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Abstract
Background: Antimicrobial resistance (AMR) in food-producing animals is a global public health issue. This study
investigated AMR and virulence profiles of E. coli isolated from healthy chickens in Vietnam. E. coli were isolated
from fecal samples collected in five chicken farms located in the provinces of Hoa Binh, Thai Nguyen and Bac Giang
in the North of Vietnam. These isolates were examined by disk diffusion for their AMR, PCR for virulence and AMR
genes, pulsed-field gel electrophoresis for relatedness between blaCMY-2/blaCTX-M–positive isolates, electroporation
for transferability of blaCMY-2 or blaCTX-M genes and sequencing for mutations responsible for ciprofloxacin resistance.
Results: Up to 99% of indicator isolates were multidrug resistant. Resistance to third-generation cephalosporins (3GC)
was encoded by both blaCTX-M and blaCMY-2 genes; blaCTX-M genes being of genotypes blaCTX-M-1, − 14, − 15, − 17, − 57 and − 87,
whereas ciprofloxacin resistance was due to mutations in the gyrA and parC genes. Some isolates originating from farms
located in different provinces of Vietnam were found to be closely related, suggesting they may have been
disseminated from a same source of contamination. Plasmids may also have played a role in the diffusion of 3GCresistance as the blaCMY-2 gene was located on plasmids A/C and I1, and the blaCTX-M gene variants were carried by I1,
FIB, R and HI1. Plasmids carrying the blaCMY-2/blaCTX-M genes also co-transferred resistance to other antimicrobials. In
addition, isolates potentially capable of infecting humans, of which some produced blaCMY-2/blaCTX-M, were identified in
this study.
Conclusions: Both clones and plasmids could be involved in the dissemination of 3GC-resistant E. coli within and
between chicken farms in Vietnam. These results demonstrate the necessity to monitor AMR and control antimicrobial
use in poultry in Vietnam.
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Background
The use of antimicrobials for therapeutic, prophylactic
or growth promoter purposes has greatly contributed to
improved animal health, welfare and productivity. However, use of antimicrobials is likely to promote antimicrobial resistance (AMR). E. coli is known as a
bacterial species in which selection for resistance following the use of antimicrobials appears rapidly [1]. In
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poultry, the level of AMR is further accentuated by the
oral administration of drugs. AMR was first observed for
the oldest antibiotics that have been used the longest in
human or veterinary medicine and which are now recording very high levels of resistance [2]. This resistance
now extends to drugs critically important in humans
such as third-generation cephalosporins (i.e. ceftriaxone
in human health or ceftiofur in veterinary medicine) or
fluoroquinolones, severely limiting therapeutic options.
The production of Extended-spectrum β-lactamases
(ESBLs) or class C β-lactamases (AmpC) is the most important mechanism of E. coli resistance against cephalosporins. With more than 600 variants [3], ESBLs/AmpC are
associated with resistance to a wide range of antibiotics including fluoroquinolones, trimethoprim-sulfamethoxazole
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and tetracyclines [4]. In poultry, CTX-M-14 and CMY-2
ESBLs were first reported in Spain [5] before their detection
worldwide in chicken farms [6–9]. However, CTX-M-15 is,
to date, the most widely distributed ESBL in E. coli worldwide [10]. Genes encoding these enzymes are located on
transferable genetic elements such as plasmids which may
facilitate their spread to other pathogenic enterobacteria.
Important incompatibility groups include I1, N, A/C and P/
F, and I1 [6, 11].
Avian Pathogenic E. coli (APEC), a subset of Extraintestinal pathogenic E. coli (ExPEC), are responsible for
substantial economical losses in the poultry industry
worldwide [12]. The gastro-intestinal tract of apparently
healthy chickens can also act as reservoir for ExPEC potentially pathogenic for humans [13, 14]. Therefore, the
development of AMR in the intestinal microflora of
chickens could be a source of human contamination by
multi drug resistant (MDR) pathogens.
In Vietnam, many classes of antimicrobials, including
those of critical importance in human health, are used in
high amounts in poultry, often without veterinary prescription [15, 16]. This extensive use of antimicrobials
could explain the very high levels of resistance reported
for E. coli isolated from poultry in this country in several
studies [17–19]. However, the role of clones and plasmids in the spread of this AMR is not yet elucidated.
The aim of this study was to characterize E. coli isolates
from chicken faecal samples collected in farms in
Vietnam with regard to their virulence and AMR in
order to elucidate the role of clones and replicon plasmids in spreading of AMR between and within farms.

Results
Isolate collections

In the indicator collection, four morphologically different isolates were obtained from each sample except one
from which only three lactose-uidA positive isolates
were obtained. Thus, this selection method yielded a
total of 203 indicator isolates recovered from the 51
samples. In the potential ExPEC collection, 48 isolates,
originating from 30 samples from the five farms, were
positive for at least one of the tested virulence genes; the
number of isolates per sample ranged from 1 to 3 with a
median of 1. In the potential ESBL/AmpC collection, a
maximum of five isolates morphologically different per
sample, when available, were selected, giving a total of
126 potential ESBL/AmpC isolates originating from 31
samples; the number of isolates per sample ranged from
1 to 5 with a median of 5.
Prevalence of antimicrobial resistance

In order for the presentation of our results to be consistent with the definitions proposed in the literature by an
expert panel [20, 21], resistant and intermediate isolates
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were grouped together (nonsusceptible isolates) to define
multidrug resistance. At the isolate level, the highest
prevalence of nonsusceptibility was observed in tetracycline (97.5%), ampicillin (95.6%), sulfisoxazole (94.6%)
and trimethoprim-sulfamethoxazole (94.1%) and the
lowest prevalence was in ceftriaxone, ceftiofur and
cefoxitin (3.9% each) and amoxicillin-clavulanic acid
(3.4%) (Table 1). Prevalence of nonsusceptibility was also
much higher for antimicrobials belonging to the class of
aminoglycosides (54.2 to 68.5%) and ciprofloxacine
(59.6%). All farms carried at least one indicator isolate
nonsusceptible for each of the antimicrobials tested, except for ceftriaxone, ceftiofur and cefoxitin (each 80.0%
of farms) and amoxicillin-clavulanic acid (60.0% of
farms) (Table 1).
Almost all indicator isolates [201 (99.0%; 95%CI =
97.2–100)] were multidrug-resistant (MDR, nonsusceptible to three or more antimicrobial classes). Nonsusceptibility to five or six classes of antimicrobials (MDR5 or
MDR6) was the most frequent (86.2%); some indicator
isolates were even considered as possible XDR (i.e extensively drug resistant, isolates that remain susceptible to a
maximum of two classes of antimicrobials) (Fig. 1). In
the specific collections, isolates were almost all nonsusceptible to more than four classes of antimicrobial, with
31.7 and 25.0% of potential ESBL/AmpC and potential
ExPEC isolates being possible XDR, respectively (Fig. 1).
Based on the ECDC’s criteria [22], presumptive ESBL/
AmpC-producer isolates were found in 80.0% of the
studied farms and 76.2% of potential ESBL/AmpC isolates (Table 2). 3GC-nonsusceptible potential ESBL/
AmpC isolates were found in 31 samples whereas
3GC-nonsusceptible indicator E. coli isolates were only
found in 8 samples.

Prevalence of antimicrobial resistance genes

All tested indicator isolates (n = 80) were carriers of at
least one AMR gene with the maximum of 5 AMR
genes. The most prevalent AMR genes were blaTEM
(100%; 95%CI = 95.5–100), tetA (87.5%; 95%CI = 71.4–
100), aadA1 (71.3%; 95%CI = 56.4–86.1), and dfrA5
(32.5%; 95%CI = 11.9–53.1) (Table 3). In addition, 36
(61.0%; 95%CI = 34.3–87.7) of potential ESBL/AmpC
isolates and 1 (2.1%; 95%CI = 0.0–8.5) potential ExPEC
isolate were blaCTX-M-positive; these frequencies for
blaCMY-2 were 23 (39.0%; 95%CI = 12.2–65.7) in potential
ESBL/AmpC isolates and 4 (8.3%; 95%CI = 0.0–25.6) in
potential ExPEC isolates. Sequencing of 30 blaCTX-M-positive isolates showed that this gene was of groups
CTX-M-1, − 8 and − 9 and of genotypes blaCTX-M-1 (4
isolates), blaCTX-M-14 (6 isolates), blaCTX-M-15 (5 isolates),
blaCTX-M-17 (6 isolates), blaCTX-M-57 (8 isolates) and
blaCTX-M-87 (1 isolate). Except for blaCTX-M-1 that was
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Table 1 Prevalence of antimicrobial resistance at isolate and farm level of indicator Escherichia coli isolated from healthy chickens in
Vietnam
Unit of study
(No. examined)

Percentage (%) of units with one or more nonsusceptible isolates per categorya, antimicrobial classb and antimicrobialc
Critically important

Highly important

Highest priority
FLQ
NAL
Isolates (n = 203)
Farms (n = 5)

83.7
100

High priority
CPS

CIP

TIO

CRO

59.6

3.9

3.9

100

80.0

80.0

PEN

PEN/I

AMG

AMP

AMC

GEN

95.6
100

3.4
60.0

54.2
100

KAN

STR

CPM

FOL

FOX

SXT

65.5

68.5

3.9

100

100

80.0

94.1
100

SSS
94.6
100

PHE

TET

CHL

TET

86.2
100

97.5
100

a

Category of human antimicrobial importance according to the World Health Organization (WHO) [66]
Antimicrobial classes: FLQ Fluoroquinolones, PEN/I Penicillin+β-Lactamase inhibitors, CPS Cephalosporines, AMG Aminoglycosides, CPM Cephamycin, PEN
Penicillin, FOL Folate inhibitors, PHE Phenicols, TET Tetracyclines
c
Antimicrobials: NAL Nalidixic acid, CIP Ciprofloxacin, AMC Amoxicillin/clavulanic acid, TIO Ceftiofur, CRO Ceftriaxone, AMP Ampicillin, FOX Cefoxitin, GEN
Gentamicin, KAN Kanamycin, STR Streptomycin, SXT Trimethoprim-sulphamethoxazole, SSS Sulfisoxazole, CHL Chloramphenicol, TET Tetracycline
b

only detected in isolates from farms 4 and 5, the other
major genotypes were each found in 3 farms, 1, 4 and 5.
Distribution of virulence genes and phylogroups

The 80 tested indicator isolates were of phylogroups A
[32 (40.0%; 95%CI = 20.4–50.5)], B1 [36 (45.0%; 95%CI =
21.4–68.6)], B2 [4 (5.0%; 95%CI = 0.0–14.5)] and D [8
(10.0%; 95%CI = 0.0–26.2)]. Of the 11 tested virulence
genes, 8 were detected. In all, 45 (56.3%; 95%CI = 40.2–
72.3) indicator E. coli isolates were positive to one or
more virulence genes; with a maximum of 5 genes. All
APEC-associated virulence genes were detected with the
prevalence in descending order, ompT [23 (28.7%;
95%CI = 11.5–46.0)], iss [18 (22.5%; 95%CI = 5.5–39.5)],
hlyF [15 (18.7%; 95%CI = 1.6–36.2)], iucD [14 (17.5%;
95%CI = 0.0–35.8)], iroN [10 (12.5%; 95%CI = 4.6–20.4)],
and among ExPEC virulence markers, kpsMII [5 (6.3%;
95%CI = 0.0–15.4)] and papC [2 (2.5%; 95%CI = 0.0–6.4)]
were detected. The virulence gene tsh [4 (5.0; 95%CI =
0.0–11.9)] was also detected, whereas cnf, sfa/foc and

afa/dra were not detected in any isolate.
APEC-associated virulence genes were found amongst
all of the four phylogroups whereas the kpsMII gene associated with ExPEC was mostly detected in isolates of
phylogroups B2 and D (data not shown). Twenty-three
virulence profiles were found of which the most frequently observed were ompT (12 isolates belonging to
phylogroup A, B1 and B2), hlyF and iss (4 isolates each,
each mostly of phylogroup B1), iucD/iss (3 isolates of
phylogroups B1 and D) followed by iucD/iss/hlyF/ompT,
iucD and iroN/iss/hlyF/ompT (2 isolates each). Based on
genetic criteria proposed by Johnson et al. [23] to define
APEC isolates, 44 (55.0%; 95%CI = 38.0–71.9) isolates
were positive for at least one of the APEC predictors of
which 7 representing 8.8% (95%CI = 2.6–14.9) of the
total tested indicator isolates, originating from 4 farms,
had four or five of these predictors and thus, were classified as potential virulent APEC. Three (3.7%; 95%CI =
0.0–9.7) indicator isolates, of phylogroups B2 and D,
from two farms met criteria defining potential human

Fig. 1 Distribution (%) of indicator (n = 203), potential ExPEC (n = 48) and potential ESBL/AmpC (n = 126) isolates from healthy chickens in
Vietnam according to nonsusceptibility profiles. Susceptible: susceptible to all classes of antimicrobials; Nonsusceptible 1 to 9: nonsusceptible to 1
up to 9 classes of antimicrobials; isolates nonsusceptible to 3 up to 7 antimicrobials were considered to be multidrug resistant (MDR), isolates
nonsusceptible to 8 or 9 antimicrobials were considered to be possibly extensively drug resistant (XDR)
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Table 2 Prevalence of presumptive ESBL/AmpC-producers in Escherichia coli isolated from healthy chickens in Vietnam following
enrichment with ceftriaxone
Unit of study

No. examined

No. of units with positive culture

No. (%; 95%CI) of units carrying presumptive ESBL/AmpC-producer isolates

Isolates

126

N/A

96 (76.2%; 67.8–84.5)

Farms

5

4

4 (80.0%; 28.4–99.4)

No. Number, 95%CI 95% confidence interval, Presumptive ESBL isolate resistant to ceftriaxone and/or ceftiofur and susceptible to amoxicillin clavulanic acid and
cefoxitine, Presumptive AmpC isolate resistant to ceftriaxone in addition to being resistant to amoxicillin clavulanic acid and cefoxitine, Presumptive ESBL/AmpCproducers cumulative of presumptive ESBL-producers and presumptive AmpC-producers, N/A Not applicable as no culture was done

ExPEC [24]. In the potential ExPEC collection, 17
(35.4%; 95%CI = 0.9–69.9) isolates belonging to phylogroups A, B1 and D were defined as potential virulent
APEC and 7 (14.6%; 95%CI = 0.0–31.5), mostly of phylogroup D, were classified as potential human ExPEC. In
addition, 4 potential human ExPEC ESBL/AmpC-producers were found in the enriched collection, resulting in a
total of 14 isolates potentially capable of infecting
humans. Examination of 9 potential human ExPEC belonging to phylogroups B2 (n = 1) et D (n = 8) using the
revisited phylotyping method [25] showed the B2-isolate
remains in the same phylogroup, whereas isolates of
phylogroup D were reassigned to phylogroup F (n = 4)
and E (n = 4) (Fig. 2). For the other tested isolates (all
ESBL/AmpC-producers), for the two B2-isolates, one
still belonged to group B2 and the other reassigned to
group E, whereas the 9 isolates of phylogroup D were
reassigned to phylogroups A (1 isolate), C (1 isolate), E
(3 isolates), F (1 isolate) and B2 (3 isolates).
Prevalence of O serogroups and replicon plasmids, and
relationship among ESBL/AmpC-producers

Of the 47 ESBL/AmpC-producers tested, only 24 could
be assigned to an O-serogroup, with a total of 16 different serogroups observed (Fig. 3). The most frequently
observed O serogroups were O109 [5 (10.6%; 95%CI =
0.0–28.8)], followed by O20 [3 (6.4%; 95%CI = 0.0–16.4)]
and O101 [3 (6.4%; 95%CI = 2.4–10.4)]. The other serogroups, including O1, O2 and O78, were each observed
in one isolate (Fig. 3).

Of the 21 replicon plasmids tested, 14 were detected.
All isolates harboured at least one replicon plasmid,
presence of replicon plasmids in isolates ranging from 1
to 5. Of these, the most frequently observed were FIB
[32 (68.1%; 95%CI = 48.9–87.2)], colE [22 (46.8%; 95%CI
= 28.1–65.5)], I1 [20 (42.6%; 95%CI = 15.8–69.2)], and F
[15 (31.9%; 95%CI = 22.1–41.7)] (Fig. 3).
PFGE of these 47 ESBL/AmpC-producer isolates revealed their high diversity. Based on similarity level set
up 60%, 26 clusters (I - XXVI) were found of which, 11
consisted in at least two isolates (Fig. 3). By setting the
similarity between isolates at 80%, 41 PFGE groups (1–
41), of which five (PFGE groups 4, 17, 18, 24 and 27) included at least two isolates, were observed within the
clusters. Only the PFGE group 18, which includes 3 isolates, the largest number of isolates per group, consisted
of isolates from the same phylogroup / serogroup (B1 /
O109) and from different farms (Farms 4 and 5) located
in two separate regions (Fig. 3). The other major PFGE
groups each consisted of two isolates originating from
the same farm. In addition, isolates from some clusters
shared some similarities in AMR and/or virulence profiles. This was the case for cluster XVIII (which includes the
PFGE group 27) of which isolates were positive for AMR
genes blaCTX-M, blaTEM, aadA1, being nonsusceptible to
kanamycin, streptomycin, ceftriaxone, ceftiofur, ampicillin,
nalidixic acid, sulfisoxazole, trimethoprim-sulfamethoxazole,
chloramphenicol and tetracycline. These XVIII cluster isolates were also positive for replicon plasmids colE, FIB, F and
I1 and the virulence genes iucD, papC, iroN, iss and hlyF,

Table 3 Prevalence of AMR genes and the 95%CI in 80 indicator isolates
AMR gene

No. (%) of positive isolates

95% CI

Target antimicrobials

tetA

70 (87.5)

71.4–100

Tetracycline

tetB

7 (8.8)

0.0–21.1

dfrA1

3 (3.8)

0.0–8.1

dfrA5

26 (32.5)

11.9–53.1

dfrA7

7 (8.8)

0.0–20.3

aadA1

57 (71.3)

56.4–86.1

Streptomycin

blaTEM

80 (100)

95.5–100

Ampicillin

blaOXA-1

3 (3.8)

0.0–10.2

qnrB

2 (2.5)

0.0–6.9

blaCMY-2, blaSHV, blaCTX-M and tetC genes were not detected in any indicator isolate
AMR Antimicrobial resistance, No. Number, % percentage, 95%CI 95% confidence interval

Trimethoprim-sulfamethoxazole, sulfamethoxazole

Quinolones
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Fig. 2 Virulence, phylogenetic groups and AMR profiles of potential ExPEC isolates from healthy chickens in Vietnam. Amoxi/clav: Amoxicillin/
clavulanic acid; Trimeth-sulf: Trimethoprim-sulfamethoxazole; Chloramph: Chloramphenicol

permitting these isolates to be considered both potential
virulent APEC and potential human ExPEC. Cluster XXI includes blaCMY-2-, blaTEM- and aadA1-positive isolates nonsusceptible to gentamicin, kanamycin, ceftriaxone, ceftiofur,
cefoxitin, amoxicillin/clavulanic acid, ampicillin, nalidixic
acid, sulfisoxazole, chloramphenicol and tetracycline and
positive for the iroN, iss, hlyF, ompT, iucD and tsh virulence
genes (Fig. 3) and have been defined as potential virulent
APEC.
Mutations in the quinolone resistance-determining region
(QRDR) of gyrA and parC genes

Two mutation positions were observed in each QRDR
gene (Table 4). In gyrA, the most prevalent mutation
was the substitution of Serine (Ser) by Leucine (Leu) at
position 83 [45 (90.0; 95%CI = 84.2–95.7)] and the substitution of Aspartic acid (Asp) by Asparagine (Asn) at
position 83 [34 (68.0; 95%CI = 57.5–78.5)]. In parC gene,
the most frequently observed mutation was the substitution of serine by isoleucine (Ile) at position 80 [42 (84.0;
95%CI = 72.5–95.5)]. Twenty-eight (56.0%; 95%CI =
43.8–68.2) isolates demonstrated a combination of the 3
same mutations, Ser83Leu and Asp87Asn in gyrA and
Ser80Ile in parC and these isolates were from the 5
studied farms. In addition, 41 (82.0%; 95%CI = 69.9–
94.1) isolates were carriers of double-serine mutation
(gyrA Ser83Leu and parC Ser80Ile), whereas 38 (76.0%;
95%CI = 65.6–86.41) isolates were carriers of at least two
mutations in gyrA and one in parC.

Transferability of ESBL/AmpC genes

The AMR gene transfer experiments were successful for
20 isolates including 3 blaCMY-2 and 17 blaCTX-M isolates.
The blaCMY-2 gene was located on replicon plasmids A/C
(2 isolates) and I1 (1 isolate) whereas blaCTX-M genes were
found on replicon plasmids I1 (12 isolates), FIB (3 isolates),
and R and HI1 (1 isolate each) (Table 5). A/C plasmids carrying blaCMY-2 co-transferred resistance to gentamicin,
chloramphenicol, sulfisoxazole and tetracycline; I1
plasmid-carrying blaCTX-M co-transferred resistance to
tetracycline, sulfisoxazole, trimethoprim-sulfamethoxazole,
tetracycline or gentamicin, and the plasmids FIB, R and
HI1 carrying blaCTX-M co-transferred resistance to gentamicin, chloramphenicol, trimethoprim-sulfamethoxazole, sulfisoxazole or tetracycline (Table 5). In addition, in 2
isolates, the blaCTX-M gene was co-transferred with the blaTEM gene and in one isolate, blaCTX-M was co-transferred
with blaSHV (Table 5).

Discussion
This study showed a very high proportion of MDR (99%)
in indicator isolates. A likely explanation to this high
level of nonsusceptibility could be the extensive use of
antimicrobial in chickens in Vietnam, often without veterinary prescription, as reported in many studies [17–
19]. Other studies have reported similar levels of AMR
in E. coli from poultry in Vietnam [26, 27]. In contrast,
the level of nonsusceptibility to 3GC was very low (3.9%)
in indicator isolates, agreeing with the prevalence of
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Fig. 3 Dendrogram showing the relatedness of 47 blaCTX-M/blaCMY-2-producing Escherichia coli isolates from healthy chickens in Vietnam, based on
pulsed-field gel electrophoresis (PFGE) patterns. The dendrogram was generated using Dice coefficient and the unweighted pair-group method
and arithmetic average (UPGMA). Based on a similarity index of ≥60% (continuous line), 26 majors clusters (I-XXVI) were found inside which 41
PFGE groups (in arabic numerals) were identified when the similarity was set at 80% (discontinued line). AMR: antimicrobial resistance;
antimicrobial NS*: antimicrobial nonsusceptibility; Trimeth-sulf: trimethoprim-sulfamethoxazole; Amoxi/clav: Amoxicillin-clavulanic acid;
Chloramphen: Chloramphenicol. None of the ESBL/AmpC-producing isolates were positive to AMR gene tetC and none was carrier of virulence
genes sfa, afa or cnf, then these genes were removed from the dendrogram

3.1% of resistance reported in 3GC in Vietnam [27].
However, following enrichment with ceftriaxone, a high
prevalence (76.2%) of presumed ESBL/AmpC isolates
was observed. It should be noted that in both indicator
and potential ESBL/AmpC isolates, 3GC-nonsusceptible
isolates were found in 4 out of the 5 studied farms.
However, these isolates were recovered from eight samples in the indicator E. coli collection whereas they were
detected in 31 samples in the enriched collection, clearly
demonstrating higher sensitivity of detection of the
protocol used in the later case. The significant increase
in nonsusceptibility to 3GC, observed in the potential
ESBL/AmpC isolates, is indicative of the extent of selection of resistance that may be induced by the use of

antimicrobials. However, this prevalence of 76.2% is
slightly lower compared to the prevalence of 89.7% of
potential ESBL/AmpC isolates resistant to cefotaxime
that has been previously reported in Vietnam [26]. This
nonsusceptibility to 3GC could also be due to the use of
antimicrobials other than 3GC. For instance, the selection of ESBL-producer E. coli following aminopenicillin
use has been reported [28].
Of the ESBL/AmpC genes examined in indicator isolates, blaTEM (100%) was the most frequently observed
gene whereas neither blaCTX-M- nor blaCMY-2-positive
isolates were detected (Table 3). Likewise, blaTEM
(83.6%) was also the predominant ESBL gene in the potential ESBL/AmpC isolates, followed by blaCTX-M and
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Table 4 Presence of mutations in gyrA and parC genes of ciprofloxacin-resistant Escherichia coli isolated from broilers in Vietnam
Amino acid changes in gyrA

Amino acid changes in parC

Ser83

Asp87

Ser80

Glu84

No. of isolates
carrying mutation(s)
(% and 95CI)

No. of
farms
of
origin

Leu

Asn

Ile

Leu

Asn

Ile

–

28 (56.0; 43.8 – 68.2)

5

Gly

4 (8.0; 0.0–17.3)

3

Leu

–

Leu

Gly

Ile

–

3 (6.0; 0.0–13.0)

3

Ile

–

3 (6.0; 0.0–16.4)

2

Leu

–

–

–

2 (4.0; 0.0–13.9)

1

Leu

Tyr

Ile

–

2 (4.0; 0.0–11.2)

2

Leu

His

Ile

–

1 (2.0; 0.0–6.9)

1

Leu

Arg

–

–

1 (2.0; 0.0–7.4)

1

Leu

Asn

–

–

1 (2.0; 0.0–8.6)

1

–

Asn

–

1 (2.0; 0.0–7.4)

1

–

–

Ile

–

1 (2.0; 0.0–6.9)

1

–

–

–

–

3 (6.0; 0.0–15.5)

3

50

5

Total of tested isolates and farms

Ser serine, Leu leucine, Tyr tyrosine, Asp aspartic acid, Asn asparagine, Ile isoleucine, Arg arginine, Glu glutamic acid, Lys lysine

Table 5 Characteristics of 20 ESBL/AmpC transformants showing their transferred ESBL/AmpC genes and replicon plasmids, cotransferred AMR and Phylogroup/serogroup, PFGE group and farms origin of the wild-type strains
Transformant
ID

Phylogroup/serogroup of the
wild-type strains

PFGE group of the
wild-type strains

ESBL/AmpC genes
transferred

Cotransferred
AMRa

Plasmid
replicon types

Farms origin of the
wild-type strains

ECL23217

A/O15

7

blaCMY-2

CHL, SSS, TET A/C

4

ECL23356

B1/NT

NA

blaCTX-M-17, blaTEM

–

I1

5

ECL23216

B1/NT

6

blaCTX-M-57

–

I1

1

ECL23241

B1/O27

27

blaCTX-M-57

–

I1

4

ECL23242

B1/NT

27

blaCTX-M-57

–

I1

4

ECL23243

B1/O20

28

blaCTX-M-57

–

I1

4

ECL23244

B1/NT

29

blaCMY-2

–

I1

4

ECL23240

A/NT

26

blaCTX-M-15

–

FIB

4

ECL23237

D/O82

24

blaCTX-M-15

–

I1

4

ECL23233

D/NT

20

blaCTX-M-1

SSS, TET

I1

4

ECL23234

B1/O170

21

blaCTX-M-1

SSS, TET

I1

5

ECL23254

A/NT

39

blaCTX-M-57, blaTEM

TET

R

1

ECL23236

B1/NT

23

blaCTX-M-57

SSS, TET

HI1

1

ECL23229

B1/O109

18

blaCTX-M-17

GEN

I1

5

ECL23220

A/O101

10

blaCTX-M-17

GEN, CHL,
SSS, TET

FIB

1

ECL23221

A/O17

11

blaCMY-2

GEN, CHL,
SSS, TET

A/C

4

ECL23223

B1/NT

13

blaCTX-M-57

–

I1

1

ECL23245

A/O101

30

blaCTX-M-15, blaSHV

–

I1

4

ECL23252

A/NT

37

blaCTX-M-57

SXT, SSS

I1

5

ECL23256

B1/O20

41

blaCTX-M-1

TET

FIB

5

a

blaCTX-M transformants were nonsusceptible to ceftriaxone, ceftiofur and ampicillin, and blaCMY-2 transformants were nonsusceptible to ceftriaxone, ceftiofur,
amoxicillin/clavulanic acid and ampicillin
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blaCMY-2 which were detected in 61.0 and 39.0% of these
isolates, respectively. In Brazil, 72% of potential ESBL/
AmpC recovered from fecal chicken samples in two
farms were found to be blaCMY-2-producers [29]. However, these authors only tested for the presence of AmpC
genes among E. coli presumed ESBL/AmpC-producers.
Our results show a predominance of the CTX-M gene
among 3GC-resistant isolates, consistent with the results
we obtained for E. coli isolates from carcasses in
Vietnam [30]. In contrast, in another study on chicken
fecal E. coli from Quebec (Canada), we found that
3GC-resistance was mainly due to blaCMY-2 rather than
blaCTX-M (unpublished results), and a study in Sweden
[31] also found that blaCMY-2 predominated among fecal
E. coli isolated from broilers. These differences between
countries could be related to differences in the types of
antimicrobials used in poultry or to differences in the geographical distribution of resistance genes and their variants [32]. In our study, blaCTX-M genes were of CTX-M-1
and -9 groups and of genotypes blaCTX-M-1, blaCTX-M-15,
blaCTX-M-14, blaCTX-M-17, blaCTX-M-57, and blaCTX-M-87.
Chicken fecal E. coli isolates harbouring blaCTX-M-1 and − 9
groups have already been reported in Vietnam [26]. Likewise, blaCTX-M of genotypes − 1, − 15, − 14, − 17 have been
detected in E. coli isolated from chickens in Vietnam and
China [33, 34]. In addition, blaCTX-M-55, which is identical
to blaCTX-M-57 [35], was reported in E. coli isolated from
Vietnamese chicken farms [34]. The genotype blaCTX-M-87
was first described in an E. coli strain isolated from inpatient in China in 2009 [36] and in the best of our knowledge, this is the first report of this variant in E. coli
isolated from chickens. In our screening of potential
ESBL/AmpC isolates of Vietnam for carriage of mcr-1 or
mcr-2 genes mediating colistin-resistance, we did not detect mcr-2, whereas some isolates carried mcr-1 in association with blaCTX-M or blaCMY-2 genes (unpublished data).
blaCTX-M-14, − 15 and − 55 have also been identified in
Vietnam, sometimes in association with mcr-1 gene, from
chicken farm workers or community individuals [34] or in
postsurgical infections from patients [37]. Although the
former study [34] did not find any relationship between
the blaCTX-M producing isolates from chickens and
humans, our findings demonstrate that further investigation into the possible links between human and poultry
isolates is warranted.
Very high prevalence of nonsusceptibility against ciprofloxacin (59.6%) was observed in indicator isolates, all
farms harbouring ciprofloxacin resistant isolates. Nguyen
et al. [27] also reported high prevalence of resistance to
ciprofloxacin in farms (91.8%). These authors also reported that ciprofloxacin resistance was significantly associated with the use of commercial feeds containing
antimicrobials, non-compliance with biosecurity measures or the use of quinolones. Sequencing of
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ciprofloxacin-resistant isolates demonstrated two mutation positions in both gyrA and parC with all amino acid
changes described elsewhere [38–40]. The presence of
isolates carrying two mutations in gyrA gene and one in
parC has been suggested as indicative of the high level of
resistance demonstrating the widespread use of quinolones
[41]. In the other hand, 82.0% of ciprofloxacin-resistant isolates originating from the five farms carried the
double-serine mutation in gyrA (Ser83Leu) and parC
(Ser80Ile). This double mutation has been described as a
fitness factor that has helped the ST131 pandemic clone to
successfully spread into new ecological niches [42], and
therefore, these isolates could have a clonal relationship.
It should be noted, however, that the small size of our
sample (n = 5) and the sampling method used (convenience), the prevalence we report here cannot be inferred
to all farms in Vietnam. Nevertheless, prevalence estimates are probably representative of E. coli present in
these 5 farms at the time of the study. This study is
therefore preliminary to a large-scale study that could
include more farms from different regions of Vietnam
and could be conducted using more sophisticated tools
such as whole genome sequencing.
The indicator E. coli isolates, as well as isolates
producing ESBL/AmpC, in this study were found in
the four phylogenetic groups A, B1, B2 and D, although the ESBL-producer isolates were mostly of
phylogroup B1. Le et al. [43] also found that
ESBL-producer E. coli isolated from poultry in
Vietnam were mostly of the phylogroup B1. In
addition, some MDR isolates of phylogroups B2 and
F were carriers of at least two virulence genes associated with human ExPEC, suggesting their potential
to cause infections in humans, E. coli of phylogroups
B2 and F being associated with ExPEC causing infections in humans [25, 44]. In our previous study on
clinical chicken E. coli isolates from Senegal [40] and
in our study on chicken carcasses collected on Vietnamese markets [30], potential human ExPEC isolates
expressing
nonsusceptibility
to
several
antimicrobials and belonging to phylogroup F were
also observed.
Our PFGE analysis revealed a high genetic diversity
among ESBL/AmpC-producing isolates, as already
shown by other studies [45, 46]. This could suggest
that dissemination of ESBL/AmpC genes occurs via
plasmids rather than by clones. However, some
closely related isolates were observed, as for the
PFGE group 18 in cluster XIII, which included three
blaCTX-M-producing isolates belonging to phylogroup
B1 and serogroup O109 and originating from two
separate farms located in two regions. This could
suggest a single source of contamination or spread
between farms. A common source of contamination
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could be hatcheries that supply farms with day-old
chicks, whereas spread between farms could be
linked to movement of workers between farms. In
fact, the proximity of poultry farms to human settlements in Vietnam has already constituted a major
threat to the transmission of zoonotic diseases [47].
The AMR transfer experiments clearly demonstrated
the potential role of plasmids in the spreading of AMR
within and between farms. The blaCMY-2 gene was carried by the A/C and I1 plasmids whereas the blaCTX-M
genes were located on the I1, FIB, R and HI1. This is the
first study identifying plasmids carrying ESBL/AmpC
genes in E. coli isolated from fecal chicken samples in
Vietnam. Our studies of E. coli isolates from fecal samples in healthy chickens from Senegal and Quebec (unpublished data) also demonstrated the location of both
blaCMY-2 and blaCTX-M on I1, although A/C, R and HI1
plasmids carrying these genes were not observed in our
studies in Senegal or Quebec, which could be partly due
to a different geographical distribution of some plasmids.
Some plasmids carrying the ESBL/AmpC genes
co-transferred resistance to other antimicrobials and it is
possible that this co-localization may have contributed
to the high prevalence of AMR through co-selection following the use of these antimicrobials. Moreover, certain
plasmids carrying the same beta-lactamase gene were
identified in isolates genetically very heterogeneous and
originating from different farms, suggesting the spread
of these plasmids between farms. I1, carrying either
blaCTX-M or blaCMY-2, was most frequently observed in
unrelated isolates, supporting this hypothesis as it is one
of the plasmids capable of successfully spreading on a
large-scale [48, 49].

Conclusions
In conclusion, E. coli isolated from healthy chicken
farms in Vietnam were highly MDR and expressed resistance against critically important antimicrobials in
humans such as 3GC and ciprofloxacin. Ciprofloxacin
resistance was mainly due to mutations in the gyrA and
parC genes whereas 3GC-resistance was mediated by
replicon plasmids bearing blaCTX-M/blaCMY-2. The results demonstrated the potential role of plasmids in the
spreading of AMR within and between farms. In
addition, some ESBL/AmpC-producing isolates possessed virulence gene profiles which could allow them to
cause infections in humans. These results demonstrated
the necessity to monitor AMR and control antimicrobial
use in poultry in Vietnam.
Methods
Sample collection and processing

Faecal samples were collected from five healthy chicken
farms chosen by convenience and located in the
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provinces of Hoa Binh, Thai Nguyen and Bac Giang, in
the North of Vietnam. Faecal swabs were randomly collected from five points on each pen floor using sterile
cotton swabs (Nam Khoa Biotek Company, Ho Chi
Minh city, Vietnam) and pooled together by pen. Depending on the number of pens on farms, 4 to 15 pooled
samples per farm were obtained, for a total of 51 pooled
feces samples.
All samples were transported to the laboratory at the National Veterinary Institute in Hanoi, Vietnam. After enriching in peptone water at 37 °C, overnight, samples were
cultured on MacConkey agar, and incubated at 37 °C, overnight. All samples were kept at 4 °C until shipping to the
OIE reference laboratory for E. coli (EcL) in Canada.
Establishment of E. coli collections

Collections of indicator (i.e isolates selected on MacConkey without enrichment), potential ExPEC (isolates selected on the basis of the possession of at least one of
the virulence genes iucD, tsh, papC and cnf [13]) and potential ESBL/AmpC isolates (isolates selected on MacConkey agar supplemented with ceftriaxone 1 mg/L
[50]) were established (Additional file 1: Figure S1). All
isolates selected were confirmed as E. coli by the detection, using PCR, of the uidA housekeeping gene. PCR
conditions used to detect uidA gene included initial denaturation (95 °C, 2 mn), 24 cycles of denaturation (94 °
C, 30 s), annealing (65 °C, 30 s), extension (72 °C, 30 s),
and final extension (4 °C).
Antimicrobial susceptibility testing

Isolates of the three collections were examined for their
susceptibility against 14 antimicrobials of nine classes
using the disk diffusion method (Kirby-Bauer) [51].
Breakpoints were those recommended by the Clinical
and Laboratory Standards Institute (CLSI) in 2016 [52]
for most of the antimicrobials and in 2015 for ceftiofur
[53]. The E. coli strain ATCC 25922 was used as quality
control strain.
Antimicrobial resistance genes

Eighty (80) isolates randomly selected from the indicator
collection and originating from the 51 samples and all potential ExPEC isolates were examined by PCR for 13 AMR
genes including streptomycin (aadA1), tetracycline (tetA,
tetB and tetC), trimethoprim-sulfamethoxazole (dfrA1,
dfrA5 and dfrA7), fluoroquinolones (qnrB) and β-lactams
(blaTEM, blaSHV, blaOXA-1, blaCTX-M and blaCMY-2). In
addition, 59 potential ESBL/AmpC randomly selected per
sample among 108 3GC-nonsusceptible isolates were tested
for the presence of beta-lactamase genes (blaTEM, blaSHV,
blaOXA-1, blaCTX-M and blaCMY-2). All of these tests were
performed as described in our previous study [40]. In
addition, 30 blaCTX-M-positive isolates, originated from the
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five farms, were randomly selected and tested by PCR for
CTX-M-1, − 2, − 8 and − 9 groups [54, 55]. DNA of these
isolates was purified, sequenced and the sequence analysis
was performed as described in our previous study [40].
Detection of mutations in the quinolone-resistance
determining region (QRDR)

The regions of gyrA and parC genes in QRDR were
amplified by PCR as described previously [56], in 50
ciprofloxacin-resistant (one randomly selected isolate in
each of the 50 samples harboring ciprofloxacin resistant
isolates). DNA purification, sequencing and sequence
analysis were performed as described in our previous
study [40].
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was electroporated into E. coli DH10B Electromax™
competent cells (Invitrogen, Calsbad, CA).
Transformants were selected on Mueller Hinton agar
supplemented with ceftriaxone 2 μg/ml [65]. Up to five
transformants, when available, were screened by PCR for
the presence of incompatibility plasmid and for all AMR
genes present in the corresponding wild type strains.
Transformants carrying ESBL/AmpC genes were subsequently tested for their susceptibility to the 14 antimicrobials as mentioned above.
Statistical analysis

All isolates tested above for AMR genes also were examined by PCR for 11 virulence genes including those associated with APEC [23] or human ExPEC isolates [57].
Each isolate was also examined by PCR to be assigned to
one of the four main phylogenetic groups A, B1, B2 and
D [58]. In addition, isolates belonging to phylogroups B2
or D, producers of ESBL/AmpC and/or classified potential human ExPEC, were tested by the revised phylotyping method [25]. Primers used for the PCRs performed
in this study and the thermal conditions are available in
our previous study [40].

Prevalence of AMR was estimated at the isolate and
farm levels. A farm was considered as resistant for an
antimicrobial when at least one resistant isolate was detected for this antimicrobial. In addition, prevalence of
virulence and AMR genes, phylogenetic groups, serogroups and plasmids were estimated in indicator and
potential ExPEC isolates, whereas the prevalence of
blaCMY-2- and blaCTX-M-positive isolates was estimated
in selected potential ESBL/AmpC isolates. All prevalence
estimates and 95% confidence limits at the isolate level
were adjusted for potential clustering within farms and,
when a subset of isolates was selected, for sampling
weights. At the farm level, exact confidence limits were
estimated. Statistical analyses were performed in SAS
version 9.4 using the Freq or Surveyfreq procedure.

Serotyping

Additional file

Virulence genes and phylogenetic groups

Fourty-seven randomly selected blaCTX-M- or blaCMY-2-positive isolates, originating from the five farms, were
tested by standard agglutination methods [59] to detect
86 O-serogroups described on the EcL website [60].
Pulsed field gel electrophoresis (PFGE)

In order to estimate their clonal relationship, the 47 isolates previously screened for serogroups were sub-typed
by PFGE using XbaI-restriction enzyme [61]. The similarities of fragments were compared using a Dice coefficient at 1% tolerance and 0.5% optimization, and a
dendrogram was generated in BioNumerics (Applied
Maths) software (v. 6.6) using the unweighted pair group
method with arithmetic mean (UPGMA) clustering
method. Clusters were defined as isolates sharing at least
60% of similarity (cut-off value) [62] as estimated by BioNumerics from the dendogram and PFGE groups as isolates sharing at least 80% of similarity [63].
Replicon typing and AMR transferability

The presence of plasmids of the different incompatibility
groups was examined in the 47 isolates using PCR based
replicon typing as described [64]. Purified plasmid DNA
of 30 randomly selected ESBL/AmpC-producer isolates

Additional file 1: Figure S1. Methodological approach used in this
study. (PDF 208 kb)
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