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Comparison of the Microbiological Efficacy of Disinfection Using
Ultraviolet and Hydrogen Peroxide System for Carbapenemase-
producing Enterobacteriaceae in a Healthcare Setting
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Eun-Ok Kim', Jiwon Jung'?, Sung-Han Kim'*

Office for Infection Control, Asan Medical Center, University of Ulsan College of Medicine', Department of Infectious Diseases, Asan
Medical Center, University of Ulsan College of Medicine’, Seoul, Korea

Background: This study aimed to compare the efficacy of microbiological disinfection be-
tween the ultraviolet-C (UV-C) device and aerosolized hydrogen peroxide (aHP) system in a
healthcare setting.

Methods: Four rooms were installed with two UV-C devices and two aHP systems. Thirty
formica sheets contaminated with carbapenemase-producing Enterobacteriaceae (CPE) were
placed in each room. After intervention, the median log,, reduction and modified decontamina-
tion rates were compared between the two methods using Rodac plates. Eight sink drains in the
rooms previously occupied by a patient with CPE were sampled separately before and after the
interventions.

Results: The median log,, reduction was 5.52 and 5.37 after the UV-C (n=60) and aHP (n=60)
interventions, respectively (P=0.86), whereas the modified decontamination rate was 50% and
45%, respectively (P=0.71). At the UV-direct sites, UV-C showed higher median log,, reduc-
tion (5.91 vs. 5.61, P=0.002) and modified decontamination rate (83% vs. 53%, P=0.03) than
those of aHP. Conversely, at UV-indirect sites, aHP showed higher median log,, reduction (4.63
vs. 5.07%, P=0.02) and modified decontamination rate (17% vs. 37%, P=0.01) than those of
UV-C. After the intervention, carbapenemase-resistant Gram-negative bacilli decreased further
in five of the seven sink drains disinfected by sodium.

Conclusion: Both UV-C and aHP reduced the bacterial contamination in the rooms. The aHP
was significantly more effective than UV-C at the UV-indirect sites, and the converse was true
for the UV-direct sites. Application of the intervention to disinfect the sink drains resulted in

Received May 10, 2021
Revised  June 1, 2021
Accepted June 1, 2021

additional bacterial decontamination. Considering the features of the machines and the results
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of this study, healthcare facilities can choose either UV-C or aHP for decontamination.
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Introduction

A MAZ 2 YA AHG-Q W=7} oA 977
# W Multidrug-Resistant Organism (SHAIWA+F, ©]5t
MDRO) Zgo] EA7} Hal t}. &3] Carbapenem-
resistant Enterobacteriaceae GHHY WA A+t
&41%, 0|5} CRE) $9I4 % Carbapenemase-produc-
ing Enterobacteriaceae ZIEIH[JE]a 4 A A
#&7HE, oI5t CPE) AE2 199349 A= X1 g o]% &
A =7 F7keka glow, Ul B2 E ApHAl A=
A& CPE Alx747} vid S7Fskar QIeH1]. 7hars 4 o
39 523 714 F st 7HHY FBAE £ 5
9l #5491 Carbapenemase®l| 23 #AQld|, o]&9 &
A= SANEE 5o Al 7F €A AE 4= A7 1
2ol ZHatsd vj/d 9] ghite] gt 9271 AR 2 QlTH2].

CPE HEZ o¥str] 913 8% Ao 4#e
7 AAIE AL JoH[3], =W T A A % CPE &7}t
AR A9 HA W S rHo g AFHE]l AES Al
Yo gtk o] dcH4]. E35] fU =7]#e] TRl
T 494, 9A4E A 5 Al HdRt M= 2
H g0 = Qs CPE 4 E< 5% 7Fs/do] =
Aol £0 7 A%sk= WH-E o|P =7} 50% "o E
7] W Zel5], FZoll= Aol £08 Asshs e
Hetstal &o] 27 = FI7HA] 25E AlF5k= no-
2 A #EE Z3teta 9o No-touch’
o= Ultraviolet device (AHA 37HAE71A)<}
Hydrogen peroxide system (@H4tsked 37145 714)
7} 9ow, A FtAET| A AEATo] Aoy 1

FA A= ol 237} ojA| W, HASeA FHASET]
A 194 A= R0l 237 204 32 Ad 2 EUE
UHE sfof ot A% F 7|7F BRI o= HEA
Zto] 2 A} ‘No-touch’ B A& A& HIEA]
Abgo] £0 8 Aol URtH Rl ST E BHEA] A8
SfoF ot ¥kl S HE] Fo] FUNAEIIAE F71
Z o= o]gsto] Ao o] ZA| Y= FY7HA| 4F0]

o] F-ojz{of gttt

SAE7|A 9 a3 7k= HHEE Methicillin-resis-
tant Staphylococcus aureus, Vancomycin-resistant
Enterococci, Multidrug-resistant Acinetobacter bau-
mannii, Clostridium difficile®] oA A PE PO,
CPE®] A axtg717t A E A= F%THo,71. £
A9 At ISt eA FHAETA Q) BIPHE Hlwet
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Materials and Methods

1. g4 24
2 A= MeorEddA 20199 5€5H 1087
A AZHAS. 1 FA 2320 A A=A
g T+ A

AE7|A
(Group 1), ¥l HA 2Xo&= Fitetes FHAFTA
(Group 2)E ©ol&5t0] F A 4304 /fEHozs AY
o] WP=|yct ¥l AL 9.4 m’9] spFAS sl F
48.3 m®> WA FYU FZ2 At} CPES WeHE A EXA
3070 ZF A9 AFE ol S FAY Ho|ZE £9]
11, o] F 1570 UV direct sites (Ho] A Z1E 7} &3s}
L UV AF g9)ol31, YHA 157§ UV indirect sites
@] AZRAE 7} SsHA| = UV 7+ @9)olqiH. &
HAE7|AE o] &dto] A%55ta CPE LEAA &35 &
skt AAIRE A4 AAE= Fig. 19 AAISHAL, AlE
A AA| B2 91X]+= Table S1.0] AAISH T
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Measurement
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wv-0) microbiological

efficacy
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//\

15 direct sites® 15 indirect sites™
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Room C (n=30)

Measurement
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K Measurement
Intervention 4 of

(aHP) microbiological
efficacy
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R R R

15 direct sites® 15 indirect sites™

Fig. 1. Main study design.

*Direct sites: the sites thorough which laser pointer pass.
"Indirect sites: the sites thorough which laser pointer cannot pass.
Abbreviations: aHP, acrosolized Hydrogen peroxide system; UV-
C, Ultraviolet-C device.
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Al 7 g R e 4 A JUMoE7ES 2EHA 2t

E4 Y A3 st Ui A EAE FEs7]= ol
A, CPE &4 4 & H brush (5 mm diameter
Cleaning brush; Richard Wolf, Germany)Z sl

BE JH5HAt. AA CPE 34 B4 & 500 ppm &
28 HAE AW 2o, A4 A, Fh F, Itas
71A A& 9 3714 A1 7\“1‘10}91 o, 432 79
A FTNAEEINAE FEota, 432 FHiIsea 4
71AE olgsto] & st 834 AF skt 3L ET

A 43 F 22 surperficial level (GF7 ATollA
5 cm OF)oIA AlFstaL, 232 deep level (G A
T4 36 cm ©Ff; brush AA| 37 cm ZoJoA] £ &&=
5 1 cm AQgE Aol AFHsHT AR A+ A
A= Fig. 200 AAoFt.

ot

p—

2. U = F AEX|

CPE & oA T EC] 7t =2 Klebsiella
pneumoniae Carbapenemase (KPC)-producing
Klebsiella pnuemoniae (A AADE A FF= XA}
ok AE 8 ecmQl AR AEAE HE t4o] F
Zsto] EF o7 HFS AP}t MacFarland 5.0

Uv-C (n=12)

Superficial level* (n=6)

E@¥ Sink drain A
(n=3)
#2 bln.k drain B
(n=3)
Deep levelt (N=6)
E@¥ Sink drain C
(n=3)
L&A Sink drain D
(n=3)

aHP (n=12)

Superficial level* (n=6)

After
manual cleaning*

Before
manual cleaning

After

Before
manual cleaning * manual cleaning * uv—-C

After
manual cleaning*

Before
manual cleaning *

After
manual cleaning t

Before
manual cleaning *

E@¥ Sink drain E Before After After
(n=3) manual cleaning * manual cleaning* aHP
& Sink drain F Before After After
(n=3) manual cleaning* manual cleaning* aHP
Deep levelt (N=6)
E@¥% Sink drain G Before After After
(n=3) manual cleaning * manual cleaning* aHP
(2 Sink drain H Before After After
(n=3) manual cleaning ! manual cleaning* aHP

Fig. 2. Study design about sink drain.

*Superficial level: 5 cm below the drain inlet.

"manual cleaning was performed using 500 ppm sodium hypochlorite.
Deep level: 36 cm below the drain inlet.

Abbreviations: aHP, aerosolized Hydrogen peroxide system; UV-
C, Ultraviolet-C device.
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standard2 & %<& KPC B4 K. pneumoniae 1.5 x
0’ colony—forrmng units (CFUs)/mLE &H[st2, 10 uL

ETAE AR EE AEX| S 12 It
71'7}—4 AEZ9] 1.5%10" CFUs9 #3F& &30,
AA A B dollE #5454+ cutting and vortexing
oz Woles

z JIN mlm —_

3. &M LY

ALA FAEI|AE 254 19 Ultraviolet-C
(o]3} UV-C) ZH|(ASEPTX. 2X SILVER, SANUVOX,
Canada)E AME-SHTH AZPA o 2™ UV-C H27}t
87171 931, 1.8 m A=A 1 cycle (13& 4£9) F& A
190,000 uWsec/cm® A#Fo] =dsl= Zujolct, AR A
& Aol 270 A& 54190 2 cycle F-&dt0] F 2680]
AQ8Fom A HA cycledX&= 271 FHE At 4=
o Z+zr T ALt on, T HA cycledA = 17] |
£ A A, Y A] = s Far 2851t
UV-CE 1847} A& Xolle 837t gl o= 47
A QQolA, BE AT A F5 FolFeleH, WEF
A Y ZE Ao v AES] AHFoA 18R A= &
& FHAaslolgoh B3 A5 5% 2US BAI5H] 9
off AA HA £2 2oHFFAAH 2 cycleo] B &aH 2
Foll= 9571 FYEo] EU7Fsotath A WA cycle
Aol FH|sh= AR A AA cycle & F FH|9 A
£ W5k AlHE 236 AA| 3070] A8 F U

ISR A 3425 7] A= aerosolized Hydrogen
peroxide (]38} aHP) ZH](NOCOSPRAY, Oxy Pharm,
France)& AM&-stlth AZAA o W29 6% THitats
49} 17 ppm AR 02 F4E NOCOLYSE 84S %
Hof] B2k5hd | ] W3o] 22,000 rpm El4Hl0] 80 m/sec
&L 8 GG o] 2E3leto] ARgsh= ZHlolth. A4
Ao whet A HA WA 6Hl(48.3 x6=289.8)°] i
FoH= 300 mL &HS 2417 59 EANSH] ARE-sHT
A G7F AHE PSS AAAZ L, A E
A7Fs st E 3PA £2 Fol Rl AWl &A= A
H §Ho] F5Eo 3 HAE 4 Qo HE WEZA
o} v/ A= 25 A ASE &-&otArt £ 23l 57+
o= BEAME §Ho] AFsH7] ojf7] WEo] AA A
oo} v 2 W Eg A Hd) Z|]lo) v]AESHA 2
AT, BE AES dolRolrh. BAME §o] 325 &
o o2 TR Eo7ke As 9] fl6iA AAE A

ol



1A= Fig. 301 AAHHH.

4. O|M=E &4 gaHETt

Naturalizing agar’} 3% Rodac plates (Irradiat-
ed Count-Tact 3P agar, BioMerieux, France)& &
applicator (APP Count-Tact, BioMerieux, France)ol
Basto] Z4zZko]l A|EXE 102 B9 500450 g ¥

7}l =3t Rodac platese 24A17F B9 37T oA uj
Fotal, v & plateso] ot #5548 AAbs
A A AA A EA| O Folls #F4 tH] SA Fol Al
EZ 9 Foll= #55 HE<S log, reduction®Z 7
AretA el Decontamination rate: AA| plates 4= thH]
clean plates, & 2.5 CFUs/cm” "]%H9,1012] plates 4
H &R Zostoict. ofA & A3 A A3 pilot test
A} 2.5 CFUs/cm? B|9HS clean plates® A9 349
UV-C%} aHP 25 decontamination rate”} 100%2 5
dsto] Hlw 7} o]# 9, clean platesd] 7|&S Hrt 44
3}A 2.5 CFUs/rodac plates (0.05 CFUs/cm?)& 3l=
modified decontamination rate® A2 % 2Jsto] AL&
Skt

A3 345 AF brushs= 20 mL Bd5 5571 &
71 tube (50 mL Polypropylene conical tube, FAL-
CON, USA)°l ¥ 55°A brusho &= LF=4
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Fig. 3. Schematic design of rooms
showing positioning of UV-C and
aHP.

Abbreviations: aHP, aerosolized
Hydrogen peroxide system; CPS,
Control panel systems; FCU, Fan
coil unit, UV-C, Ultraviolet-C device.
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Al 7 g R e 4 A JUMoE7ES 2EHA 2t

o] B oA & E sttt 2F4H &4 100 pL (0.1
mL)& CHROMagar plate©]] &5}, Carbapenem-
RIS {6l
quadrant streaking ®'H-& A5t CHROMagar
platesE 37Co|A 24A17F &< #igsta, v &

ollE #F4E semi-quantitative method (“many

resistant gram negative bacilli (CRGNB)

isolated”, “moderate isolated”, “few isolated”, “rare

isolated”, and “not isolated”)Z 215}t
5. 84 &4

£ A3E UV-CE aHP9 CPE decontamination
rate®] 23t Zo]7} U Agk= 7H st AlFsHT
HESE B A3 A A33 pilot test A2 modified
decontamination rate UV-C 87.5%, aHP 100%, 32
TE 5%, A48 80% ol ¥ 12071(FAE 2 607h)=
Attt

CFUs% log,, reduction
(IQR

rank sum testE o|&

£ 949 W42 median
min-max)2.2 HEHS}FH oY, Wilcoxon
slo] BA51Y T}t Modified de-
-Zr‘ﬂé HEE n (WE ZHSH
O™ chi-squared test -2 Fisher's exact testE ©]
&3to] EA5HT 54 £42 R AZE] version
3.5.08 o]&3st% e, P<0.05% 3¢ 5AZFLRE Fo3t
Aoz 175,

S0
1 -

contamination rate= %

Table 1. Microbiological efficacy of UV-C and aHP

Results

1. S ™ 2™ AMEX|0| HOtA= CPE 5=

KPC AA K. pneumoniae 1.5% 10" CFUs/mL % Zvzr
9] AJEA| 9] H{HIE F cutting and vortexing ¥HOo2
AA R Fopgl= #5545 SIS A3 AA 9 5.4%7 F
oRlgitt. & AA AEA 9 FolglE CPE #54& 5.91
log,, inoculum (Hh2F 10° CFUs)°] it}

2. UV-C2 aHP & 2 2EXNH g1} H|W

UV-C € ¥ median (IQR) CPE #F5+ 2.5 (0-
18.3) CFUs, UV direct sites9A4l+= 0 (0-1) CFUs,
UV indirect sites®]A+ 19.5 (5.3-51.3) CFUs°| %}l
t}. aHP &€ ¥ median (IQR) CPE #F5+= 3.5 (0-
13.8) CFUs, UV direct sites®lA]+= 2 (0-8.8) CFUs,
UV indirect sitesOAl+= 7 (1-23.3) CFUso|%it}. & 7}
A 34 ¥ & CPE #55t BAZHCE FosA] gdokn
(P=0.99), UV direct sites9Al= UV-C J& & 454
7} 595HA o W¥9ka(P=0.01), UV indirect siteso] Al
£ aHP A& ¥ 43571 o | w3t (P=0.02)
(Table 1).

A A AA A EA ] oIl 5.9 log,, inoculum
(e 10° CFUs)S 7]1& 22 AAE median log,, re-
duction (min-max) UV-C &€ % 5.52 (3.53-5.91),
UV direct sites9Al+= 5.91 (5.13-5.91), UV indirect

UV-C aHP P-value*

Median CFUs (IQR)

Total (n=60) 2.5(0-18.3) 3.5(0-13.8) 0.99

UV direct sites’ (n=30) 0 (0-1) 2 (0-8.8) 0.01

UV indirect sites’ (n=30) 19.5(5.3-51.3) 7 (1-23.3) 0.02
Median log,, reduction (min-max)

Total (n=60) 5.52(3.53-5.91) 5.37 (3.54-5.91) 0.86

UV direct sites” (n=30) 5.91 (5.13-5.91) 5.61 (4.57-5.91) 0.002

UV indirect sites’ (n=30) 4.63 (3.53-5.19) 5.07 (3.54-5.91) 0.02
Modified decontamination rate

Total (n=60) 30 (50.0%) 27 (45.0%) 0.71

UV direct sites’ (n=30) 25 (83.3%) 16 (53.3%) 0.03

UV indirect sites’ (n=30) 5(16.7%) 11 (36.7%) 0.01

*P-value of median CFUs and median log,, reduction was calculated by Wilcoxon rank sum test and P-value of modified decon-
tamination rate was calculated by chi-squared test or Fisher’s exact test, 'Direct sites: the sites thorough which laser pointer pass, ‘Indirect

sites: the sites thorough which laser pointer cannot pass.

Abbreviations: aHP, aerosolized Hydrogen peroxide system; CFUs, Colony-foaming units; UV-C, Ultraviolet-C device.
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Table 2. Semi-quantitative results of CRGNB in sink drain

Before manual cleaning*

After manual cleaning* After intervention

UV-C (n=12)
Superficial #1 (n=3) many
Superficial #2 (n=3) few

Deep*#1 (n=3)

many
Deep'#2 (n=3) many
aHP (n=12)
Superficial #1 (n=3) many
Superficial #2 (n=3) moderate’
Deep#1 (n=3) manyH
Deep#2 (n=3) many

many many
few not isolated
not isolated not isolated
moderate few
many few
rare’ rare
rare not isolated
many few

*manual cleaning was performed using 500 ppm sodium hypochlorite, 'Superficial level: 5 cm below the drain inlet, ‘Deep level: 36 cm
below the drain inlet, ‘Stenotrophomonas maltophilia was identified, ! Carbapenem-resistant Pseudomonas aeruginosa was identified.
Abbreviations: aHP, aerosolized hydrogen peroxide system; CRGNB, Carbapenem-resistant gram negative bacilli; UV-C, Ultraviolet-C

device.

sitesO A= 4.63 (3.53-5.19)0]4tt. aHP &€ 3 me-
dian log,, reduction (min-max)+= 5.37 (3.54-5.91),
UV direct sites?|A]+= 5.61 (4.75-5.91), UV indirect
sitesl A= 5.07 (3.54-5.91)°]3tt. & 714 SA & F
log,, reduction BAF L2 F-2JstA] FI1(P=0.86),
UV direct sites9A+&= UV-C &€ ¥ log,, reduction
o] § f9J3HA ¥&9t1(P=0.002), UV indirect siteso|A]
£ aHP A& ¥ log,, reduction®] © {2|5HA &Jot
(P=0.02) (Table 1).

UV-C A€ ¥ modified decontamination rate
L 50.0% (30/60)°]a1, UV direct siteso A= 83.3%
(25/30), UV indirect sitesolA= 16.7% (5/30)FG}.
aHP 3 ¥ modified decontamination ratex 45.0%
(27/60)°]1L, UV direct siteselA= 53.3% (16/30), UV
indirect sites?|A= 36.7% (11/30)°]4tt. F 7HA]
Al ¥ modified decontamination rate:= SA422 &
9514 &k1(P=0.71), UV direct siteso|A& UV-C &
€ % modified decontamination rate’} © 3-2J5H
=%31(P=0.03), UV indirect sitesolAl= aHP Z& &
modified decontamination rate’} © 5254 &%4th
(P=0.01) (Table 1).

3. 43 ot LM A2 L
CPE 4p50] B4 ¥4 & Adll= 4
9lofl 4gglo] CRGNB7} few-many® ¥

YUt A Fol= HA 83 FolA 439 A sk
F(UV-C: Deep #1, Deep #2, aHP: Superficial #2,

36

Deep #1)°14 CRGNB7} #4stiow, ofd Re2|7}
52 ¥2 43 st 13X(UV-C Deep #1)°]3t.
UV-C A 39| 23 (Superficial #2, Deep #2), aHP
ZA Fo)l= 33 (Superficial #1, Deep #1, Deep #2)°]
A F7bH 02 CRNGB7} Z4stdth. A3 st 23
(UV-C: Superficial #2, aHP: Superficial #1)2 37t4
=714 A4 AL ¥ ofdf o] £ A gdth(Table 2).

Discussion

AL} BAksteA FEAET|A ] g 7HE v
3 AFY=E813 HlSHA|, 2 Aok Yol ZHH o
2 Y= YoM AA FHEETIAL H =2 29
AA aE veylon, Yol Ay og 24 g I
A= IS A FHAETA I QAAA B3V Y =
et A ejm 7] @M= ¥dto] 10-100 CFUs/
plate ]9to2 Q@ AEo] Qtty K] wfj&o[11], & H
100 CFUs/plateE &7 & 2 log,, reduction®]™ Y43
O g u|PE FARIW} e A= HFdETHI2L o] A
AollA= AAA T} iS4 FHAE7]A 9] median
log,, reduction®] Z}Z} 5.52, 5.372 JA4Z o2 §314
ol W o g oty ch

AN BHAEAAL APHOR e HHle] o ft
Aol Ak, A4 =FHA| g 154 HUE THE EHo|
A3 Bk 4 glolA] 2HgAQ Tt gk Aoz &
4 ArH13] £ AT oM BHaE71A 48
A Wlo] Bafsk Gl BHaA| gk GAurt 54
o2 5] § B2 oQAALNE HGAH, Lo B
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ot IRbsles FEET Al dseAa A E EAREH
7] 2ol F2E At & B8sfoF 5hH, A& Foj
Fitekea7t 1 ppm 05t oA =E 1A7E F2t 27
7F 2 asie14,15]. ¥H, AQA 3as71 A 2 A
ol A8 F &77F 283 A= ge, 1 cycleo] €
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