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Pathogenicity potential of Staphylococcus
pseudintermedius strains isolated from canine
carriers and from dogs with infection signs
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The aim of this study was to compare the
pathogenicity potential of Staphylococcus
pseudintermedius strains isolated from
healthy dogs and dogs with evident symp-
toms of infection. Nearly all examined
strains synthesized B-hemolysin, clump-
ing factor, coagulase, DNase, protein A,
and lipase. The only statistically signifi-
cant intergroup difference pertained to
protein A, synthesized more frequently
in infected dogs. All strains were positive
for sier and [ukS/F genes. No sea, seb, sed,
see and #st genes were detected. The sec
gene was detected in 1/71 (1.4%) strains
obtained from a healthy dog and in 2/120
(1.6%) strains from infected animals.
The subsequent DNA sequencing analysis
revealed that the amplified sec genes in all
the S. pseudintermedius isolates were sub-
grouped into the type SEC_ . .

In 1976, V. Hajek identified a new spe-
cies, Staphylococcus intermedius, within
animal biotype of S. aureus (E and F),
based on its biochemical properties and
G+C content.! This species was consid-
ered a predominant cause of canine infec-
tions until 2005 when Devriese et al.?
identified another new species, S. pseudin-
termedius, based on the sequential analysis
of 16S rRNA. In 2007, sequential analysis
of s0dA and hsp60 genes confirmed close
relatedness of three species, S. intermedius,
S. pseudintermedius and S. delphini, which
are currently referred to as the S. inter-
medius group.® Recent studies confirmed
that S. pseudintermedius, corresponding to
previous S. intermedius species, is the most
commonly isolated canine staphylococ-
cus.* S. pseudintermedius can be obtained
from the nose, oral mucosa, anus, groin,

and skin of healthy dogs. Moreover, it
often leads to opportunistic purulent der-
matitis, otitis externa and conjunctivitis.*>

Similarly to S. aureus, S. pseudinter-
medius synthesizes an array of invasion
and virulence factors. These include fac-
tors enabling adhesion to host’s cells or
extracellular matrix (clumping factor and
biofilm), toxins, and factors modulating
host’s immune system (hemolysins, leuko-
toxin, exfoliative toxins and enterotoxins).
Another group includes factors enabling
the microorganism to spread within host’s
body, such as coagulase, DNase, protein
A or lipases.®

However, our knowledge on the
pathogenesis of S. pseudintermedius is
very limited; to date, the majority of
virulence factors have not been charac-
terized in detail. Consequently, the aim
of this study was to compare the patho-
genicity potential of S. pseudintermedius
isolated from healthy dogs with no his-
tory of any infection-related symptoms
for at least one year preceding the study,
to that obtained from dogs with evident
symptoms of infection.

The study included 71 isolates of
S. pseudintermedius obtained from healthy
dogs and 120 S. pseudintermedius isolates
from diseased dogs. The strains were
obtained from 369 dogs of both genders
from ten veterinary practices, between
February 2008 and December 2011, in
four cities of Northern Poland (Gdansk,
Gdynia, Lebork and Pruszcz Gdanski).
The study included
healthy dogs with no history of any infec-
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tion-related symptoms for at least one year
prior to sampling. Three swabs were taken
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from each dog from this group. One cot-
ton-tipped culture swab was taken from
one anterior nostril, the second from the
mouth, and the third from the perineal
region. Additionally, samples from 197
diseased dogs were obtained by swabbing
diseased sites with a sterile cotton swab or
by urinary bladder catheterization in the
case of cystitis. The samples were taken
only from dogs with evident symptoms of
infection: dermatitis (superficial pyoder-
matitis, abscess, and deep pyodermatitis,
n = 109), external otitis (n = 31), conjunc-
tivitis (n = 18), vaginitis (n = 12), rhinitis
(n = 11), pharyngitis (n = 10) and cystitis
(n = 6). In order to avoid duplication of
results, only one isolate was considered if
various isolates belonged to the same spe-
cies and characterized by similar suscepti-
bility were obtained from a particular dog.
The examined strains were preserved with
Tryptic Soy Bullion (TSB) and 15% glyc-
erol at a temperature of -70°C.

Specimens were subcultured onto
Columbia blood agar and incubated at
35°C for 24 h. Suspected staphylococcal
isolates were identified on the basis of col-
ony characteristics, Gram-stained appear-
ance, and hemolysis. For the identification
of S. pseudintermedius species, polymerase
chain reaction-restriction fragment length
polymorphism  (PCR-RFLP)  method
was used. This method is based on Mbol
restriction gene of the pta fragment.”

The abilities to synthesize B-hemolysin,
coagulase and clumping factor (CF) were
tested as previously described.® DNase
activity was detected by flooding DNase
test agar with toluidine blue O (Merck).’
Lypolytic properties of examined strains
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Table 1. Primer sequences and thermal conditions of PCR analysis

Gene Oligonucteotide sequence (5'-3') Temperature of annealing Size of PCR product (bp) Reference
AAA GAC AAA CTT TCA GGT AA
Pta 53°C 320 Bannoehr et al.”
GCA TAA ACA AGC ATT GTA CCG
CCT TTG GAA ACG GTT AAA ACG
Sea 55°C 127 Becker et al.®
TCT GAA CCT TCC CAT CAA AAA C
TCG CAT CAA ACT GAC AAA CG
Seb 55°C 477 Becker et al.®
GCA GGT ACT CTA TAA GTG CCT GC
CTC AAG AAC TAG ACA TAA AAG CTA GG
Sec 55°C 271 Becker et al.®
TCA AAA TCG GAT TAA CAT TAT CC
CTA GTT TGG TAA TAT CTC CTT TAA ACG
Sed 55°C 319 Becker et al.®
TTA ATG CTA TAT CTT ATA GGG TAA ACATC
CAG TAC CTA TAG ATA AAG TTA AAA CAA GC
See 55°C 178 Becker et al.®
TAA CTT ACC GTG GAC CCT TC
AAG CCCTTTGTT GCTTGC G
Tst 55°C 445 Becker et al.®
ATC GAA CTTTGG CCCATACTTT
ATG GAA AAT TTA GCG GCA TCT GG
Siet 56°C 359 Lautz et al."
CCATTA CTT TTC GCT TGT TGT GC
TGT AAG CAG CAG AAA ATG GGG
lukS 57°C 503 Futagawa-Saito et al.”®
GCC CGATAG GACTTCTTA CAA
CCT GTC TAT GCC GCT AAT CAA
luk F 57°C 572 Futagawa-Saito et al.”®

AGG TCA TGG AAG CTA TCT CGA

were tested in TSA medium (Difco) with
1% Tween 80 and 0.1% CaCl, (Serva)."

Protein A was estimated with the dot
blot method. Namely, 10 L of overnight
broth cultures were spotted onto nitrocel-
lulose (Schleicher and Schuell) sheets and
air-dried. Non-specific binding sites were
blocked with 3% bovine serum albumin
(Serva) in PBS for 1 h at room tempera-
ture; next, peroxidase-conjugated rabbit
anti-human IgG (DAKO) was added to
a concentration of 1/1,000 for another
hour. After washing in PBS and in TBS
(10 mM, pH 7.4), the sheet was immersed
in freshly prepared 4-chloronaphtol
reagent to develop the color. The amount
of color was assumed to be dependent on
the binding of gamma globulin by protein
A'S. aureus Cowan 1 strain served as
positive control strain.

Detection of enterotoxins (sez, seb,
sec, sed and see) and #st (toxic shock syn-
drome toxin) genes was performed as
described previously.”? The amplification
of [ukS/F (leukotoxin) and sier (exfoliative
toxin) genes was performed according to
Futagawa-Saito et al.”” and Lautz et al."
respectively (Table 1). DNA amplifica-
tion was performed in a Perkin Elmer

2400 thermocycler (Norwalk). The PCR
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products were analyzed on 2% agarose
gel (Sigma) in the presence of ethidium
bromide.

For sequencing the 271-bp sec, ampli-
consofthe three S. pseudintermedius strains
were purified by gel filtration (Centri-
Sep columns, Princeton Separations).
The sequencing was performed by DNA
(PerkinElmer Corp.). The

investigated sequences were compared
5

sequencer

with sec_ . and sec, , sequences.'

The ability of the isolates to form
biofilm was investigated by a method
described by Stapanovic et al.'® with some
modifications. Bacteria were cultivated
overnight in TBS (Gras). Each culture
was diluted 1:100 in the same medium
and, subsequently, 200 pL of the diluted
bacterial suspension was transferred, in
triplicates, into the wells of sterile 96-well
polystyrene microtiter plates (Becton
Dickinson) and incubated at 37°C for
24 h. The negative control contained
only the growth medium. The plates
were washed twice with 200 pL of PBS
(pH 7.2) and dried at room temperature
prior to adding 1% Hucker crystal vio-
let solution. The plates were incubated
at room temperature for 15 min before
excess dye was removed by washing with
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water. The bound dye was dissolved in
150 L of 95% ethanol. The absorbance
of the adherent biofilm at 570 nm (OD,,)
was measured in a microplate reader. For
each isolate, the result was calculated by
subtracting the median OD_ of the trip-
licates of the negative control from the
median OD_,~of the triplicates of the
samples. Three independent experiments
were performed and the mean of the three
experiments was calculated based on the
median from each experiment. Based on
the OD produced by bacterial films, strains
were classified into the following catego-
ries: no biofilm producers (OD < ODc),
weak biofilm producers (ODc < OD < 2
x ODc), moderate (2 x ODc < OD < 4 x
ODc) and strong biofilm producers (4 x
ODc < OD), as proposed by Stapanovic et
al.'® The cutoff OD (ODc) was defined as
three standard deviations above the mean
OD of the negative control.

The fractions of staphylococcal isolates
were presented as number and percent-
age distributions and compared among
the studied groups of dogs with Pearson’s
chi-square test and Fischer’s exact test.
All calculations were performed with the
Statistica 10 (StatSoft®) package, with the
level of significance set at p < 0.05.
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Table 2. Expression of phenotypic pathogenicity factors in S. pseudintermedius isolates

Source Beta-hemolysin Clumping factor Coagulase DNase Protein A Lipase
Healthy dogs (n = 71) 70 (98.6%) 10 (14.1%) 66 (92.9%) 71 (100%) 1(1.4%) 70 (98.6%)
Infected dogs (n = 120) 118 (98.3%) 23 (19.2%) 116 (96.6%) 120 (100%) 17 (14.2%) 117 (97.5%)
p 0.890 0.396 0.242 - 0.004 0.611

Position 571-670 (U91526)
S. pseudintermedius isolate 1 AGTAACGACA ATACTTTTIG GTATGATATG ATGCCTGCAC CAGGCGATAA
S.pseudintermediusisolate2 sussssswme 0000 weseswwass  geesewessis iwassssests s 8 s s sees
S. pseudintermediusisolate3  .......... Liiiiieies diiieeeeee e e
SCCeaxive: 0 mwmeeswemwe  swewmesesss  ssssewsmes 0 wssssewees  eiees e ssyee
sec13 Bhivs s Gior  seeeseiswinss esesswweeis e essewwsie eies e s aieseres
S. pseudintermedius isolate 1 GTTTGACCAA TCTAAATACT TAATGATATA CAGCGACAAT AAAACGGTTG
S. pseudintermediusisolate2 s.y.ieeenme 0 seswwewsse  ssssswwess  wsseswesss  wesseswens
S. pseudintermediusisolate3 ........cc tiiieessss sesessesss sesesssess ssesssssees
$€Ceaming @@= weesswewes  wesssssess  ssesswwwsmis esesssesies  wies e s e
Secisx: 00 Gasssssams 0 aweeeess Tw  sssesss Giovs cAvsvesamy 00 wmeesesmese
Figure 1. Alignment of DNA sequences for sec genes of three investigated isolates of S. pseudintermedius and reference sequences of S. intermedius
canine subtype, and S. aureus sec 1-3 subtype. The EMBL accession numbers of the sec nucleotide sequences used for the alignment are as follows:
sec_, ... U91526; sec, X05815; sec,, DQ192646; sec,, X51661. The sequences of the three S. aureus subtypes were merged, since there were not differ-
ences in the aligned region as showed here. Dots indicate identity.

Both S.  pseudintermedius  strains
isolated from healthy dogs and those
obtained from infected dogs synthesized
B-hemolysin, CF, coagulase, DNase, pro-
tein A and lipase. The only statistically
significant intergroup difference pertained
to protein A (Table 2).

All isolates were positive for szer and
IukSIF genes. No sea, seb, sed, see and tst
genes were detected. The sec gene was
detected in 1/71 (1.4%) strains obtained
from a healthy dog and in 2/120 (1.6%)
strains from infected animals (p = 0.689).
The subsequent DNA sequencing analysis
revealed that the amplified sec genes in all
the S. pseudintermedius isolates were sub-
grouped into the type SEC_ . (Fig. 1).

No significant differences with regards
to biofilm formation were documented
between the strains isolated from healthy
and infected dogs; most of these strains
synthesized medium or high amounts of
biofilm (Table 3). All strains isolated from
conjunctivitis synthesized large amounts
of biofilm. No association between the
isolation site and the intensity of biofilm
synthesis was observed for the strains iso-
lated from other clinical materials.

Analysis of the prevalence of phe-
notypic virulence factors among the
examined isolates of S. pseudintermedius
revealed that nearly all of them were char-
acterized by the presence of B-hemolysin,

www.landesbioscience.com

Table 3. Formation of biofilm by S. pseudintermedius isolates

Formation of biofilm

No biofilm producer 0
Weak biofilm producer

Moderate biofilm producer

Strong biofilm producer

coagulase, DNase and lipase. The pres-
ence of these factors is consistent with
the characteristic of new S. pseudinterme-
dius species, published by Devriese et al.?
According to this description, S. pseud-
intermedius strains are CF-negative. In
contrast, our study revealed that nearly
20% of isolates are CF-positive. On the
other hand, Futagawa-Saito et al.” ana-
lyzed strains of S. intermedius group and
revealed that more than half of them were
CF-positive. Plausibly, the discrepan-
cies can result from insufficient evidence
with regards to the pathogenicity of newly
established species S. pseudintermedius;
furcher research is required in this matter.

Staphylococcal protein A is a wall-
anchored surface protein with four or
five domains that can each bind to the Fc
region of IgG. The interaction between
protein A and IgG coats the surface of
the cell with IgG molecules that cannot
be recognized by the neutrophil Fc recep-
tor and activate the complement by the
classical pathway as a result of incorrect
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Healthy dogs (n =71)

3 (4.2%)
45 (63.4%)
23 (32.4%)

Infected dogs (n = 120) p
0 R

8 (6.6%) 0.484

63 (52.5%) 0.143

49 (40.8%) 0.245

orientation. This explains the anti-phago-
cytic effect of protein A in vitro and the
reason for constituting a virulence factor
in several models of animal infection.'
Protein A is encoded by spa gene, located
on chromosome. Despite wide utiliza-
tion of the polymorphism of this gene for
epidemiological studies of staphylococci,
including S. pseudintermedius, the syn-
thesis of protein A has not been studied
in S. pseudintermedius isolates thus far.
Futagawa-Saito et al.” were the only ones
to observe that 54.5% of canine S. inter-
medius strains show the expression of
protein A and CF on latex agglutination
test. Our study is the first to examine the
expression of protein A by means of dot
blot in a large number of canine strains.
We have unambiguously confirmed that
the strains from infected dogs synthesize
protein A markedly more frequently than
those from healthy dogs. Protein A was the
only phenotypic pathogenicity factor that
distinguished infected and non-infected
dogs. This finding is not surprising in
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view of the evidence that protein A is a
significant and established pathogenicity
factor of S. aureus.!® Our findings suggest
that the same pertains to the newly estab-
lished S. pseudintermedius species.
Panton-Valentine
S. aureus is a cytotoxin that causes leu-

leukocidin of

kocyte destruction and tissue necrosis. A
similar toxin, biocomponent leukotoxin
Luk-I, encoded by two genes, ukS/F, is
also produced by S. pseudintermedius.” All
strains analyzed in our study, both from
healthy and infected dogs, had both leu-
kotoxin genes, /ukS/F. Also, in research
published by other authors all analyzed
clones were positive for leukotoxin genes,
suggesting clone-specific ability of toxin
synthesis.>* However, in view of our find-
ings, the determination of given patho-
genicity of S. pseudintermedius based on
the presence of [ukS/F genes seems less
unambiguous.

All strains of S. pseudintermedius
included in our study, isolated from both
healthy and infected dogs, possessed exfo-
liative toxin genes. S. pseudintermedius
exfoliative toxin (SIET), first described
by Terauchi et al.,”” plays a potential role
in the pathogenesis of canine pyoderma
and chronic otitis."” The dog injected with
SIET developed clinical signs such as ery-
thema, exfoliation, and crusting, which
are similar to symptoms seen in canine
pyoderma and human staphylococcal
scaled skin syndrome.” However, similarly
to our study, a number of other authors
confirmed the presence of siet gene in all
analyzed strains rather than only in those
isolated from skin lesions.”'*?* Our study
adds to this evidence, revealing that this
gene is present in all S. pseudintermedius,
even those isolated from healthy dogs. The
role of SIET in pathogenicity of the spe-
cies in question is even more unclear since,
in a recent study, the intradermal injection
of recombinant SIET in three dogs did not
cause any clinically- or histopathologically
evident lesions.®

Superantigens are a class of antigens
that cause non-specific activation of
T cells resulting in polyclonal T cell pro-
liferation and massive cytokine release.
Staphylococcal  superantigens  include
enterotoxins, responsible for the signs of
food poisoning, as well as the toxic shock
syndrome toxin (TSST-1). Similar to
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previous studies,?*

our study analyzing
the presence of genes encoding the most
important enterotoxins A-E (SEA-SEE)
and TSST-1, revealed solely the sec gene.
In previous studies, the prevalence of sec
ranged between 24.3%2° and 0.6%;?' this
gene was identified in 1.6% of all dogs
included in our study. Edwards et al.?® have
identified a canine type SEC from canine
pyoderma isolates, distinct from other
staphylococcal enterotoxins, but sharing
their ability to induce vomiting and T cell
proliferation. Our DNA sequencing anal-
ysis revealed that the amplified sec genes
in all the S. pseudintermedius isolates rep-
resented SEC_

ing

. type, which confirmed
their enteropathogenic potential.
Staphylococci form biofilm on the sur-
face of host’s tissues as well as on abiotic
surfaces, where bacterial cells are immersed
within polysaccharide excretion of amor-
phic mucus. Biofilm promotes the sur-
vival of bacteria, protecting them against
physicochemical factors and immune
mechanisms of the host. As a result of
biofilm fragmentation and detachment,
the bacteria spread throughout the body
and colonize new sites, leading to the
chronic and recurrent character of resul-
tant infection. Bacteria that are immersed
in biofilm show higher resistance to anti-
biotics, whose effective concentrations
have to be many times higher than in
the case of planktonic cells.** While the
synthesis of biofilm by various strains of
S. aureus and S. epidermidis has been quite
extensively studied, only sparse studies
have dealt with the problem in question
in staphylococci isolated from dogs.” We
tested a large number of S. pseudinterme-
dius isolates for their biofilm formability.
The method of microtiter plates used in
this study is one of the most frequently
applied screening methods, and is consid-
ered both reliable and sensitive. Our study
revealed that the majority of S. pseudin-
termedius strains generated moderate or
large amounts of biofilm. However, there
were no statistically significant differ-
ences in this matter between the strains
obtained from healthy and infected dogs.
An important finding of our study is the
observation that all strains isolated from
conjunctivitis cases synthesized large
amounts of biofilm. S. intermedius group
is one of the most frequently encountered
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staphylococcal species in the conjunctival
sac of clinically normal dogs as well as in

2627 Previous

dogs with ulcerative keratitis.
studies confirmed that biofilm plays an
undisputable role in various ophthalmic
infections in humans, including staphy-
lococcal infections.?® However, to the
best of our knowledge this study is the
first to document the synthesis of large
amounts of biofilm by S. pseudintermedius
strains isolated from canine conjunctivi-
tis. Previous studies revealed that bacterial
biofilms may participate in ocular infec-
tions by allowing bacteria to persist on
abiotic surfaces that come in contact with,
or are implanted, in the eye and by direct
biofilm formation on the biotic surface of
the eye.” Since the abiotic surfaces were
not found in any dogs with conjunctivitis
included in our study, it can be supposed
that the enhanced synthesis of biofilm by
studied S. pseudintermedius strains could
play a role in the course of ocular inflam-
mation in vivo.

In conclusion, our comparative analy-
sis of pathogenicity factors of S. pseud-
intermedius has shown that infected and
healthy dogs differed significantly in
terms of protein A formation; this sug-
gests that this protein may potentially play
a role in the pathogenicity of S. pseudin-
termedius. Moreover, we have documented
for the first time that S. pseudintermedius
strains isolated from canine conjunctivi-
tis are able to synthesize large amounts of

biofilm.
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