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[(BE] a4 THERMNKTERIMEEHAR (CRKP) BIAMRL . 2GRS T AV AR E, AR
SRR A BE YT 254 . B CRKP B NAGHE IR MG, Zex  WRBETRPE 2019 4F 1 A & 12 AR B HAEELR
CRKP [##k, KM VITEK 2 Compact 4= FH sl EY) A UFIACR 9 1% (Kirby-Bauer 15 ) #4720 5 % 0 A 245 ) fUskiat
%5, SR WHONET 5.6 4%} CRKP [ H 5, B4R . G IRBFE A5 S TE 0 Hr o 3 ad P 22 0 7 15 1=
FAVTR IR, PCR KGR R It 24 5 | SR MG AU FI#E ) 5L . 48 ARG At R ST TR A B 532 Bk, HoH CRKP
140 #k (26.3%) . CRKP [H#kF B4 A IR / SCE MR (66 £k, 47.1%) , HUCHIRIE (21 #k, 15.0%) -
Il PR} 2 4340 £ 22 R0 A SN BFICU (47 #%, 33.6%) . BefARHICU (18 ¥k, 12.9%) Fiaiz®l (18 4k, 12.9%)
iU 45 7R CRKP BRXTE IR R BURSE, X AMBT R 259 BT 25 3 078 50% LA B, it s 1~4 k4
TR AHUAE R 25 R 7E 85% LA b, Wi B S 245 W 1 it 24 38 35 /5 AT 36 100.0% o i 24 JE PRGN 45 2R s, 121
Bk CRKP Hfw i) 101 B (83.5% ) #57# Jifi 48 5o i {1 i e 5 B3 A i 2 (KPC-2) | R R[], 7 Bk (5.8% ) #4575 A% ek P bk
fiti 48 (OXA-48) | FhFEE, 2 ¥k (1.7% ) #54 HifE L 42 Jm - NIERLHEE 1 (NDM-1) 1| FpEER, | BR[E BHEH KPC-2 Fil
NDM-1 5[/, 1 BR[F BS54 KPC-2 Fl OXA-48 FEH, 9 MRAK: i H it 25 56 F . 15 #k (12.4%, 15/121) CRKP fr22ix
Y PRPE, LA 13 #k 0 K64 SRR, 2 #RN K47 SEREAY ;14 #1570 | Fieg J)SEH . 64 FRBE CRKP I R4 25
K, MERPREZEYIMNZY, Ll K64 JEMMETEFT CRKP M3, R AR BE— s i 2g e, A3 FH w268,
VAR 1 i 245 A AR R 25 25 0 R R A A R A T o
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Epidemiological characteristics and molecular biology of carbapenem-resistant Klebsiella pneumoniae
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[Abstract] Objective To investigate the distribution, drug resistance and molecular biological characteristics of
carbapenem-resistant Klebsiella pneumoniae (CRKP) in our hospital, so as to provide reference for rational use of antibiotics
and prevention and control of nosocomial CRKP infection. Methods Non-repetitive CRKP strains were collected from Jan.
to Dec. 2019 in our hospital. VITEK 2 Compact automatic microbial analyzer and Kirby-Bauer test were used for bacterial
identification and antimicrobial susceptibility analysis. WHONET 5.6 software was used to analyze CRKP detection rate,
sample source and clinical department distribution. Hypermucoviscosity phenotype strains were screened by string test.
Carbapenemase resistance genes, capsular serotype and virulence genes were detected by polymerase chain reaction (PCR).
Results A total of 532 Klebsiella pneumoniae strains were detected, including 140 (26.3%) CRKP strains. The CRKP
strains were mainly isolated from sputum and bronchoalveolar lavage fluid (66 strains, 47.1%), followed by urine (21 strains,
15.0%). The clinical departments of the isolates were mainly cardiovascular surgery intensive care unit (ICU) (47 strains,
33.6%), burn ICU (18 strains, 12.9%) and emergency department (18 strains, 12.9%). The antimicrobial susceptibility test

showed that the CRKP strains were susceptible only to tigecycline, with resistance rates being over 50% to other common
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antibiotics. The resistance rates to the first to fourth generation cephalosporin antibiotics were above 85%, and the resistance
rates to carbapenems were up to 100.0%. We also found that out of the 121 CRKP strains, 101 (83.5%) carried Klebsiella
pneumoniae carbapenemase 2 (KPC-2) gene, seven (5.8%) with oxacillinase-48 (OXA4-48) gene, and two (1.7%) with New
Delhi metallo-p-lactmase 1 (NDM-1) gene; while one carried both KPC-2 and NDM-1 genes, and one carried both KPC-2 and
OXA-48 genes; and nine carried no target drug-resistance genes. Fifteen (12.4%, 15/121) CRKP strains were positive for string

test, with 13 being K64 capsular type and two being K47 capsular type; and 14 strains carried at least one virulence gene.

Conclusion The clinical isolation rate of CRKP is high in our hospital, and the CRKP strains (mainly K64 capsular high

virulence) are resistant to multiple antibiotics, suggesting that we should further strengthen the monitoring of drug resistance

and rational use of antibiotics, so as to prevent the spread and prevalence of drug-resistant and highly virulent strains.

[Key words] Klebsiella pneumoniae; carbapenem-resistant Klebsiella pneumoniae; bacterial drug resistance;

hypermucoviscosity phenotype; virulence

fifi %6 e Bi A B ( Klebsiella pneumoniae ) 2"
APl 2B T, S 51 AL X SRAG M R g A =
Bt 3 A 1 e 14 o B SR pR 2 —, AT 51 R Ak
e, GLIEIFITE Y, PRI . R TR
PEIR P98 T AR EBAN S 20 2Lk G Tl I g ek e 4,
PR G e R B R R PR 2
Py iz A, e R T k75 R AR St R vE R A
# ( carbapenem-resistant Klebsiella pneumoniae,
CRKP) BRI FRAWIE AN, 2018 45 r [ 40 3 irf 24
W 190 $50 4 i CRKP A R 871K 26.3% 1, 4
N HE TR MG RBTEGSIR T R IR PR . AFFE
[l Ji 4 43 B 7 3K BE 2019 4F 1 H % 12 H CRKP
(1707 S (AN 2R 13 e A e 7 oo (T € S =R
G R BE BRI 259 . Bi4% CRKP B AL HR4e At
WA

1 #RFnTE

1.1 BkER WE201941 A% 12 AR
PRATES CRKP PR K. AR : 25Pfudalsn g
RN E/DXSED B . W . e R
1 #2592, FIH WHONET 5.6 k1431741127
30T, BIBRIEl— B [ — AL B I R k. A
7T IR G BEZS B 2 il

12 @A %5 HmB iy R VITEK 2
Compact 4= H A 4 A vk B A Yt IR
F] ) i Microflex AT B[] BT 354X (75 E A& sw A
F] ) X B w bR TEEE . R VITEK 2 Compact
2 H AW 43 A SO TR R A T AR A1 245 s
55, FH4CRH § 80 (Kirby-Bauer 2, 4% F 1 H 9%
[ Oxoid A F] ) #4725 HUSAN sEial5e, 0 4h
JUHE S RS G R AL = hRiE RS (Clinical and
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Laboratory Standards Institute, CLSI ) M100-S29 ¥»
o R, R RO KR AR ( ATCC25922 )
FIHALSE I B ( ATCC27853 ) , ¥ LiErTif R
RO

1.3 w25k AR R A £ H PCR BRI AH
SR 245 55 P, G v B 7 R 0 T < R T 24 5 [
5 8 7 4 & B- N M ( New Delhi metallo-B-
lactamase, NDM ) . MV j% 15 55 i ( imipenemase,
IMP) | 4% Q5T Sihh 42 )m B- e ( Verona
integron-encoded metallo-B-lactamase, VIM ) . Z&{#
48 B- NIIZEE ( Sao Paulo metallo-B-lactmase,
SPM ), AF 4 a8 B 245 5 DA 455 i 2% v B AR AT B e
Y %% M i ( Klebsiella pneumoniae carbapenemase,
KPC) . BIC. 7& ¥ ¥4 Ak fifF 48 ( oxacillinase-48,
OXA-48) o =& JH hn #4250k 1% 48 B 40 78 DNA:
PRI 1~2 > 37 6 T 7% 2 & 0.5 mL KBS UK
W15 mL 08T, BEHIRAFHELEET
100 'C B /K ¥ H A 10 min, SR A 4 °C VKA
VA, FEEO A NIRRT H S LA 11 000X g B0
5 min, SRJFREC IR E 1.5 mL KE &0,
—20 'C VKA DRAF 2 e 515 41 ALK PCR {4
RZMICER (5], 510 mATAEY TR (L)
B A B2 mIR R & A, PCR TR IR 1 H A
TaKaRa A Hl, SO 451F: 94 °C 5min, 94 °C 30s,
55°C40s. 72 °C 50 sfEFF 30 YK, 72 °C 7min, 1
USRS pL U345 1 L EREZR M RR S,
HEAT 1.5% SR WEBEIE K . FHPED 38 7=y h b
7 B AEYIRHCA RA AT, ¥ 4585 GenBank
HE 2 L LAUE S 5 740k B LD B

14 WHSHBRESN BHRZIE (string
test ) A5 I CRKP /&5 &6 £ A1, ¥ CRKP 51 T 5%
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M3, 35 C WE R, WHH—REER
PRI 6 B TR VR, B A RE M 22 K 8 >5 mm
R SR 22 B B

15 WEBRLFEfFEANERGEN RULH
PCR 43 A K i AH OC 55 PR g 38, CRKP 2K 2 4k
AL F5 KT, K2, K5, K20, K47, K54, K57,
K64, B3GR AL A (regulator
of mucoid phenotype A, rmp A) . rmpA2. BRI
W SR TR R 32 AR FE A (ferric aerobactin receptor,
utd ) . ARV T TR E Z R FE A (siderophore
salmochelin receptor, iroN ), 5147415 IR CHk[6],
SIERAETAY TR (L) BhARA NS
#, PCR i isliflie A H A TaKaRa 2] 4
DNA BBl 4 . PCR Z& 4 SiUNRMEBE I Flt Uk &5 5
YEXIA) 1.3 3, FHVED 3G W b A YRk
FARRA T, WF245HR 5 GenBank Ftdi 4 LT LA
WESEY 1G4 B B3 B

1.6 %54 5 WHONET 5.6 #4F2E4 751
PEALHR, THEYORILL X+ Foor, BB L E R
A T EEIR

2 & B

21 CRKPE 44 A 201941 HF12H, &
Bg LA H i 2% v T A B 532 Bk, Hi v CRKP 140
Pk (26.3%) . CRKP g I T 140 5] & &, Horp
HovEH 101 BR (72.1%) , RIE T 50 2 UL L
BE 99 BE (70.7%) o BEF W N 14~91 &,
AR R (57.71165) %, BB E Y
Al (562+16.9) %, Lt B HEFHER N
(61.4+149) %,
22 CRKPA#ARE L5 AMTH»H 140 tk
CRKP FZ53 8 AR / LS I E DR (66 Fk,
471%) , HWK AP BIR (21 Bk, 15.0%) , 438
H LW 13 0k (9.3%) .« 70 % 12 Bk (8.6%)
SIVRW 11 PR (7.9%) . #IkFE 4k (2.9%) |
JEI 2 Bk (1.4% ) SIAMFRA 11 8% (7.9%)
ICU £ i CRKP ft £ (65 ¥k, 46.4%) , flf§
DML AMREICU 47 Bk (33.6% ) FIBE0i B ICU 18
B (12.9%) 5 HECHZE2E (18 8K, 12.9%) | I
WRHRIX (9P, 6.4% ) . THFRRIX (9FE, 6.4% ) .
DIMERMEX (67K, 43%) . MZNRMEX (6 %k,
43%) . WIRANEHTZ (5K, 3.6%) . #¥E R

B (38K, 2.1%) FHANRE (19 Bk, 13.6%)

2.3 CRKP &2 & 547 HU0E 245 W U 50 45

IR, CRKP X K ZHHT R 2459 A B T 25 2%,
X5 1~4 AR 70 P 225 AE R I 2R I 7E 85%
Db, Xl EEIEY (Jefbysm . WK R
T BEEE ) AT 24 2 5 8 AT 3k 100.0%, A6
IEMM 25 R 580% (<10%) o W& 1,

#Fz 1 CRKP R AWAIT 2 R FgURE
Tab 1 Resistant and sensitive rates of CRKP to

antimicrobial agents

n (%)
Antibacterial agent N Drug-resistant Drug-sensitive

Cefoperazone/sulbactam 140 138 (98.6) 1(0.7)
Ampicillin/sulbactam 140 140 (100.0) 0
Piperacillin/tazobactam 140 132 (94.3) 2(1.4)
Cefazolin 140 140 (100.0) 0
Cefuroxime 139 139 (100.0) 0
Ceftazidime 140  139(99.3) 1(0.7)
Ceftriaxone 140  138(98.6) 2(1.4)
Cefepime 140 136 (97.1) 3(2.1)
Cefotetan 131 117 (89.3) 8(6.1)
Cefoxitin 122 122 (100.0) 0
Aztreonam 140 138 (98.6) 2(1.4)
Ertapenem 140 140 (100.0) 0
Imipenem 140  125(89.3) 10 (7.1)
Meropenem 133 125 (94.0) 3(2.3)
Amikacin 134 83 (61.9) 51 (38.1)
Gentamicin 140 104 (74.3) 33 (23.6)
Tobramycin 140 100 (71.4) 32 (22.9)
Ciprofloxacin 140 136 (97.1) 2(1.4)
Levofloxacin 140 136 (97.1) 4(2.9)
Compound trimethoprim 140 105 (75.0) 35(25.0)
Fosfomycin 140 73 (52.1) 40 (28.6)
Tigecycline 140 13 (9.3) 76 (54.3)

CRKP: Carbapenem-resistant Klebsiella pneumoniae

2.4 CRKP &2 AWM LR X} 140 £k CRKP i
TSR, BRI YRR R TR IR, ALY
IYESRESE CRKP 121 Bk, PCR KBk 5 24 il i} 24
FEREE R B R, 121 Bk CRKP 2461 101 # (83.5% )
#5447 KPC 1 36 R, 7 Bk (5.8%) # 47 OXA4-48
1 AR, 2 8k (1.7%) #5747 NDM 1 AP, 1 B
[ H#E47 KPC A NDM FEH, 1 BRIFIHE KPC il
OXA-48 FEH 5 9 A H H (1t 25 7L K . PRHL
A BRI, 45 R 5 GenBank $U4E e
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XFUESE ¥ o0 H AR 25 3 K, Horh KPC o KPC-2,
NDM *} NDM-1,

2.5 CRKP & %5 % & & /1 5 # 121 ¥k CRKP H
15 bk (12.4% ) P2z i 5 FH . SR i 75 764 A )
R IR 13 KRN K64 7Y, 2 ¥k N K47 1, 8 J1 5
Rz 2 B 14 AR I 2 B 7 3L N, H rmpA
rmpA2 BHTESS 14 8K, iroN FEVE 10 B, iued BHE: 9 #E
W2 2.

F2 15 B ZIXKEY CRKP FEREMFE
REHNERKNER
Tab 2 Detection of capsular serotype and virulence

genes of 15 string test positive CRKPs

String Capsular Virulence gene

test serotype rmpA rmpA2 iutA iroN

ID  Genotype

9K-2 KPC-2 + K64 + e
9K-7  Unknown -+ K64 + +  + =
9K-23 KPC-2 + K64 + +gf o =
9K-29 KPC-2 + K64 4+ 4+ —  —
9K-44 KPC-2 + K64 =+ L/ WAy A
9K-57 KPC-2 + K47 — — — —
9K-62 KPC-2 + Ko64 + + 4+  +
9K-74 KPC-2 + Ko64 a + - +
9K-76 ~KPC-2 + K64 + + + +
9K-78 KPC-2 + K64 + + + +
9K-80 KPC-2 + K64 + o + +
9K-89 KPC-2 + K47 + + — +
9K-100 KPC-2 + Ko4 + + + -+
9K-104 KPC-2 + K64 + +  + 4+
9K-118 KPC-2 + K64 + + 4+ =

CRKP: Carbapenem-resistant Klebsiella pneumoniae;
KPC-2: Klebsiella pneumoniae carbapenemase 2; rmpA:
Regulator of mucoid phenotype A; iutA: Ferric aerobactin
receptor; iroN: Siderophore salmochelin receptor. “—+ indicates

positive result; “—" indicates negative result

3 #

T AR Bt 25 e 7 B M R 2R IR IR Y
AN, T 7 s 2 S TR ) LE A1 AS W34 o,
2017 4F WHO ¥ 51 R 0k (B2 945, PR

T R IO I B B ARk Sk AR Y ™
Jiir. ASHIESE [ BPE BT T 2019 4EFR B R 23 55 Y
CRKP [, 24 CRKP 140 #%, (5K i 48 7
EATE BB 26.3% (140/532) , HiFeBi 2014—
2017 AERIKE R (17.3% ) HFiFheE " o ABFR
AR EFRIET 50 & UL EEE (70.7%, 99/140)

ICU % (46.4%, 65/140 ), BHHRE L (72.1%,
101/140) , 70 &5 HRFIIERRAS (47.1%, 66/140 )
w2, HIR MR (15.0%, 21/140) | Ik (9.3%,
13/140 ) %, SEEAEARE 7 —3. 2007 R Al Ag
FET i B S ICT, 255 KA CRKP &
Yo ICU BEIWIE G, PFRALL B RE &
LA ANPEERERS 2, HLICU BRI, K
T 2445 4 A T CRKP R i UK O
5T R ICU B h BB Tt 5 kA B
Pk iR B CRKP EE 485 [ ICU, XAl
B P E T BE CRKP JEBYL i T B R B Z AR A
A 5 I S TR IR R ICU S & Ml s i %, Jfm
SREREE A MBS A 2, I A G o
i, ARG 1k CRKP & I B R BE AL

AN 25 W BRI 45 S ow, TR 2019 4F
£ 19 CRKP XTIl R4 R ZH i 25 Wi 2, o
Xtk B I AR R . SER R . WS
B 1 TR 25 28 40 51 K 100.0% . 94.0% 1 89.3%, 1
T BE 2014 —2017 4E A9 255 (43514 82.1%.
88.3%. 65.5%) 7\. XA 1~4 £k F T K KA
e RN 25 R 1E 85% LU b, WAV A . R
D BT 25 97.1%, AR NI 22 A X
B[ U 54.3% (76/140) 1 o X 7EAR R
BRI TG IR 2R, KB INA R AT
W PEANEM 2 . H Al E PN AMIFTE R IR A
LR R . NI R TR B 2 Ak i 25
WG I R YT CRKP BRI 197 20 AR T B 24576
J7 O % CRKP R T 3 22 6 1 R 45 25 W i
AR, AHIFTE AKX 22 Fh R R 1T 2451 L E AT 43
Bro AR, 2R B 253405 IRIT ROk i
FEAC O IGPR_LIRYT 2 S 24 5 24 B 1 TR %
e Je — il FRREE S ERST R W S B R G T
GRA E TSNS Y £ B R T 2
EPSe N

CRKP 11 i 25 HL i &2 4%, A0 46 77 ok 75 %
fitg . 7= 5 KV B9 AmpC il ol ) i B- TN BE R
( extended-spectrum B-lactamase, ESBL) . #MxE
AR SE R e sl 28 | 241 A o e s A HE
RARG RIS Hop R BB RS R
Bt 20 o ASBIR ST X I PR UL 1 B T s T 2 R A
W % B, 83.5% (101/121) 1) CRKP # 4% KPC-2
1Rl P, 3 5 A AR R Y P A X
CRKP VA KPC-2 B H 2l W45 - — 5. K ih 7 0
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CRKP #5747 OXA-48 1 #pIER, 5 5.8% (7/121) ,

IR BE 2015—2017 4 (A th 2 (43.9% ) Ik Z R
2 Kl 2 Bk CRKP 34 NDM-1 1 FheH, 5
1.7% (2/121) , A H 3R It B2 #54H7 NDM
FHE PR A T 245 200 B B AR P AR M X AT, A
25 TR G R ARSI 5 G Y ] I Al
KPC-2 1 NDM-1 3£ [H J% 5] IF 4% %5 KPC-2 Fll OXA-
48 3L H 1) CRKP 4% 1 ¥k, i 4F 4 & F KPC-2 fil
OXA-48 S ILAET CRKP [U4RiE 2 b, 4%k
DR ZEL I ¢ 2 B KPC-2 F11 NDM-1 3£ K A 4345 T AN [+
(ki P, CRKP A4 £ R 24 Foks 2 o AL
5T 25 SRR SE CRKP A3 2Rk 7 8 M Bl i 24 2 ]
FAEEN . AW A 9 Bk CRKP R A& H Y
it 25 5L A, S PR SR AR RSSO 5 408 UL Pl 75 8 M
it SEPRIAEA T TR, X S B R T RE Ry B Pk 7 B M
fiti%s CRKP, J& 2L 5L 5 o — 2 56 35 HAbT 25 AL
R, A5 AmpC B§k ESBL ., A& M 4wt
FEH RS BT KPC. NDM, OXA-48 %1
SR A7 T R S nT B sh 3 e fF v, it
IR o 4 i - AT R R 18] PR KT T AR

S 23 R AT RE LA AR, e 2kl i i ik b
HBEIBE FL VKRN 2257 1 737 43 T A S  CRKCP #4717
TEMESAT, DME T Ly b T Aot BRI (4 T 25 1 5 AL

ok /D 7 B T R T TR PR 4 P R R R, TR B Y

AT K L 225G FRPE B A 15 4k (12.4%,
15/121) , AR A R s A . b 13 B
b K64 JEERY, 2 bkl K47 JERERY, 5 BE 1E 4
(1) v 75 71 il 98 52 8 {8 (hypervirulent Klebsiella
pneumoniae, hvKP) 2 K1, K2 FERFHI 00 5 2
AR i h A 5 i 4 v B A1 P v BE ST B VIAHOG,
5 A 388 557 22 X B e 94 il 98 o 76 11 B T e
SChhvKP P HABESEE L, HFAERTA (4 hvKP
AP e Bh A, 7 22365 PRI il 375 A U AS 7
VER %58 hvKP 1sfEIERE" .

HHTZ I\ R SRR G T4 B 7 5 R 4 il
FFAE A hvKP, AHIFFEXT 15 7 223856 B
PRIEAT 5 LA B 77 FE PRI 4 TR 14 RS 2] 25
TIFEH, Ho rmpA . rmpA2 . iroN Fl iutA Y75 A
FefliFeik, UL 14 BTSSR T
JIMfi R 5B A ( carbapenem-resistant hypervirulent

Klebsiella pneumoniae, CR-hvKP ) . rmpA. rmpA2

SRR R, BRI I K, R R
BEEAEB T L iroN Fl iutd BB BIK R 5
FHOCHED, R IA RGP A JE hKP BHA =3 )
MHELF K Z —. @S E IS Im IR
T FEL R B ST 45 A ™ IR Pk, Gu % Rl T
— L B Pk e 9 CR-hvKP 22 % FH 44 76 [ LASk
F14 Gl 1l X AL AT CR-hvKP R i 0 L PR,
CR-hvKP AT RERLH T — 4> “HR A E " , HAL
BLEI R AT R 1E A T B . A ST AR 25 T i T
CRKP H 1) CR-hvKP, WAHf T 2N i 7% 20 Y, {HIX
45 CR-hvKP A EARTE B ARG, bRz ]2
ARG R R, RN R BT R,
DU B 1 ok 75 pLVPK 45, Wide—Emse.

Zg BrR, T CRKP it 255045 Fl o1 AE W2
FEIE . hnasBh#E CRKP W BE AL HRE B A HE R X,
N AN T 2GR A R, BB TR,
WAL IR A 27 A6 D 2 EL AR TS 24 6 R A,
AR THE IR AR Z 5 IR Be I 25 5P 25
i, BEEEAP N GLICERAE, AR T il
CRKP B N AC UL

(& % X #]
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