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ABSTRACT. Staphylococcus intermedius isolates from diseased and healthy dogs were examined for production of extracellular enzymes
and toxins, and phage patterns. There were no significant differences between the two groups of isolates in the production rates of
DNase, protease, lipase, gelatinase, hyaluronidase, hemolysins, protein A, and TSST-1, or in phage patterns. But the production rate of
enterotoxins in isolates from diseased dogs was significantly higher than that in isolates from healthy dogs. PFGE analysis was per-
formed with isolates from different body sites in individual dogs. In 3 of 6 healthy dogs, identical PFGE patterns were seen in isolates
from the nares, external auditory meatus or skin. The remaining 3 dogs yielded isolates of different patterns. In 4 of 6 diseased dogs,
identical patterns were seen in isolates from lesions as well as from the other normal sites.

KEY WORDs: diseased and healthy dog, PFGE, Staphylococcus intermedius.

Staphylococcus intermedius has been considered a pri-
mary pathogen of skin infections in dogs, such as otitis
externa [5, 7] and pyoderma [1, 22, 23]. Some strains of S.
intermedius produce a variety of extracellular enzymes and
toxins and virulence-associated factors [1, 13], which are
thought to contribute to the pathogenicity of the organism.

S. intermedius is also present in the nasal vestibulum,
external auditory canal, anal mucosa, and on the skin sur-
face and hair coat of healthy dogs. Knowledge of the char-
acteristics of the normal S. intermedius flora on these sites in
healthy dogs is an important factor in understanding the epi-
demiology of staphylococcal skin infections in dogs. There
are several reports on the population sizes and frequency of
the organism at these carrier sites in healthy dogs [2, 3, 9,
22]. Nevertheless, comparison of the characteristics of iso-
lates from different sites in individual healthy dogs has not
been studied sufficiently [4]. The organism has frequently
been cultured from other body sites besides lesion sites in
diseased dogs, but information on the clonal relationship
between the organisms in the lesions and those in the nose or
skin is lacking.

The purpose of this study was to compare characteristics
of S. intermedius isolates from diseased dogs with those
from healthy dogs by using biological properties and phage
typing. In addition, the present study was to characterize
isolates from different sites in individual healthy and dis-
eased dogs, by means of pulsed-field gel electrophoresis
(PFGE).

A total of 96 S. intermedius isolates were subjected to
biological characterization and phage typing. Forty-seven
isolates were from dogs affected with otitis externa (n=8),
dermatitis (n=11), pyoderma (n=7), impedigo (n=4),
eczema (n=8), and folliculitis (n=9). Forty-nine isolates
were from the mouth (n=3), nares (n=17), external auditory
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meatus (n=18), and skin (n=11) of apparently healthy dogs.
Ninety of the 96 isolates had been used in a previous antimi-
crobial susceptibility study [26].

Isolation of S. intermedius from different sites in individ-
ual healthy and diseased dogs was performed. Four of 6
healthy dogs examined carried S. intermedius in both the
nares and external auditory meatus. One dog carried the
organism in both the nares and skin. In the remaining one
dog, the organism was recovered from the nares, external
auditory meatus, and skin. In 5 of 6 diseased dogs, S. inter-
medius was recovered from other healthy sites (i.e. the
nares, external auditory meatus and skin) besides the lesion
sites. One dog suffered from both otitis externa and pyo-
derma.

Detection of extracellular enzymes and toxins was per-
formed by the method of Hajek [14] and Devriese et al.
[8,10]. Staphylococcal enterotoxins (SEs: SEA, SEB, SEC,
and SED) and toxic shock syndrome toxin-1 (TSST-1) were
detected by the reversed-passive latex agglutination (RPLA)
method with SET-RPLA and TSST-RPLA (Denka Seiken).
Phage typing was performed as described previously [20]
with 14 phages of the typing set for S. intermedius. Isolates
found untypable at a routine test dilution (RTD) were
retested at 100 x RTD. Preparation of chromosomal DNA
of S. intermedius isolates and fragmentation of DNA with
Smal (New England BioLabs, Beverly, Mass.) were per-
formed as described previously [25]. PFGE was performed
with a 1% agarose slab gel (Seakem GTG, FMC Bioprod-
ucts, Rockland, Me.) in a CHEF-DR II system (Bio-Rad
Laboratories Inc, Hercules, Calif.) in a 0.5 x Tris-borate-
EDTA maintained at 14°C. The running parameters used
were as follows: initial pulse time, 5 sec; final pulse time, 40
sec; voltage, 6V/cm; running time, 22 hr.

All 47 isolates from diseased dogs produced coagulase,
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Table 1.  Extracellular enzyme and toxin production by
S. intermedius isolates from diseased and healthy

dogs

Characteristic Diseased dogs  Healthy dogs
(n=47) (n=49)

Coagulation of 479 49

rabbit plasma
DNase 46 48
Protease 45 47
Lipase 46 46
Gelatinase 37 37
Hyaluronidase 0 0
Hemolysin

o 0 0

p 45 46

non 2 3
Protein A 0 0
Enterotoxin

A 0 2

C 9 6

AC 8 0

non 30 41
TSST-1 0 0

a) No. of positive isolates.

and almost all of them produced DNase, protease, lipase,
gelatinase and f-hemolysin. None produced hyaluronidase,
protein A or TSST-1 (Table 1). Forty-nine healthy dog iso-
lates showed similar characteristics. Allaker et al. [1] were
also unable to find differences between strains of S. interme-
dius isolated from canine pyoderma and healthy carriers
with respect to the production of various extracellular
enzymes and toxins of putative virulence factors.

Some strains of S. intermedius isolated from dogs pro-
duce SEs; SEC is the most common [1, 11, 18, 19]. In the
present study, the production rate of SEs in isolates from
diseased dogs (17/47) was significantly higher than that in
isolates from healthy dogs (8/49) (P<0.05). Twenty-three
(92.0%) of the 25 SEs-producing isolates yielded SEC alone
or in combination with SEA (Table 1). All of the 8 SEs-pro-
ducing isolates from healthy dogs were single SE type,
whereas 9 and 8 of the 17 SEs-producing isolates from dis-
eased dogs were single and mixed SE types, respectively.
The reasons why the mixed SE type are found only in dis-
cased dogs are not known. In humans with atopic dermati-
tis, SEs or TSST-1 secreted by S. aureus may play an
important role in the severity of skin lesions and pruritus
associated with pyoderma [21]. In contrast, production of
SEs or TSST-1 by S. intermedius may not play a role in the
recurrent nature of pyoderma in atopic dogs or in determin-
ing the type of lesion or severity of pruritus associated with
pyoderma [6]. Further studies are needed to determine
whether SEC-producing S. intermedius contributes signifi-
cantly to various skin infections in dogs.

In the present study, S. intermedius isolates were exam-
ined for their production of 4 classical SEs (SEA, SEB,
SEC, and SED) by SET-RPLA assay. Recently, 18 types of
SEs in S. aureus have been reported comprising the five
classical (SEA through SEE) and the 13 newly described

Table 2. Phage patterns of S. intermedius isolates from
diseased and healthy dogs

Phage pattern Diseased dogs  Healthy dogs

(n=47) (n=49)

06 69 7
40 3
93
177 1
248
06/40 1
06/58 1
06/93
06/248 1
40/58 2 2
1
1

—_ = = NN

58/93
58/248
93/177
06/40/58 8
06/40/248

06/58/248

06/58/E42 1
06/40/58/93 6 5
06/40/58/248 1

06/40/58/H35 1
06/40/58/D11 1
06/40/58/E41
06/40/58/93/177
06/40/58/93/248
06/40/58/93/D11
06/40/58/177/D11
06/40/58/248/H35
06/40/58/93/177/248
06/40/58/93/177/P13
06/40/58/93/248/D11
Untypable

—_— N~ —

a) No. of isolates.

(SEG through SER and SEU). Also, the existence of the 2
new types (SEC canine and SE i) in S. intermedius has been
reported [11,12]. Further work is needed to confirm the
existence of these new SE genes in order to clarify the roles
of SEs in staphylococcal skin infections in dogs.

On the whole, 83 (86.5%) of the 96 isolates were phage
typable, including 51 isolates at RTD and 32 at 100 x RTD.
A total of 29 different phage patterns were detected (Table
2). Isolates from dogs affected with skin disease and from
healthy dogs were indistinguishable by phage typing. Like-
wise, Hesselbarth et al. [17] and Shimizu et al. [25] were
unable to separate lesion strains from healthy carrier strains
by PFGE analysis.

PFGE analyses of isolates from different sites on the
same dog are shown in Table 3 and Fig. 1. In 3 (Nos. 1-3)
of 6 healthy dogs examined, identical PFGE patterns were
seen in the isolates from the nares and external auditory
meatus or the skin of individual dogs. The remaining 3 dogs
(Nos. 4-6) yielded isolates with different PFGE patterns. In
4 of 6 diseased dogs (Nos. 7, 9-11), isolates from the lesion
sites and other normal sites such as the nares, external audi-
tory meatus, and skin, had identical PFGE patterns. An iso-
late from the normal skin of one dog (No. 12) differed from
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Table 3.  Sources of S. intermedius and lane number in PFGE
Dog No. Lane No.” Site of isolation PFGE Phage pattern SE type
pattern
Healthy dogs
@ 1 nares A 06/40/58
2 external auditory meatus A 06/40/58
3 skin A 06/40/58
@ 4 nares B 06 C
5 external auditory meatus B 06 C
® 6 nares C untypable C
7 external auditory meatus C untypable C
@ 8 nares D untypable
9 external auditory meatus E untypable
® 10 nares G 06/93
11 external auditory meatus H 40/58
® 12 nares 1 06 C
13 skin J 06 C
Diseased dogs
@ 14 otitis externa K 06/40/58
15 nares K 06/40/58
16 skin K 06/40/58
17 otitis externa L untypable AC
18 pyoderma L untypable AC
©® 19 pyoderma M 06/40/58/93/248/D11 AC
20 nares M 06/40/58/93/248/D11 AC
() 21 dermatitis N 40 C
22 nares N 40 C
() 23 dermatitis 0 untypable
24 nares (¢} untypable
25 external auditory meatus (¢} untypable
@ 26 otitis externa P 06/40/58
27 skin Q 06/40/58

a) Lane Nos. correspond to those of lane Nos. in Fig. 1.

the lesion isolate. Interestingly, isolates from one dog (No.
8) with both otitis externa and pyoderma had an identical
PFGE pattern. Phage typing is often unsatisfactory in dif-
ferentiating S. intermedius strains, since its typability is less
than that of the PFGE typing method. In the present study,
isolates with the same PFGE pattern had the same phage
pattern (Table 3).

Barrs et al. [4] reported that S. intermedius isolates from
different sites on the same healthy dog were not all identical
in terms of electrophoretic type. Partially similar results
were obtained in the present study. On the other hand, the
present study indicated clonal spread of the same strain
within individual healthy dogs. In most of the healthy sub-
jects in chicken studies, similar or identical strains of S.
aureus were shown to be present on the skin of the under-
wing and in the nasal sinuses of individual chickens [16,
27].

In most cases of diseased dogs examined in the present
study, isolates of S. intermedius present in the nares and
external auditory meatus or on the skin were found to have

identical genotypes to those of isolates from lesions. This
finding is comparable to the case of chickens with staphylo-
coccal arthritis [15]. In humans, phage-typing studies have
revealed that S. aureus strains isolated from sites of infec-
tion are often of the same phage type as those present in
patients’ noses [28].

Devriese and De Pelsmacker [8] suggested that elimina-
tion of the mucosal populations of S. intermedius by disin-
fection or some other means might contribute to the
successful treatment of canine recurrent staphylococcal
infections in susceptible patients. Subsequently, Saijon-
maa-Kolumies et al. [24] reported that elimination of S.
intermedius in cutaneous and mucosal carriage in healthy
dogs by treatment with fusidic acid significantly decreased
the cutaneous populations and frequency of S. intermedius,
and that this form of therapy may be useful as an additional
tool against canine recurrent pyoderma. Also, elimination
of nasal carriage of S. aureus has decreased the rate of sta-
phylococcal infection in human patients undergoing haemo-
dialysis, providing further evidence of the clinical
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Diseased dogs

PFGE of Smal-digested genomic fragments of S. intermedius from healthy and diseased dogs. Dog No. and lane No. correspond

to those in Table 3. M indicates the lambda ladder DNA concatemers used as molecular size markers (kb).

importance of mucosal populations [28].

In this study, we could not differentiate between isolates
from diseased and healthy dogs with respect to the produc-
tion of some extracellular substances and phage patterns.
These results are consistent with the known role of S. inter-
medius as an opportunistic pathogen [4, 17]. The epidemio-
logic analysis of the isolates from different sites on the same
healthy and diseased dogs suggested that elimination of S.
intermedius from healthy carrier sites by disinfection in
addition to elimination from lesions would be worthwhile in
the treatment of staphylococcal skin disease including otitis
externa in dogs.
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