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Abstract

Isolates of Staphylococcus intermedius recovered from dogs, their owners and veterinarians
have been examined by restriction enzyme digestion analysis and by pyrolysis mass spec-
trometry (PyMS). Smal digests were only carried out where three or more isolates were
available from a household and showed that, whilst some dogs carried the same strain
throughout, others acquired new strains. Similarly some owners shared strains with their
dogs but others did not. Curie-point pyrolysis mass spectra were obtained from all 56
cutaneous S. intermedius strains. PyMS with cluster analysis was a valuable tool which
enabled epidemiological questions to be answered as follows: (1) there was no clear
correlation between the canine site sampled and the S. intermedius strain(s) recovered; (2) we
observed acquisition of new strains at the expense of the older strains and the potential
adaptation of strains to their new environment(s); (3) S. intermedius was carried by humans
in close contact with dogs, and strains from humans generally correlated with strains
recovered from their dog(s). Furthermore, analysis by PyMS has thrown light on the
phenotypic changes which may occur in bacteria grown in a natural, polymicrobial habitat.
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1. Introduction

Pyrolysis mass spectrometry (PyMS) and restriction endonuclease digestion of
DNA with the enzyme Smal have both successfully been used to establish the
similarity or dissimilarity of a group of bacterial isolates usually from a restricted
habitat such as patients in a hospital ward (for examples of PyMS see [1-3] and
Smal see [4,5]). Although each technique measures a different aspect of the
micro-organisms, PyMS is a physico-chemical methods for analysing the total
biochemical makeup (phenotype) of the organism, often referred to within the
framework of whole-organism fingerprinting [6], whilst Smal digests necessarily
only examine a small part of the genome. In practice both methods work well for
examining the relationship between bacteria and have indicated successfully when
an outbreak or colonization has a common origin.

Veterinary bacteriologists have not fully exploited the potential of PyMS or
restriction endonuclease digestion of DNA for the analysis of colonizing bacteria;
although we have recently exploited PyMS to follow the carriage of canine and
human Propionibacterium acnes strains [7]. In this study we have used both
techniques to examine a population of isolates of Staphylococcus intermedius
obtained at approximately monthly intervals over a period of 6 months from
geographically dispersed dogs and their owners. The intention was to determine
whether: (a) there was any relationship between the canine site samples and
characteristics of the organism; (b) whether carriage of strains was constant or
whether strains were acquired and lost over short periods of time; (¢) whether
strains isolated from dog owners could be matched with those from their dogs.
Comparison of the PyMS and Smal digest results have answered these questions
but posed further problems for investigation.

2. Materials and methods
2.1. Organisms and cultivation

Fifty six Staphylococcus intermedius isolates were recovered between November
1992 and May 1993 from (a) the anterior nares of normal adults and (b) the groin,
nose and/or perineum of normal healthy dogs by swabbing with sterile cotton
swabs (Sterilin, UK) in a standard manner at approximately monthly intervals. The
swab tips were immediately placed into Ames charcoal transport medium. Swabs
were inoculated onto Oxoid blood agar base and onto cysteine lactose electrolyte
deficient agar (Unipath, Hants, UK) and streaked out to obtain single colonies.
Inoculae were incubated aerobically at 37°C for 24-48 h and coagulase-positive
staphylococci were identified by the methods of Devriese and Hajek [8]. Identity of
inconclusive isolates was confirmed using the BioMerieux API Staph 32 phenotypic
test.

Details and origins of the organisms are given in Table 1. Strains were cultured
on Oxoid blood agar base agar for 2 days at 37°C. The bacteria were harvested
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with a plastic loop and suspended in phosphate buffered saline to approximately 20
mg ml~'. The samples were then frozen at — 20°C until they were analysed by
PyMS at the University of Wales, Aberystwyth.

2.2. DNA homology studies

Smal digests were performed as described by [5] with the exception that both
lysozyme and lysostaphin were used. Briefly, cells grown overnight in an orbital
incubator were pelleted, washed in TES buffer (10 mM Trizma base, 1 M NaCl, 50
mM EDTA, pH 8; Sigma) and set in agarose plugs. Plugs were exposed to lysozyme
and lysostaphin in TE buffer (10 mM Trizma base, | mM EDTA, pH 8; Sigma) for
4 h at 37°C. The TE buffer was replaced with NDS buffer containing proteinase K
and incubated at 50°C overnight. Proteinase K was removed and residual enzyme
inhibited by twice washing with PMSF (1 mM phenyl methyl sulphonyl fluoride;
Sigma) in TE buffer. After final washing with TE buffer and equilibrating with
restriction enzyme buffer the plugs were exposed to Smal (Pharmacia, Herts., UK)
overnight at 30°C. Pulsed-field gel electrophoresis was run overnight in 1% gels
immersed in TBE (89 mM Trizma base, 32 mM boric acid, 2.5 mM EDTA; Sigma)
at 180 V with a constant 5 s pulse time using a Pharmacia tank with a hexagonal
electrode array. Gels were stained with ethidium bromide and photographed under
UV light.

2.3. Pyrolysis mass spectrometry

Aliquots of 5ul bacterial suspensions were evenly applied onto iron—nickel foils.
Prior to pyrolysis the samples were oven-dried at 50°C for 30 min. Samples were
run in triplicate. The pyrolysis mass spectrometer used was the Horizon Instru-
ments PYMS-200X (Horizon Instruments, Ghyll Industrial Estate, Heathfield, E.
Sussex, UK); for full operational procedures see [7,9,10]. The sample tube carrying
the foil was heated, prior to pyrolysis, at 100°C for 5 s Curie-point pyrolysis was at
530°C for 3 s, with a temperature rise time of 0.5 s. The data from PyMS were
collected over the m/z range 51-200 and may be displayed as quantitative pyrolysis
mass spectra (Fig. 1). The abscissa represents the m/z ratio whilst the ordinate
contains information on the ion count for any particular m/z value ranging from 51
to 200. Data were normalised as a percentage of total ion count to remove the most
direct influence of sample size per se. Three replicate spectra were obtained for each
strain.

2.4. Multivariate data analysis

The normalised data were processed with the GENSTAT package [11] run under
Microsoft DOS 6.22 on an IBM-compatible PC; this has been previously described
[12]. The first stage was the reduction of the data by principal components analysis
[13-15], keeping only those principal components whose eigenvalues accounted for
more than 0.1% of the total variance. Canonical variates analysis then separated the
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samples into groups on the basis of the retained principal components and some a
priori knowledge of the appropriate number of groupings (i.e. the replicate pyroly-
sis mass spectra) [16,17]. Next, a percentage similarity matrix was constructed by
transforming the Mahalanobis’ distance between a priori groups in canonical
variates analysis with the Gower similarity coefficient S5 [18]. Finally, hierarchical
cluster analysis was employed to produce a dendrogram, using average linkage
clustering [12].

T T T T T T T 17

Percentage total ion count

60 80 100 120 140 160 180 200
Mass

>

8||||||||||]|||

Percentage total ion count

60 80 100 120 140 160 180 200
Mass

8|||I|IIII'I'I'

Percentage total ion count

60 80 100 120 140 160 180 200
c Mass
Fig. 1. Normalised pyrolysis mass spectra of (A) Sco human nose isolate 3919 swabbed November 1992,

(B) Sco’s dog H groin isolate 4047 swabbed May 1993, and (C) Sco’s dog G perineum isolate 4048
swabbed May 1993.
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Fig. 2. (A) Smal digests of isolates from three families. Lanes 1-4: family Sim, isolates 4001, 4002, 4003,
4058; lanes 5-7: family Arn, isolates 3922 (human), 3021, 3923; lanes 8—12: family Sto, isolates 4045,
4053, 4044, 3977, 4052. (B) Smal digests of isolates from family Sco. Lanes 1-11: isolates 3913 (dog H),
3919 (human), 3923 (H), 3924 (dog G), 3927 (H), 3928 (H), 4007 (H), 4008 (G), 4047 (H), 4048 (G), 4078
(H).

3. Results and discussion

3.1. Smal restriction analysis of S. intermedius strains

Where three or more isolates were available from a household, these were typed
by Smal restriction analysis. The results were diverse; within the households Tton,
Stor, Sim and Arn no difference was seen in the digest patterns (Table 1, Fig. 2),
though each household yielded a distinct type. In the remaining households Tur,
Jen, Kit, Rou and Sco it was evident that different strains were carried at different
periods (Table 1).
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The results for the Sco household are also shown in Fig. 2 (and see Table 1) from
which it is clear that the two dogs G and H shared a common Smal type with the
owner but also acquired other strains. In the other two dog household, Rou, shared
and individual strains were also observed. The owners in the Sco and Arn
households carried S. intermedius strains indistinguishable from those of their dogs
but in households Tur, Jen and Coo the strains were different. Tton, a non-dog-
owning veterinarian, carried the same isogenic strain in his nose for a period of at
least 7 months. Nasal and perianal isolates recovered on the same occasion were
seen to differ in dogs from households Kit and Sco but were indistinguishable on
some occasions in samples from households Sim, Arn, Stor, Kit, Sco and Coo.

The relationship between nasal carriage of S. intermedius in humans and their
dogs has been described previously [19] when the methods used to classify these
strains were antibiograms and phage-typing patterns; the Smal typing patterns
from the present study agree with these previously published results. Pyrolysis mass
spectrometry (PyMS), however, enabled more wide ranging analyses to be made.

Fig. 2. (Continued)
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CV1 > 10 5 20

Fig. 3. Pseudo-3D canonical variates analysis plot based on PyMS data analysed by GENSTAT showing
the relationship between the 56 Staphylococcus intermedius strains. The first three CVs accounted for
51.4, 20.6 and 14.8% (86.6% total) of the total variance, respectively. The numbers refer to strain
identities as detailed in Table 1. Cluster boundaries have been draw based on the dendrogram of the
same analysis shown in Fig. 4.

3.2. Analysis of all S. intermedius strains using PyMS

Typical normalised PyMS spectra for the human nose isolate 3919 from Sco, a
groin isolate from his dog H (isolate 4047), and a perineal isolate from G (4048) are
shown in Fig. 1. These, and the spectra from all 56 bacteria, show an undulating,
decaying feature with a periodicity of 14 atomic mass units; due to the loss of CH,
units during pyrolysis [20]. Although there was very little qualitative difference
between these spectra, complex quantitative differences between the spectra were
observed. Such uninterpretable spectra, by the naked eye, readily illustrate the need
to employ multivariate statistical techniques for the analysis of PyMS data.

After the collection of the pyrolysis mass spectra the first stage was therefore to
perform multivariate statistical methods, as described above, to establish the
relationships between all the S. intermedius isolates. The 56 isolates, each repre-
sented by triplicate spectra, were coded to give 56 individual groups (Table 1); the
resulting CVA plot, in which the first three canonical variates accounted for 86.6%
of the total variation in the data, and the abridged dendrogram derived from this
analysis are shown in Figs. 3 and 4, respectively. In the dendrogram (Fig. 4) it can
be seen that at 62% relative similarity the bacteria were grouped into two main
clusters: cluster A which contained six human isolates, 11 isolates from canine
noses, 11 groin and seven perineal dog isolates (total 35); cluster B comprised four
human isolates, five nasal dog isolates, ten groin and two perineum canine isolates
(total 21). At 90% relative similarity these two main groups sub-clustered into Al
a single member cluster (SMC), A2 comprising 28 strains which were very similar
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and tightly grouped, and A3 containing six isolates. These sub-clusters were also

observed in the CVA plot (Fig. 3). Fig. 3 also shows how loosely clustered the
isolates from cluster B were and in the dendrogram (Fig. 4) at 90% relative
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Fig. 4. Dendrogram representing the relationships between the 56 Staphylococcus intermedius strains
based on PyMS data analysed by GENSTAT.
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Percentage relative similarity
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Fig. 5. Dendrogram representing the relationships between the 11 Staphylococcus intermedius strains
isolated from the Sco household based on PyMS data analysed by GENSTAT. Values in brackets refer
to the month cultivated (Table 1).

similarity four subclusters could be observed: Bl contained 14 isolates, B2 three
isolates, B3 three isolates, and a single isolate made up B4.

Table 1 also contains information about which of the seven sub-clusters each of
the 56 isolates belonged to. Isolates recovered from the nose, groin or perineum of
the dogs failed to form three distinct clusters showing that there were no clear
correlations between site and isolate. Given the mechanics of canine grooming
behaviour this is perhaps not surprising. It can be seen also that of the 14
households studied only three households (Jen, Fow and Nes) contained isolates
that grouped together in either of the two main clusters alone, and that only the
Nes household which comprised just two S. intermedius isolates grouped together in
the same sub-cluster, A2. Given that these isolates were recovered over a relatively
short time period of 6 months (from November 1992 to May 1993), it is apparent
that either there is a rapid change over of strains recovered from the various sites
suggesting a continual state of flux of strains shared by all the households, or more
likely that genotypes continue to evolve in habitat resulting in new phenotypes.

The next stage was to analyse the isolates from each of the 14 different
households alone. The strains isolated from the Fow, Pri, Nes and Sep households
were however not analysed individually since each household contained only two
strains; for the same reason these households were not analysed by Smal restriction
digests.

3.3. Analysis of the Sco household

The PyMS spectra for the 11 isolates from the Sco household were analysed by
GENSTAT and the resulting dendrogram is shown in Fig. 5. At 90% relative
similarity six clusters were observed and Sco shares the same strain with his dog H
and not G. What is perhaps more significant is that at 68% relative similarity the
bacteria group into three main clusters: X contains isolates from Sco and his two
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dogs irrespective of which site was sampled, and all were sampled on November
1992 or February 1993; Y and Z also contains isolates from both H and G from the
different sites, however, sampling took place later during March 1993 and May
1993. This clearly visible split between collection dates strongly indicates that there
has been a succession of S. intermedius strains in this household.

What is also significant is that cluster X contains all the Smal pattern 1 types and
two of the three Smal pattern 2 types, the other pattern 2 is recovered in cluster Z
with two different patterns 4 and 5; whilst cluster Y contains Smal digest patterns
3 and 6. This suggests that there is only fair congruence between this genotypic
based method and the expressed phenotype as judged by the PyMS profiles. For
cluster X at 95% relative similarity (in the dendrogram) the four pattern 1 Smal
digests (Table 1, Fig. 2) from Sco, and his dogs H perineum, H nose and G groin,
are recovered separately. This tends to suggest that the same isogenic strain
encountered by these three hosts has undergone some phenotypic adaptation to
their new environments. Alternatively, these strains could have had an alteration in
their genotype, which was not detected by the Smal digests of chromosomal DNA,
such as acquisition of plasmids, transposons or bacteriophage.

3.4. Analysis of the Rou household

The other family which contained two dogs was the Rou household and these
were analysed alone (Fig. 6). In this household the Smal digests and PyMS show
conflicting results; (1) the most phenotypically different strains were isogenic, and
(2) the two strains that cluster together in the PyMS (Fig. 6) were judged by DNA
restriction patterns (Table 1) to be different (data not shown).

3.5. Analysis of the Sto household

The five canine isolates from the single dog in the Sto household were next
analysed. All strains gave the same Smal restriction analysis digest patterns; in
contrast, the dendrogram constructed from PyMS analysis (Fig. 7) revealed that
three individuals were detected which, rather than grouping according to either the
groin or perineum sampling site, clustered according to the date that the dog was

Percentage relative similarity

100 90 80 70 60 50 40 30 20 10
Smal Isolate } } } } } } } } } |
1 L-groin (2) 1
2 L-perineum (3) |
3 S-perineum (3) >= I
1 S-groin (3)

Fig. 6. Dendrogram representing the relationships between the four Staphylococcus intermedius strains
isolated from the Rou household based on PyMS data analysed by GENSTAT. Values in brackets refer
to the month cultivated (Table 1).
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Percentage relative similarity
100 90 80 70 60 50 40 30 20
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same  dog-nose (5) ’ ]

same  dog-groin (5)

Fig. 7. Dendrogram representing the relationships between the five Staphylococcus intermedius strains
isolated from the Sto household based on PyMS data analysed by GENSTAT. Values in brackets refer
to the date cultivated (Table 1).

sampled. This dog was sampled on March, April and May 1992 and it is a very
interesting that over this short time three different individual phenotypes were
isolated, indicating that these isogenic strains (as judged by the Smal digests
profiles) were adapting to their new host.

The S. intermedius isolates from Coo and Sim households all showed very similar
results to those seen in the Sto household, where isogenic strains were evolving to
their new single canine hosts. Most notable was the Sim household where two
strains were recovered from their dog; one cluster contained a single groin isolate
of April 1993, whilst the other group comprised three members all isolated in
March 1993, one from each of the nose, groin and perineum, illustrating yet again
that the same S. intermedius strain is globally spread over the dog and does not
reside in one locality.

In contrast to the evolution of a single isogenic strain observed above, the DNA
analyses for the Kit household showed that four genotypically distinct individuals
were recovered from this animal indicating that a succession of strains were
recovered from this single dog. This may be a reflection of the dogs lifestyle/socia-
bility; that is to say, this dog may have met with other dogs at a higher frequency
than those from Coo and Sim households thereby allowing swapping of strains;
however, there is no direct evidence of this.

3.6. Analysis of the Tur household

The three canine isolates and single human isolates were analysed and the
resulting dendrogram is shown in Fig. 8. The dendrogram shows that two groups
were seen at 80% relative similarity, again indicating a succession of strains, in
contrast to the Smal digests (Table 1, Fig. 8). The two isolates sampled in
December 1992 grouped together more tightly (> 95% relative similarity), this is
particularly significant because one of these was isolated from the human nasal
passage and the other from the canine nose, therefore we are detecting a shared
strain irrespective of the host. This result was also seen in the Jen household (data
not shown) where the human and canine nasal strains isolated in January 1993 were
identical but different from a later isolate (March 1993) from Jen. In addition, a
similar result was also observed in the Arn household (data not shown); in this
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Percentage relative similarity
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Fig. 8. Dendrogram representing the relationships between the four Staphylococcus intermedius strains

isolated from the Tur household based on PyMS data analysed by GENSTAT. Values in brackets refer
to the date cultivated (Table 1).

instance the human nose and canine groin strains isolated in November 1992 were
identical and distinct from a canine nasal isolate obtained when the dog was sampled
in March 1993, although for this household all the Smal digests were identical.

4. Concluding remarks

These results suggest that there are no clear correlations between site and S.
intermedius strain. Furthermore, for some houscholds there seems to be a rapid
change in the strain recovered from the various sites, whilst other families have an
isogenic strain which is undergoing an adaptation or phenotypic modification to its
new host environments, and there is evidence that this evolution also occurs in house-
holds with a single host. These findings tend to support the paradigm of a nomadic
cutaneous population which may adapt sufficiently to local conditions to permit local
colonisation for short periods. Whether these strains are continually seeded from the
nose and groin is debatable based on the evidence gathered in this study.

The evolution of strains to new environments was most evident in the interpretation
of phenotypic isolates versus isogenic strains for the household Sto. The five examples
from Sto all developed a marked browny-mauve pigmentation after a few days at
bench temperature, a feature possessed by only about 2.5% of wild-type S. intermedius
(unpublished data) and the Smal digests were indistinguishable suggesting a clonal
origin, whilst the PyMS data suggested that different types were present. Unpublished
studies (D.N. Petts, W.C. Noble and S.A. Howell, in preparation) show that, in some
instances, Smal digests of enterococci remain indistinguishable despite changes in
antibiotic resistance and other phenotypic characteristics due to acquisition or loss
of DNA. Since PyMS is known to be capable of distinguishing between isolates
isogenic but for the presence of a plasmid [21] or transposon [22] the present results
may demonstrate the evolution of strains in habitat due to selection of variants or
changes in plasmid, transposon or prophage content. We have not investigated
potential factors which might alter the phenotype of these strains without apparent
effect on the genotype as measured by Smal endonuclease digests, partly because of
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a paucity of information on S. intermedius. However, in the closely related S. aureus,
transposon inactivation of the global regulatory system agr is known to up-regulate
protein A, coagulase and fibrinogen binding protein and to down-regulate o-
haemolysin, serine protease, toxic shock toxin, enterotoxin B and other exoproteins,
whilst f-lactamase and enterotoxin A are unaffected [23]. Profound changes might
therefore occur in phenotype whilst an organism is growing in a polymicrobial
natural habitat due to acquisition or loss of other genetic elements; furthermore such
changes might be expected to persist throughout laboratory isolation and subculture
whilst lesser changes induced by selection in particular habitats might be eliminated
by growth through many generations in the laboratory.

We have previously shown [7] that canine isolates of Propionibacterium acnes,
which are considered a member of the normal canine microflora [24], were
indistiguishable from human P. acnes. The results presented here also illustrate that
man and dog carry the same strains of S. intermedius and probably act as a reservoir
for these strains. Indeed, the domestication of the dog and, in more recent times, the
increasingly close physical relationships between man and the dog may have led to
anthropozoonotic or zoonotic spread. Furthermore, man’s ability to travel great
distances in short periods of time and allow colonisation of other dogs, has to some
extent broken down the idea of parochial zoonoses. One potential implication of the
transfer of coagulase-positive staphylococci between owners and pet dogs is of the
transfer of antibacterial resistance between S. intermedius and S. aureus as has been
demonstrated experimentally on the skin of dogs [25].

Future work should concentrate on the analyses of fewer households which
contain humans and their dog(s) sampled at a higher frequency, such temporal
studies would throw more light on the strong indication that the present study shows
that some dogs carry transient populations, whilst others carry isogenic strains (as
judged by Smal digests) that adapt/evolve to their new environment(s).

In conclusion, we have shown unambiguously that PyMS is an excellent method
for the rapid analysis of large numbers of bacterial strains and is ideally suited for
epidemiological studies where the aim is to classify difficult to type organisms,
without recourse to labour intensive biochemical assays. In addition, PyMS high-
lights any interesting strains for further study using the rather slower DNA
homologies which allow the bacterial phylogeny to be elucidated.
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