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Aim To present the surveillance data on Brucella meliten-
sis, B. suis, and B. ovis infection in cattle, sheep, goats, and 
swine in Croatia obtained in 2008 by serological, bacterio-
logical, and molecular methods for diagnostics of brucel-
losis in domestic animals.

Methods We serologically tested 42 785 cattle serums, 
22 686 sheep and goat serums, and 28 520 swine serums 
using the Rose Bengal test, complement fixation test, and 
various immunosorbent assays. We also tested 10 173 ram 
blood samples for B. ovis infection using the complement 
fixation test. Bacteriological examination was conducted 
on 214 samples collected from 34 serologically positive an-
imals. Different molecular methods were employed in the 
identification and typing of 20 isolates from the samples.

Results B. melitensis biovar (bv.) 3 was confirmed with 
different identification methods in 2 flocks in 2 Croatian 
counties and B. suis bv. 2 in 3 flocks in 3 counties. B. meliten-
sis in cows was confirmed for the first time in Croatia. Infec-
tion with B. ovis was serologically confirmed in 202 rams in 
12 counties.

Conclusions In 2008, the size of the brucellosis-affected 
area in Croatia and the efficiency of detection and preven-
tion of brucellosis in sheep, goats, and swine were satis-
factory. Infection with B. melitensis in cattle was confirmed 
for the first time and possible links for infection in humans 
were detected. More efficient measures for suppression 
and control of ovine epididymitis are required and a new 
strategy may be necessary for complete eradication of this 
disease.
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Brucellosis is a chronic infectious disease caused by bacte-
ria of the genus Brucella that affects animals and humans. 
Each species of Brucella has their preferred host: B. abortus 
infects cattle, B. metitensis sheep and goats, B. suis swine, 
B. canis dogs, and B. ovis sheep, although they can also in-
fect other animals (1). Brucellosis in sheep and goats is en-
demic in the Mediterranean region but is spread through-
out Asia, Africa, and Central and South America (2,3). Along 
with tuberculosis and rabies, brucellosis is the most impor-
tant bacterial zoonosis and remains an important public 
health and economic concern.

With the exception of B. ovis and B. neotomae, all Brucella 
species can cause infections in humans. New Brucella spe-
cies pathogenic for humans – B. ceti and B. pinnipedialis 
– have recently been discovered in marine mammals (4). 
Infection is transmitted to humans though direct contact 
with the infected animals or by consuming infected milk 
or fresh cheese (1).

In Croatia, brucellosis in domestic animals is controlled in 
accordance with the annual order issued by the Ministry 
of Agriculture. Serological blood examination of all male 
breeding animals is mandatory twice per year, and all cases 
of abortion must be reported and tested for brucellosis. On 
large cattle and pig farms, 20% of breeding animals must 
be tested annually. Castration of seropositive rams without 
the obligation of bacteriological testing is required as an 
eradication measure for B. ovis infection.

Bovine brucellosis (B. abortus) was eradicated in Croatia in 
1964, while brucellosis in sheep and goats has occurred 
sporadically in the recent years, limited to 1-2 sheep flocks 
per year. All of the occurrences have resulted from epizo-
oty originating in the neighboring country of Bosnia and 
Herzegovina (BH) (5,6). Swine brucellosis has been detect-
ed in swine and wild boars during regular controls (7,8) 
and B. suis isolates were determined as biovars (bv.) 1, 2, 
or 3 (7-11).

B. ovis in rams and sheep causes either clinical or subclini-
cal disease and is not pathogenic for humans (12). Accord-
ing to simulation models, B. ovis infection causes signifi-
cant economic losses in flocks with no control measures, 
but there is no exact confirmation of the extent of such 
losses (13,14). Eradication is possible, but requires consid-
erable resources.

The aim of this study was to determine the effectiveness of 
the existing programs for diagnosis and control of brucel-

losis in domestic animals in order to prevent transmission 
of disease to humans and to reduce economic losses in 
animal production. This article describes the spread of bru-
cellosis caused by B. melitensis, B. suis, and B. ovis in cattle, 
sheep, goats, and swine in the Republic of Croatia in 2008, 
as determined using different diagnostic methods.

MeThoDS

Serology

Serum samples. During 2008, 42 785 cattle, 22 686 sheep 
and goat, and 28 520 swine blood samples were tested 
with Rose Bengal Test (RBT), ELISA, and complement fixa-
tion tests (CFT) for brucellosis (B. abortus, B. melitensis, and 
B. suis) at the Croatian Veterinary Institute in Zagreb. Sheep 
and goat samples from Split-Dalmatia county were tested 
by RBT at the Veterinary Institute of Split and positive sera 
were re-tested by other methods at the Croatian Veterinary 
Institute in Zagreb. A total of 10 173 ram blood samples 
were tested for B. ovis infection. All together, 133 700 differ-
ent serological tests were conducted (Table 1).

Serological tests. Serological methods prescribed in the 
Manual of Diagnostic Tests and Vaccines for Terrestrial Ani-
mals from 2008 were employed (3). RBT (Institut Pourqui-
er, Montpellier, France) was used as a screening method 
for the presence of smooth Brucella species – B. abortus, 
B. melitensis, and B. suis. The ELISA tests Chekit (Bommeli, 
Bern, Switzerland), Brucella-Ab ELISA, and c-ELISA (SVA-
NOVIR, Svanova Biotech AB, Uppsala, Sweden) were used 
as confirmatory tests for brucellosis in cattle. CFT (Institut 
Pourquier) was used as a confirmatory test for B. melitensis 
infection in sheep and goats. Sera giving a titer of 20 inter-
national CF units (ICFU) per mL or more were considered 
positive (3). The ELISA kit Ingezim Brucella Porcina (Inge-
nasa, Madrid, Spain) was used to confirm B. suis infection 
in swine. Test results were interpreted according to manu-
facturer’s recommendations. All animals from flocks where 
positive reactors were found and animals that were intro-
duced into flocks for the first time were subjected to con-
firmatory tests (CFT, immunosorbent assays). The CFT with 
B. ovis antigen (Veterinary Laboratories Agency, Waybridge, 
UK) was used for detection of B. ovis infection. Sera giving a 
titer of 50 ICFU/mL or more were considered positive (12).

Bacteriological examination

Tissue and lymph node samples were taken from 3 
cows and 8 goats and sheep from Karlovac and 
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Split-Dalmatia counties (2 flocks), in which brucellosis had 
been serologically confirmed. Tissue samples were tak-
en from 23 pigs serologically positive for brucellosis from 
Osijek-Baranja (9 pigs, 1 flock), Sisak-Moslavina (12 pigs, 2 
flocks), and Križevci-Koprivnica Counties (2 pigs, 1 flock). 
The material for bacteriological tests was not taken from 
all animals that were serologically positive, but only from a 
few animals from each flock. As a measure to eradicate B. 
ovis infection, castration of rams was required without the 
obligation of bacteriological testing. Examined samples 
from each animal included the reproductive organs (tes-

tes, uterus), lymph nodes (supramammary, inguinal, man-
dibular, mesenterial), liver, and spleen. In total, 214 samples 
were bacteriologically tested. Several grams of tissue (tes-
tis, uterus, or lymph node) were homogenized and inocu-
lated on blood agar, Brucella agar (Brucella medium base, 
Oxoid CM0169, Oxoid Ltd, Basingstoke, UK), and Farrell’s se-
lective growth medium (15). Inoculated plates were incu-
bated at 37°C in normal atmospheric conditions and with 
the addition of 10% CO2. Colony growth was checked dai-
ly and was usually observed after 2-4 days. Colonies were 
identified based on morphology (small, translucent, con-

TaBle 1. Results of serological testing of animal blood samples for brucellosis in Croatia in 2008*

Cattle Sheep and goats Rams (B. ovis) Pigs (B. suis)

County RBT elISa (i-elISa, c-elISa) RBT CFT CFT RBT elISa

Bjelovar-Bilogora   8371   1855    1351     19   1323 
  (58+, 4.4%)

   828

Brod-Posavina   2591      299     430    350 
   (1+, 0.3%)

  1623 94

Istria    449    618    403 
   (9+, 2.2%)

Karlovac   2258 
  (3+, 0.1%)

          11 
    (3+, 27.2%)

11 995 
(367+, 3.1%)

  9487 
  (367+, 3.9%)

  1257 
  (13+, 1%)

   131 27

Koprivnica-Križevci   1907   2243     79      1    642   1378  
  (21+, 1.5%)

1398  
(21+, 1.5%)

Krapina-Zagorje    940      380     72      9     20    197 36
Lika-Senj    262    623    203    613  

   (15+, 2.4%)
Međimurje   2667        131    542     11   1336 166
Osijek-Baranja   6418  4833   1362     22   1352  

  (3+, 0.2%)
14 056  
(25+, 0.2%)

1297  
(22+, 1.7%)

Požega-Slavonija   1745          80    890      2    950  
  (6+, 0.6%)

   607

Primorje-Gorski Kotar     58       22     86     70  
    (3+, 4.3%)

Sisak-Moslavina   5294   1311    632     83    638  
   (3+, 0.5%)

  1064  
  (135+, 12.7%)

 442 
  (135+, 30.5%)

Split-Dalmacija     15        6    776 
   (3+, 0.4%)

  1266 
  (3+, 0.2%)

     3

Šibenik-Knin    227    629    3
Varaždin   1344        4    457      2     15    536    9
Virovitica-Podravina   2257     844    881      1   1044  

  (56+, 5.3%)
  3529  379

Vukovar-Srijem   1483 
(1+, 0.1%)

  1201    362    449    316   19

Zadar    676    527    753  
   (23+, 3.1%)

Zagreb   3823     899    374     42    283  
   ( 12+, 4.2%)

  2916  410

Total 42 785 
(4+, 0.01%)

14 119 
(3+)

22 686 
(370+, 1,6%)

11 137 
(370+, 3.3%)

10 173 
(202+, 2%)

28 520 
(181+, 0.6%)

4280 
(178+, 4.2%)

*The table shows the total number of test performed with the number and percentage of positive tests (+) in brackets. abbreviations: RBT – Rose 
Bengal tests; CFT – complement fixation test.
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vex, smooth), ability to grow in a 10% CO2 atmosphere, H2S 
production, and growth on media supplemented with 20 
μg/mL of thionin and basic fuchsine (13-16).

Molecular identification

After Brucella sp. was isolated bacteriologically, further 
analysis of isolates was conducted by polymerase chain 
reaction (PCR). In total, 20 isolates from cattle, sheep, and 
swine were analyzed (Table 2). Biovar isolates identified as 
B. melitensis after molecular testing were agglutinated us-
ing the monospecific anti-Brucella A, M, and R serums (Vet-
erinary Laboratories Agency, Newcastle upon Tyne, UK).

Genomic DNa isolation

Bacterial cultures (1-3 colonies) were suspended in 50 
μL of water (Molecular Biology Reagent, W4502, Sigma, 
Mannheim, Germany), heated to 99°C for 20 minutes, and 
centrifuged at 14 000 g for 1 minute. Supernatant was used 
as DNA template for PCR reactions.

Molecular typing of Brucella species by multiplex PCR 
(Bruce-ladder)

Multiplex PCR (Bruce-ladder), modified from Garcia-Yoldi 
et al (17), was used for the identification and differentia-
tion of Brucella species. The assay was carried out in a 20-
µL reaction mixture containing 10 μL of QIAGEN Multiplex 
PCR Master Mix (Qiagen, Hilden, Germany), 5 μL of RNase-
Free Water (Qiagen), 0.4 μM of BMEI0998f and BMEI0997r 
primers (Invitrogen, Paisley, UK), 0.1 μM of each of the oth-
er primers described by Garcia-Yoldi et al (16), and 2 μL of 
DNA. Thermal cycling was performed with a GeneAmp® 
PCR System 2700 (Applied Biosystems, Foster City, CA, 
USA). After initial denaturation (95°C/15 minutes), the PCR 
profile was as follows: 35 cycles of denaturation (95°C/30 
seconds), annealing (64°C/45 seconds), and extension 

(72°C/3 minutes), with a final extension step (72°C/10 min-
utes). The expected sizes of the amplification products for 
B. melitensis were 1682, 1072, 794, 587, 450, and 152 bp. B. 
suis bv. 1-5 showed an additional 272-bp fragment.

Molecular typing of B. suis isolates (INgene Bruce-ladder 
Suis, Ingenasa)

The INgene Bruce-ladder Suis kit (Ingenasa) was used for 
the identification of Brucella suis biotypes. The kit allows 
detection and differentiation of B. suis bv. 1-5. The assay 
was carried out in a reaction mixture containing 25 μL 
of Reagent A, 25 μL of Reagent B, and 1 μL of DNA. The 
mixture was processed in a GeneAmp® PCR System 2700 
(Applied Biosystems), with an initial denaturation step at 
95°C/7 minutes, followed by 30 cycles of denaturation 
(95°C/35 seconds), annealing (63°C/45 seconds), and ex-
tension (72°C/1 minute), and a final extension step (72°C/6 
minutes). The expected sizes of the amplification products 
for B. suis bv. 1 were 197 and 425 bp; for bv. 2 278 and 548 
bp; for bv. 3 197 and 302 bp; for bv. 4 197 and 611 bp; and 
for bv. 5 197, 278, and 611 bp.

Amplification products were separated on 2% agarose gels 
and stained with ethidium bromide. Visualization was con-
ducted using a UV transilluminator and a BioCapt Docu-
ment System camera (Vilbert Lourmat, Marne La Vallee, 
France).

ReSulTS

Serological results

Three cows and 370 goats and sheep from 3 neighbor-
ing flocks in the Karlovac County had positive reaction on 
ELISA and CFT. Some cattle and sheep with positive reac-
tion were from the same flock. In a single flock from Split-
Dalmatia County, 3 sheep blood samples showed a posi-

TaBle 2. Isolates of Brucella sp. typed by molecular methods*

Swine Sheep Cattle

 
County

No. of isolates/ 
flocks

 
Strain ID

No. of isolates/ 
flocks

 
Strain ID

No. of isolates/
flocks

 
Strain ID

Karlovac – – 5/1 KS1-5 3/1 KC1-3
Sisak-Moslavina 4/2 S1-4 – – – –
Split-Dalmatia – – 3/1 SS 1-3 – –
Osijek-Baranja 5/1 OS1-5 – – – –
*S1-4 – swine isolates from 2 flocks in Sisak-Moslavina County; oS1-5 – swine isolates from 1 flock in osijek-Baranja County; KS1-5 – sheep isolates 
from 1 flock in Karlovac County; SS1-3 – sheep isolates from 1 flock in Split-Dalmatia County; KC1-3 – cattle isolates from 1 flock in Karlovac County; 
ID – identification number.
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tive reaction on CFT. In 178 swine blood samples from 
4 flocks in 3 counties, positive reactions were detected 
with RBT and ELISA. Positive reactions for B. ovis infection 
were detected in 202 ram serum samples from 12 coun-
ties (Table 1).

Results of the bacteriological examination

Samples from 34 animals that were serologically positive 
on brucellosis were bacteriologically examined. Brucella sp. 
was confirmed in 3 cows (sample KC 1-3), 8 sheep (sample 

KS1-5, SS1-3), and 9 swine (samples S1-4, OS1-5). Bacteri-
al colonies became visible after 2-4 days and all isolated 
strains grew without added CO2.

Results of molecular identification

Isolates from cattle (sample KC1-3) and sheep (samples 
KS1-5, SS1-3) were typed as B. melitensis. All isolates of B. 
melitensis were agglutinated with the monospecific anti-
Brucella A and M serums, which is characteristic for B. meli-
tensis bv. 3. The amplification of swine isolates (samples S1-
4, OS1-5) by Bruce-ladder gave a positive result for B. suis 
bv. 1-5 (Figure 1).

The INgene Bruce-ladder Suis showed that all swine strains 
(samples S1-4, OS1-5) belonged to B. suis bv. 2 (Figure 2).

DISCuSSIoN

Our results showed that brucellosis had low prevalence 
among cattle, sheep, and swine in Croatia in 2008, demon-
strating that the existing brucellosis control program pro-
vides permanent disease control of some species of do-
mestic animals.

There were 370 positive reactions in sheep and goats in 4 
flocks in 2 Croatian counties. Due to the epizootiologic con-
nection of brucellosis in cattle, sheep, and goats in 3 flocks 
in Karlovac County, it is probable that they share the same 
origin of infection. Following euthanasia of the infected 
animals, infection with B. melitensis bv. 3 was bacteriologi-
cally confirmed. Preferred animal reservoirs for B. melitensis 
are sheep and goats, but cases of infection in cattle have 
also been described. B. melitensis can be transmitted by 
cow’s milk and can cause a serious public health problem 
(1). Infection was diagnosed in owners of the flocks, their 
family members, and 2 veterinarians in the Karlovac Coun-
ty (personal communication with the local veterinary au-
thorities). It is probable that the source of infection in flock 
owners and family members were milk and cheese from 
the infected cows, and that the veterinarians were infected 
during veterinary intervention in the treatment of postpar-
tal complications in cows. The sheep on these farms were 
semi-extensively kept for the production of lambs, so the 
contact between sheep and cattle was possible only dur-
ing the winter and the owners did not consume sheep’s 
milk. Therefore, it is not likely that sheep were the source 
of infection in humans. This has been the first record of B. 
melitensis infection in cattle in Croatia since 1964, when 
bovine brucellosis (B. abortus) was eradicated.

Figure 1.

Identification and differentiation of Brucella species by multiplex 
polymerase chain reaction (Bruce-ladder). Samples KC1-KC3 – cattle 
from Karlovac County; samples KS1-KS5 – sheep from Karlovac County; 
samples SS1-SS3 – sheep from Split-Dalmatia County; samples S1-S4 – 
swine from Sisak-Moslavina County; samples oS1-oS5 – swine from osi-
jek-Baranja County; a – B. abortus; M – B melitensis; R – B melitensis Rev1; 
o – B. ovis; S – B. suis; NC – negative control. 100 bp ladder (Invitrogen, 
Carlsbad, Ca, uSa) was used as a size standard.

Figure 2.

Differentiation of Brucella suis biovars by INgene Bruce-ladder Suis. 
Samples S1-S4 – swine from Sisak-Moslavina County; samples oS1-oS5 
– swine from osijek-Baranja County; bv1-bv5 – positive controls for Bru-
cella suis biovars 1-5; NC – negative control. 100 bp ladder (Invitrogen, 
Carlsbad, Ca, uSa) was used as a size standard.
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In the neighboring BH, brucellosis in humans, sheep, goats 
and cattle is an important concern and traditionally there 
has been no control of communication between farm-
ers (flocks) from both sides of the border. According to 
Dautović-Krkić (18), 245 human infections were report-
ed between 2000 and 2005, with the number of reports 
reaching 335 in 2007. Brucellosis was found in animals in 
all counties of BH (18-20).

In uninfected swine flocks, infection occurs following the 
introduction of infected animals. Another potential route 
of transmission in swine kept at pasture is through direct 
and indirect contact with infected wild boars (7,8). All 3 cas-
es of swine brucellosis that we recorded in 2008 occurred 
on small farms with inadequate husbandry practices, espe-
cially for preventing contact with wild boars or pigs reared 
in semi-extensive conditions. In 2008, 178 swine from 3 
counties were found to be serologically positive to B. suis 
infection by both RBT and ELISA. Twenty-three samples 
from 4 flocks in 3 counties were bacteriologically tested for 
brucellosis. Infection with B. suis bv. 2 was confirmed in 1 
flock in Osijek-Baranja County and 2 flocks in Sisak-Moslavi-
na County. This biovar has previously been found in wild 
boars and pigs in Croatia and other European countries 
(7,9,21,22). In Croatia, there is a long tradition of livestock 
keeping and many people come to contact with poten-
tially infected pigs. However, B. suis infection in humans has 
never been reported. B. suis bv. 2 is a non-zoonotic agent 
and in Croatia isolates of bv. 3 (based on biochemical char-
acteristics) and of bv.1 (based on molecular characteristics) 
from swine, wild boar, and horse have never been reported 
as causes of human brucellosis (7-11). According to these 
findings, we believe that Croatian isolates of B. suis have no 
zoonotic potential.

Ram epididymitis is caused by a non-zoonotic agent and is 
spread worldwide (12). In sheep flocks in Croatia, the dis-
ease was first confirmed in 2002 and again in 2003 (23). 
The disease eradication program in sheep flocks was based 
on slaughtering or castration of positive serological reac-
tors (rams). In addition, owners were recommended to 
keep young and old rams separate and to test them before 
introduction to breeding. These measures related only to 
rams are not sufficient to eradicate the disease, because in-
fected ewes also play an important role in the transmission 
of the disease by excreting B. ovis in vaginal discharges and 
milk (12). During 2008, 202 seropositive rams were found 
in 12 counties. In addition to control of rams, sheep should 
also be included in the disease control program from the 
earliest stages (12,13). However, under this program, com-

plete eradication of the disease in some areas was not ac-
complished.

The current brucellosis control program in Croatia allows 
rapid detection of the disease and in 2008 the size of the 
brucellosis-affected area in Croatia was small. The most im-
portant measures for prevention of the B. melitensis infec-
tion in sheep and cattle would be to educate farmers on 
the characteristics of the disease and control measures, to 
prevent the uncontrolled circulation of the animals, and 
adapt the programs for disease eradication to each par-
ticular situation. This is the first time that infection with B. 
melitensis in cattle was confirmed in Croatia and links for 
possible human infection were detected. Croatia has ac-
tive surveillance programs and infrastructure for rapid and 
reliable diagnosis. Therefore, with an appropriate political 
support, it could continue to effectively control brucellosis 
in domestic animals. Complete eradication of brucellosis is 
also influenced by factors such as extensive farming, un-
controlled movement of flocks, contact with wildlife, and 
the ability of farmers and the government to apply mea-
sures of eradication.
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