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Abstract

Staphylococcus pseudintermedius is a member of the Staphylococcus intermedius group (SIG) comprising representatives with similar
phenotypic characteristics. The purpose of this study was to optimise a method for accurate differentiation of S. pseudintermedius in clinical
samples from dogs and cats based on PCR-RFLP analysis, following the key biochemical tests for SIG group assignment, and to determine
the prevalence of S. pseudintermedius compared to other members of the SIG group. To implement this, 158 isolates from dogs and 17 from
cats, 4 reference strains - S. intermedius ATCC 29663, S. pseudintermedius LMG 22219, Staphylococcus delphini ATCC 49171, Staphylococcus
aureus ATCC 25922 and 5 field strains of S. aureus were analysed. The generated PCR-RFLP profile (pta gene, Mbol restriction enzyme) clearly
differentiated S. pseudintermedius within the SIG group by having two distinctive bands of 213 and 107 bp, respectively. The data showed
a predominance of S. pseudintermedius in clinical samples from dogs, while no S. pseudintermedius were found among the cat’s samples. In
conclusion, due to the atypical biochemical reactions found in some S. pseudintermedius isolates (14.6%), precise identification should be
based on an extensive phenotypic assay together with a molecular biological method or the latter alone.
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Staphylococcus intermedius Grubundaki (SIG) Staphylococcus
pseudintermedius’un Geleneksel ve Molekiiler Yontemlerle Ayirdedilmesi

Oz

Staphylococcus pseudintermedius, benzer fenotipik 6zelliklere sahip temsilciler iceren Staphylococcus intermedius grubunun (SIG) bir Gyesidir.
Bu calismanin amaci, kdpek ve kedilerden elde edilen klinik 6rneklerde SIG grubu atamasi icin temel biyokimyasal testleri takiben PCR-RFLP
analizine dayanarak S. pseudintermedius'un dogru sekilde ayirdedilmesi icin bir yontemi optimize etmek ve SIG grubunun diger tyelerine
kiyasla S. pseudintermedius’un yayginligini belirlemekti. Bu amagla, képeklerden elde edilen 158 ve kedilerden elde edilen 17 izolat, 4 referans
sus - S. intermedius ATCC 29663, S. pseudintermedius LMG 22219, Staphylococcus delphini ATCC 49171, Staphylococcus aureus ATCC 25922 ve
S. aureus’un 5 saha susu analiz edildi. Olusturulan PCR-RFLP profili (pta geni, Mbol kisitlama enzimi), S. pseudintermedius’u sahip oldugu 213
ve 107 bp'lik iki farkl bantla SIG grubu icinde belirgin sekilde ayirdetti. Veriler, kopeklerden alinan klinik 6rneklerde S. pseudintermedius’'un
baskin oldugunu gosterirken, kedi 6rneklerinde S. pseudintermedius belirlenmedi. Sonug olarak, bazi S. pseudintermedius izolatlarinda
bulunan atipik biyokimyasal reaksiyonlar (%14.6) nedeniyle kesin tani, kapsamli bir fenotipik test ile birlikte kullanilacak molekiiler biyolojik
bir ydntem veya sadece molekdiler yonteme dayanmalidir.

Anahtar sézciikler: Staphylococcus pseudintermedius, Biyokimyasal markerler, PCR-RFLP analizi, Ayirdetme, Staphylococcus intermedius
Grubu
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INTRODUCTION

Staphylococcus spp. are Gram-positive bacteria causing a
variety of opportunistic infections in humans, domestic and
wild animals ™, Usually, the pathogenicity of these bacteria
is associated with the production of coagulase enzyme, on
the basis of which they are defined as coagulase-positive and
coagulase-negative, respectively. The following coagulase-
positive/variable species are essential for veterinary medicine
-Staphylococcus aureus, Staphylococcus intermedius,
Staphylococcus schleiferi subsp. coagulans, Staphylococcus
hyicus, Staphylococcus lutrae, Staphylococcus delphini and
Staphylococcus pseudintermedius 3, while coagulase-
negative ones are considered significant when isolated from
sterile body sites or in community-acquired infections .

Until recently, S. intermedius was thought to be commensal
on the skin and mucous membranes of various animal
species such as dogs, cats, pigeons, minks, horses, foxes,
raccoons, goats and gray squirrels . According to Wang
et al.® S. intermedius is the predominant bacterial agent
responsible for the etiology of the superficial pyoderma
and soft tissue infections in dogs. With the development of
advanced molecular methods, in particular DNA sequencing
technologies, a group of researchers have clarified that the
isolates identified as S. intermedius by phenotype methods
actually a compound of three species - S. intermedius, S.
pseudintermedius and S. delphini, which form together the
S. intermedius group (SIG) 2. Subsequently, based on DNA-
DNA hybridization techniques and multilocus sequence
typing (MLST), it was found out that the main bacterium
responsible for the etiology of skin infections in dogs,
cats and humans was practically S. pseudintermedius, and
S. intermedius colonised mainly pigeons. Thus, the earlier
scientific publications describing S. intermedius are now
regarded as reports on S. pseudintermedius ", In addition,
the clinical significance of S. delphiniisolated from different
animal species is considered greater than previously
thought o',

The misidentification of the SIG group representatives is
due to the high degree of similarity in their phenotypic
characteristics, as well as the existence of different biotypes
of S. intermedius showing 50 to 65% DNA homology,
which can be different species such as S. delphini and S.
pseudintermedius ®. On the other hand, genetic methods
for differentiating microbial species based on the 16S
rRNA gene are useless in these staphylococci because
of the established gene similarity of over 99% >'%, The
literature overview reveals several genetic approaches for
the identification of S. pseudintermedius such as - PCR-RFLP
analysis, nuc-PCR, sodA /hsp60 sequencing, and MALDI-
TOF-MS analysis 1381314,

The purpose of this study was to optimise a method for
accurate identification of S. pseudintermedius in clinical
samples from dogs and cats based on the standard
polymerase chain reaction with subsequent restriction

of amplified fragments - PCR-RFLP analysis, following the
key biochemical tests for SIG group assignment, and to
determine the prevalence of S. pseudintermedius compared
to other members of the SIG group.

MATERIAL and METHODS

Bacterial Strains

One hundred and seventy five isolates relevant to the SIG
group - from dogs (n=158) and cats (n=17), 4 reference strains
as controls - S. intermedius ATCC 29663, S. pseudintermedius
LMG 22219, S. delphini ATCC 49171, S. aureus ATCC 25922,
as well as 5 field S. aureus strains of cow, sheep, chicken,
dog and rabbit origin were included in the study. Clinical
specimens from dogs included ear discharge (n=48), skin
lesions (n=42), ocular discharge (n=29), wound discharge
(n=17), urine (n=8), material of oral tongue and gingival
lesions (n=11) and synovial fluid (n=3). Cat isolates
originated from skin lesions (n=9), urine (n=5), and ear
discharge (n=3). Samples were cultured on trypticase soy
agar (Fluka, India) supplemented with 5% defibrinated
sheep blood and on MacConkey agar (NCIPD, Bulgaria;
HiMedia, India). The plates were incubated under aerobic
conditions at 37°C for 24-48 h. The initial identification of
significant staphylococcal species was based on Gram’s
staining, production of catalase and cytochrome oxidase
enzymes, colonial characteristics and pigmentation, presence
of complete haemolysis and the tube coagulase test with
lyophilised rabbit plasma (NCIPD, Bulgaria).

Biochemical Profile

The biochemical profile of the isolates was determined on
the basis of the following key tests: acetoin production in
liquid medium with glucose, detection of 3-galactosidase
(4 mg disks, HiMedia, India), sensitivity to polymyxin B (300
U/disk, Oxoid, UK), utilisation of mannitol on mannitol-salt
agar ((NCIPD, Bulgaria), of trehalose and maltose in liquid
media (MkB Test, Slovak republic).

The tests were carried out in accordance with the
manufacturer’s instructions and the general rules for
aseptic work in the microbiology laboratory ',

Additionally, reference strains from the SIG group as
well as selected clinical isolates were analysed with a
semi-automatic BioLog phenotype identification system
(BioLog, USA) with Genlll microplates according to the
manufacturer’s instructions. Briefly, wells were loaded
with 100 uL of bacterial suspensions at a density of 90-98%
determined on a turbidimeter (BioLog, USA) and the plates
incubated at 33°C for 20-24 h.

PCR-RFLP Analysis

DNA was isolated using a QlAamp commercial DNA mini kit
(Quiagen, GmbH, Germany) following the Gram-positive
bacteria protocol requiring pre-treatment of the bacterial
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stock with buffer containing 20 mg/mL lysozyme, 20 mM
Tris HCl with pH 8.0, 2 mM EDTA and 1.2% Triton. DNA
quality was determined spectrophotometrically at A260/
A280 on a Gene Quant 1300 apparatus (Healthcare Bio-
Sciences AB, Sweeden). The extracts were stored at -20°C
until the start of the experiments.

PCR was performed with the primers targeting amplification
of a 320 bp fragment of the phosphoacetyl transferase
(pta) gene. The sequences of primers as follows: pta_f1,
AAA GAC AAA CTT TCA GGT AA and pta_r1, GCATAA ACA
AGC ATT GTA CCG . The PCR reaction adjusted in a final
volume of 20 pL was as follows: primers 0.25 pM, 1 x PCR
buffer, MgCl, 1.5 mM, dNTPs 0.2 mM, Taq polymerase 0.5
U/rxn (Canvax, Spain) and DNA 1 pL. The thermal conditions
were adjusted in a gradient PCR machine included: initial
denaturation at 95°C for 2 min followed by 30 cycles
consisting of denaturation at 95°C for 60 sec, annealing
at 53°C for 60 sec, elongation at 72°C for 60 sec and final
amplification for 7 min at 72°C. Subsequently, 10 pL
of amplified product were subjected to restriction with 1
pL of Mbol (10 U/pL) according to the manufacturer’s
protocol (Canvax, Spain). The restricted products were
separated by electrophoresis in 2% agarose gel stained
with ethidium bromide.

RESULTS

Bacterial isolates determined as suspicious for S.
pseudintermedius based on their characteristics in the
conventional microbiological tests until PCR-RFLP analysis
was performed are presented in Table 1. The table shows
that most (85.44%) of the isolates exhibit a typical S.
pseudintermedius profile expressed in the presence of
B-haemolysis, a positive test for proving free plasma
coagulase within 2-4 h, negative test for acetoin production
and B-galactosidase positivity (ONPG test), sensitivity
to polymyxin B, acidification of mannitol, trehalose and
maltose. Atypical reactions were found in 23 (14.6%)
strains with respect to the presence of hemolysins and
acetoin production in the VP test. These isolates were
respectively y-haemolytic (2.5%) and VP positive (12.0%).
Table 1 also shows the biochemical characteristics of the

reference strains included in the study. The coagulase-
positive isolates of cats exhibited a variability in VP
and ONPG assays and were interpreted as resistant to
polymyxin B, which was not in line with the profile for S.
pseudintermedius.

The S. intermedius ATCC 29663, S. delphini ATCC 49171 and
S. pseudintermedius LMG 22219 reference strains, and the
two clinical isolates tested were successfully identified
with the BioLog commercial system. The substrates used
as carbon sources by the reference strains of the SIG group
and two of the isolates identified as S. pseudintermedius with
Mbol restriction analysis are shown in Table 2. It is obvious
that 14 of the substrates are completely utilised from the
five strains tested. Only six substrates - stachyose, D-aspartic
acid, D-serine, p-hydroxy-phenylacetic acid, D-malic acid
and y-amino-butryric acid, were not metabolised by the
species tested, whereas no metabolic activity was recorded
against D-cellobiose, D-raffinose, D-melibiose, D-salicin,
3 methyl glucose, L-fucose, L-rhamnose, bromo-succinic
acid and B-hydroxy-D, L-butyric acid with exception of one
of the strains showing borderline activity. The profile of S.
pseudintermedius strains differs only in their inability to use
seven substrates as a carbon source, unlike S. intermedius
ATCC 29663 and S. delphini ATCC 49171 and, with respect
to four substrates, borderline activity or lack thereof in
clinical isolates was recorded.

The results of the PCR-RFLP analysis are presented on Fig.
1. The restriction profile of the dog strains suspected to
be S. pseudintermedius consisted of two bands at 213 bp
and 107 bp, respectively. S. intermedius ATCC 29663 and S.
delphini ATCC49171 did not exhibit the Mbol restriction site,
whereas the tested S. aureus strains showed a restriction
profile with a band of 160 bp. Amongst the cat isolates, the
Mbol restriction profile specific for S. pseudintermedius was
not established.

DISCUSSION

In routine bacteriological examinations, pathogenic
staphylococci are frequently identified to the level of
coagulase activity and no further identification is under-
taken. On the other hand, the incorrect differentiation of

Table 1. Biochemical profile of the isolates from dogs suspected to be S. pseudintermedius and the reference strains from the SIG group determined on the basis of key

assays
Bacterial Isolates and Reference Strains | Hemolysis | Coagulase | Acetoin | B-galactosidase | Polymyxin B | Mannitol | Trehalose | Maltose
S. pseudintermedius n=98 B + + S + +

S. pseudintermedius n=19 B + +* + S + + +

S. pseudintermedius n=4 Y* + + S 4 4

S. pseudintermedius n=37 B + + S + +

S. pseudintermedius LMG 22219 B + + S + +

S. intermedius ATCC 29663 B + + + S + + +

S. delphini ATCC 49171 B + S + + +

+ = positive reaction/test (including weakly positive and delayed positive reaction); - = negative reaction/test; S/R = sensitivity/resistance; * atypical reactions
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Table 2. Biochemical profile data of S. intermedius ATCC 29663, S. delphini ATCC 49171, S. pseudintermedius LMG 22219, and two S. pseudintermedius clinical isolates (#1 and # 2)

determined on the basis of 71 carbon sources in the BioLog Genlll plate

Substrates ATCC 29663 | ATCC 49171 | LMG 22219 | #1 #2 | Substrates ATCC 29663 | ATCC 49171 | LMG 22219 | #1 #2
Dextrin + + B B B | Glycyl-L-Proline + + + - B
D-Maltose + + + B B | L-Alanine + + + + +
D-Trehalose + - + + + | L-Arginine B + - - -
D-Cellobiose B - - - - | L-Aspartic Acid B + B - -
Gentiobiose + - - - - | L-Glutamic Acid + + + B B
Sucrose + + + + + | L-Histidine + + + B B
D-Turanose + + + - + | L-Pyroglutamic Acid B + - - -
Stachyose - - - - - | L-Serine + + + + +
D-Raffinose B - - - - | Pectin + + B B B
a-D-Lactose + + + + + | D-Galacturonic Acid + + B B -
D-Melibiose B . . ~ _ | L-Galactonic Acid " " B . .
Lactone
L s + - + + + | D-Gluconic Acid + + + + |+
Glucoside
D-Salicin B - - - - | D-Glucuronic Acid - + - B -
N-Acetyl-D- + + + B B | Glucuronamide - + - B B
Glucosamine
AR + + - - - | Mucic Acid B + - - -
Mannosamine
N-Acetyl-D- - .
Galactosamine + B Quinic Acid B + - - -
A ST + + + + + | D-Saccharic Acid B + B - -
Acid
-Hydroxy-
D-GI p _ : : ; ;
a-D-Glucose * * * * * Phenylacetic Acid
D-Mannose + + + B B | Methyl Pyruvate + B B 3 B
D-Fructose + + + o | o [P EEIEREEE - B B - -
Ester
D-Galactose + + + + + | L-Lactic Acid + + + + +
3 Methyl Glucose B - - - - | Citric Acid - + - -
D-Fucose + - - - - | a-Keto-Glutaric Acid + + + B B
L-Fucose B - - - - | D-Malic Acid - - - - =
L-Rhamnose B - - - - | L-Malic Acid B + + B B
Inosine + B + B + qumo—Sucamc - = B = =
Acid
D-Sorbitol - + B - - | Tween 40 + + - - -
D-Mannitol + + + + + y-Amlno-Butryrlc - - - - -
Acid
D-Arabitol + - - - - a—Hydroxy—Butyrlc + + + B B
Acid
. B-Hydroxy-D,
Myo-Inositol B - - - S - - - -
yo-inosito * L-Butyric Acid B
Glycerol + + + + + | a-Keto-Butyric Acid + + + B B
D-Glucose-6-PO4 + + + + + | Acetoacetic Acid + + B B B
D-Fructose-6-PO4 + + + + + | Propionic Acid + + + - -
D-Aspartic Acid - - - - - | Acetic Acid + i s B B
D-Serine - - - - - | Formic Acid - + + B B
Gelatin - a B - -
B=borderline activity

coagulase-positive staphylococci is quite possible, especially
for the representatives of the SIG group, due to their
similar biochemical properties. The precise determination

of these staphylococci is important for clinical practice
with regard to the choice of antimicrobial agent associated
with the correct interpretation of the minimum inhibitory
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concentrations and the resulting outcome of therapy 49,
and because of the established zoonotic potential of S.
pseudintermedius and S. intermedius "',

In the present study, the isolates with a biochemical profile
suspected for S. pseudintermedius were selected based on key
biochemical markers for primary differentiation of clinically
relevant staphylococci in veterinary medicine . Key
markers for the differentiation of the three staphylococcal
species included in the test panel were the VP test and
the ONPG test, which clearly categorised the reference
strains. However, atypical reactions were found in S.
pseudintermedius isolates relative to the production of
acetoin in which S. pseudintermedius and S. intermedius
profiles did not differ. The BioLog Genlll phenotypic
identification systemidentified reference strains S.intermedius
ATCC 29663 and S. delphini ATCC 49171 with the highest
probability of 1.000, whereas S. pseudintermedius LMG
22219 and both clinical isolates with a probability of
0.555 - 0.569, confirming the great biotype diversity of this
bacterial species . In this regard, we disagree with Devriese ?
who claims that there is no commercial kit available to
identify S. intermedius and S. delphini. In addition, the
updated BioLog system software includes the metabolic
profile of S. pseudintermedius, which enables accurate
identification at the phenotypic level. The carbon sources
that did not detect metabolic activity in the reference
strain and the clinical isolates compared to S. intermedius
ATCC 29663 and S. delphini ATCC 49171 were N-acetyl-(3-
D-mannosamine, myo-inositol, L-arginine, L-pyroglutamic
acid, mucic acid, quinic acid and Tween 40. Borderline
activity or lack thereof in one of the clinical isolates was

Fig 1. Mbol restriction profile of pta PCR products in 2%
agarose gel stained with ethidium bromide. Legend: 1-7 - S.
pseudintermedius isolates; 8 - S. pseudintermedius LMG 22219;
9 - S. aureus ATCC 25922; 10 - S. intermedius ATCC 29663; 11 -
S. delphini ATCC 49171; a - pta PCR product (320 bp); b - pta
PCR-Mbol product; M - molecular marker, 100 bp; K- negative
control

found against pectin, D-galacturonic acid, L-galactonic
acid lactone and acetoacetic acid. With respect to the
other biochemical reactions, detailed comparisons with
other data published on S. pseudintermedius cannot be
made due to the different substrates incorporated in the
commercially used identification systems - BioLog in our
study, APl 50CH and API STAPH (BioMerieux), and STAPH-
ZYM (Rosco) in the research of Devriese .

The PCR-RFLP method on which accurate identification of
S. pseudintermedius isolates was based in this study was
originally developed by Bannoehr et al."¥, and has been
used successfully in other countries '”'®, The method
was also reproduced in our laboratory after optimisation
of temperature parameters for hybridisation of primers at
amplification of pta-PCR. The most distinct amplification
products of the pta gene were visualised at 54°C, and the
optimum denaturation, annealing and elongation time for
each cycle was determined to be 45 s. Subsequent Mbol
analysis of PCR products of 320 bp clearly differentiates S.
pseudintermedius isolates having a restriction site resulting
intwo bands of 213 and 107 bp, respectively. The restriction
profile of S. aureus ATCC 25922 as well as the five S. aureus
field strains differed by one visible band of about 160 bp
in the agarose gel, which actually consists of two closely
spaced bands - 156 and 164 bp, which are not established
in the routine electrophoresis "3, S. intermedius ATCC
29663 and S. delphini ATCC 49171 are not differentiated by
this method as they do not have a restriction site and Mbol
products have not been realised.

The data in our study showed a predominance of S.
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pseudintermedius in clinical samples from dogs. The species
affiliation of the isolates found to be suspicious for S.
pseudintermedius by conventional methods was confirmed
by PCR-RFLP analysis. Only two skin lesion isolates showed
no restriction site and could not be determined by the
RFLP method. The involvement of S. aureus in infectious
pathologyin dogsin a previous study of ours was estimated
at 16.1% . All these data confirm the prevalence of S.
pseudintermedius in dog specimens. With respect to cat
isolates, S. pseudintermedius was not detected in any of
the samples tested, which is consistent with the data
of Bannoehr et al."®, who found S. pseudintermedius in
only one of the 14 cat isolates tested. Due to the limited
number of feline isolates analysed, definitive conclusions
regarding the prevalence of S. pseudintermedius in this
animal species in our country cannot be made. Obviously,
its prevalence ranges from 3.08% in healthy cats to 11.97%
in sick cats, values found in Poland in a large animal study
conhort 2%, The other isolates did not show a restriction
profile and their precise determination will be the subject
of future studies based on other modern approaches.

In conclusion, the results of this study demonstrate the
usefulness of key biochemical tests to target the SIG
group members, but the precise differentiation of S.
pseudintermedius, S. intermedius and S. delphini should
be based on extensive phenotypic analysis together with
molecular biological methods, or the latter alone.
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