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[Abstract] Objective To survey the enviromental contamination of carbapenem-resistant Klebsiella pneumoniae
(CRKP) in intensive care unit (ICU) and carriage of drug resistance genes of CRKP. Methods Specimens collected
from high-touch object surface. object surface in public area, wall and drain holes of sink in 5 surgical ICUs were
performed microbial isolation by mSuper CARBA chromogenic medium, targeted strains were identified by MALDI-
TOF mass spectrometry, carbapenemase phenotype of CRKP was identified by double-disk synergy method, KPC
and NDM resistance genes were detected by polymerase chain reaction (PCR). Results The isolation proportion of
CRKP from high-touch object surface (1/73), object surface in public area (1/89), attendants’ clothing (1/24)
were very low, but from drain hole of sink was higher (25/29). Identification of carbapenemase phenotype showed
that 5 strains produced class A enzyme and 11 strains produced class B metalloenzyme; PCR results showed that 2
strains carried KPC resistance genes and 3 strains carried NDM resistance genes. Conclusion Colonization rate of
CRKP on high-touch object surface in ICU is low, but contamination rate of drain hole of sink is high. The results
of resis-tance phenotype enzyme identification and PCR revealed that cross transmission of CRKP in ICU may be low
if environmental cleaning and disinfection measures are strictly implemented.
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il & e, B AT B A — o AT L5 Bk DR A J
IR B JE g 1) DL B0 T . T JCAE AR E M T IE R A
FF IR W T8 R i T8, O T 2 A TR AR BB R L
LA B2 B E 5E W5 4P |5 (intensive care unit, ICU) 3
BRI R 2 WY ARk L B T R 2B
AR A 3R A B A A bR A e
ST R 7685 1A 1 (carbapenem-resistant Klebsiella
pneumoniae , CRKP) f{) 73 B R & | I3, H®
Yenl 5 i 260 ~ 440 IR A SE TR ICU R )
PR LS 27 B8 A B8 55 N O T B A B4 i )
M5 R 2 T 24 A e 7 B s R AL A B G B
Bt o ARUBIEFE R e 25 5 B8 B 2 > S FE ICU 47 36
Be RAE /3 ICU CRKP {5 e LR 90 25 305 H 2R
S AT B HF A

1 #RE7FE

1.1 M4 5 %# mSuper CARBA T {4 4 35 3k
QLA RS WME W ARA R A D K w2, TC R
PBS 2 i i » MALDI-TOF J& ji% %, PCR Master
Mix &) & (£ Thermo 4y &), D2000 DNA
marker (J6 5T K AR A AL BH A PR 7)) o PCR X (5%
[# Bio-rad /A &), HL 3K (& [ Bio-rad A F]) .

1.2 R#wms BERE=ZHRGELERK S MR
ICU(& 2 ICU, L 4h ICU P4 ICU, K 4R ICU,
HhEFICU A #EFT IR R A, T A ICU SRFE g4 75
PR 5 CRKP F8 5 (95 IR R [, R i R J8
HUM OCBLZ CRAERT IS8 TAEH 10:00 245 R
X E 588 H R LR B 1 T T 5 .

1.3 R#H* (EHNRA PBS 1 JC AR XL
M HEAT R AE : OB IORAS RF L TE AR T2
Sk 55 B2 55 N B0 IR 5% e A0 42 ik 1 0 1K 3% 18T s @3B 9T
SRR TRV G 5 2 A I B 4 L 24 A AR
R T R IT AT Qi Bk T BE HEKAL IR
7 VT MRE CHE K FL T 4 [ i 48 3 Ok b BE L HE K
FL o V5 W HE O BE L HE K L @ 9 3 CRKP @ A/ Jg&
Ay e A R A N R (5 A N e
CP BE 3 75 T2 kol ) 2R B AT R A < B0 B - 4%
FEE MRS REW 5 ecm X 5 cm [y X 35, A~ 34 0
SN 11 4 3% 18 T G A R A8 L TR HKORAE
HE R AE L AR TR T S A R A R A
IR . ¥ O R MR F7E mSuper CARBA i}
R IR I E S SRR 5 YOk - I E 37 C

TR A 15 5% 48 h,

1.4 mEFEHHELT RIDEEFRILUA A, Pk
T4 Jag R €5, T WE €0 1 4 T 1R V& 158 MALDE-TOF it
TEAGHEAT RS . FH AR B D3 R i Bk & EDTA -
Na, it 78 35 95 00 4 TR AT 0 75 B I R L 2
1.5 DNA ZRE i T H R0 35 Pk Uik 75 25 45 1 2% 7
PHPER 4~5 a5 2 1.5 mL EP & H . mA
1 mL JERAZEK R HIR A G 2T 100 Cm#af
24 30 min, B B O, 13 000 r/min B L
10 min, BV W43 T8 EP & . /E 2 PCR i
5 20 7 DNA BEAR

1.6 F#mEEHEmARGER KPC A NDM 5]
YIF g 0L 2 19, B g AR T A B R A A
e & KPC i 24 3k B il 2 5 B5 {f B ATCC 1705
YR KPC PHE XS B8, R 2 KPC i 24 5 K [ fili & 58
TN ATCC 1706 1E 2 B2 % B, i IR 4 25 H
NDM fiif 24 55 B BH 1 19 il 98 5 B 10 04 #R A S NDM
BHPE XoF B i PR 43 85 H. NDM. % 5 BA 4 B0 fili 48 7
FT R BRAE S B 1 % IR . PCR R VAR & T lES1 4
#% 1 pL.DNA BERT 2 pL, WK 21 pl, §7 38 5% 1%
1094 CHUAEME 5 min,94 CAEME: 45 .55 CiR 2k 45 s,
72 CHEAf 1 min, 51 35 N, &5 72°C 1F B
10 min, $f PCR 7= 9347 Bt I bl 556 J0¢ v Ok » v 2Ry
100 'V, HLJk 30 min J5 76 BE BSR40 b B 3245

R W= S AR YNGR/ S I Wik 7/ P NN
Table 1 Primer sequences and product size of carbapene-

mase resistance genes

ElR7E 37 51975157 =37) PRI R/ (bp)
KPC-F  ATGTCACTGTATCGCCGTCT 893
KPC-R  TTTTCAGAGCCTTACTGCCC
NDM-F  GGCGGAATGGCTCATCACGA 286
NDM-R  CGCAACACAGCCTGACTTTC

VO EESIR RS
2 #R

2.1 RHLER

21,1 KRFEFmAERDRRXFLER KFEHLITR
FE 73 43 R RS 27 {7 Wiz d 9 4y, WP IR AL T Al
28 fiy. Mok 9 M. A ICU JRAZ b 4 85 1 Bk
CRKP, H A4 R AF S ¥ oKk 73 85 8] CRKP 8 #k. WL
w2,
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R2PRF T R T CRKP A 1 B0 CBH M A A

B/ SRR AEO
Table 2 Isolation of CRKP from bedside high-touch object

surface(No. of positive specimens/No. of speci-

mens taken)

= IRAE Wrizds  MECHLEAR ALk
SR ICU A# 0/10 0/4 0/10 0/2
LAk ICU * 1/5 - 0/8 =
JiF4h ICU 0/4 0/2 0/3 0/3
4 ICU” 0/5 0/3 0/4 0/4
KAHMEFICU” 0/3 - 0/3 -
&it 1/27 0/9 0/28 0/9

- 2 3% Dy 7 A 3 R J BB SR A+ > 3200 o I 9] CRKCP 7E L/ I

21,2 AHRRFAAXHLER SILKEILREE

89 i Heh iR J7 5= 33 4. FHr L 29 1. HL i o
1y A AL T 9 . iy 48 F 7 4k ShBE

ICU A LR FHEHL B E) 1 Bk CRKP, HARHE A
AorE s CRKP, WLk 3.

F3 QIR CRKP K 1 B0 (BHEEFRAS B/ RAEFR A E0O
Table 3  Isolation of CRKP from environment of public area

(No. of positive specimens/No. of specimens taken)

B TR TR RS FEERT BT EET

SMEFICU A 0/10 1/9 0/3 0/3 0/4
L4 ICU 0/7 0/6 0/3 0/2 0/2
fFA ICU 0/5 0/5 0/2 0/1 -
&2 ICU 0/7 0/6 0/2 0/2 =
FAMELICU  0/4 0/3 0/1 0/1 0/1
Git 0/33 1/29 0/11 0/9 0/7
2.1.3 AKwARBEER  ICU KM ILTHRAE 59 47,

Hop 30 fp4r gt CRKP, EZ4r B F % F AL 3R
7&K AL TSP E R BE A AL . WL 4.

&4 ICU kit CRKP 46 1% O CIHPEAR A/ RAEFR A KO

Table 4 Isolation of CRKP from sink in ICUs (No. of positive specimens/No. of specimens taken)
Pr= PEFEE T WAL BT EAKMEE T EAAL  EWEE A S A AL TS M R 35 iR v AL
4hEEICU A 0/3 2/2 0/2 2/2 0/1 1/1 1/1 1/1
L4k ICU 0/3 3/3 0/2 2/2 1/1 0/1 1/1 1/1
JiF4h ICU 0/2 2/2 0/1 1/1 0/1 0/1 1/1 1/1
4 ICU 0/2 2/2 0/2 1/2 0/1 1/1 = =
KAMEFICU 0/3 3/3 0/1 1/1 0/1 0/1 1/1 1/1
&1t 0/13 12/12 0/8 7/8 1/5 2/5 4/4 4/4

214 PIRYWFAFHER X CRKP & fH/ &Y
BEPIY 8 A LT RAE 1 &AM ICU 47 1
Ml A AR 4y 5 3 CRKP, Ho R R 3 58 31 CRKP,
n#s5,

®S5 LAY CRKP K A 40 CBH AR A B/ SR FE AR A KO
Table 5 Isolation of CRKP from attendants’ clothing (No.

of positive specimens/No. of specimens taken)

Bz Egs| il 1 M48 0
SRERICU A 0/3 0/3 0/3
L4h ICU = - -
FE4h ICU 0/2 1/2 0/2
212 ICU 0/3 0/3 0/3
KAHMELICU - - -
it 0/8 1/8 0/8

>

2.2 BMEEWHAMERER BT SMEFR

i

W SESE IR R .28 BR CRKP H5 BR™ A 250,11 #k
B REJRE ., WK 6. b sh ICU KA 5
B 1k CRKP DA K K i fL 43 5 i 2 #k CRKP [/ B
7o A KRR B 2R

R 6 28 Bk CRKP fi 75 & M B 5 B %08 45 1
Carbapenemase phenotype identification results of

28 strains of CRKP

Table 6

T T 2 0 I T AR R
TR R 5 b i 73

A il B %5
R 1 1 1
FHEHL 1 0 1
il 1 1 1 0
7Kt AL 25 3 9
&t 28 5 11

T« T B 70 o TR BR R A
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2.3 BmEFEHEAHARETLER  PCRKIZS
KWK, 2tk CRKP #47 KPC I 245 5[5, 3 #k
CRKP #4ff NDM Ui 25 2 [N . Hrpo4h ICU IR
FE53 85 1) CRKP [A] i 4% 4f KPC Al NDM i 25 254
VNGB

3456 7 89 10 11 12 13

~ 2 000
- w 1 000

w750
500 =
250 — @ v

100

#:M 3 DL 2000 DNA Marker; Marker Z2{il] i KPC fiif 24 3 A
PCR 455 Hop 1 JIGEARA SR [ 0 4F TCU JRAZ 43 B AR A, 2 YK bz
Ak A ICU 4 T, 3~5 53k [ K it fL A5 4%, 6 524 KPC [
PR BRI 48 52 F5 (01 ATCC 1706) .7 5y KPC FH 4 %) B8 (I 46 7
FEHH ATCC 1705), Marker 4511525 NDM i 25 3£ B PCR 45 & .
Hop 1 Bk AR AR B0 4N ICU JREL > BIbR A, 5 5 hr 42 85 [ 4
B ICU A F5HL.12 %54 NDM [H ¥ X} i#, 13 5 5 NDM B 4 % 18
brAs  RRFEA S B ICU B Ftk.

1 hkTF &M CRKP WAk EY PCR 434 7= 4 W vk 45 R

Figure 1  Electrophoresis results of PCR amplification pro-

ducts of carbapenemase-producing CRKP strains
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UTAEOR . CRKP R BB Z WAT B B W
N AT 38 3 £ A AR Y T8 T R A
[ SMBIF 5 EL T 52 50 %6 fiif B 7 8% M 25 W AT TR (car-
bapenem-resistant Enterobacteria, CRE) & ¥ & &
APEAERE 30 d N K RE Sy CRE J&gt , R XU &
A B B 10, 8 48 . SR [R5 43 A Sk s, oA
1191 B Y M T AR T 5 R e T R R () O 4R BB
5 N AN ICU Ji 3 31 58 7 CRE % 5 v i 21 5C
ERY . EWA 25546 . CRKP 78 ICU # &
ECURAT WA L 05 B2 55 N B3 T LA BRI T O AT B
DA B R4 T B 8 T A A0 AT DG SRR e iy R A=D1 qA
WEFE 2 3R 45 T I B Sk % 331 B 44 it R Il PR 445 JRy » % AH
RKIEE TG Yy A 0 W, TR [ N AH SRS A
B 6 s ME 45 A DR 8 0T B 458 355 33k R T 2 A 00K L T
B0 AU B LA R g B0y 64T 1 R B 48 T BT
Jou: ks CRKP 78 ICU (347 . 4878 H % PREE I 1
A 7 ] REAFAE B A

AWF5E 8 F§ mSuper CARBA & {8, 8% 35 5L ik 17
Whi CRKP §fi # , % K5 95 5% Ak &5 16 Bk
A RO R B-oN B R B AR, ) ESBLs,
Ampc B2 # #4E K, CRKP R FE 3R 24 h J5 2
BonaRE AR RE 6. £ MALDI-TOF Jfi %X
HEAT BRI PR 28 58 S o T8 R U A B P i CRKP,
ARURAEAR fEE CRKP 88 R BT 1Y 185 40 % f )
PR AN PRAE (P IR AL T A T2 4% SR B A R
35385 5] CRKP, [m] B 2 3 DX P 7 oo 40 422 fioh 49 4%
FE S QAT S 1T REL A R A A A A T L
BAGI7 FTF F AR RE S B3 CRKP, 5 B 4l 55
MBS 26, AT BB 5 A UCRAERT & ICU i X 2
SE BRI ER B TE U R . 5 DB L BT B AR
WA K.

WFFEUE 52 7K T 3k AT 4 K 8L 4 oy 2 77 15 4
I B IS0 119 7K V5 e S B AR 2 70 em (9 KBRS,
K e 3 7K LA I 1 K R HE K A K R P 2 1 A o
T B HC XK IE Sk B 10 em kb E R
ReFE R B 2 AR B LB L 38 439 CFU/m’, 5k
ICU Y AEEOR IR o /KR 1 VR B2 0T BB J2 40 18 1% 4%
B SRR PR 25, K RS TR BE =19 e INF 200 T g5 % 75 L AR
RAGR R E . RUCRFEM 5 MEFib 5B E
WS IRAEAE 2~5 m [ 4 B ] B, {0 CRKP {576 % F
AL AT F K AL L 5 A R S BE R ALK i e
. ICU PF b BRIEAT F 1A Ab 18 IR 38 17 76 0 15
SRR LN RN F e FUNURE A S N N R
g AT RE S 22 iR 24 T e KA R Tz e R R
., AT 5 4 B B I 25 2R 8 oR .5 4R
ICU #84 % 4 CRKP J& e 5 & = 0F (04 SCHk A
B KR B 51 B CRE 86 5% & S ¥ 45 252 5 ]
37 A H I 2Z (B E B AR AT s 102 A4S H L5l
A 2 2 1) KR A7 37 3% R o TR M 5 ] A B 4
TR B T S R R R IR e SR 1 R A
ok BRI

77 KPC [ fl/5 7 NDM i & 3% [F 25 4
CRKP i R 43 5 ¥k 19 5 221 25 ML HL 2 41 2 2%
DR 4 00 ) s 0k 74 Y0 R 17 Y6 o BB 4 B bk [) s 4
A 2 Fiis 25 JE R ASHIESE 45 AR R L 7KL A B
CRKP 1 = 47 4 fish 19 ¥4 855 2 187 40 25 1) CRKP 7 b
FRAE 22 3 K. BFgEY 8w ICU 45 38 V5 /K A Ak 6
R AB AL R AR 0 Jr A b A X5 55 5 7™ ik 7 85 0 Tl 1 T 2R
Yy, BRI R AEFI ) CRE 5 F A b RER
CRE 7E40 4 Fh J& 28 1l #7025 ) U vk B X A7 1 22 5+
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