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Identification of Isolates of Streptococcus canis Infecting Humans
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During a survey of Group G and C streptococcal infections of humans two epidemiologically unrelated
Group G streptococcal isolates were identified, one from a case of bacteremia and one from a wound infection.
These isolates were atypical among this sample in that the emm gene could not be amplified from them by PCR.
Biochemical characterization identified the isolates as Streptococcus canis, an organism normally associated
with animal hosts. The biochemical identification was confirmed by sequencing of the 16S rRNA gene from
both isolates and comparison with sequences of the S. canis type strain and other related streptococci of
animals and humans. Comparative sequencing of fragments of two other housekeeping genes, sod4 and mutS,
confirmed that the isolates are most closely related to S. canis. The identification of two isolates of S. canis from
a relatively small sample set suggests that the practice of identifying streptococci only by the Lancefield
serological group may result in underestimation of the presence of S. canis in the human population.

Streptococcus canis is a species originally proposed in 1986
(3) for streptococci isolated from dogs and cows possessing the
Lancefield Group G antigen. The species has since been iso-
lated from a variety of other animals including cats, rats, mink,
mice, rabbits, and foxes. Studies of human and animal Group
G streptococci (GGS) based on whole-cell protein profiles (13)
and multilocus enzyme electrophoresis (14) have confirmed
that S. canis forms a clear taxonomic group within the pyogenic
streptococci. The species appears distinct from the most
closely related species that include other pyogenic streptococci
associated with humans and animals. These include Streptococ-
cus dysgalactiae subsp. equisimilis, normally associated with
humans and which can belong to GGS or Group C streptococci
(GCS); the animal-associated GCS Streptococcus dysgalactiae
subsp. dysgalactiae; and the major pathogen of humans, the
Group A streptococcus (GAS) Streptococcus pyogenes. Al-
though S. canis isolates may often represent commensal flora
of the canine skin and mucosa, they have been implicated in a
variety of canine diseases associated with urinary tract infec-
tions, abortion, vaginitis, metritis, mastitis, and skin infections.
In addition, severe invasive S. canis infections in dogs, analo-
gous to human streptococcal toxic shock syndrome and necro-
tizing fasciitis associated predominantly with GAS, have been
reported (4, 9).

S. canis infection of humans is thought to be rare. The single
reliably confirmed report concerns a case of septicemia in a
77-year-old man where the portal of entry was thought to be
leg ulcers (2). Two other possible reports, concerning a case of
meningitis (7) and a case of peritonitis (8), have been consid-
ered unconfirmed due to incomplete or contradictory data (2).
However, it remains possible that human infections associated
with this organism may be underestimated as routine identifi-
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cation of B-hemolytic streptococci is generally based only on
Lancefield serological grouping, which is not species specific in
the case of GGS. In addition it remains possible that coloni-
zation with S. canis may be essentially unrecognized if there
are rarely clinical implications for the host.

As part of a study examining over 200 isolates of GGS and
GCS associated with human infection, two epidemiologically
unrelated isolates, CG5 and CG40, were obtained. They were
unusual in that the emm gene, encoding the M protein, could
not be amplified from them by PCR using primers 1 and 2
described previously (16) and purified chromosomal DNA iso-
lated as described previously (15). These primers are routinely
used in the emm typing of GAS (1) and in this survey of some
200 isolates of human GGS and GCS were found to success-
fully amplify emm from all confirmed isolates of S. dysgalactiae
subsp. equisimilis examined (data not shown). Isolate CG5 was
obtained in pure culture from two separate blood specimens
taken from a 76-year-old male leukemia patient in Burton-
upon-Trent, United Kingdom. The isolate was identified as a
Group G B-hemolytic streptococcus and was sensitive to pen-
icillin, ampicillin, and erythromycin. Isolate CG40 was ob-
tained from a wound swab on the ear of 50-year-old female in
Newcastle-upon-Tyne, United Kingdom, from which a scanty
growth of hemolytic GGS was isolated along with heavy Staph-
vlococcus aureus growth. The isolate was sensitive to penicillin,
flucloxacillin, erythromycin, trimethoprim, chloramphenicol,
and amoxicillin but resistant to gentamicin. The extent and
nature of any domestic animal contact of these two patients are
unknown.

As a result of the inability to amplify emm, isolates CG5 and
CG40 were subjected to identification on the basis of their
biochemical characteristics using API Rapid ID32 Strep Sys-
tem strips. Both of the isolates were identified as S. canis
(identification, 99.9%). A number of biochemical characteris-
tics are known to be useful in differentiating human GGS (S.
dysgalactiae subsp. equisimilis) and animal GGS (S. canis), as
illustrated in Table 1 (2, 3, 5, 6). The most informative dis-
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TABLE 1. Biochemical properties used to differentiate human
and animal group G streptococci

Result for:
Activity or
production Human-infecting ~ Animal-infecting
GGS* GGS" CG5 CG40

a-Galactosidase - + + +
B-Galactosidase - + + +
B-Glucuronidase + Ve — -
Acid from trehalose + - — —

@ 8. dysgalactiae subsp. equisimilis.
b S. canis.
¢, variable.

criminatory tests are recognized to be the production of a-ga-
lactosidase and B-galactosidase and the production of acid
from trehalose. All these biochemical tests were consistent
with identification of the two isolates as S. canis.

In order to confirm the identities of these isolates on the
basis of genetic data the 16S rRNA gene was amplified from
CG5 and CG40 using primers 16Sup (5" AGAGTTTGATCC
TGGCTC 3") and 16Sdown (5" CACCTTAGGCGGCTGGCT
3"). The sequence corresponding to the vast majority of the 16S
rRNA gene (1,322 bp) was obtained from CGS5, CG40, and the
S. canis type strain NCTC12191 using a series of internal prim-
ers and the Beckman CEQ200 sequencing system. These se-
quences were compared with the corresponding extant se-
quences in GenBank from the S. pyogenes, S. dysgalactiae

a 16SrRNA gene seqguences
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subsp. dysgalactiae, and S. dysgalactiae subsp. equisimilis type
strains. As illustrated in Fig. 1a, showing an alignment of vari-
able sites relative to the S. canis sequence and the correspond-
ing phylogenetic tree (Fig. 2a) constructed using the MEGA
package, and in agreement with the phenotypic identification,
both isolates are closely related to S. canis. Sequences of spe-
cies representing other human and animal pyogenic GCS and
GGS and those of GAS are clearly distinct.

Two further housekeeping genes were examined in order to
confirm the genetic backgrounds of the isolates. First, sodA,
encoding superoxide dismutase, was chosen because sequences
of this gene have been published from some of the type strains
used in the 16S rRNA gene analysis described above (10). The
sodA gene was amplified using primers d1 and d2 described
previously (10), and 384 bp of sequence, corresponding to
bases 37 to 420 of the S. canis database sequence (Z99175),
was obtained. A comparison of the variable sites, as shown in
Fig. 1b, demonstrates that CG5 and CG40 share identical
sequence with the S. canis type strain but are divergent from
the S. pyogenes and S. dysgalactiae subsp. dysgalactiae se-
quences (no sodA sequence from S. dysgalactiae subsp. equisi-
milis is available). Analysis of a second housekeeping gene,
mutS, encoding DNA mismatch repair protein, carried out by
amplifying this gene using primers mutSextup (5" CGTTATG
GAACAGCAGAATT 3') and mutSextdn (5" GCCATACCA
TCATAAGTTGC 3') confirmed that the CG5 and CG40 se-
quences, though not identical to the S. canis sequence, are far
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FIG. 1. Analysis of polymorphic sites in housekeeping genes of CG5 and CG40 and other closely related streptococci relative to the S. canis
type strain sequences. Sites identical to those seen in S. canis are indicated by dots, while alignment gaps are indicated by dashes. Sequences of
fragments of the 16S rRNA gene (A), sodA (B), and mutS (C) are shown. Superscript numbers indicate accession numbers as follows: 1, AB002521;

2, AB002485; 3, AB008926; 4, Z99175; 5, Z95915; 6, Z95900.
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FIG. 2. Phylogenetic trees corresponding to the sequence data shown in Fig. 1: 16S rRNA gene (A); sodA (B); mutS (C). Analysis was
performed using the MEGA package, and trees were constructed using the neighbor-joining method with the Jukes-Cantor correction. The percent
bootstrap confidence levels of internal branches were calculated from 500 resamplings of the original sequence data.

more closely related to S. canis than to the other species
examined (Fig. 1c and 2c). Thus, analysis of two genes distinct
from the 16S rRNA gene confirms that the genetic background
of CG5 and CG40 most closely resembles that of S. canis.
Both phenotypic and genotypic analyses described above
confirm the presence of S. canis in human infections. The
isolates described in this report were initially identified on the
basis of the inability to amplify an emm gene product by PCR.
The question of the presence of the emm gene-encoded M
protein in S. canis has been the subject of some controversy. In
agreement with our findings, a number of studies have sug-
gested that isolates of S. canis do not possess M protein on the
basis of lack of hybridization with emm probes (9, 11, 12).
However, other studies have shown hybridization with M pro-

tein probes (4), although the presence of motifs conserved
among many gram-positive surface proteins means that such
experiments need to be interpreted with caution. If some iso-
lates of S. canis do possess the M protein-encoding gene, they
would not have been identified in this study and in this case
there could have been other isolates of S. canis among the 200
examined. Based on our findings, it seems likely that S. canis
colonization of humans may be more common than is currently
recognized and that the practice of simply applying Lancefield
grouping procedures to identify streptococci may be masking
the occurrence of this organism in the population. Clearly the
two organisms, isolated at least 150 miles apart, are not epi-
demiologically related, and sequence diversity within both the
16S rRNA and mutS sequences confirms that they do not
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represent members of a clone. Determining whether there are
particular isolates of S. canis which preferentially infect hu-
mans, rather than animals, or whether these isolates represent
occasional reverse zoonoses requires a much more detailed
molecular epidemiological analysis. The pathogenic potential
of S. canis in humans remains unclear. One of our isolates was
obtained from a wound swab in which bacterial numbers sug-
gested that S. aureus was the primary pathogenic species, with
S. canis most likely representing a secondary invading species.
However, the second isolate, obtained in pure culture from
blood, represents a second confirmed report of invasive S.
canis infection of humans (2). Clearly, clinical microbiology
laboratories should be aware of the possibility of S. canis in-
fection, particularly when dealing with elderly or immunocom-
promised patients in contact with domestic animals.

Nucleotide sequence accession numbers. All novel se-
quences described in this study have been deposited in the
EMBL database and assigned accession numbers as follows: S.
canis NCTC12191 16S rRNA gene, AJ413203; CGS5 16S rRNA
gene, AJ413204; CG40 16S rRNA gene, AJ413205; CGS sodA,
AJ413206; CG40 sodA, AJ413207; S. canis NCTC12191 mutS,
AJ413208; CGS mutS, AJ413209; CG40 mutS, AJ413210; S.
pyogenes SF370 mutS, AJ413211; S. dysgalactiae subsp. equisi-
milis NCFB1356 mutS, AJ413212.
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