& é % % ié. ﬁ\ Oct. 20, 2016, 43(10): 22342241

Microbiology China http://journals.im.ac.cn/wswxtbcn
tongbao@im.ac.cn DOI: 10.13344/j.microbiol.china.150911

EEFIERBEURIE X R MRS 251E &
FABMEXM
R BEE kTE IHK BRW HR 2

( 230036)

B OE. (88 KT EEFEREKABRDHA LML RN R LG, F 2086
AN, [FEY KB R B LT 129 HRE R EXIATE, KA 96 LM EME. K-Bik.
MEHBE, BRILBIESA M EARI A KRGS W ER . AMEBEFHBHR
P HRE(MIC). 5 K89 F 2L F(LDso). (4R 129 ARECH M X AT B A 4 JE Fa x5
96.1%, VABFEM(1H)A E; s BMNEHRE. BRFFEEL. MEBRGFHESH A 92.2%.
92.2%. 93%, *TILRRIEdegatsh EFIKA 1.6%, £ I 94 7 2 Fafzhid, P AR E k-
AFFEE-ORE-BRAFTE-ZH5HEN-FARFEMAILRK, H 86.0%, HHE5IRAZ.
BARE . ERRDE. RV E. KT B K IOIKER 649 @ 25 A A8 KM (P<0.05), A
B Fo fUOR R 3T A IR AR 69 MIC 334 5 3 5 3142 5 2-16 42742 8—16 42; A IR &
B h) 3+ AR LDso m k. [ ) IBATH IR R K AT E Lk LA A WIEH R H, 20
% Eatth, AMEFREA XA ERRRH T h S A YR RS ZEAX, (2 E
& MR R A ) 8938 5%, LDso /AN AR 23 K.

KR RRHERIATH, BIBTHR, AME, 54, FHELE

Association of biofilm formation with drug-resistance and
virulence of Escherichia coli isolated from diarrhea piglet
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Abstract: [Objective] To study the association of biofilm formation ability with drug-resistance and
virulence of Escherichia coli isolated from diarrhea piglets. [Methods] In total 129 strains of

Foundation item: The Key Project of the National Spark Program (No. 2014GA710002); Quality Project of Anhui
Province (No. 2013sxzx008); Innovation Fund Project of Anhui Agriculture University (No.
2011220); Anhui Pig Industry Fund Project
*Corresponding author: Tel: 86-551-65786329; E-mail: liyouer@163.com
Received: November 13, 2015; Accepted: January 19, 2016; Published online (www.cnki.net): March 04, 2016
E&WHE: (No. 2014GA710002) (No. 2013sxzx008)

(No. 2011220)

*BINIEE: Tel: 86-551-65786329; E-mail: liyouer@163.com
iaBHEA: 2015-11-13 3ZEZHHE: 2016-01-19 HEEFH AR B #(www.cnki.net): 2016-03-04



2235

clinically isolated and identified pathogenic E. coli were collected. The in vitro biofilm formation,
the drug-resistance phenotype, the minimal inhibitory concentration (MIC) of biofilm bacteria and
planktonic, and the median lethal dose (LDsg) in mice were then evaluated by the 96-well micro plate
method, the K-B method, the micro dilution method, and the Curtiss modified method, respectively.
[Results] The positive rate of biofilm formation was 96.1% among the 129 isolates with the majority
of them to be lowly positive. The resistance rate to tetracycline, ampicillin and amoxicillin was
92.2%, 92.2%, and 93%, respectively. The lowest resistance rate to imipenem was 1.6%. Ninety-four
multi resistant phenotypes were displayed in the isolates, with 86% of them to be
amoxicillin-ampicillin-tetracycline-doxycycline-cotrimoxazole-trimethoprim, which was the most
frequent type and was correlated to ciprofloxacin, florfenicol, levofloxacin, norfloxacin, cephradine
and cefoperazone (P<0.05). The MIC of ciprofloxacin and florfenicol on biofilm bacteria was 2—16
and 8—16 times, respectively, higher than on planktonic bacteria. Isolates with biofilm formation 3+
showed the highest LDso. [Conclusion] Pathogenic E. coli in diarrhea piglets showed the biofilm
formation ability and were multi-resistant. Drug resistance of bacteria with biofilm formation to
ciprofloxacin and florfenicol was positively correlated to the biofilm formation ability, and LDs, also
increased with a stronger biofilm formation ability.

Keywords: Escherichia coli, Diarrhea piglets source, Biofilm, Drug-resistance, LDs,
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Table 1 The background materials of 129 E. coli isolates

E. coli (species number) Serum type Strains No. Number
055:59 13, 31, 33, 44, 54, 64, 73, 76, 85, 89, 90, 94, 95, 103, 114, 116, 118, 123 18

Enteropathogenic 026:K60 12, 20, 27, 36, 42, 83, 91, 92, 93, 105, 115 11

E. coli (63) 0125:K70 14,17, 29, 75, 82, 97, 98, 104, 119, 124 10
0128:K67 2,3,28,37, 53,60, 67, 109, 111 9
O111:K58 10, 46, 102, 120 4
086:K61 47, 56, 74 3
0119:K69 62, 113, 129 3
0126:K71 30, 96 2
044:K74 57 1
0142:K86 66 1
0114:K90 69 1
06:K15 22,38, 48, 49, 78, 88, 106, 128 8

Enterotoxigenic 015:K? 19, 65, 84, 108 4

E. coli (23)
07:K1 52,86, 107, 121 4
08:K40,K47 5,21, 35 3
09:K9 112, 127 2
025:K19 55 1
020:K17 6 1
0136:K78 9,25 2

Enteroinvasive 0164:K2 1,99 2

E. coli (11)
029:K? 4 1
0136:K18 32 1
0144:K? 43 1
0152:K? 45 1
028:K73 61 1
0143:K? 79 1
0112:K66 122 1
0104 8,11, 15, 39, 50, 51 6

Enterohemorrhage

E. coli (6)

Not set (26) 7,16, 18, 23, 24, 26, 34, 40, 41, 58, 59, 63, 68, 70, 71, 72, 77, 80, 81, 87, 26

100, 101, 110, 117, 125, 126

Aso 3 Ac A 85 119(3+) 67 73 (24
Ac 95 97 (1+) 100 124 () 1.4
) A<Ac (14) Ac<A<2Ac 8 6 12 24 36 48 60 72 h
(1) 2Ac<A<dAc () A>dAc Aszo
1.5 RSMEMIRRAE 2% RO ZE Aszo
8 2
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Table 2 Biofilm-formation ability of 129 E. coli isolates
E. coli

Biofilm-formation

ability Numbers Rate (%)
3+ 19 14.7
2+ 27 20.9
1+ 78 60.5
= 5 39

30 1——85 %95
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Figure 1 Biofilm growth curve of 8 E. coli isolates in vitro
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FT FEP 1.6% 11.6% 11.6% CIP FFC DOX RAD4

13.2% 124 CIP FFC 3+ 2 ( 85 119) MIC

LVX NOR RAD CFP CIP MIC >4 096 mg/L

(P<0.05) 1 024 mg/L FFC  MIC

(P>0.05) 129 23 4096 mg/L >4 096 mg/L 256 mg/L
94 AMX-AMP-TET- 512 mg/L DOX RAD

DOX-SXT-TMP 86.0% 3 MIC >4 096 mg/L CIP

24 HYIRESZFHFEL MIC FFC  MIC 2-16

8-16 4

x3 EVEREED TR BBUREX AT E S Bk 23 MinE RHR R

Table 3 Biofilm-formation ability of different E. coli isolates resistance rates to 23 antibiotics

Biofilm-formation Biofilm-formation

Antibiotics positive (n=124) negative (N=5) Chi-square P Isolated strains resistance
Number  Rate (%) Number  Rate (%) value (n=129) (rate (%))
AMX 115 92.7 5 100 0.390 3 >0.05 120/129 (93.0)
AMP 114 91.9 5 100 0.364 1 >0.05 119/129 (92.2)
TET 114 91.9 5 100 0.364 1 >0.05 119/129 (92.2)
DOX 112 90.3 5 100 0.318 1 >0.05 117/129 (90.7)
SXT 110 88.7 5 100 0.278 8 >0.05 115/129 (89.1)
TMP 108 87.1 5 100 0.244 8 >0.05 113/129 (87.6)
GM 88 71.0 5 100 0.067 2 >0.05 93/129 (72.1)
CIP 74 59.7 5 100 0.024 9 <0.05 79/129 (61.2)
FFC 70 56.5 5 100 0.018 3 <0.05 75/129 (58.1)
LVX 70 56.5 5 100 0.018 3 <0.05 75/129 (58.1)
NOR 69 55.6 5 100 0.016 9 <0.05 74/129 (57.4)
™ 69 55.6 4 80 0.260 8 >0.05 73/129 (56.6)
GAT 68 54.8 4 80 0.246 6 >0.05 72/129 (55.8)
RAD 58 46.8 5 100 0.006 6 <0.05 63/129 (48.8)
AN 42 33.9 2 40 0.774 9 >0.05 44/129 (34.1)
CRO 41 33.1 3 60 0.228 1 >0.05 44/129 (34.1)
CFP 39 31.5 4 80 0.028 5 <0.05 43/129 (33.3)
/ SAM 38 30.6 2 40 0.664 3 >0.05 40/129 (31.0)
ATM 26 21.0 1 20 0.958 2 >0.05 27/129 (20.9)
FEP 17 13.7 0 0 0.229 6 >0.05 17/129 (13.2)
FT 15 12.1 0 0 0.2612 >0.05 15/129 (11.6)
/ TZP 13 10.5 2 40 0.095 4 >0.05 15/129 (11.6)
IPM 2 1.6 0 0 0.689 7 >0.05 2/129 (1.6)
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Table 4 Minimum inhibitory concentration of biofilm bacteria and Planktonic bacteria (mg/L)

CIP FFC DOX RAD
Strains
No. Biofilm Planktonic Biofilm Planktonic Biofilm Planktonic Biofilm Planktonic
bacteria bacteria bacteria bacteria bacteria bacteria bacteria bacteria
85 >4 096 1024 4096 256 >4 096 >4 096 >4 096 >4 096
119 >4 096 1024 >4 096 512 >4 096 >4 096 >4 096 >4 096

=5 AEEERREIRER MIC

Table 5 Minimum inhibitory concentration of biofilm bacteria in different time (mg/L)

Time (h)
Antibiotic Strains No. 6 12 24 36 48 60 72
CIP 85 512 1024 1024 >4 096 4096 1024 4096
119 512 1024 2 048 >4 096 4096 2 048 4096
FFC 85 512 1024 1024 4096 4096 1024 2 048
119 512 1024 4 096 >4 096 4096 2 048 4096
DOX 85 >4 096 >4 096 >4 096 >4 096 >4 096 >4 096 >4 096
119 >4 096 >4 096 >4 096 >4 096 >4 096 >4 096 >4 096
RAD 85 >4 096 >4 096 >4 096 >4 096 >4 096 >4 096 >4 096
119 >4 096 >4 096 >4 096 >4 096 >4 096 >4 096 >4 096
2.5 FEIBFEFE A A B E A MIC H
85 119
36 h 2 CIP  MIC
>4 096 mg/L FFC MIC85 4096 mg/L
119 >4 096 mg/L DOX RAD MIC
2 6-72h >4 096 mg/L
CIP FFC MIC 3]

5
2.6 LDsiME

8 G+ 85 119
2+ 73 67 1+ 95 97 — 100 124)  0-12h

The logarithun of the
bacterialquantity (lg)

6h
2
3+ 1+ -
(P<0.05) 3+  LDs
6
3 Wi

2 S HREUFIE AT ERINE K 2k

Figure 2 Growth curve of 8 E. coli strains in vitro
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Table 6 Biofilm-formation ability of different E. coli
isolates LDsq in Kunming mice

Tt sttt Bioﬁlm-f9rrnation Strains LDsy,  Duncan
ability number
3+ 85  9.59x10° A
119  6.87x10°
E. coli 2+ 73 230x10°  AB
67  4.64x10°
1+ 95 3.34x10’ B
97  1.32x10’
- 100 1.20x10’ B
124 2.75x107
A B
(P>0.05)

(P<0.05).
Note: The table letters A, B represents bacterial virulence
differences. The same letters between the groups were showed that
among the group of virulence difference was not significant
(P>0.05). Difference letters were showed that the virulence of the
differences between the groups were significant (P<0.05).
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