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Abstract

Bovine brucellosis is an infectious disease caused by bacteria of the Brucella genus, primarily by B. abortus, less frequently
by B. melitensis, and occasionally by B. suis. In the European Union, brucellosis in cattle has been eradicated in most of the
Member States, which are recognized as ‘officially free from bovine brucellosis’. Nevertheless, cattle herds continue to be
serologically monitored for the potential re-emergence of the disease. The aim of the presented study was to show the
results of bacteriological investigations of cattle slaughtered in Poland in years 2002–2011 on account of positive serological
reactions for brucellosis. Specimens (sera and tissues) from 176 cows were examined. Sera from the animals were tested
using RBT(rose bengal test), SAT (serum agglutination test), CFT (complement fixation test), 2-ME (2-mercaptoethanol test),
Coombs (Coombs antiglobulin test) and ELISA (enzyme linked immunosorbant assay). Tissue samples were cultured for
Brucella, according to official protocols. All sera were RBT and SAT-positive, 170 of them were CFT- positive, whereas 6 other
samples were CFT negative while positive in Coombs and ELISA. In bacteriological examination, B. abortus was not isolated.
On the other hand, B. suis biovar 2 was isolated from 5 cows, which had never been reported previously in Poland. Three
cows came from the same herd. Conventional, as well as, molecular investigations based on PCR methods, confirmed that
the bacteria isolated bacteria belong to the B. suis biovar 2. In Poland, as in many other European countries, wildlife (wild
boars and hares) constitutes a huge reservoir of the said biovar. The results of the presented research indicate that B. suis
biovar 2 can easily infect cattle, and undoubtedly plays a role in the epidemiology and control of bovine brucellosis.
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INTRODUCTION
Bovine brucellosis is a chronic infectious disease caused
by bacteria of the Brucella genus, primarily by B. abortus,
less frequently by B. melitensis, and occasionally by B. suis.
In the European Union (EU), brucellosis in cattle has been
eradicated in most of the Member States which, according
to EU Directive 64/432/EEC, are recognized as ‘officially
free from bovine brucellosis’ [1]. Nevertheless, cattle herds
continue to be serologically monitored for the potential reemergence of the disease.
In Poland, bovine brucellosis (B. abortus) was eradicated
in 1980, but due to EU regulations, the country obtained its
official ‘Brucellosis-free’ status as late as 2009 [2]. On the
other hand, wildlife constitutes a huge reservoir of B. suis.
Surveys revealed that 12.3% of the sera from wild boars [3]
and 0.9% of the hare sera [4], collected from various part of
the country, reacted positively in ELISA. The serology was
confirmed by culture, which showed the occurrence of B. suis
biovar 2, both in hares and wild boars [3, 5].
The diagnosis of bovine brucellosis in Poland is primarily
based on serological tests. All animals monitored for
brucellosis and positive in the Rose Bengal test (RBT)
undergo a further examination with the use of a serum
agglutination test (SAT) and a complement fixation test
(CFT) in accordance with the Manual of Diagnostic Tests
and Vaccines for Terrestrial Animals [6], and Annex C to EU
Directive 64/432/EEC – No 535/2002 [7]. 2-mercaptoethanol
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test (2-ME), Coombs antiglobulin test (Coombs), were carried
out according to official protocols [8, 9]. An indirect-ELISA
commercial test (Pourquier, France), was also used in the
National Reference Laboratory for Brucellosis (NRL) as a
panel of confirmatory tests for further analysis. All serum
samples from the positive in RBT and SAT, which are positive
in CFT and/or in one or more of additional tests (2-ME,
Coombs, ELISA), in accordance with the Polish regulations,
are classified as finally positive. In such cases, the animals
are obligatorily slaughtered and subjected to bacteriological
examination.
This paper presents the outcomes of bacteriological and
molecular investigations of slaughtered cattle for the presence
of Brucella in Poland.
MATERIALS AND METHOD
Examined samples. The specimens from 176 cows slaughtered
on account of the results of serological examinations qualified
as positive and collected in years 2002–2011 were cultured
for isolation of Brucella. The specimens consisted of head,
mammary and genital lymph nodes, spleen, liver, uterus and
udder (females) or testes (males).
Bacteriological examinations. Serum dextrose agar (SDA –
home made medium) was used for culture of specimens. The
plates were incubated for 10 days at 37 °C in an atmosphere
with 5–10% CO2 added. In parallel, the specimens were
cultured in similar conditions in an enriched liquid medium
(serum dextrose broth supplemented with antibiotic mixture)
for up to 6 weeks, with weekly subcultures on to a solid
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CFT
(Titer,
icftu/ml3)

2-ME2
(Titer)

Coombs4
(Titer)

ELISA

1

positive
Positive
positive 4/80
negative 2/10
164
40

positive 4/640

positive

2

positive
positive
positive 4/20
negative 3/5
41
23.3

positive 2/320

positive

3

positive
positive 3/20
negative negative
36

positive 3/160

positive

4

positive
positive 3/20
negative negative
36

positive 3/160

positive

5

positive
positive
positive 2/160
2/160
246

positive 2/2560 positive

positive
2/80
320

1 – iu/ml: international units per ml, all sera containing at least 30 iu/ml classified as positive;
2 – all sera with titers at the same level as SAT classified as positive;
3 – icftu/ml: international complement fixation test units per ml, all sera containing at least 20
icftu/ml are classified positive;
4 – all sera with titers at least 3 dilutions higher than SAT are classified as positive.

of the serological testing is that 170 sera were positive at
least in RBT, SAT and CFT, whereas 6 sera were RBT and
SAT positive, but negative in CFT. However, these sera were
additionally positive in one or more of the following tests –
ELISA, 2-ME, and Coombs, i.e. finally classified as positive.
The bacteriological examinations revealed that all isolates
had the same characteristics: agglutination with anti-Brucella
standard serum and monospecific anti-A serum, positive
results in oxidase, catalase and urease (very fast rate – within
a few minutes) tests, no CO2 requirement for growth, no
H2S production, growth on thionin dye medium, no growth
on basic fuchsin dye medium and lysis by TB phages at a
concentration 104 × RTD. These characteristics are typical
for B. suis biovar 2.
The Bruce-ladder PCR assay confirmed that all the
examined Brucella are B. suis. Seven DNA fragments were
amplified: 1,682, 1,071, 794, 587, 450, 272 and 152 bp in size.
MLVA (Panel 1) analysis revealed the same VNTR profile
of the isolates from cows as reference strain B. suis biovar
2 Thomsen.
Table 2. Results of examinations of isolated Brucella strains in MLVA.

VNTR45

VNTR55

Nos. of repeated sequences in examined VNTRs
(Panel 1)
VNTR43

Strains

VNTR42

Of 176 examined animals, 5 cases exhibited Brucella
organisms. Brucella colonies became visible on solid medium
once the cultures had been incubating for 3 days. In all these
cases, bacteria were recovered from the mammary glands,
genital lymph nodes, spleen and liver samples. The growth
was obtained from direct plating. Three of the culturepositive cows originated from the same herd, the other two
were single reactors in their herds. All cows were RBT, SAT,
Coombs and ELISA positive, whereas 2 negative results were
obtained in the CFT (Tab. 1). What is crucial about the results

SAT
(Titer,
iu/ml1)

VNTR12

RESULTS

RBT

VNTR11

PCR assays. Each DNA amplification was performed in a
50 ml reaction mixture consisting of the DNA template,
1X PCR buffer (Fermentas), 200 mM of dNTPs, 3mM
MgSO4 (for Bruce-ladder) or 5 mM MgCl2 (for VNTR’s),
2U of PFU DNA Polymerase (Bruce-ladder) or 2 U of Taq
DNA polymerase (VNTR’s), nucleotide primers, and water.
Sequences, characteristics, and concentration of the primers
used in the presented study were chosen following Lopez –
Goni et al. and Le Fleche et al. [12]. Bruce-ladder and MLVA
(Panel 1) were run in a thermocycler (T3, Biometra) under
the following conditions: initial DNA denaturation at 95 °C
for 5 min, followed by 25 cycles at 95 °C for 30 s, 64 °C for
45 s and 72 °C for 3 min (Bruce-ladder), or 30 cycles at 95 °C
for 30 s, 60 °C for 30 s and 70 °C for 1 min (MLVA). The final
extension step was conducted at 72 °C (Bruce-Ladder), or
70 °C for 10 min (MLVA). The PCR product of Bruce-ladder
was visualized by means of a standard gel electrophoresis in a
2% agarose gel (Type I, Low EEO, Sigma). For the MLVA, 3%
High Resolution agarose (Fermentas) was used. After having
been stained with ethidium bromide (50 mg/ml) for 0.5 min
and washed in distilled water, the gels were photographed
under UV light with the GelDoc 2000 documentation system
(Bio-Rad). The sizes of the PCR amplicons were compared
to the 100 bp DNA marker (Fermentas).

Animal

VNTR8

DNA extraction. One individual colony of each Brucella
isolate was suspended in 50 µl of sterile, DNase, RNase-free
deionized water (ICN Biomedicals). The suspensions were
heated at 99 °C for 5 min, chilled on ice, and then centrifuged
at 13,000 × g for 1 min to pellet the cellular debris. The
supernatant (5 µl) was subsequently used as a source of the
DNA template. Concentration of the DNA preparations
was measured spectrophotometrically at 260 and 280 nm
(GeneQuant 1300, GE Healthcare).

Table 1. Results of serological examination of Brucella culture positive
cattle.

VNTR6

selective medium (Farrell’s home made medium). Colonies
typical for Brucella were checked with anti-Brucella standard
serum, examined in catalase and oxidase tests and stained
by Gram’s method. Further characteristics were determined
by using monospecific anti-A and anti-M sera (AHVLA,
Weybridge, UK) and further tests for CO2 requirement,
production of H2S (Hydrogen Sulfide Test Strip, Fluka) and
urease, growth in the presence of thionin and basic fuchsin,
and lysis by phages (Tbilisi at its routine test dilution – RTD
and 104 × RTD) [10]. Additionally, molecular methods – a
multiplex PCR assay (Bruce – ladder) and a multi-locus
analysis of variable number tandem repeats (MLVA) were
applied to confirm the identification of isolated Brucella
strains [11, 12].

B. suis biovar 2 Thomsen

2

4

8

15

6

1

5

2

Isolates from cows
1-5

2

4

8

15

6

1

5

2

DISCUSSION
The results of the presented study confirm that B. abortus is
absent from the population of Polish cattle. Despite the lack
of infected herds, a certain number of seropositive animals
is observed each year. The cause of this phenomenon lies
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in the brucellosis serological tests, which are ‘imperfect’
[13]. The restricted specificity of serological diagnosis
yielding false positive serological results (FPSR) is primarily
caused by cross-reactions demonstrated between smooth
Brucella species and other microbes, such as Escherichia
coli O:157, Salmonella serotypes of Kaufman-White group
N, Stenotrophomonas maltophilia and Yersinia enterocolitica
O:9 [10, 14], showing the antigenic relationships. The lower
the prevalence rate of Brucella infections, the higher the
percentage of false-positive results, and thus continued
surveillance becomes harder to justify. The consequence
is an excessive amount of slaughtered animals and higher
costs related to the implementation of the Council Directive
64/432/EEC. The occurrence of such reactions in surveillance
and diagnostics of brucellosis amounts to a serious problem
in many countries [15, 16, 17, 18, 19, 20, 21].
Most commonly, FPSR are caused by infections with
Yersinia enterocolitica 0:9, as the bacterium possesses
almost identical smooth lipopolysacharide (S-LPS) to that
present in B. abortus [20, 22, 23]. We have recently launched
examinations of faeces samples from cows slaughtered due to
positive serological reactions for brucellosis for the presence
of Y. enterocolitica O:9, and in 7 out of 17 samples the bacteria
was found to be present [24].
It has been proved that cattle can be infected by B. suis –
causative agent of brucellosis in pigs, wild boars, caribou,
reindeer, hares. The infection appears to be a noncontagious
disease with limited induced pathology and no induction of
abortion [25, 26, 27]. However, cattle infected with B. suis test
seropositive on brucellosis surveillance tests, and antibody
response cannot be readily differentiated from that caused
by an infection with B. abortus [25, 27, 28]. There are several
reports of isolation of B. suis biovar 1 from cattle, as recorded
in Australia [25], North America [27, 29] and South America
[30, 31, 32]. On the other hand, in Europe, B. suis biovar 2 has
been isolated from cattle in Denmark [33]. Our investigations
confirm that the B. suis biovar 2 in European conditions,
where wild boars and hares are its natural reservoir [4, 13,
34, 35, 36], can infect cattle and influences the diagnosis of
bovine brucellosis. It is worth emphasizing that all Brucella
suis biovar 2 positive animals originated from regions with
large forests adjacent to open grassland, and had easy contact
with wild animals (grazing on unfenced pastures). It has
already been shown that the prevalence of anti-Brucella
antibodies in wild boars was higher than 20% [4] in these
regions. Our investigations revealed that 3 out of 5 positive
animals came from the same herd, suggesting that the
exposure to the bacteria was intense rather than sporadic. The
observed antibody titers were not high, with 2 samples being
negative by CFT, but positive in Coombs. The latter method,
so rarely used in routine testing in bovine brucellosis, enables
detection associated with the chronic phase of infection, socalled incomplete antibodies of IgG class, which may not be
detected in SAT and CFT; for this reason we continue to use
this method in our laboratory. It is worth mentioning that
this test fulfilled an important role in the campaign for the
eradication of brucellosis in Poland [37].
In Poland, a country officially free from bovine brucellosis,
positive serological reactions are recorded each year, the
great majority being of unknown origin. The results of the
presented study indicate that B. suis biovar 2 can easily infect
cattle, and undoubtedly plays a role in the epidemiology and
control of bovine brucellosis.
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