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Effects of Sub-MIC Antibiotics on the Biofilm Formatio iﬁrﬁéstant Acinictobacter baumannii
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yEAO:

gls igate the effects of sub-MIC antibiotics on the biofilm formation of multi-drug resistant
R—AB) , and to provide reference for the prevention and treatment of related infection. METHODS:
g"dilution method was used to detect MIC of clinically isolated 4. baumannii (AB) and screen MDR-AB.
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Microporous method was used to analyze the effects of different doses of sub-MIC antibiotics on the biofilm formation of
MDR-AB, which was validated by using AB standard strain (ATCC 17978). The expression of biofilm-related gene was detected
by RT-PCR. RESULTS: The detected MDR-AB was resistant to carbapenems, cephalosporins, quinolones, aminoglycosides,
tetracyclines and macrolides (MIC=16 pg/mL). It was sensitive to polymyxin B and tegocycline (MIC<8 pg/mL). Different doses
of sub-MIC cefepime, ciprofloxacin, azithromycin and amikacin could significantly inhibit the biofilm formation of MDR-AB, and
azithromycin had the strongest inhibitory effect (the relative biofilm formation values of the corresponding strains was minimal).
Doxycycline could significantly induce the formation of biofilm in most strains, but meropenem, cefoperazone, tigacycline,
gentamicin and polymyxin B had no significant effect on the formation of biofilm. Results of validation test showed that compared
with untreated control strains, the relative biofilm formation values of standard strains were decreased significantly after treated
with 0.25 and 0.125 pg/mL azithromycin and 0.25 pg/mL amikacin (P<<0.05), and inhibitory effect of azithromycin showed a
dose-dependent relationship (P<<0.05). Results of gene expression detection showed that compared with untreated control strains,
relative expression of bap, filA, pbp-la and pbp-1b gene were decreased significantly (P<<0.05) ,
ompA and csuE gene had no significant change (P>0.05). CONCLUSIONS: The drug resistance of MDR-AB strains in our

hospital is serious. Sub-MIC cefepime, ciprofloxacin, amikacin and azithromycin shows significant inhibitory effect on biofilm

while relative expression of

formation, and the inhibitory effect of azithromycin is the strongest, with dose-dependent manner. Azithromycin can inhibit the biofilm
formation of MDR-AB which may be associated with the expression down-regulation of bap, fild, pbp-la and pbp-1b gene.
KEYWORDS Acinetobacter baumannii; Multi-drug resistance; Biofilm; Sub-MIC; Antibiotics; Azithromycin; Gene expression
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FoA (IR BRI 2 00) ) s Power 300 B HE Kk 1Y . Gel
Doc 2000 I EE i 15 7 45 (35 [ Bio-Rad /A ] ) 5 7500 %!
¢ 7E i B BHE S (PCR) Y (3% [ Applied Biosys-
tems 2~ H) ) ; Sunrise % i A5 {3 ( B 1 F1] Tecan 23 H ) ;
MIT-P % £ s 3 ( H A< Sakuma 23 7] ) s MR231 UG
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Sigma 2\, 5 1 1222536, 45 . A5 E ) 74T
2 # £ (& K M| Pfizer Limited, & W iE 5 .
H20130483, It 5 : AIXD/12, HLH% : 50 mg) ; 45 i 1A WK
(RARRH AL TR, 41t%5:2013121101) ;RPMI 1640 K5
FRIE A 1M (€[ Gibeo 2 H], #5405 NAB1335
1221119) ; LB 159558 MH 5573 5L (L B R i &
RN H] 4543 512k 150813 .151012) 5 I By P ( e
e i Y7 2 A R /], b5 - 15K 2701) s R EL 2% vh il
(PBS, pH 7.4, % [# HyClone 2 7] , #tt 5 : NAG1423) ;
DP430-RNAprep Pure 15757 21 ffd/ZH B4 o RNA 3B &
[RARAE AL R (650 A R AL 5 121221]; Prime-
Script RT Reagent Kit iﬂﬁ%%ﬁﬁ*ﬂﬁ .RR820A-SYBR Pre-
mix Ex Taq Il 2¢5% @ 505 £ ( H 48 Takara A\, L4543
HA AK3301 AK3101) ;519 3¢ [# Invitrogen 28 ] 15
T ARG AR R b4l AKCH ALK
1.3 HE#k

ABIIfi R A3 B TR K A T 3B I RIE A AR A4,
S B[] — B3 ] — R A th P A R R . R TR R R
W35 %5 TR (ATCC 25922) | i 2 B S 7 (ATCC 27853)
P % AB *f?ﬁi*ﬁk(mce 17978) ¥ th 36 E M XK 32 4
SEAFERRAE . FIRTRRESY H LR A TR 42 5 K2R
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DL K W 5 75 T (ATCC 25922) il 4l 23 11 50 B B4
(ATCC 27853 ) M B bk , K IR - A A LA R
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DA A 5 1, B 3 BH 245 %o B ke e 40 ) 3
FEES) o B R 43 25 19 AB TR AR i , RISk 2R F
MEEAE AR b, B F 37 CHEE AP RER . H
BRI PRBCAAN TR, AR BRER KRG B, AR M R 2o
1x10° CFU/mL [ TR 2 o HU“1.27 W 259t b6 25 )38
L AR KAR LA RS L UL mL 2 B T AR SR
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WAO0611 . WB1055 . WB1197 \WB1032) #4715 223056 .
2.2 sub-MIC $1 B 259 34 T K 4 9 BR 72 A 22 M B 3 78
ENH

T AR H R ACRPED TR 25 (S % i m =k
FOWRER | Bl 35 R 55 ) DL REAEXT AB HAT KA dl1E A
IR (N ZFRE B B IMHA R SRR
S8, FEXT R MIC (%) 56 At b e letilfe PR 52 s v] A i 2 2 ik
B BEE A PURE 2 WR 5, DL 2 25904 0 o AR A
X} B SR AL 6 TR AR AR W BB TR LA T2 it
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B ik 0 5 PR R PR iR '\] = T
37 CIE AR B 3246 P 1R 2 U300 iRt ) B 7535 7%

FREEFD I PR A , EOKARBE , il A5k B 24
Wk , LLEAL 200 L fin % 96 FLAk
R R 24 h s, W3 FR R
W, BRI PBSTHVE 2 Ik, kT I 5 , LA 1%
45 VAW 150 pL, L4 3 min, FEB 2K pEG:, T, 4
LI 30 % DK R Vs TR i ik A G, 1 FH A (XA 590
nm K A0 e LI IO (OD)E .. ODAE Y Ik AT
[B) 2 S e A= ) ST Tl 7 )58 557 , H. 24 ODisag o> 0.5 5,
FUZE R A BIE B RE 1 om ™. Horp, 5k & 2y
I A oF B TR AR A L ODsoo wo T S8 35 184 101 (4L 1] L8R
P<0.05) N “BEET", ODsywmH G 735 2 5 (40
¢ P>0.05) 1) R “ JC B 352 M7, ODsgo wn [ 18 35 AR
(4[] g P<<0.05) A9 “ B ] " “HEX A P T
A6 5% B R FL A, 10 #k MDR-AB I #k OD {28 1k
-3 7K (LB S5 T 245 25 T v 1938 OD {5 X B TR
PRI ODE I FUAE ) o A Bl i vl B 42 1, A
% DL AB AR % (ATCC 17978) Fp Xt 42, S O I R 4%
AR A Y IETE LA B B R R BT RR 25 ik T
B UE, FFBEE AR R AR RO R . Eabikne
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fild it : - TACTACAGGTCAAGATGGT-3' 52
:5'-TTGCTAAGTTCAAAAGTGGA-3'
bpsla

EHE 3.
2.3 MDR-AB E kA WIRERL R E SRR B RERNE
PIARZ 21 E B BRARAE S ket B, R P s 3 S
A WS N (RT-PCR) M % MDR-AB FHRA VIR
DA 6 I 4 IR DR A R 1 00 o 4 R R 3 A4 /4 R
RNA $EHGAT G UL 45 7 P UM TR S RNA, $2 i i
SRR RE R G B A 7 720K RNA S5 53 B AN
AR (cDNA) , B 5 i OO B PCRAGIEA 74734
(GIHFHI 02 1), PCRIZVIAZ :2xSYBR Green(% 6
RGN T GR) 10 L, b US4 0.3 L,
¢cDNA 2 uL,ddH.O 7.4 pL. ¥ #2514 .94 CHAL S
min, 94 CA5M: 30 s,52~57 ‘CiB A 30 s, 72 CIEMH 30 s,
A0 MEER ;72 CHRLESH 10 min, SYBR Green i 1)
R KN R B 43 ) A 497 nm 1520 nm. DLk
FEE ) L6STRNA S NS, i e K6 I 4™ 1 1ok i v i S i
FA8 4k, SR ABI-7500 2.0 34Dk 2742 o3 b4 LR () 2
e, I AR SR A R R ek = A 2 R LR
PR g R RRI IR Fek i) . FIRIRIGE A 31K,
x1 SIWFIIREBANEE

Tab 1 Primer sequence and annealing temperature
REW/NZ etz BKIRE, C
bap _Fi##:5'-GTCTCTCCATCAGCATCAA-3'

Fif#:5'-ATCCAACAACAGGTCAAGTC-3' m
ompA 75" -CAATGGCGGTAAAGAT GG A—3’O 55
TS5 -
57

csuFE FiE:5'-C

Fii#:5'-TTAGGTCGTGCTTTGAGTG-3’ 52

N5 -GATTTCTGTTAGTTTGCGTTTT-3'

php-1b Fi#:5'-TTATTTAGTCGGTTTGGTTCA-3’ 52
T 5 -TAGGCTTGGTTTGCTTAGA-3'

16StRNA  [i#:5'-GCCTTCCTCCAGTTTGTC-3' 55

Ti#:5'-TGTCGTGAGATGTTGGGT-3'
4 FirFEFIE

K SPSS 17.0 A B A 58 it o3 M e
BEUAX + 5 FRon , Z 410 LR LR R 22501, I
8] R FH LSD Koy . P<<0.05 N 2ZEF A S5 X,
3 R
3.1 If&&K% 5 MDR-AB B # K MIC {&

10 ¥k MDR-AB [ #k %5 10 Filfs PR & 5T 14 25 W0 1)
MIC{H ILFE 2, M2 AL, 10 BREEHRXT BT B2 3k
PP 2 ME 2 SR 2 R R 2 RIA NTR
BT , X 2550 2 B AV A Z 5 UK.
3.2 sub-MIC HTE AW XTI K5 B MDR-AB Bk £ 4
FEFZ BRI S50

10 Pk MDR-AB [ ¥k 43 2k A F 98 o . i
T 15 W RN DRI ARS | ¥ B I B 1A 2 T R S
M NARFRAL, B — e i R0, DU TR ) 45
sub-MIC #1525 4 %F MDR-AB T8 Wk A= ) B (18 ik 4 7
T, S5 R L 3. R30I IL, LAt is PR VD AR (BT
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#2 10% MDR-AB B #XT 10 il R E BIE 259/
MIC {& (pg/mL)

Tab 2 MICs of 10 strains of MDR-AB to 10 Kinds of

commonly used antibiotics in clinic(pg/mL)
FUEZ5Y WAOT19 WBI387 WB1483 WB1486 WB1531 WB1549 WA0611 WB1055 WB1197 WB1032
£t xn 16 2 xR 6 6 R 168
SARE R R R RN 4 RN N 4 N RN
SHmE 64 6 64 6 6 18 >26 256 64 >56
FEBE 16 RN RN R 16 3 16 64 16 4
FRRRE  >056 >256 >256 16 >256 >56 256 >26 >256  >256
FREZ >256 >056 >256 256 256 >)6 >56 256 >156 >256
LlHE RN RN N 16 N6 RN NN
ZMEZEB 01 2 4 05 2 2 2 2 201
BINHE 2 2 22 2 | 8 2 2 4
WAEZ  >056 >256 >26 32 >256 >56 256 >26 >256  >256
AR R POKR RS 4 PP 2% MDR-AB FE R A=)
FEE AT B LA s R A il L BT 3 25 25 P i /E
AERT fR 5t (CHAR XS A P BT B AR /)N , 2 pg/mL RIWT g7
AR AN HIVE D) s Z2 V53 K X MDR-AB B kA= P i
HTE BCEA I S 5 VR s T SE 20 B e L Sh AR |
B ER RKER  ZHE R B LAY BIE s
M AN B 4
#3 AREFIE sub-MIC HiE ZHI3T KK 5 = MDR-AB

Tk A W BE T2 R B 220
Tab 3 Effects of different doses of sub-MIC antibio-

tics on the biofilm formation of clinical isolated

MDR-AB strains

=

HESY AR pgml  BEMHGE BEASH KDERW K AREREIERE
EHHH 4 3 3 4 1.045
2 2 2 1.082
| | 1
LR 4 2 1
2 2 1
| 0 | \(\ 1.086
STt 8 5 G 0.904
4 . 7 0913
1 8 0940
IR g 3 0 7 0.884
2 0 8 0882
2 3 0 7 0876
Pk F & 4 6 0 4 0815
2 4 0 6 0847
| 4 0 6 0.883
FABE 8 | 0 9 0940
4 | 0 9 0913
2 | 0 9 0988
P55 8 0 5 5 1319
4 0 5 5 1263
2 0 5 5 1253
LHHEED 025 2 2 6 1.001
0.125 2 | 7 0999
0.06 2 1 7 1.074
B 025 1 1 8 0961
0.125 0 1 9 1.057
0.06 0 | 9 1.058
WHRE 8 6 0 4 0.759
4 5 0 5 0814
2 4 0 6 0831
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DABRER AR Xt 52, e U] 27 25 32 FIBOK R A kA 7
Bk, 45 R R 4, R 4R L, SAREYIERTRY
X BE R B HE A, 42 0.25.0.125 pg/mL Bif 25 25 % LA )% 0.25
ng/mL FDKR SRS, B5 v B A0 A X A 9 B B
B TR, 223 A 53 L (P<<0.05) , $&m HAE
VIR sz 2 H Al . 14k, 0.25.,0.125.0.06 pg/mL B
AR IE] HA, 22 S A e A R L (P<<0.05) S 7Rix
P ARSI FH 52 B A 800G 2R 5 T KR R ) H A
PIEIE AR FH U A R RO R (P>0.05)

F 4 FREFE sub-MIC b 25 T FE M PTKF E X 4R
BRI IR A 2208 (X £ 5)
Tab 4 Effects of different doses of sub-MIC azithro-
mycin and amikacin on the biofilm formation
of AB standard strains(x *s)

415 MAEMBEERE || 4l AR AR
i 1.000£0.231 y ki 1.000£0.085
WAEZ 025 pg/nl 0358+0.073° PR 025 pg/mL 0.598+0.096°
MABZ0.125 pg/ml 072020118 AR 0125 pg/mL 0.827+0.090
WIERZ 0,06 pg/nL 0.802£0.097 WK E 0,06 pg/mL 1.116£0.031
PIAEZ0.03 pg/ml 0945+0.129 PDFA0.03 pg/mL 1.085£0.108

T 5 I W VE X BT Ak LA, * P<<0.05; 5 Bl 47 25 % 0.06
pg/mL A FH 1% 57 1A R L85, P<<0.05 5 5 BT 45 853 % 0.125 pg/mL /A
52 R UL, *P<<0.05

Note: vs. untreated control strains, * P<<0.05; t@d
with azithromycin 0.06 pg/mL,"P<<0.05; ys. str@w h azithro-
mycin 0.125 pg/mL,*P<<0.05

TEbFIT I i
0

)
N WB1549 Tk AE Y E
R A A S R X A g s
RT0.8), HiZE ok B TP E Y 1) 9R
, 17T B 3 85 2885 FH WP IR SRR YR T, ORE L

7

0
8 1.064 :
7 1.105
.. ao_( ; M B LB O R
3

3 sub-MIC B & 5 &= X WB1549 B4k & ¥ AR R 18

KiAEEERERI

PL0.25 pg/mL (B k5 27, 1275 o 1 410 il 4
o) BT 27 25 245 T WB1549 Bk , % HoA: Y i E
TR G R 4 i R 3 38 I AR AR DL UEA T 20 BT, 445 SR D &
Lo FE 1RT L, 6 AW BT AH DG I 9 B R AT 44~
B DR Y 20532 ) @ 3 (P<<0.05) , A035 AF Wy JAH 56
T (BAP) 4 i 3L A bap . MR B4 ) 9 KL A fila
DA% 55 S R AR O 1) 7 B R 45 5 1 (PBPs) g i 3L [A]
pbp-la .pbp-1b; T A EHE 1 (OMPA) Zii i 3L X omp4 Hl
W A Y csu FIGHENH esuE BRI R UL 2 348
B (P>0.05), XFE/RBTZAFEE R M | MDR-AB [# kA
YIS WY 2 TR i A, A0 45 52 o TR 1 B A A 1
A ISR S8 B DL R A= W R P A
4 it

Wt BT 2P 012 0 K, MDR-AB TR 4 1
I RS H 2R H 2548 ™, AHFSE MIC I 2 45 1 R, 3.
B I RASE H ) MDR-AB B BR X 22285 ST 245 90T 245
FLAER T B2 SR AR R S RTINS TS
VORI RIANBRRSE . X HE7R 2 i35 2 $] MDR-AB
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REZGYINE IR B R
W 2P A WB1549 bk

AR R

l;ap ompA csuk ] fild pbp-la pbp-1b
HEH
T S ITCEYVE R IR PR EL 4, *P<<0.05
Note: vs. untreated control strain, “*P<<0.05
1 0.25 pg/mL P& EEXF WB1549 B #k & M REF X
HEXIAEREERIZRN R

Fig 1 Effects of 0.25 pg/mL azithromycin on the ex-

pression of biofilm-regulated genes in WB1549

strain

PRRR IR YL ], I DR AT (6 55 (R BT TR 285 A B 5 b bt
PR,V Z P08 25 W) 0 F RRAE T VR R ME LGk B0 ]
MDR-AB B# ¥ (1) MIC Tfij kb F sub-MIC. EHLTT 5,
15 sub-MIC HT 1# 245 11 % MDR-AB B bk 4= 9 B TE B 5%
M) HLAG AR A I R A

AL R BN, AN 5 5 sub-MIC Bt 14 24 9 %
MDR-AB B ¥R AE P T i 2 7= A R Rl s . o A
R A RER I Z AR AR GRS 5
B R AURE IR R KRR ZHE R B, ik
IRtk fi PRPND AL BTy 2 2 RIS B U SR B T
AR T, ELB A7 25 2= a4 iV TR R (2 pg/mL
RIAT SR s R 4 il /R R ), LR R00OG SR A B R 55t
T A 1) AB A5 ME IH Pk (ATCC 17978) Hf @JT%E
EEROi e N Gk g S SO R T E N | m
E’Ji%ﬂﬁﬁjlﬂiﬂﬁ#ﬂfﬁwﬁﬁﬁ”&} @H@

WA BRI 5 1 A AR S TR, RRALE B IR

5% Y L Al T sub-MIC Fif 25 %5 25 5% i)
MDR: R W) T REFLI

-AB PR AE WIS B A AL &2 2%, i
Kota i, AR SR, AR T EE BAP
FE 11 L OMPA F& [ BREZ5 44 25 11 Gt 35 R A 2 4 187 32 By
A RE DR 1 35 561, TR 2 2 4 sub-MIC 471 1 2
%XT MDR-AB PRI R A P T B 1) 5% W IR A R eV K LA
o MHOCHFFTUESE , BAP 85 [ v] 3 1o fi PRI AR A0 26

MHG %Ei%ﬁﬁﬁ’]ﬁ/ﬁi“‘” AR R BN, &
sub-MIC BT%%?%YEFHF bap FE R 1 23k 57 3| g 30
il B EARPLE A f i — 22098 . OMPA 2 1Al 55
l*ﬂé%ﬁﬁﬁjﬁi%%iﬁéﬂiﬂﬁ,{Eﬁﬁé%ﬂﬁﬁ/ﬁk,iﬁﬁ,ﬁ
TEPEN (AR A 2 R BT 25 25 2 0 He S L ] omp A
%‘%‘M’J%ﬁﬂﬂ PR 1L TR AT B8 51 A P A7 25 2 094
o [EAFEENE, ABREREA T, WEE EJI_%E’J
uﬁJ%%E HAYIRERTE -5 2 % U1 ™, R4 esu
ﬁtl%ﬁ%(csuA/BABCDE)ﬁﬁ%EElTﬂfﬂﬁéﬂﬂ*@“%%m
B ABAIFSE A & PGB L IR esuE iR 1) 3%
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