R Y i 24 A 2023 4E 5 A5 22 #4555 ] Chin J Infect Control Vol 22 No 5 May 2023 « 497

DOI: 10. 12138/j. issn. 1671—9638. 20233580
W H B S K T AR

MxEEGEXGTEEARMESFHERARMNMESESF RENRRE
*L\Li')]']

X ERX KR, FER L AB R ;;;;};4
LM REFE —ERER A, BN ZIN 7300005 20 22 RFE —IEIRES B, HRF M 7300005 3. 2294 17 il B E B
:ﬁlz,ﬁﬁﬁ 22 7300005 4. =K — [Z[Mé: el HAR 22 730000)

[H# ZE]1 BE T HIGIR S Bk % 2K A B A& (CRED i 31 8 771 2 A gacE qacEAT1,gacEA1-SULI1

oA E 00 DL R AR T 7 0 0 ﬁ?fl]mf&f“(MIU HEBABUTF R R RIS BRI . AR U R R 2021
10 A 2022 48 3 H A I K Kb A8 43 8 1) CRE JE 5 & 18 93 Bk, 6F 1R Ak 647 %8 A 20 0 50, R A R 45 i it
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Detection of disinfectant-resistant genes and minimum inhibitory concen-

trations of four disinfectants in carbapenem-resistant Enterobacterales

LIU Zhi-wu', ZHANG Tian-tian*, HUANG Xi-feng’®, XU Teng-fei', CHEN Lin* (1. De-
partment o f Laboratory Medicine, the First Hospital of Lanzhou University , Lanzhou 730000
China; 2. The First School of Clinical Medicine , Lanzhou University, Lanzhou 730000, Chi-
na; 3. The Second Ward of Lanzhou Pulmonary Hospital , Lanzhou 730000, China; 4. Depart-
ment of Infectious Diseases, the First Hospital of Lanzhou University, Lanzhou 730000, China)

[Abstract] Objective To investigate the prevalence of qacE, qacE/A1, and qacE/\1-SUL1 disinfectant-resistant
genes and the minimum inhibitory concentrations (MICs) of four commonly used disinfectants for carbapenem-
resistant Enterobacterales (CRE), providing reference for the scientific disinfection in hospitals. Methods 93 non-
duplicate CRE strains isolated from all clinical specimens in a hospital from October 2021 to March 2022 were col-
lected. The strains were identified and tested for antimicrobial susceptibility. Polymerase chain reaction (PCR) was
used to detect the presence of disinfectant-resistant genes gacE, qacEA1, and acE/A1-SUL1, and the MICs of glu-
taraldehyde, iodophor, “84” disinfectant (chlorine-containing disinfectant) and ethanol to CRE were determined

using agar dilution method. Results 93 CRE strains were mainly Klebsiella pneumoniae (52 strains) and Ente-
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robacter cloacae (25 strains). The resistance rates of CRE strains to most antimicrobial drugs were up to 100%.

The prevalence rates of disinfectant-resistant genes gacE, gacEA1, and acE/A1-SUL1 were 72. 0% (67 strains) ,
81.7% (76 strains) and 89.2% (83 strains), respectively. The MICs of glutaraldehyde, iodophor, “84” disinfec-

tant (effective chlorine concentration) and ethanol to CRE were 500 mg/L, 625 — 2 500 mg/L, 250 — 500 mg/L and

75% . respectively. The MICs of iodophor (2 500 mg/L) to 4 CRE strains and “84” disinfectant (effective chlorine

concentration 500 mg/L) to 24 CRE strains were higher than the standard strains. Conclusion

The prevalence of

disinfectant-resistant genes among the CRE strains isolated from this hospital is high. CRE strains are partially re-

sistant to iodophor and “84” disinfectant. Disinfectants should be used scientifically and properly in clinical practice,

so as to prevent the spread of drug-resistant bacteria in the hospital.
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(CLSDM100-S31 47 J4) W o J5it 28 1 bk R K Mg 3%
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14wl &R AEAR  ARYE SO BT A
THAFHE P gacE, gacEAT, gqacEA1-SULL 3 X 5] %)
Feol. 3k 1. SRl ik 2 M DNA Biflr. PCR ¢
HRR BARFUN 25 ul, Tag DNA Mix i 12.5 L,
DNA #EH 2 plo R HFGII4% 1 Lo, JOB 207K 4b 2
25 pl, PHER IR P 1L 500 Bl
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F 1 THETFFEREERE PCR 5195 51 K™= 91 K/
Table 1 PCR primer sequences and product size for disin-

fectant-resistant genes

B3] 191 % 5 (57 —>3") K (bp)
qacE F.GCCCTACACAAATTGGGAGA 145
R. TTAGTGGGCACTTGCTTTGG
qacEA1 F: TAGCGAGGGCTTTACTAAGC 300
R:ATTCAGAATGCCGAACACCG
qacEA1-SUL1T F: TAGCGAGGGCTTTACTAAGC 300

R:ATTCAGAATGCCGAACACCG
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1.5 MIC sl ol — R LR 84 T 25 7 i &
Gy R R 6 AR . I VR B 43 il
2 000.1 000,500,250,125.62. 5 mg/L ., flAR & K
5 000,2 500,1 250,625,312, 5,156. 25 mg/L,84 {4
TR CH A M BE) S 1000, 500,250,125,62. 5,
31.25 mg/L., L BEWRE R 75%.37. 5%, 18. 75% .
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P2 KR ) MH 35 iR 2] fr e 5 5 (B
FEMA L 2 mL 558 + 18 mL MH i) . B~
M b2t i e Tk o TG TR A PN B E S & AR
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ANTR) o B2 27 00 (1 MH P 8P B & T 35~37C
TS K5 IR 18~24 h, WLERC i 25 S . 4] A )
PAAE A 1 e B SR L2 700 1 MIC B, BT A U0
53 . AR UER R ORI R A i ATCC 8099 it
MIC {8 J7 6 | .

1.6 %t %54 N WHONET 5.6 % {4
SPSS 21. 0 4t 47 b B8R0 43 BT 1T 55008 6E R H Bl
BOFA 7 RR

2 #R

2.1 s ARFA 93 MRIE IR B dEE 2 CRE WAk,
A4 Il 48 sE B A B 52 Bk BRI I AT I 25 Bk KR
AT 13 AR AR S E A TE 3 bk ARASOR IR 3 B IR
G L4 8 438 QB BEE 404 £
FAE WL By (ICUL 42 0 A 4MEH21 o) . TR 2,

2.2 CRE ## 254 0L 93 tk CRE Bk X 7 i
Brme 3 R L O A B R Sk A E | Sk R IR TR / A7
RVBE N = 7 N = St /U= BN VAU R
B 3H | B 55 PG bR / o o 4 TR Sk 6L e b | Sk A ik o L Sk

6L H B2 Sk LI | Sk A VS T 14 R 2 Py 25 2 0k
10076, 52 Bl 48 5 B5 A7 B X 52 J7 ek Jeie FR ool s | o]
K BT 25 343k 55. 8% .61. 5% KRR E .
e U0 B RN DU IR R 25 2R 1 >80 06, %t 44 il B
100 Y01 24 525 Bk BH VA i #F B AT B oK R L L 2 4R
B 7T i FR RS 25 5% Oy 65 060 A AT XU IR R
P& K B 2 A0 2 i B T 25 R 3 =80 005 13 MK i 2 A
TR BT K o L T 25 %k 23, 1%, % 42 i R L 25 SR
YO DUBR PR KR RN B e i 2 2R
53. 8% ~84. 6203 Bk IR T H A B L2 BRxE A
ik i FH B i 27, X6 PR R AL 2l e A R A
PUSRZ IR KB R M 2545 1 0k, W3 3,

2 93 bk CRE B BRI R 5310 1 O
Table 2 Clinical distribution of 93 CRE strains

Il R 23 A BREL(n=93)  MBLH (20
Bl ICU 42 45.2
AR 21 22.6
RLTE 6 6. 4
L 4 4.3
flIRGEES 4 4.3
Jofb B2 16 17.2
T A% R U5 R 31 33.3
i 14 15. 1
53 W) 11 11.8
i s AR 11 11.8
R 9 9.7
et 17 18.3
RT3 Jit 5¢ 5 B A 52 55.9
38 I #F 1A 25 26.9
K 4 13 14.0
7 R S B AR T 3 3.2

R 3 93tk CRE BibR 24 Bl B 45

Table 3 Antimicrobial susceptibility test of 93 CRE strains

Jiii 9% 52 B A R (n = 52)

FF 4 B FF 16 (n = 25)

KM 3 4 B (n = 13) TERR L E A (n=3)

HLE 25

S I R S I R S I R S I R
AT 0 0 100 8.0 4.0 88. 0 46.2 0 53.8 66.7 0 33.3
fip K R A2 32.7 5.8 61.5 36. 0 0.0 64.0 76.9 0 23.1 66.7 0 33.3
KRR 15. 4 3.8 80. 8 12.0 4.0 84.0 15. 4 7.7 76.9 66.7 0 33.3
WEZSS 15. 4 0 84.6 20. 0 0 80. 0 38.5 0 61.5 66.7 0 33.3
LR R 7.7 7.7 84.6 12.0 24,0 64.0 7.7 30.8 61.5 33.3 33.3  33.3
52 7 T i F T e 44,2 0 55.8 32.0 0 68. 0 15. 4 0 84.6 33.3 0 66.7

TS UL T H A RN 2y,



+ 500 o e g

34
ZHF

[

| 25 2023 4E 5 A5 22 H55 5 W)

Chin J Infect Control Vol 22 No 5 May 2023

2.3 EAEA MIC ikl 25 % R . 2N 93
B CRE By MIC {843 %1% 500 mg/1..75% ., Ak %}
CRE fy MIC {i % 625~2 500 mg/L, Hd 12 ¥k iy
MIC {## 625 mg/L.77 £ MIC {4 1 250 mg/L .4
PR MIC {E g 2 500 mg/1; 84 14 2 ) (4 AWK
FE) X CRE 9 MIC {5 250 ~500 mg/L, H 4 69
PRI MIC {8 & 250 mg/L,24 ¥k MIC & H 500
mg/L, W3k 4, I WK (84 T B ) CfF SRk
JEE) 1 & B AR o B R K 3R Ay ' ATCC 8099 1Y
MIC {8 43 5125 500 mg/L.1 250 mg/L.250 mg/L
M 75%.,

2.4 W EFALARLMLE 93 bk CRE k.86
PR (92,5 06) 485 15 A B 5 56 1 19 T 30 7 790 2 I3 35 4
PR PCR 25 R By BEWH-BE Je i vk L DL 181 1 ~3, &2
JERAIA - 67 BR R 45 45 qacE JE X (il R 5 835 {11 7 37
PRIV AT 20 R, R IR& 1 8 Mk K™ TR w s
18 2 ¥k .76 BRE AT qacEA FEH (IR 5e B 1HH
43t B AR 21 R KR AW 10 k S IR
SR AA 2 B .83 BRI qacEA1-SUL1 K& A (i
RILEAAR 46 B, B W A1 1A 23 Bk, K% A
12 Bk K= BR S TR T 2 R o

F 4 VUFPHEBEFIXT 93 #k CRE B9 MIC {E 51 1% 0l
Table 4 MICs of four disinfectants to 93 CRE strains

R EERNE RS k=l HE KRR
1% W (mg/L) 2 000 0 84 JH B (mg/L) 1 000 0
1 000 0 500 0
500 0 250 24
250 93 125 93
125 93 62.5 93
62.5 93 31.25 93
LR (mg/L) 5 000 0 YD) 75 0
2 500 0 37.5 93
1 250 4 18.75 93
625 81 9.37 93
312.5 93 4,68 93
156. 25 93 2,34 93
(bp) M1 2 3 4 5 6 78 91011 12 13 14 1516 17 18 19 20 2122 23 24

E: K M Jy DNA Marker. k8 1 N B EXS IH 3K 18 2 0 BHEEXS ] 9K 18 3~24 2 PCR "3 fHPEAR A
1 #4r CRE Wk gacEA1-SULT £ PCR 7= 4y 1 Yk &

Figure 1

Electrophoresis map of PCR products of gacE/A1-SUL1 gene from partial CRE strains
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(bp) M 12 3 456 7 8 910111213 14 1516 1718 1920 21 22 23 24

1 UK M 2 DNA Marker, JKGE 1 2 B X B UKGE 2~18.,20~24 Jy PCR ¥ 38 FHME AR 4, Uk 3 19 Jy PCR &34 B MR 4
Bl 2 ¥ CRE Wtk gqacE £ [H PCR 7™ 9 H ik &
Figure 2 Electrophoresis map of PCR products of gacE gene from partial CRE strains

(bp) M1 2 3 4 56 7 8 910111213 14 1516 1718 1920 21 22 23 24

ki M 2 DNA Marker, JKiE 1 K BB VK8 2~13.16~24 J PCR #"34 FHPEAR A JK B 14,15 2 PCR 4" 19 Bt bR 4s .
3 ¥4 CRE HE#k gacEA1 3L H PCR =4 3k &
Figure 3 Electrophoresis map of PCR products of gacE/A\1 gene from partial CRE strains
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B B OK R A 2 R e SRR D R DD ER R KR
FORNE J5 TR e T A T 25 R O 230106 ~ 84,6005
3 MR B R A B BT OK R AL & L A R
NI SN NS =R 1 ] L T S|
T2 33.300~66. 70 Bl K R B AR O T 24 R ALK H
T AHOCHRGED " &5 B UL BE CRE Tt 25 15 50 1
BO™ L W PR BTSRRI T I ™ DR HE . AT RS
AR AT 245 ) A TR A% 1) SRR g 7 4 3 it e A A% B 1R
CRE F& AR A3, A FH T 28 700 0 7 2 By 422 1 ot Je
() 2B B IE CRE B ARAE 46 & L E K.

20 T T 24 [ 280 28 AN A Jmy BIR 470 77 24 40 08 11T T
BE S 2 T 1) A T B I T B R B 457 AR E R
SO, SCHRM IGE L 7 I BOE ) e T A R T A R
P IS TR)AS 25 (1 B0 A7 28 40 T 8 3060 15 25500 19
Yok . JCHE = AR B R R v B il 2 (COVID-19)
A BRORWAT o T 75 00 85 FH I f80 0 Ay 2 e 0 T i )
2 % T 250 BRBE A 8 0 R R B A S
IR ZEARAT 5% 1) 5 s B ) T 245 1 O A gt A% L AR B
HH O R AR B B TR SRS T T 3 R R R
P2 e BT B2 50, 16 5 R 5 0L 2 B 4 il Tif 24
PR A R Y,

H BT I 48 2 19 2 B BTRL A 3 1 gac BEPRI K
WAL ¥ qacA. gacB. qacC. gacD. gacE. gacE A\1.
qacEA1-SUL1, qacF . qacG.qacH. qac] s H: ¥ qgacE
A1 qacE JEFH 1 28 28 G R A2 FE B gacEAT G
PN, e th R W R A SN HEEE B, 5 B
qacEA1-SUL1 Al 5 | 6 Al JHe 28 40 1 25 W it 245, )
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93 B CRE 1 86 #k (92.5 %) 45 45 HF 5% 5 T 1 ifif 7
L . AN, 67 MRIE 5 gacE FEH L 76
PRIE 5 47 gacE AT FE [N, 83 Bk I 4% 1 gacE A1-
SULT PR, S AT I 25 7] B 4 R m . — 7
T AT BE e B e i B R A Ok Rk RE Y N S B T
P WA B PR ) 3 BO™ A 0 T 25 LR 5
7 — 7 T8 AS HF 53R T 24 Ak PR A T Ak 22 [0 7K1 15 4 1Y
AR,

T 1 AR B S AL b e TS ) L T R A
WA W W) S5 2 B | RS D AR 7 A T R R
TR — DA XML&, =4 A SRR IR
TR 0 A D T R P A A A AT s T s T
A R R L H T 2 SR A T B 57 MIC (B34l 3
ol 2 R 110 R 72 A Bt B o N 25 R S b v
PR R LU 555 = T b o TR AR MIC B ) 3 o B ke
A 20 B 5 308 FH B0 A B 125 4G I D R 9 B R X CRE

9 MIC g o % — S 500 mg/L, B4Ry 625~
2500 mg/L, 84 11 5 M (& W B S 250 ~
500 mg/L. L WE N 75 % % L BLAR L84 T 7 A
CH MR B il 2 B % K 5 45 T ATCC 8099
HET AR (1) MIC {H 43 %1% 500 mg/L.1 250 mg/L,
250 mg/L f1 75% . Z5HEIR , Z i PRl B
T L EXT A L] CRE /) MIC {8 5 b5 5 1k AH
] . LR MIC {HAHRA 4 Bk (2 500 mg/L) & FAr i B
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P 6% 2 05 T I 1 0 RO SRR I AR T RCR L B2
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