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Abstract
The constant isolation of antimicrobial resistant bacteria from animals poses a serious risk to public health, due to
the close relationship between humans and domestic animals as dogs, cats, and horses, mainly. Antimicrobial
resistance determinants can be spread among bacterial populations from community or hospital and transmitted
to people in close contact with animals, such as their owners and veterinary staff. We characterize the antimicrobial
resistance and the genetic relationship among five Klebsiella pneumoniae multidrug-resistant isolated from canine
and one isolated from a horse in a Veterinary Teaching Hospital in Brazil. Antimicrobial resistance was investigated
using disk diffusion assay and ESBL genes by PCR. Identification of the Klebsiella species and phylogroups were
perform combining the PCR and RFLP techniques. Inc/replicons groups were detected by PCR based replicon typing
and clonal relatedness was assessed by pulsed-field gel electrophoresis. The six isolates were identified as
multidrug-resistant (MDR) K. pneumoniae belonging to phylogenetic group KpI. blaCTX-M, blaSHV, and blaTEM genes
were found, and blaTEM was present in all ESBL-positive strains (5/6=83.3 %), and Inc/replicons groups harbored
(HI2, X, L/M, FIC, and K), associate with ESBL genes dissemination. PFGE showed genetic similarity (> 95 %)
between one strain from a dog and another from the horse. This study revealed that different animal species carry
multidrug-resistant bacterial clones that can be disseminated in the environment, to other animal species and
humans. In this way, the widespread use or the misuse of antimicrobials may contribute to generate a population
of resistant bacteria, including K. pneumoniae.
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1. Introduction
Like in human medicine, antimicrobial
resistance has emerged in veterinary hospitals and
practices as a global issue (Giguère et al. 2013). Most
of the antimicrobials used in veterinary therapies are
also administered in human medicine, including
those for exclusive use in hospitals, as some β-lactams
antibiotics (Guardabassi et al. 2004).

The close contact between humans
and domestic animals as dogs and cats have been
established since ancient times and can even be
considered a coevolution example (Amiot et al.
2016). Like dogs, horses and humans have lived
together for thousands of years and these animals
have been used in transportation, work,
entertainment, sports, and equine-assisted therapy
(Thomassian 2005).

Siqueira et al., VMPH 1(2);2020: 41-47
The emergence of β-lactam resistant bacteria in
domestic animals, especially dogs and cats, and the
potential dissemination of resistant strains from
animals to humans poses a serious risk to public
health. Antimicrobial resistance determinants can be
spread among bacterial populations from
community-acquired or hospital infections and
transmitted to people in close contact with animals,
such as their tutors and veterinary staff (Suthar et al.
2014). The risk factors involved in the transmission
of resistant bacteria to humans include direct contact
or the domestic environment (Guardabassi et al.
2004).
In this context, clonal spread and animal-tohuman transfer of antimicrobial genes of bacteria are
concerns associated with antimicrobial resistance
among commensal microorganisms. Commensal
strains can act as a source of antimicrobial resistance
genes to pathogens through horizontal gene transfer,
although the pathways depend on several factors, e.g.,
the number of donors and recipients, nutrition,
selective pressure and transfer mechanisms
(Marshall 2009).
In developing countries, growing close
populations of humans and animals provide suitable
conditions for the microorganisms to adapt to human
hosts (Bhatia and Narain 2010). Several factors
contribute to the emergence of zoonotic pathogens:
close physical contact between animals and human,
easy transportation, ecological and environmental
changes (Marshall 2009).
Klebsiella spp. has been more frequently
isolated in outbreaks of multidrug-resistant bacterial
infections in human patients, mainly as a result of the
production of extended-spectrum beta-lactamases
(ESBL) (Hendrik et al. 2015).
Antimicrobial resistance is a worldwide
problem in health care settings due to increased
morbidity rates, cost of treatment and high mortality.
The overuse and the misuse of antibiotics provide
selection pressure over resistant clones, contributing
to the dissemination and the acquisition of resistance
determinants from these lineages. Therefore, in the
present study, we characterize the antimicrobial
resistance pattern and the genetic relationship
among
five
multidrug-resistant
Klebsiella
pneumoniae strains isolated from dogs and a horse
from a Veterinary Teaching Hospital in Brazil.

2. Material and Methods
Bacterial isolates
Six clinical multidrug-resistant K. pneumoniae
isolates, from five dogs and one horse, were obtained
from the Veterinary Microbiology Laboratory of a
Veterinary Teaching Hospital located on Botucatu,
São Paulo, Brazil, between July 2012 and July 2014.
The isolates were first cultured from clinical samples
received from veterinarians in different sectors of the
Hospital.
The clinical samples were placed onto sheep
blood agar (5 %) and MacConkey agar and incubated
at 37 °C for 72 hours. Lactose-fermenting isolates
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were confirmed as K. pneumoniae by morphotinctorial and biochemical tests (Quinn et al. 2011).
Of these, six isolates showed in vitro multidrugresistant pattern in the routine (first) antimicrobial
susceptibility testing (disk diffusion method)
performed in the Veterinary Microbiology
Laboratory, according to the request of the
veterinarians from the Teaching Hospital. Bacteria
were isolated from different clinical sites, such as a
wound, feces, blood, semen, and urine, respectively
from the wound infection, enteritis, septicemia,
orchitis, and urinary tract infection (Figure 1).
Antimicrobial susceptibility testing (AST)
The second antimicrobial susceptibility testing
(AST) was performed according to CLSI
recommendations (CLSI 2013, 2015, 2016), and also
included the antimicrobials applied on the first test
(gentamicin, florfenicol, ampicillin, ceftiofur,
enrofloxacin, sulfonamide and tetracycline).
Aminoglycosides (amikacin 30 μg; gentamicin 10 μg),
amphenicols (chloramphenicol 30 μg, florfenicol 30
μg), beta-lactams (amoxicillin + clavulanic acid 30 μg,
ampicillin 10 μg, cephalexin 30 μg, cephalothin 30 μg,
ceftiofur 30 μg, ceftriaxone 30 μg, imipenem 10 μg),
fluoroquinolones (ciprofloxacin 5 μg, enrofloxacin
5μg, levofloxacin 5μg, norfloxacin 10 μg),
sulfonamide (trimethoprim + sulfamethoxazole 300
UI) and tetracycline (30 μg) were used in all AST
tests. Multidrug resistance (MDR) was defined as
resistance to three or more antimicrobial classes
(Magiorakos et al. 2012). E. coli ATCC 25922 was
used for quality control purposes, according to the
CLSI (2013) document.
Extended-spectrum β-lactamase (ESBL) phenotypic
detection
The detection of ESBL production was
performed by two different methods: the double-disk
synergy test (DDST) and two commercially available
Etest™ (AB Biodisk, Solna, Sweden). The DDST was
done using aztreonam (30μg), ceftriaxone (30 μg),
cefotaxime (30 μg) and ceftazidime (30 μg) disks
placed at 20 mm, center to center, from
amoxicillin/clavulanic acid (30 μg) disks (CLSI 2016).
The Etest™ was performed according to the
manufacturer´s instruction. One of the strips used
(TZ/TZL)
contains
gradient
concentrations
ceftazidime (0.5-32 μg/mL) at one side and
ceftazidime (0.064-4 μg/mL) plus clavulanic acid (4
μg/mL) at the other. The other strip used (PM/PML)
contains gradient concentrations of cefepime (0.2516 μg/mL) at one side and cefepime (0.064-4 μg/mL)
plus clavulanic acid (4 μg/mL) at the other. A strain
was considered ESBL-producing when there was a
reduction in the minimum inhibitory concentration
(MIC) of ceftazidime/cefepime ≥ 3 log2 dilutions in
the presence of clavulanic acid or by the appearance
of a phantom zone (Stürenburg et al. 2004).
Klebsiella pneumoniae ATCC 700603 was used
as ESBL-positive control and Escherichia coli ATCC
25922 as negative control, according to the CLSI
(2016) document.
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Molecular analyses

pneumoniae lineages were isolated from a urine

DNA extraction
Each isolate was inoculated onto TSA (tryptic
soy agar) at 37°C, overnight, for confluent growth.
Bacteria were suspended in 100 μL sterile water and
boiled at 100 °C, for 10 min. Right after, they were
centrifuged at 10,000 g for 3 min. The supernatant
was collected into a new microtube and refrigerated
at – 20 °C.
Extended-spectrum β-lactamase (ESBL) genotypic
detection
K.
pneumoniae
producing-ESBL
were
additionally screened for the presence of the blaCTX-M,
blaTEM and blaSHV family genes by polymerase chain
reaction (PCR) as previously described (Cao et al.
2002; Boyd et al. 2004).
Plasmid Replicon Typing
The Inc/replicon groups from multidrugresistant K. pneumoniae strains were detected using
PCR based replicon typing - PBRT (Carattoli et al.
2005).
Molecular confirmation of the genus Klebsiella and
differentiation of K. pneumoniae and K. oxytoca
To confirm the genus Klebsiella and to
differentiate the isolates among K. pneumoniae and K.
oxytoca species, multiplex-PCR was applied,
according to previously described (Chander et al.
2011).
Phylogeny of Klebsiella pneumoniae
The
phylogenetic
classification
of
K.
pneumoniae was performed based on Brisse and
Verhoef (2001) and Brisse et al. (2004) protocols,
combining the PCR and RFLP techniques, aiming the
identification of the isolates into the KpI, KpII and
KpIII groups.
Pulsed-field Gel Electrophoresis (PFGE)
The genetic relatedness of K. pneumoniae was
analyzed by pulsed-field gel electrophoresis (PFGE)
using the XbaI restriction enzyme, according to Ribot
et al. (2006). BioNumerics software (version 7.1;
Applied Maths, Belgium) was used for similarity
analysis, calculation of the Dice correlation
coefficient, and generation of a dendrogram by the
UPGMA method. Band position tolerance and
optimization were adjusted to 1 and 1.2%,
respectively. A similarity coefficient of 80% was
chosen for cluster definition.
Ethical approval
The study was approved by the Ethics
Committee on Animal Use (CEUA) of the School of
Veterinary Medicine and Animal Sciences, São Paulo
State University, UNESP, Botucatu, SP, Brazil
(protocol number 0197/2018).

sample, two rectal swabs, a catheter tip and surgical
wound secretion from dogs, and the semen of the
horse.
The AST revealed the following resistance
profiles: aminoglycosides (amikacin, 100 % resistant;
gentamicin, 100 % resistant); amphenicols
(chloramphenicol, 100 % resistant; florfenicol, 100 %
resistant); beta-lactams (amoxicillin + clavulanic
acid, 66.7 % resistant; ampicillin, 100 % resistant;
cephalexin, 100 % resistant; cephalothin, 100 %
resistant; ceftiofur, 100 % resistant; ceftriaxone, 100
% resistant; imipenem, 16.7 % resistant);
fluorquinolones (ciprofloxacin, 66.7 % resistant;
enrofloxacin, 100 % resistant; levofloxacin, 83.3 %
resistant; norfloxacin, 100 % resistant); sulfonamide
(trimethoprim + sulfamethoxazole, 83.3 % resistant)
and tetracycline, 50 % resistant. AST results showed
that all isolates were resistant to at least one drug
from three or more antimicrobials classes, thus,
multidrug-resistant (MDR) (Figure 1).
Five (83.3 %) Klebsiella pneumoniae (four
isolates from dogs and the isolate from the horse)
were ESBL producers. Also, strains harbored ESBLfamily genes: blaCTX-M in one (16.7 %) isolate from a
dog, blaTEM in five (83.3 %) isolates (four isolates from
dogs and the one from the horse), and blaSHV in three
(50 %) isolates from dogs (Figure 1).
The Klebsiella pneumoniae strains harbored the
Inc/replicon groups HI2, X, L/M, FIC, and K. FIC was
identified in five isolates and L/M in four. One strain
did not display any of the replicons tested (Figure 1).
All isolates were identified as Klebsiella
pneumoniae by biochemical and molecular assays.
The six isolates were placed into phylogenetic group
KpI.
The PFGE generated more than eight
chromosomal DNA fragments for each Klebsiella
pneumoniae isolate.
Six XbaI-macrorestriction
patterns (a-f) were obtained, and two pulsotypes
(one from a dog and another from the equine) were
closely related (95.2 % of similarity) (Figure 1).

3. Results
The six investigated isolates were obtained from
five dogs with urinary tract infection (UTI), enteritis,
septicemia, and surgical wound infection, and from a
horse with orchitis. The dogs, two females and three
males ranged in age from six months to nine years,
while the male horse was 18 years old. Klebsiella

4. Discussion
The present study report six MDR Klebsiella
pneumoniae isolates, mainly ESBL-producing (blaCTXM, blaSHV, and blaTEM), obtained from domestic animal
infections presented at a Veterinary Teaching
Hospital in Brazil. All of them highlights a public
health issue due to the emergence of bacterial
resistance worldwide, particularly to extendedspectrum cephalosporins among livestock and
companion animals.
Klebsiella spp. is considered an opportunistic
pathogen often isolated from animal and human
infections. In humans, this microorganism causes
infections predominantly in hospitalized and
immunocompromised patients. The diagnosis based
only in phenotypic properties may be erroneous,
since K. pneumoniae, K. oxytoca, and K. aerogenes
(formerly Enterobacter aerogenes), can generate
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Figure (1): Dendrogram of the XbaI-macrorestriction patterns of six multidrug-resistance Klebsiella pneumoniae KpI-type
isolated from dogs and equine, and their characteristics.
aPT, Pulsotype.
bAMC, amoxicillin + clavulanic acid; AMI, amikacin; AMP, ampicillin; CFE, cephalexin; CFL, cephalothin; CFT, ceftiofur; CHL,
chloramphenicol; CIP, ciprofloxacin; CTX, ceftriaxone; ENR, enrofloxacin; FLO, florfenicol; GEN, gentamicin; IPM, imipenem; LVX,
levofloxacin; NOR, norfloxacin; SXT, trimethoprim + sulfamethoxazole; TET, tetracycline.
cESBL tests, Klebsiella pneumoniae were positive (pos)/negative (neg) on the double disk synergy test and/or ESBL strips.
dUTI, urinary tract infection.
ent, not-typeable by PCR-based replicon typing.

very similar biochemical profiles (Chander et al.
2011).
This microorganism is able to colonize mucous
membranes, compromising mainly the urinary and
respiratory tracts, evolving into severe pneumonia
and bacteremia, with high morbidity and mortality
rates (Martinez and Trabulsi 2008). In animals, the
most common infections occur in the urinary and
respiratory tract, pyometra and septicemia. There are
also reports of Klebsiella isolation from mastitis in
dairy cows, metritis in mares, and other types of
infection in dogs and birds (Brisse and van Duijikeren
2005; Harada et al. 2016).
In addition, the genetic analysis of populations
and the analysis of phylogenetic relationship among
strains have shown great utility in determining the
epidemiological patterns of bacterial dissemination
and the evolution of its pathogenicity (Brisse and
Verhoef 2001). The molecular analysis of the K.
pneumoniae, using multiplex-PCR, confirmed the
genus Klebsiella and identified the six isolates as K.
pneumoniae in all samples, showing concordance
between biochemical and molecular analysis.
Historically, the taxonomic position of the genus
Klebsiella has undergone several reclassifications. K.
pneumoniae can be classified into the three
phylogenetic groups KpI, KpII and KpIII. KpI is
associated with plants and animals, represents more
than 80 % of K. pneumoniae isolates and resistance
and virulence indexes are higher when compared to
KpII and KpIII. KpIII is mainly associated with plants
and is represented by Klebsiella variicola. All three
phylogroups have been described as causing agents
of human infections (Brisse and van Duijkeren 2005;
Holt et al. 2015).
Holt et al. (2015) proposed that phylogeny is
assigned to specific species: KpI as K. pneumoniae,
KpII for K. quasipneumoniae and KpIII as K. variicola,

and they are collectively referred as K. pneumoniae
complex. Following the findings of Brisse et al.
(2004) who observed the KpI classification in more
than 82% of clinical isolates of animals, we were able
to classify our six isolates into the KpI phylogroup, all
of them classified as multidrug-resistant, showing
resistance to at least five antimicrobial classes.
Among the Enterobacteriaceae, K. pneumoniae
is the species that presents the greatest diversity of
resistance phenotypes associated with ESBL
production, and where beta-lactamases are more
commonly found (Bonnet 2004), specially CTX-M,
SHV and TEM types (Bradford 2001). In our study, we
found K. pneumoniae harboring ESBL genes (blaCTX-M,
blaSHV, and blaTEM) isolated from dogs and one horse,
indicating the emergence of extended-spectrum
cephalosporin resistance in strains from animals
treated in a Veterinary Hospital. This fact could pose
a risk to other patients and the veterinary staff.
Multidrug-resistant K. pneumoniae have been
described in both healthy or diseased dogs and
horses, from diverse sites of infection, worldwide
(Harada et al. 2016; Sharif et al. 2017; Marques et al.
2018; Hong et al. 2019; Roza et al. 2019) as well as in
Brazil (Carneiro et al. 2017; Melo et al. 2018). K.
pneumoniae
third-generation
cephalosporinresistant were included in the Priority 1 group, the
most critical one, of the WHO (2017) antibioticresistant "priority pathogens" list.
Recently, Bassetti et al. (2018) discussed that
MDR K. pneumoniae outbreaks in human healthcare
institutions
are
triggered
through
clonal
dissemination mainly due to cross-transmission.
Besides, the MDR K. pneumoniae reservoir could be
asymptomatic individuals with rectal colonization.
The authors also suggested that periodic
investigations for prevention and outbreaks control
would be crucial. Similarly, circulating MDR K.
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pneumoniae strains within Veterinary Hospitals can
be spread to domestic animals and humans.
In our study, genetic similarity analysis was
performed aiming to found circulating clone/clones
at the Veterinary Hospital, and to understand the
relation between the six isolates of K. pneumoniae.
We found two isolates of different animal species
with more than 95 % similarity, close resistance
patterns and blaTEM-positive. Our results suggest
clonally spread among different animal species in
that hospital (a dog and a horse). Likewise, the
dendrogram generated by the six isolates, displayed
similarity ≥ 46 % and high agreement among the
resistance patterns, highlighting the potential
dissemination of bacterial resistance in sites with
high selection pressure due to antimicrobials use.
We did not detect Inc/Replicons groups in the
MDR strain ESBL-negative. This result indicates that
the K. pneumoniae isolates harbor ESBL genetic
determinants associated with Inc/Replicons HI2, X,
L/M, F, and K, which can play a role in beta-lactam
mobility (Villa et al. 2010; Carattoli et al. 2015;
Dobiasova and Dolejska 2016; Rozwandowicz et al.
2017; Wyrsch et al. 2019). Interestingly, five ESBLpositive K. pneumoniae carried plasmids belonging to
the IncF group and four of these isolates carried
IncL/M plasmids, the major plasmid families
occurring in Enterobacteriaceae (Carattoli et al.
2005).
The issue of antimicrobial resistance (AMR) has
emerged under the “One Health” approach (the
integration of human, animal and environmental
health) (Hong et al. 2019). Therefore, infections
caused by MDR K. pneumoniae represents a serious
public health concern and a major therapeutic
challenge, both in veterinary and human medicine.
Thereby, the research of MDR bacteria in veterinary
medicine needs to be continuously carried out.
However, more studies are needed to investigate the
potential clonal relationship among isolates from
animals and Veterinary Hospitals’ staff, as well as the
animal and its tutors, for an epidemiological
approach of the results.

5. Conclusion
The widespread use or the misuse of broadspectrum
antimicrobials,
particularly
cephalosporins, may generate a population of
resistant bacteria, including K. pneumoniae. This fact
can contribute to the perpetuation of multidrugresistant strains in the environment and their
dissemination to other animals and human hosts.
Prevention and control methods should be adopted at
veterinary hospitals to reduce indirect or crosstransmission of drug-resistant bacteria.
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