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Summary
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Introduction
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First evidence of Brucella ovis infection in
Republic of Croatia

Die ersten Nachweise von Brucella ovis Infektion in Kroatien
Silvio Spicic !, Sanja Marjanovi¢', Maja Zdelar-Tuk ', Zeljko Cvetnic'

We researched the spread of Brucella ovis (B. ovis) infection in sheep during 2002
and 2003. in Croatia. A total of 30 635 sheep blood samples were examined using
the enzyme-linked immunosorbent assay (ELISA). In 2002, 1014 out of 14 404 ex-
amined sheep blood samples (7%) from six counties gave positive reactions while
2060 (14.3%) were found suspicious. In 2003, 638 out of 16 221 examined sheep
blood samples in nine counties (3.9%) tested positive while 1083 (6.7%) were
suspicious. In rams and sheep that were serologically positive specific pathologi-
cal changes were found in 68 (43.6%) out of 156 examined rams and in 5 (3.8%)
out of 133 examined sheep. B. ovis was isolated from ram tissues from three coun-
ties and identified with classical microbiological procedures and the polymerase
chain reaction (PCR). This research proves that Brucella ovis is present in sheep
flocks in Croatia which is also the first proof of its existence in the country.
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Die serologischen Untersuchungen von Brucella ovis-Infektionen wurden im Jahr
2002 und 2003 in Kroatien durchgefihrt. Insgesamt wurden 30 635 Blutproben
von Schafen mittels Enzymimmunoassay (ELISA) Oberproft. Im Jahr 2002 waren
1014 von 14 404 untersuchten Blutproben (7 %) aus 6 Provinzen positiv und 2060
(14,9 %) waren verddchtig. Im Jahr 2003 waren 638 von 16 221 Uberproften Blut-
proben aus 9 Provinzen (3,9 %) positiv und 1083 (6,7 %) ergaben ein verdichtiges
Ergebnis.

Die pathologische und kulturelle mikrobiologische Untersuchung von seroposi-
tiven Bocken und Schafen ergaben bei 68 (43,8 %) von 156 untersuchten Bocken
und 5 (3,8 %) von 133 untersuchten Schafen spezifische Befunde. B. ovis wurde
aus den Organen von Bocken aus 3 Provinzen isoliert und die Isolate wurden mit
kulturellen mikrobiologischen Methoden und Polymerase-Kettenreaktion (PCR)
identifiziert.

Bei diesen Untersuchungen konnten Brucella ovis-Infektionen und die Infektiése
Epididymitis der Schafe in Kroatien erstmals nachgewiesen und eine relativ weite
Verbreitung gezeigt werden.

Schliisselwdrter: Brucella ovis, Kroatien, Enzymimmunoassay (ELISA),
Polymerase-Kettenreaktion (PCR)

with infected pigs were reported ill. Whole-herd “stamp-
ing out” method was used to restrain these infections with

Brucellosis is a globally widespread infectious disease
caused by some bacterial species of the genus Brucella.
There are four species known to cause human disease B.
melitensis, B. abortus, B. suis (biovar 1 and 3) and B. canis.
Each of these has a specific animal reservoir. Up to this re-
search only confined sheep and goat infections with B. me-
litensis were determined: in Istra in 1990 and in Dalmac-
ija in 2004. Also, in 2004 four seropositive humans were
identified, all owners of infected sheep and goats. Positive
reactions in pigs were detected in 5 counties from 2002—
2004 (Pozega-Slavonija, Vikovar-Srijem, Sisak-Moslavina,
Osijek-Baranja i Krapina-Zagorje), all in small rural herds
except one larger farm. No humans that came in contact

B. melitensis in sheep and goats, and B. suis in pigs.
Brucella ovis infection in rams and sheep causes either
clinical or subclinical disease and it is not pathogen for
humans. The disease in rams is characterized by patho-
logical changes in epididymes with consequently lower
fertility. Clinically visible signs of infection in females are
less common. More often the infection of females is char-
acterized by lower fertility rate, abortions, lower vitality
and the perinatal mortality of lambs. Sheep and ewes are
considered as an important link in the natural spread-
ing of the infection among rams. According to simula-
tion models B. ovis infection causes significant economi-
cal losses in flocks with no control measures although
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there is no exact confirmation (Blasco and Marin, 1990;
Krt, 1992).

At the moment of first evidence in a country preva-
lence among rams is usually high and varies between 20
and 60% while percent of infected flocks lies between 45
and 75%. Implementation of control programmes reduc-
es prevalence although eradication is hardly achievable
(Blasco et al., 1983; Sancho et al., 1985).

So far B. ovis infection has been registered in almost all
countries with sheep farming (Blasco and Marin, 1990;
OIE, 2004).

However, there has been no record of sheep and ram
infections caused by B. ovis in Croatia. Routine serology
for brucellosis (B. melitensis, B. abortus and B. suis) is based
on use of Brucella abortus strain 99 or strain 1119-3 an-
tigens. Since ,“B. ovis specific antigen” obtained from B.
ovis is used in the ELISA for brucellosis and Brucella ovis
infections we had never diagnosted B. ovis prior to this
investigation.

The aim of this study was to conduct a serological con-
trol of animals at risk, remove positive reactors and varify
the presence of the disease via bacteriological and fast
molecular methods.

Material and Methods

Serology

Serum samples

Systematic ram sera testing for B. ovis infection be-
gan in 2002 based on the instruction from Ministry of
Agriculture and Forestry of Republic of Croatia. Rela-
tively big differences in the number of tested sera in
various counties are a result of different representa-
tion of sheep farming as well as the way these sheep
are kept. Breedings are mostely extremely extensive in
their nature and therefore almost impossible to con-
trol and apply measures for eradicating this disease.
In every county several veterinary organisations are
active and they are authorised by the Department of
Veterinary Medicine of Republic of Croatia to imple-
ment these measures. In the period in question these
veterinary organisation provided us only with ram se-
ra. In case of a positive serological reaction to Brucella
ovis the entire floch had to be tested. We examined
ram and sheep serum samples from different counties
of Croatia. In 2002, we examined 14 404 and in 2003,
16 221 samples. Totally, 30 625 samples from 18 coun-
ties of Croatia were examined.

Serological test

Detection of antibodies against B. ovis was performed
using ELISA test (CHEKIT-Brucella ovis enzyme immu-
noassay kit, Bommeli Diagnostic, Switzerland) according
to producer’s recommendations.

Pathologic and bacteriologic examination

Pathology

Pathology changes were observed at abattoir in the sex-
ual organs of 156 rams and 133 sheep that had reacted
positive to B. ovis in serology. Tissue samples were sub-
mitted to the laboratory for further analysis.

Tissue samples. After a ram positive serological reation
to B. ovis infection was identified, ram and sheep culling
was recommended to provide sampling for bacteriologic
examination. Also, large numbers of seropositive rams

were castrated. Female sheep were excluded from the
herd by the hand of the owner. In these cases no post
mortem investignation was possible. Tissue samples from
156 rams and 133 sheep were examined. All these sam-
ples originated from three counties in which we observed
the highest seroprevalence. Examined samples included:
testicles and accessory sexual glands of rams, uterus and
mammary glands of sheep as well as lymph nodes (su-
pramammary, iliaci, scapulares, submandibulares and
retropharyngeales).

Examined animals originated from County of Karlovac
(10 rams, 12 sheep), County of Virovitica-Podravina (98
rams, 90 sheep) and County of Osijek-Baranja (48 rams,
31 sheep).

Bacteriology

Several grams of tissue (testis, uterus or lymph node) were
homogenized, 1 ml of homogenate was inoculated on
blood agar, Brucella agar and Thayer-Martin agar (Alton et
al., 1988, Marin et al.,, 1996). Inoculated plates were checked
daily. Grown colonies were identified based on morphol-
ogy (small, translucent, convex and rough (R)), growth in
atmosphere with 10% CO,, HZS production, growth on
media supplemented with 20 pg/ml of thionin and basic
fuchsine, and the ability to agglutinate with antiserum R
(Corbel et al. 1983; Alton et al. 1988). Samples from Kar-
lovac were incubated in a thermostat equipped with CO,
generator (Haereus Instruments, Germany) while samples
from County of Virovitica-Podravina and County of Osijek-
Baranja were incubated in hermetically closed jars with
added CO, (GENbox-bioMérieux, France). Lower isolation
rate using jars was probably due to the inability to maintain
appropriate CO, concentration in jars which should be at

least 5-10% (Deianey and Onderdonk, 1997).

Molecular identification of isolates

B. ovis was isolated from 5 rams from County of Karlo-
vac, 11 rams from County of Virovitica-Podravina and 8
rams from County of Osijek-Baranja. All 24 isolates were
analysed with polymerase chain reaction. We used the
following standard strains: B. aborfus strain 544, B. suis
strain 1330, B. melitensis 16M, B. ovis 63/290 and B. ovis
REO 198 for comparison.

Genomic DNA isolation

All 24 isolates as well as standard cultures were suspend-
ed in 50 pl of Q water (Sigma, Germany). Suspensions
were heated during 15 minutes on 99°C in a thermoblock
and occasionally shaken. Tubes were then centrifuged at
14 000 g during one minute. We used 2 or 5 pl of super-
natant liquid for subsequent analysis.

To confirm that isolated strains belong to genus Brucella
we amplified a genomic structure responsible for synthe-
sis of the BCSP-31 protein. This protein is a membrane
antigen specific for all members of genus Brucella. We
used primers BRU-UP (GGG CAA GGT GGA AGATTT)
and BRU-LOW (CGG CAA GGGTCG GTGTTT) and the
size of the amplification product was about 440 base pairs
(bp)(Serpe et al., 1999). The DNA amplifications were
carried out in 50 pl reaction volume each containing 46yl
of Hot Star Taq MasterMix and water (Qiagen, Germany),
1l (100 mM) of each of the primers (Invitrogen, Scot-
land) and 2 pl of genomic DNA. The program for ampli-
fication was as follows: polymerase activation (95°C/15
min), followed by 35 cycles of denaturation (95°C/1 min),
annealing (58 °C/1 min), extension (72°C/1 min) and fi-
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TABLE 1: Results uf semlogzcal examination with immunosorbent assay during 2002 and 2003

Examined blood samples from sheep and rams in 2002 and 2003

Ccunty 0{:1 . No.of examined No. of positive (%) No. of suspected (%)
Year Year Year Year Year Year
. - 2002 2003 2002 2003 2002 2003

Zagreb 9 19 0 0 0 0
Krapina-Zagorje 1 5 0 0 0 0
Sisak-Moslavina 35 234 0 11 (4.7%) 0 17 (7.3%)
Karlovac 1288 3566 64 (5%) 200 (5.6%) 97 (7.5%) 243 (6.8%)
Varazdin 1 1 0 0 0 0
Koprivnica-Krizevci 522 54 123 (23.5%) 0 179 (34.3%) 1(1.9%)
Primorje-Gorski kotar 32 40 0 0 3(9.4%) [}
Bjelovar-Bilogora 48 795 0 72 (9%) 0 74 (9.3%)
Lika-Senj 0 59 0 4 (6.8%) 0 3 (5%)
Virovitica-Podravina 10234 3653 700 (6.8%) 154 (4.2%) 1527 (14.9%) 247 (6.7%)
Pozega-Slavonija 17 847 0 45 (5.3%) 1(0.01%) 86 (10.1%)
Brod-Posavina 0 1 0 0 0 0
Zadar 1 0 0 0 0 0
Osijek-Baranja 1946 6545 103 (5.3%) 147 (2.2%) 245 (12.6%) 374 (5.7%)
Sibenik-Knin 0 156 0 0 0 0
Vukovar-Srijem 158 116 22 (13.9%) 1(0.8%) 5 (3.2%) 5 (4.3%)
Split-Dalmacija 10 126 2(20%) 4(3.2%) 3(30%) 33 (26.1%)
Medimurje 2 0 0 0 0

14 404 1014 (7%) 2060 (14.3%) ¢

nal extension step (72°C/5 min)(GeneAmp® PCR System,
Applied Biosystems, USA).

To confirm that isolated strains belong to species B. ovis
we focused on a nucleotide sequence within the IS711 in-
sertion sequence specific for B. ovis (AMOS PCR, Bricker
and Halling, 1994). We used 5 primers (Invitrogen, Scot-
land) specific for differentiation of B. abortus biovar 1 and
2, B. melitensis biovars 1,2 and 3, B. suis biovar 1 and B.
ovis. Reaction mixture consisted of 5 pl genomic DNA,
0.2 pM each of the 4 primers (B. abortus specific primer-
GAC GAA CGG AAT TTT TCC AAT CCC, B. melitensis
specific primer-AAA TCG CGT CCTTGCTGGTCT GA,
B. ovis specific primer- CGG GTT CTG GCA CCATCG
TCG, B.suis specific primer-GCG CGG TTT TCT GAA
GGT TCC GG), 0.8 pM IS711 of a specific primer (TGC
CGA TCA CIT AAG GGC CTT CAT), 250 mM of each
nucleotide (GeneAmp® dNTP Blend, Applied Biosystems,
USA) and 0.25 U Taq polymerase (AmpliTaq Gold® DNA
Polymerase, Applied Biosystems, USA). Final volume of
the reaction mixture was 50 pl. The samples were cycled
(1 min at 94°C, 1 min at 57°C and 1 min at 72°C) 35 times
with final extension step of 5 min at 72°C (GeneAmp®
PCR System, Applied Biosystems, USA). The expected
amplification product size for B. abortus biovars 1 and 2 is
~498 by, for B. melitensis biovars 1,2 and 3 is ~731 bp, for
B. suis biovar 1is ~285 bp and for B. ovis is ~976 bp.

Amplification products were separated in 2% agaro-
sis gel and stained by ethidium bromide. The visualisa-
tion was done by using the UV transluminator and the
camera BioCapt Document System (Vilbert Lourmat —
France).

Results

Serological results

A total of 1014 samples out of 14 404 examined sheep
and rams from 6 counties in 2002 (7%) reacted positively
and 2060 (14.3%) reacted suspiciously. In 2003, out of
16 221 examined sheep and ram serum samples from 9
counties, 638 gave positive (3.9%) and 1083 (6.7%) gave
suspicious results (Tab. 1).

Pathology findings

Pathological changes specific for infection caused by
B. ovis were observed in 68 (43.6%) out of 156 examined
seropositive rams. Unilateral atrophy of testicles was
found in 14 (8.9%) rams, unilateral epididymis enlarge-
ment in 38 (24.4%) rams and abscesses and granulomas
inside epididymes and testicles in 16 (10.3%) rams (Fig. 1
and 2). Abscesses were not found in any other organs.
Purulent content in uterus (purulent endometritis) which
could be related to B. ovis infection was observed in 5
(3.8%) out of 133 examined seropositive sheep.

Bacteriological examination

A total of 289 post mortem samples were bacteriologicaly
examined (156 rams and 133 sheep). Colonies became vis-
ible after 4 days of incubation. All isolated strains, grown in
10% CO, atmosphere, on media supplemented by thionine,
did not produce H2S and with no agglutination using A and
M standard antisera. B, ovis was isolated from 5 rams from
County of Karlovac, 11 rams from County of Virovitica-Po-
dravina and 8 rams from County of Osijek-Baranja (Tab. 2).
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TABLE 2

: Results of bacteriological examination for B.ovis

mined samples*

Karlovac 22 5 - » 227
Virovitica-Podravina 188 1 59
Osijek-Baranja 79 8 10.1
Total 289 24 8.3
*A sample represents one animal.

“KI K2 K3 K4 Ks

S1 52 S3 54 85

key: K1- K5- isolated Brucelfia ovis from rams from County of Karlovac,
NK - negative control, $1- Brucella ovis 63/290, S2- Brucella ovis REO 198,
S3- Brucella melitensis 16 M, S4- Brucella abortus 544, S5- Brucella suis 1330

FIGURE

3: Typing of B.ovis from County of Karlovac.

Results of molecular identification

All 24 isolates were identified as B. ovis based on classi-
cal microbiological identification system as well as using
polymerase chain reaction.

PCR confirmed that all isolates were members of ge-
nus Brucella based on amplification product ~440 bp in
size. All isolates were then identified as B. ovis based on
AMOS PCR results (Fig. 3).

Discussion

Brucellosis caused by Brucella ovis is a chronic disease.
Affected animals have lower reproductive performance

FIGURE 2: Abscesses and granulomas inside epididymis.

due to pathological changes in genital organs. Economi-
cal losses due to Brucella ovis infection are result of lower
fertility rates of rams, abortions and higher mortality rate
of newborn lambs. Although natural mating is the main
way of spreading, infection passes from ram to ram by
direct contact (Clapp et al., 1962).

B. ovis infection is widespread around the world. It was
first described in New Zealand in 1952 and Australia in
1953. Behrens and Loeliger (1959) reported about epidi-
dymitis due to B. ovis in Greg horned heath sheep. Hold
and Zerobin (1993) reported on typical pathology findings
as well as isolation of B. ovis from rams in Switzerland.
Schopf and Khaschabi (1997) found 10% positive rams
by immunoenzyme method during the 1990-1992 period
in Austrian province of Tyrol. Cerri et al. (2002) reported
the first isolation of B. ovis from testicles of two rams in
Ttaly in 1994. Denes and Glavitz (1994) described find-
ings of B. ovis in Ukraine. Robles et al. (1998) investigated
the infection in Argentina finding prevalences between
2.1 and 6.3% during a 3 year period. Bagley et al. (1985)
found epididymitis in rams from Utah while Bulgin (1990)
isolated B. ovis in 6 out of 9 seronegative rams in Idaho.

In 2002, we found 1014 (7%) positive and 2060 (14.3%)
suspicious animals out of 14 404 examined from 15 coun-
ties. In 2003, these percentages were lower: 3.9% positive
and 6.7% suspicious animals out of 16 221 from 17 coun-
ties. Robles et al (1998) found the prevalence of B. ovis
infection in Argentina between 2.1 and 6.3% during the
three years of investigation. Schopf and Khaschabi (1997)
reported on 10% seropositive rams during 1990/1992
while in 1995 the same authors found 3.5% positive rams
in Tyrol.

In our abattoir survey we examined 156 rams from 3
counties for presence of pathological changes. We found
changes that could be the result of B. ovis infection in 68
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rams (43.6%). Similarly, Blasco and Marin (1990) found
enlarged palpable testicles in 125 out of 267 (46.8%) in-
fected rams. Same authors in most rams found unilat-
eral changes placed mainly in epididymal tail. Denes and
Glavits (1994) examined organs from 55 serologicaly pos-
itive rams. They found chronic epididymitis, granulomas
and abscesses in testicles and epididymes in 33 of them
(60%). Chronic stage of disease is characterized by atro-
phic testicles and enlarged epididymal tail. In our study,
atrophic testicles were found in 14 (8.9%) rams, enlarged
epididymes in 38 (24.4%) while abscesses and granulo-
mas within testicles and epididymes were observed in 16
(10.3%) rams. However, purulent exudate in uterus, that
could be associated to B. ovis infection in females, was
found in only 5 (3.8%) out of 133 seropositive ewes.

Bacteriological examination of tissue samples from se-
ropositive animals resulted in isolation of Brucella from
24 testicles (8.3% of all samples) but never from tissue of
ewes. Success of isolation from ram samples in our study
depended mainly on origin of the samples. Samples from
County of Karlovac yielded the highest isolation rate i.e.
5 out of 10 examined were B. ovis positive, while sam-
ples from County of Virovitica-Podravina and County of
Osijek-Baranja reached 11.2% and 16.7%, respectively.

All isolates were confirmed by the polymerase chain
reaction in two steps. First analysis aimed to confirm an
isolate as a member of genus Brucella. The next step was
to confirm these isolates as members of species B. ovis.

These results have given us the insight into B. ovis in-
fection status of sheep flocks in Croatia. Obviously the
infection is present in counties in which sheep breeding
represents important part of economy. Flocks suffering
from higher rates of perinatal lamb mortality and abor-
tions should always be under suspicion. According to
flock owner’s statements, mortality rate in infected flocks,
included in our study, varied from insignificant (County of
Virovitica-Podravina) to extremely high (County of Kar-
lovac). Unfortunately, we were not able to carry out thor-
ough analysis of economiccloses in flocks due to B. ovis
infection. In cooperation with a vetrinary organisation in
County of Karlovac in one herd with 225 sheep and ewes,
only 70 lambs were present in lambing season and shortly
after lambing further 40 lambs died. Other possible rea-
sons for reduced fertility and increased mortility of lams
after Jambing like malnutrition, management and other
infectious diseases could not be excluded. Investigation
of rams in this herd revealed 70% of the rams seroposi-
tive to B. ovis.

Control programmes are directed towards finding and
eliminating of the infected animals, especially rams in-
fected due to the transient nature of infection in females.
Eradication is possible in closed and controlled flocks by
testing and elimination scheme. Furthermore, separation
of rams according to their age to the extent of no physical
contact is an effective measure in B. ovis control.

This is the first confirmation of B. ovis infection in sheep
flocks in Croatia.

References

Alton GG, Jones LM, Angus RD, Verger JM (1988): Techniques for
the brucellosis laboratory. 1% ed., Inra, Paris, France.

Bagley CV, Paskett ME, Matthews NJ, Stenquist NJ (1985): Preva-
lence and causes of ram epididymitis in Utah. ] Am Vet Med Assoc
186: 798-801.

Behrens H, Loeliger HC (1959): Nebenhodenentziindungen bei
Schafbécken. Zuchthygiene 3: 243-251.

Blasco JM, Buen L, Estrada A, Garcia ], Llena J, Ortilles A (1983):
Testicular changes in ovine brucellosis in the Province of Aragon.
Noticias Neosan, 211: 147.

Blasco JM (1990): Brucella ovis. In: Nielsen K, Duncan JR (eds.), Animal
Brucellosis. CRC Press, Boca Raton, Florida, USA: 351-378.

Blasco JM, Marin CM (1990): Ovine Epididymitis: Ethiology and bac-
teriological diagnostic (in Spanish). Ovis 8: 15-22

Bricker BJ, Halling SM (1994): Differentiation of Brucella abortus bv.
1,2, and 4, Brucella melitensis, Brucella ovis, and Brucella suis bv. 1 by
PCR. ] Clin Microbiol 32: 2660-2666.

Bulgin MS (1990): Brucella ovis excretion in semen of seronegative,
clinically normal breeding rams. ] Am Vet Med Assoc 196: 313-315.

Clapp KH, Keogh J, Richards MH (1962): Epidemiology of ovine
brucellosis in South Australia. Aust Vet J 38: 482.

Cerri D, Ambrogi C, Ebani VV, Poli A, Cappelli F, Andreani E
(2002): Experimental Brucella ovis infection in mouflon (Ovis musi-
mon). ] Wildl Dis 38: 287-290.

Corbel MJ, Gill KPW, Thomas EL (1983): Methods for the identifica-
tion of Brucella. MAFF, CVL New Haw, Weybridge, Surrey.

Delaney ML, Onderdonk AB (1997): Evaluation of the Anaeropack
system for growth of clinically significant anaerobes. ] Clin Microbiol
35: 558-562.

Denes B, Glavitz R (1994): Bacteriologically confirmed cases of ovine

epididymo-orchitis caused by Brucella ovis in Sub-Carpathia. Acta
Vet Hung 42: 25-33.

Hold E Zerobin K (1993): Brucella ovis infection in rams of the “white
Alp”breed. Schweiz Arch Tierheilkd 135: 44-50.

Krt B (1992): Evaluation individual serological methods during diag-
nostic of ovine brucellosis-infection with Brucella ovis (in Slovenian).
Masters. Veterinary faculty, University of Ljubljana.

OIE (2004): Manual of Diagnostic Tests and Vaccines for Terrestrial Ani-
mals, 5" ed., Chapter 2.4.1.

Marin CM, Alabart JL, Blasco JM (1996): Effect of antibiotics contai-
ned in two Brucella selective media on growth of Brucella abortus, B
melitensis and B. ovis. ] Clin Microbiol 34: 426-428.

Robles CA, Uzal FA, Olaechea FV, Low C (1998): Epidemiological
observations in a Corriedale flock affected by Brucella ovis. Vet Res

5-443.

Sancho E Marin CM, Blasco JM (1985): Development of ovine bru-
cellosis in an association of sanitary defence. Inf Tec Econ Agrar, 5:
431-435.

Schopf K, Khaschabi D (1997): Experiences in the eradication of Bri-
cella ovis infections in sheep in Tyrol. Tierarztl Prax Ausg G GroBtiere
Nutztiere 5: 413-416.

Serpe L, Gallo P, Fidanza N, Scaramuzzo A, Fenizia D (1999): Single
-step method for rapid detection of Brucella spp. in soft cheese by

Commun 22: 4.

gene-specific polymerase chain reaction. J Dairy Res 66: 313-317.

Address for correspondence:
Silvio Spici¢, MSc, DVM
Laboratory for Bacterial Zoonosis
and Molecular Bacteriology
Croatian Veterinary Institute
Savska cesta 143

10 000 Zagreb

Croatia

spicic@veinsthr





