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Isolation and molecular characterization of 
extended-spectrum β-lactamase producing 
Escherichia coli from industrial food animals in 
Mekong Delta, Vietnam

 
Abstract
The aim of this study was to investigate if extended-spectrum β-lactamase producing Escherichia coli 
(ESBL-EC) is present in intestinal tracts of apparently healthy broiler chickens at large-scale chicken 
farm and pigs, and their environments in Vietnam. ESBL-EC was isolated from 86.7% cloacal swabs of 
chickens (13 out of 15), 55.0% rectal swabs of pigs (11 out of 20) and 100% from their surroundings (2 
beddings in a chicken farm and 2 drainages in pig farms). All the isolates from chicken and pig farms 
were multidrug-resistant. Interestingly, 94.7% (36/38) isolates from chicken were resistant to 
ciprofloxacin and mcr-1 gene-positive (related to colistin resistance), respectively, while ciprofloxacin 
resistance and mcr-1 gene was found in only 12.8% (5/39) and none (0/39) from pig, respectively. CTX-M 
type in most of the chicken isolates belonged to group-1 whereas that in the pig isolates belonged to 
group-9. Virulence gene profiling revealed that some of these isolates indeed carry eae or astA 
pathogenic genes. Plasmid profiling and PFGE analysis indicated that most of them showed various 
genotypes although some isolates showed nearly identical genotype, suggesting that a number of 
ESBL-EC with various genotypes were distributed in chickens and pigs in Mekong Delta. To the best of 
our knowledge, this is the first report regarding isolation of ESBL-EC from broiler chickens in large 
scale-farms and pigs in Vietnam. Taken together, these results suggest that chickens and pigs in 
Mekong Delta, Vietnam used for food industry could also serve as reservoirs of ESBL-EC isolates 
carrying virulence genes.
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Introduction

　　The emergence of multidrug-resistant bacteria 
is an increasing concern in human and 
veterinary medicines across the world. Extended-
spectrum β-lactamases (ESBLs) constitute the 
most important cephalosporin resistance 
mechanisms in Enterobacteriaceae, particularly 
Escherichia coli. ESBLs, which are encoded by 
multiple bla genes including TEM, SHV and 
CTX-M types, can hydrolyze modern extended-
spectrum cephalosporins and monobactams but 
not cephamycins and carbapenems22). CTX-M 
typed ESBLs can be classified into 5 groups 
including CTX-M-1, CTX-M-2, CTX-M-8, CTX-M-9 
and CTX-M-2511). Recently, CTX-M typed ESBLs 
have been emerging rapidly worldwide, principally 
in community-acquired human infections8).
　　Recent studies have revealed that food 
animals, such as chickens, pigs and cattle, may 
carry ESBL-producing E. coli (ESBL-EC) in their 
intestinal tracts2,26). An association of ESBL-EC 
in food animals, retail meats, and humans has 
been suggested10,14) and ESBL-EC in food animals 
and retail meats could be the source of human 
infections through handling or consumption of 
contaminated foods.
　　In Vietnam, isolation and characterization of 
ESBL-EC from community-acquired or nosocomial 
human infection have been reported over the past 
few years1,9,19). Recently, asymptomatic human 
carriers of ESBL-EC were also reported in 
Vietnam6,18,28). Moreover, domestic food demands 
especially in meats are rapidly growing with 
economic development in Vietnam. Some of 
harvested meats have been exported to the 
neighboring countries including China and 
Malaysia. To enhance the production efficiency,  
a wide range of antimicrobials has been 
increasingly used against food animals3). This 
might cause increasing risks for emergence, 
selection and spread of antimicrobial resistant 
bacteria worldwide. Several studies have shown 
that antimicrobial-resistant bacteria including 
ESBL-EC are present in food animals or their 

meat products in Vietnam12,22,23,27,29). However, the 
studies targeted chickens in backyards and in 
small-scale (～200 chickens) chicken farms12,22). 
And ESBL-EC was not detected in pigs probably 
since the study did not apply culture method 
selective for ESBL-EC22), suggesting that 
distribution of ESBL-EC in industrial food animals 
is still not clear in Vietnam. The present study 
investigated the occurrence and characteristics of 
ESBL-EC in broiler chickens of a large-scale 
chicken farm and pigs in Mekong Delta, Vietnam 
by using ESBL-EC-selective culture method.

Materials and Methods

Collection of fecal and environmental samples: A 
total of 15 broiler chickens were used for collecting 
cloacal swabs in chicken farm A, which was a 
subcontractor of a large company, in Vinh Long 
province, Vietnam in 2013. Unit size of the farm 
was 38,000 chickens (2 houses, 19,000 chickens 
per house). The farm was managed by all-in, 
all-out scheme for individual chicken houses. 
Five chickens per house were sampled at 30-40 
days of age (house 1 in June, and houses 1 and 2 
in August 2013). Simultaneously, bedding (n ＝ 2) 
was also collected from house 1 in June 2013 as 
well as August. Fattening period of a flock in the 
farm was 40-45 days. The flocks in June and 
August 2013 were different from each other. All 
the chickens of the flock in June 2013 received 
amoxicillin (β-lactam) at arrival to the farm, and 
norfloxacin before one week of harvesting, and 
those in August 2013 received tylosin (macrolide) 
and chloramphenicol from 6th to 8th days and 
16th to 17th days, respectively, after installation.
　　Rectal swabs of 20 pigs (10 pigs per farm) 
were collected from 2 pig farms (farms B and C) 
in June and August 2013, respectively, in 
Vietnam. The farm B was located in Can Tho 
province and its unit size was ～200 pigs. The pigs 
received amoxicillin (β-lactam) and sulfadimidine 
(sulfonamide) through feeds. The farm C was 
located in Hau Giang province and its unit size 
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was ～100 pigs. The pigs received colistin 
(polymyxin E), kitasamycin (macrolide), and 
lincomycin (lincosamide) through feeds. Fattening 
period of the pigs in both farms was 6 months. 
Water was also collected (n ＝ 2) from the ponds 
beside farms B and C into which sewages of the 
farms were drained.
　　All the samplings were done with approval 
of farms and their local governments. The 
samples were transported to the laboratory of 
Can Tho University at ambient temperature and 
processed within 24 h of collection.

Isolation of ESBL-EC: ESBL-EC was isolated by 
following the protocol described previously15). 
Briefly, fecal and water samples were directly 
inoculated on MacConkey agar (Eiken Chemical 
Co., Ltd., Tokyo, Japan) containing 2 μg/ml 
cefotaxime (CTX-MacConkey agar plates) (Sigma-
Aldrich, St. Louis, MO, U.S.A.). Bedding (25 g) 
was homogenized with 225 ml of Buffered 
Peptone Water (Becton, Dickinson and Company, 
Franklin Lakes, NJ, U.S.A.) and incubated at 
37°C for 24 h. One loopful enrichment culture 
was streaked on CTX-MacConkey agar plate and 
incubated at 37°C overnight. Five suspected 
colonies were streaked on fresh CTX-MacConkey 
agar and incubated at 37°C overnight for single 
colony isolation. The isolates were identified to 
be E. coli by conventional biochemical tests using 
LIM medium, SIM medium, Simmons citrate 
agar, Triple Sugar Iron agar and VP medium, and 
examined for ESBL production by antimicrobial 
susceptibility tests by disk diffusion method 
using cefotaxime and ceftazidime with and 
without clavulanic acid, according to the Clinical 
Laboratory Standards Institute (CLSI) standards 
(M100-S25). Among phenotypically ESBL-positive 
E. coli isolates, three colonies were randomly 
chosen and they were further analyzed for the 
presence of ESBL genes17) and for subsequent 
CTX-M grouping25) by PCRs.

Antimicrobial susceptibility: The ESBL-EC 
isolates were further analyzed for antimicrobial 

susceptibility by disk diffusion method targeting 
12 antimicrobial agents including cefoxitin 
(FOX), meropenem (MEM), imipenem (IPM), 
ampicillin (AMP), fosfomycin (FOF), streptomycin 
(STR), kanamycin (KAN), gentamicin (GEN), 
chloramphenicol (CHL), tetracycline (TET), 
ciprofloxacin (CIP), nalidixic acid (NAL), and 
sulfamethoxazole-trimethoprim (SXT), based on 
the criteria of the CLSI.

Genetic characterization: Phylogenetic grouping was 
carried out by PCR as described by Clermont et 
al.4). Presence of virulence genes for diarrheagenic 
E. coli (bfpA, eae, EAF, stx1, stx2, elt, est, invE, 
aatA, astA, cdt) and mcr-1 gene in the isolates 
were also checked by colony hybridization assay 
using 32P-labeled specific gene-probes as described 
previously5). To prepare mcr-1 gene probe, the 
partial sequence was amplified by PCR using a 
primer set of CLR5-F and CLR5-R13) from E. coli 
strain IPN.08812). To analyze the clonal 
relationship of astA gene-positive ESBL-EC, 
pulsed-field gel electrophoresis (PFGE) was 
performed as described previously28). Location of 
blaCTX-M genes in the blaCTX-M gene-positive 
isolates was analyzed by S1 nuclease-PFGE and 
subsequent Southern hybridization using 
32P-labeled blaCTX-M-1 and blaCTX-M-9 gene-probes as 
described previously6).

Results

Isolation of ESBL-EC from chicken farm. 
The mean prevalence of ESBL-EC in chickens (5 
chickens per flock) collected from 3 flocks in farm 
A (house 1 in June, and houses 1 and 2 in 
August 2013) was 86.7% (13 out of 15 chicken 
samples). As shown in Table 1, both of the flocks 
in house 1 in June and August 2013 were 100% 
positive for ESBL-EC irrespective of antimicrobials 
given to chickens, whereas that in house 2 
showed 60% positive. Beddings (n ＝ 2) in house 
1 collected in June and August 2013 were also 
positive for ESBL-EC. A total of 50 ESBL-EC 
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isolates (20 and 18 isolates from house 1 in June 
and August 2013, respectively, 4 from house 2, 8 
from beddings in house 1) were obtained. Among 
them, 32 and 6 of ESBL-EC isolates (maximum 3 
isolates per sample) from chickens and beddings, 
respectively, were subjected for phenotypic and 
genotypic characterizations.

Isolation of ESBL-EC from pig farms. ESBL- 
EC was isolated from 100% (10 out of 10 pigs) 
and 10% (1/10) pigs in farms B and C, 
respectively (Table 1). The occurrence of ESBL-EC 
in farm B was significantly higher than that of 
farm C (P ＜ 0.01, chi-squared test). ESBL-EC 
was also detected in the pond water samples 
(n ＝ 2), where sewages were drained. Fifty and 
five of ESBL-EC isolates from pigs and water, 
respectively, were obtained in farm B whereas 5 
and 3 of the isolates were from pigs and water, 
respectively, in farm C. Among them, 33 and 6 of 
the isolates (maximum 3 isolates per sample) 
from pigs and pond water, respectively, were 
subjected to the following analyses.

Antimicrobial susceptibility of ESBL-EC 
isolates. A total of 38 and 39 isolates from 
chicken and pig farms, respectively, were analyzed 
for antimicrobial susceptibility. As shown in 
Table 2, resistance of the isolates from chicken 

farm was 100% for CTX, AMP, and TET, followed 
by 97.4% in CHL, NAL and SXT, CIP and KAN 
(94.6%), STR (78.9%), CAZ (73.7%), FOF (47.4%), 
GEM and FOX (23.7%). However, none of them 
was resistant to MEM and IPM. All isolates were 
resistant to 6 to 12 antimicrobials among the 14 
tested agents suggesting their multidrug-resistant 
phenotypes. All the isolates from pig farms were 
also multidrug-resistant (resistance to 5 to 10 
antimicrobials) as shown in Table 3: 100% for 
CTX and AMP, followed by CHL (97.4%), TET 
(92.3%), SXT (89.7%), FOF (64.1%), STR (48.7%), 
KAN (35.9%), CAZ (25.6%), GEN (23.1%), NAL 
(23.1%), CIP (12.8%), FOX (5.1%). Similarly, 
none of them was resistant to MEM and IPM.

Genotypic characterization of ESBL-EC 
isolates. Determination of ESBL genotypes 
revealed that most of the chicken farm isolates 
(n ＝ 26; 68.4%) were positive for both blaCTX-M-1 
and blaTEM whereas only 7, 4 and 1 of the isolates 
were positive for blaTEM, blaCTX-M-9 and blaCTX-M-1, 
respectively (Table 2). On the other hand, in the 
majority of ESBL genotypes in the pig farm isolates 
(n ＝ 29; 74.3%) we observed the co-existence of 
blaCTX-M-9 and blaTEM, followed by 4 isolates having 
blaCTX-M-9, 3 blaCTX-M-1, 2 blaTEM and 1 of both 
blaCTX-M-1 and blaTEM (Table 3).
　　By phylogenetic grouping analysis, the 

Table 1. Prevalence of ESBL-producing E. coli in apparently heathy chickens and pigs in Mekong 
Delta, Vietnam

Farm Source
Sampling 
date

Antimicrobial agents used

No. of ESBL 
positive
/No. of 
samples (%)

No. of isolates 
characterized
/No. of ESBL 
obtained

A-house 1 Chicken June, 2013 Amoxicillin, Norfloxacin 5/5 (100%) 14/20

Bedding June, 2013 - 1/1 (100%) 3/5

Chicken August, 2013 Tylosin, Chloramphenicol 5/5 (100%) 14/18

Bedding August, 2013 - 1/1 (100%) 3/3

A-house 2 Chicken August, 2013 Tylosin, Chloramphenicol 3/5 (60%) 4/4

B Pig June, 2013 Amoxicillin, Sulfadimedine 10/10 (100%) 30/50

Pond water June, 2013 - 1/1 (100%) 3/5

C Pig August, 2013 Colistin, Kitasamycin, Lincomycin 1/10 (10%) 3/5

Pond water August, 2013 - 1/1 (100%) 3/3



Atsushi Hinenoya et al. 5
T

ab
le

 2
. 

E
S

B
L

-g
en

ot
yp

es
, 

p
h

yl
og

en
et

ic
 g

ro
u

p
s,

 v
ir

u
le

n
ce

 g
en

es
 a

n
d

 a
n

ti
m

ic
ro

b
ia

l 
su

sc
ep

ti
b

il
it

y 
of

 E
S

B
L

-p
ro

d
u

ci
n

g 
E

. 
co

li
 i

so
la

te
s 

fr
om

 
ch

ic
k

en
s

O
ri

gi
n

H
ou

se
M

on
th

co
ll

ec
te

d
E

S
B

L
ge

n
ot

yp
e*1

P
G

*5
n

S
tr

ai
n

V
G

*6
N

o.
 o

f
re

si
st

an
ce

A
n

ti
m

ic
ro

bi
al

 s
u

sc
ep

ti
bi

li
ty

m
cr

-1
C

T
X

*7
C

A
Z

*8
F

O
X

*9
A

M
P

*1
0

F
O

F
*1

1
S

T
R

*1
2

K
A

N
*1

3
G

E
N

*1
4

C
H

L
*1

5
T

E
T

*1
6

C
IP

*1
7

N
A

L
*1

8
S

X
T

*1
9

C
h

ic
ke

n
1

Ju
n

e
1*2

/T
E

M
*3

A
1

V
C

F
5-

4*
11

R
*2

0
R

S
R

R
R

R
S

R
R

R
R

R
+

1/
T

E
M

A
1

V
C

F
2-

4*
as

tA
11

R
R

S
R

R
R

R
S

R
R

R
R

R
+

1/
T

E
M

A
1

V
C

F
5-

1
10

R
I*2

1
S

R
R

R
R

S
R

R
R

R
R

+

1/
T

E
M

A
1#

V
C

F
5-

2*
9

R
I

S
R

R
R

R
S

S
R

R
R

R
+

1/
T

E
M

D
5

V
C

F
1-

1,
 1

-2
, 1

-3
, 

2-
3,

 2
-5

10
R

R
S

R
R

I
R

S
R

R
R

R
R

+

1/
T

E
M

D
2

V
C

F
3-

4,
 3

-5
9

R
I

S
R

R
I

R
S

R
R

R
R

R
+

T
E

M
A

1
V

C
F

4-
7

10
R

I
R

R
S

R
R

S
R

R
R

R
R

+

T
E

M
A

1
V

C
F

4-
10

10
R

S
*2

2
R

R
S

R
R

S
R

R
R

R
R

+

T
E

M
D

1
V

C
F

4-
9

as
tA

11
R

S
R

R
R

R
R

S
R

R
R

R
R

+

A
u

gu
st

1/
T

E
M

A
1

V
C

F
10

-7
as

tA
10

R
R

S
R

S
R

R
S

R
R

R
R

R
+

1/
T

E
M

D
5

V
C

F
6-

6,
 7

-1
, 8

-1
, 

9-
5,

 9
-9

11
R

R
S

R
S

R
R

R
R

R
R

R
R

+

1/
T

E
M

D
2

V
C

F
6-

7,
 6

-1
0

11
R

R
S

R
S

R
R

R
R

R
R

R
R

－

1/
T

E
M

D
1

V
C

F
10

-1
12

R
R

R
R

S
R

R
R

R
R

R
R

R
+

1/
T

E
M

D
1

V
C

F
10

-4
11

R
R

S
R

S
R

R
R

R
R

R
R

R
+

1/
T

E
M

D
1

V
C

F
7-

8
10

R
R

S
R

S
R

R
I

R
R

R
R

R
+

9*4
D

3
V

C
F

7-
7* , V

C
F

8-
5* , 

V
C

F
8-

8*
10

R
R

S
R

S
R

R
S

R
R

R
R

R
+

2
A

u
gu

st
1

B
1

1
V

C
F

11
-1

0
6

R
S

S
R

S
R

S
S

R
R

S
S

R
+

1/
T

E
M

A
1

V
C

F
12

-3
*

9
R

R
S

R
S

R
R

S
R

R
S

R
R

+

T
E

M
A

1
V

C
F

12
-6

11
R

I
R

R
R

R
R

S
R

R
R

R
R

+

T
E

M
D

1
V

C
F

15
-1

8
R

S
R

R
R

I
S

S
R

R
R

R
S

+

B
ed

di
n

g
1

Ju
n

e
1/

T
E

M
A

2
V

C
F

b1
-1

* , 
V

C
F

b1
-3

*
11

R
R

S
R

R
R

R
S

R
R

R
R

R
+

1/
T

E
M

D
1

V
C

F
b1

-2
*

as
tA

11
R

R
R

R
S

R
R

I
R

R
R

R
R

+

A
u

gu
st

9
D

1
V

C
F

b2
-3

*
10

R
R

S
R

S
R

R
S

R
R

R
R

R
+

T
E

M
A

2
V

C
F

b2
-1

, 2
-2

12
R

R
R

R
R

R
R

S
R

R
R

R
R

+

N
o.

 o
f 

re
si

st
an

t 
st

ra
in

 (
%

)
38

 
(1

00
%

)
28

 
(7

3.
7%

)
9 

(2
3.

7%
)

38
 

(1
00

%
)

18
 

(4
7.

4%
)

30
 

(7
8.

9%
)

36
 

(9
4.

7%
)

9 
(2

3.
7%

)
37

 
(9

7.
4%

)
38

 
(1

00
%

)
36

 
(9

4.
7%

)
37

 
(9

7.
4%

)
37

 
(9

7.
4%

)
36

 
(9

4.
7%

)

*1
re

sp
on

si
bl

e 
ge

n
es

 
fo

r 
E

S
B

L
 

*2
bl

a C
T

X
-M

-1
 

*3
bl

a T
E

M
 

*4
bl

a C
T

X
-M

-9
 

*5
ph

yl
og

en
et

ic
 

gr
ou

p 
*6

vi
ru

le
n

ce
 

ge
n

e 
pr

of
il

e 
*7

ce
fo

ta
xi

m
e 

*8
ce

ft
az

id
im

e 
*9

ce
fo

xi
ti

n
 

*1
0 am

pi
ci

ll
in

 
*1

1 fo
sf

om
yc

in
 

*1
2 st

re
pt

om
yc

in
 

*1
3 ka

n
am

yc
in

 
*1

4 ge
n

ta
m

ic
in

 
*1

5 ch
lo

ra
m

ph
en

ic
ol

 
*1

6 te
tr

ac
yc

li
n

e 
*1

7 ci
pr

of
lo

xa
ci

n
 

*1
8 n

al
id

ix
ic

 
ac

id
 

*1
9 su

lf
am

et
h

ox
az

ol
e-

tr
im

et
h

op
ri

m
 

*2
0 re

si
st

an
t 

*2
1 in

te
rm

ed
ia

te
 

*2
2 su

sc
ep

ti
bl

e 
# O

n
e 

is
ol

at
e 

fr
om

 e
ac

h
 c

at
eg

or
y 

w
as

 s
u

bj
ec

te
d 

to
 S

1 
n

u
cl

ea
se

-P
F

G
E

 a
n

al
ys

is
.



ESBL-producing E. coli from food animals6
T

ab
le

 3
. 

E
S

B
L

-g
en

ot
yp

es
, p

h
yl

og
en

et
ic

 g
ro

u
p

s,
 v

ir
u

le
n

ce
 g

en
es

 a
n

d
 a

n
ti

m
ic

ro
b

ia
l 

su
sc

ep
ti

b
il

it
y 

of
 E

S
B

L
-p

ro
d

u
ci

n
g 

E
. c

ol
i 

is
ol

at
es

 f
ro

m
 p

ig
s

O
ri

gi
n

E
S

B
L

ge
n

ot
yp

e*5
P

G
*9

n
S

tr
ai

n
P

u
ls

ot
yp

e
V

G
*1

0
N

o.
 o

f
re

si
st

an
ce

A
n

ti
m

ic
ro

bi
al

 s
u

sc
ep

ti
bi

li
ty

m
cr

-1
C

T
X

*1
1

C
A

Z
*1

2
F

O
X

*1
3

A
M

P
*1

4
F

O
F

*1
5

S
T

R
*1

6
K

A
N

*1
7

G
E

N
*1

8
C

H
L

*1
9

T
E

T
*2

0
C

IP
*2

1
N

A
L

*2
2

S
X

T
*2

3

P
fB

-P
ig

*1
1*6

B
1

1#
V

P
F

3-
2

6
R

*2
4

R
S

R
S

S
I

I
R

R
S

I
R

－

1
B

1
1

V
P

F
3-

3
6

R
R

S
R

S
S

S
S

R
R

S
I

R
－

1
B

1
1

V
P

F
3-

7
6

R
R

S
R

S
I

S
S

R
R

S
I

R
－

1/
T

E
M

*7
A

1
V

P
F

5-
6

8
R

R
S

R
S

R
R

S
R

R
S

I
R

－

9*8
A

1#
V

P
F

9-
3

9
R

I*2
5

S
R

R
R

R
R

R
R

S
S

R
－

9
A

1
V

P
F

9-
2

7
R

I
S

R
S

R
R

R
S

R
S

R
I

－

9/
T

E
M

A
3

V
P

F
2-

1,
 V

P
F

2-
2,

 
V

P
F

2-
3

I
as

tA
6

R
S

*2
6

S
R

R
I

S
S

R
R

S
S

R
－

9/
T

E
M

A
2

V
P

F
4-

1,
 V

P
F

4-
2

5
R

S
S

R
S

S
S

S
R

R
S

S
R

－

9/
T

E
M

A
1

V
P

F
9-

1
II

Ib
as

tA
6

R
S

S
R

S
S

S
S

R
S

R
R

R
－

9/
T

E
M

A
1

V
P

F
7-

2
II

Ib
as

tA
6

R
S

S
R

S
S

S
S

R
R

S
R

R
－

9/
T

E
M

A
1

V
P

F
10

-1
II

Ia
as

tA
6

R
S

S
R

S
I

S
S

R
S

R
R

R
－

9/
T

E
M

A
1

V
P

F
10

-3
II

Ia
as

tA
5

R
I

S
R

S
I

S
S

R
S

S
R

R
－

9/
T

E
M

A
1

V
P

F
10

-2
II

as
tA

5
R

S
S

R
S

I
S

S
R

R
S

R
I

－

9/
T

E
M

B
1

3
V

P
F

1-
1,

 V
P

F
1-

2,
 

V
P

F
1-

3
9

R
S

S
R

R
R

R
R

R
R

S
S

R
－

9/
T

E
M

B
1

3
V

P
F

7-
3,

 V
P

F
8-

1,
 

V
P

F
8-

2
IV

b
as

tA
6

R
I

S
R

R
I

S
S

R
R

S
I

R
－

9/
T

E
M

B
1

2
V

P
F

6-
1,

 V
P

F
6-

2
9

R
I

S
R

R
R

R
R

R
R

S
S

R
－

9/
T

E
M

B
1

2
V

P
F

5-
2,

 V
P

F
5-

3
8

R
I

S
R

R
R

R
I

R
R

S
S

R
－

9/
T

E
M

B
1

1#
V

P
F

7-
1

IV
a

as
tA

9
R

I
S

R
R

R
R

R
R

R
S

S
R

－

9/
T

E
M

B
1

1
V

P
F

4-
3

6
R

S
S

R
S

R
S

S
R

R
S

I
R

－

9/
T

E
M

B
1

1
V

P
F

6-
3

6
R

I
S

R
R

I
S

S
R

R
S

I
R

－

9/
T

E
M

D
1

V
P

F
8-

3
6

R
I

S
R

R
I

S
S

R
R

S
I

R
－

P
fB

-P
W

*2
9

A
1#

V
P

F
p1

-2
V

II
as

tA
8

R
I

S
R

R
R

R
S

R
R

S
I

R
－

9/
T

E
M

A
2

V
P

F
p1

-1
, V

P
F

p1
-3

7
R

I
S

R
R

R
S

S
R

R
S

I
R

－

P
fC

-P
ig

*3
9

D
1#

V
P

F
11

-1
ea

e
10

R
R

S
R

S
R

R
S

R
R

R
R

R
－

T
E

M
D

2
V

P
F

11
-2

, V
P

F
11

-3
ea

e
10

R
R

R
R

R
R

S
S

R
R

R
R

S
－

P
fC

-P
W

*4
9/

T
E

M
A

1#
V

P
F

p2
-2

V
I

as
tA

7
R

R
S

R
R

I
S

S
R

R
S

S
R

－

9/
T

E
M

B
2

1#
V

P
F

p2
-4

V
as

tA
7

R
R

S
R

R
S

S
S

R
R

S
S

R
－

9/
T

E
M

B
1

1#
V

P
F

p2
-8

10
R

R
S

R
R

R
R

R
R

R
S

S
R

－

N
o.

 o
f 

re
si

st
an

t 
st

ra
in

s 
(%

)
39

 
(1

00
%

)
10

 
(2

5.
6%

)
2 

(5
.1

%
)

39
 

(1
00

%
)

25
 

(6
4.

1%
)

19
 

(4
8.

7%
)

14
 

(3
5.

9%
)

9 
(2

3.
1%

)
38

 
(9

7.
4%

)
36

 
(9

2.
3%

)
5 

(1
2.

8%
)

9 
(2

3.
1%

)
35

 
(8

9.
7%

)
0 

(0
%

)

*1
pi

g 
in

 p
ig

 f
ar

m
 B

 *2
po

n
d 

w
at

er
 i

n
 p

ig
 f

ar
m

 B
 *3

pi
g 

in
 p

ig
 f

ar
m

 C
 *4

po
n

d 
w

at
er

 i
n

 p
ig

 f
ar

m
 C

 *5
re

sp
on

si
bl

e 
ge

n
es

 f
or

 E
S

B
L

 *6
bl

a C
T

X
-M

-1
 *7

bl
a T

E
M
 *8

bl
a C

T
X

-M
-9
 *9

ph
yl

og
en

et
ic

 g
ro

u
p 

*1
0 vi

ru
le

n
ce

 
ge

n
e 

pr
of

il
e 

*1
1 ce

fo
ta

xi
m

e 
*1

2 ce
ft

az
id

im
e 

*1
3 ce

fo
xi

ti
n

 
*1

4 am
pi

ci
ll

in
 

*1
5 fo

sf
om

yc
in

 
*1

6 st
re

pt
om

yc
in

 
*1

7 ka
n

am
yc

in
 

*1
8 ge

n
ta

m
ic

in
 

*1
9 ch

lo
ra

m
ph

en
ic

ol
 

*2
0 te

tr
ac

yc
li

n
e 

*2
1 ci

pr
of

lo
xa

ci
n

 *2
2 n

al
id

ix
ic

 a
ci

d 
*2

3 su
lf

am
et

h
ox

az
ol

e-
tr

im
et

h
op

ri
m

 *2
4 re

si
st

an
t 

*2
5 in

te
rm

ed
ia

te
 *2

6 su
sc

ep
ti

bl
e 

# su
bj

ec
te

d 
to

 S
1 

n
u

cl
ea

se
-P

F
G

E
 a

n
al

ys
is

.



Atsushi Hinenoya et al. 7

chicken isolates were determined to belong to A 
(n ＝ 13; 34.2%), B1 (n ＝ 1; 2.6%) and D (n ＝ 24; 
63.2%) of phylogenetic groups, irrespective of 
their ESBL genotypes (Table 2). The pig isolates 
belonged to A (n ＝ 17; 43.6%), B1 (n ＝ 17; 
43.6%), B2 (n ＝ 1; 2.6%), and D (n ＝ 4; 10.3%), 
respectively, (Table 3). Virulence gene analysis 
revealed that 4 chicken and 15 pig farm isolates 
were positive for astA gene, and 3 pig farm 
isolates were positive for eae gene, indicating 
that they were potentially virulent (Tables 2 and 
3). mcr-1 whose gene-product is related to colistin 
resistance was detected in 36 (94.7%) ESBL-EC 
isolates from chicken farm whereas none of the 
ESBL-EC isolates from the pig farm was positive.
　　To examine the clonal relationship, astA 

gene-positive isolates from pig farms were 
subjected to PFGE. The 15 astA gene-positive 
isolates from pig farms showed 9 pulsotypes (I, 
II, IIIa, IIIb, IVa, IVb, V, VI, VII, VIII), in which 
IIIa and IIIb, and IVa and IVb were considered 
to be clonal, respectively, due to only single band 
difference (Fig. 1), suggesting that some clonally 
related ESBL-EC were distributed among pigs.
　　Eight strains each of blaCTX-M gene-positive 
isolates from chicken and pig farms were 
randomly selected (Tables 2 and 3), and were 
analyzed for plasmid profile by S1-nuclease PFGE. 
Furthermore, the location of the blaCTX-M genes 
was investigated by Southern hybridization 
(Fig. 2). The size of the plasmids were ranged 
from 60 to 120 kb in chicken isolates while that 

Fig. 1. XbaI-digested pulsed gel electrophoresis patterns of genomic DNA isolated from astA gene-
positive ESBL-producing E. coli isolates from pig farms.  Lane 1, VPF2-1 (phylogenetic group [PG] A, 
blaCTX-M-9 and blaTEM positive, pulosotype I); 2, VPF2-2 (PG A, blaCTX-M-9 /blaTEM, I); 3, VPF2-3 (PG A, blaCTX-M-9 /blaTEM, 
I); 4, VPF10-2 (PG A, blaCTX-M-9 /blaTEM, II); 5, VPF10-1 (PG A, blaCTX-M-9 /blaTEM, IIIa); 6, VPF10-3 (PG A, blaCTX-M-9 /
blaTEM, IIIa); 7, VPF9-1 (PG A, blaCTX-M-9 /blaTEM, IIIb); 8, VPF7-2 (PG A, blaCTX-M-9 /blaTEM, IIIb); 9, VPF7-1 (PG B1, 
blaCTX-M-9 /blaTEM, IVa); 10, VPF7-3 (PG B1, blaCTX-M-9 /blaTEM, IVb); 11, VPF8-1 (PG B1, blaCTX-M-9 /blaTEM, IVb); 12, 
VPF8-2 (PG B1, blaCTX-M-9 /blaTEM, IVb); 13, VPFp2-4 (PG B2, blaCTX-M-9 /blaTEM, V); 14, VPFp2-2 (PG A, blaCTX-M-9 /blaTEM, 
VI); 15, VPFp1-2 (PG A, blaCTX-M-9, VII). M, XbaI-digested genomic DNA from S. enterica serotype Braenderup strain 
H9812 used as molecular size markers. VPFp2-2 and VPFp2-4 were isolated from farm C; other isolates were from 
farm B.
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in pig isolates were from 60 to 110 kb. The 
blaCTX-M gene was located on plasmids in all the 
tested strains except for a strain VPF3-2 from 
the pig farm B, where the gene was located on 
the chromosome.

Discussion

　　Multidrug resistance in pathogenic bacteria 
has been increasingly recognized as a global 
health concern in human and animals. 
Inappropriate use of antimicrobials is considered 
as the major factor to promote emergence and 
selection of resistant bacteria and dissemination 
of resistance genes. Abuse of antimicrobials in 
food animals may contribute significantly to this 
problem. In industrial food animals, antimicrobials 
are used as growth promoters, and prophylactic 
treatment to prevent infectious diseases as well 
as therapeutic purposes. ESBL is one of the most 
important antimicrobial resistance mechanisms 
in Enterobacteriaceae, particularly E. coli and is 
usually encoded on plasmids24), which can be 
transferred among intra- and inter-bacterial 
species. Indeed, several reports regarding isolation 
of ESBL-EC from industrial food animals2,26) have 
revealed that the high number of industrial food 
animals such as chicken and pig carry  
ESBL-EC in their intestines with gradual 
increase of the prevalence of CTX-M types26). 
Analysis of plasmids harboring ESBL genes have 
also suggested that they could be shared among 
E. coli in the pyramid of broiler chicken 
productions30), leading to emergence of ESBL-EC. 
To meet the increasing food demands as well as 
sustain economic developments, Vietnam has 
intensified agriculture (i.e. chickens and pigs) and 
aquaculture (i.e. fishes and shrimps), especially 
in Mekong Delta, where the industrial food 
animals, fishes and shrimps are cultivated on a 
large-scale and a wide range of antimicrobials 
have been increasingly used to prevent them from 
infectious diseases to enhance the production 
efficiency. Currently Vietnam is exporting the 

animal products to other countries in addition to 
their domestic consumption, indicating that there 
could be increasing risk of spreading of ESBL-EC 
not only inside but also outside the country. 
ESBL-EC has been isolated from chickens 
cultivated in backyards of households27) and in 
small scale-farms23), and fishes20). There are also 
some reports from large-scale chicken farms and 
pigs targeting for a variety of antimicrobial 
resistant-bacteria in chickens22,23,29), but they did 
not target or could not detect ESBL-EC. Since 
the studies applied non-selective culture method 
for ESBL-EC, the occurrence of ESBL-EC might 
have been underestimated. Thus, there is no 
report regarding isolation of ESBL-EC from 
broiler chickens in large scale-farms and pigs in 
Vietnam. The present study for the first time 
clearly demonstrated the presence of ESBL-EC 
in chickens in a large-scale farm and pigs in 
Vietnam.
　　Interestingly, ESBL-EC was detected in  
only 10% pigs in the farm C where β-lactam 
antimicrobial was not given to the animals, while 
it was detected in 100% pigs in the farm B  
where β-lactam antimicrobial (amoxicillin) was 
commonly used (P ＜ 0.01, chi-squared test). This 
result may indicate that use of β-lactam 
antimicrobials have promoted emergence of 
ESBL-EC and their colonization in the intestines 
of pigs. There is another possibility that non- 
β-lactam antimicrobials given to pigs through 
food, such as colistin, could inhibit the 
colonization of ESBL-EC in their intestine. 
Although susceptibility of the ESBL-EC isolates 
to the antimicrobials included in the feeds given 
was not analyzed in the present study, none of 
them were positive for mcr-1 gene encoding for a 
member of the phosphoethanolamine transferase 
enzyme family which is responsible for colistin 
resistance of bacterial hosts. On the other hand, 
in addition to the chickens to which β-lactam 
antimicrobial was given in June 2013 and to 
those not given in August 2013 both showed high 
contamination with ESBL-EC (100% in house 1 
and 60% in house 2). This might be due to 
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multidrug resistance of the ESBL-EC isolates. 
The chickens of the flocks in August 2013 
received tylosin and chloramphenicol but not 
β-lactam antimicrobials, but all of the ESBL-EC 
isolates from the flocks in August 2013 were 
found to be resistant to chloramphenicol (Table 2, 
tylosin was not analyzed in this study), 
indicating that the ESBL-EC isolates cannot be 
removed from the chicken flocks by the alternative 
antimicrobials due to multidrug resistance of the 
isolates. This includes possession of mcr-1 gene, 
which was detected in 94.7% of the ESBL-EC 
isolates from the chicken farm. Moreover, all-in 
and all-out system to cultivate chickens could 
also be associated with such high prevalence in 
the chicken farm. This could be due to difference 
in floors and cleaning patterns of the pig and 
chicken farms. While the floors of pig farms were 
made of concrete and were kept clean by washing 
every day, the floors of the chicken farm were 
overlaid by bedding and were not cleaned during 
the fattening period. This might promote 
ESBL-EC shed from the chickens to survive in 
the bedding, which could spread infection among 

the chicken flocks. Indeed, the bedding collected 
in the present study was contaminated by ESBL-
EC. Since the limited numbers of samples were 
analyzed in this study, further experimental 
evidences are required to understand precisely 
how the chickens are infected with ESBL-EC, 
and their dissemination.
　　Pond water samples examined in this study 
were also contaminated with ESBL-EC. It has 
already been known that fishes carry ESBL-EC7), 
suggesting that the waste water from the animal 
farms could lead to ESBL-EC infection to fishes 
in the ponds, which could be consumed by nearby 
residents. Moreover, when the water is drained 
into river, ESBL-EC could also spread into the 
outside environment. Pond and river waters are 
also used in farming of crops. Thus, by-products 
from farming could also be associated with 
spread of ESBL-EC.
　　ESBL-EC has been considered to be non- 
pathogenic per se or might cause urinary tract 
infections in human. However, 4 and 15 isolates 
from chicken and pig farms, respectively, harbored 
astA gene encoding enteroaggregative E. coli 

Fig. 2. Location of the blaCTX-M genes in ESBL-producing E. coli isolates from chicken (a) and pig farms 
(b).  Left panel, Separation of S1 nuclease-digested DNAs by PFGE; Right panel, Southern hybridization with 
32P-labeled blaCTX-M-1 and blaCTX-M-9 gene probes. (a) Lane 1, VCF5-4 (phylogenetic group [PG] A, blaCTX-M-1 and blaTEM 
positive); 2, VCF2-4 (PG A, blaCTX-M-1/blaTEM); 3, VCF2-5 (PG A, blaCTX-M-1 /blaTEM); 4, VCF7-7 (PG D, blaCTX-M-9); 5, 
VCF12-3 (PG A, blaCTX-M-1 /blaTEM); 6, VCFb1-1 (PG A, blaCTX-M-1 /blaTEM); 7, VCFb1-2 (PG D, blaCTX-M-1 /blaTEM); 8, 
VCFb2-3 (PG D, blaCTX-M-9) (b) Lane 1, VPF3-2 (PG B1, blaCTX-M-1); 2, VPF9-3, (PG A, blaCTX-M-9); 3, VPF7-1 (PG B1, 
blaCTX-M-9 /blaTEM); 4, VPFp1-2 (PG A, blaCTX-M-9); 5, VPF11-1 (PG D, blaCTX-M-9) 6, VPFp2-2 (PG A, blaCTX-M-9 /blaTEM); 7, 
VPFp2-4 (PG B2, blaCTX-M-9 /blaTEM); 8, VPFp2-8 (PG B1, blaCTX-M-9 /blaTEM). M, XbaI-digested chromosomal DNA from S. 
enterica serotype Braenderup strain H9812 used as molecular size markers.
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heat-stable enterotoxin 1 (EAST1), and 3 isolates 
from pig farms harbored eae gene encoding 
intimin necessary for intimate attachment of 
enteropathogenic E. coli and enterohemorrhagic 
E. coli. Although we did not confirm expression 
of their functional peptide and protein, this 
result suggests that these strains could be 
potentially virulent, which may cause diarrhea to 
human. To date, there was less report suggesting 
an association of ESBL-EC with diarrhea in 
human6), but ESBL-EC, which can produce Shiga 
toxin 2, was isolated from piglets with diarrhea 
in India16). This suggests that, in addition to 
uropathogenic E. coli producing ESBL, ESBL-EC 
isolates being able to cause human diarrhea 
might be present in industrial food animals at 
least in Vietnam and India. Moreover, as shown 
in Fig. 2, the ESBL-EC isolates except for a 
strain VPF3-2 from pig farm B carried ESBL 
genes on their plasmids, suggesting that they 
could be reservoirs of ESBL genes by conferring 
the ability to produce ESBL on diarrheagenic E. 
coli or other pathogenic bacteria. Since most of 
studies targeting ESBL-EC from food animals 
have not analyzed for their virulence properties, 
continuous and extensive surveillance including 
virulence profilings of ESBL-EC in industrial 
food animals is crucial. Genetic characterization 
such as PFGE patterns, plasmid profiling and 
the location of the blaCTX-M genes revealed that 
various ESBL plasmids and ESBL-EC clone are 
distributed in chicken and pig farms in Mekong 
Delta, Vietnam (Figs. 1 and 2).
　　In conclusion, this is the first report showing 
that broiler chickens in large scale-farms and 
pigs in Vietnam carry multiple-drug resistant 
ESBL-EC isolates and some of which harbor 
potentially virulent genes and thus, they could 
serve as diarrheagenic pathogens to humans. 
However, there are still several questions which 
remain to be answered like source of ESBL-EC 
in industrial food animals in Vietnam, prevalence 
of ESBL-EC in their meats, association with 
human infections including both clinical and 
asymptomatic cases, and so on. Further studies 
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