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Abstract
Background and Aim: Established antimicrobial resistance (AMR) surveillance in companion animals is lacking, 
particularly in low-middle-income countries. The aim of this study was to analyze AMR and its risk factors in Escherichia 
coli isolated from dogs at two veterinary centers in Lima (Peru).

Materials and Methods: Ninety dogs were included in the study. Antimicrobial susceptibility was established by disk 
diffusion, whereas microdilution was used to determine colistin susceptibility. Mechanisms related to extended-spectrum 
β-lactamases (ESBL) and colistin resistance were determined by polymerase chain reaction. Clonal relationships of colistin-
resistant isolates were assessed by XbaI-pulsed-field gel electrophoresis.

Results: Thirty-five E. coli strains were isolated. High levels of resistance to ampicillin (57.1%), nalidixic acid (54.3%), 
tetracycline (48.6%), and azithromycin (25.7%) were detected. Cephalosporin resistance levels  were ≥20% and those for 
colistin were 14.3%. Twelve (34.2%) isolates were ESBL producers; of these, six blaCTX-M-55 (50.0%), 2 (16.6%) blaCTX-M-15, 
and 2 (16.6%) blaCTX-M-8-like genes were found. The five colistin-resistant isolates were clonally unrelated, with four of them 
presenting amino acid codon substitutions in the mgrB gene (V8A) or mutations in the mgrB promoter (a12g, g98t, and 
c89t). Furthermore, dog age, <6 years (p = 0.027) and raw diet (p = 0.054) were associated with resistance to a greater 
number of antibiotic families.

Conclusion: Despite small number of samples included, the study found that dogs studied were carriers of multidrug-
resistant E. coli, including last-resort antimicrobials, representing a public health problem due to close contact between dogs 
and humans. This issue suggests the need for larger studies addressed to design strategies to prevent the spread of 
resistant micro-organisms in small animal clinics and domestic settings.
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Introduction

Antimicrobial resistance (AMR) is a signifi-
cant public health threat worldwide, highlighting the 
health crisis linked to the worldwide increase in infec-
tions caused by pathogens resistant to last-line antibi-
otics [1]. In this sense, companion animals are often 
exposed to antibiotics due to the treatment of infec-
tions or prophylaxis [2] or through the consumption 
of food products [3], increasing selective pressure and 

leading to the development of multidrug resistance in 
their commensal bacteria [4]. Thus, pets can be reser-
voirs and hosts for resistant bacteria, raising concerns 
about the risks to both human and animal health [5].

Escherichia coli is a common member of the intes-
tinal microbiota of humans and companion animals and 
is involved in many intestinal and extraintestinal infec-
tions [6, 7]. Because of its ubiquity and high facility 
for acquiring AMR genes, it is a good marker of anti-
biotic resistance [6–8]. In recent years, the emergence 
and rapid dissemination of E. coli producers of extend-
ed-spectrum β-lactamases (ESBL) [9, 10], carbapen-
emases [11, 12], and even the harboring of genes of 
resistance to last-resort antibiotics such as colistin [13] 
have become a paramount concern for animal health.

While a great variety of ESBLs have been 
described in the literature, the most widely distributed 

Copyright: Ventura, et al. Open Access. This article is distributed 
under the terms of the Creative Commons Attribution 4.0 
International License (http://creativecommons.org/licenses/
by/4.0/), which permits unrestricted use, distribution, and 
reproduction in any medium, provided you give appropriate credit 
to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made. 
The Creative Commons Public Domain Dedication waiver (http://
creativecommons.org/publicdomain/zero/1.0/) applies to the data 
made available in this article, unless otherwise stated.

https://orcid.org/0000-0001-9740-1692
https://orcid.org/0000-0001-8825-9663
https://orcid.org/0000-0001-8243-5232
https://orcid.org/0000-0001-5282-0148
https://orcid.org/0000-0003-2100-7423
https://orcid.org/0000-0002-3834-4891
https://orcid.org/0000-0003-2742-0980
https://orcid.org/0000-0002-2457-4258
https://orcid.org/0000-0002-4431-2036
https://orcid.org/0000-0001-8384-2315


Veterinary World, EISSN: 2231-0916 881

Available at www.veterinaryworld.org/Vol.17/April-2024/17.pdf

genes conferring resistance to broad-spectrum ceph-
alosporins are the blaCTX-M genes. Among these, blaC-

TX-M-15 is the most common ESBL in most regions 
of the world, whereas others, such as blaCTX-M-27 and 
blaCTX-M-55, are particularly relevant in specific areas 
[14]. Furthermore, regarding carbapenemases, reports 
of blaNDM, blaKPC, and blaOXA-48 have increased among 
enterobacterial in recent years, with this increase also 
being reported in veterinary microorganisms [15, 16]. 
Finally, regarding colistin resistance mechanisms, 
plasmid-mediated colistin resistance mcr genes and 
mutations in chromosomal genes have been frequently 
reported [17–19].

In small animals, antibiotic resistance and its 
associated factors have important implications for 
veterinary and public health [20]. However, scientific 
literature on this critical problem is scarce. In Peru, 
studies on the frequency of antibiotic-resistant micro-
organisms and their risk factors in companion ani-
mals are limited [8]. Thus, the aim of this study was 
to determine AMR levels and its risk factors in dogs 
from veterinary clinics in Lima, Peru.
Materials and Methods
 Ethical approval and Informed consent

This study was approved by the Institutional 
Ethics Committee in Research with Animals and 
Biodiversity of the Universidad Científica del Sur 
(452-2020-POS99). In addition, all the owners of the 
canine companion animals provided written informed 
consent for sampling their animals.
Study period and location

A cross-sectional study was conducted from 
January to July 2021 on clinically healthy dogs (i.e. 
Dogs attending for bathing or vaccination services) 
at two veterinary clinics in districts with different 
socioeconomic characteristics (Surco and Villa El 
Salvador) in Lima, Peru. Surco is one of the largest 
high-income residential districts of Lima (popula-
tion ~400,000), whereas Villa El Salvador is one of 
the largest low-income residential districts of Lima 
(population ~2,400,000). All dogs that had consumed 
antibiotics within the 3 months before sampling were 
excluded from the study. 
Sampling

Convenience sampling was performed. Rectal 
swab samples were placed in Cary Blair preservation 
and maintained at 4–8°C during transportation to the 
Universidad Científica del Sur laboratories according 
to standardized protocols [5].
Epidemiologic information

The owners provided epidemiological informa-
tion on the canine companion animals. The canine 
data collected included sex, age (classified into two 
groups: <6 years and ≥6 years), diet (raw meat diet/
prepared dry diet/mixed/home diet), owner’s history 
of antimicrobial use, and contact with other compan-
ion animals (yes/no).

E. coli isolation
Samples were homogenized and seeded on 

MacConkey plates (Oxoid, Basingstoke, UK) or 
in McConkey agar containing disks of ceftazidime 
(30 µg) at one end of the plate and incubated at 37°C 
for 24 h. Then, isolated colonies compatible with 
E. coli growing within the ceftazidime-treated halos 
or without antibiotic pressure were selected and con-
firmed by polymerase chain reaction (PCR) amplify-
ing the E. coli-specific uidA gene [21].
Antimicrobial susceptibility

Antimicrobial susceptibility to ampicillin 
(10 µg), amoxicillin plus clavulanic acid (30 µg), 
ceftriaxone (30 µg), cefotaxime (30 µg), cefepime 
(30 µg), aztreonam (30 µg), trimethoprim-sulfame-
thoxazole (25 µg), nitrofurantoin (300 µg), tetra-
cycline (30 µg), gentamicin (10 µg), nalidixic acid 
(30 µg), levofloxacin (5 µg), norfloxacin (10 µg), 
and meropenem (10 µg) was determined by the disk 
(Oxoid) diffusion method according to the clinical 
laboratory standard institute guidelines (CLSI) [22]. 
For azithromycin, a halo of ≤12 mm was considered 
to classify the isolates as resistant [23]. E. coli isolates 
were classified as multi-drug resistant (MDR) accord-
ing to the classification of Magiorakos et al. [24] when 
resistant to at least three or more antibiotic families. 
To establish the presence of ESBLs, disks of amox-
icillin plus clavulanic acid, cefotaxime, and ceftazi-
dime were disposed as reported previously [22]. In 
addition, colistin susceptibility was determined using 
the microdilution technique following the recommen-
dations of CLSI [22] and the European Committee on 
Antimicrobial Susceptibility Testing [23]. When more 
than one E. coli was isolated from the same dog, only 
one isolate was included in the study, except when the 
AMR patterns differed.
Antibiotic resistance genes

In ESBL-positive phenotype isolates, the pres-
ence of blaCTX-M (including blaCTX-M1, blaCTX-M2, blaC-

TX-M8, and blaCTX-M9) and blaSHV genes was determined 
by PCR [25]. The amplified products were recov-
ered and purified using the EZNA Gel Extraction 
Kit (Omega Bio Tek, Norcross, GA) and sequenced 
(Macrogen, Seoul, South Korea) to determine the 
specific gene. Meanwhile, the genes involved in car-
bapenem resistance were amplified by PCR: blaVIM, 
blaIMP, blaKPC, blaNDM, and blaOXA-48 [26]. In the case 
of colistin-resistant isolates, the presence of transfer-
able mcr-1 to mcr-5 genes was analyzed by PCR [27]. 
In addition, the presence of point mutations in chro-
mosomal genes, such as mgrB, was assessed by PCR 
[28] and subsequent sequencing (Macrogen, Seoul, 
South Korea).
Phylogenetic and clonal analyses

The phylogenetic groups of the colistin-resistant 
isolates were established according to the Clermont 
extended scheme [29]. Clonal relationships among 
the colistin-resistant isolates were determined by 
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pulsed-field gel electrophoresis (PFGE) of the total 
DNA digested with 40 U of XbaI restriction enzyme, as 
previously described by Gautom [30]. DNA fragments 
were resolved in 1 % agarose gels using the CHEF-
DRIII system (Bio-Rad Laboratories Inc, Hercules, 
USA). The PFGE conditions used were at 6 V cm-2 at 
14°C and with a pulse time ranging from 1 s to 30 s 
for 19 h. Normalization and processing of the PFGE 
images and construction of the dendrogram were per-
formed using GelJ v2.0 software (https://sourceforge.
net/projects/gelj/) [31]. A UPGMA (unweighted pair 
group method with arithmetic mean) tree was con-
structed using Dice similarity indices, complete link-
age, 1% optimization, and 1.3 % position tolerance. 
Isolates were considered clonally related with a Dice 
similarity index ≥80% [32].
Statistical analysis

A descriptive analysis was performed by sum-
marizing the qualitative variables according to their 
absolute and relative frequencies and the quantitative 
variables according to their mean and standard devia-
tion. During this analysis, intermediate-resistant phe-
notypes were considered to be resistant. In addition, 
AMR-associated factors were assessed by modeling 
the number of resistant antimicrobial families using 
a Poisson regression model. ESBL and multidrug 
resistance were also evaluated separately as second-
ary outcomes of interest. Finally, we estimated the 
prevalence ratio (PR) as the magnitude of the associ-
ation of interest. During these analyses, diet catego-
ries included dry, raw meat, mixed, and homemade; 
however, for the regression analysis, we converted 
this variable to a dichotomous variable (raw vs. no 
raw diet). All statistical analyses were performed 
using the STATA MP v14.0 statistical package (Stata 
Corp LP, College Station, Texas), and each estimate 
was reported with their respective 95% confidence 
intervals (CI).

Results
Study population

Fecal samples from 90 dogs attending two vet-
erinary clinics from different districts of Lima (Peru) 
were analyzed: 46 from Villa El Salvador (51.1%) 
and 44 from Surco (48.9%) (Table-1). Most sam-
ples were collected from female dogs (73.3%), those 
aged 6 years or older (51.1%), and dogs that lived 
with other pets (87.8%). Most dog diets were based 
on prepared dry food (52.2%), followed by raw meat 
(25.6%), mixed food (18.9%), and home food (3.3%). 
Regarding the owner’s history of antimicrobial use, 
44.4% of the animal owners had consumed antibiotics 
within the last month.
E. coli isolation and identification

Of the 90 fecal analyzed samples, 35 (38.9%) 
were E. coli-positive (of these, eight strains were 
isolated with the presence of CAZ and 27 from the 
medium without antibiotic disk). The characteristics of 
the dogs are shown in Table-1. When comparing the 
characteristics of the animals with E. coli-positive ver-
sus E. coli-negative fecal samples, there was a signifi-
cantly frequent history of owners who had consumed 
antibiotics in the last month among the samples posi-
tive for E. coli (65.7% vs. 30.9%, p = 0.001) (Table-1).
Antibiotic susceptibility

The isolates showed high levels of resistance 
to antibiotics and were susceptible only to nitro-
furantoin. The highest levels of resistance were to 
ampicillin (57.1%), nalidixic acid (54.3%), tetracy-
cline (48.6%), levofloxacin (34.3%), and norflox-
acin (31.4%). Resistance levels to cephalosporins 
were >20%, and the ESBL phenotype was detected 
in 12 isolates (34.3%). Meanwhile, colistin resistance 
reached 14.3%, with all five colistin-resistant isolates 
presenting a minimum inhibitory concentration (MIC) 
of 4 µg/mL (Figure-1). Twenty (57.1%) isolates were 
classified as MDR.

Table-1: Epidemiological characteristics of the sampled dogs (total) and of those Escherichia coli positive.

Characteristics Escherichia coli Total (n = 90)

Negative (n = 55) Positive (n = 35)

Districts
Villa El Salvador district 28 (50.9) 18 (51.4) 46 (51.1)
Surco district 27 (49.1) 17 (48.6) 44 (48.8)

Age
Age≥6 years 30 (54.6) 16 (45.7) 46 (51.1)
Age<6 years 25 (45.5) 19 (54.3) 44 (48.8)

Sex
Female 41 (74.6) 25 (71.4.) 66 (73.3)
Male 14 (25.4) 10 (28.6) 24 (26.7)

Diet
Dry 29 (52.7) 18 (51.4) 47 (52.2)
Raw meat 16 (29.1) 7 (20.0) 23 (25.6)
Mixed 7 (12.7) 10 (28.6) 17 (18.9)
Home 3 (5.5) 0 (0.0) 3 (3.3)
Lives together with other pets 49 (89.1) 30 (85.7) 79 (87.8)
The owner consumed antibiotics in the last month 17 (30.9)* 23 (65.7)* 40 (44.4)

*p = 0.001
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Figure-1: Percentage of resistance to different antibiotics 
in the 35 Escherichia coli isolates analyzed. (TMP/
SXT=Trimethoprim-sulfamethoxazole).

Regarding antibiotic resistance patterns, 
3 (8.57%) isolates showed resistance to seven antimi-
crobial agents of different groups, 5 (14.28%) isolates 
showed resistance to six antimicrobial agents of dif-
ferent groups, and 3 (8.57%) isolates showed resis-
tance to four and three antimicrobials, respectively. In 
addition, 1 (2.86%) isolate presented resistance to 2 
antimicrobial agent groups and 5 (14.28%) isolates to 
one antimicrobial group. Note that 4 (11.4%) isolates 
did not present resistance to any antimicrobial agent 
(Supplementary Table-S1).
ESBL characterization

Twelve ESBL-producing E. coli isolates were 
detected (13.3% of the tested samples and 34.3% of 
the E. coli-positive samples). The blaCTX-M-1G gene was 
amplified in 8 (66.7%) individuals, whereas no blaSHV 
was detected. The variant blaCTX-M-55 was detected 
in six isolates, and blaCTX-M-15 was identified in the 
remaining two isolates. In addition, in two isolates 
blaCTX-M-8G was amplified, and three isolates were pos-
itive for universal blaCTX-M, but no variant was deter-
mined. Finally, none of the ESBL-encoding genes 
sought were amplified in the two remaining isolates.
Carbapenemase characterization

All isolates presented an intermediate phenotype 
to carbapenems. No positive results were detected 
among the carbapenemase genes assessed.
Colistin characterization

Five isolates were colistin-resistant, and muta-
tions in the mgrB gene were found in four isolates. 
Three of these isolates presented alterations in the 
promoter region, including two possessing the base 
changes a-12g and g-98t and the remaining iso-
late showing the change c-89t. Meanwhile, one iso-
late presented an amino acid codon substitution V8A 
(Figure-2). In addition, no mcr genes were detected.
Phylogeny and clonal relationship between colis-
tin-resistant isolates

The five colistin-resistant E. coli isolates 
were clonally unrelated. Three isolates belonged to 
group B1, and the other two belonged to groups D and 
B2, respectively (Figure-2).

Factors associated with AMR
Regression analysis showed that animals aged 

6 years presented E. coli isolates with resistance to a 
lower number of antimicrobial families (PR = 0.41; 
95% CI: 0.19–0.90; p = 0.027). Although marginally 
significant (p = 0.054), dogs consuming raw food 
presented E. coli resistant to a higher number of anti-
microbial families. The study did not have sufficient 
power to perform a multivariate Poisson regression 
model; likewise, no factor associated with ESBL or 
multidrug resistance was identified (Table-2).
Discussion

The present results demonstrate that companion 
animals, such as dogs, have antimicrobial-resistant 
E. coli that may be transmitted between animals and 
humans due to direct or indirect contact. Significantly 
high levels of antibiotic resistance were observed 
in canine E. coli isolates, with over half of the iso-
lates being resistant to ampicillin and over half resis-
tant to nalidixic acid and tetracycline. Moreover, 
approximately 40% of the isolates were cephalospo-
rine-resistant and levofloxacin. Resistance levels to 
these antibiotics are important because these drugs 
are mainly used in human and veterinary medicine. 
Furthermore, this study highlights the presence of 
E. coli resistant to carbapenems and polymyxins, 
which is of concern because these antibiotic families 
are considered last resort antimicrobial treatment in 
human infections. In addition, we observed an asso-
ciation between dog age and the type of diet and the 
presence of E. coli resistance to a greater number of 
antibiotic families.

Table-S1: Antibiotic resistance patterns observed in the 
Escherichia coli isolates from fecal samples of dogs.

No. of 
Antibiotics

Antibiotic pattern No. of 
isolates

1 AMP 4
AZM 2
Q 2
CFS 1
COL 1

2 TET, AZM 1
3 Q, AMP, AZM 2

COL, TET, AZM 1
TET, AMP, AZM 1

4 TET, Q, AMP, AZM 2
COL, SXT, AMP, AZM 1
CFS, ATM, TET, Q 1

6 AMC, CFS, ATM, TET, AMP, AZM 2
CFS, ATM, SXT, TET, GEN, Q 2
CFS, ATM, SXT, TET, Q, AMP 2
CFS, ATM, SXT, TET, Q, AZM 2
COL, CFS, ATM, SXT, Q, AMP 1

7 AMC, CFS, ATM, TET, Q, AMP, AZM 1
CFS, ATM, SXT, TET, Q, AMP, AZM 1
CFS, ATM, SXT, TET, GEN, Q, AMP 1

AMP = Ampicillin, AZM = Azithromycin, Q = Quinolones, 
CFS = Cephalosporines, COL = Colistin, 
TET = Tetracycline, SXT = Sulfamethoxazole/
trimethoprim, ATM = Aztreonam, GEN = Gentamicin



Veterinary World, EISSN: 2231-0916 884

Available at www.veterinaryworld.org/Vol.17/April-2024/17.pdf

Previous studies characterizing resistance levels 
and mechanisms in E. coli recovered from compan-
ion animals in Peru are scarce [8]. However, studies 
conducted in Cajamarca (Northern Peru) [33] showed 
resistance levels of 61% for streptomycin and 51% 
for ampicillin, the antibiotics most commonly used 
in daily clinical practice in the region. The levels of 
antibiotic resistance in the present study were simi-
lar to those reported from Minas Gerais, a populous 
state in Brazil [3], although they did not report colistin 
resistance.

Our results are consistent with the increase in 
ESBL-producing E. coli reported in dogs worldwide, 
mainly related to the high use of β-lactams in clinical 
practice in veterinary medicine [34, 35]. The percent-
age of samples possessing ESBL-producing E. coli 
was 13.3%, similar to other countries in the region, 
such as Ecuador [36]. In the comparison among iso-
lates, we found 34.3% of ESBL producers, which is a 
lower percentage than that reported in Thailand [10].

Regarding CTX-M variants, various ESBLs 
were found in the study, with blaCTX-M-55 being the 
most frequent. In addition, CTX-M-15 and CTX-
M-8G were found. It is of note that CTX-M-55 has 
been previously reported in Peru in studies includ-
ing samples of diverse origins (healthy human and 
clinical samples, marketed food, drinking water, and 

animals including wild mammals, poultry, livestock, 
and companion animals) [37–39]. Moreover, in ESBL 
studies in this region, CTX-M-55 has been the most 
frequently reported [3]. It should also be noted that 
CTX-M-15, the dominant variant worldwide [40], was 
not very frequently identified in this study. Similarly, 
other studies in the area have described the same find-
ing, suggesting that CTX-M-15 is not the predomi-
nant ESBL in Peru [37, 41]. CTX-M-8G, a rare ESBL 
group, has been previously detected in dog feces in 
Northern Peru [38]. It is worth mentioning that some 
of the ESBL-positive strains did not amplify CTX-M, 
suggesting that other mechanisms may be involved, 
such as TEM or other less frequent ESBLs, a scenario 
that has already been reported in other cases in the 
country [25].

Colistin is used as a last resort for human clini-
cal use against multiresistant bacteria, and it has not 
been marketed for veterinary use in small animals in 
the country since 2019 [42]. However, the results of 
our study showed that 14.3% of E. coli isolates were 
resistant to colistin, even in E. coli isolated from ani-
mals considered to be clinically healthy. In previous 
studies, mcr-1 carriage was associated with colistin 
resistance in E. coli from dogs and their owners [35]; 
however, resistance to colistin in the present study 
was probably related to chromosomal mutations, 
which were reported as a major mechanism in other 
Enterobacteria such as Klebsiella pneumoniae [43]. 
In this sense, three of five colistin-resistant isolates 
possessed mutations in the promoter region of mgrB, 
and another isolate possessed the amino acid substi-
tution V8A. While no data about the effect of muta-
tions in the promoter region of mgrB have been found 
in the literature, alterations in the promoter region 
of genes have the potential to affect (increasing, 
decreasing, or avoiding) the final expression levels of 
subsequently encoded peptides [44]. However, while 
the role of these alterations in promoter regions in 
final colistin MIC levels cannot be ruled out, they are 
outside the PhoP box and do not affect the -10 region 
or transcription start sites. Nevertheless, further stud-
ies are necessary to elucidate the effects of these 
alterations [45]. Meanwhile, the amino acid substi-
tution V8A has been described in both colistin-re-
sistant and colistin-susceptible isolates, suggesting a 
polymorphism or little effect on final colistin MIC 
levels [46]. Furthermore, PFGE and phylogenetic 
analysis demonstrated that these strains were clonally 

Figure-2: Clonal relationship and phylogeny of colistin-resistant isolates.

Table-2: Factors associated with antimicrobial family 
resistance.

Associated factors PR (95% CI) p-value

Age
<6 years Ref
≥6 years 0.41 (0.19–0.90) 0.027*

Raw diet
No Ref.
Yes 1.78 (0.99–3.20) 0.054

Owner consumes antibiotics
No Ref.
Yes 0.64 (0.35–1.19) 0.159

District
Surco Ref.
Villa El Salvador 0.67 (0.36–1.25) 0.212

Sex
Female Ref.
Male 0.86 (0.43–1.72) 0.678

Coexists with other animals
No Ref.
Yes 0.96 (0.49–1.89) 0.912

PR = Prevalence ratio, *p < 0.05
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unrelated. Thus, exposure to colistin, which has been 
used in the avian sector for many years as a possi-
ble source of exposure through the food chain, can be 
considered [47].

When exploring the factors associated with 
AMR, we observed that diet appears to be a critical 
factor in resistance to certain families of antimicro-
bials. Although a dry diet based on different types of 
proteins, carbohydrates, grains, and other components 
that undergo dehydration was reported to be con-
sumed by most of the dogs in our study, we found an 
association between consumption of a raw diet and 
resistance to a higher number of antimicrobial fami-
lies. Raw food as the basis of a dog diet has gained 
interest recently because of studies or cases of cardiac 
pathologies related to different types of preservatives 
or ingredients used in dry foods [48]. However, the 
consumption of raw meat has been associated with 
a high risk of antibiotic-resistant E. coli and other 
food-borne bacteria, such as Salmonella [49]. It has 
also been associated with MDR E. coli in dogs with 
a raw meat-based diet in Brazil [3], emphasizing the 
importance of surveillance and control of this type 
of food, the consumption of which has increased in 
recent years. Moreover, this study found younger age 
to be a risk factor for AMR, despite age being related 
to longer exposure time to antimicrobials [50]. This 
fact could be related to the use of antimicrobials for 
treating diarrhea associated with dietary changes in 
puppies.

Close contact between pets, their owners, and the 
environment has led to the sharing of bacteria, includ-
ing resistant bacteria [51]. Thus, the spread of bacteria 
from humans to animals and vice versa poses a risk for 
treating non-human infections and may compromise 
the treatment of infections in veterinary medicine. 
Therefore, the high consumption of antimicrobials by 
animal owners is noteworthy in our study, with more 
than 40% of the owners having consumed antibiotics 
in the previous month.
Limitation

One of the limitations of this study was the lack 
of data related to the clinical history of the dogs from 
which the samples were collected, thereby preclud-
ing the analysis of the association between antibiotic 
resistance and underlying pathologies. Another limita-
tion was that while the study power was sufficient to 
recognize the strongest associated factors, it was not 
sufficient to adjust a multivariate regression model.
Conclusion

Our study demonstrates that dogs can be an 
important source of antibiotic resistance genes, 
including ESBLs and those involved in resistance to 
antibiotics of last resort, such as colistin. This is likely 
related to the high veterinary and dietary use of antibi-
otics, despite the prohibition of their use. The results 
of this study provide a better understanding of the 

presence of antibiotic-resistant bacteria in companion 
animals. They also highlight the need for strategies to 
prevent the spread of resistant strains in small animal 
clinics and domestic settings.
Data Availability

The datasets generated during the current study 
are available from the corresponding author upon a 
reasonable request.
Authors’ Contributions

MJP, JR, and MV: Conceptualization. MV, RO, 
KE, FG, AMQ, NV, ML, BRB, and YS: Acquisition 
of data, statistical analysis, and interpretation of data. 
All authors participated in drafting and reviewing of 
the manuscript. All authors have read, reviewed, and 
approved the final manuscript.
Acknowledgments

This study was elaborated during the master’s 
program in Clinical Epidemiology and Biostatistics 
– at Universidad Científica del Sur, Lima, Peru. 
This study was supported by the Universidad 
Científica del Sur and Fondo Nacional de Desarrollo 
Científico, Tecnológico y de Innovación Tecnológica 
(FONDECYT - Perú) within the “Proyecto de 
Mejoramiento y Ampliación de los Servicios del 
Sistema Nacional de Ciencia, Tecnología e Innovación 
Tecnológica”; [contract: 08-2019-FONDECYT-BM-
INC-INV] and by the Universidad Científica del Sur 
through Fondo Beca Cabieses - Concurso de Proyectos 
de Tesis de postgrado 2021-1 (452-2020-POS99). 
This study was developed within the frame of the net 
221RT0113 from the Programa Iberoamericano de 
Ciencia y Tecnología para el Desarrollo (CYTED).
Competing Interests

The authors declare that they have no competing 
interests.
Publisher’s Note

Veterinary World remains neutral with regard 
to jurisdictional claims in published institutional 
affiliation.
References
1. Antimicrobial Resistance Collaborators. (2022) Global bur-

den of bacterial antimicrobial resistance in 2019: A system-
atic analysis. Lancet, 399(10325): 629–655.

2. Guardabassi, L., Schwarz, S. and Lloyd, D.H. (2004) Pet 
animals as reservoirs of antimicrobial-resistant bacteria. 
J. Antimicrob. Chemother. 54(2): 321–332.

3. Ramos, C.P., Kamei, C.Y.I., Viegas, F.M., de Melo 
Barbieri, J., Cunha, J.L.R., Hounmanou, Y.M.G., 
Coura, F.M., Santana, J.A., Lobato, F.C.F., Bojesen, A.M. 
and Silva, R.O.S. (2022) Fecal shedding of multidrug resis-
tant Escherichia coli isolates in dogs fed with raw meat-
based diets in Brazil. Antibiotics, 11(4): 534.

4. Wu, Y., Fan, R., Wang, Y., Lei, L., Fessler, A.T., Wang, Z., 
Wu, C., Schwarz, S. and Wang, Y. (2019) Analysis of com-
bined resistance to oxazolidinones and phenicols among 
bacteria from dogs fed with raw meat/vegetables and the 
respective food items. Sci. Rep., 9(1): 15500.



Veterinary World, EISSN: 2231-0916 886

Available at www.veterinaryworld.org/Vol.17/April-2024/17.pdf

5. Carvalho, I., Carvalho, J.A., Martinez-Alvarez, S., 
Sadi, M., Capita, R., Alonso-Calleja, C., Rabbi, F., 
Dapkevicius, M.L.N., Igrejas, G., Torres, C. and Poeta, P. 
(2021) Characterization of ESBL-producing Escherichia 
coli and Klebsiella pneumoniae isolated from clinical sam-
ples in a Northern Portuguese hospital: Predominance of 
CTX-M-15 and high genetic diversity. Microorganisms, 
9(9): 1914.

6. Bourne, J.A., Chong, W.L. and Gordon, D.M. (2019) 
Genetic structure, antimicrobial resistance and frequency 
of human associated Escherichia coli sequence types 
among faecal isolates from healthy dogs and cats living in 
Canberra, Australia. PLoS One, 14(3): e0212867.

7. Jang, J., Hur, H.G., Sadowsky, M.J., Byappanahalli, M.N., 
Yan, T. and Ishii, S. (2017) Environmental Escherichia coli: 
Ecology and public health implications-a review. J. Appl. 
Microbiol., 123(3): 570–581.

8. Castillo, A.K., Espinoza, K., Chaves, A.F., Guibert, F., 
Ruiz, J. and Pons, M.J. (2022) Antibiotic susceptibility 
among non-clinical Escherichia coli as a marker of anti-
biotic pressure in Peru (2009–2019): One health approach. 
Heliyon, 8(9): e10573.

9. Garcias, B., Aguirre, L., Seminati, C., Reyes, N., Allepuz, A., 
Obon, E., Molina-Lopez, R.A. and Darwich, L. (2021) 
Extended-spectrum β-lactam resistant Klebsiella pneu-
moniae and Escherichia coli in wild European hedgehogs 
(Erinaceus europeus) living in populated areas. Animals, 
11(10): 2837.

10. Nittayasut, N., Yindee, J., Boonkham, P., Yata, T., 
Suanpairintr, N. and Chanchaithong, P. (2021) Multiple and 
high-risk clones of extended-spectrum cephalosporin-re-
sistant and blaNDM-5-harbouring uropathogenic Escherichia 
coli from cats and dogs in Thailand. Antibiotics (Basel), 
10(11): 1374.

11. Bandyopadhyay, S., Banerjee, J., Bhattacharyya, D., 
Tudu, R., Samanta, I., Dandapat, P., Nanda, P.K., Das, A.K., 
Mondal, B., Batabyal, S. and Dutta, T.K. (2021) Companion 
animals emerged as an important reservoir of carbapen-
em-resistant Enterobacteriaceae: A report from India. Curr. 
Microbiol., 78(3): 1006–1016.

12. Cole, S.D., Peak, L., Tyson, G.H., Reimschuessel, R., 
Ceric, O. and Rankin, S.C. (2020). New Delhi metal-
lo-β-lactamase-5-producing Escherichia coli in companion 
animals, United States. Emerg. Infect. Dis., 26(2): 381–383.

13. Sato, T., Harada, K., Usui, M., Yokota, S.I. and Horiuchi, M. 
(2022) Colistin susceptibility in companion animal-derived 
Escherichia coli, Klebsiella spp., and Enterobacter spp. In 
Japan: Frequent isolation of colistin-resistant Enterobacter 
cloacae complex. Front. Cell. Infect. Microbiol., 
12: 946841.

14. Bevan, E.R., Jones, A.M. and Hawkey, P.M. (2017), Global 
epidemiology of CTX-M β-lactamases: Temporal and geo-
graphical shifts in genotype. J Antimicrob. Chemother., 
72(8): 2145–2155.

15. Das, S. (2023) The crisis of carbapenemase-mediated car-
bapenem resistance across the human-animal-environmen-
tal interface in India. Infect. Dis. Now., 53(1): 104628.

16. Formenti, N., Grassi, A., Parisio, G., Romeo, C., 
Guarneri, F., Birbes, L., Pitozzi, A., Scali, F., Maisano, A.M., 
Boniotti, M.B., Pasquali, P. and Alborali, G.L. (2021) 
Extended-spectrum-β-lactamase-and AmpC-producing 
Escherichia coli in domestic dogs: Spread, characteri-
sation and associated risk factors. Antibiotics (Basel), 
10(10): 1251.

17. Naha, S., Sands, K., Mukherjee, S., Dutta, S. and Basu,S. 
(2022) A 12 year experience of colistin resistance in 
Klebsiella pneumoniae causing neonatal sepsis: Two-
component systems, efflux pumps, lipopolysaccharide mod-
ification and comparative phylogenomics. J. Antimicrob. 
Chemother., 77(6): 1586–1591.

18. Conceicao-Neto, O.C., Santos da Costa, B., da Silva 
Pontes, L., Chaves Silveira, M., Justo-da-Silva, L.H., de 

Oliveira Santos, I.C., Tavares Teixeira, C.B., Tavares, E., 
Oliveira, T.R., Stephens Hermes, F., Calcagno Galvao, T., 
Antunes, L.C., Rocha-de-Souza, C.M. and Carvalho-
Assef, A.P.D. (2022) Polymyxin resistance in clinical iso-
lates of K. pneumoniae in Brazil: Update on molecular 
mechanisms, clonal dissemination and relationship with 
KPC-producing strains. Front. Cell. Infect. Microbiol., 
12: 898125.

19. Ortega-Paredes, D., Haro, M., Leoro-Garzon, P., Barba, P., 
Loaiza, K., Mora, F., Fors, M., Vinueza-Burgos, C. 
and Fernandez-Moreira, E. (2019) Multidrug-resistant 
Escherichia coli isolated from canine faeces in a pub-
lic park in Quito, Ecuador. J. Glob. Antimicrob. Resist., 
18: 263–268.

20. Lappin, M.R., Blondeau, J., Boothe, D., Breitschwerdt, E.B., 
Guardabassi, L., Lloyd, D.H., Papich, M.G., Rankin, S.C., 
Sykes, J.E., Turnidge, J. and Weese, J.S. (2017) 
Antimicrobial use guidelines for treatment of respiratory 
tract disease in dogs and cats: Antimicrobial guidelines 
working group of the International Society for Companion 
Animal Infectious Diseases. J. Vet. Intern. Med., 31(2): 
279–294.

21. Ji, X.W., Liao, Y.L., Zhu, Y.F., Wang, H.G., Gu, L., Gu, J., 
Dong, C., Ding, H.L., Mao, X.H., Zhu, F.C. and Zou, Q.M. 
(2010) Multilocus sequence typing and virulence fac-
tors analysis of Escherichia coli O157 strains in China. 
J. Microbiol., 48(6): 849–855.

22. Clinical and Laboratory Standards Institute. (2021) 
Performance Standards for Antimicrobial Susceptibility 
Testing, M100. 31st ed. Clinical and Laboratory Standards 
Institute, Wayne, PA.

23. European Committee on Antimicrobial Susceptibility 
Testing (EUCAST). (2022) Breakpoint Tables for 
Interpretation of MICs and Zone Diameters Version 12. 
Available from: https://www.eucast.org/clinical_break-
points. Retrieved on 08-04-2024.

24. Magiorakos, A.P., Srinivasan, A., Carey, R.B., Carmeli, xY., 
Falagas, M.E., Giske, C.G., Harbarth, S., Hindler, J.F., 
Kahlmeter, G., Olsson-Liljequist, B., Paterson, D.L., 
Rice, L.B., Stelling, J., Struelens, M.J., Vatopoulos, A., 
Weber,  J.T. and Monnet, D.L. (2012) Multidrug-resistant, 
extensively drug-resistant and pandrug-resistant bacteria: 
An international expert proposal for interim standard defini-
tions for acquired resistance. Clin. Microbiol. Infect., 18(3): 
268–281.

25. Palma, N., Pons, M.J., Gomes, C., Mateu, J., Riveros, M., 
García, W., Jacobs, J., García, C., Ochoa, T.J. and Ruiz, J. 
(2017) Resistance to quinolones, cephalosporins and mac-
rolides in Escherichia coli causing bacteraemia in Peruvian 
children. J. Glob. Antimicrob. Resist., 11: 28–33.

26. Pons, M.J., Marí-Almirall, M., Ymaña, B., Moya-Salazar, J., 
Muñoz, L., Sauñe, S., Salazar-Hernández, R., Vila, J. and 
Roca, I. (2020) Spread of ST348 Klebsiella pneumoniae 
producing NDM-1 in a Peruvian hospital. Microorganisms, 
8(9): 1392.

27. Lescat, M., Poirel, L. and Nordmann, P. (2018) Rapid mul-
tiplex polymerase chain reaction for detection of mcr-1 to 
mcr-5 genes. Diagn. Microbiol. Infect. Dis., 92(4): 267–269.

28. Huang, C., Shi, Q., Zhang, S., Wu, H. and Xiao, Y. (2021) 
Acquisition of the mcr-1 gene lowers the target mutation to 
impede the evolution of a high-level colistin-resistant mutant 
in Escherichia coli. Infect. Drug Resist., 14: 3041–3051.

29. Clermont, O., Christenson, J.K., Denamur, E. and 
Gordon,D.M. (2013) The Clermont Escherichia coli phy-
lo-typing method revisited: Improvement of specificity and 
detection of new phylo-groups. Environ. Microbiol. Rep., 
5(1): 58–65.

30. Gautom, R. (1997) Rapid pulsed-field gel electrophoresis 
protocol for typing of Escherichia coli O157:H7 and other 
gram-negative organisms in 1 day. J. Clin. Microbiol., 
35(11): 2977–2980.

31. Heras, J., Dominguez, C., Mata, E., Pascual, V., Lozano, C., 



Veterinary World, EISSN: 2231-0916 887

Available at www.veterinaryworld.org/Vol.17/April-2024/17.pdf

Torres, C. and Zarazaga, M. (2015) GelJ--a tool for ana-
lyzing DNA fingerprint gel images. BMC Bioinformatics, 
16: 270.

32. Guiral, E., Pons, M.J., Vubil, D., Marí-Almirall, M., 
Sigaúque, B., Soto, S.M., Alonso, P.L., Ruiz, J., Vila, J. and 
Mandomando, I. (2018) Epidemiology and molecular char-
acterization of multidrug-resistant Escherichia coli isolates 
harboring blaCTX-M group 1 extended-spectrum β-lactamases 
causing bacteremia and urinary tract infection in Manhiça, 
Mozambique. Infect. Drug Resist., 11: 927–936.

33. Gamarra Ramírez, R.G. (2018) Resistencia Antimicrobiana 
de Escherichia coli y su Relación con Factores Asociados 
en Perros de Compañía en Cajamarca. (Thesis) Universidad 
Nacional de Cajamarca, Cajamarca, Peru.

34. Collignon, P., Powers, J.H., Chiller, T.M., Aidara-Kane, A. 
and Aarestrup, F.M. (2009) World Health Organization 
ranking of antimicrobials according to their importance in 
human medicine: A critical step for developing risk man-
agement strategies for the use of antimicrobials in food pro-
duction animals. Clin. Infect. Dis., 49(1): 132–141.

35. Lei, L., Wang, Y., He, J., Cai, C., Liu, Q., Yang, D., Zou, Z., 
Shi, L., Jia, J., Wang, Y., Walsh, T.R., Shen, J. and Zhong Y. 
(2021) Prevalence and risk analysis of mobile colistin resis-
tance and extended-spectrum β-lactamase genes carriage in 
pet dogs and their owners: A population based cross-sec-
tional study. Emerg. Microbes. Infect., 10(1): 242–251.

36. Mitman, S.L., Amato, H.K., Saraiva-Garcia, C., Loayza, F., 
Salinas, L., Kurowski, K., Marusinec, R., Paredes, D., 
Cárdenas, P., Trueba, G. and Graham, J.P. (2022) Risk 
factors for third-generation cephalosporin-resistant and 
extended-spectrum β-lactamase-producing Escherichia coli 
carriage in domestic animals of semirural parishes east of 
Quito, Ecuador. PLOS Glob. Public Health, 2(3): e0000206.

37. Benavides, J.A., Godreuil, S., Opazo-Capurro, A., 
Mahamat, O.O., Falcon, N., Oravcova, K., Streicker, D.G. 
and Shiva C. (2022) Long-term maintenance of multi-
drug-resistant Escherichia coli carried by vampire bats 
and shared with livestock in Peru. Sci. Total. Environ., 
810: 152045.

38. Medina-Pizzali, M.L., Venkatesh, A., Riveros, M., 
Cuicapuza, D., Salmon-Mulanovich, G., Mausezahl, D. 
and Hartinger, S.M. (2022) Whole-genome characterisation 
of ESBL-producing E. coli isolated from drinking water 
and dog faeces from rural Andean households in Peru. 
Antibiotics (Basel), 11(5): 692.

39. Murray, M., Salvatierra, G., Davila-Barclay, A., 
Ayzanoa, B., Castillo-Vilcahuaman, C., Huang, M., 
Pajuelo, M.J., Lescano, A.G., Cabrera, L., Calderon, M., 
Berg, D.E., Gilman, R.H. and Tsukayama, P. (2021) Market 
chickens as a source of antibiotic-resistant Escherichia coli 
in a peri-urban community in Lima, Peru. Front. Microbiol., 
12: 635871.

40. Castanheira M., Simner P.J. and Bradford P.A. (2021) 
Extended-spectrum β-lactamases: An update on their char-
acteristics, epidemiology and detection. JAC Antimicrob. 
Resist., 3(3): dlab092.

41. Guibert, F., Espinoza, K., Taboada-Blanco, C., Alonso, C.A., 
Oporto, R., Castillo, A.K., Rojo-Bezares, B., López, M., 
Sáenz, Y., Pons, M.J. and Ruiz J.(in press) Traditional mar-
keted meats as a reservoir of multidrug-resistant Escherichia 
coli. Int. Microbiol.,23.

42. Ministerio de Agricultura y Riego [MINAGRI]. (2019) 
Resolución Directoral N° 0091-2019-MINAGRI-
SENASA-DIAIA. Available from: https://busquedas.
elperuano.pe/normaslegales/disponen-prohibir-la-im-
portacion-comercializacion-fabricac-resolucion-direc-
toral-no-0091-2019-minagri-senasa-diaia-1832393-1. 
Retrieved on 08-04-2024.

43. Khoshbayan, A., Shariati, A., Razavi, S., Baseri, Z., 
Ghodousi, A. and Darban-Sarokhalil, D. (2022) Mutation 
in mgrB is the major colistin resistance mechanism in 
Klebsiella pneumoniae clinical isolates in Tehran, Iran. Acta 
Microbiol. Immunol. Hung., 69: 61–67.

44. Ince, D. and Hooper, D.C. (2003) Quinolone resistance due 
to reduced target enzyme expression. J. Bacteriol., 185(23): 
6883–6892.

45. Eguchi, Y., Okada, T., Minagawa, S., Oshima, T., Mori, H., 
Yamamoto, K., Ishihama, A. and Utsumi, R. (2004) Signal 
transduction cascade between EvgA/EvgS and PhoP/PhoQ 
two-component systems of Escherichia coli. J. Bacteriol., 
186(10): 3006–3014.

46. Luo, Q., Yu, W., Zhou, K., Guo, L., Shen, P., Lu, H., 
Huang, C., Xu, H., Xu, S., Xiao, Y. and Li, L. (2017) 
Molecular epidemiology and colistin resistant mecha-
nism of mcr-positive and mcr-negative clinical isolated 
Escherichia coli. Front. Microbiol., 8: 2262.

47. Monte, D.F., Mem, A., Fernandes, M.R., Cerdeira, L., 
Esposito, F., Galvão, J.A., Franco, B.D.G., Lincopan, N. 
and Landgraf, M. (2017) Chicken meat as a reservoir of 
colistin-resistant Escherichia coli strains carrying mcr-1 
genes in South America. Antimicrob. Agents Chemother., 
61(5): e02718–16.

48. Smith, C.E., Parnell, L.D., Lai, C.Q., Rush, J.E. and 
Freeman, L.M. (2021) Investigation of diets associated with 
dilated cardiomyopathy in dogs using foodomics analysis. 
Sci. Rep., 11: 15881.

49. Groat, E.F., Williams, N.J., Pinchbeck, G., Warner, B., 
Simpson, A. and Schmidt, V.M. (2022) UK dogs eating raw 
meat diets have higher risk of Salmonella and antimicrobi-
al-resistant Escherichia coli faecal carriage. J. Small Anim. 
Pract., 63(6): 435–441.

50. Ekakoro, J.E., Hendrix, G.K., Guptill, L.F. and Ruple, A. 
(2022) Antimicrobial susceptibility and risk factors for 
resistance among Escherichia coli isolated from canine 
specimens submitted to a diagnostic laboratory in Indiana, 
2010–2019. PLoS One, 17(8): e0263949.

51. Dazio, V., Nigg, A., Schmidt, J.S., Brilhante, M., Campos-
Madueno, E.I., Mauri, N., Kuster, S.P., Brawand, S.G., 
Willi, B., Endimiani, A., Perreten, V. and Schuller, S. (2021) 
Duration of carriage of multidrug-resistant bacteria in dogs 
and cats in veterinary care and co-carriage with their own-
ers. One Health, 13: 100322.

********


