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ABSTRACT

Trueperella pyogenes (formerly Arcanobacterium pyogenes) is a commensal bacterium present on the upper
respiratory and urogenital tract mucosa of domestic and wild animals. It is also the most common opportunistic
pathogen and isolated from the infections of cattle such as mastitis, metritis, arthritis and pneumonia. The aim of
this study was to determine virulence genes (plo, nanH, nanR cbpd, fim4, fimC, fimE, fimG) by polymerase chain
reaction (PCR), biofilm production by modified microplate test and antibiotic susceptibilities by disc diffusion
methods in 44 7. pyogenes isolated from various samples of cattle. Plo and fimA genes were detected in all isolates.
CbpA, nanH, and nanP genes were determined in 6.8%, 61.3%, 84.1% of the isolates, respectively. FimC, fimE
and fimG genes were found in 81.8%, 81.8% and 34.1% of the isolates, respectively. While all 7 pyogenes isolates
were found to be susceptible to amoxicillin-clavulanic acid, 97.7% were susceptible to cefoperazone, 95.45% to
amoxicillin, ampicillin, florfenicol and penicillin and 75% to enrofloxacin and cloxacillin. Also all isolates were
resistant to neomycin, 84.1% to oxytetracycline, 86.4% to gentamicin and 47.7% erythromycin. The majority
of T pyogenes isolates (88.6%) produced biofilms. In conclusion, this study reported that 7 pyogenes might be a
primary pathogen in mastitis, metritis, arthritis, pleuritis and abortion. The majority of 7" pyogenes isolates had
the capability to produce of biofilm that could result in difficulties in the treatment of 7. pyogenes infections. Also
the presence of genes encoded virulence factors may play important roles in the pathogenesis of the infections.
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INTRODUCTION

Trueperella (Arcanobacterium, Actinomyces, Corynebacz‘erium)
pyogenes is a Gram-positive, B-haemolytic, nonmotile, non-
spore forming, rod-shaped bacterium (1), commonly found
in mucosal surfaces of the upper respiratory tract, urogenital
and gastrointestinal system of domestic animals such as
cattle, sheep, goats and pigs (1). It also causes suppurative
infections in different animals (2, 3, 4, 5, 6, 7). T pyogenes
causes serious economic losses in livestock and thus is con-
sidered an important opportunistic pathogen in veterinary
medicine. Although 77 pyogenes is generally viewed as the
primary pathogen in 7 pyogenes infections, it is isolated from
mixed infections as well. Antibiotics are often used in treat-
ment of infections such as metritis, mastitis, pneumonia, and

arthritis in cattle (8, 9, 10). Determining the susceptibility
of T pyogenes to antibiotics will help veterinary personnel
with antibiotic selection and the treatment of 7. pyogenes
infections (5, 6, 11, 12, 13). Although T pyogenes has been
shown to be susceptible to different antibiotics using 7 vitro
antibiotic susceptibility tests, treatment with these antibiotics
is generally unsuccessful. This condition may be associated
with biofilm production of 7” pyogenes, or use of the antibiot-
ics for an extend period of time (5, 8).

A number of virulence factors contribute to the patho-
genicity of 7" pyogenes, such as pyolysin (plo), neuraminidase
(nanH, nanP), and collagen-binding protein (c4p4) (14, 15).
Pyolysin (plo) promotes haemolysis and lysis of immune sys-
tem cells, and a most important virulence factor. It was found
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in all 7" pyogenes isolates (1, 2). Collagen-binding protein is
required for adhesion of 77 pyogenes to collagen-rich tissue
(16). Two neuraminidase enzymes are important virulence fac-
tors necessary for 7. pyogenes to adhere to host epithelial cells,
and these enzymes reduce mucus viscosity and decrease the
half-life of secretory immunoglobulin A (sIgA) (1). T pyogenes
has also expressed surface exposed proteins such as fimbriae,
which is required for adhesion and colonisation to host tissue
encoded by the fimd, fimC, fimE and fimG genes (17).

The aim of the present study was to identify virulence
factor genes, biofilm production and antibiotic susceptibility
of T! pyogenes isolated from various cattle samples and to
explain the role of virulence factors in T pyogenes infections.

MATERIAL AND METHODS

Bacterial isolation and identification

This study was made in the Burdur province, located in
between the Aegean, Middle Anatolia and Mediterranean,
in southwest of Turkey. This region is 7,135 km*and the
maximum altitude is 1000 m above sea level. The climate of
Burdur city is almost maritime semiarid. In this study, fourty-
four T pyogenes isolates were obtained from dairy cattle (milk
(n=27), vaginal fluid (n=6), abscesses (n=3), pleural fluid
(n=1), aborted fetus (n=1) and calf samples (synovial fluid,
n=6) brought to Mehmet Akif Ersoy University, Faculty of
Veterinary Medicine, Department of Microbiology.

The samples were cultured on Blood agar (Oxoid Ltd.,
Hampshire, UK) supplemented with 5% defibrinated sheep
blood for 48 hours at 37°C in 5% COy. T pyogenes colonies
were identified by conventional bacteriological methods
(Gram staining, colony morphology, haemolysis, catalase
test, oxidase test, CAMP test (18). The isolates were stored
at -80°C until use.

DNA isolation
T pyogenes isolates and the reference strain (ATCC 19411)

were cultured on blood agar supplemented with 5% sheep
blood for 48 h, at 37°C in 5% COs,. For each isolates, 2x10°
bacterial cells were harvested in microcentrifuge tube by
centrifugation for 10 minutes at 5000xg. Supernatant was
discarded and the pellet was resuspend in 180 pl of Gram
positive bacteria lysis buffer added lysozyme and DNA
extraction was performed according to the manufacturer in-
structions by using Genomic DNA purification kit (Genejet,
Thermo Scientific, Vilnius, Lithuania). DNA samples were
stored at -20°C until use.

Screening of genes encoding virulence factors

The presence of eight virulence genes (plo, nanH, nanP chpA,
Jfimd, fimC, fimE and fimG) in T. pyogenes were investigated
by polymerase chain reaction (PCR). Primers, target gene,

PCR product size and references used for PCR are presented
in Table 1.

Table 1: Primers, target gene, PCR product size used to detect genes encoding T pyogenes virulence factors.

Targetgene  Virulence factor Primer sequence (5™-3) Ampliconsize (bp)  Reference

PR F.GOC C0G AT GTC ACC G m o
NanH neuraminidase H g_(égg TA%%TEC?TT%%T%%%%ETAG(}}T[‘AT%GTT 781 Silva et al., 2008
wop wmmder FTIOAGCGIACOCAGETCTTC s el 208
Chpd collagen-binding protein E__(é%:} gggTT l’\I"TGASJ\’I(‘IGCé[‘J"}ACiéGA’IIggégTC‘I A 124 Silva ez al., 2008
Fmd b FOACTICCCTOACCITCACMAG et 208
i s FIGTCOAGGTOACOTTCTTCS g e
P b FGCCCAGOACCOAGAGCOACEGE e, 208
FimG fimbriae G L OGCIL CLE ALOIOIICATC LT 929 Silva et al., 2008

R-ATCTTG ATC TGC CCC CAT GCG
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PCR reactions performed in 25 pl reaction volume (5
pl DNA sample, 12.5 pl PCR master mix(2X) (Thermo
Scientific, Lithuania), 1 pl each primer (100 pmol), 5.5 pl
ddH>0) in a Thermal cycler (Apollo, ATC-401, Ramsey,
Minnesota, USA). An initial denaturation (94°C, 3 min)
was followed by 35 cycles containing denaturation in 95°C,
1 min, annealing in 60°C, 1 min and extension in 72°C for
3 min) (2, 15). PCR products (10pl) were electrophoresed
at 1.5% agarose gel, stained with ethidium bromide (0.5ug/
ml). The bands were visualized under the UV light (Edas 290,
Eastman Kodak Company, Rochester, NY, USA).

Biofilm Production

'The capacity of biofilm production of 7" pyogenes was evalu-
ated according to the modified microplate test described by
Stepanovic ez al. (2000). Fourty-four T pyogenes isolates and
reference 4. pyogenes ATCC 19411 strain were cultured in
brain heart infusion broth (BHIB, Oxoid Ltd., Hampshire,
UK) supplemented 5% foetal calf serum (Biological
Industries, Kibbutz Beit Haemek, Israel) for 24 h at 37°C
in 5% CO,. After 500p! culture was taken and centrifuged
5 min at 10000 rpm. Supernatant was thrawed and the
pellet was resuspended in 500 pl BHIB. Subsequently, 180
pl BHIB was added to sterile 96 wells (200 pl/well) of a
polystyrene microplate (Corning, Costar 3599, NY). Each
inoculum (20 pl) was added to three wells and microplates
were incubated for 24 h at 37°C in 5% CO,. Then, the wells
were washed three times with phosphate buftered saline
solution (PBS) (pH 7.2) and unattached bacterial cells were
removed from wells. Methanol (Merck, KGaA, Darmstadt,
Germany) added to wells and microplates were incubated at
room temperature. Then microplates were dryed and biofilms
were stained crystal violete for 10 minute. Microplates were
washed three times with distilated water and dryed 55-60
°C. The isolates were dissolved with 33% (v/v) glacial acetic
acide (Merck, KGaA, Darmstadt, Germany). Microplates
were evaluated at an optical density (OD) 590 nm by ELISA
reader (RT-2100C, Rayto and Analytical Sciences Co Ltd.,
Shenzhen, PRC). 4. pyogenes 11941 was used to be positive
control. The equal volume of sterile medium served as a
negative control.

Antibiotic susceptibility tests

The antibiotic susceptibility of 7. pyogenes isolates were
tested with following antibiotics: amoxicillin (25pg, BHIB,

Oxoid Ltd., Hampshire, UK), amoxicillin-clavulanic acid
(30pg, BHIB, Oxoid Ltd., Hampshire, UK), ampicillin
(25pug, BHIB, Oxoid Ltd., Hampshire, UK), enrofloxacin
(Spg, BHIB, Oxoid Ltd., Hampshire, UK), erythromycin
(15pg, BHIB, Oxoid Ltd., Hampshire, UK), florfenicol
(30pg, BHIB, Oxoid Ltd., Hampshire, UK), gentamicin
(10pg, BHIB, Oxoid Ltd., Hampshire, UK), cloxacillin (Spg,
BHIB, Oxoid Ltd., Hampshire, UK), lincomycin (10pg,
BHIB, Oxoid Ltd., Hampshire, UK), neomycin (30pg,
BHIB, Oxoid Ltd., Hampshire, UK), oxytetracyclin (30pg,
BHIB, Oxoid Ltd., Hampshire, UK), penicillin G (10U,
BHIB, Oxoid Ltd., Hampshire, UK), cefoperazone (75pg,
BHIB, Oxoid Ltd., Hampshire, UK), ciprofloxacin (5pg,
BHIB, Oxoid Ltd., Hampshire, UK). There is no Clinical
and Laboratory Standarts Institute (CLSI) method for the
determination of antibiotic susceptibility by disc diffusion
test for 7 pyogenes in CLSI 2013 (20). Thus, the method
was adapted from described for other fastidious Gram
positive organisms in this study (CLSI 2013). The isolates
were incubated in BHIB, for 6-8 h at 37°C in 5% CO;and
bacterial culture was inoculated onto Mueller Hinton agar
supplemented with 5% sheep blood by swab. The antibiotic
discs were located on the surface of agar and the plates were
incubated for 24 h, at 37°C, in 5% CO. Then, the results were
evaluated as antibiotic susceptible, intermediately susceptible
and antibiotic resistant.

RESULTS

Isolation and Identification of T. pyogenes

Forty-four 7. pyogenes bacteria were isolated from clinical
samples from cattle. The biochemical characteristics of 70
pyogenes isolates and the 4. pyogenes ATCC 19411 reference
strain are found similar. All of the 77 pyogenes isolates and
reference strain showed B-haemolysis on blood agar base
with 5% sheep blood for 24-48 hours at 37°C. However, T
pyogenes isolates and the reference strain were found positive
with 8. aureus on the CAMP test.

Determination of virulence genes

In this study, plo, cbpA, nanH, nank fimA, fimC, fimE and fimG
genes were detected at different rates in 77 pyogenes isolates
(Table 2). The Plo gene was detected in all 7. pyogenes isolates.
Only three isolates carried the c&p4 gene. The NanH and

nanP genes, which encode neuraminidase were found in 27
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Table 2: The virulence genes of T pyogenes strains (44 isolates)

Samples Virulence genes
(number of isolates) | Plo nanH nanP chpd fimd fimC fimE fimG
Milk (n=27) 27 17 22 2 27 23 23 9
Vaginal fluid (n=6) | 6 6 5 0 6 6 4 1
Synovial fluid (n=6) | 6 3 5 1 6 5 5 3
Abscesses (n=3) 3 1 3 0 3 2 2 1
Pleural fluid (n=1) 1 0 1 0 1 0 1 0
Aborted fetus(n=1) | 1 0 1 0 1 0 1 1
Total (n=44) 4 27 37 3 4 36 36 15

and 37 of the isolates, respectively. The NanH and nanP genes
occurred together in 21 (47.7%) of the isolates (Table 3).
While fimA was found in all of the isolates, fimC, fimE and
fimG genes were identified in 36, 36 and 15 of the isolates,
respectively (Table 2).

AlL T pyogenes isolates recovered from cattle with mas-
titis carried the plo and fimA genes. The cbpA, nanH and
nanP genes in these isolates were found in 2, 17 and 22
of the isolates respectively (Table 2). Two of the isolates
did not carry the nanH and nanP genes. Twenty-seven 7.
pyogenes isolates carried the least 2 fimbrial genes (Table
3). All of the T pyogenes isolated from cattle with metritis
carried the plo, nanH, fimA and fimC genes, but not the
cbpA genes. Five isolates carried both the #anH and nanP
genes (Table 3). Six isolates recovered from synovial fluid
were positive for the plo and fimA genes. One isolate
did not carry nanH and nanP genes. The cbpA gene was
not present in these isolates. Fimbrial genes were found
in different rates in these isolates (Table 3). 7" pyogenes
isolates (n=3) isolated from samples of cattle abscesses
were positive for plo, nanP and fimA genes, but not cpA.
Two isolates recovered from pleural fluid and aborted fetal
tissue were positive for plo, nanP, fimA and fimE genes
(Table 3). In the reference 4. pyogenes ATCC 19411 strain,
plo, nanH, nanP and fimC genes were detected, but not
copd, fimd, fimE and fimG.

Biofilm production and antibiotic susceptibility

test results

Biofilm production was identified in 39 (88.6%) of the
T. pyogenes isolates and in the 4. pyogenes ATCC 19411
reference strain. The antibiotic susceptibility test was per-
formed on 44 isolates and on 4. pyogenes ATCC 19411.
Susceptibility of the isolates to 14 antibiotics which are

Table 3: Genotypes of T pyogenes isolates from cattle samples

(44 isolates)

Samples | Genotypes Isolates
Number %
plo, nanH, nanP, fimd, fimC, fimE, fimG 3 11.1
plo, nanH, nanB chpd, fim4, fimC, fimE 1 3.7
plo, nanH, nanB fimA, fimE, fimG 2 7.4
plo, nanH, nankB, fim4, fimC, fimE 5 18.5
plo, nanH, nank, fimd, fimC, fimG 1 3.7
plo, nanH, fim4, fimC, fimE, fimG 1 3.7
Milk plo, nanP, cbpd, fimd, fimC, fimE 1 3.7
plo, nanH, fim4, fimC, fimE 2 7.4
plo, nanB, fimd, fimC, fimE 4 14.8
plo, nank, fimd, fimE, fimG 2 7.4
plo, fimd, fimC, fimEl 2 7.4
plo, nanH, fimd4, fimC 1 3.7
plo, nanB, fimd, fimC 2 7.4
plo, nanH, nanB, fimd, fimG, fimE, fimG 1 16.7
Uterine | plo, nanH, nanP, fimd4, fimC, fimE 2 33.3
secretion | plo, nanH, nanB, fim4, fimC 2 33.3
plo, nanH, fimd, fimC, fimE 1 16.7
plo, nanH, nanP, chpd, fim4, fimC, fimE 1 16.7
plo, nanH, nanB fimA, fimG, fimE 1 16.7
) plo, nanB fimd, fimC, fimE, fimG 1 16.7
Synovial "1 imd, fimC, fimE, fimG 1 16.7

fluid . . . “

plo, nanH, nanP, fimd, fimC 1 16.7
plo, nanB fimd4, fimE, fimG 1 16.7
plo, nanH, nanP, chpd, fimA4, fimC, fimE 1 16.7
plo, nanH, nanB, fim4, fimG, fimE 1 333
Abscesses | plo, nanB fim4, fimE, fimG 1 33.3
plo, nanB fim4, fimC 1 33.3
gﬁgral Plo, nanB fimA, fimE 1 100
étt’uosrted plo, nanB fimdl, fimE, fimG 1 100

commonly used in veterinary medicine was determined
by using the disc diffusion test. The isolates were 100%
susceptible to amoxicillin clavulanic acid, 97.7% to ce-
foperazone, 95.45% to amoxicillin, ampicillin, florfenicol
and penicillin, and 75% to enrofloxacin and cloxacillin.
All T: pyogenes isolates were 100% resistant to neomycin,
84.1% to oxytetracycline and 86.4% to gentamicin (Table
4). 'The antibiotic susceptibilities of the isolates were not
showed differences according to the samples. 7. pyogenes
isolates were found resistant to least 3 antibiotics in this
study. 4. pyogenes ATCC 19411 was susceptible to the 14

antibiotics.
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Table 4: In vitro susceptibility to 14 antibiotics of T pyogenes isolates

o Susceptible Resistant
Antibiotic N % N %
Amoxicillin-
clavulonic acid 4 100 0 0
Amoxicillin 42 95.5 2 45
Ampicillin 42 95.5 2 45
Cefoperazon 43 97.7 1 23
Ciprofloxacin 31 70.5 13 29.5
Cloxacillin 33 75 11 25
Enrofloxacin 33 75 11 25
Erythromycin 23 52.3 21 477
Florfenicol 42 95.5 2 45
Gentamicin 6 13.6 38 86.4
Lincomycin 25 56.8 19 31.8
Neomycin 0 0 44 100
Oxytetracycline 7 15.9 37 84.1
Penicillin G 42 95.5 2 45

DISCUSSION

1 pyogenes is an important opportunistic pathogen causing
suppurative lesions in livestock animals such as cattle, sheep
and pigs (2, 3,4, 6). It is also present on mucosal surfaces of
the upper respiratory tract, urogenital and gastrointestinal
system of animals (1, 3, 15, 21). This study examines the
biochemical properties, virulence factor genes, biofilm pro-
duction and antibiotic susceptibility of 44 T pyogenes isolates
from cattle. All T pyogenes isolates and the reference strain
displayed B-haemolysis on blood agar with 5% sheep blood
and a strong positive reaction on the synergistic CAMP test
with §. aureus producing p-haemolysis. These results have
been reported by several other researchers as well (23,24, 25).

T pyogenes has a number of virulence factors that con-
tribute to its pathogenicity. In this study, as expected, the
plo genes were present in all 7 pyogenes isolates and in the
A. pyogenes ATCC 19411 reference strain. Pyolysin (plo)
causes lysis in immune cells, murine macrophages and red
blood cells in various animals. Therefore, pyolysin is the
most virulence factor (14). Researchers from different parts
of the world have reported that all 7" pyogenes strains carry
the plo gene (2,3,4,5,7,25). The chpA gene, which encodes a
collagen-binding protein, plays a role in adhesion to collagen-
rich host cells (1). In the present study, it was determined
that 6.9 % of isolates (mastitis=2, synovial fluid=1) carried
the copA gene. The chpA gene was reported in 21% of 70

pyogenes isolated from mastitis by Zastempowska and Lassa
(2012). Hadimli and Kav (2011) determined that the cfp4
gene found in 58.8% of T pyogenes isolates originated from
different samples of sheep and cattle. Rzewuska ez a/. (2012)
detected the c4pA gene in T pyogenes isolated from abscesses
in the spleen, lymph nodes, lungs and purulent uterine secre-
tions in European bison (25). Santos e# al. (2010) reported
that 1.4% of 7" pyogenes isolates were recovered from uterine
samples. However, Silva ez a/. (2008) reported the presence
of the c6pA gene in all 7" pyogenes isolates recovered from
the uterus (9). In the present study, the c4p4 gene could not
be detected in cattle samples (abscesses and aborted fetal
tissue as well as pleural and uterine secretions). Although
mammary and uterus tissue are collagen-rich, in this study,
only two T pyogenes isolates recovered from mastitis tissue
carried the copA gene. In this study, we determined that 70
pyogenes isolates carried the nanH and nanP genes at different
rates and that the #anP gene was present at higher rates than
the nanH gene in the isolates. Similarly, some researchers
have reported that the 7anP gene was detected at a higher
rate than the nanH gene, too (4, 25). We considered that the
differences in the rates of genes encoding neuraminidase may
be host specific.

The major fimbrial subunit is encoded by fim4, fimC,
JfimE and fimG genes. The presence of these genes has been
reported at different rates in 77 pyogenes isolates (2, 3, 5, 7,
23). In the present study, fimA was detected in all isolates,
while fimC, fimE, fimG were found in 81.8%, 79.55% and
29.5% of isolates respectively. Similarly, researchers have
stated that fimA is found in all 7" pyogenes isolates (2, 5, 25).
Zastempowska and Lassa (2012) reported that fimA was
found in all of the isolates recovered from mastitis and fimC,
fimE and fimG genes were identified in 88%, 91% and 18%
of isolates respectively. But, Hadimli and Kav (2011) reported
that fimA was present in 96% of isolates originating from
sheep and dairy cows. Also, Santos e al. (2010) detected the
presence of fimA in 76.4% of T. pyogenes isolated from the
vaginal fluid of cattle. In the present study, #mC and fimE
genes were detected at a high rate in 7 pyogenes isolates.
Our results are similar to the findings of Silva ez al. (2008),
Hadimli and Kav (2011), Rzewuska ez a/. (2012), and Zhao et
al.(2013). But, Al Tarazi ez al. (2012) reported that the fimA
gene was determined in only one of two 7. pyogenes isolates
originating from camels, and these two isolates carried the
JfimE genes, but no fimC genes (23). In the present study, there
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is less fimG than other virulence genes, which is similar to the
findings of other researchers (4, 5, 25).

In the present study, biofilm production was identified
in 88.6% of T pyogenes isolates. All of the isolates recovered
from milk with mastitis were positive for biofilm produc-
tion. Zhao ez al. (2011) reported that biofilm production was
positive in 94.4% of T pyogenes isolated from deer abscesses.
The treatment of 7. pyogenes mastitis is generally difficult
and results unsuccessful, which may be due to the biofilm
production of 7 pyogenes isolates. Biofilm production plays
an important role in pathogenesis and makes it difficult to
treat persistent infections. The bacteria in biofilm are less
exposed to the host’s immune response and antibiotics (26).
Antibiotics are generally used to treat 7" pyogenes infections.
The susceptibility of 7. pyogenes to antibiotics has been
shown in various studies (3, 7,12, 13). Identifying antibiotic
susceptibility of 7 pyogenes isolates will help veterinary per-
sonnel in the selection of antibiotics to treat the infections.
In this study, 100% of the isolates were found susceptible to
amoxicillin-clavulanic acid. Susceptibility to amoxycillin, am-
picillin, cefoperazone, cloxacillin, enrofloxacin, florfenicol and
penicillin varied in between 75%-97.7%. It is not surprising,
therefore, that some farmers reported treatment failure even
though these antibiotics were administered to the animals.
'The cause of this failure in the treatment of 7. pyogenes infec-
tions is thought to be the fact that 77 pyogenes isolates may
produce biofilm. Because the majority of the strains are able
to produce biofilm, this may make treatment of the infections
caused by 7. pyogenes strains difficult even though they are
sensitive to antibiotics iz vitro (13).

In conclusion, we found that the majority of 7" pyogenes
isolates were capable of biofilm production, and other
virulence factor genes besides plo and fimA were found in
different rates in the isolates.

ACKNOWLEDGMENTS

This study was supported by Scientific Research Projects
Commission of Mehmet Akif Ersoy University (Project number:
0171-NAP-13).

REFERENCES
1. Jost, B.H., Songer, ].G. and Billington, S.].: Identification of a

second Arcanobacterium pyogenes Neuraminidase and Involvement
of Neuraminidase Activity in Host Cell Adhesion. Infect. Immun.
1106-1112,2002.

10.

11.

12.

13.

14.

15.

16.

Silva, E., Gaivao, M., Leitao, S., Jost, B.H., Carneiro, C., Vilela,
C.L., Costa, L.L. and Mateus, L.: Genomic characterization of
Arcanobacterium pyogenes isolates recovered from the uterus of dairy
cows with normal puerperium or clinical metritis. Vet. Mic. 132:
111-118, 2008.

Santos, TM.A., Caixeta, L.S., Machado, V.S., Rauf, A.K., Gilbert,
R.O. and Bicalho, R.C.: Antimicrobial resistance and presence of
virulence factor genes in Arcanobacterium pyogenes isolated from
the uterus of postpartum dairy cows. Vet. Mic. 145: 84-89, 2010.
Hadimli, H.H. and Kav, K. The molecular characterization of
Arcanobacterium pyogenes strains isolated from samples of sheep
and cattle. Katkas Univ. Vet. Fak. Derg. 17(6): 893-899, 2011.
Zhao, K., Tian, Y., Yue, B., Wang, H. and Zhang, X.: Virulence
deteminants and biofilm production among Trueperella pyogenes
recovered from abscesses of captive forest musk deer. Arch. Mi-
crobiol. 195: 203-209, 2013.

Yoshimura, H., Kojima, A. and Ishimaru, M.: Antimicrobial sus-
ceptibility of Arcanobacterium pyogenes isolated from cattle and
pigs. ]. Vet. Med., 47: 139-143, 2000.

Zastempowska, E. and Lassa, H.: Genotypic characterization
and evaluation of an antibiotic resistance of Trueperella pyogenes
(Arcanobacterium pyogenes) isolated from milk of dairy cows with
clinical mastitis. Vet. Mic. 161: 153-158, 2012.

Milanov, D., Petrovic, ]., Kapetanov, M. and Suvajd'i, L.: Arcano-
bacterium pyogenes virulence factors, importance in mastitis etiology
and therapeutic (im) possibilities. Pregledni Rad, DOI: 10.2298/
VETGL1104235M, 2011.

Quinn, A.K., Vermunt, J.J. and Twiss, D.P.: Arcanobacterium pyo-
genes mastitis in an 18 month-old heifer. New Zeland Vet. J. 50:
167-168,2002.

Turutoglu, H., Ozturk, D., Pehlivanoglu, F. and Arslan, D.: “In
vitro susceptibility of Arcanobacterium pyogenes and Corynebacte-
rium species isolated from bovine mastitis to 12 antibiotics. 10¢
National Congres.r of Veterinary Microbiology, (with international
guest speakers) 122-123,24-27 September, Aydin, 2012.
Urumova, V., Lyutzkanov, M., Tsachev, I., Marutsov, P. and Zhelev,
G.: Investigations on the involvement of Arcanobacterium pyogenes in
various infections in prodictive and companion animals and sensitiv-
ity of isolates to antibacterials. Revue Med. Vet. 160: 582-585, 2009.
Hadimli, H.H., Erganis, O., Kav, K. and Sayin, Z.: Isolation of
Arcanobacterium pyogenes from samples of sheep and cattle and
identification by polymerase chain reaction. Katkas Univ. Vet. Fak.
Derg. 16: 611-616, 2010.

Zhao, K., Liu, Y., Zhang, X, Palahati, P, Wang, H. and Yue, B.:
Detection and characterization of antibiotic-resistance genes in
Arcanobacterium pyogenes strains from abscesses of forest musk
deer. ]. Med. Microbiol. 60: 1820-1826, 2011.

Billington, S.J., Jost, B.H., Cuevas, W.A., Bright, K.R. and Songer,
J.G.: The Arcanobacterium (Actinomyees) pyogenes haemolysin, py-
olysin, is a Novel Member of the thiol activated cytolysin family.
J. Bacteriol. 179: 6100-6106, 1997.

Jost, B.H., Post, K.-W., Songer, ].G. and Billington, S.J.: Isolation
of Arcanobacterium pyogenes from the porcine gastric mucosa. Vet.
Res. Commun. 26: 419-425, 2002.

Pietrocola, G., Valtulina, V., Rindi, S., Jost, B.H. and Speziale, P.:
Functional and structural properties of Cpd, a collagen-binding pro-
tein from Arcanobacterium pyogenes. Microbiol. 153: 3380-3389, 2007.

Israel Journal of Veterinary Medicine © Vol. 71 (3) © September 2016

Trueperella pyogenes Isolated from Cattle

41



4

Research Articles

17. Machado, V.S. and Bicalho, R.C.: Complete genome sequence  22. Billington, S.J., Post, K.-W. and Jost, B.H.: Isolation of Arcanobac-
of Trueperella pyogenes an important opportunistic pathogen of terium (Actinomyces) pyogenes from cases of feline otitis externa and
livestock. Genome Announcement, 2(2), €00400-14, 2014. canine cystitis. J. Vet. Diagn. Invest. 14:159-162, 2002.

18. Winn, WJ., Allen S., Janda W., Konemann, E. and Procop, G.: 23. Al-Tarazi, Y., Hijazin, M., Alber, ., Lammer, C., Hassan, A.A.,
Schreckenberger, P., Woods G., Gram-positive cocci: Staphylococci Timke, M., Kostrzewa, M., Prenger-Berninghoft, E. and Zschock,
and Related Gram-Positive Cocci. Konemanns Color Atlas and M.: Phenotypic and genotypic characteristics of Trueperella
Textbook of Diagnostic Microbiology. 624-648, 6™ ed., Lippincott (Arcanobacterium) pyogenes isolated from lung abscesses of one-
Williams and Wilkins, Philadelphia, 2006. humped camels (Camelus dromedarius) in Jordan. J. Camelid Sci.,

19. Stepanovic, S., Vukovic, D., Dakic, 1., Savic, B. and Svabic- 5:99-104,2012.

Vlahovic, M.: A modified microtiter plate test for quantification 24. Ulbegi—Mohyla, H., Hijazin, M., Alber, J., Lammler, J., Hassan,
of staphylococcal biofilm formation. J. Microbiol. Methods. 40: AA., Abdulwawjood, A., Prenger-Berninghoff, E., WeiB, R. and
175-179, 2000. Zschock, M.: Identification of Arcanobacterium pyogenes isolated

20. CLSI (Clinical and Laboratory Standards Institute). “Performance by post mortem examinations of a bearded dragon and a gecko
standards for antimicrobial disk and dilution susceptibility tests for by phenotypic and genotypic properties. J. Vet.Sci. 11: 265-267,
bacteria isolated from animals; Approved Standard-Fourth edition, 2010.

VETO01-A4”, July, Clinical and Laboratory Standards Institute, 25. Rzewuska, M., Stefanska, I, Osinska, B., Kizerwetter-Swida, M.,
Wayne, PA, 2013. Chrobak, D., Kaba, ]. and Bielecki, W., Phenotypic characteristics

21. Ide, L., Decostere, A., Stuer, A., Stuer, P, De Laere, E., Verlinde, and virulence genotypes of Trueperella (Arcanobacterium) pyogenes
A., Spiritus, T. and Surmont, L: Arcanobacterium pyogenes spondy- strains isolated from European bison (Bison bonasus). Vet. Mic.
lodiscitis in a veterinary surgeon: A plea for cooperation between 160: 69-76,2012.
medical and veterinary microbiologists in identification of causal ~ 26. Mengi, S., Vohra, P., Sawhney, N. and Singh, V.A.: Biofilms: A
agents of zoonotic infections. Clin. Microbiol. Newsletter, 28: diagnostic challenge in persistent infections. Int. J. Res. Med.
163-167,2006. Health Sci. 2: 1-9, 2013.

Ozturk, D. Israel Journal of Veterinary Medicine © Vol. 71 (3) © September 2016



