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Introduction

Klebsiella pneumoniae (K. pneumoniae) has been commonly associated with human
nosocomial infections and has recently gained special attention as a clinically important
pathogen in companion animals (1). In companion animals, K. pneumoniae causes
extraintestinal infections, such as urinary tract infections, pyometra, upper respiratory
tract infections, and bloodstream infection (septicemia) (2-4). In recent years, multidrug-
resistant and hypervirulent K. pneumoniae have spread widely as a critical public health
threat in the world (4). Of these, K. pneumoniae sequence type 307 (ST 307) has emerged
as a new multidrug-resistant K. pneumonia clone worldwide in both humans and animals
(5). There are several KP ST307 outbreaks in humans globally; the Netherlands in 2016
(6), Germany in 2019 (7), and South Korea in 2015 (8) and 2018 (9). K. pneumoniae ST
307 infections have been reported in dogs and cats suffering from urinary tract infections
(1, 2, 10). In South Korea, K. pneumoniae ST 307 is one of two main clones of K.
pneumoniae isolates from companion animals in Lee et al’s study (11). Recent studies
reported multidrug-resistant K. pneumoniae ST 307 infections in companion animals,
but there is limited study on their genetic characteristics such as virulence profiles and
phylogenetic relationship using whole genome sequence (WGS) (1, 4). In addition, genetic
characteristics of K. pneumoniae strains that cause bacteremia by gastrointestinal system
have rarely been investigated in dogs. Inter-species transmission of antimicrobial resistant
bacteria between people and household pets, such as dogs and cats, is an emerging global
public health problem. Such cross-transmission events have garnered concern in light of
their implications for public health and underscore the urgency of genomic analysis as an
essential tool in understanding and identifying of this potential threat (1).

Bacteremia has been defined as the presence of viable bacteria in the bloodstream.
Genitourinary and gastrointestinal systems, pneumonia, pyometra, and wounds
infection (12, 13).
that promote the translocation of indigenous bacteria from the gastrointestinal

are common sources of bloodstream Several mechanisms

systems have been identified, such as intestinal bacterial overgrowth, deficiencies
(14). For
example, a severe outbreak of K. pneumonia enteritis in a kennel of Bordeaux

in host immune defenses, and intestinal mucosal barrier damage

mastiffs, resulting in septicemia and death, has been reported in a previous
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study (15). The study assumed that the systemic Klebsiella infection
most likely originated from the gastrointestinal infection based on
the gastrointestinal symptoms, the number of dogs affected, the
dietary history, and the necropsy findings (15). However, molecular
epidemiological analysis of the K. pneumoniae isolates had not been
performed in this study.

Whole-genome sequencing technique yields insight into
strain relatedness, by assessing distances from one another in
single nucleotide polymorphisms (SNPs) and has been used in
epidemiological investigations (16). By comparing the genetic
similarity between the bacteria in the bloodstream and the bacteria
isolated from another site, researchers can identify the source
of bacteremia using WGS. In this study, we report the two K.
pneumoniae ST 307 isolates from blood and fecal samples of a dog
with bacteremia and enteritis in South Korea. We analyzed the
presence of antibiotic resistance genes and virulence gene profiles of
the isolates, and genetic relationship between the isolates to identify
the source of the bloodstream infection in the dog. In addition, we
compared the virulence profile and phylogenetic relationship with
other K. pneumoniae ST 307 from dogs and cats.

Materials and methods

Bacterial isolation, identification, and
antibiotic susceptibility test

A 12-year-old spayed female poodle dog weighing 3.5 kg was
referred to the Veterinary Teaching Hospital at Konkuk University
(Seoul, South Korea) for evaluation of a 1-month history of
diarrhea, fever, lethargy, and anorexia in September 2022. Blood,
urine, and fecal samples collected from the dog were submitted
to NosVet Laboratory (Gyeonggi-do, South Korea) to isolate the
causative agent and antibiotic resistance test. Two K. pneumoniae
isolates were isolated from the blood (KP-B) and fecal (KP-
F) samples, and the urine samples were negative for bacterial
culture. The isolates were identified using MALDI-TOF, and
antibiotic susceptibility of the isolates was determined by the Kirby-
Bauer Test disc-diffusion method as recommended by the Clinical
and Laboratory Standards Institute for a consensus interpretive
criterion (17).

Whole genome sequencing

For WGS, genomic DNA was extracted from pure cultures of
the KP-B and KP-F using the MagNA Pure 96 DNA and Viral
NA Small Volume Kit on the MagNA Pure 96 instrument (Roche
Applied Sciences, Germany) according to the manufacturer’s
instructions. Sample DNA concentrations were determined using
a Qubit BR dsDNA assay kit (Invitrogen, Carlsbad, CA), and
DNA (0.2 ng/pl)were used for the library preparation using
the Illumina Nextera XT DNA Library Prep Kit (Illumina, San
Diego, CA) as previously described (18). The library pool (500
pl of the 10 pM libraries) was loaded into the MiniSeq High
Output Reagent cartridge (300 cycles) (Illumina). The paired
FASTQ files were base-called from the Illumina raw sequence
read data.

Frontiers in Veterinary Science

10.3389/fvets.2023.1275822

Whole genome sequence analysis

The raw reads were adapter-trimmed for known Illumina
adapters and quality-trimmed with Bbduk (https://sourceforge.
net/projects/bbmap) (Q > 20 and minimum length >50), and
trimmed reads were de novo assembled using the SPAdes 3.15.5
(19) with its default settings in Geneious Prime 10 Software
(https://www.geneious.com/). The assembled contigs with coverage
of <5 x and size below 300 bases were removed. To confirm
species identification, the 16S rRNA regions in the assembled
contigs of the isolates were predicted by barrnap (Galaxy
Version 1.2.1), and the nearest-neighbor species with >99%
identity were first searched using the BLASTn on the NCBI
database (https://blast.ncbinlm.nih.gov/Blast.cgi) with the default
parameters for each 16S rRNA sequence. MLST 2.0 (Multi-
Locus sequence typing) was used to determine the sequence
type of the isolates. The presence of acquired antimicrobial
resistance genes and chromosomal mutations in the gyrA, gyrB,
parC, and parE genes were determined using ResFinder 4.1
(https://cge.food.dtu.dk/services/ResFinder-4.1/) with settings of
a threshold of 90%, and a minimum length of 60% with the
assembled contigs.

For comparative genomic analysis, all available genome
sequences of K. pneumoniae ST 307 from cats and dogs (n
= 37) were downloaded from BV-BRC (https://www.bv-brc.
org/) and BIGSdb-Pasteur (https://bigsdb.pasteur.fr/). WGS of
two K. pneumoniae ST 307 isolates (KP 44 and KP 45) from
dogs referred to the Veterinary Medical Teaching Hospital
of Konkuk University were also included for the subsequent
WGS analysis. Sample information of the genomes is listed
in Supplementary Table SI. The virulence profiles of the K
pneumoniae ST 307 isolates including our isolates were compared
after annotation using the BV-BRC annotation server. The
sequences were annotated using the BV-BRC annotation server
(https://www.bv-brc.org/) with default parameters. Protein
annotations involved in virulence factors of the annotated
genomes were downloaded using the specialty genes service
of BV-BRC with the Virulence Factor Database (VFDB)
filter, and the genes with their classification were used for
subsequent analyses. For phylogenetic analysis, a total of 41 K.
pneumoniae ST 307 including our isolates were used for SNP
analysis. A completed genome of K. pneumoniae ST 307 strain
Z0117KP0004 from a dog from South Korea (accession no.
GCA_023657855.1) was used as a reference genome. High-quality
SNPs analysis and maximum likelihood (ML) phylogenetic tree
construction were conducted using the default quality filters in CSI
phylogeny (20).

Whole genome sequence analysis results

K. pneumoniae ST 307 isolates were isolated from blood
(KP-B) and feces (KP-F) from the dog with bacteremia and
enteritis in this study. The KP-B and KP-F isolates revealed
the identical phenotypic and genotypic antibiotic resistance
(Table 1). They were resistant to all antibiotics tested except
aminoglycosides (gentamicin, amikacin), amoxicillin/clavulanic
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TABLE 1 Phenotypic and genotypic antibiotic resistance of the K. pneumoniae ST 307 isolates, KP-B and KP-F from a dog with bacteremia in this study.

Antibiotic class

KP-B

KP-F

Aminoglycoside resistance

Phenotype™

Genotype

Phenotype*

Genotype

Amikacin S aph(3r)-1b, aph(6)-1d, aac(67)-Ib-cr S aph(37)-1b, aph(6)-1d, aac(6/)-Ib-cr

Erythromycin R R

Gentamicin S S

Beta-lactam resistance

Ampicillin R blaCTX-M-15, blaOXA-1, blaSHV-106, R blaCTX-M-15, blaOXA-1, blaSHV-106,
blaTEM-1B blaTEM-1B

Amoxycillin/Clavulanic acid I I

Carbapenems

Imipenem S ompK37 p.I70M, ompK37 p.1128M, S ompK37 p.I70M, ompK37 p.I128M,
ompK37 p.N230G ompK37 p.N230G

Cephalosporin resistance

Cephalexin R ompK36 p.N49S, ompK36 p.L59V, R ompK36 p.N49S, ompK36 p.L59V,
ompK36 p.T184P ompK36 p.T184P

Cephazolin R R

Cefaclor R R

Ceftazidime R R

Cefotaxime R R

Cefixime R R

Cefpodoxime R R

Cefovecin R R

Fluoroquinolone

Enrofloxacin R qnrB1 R qnrB1
acrR p.P161R, acrR p.G164A, acrR acrR p.P161R, acrR p.G164A, acrR
p-F172S, acrR p.R173G, acrR p.L195V, p.F172§, acrR p.R173G, acrR p.L195V,
acrR p.F1971, parC p.S801I, gyrA p.S83F acrR p.F197I, parC p.S801, gyrA p.S83F

Marbofloxacin R R

Tetracyclines

Tetracycline tet(A) tet(A)

Doxycycline

Sulfonamides

Sulfamethoxazole/Trimethoprim R sul2 R sul2

Macrolide resistance

Azithromycin

Ofloxacin R

Lincosamides

Clindamycin R R

Nitrofuranes

Nitrofurantoin R R

Monobactams

Aztreonam R R

Disinfectant ND OgxA, OqxB ND OgxA, OgxB

Phenicol ND catB3 ND catB3

Fosfomycin ND fosA ND fosA

*R, resistant; S, sensitive; I, intermediate; ND, not determined.
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FIGURE 1

Phylogenetic analysis and virulence gene profiles of K. pneumoniae ST 307 isolates from dogs and cats (n = 41). Two isolates, KP-B and KP-F, from
this study were highlighted in red and eight isolates from South Korea in orange. The phylogeny was rooted at the midpoint. The numerical values on
certain tree branches represent 1,000 bootstrap replicate values expressed as a percentage.

acid, and carbapenems (imipenem) (Table 1). The isolates harbor
multiple acquired antibiotic resistance genes; fluoroquinolone and
aminoglycoside resistance genes [aac (6/)-Ib-cr], aminoglycoside
resistance genes [aph (37)-Ib, aph (6)-1d], beta-lactam resistance
genes (blactx—m-15, blaoxa—1, blasgv—_106» and blatgm-—18);
phenicol resistance gene (catB3), trimethoprim resistance
gene (dfrAl4), fosfomycin resistance gene (fosA), disinfectant
resistance genes (OgxA, OgxB), quinolone resistance gene
(qnrBI), sulphonamide resistance gene (su/2), and tetracycline
resistance [tet (A)] (Table 1). In addition, chromosomal mutations
were observed in acrR, ompK37, ompK36, parC, and gyrA
genes (Table 1). The K. pneumoniae ST307 has been known
as an important human pathogen harboring transferable
resistance-conferring genes against carbapenems and newer-
generation cephalosporins such as blaxpc—2, blakpc—3, blanpm—1,
blaoxa—as, and blactx—m—15 (1, 5, 7, 9, 21). In previous studies
(1, 2,
was reported as a predominant clone in dogs suggesting the

22, 23), blactx—m—15-carrying K. pneumoniae ST 307
spread of this clone in the animal population. In South Korea,

blactx—m—15-positive K. pneumoniae ST 307 is prevalent in
human isolates from hospitals and has been detected in cases
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of bacteremia (24). Additionally, it was responsible for one
of the two documented K. pneumoniae ST 307 outbreaks in
humans (9).

A total of 351 sequences of K. pneumoniae ST 307 were
available in BIGSdb-Pasteur from animals (n = 29), environment
(n = 6), human (n = 299), and unknown source (n = 17).
Additionally, 1,283 sequences were available in BV-BRC from
animals (n = 31), environment n = 3), human (n = 1,111), and
unknown (n = 138). For phylogenetic analysis, 37 WGS of K.
pneumoniae ST 307 from cats and dogs were downloaded from
these databases. The phylogenetic tree of 41 genome sequences of
the K. pneumoniae ST 307 is shown in Figure 1. The phylogenetic
tree revealed that the sequences of the KP-B isolate showed high
similarity (99.6%, 4 SNPs, data not shown) with the KP-F isolate.
According to the previous study on outbreaks of carbapenem-
resistant Klebsiella spp. (16), the SNP cut-off values defining isolate
relatedness ranged between 0 and 131 SNPs, and intra-patient
diversity in isolates ranged between zero and seven SNPs. This
result suggests that K. pneumoniae in this study translocated
into the bloodstream through the gastrointestinal tract, leading to
bacteremia. To the best of our knowledge, this is the first report

frontiersin.org
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on the utilization of WGS analysis to determine the source of
bloodstream infection.

The phylogenetic tree of the of 41 genome sequences of
the K. pneumoniae ST 307 revealed two lineages, and each
lineage comprised the genomes from the Asia, Europe, and
South America (Figure 1). The KP-B and KP-F isolates grouped
with Kp181 isolated from urine from a dog in China (91.7%
of similarity, data not shown) (Figure 1). Five of ten isolates
from South Korea, Z0117KP020, KP-B (KP-F), KP 44, and
Z0117KP0019, were determined to be singletons in phylogeny,
with no observed cluster relationships with other isolates from
South Korea. It indicated that K. pneumoniae ST 307 has been
transferred between countries and become globally disseminated.
This has been reported in the comparative analysis of 95 K.
pneumoniae ST 307 genomes from various sources by Wyres
etal. (5).

We analyzed the virulence profile of our K. pneumoniae ST
307 isolates caused bacteremia in a dog to examine whether the
isolates carry the virulence genes correlated to hypervirulent K.
pneumoniae; rmpA/rmpA2 (regulator of the mucoid phenotype
gene A), magA (microviscosity-associated gene A), and genes
encoding siderophores, such as aerobactin, enterobactin, and
yersiniabactin (25-27). Siderophores are small molecules with
various affinities for iron, with aerobactin having the lowest affinity
and enterobactin having the highest (26). Several studies used
whole genome sequencing to investigate the genetic characteristics
of the hypervirulent K. pneumoniae isolates causing bloodstream
infection in humans (25, 26, 28). None of our isolates carried
rmpA/rmpA2 and magA, but they encoded genes for siderophores,
enterobactin, and yersiniabactin (Figure 1). Our isolates showed
the identical virulence profile carrying the genes associate
with adherence (yagV-yagZ, ykgK, fimA-imC, fimE, and fimH),
enterobactin (entA, entB, entE, entS, fepB-fepD, and fepG),
and yersiniabactin (fyuA, irpl, irp2, ybtA, ybtE, ybtP, ybtQ,
ybtS, ybtT, ybtU, and ybtX). All the other K. pneumoniae ST
307 isolates also harbored the virulence genes associated with
adherence (yagV-yagZ, ykgK, fimA-fimC, fimE, and fimH) and
enterobactin (entA, entB, entE, entS, fepB-fepD, and fepG), but
14 isolates of them carried the genes encoding yersiniabactin
(Figure 1). Therefore, it suggests that the bacteremia in this
study might be influenced more by host immune status and the
antimicrobial treatment than by the genetic characteristics of the
infecting pathogen.

In this study, we report the WGS of K. pneumoniae ST
307 causing bacteremia via gut translocation in a dog in South
Korea. Intestinal bacterial translocation of the bacteria to the
bloodstream was confirmed by SNP analysis of the isolates from
blood and fecal samples (4 SNPs) using WGS. The isolates
showed multidrug-resistance and harbored multiple antimicrobial
resistance genes including blactx—m—15. The virulence gene
profiles suggested that the K. pneumoniae ST 307 isolates
were not hypervirulent K. pneumoniae but carried the genes
encoding siderophores. This study is the first report on K.
pneumoniae ST 307 from the bacteremia in a dog and the
utilization of the WGS analysis to define the source of the
bloodstream infection. It provides valuable reference data for
genomic surveillance of new emerging K. pneumoniae ST
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307 in companion animals alongside other well-known clones.
Considering the emergence and rapid dissemination of high-risk
multidrug-resistant K. pneumoniae in both companion animals and
humans, surveillance strategies and genomic studies are essential in
human and veterinary medicine.

Data availability statement

The datasets presented in this study can be found in
online repositories. The names of the repository/repositories and
accession number(s) can be found below: https://www.ncbi.nlm.
nih.gov/, PRINA956693.

Ethics statement

bacterial  isolation involves
that  fall standard

diagnosing and treating animals,

Sample  collection  for

procedures or treatments under

veterinary practices for

therefore, ethical approval was considered unnecessary.
Written informed consent was obtained from the owners
for the participation of their animals in this study.
Author contributions

J-YH:  Writing—original  draft.  Y-JC:  Methodology,
Writing—original ~ draft.  M-JJ:  Methodology, = Writing—
original ~draft. D-HL: Supervision, Writing—review and
editing. C-SS: Supervision, Writing—review and editing.
J-HK:  Conceptualization, ~ Supervision, =~ Writing—review
and editing.

Funding

The author(s) declare financial received
for the

article. J-YH and Y-JC are supported by Korea Institute

support was

research, authorship, and/or publication of this

of Planning and Evaluation for Technology in Food,
Agriculture, and Forestry (IPET) through Animal Disease
funded

Affairs

Management Technology Development

Food

Program,
by Ministry of Agriculture, and Rural

(MAFRA) (122016-02).

Conflict of interest

C-SS is employed by KHAV Co., Ltd.

The remaining authors declare that the research was
conducted in the absence of any commercial or financial
relationships that could be construed as a potential conflict
of interest.

frontiersin.org


https://doi.org/10.3389/fvets.2023.1275822
https://www.ncbi.nlm.nih.gov/
https://www.ncbi.nlm.nih.gov/
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Hyeon et al.

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

1. Sartori L, Sellera FP, Moura Q, Cardoso B, Cerdeira L, Lincopan N.
Multidrug-resistant Ctx-M-15-positive Klebsiella pneumoniae st307 causing urinary
tract infection in a dog in Brazil. ] Glob Antimicrob Resist. (2019) 19:96-
7. doi: 10.1016/j.jgar.2019.09.003

2. Harada K, Shimizu T, Mukai Y, Kuwajima K, Sato T, Usui M, et al. Phenotypic and
molecular characterization of antimicrobial resistance in Klebsiella spp. isolates from
companion animals in japan: clonal dissemination of multidrug-resistant extended-
spectrum B-lactamase-producing Klebsiella pneumoniae. Front Microbiol. (2016)
7:1021. doi: 10.3389/fmicb.2016.01021

3. Martin RM, Cao J, Brisse S, Passet V, Wu W, Zhao L, et al. Molecular
epidemiology of colonizing and infecting isolates of Klebsiella Pneumoniae. mSphere.
(2016) 1:16. doi: 10.1128/mSphere.00261-16

4. Zhang Z, Zhang L, Dai H, Zhang H, Song Y, An Q, et al. Multidrug-resistant
Klebsiella pneumoniae complex from clinical dogs and cats in China: molecular
characteristics, phylogroups, and hypervirulence-associated determinants. Front Vet
Sci. (2022) 9:816415. doi: 10.3389/fvets.2022.816415

5. Wyres KL, Hawkey J, Hetland MAK, Fostervold A, Wick RR, Judd
LM, et al. Emergence and rapid global dissemination of Ctx-M-15-
associated Klebsiella pneumoniae strain St307. ] Antimicrob Chemother. (2019)
74:577-81. doi: 10.1093/jac/dky492

6. Boonstra MB, Spijkerman DCM, Voor in ‘t holt AF, van der Laan RJ, Bode
LGM, van Vianen W, et al. An outbreak of St307 extended-spectrum beta-lactamase
(Esbl)-producing Klebsiella pneumoniae in a rehabilitation center: an unusual
source and route of transmission infection. Cont Hosp Epidemiol. (2020) 41:31-
6. doi: 10.1017/ice.2019.304

7. Heiden SE, Hubner NO, Bohnert JA, Heidecke CD, Kramer A, Balau V, et al. A
Klebsiella pneumoniae St307 outbreak clone from germany demonstrates features of
extensive drug resistance, hypermucoviscosity, and enhanced iron acquisition. Genome
Med. (2020) 12:113. doi: 10.1186/s13073-020-00814-6

8. Kim JO, Song SA, Yoon E-J, Shin JH, Lee H, Jeong SH, et al. Outbreak of Kpc-2-
producing enterobacteriaceae caused by clonal dissemination of Klebsiella pneumoniae
St307 carrying an Incx3-type plasmid harboring a truncated Tn4401a. Diagn Microbiol
Infect Dis. (2017) 87:343-8. doi: 10.1016/j.diagmicrobio.2016.12.012

9. Baek EH, Kim SE, Kim S, Lee S, Cho OH, In Hong S, et al. Successful
control of an extended-spectrum beta-lactamase-producing Klebsiella pneumoniae
St307 outbreak in a neonatal intensive care unit. BMC Infect Dis. (2020)
20:166. doi: 10.1186/s12879-020-4889-z

10. Hayakawa Ito de. Sousa AT, dos Santos Costa MT, Makino H, Candido SL, de
Godoy Menezes I, Lincopan N, et al. Multidrug-resistant Mcr-1 gene-positive Klebsiella
pneumoniae St307 causing urinary tract infection in a cat. Brazil ] Microbiol. (2021)
52:1043-6. doi: 10.1007/s42770-021-00466-7

11. Lee D, Oh JY, Sum S, Park HM. Prevalence and antimicrobial resistance of
Klebsiella species isolated from clinically ill companion animals. J Vet Sci. (2021)
22:e17. doi: 10.4142/jvs.2021.22.e17

12. Greiner M, Wolf G, Hartmann K. A retrospective study of the clinical
presentation of 140 dogs and 39 cats with bacteraemia. J Small Anim Pract. (2008)
49:378-83. doi: 10.1111/j.1748-5827.2008.00546.x

13. Camargo Junior VE, Arias MVB, Perugini MRE. Clinical and
microbiological characteristics of dogs in sepsis in an academic veterinary
hospital in the North of Parand. Pesquisa Veterindria Brasileira. (2020)
40:6277. doi: 10.1590/1678-5150-pvb-6277

14. Berg RD. Bacterial translocation from the gastrointestinal tract. Adv Exp Med
Biol. (1999) 473:11-30. doi: 10.1007/978-1-4615-4143-1_2

Frontiersin

06

10.3389/fvets.2023.1275822

The Supplementary Material for this article can be found
online at:

SUPPLEMENTARY TABLE 1
K. pneumoniae ST 307 isolates information

15. Roberts DE, McClain HM, Hansen DS, Currin P, Howerth EW. An outbreak
of Klebsiella pneumoniae infection in dogs with severe enteritis and septicemia. J Vet
Diagnost Investigat. (2000) 12:168-73. doi: 10.1177/104063870001200215

16. Hassoun-Kheir N, Snitser O, Hussein K, Rabino G, Eluk O, Warman S, et al.
Concordance between epidemiological evaluation of probability of transmission and
whole genome sequence relatedness among hospitalized patients acquiring Klebsiella
pneumoniae carbapenemase-producing Klebsiella pneumoniae. Clin Microbiol Infect.
(2021) 27:468. doi: 10.1016/j.cmi.2020.04.017

17. Institute CLS. MI100 Performance Standards for Antimicrobial Susceptibility
Testing, 30th Edition. Malvern, PA: Clinical Laboratory Standads Institute
(CLSI). (2020).

18. Hyeon JY, Helal ZH, Polkowski R, Vyhnal K, Mishra N, Kim J, et al. Genomic
features of salmonella enterica subspecies houtenae serotype 45:G,Z51:- isolated from
multiple abdominal abscesses of an African fat-tailed Gecko, United States, 2020.
Antibiotics (Basel). (2021) 10:11. doi: 10.3390/antibiotics10111322

19. Bankevich A, Nurk S, Antipov D, Gurevich AA, Dvorkin M, Kulikov AS,
et al. Spades: a new genome assembly algorithm and its applications to single-cell
sequencing. ] Comput Biol. (2012) 19:455-77. doi: 10.1089/cmb.2012.0021

20. Kaas RS, Leekitcharoenphon P, Aarestrup FM, Lund O. Solving the problem of
comparing whole bacterial genomes across different sequencing platforms. PLoS ONE.
(2014) 9:e104984. doi: 10.1371/journal.pone.0104984

21. Long SW, Olsen RJ, Eagar TN, Beres SB, Zhao P, Davis J], et al. Population
genomic analysis of 1,777 extended-spectrum beta-lactamase-producing Klebsiella
pneumoniae isolates, Houston, Texas: unexpected abundance of clonal group 307.
mBio. (2017) 8:3. doi: 10.1128/mBi0.00489-17

22. Garcia-Fierro R, Drapeau A, Dazas M, Saras E, Rodrigues C, Brisse S,
et al. Comparative phylogenomics of Esbl-, Ampc- and carbapenemase-producing
Klebsiella pneumoniae originating from companion animals and humans. ] Antimicrob
Chemother. (2022) 77:1263-71. doi: 10.1093/jac/dkac041

23. Carvalho I, Alonso CA, Silva V, Pimenta P, Cunha R, Martins C,
et al. Extended-spectrum beta-lactamase-producing Klebsiella pneumoniae isolated
from healthy and sick dogs in portugal. Microb Drug Resist. (2020) 26:709-
15. doi: 10.1089/mdr.2019.0205

24. Cho YY, Kim JH, Kim H, Lee ], Im SJ, Ko KS. Comparison of virulence between
two main clones (St11 and St307) of Klebsiella pneumoniae isolates from South Korea.
Microorganisms. (2022) 10:91827. doi: 10.3390/microorganisms10091827

25. Harada S, Aoki K, Yamamoto S, Ishii Y, Sekiya N, Kurai H, et al. Clinical
and molecular characteristics of Klebsiella pneumoniae isolates causing bloodstream
infections in Japan: occurrence of hypervirulent infections in health care. J Clin
Microbiol. (2019) 57:19. doi: 10.1128/JCM.01206-19

26. Shankar C, Nabarro LE, Devanga Ragupathi NK, Muthuirulandi Sethuvel DP,
Daniel JL, Doss CG, et al. Draft genome sequences of three hypervirulent carbapenem-
resistant Klebsiella pneumoniae isolates from bacteremia. Genome Announc. (2016)
4:16. doi: 10.1128/genomeA.01081-16

27. Xu M, Fu Y, Kong H, Chen X, Chen Y, Li L, et al. Bloodstream infections
caused by Klebsiella pneumoniae: prevalence of Bla(Kpc), virulence factors and their
impacts on clinical outcome. BMC Infect Dis. (2018) 18:358. doi: 10.1186/512879-018-
3263-x

28. Wang X, Xie Y, Li G, Liu J, Li X, Tian L, et al. Whole-genome-
sequencing characterization of bloodstream infection-causing hypervirulent
Klebsiella pneumoniae of capsular serotype K2 and St374. Virulence. (2018)
9:510-21. doi: 10.1080/21505594.2017.1421894


https://doi.org/10.3389/fvets.2023.1275822
https://www.frontiersin.org/articles/10.3389/fvets.2023.1275822/full#supplementary-material
https://doi.org/10.1016/j.jgar.2019.09.003
https://doi.org/10.3389/fmicb.2016.01021
https://doi.org/10.1128/mSphere.00261-16
https://doi.org/10.3389/fvets.2022.816415
https://doi.org/10.1093/jac/dky492
https://doi.org/10.1017/ice.2019.304
https://doi.org/10.1186/s13073-020-00814-6
https://doi.org/10.1016/j.diagmicrobio.2016.12.012
https://doi.org/10.1186/s12879-020-4889-z
https://doi.org/10.1007/s42770-021-00466-7
https://doi.org/10.4142/jvs.2021.22.e17
https://doi.org/10.1111/j.1748-5827.2008.00546.x
https://doi.org/10.1590/1678-5150-pvb-6277
https://doi.org/10.1007/978-1-4615-4143-1_2
https://doi.org/10.1177/104063870001200215
https://doi.org/10.1016/j.cmi.2020.04.017
https://doi.org/10.3390/antibiotics10111322
https://doi.org/10.1089/cmb.2012.0021
https://doi.org/10.1371/journal.pone.0104984
https://doi.org/10.1128/mBio.00489-17
https://doi.org/10.1093/jac/dkac041
https://doi.org/10.1089/mdr.2019.0205
https://doi.org/10.3390/microorganisms10091827
https://doi.org/10.1128/JCM.01206-19
https://doi.org/10.1128/genomeA.01081-16
https://doi.org/10.1186/s12879-018-3263-x
https://doi.org/10.1080/21505594.2017.1421894
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

	Multidrug-resistant CTX-M-15-positive Klebsiella pneumoniae ST 307 causing bacteremia via gut translocation in a dog
	Introduction
	Materials and methods
	Bacterial isolation, identification, and antibiotic susceptibility test
	Whole genome sequencing
	Whole genome sequence analysis
	Whole genome sequence analysis results

	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


