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Summary. The surveys of animals for brucellosis in Poland are primarily based on serological tests. 
The examinations are performed by regional laboratories using RBT. In the case of positive results obtained 
in this test the samples are examined in SAT and CFT. The definitive confirmatory investigations are 
conducted by the National Reference Laboratory for Brucellosis in the Department of Microbiology of 
NVRI in Pulawy, which additionally uses Coombs’ test, 2-Me test and ELISA. In the paper results of the 
examination of cattle in Poland in the years 2005–2014 are shown. Each year during examination period 
130–420 cows were involved in confirmatory investigations and 6–34 animals were classified as positive for 
brucellosis. In bacteriological examinations of samples from seropositive cows, B. abortus has never been 
isolated. Only in 2006 B. suis biovar 2 has been recovered from the bovine internal organs. B. melitensis 
has never been reported and according to the Commission Decision from 2006, Poland has been regarded 
as ‘Brucellosis officially free country’. At the moment, the aim of the ongoing testing is to maintain the 
B. melitensis free country status. Sheep and goats are tested using RBT. Samples reacting positive in the RBT 
are retested in the National Reference Laboratory for Brucellosis (NRL) using again RBT and CFT. Up to now 
all samples tested in NRL were finally regarded as negative. Ovine epididymitis (B. ovis) has been also reported 
in Poland. Diagnosis of the disease is based on the serological examination by complement fixation test (CFT) 
using the antigen obtained from the rough strain of B. ovis REO198. Similarly, examinations based on the antigen 
obtained from B. canis are conducted in dogs (rapid slide agglutination test – RSAT and slow agglutination  
test – SAT), but brucellosis in this species of animals has never been confirmed in Poland. Regarding the situation 
in porcine brucellosis, there were some outbreaks several years ago and active monitoring of pigs is performed.  
In general, positive results are mainly connected with false positive serological reactions (FPSR) due to Y. enterocolitica 
O:9. There is no active monitoring of brucellosis in the wildlife animals in Poland but samples are taken  
during the hunting season and tested for scientific purposes. When testing 4407 samples of the wild boar sera, 
1077 sera reacted positive in ELISA. Also research done on hare sera several years ago indicated very similar  
percentage of the positives. These data show that the wildlife is a huge reservoir of the Brucella and it could play  
a role in an epidemiology of brucellosis also in domestic animals. 
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Introduction. Brucellosis is an infectious disease, 
affecting many species of animals and man, caused by 
bacteria of the genus Brucella. The genus encompasses 
ten species: B. abortus, B. melitensis, B. suis, B. ovis, 
B. canis, B. neotomae, B. cetaceae, B. pinnipediae, 
B. microti and B. inopinata (Godfroid et al., 2005; Scholz 
et al., 2009; Jiménez de Bagüés et al. 2011). Brucellae are 
gram-negative facultative intracellular bacteria causing 
disease which remains a zoonosis of worldwide public 
health and economic importance (Godfroid et al., 2005; 
Franco et al., 2007). The main role play: B. abortus, 
responsible for bovine brucellosis; B. melitensis, the 
main agent of ovine and caprine brucellosis; and B. suis, 
which causes brucellosis in pigs. The testing is based 

almost entirely on serological assays. The most often 
used and important tests are Rose Bengal test (RBT), 
complement fixation test (CFT), ELISA, fluorescence 
polarization assay (FPA) and serum agglutination test 
(SAT). But unequivocal diagnosis of Brucella infection 
can be made only by the isolation and identification  
of the agent. 

In Poland, bovine brucellosis has been eradicated in 
1980 and since that time isolations of B. abortus have 
not been reported. In 2009 the country obtained official 
‘Brucellosis-free’ status according to EU regulations 
(EC, 2009). On the other hand, B. suis is isolated 
from cattle from time to time (Szulowski et al., 2012).  
A huge reservoir of these bacteria constitutes a wildlife, 
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in particular wild boars and hares (EFSA, 2009). 
B. melitensis has never been reported and Poland has 
been ‘Brucellosis officially free country’ since 2006  
(EC, 2006). What concerns brucellosis in pigs it was 
reported sporadically in the past but in recent years the 
only case concerned boars imported from one of the EU 
countries (Szulowski et al., 2011). In Polish conditions 
symptoms of B. ovis infections causing epididymitis, 
orchitis and impaired fertility in rams have been also 
reported. In turn, no evidence (isolation of B. canis)  
of brucellosis in dogs has been provided. 

Bovine brucellosis. 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. On the other hand, wildlife 
constitutes a huge reservoir of B. suis. Surveys revealed 
that 12.3% of the sera from wild boars (Szulowski, 
Pilaszek and Iwaniak 2000) and 0.9% of the hare sera 
(Pilaszek, Szulowski and Iwaniak, 2000), 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 (Szulowski, Pilaszek and Iwaniak 2000; Szulowski 
et al., 2008). 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’ 
(OIE, 2012), and Annex C to Council Directive 64/432/
EEC (EC, 2002). The National Reference Laboratory 
for Brucellosis (NRL) as a panel of confirmatory tests 
for further analysis uses also 2‑mercaptoethanol test 
(2‑ME), Coombs antiglobulin test (Coombs) and 
an indirect-ELISA commercial test (IDEXX). 2‑Me 
and Coombs test are carried out according to official 
protocols (Królak and Stryszak, 1979; Wiśniowski, 
Królak and Drożdżyńska, 1978). All serum samples 
from those 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. For culture of the 
specimens (supramammary lymph nodes, liver, spleen, 
uterus) taken from the euthanized cattle the serum 
dextrose agar (SDA — home-made medium) is used. 
The plates are then incubated for 10 days at 37°C in 
an atmosphere with 5–10% CO2 added. In parallel, 
the specimens are cultured in similar conditions in an 
enrichment liquid medium (serum dextrose broth — 
SDB, supplemented with antibiotic mixture) for up to 
6 weeks with weekly subcultures on to a solid selective 

medium (Farrell’s home-made medium). Colonies 
typical for Brucella are checked with anti‑Brucella 
standard serum, examined in catalase and oxidase tests 
and stained by Gram’s method. Further characteristics is 
performed by using monospecific anti‑A and anti‑M sera 
(ANSES, France) 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) (Alton et al., 1988). 
Additionally, molecular methods — a multiplex PCR 
assay (Bruce-ladder) and a multi-locus analysis of 
variable number tandem repeats (MLVA) are applied 
to confirm the identification of isolated Brucella strains 
(Lopez-Goni et al., 2008; Le Fleche et al., 2006). 

From 2009, every year 1/5 of the bovine population 
(≥ 2 years old animals) in Poland is tested for brucellosis. 
Some of them react positive in a first screening test — 
RBT. Finally, several animals are recognised as a reacting 
positive for brucellosis. The next step is bacteriological 
examination of seroreagents. The data presented in the 
Table 1 show the results of serological examination  
of cattle in Poland from 2005 to 2014. 

Table 1 – Results of serological examination of cattle 
in years 2005–2014 

Year of testing Number of seropositives
2005 12
2006 13*
2007 11
2008 25
2009 13
2010 34
2011 17
2012 13
2013 6
2014 19

* — isolation of B. suis biovar 2 from one cow

Brucellosis in sheep and goats (Brucella melitensis 
infection). B. melitensis has never been reported and 
according to the Commission Decision from 2006, 
Poland has been regarded as ‘Brucellosis officially 
free country’. At the moment, the aim of the ongoing 
testing is to maintain the B. melitensis free country 
status. Sheep and goats are tested using RBT. Samples 
reacting positive in the RBT are retested in the National 
Reference Laboratory for Brucellosis (NRL) using again 
RBT and CFT. Up to now all samples tested in NRL 
were regarded as negative, it means that negative results 
have been obtained in CFT. If positive results in CFT 
are obtained, the District Veterinary Officer is asked  
to take the samples from the whole sheep or goat herd.
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The samples are then tested again after the 30 days 
period from the last sampling.

Ovine epididymitis (Brucella ovis infection). 
Brucella ovis microorganisms cause brucellosis in sheep 
defined as ovine epididymitis. Disorders of reproductive 
tract is the main clinical sign of the disease. The disease 
produces inflammation of epididymis and testes in rams, 
infrequent abortions and poor neonatal lamb viability 
in ewes. Disease has been reported in many European 
countries, in both Americas, Africa, Australia and 
New Zealand. Probably disease occurs in most sheep 
raising countries. Ovine epididymitis has been also 
reported in Poland. Diagnosis of the disease is based 
on bacteriological or serological examination. Because 
of poor sensitivity, time-consuming and high costs  
of bacteriological methods, similarly like in diagnosis 
of ‘smooth’ Brucella infections serological methods are 
more often used. Following tests are used: complement 
fixation test (CFT), agar gel immunodiffusion test 
(AGID) and enzyme linked immunosorbent assay 
(ELISA). In Poland serological examination is carried 
out by CFT using the antigen elaborated in the National 
Veterinary Research Institute in Pulawy, in Department 
of Microbiology. The antigen has been titrated against 
Polish Working Standard of anti‑Brucella ovis serum, 
which corresponds to International Standard of anti 
Brucella ovis serum. The antigen is in a permanent offer 
of the NVRI in Pulawy. At the moment, in Poland there 
is no ongoing national program of monitoring of B. ovis 
infection in a sheep population. Only animals devoted 
to reproduction, especially rams, are included in an 
examination scheme. 

The last large scale examination has been performed 
in 1999. Results are shown on the Fig. 1.

Figure 1. Distribution of the B. ovis seropositive 
sheep in voivodships in 1999

The obtained results indicate that Brucella ovis 
infections may be an important agent which affects 
health status and productivity of sheep flocks in Poland.

As far as B. ovis is not a zoonotic agent, the importance 
of the sheep testing has a great value, because infection 
in the flock leads to reduced productivity and significant 
economic loses in animal production.

Brucellosis in pigs. Porcine brucellosis is a zoonotic 
disease of widespread occurrence and global significance. 
However, the prevalence is low with the exception of 
South America and South-East Asia, where it is higher. 
Within the European Union (EU), the epidemiological 
situation is varied, with some countries free of the 
disease, others reporting sporadic outbreaks, and yet 
others reporting this disease as an emergent problem. 
Available epidemiological evidence shows that B. suis 
biovar 2 is the most common agent in Europe, and  
wildlife (wild boars and hares) constitutes a source of 
infection for pigs (Gyuranecz et al., 2011; Szulowski 
et al., 1999; Szulowski, Pilaszek and Iwaniak, 2000). 
There is a lack of systematic epidemiological data on 
porcine brucellosis in the member states of the EU, 
as there is currently no requirement for monitoring 
and surveillance of B. suis in domestic pigs and wild 
animals. However, in many disease-free countries 
statutory diagnostic testing is required, for example 
concerning boars in insemination stations, and is 
often a prerequisite for the movement of live animals. 
Testing is based almost entirely on serological assays, 
though the unequivocal diagnosis of B. suis infection 
can be made only by the isolation and identification  
of Brucella. Methods and tests used for the diagnosis  
of porcine brucellosis are very similar or even identical 
to those applied for the diagnosis of brucellosis in cattle. 
To date none of the serological tests has been shown 
to be reliable in routine diagnosis in individual pigs. 
The Rose Bengal test (RBT), the complement fixation 
test (CFT), indirect and competitive enzyme-linked 
immunosorbent assays (I‑ELISA and C‑ELISA), and the 
fluorescence polarization assay (FPA) are the prescribed 
tests for international trade purposes (OIE, 2012).  
In Poland the methods employed for diagnosing porcine 
brucellosis are RBT, I‑ELISA, and additionally, to explain 
doubtful results, CFT, the serum agglutination test (SAT) 
and the 2‑mercaptoethanol test (2‑Me).

False positive serological reactions to brucellosis 
(FPSR). FPSR for brucellosis become a growing 
problem in international trade. The similarity of the 
O‑antigenic side chain of Brucella with other microbes 
limits the specificity of serological diagnosis (Weiner 
et al., 2014). Most of the FPSR are caused by infections 
with Yersinia enterocolitica O:9, as the bacterium has  
identical O‑antigen to that present in Brucella sp. 
(Cvetnic et al., 2003). In the last decade, Y. enterocolitica 
O:9 immensely increased the rate of FPSR (EFSA, 2007; 
EFSA and ECDC, 2013). The experts know the problem 
in their countries but there is no procedure on EU level 
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what to do in such case. In our opinion pigs originated 
from herds with the problem of FPSR for brucellosis 
should generally be avoided from international 
movement. But it is not always possible and pigs can be 
taken for trade from herds where the problem is not well 
recognized. If FPSR are found two different paths should 
be considered, to avoid slaughtering of animals. The 
first one — ignore it and introduce pigs into breeding 
herds. Such situation, connected with the presence of 
Y. enterocolitica O:9 infection may produce long lasting 
diagnostic, administrative and epidemiological problems 
in the future. The second path — to exclude animals from 
the breeding and allocate them for fattening. A clear 
guidelines for dealing in such cases should be created.

Brucellosis in the wildlife. The systematic brucellosis 
monitoring in wildlife does not exist as surveillance of 
the animal health status is strictly regulated for domestic 
animals only. But there are several publications showing 
the occurrence of brucellosis in wild boars in Europe. 
In Croatia Cvetnic et al. (2004) reported the presence 
of anti‑Brucella antibodies by ELISA in 13.6% serum 
samples from wild boars. Garin-Bastuji et al. (2000) 
reported that in different regions of France positive 
serological reactions to brucellosis were found in wild 
boars in the range from 20% to 35%. In the Czech 
Republic the frequency of positive reactions to brucellosis 
was 15% (Hubálek et al., 2002) and in North-Eastern 
Germany 22% (Al Dahouk et al., 2005). 

Last time in Poland a total of 4 407 sera of wild 
boars hunted in 2012, originated from territory of 11 
out of 15 voivodeships from Poland were examined. 
Blood samples were taken from each animal from 
thoracic cavity, heart or pericardium into plastic tubes 
and allowed to clot. The sera were then separated by 
centrifugation and stored at – 20°C until tested. The sera 
have been tested by ELISA. Due to OIE Manual (2012), 
ELISA is one of the prescribed tests for international 
trade purposes in pigs. Besides, in contrast to other 
serological methods used in diagnosis of brucellosis, the 
test allows to detect anti‑Brucella antibodies even when 
the quality of serum is poor, what is very common when 
we get material from wild animals.

Out of 4 407 examined samples, 1 077 (24.44%) 
reacted positively in ELISA for brucellosis. Figure 2 
presents the distribution of OD values obtained in the 
ELISA in testing serum samples. Among sera classified 
as negative, the highest number of samples had OD 
values in the range 20–30% (N = 2 085) and 30–40% 
(N = 470) in relation to OD of positive control serum S+. 
On the other hand among sera classified as positive the  
largest number of samples had OD values in the 
range 100–150% (N = 274) and 150–200% (N = 215).  
The highest OD value of positive sample exceeded 
800%. 

Figure 3 presents the distribution of positive results  
of ELISA in respective voivodeships. The highest 
observed percentage of positive samples was observed 
in opolskie (39.9%), wielkopolskie (37.29%) and śląskie 
(34.48%) voivodeships. On the other hand the lowest 
ratio of positive results was observed in kujawsko-
pomorskie (13.74%), łódzkie (15.47%) and warmińsko-
mazurskie (18,66%). 

Figure 2. Distribution of OD values obtained in the 
ELISA in testing serum samples from wild boars

Figure 3. The results of examination of wild boars for 
anti-Brucella antibodies — voivodeships

The current results of investigations performed on 
much larger number of samples (N = 4 407) confirm 
that wild boars in Poland, similarly as in other countries 
of Europe, constitute a very important reservoir of 
Brucella microorganisms, undoubtedly major than 
hares. The prevalence, clearly higher than found 
several years ago, is particularly high in southwestern 
and lower in north and central part of the country. 
Bacteriological examinations performed in Poland on 
material from wild boars (usually lymph nodes) indicate 
that always the causative agent of brucellosis in wild 
boars and the presence of anti-Brucella antibodies is 
B. suis biovar 2 (Szulowski, Pilaszek and Iwaniak, 2000)  
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and it is typical for Europe (Kautzsch et al., 1995; 
EFSA, 2009). Fortunately this biovar is considered as 
rarely pathogenic or non-pathogenic for humans, and 
has only exceptionally been described as the causative 
agent of human brucellosis (Paton et al., 2001; Teyssou 
et al., 1989). But its importance stems from the fact, that  
B. suis biovar 2 can infect domestic pigs and even cattle. 
What concerns pigs, wild boars are potentially important 
source of infection especially in countries where porcine 
outdoor rearing systems are practiced (EFSA, 2009).  
It appears that only because this system is not  
popularized in Poland, despite so high level of Brucella 
infections in wild boars, outbreaks of brucellosis in 
domestic pigs are very sporadic — the last one was 
recorded in 1999. On the other hand, our previous 
investigations concerning cattle revealed that in Poland 
B. suis biovar 2 infuences the epidemiology and control 
of bovine brucellosis. 

European brown hares along with wild boars are 
the natural reservoir of B. suis biovar 2. Small rodents 
and domestic animals (pigs, cattle, dogs) may be also 
involved in the infection chain. People can be infected 
while handling, skinning and eviscerating the carcases 
of infected hares or even by eating undercooked meat. 
The organism is rarely pathogenic for humans. A few 
years ago, in the wintertime, many hares was exported 
to France and to Italy. Before the shipment, the animals 
have been examined by palpation method. During 
that issue some hares showed clinical manifestation of 
brucellosis. The following pathological changed have 
been observed: nodes with purulent content, with 
greasy to dense consistency (more often mustard like) 
with yellow-green to yellow or white-creamy coloration. 
The nodes occurred occur in various parts of the animal 
body: hypodermic connective tissue, intramuscular 
tissue, spleen, liver, lungs and reproductive organs. Some 
of these changes are shown on Fig. 4–6.

Figure 4. Purulent nodes in the subcutaneous tissue

Brucellosis in dogs. The etiological agent of 
brucellosis in dogs, named also contagious abortion 
in dogs, was first isolated by Carmichael in 1966.  
The causative agent is B. canis, similarly as B. ovis  
existing in nature in ‘rough’ form. The clinical signs  

of the disease in dogs are abortion and infertility 
in the female and epididymitis, orchitis, abnormal 
semen and testicular degeneration in the male with 
generalised lymph node enlargement and occasional  
discospondylitis and uveitis (Alton et al., 1988).  
In Poland the diagnosis of canine brucellosis is based 
on serological examinations. The antigen used in 
examinations has been prepared on the basis of less 
mucoid variant of B. canis strain. The methods used 
are the rapid slide agglutination test — RSAT, and the 
slow agglutination test — SAT. The examinations are 
not conducted in a large scale — concern primarily 
dogs travelling with their owners to other countries and 
animals from kennels. Till now B. canis infection has 
never been confirmed in Poland. 

Figure 5. Caseous changes in lungs

Figure 6. Enlarged spleen with purulent nodes

Conclusions. The diagnosis of brucellosis in Poland 
is conducted by the net of regional laboratories and 
the National Reference Laboratory for Brucellosis 
(NRL) in Department of Microbiology of the 
National Veterinary Research Institute in Pulawy.  
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