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[ Abstract] Objective To investigate the molecular epidemiology and antimi-
crobial resistance of Klebsiella pneumonia ( K. pneumonia) producing plasmid-mediated
AmpC B-lactamases ( PABLs) in intensive care units (ICUs). Methods Eight ce-
foxitin-nonsusceptible and nonrepetitive K. pneumonia isolates collected from ICUs
were detected for AmpC B-lactamases by three-dimensional extract tests. The

transconjugants of AmpC [B-lactamases producing clinical isolates were screened by
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plasmids conjugation tests. For AmpC B-lactamases producing clinical isolates and
transconjugants, the minimal inhibitory concentrations ( MICs) of B-lactams and isoe-
lectric points (pls) of B-lactamases were determined by E-tests and isoelectric focu-
sing. AmpC genes of plasmids were amplified by multiplex PCR and positive PCR
products were sequenced to identify their genotypes. Results AmpC B-lactamases
phenotypic confirmatory tests were positive in 5 K. pneumonia isolates, 3 of which were
succeed in plasmids conjugation tests. Five clinical isolates all produced DHA-1 type
PABLs with pl 7. 8. Among these clinical isolates, 5 and 4 strains were sensitive to
imipenem and cefepime, respectively, while all resistant to the other B-lactams
markedly. Three transconjugants obtained ampC genes and antimicrobial resistance
from clinical isolates by transferable plasmids. Conclusions The prevalence of DHA-
1 type PABLs producing K. pneumonia occurs in ICUs. AmpC genes and antimicrobial
resistance are transferable by plasmids in part of these isolates. Imipenem is the first
choice for infections caused by PABLs producing K. pneumonia, following by
cefepime. The rational use of B-lactams is important for avoiding the prevalence of in-
ducible PABLs producing K. pneumonia in 1CUs.
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pneumonia ; Genotype
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pl 5.4) K. pneumoniae CF104( 7= TEM-3,pl 6.3) .E. coli J53pMG266( y= SHV-18,
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ATCC 25922 K= FH ko

7N A SR AR AL UK AT

W AmpC B2 BB IA IS B PR IR PR A4 5 0 B B 2517 B - PN Tt e 1
AR B AR LYK, UK S BERS A7) 5 0.5 mmol/L CLA F10.5 mmol/L CLO /EH,
F1 0.5 mmol/L KA A BE My YL {4, B Bl B-INWERG IO B o DASRIE B-TN e i
TEM-1 . TEM-3 SHV-18 ,CTX-M-9 (pl 43 5|} 5.4.6.3.7.8 8. 1) =M, %
Curve Expert 1.3 BTl bR AE 2T 5K A5 il B- 4 B i pl {A .
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SIS MOCEY, it 2 E PCR 514 6 41, 73 %18 MOX 41 (4%
MOX-1.2,CMY-1.8 ~11) ,CIT 2 (fu 5 LAT-1 ~4 ,CMY-2 ~7 12 ~15 17 .18 , BIL-
1,CFE-1),DHA 2 ( DHA-1.2),ACC £ ( ACC-1) ,EBC 4 ( MIR-1,ACT-1) ,FOX
H(FOX-1 ~6) . 5|¥ZHt Bl IR AEMHEARA RAF S B, 5175 0% 1,

#&1 ampC RN LT PCR 59751

P A R FIPIBAEFS (57 —3") B3 A BASE (bp)
MOX MF: GCTGCTCAAGGAGCACAGGAT

MR: CACATTGACATAGGTGTGGTCC 520
It MF: TGGCCAGAACTGACAGGCAAA

MR: TTTCTCCTGAACGTGGCTGGC 462
DHA MF: AACTTTCACAGGTGTGCTGGGT

MR: CGTACGCATACTGGCTTTGC 405
ACC MF: ACCAGCCTCAGCAGCCGGTTA

MR: TTCGCCGCAATCATCCCTAGC 346
EBC MF: TCGGTAAAGCCGATGTTGCGG

MR: CTTCCACTGCGGCTGCCAGTT 302
FOX MF: AACATCGGGTATCAGGGAGATG

MR: CAAAGCGCGTAACCGGATTGG 190

/N ZH PCR §" 14 i ampC A& A

R QIAGEN Plasmid Mini Kit $2HX AmpC 20 A 50 FEHHE A 16 B i
A T BRL/E Sy PCR AR, BRI B ik, 2 PCR VAR : Ex Tag
fitg 1. 25 U,20 mmol/L Tris-HCI ( pH 8.4) ,50 mmol/L KCl, 1.5 mmol/L MgCl,,
dNTPs 4% 0.2 mmol 0.6 pmol/L 5[4 MOX MF MOX MR CIT MF CIT MR DHA
MF #1 DHA MR,0.5 pmol/L 5|4 ACC MF ,ZACC MR,EBC MF EBC MR,O0. 4
pwmol/L5 4] FOX MF F1 FOX MR, fiki DNA gy 2 wl, FoA b BRIk, S b Zqk
FU50 wl, PCR K2Ry 4514 :94°C A8 M 3 min;94°C A5 30 5,64°C 3B k 30 s,72°C 4E
fift 1 min, J5 36 25 W Ja 72°C 1M 7 min, DL ACT-1 B AmpC il A5 7 B A%
E. coli DH5a 2919 K BHH: X RE

JUPCR =93 Frill

PCR P“HI7E5 0.5 pg/ml Y46 2 BE M 1. 5% TR RS EE e v oL vk, DASRE IR 1%
RGEMEEIRIFIRAHIE R . QlAquick Gel Extraction Kit [ ZiifL I Rk PCR FH
PEr=H), 7 ABI PRISM 3100-Avant 9 j5t £ 73 A 4_F 2R FOUBE A 8 AR S 110k 2047
K], 25 HAE GenBank 2445 J%E ( http//www. ncbi. nlm. nih. gov/ ) H-§ H]
BLAST #2J7 # 17K % , 5 GenBank $2{i[1) ampC e PIAX 1 1R )7 51 i 47 [ 54 LG
Xt il e L R
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i Kp2 Kp6 Kp7, FH-57 5l 3845 40 i 2 &+ KpT2 . KpT6 \KpT7, 3 #kE: &+ AmpC
i R I IR Sk FEE

= AR 25 R

5 ¥k AmpC 3 U DA 56 FH M B I PRAR XS Sk k= Skt ig Sk fpg T,
IR 24,4 BRX Sk 76 Bl AL 01 Sk 76088 5 Tt 25 5 XoF BAT 5 0 A/ 0 P 4R R | Sk F IR
i/ B H R For PG AR/ s B B 285 19 4300 R 5 kR (4 BR (3 RR A 1 BR XSSk FRntk
Ji i 2 5 560 W0 e 35 mig U . S AR O AR TR B A, 3 kIR S IO A B i R 25 )
i) MICs {EFRSA T M, {0 A& oA Himd 250k, L 2.,

=2 AmpC B BRI P I AR A5 A e I R e (pg/ml)

AN CXM CAZ CRO CTX FEP AMC CPS PTZ FOX ATM IMP
Kpl >256 256 256 8 4 64 8 128 256 256 1
Kp2 256 256 8 128 4 64 128 8 256 64 0.5
Kp5 >256 >256 128 256 8 >256 64 16 >256 128 1
Kp6 >256 128 64 256 32 128 256 256 >256 64 1
Kp7 128 >256 >256 >256 2 128 >256 128 >256 128 1
KpT2 256 128 8 128 4 64 128 8 256 64 0.5
KpT6 >256 128 64 128 32 128 128 256 >256 64 1
KpT7 128 256 >256 256 2 128 256 128 >256 128 1

T : CXM: S AR s CAZ : Sk AUABIE ; CRO : Sk 7t it 4 ; CTX : 3L FWE G s FEP . Sk A it fi5 5 AMC : [0 S5 P85 4K/ 5 L 48 R 5 CPS « 3k Fl DR [/ &7 B 348
PTZ : WRFL PG A/ Ak E3H 5 FOX - Sk AT PG T 5 ATM : Z 15 5 IMP ;37 e b5 ol

PO S5 H SR AR PRORI ] S 24

5 #k AmpC 2 R A58 FH A A I PR AR AL 3 Bk S , 3977 R — P A
CLA #pil{E R CLO #0413~ M i, FE pl o4 7.8 J3 b, I R Ak Kp2 \Kp7
LS T KpT7 7= A — B Al g CLA il iy A gl CLO il pl o9 5. 4 14 B-PA It
i o

T PCR = Lk 45

5 #k AmpC R BRI FHAE R IR RER A 3 MRAZ A, Z 5 PCR =ik
Ja HJ7E 405 bp Aegy th BB /N 938 F B, KA R LA 1o
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1 AmpC J:[HZH PCR = H Ik 3%
1# :M:DNA Marker;1:Kpl;2:Kp2;3:Kp5;4:Kp6;5:Kp7;6:
KpT2;7.KpT6;8 :KpT7;9:E. coli DH5x2919

75 \PCR =i Jy- 45

5 BRI R R A9 PCR BHAE: P= 9 & 4lifk J5 I %, I 55 GenBank %5 9% /22 £2 {1t 1)
AmpC FE BT F AN AT LXT, UESE 42 DHA-1 JER K (5 GenBank H i}
g AY887126 i[RI JE M 100% ) .
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FEA AmpC BEHE A 2 BT BT B T3 B- N IR BT I 25 W it 25 9 32 28
Pl Z—. AmpC [ i YL O RN AN B o &k AR 36 e AL 3%, T B BRI
S W R R 1) R 2 RS AT A 20 T TR) AR P-4, 5 2 | ™ Tt 200 T T 385 12 e e
(R R AT ICUs [R5 PRIEER P M 5 e IR MR B ISy r eI 2, i
1CUs B A B2 B B i i IR i m AR . i Tl v S A 8 e 5 e 2 e
TR B A L) B 24 R AT 7R 2 — , 0 W ICUSs Jili % 52 7 {A & H PABLs 4 F
TRAT I 2 S LR 25 P ARAE , X5 T FIA YT 1ICUs Rz 40 B T 8 B2 B e 1 & A 5
MATHWEHERER X,

PABLs J& R HUZE A 6] [ Z A X A9 i A7 R AN ), 3% & i F PABLs 2 20 14
FESUE 25 W BRI T P2 AR 1, DR e S5 AN ] IX S840 7T 24 4 1) o 8 DDA 5, (5
HAETC B B 1 55 I fE e ¥ . B N HiRiE 1 PABLs JE R AU 2218 DHA-1,
HAb i ACT-1 MIR-3 .CMY-2 .CMY-8 .CMY-22 27545 R 7 L ARWFSE M 28 1]
H ICUs 43219 8 #R&E™ AmpC [ilgfili & s f5 A w1, A 5 BREIESS ™ pl R 7.8 1Y
DHA-1 %! PABLs, /33 0B} B G RL i IN RO B 4R ICUs . M JiRE 32
A I 2 HORI AN PCR =) 3 M85 SRR, 31X 5 MRIG IR 70 B85 9 A 1/ TR A 3 Ak
ampC F& PR T B ks & AR Tt 250 5% 75, IRVA8 A & A 7= T 400 T I 850 1= e SR e ) 2 &
WAT AEN 51 ICUs B3 A G R E AL, K [ AN E F 7= DHA-1 %Y PABLs 4f
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T R P e S e B R (T o A, DA L R L TR R B 5 SRR LS
BRI R B AR P AT 2 R A 5 b — T rT B e R AR i 1 pl o 5. 4 19 B-IN %
it , SEEIN N O TR TEM-1 il ESBLs, Horb 1 BRZ 51270 B- P PG % it 1) 56 R R
(T ATEAS L R b o | T T2 I PR Bk (A E 5 A s ] A A 1CUSs ARAs 4y
AR, R o A AR A5 A HAth 3% (9 A PABLs [ 17, (H DL 45 R & /0 0 7=
DHA-1 %4 PABLs fifi 5 ¢ & H 8 © AEANBE 1CUs H s AT, 1M i 70 B AR A iR 2
L 55T 2 ] 2 TR R AR RS o

PABLs HLE AR5 e (A 3 B A AN ], Fdd KR IR 2 o Sk LR R
1115 LRI A L Jr 157 P AT 74 50 e oz 4R R &7 B 4E Atk B 4HXE AmpC it 310 1
822, AW 2SS R TR, 7 PABLs IEXTEE 2 14 56 3 RSk R k&
RN B-PA ML S 5 BE I 2 o x5 T A 5] 949 52 5 A 50 0 S v ) T 2
Mo (OB T I8 21 0 Je 15 i 1 2 BURK, X2 4 ARk A0 B 2R Sk A Rk s i 2 M R
Ko MARMEREH G o AmpC B35 75 550, (B HAEIR P i I T S AN i
BT BV ARE 20 TR GEE S A 5 Sk RNt D0 PR T g sl i 20 P B HL-5 AmpC 2R )
R 2 IR PTG P o PRI, X AmpC BAI - XA R el e B B 128 A%
Sir , HUOR AT o (EARE B RIS, 47 AmpC A0 TA [R) I 772 S L3 2R
1 OprD2 4% sl [m] i 7= ESBLs , WU AT 53551 5 06k W e 1 g A0k At g it 25 . [y
ST IE A BAE ™ DHA-1 B PABLs il % 5o s A B, i TAFAE 5L Am-
pR I 41 7 AT 475 5 3655 AmpC [l 487578 1CUs R4 BN B- P9 e

DU 259 LA i S 40 TR 7 4 PABLSs,
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