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[Abstract] Objective To understand the drug resistance, virulence and epidemiological characteristics of clinically
isolated carbapenem-resistant hypervirulent Klebsiella pneumoniae (CR-hvKP). Methods Clinically isolated car-
bapenem-resistant Klebsiella pneumoniae (CRKP) from a teaching hospital in Anhui Province from January 2018 to

December 2020 were collected, their clinical characteristics were analyzed. Bacterial trains were identified by time-
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of-flight mass spectrometry, CR-hvKP was screened out by string test and virulence gene detection, carbapenem-
resistant non-hypervirulent Klebsiella pneumoniae (CR-non-hvKP) isolated in the same ward or at a similar time
with CR-hvKP was as control group according to 1:1 ratio. The whole genome sequencing was used to analyze the
capsule serotype, drug resistance. virulence gene and ST typing of CR-hvKP and CR-non-hvKP in control group,
difference between two groups of strains was compared. Results A total of 512 CRKP strains were isolated, inclu-
ding 30 CR-hvKP strains and 482 CR-non-hvKP strains. Most patients with CR-hvKP infection were the elderly (n
=20, 66.67%), with respiratory diseases (n=29, 96.67%), digestive system diseases (n =12, 40.00%) , septic
shock (n=10, 33.33%), invasive treatment (n =23, 76.67%) and high mortality (n =20, 66.67%). Resistant
rates of CR-hvKP to most commonly used antimicrobial agents were>>90% , to tegacyclin was 3. 33% , and all were
sensitive to polymyxin B. There was no statistically significant difference in resistance between CR-hvKP and CR-
non-hvKP (P>>0.05). Sequencing results showed that the major carbapenem-resistance gene carried by CR-hvKP
was blagpe, (n = 28, 93.33%). Detection rate of resistant genes SHV-11, mph(A) and armA were lower than
those of CR-non-hvKP strains. Detection rates of virulence genes iucA, iutA, fimF, fimH and mrkD carried by 30
CR-hvKP strains were all 100% . which was higher than those of CR-non-hvKP strains, with statistically significant
difference (all P<C0. 05). Detection rate of ST11-K64 in CR-hvKP strains was higher than that in CR-non-hvKP
strains (76.67% vs 40.00% , P<(0.05). Conclusion KPC-2-producing ST11-K64 CR-hvKP is the main prevalent

strain in the hospital, which carries more virulence and drug resistance genes and has a high mortality. The elderly

and intensive care unit patients should be paid more attention in clinic.
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Table 1 Comparison of resistance rates to commonly used

antimicrobial agents between CR hvKP and CR-
non-hvKP (No. of isolates[ % |)

CR-hvKP CR-non-hvKP

L 25 (n=30) (n=482) © P
SUEPEAR/ 30C100) 480(99. 59) 0. 125 0.724
g e
WRPLFEAR/  30C100) 470(97.51) 0. 765 0.382
Al s EL 3H
ERLIIY N 30(100) 482(100) - -
Sk 160 At e 30¢100) 481(99.79) 0. 062 0.803
S 76 il 423 30(100) 482(100) - -
Sk 1 nit i 30¢100) 473(98. 13) 0.570 0. 450
¥ (uE=3:E 30(100) 462(95. 85) 1.295 0. 255
BNl 30(100) 480(99. 59) 0.125 0.724
JE Al 1% 1 30(100) 482(100) - -
WV JHz 5 g 30(100) 482(100) = =
fp K R 2 29(96. 67) 415(86. 10) 2,738 0. 098
RREE 30(100) 455(94. 40) 1. 774 0.183
TAi T E 29(96. 67) 430(89.21) 1.691 0.193
A 1(3.33) 6(1.24) 0.378  0.539
ERRUPE  300100) 445(92.32) 2,482 0.115
HHY R 30¢100) 468(97.10) 0. 896 0. 344
HH M 25(83.33) 338(70.12) 2.388 0.122
T3
ZKHEZDB 000 000) = =

T — RATCHE .

aac(3)-11d(30. 00 %) .mph (A) (30. 00 %) , M it i
i 25 3L R qnrS1(46. 67 %) LqnrB4(6. 67 %) ,oqx A
(6.67%) .oqxB(3.33%) . Wi 5 E it 25 I A fosA6
(100Y) Fl fosA3(20. 00 %) , ik Wi 2 Tiif 24 5 PRl 3= %
HEAT sul2(43. 33%0) Fl sull (43. 33 %) , U B 2 i 24 Jik
tet(A) (36.67%), 30 £k CR-hvKP fif 25 3L K SHV-
11..mph(A)F armA #)#: H AL T CR-non-hvKP
PR, 22 BA G FE X (F P<0.05), WLk 2,
2.4 FHARAAMNLR 30 tk CR-hvKP #7471
FHEN tucAiutA. fimF. fimH . mrkD £ Z 5
T CR-non-hvKP Ftk. 2R A G FE LY P
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Table 2 Comparison of detection results between CR-hvKP

and CR-non-hvKP resistance genes

KPC-2 28 93.33 30 100 2.069  0.150

TEM-1 24 80.00 28 93.33  2.308 0.129

SHV-11 2 6.67 8 26.67  4.320  0.038

rmtB 24 80.00 21 70.00  0.800  0.371

aac(3)-11d 9 30.00 15 50.00  2.500 0.114

gnrS1 14 46.67 13 43.33  0.067  0.795

15
(=)

ogx A 2 6.67 4 13.33  0.741  0.389

dfrAl12 3 10.00 7 23.33  1.920  0.166

SosA3 6 20.00 9 30.00  0.800  0.371

sul2 13 43.33 16 53.33  0.601  0.438

1 — oL,

2.5 ERBhFEAZ ST A 30 #k CR-hvKP
B ST11 % 28 #,ST23 1 2 #k, @ FER A ST
H A LA 5 B R AR ST11-Ko4 (23 bk,
76.67%) ST11-K47(5 ¥k, 16. 67 %) F1 ST23-K1(2
#k,6.67%) ;30 #k CR-non-hvKP B #k H ST11 #l
27 k. ST15 B 3 #k, SEMEA ST 204 43 BULAS ww
FERAL . ST11-K64 (12 ¥k, 40. 00%) . ST11-K47 (14
Bk, 46. 67%) Fl ST15-K107 (3 #k. 10. 00%) il
ST11-K57(1 #£,3.33%), CR-hvKP Btk ST11-
Ko64K; tHF (76. 67 %) T CR-non- hvKP B £k

#& 3 CR-hvKP 5 CR-non-hvKP 2 J7 3 K &6 ) 45 F kb
Table 3 ~ Comparison of virulence gene detection results

between CR-hvKP and CR-non-hvKP

rmpA 30 100 0 0 - -

tucA 30 100 24 80.00  6.667  0.010

iucCD 30 100 27 90.00  3.158  0.076

mrk ABCE- 30 100 30 100 - -
FHJIK

fimH 30 100 24 80.00  6.667  0.010

acrAB 30 100 100 - -

entD 8 26. 67 8 26. 67 - -

entS 7 23.33 8 26. 67 - -

iroB 8 26. 67 7 23.33  0.089  0.766

iroD 10 33.33 7 23.33  0.739  0.390

Fyul 30 100 30

irp2 30 100 30

resA B 30 100 30100 - -
e~ TR T .

(40.00%) ;1M CR-non-hvKP Bk ST11-K47 ¥
H % (46, 67%) 5 F CR-hvKP ¥k (16. 67%) ; 2
SWA G 2ER () P<0.05), L4,
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Table 4 Comparison of detection results of capsule serotype Table 5  Clinical characteristics of patients in CR-hvKP
and ST typing between CR-hvKP and CR-non- group and CR-non-hvKP group (No. of cases
hvKP (%D

CR-hvKP CR-non-hvKP i H CR-hvKP CR-non-hvKP Xz P

S 8 5 (n=30) (n=230) : . (n=30) (n=482)
K ST 53 i R * R ) 2,151 0.142

B o B o =60 20066.67)  255(52.90)

ST11 28 93.33 27 90.00  0.218  0.640 <60 10(33.33)  227(47.10)
ST15 0 0 3 10.00  3.158  0.076 5] 0.469  0.494

ST23 2 6.67 0 0 2.069  0.150 L 19(63.33)  334(69.29)

K1 2 6.67 0 0 2.069  0.150 1 11(36.67)  148(30.71)
K47 5 16.67 14 46.67  6.239  0.012 R LR 19€63.33)  233(48.34) 2.540  0.111
KL57 0 0 1 333 1.017 0.313 AT 5(16.67)  84(17.43) 0.011  0.915
KL64 23 76.67 12 40.00  8.297  0.004 JiliEr 7(23.33) 58(12.03) 3.254 0.071
KL107 0 0 3 10.00 3.158 0.076 MR RGN 29(96.67)  426(88.38) 1.211  0.271
ST11-K64 23 76.67 12 40.00  8.297  0.004 . Wl 5 b 10(33.33)  104(21.58) 2.255  0.133
ST11-K47 5 16.67 14 46.67  6.239  0.012 WIR AP 7(23.33)  126(26. 14) 0.116 0.734
ST23-K1 2 6.67 0 0 2.069  0.150 % T e 3208 0C0) 23(4.77) 0.593  0.441
ST15-K107 0 0 3 10.00  3.158  0.076 TEHRGER  10(33.33)  131(27.18) 0.536 0. 464
ST11-K57 0 0 1 3.33  1.017  0.313 1 ) fiE 56 8 1(3.33) 37(7.68) 0.272  0.602
ML RGHAE  12(40.00)  129(26.76) 2.480  0.115

2.6 CR-hvKP &6 k4% 42 CR-hvKP & YL i & M RGHR  206.67) 57(11.83) 0.737 0. 391
£ FAE B EFH (66, 67%), 1 75 Wk & 48 9% 9% LHEWMRE 206,67 12(2. 49) 1.853  0.173
(96. 67 %) M AL R G B (40. 00%0) &Y MK 7 L5

(33.33%) A2 ANEIE ST (23 1. 76. 67%) LI K% #5 9% YIRS 10(33.33)  57(11.83) 9.673  0.002
FE2(20 ], 66. 67%). W3 5. CR-hvKP 4155 3 AME ICU 15(50.00)  192(39. 83) 1.212  0.271
2%.(20 ], 66. 67%) & F CR-non-hvKP 41 (125 i, ERS 4(13.33)  149(30.91) 4.165  0.041
25.93%), 2 B A G ik 2 &% X (P<0. 01). CR- HESIRA  21(70.00)  311(64.52) 0.372  0.542
hvKP %ﬁﬁﬂ%ﬁ?ﬁ o l[kf“ 41 Hﬁﬁ T4 ol bk B 15(50.00)  197(40.87) 0.970 0.325

A 23(76.67)  125(25.93)  35.372 <C0.001

BFE>060 5 R EIR T RUE IS Mosh iR kOB
RIS . R AR E L (3 P<0.05),
W6,
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Table 6 Clinical characteristics of patients in death group

and survival group of CR-hvKP (No. of cases

(%D
i H FT-H(n=20) fFIHH =10 P

AR () 0. 045

=60 16(80. 00) 4(40.00)

<60 4(20.00) 6(60.00)
5 1. 000

i 13(65. 00) 6(60. 00)

k'S 7(35.00) 4(40. 00)
9 I 14(70. 00) 5(50. 00) 0. 425
IR o 4(20. 00) 1(10. 00) 0. 640
W 2R 5 9 e 20(100) 9(90. 00) 0.394
W IR 2 LB 3(15. 00) 4(40.00) 0.393
53 R G RNR 8(40. 00) 2(20.00) 0.132
1 b 2 58 9 i 8(40.00) 4(40.00) 0. 472
i 3 4(20.00) 3(30. 00) 0. 657
SR AR T 10¢50. 00) 0(0) 0. 002
AfE ICU 12(60. 00) 3(30.00) 0.722
HE SR 16(80. 00) 5(50. 00) 0.139
ik B 14(70. 00) 1(10. 00) 0. 001
SEWE 19(95. 00) 4(40.00) 0. 026
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Z R BB 25 T 25 1 32 R, 5 A G i aE Y A
T, 5 30 #& CR-non-hvKP | J¥* 45 5 #f kb, CR-
hvKP #47 ag i 25 & K SHV-11.mph (A) Fl armA
it A F CR-non-hvKP Bk, 2 58 G it %5 X
(P<<0.05), #2778 CR-hvKP 5 CR-non-hvKP f#71E
TiEf 245 AL 1 9 22 5%

Jifi 58 5, T A B AN E R ) Y R AR R 2
W g 22 B A0k AR 5 L rmp A WT DL I TE B £
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WE A B T F 26 W2 B 1 3 R T Bk ZR AR 7E CR-
hvKP {28 KA v e 35 SCBEVE T, L AP I R
RRBUARTE P EZ BT 5 90% . SAF R B iucAB-
CD #9072 iy, R Z A dwe A SR g™, H
RRK Z UF 5 5B 58 T & B il R B RS A rmp A A
iucA FEFAE N hvKP 1992 Wi ks e . 3l 2 0y &
AWFFE CR-hvKP B Ak th ZE AR SE I K Grmp A
BB IR CfimH  mrkD) DL R 8k 3 A AH 56 35
GucA) % F B S L H R 100%, & F CR-
non-hvKP Btk . CR-hvKP T8 Bk [ i i 48 47 At 114
B S H T AL SR B R K
YRR — 2 B IO AT 20 A 4 B RE A L T L fd 2
PR LA 80 R e %z Ak s A [R) R AT R T I I S TR
PO VR 20 B . AR 3 R 2 W Y A [ RDORE
B Il 58 vE BR AR T 4 Ry 82 A JE BT AY L R L
K1 & K2 B Sy ok, % 5 5l IR B,
CR-hvKP #j3# 1) B i 35 L 5 hvKP AS[E] 5 WL B
KI1.K2 #), i K47 .K64 /b UL i 15 2 4n K20,K54 .
K62 % A 56 v A I 1 9 CR-hvKP L Ko4 Al
K47 JERE 1 37 43 78 o 3=, 5 [ N A DG RF 98 > 45 SR 4
WA, £ S ) 4 B (multilocus sequence
typing, MLST) & —F B TR ¥ 51 4 b . % H T
WESE 20 P 1 1 Ak R I A7 9 24 W0 B 3 B O ik
ST11 #E 3 E CRKP fit % pa e, ST23 J& 45 i
fifi & 72 5§ 1A @ (classical Klebsiella pneumonia,
CKP) EZ Ay e B #3085 ¢ B if 375 A0 ST 43
I A %% 30 # CR-hvKP %% ST11-K64, H
W ST11-K47 AUA 2 #i ST23-K1 #, H i,
R ST11-K64 £ & CR-hvKP #5 % UL i 3% i
AL TE I A BE YT HLA B A R Y B B
7N ST11-Ko64 Y RE 6% 7 PR A% K g i1 40y oy, /] L)
B RPN H R 40 Y R K AR B TE A
PR, b ST11-K47 BYH Jy % . B35 45 76 B8 g 26 55
AAF . AWEFEH ST11-Ko4 18 5 8 J7 18 Bk H 1 43 A1
B TR O W k. ST11-K47 B HE & 35 7 1 b A
IR F e B N B bR, 5 ME e F Y — B, CR-
hvKP [ 4k B% 2k £ 224 P AP AT g, — Fh & hvKP
PR CRKP B Ffr o 4 45 1 24 J53 kL 17 2 30 HE AH OC
(T 250k 5 75— B2 CRKP B M\ hvKP B A 38 15
B A G JFORL DA T 2% B HE R ) R R T 2 S
A2 CR-hvKP F 320 ST11-K64 #, [ i #E 3% b
Sy B ) CR-hvKP J& % gy CRKP 3545 8 1 ok ik
Rk
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