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We examined whether Escherichia coli isolates that produce CTX-M-9-type extended-spectrum �-lactamases (ESBL) are trans-
ferred between humans and chickens in a Vietnamese community. The phylogenetic group compositions, sequence types, anti-
microbial resistance profiles, the prevalence of plasmid antibiotic resistance genes, and the plasmid replicon types generally dif-
fered between the human and chicken E. coli isolates. Our results suggest that transmission of the blaCTX-M-9-positive E. coli
between humans and poultry was limited.

Extended-spectrum-�-lactamase (ESBL)-producing bacteria
have been rapidly spreading worldwide over the last 30 years

(1, 2). ESBL hydrolyzes third-generation cephalosporins and is
produced in bacteria, such as Escherichia coli and Klebsiella spp.
There are three main groups of ESBL genes: blaTEM, blaSHV, and
blaCTX-M. Recently, the CTX-M type of ESBL has become the most
prevalent (1). So far, more than 100 genetic variants of blaCTX-M

have been confirmed, and the genetic variants were categorized by
their amino acids sequence into five main groups: CTX-M-1,
CTX-M-2, CTX-M-8, CTX-M-9, and CTX-M-25 types (2, 3).

The plasmids harboring most blaCTX-M and other antibiotics
genes, such as aac (3)-II, aac(6=)-Ib, and aph(3=)-I (4), are trans-
ferable among bacterial cells. Therefore, it has been regarded as
one of the major contributing factors to the rapid dissemination of
multidrug-resistant bacteria.

Previous reports have indicated that the prevalence of ESBL-
producing bacteria in healthy individuals is highest in China
(50.5%) (5) and Thailand (65.7%) (6–8). Transmission mecha-
nisms of these antibiotic-resistant bacteria are still unclear. Several
previous reports suggest that companion animals might be reser-
voirs of the antibiotic-resistant bacteria in the community (9–12).
However, direct transmission of antibiotic-resistant bacteria be-
tween humans and other animals has not been fully proved. Con-
sidering food-producing animals as one source of extraintestinal
ESBL-producing bacteria to human has been a point of contro-
versy (13). Therefore, in this study, we compared the antimicro-
bial susceptibility and the underlying genetic elements in the ge-
nomes of blaCTX-M-9-positive E. coli isolated from stool samples
provided by asymptomatic human individuals and obtained from
poultry in a small Vietnamese village. We assessed whether the
blaCTX-M-9-positive E. coli was transferred between humans and
poultry.

In this study, 199 fecal samples were collected from asymptom-
atic participants belonging to 47 households in a rural area of
Vietnam (within a radius of approximately 150 m) from June 1 to
6 2013. At the same time, a rectal swab from a backyard chicken of
each household was collected (n � 47). Each fecal sample was
directly inoculated on a MacConkey Agar plate containing 1
�g/ml cefotaxime. After an overnight incubation at 37°C, a typical
single red colony of each sample was isolated and subjected to
bacterial species determination and ESBL phenotype confirma-

tion. The bacterial species were identified by the VITEK2 system
(bioMérieux, Marcy l’Etoile, France). The ESBL phenotypes were
confirmed by disc diffusion tests according to the Clinical and
Laboratory Standards Institute standard M100-S23. Conse-
quently, 93 (46.7%) and 20 (42.6%) E. coli isolates from 199 hu-
man and 47 chicken fecal samples, respectively, were confirmed as
ESBL-phenotype-positive E. coli isolates. In this area, the CTX-M-
9-type ESBL gene, blaCTX-M-9 group, was most prevalent among
CTX-M main groups (preliminary observation). Therefore, we
confirmed CTX-M-9 group genes by PCR with TaKaRa EX Taq
DNA polymerase (TaKaRa Bio Inc., Shiga, Japan) and primers
targeting the blaCTX-M-9 group (CTX-M-IV-SeqF [5=-TGTAACA
CGGATTGACCGTAT-3=] and CTX-M-IV-SeqR-IS903 [5=-ACT
CAGCAAAAGTTCGATTTATTC-3=]) according to the manu-
facturer’s instruction. Consequently, the blaCTX-M-9 type was
detected in 64 (32.2%) and 15 (31.9%) of the 93 human and 20
chicken ESBL-phenotype-positive E. coli isolates, respectively. E.
coli isolates other than the 64 and 15 blaCTX-M-9-type-positive E.
coli isolates possessed other blaCTX-M types than the blaCTX-M-9

type (B. Ngan et al., unpublished data). In this study, the 93 hu-
man and 20 chicken blaCTX-M-9-type-positive E. coli isolates were
examined. The genes aac (3)-II, aac(6=)-Ib, aadA, aph(3=)-I, cat1,
and cmlA were detected by PCR with heat-extracted bacterial
DNA as the template (8, 14–16). Phylogenetic grouping of the E.
coli isolates was determined by the protocol described by Cler-
mont et al., using the three genetic markers chuA, yjaA, and
TspE4.C2 (17). Plasmid replicons of plasmids harbored by the E.
coli isolates were determined by following the original protocol
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FIG 1 Antibiotic susceptibility, antibiotic-related genes, and plasmid replicon type of the blaCTX-M-9-positive E. coli. Black squares, resistant to antibiotic or
detected each gene and replicon type.
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described by Carattoli et al. (18). All isolates were typed by using a
conventional multilocus sequence typing method described by
Wirth et al. (19).

For nosocomial infections, clonal or oligoclonal distributions
of antibiotic-resistant bacteria have often been observed (20). If
the E. coli isolates obtained from the asymptomatic participants
and their own domestic chickens were consistent with a clonal or
oligoclonal distribution of a particular ancestral E. coli clone(s),
similar phylogenetic relationships among the E. coli isolates would
be observed for humans and chickens. The E. coli isolates from
human were classified as groups A (32.8%), B1 (18.8%), B2
(15.6%), and D (32.8%). The isolates from chickens were primar-
ily classified as group A (66.7%), and B1 (20.0%) and D (13.3%)
were less frequent. Phylogenetic group B2, which has been re-
garded as including extraintestinal virulent strains, was not de-
tected in the chicken isolates. Several sequence types (STs) were
detected in the chicken and human isolates (Fig. 1). ST10 and
ST349 were detected in the chickens and human isolates; however,
antibiotic susceptibility, antibiotic resistance genes, and replicon
type were not completely identical among the isolates with same
STs (Table 1). There was no isolate set with the identical genomic
characters of human and chicken isolates belonging to same
household (Fig. 1).

We assessed the susceptibility of the blaCTX-M-9-positive E. coli
isolates by the standard disc diffusion test using Mueller-Hinton
agar and 12 kinds of antibiotics discs (Eiken Chemical Co., Tokyo,
Japan), including ampicillin (AMP), ciprofloxacin (CIP), chlor-
amphenicol (CHL), fosfomycin (FOF), cefoxitin (FOX), gentami-
cin (GEN), kanamycin (KAN), meropenem (MEM), nalidixic
acid (NAL), streptomycin (STR), trimethoprim-sulfamethoxa-
zole (SXT), and tetracycline (TET) (Fig. 1). The proportions of E.
coli isolates resistant to CHL and KAN were higher in chickens
than in humans. None of the isolates was resistant to FOF or
MEM. More than 80% of the isolates from humans and chickens
were resistant to STR.

The genes cmlA and cat1 confer resistance to CHL; aac (3)-II
and aac(6=)-Ib, to GEN; aph(3=)-I, to KAN; and aadA, to STR (4).
The prevalence of the E. coli isolates possessing at least one plas-
mid antibiotic resistance gene, such as cmlA, cat1, aac (3)-II,
aac(6=)-Ib, aph(3=)-I, or aadA, was 21.9% in humans and 60.0% in
chickens. The prevalence of each gene differed between human

and chicken isolates. For example, 33.3% and 0.0% of the E. coli
isolates from humans and chickens, respectively, possessed cat1.
The CHL resistance gene cmlA was detected in both human and
chicken isolates; however, cat1 was detected only in human iso-
lates (Fig. 1). In addition, the plasmid replicon types differed be-
tween the human and chicken E. coli isolates. Replicon type F was
more prevalent in human isolates (87.5%) than in chicken isolates
(20.0%). The replicons detected in chicken isolates included K, N,
HI2, and Y. Furthermore, common combinations of replicon type
and antibiotic resistance genes were not observed for human and
chicken isolates.

Our results thus suggest that the transfer of the blaCTX-M-9-
type-positive E. coli isolate was very limited between humans and
chickens in the rural Vietnamese community. However, our sam-
ple size was insufficient to exclude the possibility of transfer be-
tween human and poultry. Further studies with larger sample sizes
will be important to address these issues.
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