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The Effect of the Sequential Application of
Standardized Terminal Disinfection Education
and Hydrogen Peroxide Space Disinfection
on Reducing Environmental Contamination in
Patient Rooms with Carbapenem—resistant

Enterobacterales
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W A7) F9E9Y CRE €4 191 g ¥ vl
<, A HolE, MEYA, Hof W1t PR 3], ®7] Ui, ®Y] A E, Al
o) wjT, AE) S A S E adenosine triphosphate (ATP) AALSF 1] A8
EHFHALE AFESte] A S A 298] AolE vluskes H] T4 dx

T A5 AR AAY FARE A A Tolth Phase oA B gk A 10709

agar plate®} Chrome agar platee] 35ColA 24A)1%F vk & 25t 3714 A
2+~ (aerobic colony counts, ACC)E colony forming units (CFU)Z 3%7|38}

A3 ATPAAF A= relative light units (RLU) 2 3£7)3}g o,

A3 Phasel oA <A T4 A5 AT ATP SAH#S I
Hol&(Z=-0.561, p=.037), W7 AE((Z=-2.090, p=.037), Add)
W4 (Z=-1.988, p=.047) A 2% & o8t Fastalon, QAdAAES
250 RLU/100 o vk 7]Fo2 319lg w &% $Fof A (y*=5.208,
p=.020) % F28tA F7Fskdth. CRO 94 W Bl&2 W7]) Ul (1 2=4.267,
p=.033) A A= 5 FstA sl th PhaselloA ZFstd 4 4%
T ATP ZA%ol FoshAl #rast e 3 Hol & (x?=-2.271, p=.005),
W7 U (42=-3.326, p<.001), W7 AE(x?=-3.705, p<.001), Al#d)
N (% *==3.175, p=.001), AW (x*=-3630, p<.001) A 2™, ACC #tel

(A

juy)



wostA A EwWES W] R (Z=-2.647, p=.007), W]
ANE(Z=-2.897, p=.007), AW (Z=-3.594, p=.005 %t} %Fsd =2
Ao F7FE kst FbAE A8 ATP SA#S sbdd Efols
913t 83t EWolA o8l wAasdom (p<.05), ACC e wET A
A W A EFolE AL 63 xHelA FoEH
stk (p05). LAAAES W7l UF(x°=13.321, p<.001), W7
E(2?=9.473, p=.002), AWA(x*=12.597, p<00D)IA  F2sH
74k, 2.5 CFU/ar M wbs 71507 898 wi W7 Ui (4 2=12.889,
p<.001), W7l AE(x*=4.833, p=.028), AHGl wlFT(x*=7.493,
p=.006), A (x%?=4.833, p=.028)°14 <QdAAE] F718ttk. CRO
4 x9 =3t T4 A5 AETA FUAFY] 3 A8 $o
7] UF-(x?=13.125, p<.001), W7] AE(x*=6.667, p=.028), Al
FT (2 *=11.674, p=.002)°1A FoAstA xstdch. AWd W

450709 ¥ F LSl CREZF welEdlon 4% d & S8HeAE ) =31
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HAsr4A~ FAE Fo|% carbapenem-—resistant gram negative bacillus

(CRGNB) 7} 933] AlAHA b dobgli Aoz salwgi.
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1. d79 de4
AAH R FYA A NEsk Folbas F4A W FEe 7k 25

A7 g1 9o, tAUA o (multidrug—resistant organisms, MDRO)

Zae GAA Abg @ AP Adeti, AQ 7%k omng W AR 37

i

S wo 2ael #Eo] Qrh(Qavi et al., 2005; Wilson et al., 2004). =1 7}
vl W A A Al (carbapenem —resistant Enterobacterales, CRE) 2] 2HAI A
2= 20184 11,9547614 20229 30536702 Zrlets Qla, =8| 7hits)
deslas A4 At (carbapenemase—producing  Enterobacterales,
CPE) 9 H]&& 20184 49.8%°4 20219 61.9%= Az F7lstal At}
(Korea Disease Control and Prevention Agency, [KDCA], 2022).

CRE #d oS st Zsld 34 A2 w79 AW FAdWAE (Centers
for Disease Control and Prevention, CDC)A & 874 4% 93 ¢

kel 37 Ak RUH"ES Aty low, s gelde =

AN

el 1%

Fo WS oE PARD O A% Pasa 250k s, 53 BA} 4
A

S Adsior dtha dugtt

=

(KDCA, 2022).

CRES] 27 xWl el ok 27709 AA4 1% 5" (Van Loon et al,
2018)° w=d ¥ 874 Tdolr CRE: AlddelA 71g @o] #al=x
S Aol 9 ZAS AN O HE o)tk IRkl E BUE, AR, H o
L 5o Atk n=e A (Odom et al., 2014) M= Add) w5+, FE%
Wikell A CREZE &=t &8 A o Abdg 9 10cm &7l A
B Effel EAes Al colzE3rt Wi AAME Sl FlE o Al
Adiel wig Fx2o] wAZE CRE /3 F4d IFE vzt Atk De
Geyter et al., 2017). 53 34 Jojx thlx A= 2 WY, AFeb4y W
o] AdAIE, F9 #3x FJ 9 BAeA=E CREZ REH At
(Lerner et al., 2013). WA A= HA o THoA 2 Folad 2 @ &

Qb AF£o] 7F53H (Boyce et al.,, 2022; Otter et al., 2011; Weber et al.,

)

24

y



2010), AW+ A7 AHERE WAR Slgdsks Zlo] vAAd e 85 2
Aope] F7F aox Agsttty 8He At (Huang et al., 2006).

AFAQ B A Ame] st Aqtel] WEW S AHH d5T|#He] A
Ao = Etetal WA EHE 40~50%Ne] AHEetA Aso] ® AR ek
© 1 (Carling et al.,, 2008; Carling et al., 2017; Hung et al.,, 2018), =1 9]
2 A 3 Aol st A AE5AQ BRYE o] R3S wjwo]
21 At (Parry et al., 2022).

AATEoM &2 HA o] 59 F4 Ao e Al e He Ao
SHRIE S, 87 Aol fish xFstd =209 Jder HA &% a9E ¢
215F 6702] =2] A (Bernestein et al.,, 2016; Boyce et al., 2009; Carling
et al., 2017; Dancer, 2011; Deshpande et al., 2017; Parry et al.,, 2022)
oA A A% @ Ad ddeE BEstd F4 4Am B Sy EYEE

B Z7HQ vEue e $4 2% e At BEE $4 4%

O

al., 2009; Carling et al., 2017). Z23%&Ql TUHY "H o2 = ATP HAALE
Abgste) e /7lES BreEAY 33 vbA AAE &3 TDC A

(thoroughness of disinfection cleaning score) S AAFsle] £4 252 A4

d Ase Astelr] Yot W o2 thekst vl HF (No—touch) 874 #e] W&
F7Fske] AFE3Fa QJtH(Otter et al., 2013). No—touch &252 &g N

U 2 AAL Bz wHoeR s ojol it
o

(Weber et al., 2016). &% W= A2 A (ultraviolet light, UV)

T A% (aerosolized hydrogen peroxide, aHP) T+ %7] A% (hydrogen
peroxide vapour, HPV) 2 A3l A% WHo] Qlt). o8 FofpolAq 713
A7 AR EE FAETAE 5~6% HAEstrAgt 50 ppm PIREE] &5 X
3t B8 AZo|th(Weber et al, 2016). A A (Blazejewski et al.,

2015) 94 MDROZE 2.9¥ WA dulde 4 2% 3 Jalsles &%

-
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A A A v R e Ao AGEA G2t
AntA el F4 A% A LAEAY AFES AN EFE,

o, AL 9o] Ui AS AAsf] AT LE A bsd v 903
}\

rr
Y
tlo
1o
=
o
k)

H
e
2
o
2
)

ol
ol

CDC(2019) A Aost= dtAaRl F4 A% HFS v Oz ALde Al¥

HALE 4+ hydroxyl—free radicalsE AAFslo] 9 212 DNA 9 A ¥E2]

A7 AEs AAFoRA Aol o] FolA Y A, &R, #30], Holy A Y
ofx g EFT FWA A=l &do] ATH(CDC, 2008). FAbshga F3t
A= no—touch WHOo=E 374 FHHA mA= AFES Aty 9=

A AAE Wby & ARSI 30~35% Hp0, 715 AAdste] 4y
g AA e #dsA EEs= F7] 25 HPV) I gEoly 22y ERE
AFE-3F] 5~6 %2 HASFEAE A BF A5 (@HP) o] At (Weber et

al.,2016). & AFoM = &5 45 WA Yisssh A SI|AE AFES

4) 2@ A A& (Decontamination rate)

ATP ARl w8 & vk HARE ol &35 84 399 9% HAF A3 250
RLU/100 corf "% (Boyce et al.,, 2009), 2.5 CFU/ar ®]9F(Dancer et al.,
2008; Snyder et al., 2013)= 29o] A|AE FHoRE st Al AA
E9H ] e 9do] AAE EHO H &S u|ets Aow A Ao AAA
H7F == AREshd

]:H



pol

e

Fhure| e W eletE R 8 § & (extended spectrum A —lactamase, ESBL) 28
A Aol 93t S5 Aol &t dFE AdAd wEsEE Aot
(Hawkey et al., 2012). FHIs &+ 24 7HA L o A A+ 7+
Az M AHEE F Qe e T ostuE FFEv(Dattal] 17, Codjoe,
2017 Q185). G4 AHE F7F 9 ESBL #ato® <ls] CRE7F 248kl o
™ (Codjoe et al., 2017), A 204 &<k AAAJD At 9 57|19 o /3
o] Ru¥3 9tk (Nordmann et al., 2011). CRE& Ziutd| A A E3a
25 sk AWAAEAE (CPE) ¥ FE 3 Z (efflux pump) Ly o] ohez
Fad Wgtel] s FhabEvlAl AN UAE Holve AUWAldEAE
(non—CPE) © 2 &%ttt CPEx ZhapodlZeiasis destste A7t
ZkAam = (plasmid) Zdell lom olE Fal v Ao A FAAE
Aatstol CRE &Atel & d&= vIAIM, non CPEel ®l& S&57|¥ W Yt
o7 delx UTHKDCA, 2022). =relx CREx: 23 H
A og WA= 2018 11,9547 4 2022 30,5367 0.2 F7)s)
3l Q3L 53] CPE9 H]&-2 201849 49.8%°4 20219 61.9%= HA 57}
stal ATH(KDCA, 2022).

il

i
X

(22

ox,
il
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2. CRE°| 9% 34 84 24

A7 s et FEAAANA CPE Al5F @A WAl Eo] 51d Alole 1
oA 35xC® Frheldlal, A H A A oA or Fgton dFe
Mz OE AL WA 71 7R gE Foll ekl T8 83 11
of ik HAF A3 Aud M| 878 F 7/HelA CPEZF ®elE i, A%
A A7) o]% (pulsed field gel electrophoresis, PFGE) AA} A3} A2 e &
g e A Addieles 9 ddo] U AEdE T8 AR
Aot ¢ las Wt 299 A¥die gAY T84 o3 A

4



gaoln XA =5 E0s W AlEd 9 10 cmé] ¥7] ¥k AARE F
3l A Efiel EAsts HElglote] oo &3t glE Y. S EAlsH]
el A wid wASE A% Uy HAdE Eety AR Al oAl
TOo® 2] vk siginh. webA QBT del A AgAH ol FAAQ WA
ox AdEd Wiy Fx WHAS 1dE AS AFsATDe Geyter et al,
2017).

CRE W4 &4 29 dist ojxzkd A+ (Lerner et al, 2013)°lA+&
CHROMAgar KPC #= wi#] (HyLabs, Israel) & eSwab (Copan Diagnostics,
Italy) 27FA = ol&3sto] w7l Ateb7y 2 v F&29 HAdAE, JY

o A, 9l WL, A, WAL Z]

mlo
oL

=

A7V ZAES, $EEEY) ThE, A
£ Z27], 1FEE7], Y 7, Adgw 2UE 39, A o

A ZbzE 1A 14702 AAE AF s 29 RS Hrksksith o] gl
7N (33%), AFEFTH (31%) 2 vyl F2e8 HAd AE@3%), 7Y HE=
(16%), &4 4 BHA14%) 53telM F7F HAME AlBsiivh. gkakel A7t
s oqdo] oy o mde] 7B 29d oo i ¥ g
FHAAMEZ CRE 2¢do] HA=HUTH WA L=moa A AHA7A L] A &
= ol CRE #d¢&° IS v Ze=m gyl om CHROMAgar
KPC #Z wlx7} eSwab HAMRT ¥ &34 WHAS gy A28 2
2 #zre] Fu @A ol 2W % EFe Ui XFE a5 P o4

CRE7} th& ghxto Al dats = 7] el g 1ol Fadtrta Axakqitt.
2

ul5e] 19H(Weber et al, 2015) 4= CREl 2% WA 29 RIw=e vk
g & mHede] AEHS Fdsi. Ao vz A5 w1 8
ol w1k R Eols, oA 2], A, 3, §4 wbe, of JHE Bl dd

by Aeh ol #AAS AFH k] CRES Hrletda, A4 ®9 532 (24 H
ol &, Hld, AHAYA A", dA5H], H)o CRE #5 HF F vheksh Az
CREE H7}etint AA 3419 8.4%7F o9 Ao=

of W3 A, W7l AT BE A oA 244 15% w] R
AE, 48N 5% mREe] AES Bk sH3iTh



3. 9E71#9 3F LEE H7F U

A Z2Z =295 (nylon—flocked swab, [NFS], eSwab®, Copan Diagnostics,

Murrieta, CA) 2 AEZEZ AATAX] (cellulose sponge, [CS]) 27FA 37 wjok

AAF W B wE 1o A7 (Rock et al, 2018)% 17712] CRE 749 %
T2 Aol ol AHS oA 229718 HAE AF st A48

oA 274 @3 mieF AR B T H g Zlo] FoljlA Bl e

SLAANE NFSHH el 2 7H4 A82<l ojds 2dsilth. NFSHH (81) =
CSH (35) Hrk Alzke]l A7 Q5] 7Hg7do] Frhstar vj=2 A<l

A2 W AR gupr 4 destEE vlgo] AA Eo] g5 Al g4 mjek
ArE shAY &=e A E Brbeles ATE 98 Ad Jhsd ol
LIS ol g

n =] AT (Flores et al, 2021) o4 2~ ~E(3M, St. Paul, MN)& A}
g3kl 1,78070¢ tRIE S :mWelA AHET HAS CRE HES sl
HardyCHROM CRE A #wj#] (Hardy Diagnostics, Cincinnati, US) 2} W& ¥
MacConkey agar (m—MacConkey) 27F4] ©#iA|E Hlw 437t}
HardyCHROM CRE A=ujx]eA spgts) H=E CRE ez Fosisla,
m—MacConkey HjA|oA #Z4 2> CRE YA Y 7FsAdol e Zo=
Modified Hodge Test (MHT) ¢} VITEX2 (BioMerieux) A-53}A] A8 AF&-3F
Astetd #4448 F3 CP-CREE #H=3s3th. HardyCHROM CRE A #u)j=]=
1,78070¢] AA = 17670(9.9%)5 CRE Aoz AW3 11, m—MacConkey
WA= 17671 5 2770 (15%) & Fd o= AW¥Essitt. HardyCHROM CRE A€
iAol A kg ew gld 17670 AA T FAAE 38/ME FEste] HA
ArE At Ay 2/01(6%)= CRE  (Klebsiella pneumoniae [n=1],
Enterobacter aerogenes [n=1]), 671 (15%)+ non—carbapenemase producing
carbapenem—resistant organisms (non CP—CRO) <l Acinetobacter baumannii
(n=6), YA (n=30)= carbapenemo] ZFAlo]l Q&= Ho=w ey
m—MacConkey H{A|o|A ®&® 27702 CP-CRE 5 T 8+ K
pneumoniae (n=7), E. cloacae (n=1), Y H A= non CP—CROZ &2l% ¢l o
CP—CRE®} non CP—CROE ¥ & < A3l Sl E] W3kt (p<.0D). v
ol HardyCHROM CRE AeujA= dg#oja ztksirt CP—CRES non



CP-CROE 7% & glo] =& AN ES Bt 42402 &4 v A
Aol m—MacConkey BjA|E A}£3FH CP—CRE Y% non CP—-CROE #HA&E35h+=
o EFol & & o HAM A wik AAF We AAskEE F7F A9t
P o35l CRE #8594 carbapenemase A& 98] ExAAESHA WS A
gelloF shthal st

A% A, & 8570

-

K

Tl gHLAE HUHE S S Gy, s AR
(aerobic colony counts, ACCs), ATP A&9-3E NS ujwst ofvke] gk
A A9 (Huang et al., 2015)°llA FAst gde)] dist &S &3 HAFA =
%, 45 TE olEdo] wAEA o oz s, ACCs FHAF AT 25
CFU/crr w%F, ATP A} A3} 5 RLU/er ®|RFC 2 3Ft}h. Tryptic soy agar
(TSA) A& o] &3t ACCsHAME VITEK2ZE ARE =

23 A WS ARgste] EatAlel] Wist s ElEeith AlE Az
%5 ACCs9 ATP e dubd oz 4% HHu dAAS ygtow ATP A=
BE AT EHO 95%lA A% T Fho] Wi, ACCs ZHARE 91.8%°1A 4
5 % gho] Wttt Pearson 4@ ATE AFEE F4 Ay ATP#E# ACCHE>
Fog ABBAT AR (p=.322) ATP 9 ACCs #< logioto = W3
A% s AaaAZE At (r=0.285, p<.001). ACCs 2 0%FE high
(ACCs > 2.5 CFU/a) 744 4709 o7 FE&FS w), 2+ oA St AL
9 ATPHAF A3} 1.4%014 27.3%%, 23.0%°14 63.6%% F7}5t0] QA%
F7Vshe 37FA W AR#AIE e Ao®E yehwth Fdsh mde] ois
71¥& ACCs < 2.5 CFU/are.2 & o &3k ALY WiftEsl o2+ 7H2t
27.3%F 94.6%R 1L, ATPHAAN: #HA 9] A2 S 557 RLU/af® F74 3t
RE W FAALET U E(63.6%) % W E=JAT 5012 (68.2%) = WLt
Az o7 FgAel Wyel ACCs U ATP A= 98 9749 HEAxE 7}
shed a9z Aoz yegon, ATP HAl: 2=0 Adds 2YY
gak=d ACCs AAETE ¥ whE3 wizbst S92 AR 5 gtk ATP %
v A8 Fab Abolo] AdaAl, HAS ATP R s AAs] AsiAe
F7F A77F Zastrha ekqleh

7 Ao dAFAQ RUE RS gk vk AAF S AAF A BRIz

%

gt 4= 3t} (Deshpande

%



et al.,, 2017). ATP A= 58 ol 1o 7 f71=4d9 =45 el
g 374 259 A Ut &3 Hrkel A#Al WS Ay

Qlth= o] "ol Qlt}(Boyce et al, 2009; Sciortino et al., 2012).
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ZHA AALE AldeITE 1dAloA &% = AFHE 100702 AA 5
(24%) o1 MRSA, 16701(16%)°l~4 Vancomycin—resistant FEnterococcus
(VRE)7F AZ&¥ 3o ATP $t(RLU)S &4 Extolel 7] AJERE 42t AR
ok Zf5st Ao® yERRTE 294 FF 105708 WelA wid A% A5 F
1,01370¢] ATP AALE Aldstion 5709 2 ole S ZdeA &
S AQFH s 5037 HA T 3887W(7T7%) 2] ATP Fke] 250 RLU wiwto =g A4
EE AA s ARF o A5 AEAddd did uge e HHs
A F7ve] flelA = S AR A Ql wo] E g st
A A% ARl g8AS BWrteked A AR E
Agte Ao w s et HAFE AdE F glole

g ZlojgtaL o

= 4
B
it
_OL
@
o
L
s
pN
>

I
i
o,
Jrt
o
ofl
N
o,
=2
X
12
ik
rlr
Y
Mo
fols
b
fol
<)
o)
[ab)

=1
=
o

oy

j=)

(@)

ot
o,
X
e
pivs
ofl
N
o,
=
o
o
fu
Au
iz
b
X
o
=4
e
1o
_~
of\
DX
Jfrt
ftlo
4o
=
=1
v_ﬂo
to

2
of|
ol
o
1o o
o
o
o
=
hl
o
>
>
i
>~
>
oo
ol
ol
2

[>
2 o
B
[
=

2022)+= 201158 109 S9F A= =7 A3 8 7 713 G Aol =
=Tt SRAAY 34 25 dds 25 AEAdd o daHa AT 2

v
i)
o,
i)
e
N
=
i
5
o
£l
o
-i‘N e
2
I
et
oY,
Px
Jrt
it
ofl
-z
>
s
1
-
@
[>
k'S



gy WstsE 8 34 4259 AEHHQ NS BHeoh 2203 Y A o
HE HE 319 HAEL2 40~50%90 203 ) & A & T4.7%E
B 69 Z<¢F 90% olAtS §x

3 o HE EWE Ao wEA JhHEIem HAI vlE 75% 74,

of\
N
)
lo
A
S
[-‘\"
S
-z

class I, class II <574 (surgical site infection, SSI) B]E& 55% 74,
WY W C difficile W1E°] 70% A3t A9 At WA A8s
FASHA] eksrom A o] ot HY, LA fyA, 18 RE X

4194z P gt Weolg: HelA of ATe] ANT TE JHow

3 ZHE
on A& sy ##Ho] Qdti(Deshpande et al., 2017). e 34 2=

4950 e 4ASZVE AL WA Zaa gov, Ar @74 4% 9y

5 FE T & &% R gk IAkste A
(H202) 712 &84S B7lskes 29829 AFF4 wak A+ (Blazejewski et

127 &<t st gty e 5708 F8xpAl ol 3t MDRO ¥
A 3 AFoA FHAtsaAel Fopa|EAt(aerosolizer using H202 and
peracetic acid, aHPP, Anios®)S A}&3t= &% 253 F7] 2% (H.0.
vaporization, HPV, Bioquell®) 9] &&A vlws} =4 H77F 35t A+
717 Bt A T4 A% F He02 A%0] olojxon, g HY F(T0),
TA &% (T, HeOz &5 $(T2)8 A7FA AlgelA 870e] vhule A5
¥ F 24709 AAE FHEA Y. aHPPE A54H 897](49%) ¢ HPVE A%
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¥ 93/M(51%) & EFrete] F 182719 Aol A7HUL, dAAI T4 &5
2 874 MDRO &5 ZAAAT®% N 6%, p=.371). H02 2%
MDROZE 94 WAo] T19 6%°l4 T2 0.5% (p=.004)F F2laA 743t
dom 3z EALS aHPP %W HPV &4 AT T2 (p=.313) A
MDROZ 2% WA H]&2 alHPP9 HPV Apolo] F9J&k o]z} whx =] ¢k
kom, H:022] &7 &%= HPVel Hl8] aHPPE AHEE wf o %2 Zlo®
Uelstth 2280w F3x24 MDROE 99 WA A%ES s

o

Olr

FA A%Zo 3t oojZ=3tE 5% HAFEEA (aerosolized  hydrogen
peroxide, aHP) A]2®l (Deprox, Hygiene Solutions, UK) 9 A% a3E &4
A 253 vkl ddFAor AR 359 A (McKew et al, 2021)+=
67043 s olM a5 A, YA &5 5, allP F7F 48 5 o=

% 39 310709 AHAlelA MRSA, VRE, 1% 54 AW+, 18537t

)

2% % 6.5%, aHP &% § 5.8%= FAsIlo, o] 5 7/HE aHP &% %
Az vEbsk e &4 gdelA s 284 A% F 7.1%° vldE aHP &% ¥
9% = S7Fsldth. aHP 2% 5 wiok AAF A7 WAl muelA o & 4428 B
AL, wet mHoA =EA Ao v 2 Addie] 5871 Al F
27Nl s MRSA7F AEE % &5 A 17.8%°A4 AZEE 1€ TS =

Y
YA A% F 11.8%, aHP £% 5 114%2 A9 9% w4 ok, ul
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CRE %9 & wf @4 Ae 349 AwraQl 4 255 nwste] BEs
rame] A4 A gl 0

£
P eAE A2 ZYE FUkske v $5d tET A AARF 2AY] FAMEE

Table 1. Study Design

Phase | Phase I
Pre— Post— Pre— Post— Post—
Tx Tx
test test test testl test2
Control
Ycl* YCQ*
group

Experimental

Yel* XlT Yeg* Xgﬂr Yeg*
group
* Ycl, Yc2, Yel, Ye2, Ye3=ATP bioluminescence assays and microbiological

sampling.

T X1=Education on standardized terminal cleaning process, immediate feedback on
ATP readings after terminal cleaning.

T X2=Disinfection using hydrogen peroxide system added to X1.

Tx=treatment.

2. 47 A%

=< 400 34 ojyeAdx xgmYd e o]t oA (ED Wipes®,
HEALTHCARE, Gyeonggi—do, Republic of Korea) & A}&3dle] 374 4~ %=
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It

& Sl spgalolt @absh A3 WEol gl WA W v
A (oA 2AFGER) QL 1008 A & A (500 ppm) S AR

o
od By

At B

tlo

st

ot

= AgelA A7 ¥ee CRE B #4ke] A WAool gle ¥E T 1
Al HAS de® CRE ¢ v B &4 5 HAS e ¥4 10/&
sxA o7 ZEeYh AdAT(Boyce et al, 2009; Carling et al., 2008;
Huang et al.,, 2015; Lerner et al.,, 2013; NHHS, 2021) & EduZ 3zx}7} 4
ot WEr =2 WA g 1 93 (2E WHE, F HolE, WEZA,
A zh, s &bl wi7] UiE, ¥V AE, A v, i) S A
Attt (Figure 1). Phase I oA+ 27FA] Al& o] & 18032 ZwHolA AxA
£ AFAsH] ATP AAkeE vAd= wiF FAFE A6kl o™, Phasell oA+ 3
7HA AR el F 27038 mHelA HAE AMF Skl ATP HARSE W& vk

AAE Aaselt,

Figure 1. Target surfaces of the patient room: (1) Call button, (2) Bed
table, (3) Mattress, (4) Bed rail, (5) Toilet hand hold, (6) Inside wall
of bedpan, (7) Toilet seat, (8) Sink drain, (9) Sink.

3. 9T A
2023y 29 193 20234 49 139714 x4 02 A 8st= %
4 A5 AR F4 A% AAo Ot uSS Aldsta, gL 3L

& F71sHe Zol FAN FAE Bt 2
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Phase I ¢ ATP ZHHA}
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Hiodsto] 29 1URE 6U7HA WS

R =

249 1397+A

Nfo

o] 7+ A2+ A} PowerPoint AF& (F=1. CRE 4

3]
L=t

ojy

Jo
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fi%e)

A gAae R 13 us, ATt

g

R s

9 37

2l

5, e v

)

—~
o

94, o #7olMe CRE %7

Ead
T

CRE A9

B

g gl om (Table 2),

Ay
-

g0l

g Azt

S

4

1
7A

<
1
£

Nfo

2) ¥4

o]
=

20234 29 209%E 49 13

Mo

—_

gk 9789 ow

Al A

<
T

SRER

1 ATP A3}z

9]

el o

T

fiie)
Mo

ol
al

=

N

20239 2¢¥ 2094 H 4€ 13474 %

ojiy

)

71A Glosair™400 (ASP, Madrid, Spain)< A&

N

hydrogen peroxide2}

5~6%

o
e

w=W Glosair ™400
50ppm silver (Ag) 2 TAH 2L %9 &

A3 el

A =G A
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ok 10~200 m' F3tel ARge] 7hsab A 271 8~12 m, 3
=

= 30 mL/mine]™ WEE 6 mL/molth &% A ¥ g Sz

Table 2. Education Contents on the Terminal Cleaning

No. of )
) ) Time
Subject powerpoint )
i (min)
slide
Definition of CRE, current status of CRE occurrence in 5 9
nationwide and some hospitals
Transmission of infection and the importance of hand 3 3

hygiene

CRE colonization in hospital environment, necessity for
thorough cleaning of high touch surfaces; Presentation 7 5
of press release and previous studies result

Comparison of ATP results before and after terminal
cleaning measured in pre—survey, the importance of

) . ) ) 4 5
the role of cleaning staff in infection prevention
activities
CRE isolation room terminal cleaning Procedure;
isolation sign, environmental disinfectant, personal 12 15

protective equipment, Terminal Cleaning Procedure

(visual flowchart)
CRE=carbapenem—resistant Enterobacterales; ATP=adenosine triphosphate.
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nitkyd mwel 34 ek AP (CDC, 2012)¢ whet Ayt Hit Wy
el E3 BYAdss A4 A7 dd 874 ekt of 100 o |
moko] R oR AL, WES 3Hste] A S

)
=

51 tﬁ
st HiE, Addie 8% S 3W, Add Wi 5~7 cm ZHolE
dAes AYgstel AAE AASE APAT (Roux et al, 2013)F FiLsto]
oA ®gol Fold F Qe Aol 6 cm7hA WEs AYste] sty
AAE AHFH s

AHE AAE 4995 F FEES FIAATE dAEH Tween® 800] &

==

AS
-

L\I

¥ F&uA Letheen Broth (K - MEDI, Gyeonggi—do, Republic of Korea) °l
Ho] 24417 ool mlgE vl A A YA (K - MEDI, Gyeonggi—do, Republic
of Korea) @] n|A& A@A=E o]F3rt. nAE A4 Letheen Broth=
HtE A E blood agar plate (BAP) 2} MacConkey agar plate (MAC) A&
?l Bi plate (BANDIO, Gyeonggi—do, Republic of Korea) 2} meropenem 1.0
mg/mL¥# cefotaxime 1.0 mg/mLe] ¥ chrome agar ¥{#| (HiCrome
CarbaResist Agar plate, K - MEDI, Gyeonggi—do, Republic of Korea)°l Z+z}
HESFATE 35~37 TellA 2443F wiekdt 5 28.4 af W2 8] BAP WA o] =
& colonyE 753t ACC #5 AFE3SHSIt chrome agar WA ¢4 10 CFU
o] Akt FhatA U Ad +F (carbapenem—resistant organism, CRO) 2 2|5 1] A
= HAHA (Samkwang Medical Laboratories, Seoul, Republic of Korea) ol A]
BAP9} MACO] Alt) wjekste] doEX A=FRAH (Matrix—assisted laser

desorption/ionization time—of—flight mass spectrometry, MALDI-TOF MS;

_‘|7_



MALDI Biotyper, Bruker, Massachusetts, US) & o] &3t #3532 <13+
HiCrome CarbaResist Agar plate?] ¥Wi#] WA 56.7 crf, Bi—plate2] Hj#]
WA BAPSE MACo] Z}7y 28.4 crol o #jA]ef z}gt colonyE AlG3sH &
L AA A& (decontamination rate) &4 Al CFU/cr &2 $H4bsto] A o) &
HH CFU #t= Ab=skait.

2) ATP 54 A}

s wiF AARE AldE A €k

l:iil

W oo #E Holol 100 arf WA e
ATP A4 HE FA9 3 LuciPac Pen® (Kikkoman Biochemifa Company,
Tokyo, Japan) & AR&ste]l W&ol 30k X J=x: EFolE A A rEH
AZAQA Aol et Aaqaz S T8ke] "Hes 3dsiy #dy A4
= AU e oA FAE A HWQl FH| W& ¥ ol Fow Ey
SAF el e & FHAA E O Fel e g Alefom ol ¥
= H

Sol 2 Hol£% stk Aokl BF a8 ¥ A9 A R

R

il
>
._]
av)
e

4 714 Lumitester PD—30%® (Kikkoman Biochemifa Company, Tokyo,

JAPAN) o] 7ol = SA Tl 92 5 7149l #A19 RLU SA#S &<l

Sl

FEE FUZ 10510 em AA A AF SR o =2o] Sl FH2 349 A

AN HAE AHASAH. £F5 HES 248 em, ol HF2 2,79 cm, 34
FFoli= 3.5x%9 cm, Al wiETE el WEo] Fold & e Zlold
74 WHgs Adstel HAE AF s AF S ] o

F& WE 56.5 on, Fo W3F 99.0 o, 3PP &340l 98.9 ar, Al w4

T 60.2 arol o, ¥WAE 100 cro® Fatste]l A o ¥ i

ol

b

(@)}

3) 2 AAE (Decontamination rate)

450709 FHelA AFHT ATP 4¢3 ACC #s wgow zud HAa
platess tH] @.do] A7 % plate I (decontamination plate) & Fo = 3d}=
Q2 AAAE (decontamination rate) & AFEste] WAl H 2%e mE 29

A a¥E vlwdgrt. Decontamination plated 7]&& A3 A4S
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Fastod ATP 250 RLU/100 e w®]¥F(Boyce et al, 2009), ACC 2.5
CFU/crt ®|¥F(Dencer et al.,, 2008; Snyder et al., 2013)°% 3}t}.
CFU+ BAP 28.4 cr A& A&+ ColonyE A5 & CFU/cn®E $HAksho]
LAAAE e A=

o|»
ro
o
Do
)
NS
X
(L
—
o

=
Sheith Qlwbe) Fd aNo] B AR thAl BEetel BAR A4 mw
2

s
of sl e WMo 23 ATP, AE e AAE AFssich o] AP 3
& dg Agel #74 W Al dal v axsge W wAE & Qe

Hawthorne effect @ &% W3S HA3st7] st 9 glo] @3yt
2

Phasell Z4 A& 84 2% A9 dgow ag 247 A4 5 34

5 ZEAZ wel 20239 249 2095H 20239 4€ 134744 3 HA F
x73tE F4 25§ BAE e TAE71A(Glosair ™M400) & ARES F 3
2t 5 37 ARl Atk A sk dE o HAAE AF
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6. AZEA

FAE 25 A4 BAL SPSS 22 73 version 26.0 for Windows (IBM
Corp, NY, US)E AF&3sto] A8ttt 322 Aqt4d #7442 Shapiro Wilks
test® A& th RLU/100 cent®t CFU/cr g2 B4 whel i (EFHA)) 9

FAROAS) B NEIRH) R 7ESA p 2 FFHYOR BYHY O
W OBAY fo FES p05E ASHth AR G B e e
2.

1) Phase I, ¥4kl &4
2

e
5 A% $Ae9Ee o] mut A

A A dRkEd T4 £ Wl
RLU/100 ci®t CFU/28.4 ar®] S%gkel ztol7h A &elsty] Sfell 4=
-5 -9 717 (Wilcoxon signed—rank test) & Alg-sfo] EX3ich HF9
HQl CRO growthi= £ 8 A plate & tiv] CRO ¥4 plate & 4
o2 3h= CRO 4 v]|&= FlolA|l# A (chi—squared test) Fi= Fisher]
42 A4 (Fisher’ s exact test) 2 w243t}

RLU/100 cnet CFU/28.4 o e Huse IAF27 9~ 7AA
(Kruskal—Wallis test) = AFE3slo] #4390 om A% AAL W IJEY
A7 Mann—Whitney U test) 22 3% A% AA FgF=

Bonferroni " o % 5%/3=.017% 7|22 3}9th.

3) Phase I, Phasell &4 &%= 9 dAbshrs Fitame] E 09 A4 &
¥ vl

ZF AT o) W ¥ HAF plate 4 tiH] decontamination plate (< 250
RLU/100 cr, < 2.5 CFU/a) & 2% A7 & (decontamination rate) & 7 ¢]
stol Zzb & H T A5y e St mE o A adE
AT £ 98l CFUE BAP 28.4 o W& elA #&t colony 75 7



T3 & CFU/ar= 3HAksE o o)Al 77 (chi—squared test, linear by
linear association) ¥+ Fisherq & A4 (Fisher s exact test) S A&

st} B st
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A+4d 3
1. Phase ] ¥4l3Ql £4 425 A% dHF2FE9 X9

1) ATP #HA} A}
Agl ¥4 10702 oul% 5 E9 90Xl A B F AnkHel F4 &
= 5 27kA Aldel AAE FH-3] Phaselol ¥ HAE= £ 18071019
. FE 25 W ATP ¢ RLU -2 AW vi$=7 57,938.90 RLU/100 crf,
24 Hol&E 43,089.30 RLU/100 cr, &% WE 13,769.80 RLU/100 cr, ¥7]
AlE 7,129.50 RLU/100 crt, Hth @3t 6,157.80 RLU/100 cr, 3HgaE%to]
4,160.80 RLU/100 crf, "HE=]~ 3,394.10 RLU/100 cf, A"t 3,693.20
RLU/100 cr, ®7] W4 2,311.00 RLU/100 cr =01tk £4 45 T A4
ol 23,169.90 RLU/100 o, % ®E 13,864.90 RLU/100 o, 4
Ho]E 11,647.90 RLU/100 cr, shd<=3to] 11,421.10 RLU/100 crf, 3 th
W7k 8,240.50 RLU/100 o, ®wlEg]2 3,854.40 RLU/100 o, A=ty
2,846.20 RLU/100 cr, 7] W% 1,716.00 RLU/100 ar, ¥W7] AE
1,272.30 RLU/100 corf <02 A% A3} FAsHA AA) w771 7P =9
oh dukAl T4 A% WS ATP #e HA "HolE(Z=-0.561, p=.037),
7] A E(Z=-2.090, p=.037), AW vl (Z=-1.988, p=.047) " 2%
AF F93% o7k 3tk (Table 3, Figure 2—A).

kl:l

kv

A

vy

I
o
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Table 3. Comparison of ATP Results between Pre and Post Cleaning for

9 Surfaces in 10 Patient Rooms

(n=90)
ATP (RLU/100 cm)
Surfaces Categories
Mean®SD Median (range) Z (p)’

Call button Pre—cleaning 13,769.80£14,250.10  8,539.00 (1,756-51,135) —0.561 (.575)
=10

(n ) Post—cleaning 13,864.90£6,349.42 11,627.00 (4,618-22,680)

Bed table  Pre—cleaning 43,089.30+53,207.37 19,021.00 (1,768-165,296) —2.090 (.037)
=10

(n ) Post—cleaning 11,649.90£15,897.44 3,698.00 (319-41,296)

Mattress Pre—cleaning 3,394.10£2,719.16 2,811.50 (525-9,735) -1.020 (.308)
=10

(n ) Post—cleaning 3,854.40£6,478.76 1,739.5 (521-21,953)

Bed rail Pre-cleaning 6,157.80%5,511.24 4,483.50 (1,872-21,318) —-1.274 (.203)

(n=10)

! Post—cleaning 8,240.50%3,907.55 7,968.50 (2,507-14,424)

Toilet Pre—cleaning 4,160.80%4,788.07 3,021.50 (410-16,328) —1.784 (.074)

hand hold )

(n=10) Post—cleaning 11,421.10£10,819.35 8,402.00 (1,634-33,561)

Inside wall Pre—cleaning 2,311.00£2,022.60 1,613.50 (342-6,736) -1.071 (.284)

of bedpan _

(n=10) Post—cleaning 1,716.00£2,053.60 1,239.50 (104-6,876)

Toilet seat Pre—cleaning 7,129.50£11,097.66 1,385.00 (58-31,078) -2.090 (.037)
=10

(n ) Post—cleaning 1,272.30%£2,909.46 66.00 (1-9,404)

Sink drain  Pre—cleaning 57,938.90£59,195.55 42,667.00 (2,950-193,038) —1.988 (.047)
=10

(n=10) Post—cleaning 23,169.90124,234.77  11,817.00 (3,434-73,153)

Sink Pre—cleaning 3,693.20+3,679.10 2,214.00 (206-10,836) —0.866 (.386)

(n=10)

Post—cleaning

2,846.20%6,317.85 37.00 (12-19,375)

‘p—value of median RLU was calculated by Wilcoxon signed—rank test.
ATP=adenosine triphosphate; RLU=relative light units.
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2) "AE ik AAF A

nAE weE AL A3 wiH oA ARE B ACCy &= A AldEd Wit
681.40 CFU/28.4 or, W7] W¥ 9530 CFU/28.4 i, AW 4550
CFU/28.4 or, 3&A&3to] 31.00 CFU/28.4 ar, A HeolE 14.50
CFU/28.4 cr, H) W7t 8.10 CFU/28.4 cr, 7] AE 7.70 CFU/28.4 cn,
$% WE 1.00 CFU/28.4 cr, YHEZ A 0.70 CFU/28.4 o <03tk 425 F
o AE) wiSF7F 489.10 CFU/28.4 oo ® 7bd Egkom w7 Ui
43.10 CFU/28.4 o, 3pgAEzto] 23.30 CFU/28.4 arf, At 12.20
CFU/28.4 e, At} W7+ 3.40 CFU/28.4 ar, A4 HolE 0.90 CFU/28.4 o,
W7] AlE 0.30 CFU/28.4 aof, "lEZ]2~ 0.20 CFU/28.4 ar <0l & H
Ede wgEE #o] {25 AF CFU 2 FAY HolE
(Z==-2.100, p=.036), AHY (Z=—2.521, p=.012)llA H2& =o]7} AU
o} CRO 94 W9 vlge 25 A Ao wis7e w7 Wi 242 104
% 1071(100.0%), AEd 107 F 271(20.0%), Ao W3k, W7 A EE 247}
1071 & 121(10.0%) 01tk &% $Foli= Add wigeF W7 uysp 247t
107 & 5%1(50.0%), A¥Edl 10 & 271(20.0%), JAo] Fhat A&
ol7} 747 104 F 17(10.0%)©1th &% ©$ CRO ¥4 nl&2 W7 U

B (x?=4.267, p=.033) M F23 o]z} 3
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>
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Table 4. Comparison of Microbiologic Testing Results

Post Cleaning for 9 Surfaces in 10 Patient Rooms

between Pre and

(n=90)
ACC (CFU/28.4 ar) CRO growth
Surfaces Categories 7 p B
Mean=SD Median (range) . n (%) .
(p) (p)
Call button Pre—cleaning 1.00£2.31 0.00 (0-7) -1.342 0 (0.0)
(=100 posi—cleaning  0.00£0.00 000 0-00  “BO o)
Bed table  Pre—cleaning 14.50£18.03 8.50 (0-57) -2.100 0 (0.0)
=100 pogi—cleaning  0.90+2.85 0.00 (0-9) (.036) 0 (0.0)
Mattress Pre—cleaning 0.70+1.34 0.00 (0-4) -0.921 0 (0.0)
=100 posi—cleaning  0.20%0.63 000 (0-2) 397 0 (0.0)
Bed rail Pre—cleaning 8.10+11.46 3.50 (0-30) -1.192 1 (10.0)  0.000
=100 poi—cleaning  3.40%5.80 000 (0-15) 239 1 (00 (1.000)
Toilet Pre—cleaning  31.00£9453 000 (0-300) —0674 0 (0.0)  0.000
hand hold (500) (1.000)
hojg  Postecleaning  2330£6485 000 (0-207) 1 (10.0)
Inside wall Pre—cleaning  95.30=108.65 4850 (3-299) -1.275 10 (100.0) 4.267
f bed (.202) (033)
(otg)  Postcleaning 431056152 1050 (0-166 5 (50.0)
Toilet seat Pre—cleaning 7.70£13.22 3.00 (0-43) -2.032 1 (10.0)  0.000
=100 posi—cleaning  0.30£0.95 000 (0-3) 4200 g g (1000
Sink drain  Pre—cleaning  681.40£342.88 658.00 (175-1.360) —1.478 10 (100.0) 0.000
=100 pigi—cleaning 489.10£27558 530.00 (11-858) 139 g (9o (1:000)
Sink Pre—cleaning  4550£50.87 2050 (0-138) -2521 2 (20.0)  0.000
=100 pogi-cleaning  12.20£36.19 000 (0-115 0120 9 (900 (1000

‘p—value of median CFU was calculated by Wilcoxon signed—rank test and the
proportion of CRO growth was calculated by chi—squared test or Fisher’ s exact test.
ACC=aerobic colony counts; CFU=colony forming units; CRO=carbapenem resistant
organism.
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2. Phasell, ¥F3ld 4 A5 AS FAs54r IHERAE

F BALYEY Aol

D ATP #AAF A3
2 A ATP 3% v Adad w7+ 99,239.90 RLU/100 arf, i
W7k 39,593.40 RLU/100 cr, 4+ ElolE 35,790.20 RLU/100 o, 3%
WE 15,751.10 RLU/100 o, 3-82%E%0] 10,999.00 RLU/100 cr, Al
6,283.50 RLU/100 cr, W7] W% 5,064.00 RLU/100 cr, W7] AE
4,395.80 RLU/100 cr, "lE&]A 2,992.60 RLU/100 i o]ttt 349
F4 2% Fox= Add Wl 12,617.40 RLU/I00 o, 3% HE
4,374.60 RLU/100 cr, Foh w3+ 3,916.00 RLU/100 cr, 3}gAE7 0]
2,5686.40 RLU/100 cr, 2 HolE 2,396.30 RLU/100 o, "E] X
1,834.30 RLU/100 crf, ¥17] W% 700.90 RLU/100 ct, ®7] AlE 154.60
RLU/100 crt, A"t 129.10 RLU/100 criz=olQlth. #Aakslys 34 3=
Ad W=+ 6,723.70 RLU/100 crt, &% WE 4,271.20 RLU/100 ecr,
Aol W7k 2,788.10 RLU/100 ar, 3ga&E%o] 2,638.80 RLU/100 o, 34+
HolE 1,210.00 RLU/100 cr, "lE2]2~ 1,111.50 RLU/100 cn, 7] UH-
362.70 RLU/100 cr, A®d] 173.90 RLU/100 cr, ¥7] AE 132.30
RLU/100 o o]tk Exdlel £4 253 arslss #3ta%5e ¢4
AgE T OATP SHHLE 3TF  HE(2%=6.041, p=.049), ]
Hlo] & (4%=13.874, p=.001), WHEHA(x?=7.824, p=.020), A
W7H( 2 %=8.875, p=.012), W7l UF(x? =16.121, p<.001), #7]
AE(£2=19.084, p<.001), AWEY  wiFTF(x2  =14.759, p=.001),
A (2 °=17.856, p<.001)elA frejatAl hastdet. ARE A9 79
2 Bonferroni WO ® 5%/3=.017S 7|2 3%¥1, TF3td F4

A ATP A A HolE(Z=-2.721, p=.005), W7
(Z=-3.326, p<.001), ®W7] AE(Z=-3.705, p<.001), A4dd
T(Z=-3.175, p=.001), AA(Z=-3.630, p<.00D)oX A%
St ozbol7b AATH(p.017). EFEstd T4 A% T ATP SA%
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Table 5. Comparison of ATP Results Pre Cleaning, Post Standardized

Cleaning, and Post aHP Disinfection for 9 Surfaces in 10 Patient Rooms

(n=90)
ATP (RLU/100 crf)
Surfaces Categories ()
Mean®SD Median (range)
post hoc
Call button Pre—cleaning 15,751.10£16,016.36  8,143.50 (2,188-45,448) 6.041 (.049)

(n=10) Post—cleaning 4,374.60£4,923.05 2,461.00 (99-14,306)
Post—aHP 4,271.20£3,008.71 4,820.50 (25-8,382)

Bed table Pre—cleaning® 35,790.20152,624.18  7,765.00 (1,383—-162,752)  13.874 (.001)

(n=10) Post—cleaning™  2,396.30£2,898.68 1,277.00 (322-9,912) a>b,c
Post—aHP*¢ 1,210.00+1,518.12 709.00 (233-5,239)

Mattress Pre—cleaning® 2,992.60£1,718.67 2,776.00 (928-6,374) 7.824 (.020)

(n=10) Post—cleaning™®  1,834.30%1,302.32 1,213.50 (379-4,254) a>c
Post—aHP¢ 1,111.50£673.67 945.00 (380-2,548)

Bed rail Pre—cleaning® 39,593.40+92,731.21  7,369.00 (3,442-302,374)  8.875 (.012)

(n=10) Post—cleaning™®  3,916.00£2,835.48 4511.00 (298-7,776) a>c
Post—aHP¢ 2,788.10£2,536.95 2,338.50 (71-7,449)

Toilet Pre—cleaning 10,999.00£14,094.21 3,883.00 (650—40,592) 5.855 (.054)

hand hold Post—cleaning T 2,586.40£3,873.63 557.50 (22-11,592)

(n=10) Post—aHP 2,638.80£4,859.48 824.50 (10-16,012)

Inside wall  Pre—cleaning® 5,064.00£4,603.49 4,247.50 (668—15,020) 16.121 (£.001)

of bedpan Post—cleaning T° 700.90£1,184.82 365.50 (11-3,981) a>b,c

(n=10) Post—aHP¢ 362.70+808.53 48.50 (3-2,593)

Toilet seat Pre—cleaning® 4,395.80%£4,450.71 2,339.50 (686—-12,280) 19.084 (<.001)

(n=10) Post—cleaning 154.60£309.20 11.50 (5-912) a>b,c
Post—aHP*¢ 132.30£197.43 15.50 (1-490)

Sink drain Pre—cleaning® 99,239.90+69,703.34  82,250.00 (3,819-222,842) 14.759 (.001)

(n=10) Post—cleaning ™ 12,617.40%20,287.43 2,980.00 (58-64,023) a>b,c
Post—aHP¢ 6,723.70£9,732.01 1,555.00 (30-29,322)

Sink Pre—cleaning® 6,283.50%10,808.15 2,248.00 (829-35,922) 17.856 (<.001)

(n=10) Post—cleaning T® 129.10£291.21 27.00 (5-940) a>b,c
Post—aHP¢ 173.90£320.84 13.00 (2—-1,040)

*p—value of median RLU was calculated by Kruskal—Wallis test, and the post hoc test
was calculated by Mann—Whitney U test. The post hoc test results were presented only
with a value of p<.017 by the Bonferroni method.

T'Post—cleaning' means to 'post—standardized cleaning' after standardized terminal
cleaning education was provided.

aHP=aerosolized hydrogen peroxide; ATP=adenosine triphosphate; RLU=relative light
units.
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Figure 2. Bar graph of ATP readings, expressed as relative light units, from
9 surface samples in 10 patient rooms measured in (A) Phasel and (B)

PhaseII.
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2) M= vk AAF At

2= A

-

ot

H ACCE Ao wi4=+ 1,039.60 CFU/28.4 or, WH7] ¥
308.80 CFU/28.4 arf, At 184.20 CFU/28.4 ci, W7 AIE 47.80
CFU/28.4 cor, A2 HlolE 33.90 CFU/28.4 ar, Ath @3t 10.60 CFU/28.4
ar, ALl 9.10 CFU/28.4 orf, MIEE] A 1.40 CFU/28.4 o, && WE
0.50 CFU/28.4 o w=olqth. Ewstd 4 4% 5+ Aldd w7 404.40
CFU/28.4 cr, Al 220.00 CFU/28.4 ar, ¥7] W% 53.20 CFU/28.4 cr,
AaEpe] 1.90 CFU/28.4 or, W7] AJE 1.10 CFU/28.4 cr, WlE] 29}
o @3 0.60 CFU/28.4 aof, 37 HolE 0.10 CFU/28.4 of s=olqler &
HEA = wFEE o] §ldlth Batshra kRS F7b Fells AW
H<=7- 225.30 CFU/28.4 cr, 7] W% 26.80 CFU/28.4 arf, Hth 1t
2.10 CFU/28.4 arolal 35 W&, IA HolE, WEZA, spgaEitel,
M7 AE, AhdelA s wlekE s ol it REskE A a5y ks
WE(4?=8.889, p=.012), A4
Hlo]E (7 ?=11.829, p=.003), ®7] U (x?=14.820, p=.001), W7 AE
(2% =16.787, p<.00D), Add w5 (x*=10.531, p=.005), AW (x*
=23.220, p<.00D) A §oatA 7astdnt AFE A4 dn 2% A% CFU
e W7 WF-(Z=-2.647, p=.007), W] AE(Z=-2.897, p=.007), A"
U (Z=-3.594, p=.005) o &4 7HastHH(p<.017). CRO A Ew e
&2 2% A Add w7 107 5 1071(100.0%), 7] JF 104 F 9
71(90.0%), M7 AE 107 % 37(30.0%), AAhel Ao Fzke zH2k 10
A F 27(20.0%), B EHoE 104 T 14(10.0%) woldth. E+3d F

At Fole W7 Uil A wigTel MRt ZhzE 107 F 471(40.0

A=At HAFsFE L FAAE FIF Fols w7V YReA 1010 F
2(10.0%), Aad wFTelAd 108 5 37(30.0%) 0] FAHATh B+
TA A5 abslea kAR Ag F vk AAlA CRO %4 ]
£ W7 YR (?=13.125, p<.001), W7 AE(x?=6.667, p=.028), A"
o WST(£2=11.674, p=.002)°lH FstA Zist= Aow Felygict
(Table 6).
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Table 6. Comparison of Microbiologic Testing Results Pre Cleaning, Post

Standardized Cleaning, and Post aHP Disinfection for 9 Surfaces in 10

Patient Rooms

(n=90)
ACC (CFU/28.4cr) CRO growth
. T 7
Surfaces  Categories Vean+SD Median (range) 1 () o @) 7 *
post hoc (p)
Call Pre—cleaning 0.50£0.71 0.00 (0-2) 8.889 (.012) 0 (0.0)
button Post—cleaning " 0.00£0.00 0.00 (0-0) 0 (0.0)
(n=10) Post—aHP 0.00£0.00 0.00 (0-0) 0 (0.0)
Bed table  Pre—cleaning 33.90£87.19 3.00 (0-281) 11.829 (.003) 1 (10.0)  1.500
(n=10) Post—cleaning®  0.10£0.32 0.00 (0-1) 0 0.0 (221
Post—aHP 0.00£0.00 0.00 (0-0) 0 (0.0
Mattress ~ Pre—cleaning 1.40+2.07 0.00 (0-5) 5.448 (.066) 0 (0.0)
(n=10) Post—cleaning " 0.60%£1.90 0.00 (0-6) 0 (0.0
Post—aHP 0.00£0.00 0.00 (0-0) 0 (0.0
Bed rail Pre—cleaning 10.60£28.66 1.50 (0-92) 5.689 (.058) 2 (20.00 3.107
(n=10) Post—cleaning "™ 0.60£1.35 0.00 (0-4) 0 0.0 (078
Post—aHP 2.10%6.64 0.00 (0-21) 0 (0.0)
Toilet Pre—cleaning 9.10+24.31 0.00 (0-78) 4,515 (.105) 0 (0.0)
hand hold ~ Post—cleaning " 1.90+3.28 0.00 (0-9) 0 (0.0
(n=10)  Post—allP 0.00%0.00 0.00 (0-0) 0 (0.0
Inside Pre—cleaning® 308.80£289.78 209.00 (3-952) 14.820 (.001) 9 (90.00 12.429
wall of Post—cleaningT'b 53.20£113.19 6.50 (0-362) ab,c 4 (40.0) (<.001)
bedpan  Post—aHP* 96.80%83.00 0.00 (0-263) 1 (10.0)
(n=10)
Toilet Pre—cleaning® 47.80%£75.22 4,50 (0—188) 16.787 (£.001) 3 (30.0) 4.833
seat Post—cleaning™®  1.10£3.48 0.00 (0-11) ab.c 0 0.0 (028
(n=10)  Post—aHP* 0.00%0.00 0.00 (0-0) 0 (0.0
Sink Pre—cleaning® 1,039.60+531.66 945.50 (408-1,917) 10.531 (.005) 10 (100.0) 9.645
drain Post—cleaning"® 40440150498  71.50 (0-1,134) a>c 4 (40.0)  (002)
(n=10) Post—aHP* 225.30£405.87 7.50 (0—-1,225) 3 (30.0)
Sink Pre—cleaning® 184.20£414.63  38.00 (3-1,348) 23.220 (<.001) 2 (20.0) 3.107
(n=10)  Post—cleaning™®  220.00%4.85 0.00 (0-14) b,c 000  (o78)
Post—aHP* 0.00£0.00 0.00 (0-0) 0 (0.0)

"p—value of median CFU was calculated by Kruskal—Wallis test, and the post hoc test was
calculated by Mann—Whitney U test. The post hoc test results were presented only with a
value of p<.017 by the Bonferroni method. The proportion of CRO growth was calculated by

chi—squared test or Fisher s exact test.

T'Post—cleaning' means to 'post—standardized cleaning' after standardized terminal cleaning

education was provided.

aHP=aerosolized hydrogen peroxide; ACC=aerobic colony counts;
units; CRO=carbapenem resistant organism
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1) ATP AAF Ao g QdAAE

QAAA FH 715S ATP 250 RLU/100 cr m]%te 2 & w] Phasel 9
TH &% Ao W] AE 108 F 17310.0%), Add 104 S5 14
(10.0%)& ALt 88702 EW2 250 RLU/10 o o9 od¥ %How
AT dirEd FE 2% F edAAES Add 104 T 7
(70.0%), W7l AlE 104 T 67(60.0%), ¥7] U 104 T 37(30.0%) ]
Rom, 2% AF LAAAES APT x*=5.208, p=.0200% {3 A
o7} A ATH(p<.05) (Table 7, Figure 3—A).

Phase I oA 4% Hol& BE ®wWo] 250 RLU/100 o o]doz 29 A

o7 FAHY. ¥Fstd FE A5 T L9AASES Add 101 T 97
(90.0%), W7l ANE 107 = 87(80.0%), AH] ®is&+ 1074 = 474
(40.0%), ®7] WF 1074 = 374(30.0%), &4 &30 104 = 24

3
(20.0%), % HME 1074 F 171(10.0%) <=olom, A4 HolE, mEZ A,
A @7t E= A% 5 250 RLU/1I00 o mRto 2 @ o] #A|AE :®wHo] gl

7b & LAAAES W] U9 AdorE 2zt
7] AE 1074 F 77(70.0%), Add) Wi 100 5
37(30.0%), stgdEzto]l 101 T 27(20.0%), &F HE, I HolE,
o e 27 1071 F 173 (10.0%)019lew ME-AE 10 A 5 0:1(0.0%)
olltt. BF3te TA A5y Mg a Fia T2 A g 5 2 AR
&o] FolstAl T BHe w7V ‘411‘%(7(2213.321, p<.001), ¥7] ANE(y
?=9.473, p=.002), A (x*=12.597, p<.001) 2]t} (Table 7, Figure 3—B).
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Table 7. Comparison of Decontamination Rate

Pre Cleaning,

Post

Cleaning, and Post aHP Disinfection for 9 Surfaces in 10 Patient Rooms

based on ATP values

(n=90)
ATP (K 250 RLU/100 cr)
-
Surfaces Categories Phase | > Phasell >
n (%) (g)* n (%) (%)*
Call button Pre—cleaning 0 (0.0) 0 (0.0) 0.777
(n=10) Post—cleaning 0 (0.0) 1 (10.0) (378)
Post—aHP 1 (10.0) '
Bed table Pre—cleaning 0 (0.0) 0 (0.0) 1.500
(n=10) Post—cleaning 0 (0.0) 0 (0.0) (221)
Post—aHP 1 (10.0) '
Mattress Pre—cleaning 0 (0.0 0 (0.0)
(n=10) Post—cleaning 0 (0.0) 0 (0.0)
Post—aHP 0 (0.0)
Bed rail Pre—cleaning 0 (0.0) 0 (0.0) 1.500
(n=10) Post—cleaning 0 (0.0) 0 (0.0) (221)
Post—aHP 1 (10.0) '
Toilet hand hold Pre—cleaning 0 (0.0) 0 (0.0) 1.673
(n=10) Post—cleaning 0 (0.0) 2 (20.0) (196)
Post—aHP 2 (20.0) '
Inside wall of bedpan  Pre—cleaning 0 (0.0) 1.569 0 (0.0) 13.321
(n=10) Post—cleaning 3 (30.0) (211) 3 (30.0) (<.001)
Post—aHP 8 (80.0)
Toilet seat Pre—cleaning 1 (10.0) 3.516 0 (0.0) 9.473
(n=10) Post—cleaning 6 (60.0) (057) 8 (80.0) (.002)
Post—aHP 7 (70.0)
Sink drain Pre—cleaning 0 (0.0) 0 (0.0) 2.432
(n=10) Post—cleaning 0 (0.0 4 (40.0) (119)
Post—aHP 3 (30.0) '
Sink Pre—cleaning 1 (10.0) 5.208 0 (0.0) 12.597
(n=10) Post—cleaning 7 (70.0) (.020) 9 (90.0) (<.001)
Post—aHP 8 (80.0)
Total Pre—cleaning 2 (2.2) 12.099 0 (0.0) 37.461
(n=90) Post—cleaning 16 (17.8) (.001) 27 (30.0) (€.001)
Post—aHP 31 (34.4)

“‘p—value of the decontamination rate was calculated by chi—squared test or Fisher s
exact test.

T'Post—cleaning' of Phase II means to 'post—standardized cleaning' after standardized
terminal cleaning education was provided. And in the Phase II, hydrogen peroxide space
disinfection was additionally provided.

ATP=adenosine triphosphate; RLU=relative light units; aHP=aerosolized hydrogen
peroxide system.
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Figure 3. Bar graph expressing the proportion of decontaminated surfaces

measured by ATP in (A) Phasel and (B) Phasell.
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2) v|AE vk AAF Ao e LAAAE
edAA FH 7]+ ACC 2.5 CFU/er w|Wwko g & w Phasel 9 &%
A LAAAES 35 HE, I Holg, WEZA, Ad Ikt R AEV
107 % 1071(100.0%), sbgaEo]l 104 F 971(90.0%), AEd 104 %
77(70.0%), ¥7] W 107 F 67(60.0%) 1L Adth Wi+ 104 =
T 9" FA0OG 2.5 CFU/anoldvh. drbARl £4 4% ok &% A
S5k HE, 4 "Heolg, MEZ A, Jd |41t W7 AlES] 2 AAA
£o] 101 T 10711(100.0%) = 1=, spddEFte], AlddizE 2+2k 10
Z 971(90.0%), ¥17] ¥ 104 = 0%), A=) w7 1010 5
A% AF QHAAAEC]
09 2% A odAAEL

3= HE, WEGA7 747 104 T 1074 (100.0%), FAF HolE, Ao 3t

for
N

= Z7 & odAAELS WY UR 107 F 971(90.0%), AW ¥l 10
721 = 6760.0%) 01909 1 = WHE, FIA "olE, EgA, H

W7 W3 (2% =12.889, p<.001), W7 AJE(x?=4.833, p=.028), Aldch Hj
FT(x? =7.493, p=.006), MW (x?=4.833, p=.028)Z FAH Y}
(Table 8).
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Table 8. Comparison of Decontamination Rate Pre Cleaning, Post

Cleaning, and Post aHP Disinfection for 9 Surfaces in 10 Patient Rooms

based on ACC values

(n=90)
ACC (K 2.5 CFU/c)
T
Surfaces Categories Phase I Phasel
%2 (67) %2
n (%) (ﬂ)* n 0 (,0)*
Call button Pre—cleaning 10 (100.0) 10 (100.0)
(n=10) Post—cleaning 10 (100.0) 10 (100.0)
Post—aHP 10 (100.0)
Bed table Pre—cleaning 10 (100.0) 9 (90.0) 1.500
(n=10) Post—cleaning 10 (100.0) 10 (100.0) (.221)
Post—aHP 10 (100.0)
Mattress Pre—cleaning 10 (100.0) 10 (100.0)
(n=10) Post—cleaning 10 (100.0) 10 (100.0)
Post—aHP 10 (100.0)
Bed rail Pre—cleaning 10 (100.0)  0.000 9 (90.0) 1.500
(n=10) Post—cleaning 10 (100.0)  (1.000) 10 (100.0)  (.221)
Post—aHP 10 (100.0)
Toilet hand hold Pre—cleaning 9 (90.0) 0.000 9 (90.0) 1.500
(n=10) Post—cleaning 9 (90.00  (1.000) 10 (100.0)  (.221)
Post—aHP 10 (100.0)
Inside wall of bedpan  Pre—cleaning 6 (60.0) 0.000 1 (10.0) 12.889
(n=10) Post—cleaning 7 (70.0) (1.000) 8 (80.0) (<.001)
Post—aHP 9 (90.0)
Toilet seat Pre—cleaning 10 (100.0) 7 (70.0) 4.833
(n=10) Post—cleaning 10 (100.0) 10 (100.0)  (.028)
Post—aHP 10 (100.0)
Sink drain Pre—cleaning 0 (0.0) 0.000 0 (0.0) 7.493
(n=10) Post—cleaning 1 (10.0) (1.000) 5 (50.0) (.006)
Post—aHP 6 (60.0)
Sink Pre—cleaning 7 (70.0) 0.313 7 (70.0) 4.833
(n=10) Post—cleaning 9 (90.0) (.582) 10 (100.0)  (.029)
Post—aHP 10 (100.0)
Total Pre—cleaning 72 (80.0) 0.608 62 (68.9) 28.585
(n=90) Post—cleaning 76 (84.4) (.559) 83 (92.2)  (<.001)
Post—aHP 85 (94.4)

“p—value of the decontamination rate was calculated by chi—squared test or Fisher s
exact test.

T'Post—cleaning' of Phase II means to 'post—standardized cleaning' after standardized
terminal cleaning education was provided. And in the Phase II, hydrogen peroxide space
disinfection was additionally provided.

ACC=aerobic colony counts; CFU=colony forming units; aHP=aerosolized hydrogen
peroxide system.
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4. &3NM £2d 49 54

Phase I °|A] % 1807), Phasell oA % 27071¢ X wWolA HAE A F sk
n| A& < HAFE Al8EElaL CRO 4 ¥iAl = colony 77} 1070E Z¥}st
o+ EAHE AFEAT. 10 colonyE 23 CRO
oletd A E3Fo], WY WiF, A
T, AEY T BT 5% el b mdelA FlEglown, F 45070 ¢

o AwTreld 14 el E et 28bel Phase I 3%
Phasell & 207) WA F4 A% A AMFHASH GAAX Stenotrophomonas
maltophilia 1771 (85.0%) 2} Acinetobacter junii 871 (40.0%)°] 2% 3dct.
WH7] WM Acinetobacter baumannii 1473 (70.0%) ¥ Pseudomonas
putida 471 (20.0%)°] ¥ At}. Enterococcus faeciums AW WikoA 1
1(5.0%), A 221(10.0%)°] T HNG. T4 25 Foliz 25 A o)
A ke s Egold A Pseudomonas species’t 171(5.0%) &2
A, FJA G Aol BelEe ol gldlem w7l el A
baumannii 37 (15.0%), A\ w7 S, maltophilia 973 (45.0%), A.
Junii 671(30.0%)°] el H At A4 F3bAaE Fol= W] Uil A
Junii 171(10.0%) & AAd] vl X S, maltophilia 371 (30.0%)©] 2l = 3l
on AE For F7|7F B2 #He|A  carbapenem-—resistant gram
negative bacillus (CRGNB) 7} ¢+#3] A AEHR %+ Z o2 et (Table
9).
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Table 9. Species of Carbapenem-—resistant Organisms Colonized on

Environmental Surfaces in Patient Rooms

Environment surfaces Bacteria species N (%)

Pre—cleaning (n=20)

Bed rail Enterococcus faecrum 1 (5.0)
Inside wall of bedpan Acinetobacter baumannir 14 (70.0)
Pseudomonas putida 4 (20.0)
Sink drain Stenotrophomonas maltophilia 17 (85.0)
Acinetobacter junii 8 (40.0)
Carbapenem —resistant Enterobacterales 1 5.0
(Klebsiella pneumoniae) '
Sink Enterococcus faecium 2 (10.0)
Post—cleaning® (n=20)
Toilet hand hold Pseudomonas species 1 (5.0)
Inside wall of bedpan Acinetobacter baumannii 3 (15.0)
Sink drain Stenotrophomonas maltophilia 9 (45.0)
Acinetobacter junii 6 (30.0)
Post—aHP disinfection (n=10)
Inside wall of bedpan Acinetobacter baumannii 1 (10.0)
Sink drain Stenotrophomonas maltophilia 3 (30.0)

E3

Post—cleaning’ means to the samples collected after the general post—cleaning in phase
I and the post standardized cleaning in phasell were both included.

aHP=aerosolized hydrogen peroxide system.
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Abstract

The Effect of the Sequential Application
of Standardized Terminal Disinfection Education
and Hydrogen Peroxide Space Disinfection
on Reducing Environmental Contamination
in Patient Rooms with Carbapenem—resistant

Enterobacterales

Lee, Hye bin

Department of Clinical Nursing
The Graduate School of
Industry Technology

Directed by Professor

Jeong, Jae Sim, RN, PhD.

Purpose: The study aimed to investigate the effects of standardized
terminal cleaning education and sequential application of hydrogen
peroxide space disinfection on reducing environmental contamination in

patient rooms with carbapenem-—resistant Enterobacterals (CRE).

Methods: This study 1is a quasi—experimental research with a

non—equivalent control group no—synchronized design, aiming to
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compare the difference in environmental contamination before and after
intervention using adenosine triphosphate (ATP) testing and microbial
culture testing on nine high—frequency contact surfaces in a single
isolation room for a CRE patient in a general hospital. A 10 isolation
rooms for CRE patients in a general hospital were selected for each
phase. In Phase I, a total of 180 samples were collected using
sterilized swabs before and after general terminal cleaning. In Phase 1II,
after providing education on standardized terminal disinfection
procedures to the cleaning staff, a total of 270 samples were collected
at three different time points: before and after standard terminal
disinfection, and after hydrogen peroxide space disinfection. Microbial
culture was 1inoculating the collected samples onto Blood agar plates and
Chrome agar plates, followed by incubation at 35° C for 24 hours. The
Aerobic colony count (ACC) was measured in colony forming units

(CFU), ATP testing results were measured in relative light units (RLU).

Results: In Phase I, ATP values after general terminal cleaning showed
a significant decrease in the bedside table (Z=-0.561, p=.037), toilet
seat (Z=-2.090, p=.037), and sink drain (Z=-1.988, p=.047). When
using a criterion of less than 250 RLU/100 cm? to determine the level
of contamination on surfaces, it was found that only the sink
(x2%=5.208, p=.020) showed a significant increase in the contamination
removal rate. The proportion of CRO (carbapenem—resistant organism)
positive surfaces significantly decreased, particularly inside wall of the
bedpan (x%=4.267, p=.033), after general cleaning. In Phasell, after
standardized terminal cleaning ATP values showed a significant decrease
in the bed table (x?=-2.271, p=.005), inside wall of bedpan
(£?=-3.705, p<.001), sink drain (x?=-3.175, p=.001), sink
(£%=-3630, p<.001), and ACC values showed a significant decrease
inside wall of the bedpan (Z=-2.647, p=.007), toilet seat (Z=-2.897,
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p=.007), sink(Z=-3.594, p=.005). After applying additional hydrogen
peroxide space disinfection following standardized terminal cleaning, ATP
values significantly decreased in 8 surfaces (excluding the toilet hand
hold) (p<.05), and ACC values significantly decreased in 6 surfaces
(excluding the mattress, bed rail, and toilet hand hold) (p<.05). The
decontamination rates significantly increased inside of the bedpan
(2%=13.125, p<.001), toilet seat (x°=6.667, p=.028), and sink drain
(x%=11.674, p=.002) after standardized terminal cleaning when
considering the criteria of less than 250 RLU/100 cm? and less than
2.5 CFU/en. A sink drain was the only surface among the 450 surfaces
where CRE was colonized, and even after hydrogen peroxide space
disinfection, carbapenem-—resistant gram negative bacilli (CRGNB) was

not completely eliminated and was still present.

Conclusions: The standardized terminal disinfection education conducted
to the cleaning staff and feedback resulted in a significant improvement
in environmental contamination after terminal disinfection. Additionally,
there was a tendency of further reduction in environmental contamination

through hydrogen peroxide space disinfection.
Key Words: Carbapenem-—resistant Enterobacterales, Terminal cleaning,

Cleaning staff education, Cleaning performance monitoring, High—touch

surfaces
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