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[Abstract] Objective To analyze the epidemiological distribution, microbiological characteristics, drug-resistance status,

and risk factors for mortality in adult intensive care unit (ICU) patients with Klebsiella pneumoniae infection. Methods  This multi-
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center prospective cohort study included ICU patients with suspected infection from 67 hospitals across 16 Chinese provinces/
municipalities between July 1, 2021 and December 31, 2022. Clinical data and microbiological results were collected, and patients
were divided into survival and non-survival groups according to their survival status and drug-resistance situation. Risk factors for
mortality and drug resistance in ICU patients with Klebsiella pneumonia infection were determined through univariate and multivariate
logistic regression analyses. Results A total of 2964 ICU-infected patients were enrolled, with 12 175 microbial specimens
submitted for testing. Among these, 487 specimens tested positive for Klebsiella pneumoniae. Ultimately, 314 patients with Klebsiella
pneumoniae infection were identified, primarily from lung infections, with a drug-resistance rate of 78.3%. The in-hospital mortality
rate of ICU patients infected with Klebsiella pneumoniae was 19.8%. Univariate and multivariate logistic regression analyses revealed
that older age (P=0.027), high drug-resistance rate (P=0.028), and low clinical-effectiveness rate (P<0.001) were independent risk
factors for mortality in ICU patients infected with Klebsiella pneumoniae. Drug-resistance analysis showed that, compared with non-
resistant cases, ICU patients with drug-resistant Klebsiella pneumoniae infection had lower pathogen-clearance rates (P=0.003), clinical-
effectiveness rates (P=0.004), and antibiotic-effectiveness rates (P<0.010), and higher mortality rates (P=0.006). Patients with Klebsiella
pneumoniae abdominal infection (P=0.003) and urinary tract infection (P=0.007) had higher drug-resistance incidences. There were
no statistically significant differences in clinical-effectiveness rate, Klebsiella pneumoniae clearance, drug-resistance incidence,
mortality rate, or hospital-stay length between patients with lung infection and those with non-lung infection of Klebsiella
pneumoniae (P>0.05). Compared with patients with non-bloodstream infection, patients with bloodstream infection of Klebsiella
Older age, high

drug-resistance rate, and low clinical-effectiveness rate are independent risk factors for mortality in ICU patients infected

pneumoniae had lower clinical-effectiveness rates (P=0.027) and higher mortality rates (P=0.021). Conclusions

with Klebsiella pneumoniae. ICU patients with bloodstream infection of Klebsiella pneumoniae may have lower clinical-effectiveness
rates and higher mortality rates. ICU patients with abdominal and urinary tract infections caused by Klebsiella pneumoniae are more
likely to develop drug resistance.
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Fig.1 Flowchart of ICU patients infected with Klebsiella pneumoniae enrollment
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Tab. 1  Distribution of ICU patients infected with Klebsiella

pneumoniae in different regions
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Tab.2  Analysis of mortality of ICU patients infected with Klebsiella pneumoniae
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Tab.3 Distribution of mortality, drug resistance, clinical effect, and clearance for ICU patients infected with Klebsiella pneumoniae

Hi[X Jiti 5 5 B A R (151]) FET=[151(%)] 25451 (%)] I PRA 5[ 151 (9%)] R ETEBRI1(%)]
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Tab.4 Analysis of drug resistance for ICU patients infected with Klebsiella pneumoniae
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R 25(36.8) 32(33.3) 23(15.3)

1B AT bR 3(4.4) 5(5.2) 6(4.0)

e T bR 14(20.6) 25(26.0) 30(20.0)

oI bR 12(17.7) 11(11.5) 38(25.3)
BUAEZRATRL1(%)] 39(57.4) 57(59.4) 53(35.3)@ 16.98 <0.010
il [ 5] (%) ] 56(82.4) 70(72.9) 116(77.3) 2.017 0.365

LG [(61(%)] 10(14.7) 15(15.6) 34(22.7) 2.851 0.240
H’E i T [ 61 (%) ] 2(2.9) 10(10.4) 2(1.3)® 11.807 0.003

IR [ (%)] 0(0.0) 4(4.2)® 16(10.7) V@ 10.052 0.007

Eﬂi@% [51(%)] 1(1.5) 1(1.0) 3(2.0) 0.351 0.839
P PRI [ 151 (%) ] 0 0 3(2.0) 3312 0.191
FEBERTH] (d, %ts) 21.4+16.0 22.6+38.1 28.6+36.4 1.488 0.227
BET[41](%)] 5(7.4) 18(18.8) 39(26.0) 10.353 0.006

ICU. EAEWEY G 3 ; SARMMZG2H L4, (1)P<0.05; SiH252H H#s, (2)P<0.05
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SIS Y T S R O

E ISRV IR A

A 2 (n=72) (n=242) X/t P A 2l (n=255)  #(n=59) 1/ P
Lo (51](%) ] 20(27.8) 63(26.0) 0.087 0.768 LPE[(%)] 66(25.9) 17(28.8) 0212 0.645
SRR (%, %ts) 65.5+14.9 67.2+14.7 0.261 0.386 AERE (%, xts) 67.3£144  649+159 1.144  0.291
P e o3 2[5 (96) ] 5904 0.116 P& e 5 2 [ 151 (%)] 2471 0481
YA 69(95.8) 207(85.5) YA 221(86.7)  55(93.2)
A 0 6(2.5) SR 6(2.4) 0
YN 1(1.4) 6(2.5) SEHNAE 6(2.4) 1(1.7)
TP 2(2.8) 23(9.5) YR 22(8.6) 3(5.1)
H X 53 [451] (%)) 21123 0.001 X 53 [ 1511 (%) ] 9744  0.083
AEJLHLIX 14(19.4) 49(20.3) eI X 54(21.2) 9(15.3)
AR HBIX 12(16.7) 69(28.5) HEIR X 69(27.1) 12(20.3)
Aarfih X 14(19.4) 58(24.0) A X 57(22.4) 15(25.4)
PiRIHLIX 22(30.6) 61(25.2) PURIHLIX 67(26.3) 16(27.1)
1E R X 4(5.6) 1(0.4) AER X 3(1.2) 2(3.4)
PHAL b IX 6(8.3) 4(1.7) PHbHbIX 5(2.0) 5(8.5)
IR R (151(%)] 52(72.2) 176(71.7) 0007 0933 I ARG 2 (151 (9) ] 192(75.3)  36(61.0) 4911  0.027
féﬁ?;]{% AR 1433 0.839 %ﬁf‘;ﬁ%%ﬁ 0979 0913
FRGTCS 17(23.6) 73(30.2) RS 72(28.2) 18(30.5)
TEBR 20(27.8) 60(24.8) TR 63(24.7) 17(28.8)
B8 AT BR 3(4.3) 11(4.6) e R BR 12(4.7) 2(34)
(GRS 18(25.0) 51(21.1) e B 58(22.7) 11(18.6)
AR 14(19.4) 47(19.4) AR 50(19.6) 11(18.6)
PUERARBI(%)]  38(52.8) 111(459) 1060 0.300 BUEZEAERBI(%)]  121(47.5)  28(47.5)  0.000  1.000
25 (451 (%) ] 60(83.3) 186(76.9) 1371 0242 i 24 (51 (%) ] 197(77.3) 49(83.1) 0949  0.330
Z A 245 [151](%)] 34(47.2) 116(47.93)  0.011 0915 Z M 25 [151(%)] 116(45.5) 34(57.6)  2.829  0.093
FET[15(%)] 15(20.8) 47(19.4) 0.070  0.792 BET[151(%)] 44(17.3) 18(30.5) 5311  0.021
{EBERTIE](d, %ts) 21.3+14.4 264+37.5 2961 0254 {EBERTTE] (d, %ts) 263%36.7  209+14.6 2294  0.268

ICU. TiE Wi by

(AR R AL &, 7E LM E 5K, 4F
#%>60 % Sl ¢ 7 L FR A ST S R

3.2 RS ERAATIERGRE S R s TR A R R
I 5 5] 2 e KA il 4 A 55 =R IR 2 =2 B
PR B MR 5 — KRR, UK TR A >
it & o B A PRAS B S AE AR BB o e B 1 R AL, AT s
EEE R AL . it 4% B R A R R AN 2R Il Y
—EBar, A ZRE IR, JFRA R E ML
RPN MEE S S M2 5 R AR L,
P AR, K1, K2, K47, K63 JENH il i F
AR magA | rmpA%ﬁ{giﬁlaﬁ?%%ﬂﬁfﬁﬁ%{E%
FETER R P BE 1P a8 0 W R v T A TR e A —
FEMRZEME AR SO, 80T M R, AT
AL LA 0 e B R, AR AR AR | R e T Py
PR HIR Py 4 00T 3 [ 5 350K 14 i R o T A1 B8

ICU. TiE Wi by

Bk R B O AR AT 3R (31.0%~37.8%), I
B LB FE PN [ il XA T 25 527 kA, S
JE T IR T T A B A 14~30 d BURRAER 45 AH
] (4.5%~31.0%) 2% HUisAd: W24 it 240 A0 73
BN R il 4 v T A P B P I B R B
EPUARMIGPERRE I, 5= i e T 0 28 il R
SERAAER IR, I IRIAY T ok T E A R

3.3 R ERAAW I 25 S8R Bl R SC R A&
B PR WL 2 —, L HR ICU B,
I At 2 S5 [ B P TR 55— RO IR (9.9%) , AN IR
TARMERR R 4 v L A BRI, EHEEW) 2
TR I Z 0T, ARt B T X B- N BERS BT
AR 2, R 24P i B- N IR K A
Pk 2 B- B S BLA RO B HIT R 5 B A B R
FA TR T B- PN TR (U AmpC ), TT il HEXT



KEFE R REPUER A M 2595, ESBLs & —
FhILF OB PTERLE], 25 B SE P ALy — 50
ESBLs g i /K fift S0 W e S Sk AP 25, n s =43k 48
BEE MM, (Hr 8 s R e BRI, A B-N
i e it o 3 ot ELA X oAb b E R E A R Y
PUPESEIN, I, ESBLs -5 HAth 4 Bh 3 R 235 VIR ¢
AT B AR B AR O IE YRR Bl B R 2 R
IR YT 7 ESBLs 41 1 5| AL 1 ™ R 1 e 250, (H
FEPUAE RER R MERT, Tk s &
WA 25 TR, il 58 v T A0 TR B DL Ak 7 B
W2 25 kT A RN Y. 201348, 36 IR BB
2 ) vhoCs B A Bk T T 25 1 FT T (carbapenem-
resistant Enterobacteriaceae, CRE)4& X} & [# /A3 T A4
B S8, 7E CRE S 3011 2 9000 il Jgk e rpr, 24
80% J2= o B 11 P 7 RS 10, A9 38 0 % HE ICU
Jiti 9 v TR AR ARG R AR 25 4 . W 25 4R £
it 25 4L A TR 24155 D0 4 B, Tt 25 M 9 o B 1 TR A 9 R
ROMIKRIT I, WIERE R, Rl e
9 7 T A TR AT 3 e 2 AL & AR T 2 2

3.4 iR s ERAA S R MY RS RS
A B4 I 37 R ] 7 U R A A, SRR A
48%7, GHFGTHGE, A v AP B S R Y I R
IR 15%~79% , AL TS AN ST TR L e 3k
FER(309%~84%) , (H = T RMRA TR (5%~22%) %, —
T 5T v [ 4R 2 b DXl 98 o A % 1% (] o ot
FERBL, Bl R 8T A BE 5 | A 0 I I Bk R R
(4.77~9.40)/10 J3 , T e 75 B M (1) il 4 o B {11 11 5 | Ak
IS TR MR 197 Bk, 22 S 25 0l R e TR 1A
S| R Y Y AR A 252 Bk, 30 AR AE RN
26.39% AHFFEM K B, Al v TR P TR I S
BEMIG R R . WAL E, 5 LiRas R
—,

ZE bRk, ABRSEE R 1CU Bt 4% v TR A B
YR E G IRGERMEAT AT BRI, AR K. T2y .
I PRAS S5CR AR L 970 J8% G T BEXE /&5 1CU il % s TR A
PR SR I BT s R R % S il ¢ 7 7 1A
W ICU BBE T G KA 2y, 1 Al s JE% g 3 il 8
TR it 8 7 T A T B9 TCU BB 25 B 5005 T T A 15 1o A
WALRICI .25 53 o (HAWFFAAFAE— 3 I R B 2 -
JEPRA T Z X B, WX 5 B B Be A
THER SRR EA A, BRI AR T
Wi 2 5 AR 58 B Be i i A 0 SE 56 = 45 A 24 el 1=
Ko, (HAESEBRERAE R AR 2 A —E 25 5% .
BRI, AR ATy 7 30 o 0 2 BT S 835 ICU il % v F
AR B EIET- N ERIN R, Dk —E L Icu
TR BB BIRIER, MEETG -

AR BT R S5 ARSI A SR T B

Med ] Chin PLA, Vol. 50, No. 3, March 28,2025

FHLR, JEA STV EE AR FERIA H o

(&% 30k)

[1]  Arato V, Raso MM, Gasperini G, et al. Prophylaxis and treatment
against Klebsiella pneumoniae: current insights on this emerging anti-
microbial resistant global threat[J]. Int ] Mol Sci, 2021, 22(8): 4042.

[2] YangX, Sun Q, Li]J, et al. Molecular epidemiology of carbapenem-
resistant hypervirulent Klebsiella pneumoniae in China[J]. Emerg
Microbes Infect, 2022, 11(1): 841-849.

[3] Wang M, Earley M, Chen L, et al. Clinical outcomes and bacterial
characteristics of carbapenem-resistant Klebsiella pneumoniae
complex among patients from different global regions (CRACKLE-
2): a prospective, multicentre, cohort study[J]. Lancet Infect Dis,
2022,22(3): 401-412.

[4] YangX, Dong N, Chan EW, et al. Carbapenem resistance-encoding
and virulence-encoding in  Klebsiella
pneumoniae[J]. Trends Microbiol, 2021, 29(1): 65-83.

[S]  Spadar A, Perdigio ], Phelan J, et al. Methylation analysis of

conjugative  plasmids

Klebsiella pneumoniae from Portuguese hospitals[J]. Sci Rep, 2021,
11(1): 6491.

[6]  Sleiman A, Awada B, Mocadie M, et al. An unequivocal superbug:
PDR Klebsiella pneumoniae with an arsenal of resistance and
virulence factor genes[J]. ] Infect Dev Ctries, 2021, 15(3): 404-414.

[7] Bowen T, Yingang X, Junhong L, et al. Pressure response of
carbapenems Klebsiella pneumoniae under antibiotic stress[J]. Infect
Genet Evol, 2021, 92: 104915.

[8] Liu Y, Liu Y, Dai J, et al. Klebsiella pneumoniae pneumonia in
patients with  rheumatic  autoimmune  diseases:  clinical
characteristics, antimicrobial resistance and factors associated with
extended-spectrum (3 -lactamase production[J]. BMC Infect Dis,
2021,21(1): 366.

[9] Lee YJ, Huang CH, Ilsan NA, et al. Molecular epidemiology and
characterization of carbapenem-resistant Klebsiella pneumoniae
isolated from urine at a teaching hospital in Taiwan[J].
Microorganisms, 2021, 9(2): 271.

[10] Durdu B, Hakyemez IN, Bolukcu S, et al. Mortality markers in
nosocomial Klebsiella pneumoniae bloodstream infection[J].
Springerplus, 2016, 5(1): 1892.

[11] Tumbarello M, Raffaelli F, Giannella M, et al. Ceftazidime-
avibactam use for Klebsiella pneumoniae carbapenemase-producing
K. pneumoniae infections: a retrospective observational multicenter
study[J]. Clin Infect Dis, 2021, 73(9): 1664-1676.

[12] Lima Rodriguez O, Sousa A, Pérez-Rodriguez MT, et al. Mortality-
related factors in patients with OXA-48 carbapenemase-producing
Klebsiella pneumoniae bacteremia[J]. Medicine (Baltimore), 2021,
100(14): €24880.

[13] Li D, Huang X, Rao H, et al. Klebsiella pneumoniae bacteremia
mortality: a systematic review and meta-analysis[J]. Front Cell
Infect Microbiol, 2023, 13: 1157010.

[14] Seymour CW, Liu VX, Iwashyna TJ, et al. Assessment of clinical
criteria for sepsis: for the third international consensus definitions
for sepsis and septic shock (Sepsis-3) [J]. JAMA, 2016, 315(8):
762-774.

[15] Rhodes A, Evans LE, Alhazzani W, et al. Surviving sepsis campaign:
international guidelines for management of sepsis and septic shock:
2016[J]. Intensive Care Med, 2017, 43(3): 304-377.

[16] Kurt Yilmaz N, Schiffer CA. Introduction: drug resistance[J]. Chem



20254E3H28H 50 A3

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(23]

(26]

(27]

(28]

(29]

Rev, 2021, 121(6): 3235-3237.

Shukla A, Jani N, Polra M, et al. CRISPR: the multidrug resistance
endgame?|[J]. Mol Biotechnol, 2021, 63(8): 676-68S.

Magiorakos A P, Srinivasan A, Carey R B, et al. Multidrug-resistant,
extensively drug-resistant and pandrug-resistant bacteria: an
international expert proposal for interim standard definitions for
acquired resistance([J]. Clin Microbiol Infect, 2012, 18(3): 268-81.
Maraolo AE, Corcione S, Grossi A, et al. The impact of carbapenem
resistance on mortality in patients with Klebsiella pneumoniae
bloodstream infection: an individual patient data meta-analysis of
1952 patients[J]. Infect Dis Ther, 2021, 10(1): 541-558.

Furman CD, Leinenbach A, Usher R, et al. Pneumonia in older
adults[J]. Curr Opin Infect Dis, 2021, 34(2): 135-141.

Kow CS, Ramachandram DS, Hasan SS, et al. Insights into COVID-
19 pneumonia among older adults: understanding aspiration and
risk factors for mortality[J]. ] Am Geriatr Soc, 2024, 72(8): 2613-
2614.

Torres A, Cilloniz C, Niederman MS, et al. Pneumonia[J]. Nat Rev
Dis Primers, 2021, 7(1): 25.

Almirall J, Serra-Prat M, Bolibar I, ef al. Risk factors for community-
acquired pneumonia in adults: a systematic review of observational
studies[]J]. Respiration, 2017, 94(3): 299-311.

Kang Y, Fang X, Wang D, et al. Activity of daily living upon
admission is an independent predictor of in-hospital mortality in
older patients with community-acquired pneumonia[J]. BMC
Infect Dis, 2021, 21(1): 314.

Bassetti M, Echols R, Matsunaga Y, et al. Efficacy and safety of
cefiderocol or best available therapy for the treatment of serious
infections caused by carbapenem-resistant Gram-negative bacteria
(CREDIBLE-CR): a
pathogen-focused, descriptive, phase 3 trial[J]. Lancet Infect Dis,
2021, 21(2): 226-240.

Zhu J, Wang T, Chen L, et al. Virulence factors in hypervirulent
Klebsiella pneumoniae[J]. Front Microbiol, 2021, 12: 642484.

Yang Y, Yang Y, Chen G, et al. Molecular characterization of

randomised, multicentre,

open-label,

carbapenem-resistant and virulent plasmids in Klebsiella pneumoniae
from patients with bloodstream infections in China[J]. Emerg
Microbes Infect, 2021, 10(1): 700-709.

Chen J, Hu C, Wang R, et al. Shift in the dominant sequence type of
carbapenem-resistant Klebsiella pneumoniae bloodstream infection
from ST11 to ST1S at a medical center in NorthEast China, 2015-
2020[J]. Infect Drug Resist, 2021, 14: 1855-1863.

Zhou C, Sun L, Li H, et al. Risk factors and mortality of elderly
patients with hospital-acquired pneumonia of carbapenem-resistant

Klebsiella pneumoniae infection[J]. Infect Drug Resist, 2023, 16:

(30]

(31]

(32]

(34]

(35]

(36]

(37]

(38]

(39]

6767-6779.

Gallegos-Miranda V, Garza-Ramos U, Bolado-Martinez E, et al.
ESBL-producing Escherichia coli and Klebsiella pneumoniae from
health-care institutions in Mexico[J]. ] Chemother, 2021, 33(2):
122-127.

Jin X, Chen Q, Shen F, et al. Resistance evolution of hypervirulent
carbapenem-resistant Klebsiella pneumoniae ST11 during treatment
with tigecycline and polymyxin[J]. Emerg Microbes Infect, 2021, 10
(1): 1129-1136.

Robatjazi S, Nikkhahi F, Niazadeh M, et al. Phenotypic
identification and genotypic characterization of plasmid-mediated
AmpC  B-lactamase-producing Escherichia coli and Klebsiella
pneumoniae isolates in Iran[J]. Curr Microbiol, 2021, 78(6): 2317-
2323.

Suleiman M, Abu-Aqil G, Sharaha U, et al. Rapid detection of
Klebsiella pneumoniae producing extended spectrum [ lactamase
enzymes by infrared microspectroscopy and machine learning
algorithms|[J]. Analyst, 2021, 146(4): 1421-1429.
Hernéndez-Garcia M, Sénchez-Lépez J, Martinez-Garcia L, et al.
Emergence of the new KPC-49 variant conferring an ESBL
phenotype with resistance to ceftazidime-avibactam in the ST131-
H30R1 Escherichia coli high-risk clone[J]. Pathogens, 2021, 10
(1): 67.

Di Pilato V, Pollini S, Miriagou V, et al. Carbapenem-resistant
Klebsiella  pneumoniae: the role of plasmids in emergence,
dissemination, and evolution of a major clinical challenge[]J]. Expert
Rev Anti Infect Ther, 2024, 22(1-3): 25-43.

van Duin D, Arias CA, Komarow L, et al. Molecular and clinical
epidemiology of carbapenem-resistant Enterobacterales in the USA
(CRACKLE-2): a prospective cohort study[J]. Lancet Infect Dis,
2020, 20(6): 731-741.

Stewart AG, Harris PNA, Chatfield MD, et al. Ceftolozane-
tazobactam versus meropenem for definitive treatment of
bloodstream infection due to extended-spectrum beta-lactamase
(ESBL) and AmpC-producing Enterobacterales ("MERINO-3"):
study protocol for a multicentre, open-label randomised non-
inferiority trial[J]. Trials, 2021, 22(1): 301.

Zhou C, Jin L, Wang Q, et al. Bloodstream infections caused by
carbapenem-resistant Enterobacterales: risk factors for mortality,
antimicrobial therapy and treatment outcomes from a prospective
multicenter study(J]. Infect Drug Resist, 2021, 14: 731-742.

Xiao S, Zhou S, Cao H, et al. Incidence, antimicrobial resistance and
mortality of Klebsiella pneumoniae bacteraemia in Shanghai, China,
2018-2022(J]. Infect Dis (Lond), 2024, 56(12): 1021-1030.

(GEAESi . 5K/ )



