms of UV PPE, with reference to the COVID-19
pandemic.

A comprehensive literature review was undertaken,
to identify international standards, guidelines, and pol-
icies to compare with local practices. References iden-
tified though the Medline, PubMed, Embase and
CENTRAL databases. Scientific studies and research
reports in peer-reviewed journals were identified using
relevant medical subject headings (MeSH) and field
codes defining our clinical question. In addition, data
from policy studies and briefs published by organisations
including the Central Disease Control (CDC), World
Health Organisation (WHO) were complied.

The eligibility criteria used for our literature review
process involved the ‘population, interventions, com-
parisons, outcomes and study type’ guideline. Our pop-
ulation cohort included all adults (over 16 years)
undergoing UV phototherapy for dermatological skin
conditions requiring the use of UV-PPE face shields
during the COVID-19 pandemic period, dating January
2020 to September 2020. The intervention involved all
decontamination practices, including chemical and
physical disinfection processes. Comparisons were

What is already known about this topic?

e Evidence and research is very limited in the
area of Ultra-violent(UV)-personal protective
equipment (PPE) selection in phototherapy.
The range of face shields and visors available
is vast, but despite this no guidelines have
been published outlining the recommended
specifications to consider in this process. In
the era of COVID-19, the literature has
become populated with extensive and novel
disinfection and decontamination practices
for PPE. However, in phototherapy care
consideration into this practice is required not
only to ensure the eradication of the virulent
virus to prevent spread but to ensure that UV
protection standards of the PPE used, is not
damaged during this process.

What does this study add?

e No standardised guidelines or protocols
regarding the selection process or decon-
tamination process of PPE or face shields
used in phototherapy published to date.
During the COVID-19 pandemic, PPE pres-
ervation and decontamination processes un-
derwent significant scrutiny. In phototherapy
the PPE requires extreme care, as incorrect
disinfection practices can result in structure
damage to the equipment reducing UV pro-
tection to the user. We report a comprehen-
sive review and guideline into the
specifications and selection process involved
in PPE and face shield selection in photo-
therapy in addition to outlining the most safe
and effective methods of UV-PPE decon-
tamination, in the era of COVID-19.

possible evaluating different disinfection methods and
practices used in different healthcare facilities and
research units. The outcome was disinfection efficacy,
viral (COVID-19) neutralisation and the maintenance of
the UV-PPE structural safety for the users. There were
no restrictions placed on study type, owing to the limited
data available on this subject matter.

3 | RESULTS
3.1 | Part 1: UV facial shield selection

A thorough evaluation of the current UV facial shield
products available was performed, with reference to
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TABLE 1 Comparison of facial shield visor material

Material used

Visor features Polycarbonate Acetate PETG
Heat resistance il hll *

Impact resistance ol ** *
Chemical resistance =~ *** ** wx
Optical quality ** (180°C) ***(190°C) * (170°C)
Scratch resistance * bl *
Approximate cost Lowest Highest Moderate

Note: Measure of protection or quality offered by the material of the facial
shield visor.

*Poor/low; **Good/moderate; ***Best/highest.
References” 2744,

the various facial shield specifications and recom-
mendations to consider in a selection process. The
literature explores a number of factors to ruminate,
including the manufacturing visor material, the comfort
and fit, the UV waveband protection in addition to the
anti-fog, anti-glare and reflection qualities and the

compliance with international certification standards.*"
6

3.1.1 | Manufacturing visor material
Typically, facial shield visors are composed of durable
robust material like polycarbonate (PC), acetate,
polyethylene-terephthalate glycol (PETG) or less
commonly steel or nylon mesh. Additionally, the visor is
commonly treated with advanced coatings to offer anti-
glare, anti-fog and anti-scratch properties depending
on the intended use or application of the facial shield.*®
PC is a natural UV filter that effortlessly absorbs harmful
UVR providing superior resistance to heat, extremes of
temperature and impact, as such it has become the
material of choice for UV protective facial shields in
phototherapy.*”® Acetate offers a reasonable level of
protection from temperature, heat and UV exposure, it is
prided with superior visual clarity, with innate qualities of
anti-fog, glare and scratch when compared with PC.
Facial shields manufactured from PETG are robust and
durable with a lengthier shelf-life owing to their ability to
withstand a multitude of environmental stresses
including repeated decontamination processes. How-
ever the UV wavelength protection offered by PETG
(less than 340 nm) is considerably lower than that offered
by other materials available® (Table 1).

3.1.2 | Design and structure

The structural components of the facial shield involve
the visor material as described, the frame mount and

suspension system. Most phototherapy units advocate
for a lightweight plastic frame with an adjustable mount
for individual fit, with some manufacturers offering a
detachable mechanism for ease of cleaning. It is rec-
ommended from the Centre of Disease Control and
Preventions (CDC) that the dimensions of all UV facial
shields should span beyond the full length of the pa-
tients face including chin and crown areas and extend
to the lateral aspect of the ears at a minimum.'® The
appreciation of this standard is crucial, particularly
during the COVID-19 pandemic where disposable facial
shields such as Hybec’s Durham Medimask became an
interesting consideration to help manage infection
control. However, the lack of complete facial coverage
with this cone shaped shield does not comply with the
CDC guidance nor does it meet the UV protection
transmission requirement set out by the British Asso-
ciation of Dermatologists (BAD). Thus, precluding its
use in our phototherapy unit.

3.1.3 | UV protection

UVR as part of the electromagnetic radiation spectrum,
displays wavelengths ranging from 100 to 400 nm,
shorter than visible light and thus carrying more energy.
At specific wavelengths, UVR can exert biological ef-
fects at molecular levels which can lead to observable
clinical effects. UVR wavelengths are broadly sub-
divided into three specific bands: Ultraviolet-A (UVA)
ranging from 315 to 400 nm; Ultraviolet-B (UVB) from
280 to 315 nm; and Ultraviolet-C (UVC) 100-280 nm.""
UVR light penetration is critical in phototherapy, with
UVB primarily acting at the epidermis and epidermo-
dermal junction and UVA, due to its longer wave-
lengths, able to penetrate through the epidermis
significantly far into the dermis.'® The harmful effects of
UVR are extensively reported in literature, ranging from
mild adverse reactions including hyperpigmentation,
erythema, xerosis and pruritus to longer term risks of
photoaging and photo carcinogenesis.'®™"” Unfortu-
nately, there is no reported universal standard guiding
the exposure limits of UVR in phototherapy for patients.
The CDC outlines a broad recommendation to keep
ocular and facial exposure as low as possible, to
safeguard patients whilst ensuring the required level of
treatment is delivered to the intended areas. The BAD
and European international standards advise all PPE
used in phototherapy to offer, at a minimum protection
from UVR waveband dosages between 300 and
400 nm. The use of both facial shields in conjunction
with UV protective eyewear or goggles is further rec-
ommended.'®2° The BAD have outlined guidance for
the transmission limits of protective UV eyewear and
shields in phototherapy. At wavelengths at 390 nm the
transmission limit is reported at 10%, at 380 and
370 nm it is 5% and 2%, respectively and 1% at
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TABLE 2 UV-facial shield selection considerations in phototherapy

Facial shield selection considerations

Visor material

Comfort and fit

Anti-fog coating

Anti-scratch coating
Anti-reflective coating

UV protection

Care and maintenance

Certification

Price

References4—6.10,18,19.22—25,27,35,45—51

PC: Best heat and impact resistance

Acetate: Superior clarity and scratch resistance, chemical splash and impact protection
Propionate: Superior impact protection, stronger more robust

PETG: Economical options

Headband: Adjustable and flexible for circumference

Top band: Added depth for stability

Visibility: Thin film of polymers and hydrogels prevent fogging at temperature extremes
e Tested under the European certification EN 166/168 standard

Visibility: Durability and abrasion resistance

Visibility: Dissipate heat and remove glare

Wavelength range and maximal transmission limits (BAD recommendations)

e Below 360 nm —1%

e 361-370 nm —»2%

e 371-380 nm —5%

e 381-390 nm —>10%

Durability and re-worn

Disinfection and decontamination processes

e Soap and water (temperature controlled)

e Soft cloths, simple up and down strokes (avoid scratches especially with the PC facial shields)

e Anti-bacterial cleansing wipes—alternative option

e Caution: Some solvents damage PC
American national standards institute (ANSI)
e Masks marked with manufactures ID

e QOutlined ANSI Z87.1 section
o Mark Z87: Basic impact, resisting impact from 1 inch steel ball dropped height of 50 inches
o Mark Z87 +: High impact, resist impact from 0.25 inch steel ball at a velocity of 300 feet per second
(91.4 m/s)

e European standards (EN166) withstand impact from 6 mm steel ball at various speeds
e Mark A: 190 m/s

e Mark B: 120 m/s

e Mark C: 45 m/s

Regulation (EU) 2016/424 of the European Parliament and of the Council of the European Union
e Structure and design

e Storage and purpose of use of PPE

e Relevant UV protection factor number marked on PPE

e CE marking and EU declaration of conformity must be affixed to each individual PPE
European Union PPE Regulation 2018

e Sl no. 136/2018

Cost effective

e Single patient use, disposable

e Decontamination and disinfection process

e Storage



GRANAHAN ET AL.

(senunuo))

(s
|B4NJONJIS) JUBWUOIIAUS |00
‘yieq :sjuswsaiinbai abelols |nyaie)

(s
[BAN1oNJ}S) JUSWUOIIAUS 00D
‘yiep :sjuswalinbai abelols |nyaie)

jueldwosuou
SpJepueis N3 pue Avd
juswaiinbai
olji0ads abelols pue
Buiues|n ‘uonosioid AN ueyl
Jayies suopelado [euisnpul o}
a|geuns alow ‘ubisap 1snqos Aying

el dwosuou
spiepueis N3 pue Avd
ssa004d uonosjuIsIp oy1oads
juswalinbal abeiols |njasen

spJepuels N3 40 Ayg 1edw
10U S90p [9poW dJe dUddIe djuolg
uJaduod 11
ss9904d uonoajuIsIp ol10ads
swsalinbal abeioss |njesen

ulaouod L
8|qeuojwoduUN
—SpJaIys [el08} J8YI0 Uey) JoInesH

$s$920.1d UOROBJUISIP JIH108dS

swsalinbal abeiois |njesen
el dwosuou

spJepuels N3 pue Avd

jewndogns abelanod |esareT]

syoeqme.q

[euondo :Buieod sus| ‘Ies| Jull SUsT

8ouBSISal UojeIosS

pue aJe|b-nue ‘6oj-nuy :Buneod sue

Jes|D :ui sus

aoueilsisal Yyajelos

Boj-nue :Buieood sus| ‘Jes|) Ui} susT

(0,55 +

pue ),G—) sainjeiadwa) swalixa

‘uonosyoid 1oedwi Abiaus ybiH
alnjonils
a|qelsnlpe ‘UoISIA Jo pIal} ,081 SPIM

aouelsisal yojelos Boj-nue
:Buieoo sue 4s00 Mo| ‘plaIys
Bunin yum sjgeisnipe WBremyoI

suondo a|diynw

U sueT ‘eoue)sisal Yojelos
‘6oy-nue o} suondo :Buneoo sue

psenb ulyo ul ying ‘(suonisod

7842 UNM) }i} PSSILIOISND 8INd8s

‘(Ssued sjejow ou) oulOBIBIP %00 L

‘Juelsisel Jeay pue a|geinp SO

1} 81no8s a|gelsnipy
(uonoaloud

azey an|g) eaAnembuo| pue aAeBMUOYS

aouejsisal yoyesos ‘boy

-juy :buneod susT ‘Jes|) :ul] SusT
9|qeuojwo9
‘Wybramiyby ‘(ww oLz x gev
slayjo uey) Jabie| pjalys

JO suolsuswIp) pjal} [ENSIA BPIM

sjuswalinbai

abeiois oyoads ou ‘Ajquiesse Ase]
ss990.1d uonoB8jUISIP

spueisyim ‘e9|qesodsip 1S00 Mo

spyouag

(g 1oedwi) 991 N3
0ZF N3
30

(4 10edW]) 991 N3
0/} N3
Ef)

0L N3
‘99IN3 1'28Z INSVY
30

0Z1L N3 991 N3
L'L8Z INSY
30

991
N3 ‘0ZIN3 ‘69FN3
000¢:0060SI N3
010c—}'£8Z ISNV
30

HSOIN
986} 1'/8Z ISNV
30

L'/8Z ISNV

30

spiepuels
aoueldwo)

0Lt

081-0G}

SGE

vSe

0€9

6.

£€2'80%

HN
(6) wbram

SOA

SOA

09€e<

syibusjarem
|le 7L @yenbapeu|
ON

09¢e<

syibusjorem
|le 7L eyenbapeu|
ON

08¢
aA0Qe SUJeoU0D 1,
SOA

09¢
J9A0 1 8lenbapeu,

ON

SOA

oN

(L) sy
uoissjwisues} avg
ypm juendwod

00¥—08¢

00¥—08¢

uonoajoid

aAn pue
VAN %6°66
HN abuey

uonoajoid
aAn pue

VAN %666
4N ebuey

08€,—00¢

8zey anjq,
anembuo]

G9€.~¥S¢C

00¥—00¢

¥/.£-081

(wu) abuei
yibuajarem
dAN

od

8jele0y

Od

od

(uondo
81e19oe) Od

Od

Od

wyy onserd
aysodwod Jes|)

|elia1ew J0SIA

018S
X Inojuo)
wruounuan

46 269S
uounua)

Al
-Og ‘a1eydg Aoyes
wif18ses 8)jl0g

Idv40e1d
aNIT-9
wihlofes 9jj0g

(reoopiey
/Boj-nue) 01583
(peyeooun) 00S8S
ojuolg
wellomAsuoH

€08-0AN
widAN
'uar yihleuy

€08dAN
wLUoIsqo

€86H
ysewipapy weyng
w1090AH

PIaIys [e19e) AN

Adeisayloioyd ur pasn spjaiys [eloe} AN 0 spJepuels Alojes pue uoieooads € 3719V L



GRANAHAN ET AL.

DISEASE

6of12 |  SKINHEALTH

asn [elisnpul
J04—Ulom 8q i1snw sajoejoads
pue sasse|f) uonosjoid ainsua
0] 3dd Aiajes [euonippe saiinbay

sjuawaiinbai
uonoajuIsip pue abeioss oyoads
abewep Ajises suondo pajeooun
uonosjoid Alepuooass se
pasn aq 0} pasIApe ‘@sn [elisnpu|

(1 sse|o) uonoaloud
[e011108[© HNDIID YOYS pue
ysey} ore—paseq [elisnpul 0

asn
yibusianem ybiy yum uieouod 1
J0SIA/SUS)| JO Alejoylm Sanss|

06€
aA0Qe syibusjeneM UlIM UISou0d 1

s)yoeqgme.q

‘uonelpel-AN ‘HAN ‘8j01nelN ‘AN ‘ereuoqiedhjod ‘Od ‘paplodal Jou ‘YN ‘ylesH pue Ajejes [euonednooQ 4oy ainiisu| [euoneN ‘HSOIN ‘uolesipiepuels
Joy uonesiuebliQ [euoneulaiu] ‘0S| ‘uolun ueadoin3 ‘N3 ‘wiou ueadoing ‘NJ ‘euusadoins dHWIOUOD ‘J9 ‘isiBojorewsaq JO UOHBIDOSSY Yshiig ‘Qvg ‘InHIsSul Spiepuels [euoljeu Ueduawy ‘|SNY Suonelrnaiqay

1siw pue aielb ‘Boy

-ue ‘paleooun suondQ :Buneos sue
(esn

1oopINo pue Joopul) sieah G ueds a1
‘@oa1dpeay

10 18W|ay 10} 92IABP B|qBYOBNY

1siw
pue aJe|b ‘Boj-nue ‘payeosun Jo
suondQ :buneod sus| ‘Jes| ;un sua
Aungisia jusjjeoxe
—pla1ys jo adeys Buunojuod
‘(s)00] onaubew 1o SI9A3| [edlUBYD
-ow) suoido Junow oM}—jl} 8INd8S

1siw pue aielb ‘Boy

-juy :Buneod susT ‘Jes|n il sua
uondo

uonisod dn dijj—i3 81ndas pue a|qels

1es|n
Ul SUST 9|qepojwod ‘yBramyBi|
1500 Mmo| ‘(sjuswisnipe

30eq pue JUoly) 1} [ESIDAIUN

yojeltos-nue ‘are|b-iue ‘6o
-juy :Buieod suaT Jes|D :jul sua
(1oopino) teah |
(doopul) siesh g arewnss uedsayi
Ajqisia ojweloued
pueq JEams JOS Uim
1} 91qeuojwod ‘1oedwod wbiamybi

spyousg

0ZLN3 991N
L'/8Z ISNV
30

0ZIN3

99IN3

}'L8Z “+/8Z ISNV
30

0Z+N3 ‘991 N3
L'L8Z ISNV
30

0ZIN3
991IN3
L'/8Z ISNV

0LEN3 ‘89EN3T
‘/9LN3 ‘'99LN3
spiepuels
aoueldwo)

081 4N
06S SeA
0.g
9A0Qe uIBduod 1],
00¥ SOA
0.g
9A0Qe uJBduod 1],
L1 S9A
08e
B9A0Qe Suladuod 7]
HN SOA
(6) wybram (L) sy

uoissiwsuel} qvg
yum juerdwo)

dN

00¥—00¢

04€ «—00¢

0.€.—08¢

«08€.—08¢

(wu) abue.
yibuajaonem

dANn

00VVY IOV USZIA

od wilZied
GS/202-S

Od wiX3AN
98¢-OIN

Od winied
Kiejes v618€S

Od wiOMIeN
ve3

od wiolllqlS

[eLialew JOSIA  PISIYS [e198) AN

(penuURUOD) € 319V L



GRANAHAN ET AL.

SKIN HEALTH

DISEASE | 7of12

wavelengths shorter than 360 nm.?' Considering this, it
has been demonstrated that the most protective facial
shields meeting these requirements include the
Oberon™ UVP803 and Centurion™ Contour both of-
fering UV transmission protection up to 400 nm and the
Honeywell™ UVEX Bionic offering 380 nm. The Durh-
man Hybecs’medimask and the Bolles’ facial shield
whilst offering a suitably secure and patient-reported
comfortable fit it was revealed that neither comply
with the BAD transmission requirements.*

3.1.4 | Certification

There are a variety of international certification awarded
to UV PPE that meet and comply with specific stan-
dards. These qualifications have been published
extensively by European committee for standardisation
(CEN) awarding the European norm (EN) and the
European economic area certification (CE) and by the
American national standard institute (ANSI).%?? These
standards, the CE, EN and ANSI test the mechanical
strength, durability and resistance as well as safety of
the relevant PPE against environmental insults, bio-
hazards and high speed UVR particles.®2*25 Although
achieving these certification marks is not an absolute
requirement for PPE or facial shields, it is strongly
recommended that all phototherapy departments
ensure compliance with the relevant scale and the
EN170 at a minimum.2® Herein, we can summarise that
the UV facial shields should be composed of PC or
acetate material with an adjustable and/or detachable
head-mount system. We recommend the use of facial
shields with international accredited standards like CE,
EN or ANSI and in compliance with the BAD guidelines,
provide UV protection up to 400 nm (Tables 2 and 3).

3.2 | Part 2: Decontamination methods
In the current COVID-19 pandemic, concerns regarding
the durability, reusability and decontamination practices
of the UV facial shields in phototherapy became rising
concern. Questioning the efficacy of current decon-
tamination practices and the ability of the facial shields
to withstand repeated cleaning processes, to ensure
the eradication of the virulent virus whilst maintaining
integrity of the shields structure.

3.2.1 | Soap and water

Disinfection and decontamination processes for UV
facial shields are guided by the manufacturing com-
pany. This process can involve the use of a plain soap
and water, an environmental protection agency (EPA)
approved or similar disinfectant or cleanser or an

isopropyl based alcohol disinfection agent.?®2” These
methods must then be reviewed and approved by local
infection control and medical physics departments, to
ensure complete eradication of potential pathogens
whilst maintaining the structural integrity of the UV
PPE."®2® However, the virulent COVID-19 pathogen
has highlighted concerns regarding the safest and most
effective decontamination processes for UV facial
shields.'®?” Limited literature and studies have been
published to date in this regard, with a significant
paucity of structured guidelines for decontamination
processes for UV facial shields outside the
manufacturing companies guide.

Few investigative studies have reported favourable
results regarding the use of soap and warm water as a
decontamination process for PPE and UV facial
shields. These studies outline methods of submerging
the facial shield in warm soap water and using a gentle
soft micro-fibre cloth to wipe the surface clear. How-
ever, comparative analysis between these studies is
confounded by the global differences of the variety of
ingredients used in the soaps as well as the inconsis-
tent techniques used in terms of water temperature and
duration of submersion in addition to the diverse range
of training facilities available to those performing the
decontamination process.?’~3°

Surface disinfectant solution, spray or wipes are
often used for UV facial shield cleaning process.
Cleansing products that contain ammonium or that are
high alcohol content must be used with caution as may
lead to irreversible damage to the structure of the facial
shield compromising the UVR protection. Similarly,
there is a reported risk with these products creating
visible film or residue on the surface of the facial shield
that if not rinsed or cleaned in a timely fashion, can
impair visual quality.’®?”*° Time and duration of use
with the accepted disinfectant spray or wipe is critical,
with studies reporting a required wet-contact time
ranging from 30 s up to 4 min depending on the
composition of the solution used.

There are very few studies analysing the effectivity
of these techniques; soap, water or disinfection solution
on UV facial shields to eradicate COVID-19?7%°
(Table 4). An International Czech based laboratory,
SYNLAB in conjunction with University of chemistry and
technology in Prague conducted a study evaluating the
most effective method of disinfection against COVID-19
using the Czech manufactured ‘Prusa’ UV facial shield.
Recommendations from this study suggest the use of
hydrogen peroxide at 25% strength for 5 min for suc-
cessful bacterial and viral elimination, sodium hypo-
chlorite 0.01% for 2 min, WHO 75% Isopropanol (IPA)
hand-rub disinfection for 5 min. UVC focussed decon-
tamination methods using wavelengths below 280 nm
for 15 min also showed positive results, with complete
elimination of all bacterial and viral pathogens. Inter-
estingly, Autoclave (AC) disinfection techniques, both



80of12 | SN HEALTH DISEASE

GRANAHAN ET AL.

hot AC (temperatures adjusted to 120°C, pressure
setting at 200°kPa) and cold AC (temperature set at 60°
C) were not recommended leading to significant shield
structural deformation. Similarly, ethanol-based disin-
fection solutions with measured strengths of 81%—
100% resulted in structural abnormalities of the facial
shield and reduced protection against UVR based
phototherapy.®°~32

In early March 2020, the environmental protection
agency (EPA) released the initial ‘List N’ of disin-
fectants for use against SARS-CoV-2. The qualifying
germicidal, disposable Sani-cloth wipes revealed a 3-
log reduction against COVID-19 following a 1 min
contact time. As such, offers a safe, effective and
time-efficient method of disinfection for UV facial
shields. However, to avoid any surface scratches it

TABLE 4 Recommendations of disinfection process for facial shields by manufacturing companies

Disinfection and decontamination recommendations

Facial shield
manufacturer

Hysec™ limited

Oberon™

Face shield
Analytik Jena UVP™

Honeywell™

Bolle Safety™

Centurion™

Sibille™

Neiko™

Facial shield model

Durham Medimask,
H983

UVP803

uvC-803
Bionic
S8500 (uncoated)

S$8510 (anti-fog/
hardcoat)

B-Line,
BL20FAPISafety
Sphere 2C-1.2

Contour X1
S$592 9” and S810
Flip up E24 PC

53819A safety face
shield

Disinfection and care

Warm water and soap
Sani cleansing wipes
Disposable—individual use only

Damp soft cloth wipe away visible grit/debris—flush with room temperature tap
water

Air or tap dry with soft cloth

Other options:

- Isopropy! alcohol (lysol wipe)
5 min wet-contact

- 2% Clorox Bleach (sodium hypochlorite NaOCL)
2 min wet-contact

No specific instructions outlined

Mild detergent in warm water

Clean soft cloth wipe

Cautioned scratch risk

Rinse with cold water to remove visible dust, debris
Cleaning solution, impregnated wipes

Micro-fibre soft cloth to dry

Avoid hot water

Avoid solvents, detergent, alcohol based agents outside recommended cleaning
products:

B-Clean Bolle products:
e Aqua formula
e Silicone and alcohol free

e Mix: 5-Chloro-2-methyl-2H —isothiazol-3-one and 2-methyl-2H —isothiazol-3-
one (3:1)

Rinse warm water (temperature 30° C max)
Gentle soft microfiber cloth
Air Dry (max temperature 30)

No specific instructions outlined



GRANAHAN ET AL.

SKIN HEALTH

DISEASE | 9of 12

TABLE 4 (Continued)

Disinfection and decontamination recommendations

Simple use of soap and lukewarm water (soap type not specified)

Emsurse for 5 min

Gentle cloth (type not specified)

Rinse warm water (temperature 30° Cel max)

Gentle soft microfiber cloth

Air Dry (max temperature 30)

Catu™ MO-286
Air dry
PetzI™ Vizen face shield
A014AA00
Referencess—7,19,24,26,27,31 44,52 53

Hybec Limited, Hospital Lamp Supplies, Access: www.hybec.com
Oberion Company, Access: www.oberoncompany.com
Analytik Jena AG, Endress Hauser Company Access: www.uvp.vom

Honeywell International Inc., Access: www.honeywell.com; www.honeywellsafety.com

UVEX Arbeitsschutz Group, Access: www.uvex-safety.com

Bolle Safety. Access: www.bolle-safety.com

Centurion Group, Safety Products, Access: www.centuriongroup.co.uk
Catu SAS Company, Access: www.catuelec.com

UVEX Arbeitsschutz Group, Access: www.uvex-safety.com

Petzl Professional Group, Access: www.petzl.com

is recommended to pre-rinse or submerge the facial
shield in water to dislodge any particulate matter or
debris.®?

3.2.2 | Vaporised hydrogen peroxide (VHP)
Vaporised hydrogen peroxide (VHP) is an environ-
mentally safe and commonly used industrial and
healthcare decontamination process used in the steri-
lisation of reusable metal and non-metal devices as well
as medical instruments and materials. The ease of
generation of VHP at low controlled temperatures in
addition to its rapid cleaning cycle (30—45 min) makes it
a potential method of efficient facial shield decontami-
nation. When compared with other sterilisation or
decontamination practices including UV-Germicidal
Irradiation (UVGI), VHP is reported to disinfect all
crevices and cornered areas of the facial shield exte-
riors, thus a more thorough and effective result.3%34
However, concerns with regards to the structural risk of
the mask and facial shield with repeated VHP decon-
tamination cycles are reported. Countering this, early
studies reported by Viscusi outline that N95 Facial
Filtration Respirators(FFR) masks undergoing treat-
ment with VHP with temperatures up to 80°C on a
55 min cycle exhibited slight tarnishing of the nose-
bands with no damage to the filtering capacity of the
mask.?° Similarly, Bergman reports studies of N95 FFR
masks withstanding repeated cycles (3-5) at 125 min
each without any filter or structural degradation noted.>®
However, the safety profile and non-damaging effect of
VHP was validated following the FDA funded laboratory
study by the Batelle Memorial Institute. In this report,

following 50 treatment cycles of VHP the filtration per-
formance and fit of the FFR was unaffected.®®

Amidst the ongoing pandemic, more recent studies
have evaluated the effectivity of VHP in the disinfection
of masks or facial shields contaminated with
SARS-CoV-2. Kumar et al. report complete eradication
of SARS-CoV02 virus on N95 FFR following a 1 h
treatment process involving 10 min if dehumidification,
3 min conditioning, 30 min of decontamination and
20 min of aeration. The peak VHP concentration
recorded was 750ppm, with the FFR withstanding 10
cycles of this treatment without any compromise to
mask performance or structure. Similarly, Smith et al
report no functional degradation to the FFR following
two cycles of VHP treatment and no recoverable or
viable SARS-CoV-2 virus.® Interestingly, Fischer re-
ports that VHP when compared with other disinfection
treatments, including heat, ethanol and UVGI that VHP
offers the best combination of rapid inactivation of the
SARS-CoV-2 virus and preservation of FFR.3”

3.2.3 | UV Germicidal Irradiation (UVGl)

UVGI is another disinfection process that has been
extensively explored throughout the COVID-19
pandemic. UVGI uses wavelengths between 180 and
320 nm to disrupt DNA and RNA cross-linking, pre-
venting pathogenic replication. At this wavelength, the
UVR dose is directly proportional to the inactivation
and elimination of the surface pathogens.?®3839
However, whilst UVGI can offer an effective method of
sterilisation, once again issues regarding the risk of
structural damage to the facial shields and UV filter
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have been a cause for concern. Several studies have
been published addressing these matters, with
damaging results to the filters and fit structure, largely
relating to higher doses of UVGI used.?830:35:39-42
From these studies, 4.68 Jcm~2 of UVR is reported as
the highest recommended dose for which no physical
or structural damage to the facial shield is
observed.?**? However, as UVR is cumulative, the
challenge remains to determine a safe baseline for the
number of decontamination cycles that each individual
facial shield can withstand. Furthermore, there is no
standard published on the amount or dosage of UVR
required to inactivate or eliminate COVID-19 to date. A
small number of studies have investigated this and
report a minimal dose of 1.32-3.20 mJcm™2, required
to eliminate approximately 90% of single-stranded-
RNA viruses, like COVID-19 on gel media.?®4%43
Innovative methods to deliver UVGI including the use
of Biosafety Cabinets from Idle University Laboratories
was explored in one study from the Cleveland Clinic.
Effective decontamination was achieved by placing the
facial shields into the biosafety cabinets. This process
recommends a UVR dose for each facial shield of
1mWcm™2 for 20 min on each side. Whilst a promising
and convenient disinfection method is outlined, the
dose of UVR at different levels within biosafety cabinet
varied considerably thus stringent quality control and
monitoring measures are required to ensure the safety
of the shields is preserved.*’

4 | CONCLUSION
In the absence of a clear consensus on the specifica-
tion requirements of facial shields we provide a
comprehensive review into the features and qualities
that should be taken into consideration for all facial
shields that are to be used in a phototherapy unit.

The COVID-19 pandemic has led to development
of several novel, innovative disinfection processes for
PPE, including the use of VHP and UVGI. Whilst
remain promising techniques they are not, at present
easily or readily available in most healthcare or pho-
totherapy units. In addition, the financial weight
associated with these systems, in terms of staffing
and equipment resources, requiring continuous spe-
cialised operational training and maintenance is high.
We recommend from this review, the use of simple
but thorough disinfection with soap, water and soft
micro-fibre cloths or germicidal disposable ‘Sani-
Cloth’ wipes. Regular staff training, educational ap-
praisals and techniques reviews guided by infection
control, microbiology and medical physics de-
partments, are required to ensure safety standards
are maintained.

With respect to ongoing planning for COVID-19 we
propose a process whereby each patient will receive

their own designated facial shields for the duration of
their treatment process. Between therapy sessions,
simple disinfection measures will be taken as outlined
and storage will be on site in patient specific lockers
and safety cabinets. Following the completion of the
phototherapy course, each facial shield should then
undergo a comprehensive decontamination process
prior to use by the next individual.

Certainly, going forward the use of VHP or UVGI
should be a consideration in all healthcare facilities as
well as phototherapy departments as a potential long-
term comprehensive decontamination solution to the
COVID-19 pandemic. However, further research is
required into the safety, efficacy and costing as well as
the overall procedural approach and technique of these
methods before formal introduction into clinical
practice.
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