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Abstract

Biofilms Decontamination: Measurements of the Effectiveness of Decontamination

Agents and Methods against Biofilms Formed by Common Nosocomial Pathogens

Background: Healthcare-associated infection (HAI), or nosocomial infection,
has been an urgent problem globally. It is a significant cause of morbidity and mortality
among people who receive hospital or healthcare services, and over millions of patients
are affected by HAI every year worldwide. It also creates a significant economic burden
as the overall costs arising from HAI are very high. HAI is usually resulted from
infections by bacterial pathogens. Common causative pathogens include
Staphylococcus aureus (both methicillin-sensitive and methicillin-resistant strains),
coagulase negative Staphylococci (such as Staphylococcus epidermidis), Escherichia
coli, Acinetobacter baumannii, and Pseudomonas aeruginosa. These pathogens dwell in
the hospital environment as well as colonize on the human skin, nasal cavity or in the
gastrointestinal tract. There is a growing body of evidence showing that the growth of
bacteria in nature is in the form of biofilms. Bacteria growing within biofilms are more
resistant to treatment with antimicrobial agents than planktonic cells of the same
species. Biofilms are involved in a variety of infectious conditions such as catheter-
associated infections, urinary tract infections, infections of prostheses and heart valves,
bacterial endocarditis, dental plaque and gingivitis, and infections in people with cystic
fibrosis. In healthcare facilities, biofiims can be commonly found on various surfaces
and settings. Such biofilms serve as a possible source of transmission, contributing to
the increasing incidence of hospital-acquired infections. While hospitals generally have
sanitation protocols regarding surface bio-decontamination and equipment sterilization,
they are not created specifically to deal with biofilms. There is limited available data
concerning the true efficacy of such sterilization methods as well as for the use of
disinfectants or detergents against biofilms.

Objectives: The main objective of this study was to measure the efficacy of
decontamination agents and methods against biofilms formed by common nosocomial
pathogens. We tested the efficacy of UV Irradiation, Steam Sterilization (Autoclave) in
adjunct with the usage of multi-enzymes biofilm removal (3MTM). A novel model
supporting the growth of biofilms was also developed to aid the tests against Autoclave

decontamination.



Results: When tested biofilms with Biosafety cabinet with UV irradiation, it was
found that A. baumannii was completely destroyed within 1 minute, S. aureus, S.
epidermidis, MRSA, ESBL-producing E. coli were destroyed within 5 minutes, E. coli
was destroyed within 20 minutes and it took up to 30 minute to eliminate all vital P.
aeruginosa that grew in biofilms. For UV sterilizer, it was found that A. baumannii and
MRSA were completely destroyed within 1 minute, S. aureus, S. epidermidis and ESBL-
producing E. coli were destroyed within 5 minutes, and it took up to 20 minute to
eliminate all vital P. aeruginosa and E. coli that grew in biofilms. However, the biofilms
of each pathogen were not removed by these instruments. The microscopic
characteristics of biofilms were no change between samples that exposed to UV and
that did not expose. When tested biofilm against the steam sterilization (Autoclave), all
pathogens were completely destroyed. However, the biofiims were not eliminated.
When pre-treated biofilm samples with Biofilm Removal Multi-Enzyme Cleaner (3MTM)
prior to the steam sterilization, the complete removal of biofilms was observed.
However, using Biofilm Removal Multi-Enzyme Cleaner alone could not destroy the
bacteria.

Conclusion: Two common and important methods of decontamination within
the healthcare facilities are Autoclave and UV irradiation. This study demonstrated that
the two methods can eliminate the bacterial pathogen commonly causing nosocomial
infections. However, they cannot eliminate biofims of those pathogens. Combined
usage of chemicals such as Biofilm Removal Multi-Enzyme Cleaner (3MTM) can improve

the effectiveness of these decontamination methods.

Keywords: Biofilms, Nosocomial Infections, Decontamination, UV Irradiation, Steam

Sterlization
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Aty Sehldgugmins@edelulsiweusdudulymdgymeanssuga
luanedh dretaTananiblaun  Staphylococcus aureus, coagulase-negative
staphylococci, Legionella pneumophilia, Pseudomonas aeruginosa,

. . v 17,18
Acinetobacter baumannii, Aeromonas spp. LI udn

a > 6 =

1.3 NauazIngdszaidzasnsdnus

miaagUanInizasnzdadelulsweuaiduisdagiyeaining
spsagalunnizauazdasaszain anmanuirluleAdaifiununifeadasny

a o ] 19 [ AadA o @ 3 ' =] a a 2K A
MIAANIZAINET mssumdItiealulefadesnsdysz@ntandafiany
Fdunazdnsrined1assdin msﬁﬁmmazm@@ﬂw (patient decolonization)
W N3l WIiamIenualsdisnsiga (skin decolonization) N1I¥inANW
azmﬂﬁauﬁagﬂ’mﬂ'ﬁﬁlaaﬂmﬂﬁad (environment cleaning and
decontamination) LJukwININInangIwIEINITIMIUNINIZLVasEonaln
220 ~ o AadAd] v o o o X X a
Tulssnenunale Tudainatnledmsunsidadeuuiutuazluame
léun n3le disinfectant 131 N3LT chlorhexidine NMSWUeAE hydrogen peroxide
A ' o 21,22

vapour #38 N1 formaldehyde WDudn

milgssfdaan hlawaniaussglumaiiiadia  (Ultraviolet or UV
. .y A a A { o ' ~ o & o
iradiation) 1Ju358n3FnienlEluiuuninanalulsmeunaludlagn naluras
. @ [ A on A ' o o & v =1 Aa A 23 A
{180 washadfiems Sewuisansaiiade leadddsz@nam” nak
o v A& o & . . A A aa o o A
fanaaitlian latn (Steam sterilization or Autoclave) Wudnuieddmsnniaite
A ¥ & ey oo ' . aad o [ A
ndwiaugunialmamaunndnliniuetouwinats  AknanzdwiLiaguis

& \ o % & & o v A o ¥ a
aunninaanIanudanuiauLazi I lath mMIfsmansiaition batind
Urfninmwgemansnaesdeszendald  aglsfdadilidnenuninm
A (% a a Yo A A Y- A |
WNeanudszaninwsasnslififigidensirdadenaliafinutionlu

Tanenua Staphylococcus aureus, Streptococcus epidermidis, Escherichia coli,
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Pseudomonas aeruginosa Wae Acinetobacter baumannii I@UL%W’]zaﬂ’mﬁoLﬁa
L°’§amdwﬁm%zylugﬂuuﬂu‘[aﬂaﬁ FaumIItuia i dwRadnei
Useansawmymsalulefadvasindasiasinan  laslumsisaitadnisd
é"amwvl’ﬂaLa@vL@Tﬁ’lﬂ’lsﬁﬂmﬁoﬂ%%‘“ﬂﬁmﬁmNa@iaﬂszﬁﬂ%mwmaﬁaﬁﬁ SN
seoznaMIaeIE  uer  sruzvinsvasunasiLia I Aasdiatnade  §an
msensszanimwassmstssandasausienlatin lévinnsansnsauniums
Igiawlaitaslulafiaaf (Biofim Removal Enzyme) §33umiti AR atTer Izl (o1
ﬁlzLﬂuﬁagaﬁ%m‘“ﬁyLﬁalﬁﬂuummalumsw‘"wmizuumuqwmsa@L%aLLazLLm

namItaan sUnidawyadidalulsaweuianirnanzautazilszansninea bl
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2. szigulrsnIENEN

2.1 wuaisefiiFwnmasey

wuafiSefivnanldlunsnasasldun LUATLTE M IRUTINA T b
Staphylococcus aureus, Staphylococcus epidermidis, Acinetobacter baumannii,
Pseudomonas aeruginosa, Escherichia coli Gﬁdﬂzmu@]vlﬁmmﬂ
ﬂi&le.lﬂil']ﬂ’]ﬁ@i{ﬂ’]‘iLLWﬂET ﬂs:m’mmmimqm LLﬂZLLUﬂﬁL%E}‘ﬁILLUﬂVLﬁ’%’Wﬂﬁldﬁd
@373 lawn Methicillin-sensitive S. aureus (MSSA) 31174 2 @28819, Methicillin-
resistant S. aureus (MRSA) U4 4 ¢18819 Uaz Extended spectrum beta-
lactamase (ESBL)-producing E. coli 31%3% 5 #2889 S’fiuﬂummwmﬁfﬁl,l,mvl,@i”

A' 1 6 svd? o 6 o d'
NFIFINTIIINLIINLILIRTITUANRAS 1@ ﬂ'l@“’lﬁmaa’mwugmlumﬂm 2.1

A & Aa AR
ANINNN 2.1 LDALLUANLIYNEANIN

Species Designated Strain Sources

_ | Staphylococcus aureus ATCC 25923 ATNANLNFIFATAINTUNNE

'f§j Staphylococcus epidermidis | ATCC 15305 ATVINLIFATINIUNNE

2 | Acinetobacter baumannii ATCC 19606 NINANLFFATINTUNNE

g Pseudomonas aeruginosa ATCC 27853 ATNINLIEFATNTUNNE

? Escherichia coli ATCC 25922 NININBIERATNIUWNE
Staphylococcus aureus MSSA-1 IN.FIINANRAT
Staphylococcus aureus MSSA-2 IN.FTINARAT
Staphylococcus aureus MRSA-1 IN.FITNANRAT

” Staphylococcus aureus MRSA-2 IN.FIINANRAT

% Staphylococcus aureus MRSA-3 IN.BITNARAT

'(—f Staphylococcus aureus MRSA-4 IN.FITNANRAT

ié Escherichia coli ESBL-1 IN.FITNANRAT

° Escherichia coli ESBL-2 I TTTUARNT
Escherichia coli ESBL-3 IW.FITNATNT
Escherichia coli ESBL-4 I TTTUARAT
Escherichia coli ESBL-5 I TTTUARNT
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2.2 MIwzAsda AT

Houuafisoszanm 2 - 3 Iﬂiaﬁﬁgﬂl,wwﬁmuu Horse blood agar
(HBA) LLazﬂuﬁqmﬁgﬁ 37 2Pl TaLTYR VL@Tgﬂﬁ’lmLﬁym’Lu Trypticase soy broth
(TSB) ﬁqmmgﬁ 37 avrumaLus wiouwihlasa3as orbital shaker NN

120 saUAaWIA LwIaT 18 T2 lu9

d U
2.3 NMSNULDTaRUANESY

IﬂiaﬁLﬁﬂamaaL%aLmﬂﬁﬁﬂﬁgmww:Lﬁmuu HBA "L@Tgﬂﬁ'm’uﬁulu15%
Glycerol uaziiuugudilug -80 asuaaifus iladasmshuindns (geaan

‘V\ﬂ@@]LL’ﬁLLT‘:G’ﬂzgﬂﬁWN’]LW’]zﬂdU% HBA LLazﬂuﬁqm%Qﬁ 37 aNFLTALTYN

2.4 msl,mmﬁymLi';a‘lugﬂuuuv[ufa?imﬂﬂﬂ Microtiter plate assay
mnwwuﬁmL%@lugﬂl,l,uuvl,ﬂaﬂaﬂmﬂ"ﬁ Microtiter plate assay ¥in@nal
TUAOUANITUY Stepanovic uazams’ lagisuan nsideuuafiGivnms
namoUANITTe 21 niWAIMIEeaTadinan A taaiusaTEIn
11100 nniulsdaniionssunm 100 lulasAasaslunguues 96-well plate
wiinldsmwnzded 37 asriwaidus Wwinan 18 $alus las microtiter plate
(Steriline, UK) fvianmasausiain polystyrene %uﬂuiwﬁmafﬁgﬂﬁﬁmlﬁ’lu
mandariaimanadn  lassunsanululefadfiasyuuiuisildlufadon

) Y . o 27
wiu luszuuvieshydsri wialussuy dental pipeline 1Dueu

A ar ¢ . g .
2.5 mawwizdzaze lwgluuululaWasinae Calgary biofilm device
mawzidsugelugdunylulafiaddas Calgary biofim device (CBD) gn
wawlay Ceri uazamz AnHdunaiiafignwandwinaltlunmmesauaina
TwasluleRaddasnjiiue CBD Usznaudas (1) 96-well microtiter plate (2)
rhianfl 96 pegs Nanansnlaasluwadlunguuas microtiter plate waz (3) 1ATas
. @ A A . & & & \
\UENA1T (shaker) A93UN 2.1 lasilaldomadsaudauazidaasluudaznguuas
v d P2 a 4 ] v a ¥ .
Jadrornd peg Tsazdasiniieldldifanmsdwden uazane microplate Uw
shaker Az1AANTIRATBIDMITIALITETOL G peg NI IABIUVBIRITAIAITIOL
da X va o T - .
peg Niiadwlu CBD azlnatdssnunsmazastianuwuiinnuluiaiasay
snwauzaInaznduliizenimziany peg ainylugUuuvluledladl uas
A &€ a & A = o ) \ A
dalulefladiiainyidnfiuu - peg  AmansngnuonihaimaseunuanIcIgn

@ 928
daan1Inasau be
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c = s ¢ o f
T € € € ¢
& 0 ¢ & ®
® @ © v v
e 0 1‘9‘15‘ [
« € "bt '@m" ‘
e 2 £ 2 2
e & O < <7
O. e & & 9
< w v W v
S & 8 & 9
< S &
e & 0 2 ©
® 9O v ¢ <@

¥
L9 88

3UN 2.1 Calgary Biofim Device (A) iA38419t1&13 (shaker) 7114219
microplate LNal#ifiamylnaiuvasmainniusey peg mulunau 1n3adiadnil
sun30279lu incubator iHaUSUgMAAAld (B) UKWUNIWGALIN9TBY microtiter

plate wazehdadd peg (C) ihiladid peg
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PUADUNIINARDULINININNIWILLTORUANL TN TNORAUAINIDTT D
2.1 MNBWINNITLE09 T LN MITRLITAI18DATEIW 1:100 NIbLELTAN

]
a

Fenadana 100 lulasRasaslunguuas 96-well plate lasnatanlaizen
GaININAROULALY Ja plate a28eTanid peg (@Tﬂgﬂﬁ 2.2) UNN 37 agen
a = , o A v & = o o
wados laglddnswgnduna 2 talus weldidaiiamnzny peg #asan
muﬁmu@ﬁau’u@iaﬁqmﬁgﬁﬁaﬂmﬂmmshﬁ 40 vaudaw N Ldwa1 18

Halus theliidawiadulaluguunlulafeiun peg

g‘ﬂﬁ 2.2 Microtiter plate a2 Cover 713l Pegs (NuncTM)

2.6 M3nawIIsMawIzazage lngluuululaWasdTusduuulnal
wi Calgary Biofilm Device (CBD) asgnwWawIuLNatadsus
a a gl/ & 1 n& A v
wigdulavasdaluduuylulafad wdlunile plate cover Nisznauday 96
& o Y A <
pegs BumaIngnilunasayldiisanisninasey uanantu plate cover
with pegs ¥u13N polystyrene liaansanuanuiauluiaias autoclave 'l
= A W oo oA X & a
msdns e lanamluaalndinanainziassuaznaseululafad  lasSan
lunsAnsiin “Modified Coupon-Holder Biofilm Device”
> > a 6 = v = v e
lasandonanmsvasmaiialulaflay  fedasd  surface 1#38950NNT
wigdulavenda midnmidslddszgndniadsasaly cBD rulu cbc
. e { % ' o . ®
Biofilm Reactor (gllﬁ 2.3) lagls 6-well plate 394N 12-mm insert (Transwell ,
Corning Incorporated) laglAl  insert 1Waltng coupons  (BioSurface
Technologies Corporation, USA) @T\‘lgﬂﬁ 24 lasld coupons ANEAIN

Polycarbonate L8z Stainless Steal

17



Inlet port || 111

gﬂﬁ' 2.3 CDC Biofilm Reactor ita Glass coupons (BioSurface Technologies
Corporation, USA)

Eﬂﬁ 2.4 Plate W82 insert §1%3ILUI19 coupon Wawiea lulalaslu Modified Coupon-

Holder Biofilm Device

18



AUAAUNITINZLALIIININNNN TN T RUAN LS INYIN M INasgauauId
aa 2.1 MNBWAINITLIITFILaNMITALITaAIHAATEIN 1:100 NN LA
\TafiiastlIunm 3.5 Jadfasaslunguuas 6-well plate usaib lutinmwnzizion
37 asenuralger waan 18 Tlud lasladmaedniduian 2 Talus tnalw

& = ) o o & 1 . A Py . \ A
Wadaunzny peg v\mmﬂmun’mumwmawqm%gumﬂmﬂmwmw 40
soudawfl iuiaan 18 Talus eliizatgdulalugduuyluledladun

coupons

[ % a 4 ‘s { a .
2.7 Mm3Inszaun1sass lulalasuasmaniasalu Microplate assay
nq( 6 ad v d'l o dql/ 1
ztasdlulafadauddta 2.4 1UaaIufiIrwaLIaN Lmaslw,mawaqm:

ANAARANIINNRY LﬁaiﬁLﬁﬁaLﬁml,%aﬁ'ﬁ@Lm:ﬁ'uﬁ’mam@mmaaa ARIINI

U U
v 1

§9usnznqueIn 0.9% Normal Saline Solution (NSS) lanvid 3 vau uaafisld
Tkus WauRauaa9ldasazane crystal violet (0.2%) YSunmw 120 lulasaas fis
132 g7lusdefn9een waziebiliuie Haunedsla Acetone-Ethanol solution 9
\ A A A Ao o o =
Tuudaznqu uaziagn 100 sow/wfi Ngawniies iuim 2 Talus uddaan
IAANAIVULVNTWRAILLATDI spectrophotometry 1 OD 595 nm LTARWIRIE WD

azgnlali 3 nauasudaz 96-well plate lauvindn 2 plates (duplication)

28 mstaaszaumsaeluleiasizasdafiodaln  Ccalgary  Biofilm
Device

nziaeslulofladanuisaa 2.5 iaasuiwua 4 plate cover with pegs
ludslu 96-well plate A7 NSS vidn 3 a%3 udrmansain peg lUnasouda
wioldSadmisiolulafadlaanslaln 96-well plate 714 0.2% crystal violet
120 uL 7917 2 Talussednsean uasiel3lsuws Wouwsdsasuunlalu 96-well
plate SneuUnieng Acetone-Ethanol solution (120 uL) IuLLGia?mq&I waziweni
100 JaU/WI ﬁqm%gﬁﬁaa w2 $alus udrssuniasanututudes

LR34 spectrophotometry 71 OD 595 nm

2.9 nsw1d381mLsaiila3un Calgary Biofilm Device
1 peg NrumInasavly  sonicate T NSS uiian 5 wifi anvu
serial dilute ua2%in 100 lulasdaslUimnzidesly nutrient agar lasdauf 37 asen

a =
LTR L‘ﬁﬂﬁLﬁquaqﬁuﬂﬂu
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210 msiamszaumsaielulailasvasdafiedaln Modified Coupon-
Holder Biofilm Device

nasanfilalulefladiasyun coupon niuneud 2.6 lulafladuu
coupon azpni1lud1slu NSS 3 a%3 iharsalmasilaleine iR AL coupon
gan uaaa13ntin coupons lunasaudala mytaanlulafasiun coupon ¥
Taagoululefaiann 0.2% crystal violet win 2 Falus InTudEsIWARDaN
wa ba coupon 8914 5-mL Eppendorf tube wazl& Acetone-Ethanol solution 3 mL
wazgn? 100 saudaw? anniwinlyiad1 oD 595 nm

v U

2.11 Mmsnagaua Mg aNmanzandmnsun1sad1sluleiasl
wnzhesluleflasdasitde 24  laswdswomsiassdaiduomisd
Fa9mInagaUaIn
1. Cation-adjusted Muller Hinton broth (CAMHB)
2. Trypticase Soy broth (TSB)
3. Trypticase Soy broth supplemented with 2% glucose (TSB-G)
WBetuf 37 svemaaifos waan 24 uas 48 $alus Woasumunand
frue J9InIEsuazgaNdls crystal violet solution WALIAAINAT OD 595

nm eNNIBUa 2.7

212 MSNAFDUAMANKNIRUDILE DADAIINUINS
WAL e RdINMINasaULl HBA antiwin 23 lalafiveadolslu
0.9% NSS 15304 2 Tadaas sl liiuda (sterile) Juusinan streak 1
v HBAWS I UL 37 ssrmiamidoadwam 18 Talus ieidansf uus
\Hosanidudiringi 15lWwaE (sterile) thelfafiuiioadum sterile petri dish
PNALFUHGUENA 5 LoUGINaT windelansesfiunss Lﬁuvlfﬁaqmﬁgﬁﬁao
auMTAdaINIINaRaUAs 3, 6, 12, 24 TAlwg uaz 2, 3, 6, 7, 14 uaz 21 I
anTumruamuszazmfidasmimasay 5918 0.9% NSS USunm 2 Sadaas
adludiong wast@I0nanWNzAB9Us Nutrient agar (NA) tieuiuswIn

a A
LUATILIE
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=

2.13 msnagaunisiianageiiesyluzduuululoWasilae iy
dy d? ad v di o k% é’ 1 dl a
LANNZLR L TaeNNA DT 2.5 Waatuiivnaal samasiuniinanluls
Aadaansy 0.9% NSS #wadnnutn peg 74 lulaWasvasdaudazafialy
NaraUNYLARN1IENAaINNIANEIAD
1. UV Sterilization Cabinet (M-2036 Double UV Sterilizer) (gﬂ 2.3) 1agn9

v, i o oA _ oA & a o ~ @ a A
lﬂﬁqﬁﬁnﬂu“aﬁﬂql’uﬂiﬂa UV 20 LTWALNGT DITUAINULVULLRILARIN

500 },lW/cm2
2. Biosafety cabinet class Il with UV lamp (SafeFastTM) (Eﬂ 2.4) lagngli

] ! o a @ A & A A = v A A
RININLARINUWAIIT UV 50 LTUALNAT DITNAMNULVNLRILBREN 125

2
UWicm
A a o P A o o
lagnagaufiaan 30 Wil 1, 2 Uaz 3 73189 LWaATUMNIAAIALA 1
peg anldlu 96-well plate N1U339 0.9% NSS uazilulgluiadas sonicator 1w
1281 5 W wazianlgdauniaIa orbital shaker 1 600 saudawIf LwiIa0
5 wifi whalwlulafladngaeanain peg natanuuidsingaly 0.9% Nss
dll a a = 1 s A‘l/ ni a ci 1 Y o
wnzuw NA iNanudTunmlalalh aunuidbaniayun peg 7l laruwniviians
@398 UV (control) MIn@aadyiuuy duplicate lasibaudazsiaaziaiyumn
peg 1UIU 2 WYILULARY plate wanINBUIN peg vadSunalulaNadaisis
2.8

UV STERILIZER

UV STERILIZER

3U1 2.5 UV Sterilizer
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E‘U‘ﬁ' 2.6 Biosafety Cabinet (Class Il) with Internal UV Lamp (SafeFastTM)

2.14 nﬁﬂﬂaaunﬁﬁﬂmﬂ@aﬁm’%mﬂu;sﬂtmu‘lufaﬂaﬂﬂﬂ Steam
Sterilization

WA Bannuitda 2.6 Woasuimuanan sadadudiivnnlula
Aadaande 0.9% NSS wasaniuin coupons i lulafasuasdaudazsiialy
nasaumeldannzfidasmsanwdae

1. Autoclave ‘ﬁl 121°C 15 w171 15 psi

2. uglu Biofilm Removal Multi-Enzymes (3M™") 3 Talasil 45°C audae

Autoclave 7 121°C 15 W1t 15 psi

lagdaasuimuanar  vmyiamusunmlulefadaisisss  2.10
wWisuisunuySinoaluleRasiueangu positive control ﬁaﬁﬁalugﬂuuﬂuia

ean W o, 4 o v A o g o & & [ A
ﬂawvl,uvl@mumimmwwammmuvlam HRENINIILNZEREILTDINNAIB LN

WRINIUBA28 Biofilm Removal Multi-Enzyme WRZWAINTT Autoclave

215 ms@ﬁm&mﬂntaﬂaﬁﬁ'm Scanning electron microscope
ilulefladands 2.4 wasidwnsnaseuaata 213 wwudlu 3%
Glutaraldehyde with 0.15% Alcian blue 1% 0.2M Sodium cacodylate Juwan 3
F2las ugr819aaneas 0.2M Sodium cacodylate buffer W&§A¥iNN13 dehydration
14 serial dilution 283 ethanol 7 30%, 50%, 70%, 95% atidaz 5 Wil uazlu
100% Ethanol 5 wifi 2a%3 uasutlu HMDS (Hexamethyldisilazane) 5 w17
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& = ) v o . . A A o
nnuudsdaasliiisly siica gel container unawieduniautinly sputter
coat with gold particle (Polaron SC7640 Sputter Coater, Fisons Instrument) LLa2

géﬁ&lﬂﬁad scanning electron microscope (JEOL) 1892818 5000 LAz 10,000
LN
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3. IIYINBNANIINARDY
3.1 masgluzduuululeWasvassasiauazaganugas 9
. [ Aa Sl/ AR s d‘ly a A
Microplate assay ‘Juniviausunmvaddaniainienuiuin lasidla
X , g . ,ﬁ « y
\WnzidsaiTalu microplate 1TaunidIwIzdainziuAiremquuazaadulula
Aasl nsavsunansaelulafadausarildlasaraen lidainizaufia
. % % . =& Aa ¥ { o
(planktonic cells) aanuazdaNa8® crystal violet TIRITFALRNIZITENGIAILNE
ﬁ@agmﬂiuﬁwamgw \Wariin1s decolorization & crystal violet AIUFITRZAE
Acetone-Ethanol a1 lU1ad1aNLTuLgs (OD 595 nm) fadsna1laziy 6
AudSunalulaAasiNandasaiaasns @139 3.1 LAZANI9N 3.2 LEAIA1 OD
& y _ . o X X
595 nm UB4LTa Gram-positive Uaz Gram-negative MURAL Llasl1ziAadLTaln
2191388908 3 Thehe Cation-adjusted Muller Hinton broth (CAMHB),
Trypticase soy broth (TSB) L&z Trypticase soy broth supplemented with 2%
glucose (TSB-G) Lulian 48 7 lag
MNLTONHININATOLINWIH 16 A28 AIAITIY 2.1 WUIN 1uﬂ§ju
Gram-positive bacteria 178 S. aureus FHWWINIAIII FA1NFINNIDIUNNT
sivlulefasfunnfigalewIouiinuiuie S. epidermidis uazie S. aureus 1
Y A A a a & o &a Y A
wenlanfissaa usslawSoufisuiae S. aureus mowuinuonlaniss
A379 WU 6 AIDEY (MSSA-1, MSSA-2, MRSA-1, MRSA-2, MRSA-3 L&Y
MRSA-4) T8 MRSA-3 fianumaninlunsaiielulafaiunniige dsuaaslu
1 1 & 1 . 1 3 1 A
a1397 3.1 waz3UN 3.1 FalawlIsuiisudiaiuvas OD595 nm BaILTaNATEY
luamsiasadaudazsiia lagld ANOVA wWuii W S. aureus, MSSA-1,
MRSA-1, MRSA-2, MRSA-3 uaz MRSA-4 i lustuuululadadldinige

pd NIRRT NIIRDA
v

]
=)

p < 0.05) WatlSouifiounuanisias e dn luuuen

(
‘ﬁq@lu TSB

S. epidermidis 1350 ¢4

39N 3.1 dSunmlulefasl (uaeadudn ODs595nm) wad Gram-positive

bacteria
Culture Gram Positive Bacteria
Media S. aureus | S. epidermidis MSSA-1 | MSSA-2 | MRSA-1 | MRSA-2 | MRSA-3 | MRSA-4
CAMHB 0.160 0.162 0.057 0.056 0.051 0.059 0.067 0.053
TSB 0.084 0.275 0.080 0.183 0.067 0.078 0.081 0.075
TSB-G 0.386 0.102 0.208 0.185 0.164 0.199 0.258 0.164

o [ d‘y ] . . Jl/ . =
m’tﬁim"ljaluﬂqu Gram-negative bacteria T8 P. aeruginosa

ﬂ'smmmmlumsa%”’mvlﬂaﬂaﬁmﬂﬁq@Lﬁal,ﬂ%ymﬁﬂuﬁ'm%a A.  baumannii
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& -~ o & A o A A = a
WazLT8 E. coli MM BWBIANaATFIRLAZILEN [danFIdInTIa wazillailIouiioy
\To E. coli MuWWINNAA ESBL §1wu 5 @38t (ESBL-1, ESBL-2, ESBL-3,
ESBL-4 usz ESBL-5) 18 ESBL-2 danumusalumiaiilulaflasianniige

% = =
@NLL&@NI%@HTNY] 3.2 LLRzE‘lJ‘Y] 3.1

7197 3.2 Usumluledad (uaeaduA10D595nm) wes  Gram-negative

bacteria
Culture Gram Negative Bacteria
Media A. baumannii P. aeruginosa | E. coli ESBL-1 | ESBL-2 | ESBL-3 | ESBL-4 | ESBL-5
CAMHB 0.045 0.199 0.052 0.041 0.047 0.045 0.045 0.044
TSB 0.054 0.091 0.055 0.047 0.062 0.044 0.052 0.050
TSB-G 0.062 0.183 0.045 0.046 0.067 0.044 0.048 0.045

LﬁaLﬂ%E}Uﬂ’]iLﬁl%iyL@UI@I‘HE‘ULLUEIJVLUIEI‘WMHax‘]L%ﬂIua’]ﬁiLgﬂdL%aﬁﬁ@
@19 WU Trypticase soy broth supplemented with 2% glucose vinlidasn
Inajarslulefadldanniiga snuiuige s. epidermidis uaz 158 P. aeruginosa 7
mmmai*nvl,uiaﬂaﬁ'l.ﬁﬁﬁq@lu Trypticase soy broth WAz Cation-adjusted

Muller Hinton broth @uday (3L 3.1)
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Biofilm-Forming Capacity

0.500

*
0.450
0.400
*
0.350 *
*
E 0300
n
Q0250 * *
0 *
[a)
o 0.200 :[ ]:
pu
0.150 I
0.100 T
i L L L | C O L
0.000 I II I
o © N % N % ) » 2 > N N v e > el
<& & vl S OO S SIS S R R
o é\a&‘ Ny Ny & & & N\ ,b\><° @*"% < <& < < < &
0
[ . >
5 v

B CAMHB MTSB " TSB-G

A a a a a & o dq( a @ 6 -fi’ dql/ a v
Eﬂ‘ﬂ 3.1 LLN%Q&IL‘]J?U‘LILY]EI‘]J?J?JJ’]MVLUIQ‘WQSJ‘Y] 48 °IYJI%J\‘] °lla\‘1L°H8°H‘H>(ﬂLLE‘]ZE‘I’]Uwuﬁq@]’lx‘ﬂ%a’m’]ﬂﬂUOLﬁaﬂ@la\‘]ﬂ'ﬁﬂ(ﬂﬁaU

Error bar L&@48961 standard error of mean * p value < 0.05



3.2 AMANKNIWYDILTAADAINLAY
A o & Y & \ < = o
WakhidannasauuwanuuAdduszeziiaaue 3 talusta 21 %
\ & L. . o &a o Ada o2
WU 1o Gram-positive bacteria  NnapWwENININasaUININITIA A
14 7% laBiawnzilia S. aureus, S. epidermidis SEWRUTNNATIIUUAZLTE MSSA-1
uaz MRSA-3 imuniniidialans 21 Fuluanzudsnlidansaminiet (U
A a & . . A '
N 3.2) Tuwueiige Gram-negative bacteria fanuaansalunsnuwniude
anIzukIngiNes 7 Tu lawidia £ coli ez P. aeruginosa SNHWWINIATIN

sanIanwIudasnzana ldifes 3 Taluduaz 3 Tu awdau (3UN 3.3)



¥
1Bunouiae (cell/mL) Gram Positive Bacterial Isolates
100000000

10000000
1000000

100000

10000
1000
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10

1
0 3 hr 6 hr 1 day 2 day 3 day 6 day 7 day 14 day 21 day

~o-—S. epidermidis —®—S.aureus —o—MSSA-01 MSSA-02 —e—NMRSA-01 —@—NMRSA-02 —e— MRSA-03 —e— MRSA-04

gﬂﬁ 3.2 ANUNUNIWYBY Gram-positive bacteria #AaANULAY

a j/
wnw X LLﬁ@]\‘iﬁ\‘iﬂﬁJ"IﬂLL‘Iia (cells/mL) UnH Y LEAITZHELINT

ﬂ?mmﬁy@ (cell/mL) Gram Negative Bacterial Isolates

10000000
1000000
100000
10000
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100

10

0 3 hr 6 hr 1 day 2 day 3 day 6 day 7 day 14 day 21 day

0.1

—o—E.coli —e—ESBL-01 —e—ESBL-02 ESBL-03 —e—ESBL-04 —e—ESBL-05 —e—P.aeruginosa -—e—A. baumannii

gﬂﬁ 3.3 AMUNWNIUBVEY Gram-negative bacteria 6aAINLAY
wNH X LEadteUSunmTa (cells/mL) WN% Y LRAIIZHLLIAN
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WaNaTaN 3 Tl wud%%annmmw”uf{fom

AAAa

ATINIDA

lagdaay

My78083061017199 3.3 laswuiilungy Gram-positive 178 MRSA-4 18110

oA Aa A ¢ = & & i o ¢ A
val,@@ lummg’,'ﬂNLWU\j 4.4 Lﬂailfﬁu@]maﬁlﬂja E. coli aﬂﬂwu‘g&l’]@ligﬁuﬂﬂuﬂ’m

AaANULRI L@l Tz Ia1aINA LLa:Lﬁuﬁmﬁam@pﬁL%a A. baumannii 913

a o & A @ a
WNWIBNIND B ABUNDAITUNTNARDY

TN 3.3 IIWIBLTANLIAN 0 UAZ 3 fﬁi“dLﬁﬂﬂ@ﬁ@UIuﬁﬂ’]’JZLLﬁd

Tested Bacteria

Number of bacterial cells (cells/mL)

Percent of survival

0 hr 3 hr cells
S. aureus 3000000 1215000 40.5
S. epidermidis 2240000 1770000 79.0
MSSA-1 2210000 615000 27.8
MSSA-2 24500000 14000000 57.1
MRSA-1 22500000 10000000 44.4
MRSA-2 320000 75000 234
MRSA-3 33000000 12000000 36.4
MRSA-4 3255000 3000000 92.2
A. baumannii 170000 595000 350.0
P. aeruginosa 395000 150000 38.0
E. coli 340000 15000 4.4
ESBL-1 3125000 1855000 59.4
ESBL-2 5850000 2505000 42.8
ESBL-3 2985000 2150000 72.0
ESBL-4 2920000 1150000 39.4
ESBL-5 2620000 935000 35.7
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3.3 L%amﬂﬁuﬁ:é'm%'um‘mﬂaanmiﬁ'\mﬂ‘[ﬁﬂ%'aﬁg%

MIAALRONEN UW”HEﬁLLEIﬂVLﬁ’%Wﬂ’a\‘]d\‘]@Ii’l’%ﬁ'ﬂ’]imﬁﬂ’]ﬂﬂ’l’mE‘T’]&J’]iﬂlu

msasn9lulafasl (Uadpnan) uazanuaansalumInudaanuuwis (Uasuses)

= Y v = . &
Gﬁdﬁlﬁﬂwaﬂ’]?ﬂ@aaﬂu“ﬂa 3.1 Llae 3.2 LL&@GI%L%WJ’]L‘E@ MRSA-3 .8y ESBL-2

P o o A A A o & '
fan mmmmlummmﬂuiaﬂaw“'lqu@L:uam EJSIJﬂ‘]JL‘IiE)I%ﬂQ&J

Clinical

isolates Gram-positive L8 Gram-negative bacteria ANEIL  JINNIHAIN

NUMUAIRNIIZUAI LG F9naLAaniTany 2 mUw”ufmﬁ']msmaaui’;uﬁ'm%a

o 6 a a 2 ¥ nql’ dql, a a o v A Aa
ﬁ’]ﬂW%ﬁqﬂJ’]@]ii?%aﬂ 5 TUA I@SJLE\]aﬂslﬂjﬂ’]‘ﬁ??l,ﬂU\‘]L?ja‘ﬁ%(ﬂ‘l’]ﬂ?l%m@ﬂqﬂﬁﬁfy

Lmuvluiaﬁmjmnﬁqm%m{uL%aLL@iawﬁ@ (MUNANITNARBITD 3.1) AILRAILH

a
13NN 3.4

AN 3.4 L%aﬁgﬂﬁnmmaaummwumu@ia%’aﬁg?uazmmﬂﬁﬂu%a

Tested Bacteria Culture Media
S. aureus TSB-G
£ é S. epidermidis TSB
((DLU nuoj MRSA-3 TSB-G
2 A. baumannii TSB-G
% P. aeruginosa CAMHB
é E. coli TSB-G
((DE ESBL-2 TSB-G
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3.4 wamsriatgze lugduuululeaszessoiy?

L%J?JLﬂEl\‘lL“liﬂ‘YI@]a\‘lﬂﬂi‘ﬂ@]ﬂﬂﬂ(ﬂ\ﬂ%@l’ﬁ’]\‘l‘ﬂ 3.4 mmﬂu"ua 2.5 'ilzvl,@]l,“ﬁﬂ

a a 6 a a:l' ] [ .&’ 1 Qs a .i‘
wigdulagduuululefaduu peg ludSunmnuandanuinagniusfiavadise

U7 3.4 1lunsdandan crystal violet solution ialWiAudislulafasifiaiyat

U

U peg

Gram positive isolates |

N

gﬂﬁ' 3.4 lulefasaadaunaiisoiiasuidulauu peg

1= S. aureus 2 = S. Epidermidis 3 = MRSA-3

4 = A. Baumannii 5 = P. aeruginosa 6 = E. coli 7 = ESBL-2
8 = Control (TSB-G broth)

Usnnesdaudazsiiafiaiguuululefaduu  peg ldnnuaadlilu
A A A a & . A A

NTWN 3.5 UAZAITN 3.6 (N 0 W) laswuinda P. aeruginosa Uu3umh
waandsznauidululefaaiswauanniiga (2,065,000 wad) et lulefadn
Lﬁﬁmua%l;fuu peg lunasavlu UV sterilizer uae Biosafety cabinet with UV lamp f
I 1, 5, 10, 15, 20, 30, 60, 120, 180 W11l lasiiaasuiwuaiin ldgniian
zIRsdNeIaLSIN e Ta wuin lu Biosafety cabinet with UV lamp 1%8 A.
baumannii Qﬂﬁ’]mﬂﬁ 1 W T8 S. aureus, S. epidermidis, MRSA, ESBL-

. . ° A a A . o A a Y
producing E. coli ANYIN&EN 5 UM luanzh E. coli ONYINANEN 20 WIN URT @9
o 2 p o & i A a &
I#hanfis 30 wifilumahaeda P, aeruginosa Matgylugduuululaflad

(913197 3.5 uazgUf 3.5)
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AN 3.5 ﬂ%mm%ahgﬂLLUUVLUIQWaﬁﬁauuaméﬁﬂ’ﬁ"l@i”{u{aﬁ

Biosafety cabinet

=

839NLATA

Number of vital cells in each time point (cells)

Isolates
0 min 1 min 5 min 10 min 15 min 20 min 30 min 60 min 120 min | 180 min
S. aureus 205000 13700 0 0 0 0 0 0 0 0
S. epidermidis 110000 72 0 0 0 0 0 0 0 0
MRSA 95000 186.5 0 0 0 0 0 0 0 0
A. baumannii 293500 1 0 0 0 0 0 0 0 0
P. aeruginosa 2065000 | 360000 7200 2000 900 800 0 0 0 0
E. coli 565000 12950 900 140 50 0 0 0 0 0
ESBL-
producing E. 1200000 1100 0 0 0 0 0 0 0 0
coli
10000000
saslpes Soqureus —{1—S. epidermidis
1000000 —A - MRSA === A. baumannii
100000 —¥— P. geruginosa —Q =E. coli
—+— ESBL-producing E. coli
., 10000
g
1000
100
10
\
\
\
\
1 * —i& B 87—
0 MIN 1 MIN 5 MIN 10 MIN 15 MIN 20 MIN 30 MIN 60 MIN 120 MIN 180 MIN

Time (minutes)

U7 3.5 nuaaIdTInouTanad ldsusaF UV lu Biosafety cabinet 112816149

82wl UV sterilizer 1%a A. baumannii W8z MRSA anvinanef 1 Wi e

S. aureus, S. epidermidis, W8z ESBL-producing E. coli gnnansfl 5 w1l Tumiz

32




Ao ¥ =S = o d‘ly . . A a
dasltinanfiy 20 willumsianelis E. coli uaz P. aeruginosa Nasnylu

suuuululafiasd (13197 3.6 wazgdf 3.6)

=

A a 2{ 6 1 o ye A A
@13 3.6 ﬂiNWMLTalugﬂLL‘]J‘]JVLUIB‘WﬂﬂJﬂa%LLazﬁﬂ\‘]ﬂ’ﬁvL@lTUiﬂﬁEl'J’%’]ﬂLﬂiﬂx‘l

u

UV sterilizer
Number of vital cells in each time point (cells)
Isolates
0 min 1 min 5 min 10 min 15 min 20 min 30 min 60 min 120 min | 180 min
S. aureus 205000 311 0 0 0 0 0 0 0 0
S. epidermidis 110000 1 0 0 0 0 0 0 0 0
MRSA 95000 0 0 0 0 0 0 0 0 0
A. baumannii 293500 0 0 0 0 0 0 0 0 0
P. aeruginosa 2065000 | 2000000 20000 140 100 0 0 0 0 0
E. coli 565000 14200 146 177 100 0 0 0 0 0
ESBL-
producing E. 1200000 6 0 0 0 0 0 0 0 0
coli
.0000000
«e+O=e+ S, qureus —{—S. epidermidis
1000000 —A-: MRSA ==>=A. baumannii
100000 —3¥¢— P. aeruginosa —@=—FE. coli
=t FSBL-producing E. coli
1oooo
o]
o
@
8 1000
>
100
10
1 o 5 i i B

0 MIN

1 MIN

5 MIN

10 MIN 15 MIN 20 MIN 30 MIN 60 MIN 120 MIN180 MIN

Time (minutes)

U7 3.6 N WuaaITINouTanaslaIuTIR UV lu Biosafety cabinet filaand1a¢)
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A

A o v a ¢ A & Ao aaa .
LNa'ﬂ"lﬂ’]iqﬂ(ﬂaaﬂ’]@ﬂjwqvaUIaﬂaN (GﬁﬂaqwqiﬂLﬁuLTa‘ﬂﬂﬂu"ﬁa@lﬂ%'ﬁia

= A

,&' A % 1 a 6 . a 1A o
Fafianouaa) wud dsanaclulafladvas P. aeruginosa fUSunmuniiga ilavh
nmnaseuinluleWalluiusafedann Biosafety cabinet with UV uaz UV
sterilizer 1287 30 w1 LSsusunylulafadf badlasunisanougatduiag
= ' a A ' ') v A =
30171 WU USuabulafadlidnunanednani aaa1319N 3.7 uazgUf 3.7
' v A v ° Qs ﬁ' a A v 1 [ o o
LRAIINTIFaaaT 1 latae aruIntIaTanuanise ba welaaiuisaninaalula

Nax

A9 3.7 USame Biofilms LUSHULAB LR o MULAZRAY LIUTIFDRAIT 12 LaLae

Crystal Stained Biofilms (OD595)
UV exposure
Bacteria

Baseline | Non-exposure uv

Biosafety Cabinet

Sterilizer

S. aureus 0.68 0.71 0.76 0.72
S. epidermidis 0.61 0.79 0.72 0.71
MRSA 0.47 0.47 0.46 0.47
A. baumannii 0.83 0.79 0.93 0.85
P. aeruginosa 2.79 2.34 3.24 2.79
E. coli 2.36 213 3.03 2.51
ESBL-producing E. coli 0.59 0.64 0.87 0.76

OD 595nm

15

ST 1

0

SA SE MRSA AB PA EC ESBL

Omin O Non-exposed M Biosafety-CabinetUV  mUV Sterilizer

gﬂﬁ 3.7 N WLEAIUIN W Biofilms Lﬂ%‘ﬂuLﬁyuriaul,l,amé'avl,@ﬁ'u{aﬁg?
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WathluleWadwea®e S. aureus, S. epidermidis, E. coli uaz P.

. v v fa « = a o 6 1
aeruginosa lWgldnaasgansiaudiinasen lanSouiisuansuslulafiadtan
™ Y e A e ' ' 6 09: ni s 1 v
waznaInslasussidaahlowa wod suTveasadveianlaiuuazlale
JuTaRy T lduaned9nn uddIanmes Extracellular Polymeric Substance (EPS)
d'd 1 v (o 1 d' Yo o A A 1A v ] [ 1 d' 1 Yo o oA
niauszredumadlumadinlaiuiig  SuTuadesnidiadnnldleTuig

289 I ReNUS MY EPS matrix a9nan aiunIniatduen le

28kU & Skm 238914

28kU X5.80860

2B8kUAKS, BEA

28kU X5.0080
)

gﬂ‘ﬁ' 3.8 (fafusluntinoaly)
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7
2@kl X5,806

aureus with 30-minutes UV exposure; (C) S. epidermidis no-UV-exposure; (D) S.
epidermidis with 30-minutes UV exposure; (E) E. coli no-UV-exposure; (F) E. coli with
30-minutes UV exposure; (G) P. aeruginosa no-UV-exposure; (H) P. aeruginosa with 30-

minutes UV exposure. All images were x5000 magnification.
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3.5 manmuIsmawzidssaluzduuululedasllugduuylns
Wasanlunmsidsslulefadlas Calgary Biofim Device lulaianas
a a & 1 v v
igLAulauw polystyrene @9 liauNsanwANNTOUIINNT Autoclave ba
& =& { Y &
wanannw lulafaduunils plate cover NUIENBLIY 96 pegs HUENNITD
o v A A = A2 > , A
anihldnesevldidnmiinimasey  nsdnsBisldwamnluaalniine
mnwwuﬁmuuf&qﬁwumu@iamm“fauua:mi Autoclave INTIIRINITD
\ . ¥
i lulafadlunasavlanarnuatoaniiu
nnanmasnsiialulafay  Aadadd  surface  1¥3a93UMS
wigdnlavenda  midnmidalddszendnadeslulefladlas  Calgary
Biofilm Device (CBD) ﬁ"]Jlu CDC Biofilm Reactor (Eﬂﬁ 2.3) I@U CBD ande
peg Niuasluamandpuda 1u surface lfiTiouimz (attachment) uaz
windeliiululeflasl luwmefi CDC Biofim Reactor andt coupon Aignia
@28 coupon holders (gﬂﬁ 2.3) 1 surface lAiTadiaine uazldlu vessel 7
J01m13L 889 Te UWAZIILH magnetic stirrer WNa create usdidaulhainns
¥ ¥
LRELTD [ARI
. L e . ® .
mMIAnERLE 6-well plate 334NU 12-mm insert (Transwell , Corning
Incorporated) laglidl insert wWald19 coupons (BioSurface Technologies
Corporation, USA) @yagﬂﬁ 3.9 I@ml“ﬁ coupons ANRAN Polycarbonate LLag
. & ' & A
Stainless Steal TINUNIUNaNIT Autoclave Gﬁdﬁ]’mgﬂﬂ 3.10 LOULEWATNANT
o a & ea o & ' = g &
90935 NNt Ul a A NWM I TWIZRINNITANETR  lasLRnin
Ao o o 3 & A ' & O
coupon \u surface NFNHENLEMNTABUTE uaziilaiwizuniTalugia
WAUNIVINN 40 audauwnfl azifia “flow” W3a “shearing force” Nzgulin
WaflnNzUsh  surface Lﬁaﬂugmmﬂﬂaﬂaﬁ UM 311 uszgUn 312
usaslulalaaduaasio S. aureus Nla3yun Stainless Steel Coupon WAz
o L% a .:.i L ‘3 =1 ,3’,
Polycarbonate Coupon @ 4UR1AU Sonluiaanwamduanlunsd@nsitin

“Modified Coupon-Holder Biofilm Device”
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gﬂ‘ﬁ' 3.9 Stainless Steel Coupon Ut Coupon holder insert T 6-well plate

Coupon holder

Coupon

= Bacteria attaching to the

surface growing in biofilms

Culture broth with tested organism

307 3.10 ununwuaaIn1IiuseIITMuwzass lulefasdlu Modified Coupon

Holder Biofilm Device
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gﬂﬁ 3.12 lulafaafuaailia S. aureus MLa3un Polycarbonate Coupon
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3.6 uan1319a lulaWasinun13n 181l a0 ALIINW LAk (Steam
Sterilization or Autoclave)
A v A [ % Z’ v 1 €A A a A
Autoclave wiansfatidaussanlaindadnduguninifidszininingiga
o dq, o dq, Qs v 1 =1 L
lunmsvianside lassunsarinaodaluszausdesla agnelsAany d9una
v 4 e aa . ¢ a4 Mne. & X
Tayainunudszaniawsasmaiasluledlasd msfnsaldiizeuiies
v - A ¥
TustuuyluleWasilasls Modified Coupon Holder Biofilm Device iWau1au
g & . A
laaaodlulafatun Polycarbonate coupon L8z Stainless Steel coupon 3
k4 e . [ = M e
RINIONUAINTOUINN steam sterilization 19 lapn1sansnitlanasaulule
Aasieaun1s Autoclave LaLHI®N1ITNIAGIE Multi-Enzymes Biofilm Removal
™ ' o & . o ' . . o
(3M') iaunis Autoclave WAIIINUWINGIBLEINA viability uazdaNg
Usnalulafasidas crystal violet ldnadazdf 3.13 illaviuniadiainu
v @ A aal v o AN o [ o i
WUTULRIN OD595nm  auAT uda 2.10 lasiid N leuNAnauny negative
A A . A A & &
control v3ndA1 OD595nm w84 crystal violet N coupon Ausluarmisasage
nlidie (a19190 3.8) lanaidu adjusted OD595nm G9a1319N 3.9 FIATU
Polystyrene coupons LRZAIT9N 3.10 §1RIU Stainless steel coupons lag
WU Steam sterilization ligx13ainda bulafasle watilauugads
Biofilm Removal Multi-Enzymes 7 45°c 3 T2 ludrianiinly autoclave wuin
81313089 b laRasl laaudininszauwes negative control w3aaatulafasile
§9gA09 100% (A179N1 3.9 uaz 3.10) Llavmawiziiaanusdaziuaan

WUIINIUT Biofilm Removal Enzyme laaansagugdidala (@13199 3.11)

@197 3.8 A1 Optical Density 1 595 nm V8 crystal violet nladau negative

A A P i n:?l/ d‘y a '
control B3A8 coupon mglumm‘namlfﬁa‘mmwﬂ

Negative Control

Tested Media
Polystyrene | Stainless Steel

TSB 0.119 0.045
TSB with glucose supplement 0.145 0.02
MHB 0.157 0.04
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Positive control Autoclaved Biofilm removal enzyme + Autoclaved

Eﬂﬁ 3.13 lulafasiun coupons WIBUINEUIERINg Positive control, Autoclaved coupons WAz Biofilm removal enzyme + Autoclaved coupons



AN3197 3.9 Adjusted OD595nm VBIANNLTNTUVBY crystal violet NTfandalulaNaduu

Polystyrene coupons

Biofilm on Polystyrene Coupons (OD595nm)
Tested Pathogens
Control | Autoclave Biofilm Removal Multi-Enzymes (% reduction)

S. aureus 0.385 3.262 -0.044 (100% »L)
MRSA 0.246 0.538 -0.051 (100% »L)
S. epidermidis 0.545 0.578 0.122 (77.6% »L)
E. coli 0.259 0.191 -0.04 (100% ~L)
A. baumannii 0.278 0.421 -0.048 (100% ~L)
P. aeruginosa 2.905 1.613 0.211 (92.7% \L)

@139 3.10 Adjusted OD595nm 2adANNTNTUVRY crystal violet Nefauda lulafasun

Stainless steel coupons

Biofilm on Stainless Steel Coupons (OD595nm)
Tested Pathogens
Control Autoclave Biofilm Removal Multi-Enzymes (% reduction)

S. aureus 0.098 3.28 -0.005 (100% ~L)
MRSA 0.074 0.098 0.008 (89.2% \L)
S. epidermidis 0.148 0.113 0.005 (96.6% \L)
E. coli 0.064 0.069 0.012 (81.2% \L)
A. baumannii 0.046 0.08 0.004 (91.3% \L)
P. aeruginosa 3.348 2.43 0.079 (97.6% ~L)

AN 3.11 WANNIIWIZLTENAIAN Autoclave WAz 311 Biofilm Removal Multi-Enzyme

Pathogens Autoclave Biofilm Removal Enzyme
S. aureus No growth Growth
MRSA No growth Growth
S. epidermidis No growth Growth
E. coli No growth Growth
A. baumannii No growth Growth
P. aeruginosa No growth Growth
S. aureus No growth Growth




a I3
4. ?Lﬂ§q$ﬁtla$ﬂ§ﬂﬂaﬂﬂiﬂﬁaad

a d"/ b o Q dl o v Aa = >
liadagelulssmuadudymdagivinldifansgadaninens
° [N & a & A o o A
WJudrwanunn rm?a@qummimmaam’szmLmaluiiawmmmﬂummmyﬂ
qﬂmﬂsmammimqmlunns:@”m:ﬁaqmmﬁfﬂ Wanuafitsunalsanwuvayls
Tsanenuia  laud Staphylococcus aureus, L%aﬂéjw coagulase-negative
staphylococci, Escherichia coli, Pseudomonas aeruginosa W% Acinetobacter
.. 2 6 ' s x> a a a v
baumannii \ludu laswuingamsfdniaiydulaludnedeulugdunyiole
6 . . & A a a n&’ dl ,&' [ Rt 6 n:i
#axl (Biofilms) TfamaaTgidvlavede ladeaghmniunaoimad lasn
aauNaEIwIzdamznuAuduazusnez s nlasiasesume LAY
o & A o = ead & a & 29 a a
Iﬂiaaﬁaﬂwwngﬂl,ﬂaaumﬂmﬂwamaimmawa@mum msasadulaves
dalugtuuylulafadi wuldialuludawadeundldnanslulswema u
sruuviath 81eanefie niaudnznanuluszuuviesionisla (ventilator system)
v 17 2 & ' & A o % v ' & 4
WJudn Fenannnlulafadezidwunssuniibanday  SIwuinben
a a d‘pd U 1 Aad &/ 1
wigdulalustuuuiifienudumudesdfmegslin - uazananumudanis
o ¥ & . . . X o 14
Qﬂﬂﬁﬂ’]ﬂi@&l%’]ﬂ’]%’ﬂ%ﬂ (antiseptics Waz disinfectants) ¥MNVYUAIY  INNT
1 d? ] ci Aa 6a d' 2 s a Aa ﬁ’
wudnderalinfiaiyluzduvylulefaifunuminsadasiumaiialindase
v AadA o s 6 1 = a a SR A o ™
Tulsanenia - masuwniditiaa lulafadasgnefidsz@nTnindsfinnudianuas
=} é ai 1 wn 6 a dql’
dudnniimifaztissagd@nnivesnziadalulsmweuna
Untusiddaanhilawaniausydlagnihanlglunmiidae
¥ A 30 & a . . X @
lasawizlugaswnisuindn”  uananuunalulad UV disinfection  #3
mmmﬂizqﬂmﬂﬁﬁﬂiawmma AR IFANNNNT IR DK Ly
9 A en A A o 23 ' = o A o o A A
wodJuemInediningn uen . aglsianw Toyainutanudszaninm
pain3lgyilunsidagenalin lasawzidenasylugdunylulafadeeiil
= wa @ K LU o = =3 a a v A A o a
WNEIW ﬂmzﬁd’]fﬂ&I%ﬂ(ﬂ‘ﬂ’]ﬂ"liﬂﬂHﬁﬂdﬂiza‘ﬂﬁﬂ’]wma\‘m’]ﬂ?ﬁdﬁ%’)@laﬂ’ﬁﬂ’ﬁ](ﬂ
Wwanalsanwutaslulsswenuia leun Staphylococcus aureus, Streptococcus
epidermidis, Escherichia coli, Pseudomonas aeruginosa Wae Acinetobacter
baumannii lagnaseunuirafiaiyluuunlulefad
nnsansnlasld 96-well microtiter plate @1N35289 Stepanovic WAz
AzWUILTaNgy Gram positive bacteria liUni S. aureus NIFBNUTANATIIN
Wae clinical isolates (Ylydmzlwvuif Meticillin-sensitive tias Meticillin-resistant S.
aureus) Waziia S. epidermidis JauaINsalunTaelulafadled Walfisy
ﬁ"]JL%aﬂéj&J Gram negative bacteria I@ﬂ‘lumjw Gram negative bacteria WU7LT8
. =) U 6 A £ ‘:3' %
P. aeruginosa wmmmmsnlumiaiwvlﬂaﬂaumﬂwq@] FINANIINARAITNL
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4 o a g v &
WanagauaNNaNII0 lbmMITITiavede luanizuis  deenadu
FNEWIAaaNNNY leaSsuuiniIvasRakIasanlulsane s wuinses S
aureus, S. epidermidis FEWUTNINTINWUILLTE MSSA-1 Uaz MRSA-3 &an3nil
Aa ) ) o AN A A A & .
Fialans 21 ulugnnzuisn lilansenmmienn luvuefiba Gram-negative
bacteria \T% A. baumannii §aNNENITDIWANTNUMIUGBFAEWAILE 7 0
§1wTa E coli Uaz P. aeruginosa SNHWUTANAITIIUENANTONUMMURDANTIZ
AINENI LIS 3 THLNILAE 3 % NEAL
& A A o a ¥ .
nnmaasdiTatieladSinalulafasilasls microtiter plate assay Was
Calgary Biofilm Device (CBD) % wuilda S. aureus a319lulafladfldinniga
\Wanagauale microtiter plate (gﬂﬁ 3.1) Tuane=n P. aeruginosa Iwuiaas
A ed a A < X A a, & & A
anfiga Twluleflaaifiaiyun peg (19971 3.3) netiduinnudinsenised
anuaITalunIzlulafayd wditasan S. aureus uiTa non motile
A A o =K % va A o . . A A
sanniafaunle Fsaieluleflasfladndunguuas flat microtiter plate GiLiia
\dpdlu CBD wuinfiiissusdiwaadandaneny peg usataswidwlulafasl
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Decontamination Efficacy of Ultraviolet Radiation
against Biofilms of Common Nosocomial Bacteria

Pholawat Tingpej MD, PhD*,
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Background: Ultraviolet radiation (UV) is commonly used to destroy microorganisms in the health-care environment.
However, the efficacy of UV radiation against bacteria growing within biofilms has never been studied.

Objective: To measure the sterilization effectiveness of UV radiation against common healthcare associated pathogens
growing within biofilms.

Material and Method: Staphylococcus aureus, Methicillin-resistant S. aureus (MRSA), Streptococcus epidermidis,
Escherichia coli, ESBL-producing E. coli, Pseudomonas aeruginosa and Acinetobacter baumannii were cultivated in the
Calgary Biofilm Device. Their biofilms were placed 50 cm from the UV lamp within the Biosafety Cabinet. Viability test,
crystal violet assay and a scanning electron microscope were used to evaluate the germicidal efficacy.

Results: Within 5 minutes, UV radiation could kill S. aureus, MRSA, S. epidermidis, A. baumannii and ESBL-producing
E. coli completely while it required 20 minutes and 30 minutes respectively to kill E. coli and P. aeruginosa. However, the
amounts of biomass and the ultrastructure between UV-exposed biofilms and controls were not significantly different.
Conclusion: UV radiation is effective in inactivating nosocomial pathogens grown within biofilms, but not removing biofilms
and EPS. The biofilm of P. aeruginosa was the most durable.

Keywords: Biofilms, Nosocomial infections, Ultraviolet radiation, Sterilization
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The growth of bacteria in nature is usually in
the form of sessile microcolonies called “biofilms”.
This growth pattern is created when microorganisms
attach to surfaces and aggregate in a self-produced
extracellular polymeric substance (EPS)®", offering
protection from various environmental challenges
ranging from heavy metal toxicity to host immune
response and antimicrobial agents®. Bacteria growing
within biofilms were found to be more resistant to
treatment with antimicrobial agents than planktonic
cells of the same species®.

Biofilms are ubiquitous and have several
undesirable impacts in a number of areas. In the body,
bacteria growing on biofilms have been recognized as
an important cause of several conditions such as
catheter-associated infections, infections of prostheses
and heart valves, bacterial endocarditis, and infections
in people with cystic fibrosis®. In healthcare facilities,
bacteria can colonize and form biofilms on various
areas such as water taps, hand-wash basins and
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plumbing systems as well as respiratory ventilators
and medical devices®. With nosocomial infections
being a current global problem, an accumulation of
data is beginning to point to the role that contaminated
surfaces play in environment-to-patient transmission®.
Several causative agents of nosocomial infections have
been found to be associated with biofilms formation.
These agents include Legionella pneumophilia,
Pseudomonas aeruginosa, Acinetobacter baumannii
and Aeromonas spp.”®. Other common bacteria such
as Staphylococcus aureus and coagulase-negative
staphylococci have been found colonizing indwelling
catheters and medical devices®. Such biofilms serve
as a possible source of transmission, contributing
to the increasing incidence of hospital-acquired
infections.

As infection rates in healthcare facilities
are a major patient safety concern, several methods
have been suggested for minimizing environmental
infection, and one of these is Ultraviolet (UV)
radiation?. With its germicidal activity, UV radiation
has been used for the control of microorganisms in
operating rooms, patient isolation rooms and biosafety
cabinets. Its application is usually for the destruction
of airborne organisms or microorganisms on surfaces;
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however, its germicidal effectiveness can be hindered
by organic matter such as soil and, perhaps, biofilms".

While hospitals generally have sanitation
protocols regarding surface bio-decontamination, they
are not created specifically to deal with biofilms. This
study is thus conducted to measure the efficacy of UV
radiation against common pathogens associated with
health-care infections when they grow within the
biofilms.

Material and Method
Bacterial isolates and cultivation

Tested bacterial isolates included five
standard strains: Staphylococcus aureus ATCC
25923, Staphylococcus epidermidis ATCC 15305,
Acinetobacter baumannii ATCC 19606, Pseudomonas
aeruginosa ATCC 27853, Escherichia coli ATCC
25922 and two clinical isolates: methicillin-resistant
S. aureus (MRSA), and extended spectrum beta-
lactamase (ESBL)-producing E. coli. All standard
strains were purchased from Department of Medical
Sciences Thailand (DMST), Thailand, and the clinical
isolates were from Thammasat Hospital. All isolates
except P. aeruginosa were grown in tryptic soy broth
supplemented with 2% glucose. P. aeruginosa isolate
was grown in cation-adjusted Muller Hinton broth.

Biofilm cultivation

Bacterial biofilms were cultivated using the
Calgary Biofilm Device (CBD) as previously
described?. In brief, 200 uL of each tested bacterial
inoculum were suspended in a 96-well plate that was
covered by a lid that had 96 pegs. Plates were incubated
without shaking for one hour to allow bacterial cells
to attach to the pegs’ surface. They were then incubated
at 37°C with shaking at 40 rpm for 24 hours. Pegs
were washed with 0.9% saline solution to remove
unattached cells prior to each experiment.

Assessment of UV efficacy

Viability plate count

Biofilms growing on pegs were placed in the
Biosafety cabinet class II with UV lamp (SafeFast™)
50 centimeters away from the UV light source. Biofilms
were tested against UV radiation at different time points
including 1, 5, 10, 15, 20, 30 minutes and 1, 2 and 3
hours. After each time point, the viability of biofilms
on each peg was assessed. Briefly, pegs were placed
in a 96-well plate containing 0.9% saline solution,
followed by 5-minute ultrasonication two times and
shaking at 600 rpm for 5 minutes. Bacterial solution
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was serially diluted and plated on nutrient agars.
Parallel pegs with biofilms that were covered with
aluminum foil were used as UV-non-exposed control.

Crystal violet assay

The biomass (both living and dead cells and
extracellular polymeric matrix) of biofilms was
assessed using a crystal violet (CV) assay. After being
treated with UV for 30 minutes, pegs with biofilms
were immersed in CV for 5 hours. After this, the
unbound CV was removed by washing, and the
biofilm-bound dye was released in acetone-ethanol
solution. The absorbance was measured at OD 595 nm.
UV-non-exposed biofilms were used as control. Tests
were done in triplicate.

Scanning electron microscopy (SEM)

The ultra-structure of biofilms of S. aureus,
S. epidermidis, E. coli and P. aeruginosa were
visualized under SEM. After being exposed to UV for
30 minutes, each peg was fixed in 0.2M cocadylate
buffer containing 3% glutaraldehyde and 0.15% alcian
blue for 3 hours. Pegs were then washed out with buffer
followed by dehydration in serial-dilution alcohol, and
then immersed in hexamethyldisilazane (HMDS) for
5 minutes before being dried overnight in a desiccator.
Each peg was then coated with gold film using a sputter
coater (SC7640, Polaron-Fisons) before visualization
under a SEM (JEOL, model JSM-5410LV).

Statistical analysis

A standard t-test was applied to analyze
the amount of biomass as stained by CV between
UV-exposed and non-exposed samples. The p-value
of <0.05 were considered to be significant.

Results
Biofilm cultivation

The CBD created conditions favorable to
the growth of bacteria in the biofilms mode. Pegs
provided a surface for bacterial cells to attach to
while surrounded by broth that continuously flowed
around it. Within 24 hours, biofilms were observed as
shown in Fig. 1.

UV efficacy against viability of biofilms

The germicidal efficacy of UV radiation
against bacterial biofilms was measured using viability
count. The average viable bacteria per peg before UV
exposure was 6.5x10° cells. P. aeruginosa had the
highest number of cells attaching to the peg surface
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Fig. 1

Calgary Biofilm Device. (A) Biofilms grown on pegs and stained by crystal violet, (B) Scanning electron micrograph

of a peg (original magnification x15), (C) Scanning electron micrograph of P. aeruginosa biofilms (original
magnification x10,000). Note cells attached to surface and were covered by EPS.

(2.1x10° cells). Biofilms of 4. baumannii showed
no growth after 1 minute of UV exposure while
biofilms of S. aureus, S. epidermidis, MRSA and
ESBL-producing E. coli took 5 minutes and biofilms
of E. coli took 20 minutes (Fig. 2). P. aeruginosa had
the highest number of cells recovered from peg-
attached biofilms, which required up to 30 minutes of
UV exposure to inhibit the growth completely of this
isolate (Fig. 2).

Biomass quantification using CV assay

The total biomass, which included bacterial
cells (both living and dead) and extracellular polymeric
matrix, was measured from the peg samples obtained
after 30 minutes of UV exposure. There was no
significant difference between biomass of biofilms
of each isolate at 0 minute and biofilms both exposed
and not exposed to the UV light (Fig. 3).

Scanning electron microscopy

The detailed structure of biofilms was
revealed under SEM (Fig. 4). All isolates showed
biofilms in which cells attached to the surface. EPS
appeared as a matrix supporting cellular attachment
in S. aureus (Fig. 4A) and S. epidermidis (Fig. 4C) or
covering bacterial cells as found in E. coli (Fig. 4E)
and P. aeruginosa (Fig. 4G). P. aeruginosa appeared
to produce more EPS than other isolates. Overall, the
cellular structure of UV-treated and control samples
appeared to be similar, but the amount of EPS seemed
to be lesser in the UV-treated samples (especially in
S. epidermidis and E. coli) than the control samples.

Discussion

An increasing body of evidence indicates
that contamination of the environment contributes
to hospital-associated infections®. This environment
contamination can exist in air-borne form, be
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UV efficacy against the viability of biofilms.
Biofilms of 4. baumannii showed no growth after
1 minute of UV exposure. S. aureus, S. epidermidis,
MRSA, ESBL-producing E. coli showed no
growth after 5 minutes of UV exposure. E. coli
and P. aeruginosa showed no growth after 20
and 30 minutes of UV exposure, respectively.
Each experiment was performed in duplicate on
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Crystal-violet stained biomasses of UV-exposed
and UV-non-exposed samples. Within each isolate,
there was no significant difference among the total
biomasses of biofilms measured at 0 minute and
30 minutes after UV exposure and non-exposure.
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Scanning electron micrographs of (A) S. aureus no-UV-exposure, (B) S. aureus with 30-minutes UV exposure,

(C) S. epidermidis no-UV-exposure, (D) S. epidermidis with 30-minutes UV exposure, (E) E. coli no-UV-exposure,
(F) E. coli with 30-minutes UV exposure, (G) P. aeruginosa no-UV-exposure, (H) P. aeruginosa with 30-minutes
UV exposure. All images were x5,000 magnification. Biofilms can be seen as surface-attached cells which are
surrounded by an EPS matrix. Overall, the cellular structure of UV-treated and control samples appeared to be
similar, but the amount of EPS seemed to be less in the UV-treated samples (especially in S. epidermidis and

E. coli) than in the control samples.

water-borne or manifest itself as contamination of
the inanimate objects around patients. It has been
suggested that surface contamination is likely to
exist in the form of biofilms". Indeed, a number of
hospital items from one intensive care unit (including
curtain, door, washbasin rubber and reagent bucket)
were found to be colonized by biofilms that still
contained viable pathogens"?). Various pathogens such
as Legionella spp., P. aeruginosa, Acinetobacter spp.,
and Aeromonas spp., have also been shown to be
associated with biofilms in the hospital environments.
Biofilms from one of the most common pathogens
associated with healthcare infections, P. aeruginosa,
found in water taps in hospitals, was recognized
as an ideal reservoir for environment-to-patient
transmission¥,

Infection rates in healthcare facilities are a
major patient safety concern. As biofilms contribute
to hospital-associated infections, efforts to improve
environmental hygiene should be encouraged, at the
very least, effective cleaning and disinfecting surfaces
in healthcare facilities. Currently, sterilants used for
room decontamination include formaldehyde and
hydrogen peroxide vapor'V. UV radiation has also
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been suggested as an alternative method for the
control of microorganisms'*!D. It has several potential
applications in the healthcare environments, including
being used for controlling contamination within
operation rooms and isolation rooms>. However,
there are limited available data concerning its true
efficacy against biofilms.

In the present study, the CBD was chosen
for growing bacteria in the biofilm mode. The pegs
(part of the CBD) were shown to support the biofilm
proliferation. As seen in Fig. 1, P. aeruginosa cells
irreversibly attached to the surface and were encased
by EPS. The UV radiation was shown to be able to
kill bacterial cells completely with a maximum
exposure time of 30 minutes (Fig. 2). P. aeruginosa
and E. coli were found to require longer periods of
exposure (30 minutes and 20 minutes, respectively)
compared to S. aureus, S. epidermidis, MRSA,
A. baumannii, and ESBL-producing E. coli. This
correlates with the amount of biofilms they produced:
P, aeruginosa and E. coli produced the highest amount
of biofilms compared to other isolates (Fig. 3). These
findings suggest that biofilms may play role as a
protection from destruction by UV.
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The CV assay showed that there was no
significant difference in the amount of biomass
between UV-exposed or non-exposed samples. This is
because the biomass contained both living and dead
cells as well as EPS. As expected, although UV
radiation can completely kill cells within the biofilms,
it cannot remove the biofilms from surfaces. We
further looked into the ultra-structure of biofilms after
UV exposure, using SEM. Cellular structures of
both samples were unchanged, although it could be
noticed that in S. epidermidis and E. coli, the amount
of EPS in UV-exposed samples was less than for UV-
non-exposures. However, this SEM finding did not
correlate with the amount of biomasses as stained
by CV. The biomass of UV-exposed E. coli was lower
(not statistically significant) than in the UV-non-
exposed sample (Fig. 3). It is possible that EPS became
dry and exfoliated during the sample preparation
process for SEM.

The biofilm mode of growth is normally found
in nature-in both the environment and the human body.
In this study, we selected common bacterial pathogens
associated with healthcare infections and grew them
in biofilms, in order to represent the real contamination
burden found in the hospital environment. Overall,
the present study demonstrates that UV radiation is
effective in destroying bacteria growing in the form of
biofilms. It should be noted that all experiments were
conducted within the biosafety cabinet, instead of in
hospital rooms, as it is not possible to expose these
notorious pathogens to the environment according to
National Biosafety Regulation.

The application of UV radiation systems in a
hospital setting has been previously reported'®. Rutala
et al showed that UV radiation could decontaminate
more than 99.9% of MRSA within isolation rooms
after they were occupied by an infected patient!®. A
study using a simulated health-care room also showed
that UV radiation reduced up to 98% of aerosolized
Mycobacterium spp. and up to 80% of Bacillus subtilis
spores!!”. Moreover, in the water industry, UV
disinfection technology has long been used to control
water quality. It is effective against waterborne
pathogens including bacteria (such as E. coli,
Salmonella Typhi, Vibrio cholerae, Campylobacter
Jjejuni and L. pneumophila), viruses (such as Hepatitis
A virus, Calicivirus, Rotavirus, and Poliovirus) and
protozoa (such as Cryptosporidium parvum, Giardia
lamblia, and Acanthamoeba spp.)'®. Findings from
this study emphasize the efficacy of UV radiation
against common pathogens, which are the leading
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causes of healthcare-associated infections. Although
the present study and those mentioned in this paper
show the benefit of UV radiation, the current view
on its applicability indicates that UV germicidal
irradiation cannot be applied as a primary intervention
for infection control. However, it can be considered
for use in conjunction with other well-established
methods, such as appropriate heating, ventilating, and
air-conditioning (HAVC) systems for air cleaning'?
or the use of liquid chemical disinfectants for surface
disinfection®”.

Conclusion

The present study shows that UV radiation is
effective in destroying common nosocomial bacterial
pathogens grown within biofilms, but not in removing
biofilms from surfaces. Bacteria with greater biofilm-
formation capacity (P. aeruginosa and E. coli) require
longer periods of UV-exposure time. UV germicidal
irradiation may provide an enhanced method of surface
disinfection especially when used in combination with
conventional cleaning methods.

What is already known on this topic?

Biofilms contaminating hospital environments
are known as a potential source of transmission to
patients. UV radiation has been used as one of the
methods for control of hospital infections. However,
there are limited available data concerning the true
efficacy of this method against biofilms especially
those of common pathogens causing healthcare-
associated infections.

What this study adds?

This study shows that UV radiation can
kill common nosocomial bacteria growing within
biofilms, but not remove biofilms on surfaces. Up to
30 minutes were required to kill viable cells of
bacteria (P. aeruginosa) completely, which produced
the highest amount of biofilms.
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