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Study on the Correlation Between Multiple Drug Resistance of
Acinetobacter baumannii with Efflux Pump and
Biofilm Formation

WANG Jia ", FENG Lei "V, ZHENG Yulei?, YUAN Yong", YAO Yao ", HU Zidan ",
SHENNi ", YU Yan", DING Jiawei "
(1) Dept. of Clinical Laboratory , Yan'an Hospital Affiliated to Kunming Medical University ,
Kunming Yunnan 650051; 2) Dept. of Clinical Laboratory, Panlong District
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[ Abstract] Objective To investigate the correlation between biofilm gene, efflux pump gene, biofilm
forming ability and drug resistance of Acinetobacter baumarmii (AB) isolated from the patients of clinical infectious
diseases. Methods A total of 119 non-repeating Acinetobacter baumannii isolates (74 MDR-AB strains and 45

non—multi—drug resistant strains) were collected. The effector pump genes (adeB, adeJ, adeG, adeS and adeR)
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and biofilm-related genes (bap, ompA, csuA, csuB, csuC, csuD, csuE, abal, bfmR, bfmS) were detected
by PCR. Bacterial biofilm was constructed in vitro with 24—well cell culture plates, and the formation of biofilm was
qualitatively observed by crystal violet staining. Results  Acinetobacter baumannii was resistant to most of the
commonly used antibiotics and sensitive to tigacycline, polymyxin B and minocycline. The overall detection rate of
biofilm-related genes was about 80%, and the detection rates of bap, csuB, csuC and csuD genes in multi—drug
resistant bacteria were significantly higher than those in non—multi—drug resistant bacteria (P < 0.05). The detection
rate of active effector pump genes was less than 70%, and the detection rate of adeB, adeJ, adeS and adeR genes
in multidrug—resistant bacteria was significantly higher than that in non—multidrug—resistant bacteria (P < 0.05). The
adeG carrying rate was opposite. Three multidrug—resistant strains and five non—multidrug—resistant strains did not
carry the above efflux pump related genes, and no abeM gene was detected in all strains. The formation of biofilm
was observed in 95.80% of strains. Conclusion  Acinetobacter baumannii in hospital is mostly multidrug—resistant
strains, most of which have strong biofilm forming ability. Multidrug—resistant bacteria have higher biofilm gene and

effluent—pump gene carrying rate, which may be involved in the regulation and formation of multidrug resistance.

[ Key words] Acinetobacter baumannii; Multiple drug resistance; Efflux pump; Biofilm
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FHHEFEARARAF G RN F R 94 C WiAR
P 5min, 94 °C ZE30s, 55°C Bk 30s, 72 °C it
160 s, 330 4MER, fF 72 C M 5 min.
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Tab.1 List of gene primers associated with acinetobacter baumannii biofilm

L2 PR 519 IR Z 5 (5'—3") PR E (bp)

Bap F GAGGGAACTTCTGCAAAACTTTC 108
R CAGACGTATGACTGCATTGGT

ompA F GAGTCGTATTGCACTTGCTAC 594
R GCAGGCTTCAAGTGACCACC

csuAd F GAGGGAAGATGATATTCAATCGTG 517
R CCCTTAGATATACGACTACCATCAT

csuB F GCAGCAGATCCTCAGCTCAATTCA 354
R GTTTGTAGGTGTTGTAGCAGGC

csuC F ATACGGGTAAGACCGATGC 466
R GTTTTCAGTGCCGAAAGACG

csuD F GCTGATTTTATTGTCGGGTGGA 464
R GCCCTATACCAGACTGAGCGAC

csull F ACCAATGCTCAGACCGGAG 751
R CTTGTACCGTGACCGTATCTTG

abal F CCGCTACAGGGTATTTGTTGAA 428
R CACGATGGGCACGAAAACC

bfmR F GAAGTTGGTGTAGAAACCGATG 557
R GGATTTTCAGGATCATCGCC

bfinS F CATTAGTGAAGGAGTCGCTCG 990
R GGTGTACCCTGCTCTAGTTTT

®2 ERHTEIMREXEESI MR

Tab. 2 List of gene primers associated with efflux pump of acinetobacter baumannii

SRR 514 P31 (5'—3") T (bp)

adeB F TTAACGATAGCGTTGTAACC 541
R TGAGCAGACAATGGAATAGT

adeR F ACTACGATATTGGCGACATT 447
R GCGTCAGATTAAGCAAGATT

adeS F TTGGTTAGCCACTGTTATCT 544
R AGTGGACGTTAGGTCAAGTT

adeJ F ATTGCACCACCAACCGTAAC 453
R TAGCTGGATCAAGCCAGATA

abeM F GTAGGTGTAGGCTTATGGA 303
R GTACCGAAGTGACTGAAAT

adeG F TTCATCTAGCCAAGCAGAAG 468
R GTGTAGTGCCACTGGTTACT

16S rRNA F GGAGGAAGGTGGGGATGACG 241
R ATGGTGTGACGGGCGGTGTG

R, WP R RIS N EARAIRA R, 1.5 EMEREAIRE

VA 3t — 2 B I P 0 A, i 28 1A e i A0 o A

NCBI [ Blast X FEBHIF o
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Tab.3 Resistance of 119 strains of AB to commonly used

antimicrobial drugs in clinical practice

2y AR i 24 TR AR %
ZRPIM/ET ELH 76 63.9
KB E 9 7.6
PR 2 57 479
WRF 7 PG AR 93 78.2
WR-H PG b/ At a2 30 86 72.3
S AL 77 64.7
KA 76 63.9
R e 75 63.0
RARFEER 51 429
ZAER 46 38.7
HINTSE 78 65.5
LEHEI R 72 60.5
PUFRE 33 27.7
A A nE 77 64.7
. Snat) 80 67.2
SR /AT B 3 72 60.5
BN E 2 1.7
ZHiHEB 1 0.8
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B ETIE MDR 41(P<0.05), ompA. csuA, csuk,
abal, bfmS & bfmR % [/ £ MDR 5 4k MDR 4 £
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N % 3 X N N
o >F & 7 O

™
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1 MDR-AB 53F MDR-AB Xl ik % A E 25 M 25151
Fig. 1 Resistance of MDR-AB and non-MDR-AB to commonly used antimicrobial drugs in clinical practice
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Fig.3 PCR amplification electropherogram of efflux pump adeG gene and 16s rRNA gene

3 itig

3.1 HHERFTEMAEBERAYEEFEER

Bl A B T B I R R AT 2 N, Ok
2 (AR T B ST 245 0 L2 RSP R R IR 2 E R
AL X B a4, PRgi il , SRRk
Yufif) S AN AR I AN BRI L E TR, 7R
3¢ [ LA RS 19 38 U 1l DX gL 5 3K 70%, AR T
A % FCRAVE R, 608 AN Sh AT B 1) 22 L 2 R
A UL P A R B B AT 9% T B A B T 24 R
4 4%, HBRGLMBE T RAE 1ICU LN W, Al
ik 60%'" . CHINET Wil X %4 e i - il o 75 %%
AP O 2L I A B RS R i, AN B)
T TR i 000 200 A 1 24 23R S B R R HE RS 1 0, IR
SRS R SATE T ZM4 H ke E Y A
WHFIE S B0 74 #%2 MDR-AB w1, it 25 R0 ,
ZEMARELHE, MZMRGEREE, #IUA
Y7 B B R S P 5 R R R R R A 3. 4
IR R . REREIE . BN R 4 ol 5510
H KR A2, LT UM B R A& |

Kt R Z M Z Fh P ZE T VEMIG IR YT MDR-AB 2%
Yo PR BOR e B, , SR AE PRI IRIG YT,
Tyt . mIVEF RS R 2 S T, JRYT
JrR A
32 MIERHMHEEVEREEFRETSEWREK

BE MK ST

fif 2 N Sl AT BT 194 30 SR e A 24 4 17 2 A
RZ I EEAWMEEA Y R e s Ao
PR R BE 7 10 A o ES PN ) AT T A0 B LA o B Y
PR, R T KRB, LU 1D BRIRPUAR
FIANEB A BT R 12 B AEXT 119 Bk AB A
S LR 95.8% Y AB T bk LA AR W I TE A BE
1, AB AEWIIETY B T T U SRR T A
B, MR T A AR Ss R . AR Y
AR 5 3 I DA esuC K R B |, A 90.76%,
csul IR R 68.07%, A4y B AH O¢ 4% 3
PRI, o SE R s R 0 S ROy AR
HHREE IR B — AR, [RIR A AR
—EMZES, ATRES TS R I FEA R TR | b
W FYEREPUE R RPER I FHNEAE L, X
MDR-AB 5 9F MDR-AB 7£ A ¥ i 56 PR #8547 15 1l



120 R ERKFEK

545 %

AU HEEE & B . bap. csuB. csuC. csuD 7E MDR [
T 1) 45 2t 1 &0 B 52 =5 T3 MDR B PR (P < 0.05),
D AB 2255 bap. csuB. csuC. csuD FE[A
W REAE X, 2R MEERFAE
csuA/B/C. ¢suA/B/C/D. csuA/B/C/D/E K bfmR+
bfmS 204 7E MDR 54F MDR Fkk[a] 2 S0 L4503
22225 (P> 0.05); i bap+abal+ompA 4 & 7£
MDR Bt #1550 = T-9E MDR B #& (P < 0.05),
X5 AN [R) A W BB R 5 35 BRI X 7 114 B BB AR A O
csu 3 K 2% K bfmR/S &5 M ¥ AB 4= ¥ i
T RCRT A B i 7= A MR HE R, S 524
JIEC TR ol 7 4000 40 TR A R A FRG BEE 5 1T bap+abal+
ompA JEH 5 AW AT AL . & J Rl 2 K fifk 3 T
TEAHA G, MR, AEWIRENTE Bt AR AR & 2
A=W W52 B 2SR B R IR TR R R, A
PR 5% R ¥6 S i Ay AR W R R O R TR A
pgaA/B/C/D ., gacS. pglC 45, e A ¥R i I 1l
DA KR 240 BT ) TR 24P B A7 AR — B SE R Rl
HEYIRARCIRA M RIE S G, RBENZDd2
S A W R Y 1 AT R R U
3.3 HMIERHMTEIMERN STAEMES T

2 AN ST A T 9 A HE SR 1 A 1 0
LA AR R KRR . RIBE R . AR, 4%
SN TR R NS B IR E A A AT A
FEARRGEH, FRATEZEMF T /MER RND kM)
A HE adeB. adeG f adeJ F: K A1 8 45 3 A adeR
K adeS, LI M MATE 28 % 3 X abeM 76 P 41 AB
BRI AT O, KRG T A B, adeB.
ade] FE[H Al adeR . adeS FE K 7E MDR 4 (4547 1%
BUBT R TR MDR 41, SRR 4518 A
— 3 ; adeG 3 A #£ 4 MDR 41 & 1 0 & F
MDR @H . ABHFE A AR ARAKG Y abeM KRB,
5 Wang LY BBF5E A — 30, WFREEREM, A
] AB TR AR T 5 Z M HESE BE R, AMHESR
B adeB+adeG Y20 A 7E MDR T # 41 19 485 71 175 0
% 5 TE MDR E Rk, HASLHNA &7 A
WG W EE S, WK, £&5bhERD, *
MDR Wk, A 3 BRER A 0] i S HE = A
KL, AT R ILXT 2454 i S HEVE A S22 il LA IR
RND FKIEAMERE NS, IReke: 2 FEif 25 1 7 A
JEANESE LAA R A 25 WL R 51, B
D] v 5 it — 2 S A T B0 IE o
34 WHRHBRMYE

ARG 1 A Y B BE 1 . ANHER A
JIE R 56 5 R $ 41 %5 10 A MDR F13E MDR B bk 18] (1)

e AL, A LAHEN SMHESAE XT AB TR AR £ i
VRS R T RAR A DR AR, BB 30
SMER GEd Ik e T U = A ST i 2 R 254
HEENRZ — . (HABFITEZ XA [RGB A |
ARG ST T3 5K PR B AR AT TR 23 Hr FL it 25 40
S, PUEAE I PRI SR A A7 7R R R
AWFTORAE S5 G2 T AR e 3 AdLZAF, AT hEHE
B0 DR BT 2 SR A R Y 25 SRR IR, AT
o0 B it ] A A AN I T B A ) A A7 B85 P - 2L
4 TS 24 P8 TR AL, O il PR 3 9 4 SRS E A4 IR T
M

(&5 30K ]

[1] Ning Dong, Yu Zeng, Yao Wang, et al. Distribution and
spread of the mobilised RND efflux pump gene cluster
tmexCD—topr] in clinical Gram—negative bacteria: a mo—
lecular epidemiological study[J]. Lancet Microbe, 2022,
3(8): 46-56.

[2] WHo bacterial priority pathogens list, 2024: Bacterial
pathogens of publichealth importance to guide research,
development and strategies to prevent and control antimi—
crobial resistance [R], 2024, 17, May: 1-72

[3] James, Lewis, PharmD, Brandi Limbago, Mathers, Dclin—
ical, et. al. CLSI M100 [M]Laboratory standards institute,
2023.2(33): 1-358.

(4] JAMEFE, BARG, Trhor, 55, 60 S AN ST e & 06 i
A RND &) HE 5 AH 5C W 25 & N A9 #F 58 ).
FEl PRAG 56 2 2 4, 2021, 42(21): 2635-2639.

[5] WangL, Huang Y, Yin G, et al. Antimicrobial activities of
asian ginseng, American ginseng, and notoginseng[J].
Phytother Res, 2020, 34(6): 1226-1236

(6] ftrid, BAE, Mo, KM, % ZEMIZ52 AIIFFE
T 245 R s 24 B RGN (9] [ B s 2 4% s, 2020,
41(8): 993-995.

[7] Mariana Castanheira, Rodrigo Mendes, Ana Gales, et al.
Global epidemiology and mechanisms of resistance of
acinetobacter baumannii—calcoaceticus. Complex Clinical
Infectious Diseases 2023, 5(1): S166 - S178.

[8] Dan N, Yue H, Zhou C, et al. Outer membrane protein A
(OmpA) as a potential therapeutic target for acinetobacter

baumannii infection[J]. Journal of Biomedical Science,

2020, 27(8): 1679-1702.


https://doi.org/10.3969/j.issn.1673-4130.2021.21.018
https://doi.org/10.1002/ptr.6605
https://doi.org/10.3969/j.issn.1673-4130.2020.08.024

12 EOfE, . 0BRSS T2 S SR B Y AR B 121

[9] Alfonso Soler-Bistu é . Restriction — methylation systems
regulate transformation in Acinetobacter baumanniil[J].
Trends in Microbiology, 2023, 31(9): 879-881.

[10] Mariana Castanheira, Rodrigo Mendes, Ana Gales. Global
epidemiology and mechanisms of resistance of acinetobac—
ter baumannii—calcoaceticus complex[J]. Clinical Infec—
tious Diseases, 2023, 76: 166—178.

[11] Liu G, Qin M. Analysis of the distribution and antibiotic
resistance of pathogens causing infections in hospitals from
2017 to 2019[J]. Evid-based compl alt, 2022, 9(16): 211-
218.

L12] 35, SR, e, 5. e AT REIMER T T
Z 2yt 25tk U], hEAY 501 HEYR, 2020,
36(11): 1295-1302.

(137 K, I, BRI, 45, S AN ST i A W AR Sk
PRIBIE T LI v e S 36 R IG R JER i 2% i (ra - i),

[14]

[15]

[16]

[17]

2021, 15(02): 129-132.

SRR, PR 7> 1 0 2 R SR T A IR B ) S T
APERABIIE [D]. ST TR, 2019.

USSR 11 P 60 2 N Sl T A W IR B S 24 RE 0 Y
HRSRPERTSE [D]. B BHR P EE 25K 27, 2020.
Chyi-Liang Chen, Rajendra Prasad Janapatla, Anna
Dudek, et al. Functional characterization and clinical im—
plication of a novel epidemic carbapenem-resistant
Acinetobacter baumannii genetic markerlnternational [J].
Journal of Antimicrobial Agents, 2023, 8( 61): 102-
110.2020.

Li X, Song Y, Wang L, et al. A potential combination ther—
apy of berberine hydrochloride with antibiotics against

multidrug-resistant acinetobacter baumannii[J]. Front

Cell Infect Microbiol, 2021, 11(2): 12-20.


https://doi.org/10.1016/j.tim.2023.07.009
https://doi.org/10.1093/cid/ciad109
https://doi.org/10.1093/cid/ciad109
https://doi.org/10.1093/cid/ciad109
https://doi.org/10.3877/cma.j.issn.1674-1358.2021.02.010
https://doi.org/10.3877/cma.j.issn.1674-1358.2021.02.010
https://doi.org/10.3877/cma.j.issn.1674-1358.2021.02.010
https://doi.org/10.3877/cma.j.issn.1674-1358.2021.02.010

	1 材料与方法
	1.1 菌株来源
	1.2 仪器与试剂
	1.3 细菌鉴定及药敏试验
	1.4 外排泵及生物膜基因检测
	1.4.1 通过煮沸法，获得PCR模板
	1.4.2 PCR扩增反应体系
	1.4.3 PCR产物分析

	1.5 生物膜形成试验
	1.5.1 生物膜试验
	1.5.2 结果判读

	1.6 统计学处理

	2 结果
	2.1 耐药情况
	2.2 鲍曼不动杆菌生物膜及外排泵相关基因检测结果
	2.2.1 鲍曼不动杆菌生物膜相关基因结果
	2.2.2 鲍曼不动杆菌外排泵相关基因

	2.3 生物膜形成实验

	3 讨论
	3.1 鲍曼不动杆菌耐药形势及药物选择难题
	3.2 鲍曼不动杆菌生物膜基因携带与生物膜形成能力相关分析
	3.3 鲍曼不动杆菌外排泵介导耐药性分析
	3.4 研究的局限性

	参考文献

