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Carbapenem-Resistant Enterobacteriaceae Using ATP Measurements and Microbial Cultures

Kim, Ji Eun'?- Jeong, Jae Sim' - Kim, Mi Na’- Park, Eun Suk*

'Department of Clinical Nursing, Graduate School of Industry, University of Ulsan, Seoul; 2Department of Nursing, Asan Medical Center, Seoul; *Department of
Diagnostic Medicine, University of Ulsan College of Medicine, Asan Medical Center, Seoul; “Department of Infection Control, Severance Hospital Yonsei University
College of Medicine, Seoul, Korea

Purpose: To determine the extent of environmental contamination and the effect of disinfection around patients with carbapenem-
resistant Enterobacteriaceae (CRE) using adenosine triphosphate (ATP) measurements and microbial culture tests. Methods: The sub-
jects of this study were 10 patients hospitalized in a single room due to CRE from April 13 to 21, 2021. One hundred and sixty samples
were collected using cotton swabs from the patients’environment including the surface and drain of sinks and toilet seats before and
after disinfection of the room after discharge. Twenty-one samples were collected from the nurses’ personal digital assistants (PDAs),
keyboards, and computer mice before disinfection. The relative light units (RLUs) and CRE colony-forming units (CFU) of 181 samples
were measured using ATP test equipment and chrome agar plates, respectively. Results: The highest RLUs were measured at the sink
drains before and after disinfection. Four CRE samples from the sink drains (2), sink surface (1), and toilet bowl (1) before disinfection
were cultured. Based on the failure criteria (> 250 RLU/cm? and > 1 CFU/100 cm?), 90 % and 50 % of the samples from the drain ex-
ceeded the failure criteria before and after disinfection, respectively. In the culture tests, CRE was not detected after disinfection. Con-
clusion: According to the RLU and CFU measurements of drain samples, disinfection was not effective. Thus, improvements in the
disinfection methods of drains, as well as more efficient and systematic environmental decontamination and disinfection evaluation
tools, are needed to accurately evaluate the effectiveness of disinfection in various places.
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Figure 2. Bacteria culture test: (A) Carbapenem-resistant organism on
Chrom agar plate, (B) Carbapenem-resistant Enterobacteriaceae on Mac-
Conkey agar plate.

F-AH(Matrix-assisted laser desorption/ionization time-of-flight mass
spectrometry, MALDI-TOF; Microflex LT, Bruker Daltonics, Bremen,
Germany)2- ©]-8-5}0] 953 EH15}L} MacConkey agar plateo]|
o = Al 43 AR (colony)& E2lEl] floko] 42y
(quadrant streaking)-2 AF-8-5}H51, ©.1, WHOFH 5 42= ‘a few, rare,

moderate, many 2 55} CHFigure 2).

2) ATP = HA}

U HlRTIALE Al Al T 9 22 Hole] 100
Zof| ATP - Clean-Trace™ Surface ATP swab test (3M Health Care,
Conway, United States) 0. 2 T2 2 & W3- 5}H9] A|oFw} 2k vt
SIS HAof Ab¢lste] EE0] & &, Clean-Trace™ Luminome-
ter LX25 (3M Health Care, Conway (AR), United States)o]] 'HoJA] 7|4
of] 3A|H relative light units (RLU) S 4 2184 WS 4+
2 gebe gl 0° A FER £fols A3o] han 95
28] A TAL AL Telo] M-S Sl 24 Hach 8
A B SROR= MFEE 1xd cm, S HRE MRS 20x5 e,

-

ER

ke

b

https://doi.org/10.7586/jkbns.2021.23.4.339



342

7x12 cm, PDAE 7189 AHE 8x 14 cm
e R EN
7F 2= Q)= 10 cm7}A] 2 A45190T Y23 Hlo| thek TH AL
AFSE A} A B 3ol 44 cm?, 3P W7R 100 em?, TR
+ 42 cm?, PDA+= 56 cm?, HH_,_Q- YL 50 cmPo]Qit) B AS
100 cm’ = $HAFsho] T S RLUZES AFESH3ITE

u$ 2t 7} o) Al
Al

275190k 394

4 21243

A== 7 717H 20219 49 13YEE 2107 Gk A7 A8 A
CRE $Ep7F 43t 1914 27]E B 2 AP 2AHE Sa)stod
A A R, =5 af R ok e wiA) o] 2 A, a e Ak A 2
A A7E A2 QA7) elatelgl o] HAA =8 slolskgn) AR &
AL AT HA T ] ROl A] A A a2 1, A
= HH‘I“:[L Al ZF 174 5 8719] 7kl dwto] 2] =S

& v A< ule v Rlof o) /do] §l3-2 ehelstairt
CRE ﬂzm g5} ]

o 9 g} Al

|
1

-101‘
1

o o o

oL 2 ml%
iz B
By

ol

ol

o,
2
1t ofl

ol

c
LI
@ O
Sz
g im e o
4o
2 o
fr
ok M1x
w19
TR =T
i

B~

2ofg 1

> b
do
0%
o
>

21:
ol
k]
=}
=0
o
8
i)
N
o
N
Fo
o
o
St

S~

n
fuj
2
S~

o,
o
i1
rl
Z oN,
Mo b
B o
A1 o
% By
Lo g
_l
%
N -
< o
s
é<L
ﬁ c
iy =
S
(]
i'a
S o,
E

stelck Aoy toﬂ%! ?J%J %PXH ° 7@/\}7} XH‘— H&she
= 3 3501 A A0 13} AANE AJYate] 2 ATP AL 181
2= HH%‘@‘} 1817dﬂ Za‘*}—é— Alf"‘ﬁkﬁ"iﬁk

% HHOk74/\]— 7—1J_]-1—
YA 3815 %}1 }01 1 CFUE 7]24] o2 ARg-5to] 3
A5 0]30 1 CFU/100 cm? ©]4) A] ‘ATl 1 CFU/100 cm? )7 A] A%
SIFR AoJatn, ATP AL Ak Al 2ARS] WA 7124] gk 250
RLU/100 cm*& AF2-310] ATP 250 RLU/100 cm? 04} A] A5y, 250
RLU/100 cm? 0|9t A B3k 2 Aolaloict A% 247]2 Alufl &
& 7O oA 37 A% 0] CFU 23] 1 CFU/100 cm? ©]

A} ATP 2742] 250 RLU/100 cm? ©|AFS: 7320 & 317 A% o] Al

EH
[=]
B Aol A 2 AFEE SPSS/WIN 2402 0]-8-310] Th&2
w
1) RLU/cm?

S CRUIM'ZEe: WIS} W28, s} FEHA2

www.bionursingjournal.or.kr

YA2- YAy - ZolLt el 12!

2) 27 ks A5 RLU/cmla} CFU/em?]| 2}o]7} 9l=7] B}l

F5-4=9] A (Wilcoxon signed-rank test)S-

A

N

lol‘

3) ATP Z AT} 0| & wljofAr o] A% 4 & AL ¥
& Hlale Wu|uke] 7Hof Rl A7 (McNemar's x° test)
B4k

471

i

=
=

§:202170840) S5

(
] A LA L Rl

A+ 2

1. A% S ATP, CFU £t H|n

A% A ATP HaF RLUZES vljl4=7 22,578.70 RLU/100 cm?, W &
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Table 1. Adenosine Triphosphate Bioluminescence Measurements and Cabapenem-resistant Enterobactericeae Counts Before and After Disinfec-

tion at Target Surfaces of Patient Rooms, and Values only Before Disinfection at Target Surfaces of Nurse Stations (N=181)
ATP (RLU/100.cm?) CRE (=1 CFU/100 cm)
Surfaces Cartegories
Mean +SD p n (%) p

Bedside table (n=10) Before 648.10+680.68 0(0.0)

After 83.80+£56.45 009 0(0.0)
Mattress (n=10) Before 2,30890+2,817.28 0(0.0)

After 90.60+80.76 009 0(0.0)
Bedside rail (n=10) Before 279.90+401.10 0(0.0)

After 43.00+19.00 066 0(0.0)
Door handle (n=10) Before 11546 +62.79 0(0.0)

After 3344+38.69 005 0(0.0)
Washbasin surface (n=10) Before 23550+ 208,51 1(10.0)™

After 4480+51.25 017 0(0.0) 317
Drain (n=10) Before 22,578.70+34,531.53 2 (20.0)"

After 18,767.45+29,413.72 169 0(0.0) 157
Toilet sheet (n=10) Before 400.30+533.94 1(10.0)"

After 56.70£67.93 0n 0(0.0) 317
Toilet handrail (n=10) Before 166.90+ 126.64 0(0.0)

After 14090+ 141.98 508 0(0.0)
Total (n=280) Before 26,733.76+35,271.29

After 19,260.69+29,426.75 022 4(5.0)
PDA (n=7) Before 2840+1092 0(0.0)
Mouse (n=7) Before 15870+ 11811 0(0.0)
Keyboard (n=7) Before 367.57 +209.22 0(0.0)

Moderate; *Many.

ATP = Adenosine Triphosphate; RLU = Relative Light Units; CRE = Carbapenem-resistant Enterobacteriaceae; CFU = Colony-forming Units.

2. A5 23 ATPR} CFUS| HZE TH7|Z Ay
Zf o/ ol A ATP 2% ft’rxﬁl% Aule2 A
0] 074(0.0%), S W7F 274(20.0%), HAF W7L
E 374(30.0%), AlHT] 32 47(40.0%), %, }F Ho]E 674(60.0%), TIE
2|22 72(70.0%), Bl 971(90.0%) 2 WA 2 éé‘olﬂ 7 ek
7, w477 7}%}%&&@& %
b

o 7)e Fateh Bk 25 de? ATP iga

Lo
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kl

0>~

FHo| A CFU 7§§7§E 4
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A% AT CFU HAE 7
913 Table 2).
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. 2H30llM Z2|E CRES| £

S} ] oA 470] Belsgli=t], 34 A Ao A vy
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Table 2. Comparison of Failure rate at Target Surfaces Before and After
Disinfection based on Adenosine Triphosphate Bioluminescence Mea-
surements and Colony-forming Units criteria (N=160)

Number (%) of failure
ATP CRE

Surfaces Cartegories

(=250 RLU/cm?) (=1CFU/ 100 cm?)
n (%) p n (%) p

Bedside table Before 6 (60.0) 0(0.0)

(n=10) After 0(0.0) 031 0(0.0)
Mattress Before 7(70.0) 0(0.0)

(n=10) After 0(0.0) 016 0(0.0)
Bedside rail Before 3(30.0) 0(0.0)

(n=10) After 0(0.0) 250 0(0.0)
Door handle Before 0(0.0) 0(0.0)

(n=10) After 0(0.0) 0(0.0)
Washbasin surface  Before 4(40.0) 1(10.00*

(n=10) After 0(0.0) 125 0(0.0) 1.000
Drain Before 9(90.0) 2(20.0)*

(n=10) After 5(50.0) 125 0(0.0) 500
Toilet sheet Before 3(30.0) 1(10.00*

(n=10) After 0(0.0) 250 0(0.0) 1.000
Toilet handrail Before 2(20.0) 0(0.0)

(n=10) After 1(100)  1.000 0(0.0)
Total Before 34 (42.5) 4(40.0)

(n=10) After 6(7.5) 301 0(0.0) 659

*All four CRE strains were found to be Klebsiella pneumoniae and matched with
CRE strains isolated from patients.

ATP=Adenosine Triphosphate; RLU=Relative Light Units; CRE =Carbapenem-
resistant Enterobacteriaceae; CFU = Colony-forming Units.
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