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Abstract: Antibiotic-resistant bacteria of critical importance for global health such as extended-
spectrum beta-lactamases-producing (ESBL)-Escherichia coli have been detected in livestock, dogs,
and wildlife worldwide. However, the dynamics of ESBL-E. coli between these animals remains
poorly understood, particularly in small-scale farms of low and middle-income countries where
contact between species can be frequent. We compared the prevalence of fecal carriage of ESBL-E. coli
among 332 livestock (207 cows, 15 pigs, 60 horses, 40 sheep, 6 goats, 4 chickens), 82 dogs, and wildlife
including 131 European rabbits, 30 rodents, and 12 Andean foxes sharing territory in peri-urban
localities of central Chile. The prevalence was lower in livestock (3.0%) and wildlife (0.5%) compared
to dogs (24%). Among 47 ESBL-E. coli isolates recovered, CTX-M-group 1 was the main ESBL
genotype identified, followed by CTX-M-groups 2, 9, 8, and 25. ERIC-PCR showed no cluster of E.
coli clones by either host species nor locality. To our knowledge, this is the first report of ESBL-E. coli
among sheep, cattle, dogs, and rodents of Chile, confirming their fecal carriage among domestic and
wild animals in small-scale farms. The high prevalence of ESBL-E. coli in dogs encourages further
investigation on their role as potential reservoirs of this bacteria in agricultural settings.

Keywords: antimicrobial resistance; blaCTX-M; Chile; domestic animals; E. coli; extended-spectrum
beta-lactamases; wildlife

1. Introduction

The current increase of antimicrobial resistance (AMR) is considered a main global
threat to human and animal health [1,2]. AMR is responsible for thousands of human
fatalities annually [3] and large economic losses that could reduce global GDP in 1–4% by
2050 [2,4]. The intense use of antibiotics in livestock production and humans is the main
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cause of the emergence and rapid spread of AMR [2,5]. In the last decade, the global growth
of livestock has been associated with an increase in antibiotics use [2]. For example, 70% of
antibiotics used in human medicine are consumed by animal production in the USA [6,7].
Extended-spectrum beta-lactamase-producing Escherichia coli (ESBL-E. coli) represent one
of the highest burdens of AMR to public health and have globally spread in both hospital
settings and the community [8]. ESBL-E. coli are commonly isolated from domestic animals
such as cattle and dogs, but also wild animals [9–12]. Similar to humans, the misuse of
third-generation cephalosporins in livestock generated a selective pressure resulting in
the emergence and spread of ESBL-E. coli in this sector [9,13]. In contrast, the presence
of ESBL-E. coli in wildlife is assumed to result from contamination in human-dominated
environments [10,12,14].

The circulation of ESBL-E. coli across different animal populations requires an in-
tegrated One Health approach to better understand, predict, and prevent their dissem-
ination [15]. However, most studies on ESBL-E. coli have focused on either one popu-
lation (e.g., domestic or wild animals) or a large spatial scale (e.g., across cities or coun-
tries) [16–19]. For example, ESBL-E. coli have been detected worldwide in several livestock
settings [13,20–22]. Likewise, ESBL-producing Enterobacterales have been found in at least
80 wildlife species since 2006 including rodents, bats, foxes, and wild birds [23–26]. Live-
stock or human proximity are often suggested as drivers of ESBL-E. coli in wildlife but, to
our knowledge, no study has proven transmission from humans to wild animals [10,14,23].
Dogs living on farms could also contribute to the spread of ESBL-E. coli among agricultural
settings because contact with livestock has been associated with an increased probability
of ESBL-E. coli fecal carriage in dogs [27–30]. However, the circulation of ESBL-E. coli at the
livestock and wildlife interface is still poorly understood [12,31,32].

Few studies on the circulation of ESBL-E. coli at the livestock and wildlife interface
have been conducted in low- and middle-income countries (LMICs) [10,33–36]. Paradoxi-
cally, the consequences of AMR can be exacerbated in these countries by a higher number
of bacterial infections and limited access to health facilities providing the appropriate
antibiotic treatment [37,38]. Surveillance of AMR in livestock has been recommended by
the World Health Organization (WHO), the Food and Agriculture Organization of the
United Nations (FAO), and the World Organisation for Animal Health (OIE), but remains
limited in LMICs [1,2,33]. Surveillance of AMR in wildlife and dogs is also mostly inexis-
tent in LMICs. In this study, we use a One Health approach to compare the prevalence of
ESBL-E. coli fecal carriage among livestock, dogs, and wild mammals located in small-scale
agricultural settings of central Chile.

Chile, considered a high income economy but with an agricultural production more
similar to LMICs, launched the ‘National plan to combat antimicrobial resistance’ in 2017,
but no national surveillance has been implemented yet in the agricultural sector. ESBL-
E. coli have not been detected in Chilean cattle herds [39,40], but have been isolated in
feces from dogs [41], owls in rehabilitation centers [42], wild Andean condors (Vultur gry-
phus) [43] and gulls (Leucophaeus pipixcan) [36]. To our knowledge, no study has investigated
the ESBL-E. coli fecal carriage of livestock nor simultaneously focused on dogs and wild
mammals living closely to livestock. Central Chile hosts a large diversity of endemic
terrestrial mammals including foxes and rodents [44,45] but also invasive species such as
the European rabbit (Oryctolagus cuniculus) that has colonized most of the country [46–48].
Rodents and rabbits are commonly found living on farms and interacting with dogs and
livestock [49,50]. Similarly, 85% of the territory of the Andean fox (Lycalopex culpaeus)
overlaps with human-dominated habitat in central Chile [51]. This creates the potential for
fecal-oral and environmental bacterial transmission between livestock and wild animals,
which remains largely unknown. Previous studies focusing on foxes in the central region
have identified the presence of blaCTX-M genes, but the bacteria carrying the gene was
unknown [52]. The aims of this study were (i) to estimate and compare the prevalence of
ESBL-E. coli fecal carriage between livestock, dogs, and wild mammals living in the same
agricultural setting of central Chile, (ii) to detect the presence of the most common ESBL
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genes including blaCTX-M, blaTEM, and blaSHV, and (iii) use high resolution molecular typing
to assess potential ESBL-E. coli transmission within farms or between different species.

2. Materials and Methods
2.1. Sample Collection

Fresh fecal samples were collected between March 2019 and September 2019 from
livestock, dogs, and wildlife in and around 13 farming localities located in the munic-
ipalities of Colina (33.1045◦ S, 70.6159◦ W) and Lampa (33.2827◦ S, 70.8793◦ W) of the
Chacabuco province in the Metropolitan Region of central Chile, in the peri-urban area of
the Santiago Capital City (Figure 1). A farming locality was either a single private farm
or an area where livestock from different owners grazed together and received the same
health treatments. The province of Chacabuco includes mainly small- to medium-scale
farmers, with an estimated livestock population of 10,662 cattle (mean: 38 animals/farm),
45,821 pigs (587/farm), 5490 goats (59/farm), 4441 sheep (42/farm), and 2897 horses
(4/farm) [53]. Farms were randomly selected from a list provided by the Municipality’s
agrarian unit, accounting for areas overlapping with the known territory of wildlife as
previously described [52]. Our sampling focused mainly on cattle because they had the
highest potential of overlapping with wild mammals since they often free-ranged within
wildlife habitat during our study period.
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We focused on sampling the most common wild mammals encountered in those farms
including several species of endemic and invasive rodents, the invasive European wild
rabbit and the Andean fox, who predates these herbivore species [54,55]. These species
were previously determined by discussions with farmers and the municipality’s agrarian
unit during preliminary visits to the farms. Peri-urban and wild rodents were live captured,
sampled, and released using Sherman traps. Fifty traps were placed in and around each
sampled farm for at least 4 consecutive days and checked for captured rodents daily. Rectal
swabs were collected from alive individuals immobilized, using gloves and protective
equipment. Rodents were identified at the genus or species level based on morphological
characteristics. Fresh fecal samples from European rabbits were collected early in the
morning by identifying rabbit dens in areas where farmers commonly observed rabbits. To
avoid sampling the same individual twice, we only collected fresh sample feces from the
same den if they were more than 4 m apart, and only sampled each den once. Fresh fecal
samples from foxes were collected by walking known paths where foxes were previously
captured in the area [56]. Fresh samples from foxes were identified and differentiated from
dog feces by their distinct ‘fruit’ seeds and morphology contained on the sample. To avoid
sampling the same individual twice, we only collected a fresh sample in localities that
were more than 5 km apart, considering 5 km2 as the average home range size of foxes in
this area [52]. Dogs were sampled by directly taking rectal swabs or waiting until the dog
defecated, depending on whether the owner considered that the dog could be aggressive
or not during sampling. For all samples taken from the ground, we only collected the
portion that was not in contact with the ground to avoid bacterial contamination from the
soil. This study was approved by the Ethical Committee of the Universidad Andrés Bello
(permit number: 018/2018). The capture and sampling of rodents were also approved by
the Servicio Agricola Ganadero (permit number: 2118/2019).

2.2. Sample Size and Prevalence Estimation

The required sample size needed to estimate the prevalence of ESBL-E. coli in livestock
(defined as the number of animals harboring at least one isolate of ESBL-E. coli over the
total number of sampled animals) was calculated with the program Epi Info 7.2.2.6TM [57].
To our knowledge, no previous study has estimated the prevalence of fecal carriage of
ESBL-E. coli among livestock in Chile. Thus, we assumed an expected prevalence of ESBL-E.
coli of 30%, similar to a study conducted around the Lima capital in Peru with similar farm
characteristics [12]. Based on this expected prevalence, a margin of acceptable error of 5%
and a confidence interval of 95%, the minimum number of livestock to be sampled in the
region was 323.

Based on previous studies on wildlife and dogs, we assumed an expected prevalence
of 5% to estimate our sample size. In fact, 5% prevalence of ESLB-E. coli was found in wild
rodents in China [34,58], no bacteria were found in a previous study conducted in European
wild rabbit in Portugal [59], 4% prevalence was found in wild foxes of Portugal [60], and
8% was found in the only study conducted on dogs in Chile [41]. Based on an expected
ESBL-E. coli prevalence of 5%, a margin of acceptable error of 5% and a confidence interval
of 95%, the minimum number of animals to be sampled was 73. We aimed to collect 73
samples per wildlife group (e.g., foxes, rabbits, and rodents). However, giving the intrinsic
lower density of foxes compared to small mammals and logistic constraints for finding
foxes, we expected a much lower sample size for this species.

2.3. Microbiology Analyses

Fresh fecal samples were collected using Stuart Transport Medium (Deltalab®) and
cultured within 3 days of sampling. Swabs were screened for cefotaxime non-susceptible
E. coli by direct incubation in standard atmospheric conditions (100 kPa) at 37 ◦C for 24 h
in a MacConkey medium containing 2 µg/mL of cefotaxime sodium salt (Sigma-Aldrich,
St. Louis, MO, USA) [61]. Up to 3 isolates with different morphotypes compatible with
E. coli per sample/plate were purified and then stored at −80 ◦C for further analyses. Bac-
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terial species were confirmed by matrix-assisted laser desorption ionization-time of flight
(MALDI-TOF) mass spectrometry (BioMérieux, Marcy l’Etoile, France) at the Genomics and
Resistant Microbes (GeRM) Group of the Millennium Initiative for Collaborative Research
on Bacterial Resistance (MICROB-R).

Cefotaxime non-susceptible E. coli isolates indicating ESBL were tested for antimi-
crobial susceptibility to 8 antibiotics from 6 classes including chloramphenicol (phenicol),
ciprofloxacin (quinolone), sulfamethoxazole (sulfonamide), amikacin (aminoglycoside), to-
bramycin (aminoglycoside), ertapenem (carbapenem), tetracycline, and gentamicin (amino-
glycoside). Multidrug resistance (MDR) was defined as resistance to at least 1 agent of 3 or
more antibiotic classes [62]. The E. coli ATCC25922 strain was used for quality control and
clinical breakpoints were in accordance with CLSI M100:28ED recommendations [61].

Extended-spectrum beta-lactamase production was confirmed in all cefotaxime non-
susceptible E. coli isolates by the double-disk synergy test [30] on Müller Hinton agar
(Difco, BD, Sparks, MD, USA) with and without the AmpC inhibitor phenylboronic acid
(Sigma-Aldrich). Briefly, disks of ceftriaxone (30 µg), ceftazidime (30 µg), cefepime (30 µg),
and aztreonam (30 µg) were used along with a disk of amoxicillin with clavulanic acid
(30 µg) placed in the center of the plate at approximately 20 mm. Inhibition zones (ghost
zones) observed around any of the cephalosporin disks towards the disk containing the
clavulanic acid after 18–20 h of incubation at 37 ◦C aerobically were considered as a positive
result to produce ESBL.

The presence of the most common ESBL-encoding genes in E. coli isolates including
blaCTX-M, blaTEM, and blaSHV, was tested by a previously described multiplex PCR [63].
DNA samples from reference blaCTX-M, blaTEM, and blaSHV strains stored at the Universidad
de Concepción’s Laboratory of Research in Antimicrobial Agents were used as positive
PCR controls. The specific group of each CTX-M alleles (CTX-M groups 1, 2, 8, 9, and
25) were detected by multiplex-PCR as described previously [64]. In order to explore the
phylogenetic relationships between ESBL-E. coli isolates within and between host species
or localities, isolates were fingerprinted by ERIC-PCR according to Bilung et al. [65].

2.4. Statistical Analyses

The prevalence of ESBL-E. coli was reported and 95% confidence intervals were
calculated using the binom.confint function (Agresti-Coull method) in the binom package in
R 3.6.1 [66]. Significant differences in prevalence between populations were tested using
the Fisher’s exact test in R, since the limited number of observations prevented the use of a
Chi-Squared test. We constructed a dendrogram based on the ERIC-PCR electrophoretic
patterns using the BioNumerics software v8.0 (Applied Maths, Belgium) and R [65,66]. An
UMPGA dendrogram was built based on scaled densitometry curves from the ERIC-PCR
obtained from BioNumeric using the hclust function of the dendextended R package.

3. Results

ESBL-E. coli fecal carriage was detected in chickens, cattle, pigs, sheep, goats, dogs,
and one wild rodent (Octodon degus). The prevalence of ESBL-E. coli fecal carriage was
significantly higher among dogs (24% [CI: 16–35%]; 20 out of 82) compared to livestock
(3% [CI: 2–6%]; 10 out of 324, Fisher’s exact test, Odds Ratio (OR) = 10.0, p < 0.0001)
and wildlife (0.5% [CI: 0–3%]; 1 out of 186, Fisher’s exact test, OR = 58.8, p < 0.0001)
(Figure 2). The prevalence of ESBL-E. coli in livestock was also significantly higher than the
prevalence in wildlife (Fisher’s exact test, OR = 25.4, p < 0.0001). At least 1 animal carrying
ESBL-E. coli was detected in 7 out of the 13 (54%) farm localities sampled. In all 3 farms
where livestock carried ESBL-E. coli and dogs were sampled, at least 1 dog also carried
ESBL-E. coli. Likewise, the wild rodent carrying ESBL-E. coli was detected in a farm where
one cow also carried ESBL-E. coli.
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Figure 2. Prevalence of ESBL-E. coli per species in small-scale farms of central Chile; 95% confidence intervals were estimated
using the binom.confint function (Agresti-Coull method) in the binom package in R.

A total of 47 ESBL-E. coli isolates (confirmed by the double-disk synergy test) from
33 animals were analyzed. Fourteen ESBL-E. coli isolates were obtained from 10 livestock,
32 isolates from dogs and 1 isolate from a mouse. ESBL-E. coli isolates from livestock
were resistant to a median (mean) of 1 (2.6) (range: 0–6) out of 8 antibiotics tested, while
ESBL-E. coli isolates from dogs were resistant to a median (mean) of 1 antibiotic (1.9)
(range: 0–6) (Figure 3A). Overall, 21% of ESBL-E. coli isolates from livestock and 31%
from dogs were susceptible to all antibiotics, 36% of ESBL-E. coli isolates from livestock
and 21% from dogs were resistant to one antibiotic, and 43% of ESBL-E. coli isolates from
livestock and 48% from dogs were resistant to two or more antibiotics. Additionally, 43%
of ESBL-E. coli isolates from livestock, 47% from dogs and an isolate from one rodent were
multidrug resistant (MDR). The ESBL-E. coli isolated from a rodent sample was resistant to
chloramphenicol, sulfamethoxazole, and ciprofloxacin. More than 20% of ESBL isolates
were resistant to ciprofloxacin, chloramphenicol, sulfamethoxazole, and tetracycline in both
dogs and livestock. In contrast, no resistance was observed against ertapenem. Among
ESBL isolates, the prevalence of resistance to each antibiotic was highly correlated between
livestock and dogs (Spearman’s test, Rho = 0.90, p < 0.0001), but livestock had a slightly
higher prevalence than dogs for most antibiotics (Figure 3B).
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blaSHV, and blaCTX-M in ESBL-E. coli isolated from livestock and dogs; (D) Prevalence of CTX-M groups identified in ESBL-E.
coli isolates from livestock and dogs.

ESBL-E. coli isolates from dogs were only encoded by the CTX-M genotype while all
isolates from livestock carried CTX-M (100%), followed by TEM (14%), and SHV (7%) geno-
types (Figure 3C). Among the most common CTX-M groups searched, 93% of ESBL-E. coli
from livestock carried blaCTX-M-group 1 and 36% carried blaCTX-M-group 2 genes (Figure 3D).
Isolates from dogs carried a more diverse pool of CTX-M genotypes with 78% carrying
CTX-M from group 1, followed by group 2 (63%), group 9 (12.5%), group 8 (3%, one isolate),
and group 25 (3%). The ESBL-E. coli isolate found on a wild mouse carried CTX-M from
group 1.

The dendrogram analysis of the ERIC-PCR results showed a high diversity of ESBL-
E. coli clones within species and farm localities. No visual clustering by species nor farm
localities was observed (Figure 4). However, ESBL-E. coli isolates from a cow and a dog
from the same farm locality clustered together.
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4. Discussion

The spread of AMR at the interface between domestic animals and wildlife remains
poorly understood, particularly in low-income rural areas without specific barriers to limit
the interaction between domestic and wild animals. In this study, we simultaneously
estimated the prevalence of ESBL-E. coli fecal carriage among livestock, dogs, and wild
mammals among small-scale agricultural localities of central Chile. The prevalence of ESBL-
E. coli fecal carriage was lower in livestock (3%) and wildlife (less than 1%) compared to
dogs (24%), suggesting that dogs can be an important carrier of these bacteria in agricultural
settings. Dogs carried ESBL-E. coli in the three farms where ESBL-E. coli were detected in
livestock, highlighting the potential sharing of these bacteria between dogs and livestock.
Among ESBL-E. coli isolates, five CTX-M groups including groups 1, 2, 8, 9, and 25 were
detected, with most isolates carrying CTX-M group 1. Molecular typing of ESBL-E. coli
by ERIC-PCR showed no cluster of isolates by neither species nor locality, suggesting a
wide range of ESBL-E. coli strains circulating on agricultural settings and highlighting the
potential for cross-species transmission of either bacteria or antibiotic resistance genes.

ESBL-E. coli have been detected across livestock in South America, with prevalence
in cattle ranging from 18% in Brazil to 48% in Peru [12,67]. In this study, we detected
ESBL-E. coli fecal carriage in cattle, swine, sheep, and chicken, showing the widespread
dissemination of these bacteria in agricultural settings. This is the first report of ESBL-E. coli
in cattle in Chile, although their prevalence was low (3%) compared to a similar study in
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Peru estimating a prevalence of 48% among small-scale farmers in the Lima region [12]. The
observed prevalence in Chile is similar to farms in high-income countries such as France
or Denmark, where the restriction of third-generation cephalosporins has been associated
with a reduction in ESBL-E. coli [68,69]. The high prevalence of resistance to ciprofloxacin
(over 60%) found in ESBL-E. coli isolated from domestic animals in this study is consistent
with the high level of plasmid-mediated quinolone resistant found in 74% of ESBL-E. coli
isolated from Chilean hospitals [70] and a high prevalence of resistance to ciprofloxacin
(84%) in ESBL-E. coli recovered from intensive care units of Southern Chile [71]. The
presence of ESBL-E. coli could result from low but existing selective pressure by the use of
third generation cephalosporins in these farms, which requires further investigation. In
a similar agricultural setting of Peru, the low use of cephalosporins [72] was associated
to a high prevalence of ESBL-E. coli in livestock (50%) [12], suggesting that factors other
than antibiotic use can influence AMR. For example, farm hygiene, herd size, contact
with humans or other husbandry conditions such as storage of slurry in a pit have been
associated with the presence of ESBL-E. coli in livestock [13,20,21].

The low prevalence of ESBL-E. coli in wildlife (less than 1%) is similar to other studies
focusing on ESBL-E. coli among wildlife in Latin America and other LMICs [12,73]. For
example, a previous study estimated a 4% prevalence of ESBL-E. coli among vampire bats
(Desmodus rotundus) in Peru using a similar methodology for screening [12]. Previous
studies conducted in Chile and Latin America have detected the presence of ESBL-E. coli
on wild birds including gulls [36], Andean condors [43], and three species of owls [42].
Likewise, blaCTX-M genes have been previously detected using qPCR methods from feces
in Andean foxes [52] and the guiña (Leopardus guigna) [74], although the bacteria species
carrying the genes, and whether it was expressed or not, remains unknown. To our
knowledge, this is the first study to report E. coli carrying CTX-M group 1 on wild mammals
in Chile. The origin of ESBL-E. coli found in a rodent remains to be clarified. Given the
presence of similar blaCTX-M genes among a nearby farm and a wide variety of ESBL-
E. coli strains circulating, one potential explanation is the transmission of blaCTX-M from
domestic animals, although other potential contamination sources (e.g., humans, water
contamination) cannot be discarded.

The high prevalence of ESBL-E. coli found in dogs (24%) highlights their role as either
passive ‘receivers’ or reservoirs of ESBL-E. coli in agricultural settings. Although there
are only a limited number of studies estimating the prevalence of ESBL-E. coli among
dogs, previous studies have shown a prevalence in Latin American dogs ranging from
9–30%, and a global prevalence of 7% [30,75–79]. The detection of ESBL-E. coli in dogs has
been associated with previous antibiotic treatment, but also close contact with livestock,
implying the potential transmission of these bacteria between livestock and dogs [29,30,80].
The latest is also suggested by our study, as the three farms where we detected ESBL-E.
coli in livestock also had a dog carrying ESBL-E. coli. Molecular typing by ERIC-PCR
showed no cluster of ESBL-E. coli by host species, while isolates sampled from a cow and
a dog at the same farm clustered together. These results suggest that bacterial strains
or ESBL genes such as blaCTX-M could be exchanged between host populations. Overall,
the circulation of ESBL-E. coli among dogs highlights the potential public health risk for
domestic animals but also for dog owners, given the potential spillover of bacteria from
dogs to humans [28,29,81]. Moreover, the higher prevalence observed in dogs compared
to livestock suggests that ESBL-E. coli could be spreading from dogs to livestock, and not
necessarily in the other direction, as most previous studies have assumed.

Our study constitutes one of the first One Health approaches to simultaneously
address the circulation of ESBL-E. coli among livestock, dogs, and wildlife in a rural setting.
However, several future research can complement our findings and provide further insight
into the selection and spread of AMR among these compartments. First, the limited
sample size of foxes prevented a more accurate estimation of ESBL-E. coli prevalence in this
species. Thus, we could not conclude whether predators or preys are more likely to carry
ESBL-E. coli in this setting. Secondly, the low selective pressure for ESBL-E. coli should be
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confirmed by studies on antibiotic use among farmers in these agricultural settings [72],
which are currently lacking in Chile. Although the use of antibiotics in Chilean terrestrial
livestock remains unknown, the national health authority (Servicio Agricola Ganadero)
advises the use of fluroquinolones and cephalosporins as a last resource antibiotic in
livestock, following a susceptibility test [82]. Antibiotic residues of tetracyclines, beta-
lactams, aminoglycosides, and macrolides have been found in eggs from backyard poultry
production [83]. Thirdly, although the ERIC-PCR technique used has a high resolution and
allows us to differentiate among E. coli strains from the same locality and host species [65],
several other molecular techniques can improve our understanding of the transmission
dynamics of resistance genes and E. coli. For example, future work could determine the
pathogenic potential of these strains using whole genome sequencing, or whether blaCTX-M
genes are carried by specific mobile elements such as plasmids. Finally, future research
should identify associated factors to ESBL-E. coli fecal carriage in each animal population
(e.g., individual characteristics of dogs and cattle).

Author Contributions: Conceptualization, J.A.B.; Data curation, J.A.B.; Formal analysis, J.A.B. and
A.O.-C.; Funding acquisition, J.A.B.; Investigation, J.A.B., M.S.-C. and A.O.-C.; Methodology, J.A.B.,
M.S.-C., A.O.-C., P.G.M., A.P., M.O.M., L.R., J.M. (Jose Munita) and J.M. (Javier Millán); Project
administration, J.A.B.; Resources, J.A.B.; Software, J.A.B.; Supervision, J.A.B.; Validation, J.A.B.;
Visualization, J.A.B.; Writing—original draft, J.A.B.; Writing—review and editing, J.A.B., M.S.-C. and
J.M. (Javier Millán). All authors have read and agreed to the published version of the manuscript.

Funding: This work was funded by the National Agency for Research and Development (ANID)
FONDECYT Iniciación 11181017, awarded to J.A.B. Jose M. Munita was supported by Comisión
Nacional de Investigación Científica y Tecnológica (CONICYT) (grant number: FONDECYT 1171805)
and the ANID Millennium Science Initiative, MICROB-R, NCN17_081, Government of Chile.

Institutional Review Board Statement: This study was approved by the Ethical Committee of the
Universidad Andrés Bello (permit number: 018/2018). Capture and sampling of rodents were also
approved by Servicio Agricola Ganadero (permit number: 2118/2019).

Informed Consent Statement: Informed consent was obtained from all farmers for the inclusion of
their dogs and/or livestock.

Data Availability Statement: The data presented in this study are available within this article.

Acknowledgments: We thank all farmers involved in this study for their cooperation and help with
livestock and dog sampling. We also thank the personnel of the Municipalidad de Colina (particularly
Carlos Telleria y Maximiliano Larrain) for their great help contacting farmers and helping us accessing
farms. We thank all the staff members of @themonkey_lab for their assistance in the laboratory. We
thank Gabriel Carrasco for participating in the collection of rodents.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. World Health Organization. 2019 Antibacterial Agents in Clinical Development: An Analysis of the Antibacterial Clinical Development

Pipeline; WHO: Geneva, Switzerland, 2019; Available online: https://www.who.int/medicines/areas/rational_use/antibacterial_
agents_clinical_development/en/ (accessed on 28 December 2020).

2. Wall, B.A.; Mateus, A.; Marshall, L.; Pfeiffer, D.; Lubroth, J.; Ormel, H.J.; Otto, P.; Patriarchi, A.; Food and Agriculture Organization
of the United Nations. Drivers, Dynamics and Epidemiology of Antimicrobial Resistance in Animal Production; Food and Agriculture
Organization (FAO): Rome, Italy, 2016; ISBN 978-92-5-109441-9.

3. IACG. No Time to Wait: Securing the Future from Drug-Resistant Infections. Available online: http://www.who.int/
antimicrobial-resistance/interagency-coordination-group/final-report/en/ (accessed on 23 July 2020).

4. World Bank. Drug-Resistant Infections: A Threat to Our Economic Future; World Bank: Washington, DC, USA, 2017.
5. Antimicrobial Resistance: Global Report on Surveillance; World Health Organization: Geneva, Switzerland, 2014; ISBN 978-92-4-

156474-8.
6. O’Neill, J. The Review on Antimicrobial Resistance—Tackling Drug-Resistant Infections Globally: Final Report and Recommen-

dations. Available online: https://amr-review.org/ (accessed on 29 July 2020).
7. Van Boeckel, T.P.; Brower, C.C.; Gilbert, M.; Grenfell, B.T.; Levin, S.A.S.; Robinson, T.P.; Teillant, A.; Laxminarayan, R.R. Global

trends in antimicrobial use in food animals. Proc. Natl. Acad. Sci. USA 2015, 112, 5649–5654. [CrossRef]

https://www.who.int/medicines/areas/rational_use/antibacterial_agents_clinical_development/en/
https://www.who.int/medicines/areas/rational_use/antibacterial_agents_clinical_development/en/
http://www.who.int/antimicrobial-resistance/interagency-coordination-group/final-report/en/
http://www.who.int/antimicrobial-resistance/interagency-coordination-group/final-report/en/
https://amr-review.org/
http://doi.org/10.1073/pnas.1503141112


Antibiotics 2021, 10, 510 11 of 14

8. Doi, Y.; Iovleva, A.; Bonomo, R.A. The ecology of extended-spectrum β-lactamases (ESBLs) in the developed world. J. Travel Med.
2017, 24, S44–S51. [CrossRef]

9. Smet, A.; Martel, A.; Persoons, D.; Dewulf, J.; Heyndrickx, M.; Herman, L.; Haesebrouck, F.; Butaye, P. Broad-spectrum β-
lactamases among Enterobacteriaceaeof animal origin: Molecular aspects, mobility and impact on public health. FEMS Microbiol. Rev.
2010, 34, 295–316. [CrossRef]

10. Eguenther, S.; Eewers, C.; Wieler, L.H. Extended-Spectrum Beta-Lactamases Producing E. coli in Wildlife, yet Another Form of
Environmental Pollution? Front. Microbiol. 2011, 2, 246. [CrossRef]

11. Loayza, F.; Graham, J.P.; Trueba, G. Factors Obscuring the Role of E. coli from Domestic Animals in the Global Antimicrobial
Resistance Crisis: An Evidence-Based Review. Int. J. Environ. Res. Public Health 2020, 17, 3061. [CrossRef]

12. Benavides, J.A.; Shiva, C.; Virhuez, M.; Tello, C.; Appelgren, A.; Vendrell, J.; Solassol, J.; Godreuil, S.; Streicker, D.G. Extended-
spectrum beta-lactamase-producing Escherichia coli in common vampire bats Desmodus rotundus and livestock in Peru.
Zoonoses Public Health 2018, 65, 454–458. [CrossRef]

13. Snow, L.; Warner, R.; Cheney, T.; Wearing, H.; Stokes, M.; Harris, K.; Teale, C.; Coldham, N. Risk factors associated with extended
spectrum beta-lactamase Escherichia coli (CTX-M) on dairy farms in North West England and North Wales. Prev. Vet. Med. 2012,
106, 225–234. [CrossRef]

14. Atterby, C.; Börjesson, S.; Ny, S.; Järhult, J.D.; Byfors, S.; Bonnedahl, J. ESBL-producing Escherichia coli in Swedish gulls—A case
of environmental pollution from humans? PLoS ONE 2017, 12, e0190380. [CrossRef]

15. Jamborova, I.; Johnston, B.D.; Papousek, I.; Kachlikova, K.; Micenkova, L.; Clabots, C.; Skalova, A.; Chudejova, K.; Dolejska, M.;
Literak, I.; et al. Extensive Genetic Commonality among Wildlife, Wastewater, Community, and Nosocomial Isolates of Escherichia
coli Sequence Type 131 (H30R1 and H30Rx Subclones) That Carry blaCTX-M-27 or blaCTX-M-15. Antimicrob. Agents Chemother.
2018, 62, 00519-18. [CrossRef]

16. Joosten, P.; Ceccarelli, D.; Odent, E.; Sarrazin, S.; Graveland, H.; Van Gompel, L.; Battisti, A.; Caprioli, A.; Franco, A.;
Wagenaar, J.A.; et al. Antimicrobial Usage and Resistance in Companion Animals: A Cross-Sectional Study in Three European
Countries. Antibiotics 2020, 9, 87. [CrossRef]

17. Van Boeckel, T.P.; Pires, J.; Silvester, R.; Zhao, C.; Song, J.; Criscuolo, N.G.; Gilbert, M.; Bonhoeffer, S.; Laxminarayan, R. Global
trends in antimicrobial resistance in animals in low- and middle-income countries. Science 2019, 365, eaaw1944. [CrossRef]

18. Chantziaras, I.; Boyen, F.; Callens, B.; Dewulf, J. Correlation between veterinary antimicrobial use and antimicrobial resistance in
food-producing animals: A report on seven countries. J. Antimicrob. Chemother. 2014, 69, 827–834. [CrossRef]

19. de Jong, A.; Thomas, V.; Klein, U.; Marion, H.; Moyaert, H.; Simjee, S.; Vallé, M. Pan-European resistance monitoring programmes
encompassing food-borne bacteria and target pathogens of food-producing and companion animals. Int. J. Antimicrob. Agents
2013, 41, 403–409. [CrossRef]

20. Hille, K.; Felski, M.; Ruddat, I.; Woydt, J.; Schmid, A.; Friese, A.; Fischer, J.; Sharp, H.; Valentin, L.; Michael, G.B.; et al.
Association of farm-related factors with characteristics profiles of extended-spectrum β-lactamase-/plasmid-mediated AmpC
β-lactamase-producing Escherichia coli isolates from German livestock farms. Vet. Microbiol. 2018, 223, 93–99. [CrossRef]

21. Gay, N.; LeClaire, A.; Laval, M.; Miltgen, G.; Jégo, M.; Stéphane, R.; Jaubert, J.; Belmonte, O.; Cardinale, E. Risk Factors of
Extended-Spectrum β-Lactamase Producing Enterobacteriaceae Occurrence in Farms in Reunion, Madagascar and Mayotte
Islands, 2016–2017. Vet. Sci. 2018, 5, 22. [CrossRef]

22. Dahms, C.; Hübner, N.-O.; Kossow, A.; Mellmann, A.; Dittmann, K.; Kramer, A. Occurrence of ESBL-Producing Escherichia coli
in Livestock and Farm Workers in Mecklenburg-Western Pomerania, Germany. PLoS ONE 2015, 10, e0143326. [CrossRef]

23. Wang, J.; Ma, Z.B.; Zeng, Z.L.; Yang, X.W.; Huang, Y.; Liu, J.H. The role of wildlife (wild birds) in the global transmission of
antimicrobial resistance genes. Zool. Res. 2017, 38, 55. [CrossRef]

24. Poeta, P.; Radhouani, H.; Pinto, L.; Martinho, A.; Rego, V.; Rodrigues, R.; Gonçalves, A.; Rodrigues, J.; Estepa, V.; Torres, C.; et al.
Wild boars as reservoirs of extended-spectrum beta-lactamase (ESBL) producing Escherichia coli of different phylogenetic groups.
J. Basic Microbiol. 2009, 49, 584–588. [CrossRef]

25. Alonso, C.; González-Barrio, D.; Tenorio, C.; Ruiz-Fons, F.; Torres, C. Antimicrobial resistance in faecal Escherichia coli isolates
from farmed red deer and wild small mammals. Detection of a multiresistant E. coli producing extended-spectrum beta-lactamase.
Comp. Immunol. Microbiol. Infect. Dis. 2016, 45, 34–39. [CrossRef]

26. Alonso, C.A.; Alcalá, L.; Simón, C.; Torres, C. Novel sequence types of extended-spectrum and acquired AmpC beta-lactamase
producing Escherichia coli and Escherichia clade V isolated from wild mammals. FEMS Microbiol. Ecol. 2017, 93, fiy066. [CrossRef]

27. Seni, J.; Falgenhauer, L.; Simeo, N.; Mirambo, M.M.; Imirzalioglu, C.; Matee, M.; Rweyemamu, M.; Chakraborty, T.; Mshana, S.E.
Multiple ESBL-Producing Escherichia coli Sequence Types Carrying Quinolone and Aminoglycoside Resistance Genes Circulating
in Companion and Domestic Farm Animals in Mwanza, Tanzania, Harbor Commonly Occurring Plasmids. Front. Microbiol. 2016,
7, 142. [CrossRef] [PubMed]

28. Dupouy, V.; Abdelli, M.; Moyano, G.; Arpaillange, N.; Bibbal, D.; Cadiergues, M.-C.; Lopez-Pulin, D.; Sayah-Jeanne, S.;
De Gunzburg, J.; Saint-Lu, N.; et al. Prevalence of Beta-Lactam and Quinolone/Fluoroquinolone Resistance in Enterobacteriaceae
From Dogs in France and Spain—Characterization of ESBL/pAmpC Isolates, Genes, and Conjugative Plasmids. Front. Vet. Sci.
2019, 6, 279. [CrossRef]

http://doi.org/10.1093/jtm/taw102
http://doi.org/10.1111/j.1574-6976.2009.00198.x
http://doi.org/10.3389/fmicb.2011.00246
http://doi.org/10.3390/ijerph17093061
http://doi.org/10.1111/zph.12456
http://doi.org/10.1016/j.prevetmed.2012.03.009
http://doi.org/10.1371/journal.pone.0190380
http://doi.org/10.1128/AAC.00519-18
http://doi.org/10.3390/antibiotics9020087
http://doi.org/10.1126/science.aaw1944
http://doi.org/10.1093/jac/dkt443
http://doi.org/10.1016/j.ijantimicag.2012.11.004
http://doi.org/10.1016/j.vetmic.2018.07.022
http://doi.org/10.3390/vetsci5010022
http://doi.org/10.1371/journal.pone.0143326
http://doi.org/10.24272/j.issn.2095-8137.2017.024
http://doi.org/10.1002/jobm.200900066
http://doi.org/10.1016/j.cimid.2016.02.003
http://doi.org/10.1093/femsec/fix097
http://doi.org/10.3389/fmicb.2016.00142
http://www.ncbi.nlm.nih.gov/pubmed/26904015
http://doi.org/10.3389/fvets.2019.00279


Antibiotics 2021, 10, 510 12 of 14

29. Bunt, G.V.D.; Fluit, A.C.; Spaninks, M.P.; Timmerman, A.J.; Geurts, Y.; Kant, A.; Scharringa, J.; Mevius, D.; Wagenaar, J.A.;
Bonten, M.J.M.; et al. Faecal carriage, risk factors, acquisition and persistence of ESBL-producing Enterobacteriaceae in dogs
and cats and co-carriage with humans belonging to the same household. J. Antimicrob. Chemother. 2020, 75, 342–350. [CrossRef]
[PubMed]

30. Salgado-Caxito, M.; Benavides, J.A.; Munita, J.M.; Rivas, L.; García, P.; Listoni, F.J.; Moreno-Switt, A.I.; Paes, A.C. Risk factors
associated with faecal carriage of extended-spectrum cephalosporin-resistant Escherichia coli among dogs in Southeast Brazil.
Prev. Vet. Med. 2021, 190, 105316. [CrossRef]

31. Barth, S.A.; Blome, S.; Cornelis, D.; Pietschmann, J.; Laval, M.; Maestrini, O.; Geue, L.; Charrier, F.; Etter, E.; Menge, C.; et al.
FaecalEscherichia colias biological indicator of spatial interaction between domestic pigs and wild boar (Sus scrofa) in Corsica.
Transbound. Emerg. Dis. 2018, 65, 746–757. [CrossRef] [PubMed]

32. Mercat, M.; Clermont, O.; Massot, M.; Ruppe, E.; De Garine-Wichatitsky, M.; Miguel, E.; Fox, H.V.; Cornelis, D.; Andremont, A.;
Denamur, E.; et al. Escherichia coli Population Structure and Antibiotic Resistance at a Buffalo/Cattle Interface in Southern
Africa. Appl. Environ. Microbiol. 2015, 82, 1459–1467. [CrossRef]

33. Founou, L.L.; Founou, R.C.; Essack, S.Y. Antibiotic Resistance in the Food Chain: A Developing Country-Perspective. Front. Microbiol.
2016, 7, 1881. [CrossRef]

34. Ho, P.L.; Chow, K.H.; Lai, E.L.; Lo, W.U.; Yeung, M.K.; Chan, J.; Chan, P.Y.; Yuen, K.Y. Extensive dissemination of CTX-M-
producing Escherichia coli with multidrug resistance to ‘critically important’ antibiotics among food animals in Hong Kong,
2008–2010. J. Antimicrob. Chemother. 2011, 66, 765–768. [CrossRef]

35. Hasan, B.; Laurell, K.; Rakib, M.M.; Ahlstedt, E.; Hernandez, J.; Caceres, M.; Järhult, J.D. Fecal Carriage of Extended-Spectrum
β-Lactamases in Healthy Humans, Poultry, and Wild Birds in León, Nicaragua—A Shared Pool of blaCTX-M Genes and Possible
Interspecies Clonal Spread of Extended-Spectrum β-Lactamases-Producing Escherichia coli. Microb. Drug Resist. 2016, 22, 682–687.
[CrossRef]

36. Hernandez, J.; Johansson, A.; Stedt, J.; Bengtsson, S.; Porczak, A.; Granholm, S.; González-Acuña, D.; Olsen, B.; Bonnedahl, J.;
Drobni, M. Characterization and Comparison of Extended-Spectrum β-Lactamase (ESBL) Resistance Genotypes and Population
Structure of Escherichia coli Isolated from Franklin’s Gulls (Leucophaeus pipixcan) and Humans in Chile. PLoS ONE 2013, 8, e76150.
[CrossRef]

37. Nweneka, C.V.; Tapha-Sosseh, N.; Sosa, A. Curbing the menace of antimicrobial resistance in developing countries. Harm Reduct.
J. 2009, 6, 31. [CrossRef] [PubMed]

38. Ahmad, M.; Khan, A.U. Global economic impact of antibiotic resistance: A review. J. Glob. Antimicrob. Resist. 2019, 19, 313–316.
[CrossRef] [PubMed]

39. González, C.M.A. Susceptibilidad Microbiana: Un Test Rápido Para el Análisis de Resistencia Bacteriana en Cepas Aisladas de
Mastitis Clínica. Bachelor’s Thesis, Universidad de Chile, Santiago, Chile, 2006.

40. Ewers, C.; Bethe, A.; Semmler, T.; Guenther, S.; Wieler, L. Extended-spectrum β-lactamase-producing and AmpC-producing
Escherichia coli from livestock and companion animals, and their putative impact on public health: A global perspective.
Clin. Microbiol. Infect. 2012, 18, 646–655. [CrossRef]

41. Moreno, A.; Bello, H.; Guggiana, D.; Domínguez, M.; González, G. Extended-spectrum β-lactamases belonging to CTX-M group
produced by Escherichia coli strains isolated from companion animals treated with enrofloxacin. Vet. Microbiol. 2008, 129, 203–208.
[CrossRef]

42. Fuentes-Castillo, D.; Farfán-López, M.; Esposito, F.; Moura, Q.; Fernandes, M.R.; Lopes, R.; Cardoso, B.; Muñoz, M.E.; Cerdeira, L.;
Najle, I.; et al. Wild owls colonized by international clones of extended-spectrum β-lactamase (CTX-M)-producing Escherichia
coli and Salmonella Infantis in the Southern Cone of America. Sci. Total Environ. 2019, 674, 554–562. [CrossRef]

43. Fuentes-Castillo, D.; Esposito, F.; Cardoso, B.; Dalazen, G.; Moura, Q.; Fuga, B.; Fontana, H.; Cerdeira, L.; Dropa, M.;
Rottmann, J.; et al. Genomic data reveal international lineages of critical priorityEscherichia coliharbouring wide resistome
in Andean condors (Vultur gryphus Linnaeus, 1758). Mol. Ecol. 2020, 29, 1919–1935. [CrossRef]

44. Simonetti, J.A. Diversity and Conservation of Terrestrial Vertebrates in Mediterranean Chile. Rev. Chil. Hist. Nat. 1999, 72, 493–500.
45. Cofre, H.; A Marquet, P. Conservation status, rarity, and geographic priorities for conservation of Chilean mammals: An

assessment. Biol. Conserv. 1999, 88, 53–68. [CrossRef]
46. Iriarte, J.A.; Lobos, G.A.; Jaksic, F.M. Invasive vertebrate species in Chile and their control and monitoring by governmental

agencies. Rev. Chil. Hist. Nat. 2005, 78, 143–151. [CrossRef]
47. Silva, C.; Saavedra, B. Knowing for controlling: Ecological effects of invasive vertebrates in Tierra del Fuego. Rev. Chil. Hist. Nat.

2008, 81, 123–136. [CrossRef]
48. Sanguinetti, J.; Kitzberger, T. Factors controlling seed predation by rodents and non-native Sus scrofa in Araucaria araucana

forests: Potential effects on seedling establishment. Biol. Invasions 2010, 12, 689–706. [CrossRef]
49. Castro, S.; Bozinovic, F.; Jaksic, F. Ecological efficiency and legitimacy in seed dispersal of an endemic shrub (Lithrea caustica) by

the European rabbit (Oryctolagus cuniculus) in central Chile. J. Arid. Environ. 2008, 72, 1164–1173. [CrossRef]
50. Muñoz-Zanzi, C.; Mason, M.; Encina, C.; Gonzalez, M.; Berg, S. Household Characteristics Associated with Rodent Presence and

Leptospira Infection in Rural and Urban Communities from Southern Chile. Am. J. Trop. Med. Hyg. 2014, 90, 497–506. [CrossRef]
51. Salvatori, V.; Vaglio-Laurin, G.; Meserve, P.L.; Boitani, L.; Campanella, A. Spatial Organization, Activity, and Social Interactions of

Culpeo Foxes (Pseudalopex culpaeus) in North-Central Chile. J. Mammal. 1999, 80, 980–985. [CrossRef]

http://doi.org/10.1093/jac/dkz462
http://www.ncbi.nlm.nih.gov/pubmed/31711228
http://doi.org/10.1016/j.prevetmed.2021.105316
http://doi.org/10.1111/tbed.12799
http://www.ncbi.nlm.nih.gov/pubmed/29322645
http://doi.org/10.1128/AEM.03771-15
http://doi.org/10.3389/fmicb.2016.01881
http://doi.org/10.1093/jac/dkq539
http://doi.org/10.1089/mdr.2015.0323
http://doi.org/10.1371/journal.pone.0076150
http://doi.org/10.1186/1477-7517-6-31
http://www.ncbi.nlm.nih.gov/pubmed/19922676
http://doi.org/10.1016/j.jgar.2019.05.024
http://www.ncbi.nlm.nih.gov/pubmed/31176071
http://doi.org/10.1111/j.1469-0691.2012.03850.x
http://doi.org/10.1016/j.vetmic.2007.11.011
http://doi.org/10.1016/j.scitotenv.2019.04.149
http://doi.org/10.1111/mec.15455
http://doi.org/10.1016/S0006-3207(98)00090-1
http://doi.org/10.4067/s0716-078x2005000100010
http://doi.org/10.4067/S0716-078X2008000100010
http://doi.org/10.1007/s10530-009-9474-8
http://doi.org/10.1016/j.jaridenv.2007.12.012
http://doi.org/10.4269/ajtmh.13-0334
http://doi.org/10.2307/1383268


Antibiotics 2021, 10, 510 13 of 14

52. Cevidanes, A.; Esperón, F.; Di Cataldo, S.; Neves, E.; Sallaberry-Pincheira, N.; Millán, J. Antimicrobial resistance genes in Andean
foxes inhabiting anthropized landscapes in central Chile. Sci. Total Environ. 2020, 724, 138247. [CrossRef]

53. INE. Instituto Nacional de Estadísticas—Censo Agropecuario. Available online: http://www.ine.cl/estadisticas/economia/
agricultura-agroindustria-y-pesca/censos-agropecuarios (accessed on 24 March 2021).

54. Milstead, W.B.; Meserve, P.L.; Campanella, A.; Previtali, M.A.; Kelt, D.A.; Gutiérrez, J.R. Spatial Ecology of Small Mammals in
North-central Chile: Role of Precipitation and Refuges. J. Mammal. 2007, 88, 1532–1538. [CrossRef]

55. Jaksic, F.M.; Soriguer, R.C. Predation Upon the European Rabbit (Oryctolagus cuniculus) in Mediterranean Habitats of Chile and
Spain: A Comparative Analysis. J. Anim. Ecol. 1981, 50, 269. [CrossRef]

56. Cevidanes, A.; Ulloa-Contreras, C.; Di Cataldo, S.; Latrofa, M.S.; Gonzalez-Acuña, D.; Otranto, D.; Millán, J. Marked host
association and molecular evidence of limited transmission of ticks and fleas between sympatric wild foxes and rural dogs.
Med. Vet. Èntomol. 2021. [CrossRef]

57. CDC. Downloads|Support|Epi InfoTM|CDC. Available online: https://www.cdc.gov/epiinfo/support/downloads.html
(accessed on 18 June 2020).

58. Ho, P.-L.; Liu, M.C.-J.; Lo, W.-U.; Lai, E.L.-Y.; Lau, T.C.-K.; Law, O.-K.; Chow, K.-H. Prevalence and characterization of hybrid
blaCTX-M among Escherichia coli isolates from livestock and other animals. Diagn. Microbiol. Infect. Dis. 2015, 82, 148–153.
[CrossRef]

59. Silva, N.; Igrejas, G.; Figueiredo, N.; Gonçalves, A.; Radhouani, H.; Rodrigues, J.; Poeta, P. Molecular characterization of antimi-
crobial resistance in enterococci and Escherichia coli isolates from European wild rabbit (Oryctolagus cuniculus). Sci. Total Environ.
2010, 408, 4871–4876. [CrossRef]

60. Radhouani, H.; Igrejas, G.; Gonçalves, A.; Estepa, V.; Sargo, R.; Torres, C.; Poeta, P. Molecular characterization of extended-
spectrum-beta-lactamase-producing Escherichia coli isolates from red foxes in Portugal. Arch. Microbiol. 2012, 195, 141–144.
[CrossRef]

61. CLSI. Performance Standards for Antimicrobial Susceptibility Testing, 28th ed.; CLSI Supplement M100; Clinical and Laboratory
Standards Institute: Wayne, PA, USA, 2018; ISBN 978-1-56238-838-6.

62. Magiorakos, A.-P.; Srinivasan, A.; Carey, R.B.; Carmeli, Y.; Falagas, M.E.; Giske, C.G.; Harbarth, S.; Hindler, J.F.; Kahlmeter, G.;
Olsson-Liljequist, B.; et al. Multidrug-resistant, extensively drug-resistant and pandrug-resistant bacteria: An international expert
proposal for interim standard definitions for acquired resistance. Clin. Microbiol. Infect. 2012, 18, 268–281. [CrossRef]

63. Dallenne, C.; Da Costa, A.; Decré, D.; Favier, C.; Arlet, G. Development of a set of multiplex PCR assays for the detection of genes
encoding important β-lactamases in Enterobacteriaceae. J. Antimicrob. Chemother. 2010, 65, 490–495. [CrossRef]

64. Woodford, N.; Fagan, E.J.; Ellington, M.J. Multiplex PCR for rapid detection of genes encoding CTX-M extended-spectrum
β-lactamases. J. Antimicrob. Chemother. 2005, 57, 154–155. [CrossRef] [PubMed]

65. Bilung, L.M.; Pui, C.F.; Su’Ut, L.; Apun, K. Evaluation of BOX-PCR and ERIC-PCR as Molecular Typing Tools for PathogenicLep-
tospira. Dis. Markers 2018, 2018, 1–9. [CrossRef] [PubMed]

66. Brasil. Decreto—Lei n◦ 227, de 28 de Fevereiro de 1967. Dá nova Redação ao Decreto-Lei n◦ 1.985, de 29 de Janeiro de 1940
(Código de Minas) Brasília. 1967. Available online: http://www.planalto.gov.br/ccivil_03/Decreto-Lei/Del0227.htm (accessed
on 19 October 2020).

67. Palmeira, J.D.; Haenni, M.; Metayer, V.; Madec, J.-Y.; Ferreira, H.M.N. Epidemic spread of IncI1/pST113 plasmid carrying
the Extended-Spectrum Beta-Lactamase (ESBL) blaCTX-M-8 gene in Escherichia coli of Brazilian cattle. Vet. Microbiol. 2020,
243, 108629. [CrossRef] [PubMed]

68. Résapath, B. Réseau D’épidémiosurveillance de L’antibiorésistance des Bactéries Pathogènes Animales; Ploufragan-Plouzané-Niort: Lyon,
France, 2020; p. 155.

69. Levy, S. Reduced Antibiotic Use in Livestock: How Denmark TackledResistance. Environ. Health Perspect. 2014, 122, A160-5.
[CrossRef]

70. Elgorriaga-Islas, E.; Guggiana-Nilo, P.; Domínguez-Yévenes, M.; González-Rocha, G.; Mella-Montecinos, S.; Labarca-Labarca, J.;
García-Cañete, P.; Bello-Toledo, H. Prevalencia del determinante de resistencia plasmídica a quinolonas aac(6’)-Ib-cr en cepas de
Escherichia coli y Klebsiella pneumoniae productoras de BLEE aisladas en diez hospitales de Chile. Enferm. Infecc. Microbiol. Clín.
2012, 30, 466–468. [CrossRef]

71. Pavez, M.; Troncoso, C.; Osses, I.; Salazar, R.; Illesca, V.; Reydet, P.; Rodríguez, C.; Chahin, C.; Concha, C.; Barrientos, L. High
prevalence of CTX-M-1 group in ESBL-producing enterobacteriaceae infection in intensive care units in southern Chile. Braz. J.
Infect. Dis. 2019, 23, 102–110. [CrossRef]

72. Benavides, J.A.; Streicker, D.G.; Gonzales, M.S.; Rojas-Paniagua, E.; Shiva, C. Knowledge and use of antibiotics among low-income
small-scale farmers of Peru. Prev. Vet. Med. 2021, 189, 105287. [CrossRef]

73. Albrechtova, K.; Papousek, I.; De Nys, H.M.; Pauly, M.; Anoh, E.; Mossoun, A.; Dolejska, M.; Masarikova, M.; Metzger, S.;
Couacy-Hymann, E.; et al. Low Rates of Antimicrobial-Resistant Enterobacteriaceae in Wildlife in Taï National Park, Côte d’Ivoire,
Surrounded by Villages with High Prevalence of Multiresistant ESBL-Producing Escherichia coli in People and Domestic Animals.
PLoS ONE 2014, 9, e113548. [CrossRef]

74. Sacristán, I.; Esperón, F.; Acuña, F.; Aguilar, E.; García, S.; López, M.J.; Cevidanes, A.; Neves, E.; Cabello, J.; Hidalgo-Hermoso, E.; et al.
Antibiotic resistance genes as landscape anthropization indicators: Using a wild felid as sentinel in Chile. Sci. Total Environ. 2020, 703, 134900.
[CrossRef]

http://doi.org/10.1016/j.scitotenv.2020.138247
http://www.ine.cl/estadisticas/economia/agricultura-agroindustria-y-pesca/censos-agropecuarios
http://www.ine.cl/estadisticas/economia/agricultura-agroindustria-y-pesca/censos-agropecuarios
http://doi.org/10.1644/16-MAMM-A-407R.1
http://doi.org/10.2307/4044
http://doi.org/10.1111/mve.12515
https://www.cdc.gov/epiinfo/support/downloads.html
http://doi.org/10.1016/j.diagmicrobio.2015.02.010
http://doi.org/10.1016/j.scitotenv.2010.06.046
http://doi.org/10.1007/s00203-012-0853-7
http://doi.org/10.1111/j.1469-0691.2011.03570.x
http://doi.org/10.1093/jac/dkp498
http://doi.org/10.1093/jac/dki412
http://www.ncbi.nlm.nih.gov/pubmed/16284100
http://doi.org/10.1155/2018/1351634
http://www.ncbi.nlm.nih.gov/pubmed/30154937
http://www.planalto.gov.br/ccivil_03/Decreto-Lei/Del0227.htm
http://doi.org/10.1016/j.vetmic.2020.108629
http://www.ncbi.nlm.nih.gov/pubmed/32273008
http://doi.org/10.1289/ehp.122-A160
http://doi.org/10.1016/j.eimc.2012.01.024
http://doi.org/10.1016/j.bjid.2019.03.002
http://doi.org/10.1016/j.prevetmed.2021.105287
http://doi.org/10.1371/journal.pone.0113548
http://doi.org/10.1016/j.scitotenv.2019.134900


Antibiotics 2021, 10, 510 14 of 14

75. Ortega-Paredes, D.; Haro, M.; Leoro-Garzón, P.; Barba, P.; Loaiza, K.; Mora, F.; Fors, M.; Vinueza-Burgos, C.; Fernández-Moreira,
E. Multidrug-resistant Escherichia coli isolated from canine faeces in a public park in Quito, Ecuador. J. Glob. Antimicrob. Resist.
2019, 18, 263–268. [CrossRef] [PubMed]

76. Melo, L.C.; Oresco, C.; Leigue, L.; Netto, H.M.; Melville, P.A.; Benites, N.R.; Saras, E.; Haenni, M.; Lincopan, N.; Madec, J.-Y.
Prevalence and molecular features of ESBL/pAmpC-producing Enterobacteriaceae in healthy and diseased companion animals
in Brazil. Vet. Microbiol. 2018, 221, 59–66. [CrossRef] [PubMed]

77. Carvalho, A.; Barbosa, A.; Arais, L.; Ribeiro, P.; Carneiro, V.; Cerqueira, A. Resistance patterns, ESBL genes, and genetic relatedness
of Escherichia coli from dogs and owners. Braz. J. Microbiol. 2016, 47, 150–158. [CrossRef] [PubMed]

78. Rocha-Gracia, R.; Cortés-Cortés, G.; Lozano-Zarain, P.; Bello, F.; Martínez-Laguna, Y.; Torres, C. Faecal Escherichia coli isolates
from healthy dogs harbour CTX-M-15 and CMY-2 β-lactamases. Vet. J. 2015, 203, 315–319. [CrossRef] [PubMed]

79. Salgado-Caxito, M.; Benavides, J.A.; Adell, A.D.; Paes, A.C.; Moreno-Switt, A.I. Global prevalence and molecular characteriza-
tion of extended-spectrum β-lactamase producing- in dogs and cats—A scoping review and meta-analysis. One Health 2021,
100236, 100236. [CrossRef] [PubMed]

80. Wedley, A.L.; Dawson, S.; Maddox, T.W.; Coyne, K.P.; Pinchbeck, G.L.; Clegg, P.; Nuttall, T.; Kirchner, M.; Williams, N.J. Carriage
of antimicrobial resistant Escherichia coli in dogs: Prevalence, associated risk factors and molecular characteristics. Vet. Microbiol.
2017, 199, 23–30. [CrossRef]

81. Ljungquist, O.; Ljungquist, D.; Myrenås, M.; Rydén, C.; Finn, M.; Bengtsson, B. Evidence of household transfer of ESBL-/pAmpC-
producing Enterobacteriaceae between humans and dogs—A pilot study. Infect. Ecol. Epidemiol. 2016, 6, 31514. [CrossRef]
[PubMed]

82. Sag Resolución Exenta No: 4579/2018; Servicio Agricola Ganadero: Santiago, Chile, 2018.
83. Cornejo, J.; Pokrant, E.; Figueroa, F.; Riquelme, R.; Galdames, P.; Di Pillo, F.; Jimenez-Bluhm, P.; Hamilton-West, C. Assessing

Antibiotic Residues in Poultry Eggs from Backyard Production Systems in Chile, First Approach to a Non-Addressed Issue in
Farm Animals. Animals 2020, 10, 1056. [CrossRef]

http://doi.org/10.1016/j.jgar.2019.04.002
http://www.ncbi.nlm.nih.gov/pubmed/30980959
http://doi.org/10.1016/j.vetmic.2018.05.017
http://www.ncbi.nlm.nih.gov/pubmed/29981709
http://doi.org/10.1016/j.bjm.2015.11.005
http://www.ncbi.nlm.nih.gov/pubmed/26887238
http://doi.org/10.1016/j.tvjl.2014.12.026
http://www.ncbi.nlm.nih.gov/pubmed/25624187
http://doi.org/10.1016/j.onehlt.2021.100236
http://www.ncbi.nlm.nih.gov/pubmed/33889706
http://doi.org/10.1016/j.vetmic.2016.11.017
http://doi.org/10.3402/iee.v6.31514
http://www.ncbi.nlm.nih.gov/pubmed/27330043
http://doi.org/10.3390/ani10061056

	Introduction 
	Materials and Methods 
	Sample Collection 
	Sample Size and Prevalence Estimation 
	Microbiology Analyses 
	Statistical Analyses 

	Results 
	Discussion 
	References

