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Modified carbapenem inactivation method/EDTA-carbapenem inactivation
method test to evaluate detection ability of carbapenemase and analyzing

drug-resistance characteristics of carbapenem-resistant Enterobacteriaceae
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[Abstract)Objective . To evaluate the detection ability of modified carbapenem inactivation method (mCIM )/EDTA~-carbapenem inac—
tivation method(eCIM) test and modified Hodge test for carbapenemase of different genotypes in Enterobacteriaceae ,and to analyze the
minimum inhibitory concentration(MIC) of carbapenem-resistant Enterobacteriaceae (CRE) on common clinical medicines,so as to
aid the clinician to choose reasonable medicines. Methods : Forty CRE strains isolated from clinical specimens in our hospital from

June 2018 to December 2018 were collected. VITEK 2 Compact automatic bacterial identification/drug sensitivity system was used to

conduct the identification and drug sensitivity ; E —test method
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(2020-03-25) emase. PCR was used to detect carbapenem resistance genes

was used to detect the imipenem,meropenem,tegacycline,
amikacin, levofloxacin and compound sulfamethoxazole on MICs
of CRE ;broth microdilution method was used to detect the MIC
of polymyxin. The mCIM/eCIM test and modified Hodge test

were used to detect the situation of CRE to produce carbapen—
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(blap, blaypy, blayp, blayy and blagy, 4) , extended—spectrum B-lactamase genes(SHV ,TEM,CTX andOXA-1),AmpC enzyme—encod—
ing genes(FOX ) ,and membrane pore proteins ompK35 and ompK36 genes. Results : Among 40 CREs, 38 strains carried the carbapen—
emase gene,including blagy of 35 strains,blayyy of 7 strains, blawc+blayyy of 4 strains.  Positive rates of the modified Hodge test,
mCIM/eCIM test to KPC carbapenemase were 100% (38/38). Positive rates of mCIM/eCIM test to NDM carbapenemase were 100%
(3/3). Positive rates of the modified Hodge test to NDM carbapenemase were 0. Drug resistance analysis ; drug—resistance rates of
40 CRE strains to common clinical antibiotics,such as the third and the fourth generation of cephalosporins,enzyme inhibitor mix—
ture , aztreonam , imipenem and meropenem,were all 100% ;those to levofloxacin,amikacin and compound neotamin were 90.0% ,
60.0% and 42.5% ,respectively. It is not found that strains were resistant to tigecycline and polymyxin. Conclusion ; Both mCIM/eCIM
test and modified Hodge test have high sensitivity to KPC carbapenemase ,but mCIM/eCIM test is more sensitive than modified Hodge
test to NDM carbapenemase , suggesting to select suitable antibiotics for CRE to different drug resistance phenotypes.

[Key words]modified carbapenem inactivation method/EDTA~carbapenem inactivation method test;modified Hodge test; carbapenem—

resistant Enterobacteriaceae ;drug resistance
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(ATCC25922) H BB SR ATE] MH VAR _E K522 Kima (1)
0 MEAESF-AR b g | TG TR AR 1 T DA 25 880408 1 1320
GRNTPARNZE 35 CHFE I . 25 BE R A el P 1 3%
PRAEK A2 B Hodge 3056 FH:

1.2.4 mCIM . eCIM 350 B 1 L SRR3R A9 (I 4T 5
B A K T B AR L R R a7, BT 2 ml
TSB(eCIM I 7E AT IIA 20 WL 0.5 mol/L. EDTA ¥ )it
B IR, W 10 we SEB RO A0 R TR R
i, (35£2) CIFE (4.00 £ 0.25) h, FIEFIRELCH B G
TEBRMAE RIGEATE ATCC25922(0.5 Z [ ) Ay MH ~F
Ml B, (35+2) CHEE 18~24 h, BN FE &
. mCIM Fl eCIM i35 [F] 26 #4T, mCIM Fl eCIM iR 1Y
EX B AR W T R — RO KA ATCC25922 B
BT MHA AR L. 4558 . mCIM BEE: - 282 K i B el
B2 6~15 mm 3L E A2 16~18 mm A1) 54 P8 P A BO7E 7% .

mCIM B B B =19 mm, eCIM 4531418 . 5 mCIM
SERAMLL, B KR IR B B AR =5 mm W 4 JE B BH
<4 mm WA 22 REHTE (4 mCIM BRI eCTM
SR TIERE) o

1.2.5 E-test il ] E-test iIN & W IEIERT L8 155 |
NN TP G NI Iy 67 ISk = R =) | EZ -0}
CRE FRFEAY MIC fH.,

2.1 WA

ABE 2018 4F 6 J1 2 12 H ik i CRE Pk 40 Bk, H
R S ERA T 37 $R(92.5%) ; KGR 2 ¥R (5.0%) , K
JEVDTE 1R (2.5%) . BFE S N TR 2R 22 R (55.0%) ,
PRI SERT B 12 B8 (30.0% ) , W02 R} 3 1R (7.5%) , %
AR M AMEE KOS RRHR X 1 Rk, AR E R AR
PR 33 Bk (82.5%) , HeU R IRBRAS 3 %k (7.5% ) , i FIHE VR
PSS 2 ¥R (5.0%) (% 2).,

F1 WHEESIMEIIRSIMKE

BB SIFsI(5°-3") UK /bp BJGRE /¢ E= BTN
T 7 IR S 24 HE [R]
KPC F:CGTCTAGTTCTGCTGTCTTG 798 55 7
R:CTTGTCATCCTTGTTAGGCG
NDM F:GGTTTGGCGATCTGGTTTTC 621 57 7]
R:CGGAATGGCTCATCACGATC
0XA-48 F:GCGTGGTTAAGGATGAACAC 438 55 7
R:CATCAAGTTCAACCCAACCG
VIM F:GATGGTGTTTGGTCGCATA 390 55 7
R:CGAATGCGCAGCACCAG
IMP F:GGAATAGAGTGGCTTAAYTC 232 50 7
R:TCGGTTTAAYAAAACAACCACC
ESBLsffif 24 B K
O0XA-1 F: ATATCTCTACTGTTGCATCTCC 619 54 8]
R:AAACCCTTCAAACCATCC
SHV F:AGGATTGACTGCCTTTTTG 392 52 18]
R:ATTTGCTGATTTCGCTCG
TEM F: ATCAGCAATAAACCAGC 516 51 [8]
R:CCCCGAAGAACGTTTTC
CTX F:CGCTTTGCGATGTGCAG 551 56 8]
R:ACCGCGATATCGTTGGT
AmpCifif 25
FOX F: AACATGGGGTATCAGGGAGATG 190 59 18]
R:CAAAGCGCGTAACCGGATTGG
JEFLEE 1
ompK35 F:CAGACACCAAACTCTCATCAATGG 1183 52 9]
R:AGAATTGGTAAACGATACCCACG
ompK36 F:CAGCACAATGAATATAGCCGAC 1115 53 [9]
R:GCTGTTGTCGTCCAGCAGGTTG
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£5 PCR K5I, 40 ¥k CRE £ 38 BRI B 75 F2 8 B[] |
K 2R A 95.0% (38/40) , BEHT blag, 35 ¥R, A1F% 34 FRfili 4
SCRANE, | BRBBVD TR T 5 48707 blay? B8, 4345 5 BRI 52
FAATA , 2 SRR B 5 R blagectblayon 48K , YRR
SEEAAE s RAH blane blavblasy Bblaox s T o 2 BB
0 W 5 L O 44 P B % o T 1 181, ESBLs 35 PRURS U FH 8
RIS IEIEFLEE 11 omp K36 FERBAR (£ 2)
23 ARARA B F HEHEE A L IR

40 Bk CRE 43547 T B Hodge 356 .mCIM & eCIM
TR, 38 MRl T 5 T = R AGH I P E B BT AR, 2R Hodge
RIS BHERA 35 Bk, BHPEZR A 92.19%(35/38) , 43 B R 4EA1 5k
HEMIEHEN Y blag (31 BR) blage o+blay (3F ) (blag o+
blasows(1 B ) ;mCIM REEBHVERIBRREA 38%k , B3R K 100%
(38/38) , eCIM FHIE M EMEAT 35 A, T B 5 5 M il ik (] 754
I35 blagee (31 ¥R ) blawe s +blanm: (3 ¥R ) blageo+blaps
(18) ;eCIM BIPERBREA 38k , HE17 5 B L R TR 4 o
blaps(3 ¥E) o 2 # ESBLsFHEH K AmpC 5L BHE A FFIEFL
[ ompK36 FERBRIC | A A L e 75 B M i 25 R 1 TR A | ok
K Hodge i35 & mCIM X353 RIA I (R 3) .

24 RIPSBELER

40 Bk CRE TE RS0 20 2 1 22 2 0 R I T 25 % 38
0,MICsy 2 MICo 347 0.5 pug/mL, XF W fEeRT /56 2 55 e A T
25N 100% , MICsy K MICo, 3509 32 pg/mL; 4145 =48 |
DPOARSL AL I 0 500 e 2t e 1 i 25 232458 100% 5
XA R R AL B A T 25525351 490.0% |
60.0%H1 42.5%., 31 BRIEHT blaw MR 22 AP & K
R B RS i B B 2455455 5k 90.3% .61.3%F138.7%
MICs, 73 531°K 24 pg/mL 16 we/mL Fl 2ug/ml; 3 FRIEHF blayy
P R X 2 ST i X AR D s B 4 R B Tt 24, 2 ok e
KR BEFINML , 4 BRHEH blagwe+blao 1 TR Z2 A6
TR KoK R B B R BN i 25, 2 bk A2 5 B i B A
JE, 2 R ESBLs HEPH+AmpC BEHE PR + AL 35 11 HE D 2k
Y BRTAR X8 X0) Z SE IR U B FNAZ J is W BURR , 1 AR BT OK R 2
FAITIRS 245 , 2 R TR XGH IV g 1 i S 56 %9 B ma Y R B i 245, MG oy
32 pg/ml, BT blaxpy.blage +blaxpy M ESBLs 3 [A +
AmpC. LR -+ BEAL AR 1 L DR R 1 D R St el /D AS B
M HEAFTR 25 38 MICs, & MICo, HITTEE, TR 2515100 W3 4.,

&2 40 ¥k CRE Mo RikE BHEmERE K H R

TR Kokt FRAk U Bog Bl (n) T B MR R Hoi
Jifi 98 5T A AN T 36 il 1 MAENBIERERG (1) blage, 1
IR 2 FRELEERE(2) blay 2
TEVE 2 FRELEERE(2) blay 2
R 32 TREEERE(16) blay.» 12
blayy.s 1
blaypet+blaxmy, 3
MENBIERERF (11)  blage, 11
WO AL (3) blaw» 2
blagper+blaps 1
ERRE(L) ESBLs+AmpC+ LK ek 1
MZHMEHRIX (1) 1
Khg s 2 73 1 FREEFERF(1) blapws 1
R 1 M SMEHRIX (1) Dlaypy.s 1
BRI TA 1 i} 1 FEIEEERF(T) blay 1
#3 HEEHBERLNSERERAGERINER
s blay A blayyy blagc+blayy ESBLs+AmpCHff + .
HERS (n=31) (n=3) (n=4) WAL 1B (n=2) it
mCIMIRSS + 31 0 4 0 35
eCIM IXH ~
mCIM 55 + 0 3 0 0 3
eCIM {55 +
mCIM {55 - 0 2 2
PR Hodge iR + 31 4 0 35
MK Hodge iR — 0 2 2
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*4 FEEEZ CRE BHE BREAYMMTHEZE(%)
L U ?Eii blage (n=31) bla (n=3) blagc+blaxpy (n=4) EQZZEX;C(H?;%
RI&jis 53] 100.0 100.0 100.0 100.0 100.0
EL R 100.0 100.0 100.0 100.0 100.0
SLTRWRER / &7 EL3H 100.0 100.0 100.0 100.0 100.0
WRAL U/ s 36 100.0 100.0 100.0 100.0 100.0
PN 100.0 100.0 100.0 100.0 100.0
Sk At i 100.0 100.0 100.0 100.0 100.0
At 100.0 100.0 100.0 100.0 100.0
TSR B 90.0 90.3 100.0 100.0 0.0
15/ -3 60.0 61.3 66.7 100.0 50.0
Wiyl 425 38.7 100.0 50.0 0.0
Bz 0.0 0.0 0.0 0.0 0.0
EZ 1 kS 0.0 0.0 0.0 0.0 0.0
K Hodge IX40 %t KPC 5 PR rr) B0k 5, 475 ] 4k
3 W @ S AR B TR T 5 M 01 26 700 0 3 52 56 s mCIM

B TR M@ B2 e i 5 4F CRE SRS
LN 559, 553 [ R HT 24 W s LAt
RO, TEARBERG H 1 40 #k CRE | 2K Ay
TN B R R 95.0% , oz B A ZKPC
A5 92.1%, XFT KPC AU B0 BRI RE I , 2 R
Hodge 156 — B HAT B0 R U3 SRR S5 (A
Al 75 531 e T sl ) AN ke = BEURRME . E 2018 4T
CLSIHEHmCIM  eCIM 256 VF A flk 7 26 0 e G 00 )
BN SIZIG  ASAAT ARG 5k 75 B A g, 348 ] it —25
X 04 il e 24 8 R

TEARRBIEGE D, MRS blag, FEFIET, 2L
K Hodge X565 8 FHM: , mCIM £ 4 FHY: | eCIM £
N BH‘@O gl%*ﬂi{lf%% blaypy FHEA (blaNDM—S\blaNDM—l)
B, MR Hodge IBH4 0 B4 , mCIM 4380 BHM: |
eCIM 4RI N BHPE >4 & PR [R5 blage, N
blayyy FEH ], 2R Hodge 5634 4 FH M , mCIM )
R B, eCIM 28 B, 2 #F ESBLs FEK  AmpC i
FEH FHME G IFBEFLEE H ompK36 FER G | ik 75 75
SRS B A TR , R Hodge 15035 .mCIM
YR B AE AT L, 2R Hodge 32 48 &
mCIM . eCIM R5XF T KPC 75 B J ARG I ) 5
SR TE22500 % F NDM BB T B BEAOASIN , mCIM |
eCIM RIS BUBEE L T2 R Hodge 186 X7 - ESBLs |
AmpC 5 IR B (Y T 25 FL ] B A, —
HY TR U BE 1, ASBE CRE B MR Bk 75 25 0 1l ik A
PEAT RN 95.0% , Hoh £ NKPC-2 A 5E N £
R e A T ) B T R A TR DR AR 1) — B, TRk

eCIM 55X T KPC LR & NDM S R B A7 e R
AT ARG oK DX 43Oy 22 S I g X% 4 I 1, >4 1)
I #E A KPCHE R J2 NDM K&K | eCIM i 56 45 51
BRI R FIE , B RERINE] KPC 5EH], mCIM .eCIM
RITERRAEA TR L HMC R Hodge 3086 2B, BR0E T
AR — LA TIIME R IANAE bla. FEF K
PR AR, B 6 mm<mCIM & £ <19 mm
B B0, 0 TE BR AR U B AE 14~16 mm, #E 2224
1R B 7K i 75 B I S 25 I A B T P eSS T4 @ 1 .
T AR Y9 1) A AR 485 7 4 T Tt DR 10 TR R 0 o
ot R 2P EIHIE,

AN G455 R 7R, 40 Bk CRE B Bk XT3 e 1%
ML, YRR, AR DAL A B E A
500 K 2 e AT 25 338 R 100% , Tii 25 R FE s
EASEER S, 7F ESBLs AmpC B I ARfLEE F Bk
M2 b R e M e BRI MIC 36 32 pg/mL,
ARG AR T UL S i B LA
AT B A7 7F oAt 5 R0 531) A o i 0 Tl ol L A 7y
Tt A0 , e e — 2 A BRI AR R R 3R 28
LR R YR IN B , BAMER bla: 1) B T
32 5 v W e UK T 245558 38.7% , MICs, Fll MICyq
3R 2 we/mL Fl 32 we/mL; BEHF blasy A T ARXT
B BT 24538 66.7% , F T4 I R 75 5
il %) TR PR BUER D, AN 5 E 4T MICy J2 MICo, HY 3T
B (P2 At R R O R R AT — R R AR
PE,HILTT UL 24828 CRE B, TR NI E R 255
R NEEAZ, it — 25 o R RS
KT 7 B A T 0 6 DR U 1) i, & i A AT A Ry
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blayee FITERE BRI T 24 , K R 2T HE N blay,y
PRIRRIURIE 2

BINFRE I 2009 4738 & 5 25 P48 B R At
WERY SR —Fh H SRR ZE hrd: 109, % iz ik e 21
M N E B R EE . SR, FE0 ik
MR B EMER 2%, L, 5% CRE, Cunha BA
SN H N FH R )RR INER 2R BT 200 mg 171
Wi $E 35 100 me/24 h (NI Z 19 20
27 WAERFBYY , (EAFE R, Khare V 09201 74F
HWIBTEENE 4P CRE bk (48 S B A B AR
P B ) XS IR ZE i 24 (R IR O i 252 413.9% .,
SO EE T R TEALA T RO R L NDM F075A 3
MABE LA KPC B 3=, AT BRAAAE XTI ER 2 T 251
BA—EIH L,

B AR B A ST PR R R A
BV A s R Bt R, ML 46l 2 A
A BN R AN PR A A ASE . A5 I T BB ie
254 AR BRI A ™ B ) A0 R R T
RIEFEZAEM, Kato H I8 LB, S4Bk
B MIC 4 4 pg/mL B, B 15 me/ (kg - d) FOHEEE
1,99.9%I1) A AT 3k B 250/ 25508 012 1 H AT
YFAK A F ) MIC N 8 pg/mL i B 25 mg/(kg-d)
AR &, 80.4% 11 FR A mT ik 2 245 4% /2555 sh 1 2#
B B b, (ELIE IS 7 3kt S BT oK B 23Ry, D H T
A IALAE Sl 98 84 5 4Bk R AL MIC R 16 pg/mL
BF, W 20 mg/(kg-d) MR R 4 2500255080
EHb 2, ABE CRE B (KPC ) Xk £
) MICs, K 16 pg/mL, HIUW ] 25~30 mg/(kg-d)+E
20T 50 R G HA LR IR T , E )
Wi B R S Thie . &7 Foe B Bt R H IR
24 XF CRE A E W B E AIEH

Il R TAEH AP R Hodge i3RI AmCIM
eCIM IR IR A 452, KECHIWT CRE PR BT 45547 1 i
AR EGIE R B AR AR R ZE R YY) CRE
PRI 258 BB A S PR 25 . B ARG
TR RSO D TR St — 2 KA
H, AT mCIM Fl eCIM 56 3647 0EAS |, DLk
TR UERG Y CRE it 245 )2 MIC 53 A s

2 % X M
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