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[Abstract] Objective To investigate the resistance of Acinetobacter (A.) baumannii to antibiotics, to deter-
mine the f-lactamases of the multidrug resistant A. baumannii and its drug-resistant genes and to analyze the homolo-
gy of the drug-resistant associated genes. Methods The collected isolates from one hospital were identified by
Vitek32. The susceptibility tests were performed with the Kirby-Bauer agar diffusion method. The extended-spectrum
f-lactamases producing strains were confirmed by agar dilution test and three dimentional test. The AmpC enzyme
was detected by three dimentional test and the mental g-lactamases were determined by synergy test. The genes of
TEM,SHV, AmpC,0XA-23,0XA-24,PER, VEB,IMP, VIM and aacCl,aadAl,aphAl,gyrA for these strains were
amplified with polymerase chain reaction (PCR) and part of them were sequenced. Pulsed-field gel electrophoresis
(PFGE) was used for homologous analysis. Results (1) Over 90 % (20/22) of the isolates were found to be resistant
to the third and fourth generations of cephalosporins, SMZ, CIP, ATM, and GEN. The resistance rate to SCF was
22.7% whereas the intermediate rate was 72. 7%. The susceptibility to IMP accounted for 95. 5%. (2) 21 strains
showed AmpC enzyme activity,5 strains produced ESBLs and 5 isolates produced MBL enzyme. (3) The genes cod-
ing for AmpC, TEM-1,aacA4 and gyrA were found to be in all of the 22 strains;21 had aacCl and aadAl gene; OXA-
23,PER and aphAl gene existed in 1 strain,respectively. No SHV,VEB,IMP, VIM and OXA-24 genes were found in
all isolates. (4) The homologous analysis showed that 20 strains belong to one clone. Conclusion There is one clone
in the 22 strains of A. baumannii,coding the genes of AmpC, TEM-1,aacCl,aacA4 and aadAl. AmpC enzyme is pre-
dominant.
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H s B AT B 029 M 42 8 R Bk A 2 55 — Bt I I o Z I
L3 2 mZiy T 408 ¥k 3 E OXOID 4 /) 7=
Ao T TR N R AU 25 ) AR TR TR A M P AR |
T DU 245 B A KR | A 7

1.4 ik

1L4.1 WA EEEMEHIXE B IRENEKEMNT
Vitek-GNT % 2 . 2 Vitek-32 % 4 [ 2 M AW % E LK E.
IR R R A SR R 9 BE (KB, KB4
ATCC25922 MG B M 1 ATCC27853 Sy Jii 78 1 Bk » 77 B 2%
] 1 PR 52 56 2 o of 4k 25 (CLSD B3R 5 B st

1.4.2 ESBLs.AmpC [ & MBL il >R FH R 4% B i 3k 162 75

T =R R I ) -3 P IR K i (ESBLS) Al AmpC i .
B8 1 AF T 029M Jy i 7 AmpC i 1) B4 00 B8 fil 8 v 7 10
I ATCC 700603 2y ESBLs PR X} HE . 45 BE STk L5 ] B ] 323 46
4 )& i (MBL)

1.4.3 M2y ok DNA A9 38 O™ k% e I8 1 1 W fg
TR E YR A BR 2 W) BB NDA /)N 3l 32 46 1k it 7] £ (3S
Spin Plasmid miniprep Kit V3. D ¥t B k47 #4/E . JL @ik DNA
) 2 B0 A 4 IR ¥ R R RS A WY R A R W) &R X 4H DNA
N Hi1 2 464k 3R F) (3S Spin Gonomic DNA miniprep Kit for
Gram Negative Bacterial K713N) i3 B #1732 /E . #R #iF GenBank
PEALAY T 25 55 R ] primer BB 519, 8T 51 S5 A G
SR ULER 1. 51 R A RE TR A A R A L

®1 PCR3|#WEF

GIE/ER S LTI TES 7K BE (bp)
TEM 5'-CAGAAACGCTGGTGAAAG-3' 5'-AACTACGATACGGGAGGG-3’ 701
SHV 5 -TATTATCTCCCTGTTAGCCAC-3' 5'-GCCTCATTCAGTTCCGTTTCC-3’ 482
PER 5'-CATTGGTTCGGCTTGAC-3' 5'-CCACTGTAGGCGTTGC-3' 720
VRE 5'-AAATGCCAGAATAGGAGTAG-3' 5'-GAAGTCCCTGTTTTATGAGC-3' 606
AmpC 5-GCCTGGTAAGTATTGGAA AG-3' 5'-CCGAAACGGTTAGTTGAGCC-3’ 696
IMP 5-GCTCACGCAACTGGTCGC-3' 5'-CCGCCTGCTCTAATGTAAG-3' 913
VIM 5'-CCGTAGAAGAACAGCAAGGC-3' 5'-CCATCGGCAATCTGGTAAAG-3' 593
OXA-23 5'-GATGTGTCATAGTATTCGTCG-3' 5'-GTCACGAAAATCAACAACACT-3' 1067
OXA-24 5'-GTACTAATCAAAGTTGTG AA-3' 5'-TGTTTAAGTACAATCCCCTT-3' 1024
aacA4 5'-GAAGAAGCACGCCCGACAC-3’ 5'-TCGGATCGCTCGCAAGTTG-3' 333
aacCl 5'-CCACCTACTCCCAACATCAG-3' 5'-TCACTTCTTCCCGTATGCCC-3' 337
aadAl 5-TGATTTGCTGGTTACGGTGAC-3’ 5'- CGCTATGTTCTCTTGCTTTTG-3' 284
aphAl 5'-ATACAGAGACCACCATACAGT-3 5'-GGACAATCAATAATAGCAAT-3' 234
gyrA 5-AATCTGCCCGTGTCGTTGG-3' 3'-CCACGACGCCCATAGCGG-5' 332
F2 PCRyMEEH 37.5 ul, L TEM-26 #1K i 5 4 B /E TEM 2 FH $%¢ Ji L L)
N ATCC700603 Jiti 46 32 75 (7 SHV B FHPEX IR . AR AR 519
L/ A ZEfip 27 A PCR § 88 &4, 1L 32 2
P T —— UK AH PCRIHRIE 2,
- - a5 JEENUY B PCR W b R MR A Y
TEM-1 94°C4mn 94°C30s 56C45s 72°C 90s 72 °C 7 min . . .
S o T AT AR T 4 R B A GenBank (https //www.
SHV-1 94°C4mn 94°C30s 56C45s 72°C 60s 72°C 7 min . . . =
ncbi. nlm. nih. gov/BLAST) #E47 F 31 kb %2047 .
PER-1 94 °C 4min 94°C 30s 53°C45s 72°C 90s 72 °C 7 min . § A
VEB-1 94°C 4min 94°C 30s 50°C40s 72°C 60s 72°C 7 mi 1.4.6 RRREBLEG AF k0 H ok R R BRI S
) min S S S S min P N N b > > S 23
L IE T Ik i 73 95 I o v 0 0L B2 % B 5 R B B . AR 48
pC ( 4 min 94 30s 5 5s °C 75s °C 7 min i o T A vl sl W e v s e b o
P . . . - - TENOVER #E# 77355 2035, F Wi bR e - 58 M s B AR K 2
94°C 4mn 94°C30s 53°C45s 72°C 90s 72°C 7mi N
" oo ’ T 3 MR AT AT RER G 1~ 6 AR R [ =7 AR
VIM-2 94 °C 4 min 94 °C 30 « 56 °C 455 72°C60s 72°C 7mi i - e -
- e ’ MU L4 BRI RN WHONETS. 4 $f b i bk 24 s
A-2 4 °C 4 mi 4°C30s 52°C40s 72°C7s 72°C 7mi i )
OXA-23 94°C 4mn 94°C30s 52C40s C 75s C 7 min P T A M B
OXA-24 94 °C 4min 94°C60s 50°C60s 72°C 90 s 72 °C 10 min
2 % ES
aacAd 94°C4mn 94°C30s 55°C45s 72°C30s 72 °C 5 min 2.1 s 22 Bk B R ST H o 2 T 1. 21 MR
aacCl 94 °C 4min 94°C 30s 55°C45s 72°C 30s 72 °C 5 min S e b AR L 1 BT 25 Oy a023 2R . 1 Bkouh Sk 76 R i /
aadAl 94 °C 4min 94°C 30s 55°C 45s 72°C 30s 72 °C 5 min A7 UKL 16 B A5 BRI 25, 2 M T B RER TS 1
aphAl 94°C 4mn 94°C30s 55°C45s 72°C 30s 72 °C 5 min

gyrA 94°C 4min 94°C30s 55°C45s 72°C 30s 72°C 5 min

1.4.4 PCRY# RIKZRY R 50 uL, Hrh Buffer 5 uL,10
mmol/L 4 X dANTP 1 ‘uL, 50 mmol/L I FUigl 4% 2 ;LL»
pfuDNA Z & 0.5 pL, DNA iR 2 pL, T H £ & &8k

AU, 20 BRI ZY . 3 Boeh SN 7 A/ B P A, HoAh 19 Bk
WM 2y . SR AR X HAL 2 Py T 2 . g5 R LR 3.

2.2 ESBLs.AmpC Jf &z MBL 25 %8 =456 25 R B 5
Bk ESBLs Fi#k, Horh a023 5y 87 bk 5 7™ AmpC B 21 BRI
Sy BRERR , Horh 4 BR T R 7 ESBLs, 2023 5 B, B[l it
By 5 BRIEKL 5 CAZ 5 IPM A B] 8 U3 [74F A, 2 MBL [H 1%,
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HoAbTE ARG B, W3R 4., x4 =ZHRWER
K3 LHZEMABRELHHEAFLER 2 ESBLs AmpC MBL
EiNe ] fii} 24§ UK Lkl 2001 s — + —
PSS PR/ o 4 1R 22 0 0 002 s _ I B
FCR TR/ & I 19 0 3 003 < B N N
IR 7 74 bR 22 0 0
a007 s — -+ —
IR L PG AR/ b s B2 $H 22 0 0
e P AR/ 72 4k R 22 0 0 a0l0's - + -
kA wk = 22 0 0 a023 s + - —
kAl s 22 0 0 a025 w - + +
K 16 e Ji 22 0 0 2026 s — + _
Sk 960t 1 22 0 0 a033 s - + -
3 A nt 5 22 0 0 035 < - N B
3 W i 22 0 0
AR a038 s + + +
Sk TR A /£ B3 5 1 16
ST 22 0 0 a0tos + + -
M P 22 0 0 48 s + + -
. JHe B v 1 21 0 59 s — + _
RRER 22 0 0 62 s — 4+ —
BT R A 22 0 0 79 s + + +
HH R 20 2 0 106 s - I B
5 ks B
L E R 2 20 2 0 154 < B N B
52 07 B e Y e 22 0 0
155 S —_ + +
185 s — + —
2.3 THZFLELER A 22 MR BRI E] TEM B 3% i 187 N
s _ _
I AmpC [ 36 H caacAd KB L BEFE BB SE I A gyrA N
191 s — —

#1 DNA BEREREHE P s 2023 5 3 bR I PER B8 ) 38 g 3
Sy PR Hofls 21 Bk PER BUM 3% i 56 B35 W BTV s 2023 5 U T RORBITE, — FORBIE
Pyt OXA-23 R A 0 il 2 D], Hoth 21 A 7 U0 Oy B 42 5 21 24 Kk 4 2023 % 62 B bk 4 45 A 7 0

PRI aacCluaad AL LD A7 1ARTH aphALIEPS IV 22 e st o0 e o 000 40 0 0 200 B AT 0 D 1 2
PR SGAR WU S SHY K™ 3 W OB ) 3 W VED BB T e o 0 b o 20 BR5E 4] 2023 5 .62 5 g fi o7
Aiif JIMP A VIM 743 @ il  OXA-24 B E BN, & oy

TR RRTH 25 BRI 25 R L3R 5,

x5 PCRERYEENEZHKMAHERFRL

#HE  TEMA1 SHVI PER1 VEBL  AmpC  IMP1  VIM2 OXA23 OXA24 aacAd  aacCl  aadAl  aphAl  gyrA
a001 s + — — — + — — - - + + + - +
a002 s + — - - + - - — — + + + - +
a003 s + — — — + — — — — + + + — +
a007 s + — — — + — — — — + + + — +
a010 s + - - - + — - - - + + + - +
a023 s + - + — + — — + - + - - - +
a025 w + — — — + — — — — + + + + +
2026 s + — — — + — — — — + + + — +
a033 s + — — — + — — — — + + + — +
a035 s + — — — + — — — — + + + — +
a038 s + — — - + — — — - + + + — +
a040 s + - — — + — - - — + + + - +
48 s + — — - + - — — — + + + — +
59 s + — — — + — — — — + + + — +
62 s + — — — + — — — — + + + — +
72s + — - - + — - — - + + + — +
106 s + — — — + — — — — + + + — +
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&R 5 PCREEYBRNEEKRMGERER

Mikk%  TEMI SHVI PERI  VEBl AmpC IMPI OXA23 OXA21  aacAd  aacCl  aadAl  aphAl  gyrA
154 5 + - - - + - - - + + + — +
155 s + — — — + - - - + + + — +
185 s + — - - + - - - + + + — +
187 s + - - - + - - - + + + - +
191s + — — — + - — - + + + - +

T RN B — SRR A

3 it it

A2 B 6 2 SR ] VY B e LA R Y R R AR Rk
Z il B- P I M I S A R BB BRI AL 3k 95 %6 LA b T AR
SHIRYT 22 F N 24 802 A SR T 04 1 R R 24 L R AR B i 5 2 b it
TR R T B R .

ARV 5E 0 22 #k £ 25 09 608 R B AT B ) e AR
TEM-1 B 1% - P4 It e 1 = P9 ) H i R & ) TEM B ES-
BLs fify & AN Z AT . 07 L TEM 20 )38 3- P4 it iz 1 7€ % T fif 24
{66 2 AN B AT B T2 AR A KRR T LTI KA A 1 ARk i B
FAFXT AT E WS 1 AUE TR R R 2
RS £ i 25 ] R AN R SR A € R R b i 25 4L
il 3 [ 1 5 0 8 S B AT B 22 s 2 P e . AR A 22
2 (¥ 6 S R B FF R o R R B SHV B g- 14 Bk e 1 . 7 Rk 5 4
b 1 A A SR FRAT MR A O A T 1 A X

S 5 bk B8 R S K 1 7 ESBLs . ARG &
1 ¥f7#E PER-1 B ESBLs [/, 4 PCR =4 X[l Wl /¥ b X 43
Mriworn 5 HARFE A 221957 58 @ MI4F . ¥k & 8 VEB % ESBLs
FN . PER-1 U3 [N 1 Jo 7 v [ 22 BT 4 S48 20 0 1 )G SR A
+ HH A4k & B PER-1 56 [ 4 i 7= ESBLs (1 1 8 R 3l k5§ 1
) 5 M1 B T U A 46 %0 190 6 8 O I FF T A A % i DR T
R A R, 76 5 E A9 R R] BB e % 3 PER-1 A =
ESBLs fifl & R 8 ¥ 1 T IZ A7 % F ICU., Bt 76 A B B ik
Wit M, WA N B R B R R AT T I R N
B PR PR R GE L L X SO RGE . R RN 3.4
PR AL 2R 5 55 R ISR AR BT I 25 2 AT 25, %) B- 14 ok i
it ok ) Sk B R ORI T B 0 2 B0 v 2 SRR T L e A
FX IR BRI B 2. BA 4 bREE KB
BN = 4R 8 T i I A ESBLs 1 5 B 6 0 S B 1 L 7R T Ak 2
A 3 PR BT B, A AR E— 2B T T

SHER IR AT B 21 MR 2 N S B S AmpC . 22 BRSE R
PR R B AmpC B3 RUAE A2 X 4 4 B 3 7= 9 o ) 0 e 2
XN, 455 HARFEE AJ009979 A 100 % JA] I % & .
DL A 3 1 85 7= AmpC i FE 81 2 R S 41 B 1) £ i 25
BEREEN, HEARRFEI G C 283k M5 £ 5% VM % . i
LT B T 0 O o R0 BB Ll sk L 3E 40 96 ~ 50 %0 R B 4RI, R
FEBE TO P4 R AR 55 I A . AR A C 2% P B B —
% AmpC i X 7K i Sk 760 B 25 1 R0 38 L 3 ik L A P 3 A b K
KAV T i ERENM X FHEREE SR LMEREBAR
SE K AR R (X Y B R K A TR MRS . ARk, B R
LA T AmpC i £E T P45 b bl & B B B 24T T 25 Bl
FLoRKIEET AmpC #65 m) 4 85 I BEF7 . ik AmpC 3L
K/NHy 7~180 kb, I PR 43 85 0k & [0S #5745 AmpC RLSR ) H A
B-INMEHE I I R LR EE 3 ML ERE LER,
S HEWE T SN B B A TR T B I 2 XA 4 RSk AL ik

T B2 L R v v T S R B PR 5 SRR B e B R A
1 AmpC [ 3% K& F 80z B ICU Hr i & R S FF 18 2 F i 25 19
FHERER. B A 1 RES A S H (2023 5 R 3]
AmpC J, 1ff PCR J7 4500 2 7 AmpC H K B A7 7E 7] it 3%
B 2 B 2y, AT B85 1% T WK W] I #54 PER-1 B ESBLs 4
1 OXA-23 Fig 5 R A ¢, 802 AmpC 3 [RAE 78 1% 235 55 I A
HRAESE— L0504 . A = 4850 4 0 AmpC B A & 2
1525 M8, I 3R W60 8 R S A 3 7= £ 19 AmpC § AN T 25
SN A K AmpC g 68 TR I, 5 58 R RS D 45
R R — B 05 Y0 LA b BT RLUAE H LSS 86 5 O A .

PRI A I A 5 BRI S NS5 EDTA A b R 4
.5 PCR A K & B8 IMP A1 VIM #4 7= 4 J& -1 Bk 1 i 19
i 245 5k B, ] ) 245 03 30 W 7 ok IV e B e 38 SRR B R A R AR
BE— LRSI .

ORI R B LR B AN Sl AT TR I Jhe B e T 2, SR R
BRI B) OXA-23 BIFK T 73 45 {5 5, 8 PCR 7 910 /7 Fo X
ST R 5 HARAEE AY795964. 1 BT, 7 OXA-23 Bl
Tk 25 M T 10 00 2 N B AT A B B AE D E A R I G R AE Y
12 [ R [ A O . R N SR T AR R B F A 8 T LA
KA BN B RTUR Y R R . 5 2 ET A REDIC
FUY L A OXA-23 B k55 B 07 il 10 B0 8 A8 3 FF B A 2 A
WAL EZERAT bR B LLUS Be RS S 9 Wi i B

PHINAE IR R 22 BRE0 S OR AT B PO R R OK R
it 24 SR R B 22 MRSCE TR AN B T aacAd SR 21
MR 17 aacCl.aadAl FEH . 1 #R# #577 aphAl FEH ., &
SEWEH ARG MIRGEA 3 2% B0 Z BE4% 4 il CAAC) (IR T BE 4% 7% 1t
CANT) I R 5% B g CAPHD , 5 UMl R 2 85 2 BAVEAT B —
i) S AN AT B #5417 A9 aacA4 | aacCl,aadAl.aphAl 3 [H % F
A R BT 2 2 L IR T S O £ R 2 Ak
HHENEmARNESF L —BERF. AERAL 2 EHEM

GyrA JEH 915 i) DNA JiE % fif (DNA Gyrase) %5 [H /Y 28
7S 3% WL Ry X s A T S 2 W T 32, G 83 6 i 22 R 1 A8
A DL | 2 N Bl AT TR N BR P U A A S IR 2 2 ) K Y
i 52 - #¢ P A 3 $b 5 44 B Ctopoisomerase [V Y 5728 T 2% 1
HU SR w25 . ik gyr A BR8N S BRI M
LR A 5 H AR LR AF100557 B X0 M 6 5 . 83 i /5
1) 22 G R ¥ 9k 5 2 TR BUAR o BT LA 3R 30 1 Sk s o 1) 25 25 ) Y T
2. NAE 2 MAEARRBX AR EMAND RN . /g S
2 TR

2 T M 24 00 5 N S AT 1 46 I DRYR T ok RME R 5 7E—
e B[R] R 23S ) P9 R R, A B B — R Rz Vs e BT B L AR
WFIE T R WCAR I 8] B ICU J A= 8 2 O gl #F 1 il 28 B Pk e =
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