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Abstract

The global prevalence of hypervirulent Klebsiella pneumoniae (hvKP), a highly invasive strain of
Klebsiella pneumoniae (KP), has led to its widespread distribution. The heightened virulence of
hvKP enables it to persist in immunocompetent populations, resulting in severe invasive infec-
tions such as liver abscess, endogenous endophthalmitis, meningitis, and necrotising fasciitis. De-
spite aggressive treatment, many patients experience irreversible catastrophic disability, leading to
a poor overall prognosis. This review discusses the clinical manifestations, infection mechanisms,
risk factors, clinical diagnosis and treatment, and prognosis of various types of invasive infections
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caused by hvKP, summarising the experience and providing ideas for clinical diagnosis and treat-
ment, with a view to improving the prognosis of patients with hvKP.
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1. hvKP BRITIRE

iti 98 ve 55 fH 18 (Klebsiella pneumoniae, KP) & —Fh ¥ 22 [RAMENL S EOR B, T 1882 FE# B ikdkiE, #¢
FZE NI B XM AT e T NI S0 B Wi S DR R AL, RIS 7E I3 REAE . K.
RIT R IZAFAE[ 1] AT 5 S PR A By, Gtk FhR gy Mg, JRE®EG. F
AREBOLEGLAE2], PO F R E . BEARWT TR, ARPE P4 R A B, KPR B R T A
21%~42%2 [81[3]. H#l, 24l 25 5 55 A B (cKP) Al = 8% 1 fiti % 5 75 1 B (hypervirulent Klebsiella pneu-
moniae, hvKP)/2 KP 7E2ERAERE I £ BB AL, oKP il KA TERITHY, %S DhReK T 1E
EAERE B F N T ER G NTE[4], T hvKP FRGUlE R AETAHX Y, B 7 IrEERE, SRl
REIE W SIS T R [5]. 1986 4F, SIEHLIXHRIE 1 — il /il 4 v 75 111 1 kM (K lebsiella pneumoniae Liver
abscess, KLA)E &, FEAWIMEME S . BISIBRM . AIRYERR 28 S5 AR T AORE,  BARE I RRAR R iR
YT, AHBFRAATIAHIL T RM6], XTI T iR — Rl KR B AR O, IR E A N —
FOMRE FIE R JFAA,  Hom s i@ S BOtEe . R B e S e (7] (8] [9]. fEd R =+
R, HASHIRIEBCREZ K hvKP, s EEE R TR, BT ANORsitEmEn, hvkp
RO SRR P 10]. BRERS 5] R AE HE NG I P EEAR 2R R gy, A o e b . A R
g MR 28 . BRIME . PREGIERGLEE[11] [12] [13], Ho] 518 2 AL A BTGy, G PR BRI %8 w1
H1R 2245 B 1iE(Klebsiella pneumoniae invasion syndrome, KPIS), ZET-REZEWIN[14]. EFHET hvKP
PR FE T, BRI SR A B ) AR AL R LI BA SR AR R I B, AR T AR ARGE T
K2 0T kT B I PUAE R 2451 hvKP, Aok 72 NFEVEEIHRER[15]. AZRIR L hvKP 2 28 1 GLAH K
W AT B4, NIRRT S0y T S gt K

2. hwKP B HEE

KP RIUWURKFG 7, IR, IR0, SaAMp 6, KRB FEA [F 22 0
EAFRIER16].
2.1. KPR

JefSE KP R Z R, MR RS R 2R %, FR8 K DU, & KP M RER %,
EARIE, EAA 79 R KP SERE ISR HRIE[17]. hvKP BHGESE N K1 B5 K2 Y, ‘S 1#2 KP $
e ) SRR, PRGN AR AR, W TE 2 g% R R T RE AR LA SRR M HEHT /1[18]:
W HE K5.K20. K54 F1 K57. 5 cKP ML, KZ3 hvKP I H FEHRERL, H c-rmpA. c-rmpA2. p-rmpA .
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p-rmpA2 Fl wzy-K1 22 N8 /1R, [FES hKP EEUREASR[17]. Bt G D35 KP % &
K =S, CG23 REE WML R, 4% ST23. 26+ 57 M1 1633 2541267 [19], Hrf, ST23 HFk
TR E B, H 5 K1 SRR K A2 28 M RGeS U1 5<[20], A& H AT & 3 S AL hvKP E#E[21].

2.2. BE%¥E

NG B HTIE R A SEREARZ 0N O BURZHEG, M ONFTA 422 IREAVE T (B 45 cKP Al hvKP) I N FE 3R
O fula et LA RBARINE — DT, WEGHMARD C3b, RYIEEAGZAMEN FHRT, [
It JONE S ML) SEGE 7R  O M A 22 /0 8 B, Jorb O1 HUEAE KP HE N H WL[1]. Lugo JZ 55 A
WHFEHRH, O1 HUEFHPER) K2 A KP of, O Hp i wl i iad ) 553 L0 40 B v A0 A e 30F T ILAE AR TR PR 38 55
PR B P MEBEE[22], (HEET, MABEIER] hvKP GRS 4 K5 2 082 75 78 e e 7 (1078 e AT B
e

2.3. BkEE

BRICE A KP AEF AN ST Z AL AUeR, RHEFBIREME R, KP w2 WgkEA, SHshm
YRGS G, JFEFTEAGR[23]. AT RIR A KP RO BRER, {E KP H LA AE . Hika il b
T HURBAFE R SRR, R, 5 cKP AL, hvKP MEREARIETEEER T 6~10 fi[24],
KSR 1A A BE ST, 7 hvKP /3 0 0 H E R R 2K [ 10]

24. BE

KP FIERA | BRI 3 BUBE, v BhaH RGP AErS 3R . AR FIEM, 3 B 34
VIR R, A B F 3TN s i 25 A eE 77 [RIE, AR ris et 32 B oc R 2 1]. 78 hvKP
NTUH-2044 [FEHRHS, %5E 7 7 M EERZE, Bl kpa. kpb. kpe. kpd. kpe. kpf Al kfg, Ff H.
Kpe B E5 K1 [M7E8 hvKP & FHKE[10].

3. hvKP BRpfB e FE &

hvKP W] R AT ThRE IE 5 (B AT, (EFEmATS . BEPRG . MR . AP RGe 12 fH %8
PEITE 5 Dy Re st LA S 252 K R VR TT B e e D Re 24 (83, hvKP B GL XS o, FiERt A 22 30 1)
1REMBEYE LT, H 98%IMIRZEFE RIS hvKP i FEAH K = AR AL [25]. hvKP 5] #2[1) KPIS
BRI TR G M, A LIS, IRk —DI iR, HIET- &S 14% [26].
WP e P i B RN R, FEARRGRE: (1) KA DREKT S 800 % ThiEkEig; (2) i
B2 30 o R A PR IRORG B  EAFI TR D e, SR e DA (3) AR AS BUE Bl AL, S5
JE B ZH AR AR, ol i AR K RSB B ER AL T B RIS 2F[27] [28] [29]. THAEMEREATESF, hvKP (1B 2
5 RS B S AR DR [30].

4. hvKP REM BRI R

hvKP 5 5liEZ 28 My, HoRe 2 ARk e ny, FEARE RN, FEhE. B, ROMReE2E, {Hib
A BE ST I HE M G AL B S ACAI[31]. B AT TR GRS T G RE AL e AT e ek P A R P 48 ol 4%
IRBOMH: i 8 45
4.1. {LRRE BT AR B

JYT M e 2 B DL PR R I i 22—, fa B IR R PR« ITRER . B ZE[32]. H 1986 iRk
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T hvKP S E AT AR G LK, hvKP C A EEMEORE . 51550 2 M ms g m)
AEHRPEF IR ASTE], hvKP AR PE T R i U F-#82 BR AR AR 0 k(33 ] hvKP AR 14 ATk e 18 /0t 300 AL
PEIR GBI T RRCRUR I e, AT AL I B4 A LA SR T Bl kP af it i e L AL () R 4 A [ 34]
AN, TN RAREL S FE B, hvKP AL 2 i SR S AT AR AP [35]. 58 E A — TR 7T
IR, R 1175 i 3SEREAT, A 248 17(21.1%) 50 B KP, b 23%24 K1 L& AY[36], hvKP 1R ] fEidE
T IR R FR B TR IR e B I TE e MG, o I W TE B A2 NI o hvKP AR 1 Bk Jiee i DL PRI PR R A
Ak, SRR, 2. MR C SN R FRVR A R R B T DU T REAS O E L
[37]: #BFH 2 BIRr, RIWNHR 2l SVEIPU[38]. BEIRIFAE hvKP A R i BH % ) fes
WA, [FI SRR R A A [39], 5~6 cm R/ FR R ik 13 Al 11 B 2 s g M e e s 1) B B
SETRIN R 2R [40] . 45438 , hwKP A0 R b b S PR B 1R R A 20 28% [41], 5 WL I IEAE S A B 45 R (HR
W9 FIEI S IOIige . BRI X RP e RGLCELAEMME A o i i b FOE FEE AR ik iy, A5 SR R I
T B () R BRI A SRR L R A%, SRAE M A I A8 S [42] 0 AN, UTAESR— T 77 45 I R 5T 48 HY T hvKP
A JHe 1 A b 5 2 7 B R SOV LI AR I AT REME[42] 0 55 = AR I B R 2R 25 2 hvKP ALk BT b i i
ITHME G R 25, {HHT77 ESBL (Extended-spectrum fS-lactamase) B #k AR SEII N,  S- N B IESS/6- 4 Tk
BRI A FH 25 U i kil 2, DA77 BSBL B AR IOTAT[43]. 105 F45 77 ESBL B A/
Jermfa R RO NEE,  TEIRIU A (8 o 2 S 2 B0 4 R, AR RS SRR =, ARG
FET-2R[44]. 28 K F IR 2 il 51 i H Arde vz B R aia 7 7 2, M TS F ARG, HEA
FRRIST 2L, FAERERS A R, I AORE KA e Sy T O AR [45] . aE4Ek, v B — TR AL =] v A 7
FBH, AR 51 AT T 5 FLAE T R B A S B R R [46], HX T2 R MR, 2850 51 i 2%
TR R[4 W22 RAMERRI . ToiEZE M BRI . S B0 IGTT A B 515 A AE IR FRRE I 5 .
ZLVERRIM, ATHEEE T AR T T[48].

4.2. FEMIRAR

HAT, hvKP #iAR =& WIEPERR P9 28 i F BRI, 22 4k R TALIRVE I I i R A 1 e, hvKP fb ik
PE AT Al Fof b P A BIR P 28 PRI SR AE 3.4% 1 12.6% 2 18], 230 i Ja B T AN AT I 5 A0 11 2 [49]
[50]. [EJH, FFAPFAFAL I ERYS, EFEIR IR G Ml B St 2 % LR R[5 1] [52]. S FhikiE &
B, K 20 R AT TR AR S IR R I 2 S TR R AR DGR B[ 53], H kA
HRYEMR R T A OC. BEGE BN, T A T k. MR HENG 5 423 58 . DU 28 FLAF IR IR R I
(51 BEPRIA L HE 7 AR 2 B0 0w 5 VRV IR PN 28 IR SR B INAH G, (B H BT AH B i
ANERA[54] [55]. HRFAGEAS . CT A MRI A 254 BT W VRPEIR N R 2, o5 KNSR 44 28 il L 2x 3R
R AR . A EE S I NURVEIR A R, N &R TR RAER N ZENE, BEACKAE R A
AR NIRTT BB IE[56]o BEREMR IR HUAE RT3 I B AR LR A M A0 ML 2, H T HETER 3 25 e 4 Sk 1l
flng . BOK-RE . T HmREST]. Aoh, BEEYIBRAR — Rl ik £ 006 y7 7 %, A H AT TG EH
(RIS ATL RO RERE WA PHURPERR P9 & B TG 22, Ang S8 NIRRT, ST T R 100
7, BT 76% M EE LT MRk, H 2T EATIRERERAS8].

4.3. PRRER

FE DX SR 5 28 2 K P /20 I35 AE, ELZE hvKP AR FFF e i e o, I 8 2 3 o LR 3
JEZ —, UHEMEESIFPREI[59]. JEIRE, hvKP BY R GV HE X IR PR IR 4 10 £ ZR A, 58
T2263K 30%~40% [31] [38]. 24 hvKP BFH IR MIER R, BEPTEWRZE, FESRMRE. U k.
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Wi A A 55 SR BUE[60] [61]. BRACHNERTRRAT 24, BEIRIE . ERG PERT AL AR AE hvKP i 28 (14 f s DX 2
[14]e A SR ELATRE MR ZS 10 A2 % WK IR PRAR B, (EIFARTA 8 1 & [RII H B = SR ARk
[62]. MRS AW H ATAFAE SR, IR Z WA 2 WIS IISET R, REIRIT ST RATIE 70%
[63], EAREIRIA WO VE T4 55w fE R R RO 28 je 3 ISy, S FEMRBEIRAE R hvKP IR G [
KPIS FfAMAHR A o BEAE K BIRIESR B, hvKP 5 58 2 R AR = IR R R KT (617, B
FRIGBY 2. ™A% 0 U 1] f 5 B PR 3N 2 i 5 IR YT U7 58 (HLH AT IR K B R

4.4. SFFEIERRBRAE

INTCPE I 98 J2 — PP A SUR MR, P SBUIREIUIE . &5 2 285 D) st 3 v A 7E M Bdn 46 =
[64]. A B FUAR Y, AHETAIR I FEBR B, hvKP 51 ISR FEVE i 155 98 LA 3 m RSB T2 28, i 27%11) hvKP
INFENE 3 R 9 TR ) A AT S AL R T B, F05 K BY B PR FE A DR [65] . SRAEM: 7 L 4% 11 e [ R 25 . 45
PRI ABPEBRT . bl ERAR . S, RS ARTR A AR R, B, A0 E I
BRI 1B TEE DR e . S RGUBIN . SLUEAE[64] IRBEIE I R IHTAGREIR 2 0 JR #B AL ik 55 R
il R, #— P IR S AN B, FER P PR B MUAE A SGARAE, a4 £ R A
OB IEEE[66] [67]. INFEME R 28 I F IS B R A, 8@ G R IZ B F RIR A 2 Wi[68]. &
B EM SRR 5, Hsg B2 A BN TERY, AT TR A gt — D s W, 1R SRR 2% A
N, R EA—A 2 3 3 ORI D BRI, A DA WSO E R, T BE SR R IR SR A
g, M—HEEHE, FIALRMEMPUERIGT UL IEH S FARGOAE BT 5 B s, K
BB RS 50T % [64].

4.5. HARMERIREE

PO AR 2852 hvKP ABR PR (R 5 L IF A0, 2 — A& I E M ke 7 P S B, 38
PR R R R G AL i KR A AN Tk AR S8 51 A 4 B VA ZE (691, PRV & H M a2 [ 70]. 1t
FHRAPE i 2 f5 DL ) I R R BN A S PR SUE s 5 W DL R PR R PR R AR L, R Z e 5 [69]»
VB NS WA AR R A o ALk ZEE 8 CT e WA AR 2R BLEEE: (1) U2 RSN S5 (2)
B () RIEEEIERIE: (4) MEBUE71], 28 m BRIk ML AR 280, T e
fi#E CT K AR I JadRkiE, 2 hvKP ALIRVERTRE JE & IR AR MERT IR, FLAETHRIE 12%, SET2H
5 PR] 2 g P 3 v 5 SR AR Te [37 ] AUBRTE TR JE VR T LA I P N T, R VB PiAE R
FRTTRIINE, ARURK SH BH P 1 5% R 45 SR FT RE s JE o I U [72]

5. BB B hvKP BRIT

2% T 24 il ¢ 55, 75 1H 18 (Multidrug-Resistant Klebsiella pneumoniae, MDR-KP)5 hvKP PAAE# A A A&
FOASE R BRI, AT RV 7t FAT, BL ST258. ST147. ST101 &5 52K N+, FHER T,
JEHSE AR IX AT, LA ST23. ST65. ST86 &5/ 7 FIKAIN (73], SR, UTAFRIBLT —Le® Hif 2w
73 7l 7% 70 75 19 B (Multidrug-Resistant hypervirulent Klebsiella pneumoniae, MDR-hvKP)fJFRIE[74], PiFp
S EL R KP B ik 2 1F) F A PR IEAE BT 2%, MDR-hvKP [R i RI0H &8 ) fk T 2 6 251 2 = 7Y,
B SECARHAE A LAY E Y, HET, MDR-hvKP G £BRVEE A HAT, X AN L P4
BT BRI B 75]. MDR-hvKP [T 256 4G : (1) HBRA Y RIS EmE =4 () SMEE R
BT (3) YMEFLE R IA M S BB 25 [76]. MDR-hvKP 38 % 51 2™ 51 22 G 3RS M B e, Res#E
Z R RIS T T B i A EE, KK RE I SRR ST RENIRIRG R, &
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IR A RS B BB 2 I BI6 7 7 %, - TR/ B- P Tk i g 48, A 4l 771 (S 7 Atk g /R 44 B2 4H)
W —MESENBRTE[TT]. S AELKE, B REE, FTmRRIERSE RS ] Fe Lk
MDR-hvKP W) V2 A&#E[78], H mills R nl ik B0 Hi A4 ki, HAFEA T2 1) XS, MDR-hvKP
HIRAT M B Z BV I7 7 ORI R TAER Sk T B CHERL

6. INGS

hvKP H T CAE I S E ) 2R3k, 55 50 E AR R MRS, BAE LR MM . IRIEIE i
Ry WIRTERR AR . BB A5, JHH 2 A ERALH RN L, BRI 2 H AT &RH R faf N R, BT
FEARKIGKRS . hvKP 51 H)™ H AR MG LL& MDR-hvKP AT H AT I RIS 2R ok
TEREM. T AEAREEHER. AT MARRKEE, HHE hKP ZRMERILATRE, MmEL
AMWSBHER, FHIZE S R IR G BAICNEZ, SRR E AR A RIG)T, R A
RPUERIIT N W AR RHAET R SRR T hvKP A7 KEARHETT, (B H ATimR
E SR Z PO R ARSI 7 3%, hvKP R SRR G Y TR0 PR XE R H RTAHOGHIE TER R BR V. TR . R

HERRITT %, BTSRRI, LT RN hvKP i 2GR A i KR, 2 H TS T hvKP #il
PRAE FE BT i s ) R
&5k

[11 Mendes, G., Santos, M.L., Ramalho, J.F., et al. (2023) Virulence Factors in Carbapenem-Resistant Hypervirulent
Klebsiella pneumoniae. Frontiers in Microbiology, 14, Article ID: 1325077.
https://doi.org/10.3389/fmicb.2023.1325077

[2] Liang, Z., Wang, Y., Lai, Y., et al. (2022) Host Defense against the Infection of Klebsiella pneumoniae: New Strategy
to Kill the Bacterium in the Era of Antibiotics? Frontiers in Cellular and Infection Microbiology, 12, Article ID:
1050396. https://doi.org/10.3389/fcimb.2022.1050396

[3] Xu, L., Sun, X. and Ma, X. (2017) Systematic Review and Meta-Analysis of Mortality of Patients Infected with Car-
bapenem-Resistant Klebsiella pneumoniae. Annals of Clinical Microbiology and Antimicrobials, 16, Article No. 18.
https://doi.org/10.1186/s12941-017-0191-3

[4] Martin, R.M. and Bachman, M.A. (2018) Colonization, Infection, and the Accessory Genome of Klebsiella pneumo-
niae. Frontiers in Cellular and Infection Microbiology, 8, Article No. 4. https://doi.org/10.3389/fcimb.2018.00004

[5] Chen, J., Zhang, H. and Liao, X. (2023) Hypervirulent Klebsiella pneumoniae. Infection and Drug Resistance, 16,
5243-5249. https://doi.org/10.2147/IDR.S418523

[6] Liu, Y.C., Cheng, D.L. and Lin, C.L. (1986) Klebsiella pneumoniae Liver Abscess Associated with Septic Endoph-
thalmitis. Archives of Internal Medicine, 146, 1913-1916. https://doi.org/10.1001/archinte.1986.0036022005701 1

[71 McLaughlin, M.M., Advincula, M.R., Malczynski, M., ef al. (2014) Quantifying the Clinical Virulence of Klebsiella
pneumoniae Producing Carbapenemase Klebsiella pneumoniae with a Galleria Mellonella Model and a Pilot Study to
Translate to Patient Outcomes. BMC Infectious Diseases, 14, Article No. 31. https://doi.org/10.1186/1471-2334-14-31

[8] Diago-Navarro, E., Chen, L., Passet, V., et al. (2014) Carbapenem-Resistant K/ebsiella pneumoniae Exhibit Variability
in Capsular Polysaccharide and Capsule Associated Virulence Traits. The Journal of Infectious Diseases, 210, 803-813.
https://doi.org/10.1093/infdis/jiul 57

[9] Deleo, F.R., Chen, L., Porcella, S.F., et al. (2014) Molecular Dissection of the Evolution of Carbapenem-Resistant
Multilocus Sequence Type 258 Klebsiella pneumoniae. Proceedings of the National Academy of Sciences of the United
States of America, 111, 4988-4993. https://doi.org/10.1073/pnas.1321364111

[10] Zhu, J., Wang, T., Chen, L., et al. (2021) Virulence Factors in Hypervirulent Klebsiella pneumoniae. Frontiers in Mi-
crobiology, 12, Article ID: 642484. https://doi.org/10.3389/fmicb.2021.642484

[11] Lee, C.R., Lee, J.H., Park, K.S., ef al. (2017) Antimicrobial Resistance of Hypervirulent Klebsiella pneumoniae: Epi-
demiology, Hypervirulence-Associated Determinants, and Resistance Mechanisms. Frontiers in Cellular and Infection
Microbiology, 7, Article No. 483. https://doi.org/10.3389/fcimb.2017.00483

[12] Lim, H.W., Shin, J.W., Cho, H.Y., et al. (2014) Endogenous Endophthalmitis in the Korean Population: A Six-Year
Retrospective Study. Retina, 34, 592-602. https://doi.org/10.1097/IAE.0b013e3182a2¢705

DOI: 10.12677/acm.2024.1451709 2484 I IR = =23t e


https://doi.org/10.12677/acm.2024.1451709
https://doi.org/10.3389/fmicb.2023.1325077
https://doi.org/10.3389/fcimb.2022.1050396
https://doi.org/10.1186/s12941-017-0191-3
https://doi.org/10.3389/fcimb.2018.00004
https://doi.org/10.2147/IDR.S418523
https://doi.org/10.1001/archinte.1986.00360220057011
https://doi.org/10.1186/1471-2334-14-31
https://doi.org/10.1093/infdis/jiu157
https://doi.org/10.1073/pnas.1321364111
https://doi.org/10.3389/fmicb.2021.642484
https://doi.org/10.3389/fcimb.2017.00483
https://doi.org/10.1097/IAE.0b013e3182a2e705

[15]

[16]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Lye, W.C., Chan, R.K., Lee, E.J., ef al. (1992) Urinary Tract Infections in Patients with Diabetes Mellitus. Journal of
Infection, 24, 169-174. https://doi.org/10.1016/0163-4453(92)92876-K

Sun, R., Zhang, H., Xu, Y., et al. (2021) Klebsiella pneumoniae-Related Invasive Liver Abscess Syndrome Compli-
cated by Purulent Meningitis: A Review of the Literature and Description of Three Cases. BMC Infectious Diseases, 21,
Article No. 15. https://doi.org/10.1186/s12879-020-05702-3

Kocsis, B. (2023) Hypervirulent Klebsiella pneumoniae: An Update on Epidemiology, Detection and Antibiotic Resis-
tance. Acta Microbiologica et Immunologica Hungarica, 70, 278-287. https://doi.org/10.1556/030.2023.02186

Wang, G., Zhao, G., Chao, X., et al. (2020) The Characteristic of Virulence, Biofilm and Antibiotic Resistance of
Klebsiella pneumoniae. International Journal of Environmental Research and Public Health, 17, Article No. 6278.
https://doi.org/10.3390/ijerph17176278

Dai, P. and Hu, D. (2022) The Making of Hypervirulent Klebsiella pneumoniae. Journal of Clinical Laboratory Analy-
sis, 36, €24743. https://doi.org/10.1002/jcla.24743

Paczosa, M.K. and Mecsas, J. (2016) Klebsiella pneumoniae: Going on the Offense with a Strong Defense. Microbiol-
ogy and Molecular Biology Reviews, 80, 629-661. https://doi.org/10.1128/MMBR.00078-15

Sanikhani, R., Moeinirad, M., Shahcheraghi, F., et al. (2021) Molecular Epidemiology of Hypervirulent Klebsiella
pneumoniae: A Systematic Review and Meta-Analysis. lranian Journal of Microbiology, 13, 257-265.
https://doi.org/10.18502/ijm.v13i3.6384

Chen, Y.T., Lai, Y.C., Tan, M.C,, et al. (2017) Prevalence and Characteristics of Pks Genotoxin Gene Cluster-Positive
Clinical Klebsiella pneumoniae Isolates in Taiwan. Scientific Reports, 7, Article No. 43120.
https://doi.org/10.1038/srep43120

Choby, J.E., Howard-Anderson, J. and Weiss, D.S. (2020) Hypervirulent Klebsiella pneumoniae—Clinical and Mole-
cular Perspectives. Journal of Internal Medicine, 287, 283-300. https://doi.org/10.1111/joim.13007

Lugo, J.Z., Price, S., Miller, J.E., et al. (2007) Lipopolysaccharide O-Antigen Promotes Persistent Murine Bacteremia.
Shock, 27, 186-191. https://doi.org/10.1097/01.shk.0000238058.23837.21

Gonzalez-Ferrer, S., Pefialoza, H.F., Budnick, J.A., et al. (2021) Finding Order in the Chaos: Outstanding Questions in
Klebsiella pneumoniae Pathogenesis. Infection and Immunity, 89, €00693. https://doi.org/10.1128/IA1.00693-20

Russo, T.A., Olson, R., Macdonald, U., et al. (2014) Acrobactin Mediates Virulence and Accounts for Increased Side-
rophore Production under Iron-Limiting Conditions by Hypervirulent (Hypermucoviscous) Klebsiella pneumoniae. In-
fection and Immunity, 82, 2356-2367. https://doi.org/10.1128/IA1.01667-13

Luo, Y., Hu, W., Wu, L., et al. (2023) Klebsiella pneumoniae Invasive Syndrome with Liver, Lung, and Brain Abscesses
Complicated with Pulmonary Fungal Infection: A Case Report and Review of the Literature. International Journal of
Emergency Medicine, 16, Article No. 92. https://doi.org/10.1186/s12245-023-00574-1

Bhide, P.P., Ketkar, A.A., Almeligy, A., et al. (2022) Klebsiella Invasive Syndrome: A Challenging Diagnosis. BMJ
Case Reports, 15, €251977. https://doi.org/10.1136/bcr-2022-251977

Zhang, C.G., Duan, M., Zhang, X.Y., et al. (2021) Klebsiella pneumoniae Infection Secondary to Spontaneous Renal
Rupture That Presents Only as Fever: A Case Report. World Journal of Clinical Cases, 9, 2602-2610.
https://doi.org/10.12998/wjcc.v9.i11.2602

Turk Wensveen, T., Gasparini, D., Raheli¢, D., et al. (2021) Type 2 Diabetes and Viral Infection; Cause and Effect of
Disease. Diabetes Research and Clinical Practice, 172, Article ID: 108637.
https://doi.org/10.1016/j.diabres.2020.108637

Llorente, L., De La Fuente, H., Richaud-Patin, Y., et al. (2000) Innate Immune Response Mechanisms in Non-Insulin
Dependent Diabetes Mellitus Patients Assessed by Flow Cytoenzymology. Immunology Letters, 74, 239-244.
https://doi.org/10.1016/S0165-2478(00)00255-8

Chang, D., Sharma, L., Dela Cruz, C.S., ef al. (2021) Clinical Epidemiology, Risk Factors, and Control Strategies of
Klebsiella pneumoniae Infection. Frontiers in Microbiology, 12, Article ID: 750662.
https://doi.org/10.3389/fmicb.2021.750662

Siu, L.K., Yeh, K.M., Lin, J.C., et al. (2012) Klebsiella pneumoniae Liver Abscess: A New Invasive Syndrome. The
Lancet Infectious Diseases, 12, 881-887. https://doi.org/10.1016/S1473-3099(12)70205-0

Webb, G.J., Chapman, T.P., Cadman, P.J., et al. (2014) Pyogenic Liver Abscess. Frontline Gastroenterology, 5, 60-67.
https://doi.org/10.1136/flgastro-2013-100371

Oikonomou, K, G., Aye, M. (2017) Klebsiella pneumoniae Liver Abscess: A Case Series of Six Asian Patients. Amer-
ican Journal of Case Reports, 18, 1028-1033. https://doi.org/10.12659/AJCR.905191

Qian, Y., Wong, C.C., Lai, S., et al. (2016) A Retrospective Study of Pyogenic Liver Abscess Focusing on Klebsiella
pneumoniae as a Primary Pathogen in China from 1994 to 2015. Scientific Reports, 6, Article No. 38587.

DOI: 10.12677/acm.2024.1451709 2485 I IR = =23t e


https://doi.org/10.12677/acm.2024.1451709
https://doi.org/10.1016/0163-4453(92)92876-K
https://doi.org/10.1186/s12879-020-05702-3
https://doi.org/10.1556/030.2023.02186
https://doi.org/10.3390/ijerph17176278
https://doi.org/10.1002/jcla.24743
https://doi.org/10.1128/MMBR.00078-15
https://doi.org/10.18502/ijm.v13i3.6384
https://doi.org/10.1038/srep43120
https://doi.org/10.1111/joim.13007
https://doi.org/10.1097/01.shk.0000238058.23837.21
https://doi.org/10.1128/IAI.00693-20
https://doi.org/10.1128/IAI.01667-13
https://doi.org/10.1186/s12245-023-00574-1
https://doi.org/10.1136/bcr-2022-251977
https://doi.org/10.12998/wjcc.v9.i11.2602
https://doi.org/10.1016/j.diabres.2020.108637
https://doi.org/10.1016/S0165-2478(00)00255-8
https://doi.org/10.3389/fmicb.2021.750662
https://doi.org/10.1016/S1473-3099(12)70205-0
https://doi.org/10.1136/flgastro-2013-100371
https://doi.org/10.12659/AJCR.905191

[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

https://doi.org/10.1038/srep38587
Tu, Y.C., Lu, M.C., Chiang, M.K., et al. (2009) Genetic Requirements for Klebsiella pneumoniae-Induced Liver Ab-
scess in an Oral Infection Model. Infection and Immunity, 77, 2657-2671. https://doi.org/10.1128/TA1.01523-08

Chung, D.R., Lee, H., Park, M.H., ef al. (2012) Fecal Carriage of Serotype K1 Klebsiella pneumoniae ST23 Strains
Closely Related to Liver Abscess Isolates in Koreans Living in Korea. European Journal of Clinical Microbiology &
Infectious Diseases, 31, 481-486. https://doi.org/10.1007/s10096-011-1334-7

Lee, S.S., Chen, Y.S., Tsai, H.C., et al. (2008) Predictors of Septic Metastatic Infection and Mortality among Patients
with Klebsiella pneumoniae Liver Abscess. Clinical Infectious Diseases, 47, 642-650. https://doi.org/10.1086/590932

Alsaif, H.S., Venkatesh, S.K., Chan, D.S., ef al. (2011) CT Appearance of Pyogenic Liver Abscesses Caused by Kleb-
siella pneumoniae. Radiology, 260, 129-138. https://doi.org/10.1148/radiol.11101876

Fazili, T., Sharngoe, C., Endy, T., et al. (2016) Klebsiella pneumoniae Liver Abscess: An Emerging Disease. The
American Journal of the Medical Sciences, 351, 297-304. https://doi.org/10.1016/j.amjms.2015.12.018

Law, S.T., Kong and Li, M.K. (2013) Is There Any Difference in Pyogenic Liver Abscess Caused by Streptococcus
milleri and Klebsiella spp? Retrospective Analysis over a 10-Year Period in a Regional Hospital. Journal of Microbi-
ology, Immunology and Infection, 46, 11-18. https://doi.org/10.1016/j.jmii.2011.12.028

Lederman, E.R. and Crum, N.F. (2005) Pyogenic Liver Abscess with a Focus on Klebsiella pneumoniae as a Primary Pa-
thogen: An Emerging Disease with Unique Clinical Characteristics. American Journal of Gastroenterology, 100, 322-331.
https://doi.org/10.1111/j.1572-0241.2005.40310.x

Deng, L., Jia, R., Li, W., et al. (2017) A Klebsiella pneumoniae Liver Abscess Presenting with Myasthenia and
Tea-Colored Urine: A Case Report and Review of 77 Cases of Bacterial Rhabdomyolysis. Medicine (Baltimore), 96,
E9458. https://doi.org/10.1097/MD.0000000000009458

Lee, J., Pai, H., Kim, Y.K., et al. (2007) Control of Extended-Spectrum Beta-Lactamase-Producing Escherichia coli
and Klebsiella pneumoniae in a Children’s Hospital by Changing Antimicrobial Agent Usage Policy. Journal of Anti-
microbial Chemotherapy, 60, 629-637. https://doi.org/10.1093/jac/dkm?225

Paterson, D.L., Ko, W.C., Von Gottberg, A., et al. (2004) Antibiotic Therapy for Klebsiella pneumoniae Bacteremia:
Implications of Production of Extended-Spectrum Beta-Lactamases. Clinical Infectious Diseases, 39, 31-37.
https://doi.org/10.1086/420816

Ferraioli, G., Garlaschelli, A., Zanaboni, D., ef al. (2008) Percutaneous and Surgical Treatment of Pyogenic Liver Ab-
scesses: Observation over a 21-Year Period in 148 Patients. Digestive and Liver Disease, 40, 690-696.
https://doi.org/10.1016/1.d1d.2008.01.016

Rossi, G., Nguyen, Y., Lafont, E., et al. (2022) Large Retrospective Study Analysing Predictive Factors of Primary
Treatment Failure, Recurrence and Death in Pyogenic Liver Abscesses. Infection, 50, 1205-1215.
https://doi.org/10.1007/s15010-022-01793-z

Malik, A.A., Bari, S.U., Rouf, K.A., et al. (2010) Pyogenic Liver Abscess: Changing Patterns in Approach. World
Journal of Gastrointestinal Surgery, 2, 395-401. https://doi.org/10.4240/wjgs.v2.i12.395

Liu, Y., Wang, J.Y. and Jiang, W. (2013) An Increasing Prominent Disease of Klebsiella pneumoniae Liver Abscess:
Etiology, Diagnosis, and Treatment. Gastroenterology Research and Practice, 2013, Article ID: 258514.
https://doi.org/10.1155/2013/258514

Yang, C.S., Tsai, H.Y., Sung, C.S., et al. (2007) Endogenous Klebsiella Endophthalmitis Associated with Pyogenic
Liver Abscess. Ophthalmology, 114, 876-880. https://doi.org/10.1016/j.0ophtha.2006.12.035

Tan, Y.M., Chee, S.P., Soo, K.C., et al. (2004) Ocular Manifestations and Complications of Pyogenic Liver Abscess.
World Journal of Surgery, 28, 38-42. https://doi.org/10.1007/s00268-003-6963-2

Dubey, D., Raza, F.S., Sawhney, A., et al. (2013) Klebsiella pneumoniae Renal Abscess Syndrome: A Rare Case with
Metastatic Involvement of Lungs, Eye, and Brain. Case Reports in Infectious Diseases, 2013, Article ID: 685346.
https://doi.org/10.1155/2013/685346

Wong, J.S., Chan, T.K., Lee, H.M., et al. (2000) Endogenous Bacterial Endophthalmitis: An East Asian Experience
and a Reappraisal of a Severe Ocular Affliction. Ophthalmology, 107, 1483-1491.
https://doi.org/10.1016/S0161-6420(00)00216-5

Chung, C.Y., Wong, E.S., Liu, C.C.H., et al. (2017) Clinical Features and Prognostic Factors of Klebsiella endoph-
thalmitis—10-Year Experience in an Endemic Region. Eye (London), 31, 1569-1575.
https://doi.org/10.1038/eye.2017.92

Serban, D., Popa Cherecheanu, A., Dascalu, A.M., et al. (2021) Hypervirulent Klebsiella pneumoniae Endogenous
Endophthalmitis—A Global Emerging Disease. Life (Basel), 11, Article No. 676. https://doi.org/10.3390/1ife11070676

Coburn, P.S., Wiskur, B.J., Christy, E., et al. (2012) The Diabetic Ocular Environment Facilitates the Development of

DOI: 10.12677/acm.2024.1451709 2486 I IR = =23t e


https://doi.org/10.12677/acm.2024.1451709
https://doi.org/10.1038/srep38587
https://doi.org/10.1128/IAI.01523-08
https://doi.org/10.1007/s10096-011-1334-7
https://doi.org/10.1086/590932
https://doi.org/10.1148/radiol.11101876
https://doi.org/10.1016/j.amjms.2015.12.018
https://doi.org/10.1016/j.jmii.2011.12.028
https://doi.org/10.1111/j.1572-0241.2005.40310.x
https://doi.org/10.1097/MD.0000000000009458
https://doi.org/10.1093/jac/dkm225
https://doi.org/10.1086/420816
https://doi.org/10.1016/j.dld.2008.01.016
https://doi.org/10.1007/s15010-022-01793-z
https://doi.org/10.4240/wjgs.v2.i12.395
https://doi.org/10.1155/2013/258514
https://doi.org/10.1016/j.ophtha.2006.12.035
https://doi.org/10.1007/s00268-003-6963-2
https://doi.org/10.1155/2013/685346
https://doi.org/10.1016/S0161-6420(00)00216-5
https://doi.org/10.1038/eye.2017.92
https://doi.org/10.3390/life11070676

[57]

[60]

[61]

[66]

[67]

[68]
[69]

[74]

[75]

Endogenous Bacterial Endophthalmitis. /nvestigative Ophthalmology & Visual Science, 53, 7426-7431.
https://doi.org/10.1167/iovs.12-10661

Fang, C.T., Lai, S.Y., Yi, W.C,, et al. (2007) Klebsiella pneumoniae Genotype K1, an Emerging Pathogen That Causes
Septic Ocular or Central Nervous System Complications from Pyogenic Liver Abscess. Clinical Infectious Diseases, 45,
284-293. https://doi.org/10.1086/519262

Callegan, M.C., Engelbert, M., Parke, D.W., et al. (2002) Bacterial Endophthalmitis: Epidemiology, Therapeutics, and
Bacterium-Host Interactions. Clinical Microbiology Reviews, 15, 111-124.
https://doi.org/10.1128/CMR.15.1.111-124.2002

Ang, M., Jap, A. and Chee, S.P. (2011) Prognostic Factors and Outcomes in Endogenous Klebsiella pneumoniae En-
dophthalmitis. American Journal of Ophthalmology, 151, 338-344.E2. https://doi.org/10.1016/j.aj0.2010.08.036

Cheng, D.L., Liu, Y.C., Yen, M.Y., et al. (1991) Septic Metastatic Lesions of Pyogenic Liver Abscess. Their Associa-
tion with Klebsiella pneumoniae Bacteremia in Diabetic Patients. Archives of Internal Medicine, 151, 1557-1559.
https://doi.org/10.1001/archinte.1991.00400080059010

Lin, Y.T., Liu, C.J., Chen, T.J., et al. (2012) Long-Term Mortality of Patients with Septic Ocular or Central Nervous
System Complications from Pyogenic Liver Abscess: A Population-Based Study. PLOS ONE, 7, €33978.
https://doi.org/10.1371/journal.pone.0033978

Chang, Y., Chen, J.H., Chen, W.L., et al. (2023) Klebsiella pneumoniae Invasive Syndrome with Liver Abscess and
Purulent Meningitis Presenting as Acute Hemiplegia: A Case Report. BMC Infectious Diseases, 23, Article No. 397.
https://doi.org/10.1186/s12879-023-08383-w

Durand, M.L., Calderwood, S.B., Weber, D.J., ef al. (1993) Acute Bacterial Meningitis in Adults. A Review of 493
Episodes. The New England Journal of Medicine, 328, 21-28. https://doi.org/10.1056/NEJM199301073280104

Rosenstein, N.E., Perkins, B.A., Stephens, D.S., et al. (2001) Meningococcal Disease. The New England Journal of
Medicine, 344, 1378-1388. https://doi.org/10.1056/NEJM200105033441807

Salati, S.A. (2022) Necrotizing Fasciitis: A Review. Polski Przeglad Chirurgiczny, 95, 1-8.
https://doi.org/10.5604/01.3001.0015.7676

Cheng, N.C., Yu, Y.C,, Tai, H.C,, et al. (2012) Recent Trend of Necrotizing Fasciitis in Taiwan: Focus on Monomi-
crobial Klebsiella pneumoniae Necrotizing Fasciitis. Clinical Infectious Diseases, 55, 930-939.
https://doi.org/10.1093/cid/cis565

Goh, T., Goh, L.G., Ang, C.H., ef al. (2014) Early Diagnosis of Necrotizing Fasciitis. British Journal of Surgery, 101,
E119-E125. https://doi.org/10.1002/bjs.9371

Fustes-Morales, A., Gutierrez-Castrellon, P., Duran-Mckinster, C., et al. (2002) Necrotizing Fasciitis: Report of 39 Pe-
diatric Cases. Archives of Dermatology, 138, 893-899. https://doi.org/10.1001/archderm.138.7.893

Fedder, A.M., Hvas, A.M., Wang, M., et al. (2022) Necrotizing Fasciitis. Ugeskrift for Leger, 184, V11210825.

Wang, Y., Wang, H., Liu, Z., ef al. (2022) The Incidence of Septic Pulmonary Embolism in Patients with Klebsiella
pneumoniae Liver Abscess: A Systematic Review and Meta-Analysis. Gastroenterology Research and Practice, 2022,
Article ID: 3777122. https://doi.org/10.1155/2022/3777122

Chou, D.W., Wu, S.L., Chung, K.M., ef al. (2015) Septic Pulmonary Embolism Caused by a Klebsiella pneumoniae
Liver Abscess: Clinical Characteristics, Imaging Findings, and Clinical Courses. Clinics (Sao Paulo), 70, 400-407.
https://doi.org/10.6061/clinics/2015(06)03

Chang, Z., Gong, Z., Zheng, J., et al. (2016) Computed Tomography Features of Septic Pulmonary Embolism Caused
by Klebsiella pneumoniae Liver Abscess Associated with Extrapulmonary Metastatic Infection. Journal of Computer
Assisted Tomography, 40, 364-369. https://doi.org/10.1097/RCT.0000000000000383

Nishimura, Y., Hagiya, H., Obika, M., et al. (2020) Comparison of the Clinico-Microbiological Characteristics of Cul-
ture-Positive and Culture-Negative Septic Pulmonary Embolism: A 10-Year Retrospective Study. Pathogens, 9, Article
No. 995. https://doi.org/10.3390/pathogens9120995

Arcari, G. and Carattoli, A. (2023) Global Spread and Evolutionary Convergence of Multidrug-Resistant and Hypervi-
rulent Klebsiella pneumoniae High-Risk Clones. Pathogens and Global Health, 117, 328-341.
https://doi.org/10.1080/20477724.2022.2121362

Tang, M., Kong, X., Hao, J., et al. (2020) Epidemiological Characteristics and Formation Mechanisms of Multi-
drug-Resistant Hypervirulent Klebsiella pneumoniae. Frontiers in Microbiology, 11, Article ID: 581543.
https://doi.org/10.3389/fmicb.2020.581543

Gu, D., Dong, N., Zheng, Z., et al. (2018) A Fatal Outbreak of ST11 Carbapenem-Resistant Hypervirulent Klebsiella
pneumoniae in a Chinese Hospital: A Molecular Epidemiological Study. The Lancet Infectious Diseases, 18, 37-46.
https://doi.org/10.1016/S1473-3099(17)30489-9

DOI: 10.12677/acm.2024.1451709 2487 I IR = =23t e


https://doi.org/10.12677/acm.2024.1451709
https://doi.org/10.1167/iovs.12-10661
https://doi.org/10.1086/519262
https://doi.org/10.1128/CMR.15.1.111-124.2002
https://doi.org/10.1016/j.ajo.2010.08.036
https://doi.org/10.1001/archinte.1991.00400080059010
https://doi.org/10.1371/journal.pone.0033978
https://doi.org/10.1186/s12879-023-08383-w
https://doi.org/10.1056/NEJM199301073280104
https://doi.org/10.1056/NEJM200105033441807
https://doi.org/10.5604/01.3001.0015.7676
https://doi.org/10.1093/cid/cis565
https://doi.org/10.1002/bjs.9371
https://doi.org/10.1001/archderm.138.7.893
https://doi.org/10.1155/2022/3777122
https://doi.org/10.6061/clinics/2015(06)03
https://doi.org/10.1097/RCT.0000000000000383
https://doi.org/10.3390/pathogens9120995
https://doi.org/10.1080/20477724.2022.2121362
https://doi.org/10.3389/fmicb.2020.581543
https://doi.org/10.1016/S1473-3099(17)30489-9

[76] Bonomo, R.A., Burd, E.M., Conly, J., ef al. (2018) Carbapenemase-Producing Organisms: A Global Scourge. Clinical
Infectious Diseases, 66, 1290-1297. https://doi.org/10.1093/cid/cix893

[77] Pu, D., Zhao, J., Chang, K., et al. (2023) “Superbugs” with Hypervirulence and Carbapenem Resistance in Klebsiella
pneumoniae: The Rise of Such Emerging Nosocomial Pathogens in China. Science Bulletin (Beijing), 68, 2658-2670.
https://doi.org/10.1016/j.s¢ib.2023.09.040

[78] Xie, M., Ye, L., Chen, K., et al. (2024) Clinical Use of Tigecycline May Contribute to the Widespread Dissemination
of Carbapenem-Resistant Hypervirulent Klebsiella pneumoniae Strains. Emerging Microbes & Infections, 13, Article
ID: 2306957. https://doi.org/10.1080/22221751.2024.2306957

DOI: 10.12677/acm.2024.1451709 2488 I IR = =23t e


https://doi.org/10.12677/acm.2024.1451709
https://doi.org/10.1093/cid/cix893
https://doi.org/10.1016/j.scib.2023.09.040
https://doi.org/10.1080/22221751.2024.2306957

	高毒力肺炎克雷伯菌侵袭性感染研究进展
	摘  要
	关键词
	Research Progress on Invasive Infections of Hypervirulent klebsiella Pneumoniae
	Abstract
	Keywords
	1. hvKP的流行病学
	2. hvKP的毒力因素
	2.1. 荚膜
	2.2. 脂多糖
	2.3. 铁载体
	2.4. 菌毛

	3. hvKP感染的危险因素
	4. hvKP侵袭性感染的临床特性
	4.1. 化脓性肝脓肿
	4.2. 内源性眼内炎
	4.3. 脑膜炎
	4.4. 坏死性筋膜炎
	4.5. 化脓性肺栓塞

	5. 耐碳青霉烯hvKP的流行
	6. 小结
	参考文献

