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SUMMARY: This study aimed to identify the species and assess the antimicrobial resistance (AMR) of 
β-hemolytic streptococci isolated from companion animals in Japan. Strains were isolated from clinical 
specimens of 131 companion animals that exhibited symptoms in April–May 2017. We identified strains 
by 16S rRNA sequencing and assessed their antimicrobial susceptibility using the broth microdilution 
method. AMR genes erm(A)-erm(B)-mef(A) and tet(M)-tet(O)-tet(K)-tet(L)-tet(S) in all isolates were 
amplified by PCR. 16S rRNA sequencing identified β-hemolytic streptococcal species as Streptococcus 
canis (n = 117, 89.3%), S. agalactiae (n = 7), S. dysgalactiae subsp. equisimilis (n = 5), S. dysgalactiae 
subsp. dysgalactiae (n = 1), and S. equi subsp. zooepidemicus (n = 1). Overall AMR rates were 39.7% for 
minocycline, 19.8% for erythromycin, and 17.6% for clindamycin, with a minimum inhibitory concen-
tration (MIC90) of > 4, > 2, and > 1 μg/mL, respectively. AMR genotyping showed the presence of single 
or mixed types: erm(B)-mef(A) and tet(M)-tet(O)-tet(L)-tet(S). There was a significant relationship be-
tween tetracycline-resistance genotypes and open pus/skin-derived specimens. These observations iden-
tify some unique features of β-hemolytic streptococcal isolates from companion animals in Japan, such 
as the dominant isolation of S. canis and resistance to tetracycline, macrolide, and lincosamide antibiot-
ics, in terms of species identification and AMR properties.

INTRODUCTION
  Many individuals in Japan keep companion animals in 
their homes, including dogs and cats. Additionally, med-
ical institutes and nursing homes are starting to intro-
duce animal-assisted therapy as a mental health service 
for hospital patients and elderly individuals. As a result, 
animals and humans are living increasingly closely. Fur-
thermore, remarkable advances in veterinary medical 
technology have helped to extend the lives of animals, 
especially household pets. According to the “White 
Paper on Household Animals 2016” (1), the average life 
span of household dogs in Japan in 2014 was 13.7 years. 
Therefore, based on the “One Health” concept, a com-
prehensive control of the health of humans, contact ani-
mals, and their related environments (2), bacterial patho-
gens with the potential for transmission between humans 
and animals need to be investigated in order to maintain 
the health of both pets and their owners.
  Streptococcus canis, belonging to the β-hemolytic 
Lancefield carbohydrate antigen group G streptococci, 
has been associated with multiple documented pyogenic 
syndromes in cats by an institutional boarding facility 

(3). This species also appears to have been the zoonotic 
source of human infections in several case studies (4–6). 
S. canis-related invasive zoonotic infections may be 
underdiagnosed, as species-level identification has not 
been performed for the same.
  The β-hemolytic S. agalactiae carbohydrate group B 
proliferates in the milk of cows and can result in intra-
mammary infections. In addition, this pathogen has been 
previously isolated from several invasive infections, in-
cluding sepsis/bacteremia with unknown foci, infectious 
endocarditis, septic arthritis, meningitis, and others 
among human neonatal or elderly subjects (7,8). There-
fore, human and veterinary clinicians should be aware of 
possible infectious diseases resulting from this zoonotic 
bacterium.
  S. dysgalactiae subsp. equisimilis isolates having 
β-hemolytic activity and groups G /C/A antigens are 
increasingly recovered from severe invasive infections, 
such as streptococcal toxic shock syndrome, necrotizing 
fasciitis, meningitis, infectious endocarditis, sepsis, sep-
tic arthritis, osteomyelitis, and others in human patients 
worldwide (9). These S. dysgalactiae subsp. equisimilis 
strains are zoonotic and are carried in both humans and 
animals, including house pets and horses (10,11).
  For identification of β-hemolytic streptococci, the 
Lancefield carbohydrate grouping is used in veterinary 
clinical settings. Although it only included one institute, 
Kimura et al. (12) reported the prevalence and anti
microbial susceptibility of Streptococcus spp. isolated 
from infected dogs and cats in a veterinary hospital 
between 2006 and 2013. Of the 96 strains tested, 79 
(82.3%) were identified as group G streptococci. 
However, few studies have analyzed all β-hemolytic 
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streptococcal isolates from diseased companion animals 
in Japan at the species-level with respect to their antimi-
crobial resistance (AMR) phenotypes or genotypes.
  We aimed to determine the species and subspecies-
level identification and AMR properties of β-hemolytic 
streptococcal isolates recovered from diseased dogs and 
cats nationwide in Japan in 2017.

MATERIALS AND METHODS
  Collection of bacterial isolates and background of 
companion animals: Clinical specimens, submitted by 
veterinary practitioners, along with request sheets in-
cluding the information of companion animals nation-
wide, were immediately sent to the Sanritsu Zelkova 
Veterinary Laboratory to examine them for causative 
bacterial agents. These specimens were taken from dis-
eased companion animals, which visited either clinics or 
hospitals during the study period of April to May 2017, 
with significant symptoms or signs found either by pet 
owners or the veterinary clinicians (13). Specimens were 
derived from either sterile (blood, joint fluid, etc.) or 
non-sterile samples (ear discharge, open pus, etc.). Each 
specimen was inoculated on sheep blood agar plates and 
incubated in 5% CO2 at 35°C for 24 h. Gray-white colo-
nies with β-hemolytic activity were subjected to latex 
agglutination testing with group-specific antisera for 
Lancefield carbohydrate antigen classification (Seroiden 
Strepto Kit, Eiken Chemical Co., Ltd., Tokyo, Japan). 
All β-hemolytic streptococcal isolates (one isolate per 
companion animal) were stored between −70°C and 
−80°C until processed. The companion animal informa-
tion (species, sex, age, clinical specimen, date collected, 
and Japanese prefecture where the practitioners worked) 
was taken from the request sheets. Storedt β-hemolytic 
streptococcal isolates, along with the companion animal 
information, were sent to the Laboratory of Infectious 
Diseases (Graduate School of Infection Control Sciences 
& Kitasato Institute for Life Sciences) for further geno-
typic and phenotypic analyses.
  Determination of species identification: DNA was 
extracted from the β-hemolytic streptococcal isolates by 

suspending in TE buffer and boiling at 97°C for 10 min 
as previously described (14). We identified the β- 
hemolytic streptococcal strains at the species-level based 
on 16S rRNA sequencing data (13,15) (Table 1). The 
isolates identified were unambiguously identified, with 
≥ 98.7% similarity to the 16S rRNA sequence of the 
corresponding strain.
  Confirmation of species-level identification accu-
racy: We evaluated the accuracy of the species-level 
identification by 16S rRNA sequencing by including 
PCR amplification of a S. canis cfg (co-hemolysin 
CAMP-factor) (16,17), S. agalactiae dltS (histidine 
kinase membrane sensor protein) (18), S. dysgalactiae 
subsp. equisimilis emm (virulence factor M protein) (19), 
S. equi sodA (superoxide dismutase A), and its seeI (exo-
toxin) (20). Table 1 shows the oligonucleotide primers 
used for these genes and their PCR amplicon size. All 
emm genotyping was based on the Centers for Disease 
Control and Prevention database <http://www2a.cdc.gov/
ncidod/biotech/strepblast.asp>.
  Antimicrobial susceptibility testing and determina-
tion of resistance genes: The minimum inhibitory 
concentrations (MICs) of various antimicrobial agents, 
including penicillin G, ampicillin, cefepime, cefotaxime, 
ceftriaxone, cefozopran, meropenem, minocycline 
(MIN), erythromycin (ERY), azithromycin (AZM), 
clindamycin (CLI), levofloxacin (LVX), vancomycin, 
and chloramphenicol (CHL), were determined using the 
broth microdilution method (MICroFAST Panel Type 7J 
for Streptococcus spp., Beckman Coulter Inc., Tokyo, 
Japan), according to the Clinical and Laboratory Stan-
dards Institute guidelines for β-hemolytic streptococci 
(21). The quality of the susceptibility testing was con-
trolled using two American Type Culture Collection 
(ATCC) strains (ATCC29212 and ATCC4961). The 
AMR rate and MIC values, defined as the lowest anti
biotic concentration at which 50% (MIC50) and 90% 
(MIC90) of each strain was inhibited, were calculated for 
each β-hemolytic streptococcal isolate against each anti
biotic.
  The presence of macrolide/lincosamide (ML)-class re-
sistance genes, erm(A), erm(B), and mef(A), in addition 

Table 1. Oligonucleotide primers for targeted genes and their PCR amplicons’ size

Targeted gene
(specific species) Primer Direction Sequence (5´→3´) Expected amplicon 

size (bp) Reference

16S rRNA (universal) 27F1) Forward AGAGTTTGATCMTGGCTCAG 1,497 [13,15]
1485R1) Reverse TACGGTTACCTTGTTACGAC

cfg (S. canis) camp-canis-I Forward CAATTAACTAATAAGGTAGAACAG 238 [16,17]
camp-canis-II Reverse CTCTCTCAAAACGGGTG

dltS (S. agalactiae) dlts-F Forward CTGTAAGTCTTTATCTTTCTCG 199 [18]
dlts-R Reverse TCCATTCGCTTAGTCTCC

emm (S. dysgalactiae subsp. 
equisimilis)

emm11) Forward TATTSGCTTAGAAAATTAA Variable and 180 bp 
used for genotyping

[19]2)

emm2 Reverse GCAAGTTCTTCAGCTTGTTT
sodA (S. equi subsp. equi &  
S. equi subsp. zooepidemicus)

sodA-F Forward CAGCATTCCTGCTGACATTCGTCAGG 235 [20]
sodA-R Reverse CTGACCAGCCTTATTCACAACCAGCC

seeI (S. equi subsp. equi) seeI-F Forward GAAGGTCCGCCATTTTCAGGTAGTTTG 520 [20]
seeI-R Reverse GCATACTCTCTCTGTCACCATGTCCTG

1): The same primers are used for both PCR amplification and sequencing.
2):  PCR protocol for emm genotyping including the primer sequences was indicated at the following URL: https://www.cdc.gov/streplab/

protocol-emm-type.html.
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to tetracycline (TET)-class resistance genes, tet(M), 
tet(O), tet(K), tet(L), and tet(S), in all β-hemolytic strep-
tococcal isolates was confirmed by PCR as previously 
described (22,23). We also confirmed the sequences of 
these resistance genes from several isolates positive by 
PCR. The relationships between AMR genotypes and 
their phenotypes, identified bacterial species or compan-
ion animal background, were evaluated.
  Approval of animal ethics committee: The Ethics 
Committee of the Sanritsu Zelkova Veterinary Labora-
tory approved this study design (approval number 
SZ20170316) to maintain privacy of the affected com-
panion animals.
  Statistical analysis: We used the Fisher’s exact prob-
ability test (two-sided) to analyze the significance of the 
relationships between AMR genes and the background 
of the companion animals. A p value of < 0.05 indicated 
statistical significance.

RESULTS 
  β-hemolytic streptococcal isolates and companion 
animal demographics: Out of 1,947 clinical specimens 
obtained from dogs and cats, 131 β-hemolytic strepto-
coccal isolates, (isolation rate 6.7%), including groups G 
(n = 119), B (n = 7), C (n = 4), and A (n = 1), were col-
lected from 19 prefectures from April–May of 2017. The 
most common prefectures sampled were Chiba (n = 43), 
Tokyo (n = 28), Aichi (n = 12), Kanagawa (n = 10), 
Ibaraki (n = 8), Saitama (n = 7), Okayama (n = 4), and 
Nara (n = 4). Isolates were obtained from ear/nose-origin 
(n = 40), open pus (n = 36), urogenital tracts-derived 
(n = 21), eye-origin (n = 15), skin-derived (n = 10), uter-
ine (n = 1), and other (n = 8) specimens from dogs 
(n = 113) and cats (n = 18). The companion animal de-
mographics were as follows: mean age, 10.3 years; age 
range, 1–19 years; sex, 80 males and 51 females.
  AMR: Species identification by 16S rRNA sequenc-
ing revealed the 131 β-hemolytic streptococcal isolates 

consisted of S. canis (n = 117, 89.3%), S. agalactiae 
(n = 7, 5.3%), S. dysgalactiae subsp. equisimilis (n = 5, 
3.8%), S. dysgalactiae subsp. dysgalactiae (n = 1, 
0.8%), and S. equi subsp. zooepidemicus (n = 1, 0.8%). 
Group G isolates included S. canis (n = 117) and S. dys-
galactiae subsp. equisimilis (n = 2), and group C con-
sisted of S. dysgalactiae subsp. equisimilis (n = 2), S. 
dysgalactiae subsp. dysgalactiae (n = 1), and S. equi 
subsp. zooepidemicus (n = 1). Groups B and A included 
only one species each, S. agalactiae (n = 7) and S. dys-
galactiae subsp. equisimilis (n = 1), respectively.
  Genetic assessment of the accuracy of identifica-
tion: All S. canis isolates contained the cfg gene, and all 
S. agalactiae possessed the dltS gene. Three emm sub-
types were detected in the S. dysgalactiae subsp. equisi-
milis isolates: stC9431.0 (n = 3), stG245.0 (n = 1), and 
stG485.0 (n = 1). However, we did not detect emm in the 
S. dysgalactiae subsp. dysgalactiae strain. One S. equi 
subsp. zooepidemicus isolate had the sodA gene without 
possession of seeI.
  Antimicrobial susceptibility and AMR genotypes: 
The antimicrobial sensitivities of the collected β- 
hemolytic streptococcal strains to the oral and parenteral 
antibiotics are shown in Table 2. The overall AMR rates 
were 39.7% (n = 52) for MIN, 19.8% (n = 26) for ERY, 
and 17.6% (n = 23) for CLI, with an MIC90 of > 4, > 2, 
and > 1 μg/mL, respectively. We also found β- 
hemolytic streptococcal isolates resistant to AZM 
(n = 26), LVX (n = 5 in S. canis and S. agalactiae), and 
CHL (n = 1 in S. agalactiae). No strains were resistant to 
all β-lactams. All MIN-resistant strains were either S. 
canis (n = 48, 41.0%) or S. agalactiae (n = 4), ERY/
AZM-resistant isolates were S. canis (n = 22, 18.8%), S. 
agalactiae (n = 3), and S. dysgalactiae subsp. equisimilis 
(n = 1), and CLI-resistant strains were S. canis (n = 20, 
17.1%) and S. agalactiae (n = 3). All resistant strepto-
coccal strains were isolated from non-sterile samples and 
were obtained in 14 (73.7%) prefectures of Japan.
  Our study included TET-resistance genotypes alone 

Table 2. Antimicrobial activity of oral and parenteral antibiotics against 130 β-hemolytic streptococcal isolates from diseased companion 
animals in Japan

Antibiotic
S. canis (n = 117) S. agalactiae (n = 7) S. dysgalactiae (n = 6)

MIC range (μg/mL) MIC50 MIC90 MIC range (μg/mL) MIC50 MIC90 MIC range (μg/mL) MIC50 MIC90

Penicillin G ≦ 0.03 ≦ 0.03 ≦ 0.03 ≦ 0.03 ≦ 0.03 ≦ 0.03 ≦ 0.03 ≦ 0.03 ≦ 0.03
Ampicillin ≦ 0.06 ≦ 0.06 ≦ 0.06 ≦ 0.06 ≦ 0.06 ≦ 0.06 ≦ 0.06 ≦ 0.06 ≦ 0.06
Cefepime ≦ 0.5 ≦ 0.5 ≦ 0.5 ≦ 0.5 ≦ 0.5 ≦ 0.5 ≦ 0.5 ≦ 0.5 ≦ 0.5
Cefotaxime ≦ 0.12 ≦ 0.12 ≦ 0.12 ≦ 0.12 ≦ 0.12 ≦ 0.12 ≦ 0.06 ≦ 0.06 ≦ 0.06
Ceftriaxone ≦ 0.12 ≦ 0.12 ≦ 0.12 ≦ 0.12 ≦ 0.12 ≦ 0.12 ≦ 0.12 ≦ 0.12 ≦ 0.12
Cefozopran ≦ 0.12 ≦ 0.12 ≦ 0.12 ≦ 0.12 ≦ 0.12 ≦ 0.12 ≦ 0.12 ≦ 0.12 ≦ 0.12
Meropenem ≦ 0.12 ≦ 0.12 ≦ 0.12 ≦ 0.12 ≦ 0.12 ≦ 0.12 ≦ 0.12 ≦ 0.12 ≦ 0.12
Minocycline1) ≦ 0.5–> 4 ≦ 0.5 > 4 ≦ 0.5–> 4 > 4 > 4 ≦ 0.5–4 ≦ 0.5 4
Erythromycin1) ≦ 0.12> 2 ≦ 0.12 > 2 ≦ 0.12–> 2 ≦ 0.12 > 2 ≦ 0.12–> 2 ≦ 0.12 > 2
Azythromycin1) ≦ 0.25–> 4 ≦ 0.25 > 4 ≦ 0.25–> 4 ≦ 0.25 > 4 ≦ 0.25–> 4 ≦ 0.25 > 4
Clindamycin1) ≦ 0.12–> 1 ≦ 0.12 > 1 ≦ 0.12–> 1 ≦ 0.12 > 1 ≦ 0.12 ≦ 0.12 ≦ 0.12
Levofloxacin1) ≦ 0.25–> 8 0.5 1 ≦ 0.25–> 8 0.5 > 8 ≦ 0.25–0.5 0.5 0.5
Vancomycin ≦ 0.12–0.5 0.25 0.5 ≦ 0.12–0.5 0.5 0.5 ≦ 0.25 ≦ 0.25 ≦ 0.25
Chloramphenicol1) ≦ 4–8 ≦ 4 ≦ 4 ≦ 4–> 16 ≦ 4 > 16 ≦ 4 ≦ 4 ≦ 4

MIC, minimum inhibitory concentration. One strain of S. equi subsp. zooepidemicus was excluded from this table.
1): The overall resistance rates to minocycline, erythromycin, azythromycin, clindamycin, levofloxacin, and chloramphenicol were 40% 

(n = 52), 20% (n = 26), 20% (n = 26), 17.7% (n = 23), 3.8% (n = 5), and 0.8% (n = 1), respectively.
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(n = 40, 30.5%), ML-resistance genotypes alone (n = 3, 
2.3%), and mixed TET+ML-resistance genotypes 
(n = 25, 19.1%). The TET-resistance genes detected 
alone were tet(M) (n = 16), tet(O) (n = 21), and tet(S) 
(n = 3). The ML-resistance genes alone were erm(B) 
(n = 2) and mef(A) (n = 1). The mixed resistance genes 
were erm(B)+tet(O) (n = 14), erm(B)+tet(M) (n = 3), 
erm(B)+tet(L) (n = 3), mef(A)+tet(O) (n = 2), 
mef(A)+tet(M) (n = 1), erm(B)+mef(A)+tet(O) (n = 1), 
and erm(B)+tet(M)+tet(O) (n = 1). We did not detect 
erm(A) or tet(K) in the β-hemolytic streptococcal iso-
lates. S. canis strains included 60 (51.3%) isolates with 
these AMR genes, whereas S. agalactiae had 6 (85.7%) 
and S. dysgalactiae subsp. equisimilis had 2 (40.0%). 
There was a significant relationship between overall 
AMR genotypes (p = 0.029) and TET-resistance geno-
types alone (p = 0.029) in open pus/skin-derived speci-
mens. All β-hemolytic streptococcal strains with AMR 
genes were isolated from non-sterile samples and were 
obtained from 15 (78.9%) Japanese prefectures. 

DISCUSSION
  Of the 131 β-hemolytic streptococcal strains, we ob-
tained five species identifications, S. canis, S. agalac-
tiae, S. dysgalactiae subsp. equisimilis, S. dysgalactiae 
subsp. dysgalactiae, and S. equi subsp. zooepidemicus. 
To the best of our knowledge, this is the first large-scale 
nationwide monitoring of β-hemolytic streptococcal 
isolates from diseased companion animals in Japan. A 
previous study of streptococcal isolates from 393 dogs in 
the USA (24) identified the major species/subspecies as 
S. canis (n = 88, 22.4%), S. dysgalactiae subsp. equisi-
milis (n = 13, 3.3%), and S. equi subsp. zooepidemicus 
(n = 4, 1.0%), which were comparable with our observa-
tions.
  In 2015, we compared the species/subspecies identifi-
cation methods of 16S rRNA sequencing with the results 
obtained by matrix-assisted laser desorption ionization-
time of flight mass spectrometry (MALDI-TOF MS) and 
an automated biochemical identification method (Vitek 2 
system with the Gram positive ID Card) using 72 group 
G streptococcal strains (13). There were discrepancies 
between the 16S rRNA sequencing results and the iden-
tification data from both MALDI-TOF MS and the auto-
mated biochemical assay. 16S rRNA sequencing identi-
fied 68 strains as S. canis, whereas MALDI-TOF MS 
identified 18 (26.5%) as S. canis, and the automated bio-
chemical method identified 37 (54.4%) as S. canis. On 
the other hand, we observed a good correlation rate 
(89.3%) of species/subspecies identification in the 131 
β-hemolytic streptococcal strains by the manual identifi-
cation assay (Rapid ID 32 STREP API v4.0, SYSMEX 
bioMérieux Co., Ltd., Tokyo, Japan). This method 
identified 94.0% of the 117 S. canis strains confirmed by 
sequencing (preliminary results). The sensitivity, speci-
ficity, and positive and negative predictive values of this 
assay to identify S. canis compared to 16S rRNA se-
quencing were 94.0%, 92.9%, 99.1%, and 65.0%, re-
spectively (data not shown). Moreover, the blood-origin 
S. canis isolate from the human case of bacteremia was 
identified by a manual identification assay (99.9% prob-
ability) (17). As such, this kit seems to be useful in iden-
tifying β-hemolytic streptococcal strains, such as S. ca-

nis in veterinary clinical situations, although further 
research is needed to evaluate its performance capacity 
compared to other kits.
  Three emm genotypes including stC9431.0, stG245.0, 
and stG485.0 were detected in the animal-derived S. dys-
galactiae subsp. equisimilis isolates in this investigation. 
Two emm types (stC9431.0 and stG6792.3) with 
stC1929.1 (original type from a skin wound of a house 
cat) were observed in the 2015 S. dysgalactiae subsp. 
equisimilis strain (13). The stC9431.0 was recovered 
from sterile human specimens in the USA (25), and 
stG6792.3, stG245.0, and stG485.0 are the major isolate 
types found in human patients in Japan (14). These 
results seem to involve the zoonotic profiles of S. dysga-
lactiae subsp. equisimilis, although both studies had 
small numbers of isolates. A large-scale study to exam-
ine the animal-origin of S. dysgalactiae subsp. equisi-
milis strains is needed to clarify the zoonotic features.
  A previous investigation reported AMR rates of 27% 
for TET and 10.8% for ML in S. canis strains (n = 37) 
from dogs collected in Denmark (2000–2005) (26). In 
2015, we conducted antimicrobial susceptibility testing 
(MICroFAST Panel Type 5J) using group G streptococ-
cal strains (13). Overall, the AMR rate against TET was 
20.8% (n = 15) and 5.6% (n = 4) to ERY/clarithromycin. 
There were four (5.6%) and two (2.8%) group G strepto-
coccal isolates resistant to CLI and LVX, respectively. 
All resistant strains were S. canis. On the other hand, we 
found that the overall AMR rates were 39.7% (41.0% of 
S. canis) for MIN, 19.8% (18.8% of S. canis) for ERY/
AZM, and 17.6% (17.1% of S. canis) for CLI in 2017. 
The changes in AMR rates among S. canis isolates from 
2015 and 2017 are summarized in Table 3. Therefore, 
TET and ML resistance rates seem to have increased 
rapidly among β-hemolytic streptococcal strains, espe-
cially S. canis in Japan. Furthermore, AMR genotyping 
indicated single or mixed types erm(B)-mef(A) and 
tet(M)-tet(O)-tet(L)-tet(S) in our investigation. Pinho 
et al. (27) also demonstrated either tet(M) or tet(O) 
as the sole or mixed determinants tet(M)+tet(L), 
tet(L)+tet(S), and erm(B)+tet(O) in TET-resistant S. 
canis isolates (n = 23; AMR rate, 27%). Additionally, the 
Japanese Veterinary Antimicrobial Resistance Monitor-
ing System reported that TET-class antibiotics consti-
tuted 46.2% of the overall antimicrobials (converted 
weight in tons to bulk powder) used for animals (28). 
Thus, AMR to TET and/or ML-classes should be consid-
ered when these different antimicrobials are not effective 
in veterinary clinical practices.
  This study had two limitations. First, most of the 
clinical samples were non-sterile (ear/nose, open pus, 

Table 3. Changes in AMR rates among S. canis isolates from 
2015 and 2017

Antimicrobial 
class

Resistance rate 
(%) in 2015 

(total No. = 68)

Resistance rate 
(%) in 2017

(total No. = 117)

P value by the 
Fisher’s exact 
probability test 

(two-sided)

Tetracycline 22.1 (n = 15) 41.0 (n = 48) 0.01　
Macrolide 5.9 (n = 4) 18.8 (n = 22) 0.016
Lincosamide 5.9 (n = 4) 17.1 (n = 20) 0.039
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urogenital tract, eye, and skin samples). Future studies 
using sterile samples from severely diseased companion 
animals should be performed to discard invasive infec-
tions (streptococcal toxic shock syndrome, necrotizing 
fasciitis, etc.). Second, our study contained limited de-
mographics in terms of the companion animals studied, 
with regards to animal species, sex, age, clinical speci-
mens, bacterial isolation dates, and the prefectures in 
which the veterinarians worked. More detailed informa-
tion, including underlying medical conditions, diagnosis 
of infectious diseases, therapeutic approaches (surgical 
procedure, supportive treatment, and treatment with anti-
microbials), and outcomes (survival/death and related 
sequelae) should be collected from veterinary doctors in 
future studies.
  In conclusion, our results show the dominant isolation 
of S. canis and AMR to TET and/or ML-classes of β- 
hemolytic streptococcal isolates from diseased compan-
ion animals in Japan (April–May 2017). These unique 
characteristics could be of use to Japanese veterinary 
practitioners when examining and treating companion 
animals with clinical symptoms or signs of streptococcal 
infections. In future, these strains should be monitored 
throughout the country sequentially and additional β- 
hemolytic streptococcal isolates need to be character-
ized.
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