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NDM-1 gene and other carbapenemase genes in Acinetobacter baumannii
in Jiangxi area
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[Abstract] Objective To understand the carriage of NDM-1 and other carbapenemases in carbapenem-resistant
Acinetobacter baumannii (CRAB) in Jiangxi area, and provide laboratory basis for the prevention and control of
healthcare-associated infection (HAID). Methods Sixty-four strains of CRAB isolated from clinical specimens from 3
tertiary first-class hospitals in Jiangxi area from January 2015 to June 2016 were collected, susceptibility to com-
monly used antimicrobial agents were detected with Kirby-Bauer method. Carbapenemases and metalloenzyme in
CRAB were screened with modified Hodge test and EDTA-disk synergy test respectively, carbapenems gene was de-
tected by polymerase chain reaction (PCR), NDM-1-producing Acinetobacter baumannii (A. baumannii) were per-
formed conjugation test. Results The resistance rates of CRAB to ampicillin/sulbactam, ciprofloxacin, gentamicin,
and levofloxacin were up to 95.31% ., 98.44%, 90.63% , and 54. 69% respectively. The positive rates of modified

Hodge test and EDTA-disk synergy test were 76.56% and 96. 88% respectively. PCR amplification result showed
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that 87.50% (n=56) of CRAB carried OXA-23 and VIM-1 genes,18. 75% (n = 12) carried SIM, 3. 13% (n = 2)car-
ried OXA — 24,and 26.56% (n=17) carried NDM-1, CRAB carrying NDM-1 gene were all from The First Affilia-

ted Hospital of Nanchang University, 64.70% (11/17)of which were pandrug-resistant strains. Conjugation test re-

sult showed that NDM-1-producing strains could transfer NDM-1 gene to recipient strain Escherichia coli ]J53, then

acquired resistance to imipenem. Conclusion Antimicrobial resistance rates of clinically isolated CRAB in this area

are high, OXA-23 and VIM-1 genes are the main carbapenemase genes, NDM-1 gene positive CRAB is detected,

and there may be a clonal spread of NDM-1 gene in hospital, effective measures should be taken as soon as possible

to prevent and control the spread of NDM-1 positive CRAB.
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Table 1 Primer sequence and product length of drug-

resistant genes of A. baumannii

H N 519751 (5-3) PR (bp)
AmblerA A EEHHE
KPC-F+ ATGTCACTGTATCGCCGTCT 785
KPC-R TAGACGGCCAACACAATAGG
SME-F!3] AACGGCTTCATTTTTGTTTAG 1138
SME-R GCTTCCGCAATAGTTTTATCA
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GES-R TGCCATAGCAATAGGCGTAG
AmblerB IS & G ER
NDM-FLe] CGCAACACAGCCTGACTTTC 287
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SPM1-R TCGCCGTGTCCAGGTATAAC
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SIM1-Fl5] TACAAGGGATTCGGCATCG 571
SIM1-R TAATGGCCTGTTCCCATGTG
IMP1-F7] CATGGTTTGGTGGTTCTTGT 448
IMP1-R ATAATTTGGCGGACTTTGGC
VIM1-FL7] GATGGTGTTTGGTCGCATA 390
VIM1-R CGAATGCGCAGCACCAG
VIM2-FL7] ATGTTCAAACTTTTGAGTAAG 801
VIM?2-R CTACTCAACGACTGAGCG
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OXA-23-R TCACAACAACTAAAAGCACTG
OXA-24-FL7 GGTTAGTTGGCCCCCTTAAA 249
OXA-24-R AGTTGAGCGAAAAGGGGATT
OXA-51-FLe] TAATGCTTTGATCGGCCTTG 351
OXA-51-R TGGATTGCACTTCATCTTGG
OXA-58-FL7] AAGTATTGGGGCTTGTGCTG 599
OXA-58-R CCCCTCTGCGCTCTACATAC
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Table 2 Resistance rates of CRAB to commonly used anti-
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Figure 1

synergy test
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Figure 2 Agarose gel electrophoresis map of PCR amplifica-
tion products of A. bawmannii carbapenemase

genes
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Figure 3 Agarose gel electrophoresis map of PCR amplifica-

tion product of A. baumannii OXA-51 gene
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Figure 4 Partial sequences of A. baumannii NDM-1 metalloenzyme
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Table 3 Antimicrobial resistance profiles and resistance genes of 17 NDM-1-producing isolates

;. o Tiif 245 1% ifif 245 K& PR 485 i 13 DL

&S ABPC/SB  CIP LVX GM TOB IMP MER blanpy 1 blaoxa-s blaviy i blasiv
2 R R I S S R R + + + -
3 R R I R R R R + + + -
4.8.23.25.28.36 R R R R R R R + + + -
5 R R R S S R R + + + -
11.13 R R R R R R R + + + +
12 R R I R R R R + + + +
14,19.20 R R R R R R R + - + -
18 R R I R R R R + - + -
39 R R I R S R R + + + -
ABPC/SB: &R PG bk /7 L HL; CIP RV AL s LVX AL UV A2 s GM R R 3 TOB: Z A8 K s IMP T i B i s MER - 2% B g

3 itig

BRI IPUE R BT B B = R R
H5E&EREGEOFEMIIR IR 0 3 41w Sh
FREEHE N JR J5 [60) 2 AT L8 B T8 3 ) 2% T T P 5 Y
FF R 2 H AT PE T 1 o A TR T S PR — 2R T
R, R EEEPUE RN T A BT PR
TEPE IR AT I AR O 25 ) . BRSO
BN FF T — EUG e 7 R 2P0 R 24 K 45 W R P Jak
YIRIT R IR PR R . AW P ISR CRAB &
SORE T AR B TR AR Y R 2 H 2, 5
Sy E M BLZ W 25 . 5 4 BRARGE 15 Bl S A — 30
Al g CRAB X B 4 JE 0 AR 3R 19 22 i 245 AL
A [r] At 5 ECH G A e TR 2 i 25 O

] & ANy K TR N Bl T B M S AR R 2 R
H 7 e 7 B 0 B L sl A HE R e AL AR R Bk
MEZRGEGEAM WS, Hrp i 2 M E N
PR T . Bk A A RE Ambler 4321
ABFI D2 EHNERZH R DM OXA-23 Fil
B2 IMP %, OXA-23 B4R MAT R IZ 0k
RN, H= OXA-23 (W62 K3 251 i s
e SR e R e 11 T B S

A4 64 Bk CRAB. 87. 50% # 4 OXA-23,
VIM-1 3£ R ,3. 13 % #47 OXA-24 FEH ,18. 75 % #
i SIM B: I, fir A W bk 2 R Kl KPCL SME,
GES. SPM. GIM, IMP1,VIM-2, OXA-58 3% [A.
] A YR JRT DAL b X6 = OR Sl FF B Kt IMP fil VIM
FEEUY [ AN R GE . 2 A X 8BRSl AT A
IMP \VIM J& SIM FE R 2Z Fii i 58 7R, 4 Hh
X R RN OXA-23 JL 1) 2 AN S F L R &k

B 5 R PR 4 R 2 R K. A5
E LI OXA-23 f1 VIM-1 R {L75 #1[X. CRAB 119
TR IR

NDM-1 B[R 75 = 8 W AR E . NDM-1 & F} 2
R IR — T (14 8 G 25 56 TR 4 B — ol B 1 it
2l . NDM-1 258 0“5 18 B 4 )@ g-N B e i 17,
T e S R K i B =t e DA AN A B
FeZ 24 I, 55 NDM-1 3k B A 40 T 26 3R
KT 2 A NDM-1 SEH ) F A K
B A5 TR A va B AN B L Y T A T S S S A T
FO A B A5 AR BESE 64 ¥k CRAB 1, f
26.56% (17 k) #4F NDM-1 JEH , [H s #i
REHALTE CRAB H gt NDM-1 3 H {0 75
I ZH A4 X 3 R A CRAB B bk b £t NDM-1
FEHMRE . #5497 NDM-1 B F ) CRAB ¥k A T
B RS B ER, 64 1% (/1D
PRI R 12 T 245, HL Al BR ik Ok 22 EE T 24 7 L vT RE S
NDM-1 B £ BA K. #47 NDM-1 K 1
TR Pk 22 [] Bsf 485 2l A Bl 7 0 B R R, 5 Chatter-
jee AFUCV B TY — B, AR AR TR 2 7 T R H85 A Tirf 24
B A 15 00 5 B A 41 NDM-1 35 PR AP 8 Ak 4k 9 Fip
A H P bR 4.8.23.25.28.36 5 R E A 14,19,
20 5 R BELA — 0, D ] REAEAE NDM-1 JL A B2
Bt A 11 o R 1L 4

R NDM-1 36 (1 15 4 & 2 6 #
NDM-1 B [H () CRAB 1 g {14 5 . 8 S0 4h i 24 119
KI5 B8 153 VB 52 (R 1A it A7 B2 5 1A 06 7 07 32
AR EARAE T HEHF NDM-1 3 F I % e 5 5 i 24
WA F . B UGIE 2, NDM-1 3 PR A 58 o J R 78
A E R AT A58, DLAEIF ST o, FRATIESE 17
LAE 22 T 24 6 2 N Sl AT A S B SR ) R R R



e 114 - r E RGPl 24 A 2017 45 2 A48 16 #5452 ] Chin J Infect Control Vol 16 No 2 Feb 2017

e Sk e .

ABEFE R, SR Hodge 805 FHAE 1R Bk 49 # . FH
PEFN 76.56% , 5 PCR 4" 1 45 R AE 6 — € (1 1
AL AREY CRAB i # % 4 [ % ik &8 KA ¢ ED-
TA Pplalat 56 BH 1%k 96. 88% . 5 PCR ¥ 1 4%
BEA—30, T W EDTA P[] 56 2 48 4 1 40 W e 75
g R DR 4 0 T 1

B2 ARHIX CRAB X % 5 0 8 P A Ziif 25
) 5 B T B M L TR R Ol OXA-23 Fi VIM-1, 358
ST PR TR NDM-1 R Il R B 5 %) CRAB
F18y M ] s o i Xof 7 T 24 0 {6 D 0 4 B RURRL 9T
Az il 5 B ) CRAB 36 L.

(& % x #]

[1] Chiu CH, Lee HY, Tseng LY, et al. Mechanisms of
resistance to ciprofloxacin, ampicllin/sulbactam and imipen-
em in Acinetobacter baumannii clinical isolates in Taiwan[]].
Int J] Antimicrob Agents, 2010, 35(4);: 382 — 386.

[2] Marie MA, Krishnappa LG, Alzahrani AJ, et al. A prospec-
tive evaluation of synergistic effect of sulbactam and tazobac-
tam combination with meropenem or colistin against multidrug
resistant Acinetobacter baumannii[ ]J]. Bosn ] Basic Med Sci,
2015, 14, 15(4): 24 - 29.

[3] Xu A, Zheng B, Xu YC, et al. National epidemiology of car-
bapenem-resistant and extensively drug-resistant Gram-nega-
tive bacteria isolated from blood samples in China in 2013[ ] ].
Clin Microbiol Infect, 2016, 22 (Suppl 1): S1 — S8.

[4] Ogbolu DO, Webber MA. High-level and novel mechanisms of
carbapenem resistance in Gram-negative bacteria from tertiary
hospitals in Nigeria[ J]. Int J Antimicrob Agents, 2014, 43
(5): 412 - 417.

[5] Huang LY, Lu PL, Chen TL,et al. Molecular characteriza-
tion of beta-lactamase genes and their genetic structures in
Acinetobacter genospecies 3 isolates in Taiwan[J]. Antimicrob
Agents Chemother, 2010, 54(6): 2699 — 2703.

[6] Chen Y. Zhou ZH, Jiang Y. Emergence of NDM-1-producing
Acinetobacter baumannii in China[ J]. ] Antimicrob Chemoth-
er, 2011, 66(6): 1255 — 1259,

[7] Khorsi K, Messai Y, Hamidi M, et al. High prevalence of
multidrug-resistance in Acinetobacter baumannii and dissemi-
nation of carbapenemase-encoding genes blaOXA-23-like,
blaOXA-24-like and 6laNDM-1 in Algiers hospitals[J]. Asian
Pac J Trop Med., 2015, 8(6): 438 — 446.

[8] Chang KC, Kuo HY, Tang CY, et al. Transcriptome profi-
ling in imipenem-selected Acinetobacter baumannii [ ]J]. BMC
Genomics, 2014, 15: 815.

[9] Nordmann P, Poirel L., Walsh TR, et al. The emerging NDM
carbapenemases| ] ]. Trend Microbiol, 2011, 19(12);: 588 — 595.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

Mugnier PD, Poirel L., Naas T, et al. Worldwide dissemina-
tion of the blaOXA-23 carbapenemase gene of Acinetobacter
baumannii[ J]. Emerg Infect Dis, 2010, 16(1); 35— 40.
WIERY . VPERR. X5, R 68 RN S A R ik A2 )
B Meta 238700, o B JEAE 972 2 35, 2013,8(4) 1358
= 360.

Sung JY. Kwon KC, Park JW, et al. Dissenmination of IMP-
1 and OXA type f-lactamase in carbapenem-resistant Acinero-
bacter baumannii[ ]J]. Korean J Lab Med, 2008, 28(1): 16 —
23.

El-Ageery SM, Al-Hazmi SS. Microbiological and molecular
detection of VIM-1 metallo beta lactamase-producing Acineto-
bacter baumannii[ J]. Eur Rev Med Pharmacol Sci, 2014, 18
(7): 965 -970.

Lee K, Yum JH, Yong D. Novel acquired metallo-3-lactamase
gene, bla (SIM-1), in a class | integron from Acinetobacter
baumannii clinical isolates from korea[ J]. ] Antimicrob Che-
mother, 2005, 49(11); 4485 — 4491,

Yong D, Toleman MA, Giske CG, et al. Characterization of a
new metallo-beta-lactamase gene, bla( NDM-1), and a novel
erythromycin esterase gene carried on a unique genetic struc-
ture in Klebsiella pneumoniae sequence type 14 from Indial J].
Antimicrob Agents Chemother, 2009, 53(12): 5046 — 5054.
Decousser J, Jansen C, Nordmann P, et al. Outbreak of
NDM-1-producing  Acinetobacter baumannii in France,
January to May 2013[J]. Euro Surveill, 2013, 18(31), pii:
20547.

Green DA, Srinivas N, Watz N, et al. A pediatric case of New
Delhi metallo-beta-lactamase( NDM-1)-producing Enterobacte-
riaceae in the United States[ J]. Pediatr Infect Dis J, 2013, 32
(11):1291 — 1294,

Yoo JS, Kim HM, Koo HS, et al. Nosocomial transmission of
NDM-1-producing Escherichia coli ST101 in a Korean hospital
[J]. J Antimicrob Chemother, 2013, 68(9): 2170 — 2172.
Hishinuma A, Yoshida A, Suzuki H, et al. Complete sequen-
cing of an IncFII NDM-1 plasmid in Klebsiella pneumoniae
shows structural features shared with other multidrug
resistance plasmids [J]. J Antimicrob Chemother, 2013, 68
(10): 2415 — 2417,

Huang YM, Zhong LL, Zhang XF, et al. NDM-1-producing
Citrobacter freundii ,» Escherichia coli, and Acinetobacter bau-
mannii identified from a single patient in China[ J]. Antimi-
crob Agents Chemother, 2015, 59(8): 5073 — 5077.
Chatterjee S, Datta S, Roy S, et al. Carbapenem resistance in
Acinetobacter baumannii and other Acinetobacter spp. causing
neonatal sepsis: focus on NDM-1 and its linkage to ISAbal125
[J]. Front Microbiol, 2016, 7: 1126.

WRlf . XUER, RBEL 5. ZEN 2580 2 NP TR 1 T 26
BETHREMPIREL] PESTERRE, 2014, 39(8):625 -
628.

R SCo - d 548D



