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Serum capsule typing and drug resistance mechanisms of carbapenem-
resistant Klebsiella pneumoniae strains isolated from clinic
YAN Hong' ,YAN Hua*"
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Hospital sWuhan s Hubei 430073 ,China)

Abstract . Objective To investigate the resistant mechanism of carbapenem-resistant Klebsiella pneumon-
iae (CRKP) by analyzing the capsule serotype and virulence genes. Methods Vitek-2 Compact automatic mi-
crobial identification instrument was used to test the drug sensitivity of the isolated strains in vitro. Mucous
filament test was used to screen high mucus positive strains. The phenotype of carbapenemase was detected by
modified Hodge test and carbapenemase inhibition test (CIM). Common capsular genotypes, carbapenemase
resistance genes,p-lactamase genes, membrane porin genes,virulence genes were detected by PCR. Results A
total of 126 strains of CRKP were isolated in this study (39. 87%,126/316), the resistance rate of CRKP
strains to cephalosporins,enzyme inhibitors,carbapenems and monocycles was the highest,and the resistance
rate was significantly higher than that of non-CRKP strains (P <C0. 05) ,and tigacycline resistance rate was the
lowest,and there was no significant difference with non-CRKP strain (P >>0.05). 106 strains were positive in
modified Hodge test and 117 strains were positive in CIM test. The KPC gene of class A carbapenemase was
detected in 117 strains. 53 strains of TEM gene, 100 strains of SHV gene, 112 strains of CTX-M gene, 50
strains of Ompk35 gene and 94 strains of Ompk36 gene were deleted. Among 126 CRKP strains,the number
of strains carrying 4 different resistance genes was the highest. Conclusion Most of the capsule serotypes of
CRKP isolated in this study are still unclear,the main drug resistance mechanism is carbapenemase produc-
tion,and some strains are associated with membrane porin gene deletion.
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HAEH AL EAE N I B8 A S IR B 8.
KA FHBU s 25 AR S 5 L R R 2P
24 R T TR R ) AR M A A A AR ST B iR T
I PRI YL i 1 e 25 8 . (HBE 25 1% 2 L T 25 W i %
i e 75 B M ST 24 il 48 52 B 11 B (CRKP) & 7 3
%, R ERIE S KP 0] 7= A 38R, 8 il = B vl = Y
HAm RS i 2 R A Y R KP
BHHET HMEZA, R H R 2 W48, 5%
JEH B A K. BEIE D OBE OT 45 R o,
CRKP £ 35 4 FLAth g Dt b Jak e £ 35 s JE 6 I 2 38,
BRI % A B 43 B9 1 CRKP 1 Bk 1ML W 3% 5 3k 47 43 784
WF 58 H ELARTE 25 L6, A F) T X CRKP gy i 35 k17
BT 24 L /0 BB R PR R

1 #RE5EHE

1.1 BBRESRIE 04 2016 4F 2 H % 2018 4F 2 A A
5 25 ol I DR s A It YA L PR VAL L 08 8 L I s 5 A Y )
HE B[R] — £ 3 A — 50 007 8 4 p A, JL 3R B KP 316 .
Horr CRKP 126 ¥k, 5 & 80 6 (5 ] 35 MK [R]
BB A 8 B R AR 2otk R 38 il (3 i) iR B AN [R5
B B BB 5 B TP 4 B T PR 82 Ak, il i T 4
24 BRI A B 7 MR IE IS SRR T A B 13 Bk R
BEEAE KBB4 HE ATCC 25922, it & 76 & 1A &
ATCC BAA-1705 ifi R s B A ATCC BAA-1706,
A B 5 i A TR R 222K ] Vitek2-Compact 42 H 3l il 4=
YR ESGHITERE . AFRSERRBZ R SHE,
1.2 s 50 EZTMH Vitek-2 Compact &£ H
BN 2 A B 2 2 B L A R AL 3 R
1% £ 45 . PCR {¥ . ABI-PRISM 3730 il £ 4% .DYC-6C
VKA . PCR WG & A H A TaKaRa 22 F .
1.3 FikE

1.3.1 mtREE RHRE AWK A Vitek-2
Compact 4= [ 2 330 Az 9 % 28 A% 43 B85 18 4k 25 17 1K 4b
2459 TG 5 . 2 IR [ I DR RN S 3G AR o B &
(CLSD LA b, 55 [ 63 5 25 i B 4 LR (FDAD

P v R I B R AR L — 2 E CRKP AR
fit 25 i) KPN(non-CRKP)

1.3.2  FhweziX 5 K pE Fb 2 A o 30 7 A,
35 CREFEHR, UMM IR RYE R E G . Bk LK
JE=5 mm AR K B, AR =R DL R B O R
T TR R

1.3.3 WEHEMBRAEN (DME Hodge il .
B BC 419 0.5 22 B i R R % B ATCC 25922
P B B W Y S T MH P4, 3~5 min
o AR SRR P R E R B R A Pk 3~5 M
TN B b 4 B V% T B P AR H 4R R A S n o Ml R
L8R, L ATCC BAA-1705 i BH 4 % 1, ATCC
BAA-1706 A BITEXTIE, 35 CHEFEMH 16~18 h, T
b o - FF I R MR 5 R A 3R A B ATCC 25922 e Pl
2Z G Ab B T PR R A R R ORI, 3% B
TR ol Ok B 7 B M R R . (2D BR T B0 A A 56
(CIM): i ATCC BAA-1705 K FH 4 % B, ATCC
BAA-1706 A B X B, f 78 0 B R A 1.5 mL J6
PR ZE KN A R 15 /8 40 R (10 pg) »35 °C 5 57 0%
H o4 h B EC LR 0.5 2R A KR A
ATCC 25922 WA R B R ¥ 51 A F MH “F 4
B R 5L U R 4 A 4R R I T MH S AR, 35 °C 15 3%
TR, MER R BRI AR ME . RIB R A 1 ATCC
25922 AR AZZIME] Ry 7= e T B A B AR s KIB IR A&
W ATCC 25922 A &K 32 Wil A A 7= ik & 5 I i
g7/

1.3.4  PCR il i 37 36 B i 25 5 P K v 3 77 2
K A PCR & & DU 34 14 Bk K1, K2, K5, K20,
K54 K57 45 UL 3JE B8 3 DR Y 5 UL Bk 75 B O T it 25 3%
KPC.NDM,VIM,IMP, OXA-48, 3P Tk iz fitg ik [Fl
TEM. SHV. CTX-M, X fL & M1 & Ompk35.
Ompk36., AmpC i3 K DHA, % WL # 71 2K magA |
rmpA .rmpA2.aerobactin,wcaG.mrkD.iroN.allS, 5|
Yy A JR R R S5 2 Sk 8 L R A L 1,

1 YIBEEBS M F

Je Al ERSEAYS| R/ )]l TR BE (bp)
T T R 47 T T 24 B K] KPC F:5'-TGT CAC TGT ATC GCC GTC-3’
R:5-CTC AGT GCT CTA CAG AAA ACC-3' 1010
NDM F:5-ATG GAA TTG CCC AAT ATT ATG CAC CCG G-3'
R:5-TCA GCG CAG CTT GTC GGC CAT G-3’ 813
VIM F:5-AGT GGT GAG TAT CCG ACA G-3'
R:5-ATG AAA GTG CGT GGA GAC -3’ 261
IMP F:5'-ACC GCA GCA GAG TCT TTG CC-3’
R:5-ACA ACC AGT TTT GCC TTA CC-3’ 587
OXA-48  F.:5'-TTG GTG GCA TCG ATT ATC GG-3'

R:5-GAG CAC TTC TTT TGT GAT GGC-3' 798
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HA H Ay 3L 51907 %1 TR K BE (bp)
3~ PAY T M i s [ TEM F:5-ATA AAA TTC TTG AAG ACG AAA-3
R:5-GAC AGT TAG CAA TGC TTA ATC A-3' 1079
SHV F:5'-GCC TTT ATC GGC CCT CAC TCA AG-3'
R:5-TTA GCG TTG CCA GTG CTC GAT CA-3' 897
CTX-M  F:5-CGT CAC GCT GTT GTT AGG AA-3'
R:5'-ACC GTC GGT GAC GAT TTT AG-3’ 823
5L 2 1 A Ompk35  F:5-ATG ATG AAG CGC AAT ATT CTG GCA GTG G-3'
R:5-TCG GCT TTG TCG CCA TTG CCG TCA -3’ 684
Ompk36  F:5-ATG AAA GTT AAA GTA CTG TCC CTC -3
R:5-GTC GTC GGT AGA GAT ACC GGC -3’ 1706
DHA F:5-TTA TCT CAC ACC TTT ATT ACT G -3
R:5-TAT CTT TTG AGG CGG ATT -3 139
B | magA F:5'-GGT GCT CTT TAC ATC ATT GC-3'
R:5-GCA ATG GCC ATT TGC GTT AG -3’ 1282
rmpA F:5-ACT GGG CTA CCT CTG CTT CA-3'
R:5-CTT GCA TGA GCC ATC TTT CA -3’ 516
rmpA2  F:5-TGT GCA ATA AGG ATG TTA CAT TAGT-3'
R:5-TTT GAT GTG CAC CAT TTT TCA-3' 609
aerobactin  F:5'-GCA TAG GCG GAT ACG AAC AT -3’
R:5'- CAC AGG GCA ATT GCT TAC CT -3’ 556
weaG F:5-GGT TGG KTC AGC AAT CGT A -3/
R:5-ACT ATT CCG CCA ACT TTT GC-3' 169
mrkD F:5-CCA CCA ACT ATT CCC TCG AA -3’
R:5- ATG GAA CCC ACA TCG ACA TT -3' 240
iroN F:5-AAG TCA AAG CAG GGG TTG CCC G -3’
R:5- GAC GCC GAC ATT AAG ACG CAG -3’ 665
alls F:5'-CCG TTA GGC AAT CCA GAC -3/
R:5-TCT GAT TTA (A/T)C CCA CAT T -3' 1090

HEFARELIESIYRAKTIRIY.

2 &% R

2.1 K g R ABFE A4 B CRKP 126
BRoib 39.87% ., 126 #k CRKP HhkH . xF Lk &
BN SN B B e T S 7 e s 2 Y N T 2T 8 54
1 i R T non-CRKP B Ak (P <C0. 05), & i 3k %
KT 25 R F Ak, 5 non-CRKP B bk % 5 L4t # 5 X
(P>0.05), W% 2,

2.2 WREHEHRIEMZ R R Hodge X5
P 106 Bk, BHM: R 33, 54 % ; CIM BB BHPE 117 #% . FH
P 37.03% ., WE 1,

2.3 IMIEIEME R K E IR 12 ¥k CRKP R %
W22 X 50 BH M ¥ R R B K1, K2, K5, K20, K54,
K57 iy #, frf CRKP w, &z I 4 K1 1 3 & 10
R S 35 485 77 6 2 A 0 4 3 B rmp A JE AL, K2, K5,

K20, K54 K57 IfiL ¥ 89 15 A A0 3], 3 K 53 A 116 £ .
126 Pk CRKP 45 2] 3 7 B N fimH B, b i i
5 (100%0) , W3k 3,

F2 BEAREROEE(%)]

P—— non-CRKP CRKP , »
(n=190) (n=126)

Sk At ne mpk 125(65.79)  125(99.20) 49.496  0.000
k7 A 114(60.00)  120(95.24) 47.139  0.000
3k At iz 82(43.16) 116(92.06) 75.367 0.000
kA g 72(37.89) 122(96.83) 108.530 0.000
A e 89(46.84) 121(96.03) 80.039 0.000
WIR L 75 bR / il s [ 31 48(25.26)  125(99.20) 164.225 0.000
RREER 78(41.05)  81(64.29) 15.442 0.000
(15 Ny 44(23.16)  83(65.87) 55.742 0.000
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gR2 HEREERMLER(%)]
L non-CRKP CRKP ‘
LAY x? P

(n=190) (n=126)

ZAi TR 63(33.16)  86(68.25) 36.053 0.000
ik = R 59(31.05) 104(82.54) 78.365 0.000
Tiff i FPY T s / PR ACS E 72(37.89)  77(61.11)  15.468  0.000
IS 72(37.89)  57(45.24)  1.401 0.237

A
F:A £AMKE Hode il 36.B £n CIM K, A AH.1 R
ATCC1705,2 4 ATCC1706,3 N FHMEE#; & B .1 i ATCC1706,2
F PP B .3 S ATCCL705,

1 BESHFHBRIELN

®3 BHEENSS

e 47| n CRKP H i 5 LA (20)
ureA 121 96. 03
entB 125 99. 21
magA 0 0. 00
fimH 126 100. 00
ybtA 118 93. 65
yef 113 89. 68
uge 10 31.75
rmpA 25 19. 84
iutA 12 9.52
kfuB 39 30. 95
rmpA2 20 15. 87
aerobactin 0 0. 00
weaG 2 1.59
wabG 123 97.62
mrkD 0 0. 00
iroN 0 0. 00
allS 0 0. 00

2.4 T 2h R DR R AL B 1 R 0 126 ¥ CRKP
RN A SR T MG B KPC BEH 117 £k, NDM
FEH 6 Bk IMP LA 3 Bk B- PN Ik e il 55 P TEM BE A
53 BkL.SHV FE 100 ¥k, CTX-M FEH 112 ¥k, L E
H Ompk35 F K 5t & 50 ¥k, Ompk36 3 H B2k 94
PR B G Ompka5 BREAL AR 13 R 0% B8 ol 324 (]
Bk Ompk36 FHE, W 4,

2.5 CRKP #2515 L CRKP H#a7 4 Fh

AN [ it 247 25 PR TR R B e 22, 3k 64 Bk L35 6 Bl &

ANHE AT 24 35 A B AR B H e b AU 1 Bk, ILER 5,
*4 THEERBALZARNER

S n CRKP i o Ho 4l € %)
KPC 117 92. 86
NDM 6 4.76
IMP 3 2.38
SHV 100 79.37
CTX-M 112 88. 89
TEM 53 42.06
Ompk35 4 50 39. 68
Ompk36 5 94 74. 60
SIM 0 0.00
VIM 0 0.00
OXA-48 0 0.00
DHA 0 0. 00

x5 CRKP #HmMARREER

1§ 24 3 [ o 2 ik n CRKP i 5 He il (26
6 ff 1 0.79

5 Fh 30 23.81

4 Fip 64 50. 79

3 20 15. 87

2 Fh 4 3.18

1 3 2.38

0 1 0.79

3 3t ®

KP 1 e PR 5 & 1) 25 1 3500 T 22— » 35 4F K L B
FE S, FOO BT ik T R S S 2 W T 24 ORI
T, CRKP L6 AN W b T, &6 43 M XA 2 & AT &
o CABEE B, CRKP B YL 5 3% 5 5t K 3%
e, CRKP 5B EFT EESHLEMZ HH
TR XD, BTSSR B CRKP 3 2 25 4L
i A T A 7 L B T R M L R OK ML 2.
Hb B WS ARGE LT 25 M ] BB S AmpC #§ A 4
i AL 2R P9 35 M O A O AR R AR B R Il
PRARA H 4385 CRKP 126 £k, 5 39. 87 %, Horpx sk
6L TR 2 D R0 2 Lk A 2 B R S 2 W it 2
LR B T non-CRKP B bk 8 N 3K 2 2 it 25
FIAK, 5 non-CRKP Wk 2 5 LG L, £
CRKP X} Z KU 25 Wit 25 , A W 52 45 87, I IR
A% CRKP ff FHE A 697 .

JEREANEN KP HEMFHHE T, FEHRERZ
B2 B e R S IR R A G R R, B
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71 KP A=A R e 20, e 2 v A R A, 2
B EORE N EY . AR s R LI R
13200 126 #k CRKP 2 12 PRy = 261 22 TR Ak .
R4 K P50 R, B ETSEREAT 80 Z Rl 15 73 7Y, % UL
By F R K1.K2,K5,K20, K54, K57, LATE#F9E 3%
WK 0B 76 &6 Mk B8 0 KP bk i 3 Gk
85 % TEABI ST K Y 12 Bk AR E R Y R A
T2 K PR 57 e S5 B 5T 45 RN A A s
A RE R IZ 12 B TR bR 3R 35 S Al R R ) 3 A 4y Y, Bk
JEARAF T 24 P S5 I L PR KGR W 5 . 126 Bk CRKP
ARSI KL I Y 10 Bk L 448 A R R AR s
rmpA FEF HY R LB S AW ER, HAr kT
rmpA 3 K 5 75 B Y 56 R A R4S 2 e B L B R
JR A RRiE— W58 b . FEAR IS L & B B ) Bk
R A AR R B 3k, 8 56 fim H 6 o9 B v
WRIF IR 40 38 % B T 2 O A 0 T b & 3 R
FAEM fimH ERENS T REBHER, 5 ERRK
SERGE KP A A7 7 1 B B — 8 4R fimH
FEHJE CRKP HEZ MR SRR,

MEEREE TS AB.D 2, A K FEEAQ
#% KPC.SME,NMC, IMI, GES % 3£ [A, B 25 il 3 Fx
g BN BENE B A4 IMP, VIM,NDM, SIM, GIM %
A, KPCAER I E H AT iAT 09 A J i s 5 1 il
AR RZHMERRER LKBERELGY ., AR
Kk B Hodge iR 56 M CIM 3 56 K6 I T8 Wk Bk 75 25 4
fifg e i, 25 i R Bt B Hodge 38 55 FH 4 106 £k, CIM
I FHPE 117 Bk, Hoh CIM R 56 46 I 45 5 5 PCR 45
SR — B0, D 0T BB TR A3 B AR 7 T B A
Bl 2 SR B B . PCR &5 52 3 01, &l
WA KR E A KPC JE M 117 #k, NDM 2 A 6
PR, IMP B[R 3 B B- P9 Mt e i 25 ) TEM JE ] 53 #k
SHV 3 100 B, CTX-M K 112 B, B AL & H
Ompk35 FEH B2 50 ¥k, Ompk36 &K Bk 94 #k, H
i, Bk Ompk35 B8 L 2R 1158 DR B8 b 32 () s die 2
Ompk36 & K, $2& 75 A Bg 43 25 2 19 126 £k CRKP 1,
FZE i 25 AL R 7 b T R M TR B A O A A T R
s - 8 B B o e A N 11 B T o 12 WO S S
514 126 Bk CRKP H, DL#EME 4 Fp A ] iR 24 358 3 A9 7
MRECH e 2 R 7RI R TAE vh 22 R B A [R) J7 25 6 1
R A TR 24 AL 1 AT ARSI, TR B A IS 2 M E AT IR T
4 % e

AWy B3R5 09 CRKP 3= B it 25 ML g 7 ik 75
BN 5 T AR A A AL B 3k kR L HOG T
CRKP 5 1M 38 73 7Y i ANTE 28 B itk — 2 AT HR 9%
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