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Antimicrobial susceptibility and resistance genes of carbapenem-resistant
Klebsiella pneumoniae in China from 2017 to 2018

WANG Qing ., LI Yun, ZHENG Bo (Institute of Clinical Pharmacology, Peking University
First Hospital , Beijing 100034, China)

[Abstract] Objective To analyze antimicrobial susceptibility and carrying status of antimicrobial resistance genes
of carbapenem-resistant Klebsiella pneumoniae (CRKP) in China. Methods Antimicrobial susceptibility testing
was performed on CRKP collected from the China Antimicrobial Resistance Surveillance Trial from 2017 to 2018 by
Institute of Clinical Pharmacology of Peking University, carrying status of carbapenemase genes and other extended-
spectrum beta-lactamases (ESBLs) genes in CRKP were detected by polymerase chain reaction (PCR) and sequen-
cing detection. Results A total of 129 strains of CRKP were screened out, polymyxin E, tigecycline, fosfomycin
trometamol and minocycline were the effective antimicrobial agents, susceptibility rates were 80. 62%, 79. 07% ,
51.16% and 51. 16 % respectively, susceptibility rates of other antimicrobial agents were all lower than 46%. PCR
and sequencing results showed that 112 strains carried carbapenemase gene, mainly blaxpces (77.52%) and blaxpm
(8.53%) genes, and 3 strains (2.33%) carried both blaxpc> and blaxpu genes. Detection rate of blartgu gene was
51.94% (67/129), all of which were blargw, ; detection rate of blasyy gene was 64. 34 % (83/129), mainly blasuy 12
gene (27.91%, 36/129); detection rate of blacrxm gene was 53.49% (69/129), which were blacrxs (43. 41%)
and blacrxais (10. 08 %) respectively, 4 strains (3. 10%) contained both blacrsmo and blacrxars genes. Among car-
bapenemase gene positive strains, 80.36% (90/112) carried ESBLs genes simultaneously, and 32.14% (36/112)

carried two or more ESBLs genes simultaneously. Conclusion Antimicrobial resistance of CRKP isolated in China is
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serious, and there are multiple antimicrobial resistance genes at the same time, the most common carbapenemase

gene is blagpc, gene, and the most common ESBLs genes are blasyv, and blacrxavo genes.

[Key words| carbapenem-resistant Klebsiella pneumoniae ; antimicrobial susceptibility testing result; antimicrobial

resistance gene; polymerase chain reaction

Jifi & S B AR S LS BUR R Z — . £
G A e IR HLAB A ™ E R Al 0 R, R
il 98 LI Ak Joe P JEF e b 45 7 B R e KB LA
Kb R IR LG YRAGTT T BN I T Cex-
tended-spectrum beta-lactamases , ESBLs) ifi %¢ 7%
AT ARG 1A BT A R . AR Bk T R 0 2
25 R AT L S B R v R A N 2R 25 WY
[GETE S =R A N a2 e B 6]
W (carbapenem-resistant Klebsiella pneumoniae
CRKP) £ H 3 M 2005 4F [ 3. 00 %6 38 i 5] 2017 4F
(120, 90 %0 L 45 RIA YT R B . AHF 5 PRk th
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Table 1 Primer sequence and annealing temperature of Table 2 Constituent ratios of CRKP in clinical specimens
CRKP resistance genes and departments
4 IR K HH BB (2 =129) AL HE (20D
(bp) (C)
7k 51 39.53
KPC F.CGTCTAGTTCTGCTGTCTTG 798 55
ERA LE(S14 4D 21 16. 28
R:CTTGTCATCCTTGTTAGGCG
BUAE N (15~64 %) 57 44.19
IMP F.CATGGTTTGGTGGTTCTTGT 528 55
BN (=65 ) 51 39.53
R.GTACGTTTCAAGAGTGATGC
bR i 57 44.19
NDM F.:GGTTTGGCGATCTGGTTTTC 621 60 ,
R 33 25.58
R:CGGAATGGCTCATCACGATC
R 17 13.18
VIM F:ATGGTGTTTGGTCGCATATC 510 55
CIRiR3 11 8.53
R: TGGGCCATTCAGCCAGATC
] 8 6.20
OXA-23like  F:GATGTGTCATAGTATTCGTCGT 1058 55
RN 3 2.32
R: TCACAACAACTAAAAGCACTGT
Fl= AR 50 38. 76
OXA-24like F:GGTTAGTTGGCCCCCTTAAA 246 52
ICU 38 29. 46
R:AGTTGAGCGAAAAGGGGATT
S 35 27.13
OXA-51like  F: TAATGCTTTGATCGGCCTTG 353 52
AR 6 4.65

R: TGGATTGCACTTCATCTTGG

SHV F:CCGGGTTATTCTTATTTGTCGCT 1079 56
R: TAGCGTTGCCAGTGCTCG

TEM F:ATAAAATTCTTGAAGACGAAA 1079 55
R:GACAGTTAGCAATGCTTAATCA

CTX-M-9 4 F:AAAAATGATTGAAAGGTGGT 1242 56
R:GTGAAGAAGGTGTTGCTGAC

CTX-M-1 4 F.:AAAAATCACTGCGCCAGTTC 415 52
R:AGCTTATTCATCGCCACGTT

CTX-M-24 F:ATGATGACTCAGAGCATTCG 832 65
R:TCCCGACGGCTTTCCGCCTT

IR AR 129 Bk AE N A YGR 5 1) CRKP
K. AR A T ER I T (44, 19%) KON R
IV WL o W, H . 129 Bk CRKP. N &F
38.76%,ICU  29. 46 %, 4hF} b7 27. 13 %, HAth F}
i 4.65%; JLE G 16,28 %, AR A 44.19%,
EFENE39.53% s BB EZ T LM ERE 60.47%
VS 39.53%), % 2, CRKP Xt £k H % E iUk
e 155 (80, 6200) s HUCH B IR % (79. 07 00) W &R
R T ZFEGL16%) KIEA R (B1.16%0) & 7 ik
F DI (45, 74 %0) FIBT K R 2 (44,96 %0) , % 0 Jie 15
L3S B JE By R 2 BUR R i
6.98% .6.98% 1. 55% , %t HoAth B-P Bt e K 14 &R
0 G0 0 5 T R D 2 U R Dl 0~6.87 00, DL
%% 3,

3 CRKP X0 254 i 24 5 AU (O0)
Table 3 Resistance and susceptibility rates of CRKP to anti-

microbial agents( %)

HLi 259 R S
W L 74 Ak 96. 95 1.53
WR L 75 AR/l s (24 36 95. 42 3.82
BHERAT =6 48. 84 51.16
Sk 70 188 100. 00 0. 00
k70 A 99. 24 0.76
KA Al g 96. 18 1.53
k7L ik g 96. 95 2,29
S AU I /67 L 3 95. 42 3.05
3 761 WR ¥R 96. 95 2.29
EAgiii ] 96. 95 1.53
P JHi 1 v 87.79 6.98
B 89.31 6.98
JBAib B g 94. 66 1.55
IRRER 69. 47 30.53
[ S 53. 44 44,96
LIEZS3 48. 09 36. 64
KB H R 30.23 51.16
BmH R 10. 85 79.07
BN A 94. 66 3.05
Wik R 88.55 6.87
5275 1 e YIS 54.26 45.74
ZHWEE 19. 38 80. 62
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il R M L W A 5 AP R IR B, blakeco
blaxvm1 ~Olanmws ~Olaoxas: \[)lamm%*ﬁ:ﬂ%ﬁ%Ui‘j
77.52%.6.20% .2.33%.2.33%.0. 78 % . H:rp 3 £k
IEJ Hj‘ /E\ blaxpc ﬂ:ﬂ blaxpm % o blartem *{ﬁ\ 'EIZ'J % ﬂ‘j
51.94% Y90 blare, sblasuy K HU 28y 64.34%, &
B blasyy i (18, 60 %) F blasuy 1> (27. 91%) , it 4k
WA 7 M (5. 43%) & blasuv - 3 ¥k (2. 33%) &
blaspvas s blacrsw K Y R R 53, 49%, 4r Gl A
blacrxas (43, 41 %) Fl blacrxwqs (10, 08%) , Hivp 4
BR (3. 10%) [6] B & blacrswo Il blacrsais 3 A,
80. 36 %6 [t B Mk #E 4 ESBLs £ [H,32. 14% 1) 1 ¥k 7]
AFHEEY 2 FpE DL F ESBLs JEH ., W3 4,

2.3 blagpes blaxpu R B PR E 5 R F 8 F KW
B A AR O AR ORI B M T TR AR X BN
Tk iz 28 245 ) v B 7 5 M 2R L B- N T i 2R A2 ) R
I35 AR R BUSRRE R TR (P<<0.01).,
TE P20 75 BRI CRKP H AN blaee, & R FH
B o WV e 355 e L 95 U 8 RN A B RS X blaow B R FH
PR R B S B AR MICs, Fil/ 5% MIC,, i A%
T blakec FE I PHME R . XTI BB 259,
blagpe , 5 R FIPE X B3 2K 2 T = I R B AR
TR (P<0. 01) 5 AN 7= i 75 25 M 6 7R bk X 2 88 1
# E fUBRLF =/ (P<<0.01), W3 5.

x5

R4 129 ¥k CRKP Tif 25 3 K 4 ) 5 i
Table 4 Detection results of antimicrobial resistance genes
in 129 strains of CRKP
KPC-2 100 77.52
NDM-1 8 6. 20
NDM-5 3 2.33
OXA51 3 2.33
IMP-4 1 0.78
TEM-1 67 51.94
SHV 83  064.34
CTX-M-9 56  43.41
CTX-M-15 13 10. 08
B¢ p® KPC-2 + NDM-1 2 1.55
B KPC-2 + NDM-5 1 0.78
Brp® KPC-2 + TEM-1 + SHV + CTX-M-9 + CTX-M-15 1 0.78
= KPC-2+ SHV + CTX-M-9 + CTX-M-15 1 0.78
B = KPC-2 + TEM-1 + SHV + CTX-M-9 15 11. 63
It ® KPC-2 + TEM-1 + CTX-M-9 14 10. 85
B KPC-2 + TEM-1+ SHV 11 8.53
= KPC-2 + SHV + CTX-M-9 11 8.53
B r® KPC-2 + TEM-1 10 7.75
B = KPC-2+ SHV 19 14.73
B 7 KPC-2 + CTX-M-9 5 3. 88

R " Rt KPC-2 FHAEE O .

blaxpe A blanm 2 P B T IR 55 71 77 B T 2 090 T 181 A 1) 24 90 45

Table 5 Antimicrobial susceptibility testing result of blaxpc, and blaxpu gene positive as well as carbapenemase gene negative

bacteria strains

KPC-2(n=97) NDM(n = 8) AT T (e =17)
L 24

S(%)  R(%) MICsy MICyy  S(%) R(%) MICs, MICy,  S(%) R(%) MICs, MICy
WK 7 75 Fk 0. 00 100,00  =>256 =256 0. 00 100,00  =>256 =256 5.88 76. 47 =256 =256
IR A7 PG A / it nae £ 3 0.00  100.00 >>256 >>256 0.00  100.00 >>256 >256  29.41  64.71 256 =256
S f61 R i /47 B 3 0.00 100.00 >256 >>256 0.00  100.00 >256 >>256 23.53 76. 47 64 =256
K 0 E Ji5 0.00 100.00 >>256 >>256 0.00 100.00 >>256 >>256 0.00 100.00 >>256 >>256
Sk 7 gl A% 0.00  100.00 =256 256 0.00  100.00 =256 256 5.88 94,12 =256 256
3k 7t g 0.00  98.97 >256 >>256 0.00 100.00 =256 >256 11.76  82.35 64 =256
Sk 16 WK i 0. 00 100. 00  =>256 =256 0. 00 100. 00  =>256 =256 17.65 76. 47 =256 =256
Sk 7 0 i 0.00  98.97 256  >256 0.00  100.00 32 =256 0.00 100.00 128  >>256
i 0.00 100.00 =256 >256  12.50  75.00 32 =256 5.88  88.24 128 >256
W ke 0.00 100.00 64 128 0.00  75.00 8 16 47.06  41.18 2 =256
ET R 0.00  100.00 128 256 0.00  87.50 4 16 47.06  41.18 0.5 256
JB b 1% 0.00  98.97 256  >256 0.00  100. 00 16 32 11.76  70.59 8 256
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%% 5 (Table 5, Continued)
KPC-2(n=97) NDM(n = 8) AT B (= 17)
L 24

S(%)  R(%) MICs, MICy, S(%)  R(%) MICsy MICy S(%) R(%) MICsy MICy
KK#EER 29.90  70.10  >256  >256 25.00  75.00 64 =256 35.29  64.71 128 =256
i K s 40.21 58.76 >256 >256 87.50  12.50 1 >256 58.82  41.18 4 >256
EZSS 41.24  33.33 8 =256 25.00  75.00 256 256 23.53  76.47 128 =>256
Kk R 54.64  26.80 4 32 75.00  25.00 4 16 35.29 52,94 16 32
HIMFER 80.41  10.31 0.5 8 87.50  12.50 2 8 76.47  11.76 2 16
HN R 0.00  100.00 128 256 37.50  50.00 0.5 >256 5.88  82.35 64 256
LRI AL 1.03  97.94 64 128 62.50  25.00 0.5 256 17.65  64.71 16 64
& Ty itk Jiie FiY PRI e 50.52 49,48 1 128 0.00 100.00 128 128 47.06  52.94 64 128
PR RA T = 53.61  46.39 64 256 87.50 12.50 4 256  64.71  35.29 32 64
L% E 84.54 15.46 0.5 4 87.50  12.50 1 4 52.94  47.06 1 =256

TE S AU R R 2y, RIIA DA
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P T R 0 BT 9% v B A R E R X R 28 -
T e 24 7 980 g 45 T 1S B 1A 245 W TS 24 5 ¥R 7 CRKP &
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SR ORI R — S I R 2 S AR O
RO 258525 R A — 3. 8 CISL 2020 B i 47 44
PO XFEMERENTRBRAREA PN (S
2 pg/mL) B 25 (=4 pg/mL) (37 5 A BF 58 % £
Kit Z 3 sl 1] EUCAST #rifE. Jif 5 CRKP [§
HRXTZ R R E R N8 2 5L A 8 1 25 40 U
M. 5 Lin 585 08 5% 45 45— 300 A o 0 5k S i
WAL A K Ly CRKP X Ho i 25 2% 7] fE 25 5 3
BT R K S g I R R AR 3R T Ok
Pl . AW 58 25 5 4 R L CRKP X & 5 ik iz
D R B R N 45, 74% (59/129), — TBF 5%
et S B, Ay R e PR o 5 22 Rl B R B 1
XFFEE 36 1) CRKP I R 43 25 0k 22 B0 U [8) 4
PRI &2 7 i e B Ol e O 5 R AL 23 B R I R TR T
CRKP HyE+% A f5 i — B I R B 5T .

it 4 T AT RN Bl 7 A M S e AR R R L T 24
B 2 L i 7 5 0 B I R 1 T 0
A.BFI D, AZrp KPC-2 fil KPC-3 %12 Iifi IR fix
B UL B AEIE DS JRE I BRI R Y 2 4 5 o e e
KRG O L Ah . B GES B4 B 280 4
J& -39 B Jie Bl . 3 %2 & NDM A VIM &l IMP
R, Hod NDM BUTE 4 BR ) IZ 44642 AR K i iy
YA HE - BERE B 28 2L B T 24l B WA K

fiff 95 1 5 D 283 BE KA R R T AR OXA i,
AT b I A Tk U A ] RO blaec
(77.52%0) 3, 5 B N — I 0F 58 5 blagees
(73.54% ,517/703) j2 38 [ Jili 4 7o 75 111 B 485 5 19 I
LR B 4508 — 3. Dlanow 2 KGR A
PR 1Y) 3 S T M R R A ORI 11 AR
blaxow FE P P CRKP, At i 5 75 M Bl 55 09 &
AR NARAR 220 (6] i A BF 5% £ 98 2 7R blakec . FiI
blaow FE B FHE T R A BT I T 25 M 22 7 blakec, 2
WA TR ke XoF 28 R 22 50 i 0 245 0 i 24 2% 08 T blaom
FE DR PR P AR, R Iz i 25 v BT U R A
5 il Jig FEY i e %) 245 W it 245 AR T Dl anon 5 R A PE TR
B, 5 Lin 5 0F 58 45 38 48 ol — 2, U B i 8 o ik
T g 05 Bl L R (R R AT BE A B T R R E Y
2y s+,

ESBLs J& i SR A 5 09 8 )35 3~ B i i, B
BT AEN FEREH 2R AL E R LM
Z M T 25 s ESBLs & i 47 9 & SHV #1 CTX-M
PR AL ACRIF G Bk T A M T R PR A
80. 36 % (90/112) [a] I} #5 4 ESBLs JE P, 3 %2 &
blasiy 1o Ml blacrxwo F& 5 32, 14 % (36/112) [a] i #
i 2 AP e UL | ESBLs 3N, 5 CRKP i 25 3 [ LA
KPC-2 By &, [A] B} 4% 47 ESBLs 3 [A 4 4 387
AHARL .

Zi Bk, K E K CRKP Jp 82 w1 24 7] 5 7™
i H A 2 P 25 35 ], CRKP #5485 10 3 B 6 75 45
I W U2 blakees s B WU A ESBLs JE 2
blasyy1» Fl blacrs e T5ZE 58 CRKP ik 75 8
I T SN AR SRR R i R R R B 4 AN [
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