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W OE. B AZ&EmEEWHEM X EF18E (carbapenem-resistant Klebsiella pneumoniae, CR-KP ) R #15 KAF4E
Bt th i), SR H CR-KP &7 /14 (carbpenem-resistant hypervirulent Klebsiella pneumoniae, CR-hvKP ) & &
R, ik KE2016 45 1 A~ 2020 4 12 A B TARERAER S F#E54FA T 5 568 CR-KP, 24 CR-KP #
B EMA R, LI CR-KP £ R FAE AR FARA R A G A oL, #ml CR-KP s+ 4% A 7 09 af 25 M Bak 3 5 Wik
B %A b ol K4 CR-KP & & & ahls R4, Wi ZHF Ak g (CR-hvKP 40 ) A3k & & A4k & 448 (CR-cKP
) WERRE, ER X5 H R 89O CRKP, AKX AEME P LI 3.47% (89/2562) , Bk E2&RF LAY
#o CRKP &R TICU 16 % (17.98% ) . BFA 13 4k (14.61% ) FehFBA 13 4 (14.61%) 5 ARAER T 24k
M 45 ¥k (50.56% ) . Jkik 14 %k (15.73% ) Fehkik 11 & (12.36% ) . CR-KP *F K345 A A Zatsh, (23 k Fafrg -
FoT 4t €, 38 e £ 3 2t 25 454K, CR-KP 2% A Bkl Ak B 4ok & 78.65% (70/89 ), 24 blagee, blaypye 8= 60 % |
B kogm . FFA2RR. MRA A, BEFEMALEICU & 6 B %, /£ CR-hvKP ZA4» CR-cKP 202 1) 49 2 F 39 A 4uit 5
% 3L( ;& Fisher =4.973 ~ 19.377, 3 P < 0.05 ). % % B % logistic )3 547, # /5% ( OR=10.947, 95%CI: 1.751 ~ 68.424,
P =0.010) . A4%ICU (OR=16.012, 95%CI: 2.589 ~ 99.036, P=0.003) % CR-hvKP Rifteqrk = SR %, &it &
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Abstract: Objective To investigate the clinical characteristics and resistance mechanisms of Carbapenem-resistant Klebsiella
pneumoniae (CR-KP) infection, and analyze the risk factors of carbpenem-resistant hypervirulent Klebsiella pneumoniae (CR-
hvKP) infection. Methods CR-KP isolated from the specimens submitted by inpatients in Deyang People’s Hospital from
January 2016 to December 2020 were collected, and the trend of CR-KP detection rate were analyzed. The distribution of CR-
KP in different departments and different specimen types were compared. At the same time, the resistance of CR-KP to common
antibiotics and the carbapenem genes carryed by CR-KP were detected. The clinical data of patients with CR-KP infection were
collected to compare the risk factors between carbpenem-resistant hypervirulent Klebsiella pneumoniae infection group (CR-hvKP
group) and carbapenem-resistant classic Klebsiella pneumoniae (CR-cKP group). Results A total of 89 strains of CR-KP were
isolated, accounting for 3.47% (89/2 562) of Klebsiella pneumoniae, and the detection rate of CR-KP generally increased year by
year. CR-KP mainly included 16 strains in ICU (17.98%), 13 strains in Infection Diseases Department (14.61%), and 13 strains in
Oncology Department (14.61%). The main types of specimens were 45 strains in sputum (50.56%), 14 strains in urine (15.73%),
and 11 strains in pus (12.36%). CR-KP was resistant to most common antibiotics, but the resistance rate to ceftazidime-avibatan or
colistin was low. The detection rate of carbapenemase genes in CR-KP was 78.65% (70/89), mainly blay,: and blayp,. There were
six factors including age = 60 years old, diabetes mellitus, hepatobiliary disease, mechanical ventilation, indwelling catheter and
admission to ICU, which were statistically different between CR-hvKP group and CR-cKP group (i° or Fisher=4.973 ~ 19.377,
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all P < 0.05). Multivariate logistic regression analysis showed that diabetes mellitus (OR=10.947, 95%CI: 1.751 ~ 68.424,
P=0.010) and admission to ICU (OR=16.012, 95%CI: 2.589 ~ 99.036, P=0.003) were independent risk factors for CR-hvKP

infection. Conclusion The detection of CR-KP in the hospital was generally increasing year by year. Carrying blay,. or blaypy

is the main resistance mechanisms of CR-KP. Diabetes mellitus and admission to ICU were important risk factors for CR-hvKP

infection.
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it &% 72 5 1A B ( Klebsiella pneumoniae, KP )

S — I DR DL SR B0 TR, W] A TR
7R Y [N 7B 1= R AN B 197 OO 1 9
e PR SE Z RGN, M EE A e A

BRGIPUERPOAIE . brdig g, 2 EEr
ImARIRTY P ) it B - NERLES ( extended spectrum
B -lactamase, ESBLs ), 3k 1 [# Z [ifi( cephalosporinase )
G2 M 2G5 R G ) — 2y, Tk
RIEFEIE Ty, MioRE SR SCR AR (carbap-
enem-resistant Klebsiella pneumoniae, CR-KP)
AR EAE AT, BIEIRPURISEITH R E K
PRk P, ARk, VR SR 250 R kAl
PR - T T A M 2 R D i 9 e B AT A ( carbpe-
nem-resistant hypervirulent Klebsiella pneumoniae,
CR-hvKP) [, Jf- S8 00" & B pe N e
PR, BRSEAERA I A M & R e B
21 R 24 W 0 ) S s B AR T TR A TR X
JEE R | SE R T 255 B 2014 471 4.8%, 4.5%,
P T2 2019 4E/5 10.5%, 10.9%, 253+
TR . ASHIESE B AE 53 T CR-KP JE L (9 I IRAFAE
S 20U, LB A ARG B A R AR 2,
AP HLBTA CR-KP &Yy,
1 MR5RFE
1.1 Brst % WHE2016 41 A ~ 20204F 12 A
A BRI N B BE B 3 B A8 5 2 i R A A v 3 2
f CR-KP. Rk A ZEFR#HE: OFF5 3 [ il RS2
B AL P2 (Clinical and Laboratory Standards
Institute, CLSI ) M100-S30 5&F CR-KP A5 bnifE,
R 58 s B AR GRS e e . S8 %0 Bl sl M R
AP E R 2 QIR—BH TR sk, HF
Brpnife: OBEIRREERIEL ; Q] — B EZ »
Btk QMMCRBEZ BRI, CR-KP YL Bk
61 4, 2k 28 4, i 4FH 60 2 (26 K ~ 93 %),
[l JEs P A S8 B ROk, B ERE S . k44 .
PRI AR BRE L ARARERL . BRREG . IR A
BRAE . BRIARAS AT 2 RPUAER AN BRItk
AN PR R 5 . AFIE Zead B BE A PR B 2 4IE v
(H#LfF5 2020-04-016 ) .
1.2 B BXA 5L B O i 25 RAT R
[7] ( matrix-assisted laser desorption/ionization time of
flight mass spectrometry, MALDI-TOF-MS )Jf ji {3 ( {2

4 & 50/ F) ), VITEK2 Compact i W1%E RS0
(EEAYHRIRAF ), ABI7500 SERT 286 E
PCRAY (SE[E ABI v ] ) o AR 258K | E-test
A CLEAEYHEIRAF) |, BilE TR (A
IZEAEY) AT ), TR S 2 DNA $EGAG0 &
Talent qPCR PreMix ( Jtmt KARZAFE] ) o 258050
B TR MR R R A T ATCC25922, i 46 52 &A1
P ATCC700603 ( BA#BIfIRE S 0 ) o
1.3 Fik
13,1 405 85 M 25 O s #e B (I R K
PRERLRE (56 4 WR) ) BORSEATAN I 7 B 3555,
ffi 1 MALDI-TOF-MS #f 17 B ¥k % 2. VITEK2
Compact #1725 8500, Sk Mb e - BT 4 B 40 R
4% P H: (Kirby-Bauer, K-B) 1 b #b 78 24 f{i2t,
¥, KIS CLSI M100-S30 A5 H 8 25 fig 45 . fr
A CR-KP 2R H E-test JeX W ek Rg . LB HR MY
/NN E M ( minimum inhibitory concentration,
MIC) #ATE%, BN O RS 24
1.3.2 Rt DN E AR S Y el PRI NE =L /S
B TIPS AR, 37°CH;F: 16 ~ 20h, IRH A
AN BV, e IR S U I 5 HE I CR-KP JE A
21 DNA, ZHOCHR [6] 115149, | LigE T 4w
ARG, SIYF A ILER 1, i SYBR Green 44}k
YEAT ST % & PCR (real-time PCR ) £ % Ul
B 77 55 5 BEBE ) (blagee, blaypy, blaggp, blayy,
blagyas ) F1EE J13EH (aerobaction ) . PCR W1 #:
Talent qPCR PreMix 10 w1, 1E& M5 (10 pmol/
L) % 0.6 wl, cDNA 2 pl, RNase-free ddH20 6.8
pwlo ROV EAF: 95°CHIAEYE 3 ming 95°CAEME S s,
60°CIR K 10s, 72°CHEM 32 s, 40 M. fF PCR
P4 R N 4 RS R B N LR 2 AE FAL , LA Cr < 35
e B PR MR
1.3.3  CR-KP @26 PERAHIWT: o CR-KP #:Fp T
MERE M, 37°CHFE 16 ~ 20 h, JHIEMIRRE
] _FPRAL AR T, EHE 2 R, APENFIRZEK
B = 5 mm, BIH2238086 BHPE , FREEAR R s By
1.3.4 CR-KP @& ag JJbRT S : 2 MOCHK [7-8] ¥4 3
J1 5 H (aerobactin ) Al 223 56 [A] B BHAE, 1R
FIWT = 5 S 7 B A (hypervirulent Klebsiella
pneumoniae, hvKP) BYFRAE, M CR-KP H1 i i i
=R iRk, Bl CR-hvKP.,
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*1 real-time PCR 3|¥1F 55
HiriH SIF (5 —3)
blagec F: CCACTGGGCGCGCACCTATT R: TGTTAGGCGCCCGGGTGTAG
blaspy F: CAACTTTGGCCCGCTCAAGG R: GCAGCCACCAAAAGCGATGT
blagyp F: TGACGCAAATDTAGAAGCTTGGC R: CRTCTCCARCTTCACTGTGAC
blayy, F: CGAAAAACACAGCGGCMCTTCT R: GTGGAGACTGCACGCGTTAC
blagy s F: CTGGTGGGTYGGTTGGGTTGA R: GCAGCCCTAAACCATCCGATGT
aerobaction F: GCATAGGCGGATACGAACAT R: CACAGGGCAATTGCTTACCT
14 SeitFobr SR SPSS22.0 FAFHEATE A r #5741 blaypy, 3 K #5417 blagg, F1 2 £k #5 717 blayy,

Hr. WHONTES.6 #X {4 #1725 5500 . THECTE LA
VB B e R, ZHIA] R F o K56 mY Fisher
WUIRERR L, fa ks 3R R H logistic [M1H 434, LA
P < 0.05 WESAGIEE L.
2 H#R
2.1 CR-KP# i EALAH 2016 ~ 2020 4F fit4r
B 2 562 BRI A s B A, Hi 89 Bk CR-KP (&
b 3.47%., FiAEA 9 CR-KP BB 91k 7, 13,
22, 17 #1130, FEMR SCRAATE 5 L2 1.59%,
2.64%, 3.58%, 3.78% Fl1 4.87%, Mk I BRFAE |-
T,
2.2 CR-KP RBEATEARALE ;A ILFK2. CR-
KP ¥ % 3k T ICU (17.98%, 16/89) . J& 4x F}
(14.61%, 13/89) . &Rl (14.61%, 13/89) ; Fx
A T TR (50.56%, 45/89 )\ IR (15.73%,
14/89) | kW (12.36%, 11/89) .

x®2  CRKPREBERZERIRAIER ST (1n=89)

HREME o0 BALEC%) AR a0 HELL (%)
ICU 16 17.98 PRI 45 50.56
SRR 13 14.61 JRW 14 15.73
IR 13 14.61 Ml 11 12.36
JURH 12 13.48 inlA] 9 10.11
IRFRAMEH 8 8.99 il 5 5.6
DiERE 7 787 sk 3 337
Hibft= 20 24T BR 2 225

23 CR-KPxr# Bt Eosshatyn W33,
CR-KP X8RN, LMEHRIE, M, HIp

KRB R 2, 258 >70%., CR-KP X}
SRR R 2 L KB R 25 R AT 4R,

SN 28.54%, 39.33%. CR-KP XFHi#l B NEEE
A2 A5 Tl 500 S 0 Al - R 24 £ HE R A2 2 B
AT, N 14.61%, 7.87%.

24 CR-KP#HFEHEBLALEFHL MitA 70
Pk CR-KP £ H ik 75 55 M B SE D9 PHME SR8, A o
H1 78.65% (70/89) , fLHE 56 Bk A blaK,,C, 10 ¥k

Hodr 1 BRI 457 blagpe A blagpyo ASAHFFEAKS H
blagyas FEPEFRIL .
£R3 CRKPXMERMEZHHEEER 7 (%)]

AR M2 i ek
SR 89(100.00)  0(0.00) 0(0.00)
FURTOM - A 77 (86.52) 1(1.12) 11 (12.36)
RN 83(93.26) 3(337) 3(337)
WRALPGAK - el 79(88.76) 2(225) 8 (8.99)
KA 82(92.13) 0(0.00) 7(1.87)
kAt s 76 (85.39) - 13 (14.61)
KA 77 (86.52) 1(1.12) 11 (12.36)
KAtttz 78 (87.64) 2(2.25) 9(10.11)
Bk 23(25.84) 0(0.00) 66 (74.16)
RAEGH 35(39.33) 1(1.12) 53 (59.55)
KERDE 65 (73.04) 1(1.12) 23 (25.84)
AN 66 (74.16) 2(2.25) 21 (23.60)
AEE 47 (52.81) 0(0.00) 42 (47.19)
A 74 (83.15) 1(1.12) 14 (15.73)
S HEN 57 (64.04) - 32 (35.96)
175y 48 (53.93) 0(0.00) 41 (46.07)
ek 79 (88.76) 2(2.25) 8(8.99)
LB 73 (82.02) 3(3.37) 13 (14.61)
% 7(1.87) 82(92.13) -
SKAfbhE - PUgEEIH T 13 (1461) - 76 (85.39)

W - FIRTC CLSI 258 A, * F/R K-B I 2584h
25 CR-KP ¥ &ZH& A HARABRECERHE
vedx UL 4. M CR-KP Hiffi vk i 16 #k CR-hvKP
(17.98%, 16/89) , ¥ CR-KP &Yt & 1 N 5

SRR Y2 (CR-hvKP 41 ) I i 55 7 e Ja i
1 (CR-cKP#) . BRI £W], Fi= 60
B B IFIRGOR. MLAGE . B E S

AAEICU %8 3t 6 4~ K %, 1E CR-hvKP 4 1 CR-
cKP 4 2 8] 1) 22 T 39 G5 1247 X (5 Fisher=
4.973 ~ 19377, ¥ P < 0.05) .
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x4 CR-hvKP 871 CR-cKP AR EZELLE [ (%)]
% CR-hvKP 4] (n=16) CR-cKP 41 (n=73) 1 Fisher P
5 ifis 12 (75.00) 49 (67.12) 0378 0.767
AR =60 % 13 (81.25) 32 (43.84) 7.349 0.011
TEREN iU 4(25.00) 26 (35.62) 0.662 0.563
BRI 6 (37.50) 10 (13.70) 5.042 0.036
R 2(12.50) 14(19.18) 0397 0.726
JHFRR 7 (43.75) 12 (16.44) 5.830 0.037
LR 2 (12.50) 16 (21.92) 0.721 0.509
B e 1(6.25) 7(9.59) 0.179 1.000
RAMEHEAE HUAGES 9(56.25) 20 (27.40) 4973 0.038
E T 12 (75.00) 31 (4247) 5563 0.026
FRIPRA AT 2 BB Z At A HEMK 5(31.25) 20 (27.40) 0.096 0.765
KAHESR 8 (50.00) 46 (63.01) 0.931 0401
AEICU 9(56.25) 7(9.59) 19.377 0.000
HR M 3(18.75) 8(10.96) 0.735 0.409

2.6 CR-hvKP % ##9 % B # logistic ®)2 547 Ul
F5. ¥ 2.5 P EREGI2EE LR 6 NS i —
A L HE logistic MIH BT, 455 /R 78 CR-
KP e B b, B R (OR=10.947, 95%CI:
1.751 ~ 68.424, P=0.010) . Af¥ICU (OR=16.012,
95%CI: 2.589 ~ 99.036, P=0.003) J& CR-hvKP J&
s faks & o
FS CR-hvKP BRI EEE logistic BTN HT

E{SES OR 95%C1 P
= 60 4 1.665 0.282 ~ 9.843 0.574

HLES, 1.868 0.242 ~ 14395 0.549

BT 0.463 0.049 ~ 4369 0.501

BRI 10.947 1751 ~ 68.424 0.010

JFFRRA 4240 0.877 ~ 20491 0.072

AEICU 16.012 2.589 ~ 99.036 0.003

3 iR

It 2 5 7 AT PR A T I AR 7 8 23R s B AV 1Y
L PR, R R B YRR Y L SR, LT
25 H 5, JoHUE CR-KP YA B, 5
PRIGYT IR R O BF98 s e CR-KP
J 8 1 AT R, BRI EE R | FET R T
A, FERE S IMEYLE . A ICU 824 B Al
A BET 0 U e, CR-KP K411
RIS 2 15 572 PR 240 B TS 24 A0 £14) B

AAFFE H CR-KP 15 fili 9 50 B AA B8 H o L B2
AE TR, 2020 4K E] 4.87%, PIRIZEHE MK
FAaEKF (10.9%) , A & FiF24 0,
Wnhvg ., )P, WA, MR R AR T
B Wz T 254685, CR-KP B 2k T ICU, X
HiEZWNEA K. ICU BT BA LR IR

GRESET . BB, Iz K igiA R
R, BEERIN T CR-KP EYLPL4s . L1 45 iR
A —T KA 4 AFIB B ITIE L, i ZE A ARy
T K 45 i 48t , v LA ICU 4R45 M CR-KP 22 4
Bl B D TR, NS o B R RO R
RS, AR R I CR-KP B I JE AT 4H W 1A
J7, BRI ERE R L. AN, JLRHMGH B CR-KP (5
bRk 13.48%, HAEB AL L, H24L
R EEMATEE, GPEHEEEE, ST
P BRI D, RS % U R IE 2015 ~ 2018
AETZRA8 RO A ek Be 22 40y LT W JER e 43 15 1 il
Ry FEAR, XS R A 25N 4.35% EFFE
19.15%, BEEK A S, XUt LR B
1)) ISP R R E T B, S0 B TR
A3 A 98 T B A R T B S AR 24
ARG K I CR-KP X 24 FEWE 11 ST 24 3 AH X
B, %o Sk AR - BTk 3 | 85 0 25 T 24 5 0 B ARG
Il RIGYT CR-KP YL, nr g e R EE % |
B KRR S FflE - B4 U A2 ), SRR 2
s AP E A4 R . SHIELDS 45 " 38 %t T
CR-KP 5 AY I MLAE , IR K ER,
HARERPUESCR . SR, PRI Ey
W B EEE ., EEESAR R, JURHRF N
MR, 4% CR-KP X ZH 8 2 1 25 %A%, (HIl R
F1 PK-PD B UESC Bh 8 R IR CA IR, HoN S
— A HA B AE RIS &2 B
# J5) (food and drug administration, FDA ) J* 2015
AR U S AOABIE - B4k (3 T8 R R G MR
i R S BAPEFT R S, CLSI M100 JR%5 H H:
SHYTN,, XL 2 R YR T IR R
TR AMIFFENE S S F A BE - B 4 B 30X #E 7 blagpe 19
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R BRI 25 AT BRI B ( carbapenem-resistant
Enterobacteriaceae, CRE ) ELAXCRPLF G TE, X2
A7 blaypy, blag 1 CRE HUHE TG MR ", 541,
XpSkfufb e . S B R R R R 2, DL 2 Fh
RS N AL 25 P AT, ST iE - BT
AT SR LA w8 B A B e i v 1Y R BEAE U X 120
Pk CR-KP #4740 IR 73BT UE S S R IE - Faf 4 [ HH
i 2558 16.67%, SAMIFREE R4 o It nT I,
SKLAARE - BT AE B AT SR AR IR YT CR-KP 8%
H—Z 2,

TR M R Ambler 028 EEN, I50 R A,
B, D =K., AR NLARWKT THM, FmiGHEH
fF5 blagpe, blagy: %, A blagpe TiATHH W, 340
)z BERIER B- NBNEEE, JnhS XA a5
blaypy, blape, blayy gﬁf, ﬁ'ﬁ blaypym H 2009 4EE[
EEWRENGE, MEESEK 2878 D 2hRmk
PUMKT, XThRTE RS BEK Ao MERAIR, deis gt N 32
EE] blaOXA-48[]7]O ARWFFE R 3/4 1Y) CR-KP 46

i AR A, 220 blagee, blaypy, M
KPC fiff . NDM /&% pi CR-KP FIrifid i) £ 26k
M, X5 ZHANG %5 U 3536 il 4 )8 A 5o
—3, B KPC B CR-KP frh WAYHR T BRI,
T sE i AT SR T LA Z2 o B A2 4 R0 T il
ALFE R RE /- B EVAH . S BE R - 4R P H A
S - P L I 2 RO

hvKP 2 fii 48 50 75 R T A2, 5 Z A
JIFER, Bow ine, BeTIEFIEM . RN, ik
RGN, AR EAEKRE 2 SRR
PR, PTEA P 2R KE, (2 H RrE = A R %
RURAIERES P BRI R AN B e 1 R AR K 2
AT a0 S5, RUSSO %5 P51 47 58 aerobaction
J& hvKP f B Z AR, IR 35 7 0 G
Fo BEAEWFIE H K 45417 acrobaction 3 A 19 fili % e
TEATE E CH hvKP™, S AHESE L aerobactin %5
PR RN 22 38 56 [ B BA 4, ML CR-KP Hfffi ik 4 CR-
hvKP, DEZEH M 2w LA & #E ], {3 CR-
hvKP e H =8 ) Fls i 25 8 A8, ™R —Fh
RAW” , X T EESE SRR, i
5% 37~ CR-hvKP B YL I PRIG AR AR, (ERE TR,
HF A A O 1 5% R 28 S A T -4 i e ) D e 17
AT R IAE CR-KP BRI &, BRI . AfE
ICU /& CR-hvKP B YL iy s 22 fa o R . Ptk 4
MR AR (NETs ) g DL AR B 4 &
FOPUE LT, TR IR EUEY), & hvKP 3
BB B EALE L TIN 45 POV 38 B IR ik
NETs 25 R A e, X Fh NETs AR R sk FE TR
A R T O R (B 5 J& CR-hvKP AL, ICU

BHERIIRIEEE, LZRAMRM L, XI5

TN T IR RIS, 5 CR-hvKP 5 7™ F g P Jk e

i SR A e ICU CR-hvKP SR 02y

AT, YU S PR E S FL A E - BT IR0 AR R

HARSRPUATETE (MIC90 < 1 pg/ml) , XA[AE

JEVRYT CR-hvKP JEYL Y BEAE e 4
LR, A2 TN UM L T A A i

FVEXERT, JULL CR-KP 22 BRIA Tk IR

HEPER T, 2 28R fh g, M

WAL GSIRYT, UM PTI98 J, X8

CR-KP [feff R H 2,

SE Lk
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