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SUMMARY

The study investigated the transfer and the stability of the S. intermedius flora in three bitches and
their puppies. A total of 240 cutaneous and mucosal isolates of S. intermedius was collected from
three healthy Cavalier King Charles spaniels and their puppies during the immediate prepartum
period and after whelping, over a total of 15 weeks. The isolates were genotyped with random
amplified polymeric DNA-polymerase chain reaction analysis (RAPD-PCR) using two primers.
Seventeen different genotypes of S. intermedius were identified. One or two of the genotypes were
dominant in each of the bitches and their puppies. The rest were isolated only once or twice from
the bitches or their puppies. The study indicates that S. intermedius flora within each studied
bitch mainly consisted of one or two dominating and persistent clones, which were transferred

from the dam to her puppies immediately after birth.

INTRODUCTION

Staphylococcus intermedius, the principal pathogen of
canine skin [1], lives as a commensal in most dogs [2]
and is carried most commonly at the mucosae. From
mucosae, it is seeded to the hair and skin during
grooming and other activities, providing a source
of infection in the development of canine pyoderma
[3-5], a major disease of dogs. Data from a recent
study investigated colonization of puppies during
the neonatal period and demonstrated that puppies,
living in domestic environments, are colonized by
S. intermedius almost immediately after birth [6].
Although it is assumed that this flora is transferred
from their dams, there were no studies, which would
confirm this assumption. In the present study, the
dynamics of transfer and the stability of S. intermedius
in the bitches and their puppies were investigated. The
isolates, collected around the immediate pre- and
post-whelping period were genotyped using random
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amplified polymorphic DNA-polymerase chain reac-
tion analysis (RAPD-PCR). Methods based on geno-
typing have been used to discriminate S. intermedius
in the past [7-12]. However, the aim of these earlier
studies was to differentiate strains differing in viru-
lence, by comparing isolates obtained from infected
lesions and from healthy dogs, and not to study the
dynamics of transfer between dogs. Our aim was to
study the clonal relationship of the organisms at dif-
ferent sites of the body and between the bitches and
their offspring. This knowledge might assist in the
development of methods for the long-term establish-
ment of S. intermedius isolates of low virulence in
dogs. This approach has been employed in humans
[13-18] and in pigs [19].

MATERIALS AND METHODS
Bacterial isolates

A total of 240 cutaneous and mucosal isolates of
S. intermedius was investigated. These had been
collected from three Cavalier King Charles spaniels
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Primer A

600 bp

Primer B

600 bp

Fig. 1. RAPD-PCR typing of 10 isolates of S. intermedius from bitch two (D20) with two primers, A and B. Each primer gave
two different fingerprints, but when combined, three types were produced. Lanes 1 and 2 represent type b, lanes 4 and 9
represent type e and lanes 3, 5-8 and 10, type c. M, molecular weight marker; bp, basepair.

and their puppies, during the immediate pre-partum
period and after whelping, over a total of 15 weeks
using quantitative swab procedures [20]; sampling,
isolation techniques and population dynamics have
been reported by Saijonmaa-Koulumies and Lloyd
[6]. Briefly, up to five colonies of S. intermedius from
each mucosal and cutaneous site (nose, mouth, anus,
vulva, prepuce, ear and abdomen) were selected at
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random for the present study. The occasions of sam-
pling included 6 and 3 days before the whelping, 1 day
after whelping, and 1, 3, 7 and 14 weeks after whelp-
ing. Included in the study were 40 isolates from bitch
one (D10) and her puppy (D11), 110 isolates from
bitch two (D20) and her three puppies (D21-23) and
90 isolates from bitch three (D30) and her puppy
(D31).
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The isolates were first stored at 4 °C on nutrient
agar slopes for about 1 month and subsequently
transferred to storage beads and kept at —70 °C until
use in the study.

Genetic fingerprinting of S. intermedius by random
amplified polymorphic DNA-polymerase chain
reaction analysis (RAPD-PCR)

Chromosomal DNA for RAPD-PCR was extracted
with guanidium thiocyanate according to the method
described by Pitcher et al. [21].

Random amplified polymorphic DNA-polymerase
chain reaction analysis (RAPD-PCR) was performed
according to Williams et al. [22].

Purified DNA was quantitated spectrophoto-
metrically and diluted with molecular biology water
(Sigma) to a concentration of 5 ng/ul. Amplifications
were performed in a DNA thermal cycler (DNA
Thermal Cycler 480, Perkin Elmer) for 45 cycles of
30sat 94 °C, of 30 s at 36 °C and 1 min at 72 °C with
a 3 min initial denaturation at 94 °C and 5 min final
extension at 72 °C. The reaction was conducted in a
25 ul volume containing 25 ng purified DNA and 1 U
of AmpliTaqg DNA-polymerase (Perkin Elmer) in
a buffer provided by the manufacturer containing
3mMm MgCl,, 10 mm Tris-Cl (pH 8-3), 50 mm KCI,
200 mm each of dATP, dCTP, dGTP and dTTP,
0-5 mMm primer and overlaid with one drop of sterile
paraffin oil (Sigma). Amplification products were
analysed by electrophoresis in 1-5% agarose gels
stained with ethidium bromide.

Twenty-four primers were pre-screened with five
strains of S. intermedius, randomly selected from the
study material to identify those giving the most dis-
criminatory and reproducible results. The candidate
primers were: (1) the four most discriminatory primers
with S. aureus; OPJ5 and OPJ6 (Operon), and
two primers based on the enterobacteria 1 repetitive
intergenic consensus sequence (ERIC), 3237 and 4874
[23], and (2) 20 commercially available 10-base oligo-
nucleotide primers, 60-1 to 60-10 and 70-1 to 70-10
(Genosys Europe). The screening process involved
two stages. Two initial assays allowed four primers
yielding either no products or unreadable banding
(primers 60-5, 60-6, 60-7 and 60-10) to be eliminated.
The remaining 20 primers were re-evaluated in two
further assays and two primers, 70-5 (5GAGAT-
CCGCG3’) and 4874 (5’ATGTAAGCTCCTGGG-
GATTCAC3’), giving original and distinguishable
patterns, were selected. Reproducibility of results
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Table 1. Number of genetic fingerprints with RAPD-
PCR using two primers (A and B) of 240 isolates of
S. intermedius from three bitches and their puppies
(D1, D2 and D3)

Primer Primer Primers
Dogs A B (A+B)
D1 2 1 2
D2 6 9 13
D3 4 4 5
All 8 12 17

with the two primers was confirmed in two assays
with 30 isolates of S. intermedius, randomly selected
from the study material. The pictures of the gels were
analysed visually. Differences in the number and
location of bands indicated a novel type. Variations
in the intensity of the bands were disregarded. An
alphabetical code combining both primers was given
for each genotype (Fig. 1). Single unique isolates were
called Si.

The pictures of the gels were also digitized with a
scanner and analysed with Gel Compare software
(Applied Maths).

RESULTS
RAPD-PCR

With the two primers, 70-5 (A) and 4874 (B), the 240
isolates of S. intermedius were separated into 17 dif-
ferent genotypes. Primers A and B divided the isolates
into 8 and 12 fingerprints respectively (Table 1).

Among the 40 isolates of S. intermedius from the
first bitch (D10, n=15) and her puppy (D11, n=25),
39 isolates were of the same genotype with both
primers (type a). One of the isolates in the puppy had
a different fingerprint with primer A (Table 2, Fig. 2).
Among the 110 isolates of S. intermedius from the
second bitch (D20, n=63) and her three puppies
(D21, D22, D23, n=47) 13 different genotypes were
discovered. Two of these were dominant (types ¢ and
b) in the bitch (76-2 and 7-9 % respectively) and the
puppies (42:6 and 36:2 % respectively) and were iso-
lated throughout the study both in the bitch and the
puppies (Table 2, Fig. 2). Among the remaining 11
genotypes, 9 were isolated only either from the bitch
or puppies and 8 were isolated only on one sampling
occasion. With the primer A, 6 different genotypes
and primer B, 9 genotypes were identified.
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Table 2. Distribution of fingerprints of 240 isolates of S. intermedius at different sites and occasions of sampling
among three bitches (D10, D20, D30) and their puppies (D11, D21-23, D31)

Day Day
—6* —3* 1 7 49 1 7 21 49 98
D10 DI11

Nose at a, Si

Mouth a a

Anus a

Vulva a

Prepuce

Ear a a

Abdomen a a a a
D20 D21-23

Nose c, € c ¢, Si, Si

Mouth ¢, Si b, c e b, ¢, Si d, g, h

Anus C C b, c b, c

Vulva C b, c C, € c

Prepuce c

Ear b

Abdomen b, g b,e, f, g Si b ¢, Si
D30 D31

Nose b b C

Mouth c b, c c b b, c e

Anus b, c b, c b, c c

Vulva C b, c

Prepuce J b, c

Ear b b

Abdomen Si ¢ b, c b, c C C e

* Days —3 and —6, before whelping.

1 Alphabetic codes for fingerprints; Si, single unique isolate.

% of isolates

D21-23 D30 ‘ D31
bitches and puppies

D10 D11 D20

Fig. 2. Frequency of three most dominant genotypes (a,
b and ¢) with RAPD-PCR of 240 isolates of S. intermedius
in three bitches (D10, D20, D30) and their puppies (D11,
D21-23, D31).

Among the 90 isolates of S. intermedius, from the
third bitch (D30, n=>51) and her puppy (D31, n=39),
5 different fingerprints were discovered. Two of these
(c and b) were dominant among the isolates both in
the bitch (64-7 and 33-3 % respectively) and the puppy
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(51-3 and 38-5% respectively) (Table 2, Fig. 2). The
remaining three types were isolated only on one sam-
pling occasion either from the bitch or the puppy.
Individually, both primers, A and B, each revealed
four genotypes.

The dominant fingerprint (a) obtained from the
first bitch and her puppy was different from the other
two dominant genotypes (b and ¢), isolated from the
other bitches and their litters. These latter two bitches
shared the same domestic environment. When the
sources of different clones were plotted, no consistent
pattern relating to particular clonal types could be
discerned (Table 2).

Although the intensity of the bands varied some-
what between the tests, good reproducibility of the
fingerprints was obtained in this study; in over 95%
of the 30 duplicate isolates of S. intermedius, the
number and location of the bands were identical.
Computerized analysis of the PCR patterns using
Gelcompar software did not yield any improvement
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compared to visual inspection of the gels. On the
contrary, many of the patterns that were clearly dis-
tinct when visually inspected, clustered together with
different patterns when computerized, and patterns
that were identical when visually inspected sometimes
fell into different clusters.

DISCUSSION

The findings in this study indicate that the S. inter-
medius flora within each studied bitch mainly con-
sisted of one or two dominant and persistent clones,
which were transferred from the mother to her puppies
immediately after birth.

Similar findings have been reported from pigs.
Allaker et al. [24] demonstrated that the skin of the
piglet is colonized within 12 h of parturition by bac-
teria, including S. hyicus, which present the spectrum
found on the adults. Also, Wegener and Skov-Jensen
[25] showed that among the vaginal strains of S. hyicus
in gilts, one or two phage types were dominant and
persistent in each herd and were isolated from the
skin of the piglets three weeks after farrowing.

Allaker et al. [26] also studied the colonization of
neonatal puppies by S. intermedius. Although they
isolated reasonably high counts of S. intermedius from
the vaginal vestibule in the bitches, when compared to
other sites, they concluded that, unlike in gilts, the
flora at the vaginal vestibule was not the major source
of the cutaneous S. intermedius flora in puppies. They
also concluded that increases in the populations of
S. intermedius in the period following whelping at
the oral and abdominal sites on both the bitches and
puppies indicated transfer of staphylococci between
mother and offspring and that contact during feeding
would contribute to these rises. No typing of indi-
vidual isolates was carried out in their study.

Most puppies are born with the amniotic sac intact.
This then is opened and the umbilical cord cut by
the bitch with her teeth. Therefore the first contact is
not the vaginal but rather the buccal flora of their
mother. In the present study, however, no evidence of
a site of preference for certain clones of S. intermedius
was obtained and the most dominant fingerprints of
S. intermedius were isolated at different sites of the
body both in the bitches and their puppies.

In addition to the dominant and persistent strains
of S. intermedius, other types were identified which
could be isolated only once or twice from the bitches
or the puppies. Among the reasons why these were
not able to become established could be competitive

https://doi.org/10.1017/50950268803008938 Published online by Cambridge University Press

Genotyping of S. intermedius in dogs 935

adherence or other mechanisms involved in bacterial
interference. It has been demonstrated, both in man
and animals, that precolonization by one strain of
pathogenic staphylococci prevents the establishment
of the subsequent strain [13—-16, 19, 27-29]. Further
studies are needed to study the adherence of different
fingerprints isolated in this study to canine epithelial
cells and to determine whether the dominant clones
of S. intermedius, transferred from the dams, persist
through life and generations of dogs, and whether
recurrence of pyoderma in certain susceptible animals
could be associated with the persistence of the more
virulent variants. The need for such investigations
is supported by studies of bacterial interference in the
treatment of recurrent furunculosis in man; relapse
of furunculosis occurred if S. aureus 502A, the inter-
fering strain, was lost and the original strain re-
acquired [17].

Several studies have confirmed the suitability of
RAPD-PCR for genetic fingerprinting of staphylo-
cocci. For instance in 1993, Saulnier et al. [30]
reported that RAPD-PCR-method showed good
reproducibility of the profiles of methicillin resistant
strains of S. aureus. In 1994, van Belkum et al. [31]
suggested that, due to ease of performance, PCR
fingerprinting may become the method of choice for
establishing clonal relationships among isolates of
S. aureus. In 1995, van Belkum et al. [32] concluded
that randomly primed PCR was well suited for genetic
analysis and monitoring of nosocomial spread of
S. aureus. In the veterinary field, this method has been
used to study the epidemiology of bovine S. aureus
mastitis [23, 33]. RAPD-PCR was chosen here for
genotyping isolates of S. intermedius, because it had
not been used before to study the genetic variability
of this bacterial species and thus offered a novel
approach.

The choice and number of primers is critical and
affects the discriminatory power of the test [23, 32]. In
the present study, the primers were first investigated
in a preliminary study. The two primers, which then
were adopted for the definitive study, provided good
reproducibility, although the intensity of the bands
was variable in some cases. The number of genotypes
differed with each primer. By adding more primers
to the study, the discriminatory power of this tech-
nique might have been further improved. In the pres-
ent study it was found that visual interpretation of
the fingerprints was very time-consuming, owing to
the large number of isolates. A similar conclusion
was reported by Saulnier et al. [30] who confirmed
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that the RAPD assay was easy to perform with a
single primer but it became more cumbersome when
the number of primers increased. To solve this prob-
lem in the present study, computerized analysis of
the gels with Gelcompar was performed. However,
the results were not satisfactory because in many cases
they disagreed with those obtained from the visual
judgement. It seems that the PCR data generated in
the present study was not suitable for computerized
analysis. It may have been too sensitive and unduly
influenced by artefacts. Van Belkum et al. [32] also
reported that Gelcompar analysis of their results
was disappointing. They claimed that it was due
to lack of contrast, excessive ‘smiling’ of the gels, and
low-resolution photography; they concluded that
Gelcompar analysis is heavily influenced by electro-
phoretic and photographic artefacts. If the problems
with computerized analysis could be corrected,
RAPD-PCR could prove to be a very useful technique
to explore the epidemiology of canine pyoderma and
to answer some of the questions already identified as
important such as whether there are distinct follicu-
lar and mucosal populations of S. intermedius, as
suggested by Harvey and Lloyd [34]. Also this method
could help to confirm whether clinical infection by
S. intermedius is caused by strains carried as commen-
sals or of exogenous origin and whether reinfection
occurs with the same or different strains.

In the current study visual evaluation proved
functionally effective and enabled transfer of S. inter-
medius strains between bitches and their puppies to
be critically evaluated for the first time.

Since bacterial interference has been proposed as a
method for the control of canine pyoderma [26, 35,
36] it may thus be possible to introduce antagonistic
staphylococci to the puppies by establishing them first
in the bitches. This might protect against the estab-
lishment of virulent S. intermedius.
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