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The Preliminary Research on Resistance Mechanism of A cinetobacter

baumannii Prevalent in Geriatric Wards*
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ABSTRACT Objective: To detect the major resistance genes of A. baumannii isolated from elderly hospitalized inpatients, and to
research the relationship between the resistance genotype and the drug resistant phenotype. Methods: PCR was used to detect the
resistance genes of 170 non repetitive AB isolated from different specimens of elderly inpatients, and the resistant genes included the
class D carbapenem enzyme: blaoxa.si, blaoxa, blaoxas blaoxass, class B carbapenem enzyme: blavis blane, blasns blacns blapns blaxowis
and type A extended spectrum beta lactamases: blaxc. Genotyping was applied according to the test results, and the corresponding
relationships between different genotypes and phenotypes (including CRAB and CSAB)were investigated. Results: blaoxas Was detected
in all 170 isolates and blaoxan; Was detected in 124 isolates. The other test results were as follows: blagpe (12 strains), blaoxass (6 strains),
blaxom: (3 strains), blagy (2 strains), blaoxass (1 strains), blayy (1 strains) and blapy (1 strains), and blayp and blaGIM genes were not
detected any more. According to the different combination of drug resistance genes, 170 strains were divided into four genotypes: type A
was based on blaoxasi T blaoxans (124 strains), and others were based on negative of blaoxass: type B (blaoxas:, 39 strains), type C (blaoxas:
+ blaoxass, 6 strains), type D (blaoxas: + blaoxax, 1 strain). In the resistant phenotype, 122 of the 128 carbapenems resistant strains were
positive for blaoxaz, blaoxax positive strains in CRAB accounted for 95.3% (122/128), 40 of 42 carbapenems susceptible strains were
negative for blaoxan, blaoxans negative strains in CSAB accounted for 95.2% (40/42). Conclusion: The resistant genotypes of carbapenem
resistant AB prevalent in geriatric wards were mainly blaoxa,; positive. There was a good correspondence between blaoxay; positive and
CRAB phenotype, and correspondingly between blaoxan; negative and CSAB phenotype.
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RE S, M2 AB B ¥t TIRYT R A2 BRI
JafR2, ENATSE R ICU h 2 E 2] AB B i FET 2k
47% , 3 EITFR R X —HE T 5k 52%-66%, i £ & if2] AB
22 13 A LTS AR IR T 5238 58%AYFET-F >, AB Mt 2551 7%
REZR, FE MY R R B2 VE PR, T4 G 3 P i
2t o N [RIARON WA TS R A R RS A R RS,
J& B AR LR e B A 2 M LAt A AR SN HETR 3R
IR T BB 25 NN RS . LD, B BRI DS T 25
TR U R T BRI B P2 LR 7R AB £ SN 25 7 1 A
BRI,

B HRIE Y AB B B2 MR TR , ¥ 1 3] Ambler 432519 A B,
D . AB H ILIWJE D K blaoxass,blaoxablaos Fl
blaoxass ZEHE R IMAD AT OXA ZE7=1) , X Bu LK AT GB A T ook
HCE YR, SEh AERRAS RE AT i 3 AR T R AR 2 b Ty
Hoblk BN, AB SR FELENY blaoxss RSN AB %
FE MR AR IC , oAt =y mT LUK % 8 R BRS04
2% (EAE AR 55, IR A RO IS 1 Sk B R 2y
Y1 U, blaoxas X B- PRI A it 2 1 T B3 Y L IR A 51
ISAbal, J5 & A — N5 SR B F I fA4E. ILAh, AB ik &
LT BEE BT BMEFFY blaw, blaw 1 blasu B, JLHAE
ST AT b DX RO T SEWH 22 0, o 35K S T TR e o il 77 2
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(F P blaoas 9 AB [EI 45 FE )5 B 25 4 J@ ik 5 85 1 1 19
blavi, blane, blasw, blacn, blapn, blaow s A 258 ) 1% B- P4 ik ik
i blaee, HHTEAEHE 5 AB M 25 5EH 1943 For 4 . LUHERT0E
AEAERE R E Z EINZT AB [R5 i 25 0L, St 24 L IR S 24
FHRZ KRR 02T DR A SR AR

1 MR EH Ik

L1 E#RSRIR

M 2014 3 2015 AERCHER] 170 FiAEE I AB kR, I A
170 (AL BRI 48 /KA B ULFRAE 19 2 47 [0, 4R 61-99
% ¥ 86.8 % 90% IR ES A NFIERRAS , HACRIE T IR,
A IR RIS . R AR VRIS 2 Y 128 BRZ T 2Y
T30 75 B M T 251k (CRAB ) S/ S X RAL G 42 RS 24 BT
25 BB 5 R M BEUR TR (CSAB )
12 FERAF S|

MH BUE-F-4 (OXOID) ; VITEK?2 4 [ 3l % % Fl1 245 8 73 Hr

AL EAE Yt ELR ) s PCR XL (PE A R ) 5 A2 A it A kA (T
TSR ) B EE I R R 4 (g NERH A IR A
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(Fermentas /2 7] ) ; K10CD F3CH R #F (WU AR AR o
1.3 7k
131 SINEHFER 51975 S o=, ARk 1,
Bt B TA AR A
132 ARG SRIEWE I, B MH P Fad OB I 0
VRS0 T 2 mL KBtk 1 22 Qe B 1-1.5 mL
TKE EP 451, T KIOCD T A 10 min J5, &
(13000 r/min ) &5.0> 10 min, 53 &5 1 19 FIERAE AR H] o
133 PCR R A RFR B &4 OB AR 25 ul, (045
Taq fiff 1 wL,10x buffer 2.5 wL, Bidi 1 wL(10 pM), 51#% 1
pL, li7KENE 2 25 pL(7 18.5 wl)o IMi4c:94 C st 4
min 5, 47 30 A9BSR AGPE R (B R K IEAif) 94 C
30s,52~56C 605s,72C 70s, % 72°C 5 min, N =YET
4 CHH.
134 Bik  TAE ZikEE 1.5 %A HREER , indigh
LIS 3 wL ¥ EB, B AL UKIEEEE . 44 LR+, BALImAS
Loading buffer 384318 ) J5 By PCR 7= #) 10 uwL,Marker Jii 5
pLo U 120 V, HLYK 40 min, ZEBEIR BUGAL L FTIFEE9MT 347
PUE-IRTRE 2 E A
1.3.5 I8P eiE KR W B2 R B AL Pk —
ANk A TN, A5 R AE L6 4T Blast LUXT 434, LA
T EREER
14 Gitaih

N SPSS19.0 GE it X Se g 45 Rk AT B o by, R H]
R TP R A UL, P<0.05 N ESA G4 E L.
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2.1 MHABEEYEER

170 MR 1 1 blaoxas: 170 8K, blaoxass 124 % , blaoxass 6
B, blaoxan 1 ¥k, blane O B, blacn O 1 , blaw F1 blapm % 1 B,
blasm 2 B, blanow: 3 B, blaxecl 2 B (FIEEZS S UL 1),
2.2 AB AEREMNS FHE

FRPERMIZE b i PRI 25 3L RAEAE 575, 1% 170 Bk AB
ARG FE R B G, 43 B L blaoxas + blaoxaxs FAE
SR A BL(124 BK) B blaoxas: FAYE, blaoxass BIME N AL 1)
B # (blaoxasi, 39 ¥ ) .C Y (blaoxas + blaoxass,6 B ) D HI (blaox
ast T blaoxass, | ¥R ) o Fot A BUTE blaoxas: + blaoxass Fefill I, 5 H:
B R MEEL A AR RS, BN A1~A8 /AR : Al
JEBAAL blaoxas T blaoxan A , A2~A8 LA blaoxas + blaoxas
S BEA, 5 HALA RIRF R H A (LR 2),
23 AB AREFE SMHERIENX R

170 Bk TR 45 RO ik 7 25 045 24 W BBURRAME AN ] 43R T 245 7
CRAB Z{ U1 CSAB 41, 53 I G i 24 35 (R B 7E -2 1 L
7], %3 CRAB 2 AT ZE 3L A B0 3, 122 #£(95.3%), Bl
P blaoxas N3 ;CSAB 4L B B4 3=, Bl 95.2% 4 AR b A
TR, A Hofh b v B MR R (3£ L3 3),, CRAB Fll CSAB
PIALIE] blaoxan FATEZRM 22 RA GEIT2H 2 L (P<0.01),
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Table 1 Primer sequence of drug-resistant genes
Primers Sequence Target gene
OXA-23F 5’-GATCGGATTGGAGAACCAGA-3’ blaoxan
OXA -23R 5’- ATTTCTGACCGCATTTCCAT -3’
OXA -24F 5’- GGTTAGTTGGCCCCCTTAAA -3’ blaoxaxs
OXA -24R 5’-AGTTGAGCGAAAAGGGGATT-3’
OXA -51F 5’- TAATGCTTTGATCGGCCTTG-3’ blaoxasi
OXA -51R 5’- TGGATTGCACTTCATCTTGG-3’
OXA -58F 5’- AAGTATTGGGGCTTGTGCTG -3’ blaoxass
OXA -58R 5’- CCCCTCTGCGCTCTACATAC -3’
VIM-F 57- GATGGTGTTTGGTCGCATA -3’ blavim
VIM-R 5’- CGAATGCGCAGCACCAG -3’
IMP-F5 5’- GGAATAGAGTGGCTTAAYTCTC -3’ blane
IMP-R 5’- GGTTTAAYAAAACAACCACC -3’
SIM-F 5’- TACAAGGGATTCGGCATCG-3’ blasm
SIM-R 5’- TAA TGG CCT GTT CCC ATG TG-3’
GIM-F 5’- TCGACACACCTTGGTCTGAA -3’ blagm
GIM-R 5’- AACTTCCAACTTTGCCATGC -3’
NDM-F 5’-GGTTTGGCGATCTGGTTTTC -3’ blaxom
NDM-R 5’-CGGAATGGCTCATCACGATC -3’
DIM-F 5’-GCTTGTCTTCGCTTGCTAACG -3’ blapm
DIM-R 5’- CGTTCGGCTGGATTGATTTG-3’
KPC-F 5’- CATTCAAGGGCTTTCTTGCTGC -3’ blaec
KPC-R 5’- ACGACGGCATAGTCATTTGC -3’

M 1 2 3 4 5 6 7 8 9
1 S AR 25 EE i 1k E

Fig.1 Electrophoretogram of resistance gene of A. baumannii

From left to right: Marker, blaoxasi( 353bp ), blaoxazs( 501bp ), blaoxaas
(246bp ), blaoxassl 599bp ), blavml 390bp ), blapnl 699bp ), blaxowi( 621bp ),
blasm( 570bp ), blakec( 538bp ).

39tk
CRAB B ST IFEZAE P AE ICU s L (R4

D7 CRAB BJEGENE T 245 PE AN 25 L) AT 5 GO X 45
Lo BAERENENREIRAEAR, th T e IR RPN 2 AT B

BB e B EE A s, N A E A Z TN 25 AB JE U I
PR B I XT G2 AT R X A0S [ 4T & 1) CRAB
1 CSAB, e HA RFMEM D 2575 T IREE : blaoxas, blaox.
a3, blaoxaz, blaoxass, B 25 4 J& W 75 B 5 W blavim, blane, blas,
blagn, blapy, blaxpr, VAT A 25873 B- N BERERE blaxec HYTH
ZEELREA TR o MR AR 25 R Hp A AR 2 B AT E 556 0
BERE ST N ARIAIER blaoxan PN IERI A B blaoxax I
PR3 B .C D SEHAY, FE-|—Fh o UL BRI
B AR REAS H AB 145 £ blaoxas, 5 UAERIE—EL.
FEMTHZEH) CRAB W, blacxss MK H R, BHMER
ik 95.3%, X 5 MEAHRIE I HLIX ZFE it 25 AB L blaoxax i
TR R —B00 . 2000 F I TR AR UES SR,
[X. CRAB DA™ blaoxan W7 B M R 32, o B H A K —
e AT W AR A blaoxan M Z TETRHZE AB AR LR
17002 BRI ML X BT blaoxas AB WATHRIIHGER, ABFFTIE
FTAE AR B XA R AR P CRAB 43 F I A T4 24T LA
blaoxss A E, 5L IX AR FATHEH—B 71, blaoxaxs W
AR blaoxans TR I TG RS BIBR , HAE /K A Sk F0 P8 25
St R T LA = AR (AARIFGE TP blaoxaxs ZoAT i
FF R KB blaoxane 2875 . IEA1, CRAB H [i]— i 24 35 PR AG 1
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Table 2 Different combinations of carbapenem resistant genotypes of 170 A. baumannii

blaoxas: blaoxan blaoxarn blaoxass blay blasy blap blaxpy blagec Drug-resistant Quant‘ity of
genotypes strains
+ + - - - - - - Al 108
+ + - - - - - + A2 10
+ + - - - + - - A3 1
+ + - - - - + + A4 1
+ + - - + - + - AS 1
+ + - - + - A6 1
+ + - - - - - - A7 1
+ + - - - - - + A8 1
+ - - - - - - - B 39
+ - - + - - - - c 6
+ - + - - - - - D 1

R3 1704k ABEEEHBHAEERENARES SMARENKXR

Table 3 The relationship between different combinations of carbapenem resistant genotypes and drug resistant phenotype of 170 A. baumannii

Drug-resistant phenotype(n) Drug-resistant genotypes

Different combinations of drug-resistant genes

Quantity of strains(n, %)

CRAB
(128) Al blaoxasi + blaoxazs 106(82.8%)
A2 blaoxasi + blaoxass + blaec 10(7.8%)
A3 blaoxas + blaoxaz + blapm 1(0.8%)
A4 blaoxasi T blaoxaa + blaeet blaxom 1(0.8%)
AS blaoxas1 T blaoxaz + blaxow: +blavm 1(0.8%)
A6 blaoxasi t blaoxas + blaxowa 1(0.8%)
A7 blaoxasi T blaoxazs + blasm 1(0.8%)
A8 blaoxasi + blaoxan + blaxec + blasm 1(0.8%)
B blaoxasi 3(2.3%)
C blaoxasi + blaoxass 2(1.6%)
D blaoxas + blaoxas 1(0.8%)
CSAB B blaoxasi 36(85.7%)
(42) C blaoxas T blaoxass 4(9.5%)
Al blaoxasit blaoxazs 2(4.8%)

RABIT 95% , $7ndi s R AE T SE AL AR I T RE I L X — s ]
iH i PFGE SZ3hnLAUESE .

1E CSAB fHUBARE T, blaoxass BIFEEZR HA 4.8%, tLRIE A
PER A 952%, X A-45FAMELL S HALF FT R T L, IR R B4
WFot 24 P ER I 25 AB B 25 2E 0, 550 6 F AB Tt 254k
AU =2 ] it 245 35 D8] A4 Ll o, i/ i 24 35 DR 5 i 24 e 70 2.
V)Xo i O 3 X R B2 1 ek o ARBIFSRIIE S T 7 CSAB i [l
i blaoxas WIFFAE AR L BIRRAR , SO r ) 22 T 245 ik 1) pIe 340
JE—2E T T AB M Z5HLH B It 7SR T I — 2
RIS 29V E RS2 T i 245 35 B A5 24 e AU R B4 X %
IV ERS PN 2341 7= S E R e vl G

TE T A ) B T B M B SE TR TP, blaoxas 149 B2 558 T
%5 CRAB K CSAB [Xf N 2w =i Y, BA G2
SC, R TR SRR 43 F oKX CRAB R4 7 Hsd AG 0 A
AR A BETE . BARAE CRAB FRufy oAl JURPTI 24 5L B A6
s blageeblaoxassblanows blasw blaoxar blaym F blapy, 1HIX
JUFhTi 2555 R 42 CRAB H () E 4 LE#R LA (0.8~7.8% ), T Bk
A%} CRAB (3= . X IR 25 3R 7 f5 v 2 BN, X SE R RRTE
blaoxax MFERN_E, Bl 2 T HA 4 SR BGSOR T 3% B- M BEIEES,
FEXT 252G W T 25 FR I - BR A blaoxax PHAE M BEREAH LT
WA W X5, BAITE blaoxas HIFERN L, A& Jmmg ek i) 1%
B- PN I i T ot T Ak it 24 8 AU A R AR AV FAS K, blaoxars IIAFAE
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A RIE AB X B ISP 25 W) T 25 19 SRR N
B o IIMTAS A RAT TURR TR AR TR 245 3 DR 28 5 5 24 26 0 22 1] ) o
NLRFR HEB UL, 7R B T T 25 6 R RO A7 T 5 T A Tk 25 3 [
A By B R PR L A5 FATR 2 L) 22 ) A IR = o) 24 4
XoF T 245 2 AR A A 28 S B

4 ik

ABESEE L AS 73 88 F B4R B E 1) AB - — i 255 K Y
RGN Ko AB ik 75 8 s SRR FITTIRS 24 Bk 22 [R] Tk 245 BE DA 14 U X
WIH T H—RhBRTE FE R BEEE D blaoxans SR TT R T 25 R A
BRI NE R, Rl AR B R blaoxaas X CRAB 7
K 95% ) B T (A X CSAB 19 95%BPETMIE , 427K T
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