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Mechanism of carbapenem resistance in Klebsiella pneumoniae
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Abstract: Klebsiella pneumoniae is a bacterium belonging to the Enterobacteriaceae. Among pathogenic
Klebsiella genera,Klebsiella pneumoniae infections are the most common and are prone to hospital-acquired
infections. Infections caused by carbapenem-resistant Klebsiella pneumoniae(CRKP) pose a significant risk to
human health and have evolved into a global public health challenge. The resistance mechanism of CRKP is
complex,mainly producing a carbapenemase enzyme. Currently,the main treatment for CRKP is the use of an-
timicrobial. For the research and practice of anti-infective treatment, both domestically and abroad, the gener-
ally accepted view is to use Tigecycline, Polymyxin or carbapenems as the core,and then with the use of other
antimicrobial drugs,to achieve the best therapeutic effect. Another is the choice of new antimicrobial therapy,
including Eravacycline, Aztreonam-Avibactam, Cefiderocol, Meropenem-Vaborbactam, Imipenem-Relebactam,
and so on. This article summarizes the status of research on drug resistance mechanisms and therapeutic strat-

egies of CRKP.
Key words: Klebsiella pneumoniae; antimicrobial

carbapenem resistance; mechanisms of resistance;

ili 48 B B AE T 28 B R g Gl R OE AR TE Y
M B T AT E R v S A B . Bl e v TR A T A 2
AR AS ) 7 6h 5 9% ~ 38 U6, 7 B W b A v ) g
HRA LY ~6%"" . SR . B Pk 3 i ZNAR A #4177 75
TAFFBR . 78 BOR M 52 & A 8 H LU 98 5 75 A1 B K
Yedp M2 UL, H B R 2 X, il R v 1A 1 J e
WO BE B AR AS MR Y, S A T 1 3 B A T Ak A2
R R T | T S SRR e | TR I | % DR A A T R
JIF I Bl B2 T JRG 4 G I 8/ G e o L AR P R 25 L b
THUHE 259 0 R A B S B0t B T B 0 25 0 AT
BRI R (CRE) B4 25832 4F 15 i, 3% [ 32 22 DA Ak 7
BRI %6 B A (CRKP) £, & 70% . CRKP
TR X RS AOORS PCbR 20 AT 7 A T S e, S B0 TR A

2 EIE1E# . E-mail: kangmei@sina. com.,

SR B L IR BB R A e Y . CRKP Y
Tiif 245 AL AH 224 52 2% . B i A B B %) BIL o 9 7 0 B
I W AR AL AR R 2k B 5 AR L A HE TR I A B TR &
HRHRGAHEAZRE, L = i & 05 5 b2
BT 25 HLHS . X T CRKP B 1697 - PUE
W 5 E S A, B TR R IR Y
Ah T AT 58 A B B 245 9 B AR b 1B 45 D
B0 2 O B B 25 W AL A AR AT G
e
1 CRKP WIRITHE

AR M E DU 259 T 12 AR A B4 L I
PRASE Hh ok bk 22 19 2 it 24 TR AL 16 CRE, H b e oy 58
2 CRKP, 43K # CRKP T 1997 4E ¢ & I3k



. 1868 - EFAREF4E 20258 A4 46 %% 15 #  Int ] Lab Med, August 2025, Vol. 46,No. 15

WL B JEAE 24N B R AR AT, 2007 AEHRGE T b E
B CRKP, CRKP A5G i & A R 5 m, B E 1
UG A Z R, A58 &, 72 CRKP A & Jfk e
o 0810 T ISR A G T R A e A — 30 5
[ 57 T3 A BF 5% e (NTHD % Bl 4 [ Bk 22 T | iR 1
Z2 T 1iit 24 B 9 91 BA B A 5T s L R ] CRKP s R 3
) 30 d IR AL REAR (12 %) AAF H IS B
EE A5 R B R R I (31 90D, AR AR EA 1~ 3 Rk
1B He B b R (57 %0 Ho TR I PRI 9T I Y
BF R 62% .76 £ F CRKP (AT R 454 T %,
AL E S F IR, 2023 4 o [E 40 25 )
W B 35 8% L i 48 7 7R A T AT IV 8 R R 9 B B R 1
it 25 R 43 9k 24. 8 % H1 26. 0%, 4 [ 41 T i 24 W )
W G2 11 B f2 R L 2022 4F 4 [ CRKP & 4 R 34 4
10.0% ., FRE CRKP BEYe R i X 7] 22 5 B W, & %
e W XA T ALt TR, Hob BT A
B oM 260 5%, T E R AR KRN 1.0%; =4
BB CRKP # 2k 10. 7% . & F = 9 B b fn L %
P& BE s CRKP B AR 4 B i 22 B B 28 2 J00E IR 22 B 4G 1
FoN18.2% ., CRKP 784 ER (717 1% Bl [5) A 77 76 Hy 3k
25 5t YN Hb, XA H FRAE 0. 2% ~58. 6% . Jb 35 MG
RIE 3. 1% ~12. 9% hi T WA R 7E 1.3% ~
28. 6%, W AH XK H R AE 1. 6%~25. 0%,
2 CRKP X kEEHELHGW AT 2L H

7R T TR BN N & CRE fx 3 B (19 1 25 ML
il . MR Ambler 43 2548 43 28 07 1% L 8 Bk 7 B 0 Tl
43K AB.D 3 KM
2.1 ARG EEEE A 28N L E R T R
BTG 0 SR 22 AR S5 K AN 32 & Z i TR (ED-
TA) A L 17 B B 8 R 2 1k & B i, AL 46 blagee
blagys «blan < blaces 28, LA blagee T 8% UL, 7E Bush
RIE R, 20 H, HTE A 2 Ambler %
SRGPE 70 7 B AT 2B BTN BRI B A S T A
XA e BB 2 (AN B R 2 L
B R R JO RE i B R K R BE .
1117 5 2040 B Xk L TR 24 5 A 6 T g o 2 R Al sk 1
WRTIAH . A BRI B I B A blagee  blages .
blapg < blasye 28, H ¥ blagpe « blages « blang 25 LLGR N
AR Ty KB, HAB I LA A 1A . blagee J2
CRKP iz FZ IR R, 38 5 5142 28 0 i S e b A
K. blagpe BB #8547 2R A& 9 4n R 55 R T 45 FE
22 b 1 T ) R AL % L B K T R T R e A B Y
i 265 3% % . blagpe, M blagpes e 4 Wi, 32 8 A1 €
FE A B R RTS8 I R — BB R [ R G RR
F M) W AT . blagees A& 95 H 32 ZL W AT 1Y 3 H 2K A0,
20162018 4F N IR [ 24 N TH 36 REBEIE T
935 BRIEE & CRE Wtk , Hh CRKP L) blagpe, K
R T R R S R AE A% T 2 (A [R) AE t #
T I M B R S AR A R D AR b Ry X CR G A
PHAL s IR A X)) . 6 D HEIX (b db AR &K L4

LR PER 3L 15 N T 2 094 Bk CRKP 4G H
12 Fiifit 25 3 ], blagee & F7E AR R0 AR AR 4B
e VG RS Hb DX PR EE A o 72, 739,92, 11 %,
84.27% .69.39% .62.86% .91.53%""" , i E A H BA
HTHABE 58 b & B, 76 DU 1] A48 Bk 75 35 0 56 R o B,
blagpe 7E T 9 50 T A & o5 R 2 #4053, 9%, Hik
J& blaxpy (42. 1Y)77 blages &4 blagee YR UL Y
A KR, A DL blagess B8 H WL, 2000 4EAE L E
WA B HSE RIHAA 27 FEH blags BY
BT T AR BORL . 7™ blagess MR T2 HAA
RS E G T 6 il B E R YL, 2016 3 E 1 Kkl
JETF': blaGE55 E"Jﬁﬂfﬁéﬁéﬁﬂﬂ _I%l._ug 19Jo blalMI %%&Zi
LT 1984 AF 43 55 11 3 e 5% B id 245 B VA A T B . blang
Tif 1) 2t A 5 PR3 07 4 iR 1 {H blagy, 25—
P TR G i FLEL A 5 R B A L R A T
1999—2001 4F M\ & [® ] 3 43 25 /% Bf 357 17 B B T
-I%-UOJ

2.2 BRBKEHEGH BXIEEWRYEEME,ED-
TA R LA 3 ol il A 356 M L B0 R 28 AS 2 i 5 b i
BTG P L L P RO T 2 e H A 4 R R T
Ak 1T K i o BRI B 21 25 Cln & il D LAAN LT T
B-INBEREZS 25 . HRGT R &8 & &Hin i 2a
8 Ffr, 4> B & blaypw ~ blapy « blaym « blaspw « blacng
blapn « blasn « blaam « blawow A& F % WAy 2& A, 2008
AR UGB S A S R P 2 A R E Ok
H T X5 BT B 24 4 e TR 24t SR T A A 2181 O G
Y AEF I P R B R 2k B X, blagpy
CRKP M9 & 95 Z 00 J3 % o7, oAl X A7 BT iR i . 7
B B B M W L blane 2 PR A, SR, R
B YR blange 5 CRKP 5 H At 15 25 H1 H [7 i
71 I A 4 3 R MR B 77 86 0 285 25 W v /K S Tl 24
Wil R E A blay,, B CRKP & A . 2
W blayp, Fl blaygps BFEH , blayy 2—MEE
T 5 10 42 I8 P BE R L) blayi, 20, £ B4 78
WRCUH 5 ) S 7 B P BE A 0 [ R R R S R
2.3 DEWMEEGEN DI EIGHE T Bush
RS 2d WAL, SOFR R I8 75 AR . 4 blagxa s 22 %
ﬁﬁﬁ&%%%@@yﬂf%% bla()xA—lSl %ﬂ bla()xA,232 o /E\:Ii
A KRl R A 22 F IR AR S W 3G ML T DL T
22 G R . 2R AR T PRI K S S s A A R O i
T T B M S 25 0 0 /K A e T 3 55 5 L 2 s D BRIl 3
NG B- P G g I 400 A 390 B R L R v R A T
i 2 B IE R AR blaoxa i » FEAE HHH JLIEFI
WU 3 X AT

2.4 BT MG W Z5HLH CRKP #5487 A i
T B M I AR AR R R B9 AR L A HE AL Y T B T
HREALEAEAZE SO S HKEE R LAY
25, HTIE BN BE N (ESBLs) il 4 55 75 1A 18 Sk 7
B 2 (AmpC) 78 3 B0 4% L T AT LU AK S 7K fif Bk 75 5
2500 LR R PR B Y 2R A 9 AmpC il



E R E ¥4 2025 4 8 A% 46 %% 158 Int ] Lab Med, August 2025, Vol. 46,No. 15 « 1869 -

5 ESBLs [iff 1) 32 22 35 0] i — 20 18 fin 0 e 7 R IR 2 2
Yroimt 25 Pk . il 28 v B AN T 2R IR OmpK35 Al
OmpK36 X PIAEERE M ALE B BENTRERS 1Rk /)N
O35 KATUTE 2450 (9 G0 3P T Mg R G A TR 2D 3 ik
Yeshy WO X AR BB IE . ART
Z2UEW L, 24 ESBLs 5% AmpC fiff 5 5 fL 2 1 OmpK35
5 OmpK36 1) e 12 2% 5l o 248 Fe A7 f s 23 51 & il 48
SR AT B 250 X A HLEITE CRKP Hh BA 85
R o Y AMHE SR A o B R A R CRKP 2%
MG HLH 2 — . # AR A T K AR AR R BT
VR DR o R AR 20 TR PN 24 ke B T B0 24 M
prAE L AR il R T A T A AME R RGP RND R
% AcrAB-TolC & FEZAEM . W T30l v 8 7y 2 A
acrR fl ramR Ay 2 28 48, (A HEZE 09 Fe ik i i, A
T3 B 48 o B A1 R R Bkl R M S 2 W A T 2
PERY L R EBFSE A BITE CRKP W R 3T S 808 I3k &%
i 25 14 20 HE 2 B A tmexCDI1-topr] 1, i% 2 K v T Inc-
FIA/IncFIL AL, H 6 R 25 5 N mer-8 Wk B
ATl — ok B9V, X — g 45 R Z e s T 4t
T IncFIA/IncFII Jfi #i F AY tmexCDI1-topr]1 A
mer-8 XF 7R AR Al BRI A B ) R TS TE fE R
3 CRKPMmBEAYIEIT

CRKP B IR 7 245 W 630 BB 28, iR 97 O 8
FE NP -G Y MR G HURIIRIT . R —25Y)
IRIT R AT DUAR R IR G B8 PU R 25 R T B 25
B A R i /N A1 B R (MLTC) B 43 A ok 3k i A 1k oh
HAEVREEENZY ., R, 5T CRKP HE &G,
SN R e A E NS T Y/ S P e s (1
e | X pl 22 R G0 R G BAE AR 22 IR BB 1Y AR
R A 2 ORI CRKP X N3 % . £ 5
TR 2R R Y - PN Bk i it 0 ) 5 52 5+ R0 2 Sk 7 At B /
BT 24 [ 23 B 0 A v AR BB P . SR T L X TR 2K B-
N BERE BT 259, A0 45 Bk 5 5 M 28, it 25 v 35
[ FE X s 345 R 2 25 ), CRKP 1 & 7 v B 1 it
2k, X T A 225, CRKP Ay TR 24 7 D) &
B T B KR 2 S D,
3.1 BZpRyy REZFHEER BMARFHRESA
Yxt 35 CRKP HA — & BRI RCR B R
INRIEANA A 3ot AR R el 17 R b
Mz 8 TRKBRES . 28w EE T 2R
Y B IR RGP & BE 2 W E B
MEFER ECUHETER) . R AFTEH BV
ZRE M AN BN H R FH A 37 B 5 e i L S A
ZHEE RS SRR AL E  Bn
WREHABUAR KDALY —F FEIm K | &
BT T SR | B R B AR UG G L 4E 2
i 245 4 = B PR TR R R 2 AR R S R . TR
INER 2R 25 ) 41 21 A R 45 Gy A Tk BE 2% S, TE I VR IR
T B R AT AL ot X T A R AR 9 JR g i JR
PLPIRIT RO I AN BLAR . BB B, Sk At nE /BT 4 £

TH R TR I — R A L A T Y B- 1 I/ B- D T Y
MBIRNE T4 . X FIRIT 2 e Mk s il g L 5 44
PR 6 I e e = Bt AR A5 M il 4% A 5 e, YT AR A 1B
L A /B A 0 DL AR R AN G MR R R
BB Rt B R Iz . Sk A At g / By 4
ELIH AT LA 7 blagee 5 blaoxa.s 25 22 & R 75 5 1
fiti CRKP . 8K 1 4 7™ 4 J ke 75 25 M i 1) 1A AR 20 TE 9t
BRI Sk 60 A /BT 4 R 3E Bk R
FEXS 7 blagee B CRE B9 & ¥R IT SR MG, SR, I
2 P sl AR o O R L Sk A At i /BT 4 B T B S
SEE W blage FH K CRKP AT 251, A M
2019 43 [ b o Sk A6 i we /BT 26 0 3HOI IR B DA
T blagpe 2872 PR AR £ P L 1 H 2R R R Al
R TEAAEE . AT K % A 8 A BA I8 1 T B
SR blagpe B 3 R BY (4 1R 25 Bt 457 22 1 B O 1
2 FEPUBRYIR T MEBE AWK . w0 A A BA R 4
T 147" ST11-blagec, i % 5 75 A7 B £ 3k 6 B /B
A EIIEYTY 14 d B BT blagee, 3K B A533C
AR, FHGE AR FE A & A DI79A BUR, M H B Sk
60 At 3z / BT 44 [ TR 25 1 i 4

3.2 BIMBUR Y TG IR AT TE 25 S R A
Fh kA Hh R L 58 % B w3 B - R
KPR E L Al B 4k T L Sk 9% LA ms
A

3.2.1 kbR Sk ML IR AR S — B4R 4 Bk 2 ik
259 e A AL R A E A B OL H 2 2 B 2y
YR 1Y L N 5% 3z, AT AT 280 5% i N ik B 0 R DU
254 CN 2 1 30 0 2R L B- PN T e g O 1 B A HE 2 i
SR R 2y, — T R G LER BES T AW
P ARG FRECHE . I8 T 3k 0 /R R 97 £ 5 it 25 4
% BF M DR P I R M A Sk A6 Ml R X 7 A 2 B R ik
T s 1) o T TR A A AR R R AT R D R
A S T0 M IR AR K 2 504 R ik T B B A AE A LT
A5 5T B BRI 1 EAR S B 2% B XS 77 A blagow 19
Iy BRI BT TS MR L. EASTR] blagee WALZ ], 3k
761 3t 7R Xt H AL A TR

3.2.2 BB B-PNMEREEEAD I A5 e R — Rl
FR AT LE Y, HL AR A 2 C SRk 55045 it (40 ) 2
AE. TR LIS IR B- P Mk e i 45 49 14 B- P9 T e i 4
SR EAT 1S BT B- P I B B S P L4 blagee (JT
HJE blagpe,) . 6% 85 58 A5 19 ELH 25 & )5 T2 AT A
PR 25 5 % B - T 1, AR & 2 DR B iR
& FURSL PG AR/ A (030, —T00 95 2 BE R -5 A
J7 CRE Ry 2 o (BEALIK I L8 T XV B /-
T 5 a5 T PR IR T ™ CRE JEL 9 11 R AL
R EIR B TRk ED M-S e
TH I R 2 1 R B 185 (65, 6% ws. 33.3%.P =0.03),
28 d AL R HEAK (15. 6% ws. 33.3%,.P=0.03)",
S AR P A H 26 % B R - 1 O AT AR R
PR 0% wvs. 24.0%) . —IiZ s (BEHL BUE X |



. 1870 - EFAREF4E 20258 A4 46 %% 15 #  Int ] Lab Med, August 2025, Vol. 46,No. 15

TR 5 s, R B 3 R - A O 5 R E R BA
W 3R /P F A T (CST+HIMD A Y7 CRE 40 14 & Y /B
FHHEATIT RO % Ak B P4 . i CRE B 4k 51 1 =
B AR A5 il 8 / I W AL A G il 2R L A2 2% P T M UK e ok
0 2y PR I T Y 3 AL 42 32 0 B B e - R L3 (31
B sk CST-+IMIC16 i) BRI . 45 5 W7 W e K5 r -
T IR T AR I PR B R B R (71, 4% s,
40.0%) .28 d JRILHKHEAL(9. 5% vs. 30.0%),

3.2.3 KFiHFE KA ERERE DTSN
IERPHE WY .2023 4 3 A 16 H s B %K 25 5 W
BEMBAMAE L. BWE DK C7 5 C9 K%
SR A i T L X 22 ol it 24 AT 5 AT A R Y T I L (H
X A B TR AT T AR R R T AT FRE
PR A S 25 B0 50 SR KR B 20T i PR L R
) i 245 T X80 3 B R A %) B TR O M L MIC A
AL TR R ) MIC 534 . % CRE 7R R B B 47
UE/INZ R €7 % [ BN || ] Y7 Srn T s R
57 A I s 9 R BT AU 45 T At 35 RN 36 B
m . HETE A I PRI FEE S5 1T ROR 2 A, gk
N AMY T8 FE HEFEVE 8 CRE BB E 7,

3.2.4 FAMEg-BTgE L & R - B 4E B AE R B A
1 R C— B PN T B - PN T M ) R BT A B (— b
T B- P I M T A R AL . B R SN R AE S R G0 Bk
4 R T B A T R A AR B Bl LAt - T il UK
fift, X PR T I R N o S o BT A B 3H AT R 4 21
i 7 0 320X 2L B IR I O B Y — IR 5T PR A
T SR -FT 4E LI AE 2019 4F ATLAS Wil i %
S BRSCEE 1 o AT T R 4 B bR B AR A 5 YL ATLAS
Xif BT A i T 11 408 3 B AT R AR T T 1 L AE MIC << 8
mg/L B TP 99, 9% 1 7 BS 1A . 7E & R R T R
Fif B 43 5 Bk RN 7 A HL Bk T R A B (U0 blagpe M
blaoxass) B 7 Bk ATLAS H A H 3% (>
99.0% ,MIC 90=0.5 mg/L) ., — I #fIE 57 L4
687 2 g - BT 2 £ 1Rl OB BT B 25 COAAS)
TRIT 4 R B I AT P 5 R A I I R (BSD R R T
J& »102 1) BST &, 82 Bl 72 blapy I Ak (79 £k
il 48 5w T A TR RN 3 bR K A e A D 51 R A I, 20 4]
77 blayn BUBE R (14 B il 48 58 %5 5.5 AR A FT 147 1
PREEAR TR 5| kS 09 JR G 5 22 i pg - 4 T 3R 97 4 30 d
JET- R A 19, 2%, OAAs IRIFTH R T-F N 44. 0%
(P=0.007) ;%4 PS K& 1E (1) 43 b7 2 B, 6 A 2 ih e -l
e AT FEAR 30 d AL (HR = 0. 37,95% CI :
0.13~0.74,P=0.01),14 d IIfi KL M %L (HR =
0.30,95%CI:0.14~0.65,P =0. 002) M I B i 7] %5
B (HR=0.49,95%CI :0.30~0.82,P=0.007)"",
3.3 BAWRIT EMHB PR YWIGRYT CRKP 7
T, HOR TR A YK, 540 X 2 Fh B E M Ik £
it 25 1) CRKP IEFEZ A . S~ T RE 4% 48 109 4% 1l
CRKP 114 J28% e - 4iE 28 % oAb 470 187 245 490 7 A= T 24 42 I
PRIAYT 22 2R R A0 5 A Bl [R) s oAH n A B4 47 27 24

P TER G IR T . T R 0 T 25 1 AT B R A R
YL 2R 5 B i R IOy L i R R A B B[R] 5%
AHINAE BB 25 W Bk B IR T CRKP, BB % 76 40 i (1]
oA A T U o A IR B — e TR 24 4 A D B T 24 P Y
AR AN R AT DAY 2 B R SN R 25 )
I DA R AR B L & A IR RS . — Tt T £
R RGO R SmE & H K mA R
BKH.E ARG ZFRR-BTMAE kT H
W/ E I 259897 CRKP il 37 J8% G A1 0 1 AL 4H
KV R BREIRIT L Z R W R B — IR 97 FE7E W] 8 Y
AP RN . IR T 2 F R B 5 HA 13
ﬁ*ﬁ%%ﬁ%%@)ﬁxﬁ 5 Hi}t bla}(pozm ~ blaKPc—zlw, ~
blaxpis « blaoxass B Al blayn, % CRKP B i # 46
PR F 3 G B B B R R B AE 24 h LR AW 2
75401 18] /R IE A AR A IR X TR R 4L A AT
24 h FAS B ]S U5 56, APEAS B[R] R0 S B RO s 7
I JE) % K 5280 PR Y 23 N AR A 21 M AT
—ANER 22 AN B[] 2R B AR I s U IR BRON , 2 R
HXKig R A RT3 & R G I, XF CRKP B fk
{14 b [ R A A A o B R — T A T T R Y
IIf PR 52 MUK IR 435 58 ¥k CRKP A 4E 11 BRAS =4
T 7 B 0 T W DR 93 B 4 A AS 6] I B 3R 97 O R T 1
VAT Rl T B 07 T RN S 7 Rl A S I Y i AR 5 R A A
B FE ML s R AN IG A A R, SE X K g B & O
HHXE S AAE RIS HE T ZNATE RN
90 % s AN & 25 56 X T blagpy A CRKP ik 5 5%
WG J TR TR MRS Z R 2K
W E RN R L blaye 8 CRKP W B BES 226
WE TR B IMAZBA ST R R 80
%[5]] o *Iﬁ}j: blakr’c—z %l] blamqu E]/‘J CRKP(%?i%T’ﬁ
B MIC=128 mg/L) AR AN 25 3 56 25 R o . Skl
L BE /BT A L 3H K A 56 B 85 R X 93. 820 1Y CRE T #&
EADMRIEH 5 i 8] - 25 TR i 4k S 5 Sk A8 At i /BT 4 [
WMEED B 22 % KB 1) MIC & 2 8 mg/
L5 % —T0 blagee 8 CRKP B 1K 4h 25 S0 56 45

7R 5 Sk 70 th B /BT 24 B 2H B A 95 B % R W N B e
XF i A 3 5k B A P R AR T EL Sk A6 At e /B 4 2 30
B4 55 B 1w D e 15 R B MIIC R AR 2 Bir A 18 A T 25
YA AR 5 5 3 f0 s 1 /o] 24 1 48 HC A 0656 ] 5 R A0 1L
Sk A0l 1 / Buf 2k B A IBE A Vi 1 1 AR AS TR A AR
PRS0 [ JA A A B Y . AN 62 A A R
PR B ) CRKP JE YL (&, 40 1] (64. 5%) A k&
fiE 12 1] (19. 4 %6) S Z H YL 41 6] (66. 1 %) 232 3k
T6 At WE /BT 4k [ 30 5 H b BT B 25 BE B IR 9T, 21 )
(33. 9 %) #2573 76 il we / Bof 24 (5 30 B 2534 97 5 45 R
N30 d AW i R ol 54.8%0(34/62) IR AIRIT 40
25 1 (61.0%) , BAZ4IR 97 4H 9 B (42. 9%) 530 d JK4E
R 33.9%(21/62) , BB IR YT 4L A 25 3R 7 4 4 Sl
N 24.4%(10/41) M 47.6%(11/21) , P =0. 028; &
BIT SRR 30 d AL R 1 2 A ¢ (HR= 0. 167;



Elfrabio 247 2025 4 8 H & 46 %% 15 8 Int J Lab Med, August 2025, Vol. 46,No. 15

« 1871 -

95%CI : 0.060~0.465,P=0.001)"",
4 I &

ERIEHE N CRKP Bk 301 8 & H it 251
i@ %, CRKP AT 7 & Bk EZ A L T A ]
i, CRKP gt 25 AL £ B X5 HEA R
T8 P 3 S BT X CRKP gk s fi% 5L 4 9 18 45 ol A
PRI LB R . BT AR B R S B P RR SR R CRKP
TGS (IR T SR W BT BT TR 24 W Bk T R o T Il
PR B B R 0 25 SO L 7 I 2 R R A
DL 25 B 12 M2 s e S IR R L 45 5 1
HP PR R RIE 5 R L 0k Bl Y Y R
i BCA 2 %L BN CRKP B AR LS 1fE 1L
BITHIAZ L

&% ik

[1] CHANG D,SHARMA L.DELA CRUZ CS.et al. Clinical

epidemiology.risk factors,and control strategies of Kleb-

]

siella pneumoniae infection[ J]. Front Microbiol, 22,12
750662.

[2] WEN-CHIEN K O,DAVID L P, ANTHANASIA ] S,et
al. Community-acquired Klebsiella pneumoniae bacteremi-
a:global differences in clinical patterns[J]. Emerg Infect
Dis,2002,8(2) :160-166.

[3] ZHANG R,EDWARD W C,ZHOU H W, et al. Preva-
lence and genetic characteristics of carbapenem-resistant
Enterobacteriaceae strains in China[ J |. Lancet Infect Dis,
2017,17(3) :256-257.

[4] WANG M G.MICHELLE E, LIANG C, et al. Clinical
outcomes and bacterial characteristics of carbapenem-re-
sistant Klebsiella pneumoniae complex among patients
from different global regions (CRACKLE-2):a prospec-
tive, multicentre, cohort study [ J]. Lancet Infect Dis,
2022,22(3) :401-412.

[5] SARAH S,JENNIFER Y H,AMELIA B,et al. Detection
and characterization of targeted carbapenem-resistant
health care-associated threats:findings from the antibiotic
resistance laboratory network, 2017 to 2019[]]. Antimi-
crob Agents Chemother,2021,65(12) :e0110521.

[6] PRANITA D T,SAMUEL L A,ROBERT A B,et al. In-
fectious diseases society of America guidance on the treat-
ment of extended-spectrum (-lactamase producing enter-
obacterales (ESBL-E) , carbapenem-resistant enterobacte-
rales (CRE) ,and Pseudomonas aeruginosa with Difficult-
to-treat resistance (DTR-P. aeruginosa) [ J]. Clin Infect
Dis,2022,75(2) . 187-212.

[7] MACKENZIE F M, FORBES K J, DORAI-JJOHN T, et
al. Emergence of a carbapenem-resistant Klebsiella pneu-
moniael J]. Lancet,1997,350:783.

[8] GIACOBBE D R,.MARELLI C,GRETA C. et al. Mortali-
ty in KPC-producing Klebsiella pneumoniae bloodstream
infections: a changing landscape[ J]. ] Antimicrob Che-
mother,2023,78(10) :2505-2514.

[9] ZHOU N,CHENG Z L,ZHANG X X,et al. Global anti-

microbial resistance:a system-wide comprehensive inves-

tigation using the global one health index[ J]. Infect Dis
Poverty,2022,11(1) :92.

[10] Antimicrobial Resistance Collaborators. Global burden of
bacterial antimicrobial resistance in 2019:a systematic a-
nalysis[J]. Lancet,2022,399:629-655.

[11] TZOUVELEKIS L S, MARKOGIANNAKIS A, PSIC-
HOGIOU M, et al. Carbapenemases in Klebsiella pneu-
moniae and other Enterobacteriaceae: an evolving crisis
of global dimensions[J]. Clin Microbiol Rev, 2012, 25
(4):682-707.

[12] TOOKE C L,HINCHLIFFE P,BRAGGINTON E C,et al.
B-lactamases and f-lactamase inhibitors in the 21st centu-
ry[J]. ] Mol Biol,2019. 431(18) :3472-3500.

[13] JAMIN C,KOSTER S D,KOEVERINGE S V,et al. E-
merging carbapenem-resistant Klebsiella pneumoniae se-
quence type 16 causing multiple outbreaks in a tertiary
hospital in southern Vietnam[J]. Microb Genom,2021,7
(3) :mgen000519.

[14] BOUZA E. The role of new carbapenem combinations in
the treatment of multidrug-resistant Gram-negative infec-
tions[ J]. J Antimicrob Chemother,2021,76(4) :38-45.

[15] HAN R,.SHI Q Y. WU S, et al. Dissemination of carbap-
enemases (KPC,NDM, OXA-48,IMP,and VIM) among
carbapenem-resistant enterobacteriaceae isolated from a-
dult and children patients in Chinal[ J]. Front Cell Infect
Microbiol,2020,10:314.

[16] Jetell, b5 4, X138 A, 55, d 6 20172019 45 Tl ik &
BE IS R 5 TR 0 DA T 24 B B R AT SO RERRAELT . v
R 4475 ,2021,20(11) : 1008-1015.

[17] DENG J.LIAO Q F,ZHANG W L.et al. Molecular epi-
demiology characteristics and detecting transmission of
carbapenemase-producing enterobacterales in southwest-
ern Chinal J . ] Infect Public Health,2022,15(10):1047-
1052.

[18] ELLINGTON M J,DAVIES F,JAUNEIKAITE E,et al.
A multispecies cluster of GES-5 carbapenemase-produ-
cing enterobacterales linked by a geographically dissemi-
nated plasmid[]J]. Clin Infect Dis, 2020, 71 (10): 2553-
2560.

[19] CHEN D Q. WU A W, YANG L, et al. Emergence and
plasmid analysis of Klebsiella pneumoniae KP01 carrying
blagess from Guangzhou, China[J]. Antimicrob Agents
Chemother[J]. 2016,60(10) :6362-6364.

[20] POLCIN D, KORCHA R,NAYAK M. Development of
intensive motivational interviewing (IMI) and modifica-
tions for treating women with alcohol use disorders[]J]. ]
Contemp Psychother,2018,48(2) :51-59.

[21] NOVAIS A,FERRAZ R V,VIANA M,et al. NDM-1 in-
troduction in portugal through a ST11 KL105 Klebsiella
pneumoniae widespread in Europe[]]. Antibiotics (Ba-
sel),2022,11(1) :92.

[22] LOPEZ-GARCIA A,ROCHA-GRACIA R D CBELLO-
LOPEZ E,et al . Characterization of antimicrobial resist-
ance mechanisms in carbapenem-resistant Pseudomonas

aeruginosa carrying IMP variants recovered from a mexi-



- 1872 -

(23]

[24]

[25]

[26]

(27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

E Fr b gh B 22 75 2025 45 8 A4 46 5% 15 H

Int ] Lab Med, August 2025, Vol. 46,No. 15

can hospital[ J]. Infect Drug Resist,2018,11:1523-1536.
AFOLAYAN A O,RIGATOU A,GRUNDMANN H, et
al. Three Klebsiella pneumoniae lineages causing blood-
stream infections variably dominated within a Greek hos-
pital over a 15 year period[]J]. Microb Genom, 2023, 9
(8) : mgen001082.

CARRER A.LAURENT P,HALUK E.,et al. Spread of
OXA-48-positive carbapenem-resistant Klebsiella pneu-
moniae isolates in Istanbul, Turkey[]J]. Antimicrob A-
gents Chemother,2008,52(8) :2950-2954.

XIE L Y,DOU Y, ZHOU K X, et al. Coexistence of
blagxas and Truncated blaypy, on different plasmids in a
Klebsiella pneumoniae isolate in Chinal J]. Front Micro-
biol,2017,8:133.

SHERCHAN J, TADA T,SHRESTHA S, et al. Emer-
gence of clinical isolates of highly carbapenem-resistant
Klebsiella pneumoniae co-harboring blaypys and blagga s
or -232 in Nepal[]J]. Int J Infect Dis,2020,92:247-252.
WOODFORD N, REDDY S,FAGAN E J,et al. Wide geo-
graphic spread of diverse acquired AmpC beta-lactamases a-
mong Escherichia coli and Klebsiella spp. in the UK and Ire-
land[ J]. ] Antimicrob Chemother,2007,59(1) :102-105.
WOODFORD N,REDDY S,ELIZABETH ] FAGAN, et
al. Analysis of diverse f-lactamases presenting high-level
resistance in association with OmpK35 and OmpK36 por-
ins in ESBL-producing Klebsiella pneumoniael J]. Saudi J
Biol Sci,2022,29(5):3440-3447.

CHIU S K,CHAN M C,HUANG L Y,et al. Tigecycline
resistance among carbapenem-resistant Klebsiella pneu-
moniae:clinical characteristics and expression levels of ef-
flux pump genes[J]. PLoS One,2017,12(4) :e0175140.
LV F,CAl ] J,HE Q X, et al. Overexpression of efflux
pumps mediate pan resistance of klebsiella pneumoniae
sequence type 11[J]. Microb Drug Resist,2021,27(10):
1405-1411.

SUN S J.GAO H,LIU Y D,et al. Co-existence of a novel
plasmid-mediated efflux pump with colistin resistance
gene mecr in one plasmid confers transferable multidrug
resistance in Klebsiella pneumoniae[]J]. Emerg Microbes
Infect,2020,9(1):1102-1113.

B JpoRkpi o SUSEAR, TN, B Gk A5 Tl A 7 45 0 2 i %
SO H R R YT BE LT R 5 AT e, 2022,
22(6):779-784.

YANG T Y,LU P L, TSENG S P. Update on fosfomy-
cin-modified genes in Enterobacteriaceae[ J]. ] Microbiol
Immunol Infect,2019,52(1):9-21.

LEEY L,CHEN H M, HII I M, et al. Carbapenemase-
producing Enterobacterales infections: recent advances in
diagnosis and treatment[]]. Int ] Antimicrob Agents,
2022,59(2):106528.

o [ T 90 R B B A o U Y R 9 0 I IE 5 e Ak Bk 2 Y
22 ZRBERIGIR N P E L Z IR h s EE
Zi#5,2019,28(10) :1218-1222.

YIN D D,WU S,YANG Y,et al. Results from the China
antimicrobial surveillance network (CHINET) in 2017 of

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

the

ceftolozane-tazobactam against clinical isolates of enter-

in vitro activities of ceftazidime-avibactam and
obacteriaceae and Pseudomonas aeruginosal J]. Antimi-
crob Agents Chemother,2019,63(4) :e02431-18.

LIAO Q.DENG J,FENG Y,et al. Emergence of ceftazi-
dime-avibactam resistance due to a novel blagp., mutation
Klebsiella
pneumoniae infections[J]. ] Infect Public Health,2022,15
(5) :545-549.

HITES M. Minireview on novel anti-infectious treatment

during treatment of carbapenem-resistant

options and optimized drug regimens for sepsis[J]. Front
Med (Lausanne),2021,8:640740.

BONOMO R A. Cefiderocol:a novel siderophore cephalo-
sporin defeating carbapenem-resistant pathogens[ J]. Clin
Infect Dis,2019.69(Suppl 7) :S519-S520.

BASSETTI M, GIACOBBE D R, NIKI P, et al. Efficacy
and safety of meropenem-vaborbactam versus best availa-
ble therapy for the treatment of carbapenem-resistant en-
terobacteriaceae infections in patients without prior anti-
microbial failure:a post hoc analysis[J]. Adv Ther,2019,
36(7):1771-1777.

MOTSCH J. OLIVEIRA C M., VIKTOR S, et al. RE-
STORE-IMI 1: a multicenter, randomized, double-blind
trial comparing efficacy and safety of imipenem/relebac-
tam vs colistin plus imipenem in patients with imipenem-
nonsusceptible bacterial infections [ J]. Clin Infect Dis,
2020,70(9) :1799-1808.

HOBBS A L V,GELFAND M S,CLEVELAND K O,et
al. A retrospective, multicentre evaluation of eravacycline
utilisation in community and academic hospitals [J]. J
Glob Antimicrob Resist,2022,29:430-433.

ZHAO C J,WANG X J,ZHANG Y W. et al. In vitro ac-
tivities of Eravacycline against 336 isolates collected from
2012 to 2016 from 11 teaching hospitals in Chinal J].
BMC Infect Dis,2019,19(1):508.

PAUL M,CARRARA E,RETAMAR P,et al. European
society of clinical microbiology and infectious diseases
(ESCMID) guidelines for the treatment of infections
caused by multidrug-resistant Gram-negative bacilli (en-
dorsed by European society of intensive care medicine)
[J]. Clin Microbiol Infect,2022,28(4):521-547,

WU S, ZONG Z Y. Aztreonam-avibactam: an option a-
gainst carbapenem-resistant Enterobacterales with emer-
ging resistance[ J |. Precis Clin Med,2022,5(4) ; pbac029.
ROSSOLINI G M,STONE G.KANTECKI M. et al. In
vitro activity of aztreonam/avibactam against isolates of
Enterobacterales collected globally from ATLAS in 2019
[J1.] Glob Antimicrob Resist,2022,30:214-221.
FALCONE M,DAIKOS G L,TISEO G,et al. Efficacy of
ceftazidime-avibactam plus aztreonam in patients with
bloodstream infections caused by metallo--lactamase-
producing enterobacterales[ J]. Clin Infect Dis, 2021, 72
(11):1871-1878.

i [ Bk 7 B 0 T 24 A RN R e 2R S B i KL
UG T v R 2 T B IR O CT 5% 55 1878 1)



E R E ¥4 2025 4 8 A% 46 %% 158 Int ] Lab Med, August 2025, Vol. 46,No. 15 . 1873 -

A L L = 2 A VS
KITEFEXRBRIFFHEDE & PR 36 2B =
¥R .E B LE OB .5 AR AZEYTR
LEMKFEHE _ERABRES PO HHZM 73003052, 2 FF P ERARA, W ETF 6290003
.EMKEE EAREFR,HH 2 M 730030

B EHMAAIBTRENEFILFLEETABNRERLE MABRBARAERFEANAHERBEGZRELR
BERMEBEFPLEZIAHALS, RIEHA R CRRFHORIAED LA T REEFS AL 48 34T A0
IR 2, B AREKRAT, BABRRAFABHNAZEZTH T ERARBRREEZRERBLERKE.FLELE
HOE RAFIE, B RAT FH E BT RAONEFIFLAEABTRBERXRZTESRBET GHUE L. A6 K
EALIT., BARBATTRIZRTEFRELAROHTALAYL RATRELBREFMR L ETZHM,

TXEFABES;, BWAKXBRFSHAAE; BEAREBRAF; XEEIH

DOI:10. 3969/]. issn. 1673-4130. 2025. 15. 014 FEE S S R446

NXEHS:1673-4130(2025)15-1873-06 MHktRERD A

A new trend in the development of laboratory medicine:clinical laboratory omics”
DANG Yinggiang',JIANG Yao® WU Qian® ,MENG Ling' ,YOU Chongge'"
1. Department of Laboratory Medicine Center ,Lanzhou University Second Hospital , Lanzhou ,
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University ,Lanzhou ,Gansu 730030,China
Abstract ;. With the rapid development of artificial intelligence and machine learning algorithms in the med-
ical field,as well as the high-quality development requirements put forward by the state for hospitals and vari-
ous departments,the development of laboratory medicine shows a new trend. The development of clinical labo-
ratory has evolved from the initial test suite to the test pathway based on clinical pathway and diagnosis-relat-
ed groups payment,and then to clinical laboratory omics. Clinical laboratory omics refers to the use of high-
throughput methods to obtain a large number of laboratory project results data. Combined with the clinical
characteristics of patients, statistical methods and machine learning algorithms are commonly used to reveal
the information behind a large number of medical data to assist clinicians in diagnosis and treatment. Clinical
laboratory omics may be a new trend in the future development of laboratory medicine,and it is likely to play
an important role in the field of laboratory medicine.
clinical laboratory

Key words: laboratory medicine; clinical pathways and diagnosis related groups;

omics; big data analysis
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