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Streptococcus canis, a multi-host pathogen commonly isolated from dogs and
cats has been occasionally reported in severe cases of human infection. This
study aimed to explore the genetic diversity, antimicrobial resistance (AMR), and
pathogenicity of S. canis isolates collected between 2004-2021, in Italy. Fifty-
five S. canis isolates from clinical cases in domestic animals were investigated for
susceptibility to antibiotics and then characterized for sequence type (ST), virulence
profile, and antimicrobial-resistant genes through whole genome sequencing
(WGS). All isolates were susceptible to beta-lactams, while frequently exhibiting
resistance to lincosamides, chlortetracyclines, and macrolides. Six out of 55 isolates
of S. canis, all collected between 2020 and 2021, were multi-drug resistant (MDR).
The most common AMR gene in the dataset was ImrP conferring resistance for
streptogramin, tetracycline, macrolide, streptogramin A, and lincosamide. Other
determinants of AMR were the tet genes. Twenty-one distinct STs were identified,
with ST9 being the most prevalent in our collection. Regarding the virulence
genes, forty-three isolates were positive for the ssp-5 gene, which encodes an
agglutinin receptor. Comparison with other 46 S. canis genomes available in
public repositories revealed that the Italian isolates clustered by the S. canis M-like
(SCM) protein gene and ST and did not group according to their host, area, or
year of origin. In conclusion, our study underscores the susceptibility of Italian
S. canis isolates to beta-lactam antibiotics, which remain the first line of defense
in managing infections. In Italy, ST9 represents the predominant clone of this
pathogen. Despite the diversity in species of origin and the various STs identified,
our findings confirm that S. canis has not adapted to different ecological niches
and corroborate the accidental pathogenic nature of human cases.
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1 Introduction

Streptococcus canis is a f-hemolytic Streptococcus species from
the Lancefield Group G, typically colonizing the skin and mucous
membranes of asymptomatic dogs and cats (1, 2). S. canis can cause
a variety of infections in these animals, including skin and soft
tissue infections, and, although rare, more severe diseases such as
ulcerative keratitis, necrotizing fasciitis, septicemia, endocarditis,
respiratory disease, genital, and urinary infections (3-8). Less
frequently, S. canis has been found in other wild and domestic
mammalian hosts: in cattle is a rare but contagious agent of mastitis
(3, 9). S. canis is also a zoonotic agent, with the first infection in
humans described in 1998. Since then, a growing number of cases
have been reported in humans, including severe cases of bacteremia,
osteomyelitis, endocarditis, and pneumonia (10-12). Human
infections are generally a consequence of exposure to dogs, or, less
frequently, to cats, and occur after bite wounds, superficial ulcers,
or cellulitis (12). Molecular epidemiological investigations have
revealed significant genomic overlap between animal and human
isolates, suggesting direct interspecies transmission (5, 13).
Moreover, S. canis infection is rare in the setting of neonatal sepsis;
however, it can lead to high morbidity and mortality as reported
recently (14).

Therapy against S. canis infection is based on antimicrobials, with
penicillins identified as the first-line antibiotic class in animals and
humans (15). The development of AMR in S. canis has been reported,
but the mechanisms of resistance are not yet fully characterized (16—
18). S. canis has been reported to show low resistance rates to
quinolones (7.0%) and from 5.6 to 39.7% for tetracyclines (15).
Conversely, the species is considered highly susceptible to beta-
lactams (15). This assumption has recently been challenged by
reports of beta-lactam-resistant isolates from animals emerging in
Japan (19).

Despite some research efforts, S. canis remains less studied
compared to other streptococcal species, and many aspects of its
epidemiology and virulence are still not well understood (3-5,
20). Two genotyping methods, a multi-locus sequence typing
(MLST) scheme (21) and a scheme based on the allelic variations
of the SCM protein gene (17), were used to investigate the
diversity of S. canis population. Nevertheless, a consensus on the
preferred method for S. canis typing was not reached, complicating
the understanding of the population structure of this pathogen
(13, 21-23). More recently, these two systems were compared to
core genome typing based on data from WGS (5). This comparison
highlighted that both MLST and SCM typing schemes lack in
describing the diversity within the S. canis population, probably
because they both analyze small fragments of the bacterial
genome. By contrast, core genome analysis based on WGS
provides a more comprehensive understanding of the
epidemiology of this pathogen (5, 13). The application of WGS
could potentially address many of the current knowledge gaps
regarding S. canis, particularly in terms of its population structure,
evolution, and host specificity.

Here we use whole genome sequencing of S. canis isolates
collected between 2004 and 2021 from clinical cases in domestic
animals in Italy to investigate genetic diversity, antimicrobial
resistance, and pathogenicity.
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2 Materials and methods

2.1 Bacterial isolates and species
identification

We investigated 55 isolates collected from dogs (n = 25), cats
(n =13), cattle (n = 3), and a hedgehog (n = 1) collected in Italy from
2004 to 2021 (Supplementary Table S1). All the isolates originated
from individual cases of clinical disease. To the best of our knowledge,
they were not epidemiologically linked, as they were collected from
different animals, in different geographical locations, at different years,
and from different veterinary clinics or diagnostic laboratories. In our
collection, we included the reference strain of Culture Collection
University of Gothenburg (CCUG): Streptococcus canis CCUG 27668.
The samples were cultured on 5% sheep blood agar (Biolife Italiana
Srl, Milan, Italy) at 5% CO,, 37°C for 24-48 h. Suspected f-hemolytic
colonies were selected, and confirmed as belonging to the genus
Streptococcus by Matrix-Assisted Laser Desorption Ionization-Time
of Flight Mass Spectrometry (MALDI-TOF MS) (Bruker Daltonics
GmbH, Germany).

Isolates were identificated at specie level by the 16S rRNA gene
sequencing. DNA was extracted using QIAamp® DNA Mini Kit
(Qiagen, Hilden, Germany) following the manufacturer’s instruction
and used to perform the PCR reaction with universal primers 27F
(5"-AGAGTTTGATCCTGGCTCAG-3') and 1492R
(5"-TACGGYTACCTTGTTACGACTT-3") (24), containing 10 pL of
5x Taq buffer, 1.5 mM MgCl,, 200 pM dNTPs, 1 U of Tag DNA
polymerase (Promega Corporation, Wisconsin, USA), 0.2 pM of
primers and 10 ng of DNA template, brought up to a final volume of
50 pL with ultra-pure water. The reactions were performed on a
thermocycler (Eppendorf, Hamburg, Germany) under these
conditions: 4 min at 96°C, followed by 30 cycles of 1 min at 94°C,
1 min at 56°C and 1 min at 72°C, and a final extension step at 72°C
for 10 min. Aliquots of 5 pL of each reaction were analyzed on 1%
(w/v) agarose gel in TBE buffer.

The PCR products were purified using High Pure PCR Product
Purification Kit (Roche, Basel, Switzerland), sequenced with specific
primers using BigDye™ Terminator v3.1 Cycle Sequencing Kit
(Applied Biosystems, Massachusetts, USA) in 3500 Genetic Analyzer
(Applied Biosystems Massachusetts, USA). The DNA sequences were
analyzed using BioEdit sequence alignment tool and compared with
the sequences deposited in the National Center for Biotechnology
Information (NCBI)-GenBank database using the BLAST alignment
tool.! The isolates were identified unambiguously, with > 98.7%
similarity to the 16S rRNA sequence of the corresponding strain.

2.2 Antimicrobial susceptibility testing
We assessed MICs using a commercial MIC panel (BOPO6F,
Sensititre; Trek Diagnostic Systems Inc.) according to the

manufacturer’s instructions. Susceptibility to erythromycin was
assessed using Etest strips (Liofilchem, Roseto degli Abruzzi, Italy),

1 www.ncbi.nlm.nih.gov/BLAST
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with a tested concentration range of 0.016-256 pg/mL. Streptococcus
pneumoniae ATCC 49619 was used as a quality control strain. The
MIC values for chlortetracycline, penicillin, trimethoprim/
sulfamethoxazole, and erythromycin were interpreted using the
breakpoints recommended by the Clinical Laboratory Standards
Institute M 100 Ed. 34th (25). MIC values for ampicillin, clindamycin,
ceftiofur, and enrofloxacin were interpreted according to the
breakpoints from CLSI Vet01S, Ed. 7th edition (26). Based on the
clinical breakpoints, the isolates were classified as susceptible (S),
intermediate (I), or resistant (R). An isolate was classified as multi-
resistant when it was resistant to at least three antibiotic classes
representing third-generation cephalosporins (ceftiofur), penicillin
(ampicillin -~ and  penicillin), lincosamides  (clindamycin),
fluoroquinolones (enrofloxacin), sulfonamides (trimethoprim/
sulfamethoxazole), macrolides (erythromycin), and tetracycline
(chlortetracycline) (27). For gentamicin and florfenicol, MIC values
were interpreted using the epidemiological cut-off (ECOFF) criteria
established by EUCAST.> When using the ECOFF, the isolates were
categorized as wild-type (WT) or non-wild-type (nWT). According
to EUCAST definitions, “wild-type” (WT) isolates are those with
MICs at or below the epidemiological cutoff value (ECOFF),
representing populations without acquired or mutational resistance
mechanisms, whereas “non-wild-type” (NWT) isolates exhibit MICs
above the ECOFE indicating the likely presence of such
resistance mechanisms.

2.3 Whole genome sequencing

In order to investigate ST, virulence profile, and antimicrobial
resistant genes, the 55 S. canis isolates were whole genome sequenced.
Each DNA was then quantified with the Qubit fluorometer (QubitTM
DNA HS Assay, Thermo Fisher Scientific Inc.). Libraries were
prepared using the Nextera XT Library Prep kit (Illumina Inc., San
Diego, CA) and then sequenced on an Illumina NextSeq 550 platform
to generate 300 bp paired-end reads.

2.4 Bioinformatic analysis

Mlumina reads were trimmed and checked for quality using Fastp
v0.19.5 (28) with default parameters. The metrics used for reads
quality assessment were: number of contigs, mean values for N50 and
L50 and GC% values (Supplementary Table S2). The reads were
assembled using SPAdes genome assembler v3.11.1 (29), checked for
quality assessment of draft genome sequences with QUAST v5.0.2
(30), and annotated using Prokka v1.14.6 (31). The resulting general
feature formats (GFFs) produced by Prokka were analyzed with Roary
v3.11.3 (32) to obtain a core genome alignment. I silico multi-locus
(ML) ST analysis was performed by submitting sequences to S. canis
MLST database to obtain allele number and ST. The new allele
sequences or STs were submitted to the database curator.?

2 https://www.eucast.org/

3 https://pubmlst.org/organisms/Streptococcus-canis
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Antibiotic-resistance genes were analyzed with ABRicate,* using
ResFinder, considering only genes with a >95% coverage and >99%
identity.

Our investigation of quinolone resistance focused on parE, gyrB,
parC, and gyrA mutations. parE, gyrB, parC, and gyrA sequences of
the 55 isolates were manually aligned running MUSCLE online’ and
using Streptococcus canis HL_98_2 (GenBank NZ_CP053789.1)
as reference.

Virulence genes were searched by BLASTN v2.13.0+ creating a
database of 19 previously described genes (5) and using a >90%
coverage and >20% identity.

In order to compare our isolates to the ones available in the
literature, we downloaded the 46 genomes referring to the S. canis (5),
in the Sequence Read Archive (SRA) database. The dataset included
26 isolates from dogs, 11 from humans, 6 from cats, 2 from cattle, and
1 from seal. Those selected isolates were originated from UK (41),
South Korea (4) and USA (1). The 46 genomes were compared with
the 55 isolates of our study creating a maximum likelihood (ML)
phylogenetic tree (FastTree 2.1.11) (33) of the core genome of S. canis
isolates. The tree was manually annotated using iTOL (v.6, https://itol.
embl.de/, accessed date: September 2, 2024).

We classified SCM 1-15 using BLASTN and a database of SCM
coding sequences previously described by Pagnossin et al. (5). For
the classification, we chose an identity percentage >98% and a
coverage percentage >70% (5). The nucleotide sequences of the M
protein gene of our S. canis isolates were aligned with the nucleotide
sequences of M proteins available in the literature using
MUSCLE (5).

3 Results
3.1 AMR phenotypes and genotypes

The distribution of S. canis isolates according to antibiotic MIC
values is shown in Table 1. The isolates were classified as resistant
to chlortetracycline (18/55, 32.7%), clindamycin (6/55, 10.9%) and
to erythromycin (6/55, 10.9%). Forty-five isolates out of 55 (81.8%)
were intermediate for enrofloxacin. Moreover, 41/55 (74.5%)
isolates were considered as non wild-type for gentamicin. Multi-
resistance was detected in 6/55 (10.9%) isolates of S. canis, showing
simultaneous resistance to erythromycin, chlortetracycline and
clindamycin. Those isolates, collected between 2020 and 2021,
belonged to dogs (4), and cats (2). The most common AMR gene in
ImrP  (55/55)
tetracycline, macrolide, streptogramin A,
lincosamide. Other determinants of AMR were the tet genes

the dataset was conferring resistance for

streptogramin,

(Table 2, Figure 1).

None of the isolates harbored the mutations associated to a
reduced susceptibility to quinolones, namely Ser81/Glu85 in gyrA,
Gly408 in gyrB, Ser67/Asp71 in parC or Asp438 in parE (34)
(Supplementary Table S3).

4 https://github.com/tseemann/abricate

5 https://www.ebi.ac.uk/Tools/msa/muscle/
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TABLE 1 Distribution of MIC (minimum inhibitory concentration) values among the 55 S. canis isolates tested using a commercial MIC panel (BOPOG6F,
Sensititre; Trek Diagnostic Systems Inc.).

A olfe O olates b g
ole a
O O 0.50 4 8 O 04 8 O
Ceftiofur 55 (100)
21
Chlortetracycline 1(1.8) 15 (27.3) 4(7.3) 14 (25.5)
(38.2)
Gentamicin 14 (25.5) 39 (70.9) 2(3.6)
Florfenicol 5(9.1) 50 (90.9)
Penicillin 55 (100)
Ampicillin 55 (100)
Trimethoprim /
55 (100)
sulfamethoxazole
Clindamycin 49 (89.1) 6(10.9)
Enrofloxacin 10 (18.2) 44 (80) 1(1.8)

Percentages are shown in brackets. The grey-shaded areas indicate the range of concentrations actually tested for each antibiotic, for which interpretive criteria were available. Black vertical
bars indicate the threshold values for clinical resistance, black dotted lines indicate the threshold values for intermediate susceptibility according to Clinical and Laboratory Standards Institute
(https://clsi.org). Red vertical bars indicate the threshold values for the epidemiological cut-off values, according to The European Committee on Antimicrobial Susceptibility Testing (https://
www.eucast.org/).

TABLE 2 Antimicrobial resistance genes and their associated classes of between 39.52 and 38.82 (Supplementary Table S2). Twenty-one
antibiotics, as indicated by the Comprehensive Antibiotic Resistance

Database (CARD; https://card.mcmaster.ca/home), identified in 55 . .
Streptococcus canis isolates. accounting  for  382% (n=21) of our collection

distinct STs were identified, with ST9 being the most prevalent,

— . ; (Supplementary Table S4). Both ST95 and ST2 were also common,
Antimicrobial Number of  Associated each representing 7.3% (n = 4) of the samples. Eight new STs were
identified as ST91-ST101 (ID289-1D299).6

The distribution of putative virulence genes was investigated in

resistance genes isolates (%) classes of
antibiotics

streptogramin, the 55 S. canis isolates and we described the presence of 18 out of 19

ImrP 55 (100) tetracycline, macrolide, virulence genes as reported in Supplementary Table S1 and Figure 1.

streptogramin A, Twelve of these genes (63.2%) were detected in each isolate. Forty-

fincosamide three isolates (78.8%) of our collection were positive for the carriage
tet(0) 8(14.5) tetracycline of the ssp-5 gene, which encodes an agglutinin receptor. None of our
pleuromutilin, isolates were positive for smeZ.
IsaC 6(10.9) streptogramin, The characterization of the allelic variations of the SCM gene
lincosamide across the collection is provided in Supplementary Table S1 and
streptogramin, Figure L.
macrolides,
ermB 4(7.3) streptogramin A, . .
treplogramin B 3.3 Phylogenetic analysis
lincosamide
et 35 rolide Comparison with other S. canis genomes available in public
repositories revealed that the Italian isolates clustered by the SCM and
tet(S) 23.6) tetracycline ST. Some STs belonged to one SCM allele alone: e.g. ST1 to SCM15,
tet(M) 2(3.6) tetracycline ST3 to SCM1, ST15 to SCM10, ST23 to SCMI1 (Figure 1,
tet(T) 1(1.8) tetracycline Supplementary Table S1). The agreement among phylogenetic

methods was not complete: in the ML phylogenetic tree, ST3, ST23,
ST61, ST94, and ST101 clustered together with ST9, while all of them
3.2 Genomic analysis were classified as SCM1. This ST9-SCM1 phylogenetic cluster was the
largest in our collection. Regardless of the typing method, the
The mean length of the 55 assemblies was 2,099,785 (min
1,892,070; max 2,486,022) with an average number of contigs of 76
(min 45; max 162). The mean values for N50 and L50 were 84,699
(min 29,080; max 155,133) and 9 (min 5; max 23). GC% valueranged ~ 6 htips://pubmlst.org/organisms/Streptococcus-canis
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Maximum likelihood phylogenetic tree based on core genome alignment of 101 Streptococcus canis isolates collected from various countries and
hosts. The tree was constructed and annotated using the iTOL interactive interface (https://itol.embl.de). For each isolate, the sequence type (ST), SCM
group, virulence genes, and antibiotic resistance genes are indicated. The isolate labels are color-coded according to the host of origin (e.g., dog, cat,
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seal, human, bovine, hedgehog), enabling immediate visual correlation between host specificity and phylogenetic clustering.
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phylogenetic tree indicated that the 101 S. canis isolates did not group
according to their host, area or year of origin. Human isolates
belonged to different STs, harbored various SCM types and were
scattered along the phylogenetic tree (Figure 1).

4 Discussion

S. canis is a significant pathogen in both canines and cattle and is
increasingly recognized as an emerging zoonotic agent. Despite its
clinical importance, there remains a scarcity of comprehensive data
regarding the epidemiology, antibiotic susceptibility, and virulence
mechanisms of this bacterium. Our study addresses this gap by
presenting data on . canis isolates collected from various animal hosts
over a span of 17years in Italy. Additionally, we conducted
comparative genomic analyses between our S. canis isolates and
publicly available genomes from human cases and different
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geographical regions, thereby providing new insights into the genetic
diversity of this microorganism.

Regarding the analysis of virulence characteristics, we identified
18 out of the 19 virulence genes previously described in the literature
(5). Several genes such as eno, fbp54, hasC, hyl, plr, rfbA, rfbB, which
were identified in our collection, are recognized as components of the
S. pyogenes core genome, which further supports the close
evolutionary relationship between S. canis and S. pyogenes (35). hasC
is part of the has operon, which is responsible for the synthesis of
hyaluronic acid. In fact, in S. pyogenes, the capsule composed of
hyaluronic acid has a composition analogous to that of hyaluronic acid
found in human connective tissue, which contributes to the low
immunogenicity of the bacterium in the host (36). In the genus
Streptococcus, fbp54 encodes a surface protein capable of binding to
fibrinogen and fibronectin, thus being involved in adhesion
mechanisms (37). Forty-three isolates were positive for the ssp-5 gene,
being one of the most prevalent virulence genes in our collection. The
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gene ssp-5 codes for an agglutinin receptor and is responsible for
adhesion and colonization of Streptococcus to different substrates
inside the host (38). Notably, ssp-5 has been identified in other
Streptococcus species, such as S. suis and S. canis, both of which are
associated with zoonotic transmission from animals to humans. Its
presence is strongly correlated with increased pathogenicity, making
it a critical factor in cross-species infections and a valuable target for
surveillance and therapeutic interventions (5, 38).

Moreover, S. canis, like the majority of species within this genus,
is generally susceptible to the beta-lactam class of antibiotics (4, 39,
40). A recent study has reported reduced susceptibility to penicillin-G
in S. canis isolates from dogs in Japan, with this resistance attributed
to amino acid substitutions in penicillin-binding proteins (15). In
contrast, all isolates in our collection exhibited full susceptibility to
beta-lactams, including penicillin, ampicillin, and ceftiofur. This
finding reinforces the continued efficacy of beta-lactams as the first-
line treatment for S. canis infections in Italy. Our isolates frequently
exhibited resistance to lincosamides, tetracyclines, and macrolides
consistent with previous reports (4, 5, 41-43). Resistance to
tetracyclines was detected in approximately one-third of our
collection, a proportion aligning with other studies, where it ranges
from 30-40% (4, 21, 44, 45). This resistance was associated with the
presence of tet genes, with tet(O) being the most prevalent, followed
by tet(M), tet(S), and tet(T). While the presence of tet(O) and tet(M)
is well documented in the literature, the detection of tet(S) and tet(T)
is relatively rare (5, 46). Notably, all Italian ST15 isolates harbored
tet(S), and all ST3 was positive for tet(O).

Resistance to macrolides and lincosamides, likely attributable to
the MLSB phenotype (macrolides, lincosamides, and streptogramin B
group), was detected in six isolates. This resistance was generally
associated with the presence of the ImrP and ermB determinants (4,
42). Additionally, up to 80% of the isolates were categorized as
non-susceptible to enrofloxacin according to the CLSI breakpoints for
veterinary pathogens, which classify MIC values of 1-2 pg/mL as
intermediate. In S. canis, resistance to quinolones is generally
associated with substitutions in the parC (Ser67/Asp71), gyrA (Ser81/
Glu85) and parE (Asp438) sequences (47). None of these substitutions
were detected in our collection (Supplementary Table S3). It is
noteworthy that the aforementioned substitutions are typically
coupled with MIC values for quinolones higher than 2 pg/mL, while
our isolates exhibited MIC values equal or below 2 pg/mL (47).

A total of 6 out of 55 S. canis isolates (10.9%) obtained from the
bacterial collection between 2020 and 2021 exhibited a multi-drug
resistant phenotype. Of these, four isolates originated from canine
hosts, three of which belonged to ST2, while the remaining two were
derived from cats. The emergence of MDR strains within S. canis is a
growing concern, as resistance to multiple antibiotic classes can
severely limit therapeutic options for treating infections in companion
animals. The observed association of MDR with ST2 strains may
indicate clonal expansion or selective pressure within this lineage.
From a clinical standpoint, MDR S. canis infections may result in
prolonged illness, treatment failure, or increased reliance on last-
resort antimicrobials. Moreover, the potential zoonotic transmission
of resistant S. canis strains from pets to humans—particularly
immunocompromised individuals—poses a notable public health risk,
as companion animals can act as reservoirs and vectors for
antimicrobial-resistant bacteria (13). These findings underscore the
importance of routine antimicrobial susceptibility monitoring and the
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implementation of prudent antibiotic use policies in
veterinary practice.

There is no standard reference technique for the phylogenetic
analysis of S. canis; therefore, three methods were utilized in parallel:
core genome analysis, MLST and SCM sequences analysis. For the
phylogenetic analysis, publicly available genomes of S. canis were also
included, even though their number was quite limited. The data
confirm that ST9 of S. canis is a dominant sequence type in Italy,
consistent with previous studies in other European countries, such as
Portugal and Germany (48). ST9 is characterized by the presence of
allele 1 of the S. canis M-like protein (SCM1), a recognized virulence
factor of this bacterium. Similarly, ST21 was associated with the
production of SCM allele 10, as previously reported by Fukushima
et al. (49), but this association is not exclusive, as the same variant was
found in ST15. The phylogenetic analysis of the core genome revealed
that the isolates did not cluster based on their species of origin. For
instance, isolates belonging to ST9 originated from diverse sources,
including dogs, cats, cattle, hedgehogs, and seals, yet were placed
within the same clusters in the phylogenetic tree. Human-origin
isolates did not form separate clusters but were included within the
same clusters as canine, feline, and bovine isolates. The comparison
among the three methods highlights an incomplete agreement
between MLST typing and the core genome analysis, as shown by the
presence of multiple STs in the same cluster. Genomic analyses,
including multilocus sequence typing, confirm the zoonotic origin of
these infections and illustrate genetic recombination events with
Streptococcus dysgalactiae, enhancing its virulence and adaptability
(21). ST9 was isolated from a patient with bacteremia, while previous
animal studies had consistently identified ST9 in dogs suffering from
dermatitis and wound infections (22). This suggests that certain STs
are predisposed to cross-species infection and may possess enhanced
virulence factors, such as the scm gene.

The SCM classification system groups scm alleles based on
sequence similarity into three major categories: Group I (alleles 1-7),
Group II (alleles 8-15), and SCM-NT (non-typeable). Group
TIincludes classical alleles typically associated with less invasive strains,
while Group II encompasses novel variants such as allele 10, which has
been linked to increased intracellular invasion and potential virulence,
particularly in strains belonging to ST21 and ST15 (49). SCM-NT
strains either lack detectable scm sequences or express untypeable
variants, and their role in pathogenesis is still under investigation. This
grouping provides a molecular framework for epidemiological and
virulence profiling of S. canis, particularly in zoonotic contexts (49,
50). We did not observe a clustering between SCM group 1 isolates
and SCM group 2 isolates in the phylogenetic tree. As already noted
by Pagnossin et al. (5), the analysis of data from WGS offers higher
discrimination as compared to SCM or MLST analysis. Our study
provides S. canis genomes from novel geographical regions, periods,
and hosts, thereby offering new opportunities to compare this
pathogen diversity across various ecological niches.

The high genetic similarity of S. canis isolates from different hosts
and tissues confirms the generalist nature of this pathogen and its lack
of adaptation to specific host species, in agreement with findings by
other authors (5, 13). A limitation of this study is the relatively small
number of S. canis isolates analyzed. However, the strains were
collected over a broad temporal span (2004-2021) and from diverse
host species and geographic regions, which enhances the relevance of
the observed phylogenetic patterns and allows for insights into
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potential long-term and cross-host transmission dynamics. Regardless
of genetic lineage, S. canis seems capable of cross-species transmission.
This genomic evidence is supported by the nature of infections
reported in cattle, where before spreading among lactating cows,
S. canis infection usually originates from cats or dogs having access to
the barn (9). More importantly, S. canis infections in humans are
primarily attributed to a close contact, often through bites, with dogs
and cats (4).

In conclusion, our study underscores the susceptibility of Italian
S. canis isolates to beta-lactams antibiotics, which remain the first line
of defense in managing infections. In Italy, ST9 represents the
predominant clone of this pathogen. Despite the diversity in species
of origin and the various sequence types identified, our findings
confirm that S. canis has not adapted to different ecological niches,
corroborating the accidental pathogenic nature of human cases.
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