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Abstract: The detection rate of hypervirulent Klebsiella pneumoniae (hvKP) in clinical isolates is increasing. It carries multiple
virulence genes and is highly pathogenic, often leading to serious community-acquired infections. Generally, hvKP has a low drug
resistance rate and a high clinical cure rate. However, the emergence of carbpenem-resistant hypervirulent Klebsiella pneumoniae
(CR-hvKP) has broken this balance. CR-hvKP combines high virulence, high drug resistance and other characteristics, and is also
known as “superbug” . It is easy to cause fatal transmission and quickly arouses global attention. This article summarizes the

mechanism of hvKP resistance to carbapenems, aiming to clarify the formation theory of CR-hvKP, and provide a reference for

curbing the emergence and spread of CR-hvKP.

Keywords: hypervirulent Klebsiella pneumoniae; carbapenemase; virulence; resistance; plasmid

g S C FAATE (hypervirulent Klebsiella

pneumoniae, hvKP ) 2 I 20 A 3E (1l 4 o 75 11
W ( Klebsiella pneumoniae, KP) Fi7ZZ#, £
g SR, Bow iR, ReT LRI . RN,
AR 58 | TR I 5 7 R 4 2 e 1 hvKP FE P
HZS B S5 o0 XA T2 g, 3283 A
NI A AR I Y AT A R
JIFZ Bt 254 KP SN g TS5y 32,
JRAE hvKP RN RE ST, AT ZCR P ARBR S A
FPTA E DTG B s BRI EXHE ) i
B WNBENEZMAE (ESBLs) | kftli# = H (AmpC) 4%
HABOREGENE, PUEIE, ZhARI0IT 2 HiZ
LM 22y, SR, BEET ISR
FHANH 25 TR AL 376, hvKP it 25 F AW T}, 4F
e 2 IR T B 2SI 258k ( carbpenem-resistant
hypervirulent Klebsiella pneumoniae, CR-hvKP ) ,

ELWH: MEMiEH I RIE ST LT E (No.2020SZZ087)

HRMUARB AR, FERERB Ry ER, &
CR-hvKP B B EPIRIEN, #UR &Gy CR-hvKP
JE G RIA AL ) CR-hvKP FEFFE ) L T2y,
FEHOLSERR S, IR AU 2/, eS8
Y™ . g YRR S 4 52 TR 7 ARl CRE P
YR B TATIR - A s, CR-hvKP 78 [ S HH
Iz R ER) LTS, R & 7 KPC-2 B ST11
A CR-hvKP!"", JE R H AT IR S s MR TS
(IAAEREA T VE Jy ST11 %) CR-hvKP WIEEFERE, T
TR T 35 ) S DRURIi i B 0 3k DR A5 25 78 Bt AL % 114
AR U, X CR-hvKP &5 4 () P2 IR 34, s il H:
WMATEZIAREGE . R, AR SCK hKP X5k 7 8 0
KMHLRIEI R 253k, B2 CR-hvKP IE L,
w2, Mg CR-hKP (1) H B AL Rt S
1 R S S HEBI = £ 28 CR-hvKP L
T Ry M R — X B - BRI PR B B

PEH I A% (1989-) , 5B, i, EERIIE, FFRrm.: FRGHA:Y 5S4, E-mail: zhengmao322@]163.com.
BIES: 48%, FARIIE, A5 WRHCEY S5, E-mail: 676091264@qq.com.



208 AW ESLeE 5378 1 202241 1 Mod Lab Med, Vol. 37, No. 1, Jan. 2022

THE TR SRR S5 N Y B A, 428 Ambler 4329 0] Aoy
HAo R A, B, D, AKEEEHA 2R, 1
& KPC, SME #1 GES f§ %5; B K X &8 B
PN TR R R, AORS T ES R h BEE FIE T,
i IMP, VIM F1 NDM R4 ; D 2SRk < m U bR
(OXA) , Xk B M FOK M RCRAR, H PRl
dE 2577 A U ORI Ik ST T Y AR A ERIR
DNA 73¥, HA AREHIGE ST, 417w nT 8 ok ik
PEAT K32 PR B AR AR AN IR 382 45 143 hvKCP T
YL (R SRR T LU A M ORI AS B, ] L&
ki AT (In) | FEET (Tn) 8UH AR
G (1S) sl L ofF, it DNA &gk
L R B 24 JE R A ARAG B AL % 1) 4 24 oA s
T 1 FORLAE hvKP, CR-KP 128 AL, wtnl e
fii CR-hvKP G, T, BRI E N Ry s 2Rt
fB1 CR-hvKP 3, 7R R T3 0 8 1 S0 5
IR 25 R RE AT REAlE], e G Y, BT
A PRS00, TR A 0 75 B M Tl 10 = A S
3f) CR-hvKP & il i fe 22 R A, JF 2 ad DR
=P RS
1.1 hvKP K43 2% & B W B % # i 4 hvKP 7E15
F ARG L FE v, AR RAT MR b 75 B
RS SOk, I AT Y AS iy CR-hvK P, FL7E 2014 4F,
SIU 45 USURFSE 1 & B0 K2 15 7 hvKP REHE4 I
T8 pKPC-2/3 Jitki, #4509 hvKP XA B -
Bk 2y, HA AR s 8 1Ko R 20T
i JC CR-hvKP FHGE , (HAFFE & M pKPC-2/3 Jit
LR AL 3G WA 43 35 1 IR AR ARAR i 2451 o >k A
TS A — 0[] P A 5% U B EIE T X — 4
ZME R A BE R A Th 4T BS R 18 Bk CR-hvKP, Frf7
BRI AL & — A pKPC-2 JFOkL, 13Xl TR 5 v i
R HAE R, APV ERERE R
P N A0 B P R BT R AE AR, 8 hvKP AR AT BB 1
3R1% pKPC-2 JikiiEfk A CR-hvKP.

fie 5 B 4 g A0 OC 14 J52 b & i T /& IncA/C,
IncF, IncR il IncX %5, KPC, NDM F1 OXA i H
ABRICRAT IR T BRI, UG A R S AT A 1o
S TR A 7 AR IR E A7 U DONG 46 1Y
% 3 — ¥k ST11 & CR-hvKP, H 47 — 4> pLVPK-
like 5T KL A1 P A~ JE #2 A PF IncR kL, 1 IncR
JERE 8 NTEypeaq FESEH 543 A L2 H5 LAY
blagpc,o FENG %5 U 738 —#k ST36 %! CR-hvKP,
H A — A 5 pLVPK & B 8 21 A9 IncHI1/IncFIB
JRL, DA K —AN M blagee, FI IncFII ik, YUAN
4 POV 43 5 — bk ST29 % CR-hvKP, EA — M
blaypy.s B9 IncX3 ki, {H 15 E & A9 &, CR-hvKP
FE AR AN AT 48 77 B — Bl 7 B O T 4 A SOk, LIU AN

HEIDEN %5 P2 38 3% 38 1 5] Biof 48 47 05 ol 755 5 0
fif 23 % JFORE () CR-hvKP,  ij A 1 26 ik 75 25 4 T
T R 5l R AT A R AG 3, WIERR 4R T A
SRALREREME, HE— 2 R CR-hvKP [ 13, hvKP
By E TR (ST23, ST65, ST86 A% ) & ] iE
i 3K 4% pKPC, pNDM &5 Ji ki Ifif 7= A= Bk 75 B M 2%
fif 25, X BETi 25 ok AR R U T CR-KP, 26 BH i}
24 [FUkE N CR-KP %1% % hvKP. It4h, hvKP ]
A8 AR A5 by A 70U ) e i 5 0 G A A RS, 4B
MOHAMMAD %5 "% 3 38 7+ B — #k 7= VIM-2 fif§ 1)
ST23 A1 CR-hvKP, blayy, fi T TR A T A% 5
I; HARADA %5 P #iR 1 H A% — ¥k 7= IMP-6 [if§ 1)
ST23 #I CR-hvKP, R4 T 5 70 b 4 ) 7R BR AR
AT RE A B £ B 2= B PR 58 () A A AT 1 PP kA T
pIMP-6 J5i i ; BEYROUTHY % ™) 42 it v [ % bk
i pOXA-48 it 5% # 2 ST86 &l hvKP il f¥) CR-
hvKP., ftA W, CR-hvKP B R 2] RE N i
T B T Hb IR ) 25 S AN ]

it 5 20 B i 2 G PR 4L, hvKP IR RE 3 3h 3k
B 25 k. DONG %5 P 33l — 4k 7= VIM-1 i)
ST23 % CR-hvKP, % B KA pVIM-1 kL & i £
A FEH B SR AR A RS, X R W] hvKP
i3 B AR BRI RS sl 25 G o, SCB R I eIk
T B T FIBR T B 0 8 25 2 70, L1 45 P74l — bk
ZE LAY ST1265 % CR-hvKP, HHEA (i 2 Tk &
i it 1926 4 F blagp fk A B9 55 HEF (Tn6500 ) H
H 2= KA AL, KRR S B A& — R-M
R, REfRP TR AN YIE, A B T e AL G AR
PRFF S8R i i T B IR JT . D34k, 1S26 ik A]
VIS blagpe, T E IncP1 kL, 24 ST23 % hvKP
AAFIXFh IncP1 FURLI , JRbE 2 BB 7 B 05 2 it
24 B hKP IRAHRR T B M B A A TR S, 2 iE
A B BRI B R 2 SRS A A
FFER A FIAAE R P Kk, hvKP 3RS H 5
W EEgRAS BORLIS , AMO™ A mif 250, k22T A
BRI R A
12 CR-KP %43 #& % a4 hvkKP JLF-H
— KN 200 kb (1BE S Ok, A 2R
K, FxoA pLVPK kL, 5 22 3 R 5 AR AL G o ks
WFK K pLVPK-like Frkio mhFol A5 AN,
WSOk AR AR, AEA A EEEHED)
fig B WF9Y WR M4 A ook S W ) F R AE A —
LI o B B DRI R ) e 2R3 1 2 ) L 2 L i
25, 3k NFE S FORIE RS B CR-KP 324 T — Tl B
B e A B 2018 4F, Wi TT K245 it 2 B¢
ICU N % F CR-hvKP 512 [ 2 i 1 I W HLAH G
fiti 9%, Fe P2 43 HriE S22 CR-hvKP () H B0 i T



WAL I E e 53748 5 1% 20224F 1 H T Mod Lab Med, Vol. 37, No. 1, Jan. 2022 209

ST11 %Y CR-KP #4581 pLVPK-like Jii k7, #77H B
pLVPK-like JFk7 M & R 7 1 K FRE ™ R 1B B
1% CR-hvKP st e b AL 4y, WFoE A B3 k221
NG T Hrh =8k CR-hvKP, MRS B #k e [l
BT FORL, L5 —A IncHI1B/FIB # 2 11 JFokr |
—~ IncFI/R H## A pKPC-2 ik . —A4> Incll Ji
BRI~ ColRNAL B ok, AR45A- M3 1 ks S5 2
A M pKPC-2 UKL Z [B] A7 7E 11.4 Kb 119 [R] 5 X 35K,
7 B 33 P SR 7 5 e B R A R ) TR A
ST23 I hvKP [i] ST11 & CR-KP &3 B,

WHEIEOT, 8 BRI AEEE A BRI T CR-
hvKP 9 B0 S AL H%, BRI, TR DA Y 2
TEARKHEL, 2019 4F, YANG %5 B¥ WA PR 43 B bk
Hh D R — R SRR BORE (plSWZ-82_Vir)
i1 pLVPK JFUK: F9 3> 100 kb £ 14 fid i Be A =
4 M IncFIB FRLIIE B, JF HARSS & ik 5 6
R 2 CRKP o iz H A — 2 F 4 =R
HOR, K plSWZ-82_Vir Uk i i A [m] (14 7] 5
A S 25 R R B G, T AR R4 T 7 ) FE R
TRV 27 35 DR ) 45 it & AR SOR, AR R R B T AR
RORANE 3k Y B EA R, SAE%EA T pLVPK
kLA A, plSWZ-82 Vir iy H BIAR 7] BE 231 i 75
I 3 B P AL K L 2020 4F, LIU 458 B4 3E —
G R AT X ARAGPE 1M e YL (1) ST86 %l CR-hvKP, %
FMREA —A> IncHIIB 7 1 B Al— 4 blagpc.,
) IncX6 kL, J5#& il AR 22, i
HXFAA B - NBEREZE R MIC {3, 332 14 Rk
1B CR-hvKP #5747 #MJE P IncX6 Fiki, 458 T LA
5T CR-hvKP AYHEfE 7 5. HAh, XIE %5 B9 ik
TE—FHT R IncFIA J5okL, & 0T DL e 1 okl &
T —Fh e sg e AR, A i B A SR
241bp [FIR X Z (B A EE AL, = A= (0 ks o] U425
B4 B A AR, FE el i B A VE I CR-KP
Akl CR-hvKP,

— Ik [ RAFE 99 A T 2 200 £k KP LA
HAFIBTSE s B, KP L3 24 bk Fl s 25 SRR 0
IKOFSER B S B R AL B, 2 2y el
HASE 2, S5 w82 2K 3L A
R MRS, oz 3T H T SCEIR B A pKPC-2
kLAY ST11 % CR-hvKP B it £ T ST23, ST86 il
ST65 % CR-hvKP, FHH A oot (an
pLVPK ki ) M hvKP ( ST23, ST86, ST65 K% )
b2y CR-KP (ST11 A ) nJREH Mk, 52,
CR-KP FR155% 71 ity Jokr (1) v] REPEIZ =5 T hvKP 4R
AT o s AR A ks P A B
1.3 KP 3KAF 620 Al 2% F 5 5 Bl fo 2y 21 ) 09 2 5
FRk MR R R RN B ) 3 R A T IR — R

ki L, MR A SR I 2438 TR, i KP 4RA5x
Fh BoR7, 43 7 45 5 CR-hvKP. 2018 4£, DONG
A USV S5 P — Fh IR A o e b 0 TR RN R 7 T
I 4% 22 ke (pKP70-2) , pKP70-2 i ki 36 A
blagpc, Al rmpA2,  HIHER 124 G5 DX P A ot 45
H— AR DT 1) 4 1826 #4501, EL& A B4 Ha i
Y SLR T RS s A oo, FIE AR S 80k
BRGNS 208 BRI . 2 A BAAE & R
B —Fh g ks (pl7ZR-91-Vir-KPC ) , tdEsEs
P pLVPK-like FUkr FlEAPE pKPC-2 ki i 45 [7]
PRI E ARG TR, IF5 50 SN AR RS kL
SAAAAE P, FAE, 55 M X4 E —#k CR-hvKP
Pt R A TR, R A — 1 X5 pLVPK
JEOREARARL, T A A X 5 pPMK 1-NDM Jiit 4
FHERL, S UEHIERE, MR T &t
2y, XEEINAE | B R W2y Y s dsg ks
iEEREST . T 2 AR BN AE S, SR CR-
hvKP [ ERAT

W& WIS TR, Tt 2 3 DR RN 2 ) 32 R A A 3
[vi] — S bz (14 B8 Z2 MLl B2 R B . YANG 45 B 41
18 FH 1S26 A 15 B 45 5 B AR P ml A, A
T8 SR A gt R B A BN [R) R 2R A A
Ye e A X B, 3% AT fE & hvKP 55 77 5 A% 36 1 —
PR ML . TURTON %5 F20 N 45 e 75 25 M5 3 D9 7
KP 7 XU B 58 B #k (ST15, ST48, ST101, ST147
H1ST383 ) H43 B 3 5 A7 i 245 B K RN 1 R A 4%
ZETORL, X KU s RERE (LR HE blaypys 1Y
ST383 wwfEtk ) JFA &M ERHbARAR 75 ) ok, T2
A AT 2S5 10 A Boolh. Sk gehs
H R 15 2R G0 A 3 RN 24 e g R — R 4 5 2 5
FkL, IS 2238 R B AL S5 RE T,
RV BEAF i 24 35 R AN 3 Pl — Uk M [R] e B8 45 AT ]
FA) KP FERERR, 230 CR-hvKP 81,
2 hKPREBESAEMGREERNESESTH

A F: A ot (integrative and conjugative el-
ements, ICEs) f&— {7 T @ik g n] 5 30 oo
P, W EAYUAE R PE L, IF 0T eiE ALt
e 8 4y # A B[R] TR . 24 hvKP 3815 ICEs I
AP A BT R L, R BT EIE I CR-
hvKP, 2020 4F, SHEN % " i i — ¥k 7 NDM-5
fifg i) ST35 %Y CR-hvKP, % M FR1E SRRy | 8
HEFE S, IR pLVPK-like BORL, TM42AE—
ANERSE I R AR -tRNA JEF P 7776 ICEKpl 4L
O fR#E A . ICEKpl 438 = AN X, 55—~ X2k
LT HE /R AR LT 1Y = B0 5, 265 yersiniabacting
55 AN KR T pLVPK R 09 R4, G
iroBCDN, rmpA; 5 =/ X I U 45 i TV 7400 &R



210 A E R IE H37 5

%14 20224E 1 1 J Mod Lab Med, Vol. 37, No. 1, Jan. 2022

4t, WUl ICEKpl P78 5 1 Bk DI BE
SHANKAR % " | F— 2 3F 5 ST23 A hvKP 17}
25 AL B A2 4 e ICEKp O BKEh, e it 24
B AFE T R, hvKP — HARAS 4641 it 25 7T
G eSSl NE RS iy T w13 A S0k STy T
R ELA RS RE 7 DXORUHTIR 245 2 A5 X R B 5k
3 hvKPIMRALERRIEKT=EMZARE
AMEEFLEE H (outer membrane protein, Omp )
JEFH LB AR AR, & — i 2 AL
B H AR KD BOEE, R E NS T
gk, PrAZ%) #ad. X B - NEHEEES AN
LR AL S 25 S, SEOMIRALER s ok
&K, BT N A E M BUE R B> TEIG RS
BIRRAEBIJE S ESBLs RIBAT BB, H & BLAMIKAL
A FIA WA, hvKP 7ML EE A OmpK3s,
OmpK36 Fl OmpK37 %%, H 1 OmpK35, OmpK36
SN % AT 2 i £ B A AN FL AR 1 .ZHANG 45 1
FE—5rp A TR AR A o, TR AR o it —
AR NGT IV B2 5 B o FEE T 245 119 hvKP, 33X R 1 IR
iH Y CR-hvKP, Ff1iF 52 H i 24 #L | 24 OmpK35,
OmpK36 FEikFEE L ESBLs 74k . RAFIQ 4 7 4
TEENEE —#k CR-hvKP FY5E LR 4141 (U25)
AR BT BRI, (HAF7E OmpK36 287%
WIRFLH R T TR 25 AHER L, Tok B sk

J& hvKP 7 A Bk 5 0 S I 25 19 £ 220, (HIFAE
g At o

4 hvKP EMEZRENTEMARE

PrAEFR A & LIOR & 45 2 T ] B AR B
FH, (B4t ] il 2 e R oA = AR i 2 P, X
Tl RS 245 1 5 72 30 5 % A 7 2 s 200 T AR Ty i 1)
WL, FEPUAERMIEN A EAEF. SR,
Y P SR ] DIl SRA A v e AR ke g kb, L H:
JE R HAE MK MR e T oA K 25 A0 3 I
PEREAS, DTS i 251 2 8 A 4% Y. ZHANG
S AR B £ 0 TR 143 B MR R R R B 0 2
TURK Y ST23 7 hvKP, 24 8 fif FH W i 15 A 1R )7
BOKRIG, BB Y ST23 A hvKP £ X6 B 75 25 15
M2, AJG 5> RO AL, B9 2 10 i 855
M A REVE S T hvKP ffif 25, SIMNER % B i it —
191 PRI 1 SRR I T B R, PR32 5 R R YT
HATE), 235 A I35 7R A e B AURR Y ST23 7Y hvKP
X Wk B M S B 245, T 2 7 A2 U5 T ISEcpl -
blacrgns 8 5Ll OmpK35 25 3%, LA & 4e o 1k |-
mgrB LR RAE; HAh, hvKP 7EBEA T Bipg ek
FE TG B0 T ASBEIR IR 75 B ST 25 280, U]
Ptk R 1520 T hvKP it 25 5 R A4 SRR 252k
XU R I PRYVA YT hvKP YLy, i i e £k

RIS PR R, B 25 /9 CR-hvKP

P

5 INERRE
1 AR RIS TR 2 E 2L R — AT

SR, (TR R AR TV S T 24 TR

W, BT BRI 2 PNRT T RICH AR, ik

I R G677 T RE I I T 25 AT i R85, 2

4> hvKP iiif 2 ik R ff e g Rl R i 24 JSORE 55 35 ) ot

KA AR A S0 T BRI A, 59K 23 i CR-

hvKP 1B 2 AR hvKP 895 AT

MK, BR T S0 R S R, R T

hvKP X5 5 B2 M 25 AL, XT38 ] CR-hvKP (1

Hh R N A R A RAT BB R IS R SRR AR

FnT BELAM G LA A 2m 1, SEBDIWT CR-hvKP

B AR, LRI B XS CR-hvKP 1415 504t

EEE 8

B3k

[1] CHOBY J E, HOWARD-ANDERSON J, WEISS D
S. Hypervirulent Klebsiella pneumoniae - clinical and
molecular perspectives[J]. Journal of Internal Medicine,
2020, 287(3): 283-300.

[2] MARR C M, RUSSO T A. Hypervirulent Klebsiella
pneumoniae: a new public health threat[J]. Expert
Review of Anti-Infective Therapy, 2019, 17(2): 71-73.

[31 WYRES K L, LAM M, HOLT K E. Population
genomics of Klebsiella pneumoniae[J]. Nature Reviews
Microbiology, 2020, 18(6): 344-359.

[4]  BUHENG WA BIMPR R SRR R R Bk

TR 25 B 0 98 s T A B AR SN 5 25 B0 5
], BRI BE 22435, 2021,36(3):113-117.
JIA Yanzeng, SHI Dongyan. Tigecycline in combination
with commonly used antibiotics against clinical isolates
of hypervirulent and Carbapenem-resistant Klebsiella
pneumoniae in vitro [J]. Journal of Modern Laboratory
Medicine, 2021,36(3):113-117.

(5] SOHaNY, DRt WREE, AF. BRI REGTI 2GR Il
28 5 TP TR ) S 56 28 F 5 2 A5 i R U A DG A sz PR
O (1], BUS SRR 2RiE |, 2021,36(1):112-115.
JIA Yanzeng, MA Yulan, CHEN Ying, et al. Laboratory
study and analysis of risk factors associated with
clinical ouecomes of hypervirulent and Carbapenem-
resistant Klebsiella pneumonia [J]. Journal of Modern
Laboratory Medicine, 2021,36(1):112-115.

[6] ZHAO Yajie, ZHANG Xiucai, TORRES V V L, et al.
An outbreak of Carbapenem-resistant and hypervirulent
in an intensive care unit of a major teaching hospital in
Wenzhou,China[J]. Frontiers in Public Health, 2019,
7(5): 229.

[7T ZHANG Xiaotuan, OUYANG Jinglin, HE Wenwen,
et al. Co-occurrence of rapid gene gain and loss in
an interhospital outbreak of Carbapenem-resistant
hypervirulent ST11-K64 Klebsiella pneumoniaelJ].
Front Microbiol, 2020 ,11:579618.

[8] GU Danxia, DONG Ning, ZHENG Zhiwei, et al.
A fatal outbreak of ST11 Carbapenem-resistant



BUARKS B 2 27 2% 35

537 %

5 1M 20224E 1 H T Mod Lab Med, Vol. 37, No. 1, Jan. 2022 211

[12]

[13]

[15]

[16]

Hypervirulent Klebsiella pneumoniae in a Chinese
hospital:a molecular epidemiological study[J]. The
Lancet Infectious Diseases, 2018, 18(1): 37-46.
BANERJEE T, WANGKHEIMAYUM J, SHARMA S,
et al. Extensively drug-resistant hypervirulent Klebsiel-
la pneumoniae from a series of neonatal sepsis in a ter-
tiary care hospital, India [J]. Frontiers in Medicine(Lau-
sanne), 2021,8:645955.

ZHANG Yawei, JIN Longyang, OUYANG Pengwen,
et al. Evolution of hypervirulence in Carbapenem-
resistant Klebsiella pneumoniae in China: a multicentre,
molecular epidemiological analysis[J]. The Journal of
Antimicrobial Chemotherapy, 2020, 75(2): 327-336.
ZHENG Beiwen, XU Hao, LU Tao, et al. Stool
samples of acute diarrhea inpatients as a reservoir
of ST11 hypervirulent KPC-2-Producing Klebsiella
pneumoniae[J]. mSystems, 2020, 5(3): ¢00498-20.
HANSEN G T. Continuous evolution: perspective on
the epidemiology of Carbapenemase resistance among
Enterobacterales and other gram-negative bacteria [J].
Infectious Diseases and Therapy, 2021, 10(1): 75-92.
PARTRIDGE S R, KWONG S M, FIRTH N, et al.
Mobile genetic elements associated with antimicrobial
resistance[J]. Clinical Microbiology Reviews, 2018,
31(4): e00088-17.

LAN Peng, JIANG Yan, ZHOU lJiancang,et al. A global
perspective on the convergence of hypervirulence and
Carbapenem resistance in Klebsiella pneumoniael[J].
Journal of Global Antimicrobial Resistance, 2021,
25(4): 26-34.

SIU L K, HUANG D B, CHIANG T. Plasmid
transferability of KPC into a virulent K2 serotype
Klebsiella pneumoniae[J]. BMC Infectious Diseases,
2014, 14: 176.

CHEN Yahua, MARIMUTHU K, TEO J, et al.
Acquisition of plasmid with Carbapenem-resistance
gene blay,c, in hypervirulent Klebsiella pneumoniae,
Singapore[J]. Emerging Infectious Diseases, 2020,
26(3): 549-559.

KOPOTSA K, OSEI S J, MBELLE N M.
Plasmid evolution in Carbapenemase-producing
Enterobacteriaceae: a review[J]. Annals of the New
York Academy of Sciences, 2019, 1457(1): 61-91.
DONG Ning, LIU Lizhang, ZHANG Rong, et al. An
IncR plasmid harbored by a hypervirulent Carbapenem-
resistant Klebsiella pneumoniae strain possesses five
tandem repeats of the blaypc.,):NTE ypc)-1d fragment[J].
Antimicrobial Agents and Chemotherapy, 2019, 63(3):
e01775-18.

FENG Yu, LU Yang, YAO Zhihong, et al. Carbapenem-
resistant hypervirulent Klebsiella pneumoniae of
sequence type 36[J]. Antimicrobial Agents and
Chemotherapy, 2018, 62(7): €02644-17.

YUAN Yi, LI Ying, WANG Guangxi, et al.
blaypw.s carried by a hypervirulent Klebsiella
pneumoniae with sequence type 29 [J]. Antimicrobial
Resistance and Infection Control, 2019, 8(1): 140.

LIU Yang, LONG Dan, XIANG Tianxin, et al.
Whole genome assembly and functional portrait of

[22]

(23]

[24]

[25]

[26]

[27]

(28]

(29]

[30]

[31]

[32]

hypervirulent extensively drug-resistant NDM-1 and
KPC-2 co-producing Klebsiella pneumoniae of capsular
serotype K2 and ST86[J]. The Journal of Antimicrobial
Chemotherapy, 2019, 74(5): 1233-1240.

HEIDEN S E, HUBNER N O, BOHNERT J A, et al.
A Klebsiella pneumoniae ST307 outbreak clone from
Germany demonstrates features of extensive drug
resistance, hypermucoviscosity, and enhanced Iron
acquisition[J]. Genome Medicine, 2020, 12(1): 113.
MOHAMMAD ALI TABRIZI A, BADMASTI F,
SHAHCHERAGHI F, et al. Outbreak of hypervirulent
Klebsiella pneumoniae harbouring blay,,, among
mechanically-ventilated drug-poisoning patients with
high mortality rate in Iran[J].J Glob Antimicrob Resist,
2018, 15:93-98.

HARADA S, AOKI K, ISHIT Y, et al. Emergence of
IMP-producing hypervirulent Klebsiella pneumoniae
carrying a pLVPK-like virulence plasmid[J].
International Journal of Antimicrobial Agents, 2019,
53(6): 873-875.

BEYROUTHY R, DALMASSO G, BIRER A, et al.
Carbapenem resistance conferred by OXA-48 in K2-
ST86 hypervirulent Klebsiella pneumoniae, France[J].
Emerging Infectious Diseases, 2020, 26(7): 1529-1533.
DONG Ning, SUN Qiaoling, HUANG Yonglu, et
al. Evolution of Carbapenem-resistant serotype K1
hypervirulent Klebsiella pneumoniae by acquisition of
blayy.-bearing plasmid[J]. Antimicrobial Agents and
Chemotherapy, 2019, 63(9):e01056-19.

LI Cuidan, MA Guannan, YANG Tingting, et al. A
rare Carbapenem-resistant hypervirulent K1/ST1265
Klebsiella pneumoniae with an untypeable blaypc-
harboured conjugative plasmid [J]. Journal of Global
Antimicrobial Resistance, 2020,22:426-433.

YAN Rushuang, LU Ye, ZHU Yiwei, et al. A sequence
type 23 hypervirulent Klebsiella pneumoniae strain
presenting carbapenem resistance by acquiring an
IncP1 blagpc, plasmid [J]. Frontiers in Cellular and
Infection Microbiology, 2021,11:641830.

LONG Dan, ZHU Lanlan, DU Fangling, et al.
Phenotypical profile and global transcriptomic profile
of hypervirulent Klebsiella pneumoniae due to
Carbapenemase-encoding plasmid acquisition[J]. BMC
Genomics, 2019, 20(1): 480.

YANG Xuemei, DONG Ning, CHAN E W, et al.
Carbapenem resistance-encoding and virulence-
encoding conjugative plasmids in Klebsiella
pneumoniae[J]. Trends in Microbiology, 2021, 29(1):
65-83.

RODRIGUES C, D'HUMIERES C, PAPIN G, et
al. Community-acquired infection caused by the
uncommon hypervirulent Klebsiella pneumoniae
ST66-K2 lineage[J]. Microbial Genomics, 2020, 6(8):
mgen000419.

DONG Ning, YANG Xuemei, ZHANG Rong, et
al. Tracking microevolution events among ST11
Carbapenemase-producing hypervirulent Klebsiella
pneumoniae outbreak strains[J]. Emerging Microbes &
Infections, 2018, 7(1): 146.



212

BUARHS Br 2 27 2% 36

37 %

i 202241 A

J Mod Lab Med, Vol. 37, No. 1, Jan. 2022

(33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

YANG Xuemei, WAI-CHI CHAN E, ZHANG Rong,
et al. A conjugative plasmid that augments virulence in
Klebsiella pneumoniae[J]. Nature Microbiology, 2019,
4(12): 2039-2043.

YANG Xuemei, YE Lianwei, CHAN E W, et
al. Tracking recombination events that occur in
conjugative virulence plasmid pl5WZ-82_Vir during
the transmission process[J]. mSystems, 2020, 5(4):
¢00140-20.

LIU Zhou, CHU Wenwen, LI Xin, et al. Genomic
features and virulence characteristics of a Community-
acquired bloodstream infection-causing hypervirulent
Klebsiella pneumoniae ST86 strain harboring KPC-2-
encoding incX6 plasmid[J]. Microbial Drug Resistance
(Larchmont, N.Y.), 2021, 27(3): 360-368.

XIE Miaomiao, CHEN Kaichao , YE Lianwei et
al. Conjugation of virulence plasmid in clinical
Klebsiella pneumoniae strains through formation of a
fusion plasmid [J]. Advanced Biosystems, 2020, 4(4):
€1900239.

WYRES K L, WICK R R, JUDD L M, et al. Distinct
evolutionary dynamics of horizontal gene transfer
in drug resistant and virulent clones of Klebsiella
pneumoniae[J]. PLoS Genetics, 2019, 15(4): e1008114.
DONG Ning, LIN Dachuan, ZHANG Rong, et
al. Carriage of blagpc, by a virulence plasmid in
hypervirulent Klebsiella pneumoniae[J]. The Journal
of Antimicrobial Chemotherapy, 2018, 73(12): 3317-
3321.

XIE Miaomiao, YANG Xuemei, XU Qi, et al. Clinical
evolution of ST11 carbapenem resistant and hyperviru-
lent Klebsiella pneumoniae[J]. Communications Biolo-
gy, 2021, 4(1): 650.

HUANG Y enhua, CHOU Shenghua, LIANG S W,
et al. Emergence of an XDR and Carbapenemase-
producing hypervirulent Klebsiella pneumoniae strain
in Taiwan[J]. Journal of Antimicrobial Chemotherapy,
2018, 73(8): 2039-2046.

YANG Xuemei, YE Lianwei, LI Yi, et al. Identification of
a chromosomal integrated DNA fragment containing the
rmpA2 and iucABCDiutA virulence genes in Klebsiella
pneumoniae[J]. mSphere, 2020,5(6): e01179-20.
TURTON J, DAVIES F, TURTON J, et al. Hybrid
resistance and virulence plasmids in"High-Risk"clones

[43]

[44]

[46]

[47]

of Klebsiella pneumoniae,including those carrying
blaNDM-5[J]. Microorganisms, 2019, 7(9): 326.
LAM M M C, WICK R R, WYRES K L, et al. Genetic
diversity, mobilisation and spread of the Yersiniabactin-
encoding mobile element ICEKp in Klebsiella
pneumoniae populations[J]. Microbial Genomics,
2018,4(9):e000196..
SHEN Zhen, GAO Qiangian, QIN Juanxiu, et al.
Emergence of an NDM-5-producing hypervirulent
Klebsiella pneumoniae sequence type 35 strain
with chromosomal integration of an integrative and
conjugative element, ICEKp1[J]. Antimicrobial Agents
and Chemotherapy, 2019, 64(1): e01675-19.
SHANKAR C, JACOB J J, VASUDEVAN K, et
al. Emergence of multidrug resistant hypervirulent
ST23 Klebsiella pneumoniae: multidrug resistant
plasmid acquisition drives evolution[J].Frontiers in
Cellular and Infection Microbiology,2020,10:575289.
ZHANG Yawei, ZENG Ji, LIU Wenen, et al.
Emergence of a hypervirulent Carbapenem-resistant
Klebsiella pneumoniae isolate from clinical infections
in China[J]. The Journal of Infection, 2015, 71(5): 553-
560.
RAFIQ Z, SAM N, VAIDYANATHAN R. Whole
genome sequence of Klebsiella pneumoniae U25,
a hypermucoviscous, multidrug resistant, biofilm
producing isolate from India[J]. Memorias Do Instituto
Oswaldo Cruz, 2016, 111(2): 144-146.
DURAO P, BALBONTIN R, GORDO L Evolutionary
mechanisms shaping the maintenance of antibiotic
resistance[J]. Trends in Microbiology, 2018, 26(8):
677-691.
ZHANG Rong, LIN Dachuan, CHAN E W, et al.
Emergence of Carbapenem-resistant serotype K1
hypervirulent Klebsiella pneumoniae strains in
China[J]. Antimicrobial Agents and Chemotherapy,
2016, 60(1): 709-711.
SIMNER P J, ANTAR A, HAO S, et al. Antibiotic
pressure on the acquisition and loss of antibiotic
resistance genes in Klebsiella pneumoniae[J]. The
Journal of Antimicrobial Chemotherapy, 2018, 73(7):
1796-1803.

WFs EE: 2021-07-11

fEEIBHA: 2021-08-19

(L#EgE 189 1)

[16]

[17]

TAMAM Y, GUNES B, AKBAYIR E, et al. CSF levels
of HoxB3 and YKL-40 may predict conversion from
clinically isolated syndrome to relapsing remitting
multiple sclerosis[J]. Multiple Sclerosis and Related
Disorders, 2021, 48: 102697.

LTV G2 okaE . RS A8 LIS YKL-40 5
TR o D RERY A2 b B 2 SC D). P AL
2017, 19(4):60-64.

MA Weiyin, PENG Shao, ZHANG Ting. Changes in
serum YKL-40 level and humoral immune function
and their significance in children with recurrent
pneumonia[J]. Chinese Journal of Contemporary

Pediatrics, 2017, 19(4):60-64.
VOLCK B, PRICE P A, JOHANSEN J S, et al. YKL-
40, a mammalian member of the chitinase family,
is a matrix protein of specific granules in human
neutrophils[J]. Proceedings of the Association of
American Physicians, 1999, 110(4): 351-360.
LEE C G, HARTL D, LEE G R, et al. Role of breast
regression protein 39 (BRP-39)/chitinase 3-like-
1 in Th2 and IL-13-induced tissue responses and
apoptosis[J]. The Journal of Experimental Medicine,
2009, 206(5): 1149-1166.
Wis B HE: 2021-03-11
fEEIBHA: 2021-05-13



