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Staphylococcus pseudintermedius

• Coagulase-positive staphylococci (CoPS)
• Commonly found in companion dogs
• Can cause opportunistic infections
• Methicillin-resistance S. pseudintermedius (MRSP)
• Zoonotic pathogen
• Contaminates the environment around dog areas 
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A B S T R A C T

Staphylococcus pseudintermedius commonly colonizes the skin of dogs, whilst nasal carriage may occur in humans
who are in contact with dogs or the environment of veterinary hospitals. Genes encoding cell wall-associated
(CWA) proteins have been described in Staphylococcus aureus but knowledge of their occurrence in S. pseu-
dintermedius is still limited. The aim of the study was to develop a method to detect S. pseudintermedius surface
protein genes (sps) encoding CWA proteins, and to examine the distribution of the genes in isolates from different
sources. Four multiplex PCR assays (mPCR) were developed for detection of 18 sps genes, with 4–5 genes de-
tected per mPCR. These were applied to 135 S. pseudintermedius isolates from carriage sites (n = 35) and infected
sites (n = 35) in dogs, from the nasal cavity of humans (n = 25), and from the environment of a veterinary
hospital (n = 40). The mPCRs were shown to detect all 18 known sps genes, and no discrepancies were found
between uniplex and mPCR results. The mPCRs could detect at least 1 pg/μl of DNA template. A total of 23 sps
gene profiles were found among the 135 isolates, with diverse gene combinations. Only spsD, spsF, spsI, spsO,
spsP, and spsQ were not detected in all isolates. spsP and spsQ were more frequently detected in the canine
isolates from infected sites than from carriage sites. This finding suggests that these two genes may play a role in
pathogenicity, whereas the presence of the 12 sps genes may contribute to adherence function at all surfaces
where carriage occurs.

1. Introduction

Staphylococcus pseudintermedius is regarded as a commensal and as
an opportunistic pathogen causing canine pyoderma and otitis
(Bannoehr and Guardabassi, 2012). S. pseudintermedius also can colo-
nize the nasal cavity of humans, especially pet owners and veterinarians
(Bannoehr and Guardabassi, 2012). Contamination with S. pseu-
dintermedius in the environment in animal hospitals and households has
been reported (Laarhoven et al., 2011; van Duijkeren et al., 2011), and
this potentially represents an important source of re-infection and
transfer of antimicrobial resistance genes (Frank et al., 2009). Although
colonization in humans generally is transient and harmless in healthy
individuals, there have been reports of dermatitis and septicemia in
human patients (Somayaji et al., 2016). Consequently S. pseudinterme-
dius, and especially methicillin resistant strains, are of public concern as
potentially emerging zoonotic bacteria.

The ability of bacteria to colonize and to cause infection is initiated
by attachment to the host cells using surface proteins or cell wall-

anchored proteins (Foster et al., 2014). Surface proteins are considered
to be virulence factors associated with bacterial survival, immune
evasion, biofilm formation and host-adaptation (Sung et al., 2008;
Foster, 2009). Moreover, surface proteins of S. aureus are thought to be
candidate antigens that can be targeted for vaccine development and
immunotherapy (McCarthy and Lindsay, 2010). Based on analysis of
the whole genome sequence of canine S. pseudintermedius ED99, 18
putative genes that encode cell wall-associated (CWA) proteins named
S. pseudintermedius surface (sps) genes (spsA through to spsR) have been
reported (Bannoehr et al., 2011). Their sequences encode components
containing one or more characters of CWA proteins, including an N
terminus signal sequence, repeat regions, and a LPXTG cell wall anchor
motif at the C terminus; hence they became the prototypes for further
study (Bannoehr et al., 2011). The surface proteins of S. pseudinterme-
dius express binding activity to components of the host's extracellular
matrix (ECM), including fibronectin, fibrinogen, and cytokeratin10 in a
similar to those from S. aureus, suggesting that several homologs of
CWA proteins are shared between them (Geoghegan et al., 2009). The
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• The surface proteins involved in host 

binding and colonization

• Developing rapid multiplex PCR tools 

for detecting surface proteins (sps)

genes that responsible for colonization 

and infection in different hosts

• spsP and spsQ found more frequently 

in canine clinical isolates than in human 

or environmental isolates

• May play a role in pathogenicity
in canine skin infections. Not all clinical isolates harbored spsP and
spsQ, however, and these isolates might have other virulent factors to
assist them to maintain colonization, whilst skin defects also could fa-
cilitate infection (Peacock et al., 2002; Tristan et al., 2003; Nienaber
et al., 2011).

No correlation was observed between sps gene profiles and host
origin in this study. This confirms that no single gene or set of genes is
responsible for host colonization or environment survival, as previously
suggested in S. aureus models (Vancraeynest et al., 2004; Mirzaee et al.,
2015). The diversity of genes encoding CWA proteins may not affect
adherence to the host surface. Interestingly, the positive amplicons of
spsR gene in three human isolates showed gene deletions that were si-
milar to the sequence in S. aureus ST398 (Uhlemann et al., 2012). The
variation and difference of surface protein genes between human and
animal S. aureus, including deletions, insertions, and truncation or
pseudogenes have been reported and suggested to differentially affect
host-specific adaptation (McCarthy and Lindsay, 2010; Uhlemann et al.,

2012). To demonstrate S. pseudintermedius adaptation to its host, other
approaches such as adherence assays on host corneocytes and whole
genome sequencing of additional isolates should be considered in future
studies.

Since S. pseudintermedius ED99 was used as the only prototype
available, there might be other missing surface protein genes that have
never been assigned in S. pseudintermedius, and genes presenting poly-
morphic nucleotides may be a limitation in future studies.

In conclusion, a novel four panel mPCR set with satisfactory sensi-
tivity and specificity was developed for rapid CWA protein gene de-
tection in S. pseudintermedius. A total of 23 sps gene profiles were found
in S. pseudintermedius, and these were not related to the origins of the
isolates. The genes spsP and spsQ may be associated with pathogenicity
of S. pseudintermedius in canine skin infection.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.mimet.2017.09.003.
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Fig. 3. sps gene profiles of S. pseudintermedius isolated from dogs, humans and the environment detected in this study. The white and grey boxes represent absence and presence of the
gene, respectively.

Table 2
Percentage and numbers in parentheses of variable genes detected among S. pseu-
dintermedius isolated from dogs, humans and the environment.

Genes Dogs Humans
(n = 25)

Environment
(n = 40)

Carriage
(n = 35)

Clinical
(n = 35)

Total
(n = 70)

spsD 28.6 (10) 17.1 (6) 24.3 (16) 20.0 (5) 25.0 (10)
spsF 14.3 (5) 14.3 (5) 14.3 (10) 12.0 (3) 27.5 (11)
spsI 80.0 (28) 80.0 (28) 80.0 (56) 76.0 (19) 87.5 (35)
spsO 42.9 (15) 34.3 (12) 38.6 (27) 24.0 (6) 52.5 (21)
spsP 25.7 (9) 48.6 (17)⁎ 37.1 (26) 48.0 (12) 40.0 (16)
spsQ 25.7 (9) 48.6 (17)⁎ 37.1 (26) 48.0 (12) 40.0 (16)

⁎ Statistically significant by χ2-test (p < 0.05) between carriage and clinical group of
isolates.

N. Phumthanakorn et al. Journal of Microbiological Methods 142 (2017) 90–95
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Staphylococcus pseudintermedius

• Genomic comparative analyses of MRSP isolates from dogs and humans

The two phages φVB88-Pro2 and φVB16-Pro2 from the human isolates were integrated
between the sufB gene of the Fe-S cluster and a protease gene, and downstream of the haemo-
lysin gene hly. The integrase of φVB88-Pro2 and φVB16-Pro2 shared 98–99% amino acid
similarity to that of bacteriophage spT152 from S. pseudintermedius E139 (accession no.
KX827369) (S5 Fig). Similarities were also observed for the head, tail and lysis modules among
the prophages. The third type of prophage found in the human MRSP isolates, φVB16-Pro3,
carried a recombinase of the resolvase/invertase family at the 5’ end followed by complete
phage structures. The recombinase of φVB16-Pro3 shared 92% amino acid similarity with an
enzyme of S. pseudintermediusNA45-ST84 (accession no. CP016072), which also contained
a prophage sequence similar to φVB16-Pro3 in its chromosome (S5 Fig) and with a similar
integration site. The related prophage of NA45-ST84 and φVB16-Pro3 were inserted into a
C4-dicarboxylate ABC transporter protein gene. Both prophages did not contain known viru-
lence genes.

Fig 3. Comparison of prophages φVB88-Pro1 (accession no. CP030715 position 1,158–53,190), φVB16-Pro1 (accession no.
CP0301605 position 1,294,492–1,342,940), and φAP20-Pro1 (accession no. CP031561 position 764,687–812,888) of human isolates
to remnant of φAH18-Pro1 (accession no. CP030374 position 2,192,044–2,202,245) and partial similar region found in strain
AK9-ST112 (accession no. CP031603 position 2,153,065–2,157,877) and AI14-ST181 (accession no. CP031604 position 2,712,104–
2,716,953). att, putative attachment site left (L) and right (R); Int, integrase; Helix-turn-helix, XRE family protein; Rep, phage
repressor; Arep, anti-repressor; HNH, HNH endonuclease; SSB, single-stranded DNA-binding protein; DNAmet, DNA-cytosine
methyltransferase; dUTP, dUTPase; Met, methyltransferase; RinB, transcriptional regulator RinB; Initiator, phage replication initiation
protein; DnaC, DNA replication protein DnaC; RusA, Holliday junction resolvase; TerS, terminase small subunit; TerL, terminase large
subunit; HTCP, head-tail adaptor protein; MaTP, major tail protein; TMP, phage tail tape measure protein; Tail, phage tail protein;
MiTP, minor tail protein; Scaff, scaffold protein. Grey color arrows represent hypothetical protein and protein of unknown function.
Figure was generated using Easyfig 2.1.

https://doi.org/10.1371/journal.pone.0254382.g003

PLOS ONE Genomic insights into methicillin-resistant Staphylococcus pseudintermedius from dogs and humans

PLOSONE | https://doi.org/10.1371/journal.pone.0254382 July 22, 2021 9 / 18

Phumthanakorn et al. ,  2021;  Plos One

(32.3%) (S3 Table). Interestingly, the three phages from the human isolates (φVB88-Pro1,
φVB16-Pro1 and φAP20-Pro1) were integrated at the same chromosomal site, between the
tRNA cluster gene and a phosphoglycerate kinase gene, and harbored identical integrases and
S. intermedius leucocidins genes (LukI: lukF/S-I) (Fig 3). Overall, the prophages shared only
51.2% nucleotide similarity to each other and displayed different and shuffled modules, such
as for replication and packaging. Phage φVB88-Pro1 was around 3 kbp larger in size than
φVB16-Pro1 and φAP20-Pro1 and contained an insert associated with an int in the lysis
modules. This integrase shared 100% amino acid identity to that of the phage remnant of
AH18-ST45. A BLASTp search for phages similar to φVB88-Pro1, φVB16-Pro1 and
φAP20-Pro1, identified the bacteriophage SpT99F3 of S. pseudintermedius ED99 (accession
no. KX827371.1), which contained a phage integrase protein (int) with 70% amino acid simi-
larity. Other components of SpT99F3 did not show any significant relatedness to the region of
the three phages in the study and the lukF/S-I genes were absent. However, lukF/S-I was also
present in all the dog MRSP isolates and was associated with a phage remnant in strain AH18
(remnant φAH18-Pro1) and phage-associated genes in strains AK9 and AI14 (Fig 3). The
chromosomal location of lukF/S-I was also between the tRNA cluster and phosphoglycerate
kinase encoding genes.

Fig 2. Illustration of CWA protein genes diversity found in human isolates. Comparison of spsJ and sasA gene in isolates from dogs and humans
showing % nucleotide similarity, start codon (blue), premature stop codon (orange), and different nucleotide and amino acid sequence (red).
Figure was generated using Easyfig 2.1.

https://doi.org/10.1371/journal.pone.0254382.g002

PLOS ONE Genomic insights into methicillin-resistant Staphylococcus pseudintermedius from dogs and humans

PLOSONE | https://doi.org/10.1371/journal.pone.0254382 July 22, 2021 8 / 18

The differences were mainly associated with the presence of two additional 
prophages as well as truncation of some of the CWA protein genes in the 
human ST45 isolate.
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Coagulase-negative staphylococci (CoNS) 
• There are fewer studies on CoNS compared with CoPS in pets.

• Zoonotic transmission of CoNS has been observed in pet owners.

• 185 CoNS (17.5%) were obtained and included 18 species from dogs (n = 116) 

and 14 species from cats (n = 69).
Table 1. SCCmec Types and Antimicrobial Resistance of Methicillin-Resistant Coagulase-Negative Staphylococci Found in This Study

CoNS spp. Strain Animal Sample

SCCmec type
(ccr and mec
complex) Phenotypic resistance profilesa Genotypic resistance profiles

Staphylococcus
haemolyticus (n= 8)

195 Dog Skin (wound) V (ccrC, C) b-lactams, ERY, CLI, TET, FUS, SMX-TMP blaZ, erm(C), tet(L), fusB, dfrG

625 Cat Skin (wound) V (ccrC, C) b-lactams, TET blaZ, tet(K)
1283 Dog Skin (wound) V (ccrC, C) b-lactams, ENR, MAR, CLI, TET blaZ, gyrA (S84L)b, erm(C), tet(K)
521 Dog Urine V (ccrC, C) b-lactams, ERY, CLI, CHL blaZ, erm(C), catpC221
50 Dog Skin (crust) V (ccrC and

ccrAB, C)
b -lactams, ERY, CLI, CHL blaZ, mph(C), catpC221

48 Dog Skin (wound) NT (-/-) b-lactams, GEN, ENR, MAR, ERY, CLI,
TET, MUP, SMX-TMP

blaZ, aph(3’)-IIIa, gyrA (S84L)b, erm(C),
tet(K), mupA, dfrG

289 Dog Skin (wound) NT (-/-) b-lactams, ENR, MAR, CLI, TET, MUP,
RIF

blaZ, gyrA (S84L)b, erm(C), mph(C),
msr(A), tet(K), mupA

1864 Dog Urine NT (-/-) b-lactams, ENR, MAR, ERY, CLI, TET,
MUP, SMX-TMP, RIF

blaZ, gyrA (S84L)b, erm(C), mph(C),
msr(A), tet(K), mupA, dfrG

Staphylococcus
epidermidis (n = 6)

187 Dog Pleural effusion IV (ccrAB2, B) b-lactams, ERY, CLI blaZ, msr(A), inu(A)

236 Dog Skin (wound) IV (ccrAB2, B) b-lactams, GEN, TET, SMX-TMP, blaZ, aacA-aphD, tet(K), dfrG
459 Dog Lung biopsy IV (ccrAB2, B) b-lactams, ERY, TET, FUS blaZ, msr(A), tet(K), fusB
1536 Cat Nasal discharge IV (ccrAB2, B) b-lactams, ENR, MAR, TET blaZ, gyrA (S84Y)b, glrA (S80Y), tet(K)
1574 Dog Pleural effusion IV (ccrAB2, B) b-lactams, ERY, CLI, TET, FUS, MUP blaZ, msr(A), tet(K), fusB, mupA
1076 Dog Urine NT (ccrAB2/-) b-lactams, MAR, CLI, TET, blaZ, gyrA (S84F)b, glrA (S80F), erm(C),

tet(K)
Staphylococcus
hominis ssp.
hominis (n= 5)

1231 Dog Cerebrospinal
fluid

III (ccrAB3, A) b-lactams, ERY, CLI, TET blaZ, erm(C), msr(A)

385 Cat Skin (pustules) V (ccrC, C) b-lactams, GEN, ENR, MAR, ERY, CLI,
TET, MUP, SMX-TMP

blaZ, aacA-aphD, aph(3’)-IIIa, gyrA
(S84L)b, erm(B), tet(M), mupA, dfrG

371 Dog Peritoneal
effusion

NT (-/A) b-lactams, CLI, SMX-TMP blaZ, dfrG

384 Dog Skin (wound) NT (-/A) b-lactams, ERY, CLI blaZ, mph(C), msr(A), inu(A)
464 Dog Skin NT (-/-) b-lactams, GEN, ENR, MAR, ERY, CLI,

TET, CHL, SMX-TMP
blaZ, aacA-aphD, aph(3’)-IIIa, erm(B),
tet(M), dfrG

Staphylococcus
cohnii ssp.
urealyticus (n = 3)

756 Dog Skin (Surgical
wound)

V (ccrC, C) b-lactams, ERY, CLI, TET, FUS, SMX-TMP blaZ, erm(B), inu(A), tet(K), dfrG

1416 Dog Peritoneal fluid V (ccrC, C) b-lactams, ERY, CLI, TET, FUS, SMX-TMP blaZ, erm(C), tet(M), dfrG
233 Dog Nasal swab NT (-/C) b-lactams, ENR, MAR, ERY, CLI, TET,

FUS
blaZ, gyrA (S84Y)b, erm(C), tet(M)

Staphylococcus warneri
(n = 2)

765 Dog Pleural effusion IV (ccrAB2, B) b-lactams, CLI, TET blaZ, tet(K)

1513 Cat Skin (abscess) NT (ccrC, B) b-lactams, FUS blaZ, fusC
Staphylococcus
equorumc (n = 1)

1088 Dog Nasal swab III (ccrAB3, A) b-lactams, CLI, TET, FUS blaZ, inu(A), tet(K)

ab-lactams included penicillin and oxacillin, GEN, gentamicin, ENR, enrofloxacin, MAR, marbofloxacin, ERY, erythromycin, CLI, clindamycin, TET, tetracycline, FUS, fusidic acid, MUP,
mupirocin, CHL, chloramphenicol, SMX-TMP, trimethoprim-sulfamethoxazole, VAN, vancomycin, RIF, rifampin, NIF, nitrofurantoin.

bThe position of amino acid mutation and substitution in fluoroquinolone-resistant strain.
cThis strain was identified as S. nepalensis using MALDI-TOF MS.
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Phumthanakorn et al. ,  2022;  Microbial Drug Resistance
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• Short- and long-read nucleotide sequencing was used to characterize 
nontypeable (NT)-SCCmec elements in S. haemolyticus and S. hominis.

• Several antimicrobial resistance and heavy metal resistance genes were 
identified on the SCCmec element.

Coagulase-negative staphylococci (CoNS) 

FIG 1 Comparative analysis of the structural elements in the staphylococcal cassette chromosome mec composite islands (SCCmec-CI) in (A) S.
haemolyticus 1864 (GenBank accession number JAKUUX000000000), S. haemolyticus Sh29/312/L2 (CP011116), S. haemolyticus WCH1 (JQ764731), and

(Continued on next page)

SCCmec in Staphylococcus Species Isolated from Dogs Microbiology Spectrum

July/August 2022 Volume 10 Issue 4 10.1128/spectrum.00997-22 3
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• S. haemolyticus from bovine mastitis milk 
• MRSH-ST42 strain M81.1 contained a novel variant of C1 mec complex 
• Distinct evolution of the MRSH lineage through ISSha1 insertion, 

highlighting its role in SCCmec diversification 

Coagulase-negative staphylococci (CoNS) 

Thanasak et al. ,  2024; J Antimicrob Chemother

MRSH M81.1-ST42 was composed of SCCmecM81.1 (13.6 kbp) near 
rlmH and a composite of SCCM81.1 (11 kbp) in the chromosomal 
region (Figure 1). Two DRs flanked SCCmecM81.1, and only IR3 
was identified at the chromosomal end. However, unlike the class 
C1 mec complex, M81.1 possessed a new mec complex organiza-
tion of IS431-mecA-ISSha1-paaZ-upgQ-IS431, in which IS431 
was arranged in the same direction. The insertion of ISSha1 
downstream of mecA was not previously described, 
and BLASTn search did not identify any identical sequence ar-
rangement. Therefore, it was named as novel variant class C1 
mec complex in this study. This mec complex shared a core 

gene similar to the class C1 and C1.2 mec complexes of SCCmec 
type VII and type X,17,18 respectively (Figure S2). However, the 
core gene differed in the presence of ISSha1 in class C1 mec com-
plex in M81.1, which had nucleotide similarities of 67.3% and 
65.7%, respectively, with two truncation ISSha1 in the J1 region 
of SCCmec type X (Figure S2). The cluster of cadmium and arsenic 
resistance genes, cadD-cadC-arsC-arsB-arsR, was located 
upstream of the mec complex, which had high nucleotide 
identities (97.45%), in both M62.3-ST3 and M81.1-ST42 (Figure 1).

This study revealed that MRSH 62.3-ST3 and MRSH 81.1-ST42 have 
different gene combinations and arrangements on the SCCmec 

Figure 2. (a) Comparison of SCCmec elements in MRSH in the same STs. MRSH-ST3 strain M63.2 was compared with CGMH-SH53 (CP092476.1), 
MSA_JNM24C1 (CP063274.1), VB19458 (CP045187.2) and FDAARGOS517 (CP033814.1). (b) MRSH-ST42 strain M81.1 was compared with strain 
1864 (JAKUUX000000000), CGMH-SH51 (CP092478.1) and Sh29/312/L2 (CP011116.1). Regions of homology are represented by nucleotide identity 
(%). Key features associated with SCCmec elements are labelled. This figure appears in colour in the online version of JAC and in black and white 
in the print version of JAC.

Novel variant in class C1 mec complex of MRSH                                                                                              
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Pseudomonas aeruginosa

• Major nosocomial pathogen causing healthcare-associated infections
• Moist and water-rich hospital environments as key sources of infection
• Molecular epidemiology of P. aeruginosa from a veterinary teaching 

hospital environment 

 Veterinary Research Communications

1 3

P. aeruginosa with potential risk of infection and trans-
mission to humans and animals in the same area, similar 
to human hospitals.

A molecular epidemiological study using whole-
genome sequencing (WGS) has been successfully used 
for detecting an outbreak and surveillance of P. aerugi-
nosa infection in hospitals (Quick et al. 2014; Acosta et al. 
2020; Magalhaes et al. 2020). Therefore, this study aimed 
to investigate colonization sites, antimicrobial resistance, 
and molecular epidemiology of resistant clones of P. aer-
uginosa using WGS during a 5-month period in a small-
animal teaching hospital. Knowledge on environmental 
sources and resistant clone distribution of P. aeruginosa 
is necessary to understand the potential route of transmis-
sion and to monitor and improve prevention and control 
strategies in veterinary hospitals.

Material and Methods

Sample collection

Samples were collected from the environment of Prasu-
Arthorn Animal Teaching Hospital in Nakhon Pathom, 
Thailand. This referral veterinary hospital provides internal 
medicine service, specialized care, diagnostic, emergency, 
intensive care, surgical treatment, and ward for critically ill 
pets. Approximately 60,000 cases are seen in this veterinary 
hospital annually. The presumptive areas of colonization that 
were sensitive for the detection of P. aeruginosa, e.g., wet 
surfaces, and most frequently touched surfaces from five 
frequently used rooms, including the operating room, exami-
nation room, emergency room, wound care room, and ward 
room, were selected for contamination assessment (Fig. 1). 

Fig. 1  Room setting of the 
veterinary teaching hospital, 
number of sample collection/
time, and sampling sites in dif-
ferent rooms
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nation room, emergency room, wound care room, and ward 
room, were selected for contamination assessment (Fig. 1). 

Fig. 1  Room setting of the 
veterinary teaching hospital, 
number of sample collection/
time, and sampling sites in dif-
ferent rooms

Soonthornsit et al. ,  2022; Veterinary Research Communications
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Pseudomonas aeruginosa
• Sinks in exam and ward rooms consistently 

tested positive over 5 months

• Two carbapenem-resistant strains carried 

blaVEB-1
• Low-SNP, same-ST strains in different rooms 

indicate transmission link to the ward room
• Findings support improved management of P. 

aeruginosa in veterinary hospitals

 Veterinary Research Communications

1 3

Fig. 2  goeBURST analysis 
based on MLST of 5 STs of P. 
aeruginosa resistant strains. The 
clusters were constructed using 
a single locus variant (SLV). 
Magnification is represented of 
STs in the circles

Fig. 3  a Phylogenetic SNP tree 
of 10 P. aeruginosa resistant 
strains. The tree was gener-
ated with maximum likelihood 
phylogeny obtained from core 
genome SNP alignment in 
IQTree and mid-point rooted 
tree in FigTree version 1.4.4. 
The numbers show branch 
length and scale-bar represents 
residue substitution per site. 
b SNP count generated from 
CSIPhylogeny version 1.4 of 10 
P. aeruginosa resistant strains

 
Veterinary Research Com

m
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1 3

Roary (Page et al. 2016), and the SNP phylogenetic tree was 
then generated in the IQTree web server (http:// iqtree. cibiv. 
univie. ac. at) (Trifinopoulos et al. 2016) and visualized in 
FigTree 1.4.4 (Ram

baut, 2010). CSIPhylogeny 1.4 in the 
CGE website (https:// cge. cbs. dtu. dk/ servi ces/ CSIPh yloge 
ny/) was used to determine the SNP count (Kaas et al. 2014). 
All read data were deposited in the NCBI database under the 
BioProject ID PRJNA748228. The accession num

bers are 
JAHW

UT000000000 (strain S11.3), JAHW
UU000000000 

(strain W
1.3), JAHW

UV000000000 (strain W
A1.3), JAH-

W
UW

000000000 (strain O6.2), JAHW
UX000000000 

(strain W
A10.2), JAHW

UY000000000 (strain ER10.2), 
JAHW

UZ000000000 (strain ER5.2), JAHW
VA000000000 

(strain W
A1.2), JAHW

VB000000000 (strain O1.1), and 
JAHW

VC000000000 (strain W
A1.1).

Results

Positive colonization sites of antim
icrobial-resistant 

P. aeruginosa

In this study, a total of 19 P. aeruginosa isolates were found 
from

 165 sam
pling sites (11.5%). Bacterial isolates were 

m
ost frequently found in sinks (53.3%, 8/15), followed 

by rubber tubes (44.4%, 4/9), anesthesia-breathing circuit 
(33.3%, 1/3), liquid hand soap dispensers (20%, 3/15), work 
bench (11.1%, 1/9), equipment holder (11.1%, 1/9), and nor-
mal saline for irrigation (8.3%, 1/12) (Table 1). Sinks in the 
examination and ward rooms were the constant positive sam-
pling sites in over 5 months. The rubber tubes in the emer-
gency room and liquid hand soap dispensers in the examina-
tion room tested positive twice (2 months apart) (Table 1). 
The M

IC values of P. aeruginosa detected in this study are 
shown in Table 2. The resistant strains (52.6%, 10/19) were 
m

ostly isolated from
 the ward room

 (n = 4), and the m
ost 

frequently contam
inated sites were the sink (n = 5) (Table 

2). The remaining were susceptible strains (n = 9). Of the 19 
isolates, 5 were m

ultidrug-resistant (M
DR) P. aeruginosa 

that was also resistant to carbapenem
 (26.3%, 5/19). The 

highest resistance rate was to gentamicin (47.4%, 9/19), fol-
lowed by piperacillin/tazobactam (36.8%, 7/19), levofloxa-
cin (36.8%, 7/19), ciprofloxacin (36.8%, 7/19), meropenem 
(31.6%, 6/19), am

ikacin (31.6%, 6/19), cefepim
e (21.1%, 

4/19), and ceftazidime (21.1%, 4/19). The resistance rate to 
imipenem was the lowest (10.5%, 2/19). Strains resistant to 
colistin were not detected in this study.

Antim
icrobial-resistant genes, M

LST, and SN
P 

analysis

The draft genome of 10 resistant strains had a genome size 
of 6.5–7.2 M

bp with 65.5–66.5% GC content. The median 

Table 1  Positive sampling sites of P. aeruginosa (n = 19) found in this  studya

a  + and − represent positive and negative sampling sites, respectively
b  The number of positive P. aeruginosa is presented in parenthesis

Sampling sites b Examination room (n = 5) Wound care room (n = 4) Ward room (n = 4) Emergency room (n = 4) Operating room 
(n = 2)

Collection time 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

Sink (n = 8)  + (O1.1)  + (O1.2)  + (O1.3) - -  + (W1.3)  + (WA1.1)  + (WA1.2)  + (WA1.3) - - - - -  + (S1.3)
Rubber tube (n = 4) - - - -  + (W10.1) - -  + (WA 10.2) -  + (ER10.1)  + (ER10.2) - - - -
Liquid hand soap dispensers 

(n = 3)
-  + (O6.2)  + (O6.3) -  + (W6.2) - - - - - - - - - -

Normal saline for irrigate 
(n = 1)

- - -  + (W7.1) - - - - - - - - - - -

Work bench (n = 1) - - - - - - - - - -  + (ER5.2) - - - -
Equipment holder (n = 1) - - - - - - - - - - -  + (ER4.3) - - -
Anesthesia- breathing 

circuit (n = 1)
- - - - - - - - - - - - - -  + (S11.3)

https://www.ikea.com/th/th/p/toernviken-countertop-wash-basin-white-10291517/

Soonthornsit et al. ,  2022; Veterinary Research Communications
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Pseudomonas aeruginosa
Investigate the sequence typing and clones, and antimicrobial resistance 
of clinical P. aeruginosa isolates from the dogs and cats visiting a 
veterinary teaching hospital in Thailand within a 1-year period (2022).

Page 3 of 6Jangsangthong et al. BMC Veterinary Research          (2024) 20:234 

were closely clustered together, according to phyloge-
netic SNP tree and SNP number analyses of clinical iso-
lates from this study and 10 environmental isolates from 
a prior study conducted at the same veterinary hospital 
(Fig.!1 and Additional file 2).

Antimicrobial resistance of!P. aeruginosa
Among the P. aeruginosa isolates, 16 were resistant to at 
least one of the drugs tested and 33 (67.4%) were suscep-
tible strains. For the 16 strains, the highest phenotypic 
resistant rate was observed for gentamicin (24.5%), fol-
lowed by amikacin (14.3%), ciprofloxacin (14.3%), and 
levofloxacin (12.2%). Resistance to piperacillin/ tazobac-
tam and imipenem accounted for 4.1% each, and resis-
tance to ceftazidime, cefepime, and meropenem was 
at 2%. No colistin resistance was observed. Two MDR 
strains (1184 and 143) were identified (2%, 2/49) and 
found to be carbapenem-resistant strains. Strain 143 was 
resistant to imipenem, gentamicin, and ciprofloxacin; 
and strain 1184 was resistant to ceftazidime, cefepime, 
piperacillin/tazobactam, imipenem, meropenem, genta-
micin, amikacin, levofloxacin, and ciprofloxacin (Fig.!1).

Genes responsible for acquired and phenotypic anti-
microbial resistance and those with amino acid altera-
tions were selected from the Comprehensive Antibiotic 

Resistance Database (CARD) database for analysis in 
Fig.!1. In general, the strains belonging to the same STs 
exhibited a similar antimicrobial resistance gene profile, 
except for ST235 and ST244. All of them harbored di"er-
ent types of #-lactamases, blaPDC and blaOXA (Fig.!1). $e 
combination of blaVIM−2, blaPDC−35 and blaOXA−488 was 
detected in a single strain 1184-ST235 that was resistant 
to imipenem and meropenem. While two carbapenem-
resistant ST235 isolates from the environment (strains 
WA1.3 and WA1.1) contained blaVEB−1, blaPDC−35, bla-
OXA−488, and blaOXA−10 (Fig.! 1). Aminoglycoside resis-
tance gene aph(3’)-Ilb was detected in all the isolates 
alone or in combination with the others. $e gentami-
cin and/or amikacin resistance genes were aph(3’’)-Ib, 
aph(6)-Id in ST308, ant(2’’)-Ia, ant(3‘’)-Ila, ant(4’)-Ilb, 
aadA6, and aadA2 in ST235; aph(3’)-Vla in ST620; and 
aac(6’)-Ib9 and aadA2 in ST3405. A single strain ST244 
harboring aac(6’)-Ib8 and ant(3‘’)-Ila was susceptible to 
gentamicin and amikacin. Except for aph(3’)-Ilb, none 
of the aminoglycoside resistance genes were found in 
the seven gentamicin- and/or amikacin-resistant strains. 
$e mutation in gyrA (T83I) but not in parE (A473V) 
or qnrVC1 was associated with resistance to ciprofloxa-
cin and levofloxacin in clinical isolates. $e disinfec-
tant resistance gene, qacEdelta1, was identified in two 

Fig. 1 Phylogenetic single nucleotide polymorphism (SNP) tree, strain, sequence types (STs), origin, isolation period, and antimicrobial resistance of 
Pseudomonas aeruginosa. Ten environmental isolates from a previous study [16] and the reference strain P. aeruginosa PAO1 (Accession no. AE004091.2) 
were included. New ST in bold. Presence in green and absence in yellow. N/A, not determined. T, cefazidime, F, cefepime, P/T, piperacillin/ tazobactam, I, 
imipenem, M, meropenem, A, amikacin, G, gentamicin, L, Levo!oxacin, C, cipro!oxacin, and in blank, susceptible. Types of blaPDC and blaOXA; and amino 
acid mutation of gyrA, parE, basR, nalC in green box. oprD amino acid alterations: 1, wildtype; 2, T103S, K115T, F170L; 3, T103S, K115T, F170L, E185Q, 
P186G, V189T, R310E, A315G, G425A; 4, D43N, S57E, S59R, E202Q, I210A, E230K, S240T, N262T, A267S, A281G, K296Q, Q301E, R310G, V359L, 372VDSSSS–
YAGL383; 5, V127L, E185Q, P186G, V189T, E202Q, I210A, E230K, S240T, N262T, T276A, A281G, K296Q, Q301E, R310E, R310E, G312R, A315G, L356M, L348M, 
372VDSSSS–YAGL383, S403A, Q424E; 6, S57E, S59R, V127L, E185Q, P186G, V189T, E202Q, I210A, E230K, S240T, N262T, T276A, A281G, K296Q, Q301E, R310E, 
A315G, L347M, 372VDSSSS–YAGL383, S413A, Q424E

 High-risk clones

Jangsangthong et al., 2024; BMC Veterinary Research
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Current research

AMR and genomic analysis
• Genomic characterization of AMR in clinical bacterial isolates from 

ornamental fish over a 10-year period
• Investigation of antimicrobial resistance profiles of Enterococcus 

species isolated from dogs and cats
Metagenomics
• Application of metagenomic approaches to explore microbial 

communities and resistance gene diversity in animal hosts
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