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[ Abstract] Objective To investigate the susceptibility difference between automation systems and K-B disk diffusion methods
in Enterobacteriaceae to amikacin. Methods The strains which showed sensitive (4 isolates) , resistant (4 isolates) and double zone
resistant (13 isolates) to amikacin on clinical K-B disk diffusion method were collected, and including 12 strains of E. coli, 8 strains
of K. pheumoniae and 1 strain of Enterobacter aerogenes. The susceptibility to amikacin was tested with Vitek-2 Compact, Phoenix and
MicroScan systems respectively, and the MICs to amikacin were detected by agar dilution method. The aminoglycoside modifying
genes, integron and 16S rRNA methylases genes were determined by using PCR and DNA sequence analysis. Results The suscepti-
bility to amikacin was consistent between three kinds of automation systems and K-B disk diffusion method for the sensitive and resistant
group strains. The susceptibility results of the 13 strains which showed double zone resistant in disk diffusion method were resistant in
Phoenix and MicroScan systems ( >32 mg/L), while different results were shown in Vitek-2 Compact system, including 4 strains of
sensitive ( <16 mg/L.) , 4 strains of intermediary (32 mg/L) and 5 strains of resistant ( =64 mg/L). The MICs were all above of 512
mg/L for the double zone resistant strains in the agar dilution method. The isolates carried different aminoglycoside modification genes
and gene box of integron with the main were aac(6°)- I and aadA5-dfrA17 respectively. All the strains with double zone resistant to
amikacin were positive for armA and the control strains were negative. Conclusion The Vitek-2 Compact system might not be suitable
for the detection of susceptibility of Enterobacteriaceae with the double zone resistant to amikacin in the K-B method. The double zone
drug resistance of Enterobacteriaceae to amikacin was correlated with the expression of 16S rRNA methylase armA.
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T IUE R M — MR I P A
fEEBAL: 1.210029 TLFRREAT, Bt ISFRRF e 22 R, i TIRIT R G i BEGE AT , (75 PR 23 By Ak
210002 VLA FE AL, FE 4 4 X a0 6k 12 5 42 ZE I (it 25 2% S B A OO % 2 25 W T
PRAG I 5 2 W 78 T 5 3. 210008 VLI FE &%, A ! ‘j‘jjj‘ %}fﬁ‘ﬂﬁ%ﬂw/’o i j‘/(ﬁjjjﬁl:i '
B 2 e TR e E K B 2 Bl AR B i 165 rRNA HJEAL

EIFMEE: BX = ,E-mail:chenyun@ njmu. edu. cn il L B e £ - HE s A DG R S5 1 Y




- 132 - R ERHEZS 2015 453 A4 17 5552 51 Military Medical Journal of Southeast China, Vol. 17, No. 2, Mar. 2015
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I, 28 FIPEAT BN AMK i 24 36 8 m) 3% 3
Rl B TR 25 2% R i 2 R Y W T S5
AMK 3UJ&| ( double zone , DZ) ffisf 24 (1) i & A= By FF 1 AH
S 25 LA BFoE O A MBS, kAT T — R
P HET—e E S R Y S AR G
CARE Tz L, BT Z R B sh ik % e K
RS EE A Vitek , Phoenix F1 MicroScan = i,
RVEAL DL 2GR G A K-B 4R 7 7 Hk hoxs
AMK 52050 i 245 19 i FF T R 2 7 245 e 6 19 100 %
FHSCT 25 B, AT TEAT T AR

1 #R57%

1.1 EHkE 2011 411 A-2013 4 09 H 8] )
B BRI B A B 1 K-B 48 H 31 % AMK 52 30
Rt 25 19 R o 22 A B 8 Ak (4t 5 Eco35 | Eco85
Ecol10 Ecol22  Ecol26 , Ecol74 | Eco235  Eco290 ) |
ifi ¢ 5 7 10 B 4 Bk (% %5 Kpn94  Kpn110 Kpnl13
Kpn201) A=< AF i 1 bk (E112) , 7305070 B F K
W6 1, 53y 4 5 BT 2 BTG L . (R
SIES Y AMK 5€ 421t 24 AR K i 52 A T R it %
e R AF B A R A D S PR AR . R Vitek 2
Compact % 7E 5 (2 B My BB 24w 77 i) %7€
ATCC Escherichia coli 25922 . ATCC Pseudomonas
aeruginosa 27853 YE N T AR,

1.2 MEAKA  Taq DNA B4 REF. 10 x buffer (&
Mg**) . dNTPs ( TaKaRa /> 7] ) ; DNA marker ( 2%
Ferments 2\ 7)) ; AMK 258545 B ( 9% & Oxoid A H])
AMK F3 7] ( Fp [ 28 i A= 1l b A 5 BIr ) 5 Vitek 2
Compact JCE AST-GNI13 258§ (i [5 A= Py #fg 1

¥\ 7)) 5 Phoenix™-100 % it 22 NMIC/1D4 24 fif
(Z£E BD 22 H]) ; MicroScan AS-4 J il £ 25 £ NC50
RPUTTF 2w s 5 g K(F2[E Merck A7) s PCR
P (R E PE A 5]) 5 AWk BG4 B R 48
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1.3 #HHKE  HIMLA B REIRE: 705 %
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B SRR R AR S R SE R FN S 50 =
PrfEAL p 23 (CLST) 2013 AF4RifE, MIC 45 55 Wi ik
P CLSI ALE /9 B4 AT T BHAH 7 AMK 24 S 47 45 MIC
= 64 mg/L N5 (R) .32 mg/L HHA(1).<16
mg/ L U (S) o

1.4 @ DNA #2] PRHAi R R HEE T 0.5
mL B0 N (N TUE 200 ng/mlL 8 H i K %K 200
pl) ,56 C/K¥E 2 h, 295 °C /KA 10 min, 13 000 g
B0 30 s b R A S R R I ) AR AR R, B - 20
CrkFE#H o

1.5 @it AhE PCR ¥ 3 S IScHk™ 45
BRI R MmEEEE  1 ~ 2 A LA
KA TR AE X LA S 16S rRNA H AL SE 3
19, PN ILER 1, i B IR 8 F S . RN A
%050 pL,HH1 10 x buffer( £ Mg** )5 pL,dNTPs
(2.5 mmol/L) £ 4 pL,DNA #ifR 2 pL, . FiE5]
#1(10 p,mol/L)%Z pL, Taqg DNA F 0.3 plL,ddH,0
34.7 uL, PCR RN A5 HAE M 94 °C 5 min;94 °C
30 5,55 C 50 5,72 °C 50 s, 330 MG ; 55 4
72 °C Tmin, PCR j=¥)% 15 /L (A BB M 5E I i Uk
Mg B PCR PG B ™ 1% iS5 2wl e,
Z5RAE Genbank | U]

F1 $BEEPCR5[MFFIRF=HKRN

F AR F1FI1(5-3) PR (bp)
aac(3)-1 P1 ACC TAC TCC CAA CAT CAG CC;P2 ATA TAG ATC TCA CTA CGC GC 169
aac(3)-1I P1 ACT GTG ATG GGA TAC GCG TC;P2 CTC CGT CAG CGT TTC AGC TA 237
aac(6)-1 P1 TAT GAG TGG CTA AAT CGA;P2 CCC GCT TTC TCG TAG CA 394
aac(6)-11 P1 TTCA TGTCCGCGA GCACCCC;P2 GACTCTTCCGCCA TCGCTCT 178
ant(3")- 1 P1 TGA TTTGCTGGTTACGGTGAC ;P2 CGCTA TGTTCTCTTGCTTTTG 284
ant(2")-1 P1 GA GCGAAA TCTGCCGCTCTGG; P2 CTGTTACAACGGACTGGCCGC 320
intl | P1 CAGTGGACATAAGCCTGTTC ;P2 CCCGAGGCATAGACTGTA 160
inel 11 P1 TTGCGAGTATCCATAACCTG ;P2 TTACCTGCACTGGATTAAGC 228
intl 1l P1 GCCTGGTTCTGGGTGTTTCC ;P2 GCGTGTAGATCATCGTCGTGCT 258
nJ AR X P1 GGCATCCAAGCAGCAAG ;P2 AAGCAGACTTGACCTGA -
armA P1 ATGGATAAGAATGATGTTGTTAAG ;P2 TTATTTCTGAAATCCACTAGTAATTA 774

rmtB P1 ATGAACATCAACGATGCCCTC; P2 CCTTCTGATTGGCTTATCCA 769
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2 5 R
[ H ; Ecol 74 #1Kpn201 [6] i 45 4 aac (3) - 1T
2.1 ZHHLER 13 BROBUEIR AL AT B 20 0
M2 5 B M 2 ST 25, AR S B R T Al B F2 13 #kxt AMK BT 25 BB AT B R
P IR P b/ e £ 0L S B UK, ke 1T AR AU (#)
T 75% VA Ok ARSI 245 9 (i 245 2R 4178 50% LA U259 gk by T
o AR 2, K-B 4080 25 U5 B FARVEM 0 0 13
SRBTI 13 BRATHERT AMK 25 OB 252 3 ORI Aren o1 n
TR RS LR 13 BRI B b 5 4 phogde IR o0 B
25 X5 B R G AMK B 25, MIC 39 > 512 O o
me/L,4 B BURHBRGF AMK 300U MIC fiTRy <2 Lo
mg/L, W43, kAt fig 2 1 10
= A S 2SR GEx T B0 M e A 25 T bk e T 13 0 0
PG RURIPESS RS K-B 4R 9 BOE M. Xt JEf KR 13 0 0
T X P & B A, Phoenix F1 MicroScan 25 & 45 2 WAL PG/ e 238 10 2
ST 2 5 7 Vitek 2 Compact 2544 th BRI 45 %Zﬁ‘?ﬁi g g 3
S H 4 BRI MO U, 4 BT, S BRI 2 ;Wjﬁ‘z 0 0 =
W3, T 0 0 13
2.2 PCRAMZR 13 BROUUE FAR N 8 BRX IH T St 0 0 13
B 17 AR RRA AN [ R S S R B T AR SR 1 0 12
ol 5 aac (6°)-T3LFH 10 #; Ecol26 . Kpn94 NP7 6 0 7
*3 WEMHBEKRAHERREXERKGNLER
LR NN
LU= 5 MIC( mg/L.) BEFRENE Efgga armA
AR RE Vitek  MicroScan  Phoenix
Eco35 DZ >512 16 >32 >32 aadAS-dfrAl7 - +
Eco85 DZ >512 32 >32 >32 aadA5-dfrA17 aac(6)-1 +
Ecoll0 Dz >512 32 >32 >32 aadAS-dfrA17 - +
Ecol22 DZ >512 32 >32 >32 aadA2-dfrA12 aac(6”)- 1 +
Ecol26 DZ >512 32 >32 >32 aadA5-dfrA17 aac(6)-1/ant(2")-1 +
Ecol74 DZ >512 =64 >32 >32 dfiA12-orfF-aadA2 aac(3)-1l/ aac(6)-1 +
Eco235 DZ >512 =64 >32 >32 dhfr12-orfF-aadA2 aac(6)- 1 +
Eco0290 Dz >512 16 >32 >32 - aac(6)-1 +
Kpn94 DZ >512 =64 >32 >32 - aac(6)-I/ant(2")-] +
Kpnl110 Dz >512 16 >32 >32 aadA2-dfrA12 ant(3")-1 +
Kpnl13 DZ >512 4 >32 >32 aadAS-dfrA17 - +
Kpn201 DZ >512 =64 >32 >32 - aac(3)-1l/aac(6)-] +
E112 Dz >512 =64 >32 >32 dfrA12-orfF-aadA2 aac(3)-11 +
Ecoll13 CR >512 =64 >32 >32 aadA2-dfrA12 aac(6)-1/ant(2")-] -
Ecol116 CR >512 =064 >32 >32 aadAS5-dfrA17 aac(6)- 1 -
Kpnl118 CR >512 =64 >32 >32 aadAS-dfrA17 aac(6)-1 -
Kpnl119 CR >512 =64 >32 >32 aadAS-dfrA17 - -
Ecol97 S <2 <2 <2 <2 - aac(6)-1 -
Ecol98 S <2 <2 <2 <2 dhfrA17-aadA5 aac(6)-1 -
Kpnl1988 S <2 <2 <2 <2 - aac(6)-1 -
Kpn1997 S <2 <2 <2 <2 - aac(6)-1 -

TE - LA PR DN A 7S o G Sl AR MR [ 2 aac (3) - 1 Laac(3)-11 \aac (6 )- 1 \aac(6”)-11 \ant(3")- 1 Fl ant(2")

-1 DZ: AP it 24 CR: i 24 5 S - fak
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13 BRUUB TR A 8 R R RR rp 18 ARSI
I RS REL A, o 15 pRaaly AR CRE R 0 4%
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BATELR 13 BROBUREIT 24 KB R 938 ) ar-
mA W EALREEE R, W5 25 R R B R 948, R Ao
o rmuB KL TR T 8 AR BEBE AR X R P3G 1 armA |
rmiB B, SR 3,

3o

XL R TS 245 3% U T AR R 8 4 TS 24 | BUEo0) BR B ke
RERGH 1 Rl DL 2 B8 S 08 1 il 5 (], H o
aac(6’)-1 Fll aac (3)-1 FH K E R &, X5
FE P A A R — 3 aac (67 ) - T BRI AT
TR0 TR 0 22 B Ml 1 21 245 ) T 245 1) 06 A il B
(MBI Z AR REKAE  RIFER MK R
B aac(3)- T AT 4B X Z ARG R R EK AR K R
KEERMNZ, AR 4 bk AMK S0 T 2446
aac(6’)- I JEPH (HEEFRAD K] AMK BU8%, X 7l fE 5
RIS 24 5 PR 2 3K et /D BUAR 1 3 2 190 1 A REAS
HA X S BFSS BoR , BT R SEE 2E B A Al [N
I Z RN | SR 24 TR AR 385 71 A (] A Bl 1 2R 18
MR (H A S i 25 R AR B — 3k, X AT RE 5 2
SR IR 2 O AR SE LA 5

BB — RINBAL T B RE A% TR R A
R SPERE R & O R S PR A R G, S AW T
SR B R 22 T 20 T A AR A R
13 A ULPE i 245 PR R RN 8 R X B B B b 18 Ak 3 1y
I B G MHE A, Forh 15 BRI LR G W AR IX 4%
WA & B N aadA5-dfralT | aadA2-dfrA12 FI
dfrA12-orfF-aadA2 =Fh, dfrA12 Fl dfrA17 1& BB BR
X AR IE T 25, T aadA2 F1 aadAS W53 il p bR X
A R ALH LR 1 25, JF A o AMK i 25
SRR BRIESE T X i 4 T A A R AT
FER G K I, aadAS-dfrA1T BER G h 2 0L,

16S rRNA I RC A n] 32 ol o ik o a B 2R
2P R K 25 (> 512 mg/L) Tl armA 5 PR )
SRR LA — B AR o A ORI T 24 1
VIRt armA B[] 11 56 42 Tt 24 T ik R B0ER A ik 1
ARG o AR, AMK X P it 25 2 AU ) B 5
16S rRNA LB armA FE PR A 35 A G, Jung

2R S PR, 008 R B AT B AMK DZ iiff 25 % 7 5
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Xf T UL 25 2 B, 1T B 1k 2 B3R Gk i 245
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TR AMK 0P I AT RE L R A BOER , B A 3 22
R TR e ) K-B 40R P BIA = A

[ &% k]

[1] Vakulenko SB, Mobashery S. Versatility of aminoglycosides and
prospects for their future[ J]. Clin Microbiol Rev,2003,16(3) :
430-450.

(2] Bodtd, Bwess. 522 R xR P A R 2 Bl
MBS RE e[ T]. s EHTA: R A ,2004,29(6) :329-331.

[3] % BAUERE. —FOBT AR ST 28T 25 v I8 1 BRI 3
[ 16S rRNA HUEALRGL)]. 5451844 ,2009,4(1) :4548.

(4] B M2 M0 5% F PR Rs T AT
ML 150 A6 [T ] I RAG IR 245 ,2009,27 (4) :248-251.

(5] XBHEDE, AREAN, T TLH, 4. 0l S A Sl i 0 I 1 2R
2 WL 25 I B0 25 R [0 ] 1l PRAS: 35 2% 35, 2008 , 26
(2):90-92.

(T#% 187 )



JKEE E P PEZY 2015 £ 3 55 17 45 2 ] Military Medical Journal of Southeast China,Vol. 17 ,No. 2, Mar. 2015

- 187 -

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

BR, T B, iKk&4l, % HFMEA i HFREME LT
PR BRI [ 1] BT SY ,2015,29(1) :88-90.
TLIFIE. ARG Mo 2# [ M. 7 . dbat: AR T iR FE, 2013
261-269.

2R WIS, 45 PRk Ol 7E PR TCU i34
WA RIBLF[J]. EEESE, 2007 ,21(4) :1015-1016.

BRAETT  IRAIR. AR DR AT A A B R A TR e 4k i R v
BN L) ], rhAEdP AR R ,2012,47 (11) :979-980.

WemR S, FRoKE , W 5. B2 ATk b 2L W A T T AL I R AR
B BRI PR A [T, E IR AR, 2014,6(2)
111-113.

Mt zAs. LB [ M]3 MR dbst: AR TR AR, 2012
143-144.

HAE. RN LE A7 A7 WA 38 J 20 WA R e [0 ] 3G
R [ 45 4 2k 7k, 2008 ,17(8) +1252-1253.

WL INETE A BB B W A S B A AT
RIVEBAEROERILT]. Eifg3PEE,2012,12(3) :55-57.

B, RUEGT T 07, % AR AR IR 78 Hil R A

[22]

[23]

[24]

SAT S XS [T ], WV B 25 2% 3K, 2014, 43 (22) ; 2706-
2708.
VFRRAE, sk B0, i 2, 5. JLR B A IR T RIS i B 2
53070, R, 2013,13(2) 12124,
WEZE, Al A m e, 55 SR RTE ICU (R A FE )]
rpAggp e 2011,46(10) :1031-1033.
FOCE W B ERE DR AR IS T 5 o) 46 ARC7E LB
AR R A P R EL LD ] R BS2¢ e 2A 4, 2013 ,43
(7) :483485.
EWM. ZoRRARFEMBIES AT PRk,
2012,27(11) ;94.
WOWL A AR DR R AR R 5 6
FLI]. 3P 3agE ,2011,25(3) 1252,
I R R R R B R N P Tl A S o e g R
ML P8R ,2011,26(14) 7.

(ki H 159:2015-01-21 ;4 [ H 111 :2015-03-10)
(A Sgmat Ak k)

1111111111111 1111111111111 1111111111111 1@ 111111 - 11111 - -

(B35 134 1)

(6]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

TRIGESC, SR, £ T, 55, S M 25 25 Wy e it 25 7
0 AT T BAR DG BB T [T ] IR A 3 245, 2011,
29(1):19-21.

Jung S, Yu JK,Shin SH, et al. False susceptibility to amikacin by
VITEK 2 in acinetobacter baumannii harboring armA[ J]. Ann Clin
Lab Sci,2010,40(2) :167-171.

JAE L W, TUIE S T R A RO R 2 X i
ZHLHIET [T ] i RKR B A%, 2013,31(7) :490-493.
JAE L, T, BRI 25 AT R
AT G PERTSE[ ). A3 BE2%,2013,28 (11) :1012-1015.

A S BERRARL 8 SE A A B- PN B It | A
KBl RO VE-RE R 25 SR AT [ T]. T ESTE R A,
2007,32(10) :627-630.

B SO BEARLAE BRS¢ o 701 81 I PR 1 B Ak o e R
16S rRNA HIRALRGHE K rouB [ J]. 4R 54T 99 2% ¢ 35, 2008,
29(9) :909914.

Akers KS, Chaney C, Barsoumian A, et al. Aminoglycoside resist-
ance and susceptibility testing errors in acinetobacter baumannii-
calcoaceticus complex[ J]. J Clin Microbiol ,2010,48 (4) :1132-
1138.

Labbate M, Case, RJ, Stokes HW. The integron/gene cassstte sys-
tem:an active player in bacterial adaptation[ J]. Methods Mol Bi-
0l,2009,532.103-125.

SRERIE, W FLTE 5,5 IR eIl 2 e R [ 2884
T S IRE[T]. 165 ,2014,36(6) :603-610.

Gilad J, Giladi M, Poch F et al. “ All-in-one-plate” E-test and disk
diffusion susceptibility co-testing for multiresistant Acinetobacter
baumannii[ J ]. Eur J Clin Microbiol Infect Dis, 2006, 25 :799-
802.

Gilad J, Schwartz D. Need for verification of imipenem (IPM),

[21]

[22]

[23]

meropenem ( MER) and amikacin ( AK) VITEK-2 susceptibility
results for Acinetobacter baumannii ( Ab) [ C] 48th Interscience
Conference on Antimicrobial Agents and Chemotherapy. Washing-
ton, DC,2008 ; Abstract D-284.

B WEIMEEE B IR, AR PR Hodge T30 4G I 7= Bk 75 %5
IETEIAFT BRI E ()] AR m [ B2y ,2011,13(3) :223-225.
AR, X 3 T SRR A W g il PR A A it
PEMEIN[ 1] . AREIE PR 2 ,2014,16 (4) :349-352.

R, B, BT, . b 4G TH B AR T 20 S S R 25 1
R HT[1]. A [E B~ Ak, 2011,25 (1) :32-34.

Stone ND, O’ Hara CM, Williams PP, et al. Comparison of disk dif-
fusion, Vitek 2 ,and broth microdilution antimicrobial susceptibility
test results for unusual species of Enterobacteriaceae[ J]. J Clin
Microbiol ,2007 ,45(2) :340-346.

Jang W, Park Y], Park KG, et al. Evaluation of MicroScan Walk-
Away and Vitek 2 for determination of the susceptibility of extend-
ed-spectrum B-lactamase-producing Escherichia coli and Klebsiella
pneumoniae isolates to cefepime , cefotaxime and ceftazidime[ J]. J
Antimicrob Chemother,2013,68 (10) :2282-2285.

Lee SY, Shin JH, Lee K, et al. Comparison of the Vitek 2, Mi-
croScan, and Etest methods with the agar dilution method in asses-
sing colistin susceptibility of bloodstream isolates of Acinetobacter

species from a Korean university hospital [ J ]. J Clin Microbiol ,
2013,51(6) :1924-1926.

Sader HS, Fritsche TR, Jones RN. Accuracy of three automated sys-
tems ( MicroScan WalkAway, VITEK ,and VITEK 2) for suscepti-
bility testing of Pseudomonas aeruginosa against five broad-spec-
trum beta-lactam agents[ J].J Clin Microbiol ,2006,44(3) :1101-
1104.

(ke H 1#7.2015-01-26 ;& 01 H # .2015-02-15)

(ALtpst RkfbH; EXLHRF . TEE)



