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Introduction

Trueperella pyogenes which is formerly known 
as Actinomyces pyogenes and Arcanobacterium 
pyogenes, has recently been reclassified based 
on distinctive 16S rRNA gene sequences. This 
bacterium is an irregular, non-motile, non-spore-
forming, aerobic, commensal, Gram-positive 
coccobacillus which is normally isolated from the 
upper respiratory, urogenital and gastrointestinal 
tracts (1, 2, 3). It is proposed as a worldwide 
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distributed secondary pathogen which may cause 
disease conditions such as acute and summer 
mastitis, metritis, clinical and subclinical 
endometritis, cutaneous and visceral abscesses, 
arthritis, pneumonia, endocarditis, osteomyelitis 
and several other suppurative infectious diseases 
in a broad range of domestic and wild animals 
including cattle, swine, sheep, goat, camel, 
buffalo, deer, antelope, reptiles and also birds (3, 
4). T. pyogenes is closely associated with other 
pyogenic bacteria such as E.coli, Streptococcus 
dysgalactiae and Fusobacterium necrophorum 
and this can increase its constant presence in 
pyogenic bacterial infections and resistance 
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against antimicrobial agents (5). T. pyogenes not 
only causes pyogenic infections and health risks, 
mostly in cattle, but also greatly affects economy 
of animal husbandry by drastic reduction in 
lactation and fertility of cattle which results in 
culling of these animals or removal of involved 
organs, mainly liver and lung, at slaughter 
houses (6). Moreover, its probable pathogenicity 
for human, especially in immunosuppressed and 
diabetic patients, and the role of consumption of 
dairy products in public health, further highlights 
the importance of T. pyogenes (7, 8).

Several pathogenic properties are known in T. 
pyogenes which can increase its pathogenicity 
(2, 3). Pyolysin (plo), as one of its major virulence 
factors, causes hemolysis and cytolysis of 
leukocytes. This hemolysin attaches to the cell 
membrane cholesterol and lyses the cells by 
generating pores in the cell membrane. It also 
plays a role in cytokines expression and tissue 
damages. On the other hand, bacterial adhesion to 
epithelial cells, colonization as well as degradation 
of DNA and sialic acid, are attributed to H and 
P neuraminidases (nanH and nanP) of this 
bacterium. Furthermore, these neuraminidases 
block phagocytosis of bacterial cells by increasing 
membrane viscosity (2). Different types of fimbriae 
are expressed by T. pyogenes including A, G, E 
and C (9). These types of fimbriae are required 
for adherence to membranes and epithelial cells. 
Collagen and fibronectin-binding proteins (Cbp, 
Fbp) are essential for adhesion to collagen-rich 
tissues (types 1, 2, 4) and fibronectins. In addition, 
the protease and DNase of T. pyogenes provides 
nutrients for the bacteria through degradation of 
proteins and nucleic acids (3).

Antibiotic therapy is a common treatment in 
metritis. Consequently, overuse of antibiotics as 
treatment or as preventive and growth inhibitor 
agents has caused development of resistance to 
several antibiotics in T. pyogenes (10, 11, 12). 
Therefore, antimicrobial susceptibility tests 
along with molecular determination of antibiotic 
resistance genes can facilitate selecting 
appropriate antibiotics. The aim of this study 
was to determine the virulence characterizations 
and antibiotic resistance genes in a primary 
pathogenic T. pyogenes strain, causing abortion 
and death in a water buffalo (Bubalus bubalis), 
and determining whether bacterial colonies 
isolated from aborted fetus and different organs 
of infected B. bubalis are identical. This study was 

the first of its kind carried out in Iran to examine 
these specific virulence and antibiotic resistance 
genes.

Materials and methods

Sampling

Sampling was conducted at multiple times 
during June 2017 from a pregnant buffalo with 
metritis and abundant pyogenic discharges. 
Clinical signs including tachycardia, tachypnea, 
anorexia, fever and weakness were observed in 
the animal. Abortion occurred two days after 
the first sampling; hence, a set of samples was 
also collected from cotyledons, abomasum and 
fetal fluids. Necropsy was performed one day 
later, since the buffalo died from the disease. 
Extensive abscesses were observed in internal 
organs, particularly in liver and lung (Figure 1). 
All samples were collected in individual sterile 
containers, in ice packed coolers, and sent to the 
bacteriology laboratory for further culturing and 
identification of potential infectious agents. 

Bacterial isolation and growth conditions

Following preparation of smears from 
all specimens, they were cultured on blood 
agar supplemented with 5% sheep blood and 
MacConkey agar (Merck, Germany) and incubated 
at 37 °C for 48 h under 5-10% CO2. Gram-stained 
smears of all plated isolates were also prepared. 
To identify the bacteria, several biochemical tests 
including catalase, oxidase, urease and CAMP 
tests, nitrate reduction, gelatin hydrolysis, esculin 
hydrolysis, litmus milk, pitting of Loeffler serum, 
and fermentation of glucose, lactose, maltose, 
mannitol, sucrose and xylose were performed on 
isolates (13). 

Antimicrobial susceptibility test

Antibiotic sensitivity was tested by Kirby-
Bauer disk diffusion method. Susceptibility of 
samples was tested against routine medicine and 
veterinary medicine antibiotics on Mueller Hinton 
agar (Merck, Germany) supplemented with 5% 
sheep blood. All isolates were screened for their 
resistance profile against Gentamicin (GM 120 µg), 
Ampicillin (AP 25 µg), Penicillin G (PG 10 units), 
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Enrofloxacin (ENF 5 µg), Tetracycline (TE 30 µg), 
Amoxicillin (A 25 µg), Spectinomycin (SPC 100 
µg), Trimethoprim sulfamethoxazole (TS 25 µg), 
Erythromycin (E 15 µg), Ciprofloxacin (CIP 5 µg), 
Cefalexin (CFX 30 µg), according to the guidelines 
of the Clinical and Laboratory Standards Institute 
(CLSI) (14). Results were read after 48-72h of 
incubation.

DNA extraction and polymerase chain reac-
tion (PCR) 

Isolated bacteria were cultured in TSB broth 
(Merck, Germany) supplemented with 5% bovine 
serum and incubated at 37 °C for 48 h. Thereafter, 
3 ml of TSB broth was centrifuged at 10,000 g 
for 10 min at 4 °C. The pellet was washed once 
with saline solution. Finally, genomic DNA was 
extracted using a commercial DNA extraction 
kit for Gram-positive bacteria according to the 
manufacturer’s instruction (MBST, Iran). The 
extracted DNA samples were stored at -20 °C. To 
identify T. pyogenes, a PCR assay was performed 
which targeted 16S-23S rDNA intergenic spacer 
region in genomic DNA (15). PCR was done 
in 25 µl of a reaction mixture containing 12.5 
µl of 2X Master mix (BIONEER Cat. No. PCR- 
106S-CSTM), 0.1 µl of each primer (100 pmol), (F: 

5’- GTTTTGCTTGTGATCGTGGTGGTTATGA-3’, R: 
5’- AAGCAGGCCCACGCGCAGG- 3’) (BIONEER, 
Korea), 3 µl of template DNA and 7.5 µl of 
distilled water. The reaction was carried out in a 
thermocycler (TC-512 Techne, England) as follows; 
an initial denaturation at 95 °C for 10 min, then 
30 cycles of 95 °C for 30 sec, 64 °C for 15 sec, 
72 °C for 30 sec and a final extension at 72 °C 
for 7 min. The amplification products (5 µl) were 
resolved by electrophoresis on 1.5% agarose gel in 
1x TBE for 1 h at 100 V.  Afterwards, the agarose 
gel was stained with 1 µg/ml ethidium bromide 
(CinnaGen, Cat No. MR7721C) and screened 
using UV-illuminator (BIORAD, UK).

Screening of genes encoding virulence 
factors

Single PCR method was used to evaluate the 
presence of known T. pyogenes virulence genes 
including plo, nanH, nanP, cbpA, fimA, fimC, fimE 
and fimG in the isolates (16, 5). Each PCR assay 
was performed in a reaction mixture with the final 
volume of 20 µl containing 10µl of 2X Master Mix, 
0.1 pmol of each of forward and reverse primers 
(100 pmol), 2 µl of template DNA and 6 µl of 
distilled water. The sequence of primers and PCR 
conditions are presented in table 1.

Table 1: Oligonucletide primer sequences and PCR conditions

Virulence factor / Target gene Primer sequence (5‘- 3‘) Amplicon size (bp) Annealing (°c)

Pyolysin (plo)
F: TCATCAACAATCCACGAAGAG
R: TTGCCTCCAGTTGACGCTTT

150 60

Neuraminidase H (nanH)
F: CGCTAGTGCTGTAGCGTTGTTAAGT
R: CCGAGGAGTTTTGACTGACTTTGT

781 60

Neuraminidase P (nanP)
F: TTGAGCGTACGCAGCTCTTC
R: CCACGAAATCGGCCTTATTG

150 60

Collagen-binding protein (cbpA)
F: GCAGGGTTGGTGAAAGAGTTTACT
R: GCTTGATATAACCTTCAGAATTTGCA

124 60

Type A fimbria  (fimA)
F: CACTACGCTCACCATTCACAAG
R: GCTGTAATCCGCTTTGTCTGTG

605 57

Type G fimbria (fimG)
F: ACGCTTCAGAAGGTCACCAGG
R: ATCTTGATCTGCCCCCATGCG

929 57

Type E fimbria (fimE)
F: GCCCAGGACCGAGAGCCAGGGC
R: GCCTTCACAAATAACAGCAACC

775 55

Type C fimbria (fimC)
F: TGTCGAAGGTGACGTTCTTCG
R: CAAGGTCACCGAGACTGCTGG

843 60
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Genotyping

Using BOX-PCR, DNA fingerprints of 
the isolates were obtained to determine the 
relationships among them (17, 18). All of the 
isolates obtained from metritis, cotyledon of the 
aborted fetus and abscesses in the liver and lung 
of the buffalo (after necropsy). Genomic DNA of 
the control strain of T. pyogenes and distilled 
water were used in BOX-PCR as positive and 
negative controls, respectively. BOX-A1R primer 
(5′-CTACGGCAAGGCGACGCTGACG- 3’) was 
used for amplification. PCR mixture was prepared 
using 12.5 µl of 2X Master Mix, 0.2 pmol of the 
primer (100 pmol/µl), 1 µl of template DNA (100 
ng) and 9.5 µl of distilled water in a final volume 
of 25 µl. The reaction was carried out as follows; 
an initial denaturation at 95 °C for 2 min, then 
34 cycles of 95 °C for 1 min, 53 °C for 1 min 72 
°C for 5 min and a final extension at 72 °C for 
10 min. The amplification products (5 µl) were 
resolved by electrophoresis on 1.5% agarose gel 
for 3 h at 70 V. Afterwards, the agarose gel was 
stained with ethidium bromide and screened 
using UV-illuminator. Similarities and differences 
between amplified fragments were analyzed using 
NTSYSpc software (version 2.1, USA).

Results

Culturing and biochemical tests

Small, irregular Gram-positive coccobacilli 
were observed in smears obtained from the organs. 
After 48 h, small white colonies with fine complete 
hemolysis were detected on the blood agar plates, 
but no growth was observed on the MacConkey 
agar plates. Smears from cultured colonies also 
contained irregular Gram-positive coccobacilli. 
Catalase, oxidase, urease, nitrate reduction and 
esculin tests were negative for all isolates. On 
the contrary, the results of gelatin hydrolysis 
and pitting of Loeffler serum were positive. In 
litmus milk, production of acid, curd, reduction 
and protein digestion were observed. The isolates 
fermented lactose, sucrose, xylose and maltose; 
however, none of them fermented mannitol. CAMP 
test with Staphylococcus aureus was also positive. 

Antimicrobial susceptibility test 

The results revealed that all of the isolates were 
sensitive to Ampicillin, Penicillin G, Amoxicillin, 
Spectinomycin, Cefalexin and Ciprofloxacin. By 
contrast, they were resistant against Tetracycline, 
Erythromycin and Trimethoprim sulfamethoxazole. 
Susceptibility grade of the isolates against 
Enrofloxacin and Gentamicin was intermediate. 

16S-23S rDNA PCR 

As shown in figure 2, DNA fragment of expected 
size (122 bp) was observed for all of the isolates 
obtained from metritis, cotyledon, liver and lung; 
therefore, it was confirmed that all of them were 
T. pyogenes. No DNA band was amplified from the 
negative control.

Genes encoding virulence factors

DNA fragments corresponding to the sequenc-
es of investigated virulence genes including plo, 
nanH, nanP, cbpA, fimA, fimC, fimE and fimG were 
successfully amplified from the extracted DNA 
samples of all isolates. The results of these PCR 
assays are depicted in figure 3. 

Box PCR

Eight different bands of about 300, 550, 600, 
650, 700, 800, 1000 and 1200 bp compared 
with 1 kb standard ladder (CinnaGen Cat No. 
PR 901645) were observed for all of the isolates 
(Figure 4). As illustrated in figure 5, an identical 
DNA fingerprint pattern was detected for all of 
the isolates, suggesting that they were the same 
strain. However, this pattern was completely 
different in comparison to that obtained from the 
control strain of T. pyogenes. 

Discussion

Over the past decades, T. pyogenes has been 
known as an opportunist suppurative pathogen 
in domestic animals (19). A wide range of studies 
have been done on this microorganism which 
showed it can affect a large group of hosts and 
causes multiple diseases in different organs 
and a geographic region (3). Mastitis, metritis, 
pyometra, umbilicitis, lymphadenitis, prostatitis, 
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Figure 1: Necropsy findings; diffusive abscesses and pyogenic lesion in liver and lung

Figure 2: 16S- 23S rDNA- ISR PCR. Lane 1. PCR prod-
uct using distilled water as negative control. Lane 2-5: 
PCR product of DNA from bacteria isolates in this 
study, Lane 6. PCR product of DNA from ATCC 19411 
T. pyogenes strain as positive control, Lane L. 100 bp 
ladder DNA marker

Figure 3: Single PCR for genes encoding virulence fac-
tors in T. pyogenes. Lane 1: 100 bp ladder DNA marker, 
Lane 2. PCR product using distilled water as negative 
control, Lane 3-10. PCR products of DNA from a T. pyo-
genes isolate in this study with specific primers for plo, 
nanH, nanP, cbpA, fimA, fimC, fimE and fimG genes.  
Lane 11: 1 kb ladder DNA marker
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orchiditis, pericarditis, encephalitis, septicemia 
and other pyogenic infections are described 
as the most important clinical complications 
caused by T. pyogenes in cattle; among which, 
mastitis, metritis and pneumonia are the most 
common forms (2, 19). According to literature, 
pneumonia is a common complication since cold, 
stress and poor housing conditions underlie this 
condition in the infected animals (20). The case of 
infectious pneumonia reported in this study came 
as a surprise, since pneumonia is reported in 
ruminants most commonly during warm season. 
Probably, poor housing conditions, noise from 
constructions around the stable and pregnancy 
induced additional stress in the studied animal, 
and promoted T. pyogenes pneumonia. In addition 
to the effects of these factors, several other 
elements such as food and water deprivation, mix 
livestock farming, transport, management and 
feeding quality have been proposed as the main 

predisposing factors for T. pyogenes infections (21). 
Clinical implications of pyogenic bacteria such as 
mastitis and abscess formation in organs have a 
large impact on the herd economy and result in 
a huge loss of revenue in livestock. T. pyogenes 
may be responsible for direct economic losses due 
to condemnation of carcasses or different organs, 
particularly liver and lung (22, 23, 24, 25, 26). 

Metritis caused by T. pyogenes after 
parturition is highly prevalent in cattle. Moreover, 
other pathogenic bacteria such as E.coli and 
Fusobacterium necrophorum commonly increase 
the severity of this infection (5). However, pure 
cultures of T. pyogenes derived from metritis were 
documented in this study during the pregnancy 
and before the parturition. These results indicated 
that T. pyogenes, as a member of gut flora, could 
also be proposed as a primary pathogen causing 
diseases in different organs of the host (3). All of 
the isolates in this study were identified using 

Figure 4: Box-PCR fingerprinting, Eight different bands 
with molecular weights of 300, 550, 600, 650, 700, 800, 
1000, 1100 and 1200 bp compared with 1 kb standard 
ladder Lane L) were observed in isolates from metritis 
in the buffalo, cotyledon of aborted fetus and abscesses 
in liver and lung (Lane 1-4). A T. pyogenes strain used 
as positive control had a different composition of bands 
(Lane ATCC 19411)

Figure 5: Dendrograms of clonal relationship based on 
BOX PCR by NTSYSpc (version 2.10e) 
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morphological and biochemical tests. Although, 
biochemical and phenotypical tests are typically 
used to identify T. pyogenes, variation in 
characteristics of this bacterium may cause some 
difficulties in this process (27, 11). Magdalena et 
al. identified 14 biotypes of T. pyogenes, among 
which, some showed weak and others, strong 
hemolytic reactions by CAMP test (28). However, 
only one biotype was detected and verified by a 
recent highly valuable molecular method in the 
present study. Ashrafi Tamai et. al. eight different 
biotypes were identified among the isolates 
based on the phenotypical properties such as 
hemolysis, CAMP and biochemical analysis (11). 
Although cephalosporins, tetracycline, penicillins 
and some other beta-lactam antimicrobial agents 
are considered as the antibiotics of choice for 
T. pyogenes infections, recently antimicrobial 
resistance against some of these agents have been 
detected (3). T. pyogenes isolates identified in this 
study were sensitive to ampicillin, penicillin G, 
amoxicillin, spectinomycin, and ciprofloxacin, 
whereas they were resistant against tetracycline, 
erythromycin and trimethoprim sulfamethoxazole. 
In a similar study, (85.5%) and (9.1%) resistance 
to tetracycline and erythromycin were reported, 
respectively (29). In another study, the highest 
resistance was observed against trimethoprim 
sulfametoxazol (49.3% and 72.3%) followed by 
norfloxacin (10.9% and 17%) and tetracycline 
(9.2% and 10.8%) (20, 11). Indeed, excessive 
use of antimicrobial agents leads to antibiotic 
resistance in T. pyogenes infections. Besides, 
intensive administration of tetracycline and 
macrolides in veterinary medicine as feed additives 
with preventive or growth inhibitor purposes has 
resulted in antibiotic resistance of T. pyogenes 
(20, 11). Although some antibiotics are effective 
against isolates under laboratory conditions, 
they are not able to diffuse into the center of 
granulomatous lesions in progressive stages of 
the disease, which complicates the treatment 
of T. pyogenes infections (19). Therefore, late 
diagnosis and improper choice of antibiotics are 
associated with a poor prognosis. Additionally, 
antibiotic resistance is a great concern in medical 
administration of antibiotics in humans. 

T. pyogenes expresses 8 different virulence 
genes which play crucial roles in its pathogenic 
properties (3). In the present study, plo, nanH, 
nanP cbpA, fimA, fimC, fimG and fimE virulence 
genes were detected in all of the isolates. One of 

the most important virulence genes is pyolysin 
(plo), an extracellular toxin, which is one of the 
first pathogenic factors detected in T. pyogenes 
(3). Although pyolosin was primarily identified 
as a hemolysin of red blood cells in a variety 
of animal species, its cytolytic effect has been 
demonstrated in several different host cells 
such as polymorphonuclear leukocytes (PMNS) 
and macrophages (30, 3). Several studies have 
reported that all T. pyogenes strains encode 
pyolsin gene but the frequency of its expression 
is higher in pathogenic strains involved in clinical 
complications (31, 32, 33). Neuraminidases, 
encoding by nanH and nanP genes, are two 
other main virulence factors of T. pyogenes. 
Neuraminidase or sialidase is an extracellular 
enzyme which cleaves sialic acid residue from 
carbohydrates and glycoproteins to be used 
as a carbon source of energy by bacteria (34). 
Neuraminidase has a major role in adhesion of 
bacteria to the epithelial cells, particularly the 
resident bacteria of mucosal membranes (35, 
36, 37). Collagen, as the most abundant protein 
in mammalians, is one of the main adhesion 
targets for a large number of bacteria (38). T. 
pyogenes also has the ability to attach to collagen 
through expression of collagen-binding protein 
(cbpA). Mutant strains of Trueperella which are 
unable to express cbpA show reduced adhesion 
to HeLa and 3T6 cells, whereas normal strains 
of T. pyogenes display higher adhesion qualities. 
Therefore, cbpA is considered as an important 
pathogenic factor required for adhesion and 
colonization of T. pyogenes to collagen-rich tissues 
(38). Fimbriae were determined in T. pyogenes 
for the first time by Jost and Billington in 2005 
(2). Fimbriae of T. pyogenes, like other bacteria, 
promote the adhesion of this microorganism to the 
host tissues (9). In a study performed by Silva and 
others in 2008, 8 virulence factor-encoding genes 
were detected in T. pyogenes isolates including 4 
fimbrial subtypes. In that study, fimA, fimE and 
both fimC and fimG were encoded, respectively, in 
100%, 98% and 67% of isolates (16). In fact, the 
abundance of genes encoding fimbrial subtypes 
including fimA, fimC, fimG and fimE varies among 
different strains of T. pyogenes. Although, these 
virulence genes are encoded in both clinical and 
commensal T. pyogenes isolates, the difference 
is in the frequency of these genes in pathogenic 
conditions (3). For instance, in a study carried out 
by Santos in 2010 and ashrafi Tamai in 2017, a 
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higher frequency of T. pyogenes fimA gene was 
recorded in strains isolated from metritic cows in 
comparison to normal puerperium cows, indicating 
the importance of this gene in the adhesion of T. 
pyogenes and its pathogenesis (10, 11). In another 
study done by Bradely and others in 2015, all T. 
pyogenes isolated from cranial abscesses of male 
white-tailed deer encoded fimA, plo and nanP. 
However, fimE, fimG, fimC and nanH were only 
detected in 70% of those isolates and cbp had 
the lowest rate of expression (38). Magdalena 
and others in 2012 detected plo and fimA in all 
T. pyogenes isolated from Bison bonasus and they 
found that fimG, fimC, cbp, nanP and nanH were 
respectively encoded in 24%, 88%, 12%, 44% and 
40% of the isolates (39). Ashraffi Tamai et.al. in 
2017 detected plo and fimA, in all T. pyogenes 
isolated from cattle with clinical metritis and they 
found that nanH, nanP, fimG, fimC, fimE and cbp 
were respectively encoded in 83.1%, 76.9%, 61.5%, 
69.2% , 76.9% and 56.9% of the isolates (11). 
Another aim of the present study was to determine 
the association between T. pyogenes strains 
isolated from different tissues and the aborted 
fetus. According to the result of Box PCR assay, 
all of the T. pyogenes isolates were clustered into 
one group while the control strain was in another 
cluster suggesting that all of the isolates were the 
same strain. Considering similar characteristics 
and virulence genes profiles of the isolates, it can 
be assumed that Trueperella pyogenes was the 
major causing pathogen in the described case. 

In the current study, we discussed that 
although T. pyogenes is considered as a normal 
floral bacterium in various organs of domestic 
animals and the presence of virulence factors is 
not enough for its pathogenicity, it can turn into 
a primary pathogen depending on the host status 
and environmental conditions, and consequently, 
cause several complications including metritis, 
abortion and finally death in water buffalo (Bubalus 
bubalis). The genome sequence of this strain has 
been deposited in the GenBank database under 
the accession number CP028833.
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DOLOČITEV GENOTIPA SEVA Trueperella pyogenes KOT GLAVNEGA POVZROČITELJA 
VNETJA MATERNICE, SPLAVOV IN SMRTI PRI VODNIH BIVOLIH (Bubalus bubalis)

I. A. Tamai, A. Mohammadzadeh, T. Z. Salehi, P. Mahmoodi

Povzetek: Trueperella pyogenes je vrsta komenzalnih bakterij, ki je prisotna v sluznicah zgornjih dihal, urogenitalnega trakta  
in sluznicah prebavil pri govedu. Ta vrsta lahko samostojno ali v povezavi z drugimi vnetnimi bakterijami povzroči vnetja in ogroža 
zdravje. Sistemska oblika bolezni s splavom in smrtjo pri vodnih bivolih še ni bila dokumentirana. Pri samici vodnega bivola (Bub-
alus bubalis) z vnetjem maternice in pljučnico smo izolirali sev T. pyogenes, ki je povzročil splav in smrt prizadete živali. Raziskali 
smo virulenčne gene in njihovo odpornost proti antibiotikom. Z metodo PCR smo potrdili prisotnost dobro znanih virulenčnih gen-
ov T. pyogenes, vključno s plo, nanH, nanP, cbpA, fimA, fimC, fimE in fimG geni. Preizkus občutljivosti na antibiotike je pokazal, da 
je bil ta izolat odporen proti tetraciklinu, eritromicinu in trimetoprim sulfametoksazolu. Poleg tega smo z metodo Box-PCR ugoto-
vili, da se vzorec DNK tega izolata razlikuje od vzorca kontrolnega seva (T. pyogenes ATCC 19411). Rezultati študije so pokazali, 
da lahko T. pyogenes povzroči sistemsko smrtonosno bolezen pri vodnih bivolih, vendar gostiteljski in okoljski pogoji pomebno 
vplivajo na razvoj okužbe. Kolikor vemo, je to prvo poročilo o bivolih s pljučnico, vnetjem maternice, splavom in smrtjo, ki jih je povz-

ročil T. pyogenes. 

Ključne besede: Trueperella pyogenes; Bubalus bubalis; bivol; BOX PCR; splav; smrt
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