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resistant Klebsiella pneumoniae, CRKP) & I RAFIEMCRKPHY A TR TiR Y. ik UEE2015-201 94 IfiLifT kgL /B 7
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[ Abstract] Objective To investigate the clinical characteristics and molecular epidemiology of carbapenem-
resistant Klebsiella pneumoniae (CRKP) isolated from patients with bloodstream infections in a large tertiary-care general
hospital in Southwest China. Methods A total of 131 strains of non-repeating CRKP were collected from the blood
cultures of patients who had bloodstream infections in 2015-2019. The strains were identified by VITEK-2, a fully
automated microbial analyzer, and matrix-assisted laser desorption ionization-time of flight (MALDI-TOF) mass
spectrometry. The minimum inhibitory concentration (MIC) was determined by microbroth dilution method. The
common carbapenemase resistant genes and virulence factors were identified by PCR. Homology analysis was performed
by multilocus sequencing typing. Whole genome sequencing was performed to analyze the genomic characteristics of
CRKP without carbapenemase. Results The 131 strains of CRKP showed resistance to common antibiotics, except for
polymyxin B (1.6% resistance rate) and tigacycline (8.0% resistance rate). A total of 105 (80.2%) CRKP strains carried the
Klebsiella pneumoniae carbapenemase (KPC) resistance gene, 15 (11.4%) strains carried the New Delhi Metallo-f-
lactamase (NDM) gene, and 4 (3.1%) isolates carried both KPC and NDM genes. Sequence typing (ST) 11 (74.0%) was the
dominant sequence type. High detection rates for mrkD (96.2%), fimH (98.5%), entB (100%), and other virulence genes
were reported. One hypervirulent CRKP strain was detected. The seven strains of CRKP that did not produce
carbapenemase were shown to carry ESBL or AmpC genes and had anomalies in membrane porins OMPK35 and
OMPK36, according to whole genome sequencing. Conclusion In a large-scale tertiary-care general hospital, CRKP
mainly carries the KPC gene, has a high drug resistance rate to a variety of antibiotics, and possesses multiple virulence
genes. Attention should be paid to CRKP strains with high virulence.
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e, Tz 2, 69T 2™ AT B 2 P 25 5
BRI (= B 1 W 98 5 7 A R (hypervirulent Klebsiella
pneumonia, HVKP) BARTEIRYT T & Lk 2, (HHZ
SRR | REHCIEIERGY, YT R PR ERTE T S i il 5k
SR, Sk G0 RR B E AR 28 ZR G BN YR S R A, AR
K BLCRKP I R 8 J7 45 AOHRAE", PAST1OM ",
AWFFE B TESS R T BE 4325 A I G 8 CRKP I K
FHIE, SR HIZAL U7 913 B (multilocus sequence typing,
MLST) , &FEF /7 (whole genome sequencing, WGS)
SEITVE, W Hm 25 ML L 20 R A>T B, O R
B AR YT AR

1 #RFITTE

L1 RS

DT A2 AR 78 B2 g M 82201 5-20194F 1 Y 8% e £,
F SR I3 IBRCRKP 38 o L 0 13 A B £ 4 4F
W P L AT BERTE] L A2 BRI SRR, AW ARAR I
J KAL) B 2 AR S A2 23 Do Ib v, L5202 14F H
(623)%5 . FiH WK HMALDI-TOF MS(Bruker
Daltonics, Bremen, & ) fVitek 24 H shff/E ¥ 0B s
(BioMerieux, Marcy-1Ttoile, 2 [ ) ZEHIFh K LA T455E o
1.2 ZERiiRLe

K HIVITEK-24x A SR A (30N E 25480 i
1 B (minimum inhibitory concentration, MIC) %%
R I PR S 96 25 A B 25 (CLSI-M100) 6 g ifE A T A B, 5
TR R S5 FARE W BT G4 P 245 B0t e 2 D2 25 (9 i L
Fifige . AR bR KA FF B ATCC 2592271 fifi 4 5
I ATCC 700603,
1.3 BEBHEEEMSNEFEN

PCRAG I & UL Ak 5 25 M L X (blaype blaypu-
blayn blanMblagy,) o K FHH2ZIXE 52 i 5 v H A
BRI R R A, AR R A R PRI BT hr 22 =
5 mm P HYE . eFP IR A (K1, K2, K5, K20,
K54, K57) 10702 S BN (fimH . magA | entB.
aerobictin. alls, iutA. kfu. mrkD. rmpAFlybts)i# it
PCRY A X BHAE" 1 Wiy, 745 R AT
BLASTLEXT, Wl A https://blast.ncbi.nlm.nih.gov/Blast.cgi.
SRk T A 0 WAL R 19 (57-37) IR blaggc, Fe
TGTCACTGTATCGCCGTC, R: CTCAGTGCTCTACAGA
AAACC; blaypy, F: ATGGAATTGCCCAATATTATG
CACCCG, R: TCAGCGCAGCTTGTCGGCCATGCG;
bla,y,p, F: CTACCGCAGCAGAGTCTTTG, R: AACCAGTT
TTGCCTTACCAT; blay,, F: GATGGTGTTTGGTCGC

ATA, R: CGAATGCGCAGCACCAG; blagy,, F:
GCGTGGTTAAGGATGAACAC, R: CATCAAGTTCAACC
CAACCG. 6FfSHEIMTTAT4™: K1, F: GGTGCTCTTTA
CATCATTGC, R: GCAATGGCCATTTGCGTTAG; K2, F:
GACCCGATATTCATACTTGACAGAG, R:
CCTGAAGTAAAATCGTAAATAGATGGC; K5, F :
TGGTAGTGATGCTCGCGA, R: CCTGAACCCAC
CCCAATC; K20, F: CGGTGCTACAGTGCATCATT, R:
GTTATACGATGCTCAGTCGC; K54, F: CATTAGCTCA
GTGGTTGGCT, R: GCTTGACAAACACCATAGCAG;
K57,F: CTCAGGGCTAGAAGTGTCAT, R: CACTA
ACCCAGAAAGTCGAG., 10F0#: J13E K 59" ybtS, F:
GACGGAAACAGCACGGTAAA, R: GAGCATAATAA
GGCGAAAGA; mrkD, F: AAGCTATCGCTGTAC
TTCCGGCA, R: GGCGTTGGCGCTCAGATAGG; entB,
F: GTCAACTGGGCCTTTGAGCCGTC, R: TATGGGCGTAAA
CGCCGGTGAT; rmpA, F: ACTGGGCTACCTCTG
CTTCA, R: CTTGCATGAGCCATCTTTCA; Kfu, F:
GGCCTTTGTCCAGAGCTACG, R: GGGTCTGGCGCA
GAGTATGC; alls, F: CATTACGCACCTTTGTCAGC, R:
GAATGTGTCGGCGATCAGCTT; fimH, F:
GCCAACGTCTACGTTAACCTG, R: ATATTTCACGGT
GCCTGAAAA; aerobictin, F: GCATAGGCGGATAC
GAACAT, R: CACAGGGCAATTGCTTACCT; iutA, F:
GGGAAAGGCTTCTCTGCCAT, R: TTATTCGCCAC
CACGCTCTT; magA, F: GGTGCTCTTTACATCATTGC,
R: GCAATGGCCATTTGCGTTAG.
1.4 MLST

AR A8 i 58 50 B A 8 22 057 55T 91 43 B 1) il (heepe//
bigsdb.pasteur.fr/klebsiella/primers_used.html) |- 774,
Xt CRKPRFEMLST, fifi FH7E 28 545 /4 1. Hohttps://bigsdb.
pasteur.fr/klebsiella/klebsiella.htmIX 25 547 43H7 o
1.5 WGS

by BGOSR B T % 8 1Y CRKP (non-
carbapenemase-producing CRKP, non-CP-CRKP) [# X

H RGP T 2L, AWFFERS TREA AT 0 T R

I L D A CRKPHEA TWGS 707 o A IR S DN A2 G
£ (Qiagen, fE[H ), #EECRKPHFLKH 4 DNA, i i
Mlumina HiSeq X 10 & #E47FF 410 ¢, 2K Fsickle
(GitHub) MISPAdes 3.82 5§ 213 5L [N 41, MLST ISR
43 #3l iF Institut Pasteur (http://bigsdb.pasteur.
fr/klebsiella/klebsiella.html) F1Kaptive (https://github.
com/katholt/Kaptive) #47. R ABRicatef &
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(https://github.com/tseemann/abricate ) ¢ fj ResFinder}
P/ (http://genomicepidemiology.org/ ) % 5E My 25 3L A .
) JH 7 S BIF 5 T 408 %2 (hittp://bigsdb.pasteur.fr/
klebsiella/klebsiella.html ) % % 75 71 FE ",

2 48

2.1 IEERER

181 EE BBl as 343 B 113 18R CRKP, HAHICU(82#%,
62.6%) . MIEFF(11¥k, 8.4%) Al rp PG EE 45 4R (104%,
7.6% ) HEAERTI3NE . 67.4% 1B F N 1, 32.6% M B K
o, R BERT ] R AL BN 33 d, K2 B0 B AT Bl
(77.8%) . R FIALAE (75.7%) , [ A7 7E A BIERAE AT,
WM (64.6%) . UEHHE (65.3%), 51.4% R B E &
ARG IR v . TR R R T HUR 2 iRYT, o
74491 (51.4% ) [ FH T B BRI 28 25 . SR I A
FICRKPJ5F )30 dFET R 4 13.2%.

CRKPX 5 LI 25 P T 25 50 45 5 - 36 20 BE g i 245
F499.2%, Ve hs F T 25564 98.6%, JLAB: ma i 252y
100%, £ Je KT 2438 0 98.1%., %if 22K 14 Z BRI inER
RG220 50 1.6%F18.0%. LKL,
2.2 CRKPE#REIMLSTE E 45!

W1, JEEEE 211751 (sequence typing, ST) 7
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Fig 1 Antimicrobial susceptibility of CRKP

Resistance rate

MEM: meropenem; IPM: imipenem; ETP: ertapenem; AMC: amoxicillin-
clavulanate; TZP: piperacillin-tazobactam; FEP: cefepime; CPD: cefpoxime; CTX:
ceftriaxone; ATM: aztreonam; GEN: gentamicin; AK: amikacin; TOB:
tobramycin; MFX: moxifloxacin; LEV: levofloxacin; CIP: ciprofloxacin; SXT:
trimethoprim-sulfamethoxazole; MNO: minocycline; TCY: tetracycline; TGC:

tigecycline; POL: polymyxin B.

S, HrrST11 974~(74.0%), ST15 34~(2.3%), ST16 54
(3.8%), ST23 21~(1.5%), ST45 7/1~(5.3%), ST1035 2~
(1.5%), HAhST (ST37, ST54, ST265, ST273, ST307,
ST412, ST524, ST789, ST1128, ST2407, ST3034)4511>.

F£1 AESTRRNHATEHER

Table 1 Resistance and virulence genes in different ST

Strain (%)

Gene ST11 (n=97) ST45 (n=7) ST16 (n=5) ST15 (n=3) ST23 (n=2) ST1035 (n=2) Other STs (n=15)
KPC-2 89 (67.9) 5(3.8) 0 3(2.3) 2(1.5) 0 6 (4.6)
NDM-5 2(1.5) 0 5(3.8) 0 0 2(1.5) 4(3.1)
NDM-1 0 0 0 0 0 0 2(1.5)
KPC-2+NDM-1 3(2.3) 0 0 0 0 0 0
KPC-2+NDM-5 1(0.8) 0 0 0 0 0 0
None 2(1.5) 2(1.5) 0 0 0 0 3(2.3)
Virulence gene
entB 97 (74.0) 7(5.3) 5(3.8) 3(2.3) 2(1.5) 2(1.5) 15 (11.5)
markD 94 (71.8) 7 (5.3) 5(3.8) 3(2.3) 2(1.5) 0 15 (11.5)
fimH 97 (74.0) 7(5.3) 5(3.8) 3(2.3) 2(1.5) 0 15 (11.5)
aerobictin 0 0 0 0 1(0.8) 0 0
rmpA 1(0.8) 0 0 0 1(0.8) 0 2(1.5)
iutA 1(0.8) 1(0.8) 0 0 1(0.8) 0 1(0.8)
ybtS 0 0 0 0 0 0 0
Kfu 0 0 0 0 2(1.5) 0 3(2.3)
alls 0 0 0 0 2(1.5) 2(1.5) 0
magA 0 0 0 0 1(0.8) 0 0
K1 0 0 0 0 1(0.8) 0 0
K57 0 0 0 0 0 2(1.5) 1(0.8)
K2 0 0 0 0 0 0 0
K5 0 0 0 0 0 0 0
K20 0 0 0 0 0 0 0
K54 0 0 0 0 0 0 0

KPC: Klebsiella pneumoniae carbapenemase; NDM: New Delhi Metallo-B-lactamase; rmpA: regulator of mucoid phenotype A; ST: sequence typing.
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1247k (94.7% ) CRK P ik 5 B s il B A, Ho v
10584 (80.2% ) 4871 blagpc ., 158k (11.4% ) #5745 blayy,, (138
HET blaypa s, 2BRBETT blay,,, ), APRCRKP [ I 4575 2 Fh At ]
(38K M blage , Mblaypy,.,, HE A blage, fblay,,.s) , FeAR7HE
CRKP AT Bk T B I ]

FSMESE 262, 131BECRKPH A 41k CRKPHL
22359 PH A . CRKP 32 I 5 AL 45 R R, K1AV 1Bk
(0.8%), K57RI31K(2.3%) . AHFEMF rmp ABK G iut AFE
PR H B & R R B B R 2 A HVKP, & 31k

#2 1314RCRKPHIZHZER
Table 2 Virulence results of 131 strains of CRKP

Virulence gene  Feature Percentage/%
entB Siderophore 100
markD Pili 96.2
fimH Pili 98.5
aerobictin Siderophore 0.8
rmpA Capsular polysaccharide regulator genes 3.1
iutA Siderophore 3.1
ybtS Siderophore 0
Kfu Siderophore 7.6
alls Allantoin metabolism 3.1
magA Capsular polysaccharide regulator genes 0.8
K1 CPS 0.8
K2 CPS 0
K5 CPS 0
K20 CPS 0
K54 CPS 0
K57 CPS 2.3

CPS: capsule polysaccharide; rmpA: regulator of mucoid phenotype A.

HVKP.
24 BEEHRBERE.SHERSSTENXR

LT blapc Wk 7 M L DY 19 T bk 2 2EST RGN
ST11, HHST45, 5 blay,, kD B bk 2 STRL
ST16; 3 J1#EH entB. markDFIfimH 34345 T-ST111)
CRKPH R, HRJEST45, ST16HIST15, HAARILEL,
2.5 7#knon-CP-CRKPHJZE R

7Fknon-CP-CRKPZ 4 K& R ZH M 7 44 I, FLAsaiv it
HERE WL, 5% P 5] (i % 58 HHWKCTC
2242 FINTUH-K2044, NCBIZ% 5 No. CP0029101No.
AP006725) FH HL, 7R 48 v 7 1H BT S AFPE Omp K353 (K] 5
AR, W4y EARATIEOmp K363 [ 2877
3 iFig

TEABFS h, CRKP ;& R i = B = HICU
(62.6%), XAl BE SICULHE HATA BT AR | AL R
BRES 25 KM iR R RRh g E S 2
RN B A K. HFIE R, CRKPAE Y M iR 12 &
AAEBAE R T, Z 00 . I B IIREA A 4R
ERGAH AR AR A, YA HE T ARPE A B E A Il
BEHHAYT R, ARPRATR S BB 2, BT
1167.4%, T B3 B4 2 i R Rl AR T AR A BI#AE, 3=
BEIL A I LHE i S5 AR AR I ILAE o 51.4% 1 B
KA RRBEPEIRSE, 3t 2t 4% 5 7 A1 T I e SR 5 B
T ST FE RS R 2R

TEM 253 v, KPC-2J2 B & B M AL 9, L
STHUNZ HST11, iX 5 H AT RATIH AL —8™ . BLoh, i

# 3 7#knon-CP-CRKPHEItRHITMI 7 45 R
Table 3 Results of 7 non-CP-CRKP strains

MIC/(mg/L) Outer
Isolate ———— X ST Resistance gene Virulence gene membrane
MEM IPM ETP porin
3R 1 4 =8 54 blagy.,, blacrg s blapy,.,, 0gxA10, 0qxB19, qnrB4, fosA, sull, entB, markD, and fimH OMPK35,
aph(3")-1b, aph(6)-1d OMPK36
4R 2 4 =8 11 blagy.s blaoga,, blapy,.,09xA, 0gxB, qnrB4, fosA6, sull, sul2, entB, markD, and fimH OMPK35,
aac(3)-Iva, aph(4)-Ia, mph(A), floR, catB3, arr-3, aac(6')-Ib-cr5, OMPK36
aadA2, aadA12, dfrA12, aph(3')-Ia
5R 2 4 =8 11 blagy.s blagg,, blapy,.,, 09xB, 0gxA, qnrB4, fosA6, sull, sul2, entB, markD, and fimH OMPK35,
aph(4)-Ia, aac(3)-Iva, mph(A), floR, catB3, aac(6')-Ib-cr5, arr-3, OMPK36
dfrA12, aadA2, aadA12, aph(3')-Ia
32R 4 2 =8 412 blagy.s bla, blac ., fosA6, 0gxA5, 0gxB26, aac(3)-11d rmpA, iutA, entB, markD, and fimH ~ OMPK35,
OMPK36
70R 4 8 =8 3034 blagy.e blacres blag., blap,, ., 0gxA6, 0gxB20, qnrB4, fosA6, Kfu, entB, markD, and fimH OMPK35,
aac(6')-1Ib-cr, arr-3, dfrA12, aadA16, sull, sul2, floR, tet(A), OMPK36
mph(A), aph(3')-Ia
83R 4 2 =8 45  blagy.,, 0gxAl1l, 0qxB20, fosA_gen entB, markD, and fimH OMPK35,
OMPK36
103R 1 1 4 45 blagy., blacry e, 09xB20, 0qxAl1, qnrB6, fosA_gen, aac(6')-Ib-cr,  entB, markD, and fimH OMPK35,
arr-3, dfrA27, aadA16, sull, aac(3)-11d OMPK36

MIC: minimum inhibitory concentration; ETP: ertapenem; IPM: imipenem; MEM: meropenem; non-CP-CRKP: non-carbapenemase-producing CRKP. The

other abbreviations are explained in the note to Table 1.
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1 [F]  P“KPCHINDMAY CRKPAF B bk, N BT EA
R 475 N g ) FITE R 22 ] B AT G R, i T R IR
Bt A DX h— S B H 353K I U, X AR

T B M I CRKPRA AR, 53—~ E 2L 245 AL 2 e 7
ESBL 5 AmpCif & IFfLEE F g B R Ay 22728, S BUA
B T A R T 24, 5 | 56 2 5w R e B e i MIC T
B FEARTFFE R, 7R BB R I T Y CRKP A AR 3
77 1L ESBLEE, [ 77 7E OMPK35HIOMPK36 1) 28725 It
S, 4Rk CRKPHE: 4 i Amp CHF 193 (K blay,, . JEMLIE R
FMICTE; T 36 % 15 1 A8 7 , HE 7R AS P2 B 7 B 4
it () CRK P X ik T 85 44 2 it 245 A L7 24 7 Amp C/ESBL
il G IR LA Y S 338, A R — RS

TERE SRR 7 17, 1310k CRKP 3 B4 4 5 11T %) 7
EMmrkDIER (96.2%) . i 1 BEE W fimHEER
(98.5% ) R AT 18 2 B entB#E S1 3 K (100% ), X 5 El
FERTAS-AISSANTZF PRIy 45—k, Bt % s T A i
Wi AR T BRI AP o K02 20 T AR KT b 75 1 4
J&, BREKBE ) A BETE T AR I AR T, iR S S A B T
DA IBARMER B IR (SAF IR R L T TR R L AT R 2 FIHB
IRAREA ) IREUER B 7, CRKP YT 4 A5 1 AT B 25 1)
entBEEREIA . Kfufh (130 b 24 4 A2 16 200 T 15 S 2
) =4k, 7.6% 1 CRKPHEHY K fu, 5 AT 1 25— i i
RELFEAREMNA AR, B8R R  HVKPR SR L
TN 2 HKIFIK2, & RASEAIESC KK 2 B bk I RE /735
e PAEK /KB R, BRI EATBSR A 1E F kiR ae )1, YOSE
52 R DR 3 22 IH alls R 4 B K fu s 14 B R IR, 33K 1 5 42
ZEVE R TR AF DG B R A AE T 3R L B A K1 it
R FAE T, SRR R EE S R RN . A
UM K P A RN AE T K1 BUCRKPH, K574
CRKPWATKE Y, 5YUSERIHITEAFE 25 5%, SO i 2% 5+
SRR,

E AW R Y], A LR R R AL G A B K rmp AT
BRI SZ IR ut AR PR AT RO A R H VKPR 272 AR5
RIS T412 HVKP, 4878 3 e DA 1L 355 35 43 25 21 1Y)
CRKPH /) iAo LIUAE™ R HVKP F 2R & ST23,
ARG H 28k ST23 CRKP kK, B AEHVKP, 1#kEAT
FhR A, #EAT Kfu, entB. alls, markD ., magANfimH75
L, JE o B K Y, HABA I 25 B KPC-2, 75—t d
W Kfu. entB, alls, rmpA ., markD ., aerobictin, iutA#l
fimHEE, [R]EHEA if 25 B KPC-2, 5 HAMLSTHY 1]
PRI L, #5208 22 958 ) JRE IR, R0 5K 0 ok T EL A 5
HIFE 1K, @5 — 0 8 ) BB B AE . AR H 18k
non-CP-CRKPH #k WHVKP, Z A7 15 511437 ST412,

YANGH "B 5% W /n B = 5 1 CRKP A Bk
ST1URY, ARG 45 5 ANAF, SR 1 ST RS Sl e 5 )
CRKP175 7 [ T

25 LTk, FRBE MR R 5 %53 2 B (1 CRKP
FHKPC- 20k 5 25 1T, HUUENDM-5, 207 175143
RILIST1128 &, Wtk FEH#E A entB. mrkDRfimH: ) &
PR, 2 ) CRK PR AR A H 341, 1 25 D] 56 1 CRKP YR}
2y BTG FIRA TR 0L, e RISTA S SRR A

* * *

FEEFRIMAB  BEARGSTE SR Bl d g, BT BTk
FIVIR S E, RN G STHRPETIR, SR G5, B3t
SCHIRL L BEFOT R B S AR S 1 TR B R R R SR RS
ST, ELXPR B R R B RO AT e 2 2 i, R R) BB X T AR BT 5 il
Ui
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