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[Abstract] Objective To understand the differences in the number of drug-resistant genes, virulence genes and
plasmids among carbapenem-resistant Klebsiella pneumoniae (CRKP) from different specimen sources, and provide
references for the prevention and control of CRKP infection. Methods The whole-genome sequencing data of CRKP
from different specimen sources in 2011 — 2020 were downloaded from public database of Pathsystems Resource In-
tegration Center (PATRIC). Drug-resistant genes, virulence genes, and plasmids were identified and analyzed with
bioinformatics analysis software and compared with IBM SPSS 23, 0 and R v4. 2. 0 software. Results A total of
2 356 CRKP whole-genome data was included. The medians (interquartile interval) of drug-resistant genes, plas-
mids, and virulence genes carried by CRKP strains were 18 (16, 20), 4 (3, 5), and 60 (57, 68) respectively. The
number of virulence genes, plasmids, and key virulence genes CiutA, iucA, iucB, iucC, iucD, rmpA, rmpA2,
iroB, iroC, iroD, iroN) carried by CRKP strains from different specimen sources was statistically significant (P<C
0.05). The number of drug-resistant genes, plasmids and virulence genes carried by CRKP strains from fecal speci-
mens was higher, with the medians (interquartile interval) of 19 (16, 21), 5 (3, 6) and 63 (61, 59) respectively.
The percentage of CRKP from catheter-attached fluid carrying iutA and iuc CiucA, iucB, iucC, iucD) was higher
(19.0%, 4/21). Carrying rates of rmpA and rmpA2 in CRKP from alveolar lavage fluid were the highest, 7. 9%
(3/38) and 15.8% (6/38) respectively. The percentage of iro (iroB, iroC, iroD, iroN) genes carried by CRKP
from sterile body fluids (6.5% , 4/62) was higher than that of CRKP from other specimen types (percentage range:
0-4.9%). CRKP from blood specimen carried more virulence genes than that from other specimen sources (P =
0.004). Conclusion CRKP from blood specimen carries more virulence genes than CRKP {rom other types of speci-
mens, which may relate to the high clinical mortality. It is suggested to pay close attention to the evolution of CRKP
strains into high virulence strain in blood specimen, and reduce the incidence of CRKP blood stream infection by
strengthening healthcare-associated infection control measures.

[Key words| carbapenem-resistant Klebsiella pneumoniae; specimen type; genome; virulence gene; PATRIC

filfi R 50 B A B (Klebsiella pneumoniae , KP) J&
M5 FE

¢« 15

— PURAWAENE R )iz S 80™ AR i 21
KP $i ok 2. i ik 75 85 1 28000 R 50 F 0
Klebsiella pneumoniae ,
CRKP) J& i AR UL 15 25 7, JL A i 256 52 AN W 7 8
Fa IR CRKP & WLAR AR R JEAL 48 JR 1M PP 1%
TE SN R TG R AR A L AR R AR M R
ANFE A B I K BB Y CRKP i 2 %K
UL AR . CRKP I S 37 8% 5 14 955 B ofe it 20 1%
FBFE TN XK B 2, 384> SCHk i CRKP il
T e R F TP R A 71, 9% L 3 1 T o il 0 £ Jek
PR AL R (21, 9% 7, CRKP & ik 4 Bk 3t Bl
B T A T I 1 7™ 5 2 A U . R SR R ) AR AR R
JE CRKP 7 #5747 i 25 55 4 5 7 56 B ORN 5o 4k e 25
T TS AT EUR R 20112020 41
CRKP H X 2H I 5 B 408 547 0 3 40 A IR AT filt
ARIIFR A A CRKP Y 14 1 PR R e R I e 42 1
Rit=%,

( carbapenem-resistant

.1 HKBERBEAGBLEFAE AKPF5IM Pathosys-
tems Resource Integration Center (PATRIC)™ ¥4
i R (PATRIC %40 P 5 416 4 T Y 200 1 i DY) 2 2 4
I8 F1 5 55 D20 43 BT AR G B R i EGHR L AH T T NCBI
B P AR AR o3 1 1 52 T 24 1 00 55 ikl R,
BESEE , BT UEAT LA BT TR ) 20112020 4
] B A B K DA 20300 e 04k - AR Ol 1 2 L A AS ok
U5 75 B U R P AR R W 24 5545 B AT k. A
FRofEfd 4 - (O AZETE 35 () 4% IR 2020 4 o [5 40
Tk 245 0 0 45 2R 1) 4 2 02 O 245 W5 B0 1 s A 26
BB R AR AS R U5 A I PR it 0 4 O VL TG TR
3 1M A L IR G AR AR A AR AL 8 A2k
5 (3) T R 45217 Bk 7 2 4 WAL DR 5 (4) 0 2 [ 8 4 0k
ME R e, HERRARUE: (D8 8 AN LLIMA 1
5 (OBRIL IR Il 9 9 5% 9 TG T AR WA 5 1 M VL
FEAH VPR IE AR A A BR AS LAD B AR AR U5 (3D



. 16 o [ R g i o R 2023 4

21 A% 22 %% 1 Chin J Infect Control Vol 22 No 1 Jan 2023

N HEAE B T R A L R 5 (4D 23 B IF IR 4 B 4 X b
AR D B SR R AR
1.2 FAXR ®HLAR A ERFTR S ER
(single nucleotide polymorphisms, SNPs) 4~ #
N kleborate™ B {4 Xof B ik 2 17 4 Fh % 7 I 0 ik
HOR A5 CARDY BUHis 2 vh 7 76 10 Bk 7 25 04 1
L . B abricate 44 f 3L 47 5115 CARD,
VEDBY' #1 PlasmidFindert'™ #38 % i 47 kb %, 3%
A5 GRS A 7 R TR L 24 5 DRLRI SR A 15 0
Ve R T8 5 1A B HS11286 (GenBank assembly
accession: GCA_000240185. 2)fE = % L K 41,
WY snippy B K A TR R B DR 20 5 2 5 i R A i
A3 BE 23 BT AR A5 4% T8 Bk SNPs £,
1.3 gitF o4 W IBM SPSS23.0 AR v4. 2.0
SRS RE g T IS N ﬁﬁﬁi%lﬂl LA
SEVHROSTRE R R AL B LM (Pos s Pos) JHEAT G2 T 4
R HAES K (Kruskal-Wallis H ﬁe%uﬁjg@)
W ZAHE BAZER, & - BR e U K5k s m
22 5. R R TR B AN [R] R 8 A L =2 ] A
SR ITFEIF L P<<0. 05 225 HA 511

2 #R
2.1 CRKPAHEUARIN G HEFMmRAsHm Xt
2011—2020 4 10 4E [8] PATRIC 2 3 8048 &

12 774 #k KP #1708 5 99 A 2 356 A5 A 1 1% 4%
41y CRKP & 21 5 51347 20 B » o 20112015 4F

735 B (14, 63% 231 5 025 B, R (797 #k.33.83%)
1. (706 £ ,29. 97 %) I IE (366 £, 15. 53 %) F1 3%
(231 #,9. 80%0) hy EEARARIR . 1 br 4 CRKP
Y ERCR AR B AL TR AT 3 A7 . 48R I & CRKP 58 I
WARBZ —, WK1,

7007 = {55 1B
| = R

600 « TG H A
%500 . “?'{%é SIER TN
154001 ﬂTEﬂ'Fi i ffr?l;
: o i 600
§3oo e
22001 l 1 =

100- .

0
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
by (4F)

1 2011—2020 4R [ AR A I CRKP #9 #ci 3 A

Figure 1  Distribution of CRKP from different specimen

sources, 2011 — 2020
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Table 1 CRKP genome sequence numbers submitted by different countries/regions, 2011 — 2020 (No. of strains)
% /3 X 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 &t
BT IR % ) 0 0 0 0 0 0 0 1 0 0 1
o] AR 5 0 0 1 1 0 0 0 0 0 0 2
T4 3 ) 0 0 2 1 0 0 0 0 0 0 3
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43k 1 (Table 1, Continued)
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Table 2 Distribution of different carbapenemase genes among 8 types of specimens, 2011 = 2020 (No. of isolates [ % |)

blacrx-mss 2(0.25) 0 0 1€0. 43) 0 0 0 0 3

blaces 2o 1€0.13) 0 0 0 0 0 0 0 1

blavip-20 0 1€0. 14) 0 0 0 0 0 0 1

blap- 0 1€0.14) 0 0 0 0 0 0 1

blaxpc-12 1€0.13) 0 0 0 0 0 0 0 1

blaxpc 23 0 0 0 0 1€0.74) 0 0 0 1

blaxpcs 252(31.62) 156(22.10) 35(9.56) 7(3.03) 25(18.52) 17(27.42) 10(26. 32) 2(9.52) 504

blaxpc 3s 0 0 0 0 0 0 0 0 0

blagpc 1 0 0 0 0 0 0 0 0 0

blakpcs 0 1€0.14) 0 0 0 0 0 0 1

blaxpw-1 79(9.91) 45(6.37) 52(14.21) 72(31.17)  10(7.41) 5(8.06) 4(10.53) 4(19.05) 271

blanpw-s 5(0.63) 27(3.82) 4(1.09) 8(3.46) 2(1.48) 1(1.61) 0 0 47

blaxpmo 0 1€0. 14) 0 0 0 0 0 0 1

blaoxa-isi 8(1.00) 17(2.41) 10(2.73) 4(1.73) 1€0.74) 1(1.61) 0 1(4.76) 42

blaoxa-2s2 26(3.26) 58(8.22) 74(20.22) 84(36. 36) 0 0 3(7.89) 2(9.52) 247

bla()xA.245 1(0. 13) 0 0 0 1(0. 74) 0 0 0 2

blayiv 4(0.50) 3(0.42) 0 2(0.87) 3(2.22) 0 0 1(4.76) 13

blavivar 0 0 0 1€0. 43) 0 0 0 0 1

blaviv 4 0 0 0 0 1€0. 74) 0 0 0 1
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Table 3 Drug-resistant genes, plasmids and virulence genes carried by CRKP from different specimen sources

AR
R AR o EREAA R BE SEEA EEkR GindR medww B2 P
(n=706) (n=366) n=797) (n=231) (n=21) (n=62) (n=135) (n=38)
it 253 I LM(Pas , P75) J18(16, 21) 18(15, 20) 18(16, 20) 19(16., 21) 18(17, 22) 18(15. 20) 18(16, 20) 18(16, 21) 13.795 0. 055
JEAR [ M(P2s 5 P7s) | 4(3, 5) 4(3,5) 303, 4) 5(3, 6) 403, 5) 3(2, 5) 303, 4) 3(2, 4) 84.880 <C0. 001

B JJFEFI[M(Pas , P75) ]60(58, 69) 61(55, 68) 59(55, 65) 63(61, 69) 59(59, 70) 60(59, 69) 59(55, 64) 63(59, 69) 82.704 <C0. 001

S B A B )]
ut A 82(11.6) 63(17.2) 39(4.9) 31(13.4) 4(19.0) 11C17.7) 12(8.9) 7(18.4) 54.914 <0.001
tucA/iucB 82(11.6) 64(17.5) 39(4.9) 32(13.9) 4(19.0) 11(17.7) 12(8.9) 7(18. 4) 56. 580 <<0. 001
iucC/iucD 82(11.6)  64(17.5) 39(4.9) 31(13.4) 4(19.0) 11C17.7) 12(8.9) 7(18.4) 56. 146 <<0. 001
rmpA2 56(7.9) 49(13.4) 32(4.0) 23(10.0) 1(4.8) 7(11.3) 7(5.2) 6(15.8) 39.759 <0.001
iroB/iroC/iroD/iroN 11(1.6) 18(4.9) 12(1.5) 2(0.9) 0C0) 4(6.5) 1€0.7) 1(2.6) 20. 535 0. 003
rmpA 22(3.1) 22(6.0) 25(3.1) 0C0) 0C0) 4(6.5) 6(4.4) 3(7.9) 24.163 0. 001

AN A% 45 3k W5 i CRKP B #% SNPs % & h 40 000

2924~41 470 (P = 0. 414) , H v 09 W 38 43 W )

CRKP Eibk SNP 75 5 i 1§t 52 A0 [7 419(7 017, 5130 0007

24156) 1.3 B #5 4 CRKP & 4/ SNPs 504 Z 0000,

B B 220 148(3 528, 24 233) ], A ] KE A 2 A1
CRKP #45 SNPs 1) % W& 2.,

XF 706 Gy AR A 5 1 650 £y = I br A >k U o
CRKP i 24 5 [ % 77 35 [R]85 447§kt i 4 1 S8
&, % P AR AR Sk i CRKP60(58, 69) ] H H At b7
A CRKPL60(56, 67) #E# o 23 Sy 5, 2
FHEGEIEEX(P=0.004), W4,

10 0001
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2 AFE#RA T CRKP [y SNPs ¥ & 8
Figure 2 Comparison of SNPs amount in CRKP from diffe-
rent types of specimens
x4 MmbRA S HALER AR A CRKP Tif 25 3% ] 50k 35 77 2 AT SNPs #8545 15 10
Table 4 Analysis of drug-resistant genes, plasmids, virulence genes and SNPs carried by CRKP from blood specimens and

other specimen sources

T A 2k R
e [R] 21 RHAE u/y? P
LW (2 = 706) H Al PR (=1 650)

i 25 B P [ M(Pas , Prs) ] 18(16, 21) 18(16, 20) 556 327.0 0.083
J A LM (Pas , Py5) ] 4(3, 5) 4(3, 5) 570 187.5 0. 406
# N 3H [ M(Pas , Py5) ] 60(58, 69) 60(56, 67) 539 013.5 0. 004
SNPs [M(P»s , P75) ] 7 440(7 087, 24 323) 7 568(7 146, 24 123) 581 200. 0 0. 934
e dE h FEHE [k (V) ]

iut A 82(11.6) 167(10. 1) 1.167 0. 280

iucA/iucB 82(11.6) 169(10.2) 0.978 0.323

iucC/iucD 82(11.6) 168(10.2) 1.070 0.301

rmpA2 56(7.9) 125(7.6) 0. 088 0. 766

iroB/iroC/iroD/iroN 1(1.6) 38(2.3) 1.347 0. 246

rmpA 22(3. 1) 60(3.6) 0. 398 0.528
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