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OOUM M TTOUTHKA YaCOIHCa

Berepunapcku xypHan Penybnuke Cprcke je mokpeHyt 2001. roguHe kako Oum
UCTPaKUBA4M U CTPY4YHalld KOJ HaC Uy PETMOHY U LIMPOM CBHjeTa MOIJIH [ja 00jaBIbyjy
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Berepunapcku xypHan Penybnuke Cprcke je OTBOPEHOI IPHUCTYIA, PELEH3UPaHHU
HayuyHU yaconuc JY Berepunapcku uactutyT Penydnuke Cprcke "IIp Baco byrosan”
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panoBa, NMpernefHUX pafioBa, MUHU IpErJIeJHUX PafioBa, KPaTKUX KOMYyHHKalWja,
CTPYYHO-TEXHUUKHUX M3BjellTaja, IPUKa3 Cly4yaja ¥ MMCMa YPEeOHUKY. BeTepuHapcku
KypHan Penybnuke Cpricke objaBmbyje ce Ha CPICKOM W EHIJIECKOM jE€3UKY, Y
TOAMIIBUM BOTYMEHHMA KOjU Ce cacToje off nBa dpoja, Ha mopeny Open Access Koju
omoryhasa BUCOKY BUIJBUBOCT pafgosa. BetepuHapcku xypHan Pemybdnuke Cprcke je
WHIEKCUPaH Kao HallMOHAIHM yaconuc. Ceaku pykonuc dmhe odpahen of crpane nBa
peLeH3€eHTa KOjU IIPY2Kajy KBaJIUTETHY yPEJHUUKY 00pafly. YIIyTCTBa 3a IPHjaB/bUBaE
pyKomnuca, IpUIpeMy pana, Ipoueaypy peLieH3’je U CBE OCTalle JeTabe NOCTyIHA CY
Ha CTpaHMLaMa vaconuca. OBa cTpaHuua he ayrope ynyTUTH KOpak 110 KOpak Kpo3
Mpollec MpHjasbrBame (YIyTCTBO 3a ayTOpE).

Berepunapcku xypHan Penybnuke Cpricke je yacomuc OTBOpeHOr npucrtyna. Ceu
panoBH MOry ce DeCIulaTHO MPEey3eTH U KOPUCTUTH y ckiagy ca Creative Commons
Attribution 4.0 International License(CC BY 4.0).

Scope and Policy of the Journal
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and professionals in the region and worldwide a place to publish their research
findings and work. The Journal is devoted to the advancement and dissemination of
scientific knowledge concerning veterinary sciences and related academic disciplines.
Veterinary Journal of Republic of Srpska is an open access, peer-reviewed scientific
journal published by the PI VETERINARY INSTITUTE REPUBLIC OF SRPSKA
,D1r. Vaso Butozan“ BANJA LUKA, Republic of Srpska/B&H, and dedicated to the
publication of full research papers, reviews articles, mini review articles, short
communications, technical reports, case reports and letters to the Editor. Veterinary
Journal of Republic of Srpska is published in Serbian and English, in yearly volumes
comprising two issues, on an Open Access model which allows high visibility of
articles. Veterinary Journal of Republic of Srpska is indexed as a national journal.
Each manuscript will be handled by two reviewers providing quality editorial
processing. The instructions for manuscript submission, paper preparing, peer-
review procedure and all other details are available on the Journal homepage. This
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Oputunannu HayuHu pag

HCTPAXKXUBAKE ITOTPEBHHUX JbYJCKHX PECYPCA 3A
E®PHUKACHO H YHUHKOBHUTO CITPOBOLEKE ITPOTPAMA
KOHTPOJIE U HCKOPJEEbHBAIHA BPYIIEJIO3E OBALIA H KO3A
Y I'PYKOJ

Aristomenis KATSIOLIS™, Olga THANOU?, Myrsini TZANI', Chrysoula DILE?,
Marilina KOROU!, Athanasia STOURNARA?, Evanthia PETRIDOU?, Nektarios
D. GIADINIS*

! Opjememe 3a 300HO03€e, YIIpaBa 3a 37ipaB/be )KUBOTHA, MUHUCTApCTBO 3a PypaHU Pa3Boj U XpaHy,
AtuHa, I'puka
2Opjememe 3a BeTepuHapcke nabopaTtopuje. HanroHanHa pedepeHTHa 1abopaTtopuja 3a dpyuenosy,
Jlapuca, I'puka
3 JTaboparopwuja 3a MuKkpoduosnorujy u nHbextusHe Honectr, Apucroten Yuusepsuter ConyH, I'puka
*KnuHuka 3a apmcke )XuBOTUIe, PaKy/lTeT BeTepUHAPCKE MEIUIIMHE, ADUCTOTEN YHUBEP3UTET
ConyH, I'puxa
* KopecnoneHTHH ayTop: 1. Aristomenis Katsiolis, akatsiolis@minagric.gr 2. Nektarios D. Giadinis,
ngiadini@vet.auth.gr

Kparak cagpxaj: IIporpam koHTposie dpylienose oBalla U Ko3a je jelaH Of HajBax-
HUjUX Nporpama M3 3[paBba )KMBOTHIbA Ca 3HAaYajHUM IOC/befullaMa Ha IOJbY XKH-
BOTHICKOT 37]paBjba, jaBHOT 3[paBba U MehyHapoJHe TProBUHe. Y UMIIJIEMEHTalNjy
OBOT ITpOrpaMa yK/bYy4YeHO je HEKOJIIMKO (paKTopa, a BEroB yCIjeX 3aBUCH Off JOCTYTI-
HOCTH eduKkacHor, 1o0po 00y4yeHOr U MOTHYHO aHraXkKOBaHOT ocodsea. Y3umajyhu y
003up JIoLIe pe3ysTare NporpamMa KOHTpose Opyuenose oBala 4 kosa y ['pukoj, yrias-
HOM 300r orpaHvueHor dpoja BeTepyHapa y PETMOHAaTHUM BETEPUHAPCKUM CITyXda-
Ma, OBa CTyZHja UMa 3a LWb a MPUCTYNH DpOjy JbYACKUX pecypca, TAaUHHUje BeTepHu-
Hapa KOju Cy HEONXOJHU 3a e(UKaCHY M yCIjellHy CTpaTerujy KOHTpose dpyuenose
y I'pukoj. 30or Tora ce aHanu3upajy nojauy NOOHjeHH UMIUIEMEHTALUjOM IIporpama
y nepuony 2012-2015. roguHa. Takohe, pa3MOTpPEHH Cy CBH pellaBaHTHH NPODIEMU
U eKOHOMCKE U (pUHAHCHjCKe OKOJHOCTU-CIIO/BHU (PAKTOPU KOjU YTHUY Ha edukac-
HOCT nporpama. Hanasu u3 oBe cTynuje ykasyjy Ha To fa o1 oko 485 BeTepuHapa ca
485 acucTeHara IMOMOIJIO y NOTIYHOj UMIJIEMEHTALUjU KOHTpOJe OpylLenos3e U Uc-
KOpjemnHBamwy 00/1eCTH IPYKUX OBalia U K03a.

Kipyune peun: bpynenosa, I'puka, nporpam dpyuernose, ocodise
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HCKOpjemHBama OpylLenose opana H Kko3a y I'pukoj

YBOI

[Tpenoc dpyuenose Ha pyne je of 30-
OHOTCKOT 3Hayaja U OOHOCH Ce Ha JUpeK-
TaH KOHTaKkT ca UH(GULHUPAHUM TKUBHMA
WIM UW3y4YeBUHAMa 3apakeHUX >KUBO-
TUHA WIM Ha KOH3yMalWjy HemacTepHu-
30BaHOT MJIMjeKa WU HHUXOBUX INPOU3-
Boja (Atmypu BJI, 2011). Bpyuenosa je
€HIEMUYHA y 3eM/baMa OKO Me[HUTepaH-
ckor dacena (Emgrapmo Mopeno 2014),
nok 'puka MMa HajBULly CTOMY Cllydaje-
Ba mehy eBponckum 3embama (EBponcku
LIEHTap 3a NIPEBEHLH]Y U KOHTPOJy Dose-
cty, 2015). bpyuena MeIuTeHCHUC je mo-
BE€3aHa Ca BEJIMKUM OpojeM CiIy4ajeBa
obosmewa bynu. (M.J. Kopben 2006).

Y T'pukoj uMIIeMeHTalHja Mporpa-
Ma KOHTpoJe dpyuenose oBaua ¥ ko3a (O
n K) s3anouera je 1977. ronuHe, peryiu-
caHa 3akoHOM ([IpencjenHUuYKH Iexkper
332. 1977.) u pe3ynToBaia je 3Ha4YajHUM
CMaBemeM KIMHUYKHUX CIy4ajeBa Koj
YKUBOTHHA U JbyOou. [IpBOOUTHO je cripo-
BeleHa MOJKO)KHA BaKLHMHALMja MJIagux
oBala U ko3a (on 3-6 Meceuu CTapoCTH).
Toxom nepuoga on 1992. no 1998. ropu-
He, LIeHTPaJIHU HajiexHu opran (LITHO),
Jvpekuuja 3a 3Opas/be KUBOTHHBA Mu-
HUCTapCTBa 33 PypaliHU pa3Boj U XpaHy,
OIUIy4HO je fa pefr3ajHupa HallMOHAIHU
nporpamM cy3bujama DpylLenose Kop XKu-
BOTHHA MOCTENEHO YKUAajyhy BaKLMHU-
came Y HeKUM nojpyyjuma u nokpehyhu
Iporpam UCKOpjemHuBama OpyLenose 3a-
CHOBaH Ha CEpOJIOIIKUM TECTOBUMA KHU-
BOTHHA U U3[IBajamy U yOWjamwy 3apaxe-
HUX OBalla U K03a. Y MOYETKY OBaj HOBU
MPUCTYNl TNPUMjEHEH je Ha OCTpBUMA
(1992. ropune), 3aTUM Ha [lesonoHesy

(1993), a moToMm je uynTaBa 3emsba (1994.)
YKJby4Y€Ha y IpOrpam epaguKkanyje.

OBa npomjeHa pesyJTosasa je apama-
THYHUM ToBehaweM ciiyvajeBa Opyueno-
3€ KOJI Jby[U Y )KMUBOTH A, YITITaBHOM 300T
HENOTIIYHE U OCKYJOHE NMPUMjEHE Iporpa-
Ma UCKOpjewHuBamwa. To ce Moxe odjac-
HUTH Ha c/befiehy HaYMH-paJHU CaTH 10~
Tpeduu 3a oko 15.000.000 y3opaka KpBU
OWIM Cy BHUILNECTPYKH Y OOHOCY Ha BakK-
MHAUHWjy CaMO 3aMjEHCKUX >KUBOTHHA,
mTo je usHocwno ckopo 3.000.000 (15-
20% yxynHe nomnynaunuje). [locrojehe
0Cco0/be HUje MOIJIO OATOBOPHUTH Ha I0-
BehaHe 3axTjeBa mporpama. [Ia Ou ce oBaj
npodieM pHjelino, MacoOBHO BaKLUHHU-
came KEHKH, MJIaJuX U OApaciauxX OBa-
Ja ¥ K033 HAHOBO je CIIPOBENEHO Ha KOII-
Hy ¥ Ha ocTpBy EBHa, 0K je Ha OCTpBHU-
Ma, IJije je pacrpoCcTpambeHoCT dpyLenose
Ouna Mama, HaCTaB/beH MIPOrpam epagu-
kauuje (1999). Crparervja BakuuHauuje
BpaTHIa ce Ha octpsa Jlecsoc u Jlepoc
2003. ropune 1 Ha Tacoc 2008. rogune
300r mpujaB/bEHUX Ciay4yajeBa 0DoHje-
Bama /byJU Ha OBUM OCTPBUMA.

o 2012. ronuHe BaKIIMHAIIWje 3a OBLIE
M KO3€ HUCYy OWJbe)KEHe 3a CBaKy Ioje-
OVUHAYHY XKUBOTUBY, Beh Kao 30Up Ku-
BOTHIA Ha HMawy. BakIUHUCAHE »XHU-
BOTHUHE HUCY OWJbEXKEHE Yy OMI0 KaKBOj
0asu mojaraka M MOIJIe Cy Ce MpernosHa-
TH CaMO MOjeSVWHAYHO 1O TETOBAXH Ha
LIECHOM YBY, YKOJIIMKO Cy OWjie O3HaueHe.
Onnykom muHHcTapcTBa 4888/130873 /
31.12.2012 (I'T UU / 3545) (Egrapno Mo-
peso 2014) TeToBUpame je OUI0 YKUHYTO
(jep je dwno dosHO 3a KUBOTHHE, OTIACHO
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3a ocode Kkoje Cy ra U3BOAUJIE, Y3UMAJO
IIpEBUILIE BPEMEHA WTH.). YMJECTO TOra,
yBEJIEHA je MHAWBHIYyalHa PETUCTpaLHja
BaKLIMHUCAHUX >XUBOTHUIA Ha Tademap-
HOM JIUCTYy 110 00W/beXKjy (yIIHE MapKH-
ue Wiy DoJyc, NojefUHaYHu UAEHTU(U-
KauuoHM dpoj xuBoTume (UII).

WUpnentudukauvonn ©OpojeBu KHUBO-
THBAa MOpajy dutu ynucanu y Llentpan-
Hy 0a3y mopmataka (LIBTI) om cTpaHe oB-
JaurTeHor ocodsba, ajiv TO HUje U0 CTPOo-
ro mpumjewmeHo. Haxamnoct, 300r unme-
HULE [1a CBE BAKLMHUCAHE )XUBOTUBE Yy
3€MJBY HUCY PETUCTPOBAHE IOJ HULEHTH-
¢ukauronum Odpojem (mpuje 2012. ro-
OWHE), U3y3€THO je TEeUKO 3a LIeHTPaIHU
Hagexxuu oprad (IJHO), koju je Hame-
KaH 3a MpoljeHy eeKTUBHOCTH Iporpa-
Ma Ha LEHTPaJHOM HHUBOY, Aa nohe 1o
TaYHUX pe3ynrara (Opoj KUBHUX BaKLIM-
HUCAHUX JKUBOTHHA y Iopehemy ca yKyI-

HOM IIOIyJIaLIMjOM KUBOTHIA), CTOTa Ce
LIHO ocnama Ha npoujeHe dpoja BaKLU-
HUCAHUX JKHUBOTHHA OfI CTPAHE PEruo-
HaJIHUX BETEPHUHApa KOjU Cy ONTOBOPHU
3a MUMIIEMEHTALH]jy ITporpama Ha JIOKaJl-
HOM HMBOY U Boheme eBULEHLIH]E.

Y nepuony usmehy 2012. u 2015. ro-
nuHe, nporpam dpyuenose y I'puxoj nje-
M 3eMJby y [IBe 30He: 1) 30HY BaKLMHA-
uuje (ZV), y K0joj Ccy OBIIe U KO3€ BakK-
IUHHCaHEe jelIHOM y »XKMBOTY (CcTapuje of
3 Mjecena) [OK ce MyXjallUMa PYTHH-
CKH Y3UMajy y30pLIH KPBU 3a JJaJbe CEpo-
JIOIIKO TeCTUpame CBaKMX 6-12 meceum
(crapujum on 6 Mecenn) u 2) 30Hy HC-
KopjewuBamwa (31), y k0joj ce yaumame
y30paka KpBU (cBakux 6-12 meceuu) u
KJIame NPUMjeEmYje Ha CBUM 3apaKEHUM
KUBOTUHAMa (CTapujum of 6 MjeceLu)
(MuHucTapcka opinyka, 2012)

Tadena 1. 3oHa BakuuHauuje (3B). [Toganu ce ogHoce Ha 31. neuemdap cBake roguHe

AKTHBHE Bakuunucane HeBakuunucane [Tokpusenoct
lonuna (bapme Osue xose KUBOTHEE JKUBOTHEC BaKIMHAIINjOM
©poj) PV (6poi) (6poj) %)
2012. 103.569 11.871.587 7.683.545 4.188.042 64,72
2013. 90.719 11.642.501 8.696.434 2.946.067 74,69
2014. 87.937 11.562.550 8.525.347 3.037.203 73,73
2015. 54.817 9.106.569 7.181.215 1.925.354 78,85
Y 30HM WCKOpjemHBama, rAa3gUHCTBA CJI0DOMHA Ta3AMCHCTBA. IIpenw3Huje,
ce xinacuduKyjy y YETUpPU KaTeropuje y Ciaydajy Ia je Ta3guHCTBY [IOAje/beH
nmpeMa 3[OpaBCTBEHOM cTawy “M+” craryc “M1” (OOHOCHO HEMO3HATO
3a TIO3WTHMBHA Ta3gUWHCTBA, “M1” 3a crame O NPUCYTHOCTH Opynenose),

ra3guHCTBA HEMO3HATOT cTaryca “M2” 3a
ra3guHCTBd Cd HETATUBHUM PE3YJ/ITATUMA,
“M4s” 3a cmy»deHo c10boHa ra3fUHCTBA
(HeakTuBHO) W “M4" 3a cioyxbeHo

noTpedHO je y HapenHUX 6 1o 12 Mjecenn
MMaTH HeraTUBHE pe3yiTare y TOraemy
npucycTBa dpyuenose. AKO Cy pe3ysiTaTi
IIPBOT Y3UMama y30paka KPBU HETaTUBHU
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(papma CcTHYE ITPaBO Ipelacka Ha CTaTyC
“M2". YKOJIIMKO Cy pe3y/iITaTH HETaTUBHU
M HaKOH [pyror TeCcTUpama Yy3opaka
KpBU Ta3sgUHCTBO CTHYE CTaTyc “M4".
(cmy»xdeHo cnodogHO of dpyuenose)

Y 30HM BakuuHauuje dapme Cy
KinacudukoBaHe kao 1) “BakuuHHUCaHe”,
2) “HeBakuuvHHcaHe” u 3) “dapma ca
[IO3UTUBHUM JKUBOTUBaMa”. BakuuHa
CafipXku OKuBe bpyuena MeJIUTEeHCHC
bakrepuje; coj PEB-1, xoje cy marorene
3a Jbyne (Opomrypa o BakuuHama, 2004).
Crora, mpouec BakUWHAUWje Tpeda
M3BECTH Ha MjecTy 3amTuheHoM of
BjeTpa W npamuHe. CBa LA YK/bydyeHa
y Ipouec BaKkuuHauWje (BeTEpUHAp,
NOMONHMK U BIACHUK apMe) AyKHHU Cy
Ia Ce NIpUApXKaBajy aneKkBaTHUX Mjepa
duocuryproctu. Ilopen Tora, He ©u
Tpedasio ma CToje y mpaBlly CYMPOTHOM
on Bjerpa. Huxo nmpyru He Om T1pedao
OUTH MpUCYTaH Ha MjecTy TOje ce U3BOIU
BaKklIMHaNMja 30or mnosehaHoOr pu3HKa
uH(peKuyje BasgyXoM WIH [OAUPOM
Kal/bHlla BaKLMHE C TKUBOM CJTy30KOJXe.
Tpynue xeHe mopajy dutu BaH dapme
U UCTy He mnocjehuMBaTH y HapenHuX
HEKOJIMKO JaHa. BakuuHauujy H3BOOU
cnyxbenu Berepunap. On 2013. ropuse,
Onjesewe 3a BeTepuHy Jupekuuje 3a
pypajHy €KOHOMHjy W BETEpUHY CBake
pErHOHANIHE jeNUHHLE, ONOOpUIIO je
NpUBAaTHUM BeTepuHapuMa ydewhe y
peanusauuju nporpama (ITpupyuHuk 3a
uHCTpyKuuje, 2016).

2010. rogune y I'pukoj cy ce mojaBumne
momatHe noremkohe y  cnpoBohemy
IporpamarnoBe3aHe cacolH0eKOHOMCKOM
cutyauujom. Haj3HauajHuju mnpodiem

je dwio cMameme  TpOIIKOBA Y
jaBHOM CEKTOpY, LITO je [OBEeI0 [0
3aMp3aBama IlaTa jaBHUX CIyXOeHHKa
U CMamema BUXOBUX NOJATHUX DOHyCa,
IIPEKOBPEMEHOT Pajia ¥ MyTHUX TPOLIKOBA
(ITunuuu M, 2014). [Topen Tora gpKaBHa
NOJpLIKA 3a KpeTame IeoTEXHHUYapa je
npemMa uwiaHy 9 3akonHa 3833/201012Z,
orpaHvueHa Ha 1eszecet (60) naHa ca CTo
nsagecer (120) mo3BosEBUX OApendom
IIPETXONHOT 3aKOHA KOHKPETHH]E YIaHOM
2 3axoHa 2685/1999 (3axon 2685/1999).
[Tpexopaueme orpannuewa oz 60 nana (mo
80 1aHa) LO3BOJBEHO j€ CaMo 3a pjelaBame
HacTanux Jorahaja Koju TOIpKaBajy
nocedHe notpede cepsuca (xrroc 2016a).
[Mopen HaBeneHor, cibepehu daxTopu cy
HEraTUBHO YTULIAJIM Ha UMIIJIEMEHTALNjy
nporpama: a) OIrpaHUYEHme HaAJOKHane
KWJIOMETapCKUX YOa/beHOCTH [wiaH 9
3akoHa Op. 2685/19999, 1j. 3a yna/meHOCT
on 20-40 kM, HakHaja W3HOCU jeIHY
tpehuny (%) on 10.000 I'P-a', b) noBa
3akoHa 0 ocurypamwy (3akoH 3863 1 3akoH
3865 u3 2010) xoju cy ¢aBopu3OBaIH
MAaCOBHO IIEH3MOHHUCAame YITITaBHOM XEHA
BeTepuHapa (xrric 20160), u 1) ogpenda
ynaHa 11 3axona 3833 oxg 201012 “jegHo
perpyToBame Ha IeT IeH3UOHUCama .
[Iporpam koHTpose Opyuenose Hma
3a UWb 3alITUTY 3/paB/ba KHUBOTHHA
W 3alUTUTYy jaBHOr 3ppaBipa. o cagma
npenBuheHN LU/BEBH HHUCY OCTBApPEHH.
Cepxa o0Be CTyguje je HCIHUTHUBABE
MUHUMaIHOT Moryher ocodma (y odnuky
TpyIe of ABa WiaHa) paju e(uKacHe U
YUHMHKOBHTE NIPUMjeHe Iporpama.

ITPA-T'puka apaxma 10 2001.roauue
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MATEPHUJAJIM U METOJE

3a OBy CTyAWjy KOPHUIUTEH je YHUTHUK
3aTBOPEHOT THMA, KOjU je TMOCHaT Of
ctpane Opjemewe 3a 300H03e (03)
Iupexiyje 3a 3mpaBibe )KUBOTHRA ([]37K)
MuHucTapcTBa 3a pypajHU pasBoj H
xpany (MPPX) cBMM BeTEpUHApCKUM
ofgjermenrma (BO) I'puke y mepuony on
2012.102015. ronvHe. YOUTHUK je MOCaaT
Ha Kpajy cBakor cemecrpa (30. jyHa) 1 Ha
Kpajy cBake roguHe (31. nenemdpa), Tako
Ia Cy 3BaHWYHU BETEPUHAPHU KOjU Cy ra
MONyHaBaly OWIN YIIO3HATH Ca BETOBUM
W3IJIEIOM U CafprKajeM. YIIUTHUK je UMao
IBA IUjena ; MPBU CE€ OJHOCHO HA 30HY
BaKUWHALNje U YK/bYYUBAO je 42 nuTama,
a IpPYyTH Ha 30HY UCKOpjembrBama U UMao
je 29 nutama. [luo 13 30He BakUUHALH]E
“Mao je 6 mnopcexkuuja: [IpuBpema u
CTaHOBHUIITBO; Bakuuuanuja ca PEB-
1, y3uMame KpBH, ENHU300THOJIOTHja M
eMUIEMHOJIOTHja, JbYNCKH PpECypcHu H
LIUBEBH.

Op yxynHo 42 nurtama Koja ce
TA4Yy PervoHamHUX jeguHWLA 30HE
BakUMHanuje (3B), xopuuTeHa cy nosma
41 w 42 w3 nopcexuuje Llumesw, Tj.
“I'pyna Moxxe 3a jefaH JaH BaKUUHUCATH
npocjeyaH 0poj (41) JKEHKH WIH
cakynutu (42) ... y3opka kpBH ». LlT0
ce TMYe 30He HCKopjewmuBama (3U), on
YKyNHO 29 nmuTama KOPHUIUTEHO je IOJbE
27, 1j. “I'pyna Moske CakyIIUTH IPOCjedaH
Opoj (27) ... y3opaxa KpBU Yy jeIHOM iaHy .
Tume je mocrtamo moryhe H3pauyyHaTu
OpUOMMKHU KamauuTeT rpymne (jemHor
BETEPUHApa M jegHor nomohHuKa) 3a
CBaKy PErMOHaIHY jeNUWHHUIY, HA OCHOBY
MOCEDHUX OKOJIHOCTM M  HCKyCTaBa

BETEpHUHApa KOjU Cy NIPUM]jEHBHUBAIN
porpam OyTd HU3 TOJIMHA.

Cmenehm akrop xoju je Tpebdano
OLIMjeHUTH jecTe ©Opoj [HaHa KojH

cnykDeHM BETEPUHApPU IO 3aKOHYy HMa
MpaBO PaguUTH BaH CBOje KaHLeEIapHje.
OBo je MO3HATO Kao “paj Ha TepeHy” Koju
¥MMa CBaKH 3aI0CI€HH Y jaBHOM CEKTOPY
¥ 33 KOjUu MpUMa HaJoKHa#gy. Y ['pukoj
on 2010. rogwuHe, MaKCHUMaJIHH OpOj
“maHa Ha TepeHy” TpeaBuheH 3aKOHOM
(3akoHn 3833, 2010) usHocu “60”. AKo ce
0poj BakUMHalLMja WIW KPBHUX y30pakKa
MOMHOXH ca “60", pesynaTaT ogpakaBa
yKynaH 0poj KMBOTHUBA Koje je moryhe
BaKUWHUCATH WIW Yy30PKOBAaTH KPB
y onpeheHoj peruoHasHOj jeouHULU
TOKOM TOAWHE [aHa. JOIl jelaH BakaH
€JIEMEHT KOjU je TPOLje’UBaH y 30HHU
BaKUUHaUWje je pesynrar mnoma 14
noncekuuje Bakuwnanuwja ca PEB-1:
"On yKyIHe MOIyJaluje XUBOTHHbA Y
Hallloj pervoHanHoj jeguHuuu, (13)%
OBalla M KO3a je BAKUMHUCAHO WU jOLI
yBUjeK MOCTOju (14) ... HeBaKLMHUCAHUX
KUBOTHHA”. Y 30HM  BaKlUWHALUje
(¢dyHnameHTamaH mapametap je 0Opoj
HEBAaKLWHHUCAHUX KeHKW. Haxamnocr,
0 YKynHO 60 peruoHaJiHuX jeIUHULA,
HEKOJIMKO WX HHUje IOCTaBUIIO NOJATKE.
Konkpetnuje, 2013. romvHe jemHa U
2015. ropyHEe OBE PErHOHAIHE jeNUHULE.
2012 u 2014 ronuHe CBU Cy OOTOBOPHWIH
Ha YIUTHUK.

bpoj 3anocnmeHux koju Ccy pagwin y
IporpaMy Npor3allao je U3 Mojcekuuje
JbyAackux  pecypca M3 YIIUTHHKA.
[lpeuusHuje 3a 30HY BaKUWHALUje
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KOpHULUITEHA ToJba cy Ouna: “Y Jupekunju  Ha HU3padyyHaBame NOTpedHUX
3da pypaiHy EKOHOMI/ij N BETEPUHY Ha TIpylla 3aCHOBAHHUX CaMO Ha 6p0jy

Halloj nepudepuju (peruoHy) TpEHYTHO
panu (31) ... BeTepuHap (CTaqHUX U Ca
yroBOpPOM Ha HeonpeheHo), (32) ... octanu
3amociaeHn (agMUHUCTPATUBHO OCODJBE,
pamHULM UTA.), (33) BETEPUHADPH
(ce3oHCckH) M (34) ... ocTanu 3amnoCiaeHu
(Ce30HCKH). 3a 30HY HCKOpjemHUBama
1osba Koja Cce OJJHOCe Ha Jby[CKe pecypce
Cy MCTa CaMo JIpyrauvje HyMepHucaHa.

3dor morogHOCTM W 300r TOra IUTO je
v3pauyyHaBawe Apyror u tpeher yciosa
CJIOKEHO W Mame BaXHO y OFHOCY Ha
NPBY, OBa CTy[HWja je duna ycpeacpehena

HEBAaKIIMHUCAHUX KEHCKUX )KUBOTHHA. Y
CKOpPO CBHM DPETHOHAIHUM jeIUHHULIAMA,
NOJAlM O MOKPUBEHOCTH BaKIIUHAMA, Kao
u 0Opojy mnpeocTanux HeBaKLUMHHUCAHUX
KUBOTUHA, NOOWjEeHH Cy H3 MCKYCTBA

BETEpUHApa, JIOKaJTHUX apxuBa H
HajOmwxker — moryher  CTaTUCTUYKOT
npucTyna. TauynocT nojaraka

IIOCJIAaHUX O] 3BaHUYHUX BeETEpUHapa
CBUX BETEPHUHAPCKUX Ofije/bela HUje
nposjepaBaHa Beh cy npuxsaheHu Kkako
Cy IIPUMJBEHHU.

PE3YJITATH

HakoH Tora, pesynaTaTd MpOU3AILIN
W3 OJIrOBOpA KOj€ je LEeHTpaIH! Haljlex-
HU OpraH 10dH0 Ha TOOUILKEM HHUBOY Cy
IeTa/bHO PUKa3aH!U U 1a/be Pa3MaTpaHH.
(Doxyment 2012, Hoxyment 2013, Ho-
kymeHT 014, Ioxkyment 2015). Y nepu-
oy on 2012. no 2013. rogune Opoj ak-
TUBHUX Ta3guHCTaBa (KOjU HMMajy KHBe
KUBOTHIE) U OBalla U Ko3a onpeheH je
NPUOIMXHOM TMPOLjEHOM KOjy CY ypanu-
i1 BeTepuHapH Ha (papmama Koje Cy y3-
rajajsie ’XKMBOTHUHE Y BUXOBOj PETHOHAI-
HOj jeIMHULY, WU CYy JOOUjeHe AUPEKTHO
u3 lentpanue dase momaraka (LIBIT). 3a
2014. n 2015. ronuHy yTBphUBame OBUX
OpojeBa 3aCHOBAHO je Ha perucTpauuju
KOjy Cy (papMepHy HanpaBUiIU Y LEHTpasl-
HOj a3y noparaka 3a MIPETXOSHY TOJUHY.
bpoj akTUBHUX ra3guHCTaBa U Opoj oBaua
¥ Ko3a of 2014. ropuHe Ma Hajabke CMa-
Tpa Ce IPELUU3HUJUM.

Kao wro je npukasaHo y tabenu 1,y
30HM BaKLHMHaLM]je je Op0j aKTUBHUX ras-

puHcTaBa y 2012. 6uo 103.569 u mperp-
MO je 3HayajHO cMamewme y 2015. ro-
OUHU. Kafa ux je dwio 54.817. Jo oBor
CMamewma je YIJaBHOM AOIIO0 300r ma-
COBHOT OpHcama HeaKTUBHUX ra3fHHCTa-
Ba M3 lleHTpanHe ba3e nogataka. M3 ucror
pasnora omnao je ¥ 0poj KUBHX OBalLla U
Ko3a y opHocy Ha 2012. roguny. Myxja-
UU Cy YK/bYYEHH y OIIITY MOMyJalujy
XKUBOTHHbA U U3HOCWITH cy 5-10% ykymHe
nonysnauvje. bpoj BakKIIMHUCAHUX KUBO-
TUHA JO0HjeH je MHOUPEKTHO 0f OAOUTKA
HEBAaKLMHUCAHUX >KUBOTHHA OfI YKYIIHE
NOIIyJIallHje )KUBOTH A YK/BYUEHUX Y CXE-
My BaKLMHauuje. bpoj HEBaKLIMHUCAHUX
KUBOTUBA NOOHjEH je KOMIUIETHUPameM
14. nutawma y yIUTHUKY.

[TOKpHUBEHOCT BaKLIMHALIMjOM H3payvy-
HaTa je Ha OCHOBY MPOLIEHTa BaKLHHHCA-
HUX OBalla ¥ K03a y YKYITHO] MOMyaluju
oBalla ¥ K033, KaKko je HaBeeHO y YIIUT-
HunuMa. [lpu u3pauyHaBawy MOKpPHBE-
HOCTH BaKUMHALHWjoM Myxjauu (5-10%)
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HUCY y3€TH y 003up. 3a 2013. roguny CTO-
1a CMawema aKTUBHUX (papMu y LiUjenoj
3emsbu usHocuna je 12,83%, 3a 2014. ro-
IOUHY u3HOocuna je 2,67%, a 3a 2015. ro-
nuny 38,03%. Crora cmMameme ydeurha

(papMHU y3eTHUX y 003Up 3a NpOrpam Hs-
Hocuio je 47,43% y nepuony 2012-2015.
Crona cMamemwa Opoja oBala U Ko3a U3-
Hocuna je 3,23% y 2014. roguny, a 3a
2015. ronuny 18,59%.

130000
135928

118,487

m Holdings

(2]

115 328

2012

*XOJIIUHIC-Ta3JUHCTBA

2014 2018

Cnuka 1. [Ipuka3s dpoja ra3gHHCTaBa OBalla H K03a y LIHje/I0j 3eM/bH

16 300 000

16,177,723 16.225.510

16 000 000

(=]

15.701.634

13300000 1

13000000

= Sheep & Goats

14300000 4

14.000 000

13 500000 4

13.000 000 4

12 300000

2012

2013

T2.781.957

2015

2014

Cnuka 2. [Ipuka3s dpoja oBanja 4 K03a y IHje10j 3eM/bH 110 TOOHHAMa

TauHa perucrpanyja nomyaanuje oBa-
Ua ¥ KO03a je K/byYHHU NapaMeTap 3a Ofi-
pehuBame HEONXOAHHUX JbYACKUX PECcyp-
ca 3a crnposoheme nporpama. ITomro cy
M2 v M4 rasgvHCTBa y 30HH UCKOPjEHBH-

Baka “He3HaTHa" y mopehewy ca ykyn-
HUM OpojeM, [IOIIO je 0O WHOWUKATHUB-
HOI' M3payyHaBama HajMame jeJHOr Ca-
KyI/bamba Y30pKa KpPBH Of YKYIIHOT Opoja
oBalla ¥ K03a y 30HM epagukauuje. Oc-
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HOBHU U IJIaBHU MapameTap KOju je Heo-
MXOJAaH je CTBapHU OpOj KUBOTHHA CTa-
PUjuX 0f 6 MECeUUu y PETUOHAHO] jefu-

HULIM jep Cy y30pLUH KPBH y3€TH OJf CBUX
YKUBOTHHA CTapujux of 6 mjeceuu (Tade-
na 2).

Tabena 2. 3oHa uckopjewusama (3H1). [Tomanu ce onHoce Ha 31. meuembap cBake

roguHe

l'oguna 2012. 2013. 2014. 2015.

[a3MHCTBO U l'azguncTBa 28.155 27.827 28.543 16.646

KHUBOTHIE Y

nporpamy Oue n xkoze 4.306.136  4.583.015 4.138.404 3.675.388
I'aznuncTBa 19.231 26.689 24.332 14.862

1‘11\5)[1}03H3.T craryc

) OBue n ko3¢ 3.603.942  4.376.260 3.550.050 3.257.763

I'aznuHCcTBa 44 37 30 33

ITo3utnBHO

rasmunctso (M+) - e ygose 16,887 16.523 12.779 12.004

a3 MHCTBO ca I'azpuHcTBa 1.968 565 2.647 1.350

HEraTHBHUM

pesynraruma (M2)  Osne u ko3e 181.065 96.361 498.160 317.253

gleaKTHBHO) Tl'asouHcTBa 6.692 134 2 72

J'Iy6>K6GH0

rasmmcrsa (Mds) OBuemkose  460.016  19.118 110 18.398

Ciyx6eH0 l'aszmuncTBa 220 402 380 329

cnoboaHa

rasauHcTBa (M4) OBI1E 1 KO3€ 44.226 74.753 83.605 69.970

3a OpKy U CUTYpPHHjy NPUMjEHY Bak-
LUUHUCamka WIH y30pKOBawma KpPBH II0-
TpedHe cy HajMame ABHUje ocode (“Tpy-
na") ¥ BJIACHUK XKUBOTHHA WIH HEKO KO
je 3a/ly’KeH 3a BUXO0BO XBaTawbe U IpKambe
TOKOM BaKLIMHaLUje / y3opKkoBamwa. “I'py-
na"” ce cacToju of Ciyx0eHor BeTephHa-
pa Koju mpumpeMa BaKUMHY W yDpu3ra-
Ba je y IECHO OKO ’KMBOTHHE WIH y3HMa
y30paK KpBU U HETOBOT TOMOhHUKA KOjU
OWsbe)XM BaKLIMHUCAHE / Y30PKOBAHE »KHU-

BOTHUIE Y KaTalOl U FeHepaiHO [TOMaXKe
BeTepuHapy. CMameme Opoja perucrpo-
BaHUX ra3guHCTaBa, Opoja oBala U Ko3a
HakoH 2013. roguHe, Kao W Iomysaunuje
YKUBOTHHA Koje Tpeda na dyny BaKIMHHU-
CaHe WM CEPOJIOIIKU TeCTUPaHEe, Pe3yi-
THUPAJIO je MOCTEIIEHUM CMabeHheM YKYTI-
Hor dpoja notpedbHux rpyna (Tadena 3).
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Tabena 3. Caxxera Tabena ca mojanHma O MOMYyJIallHjH KHBOTHBA, CTaja H
JBYICKHUM pecypcHuMa 3a nepuog 2012-2015, y nujesnoj 3eM/bH

Tonuna 2012 2013 2014 2015
["a3nuHcTBaA

pEerucTpoBaHa y 135.928 118.487 115.328 71.463
HeHTpaIHy 0azy

Bpoj oarna u xo3a 16.177.723  16.225.510 15.701.634 12.781.957
Bpoj xxuBoTuma 3a

BaKI[MHHUCAFHC WITH 8.089.886  7.837.837  7.305.702 5.743.742
Y30pKOBambe

VYkyman 6poj moTpeOHuxX 716 734 618 485
rpymna

CraiHo ocobbe 810 687 675 656
(BeTepuHapH + ApyTH (480+330)  (413+274)  (404+271) (394+262)
3aI0CJIeHUIN)

Ce30HCKO 0c00Ibe 29 123 103 9
(BeTepurapi ¢ 1pyrH (5+24) (59+64) (50+53) (7+2)
3aI10CJICHHUIIN )

JacHO je WIyCcTpOBaHO CMamkemhe CTaj-
HOT 0COO/ba (BETEPUHAPU U IPYTH TeX-
HUYKW / aJMHUHHUCTPATHUBHU CIyXOEeHU-
1IM) KOjU pajie Ha UMIUIEMEHTALUj! MPo-
rpama 3a 2012-2015. roguny. 3a 2013.
TOOUHY CMameme je usHocuno (15,18%)
10,78%, 3a 2014. roguny 1,75%, a 3a

s00

2015. ropuny 2,97%. To je nmosemo mo
YKYIHOT CMambema CTaTHOT 0Co0sba 3a ro-
ouHe 2012-2015 (19,35%) om 14,95%.
Hox je 3a Opoj ce30HCKUX 3amoCiaeHuKa
perpyToBaHUX y OBOM NEPUOLY, OUUTTIeN-
HO 1a Bapupa.

Total
S10
700 Total
687 Total Total
67S 656
oo |
s00
Groups
200 Permanent staff Il
Seasonal staff
300
200
N .
o -+

2012

2013
Cnmuka 3. [Ipuka3 aHanoruje Opoja
3anocineHux y nepuony 2012-2015.

2014

2015

CTaJIHO 3aIlOCJI€HHX, IPylla H CE€30HCKH
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Cnuka. 4. bpoj morpedbHux rpyma 3a edHKacHO crnpoBoleme mporpama Io

TOOJHHaMa

bpoj motpednux rpyna 3a edukacHo
crpoBoheme mporpama M3padyHar je Ha
civjepehu HauwH: 716 3a 2012. roguny,
734 3a 2013. roguny, 618 3a 2014. ro-
ouHy 1 485 3a 2015. roguny. Kao mro
Ce BUMjeNI0 U3 YIUTHHUKA, CBaKa nepude-
pYja uMa pas3nuyuTe norpede 3a rpymna-

ma. Hajsehu Opoj rpyna norpeban je Ha
nepudepujama Kpura (IT1L;: 205 rpyna) u
Ha nepudepuju 3anagHe ['puke (I1BI: 71
rpyna). KoHKpeTHUje, perioHalHa jenu-
Huua PetumHo Tpeda 121 rpyny, a peruo-
Ha/lHa jeguHHLa Etonua-AnapHaHua 1o-
Tpaxyje 44 rpymne.
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Cnuka 5. [Ipuka3s dpoja norpedbHux rpymna 3a cBaky nepudepujy y 2015. rosuHu
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OUCKYCHJA

OBo je npBU NyT fla HAYYHU paj Ha XO-
JTUCTUYKY HAUMH Mpoljewyje HHPopMa-
[¥je KOje Ce OOHOCE Ha YKyIlaH Opoj Xu-
BUX KMBOTUHKA BaKUUHHUCAHUX ca PEB-1.
[Topen Tora, axxypupaHH Cy ofauy o ce-
POJIOLIKK TECTUPaHUM OBLlaMa U KO3ama
y I'puxoj 3a nepuon 2012-2015. ['maBHu
UWb OBE CTyAHje OHWO je YTBpOUTH MHU-
HUMaJIHE 3aXTjeBe Y JbYLCKUM peCcypCcH-
Ma KOjU Ce TofuIlke CMarpajy mnorped-
HUM 3a e(pMKacHO CIpoBohewe mporpama
KOHTpOJIE OBYj€ U K03je Dpy1enose, Bpex-
HOBaWeM IojaTaka AOOHjeHUX Ofi CTpa-
HE HalUIe)KHUX BETEPHHApPCKUX OpraHa
KOjH Cy CIIDOBOAMIIH 0Baj IPOrpam TOKOM
rope HasefneHor nepuopa. Oujemyjyhu
[JIaBHE pe3y/TaTe OBe CTyIHje, OYUIen-
HO je [a Iporpam 3a KOHTPOJIy U epaju-
Kauujy dpyuenose osaua U ko3a y ['pukoj
Hyje dwio Mmoryhe ychjemHo npumuje-
HUTH 3a roguHe 2012-2015. Hanop ueH-
TPaJIHOT HaJJIE)XHOT OpraHa Jja paluoHa-
nusyje Opoj ra3guHCTaBa U KUBOTHHA Pe-
3yJITOBAO je D0/bOM MPOLjEHOM peasHo-
cTH, 300r cMamerwa dpoja oBaua M Ko3a.
Crora je mouuio 1o cmamema Opoja rpy-
na. 3anpaBso, HeOxXonaH dpoj rpyna Koje
je Tpedano ma dymy yxipydyeHe y norpede
nporpama Tokom 2015. rogune je 485 u
IPUINYHO INpemalryje dpoj BeTeprHapa
KOjU Cy TPEHYTHO PErUCTPOBaHU y 3Ba-
HUYHOj Dasu MUHHCTApCTBa 338 PypaIHU
pasBoj ¥ xpaHy, wTo je 460 (xTTmn 2016 ).
Y3umajyhu y 063up TpeHyTHe eKOHOMCKe
YCI0BE Y 3€MJbH, 3amouubaBame 485x2 =
970 jaBHUX CITykDE€HHKA HUCK/BYYUBO 3a
notpede mporpama dpyrenose He MOXe
Ceé CMaTpaTH pealHUM CLIeHapHjeM, HaKo

cy nonutudapu og crpade LIHO nocedHo
MH(OPMHCAHH y NTPETXOJHUM rOIMHAMA
0 mnorpebama KagpoBawa PpPErMOHaTHHUX
BETEPUHAPCKUX CIy)0u. Mehytum, aHa-
JIU30M IJIaBHUX 3aKk/byyaKka OBE CTYAHjE,
MOJ€ Ce TBpOUTH Ja Dapem AjeMMHY-
HO MUHHMAJIHU 3aXTeBU 0Codsba 3a eu-
KacHO cripoBoheme mporpama dpyuernose
KOZ oBala U ko3a y ['puxoj mory dutu 3a-
NOBOJbEHH YK/bYUHMBAalkEM IPUBATHUX Be-
TEpUHAapa.

Wnak, yak ¥ y CJly4ajy Ia MPUBATHU
BeTepUHapu (Win (apMCKH BeTepUHA-
PHY) MOTY y TOTIYHOCTH JIa OATOBOpE Ha
norpede mporpama, Tpeba Jja/be UCIUTa-
TH Ja JIX CTaJHO BETEPUHAPCKO 0COOIbE Y
pervoHalHUM jeIMHUL]aMa UMa Karalu-
TET Jja Hafiresia CipoBoheme mporpama u
M3BPILHU OJroBapajyhe mposjepe ysopaka.

Bpemencku nmepuon 2012-215. rogu-
He CMaTtpa Ce jeIHUM Of “HajTexux” 1me-
puofa y morjeny npyjeBpeMeHnX MeH3u-
OHHCaka WCKYCHUX BeTepuHapa W Jpy-
TUX CTPy4Ylaka y jaBHOM cekTopy. CTora
je cmameH Opoj 3amoC/eHUX Yy CTaTHOM
panHOM OZHOCY, a ca Apyre CTpaHe yBe-
IieHe HOBe a]MUHUCTPATHUBHE MPOIeype
Y B€3W Ca HOBUM 3BaHUYHUM JIOKyMEHTHU-
Ma (Hmp. YHOC mofiaTaka, moTBp/a O Bak-
[TUHALUjH, CePTU(HUKAT CEPOIOUTKOT Te-
cThpama), noBesne cy A0 nosehama mo-
TpedHUX aJIMUHUCTPATHBHUX MpoIleypa
3a pjemaBame notpeda mporpama. [lopen
TOra, JOLUIO je IO OrpaHuYeHha J03BOJbe-
HUX KpeTama U HakHajla, Kao ¥ 3HaYajHOT
CMamema TulaTa CTAJTHOT ¥ KBaJU(UKO-
BaHOT ocod/pa. OBakBa CHUTyallWja Hera-
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TUBHO je yTHLlaja Ha MMIUIEMEHTauujy
nporpama.

[TapameTap koju dM MOrao yTHLIATH
Ha BAJIMHOCT U3BYYEHHUX IT0flaTaKa IIpH-
Ka3aHUX y 0BOj CTYOUjU jeCTe YMHEHUIIA
Ila Ce aHa/IM3a 3aCHUBA Ha IpoLjeHaMa U
arnpoKkcumalnujama ofi CTpaHe CIIyKOeHUX
BETEpHUHApa y PETMOHAJIHUM jeIVHHIIA-
Mma.

MebhyTtum, oBa cTyguja mpyxa jacHe
nokase o obumy npobnema Koju ce of-
HOCH Ha HeedHUKaCHy IPHUMjEHY I'PUYKOT
nporpama KOHTpOJIe OpyLeno3e Koj OBa-
1la ¥ K032 ¥ BaJKHOCT yCBajamba KOPEKTUB-
HUX Mjepa y LM/by pjellaBama MOMEHY-
TUX npodiema.

3AK/bYYIIH

duckanHa cutyaudjay I'pukoj y nepu-
ony on 2012. no 2015. ronpyuHe HETaTUBHO
je yThlaya Ha UMIVIEMEHTALH]y Tporpa-
Ma Opyuesnose oBaua U Ko3a. 3a epukac-
HO W YYMHKOBHUTO CIpOBOheme mporpa-
Ma, perpyroBame CTaJIHOT W CE30HCKOT
ocod/ba y BeTEpUHAPCKUM ciyxbama je
o usy3eTHe BaxHocTH. [lopen Tora, mo-
TpedHo je v nmoBehawe npara “AaHa Ha Te-
peHYy” 3a 3BAHUYHE PETHOHAIHE BETEPU-
Hepe Kako OW ce BpaTwia CUTyalnuja Ha

npetxofsHu HUBO on 180 “mana”, jep ce
nporpaMm Opyuenos3e y MOTIYHOCTH HM-
IUIeMeHTUpa Ha TepeHy. Haparme, jaBHU
BETEPUHAPCKHU CEKTOP Ha LIEHTPAJIHOM U
pervoHaIHOM HHMBOY O Tpedasno fa Ha
edUKaCHUjU HAUUH UCKopUcTU Beh peru-
CTpPOBaHE BeTepHHEpe KaKo OW MOIMyHHU-
M ja3 y JbyICKUM pecypcuma. Hasenene
KOPEKTHUBHE Mjepe Mopajy ce 0DaBUTH Ha
OCHOBY KamnauuTeTa CTOKe Ha pas3/INyu-
TUM niepudeprjama.

3axBase: AyTopu cy 3axBasHy npod.ap JoBaHy bojkoBckom 3a nomoh y pykonucy
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Abstract: The sheep and goats brucellosis programis one of the mostimportant animal
health programs with significant animal health, public health, and international
trade consequences. Several factors are involved in the implementation of this
program, while its success depends on the availability of an effective, well-trained,
and fully engaged staff. Considering the poor results of sheep and goats brucellosis
program in Greece mainly related to the limited number of veterinarians working
in the regional veterinary services, the present study aims to approach the number
of the human resources and more precisely of veterinarians that are essential for
the effective and efficient brucellosis control strategy in Greece. Therefore, the data
derived by the performance of the program for the years 2012 to 2015 are analyzed.
Finally, economic and political circumstances — external factors that affect the
functionality of the program as well as all relevant bottlenecks are being discussed.
The findings of the present study indicate that approximately 485 veterinarians with
485 assistants working for the needs of the brucellosis program would significantly
assist on the complete implementation of the brucellosis control and eradication of
the disease in Greek sheep and goat holdings.

Keywords: Brucellosis, Greece, brucellosis program, personnel
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INTRODUCTION

The transmission of Brucella spp.
to humans is of zoonotic importance
and is related to the direct contact with
infected tissues or secretions of affected
animals or to the consumption of
unpasteurized milk or products thereof
(Atluri VL, 2011). Brucellosis is endemic
in countries around the Mediterranean
basin (Edgardo Moreno 2014), while
Greece has the highest rates of human
cases among European countries
(European Centre for Disease Prevention
and Control, 2015). Brucella melitensis
is associated with the vast majority of
human cases (M.J. Corbel 2006).

In Greece the implementation of
the Sheep and Goats (S&G) brucellosis
program started in 1977 regulated by
law (Presidential Decree 332 1977) and
resulted in a significant decrease of
clinical cases in animals and humans.
Initially it was performed with the
subcutaneous (sc) vaccination of young
sheep and goats (3-6 months of age).
During the period 1992 to 1998, the
Central Competent Authority (CCA),
which is the Animal Health Directorate
of the Ministry of Rural Development &
Food, decided to redesign the national
brucellosis program in animals and
gradually stopped the vaccination in
some areas and initiated an eradication
program based on the serological
testing of the animals and the culling of
infected sheep and goats. Initially, the
islands (1992) were included in this new
approach and gradually Peloponnese
(1993) and then all animal holdings in

the entire country (1994) were included
in the eradication program. This change
resulted in a dramatic increase of
brucellosis incidents in both humans
and animals, mainly attributed to the
incomplete and scarce application of
the eradication program. This can be
explained due to the following cause: the
man-hours needed for approximately
15,000,000 blood samples were multipled
in relation to the vaccination of the
replacement animals only, which was
almost 3,000,000 (15-20% of the total
population). The existing staff could not
respond to the excessively increasing
demands of the program. To address
the problem, the massive vaccination
of female, young and adult sheep and
goats started again in the mainland and
Evia, whereas on the islands, where the
prevalence was lower, the eradication
program  continued (1999). The
vaccination strategy returned in Lesvos
and Leros islands in 2003 and in Thasos
in 2008 due to human cases reported in
these islands.

Until 2012, the sheep and goat
vaccinations were not recorded per
each individual animal-per ear tag-,
but as a sum of animals in a vaccinated
holding. The vaccinated animals were
not recorded in any database and
were recognized only individually
from the tattoo on their right ear, if
distinguished. With the Ministerial
Decision 4888/130873/31.12.2012 (GG
11/3545) (Edgardo Moreno 2014) the
tattooing was repealed (due to involved
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problems as it is painful for animals,
dangerous for the person who applies
it, time consuming etc.). Instead, the
individual registration on a datasheet of
the vaccinated animals was established
according to their number of marking
[an ear tag or a bolus, which is the
individual animal identification number
(ID)]. Subsequently, the IDs should be
entered in the Central Data Base (CDB)
by the authorized staff in RUs, but this
was not strictly applied. Unfortunately,
due to the fact that not all vaccinated
animals are registered per ID in the
country (before 2012), it is extremely
difficult for the CCA which is competent
for the evaluation of the effectiveness of
the program at central level, to conclude
the accurate results (number of alive
vaccinated animals when compared to
the total animal population), as CCA

relies on estimations for the number
of vaccinated animals of the regional
veterinarians which are responsible for
the implementation of the program at
local level and keep all the records.
Between 2012 and 2015, the S&G
brucellosis program in  Greece,
divides the country in two zones: 1) A
vaccination zone (VZ), where female
sheep and goats are vaccinated once in
their lives (over the age of 3months old)
and male animals are routinely blood-
sampled for further serological testing
every 6-12 months (over the age of
eémonths old). 2) An eradication zone
(EZ), where blood-sampling (every
6-12 months) and slaughter policy
is implemented for all animals (over
the age of 6months old) (Ministerial
Decision, 2012) (Fig. 1).

Table 1. Vaccination zone (VZ). Data refer to the 31° December of each year

Active Sheep &  Vaccinated Unvaccinated Vaccination coverage
Year farms goats animals animals at animal level
(No) (No) (No) (No) (o)
2012. 103.569  11.871.587  7.683.545 4.188.042 64,72
2013. 90.719  11.642.501  8.696.434 2.946.067 74,69
2014. 87.937  11.562.550  8.525.347 3.037.203 73,73
2015. 54.817 9.106.569  7.181.215 1.925.354 78,85

In EZ, farms are classified in four
categories according to their health
status as to brucellosis; “M+” for
positive holdings, “M1” for holdings of
unknown status, “M2"” for holdings with
negative results, “M4s” for officially
free holdings suspended and “M4" for

officially free holdings. More precisely,
given that a farm is assigned to the
“M1" health status (namely an unknown
health status regarding brucellosis) two
consecutive blood collections and testing
are required in 6 to 12 months intervals
with negative results regarding the
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presence of Brucella spp. If the results
of the first blood sampling are negative
the farm can switch to an “M2” health
status. Then, it is required a second
blood collection with negative results
and the holding can be characterized as
“M4" (officially brucellosis free).

In the VZ, farms are classified as 1)
“vaccinated”, 2) “unvaccinated” and 3)
“farm with positive animals”.

The vaccine contains live Brucella
melitensis bacteria; strain REV-1, which
are pathogenic to humans (Vaccine's
package leaflet, 2004). Hence,
vaccination process should be performed
in a place protected from wind and dust.
All persons involved in the vaccination
process (veterinarian, assistant and farm
owner) are obliged to adopt the adequate
biosecurity measures. In addition, they
should not be positioned in a direction
opposite to the wind. In the vaccination
place, no one else should be present
due to the increased risk of airborne
infection or contact of the vaccine
droplets with the mucosal tissues.
Especially pregnant women should be
outside the farm and avoid visiting it for
the next few days. The vaccination of
animals is required to be carried out by
an official veterinarian. Moreover, since
2013 even private veterinarians, who
have been approved by the Veterinary
Department of the Directorate for
Rural Economy and Veterinary of
each Regional Unit, were permitted to
participate in the implementation of the
program (Instructions Manual, 2016).

Additional difficulties in the
implementation of the program related
to the socioeconomic situation in Greece
that emerged in 2010. The major one
was the reduction of expenditure in
public sector, which caused a freeze in
public servants’ salaries, and reductions
in their additional bonuses and overtime
and travel allowances (Pipini M, 2014).

Moreover, the general de minimis
ceiling of geotechnical employees’
allowable movements per month and
year, according to the Article 9 of Law
3833/2010"?, was limited to sixty (60)
days from one hundred and twenty
(120) that were set by the provisions
of a previous Law, more specifically
of Article 2 of Law 2685/1999 (Law
2685/1999). Exceeding the 60 days limit
(up to 80 days) is permitted only for
dealing with emerging events to support
special service needs (https 2016a).

The above, combined with a) the
restriction of compensated kilometric
distances [Article 9 of Law 2685/19999,
ie. for a 20-40 km distance the
compensation amounts to one third (%3)
of 10.000 GRDs'], b) the two Insurance
Laws (Law 3863 And Law 3865 of 2010)
which favored the massive retirement
of mainly women veterinarians (https
2016b), and c) the provisions of Article
11 of Law 3833 of 2010'2 «one recruitment
per five retirements», affected negatively
the implementation of the program.

The S&G brucellosis program aims
to safeguard animal health and protect
public health. So far the predicted targets
have not been reached yet. The purpose
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of the present study is the investigation
of the minimum possible personnel (in
the form of a two-person-group) for the

effective and efficient application of the
program.

MATERIALS AND METHODS

For the present study a closed-
ended type questionnaire was used,
which was sent from the Department
of Zoonoses (DZ) of the Directorate of
Animal Health (DAH) of Ministry of
Rural Development & Food (MRDF) to
all Veterinary Departments (VDs) of
Greece during the years 2012 until 2015.
The questionnaire was sent at the end
of each semester (on June 30™) and at
the end of each year (on December 31%),
so that official veterinarians who filled
it became accustomed to its form and
content. It consisted of two sections; the
first one referred to the VZ and included
42 questions, and the second to the EZ
and had 29 questions. The VZ section
was divided into six subsections, namely,
Holdings and Population; Vaccination
with REV-1, Blood Sampling,
Epizootiology and Epidemiology, Human
Resources and Aims.

From the total of the 42 questions
concerning the Regional Units (RUs)
of the Vaccination Zone (VZ), the fields
41 and 42 of the subsection Aims of
the questionnaire were used, i.e. «A
group can vaccinate in one day an average
number of (41) ...female animals or collect
(42)... blood samples». As for the RUs of
the Eradication Zone (EZ), from the total
of the 29 questions, the field 27 of the
questionnaire was used, i.e. «A group can

1 Greek drachmas. Monetary value in Greece until 2001.

collect an average number of (27) ... blood
samples in one day». Thereby it became
possible to calculate the approximate
capacity of a group (one veterinarian
and one assistant) for each RU, based
on the particular circumstances and the
experience of veterinarians who applied
the program for many years.

The next factor that should have
been evaluated was the number of days
that public veterinarians are entitled
by law to work away from their office.
This is widely known as the “days away”
which each employee in the public
sector is entitled to and for which he
is compensated. In Greece since 2010,
the maximum number of “days away”
provided by legislation (Law 3833, 2010)
is “60". Multiplying the number of
vaccinations or blood samplings by “60”
the result reflects the total number of
animals that is feasible to be vaccinated
or blood sampled in the specific RU
during a year.

Another important element that was
assessed concerning the VZ resulted from
the field 14 of the subsection Vaccination
with REV-1 of the questionnaire: «From
the total animal population of our RU, (13)
% of sheep and goats vaccinated and there
are still (14)... unvaccinated animals». In
VZ, the fundamental parameter needed
is the number of unvaccinated females
in an RU. Unfortunately, from the total
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of 60 RUs some RUs did not provide
data. More specifically, in the year
2013 one RU and in the year 2015 two
RUs did not provide data. For the years
2012 and 2014 all RUs responded to the
questionnaire.

The number of employees who
worked in the program derived from
the fields of the subsection of Human
Resources of the questionnaire. More
specifically for the VZ the fields used
were: «In the Directorate of Rural Economy
and Veterinary of our Periphery (Region)
are currently working (31)... veterinarians
(of permanent and contracts of indefinite
duration),(32)... other employees
(administrative staff, workers, etc.), (33)...
veterinarians (seasonal) and (34)... other
employees (seasonal). For the EZ the
fields that refer to Human Resources are

the same just with different numbering.

For reasons of convenience and as
the calculation of the second and third
condition is quite complex and of minor
importance in relation to the first, this
study was focused on the calculation of
the necessary groups based only on the
number of unvaccinated female animals.
In almost all RUs requested to reply, the
vaccine coverage as well as the number
of remaining unvaccinated animals, was
data obtained from the experience of
the veterinarians, local service archives
and the nearest possible statistical
approach. Data that was sent from the
official veterinarians of all Veterinary
Departments were not checked for their
accuracy, but they were accepted as
received.

RESULTS

Thereafter, the results that arose
from the answers received by the CCA
on an annual basis are presented in
full detail and further discussed. (The
document 2012, The document 2013,
The document 2014, The document
2015).

Fortheyears 2012 to 2013 the number
of active farms (which have live animals)
and sheep and goats was determined by
an approximate estimation performed
by the official veterinarians concerning
farms that were breeding animals in
their RU, or was obtained directly from
the Central Data Base (CDB). For the
years 2014 and 2015 the determination
of those two numbers was based on the

registration farmers made in the CDB for
the previous year. The Department of
Animal Identification and Registration
Artificial Insemination and Veterinary
Institutions of the Directorate of
Animal Protection of the MRDF sent the
registration data of the CDB to the DZ of
the DAH of the MRDF. Thus, the number
of active farms and the number of sheep
and goats is considered to be closer to
reality from the year 2014 onwards.

As it is shown in Table 1, in the VZ
the number of active farms in 2012 was
103,569 and suffered a considerable
decrease reaching 54.817in the year
2015. This significant reduction is
mainly due to the CDB’s clearance (the
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massive deletion of inactive holdings).
The number of live sheep and goats
also decreased from the year 2012 and
after for the same reason. In the animal
population, males were included and
they are estimated at approximately
5-10% of the total population.

The number of vaccinated animals
was obtained indirectly from the
deduction of unvaccinated animals from
the total animal population included in
the vaccination scheme of the VZ. As
for the number of unvaccinated animals
it was extracted from the completion of
the question 14 of the questionnaire.

The vaccination coverage was
calculated based on the percentage of

150.000

vaccinated sheep & goats in the total
sheep and goat population, as they
were stated in the questionnaires. In
calculating the vaccination coverage
male animals (5-10%) were not taken
into account.

For the year 2013 the reduction rate
of active farms in the entire country was
12.83%, for 2014 it was 2.67% and for
2015 it was 38.03%. Thus, it resulted in
a total reduction of holdings taken into
account for the program of 47.43% in
the years 2012-2015. The reduction rate
of sheep and goat number was 3.23%
in 2014 and for the year 2015 it was
18.59%.

135.928

118.487

120.000 +

m Holdings

118398

90.000 4

60.000 +

30.000 4

2013

2014 2015

Fig 1. The number of sheep and goat holdings in the entire country is shown
and the number of sheep and goats in the entire country per year is shown in

Fig. 2.
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Fig 2. The number of sheep and goats in the entire country per year is shown

The correct registration of ovine and
caprine population is a key parameter
for the approximation of the necessary
human resources to implement the
program. Since M2 and M4 holdings
of the EZ are “insignificant” compared
to the total number, there was an
indicative calculation of the at least one

blood collection of the total number of
sheep and goats of the EZ. The basic and
main parameter necessary is the actual
number of animals older than 6 months
in a RU since male and female animals
older than 6 months are blood sampled
(Table 2).

Table 2. Eradication Zone (EZ). Data refer to the 315 December of each year

Year 2012 2013 2014 2015
animals in the sh &
programme  ONeeP 4306.136  4.583.015  4.138.404  3.675.388
Holdings 19.231 26.689 24332 14.862
Unknown
status (M1) Sheep & 3.603.942 4376260  3.550.050  3.257.763
Eolsciit.ive( : Holdings 44 37 30 33
olding (M+ Sheep &
e 16.887 16.523 12.779 12.004
Holding with ~ Holdings 1.968 565 2.647 1.350
negative
results (M2) (S}%Zilg & 181.065 96.361 498.160 317.253
Officially Holdings 6.692 134 2 72
free ho(li 1(111g
suspende Sheep &
(Més) e 460.016 19.118 110 18.398
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. Holdings 220 402 380 329
Officially free £
holding (M4) -~ Sheep & 44.226 74753 83.605 69.970

For the faster and safer implementation
of vaccinations or blood samplings at
least two persons are required (“group”)
and the owner of the animals or
someone who is in charge of their catch
and restraint during the vaccination/
sampling. The “group” consists of the
official veterinarian who prepares the
vaccine and instills it into the right eye of
the animal or takes the blood sample and

his assistant who records the vaccinated/
blood-sampled animals in a catalogue
and in general assists the veterinarian.
Thereduction in the number of registered
holdings, in the number of sheep and
goats after 2013, and in the animals’
population which is to be vaccinated or
to be serologically tested, resulted in the
gradual reduction of the total number of
groups required (Table 3).

Table 3. Summary table with data on animal population, herds and human
resources for the period 2012-2015, in whole country

Year 2012 2013 2014 2015

Registered holdings in the CDB 135.928 118.487 115.328 71.463
Number of sheep & goats 16.177.723  16.225.510  15.701.634 12.781.957
Number of animals’ population to

be vaceinated or/and taken blood 8.089.886  7.837.837 7.305.702 5.743.742
Total of groups required 716 734 618 485
Permanent personnel 810 687 675 656
(veterinarians + other employees) (480+330)  (413+274)  (404+271) (394+262)
Seasonal personnel 29 123 103 9
(veterinarians + other employees) (5+24) (59+64) (50+53) (7+2)

The reduction of permanent staff
(veterinarians and other technical/
administrative employees) working on
the implementation of the program for
theyears 2012-2015is clearly illustrated.
For the year 2013 it was (15.18%)
10.78%, for the year 2014 1.75% and

for the year 2015 2.97%. Thus, a total
reduction of permanent staff for the
years 2012-2015 of (19.35%) 14.95%
resulted. As for the number of seasonal
employees recruited in this period it
apparently varies.
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Fig 3. The analogy between the number of permanent staff, groups and seasonal
employees during the years 2012-2015 is depicted.
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Fig 4. The number of necessary groups to effectively implement the program
was calculated as following: 716 for the year 2012, 734 for the year 2013, 618 for
the year 2014 and 485 for the year 2015.
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As it resulted from the questionnaire,
each Periphery has different needs
in groups. The greatest number is
demanded in the Peripheries of Crete
(PC: 205 groups) and in the Periphery

of Western Greece (PWG: 71 groups).
More specifically, in the PC the RU of
Rethymno needs 121 groups and in the
PWG the RU of Etolia-Acarnania needs
44 groups.
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Fig 5. For the year 2015 the number of necessary groups in each Periphery is

shown in

DISCUSSION

It is the first time that a scientific
paper assesses in a holistic way
information related to the total number
of alive animals vaccinated with REV-
1. In addition, updated data over
serologically tested sheep & goats in
Greece are provided for the years 2012-
2015. The main goal of this study was to
determine the minimum requirements
in human resources that are considered
as necessary on an annual basis for
the effective implementation of the
sheep and goat brucellosis program,
by evaluating data obtained by the
competent veterinary authorities that

implemented this program during the
above period.

Evaluating the main outcomes of
the present study it is obvious that the
control and eradication program of sheep
and goats’ brucellosis in Greece was not
possible to be applied successfully for
the years 2012-2015.

The effort by the CCA to rationalize
the number of holdings and animals
resulted in the depicting of the reality
in a better approximation, due to the
accounting reduction of sheep & goats’
number. Thus, a decrease in the number
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of groups emerged. In fact, the necessary
number of groups that should be involved
for the program'’s needs during the year
2015 is 485 and approaches greatly the
number of “holding’s veterinarians”
that are currently registered in the
official database of the MRDF, which
is 460 (http 2016). Taking into account
the current economic conditions in the
country, the recruitment and unique
occupation of 485x2=970 public servants
exclusively for the needs of brucellosis
program cannot be considered as a
realistic scenario, although politicians
are being informed especially during the
last years by the CCA, for the necessity
of staffing of the regional veterinary
services. However, evaluating the main
conclusions of the present study, one
could claim that at least partly, the
minimum requirements in personnel
for the effective implementation of
brucellosis program in sheep and goats
in Greece might be covered by the
involvement of private veterinarians.

However, even in the case that private
veterinarians (or farm’s veterinarians)
are able to fully address the needs of the
program, it should be furtherinvestigated
whether the permanent veterinary staff
in the Regional Units has the capacity to
supervise the program’s implementation
and perform the appropriate sample
checks.

The time period of 2012-215 is
considered asone of the “hardest” periods

with regard to the early retirements of
experienced veterinarians and other
skilled professionals in the Public Sector.
Thus, the number of permanent staff
was reduced while on the other side, new
administrative procedures regarding
new official documents introduced
(e.g. data entry, vaccination certificate,
serological testing certificate), led to the
increase of the necessary administrative
procedures to address the services
needs. In addition to that, there was a
limitation of allowable movements and
compensations as well as a significant
reduction in the salaries of permanent
and qualified staff. This situation
affected negatively the implementation
of the program.

A parameter that might have
affected the validity of the extracted
data presented in this study is that
the analysis is based on estimations
and approximations obtained by the
implementation of the program by the
official veterinarians in the regional
units.

However, this study provides clear
evidence regarding the extent of the
problem related to the non-effective
implementation of the Greek sheep
and goats’ brucellosis program and the
importance of adoption of corrective
actions in order to address the
aforementioned bottlenecks.
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CONCLUSIONS

Summarizing, the fiscal situation in
Greece during the period 2012 to 2015
affected adversely the implementation
of sheep and goat brucellosis program.
For the effective and efficient
implementation of the program, the
recruitment of permanent and seasonal
staff in the veterinary services is
considered as of outmost importance.
In addition, an increase in the “days
away” threshold for the official regional
veterinarians in order to restore the
situation in the previous level of the
180 “days away” is also necessary as

brucellosis program is fully implemented
in the field. Furthermore, the public
veterinary sector at both central and
regional level should deploy in a more
effective way the already registered
farm veterinarians so as to fill the gap in
human resources. The above corrective
actions have to be performed based on
the livestock capacity among different
peripheries.
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Kratak sadrzaj: U radu je opisana primjena HACCP sistema u procesu proizvodnje
hladno dimljene pastrmke. Pra¢ena je proizvodnja hladno dimljenog fileta
pastrmke (Oncorhynchus mykiss) sa stanovista bezbjednosti proizvoda spremnih za
konzumiranje. Proces prerade je posmatran i obraden u skladu sa principima HACCP
sistema. U prikazanom modelu, identifikovane su tri kriti¢cne kontrolne tacke (CCP)
za bioloSke opasnosti, za koje su definisane kriti¢ne granice, na¢in monitoringa,
korektivne mjere i nac¢in verifikacije. Tokom 12 mjeseci analizirana je mikrobioloska
ispravnost 65 uzoraka svjeze pastrmke i 195 uzoraka gotovog proizvoda, dimljene
pastrmke. Rezultati mikrobioloskih ispitivanja svjeze i dimljene pastrmke, tokom
ispitivanog perioda, su bili u skladu sa propisanim vrijednostima, $to potvrduje
efikasnost primjene HACCP sistema u procesu proizvodnje dimljene pastrmke.

Kljuc¢ne rijeci: HACCP sistem, dimljena pastrmka, kriticna kontrolna tacka (CCP)

UvoD
Riba pripremljena pecenjem ili 1 za potroSaCe i za proizvodace ribe.
przenjem, konzervisana mariniranjem, Soljenjem, salamurenjem i dimljenjem
soljenjem, salamurenjem ili suSenjem, konzervisana riba predstavlja visoko
kao i dimljenjem, ima visoko cijenjena cijenjen  gastronomski  specijalitet.
nutritivna i senzorna svojstva, S$to Dimljenje ribe obi¢no se provodi na
predstavlja dodatni opredjeljujuci faktor dva nacina: hladno dimljenje i vruce

* IIpesenrtoBan Ha 23. [opuIImBeM CaBjeTOBamy MOKTOPA BETEPHUHApCKE megunuHe Pemybnuke Cpricke
(buX). Tecnuh, 6-9- jyHa 2018
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dimljenje. Hladno dimljenje se najcesce
izvodi na temperaturi od 30 °C do 40 °C,
a vruce dimljenje na temperaturi od 80
°Cdo 90 °C (Alam, 2007). Dimljenje utice
na postizanje karakteristicne arome
proizvoda i boje spoljasnjosti proizvoda,
doprinosi o€uvanju proizvoda usljed
baktericidnih i bakteriostatskih uticaja
komponenti dima, kao i antioksidacionih
osobina fenola koji su prisutni u dimu
(Toldra, 2002; Bortolomeazzi i sar., 2007;
Akintola i sar., 2013). Stoga dimljenje
ima sve veci znacaj u savremenoj pre-
radi ribe, i predstavlja nac¢in tehnoloske
obrade kojim se postiZze karakteristican
miris, boja, aroma i tekstura gotovog
proizvoda.

Hladno dimljena pastrmka je
proizvod koji je, sa stanoviSta bezbjed-
nosti hrane, kategorisan kao spreman za
konzumaciju (RTE-ready to eat). S obzi-
rom na ¢injenicu da se proizvod ne po-
dvrgava termickoj obradi i da se tokom
proizvodnje najces$ce ne dodaju aditivi,
zadrzane su nepromijenjene osnovne,
kvalitativne karakteristike proizvoda, te
se on, kao takav, definiSe kao proizvod
izuzetnog kvaliteta.

Konzumacija proizvoda ribarst-
va, jednako kao i ostalih prehrambenih
proizvoda, povezana je s odredenim bio-
loskim i hemijskim rizicima. Najce$¢i
hemijski rizici pri konzumaciji ribe,
rakova i Skoljkasa su histamin i teski
metali (Ali€¢ i sar., 2004; Bergman i sar.,
2015). Bioloske opasnosti ukljucuju:
parazite, mikroorganizme (bakterije,
viruse) i toksine (Balti¢ i sar., 2009).
Stepen  kontaminacije ribe zavisi od

okoline i bakterioloSke ispravnosti vode
u kojoj je riba ulovljena (Kozacinski i sar.,
2009).

Subjekti u poslovanju hranom na ni-
vou primarne proizvodnje, duzni su us-
postaviti i sprovoditi redovne kontrole
higijenskih 1  zdravstveno-tehnickih
uslova proizvodnje u svakom objek-
tu, provodenjem preventivnih postu-
paka samokontrole, razvijenih u skladu
s dobrom proizvodackom praksom. Sa
ciljem da se izbjegnu sve potencijalne
opasnosti hemijske, fizicke i bioloske/
mikrobioloske prirode, koje mogu ugro-
ziti zdravlje potrosaca u lancu proizvod-
nje hrane se primjenjuje integrisani sis-
tem kontrole, HACCP sistem (Grujic¢ i
sar., 2003; Gramza-Michatowska i Korc-
zak 2008; Kozacinski i sar., 2009; Savano-
vi¢ i sar, 2017).

U proizvodnji hrane se pokazalo da je
HACCP sistem kontrole koji daje praktic-
no dobre rezultate (Lu i sar., 2014; Hung
isar.,2015; Novakovic¢ i Savanovic¢, 2017).
Uvodenje HACCP sistema omogucava
preduze¢ima razvoj sopstvenog siste-
ma kontrole proizvodnje i rukovoden-
ja higijenski ispravnom i kvalitetnom
hranom, kao i odredivanje dozvoljenih
dopustanja i preduzimanje korektivnih
aktivnosti prije nastanka ozbiljnih pro-
blema (Stanley i sar., 2011; Hung i sar.,
2015). Na ribnjacima koji imaju dobru
proizvodacku praksu i sve preduslovne
programe preporucuje se implementa-
cija HACCP sistema, u cilju proizvodnje
kvalitetne i zdravstveno bezbijedne ribe
(Kozatinski i sar., 2009).
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Metodom HACCP utvrduju se speci-
ficne opasnosti kao i mjere njihove pre-
vencije, odnosno kontrole, ¢ime se osi-
gurava bezbijednost proizvoda (Jeli¢i¢ i
sar., 2009; Singh, 2015; Savanovic i sar.,
2017). Pored identifikacije opasnosti
i procjene rizika, ova metoda se koris-
ti i za uspostavljanje specificnih mje-
ra kontrole naglasavajuci pri tom znacaj

prevencije i kontrole u odnosu na tradi-
cionalne metode inspekcije.

Cilj ovog rada je bio da se definisu
kriti¢ne kontrolne tacke (CCP) i ispita
efikasnost HACCP sistema u kontroli
mikrobioloskih opasnosti u proizvodnji
dimljene  pastrmke  (Oncorhynchus
Mykiss).

MATERIJAL I METODE RADA

Sistem upravljanja bezbjednoS¢u
hrane u procesu proizvodnje dimlje-
ne pastrmke, pripremljen je prema
HACCP Upustvu Codex Alimentarius
(Aneks CAC/RCP 1-1969.Rev.4 (2003))
uz uvazavanje odredenih preporuka
(Vodi¢ o implementaciji HACCP principa
kod odredenih subjekata u poslovanju sa
hranom, 2012). Nakon primjene pre-
duslovnih programa (ISO, 2009) pre-
duzece koje se bavi proizvodnjom di-

mljene pastrmke treba da razvije HAC-
CP plan. HACCP sistem bezbjednosti
hrane zasnovan je na sedam osnovnih
principa, a izrada HACCP plana se provo-
di u dvanaest koraka (Shema 1). Osnovni
postulati HACCP sistema primijenjeni
su u svim fazama proizvodnje dimljene
pastrmke, na nacin da se sistem analize
rizika na kriti¢cnim kontrolnim ta¢kama
proizvodnje postepeno ugradivao u
proizvodni proces.

Shema 1. Tok primjene HACCP sistema u proizvodnji dimljene pastrmke

. . s s 3. Definisanje .
1. Formiranje [Jp| 2. Opis proizvoda / » . »| 4. Izrada dijagrama |
HACCP tima poluproizvoda o namjene o toka procesa
proizvoda
Drugi HACCP
Prvi HACCP princip princip Tre¢i HACCP princip
5. Verifikacija 6. Identifikacija 7. Odredivanje kri%i %?}rle'jr“’:?le Jab—
dijagrama toka | —Jp| ianaliza gy kriticnih svaku kyitiénu
procesa opasnosti kontrolnih tacaka Kontrolnu tacku
Cetvrti HACCP princip Peti HACCP princip Sesti HACCP princip Sedmi HACCP princip

9. Definisanje
procesa pracenja
kriti¢nih
kontrolnih tacaka

—

10. Definisanje
korektivnih mjera
za svaku kriti¢nu
kontrolnu tacaku

11. Definisanje
postupaka
verifikacije i
validacije HACCP

12. Uspostavljanje
dokumentacije
HACCP sistema

1
plana
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Mikrobiolo§ka ispravnost svjeze
i dimljene pastrmke kontinuirano je
pracena tokom perioda od 12 mjeseci.
Analizirano je 65 uzoraka svjeze
pastrmke i 195 wuzoraka gotovog
proizvoda, dimljene pastrmke. U
analiziranim uzorcima svjeze pastrmke
vr$eno je ispitivanje prisustva sledec¢ih
mikroorganizama:  Salmonella  (BAS
EN ISO 6579/Cor2:2010); Listeria
monocytogenes (BAS EN ISO 11290-1/
A1:2005); Sulfitoredukujuce anaerobne
bakterije (BAS ISO 15213:2008);

Koagulaza pozitivne stafilokoke (BAS EN
ISO 6888-1/A1:2005); Enterobacteriaceae
(BAS ISO 21528-2:2013). U uzorcima
dimljene pastrmke vrSeno je ispitivanje

prisustva slede¢ih mikroorganizama:
Salmonella (BAS EN ISO 6579/
Cor2:2010);  Listeria  monocytogenes
(BAS EN ISO 11290-1/A1:2005);

Sulfitoredukujuce anaerobne bakterije
(BAS 1SO 15213:2008); Koagulaza
pozitivne stafilokoke (BAS EN ISO 6888-
1/A1:2005); Aerobne mezofilne bakterije
(BAS EN ISO 4833:2006).

REZULTATI I DISKUSIJA

Nakon formiranja HACCP tima slijedi
izrada opisa proizvoda. HACCP tim je
pripremio Opis proizvoda (Tabela 1) i
Dijagram toka za proizvodnju dimljene
pastrmke (Shema 2), prema nacelima

HACCP sistema. Opis proizvoda sadrzi
informacije koje se odnose na bezbijed-
nost proizvoda (CAC/RCP 1-1969, Rev.
4-2003).

Tabela 1. Opis proizvoda hladno dimljenog fileta pastrmke

NAZIV

PROIZVODA DIMLJENA PASTRMKA

NAZIV GRUPE . .

PROIZVODA Hladno dimljena riba, vakuum pakovana

NAMIJENA 1 Za sve kategorije potroSaca (osim alergi¢nih na ribu);

NACIN UPOTREBE Proizvod je spreman za upotrebu.

SASTAV Filet kalifornijske pastrmke (Oncorhynchus mykiss), so, zacin.
KoZa je neoStecena i metalnog sjaja. Meso ne pokazuje

SENZORNA znakove suSenja (dehidraciju), ima karakteristicnu boju,

SVOJSTVA miris i ukus dimljene ribe, suvo je i ¢vrste konzistencije.
Fileti ne sadrZe ostatke nejestivih dijelova (kostiju).
Pastrmka se vadi iz prihvatnih bazena, mjeri masa, ubacuje

TEHNOLOSKI u pogon za preradu. U pogonu se riba kolje, eviscerira i pere,

POSTUPAK a zatim se filetira, salamuri i hladno dimi. Nakon dimljenja

PROIZVODNIJE fileti se narezuju, vakuumiraju i skladiste u komori do

otpreme.
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Primarno pakovanje: vakuum kese, kutije.

PAKOVANJE Transportno pakovanje: kartonska kutija.
glglljj(\)]\)/ll STENJA Komore sa temperaturnim rezimom od 0-4 °Cili -18 °C.
USLOVI Prevozno sredstvo koje posjeduje rashladni sistem za
TRANSPORTA postizanje temperature transporta od 0-4 °Cili -18 °C.
ROK UPOTREBE 30 dana od df’ma proizvodnje za proizvod ili 12 mjeseci za

zamrznut proizvod.
UPUTSTVO ZA Nije potrebna termicka obrada. Proizvod drzati u frizideru i
UPOTREBU upotrijebiti do 3 dana nakon otvaranja pakovanja

“Dozvoljen sadrzaj Stetnih materija:

- Pb max 0.3 mg/kg

- Cd max 0.05 mg/kg

- Hg max 0.5 mg/kg

- As max 2,0 mg/kg

- Suma dioksina: max 3.5 pg/g vlazne mase

- Suma dioksina i PCB: max 6,50 pg/g vlazne mase

- Suma PCB 28, PCB 52, PCB 101, PCB 138, PCB 153 i PCB

180: max 75ng/g vlazne mase

- Benzo(a)piren max 2.0 pg/kg,

- Suma benzo(a)pirena, benzo(a)antracena, benzo(b)
HEMIJSKI I fluorantana i krizena 12,0pg/kg
MIKROBIOLOSKI - Policikli¢ni aromatski ugljiovodici (PAH) 2,0pg/kg
PARAMETRI *Pravilnik o maksimalno dozvoljenim kolicinama za odredene

kontaminante u hrani (Sluzbeni glasnik BiH, br. 68/14)

Mikrobiolo$ki kriterijumi:

- *Salmonella spp 0 u 25¢g

- **L. monocytogenes 0 u 25 g

- *Sulforedukujuce klostridije M=10 cfu/g

- *Koagulaza pozitivne stafilokoke M=10 cfu/g

- *Aerobne mezofilne bakterije m=100 cfu/g do M=1000cfu/g
* Smjernice o mikrobioloSkim kriterijima za hranu
(Agencija za bezbjednost hrane BiH, 2013)
** Pravilnik o mikrobioloSkim kriterijumima za hranu
(Sluzbeni glasnik BiH, br. 11/13)
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PRUEM AVE
RIBE U BAZENE

ISPORUKA/
TRANSPORT

=1

——|

=
("o |

Shema 2. Dijagram toka za hladno dimljeni filet pastrmke

Pravilna primjena HACCP sistema
zahtijeva da se nau¢no dokumentovani
postupci i preventivne mjere koje
postoje, efikasno primjene na utvrdene
kriticne  kontrolne  tacke  (CCP).
Odredivanje kriti¢nih kontrolnih
tacaka u svrhu implementacije HACCP
sistema je moguce za hemijske, fizicke
i bioloSke opasnosti. Prema Vodi¢u o

implementaciji HACCP principa kod
odredenih subjekata u poslovanju sa
hranom (2012) sve faze toka proizvodnje,
prakticno od prijema sirovine do
plasiranja finalnog proizvoda na trziste,
uklju¢ujuci pripremu, obradu, pakovanje
u ambalazu, skladiStenje i distribuciju
trebaju biti izanalizirani prema datom
redoslijedu. Da bi se definisale opasnosti
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potrebno je navesti sve one opasnosti
povezane s proizvodnim procesom, koje
su posljedica direktne ili indirektne
kontaminacije, a po svojoj su prirodi
bioloske, hemijske i fizicke prirode.

Tokom izrade HACCP studije
za proizvodnju dimljene pastrmke
analizirano je ukupno 47 opasnosti,
od cega 30 bioloskih, 10 hemijskih

i 7 fizickih opasnosti. Primjenom
preduslovnih programa (ISO, 2009)
moguce je eliminisati 20 bioloskih,
10 hemijskih i 7 fizickih opasnosti, tj.
ukupno 37 opasnosti. Na kontrolnim
tatkama (CP) moguce je eliminisati 8
bioloskih opasnosti, dok se 2 bioloske
opasnosti  eliminiSu na  kriti¢nim
kontrolnim tackama (CCP) (Tabela 2).

Tabela 2. Pregled opasnosti analiziranih tokom izrade HACCP studije

Broj opasnosti

Broj opasnosti  Broj opasnosti

Broj eliminisanih ko' ko'
Vrsta opasnosti  analiziranih ~ primjenom  X0J€ 5€ Q)€ S€
opasnosti  preduslovnih Ehmlggu na Ehmgg;u na
programa
Bioloske
opasnosti 30 20 8 2
Hemijske
opasnosti 10 10 0 0
Fizicke
opasnosti 7 7 0 0
Ukupno 47 37 8 2

U toku sprovodenja faze Analiza
opasnosti HACCP tim je identifikovao
8 kontrolnih tacaka (CP) i 2 kriticne
kontrolne tacke (CCP). Identifikovane
kontrolne tacke (CP) su:

- Priprema salamure;

- Salamurenje;

- Hladno dimljenje;

- Skladistenje poluproizvoda na +4 °C;

- Skladistenje gotovog proizvoda na
+4 °C;

- Zamrzavanje;

- Skladistenje zamrznutog proizvoda
na -18 °C;

- Isporuka i transport.

Identifikovane kriti¢ne kontrolne tacke
(CCP) su:

- SkladiStenje eviscerirane i poledene
ribe (Odlezavanje ribe na +4 °C);

- Hladenje dimljenog fileta.

Redovnim i kontinuiranim prac¢enjem
svih kontrolnih tacaka u proizvodnji
identifikovane opasnosti i rizici se
uklanjaju prije nastanka zdravstveno
neispravnog proizvoda Sto je klju¢ za
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uspjesno provodenje HACCP sistema.
Kriticne kontrolne tacke su uvrStene
u HACCP plan i definisane su kriti¢ne
granice, nacin monitoringa, korektivne

314).

planovi su obimni dokumenti, zbog cega
se u ovom radu daje izvod najvaznijih
elemenata za identifikovane CCP (Tabele

mjere i nacin verifikacije. HACCP
Tabela 3. Izvod iz HACCP plana, koji se odnosi na CCP1
cce/ Kriti¢na
Korak Opasnost granica Monitoring Korektivne mjere | Verifikacija
procesa
-U slucaju odstupan-
ja, ¢lan HACCP tima
zaduZen za kontrolu
temperature, podesa-
va temperaturu u ko-
mori (ako je moguce).
Ukoliko se ne moze
posti¢i  traZena tem-
peratura  organizuje
Sta: Kontrola se prebacivanje proiz-
temperature voda u drugu komo-
u rashladnim ru ili hladnjacu dok
uredajima se ne otkloni uzrok —Te}xltllpgrg}tlure
Kako: odstupanja. lras adnl
Ocitavanjem -Voda HACCP tima | <Omora Sf.
sa displeja identifikuje ~ uzrok | dutomats ‘ﬂb'l' 3
termometra odstupanja i us- ocitavaju i biljeze
Kad: 2x dnevno | postavia mjere za n\? rgcﬁlgé%r)
CCP1 Bioloika: Temperatura | (na pocetku i sprecavanje  ponavl- tin(:aa rovierava
Skladistenje P . urashladnim | na kraju radnog | janja odstupanja. provj
e atogeni » _Ako ie uzrok | temperaturne
EVISCETTane | ik roorganizmi uredajlr'n.a dana) J zapise.
i poledene s mora biti Ko: Clan odstupanja kvar q
ribe 0-4°C. HACCP tima opreme,  kontaktira -Odsutnost
zaduZen za se sluzba odrZavan- utvrdene_
kontrolu ja. Plan preventivnog Opasn&) st
temperature odrZavanja Ce se pre- F%M u]g_s?_
rashladnih gledati i, ako je potre- | - ‘i.r"‘tor”s <1m
uredaja bno, izmijeniti. ana 1zar111a,
Zapis: Smjenski | -Voda HACCP pren}a planu
izvjestaj o tima  donosi  ogje- | WFOTXOVaNa.

temperaturama
u prostorijama

nu o upotrebljivosti
proizvoda na osnovu
promjene temperature
proizvoda i vremena
provedenog na  po-
viSenoj temperaturi, i
odreduje kako ce se sa
njim dalje postupati.

-Sprovedena korektiv-
na mjera evidentira se
u predvideni obrazac
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Tabela 4. 1zvod iz HACCP plana, koji se odnosi na CCP2

Cp/ccP Kriti¢na
Korak Opasnost granica Monitoring Korektivne mjere Verifikacija
procesa
-U slucaju odstupan-
ja, ¢lan HACCP tima
zaduzZen za kontrolu
temperature podesava
temperaturu u komori
(ako je moguce). Uko-
liko se ne moZe postici
trazena temperatura
organizuje se pre-
bacivanje  proizvoda
Sta: Kontrola u drugu komoru ili
temperature hladnjacu vozila dok
u rashladnim se ne otkloni uzrok fTe}rlrllpgr’fl}tlure
uredajima odstupanja. rashladni
Kako: -Voda HACCP tima | KOmora se.
Ocitavanjem identifikuje uzrok al}Foma}s '(lb'l' .
sa displeja odstupanja i  us- ocitavaju i biljeze
Temperatura }Erm'ometra postqvlja _ mjere Z‘f ?sorgglﬁlﬁélép
. . ad: 2x dnevno sprecavanje  ponavl . .
CCP2 Bioloska: u rashladnim . . P . tima projerava
: . " (na pocetku i na janja odstupanja.
Hladenje patogeni uredajima Kkrai _Ak . & | temperaturne
dimljeno mikroorganizmi mora biti kraju radnog dana) 0 Je uzro zapise.
Jenog g ) Ko: Clan HACCP | odstupanja kvar | 28P
fileta o-4°C tima zaduzen opreme,  kontaktira -Odsutnost
za kontrolu se sluzba odrZavan- utvrdene.
temperature ja. Plan preventivnog opasn&) st
rashladnih uredaja | odrZavanja ce se pre- F%tvr uJe“s?
Zapis: Smjenski gledati i, ako je potre- | - ci_ratorljs <1m
izvjestaj o bno, izmeniti. ana 1zan11a,
temperaturama u | -Voda HACCP pren;a planu
prostorijama tima donosi  ocje- | MZOrKoOvanja.
nu o upotrebljivosti
proizvoda na osnovu
promjene temperature
proizvoda i vremena
provedenog na po-
viSenoj temperaturi, i
odreduje kako Ce se sa
njim dalje postupati.
-Sprovedena korektiv-
na mjera evidentira se
u predvideni obrazac.
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Mikrobioloska kontaminacija
prehrambenih  proizvoda glavna je
prepreka osiguranju bezbijednosti hrane
(Dutta i sar., 2017). Neke od prednosti
HACCP sistema nad tradicionalnim
sistemima kontrole hrane su da se
kontrolni parametri lako nadgledaju,
rad se kontroliSe na licu mjesta, ¢ime se
postojece i predvidene opasnosti mogu
identifikovati i otkloniti, pa se tako
osigurava zdravstvena ispravnost ve¢ u

fazi izrade proizvoda, a korektivne mjere
provode se proaktivno tj. prije nastanaka
tezih problema (Jeli¢ic i sar., 2009).
U cilju analize efikasnosti provodenja
HACCP sistema u procesu proizvodnje
dimljene pastrmke vrSene se odredene
mikrobiolo$ke analize polazne sirovine
i gotovog proizvoda, tokom 12 mjeseci
proizvodnje. Dobijeni rezultati su
prikazani u Tabeli 5 i Tabeli 6.

Tabela 5. Rezultati mikrobiolosSkih analiza svjeze pastrmke

roj

Uzorak Mikroorganizmi anaﬁzir ni M ‘I]’;i(;g ! Jand U%tr?}le%‘gl;gtm
uzoraka
Ne smije Nije
Salmonella 20 U258 4asadrzi izolovano
Listeria Ne smije Nije
monocytogenes 5 u25g da sadrzi izolovano
. 5. Sulfitoredukujuce
Svjeza m=100
anaerobne 15 cfu/g _ <100
pastrmka bakterije M=1000
Koagulaza poz. m=10
stafilokoke 5 cfu/g M=100 <10
. m=100
Enterobacteriaceae 20 cfu/g M=1000 <100

m - granicna vrijednost - rezultati se smatraju zadovoljavaju¢im ako su sve dobijene
vrijednosti manje ili jednake vrijednosti “m”
M-najveca dopustena vrijednost iznad koje se rezultati smatraju nezadovoljavaju¢im;

JM- jedinica mjere
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Tabela 6. Rezultati mikrobioloskih analiza dimljene pastrmke

Broj Provi .
. o oro) . pisana Ustanovljena
Uzorak Mikroorganizmi angiloz:;akglh M vrijednost vrijednost
Ne smije Nije
Salmonella 60 u25g da sadrzi izolovano
Listeria Ne smije Nije
monocytogenes 60 u25g da sadrzi izolovano
N Sulfitoredukujuce
D;;Itlprgﬁg anaerobne 50 cfu/g M=10 <10
p bakterije
Koagulaza poz. -
stgfiloko e 15 cfu/g M=10 <10
Aerobne -
mezofilne 10 cfu/g I\I/ln—_1100000 <100
bakterije B

m - granicna vrijednost - rezultati se smatraju zadovoljavaju¢im ako su sve dobijene
vrijednosti manje ili jednake vrijednosti “m”
M -najveca dopustena vrijednost iznad koje se rezultati smatraju nezadovoljavajucim,;

JM- jedinica mjere

Rezultati  mikrobioloske analize
uzoraka svjeze i dimljene pastrmke
ukazuju na odsutnost Salmonella spp. i
Listeria monocytogenes u svim ispitivanim
uzorcima, tokom ispitivanog perioda.
Broj sulfitoredukuju¢ih  anaerobnih
bakterije, koagulaza pozitivnih
stafilokoka, Enterobacteriaceae kao i broj
aerobnih mezofilnih bakterija je bio
u skladu sa vrijednostima propisanim
Pravilnikom 0 mikrobiolo$kim
kriterijumima za hranu (Sluzbeni
glasnik BiH, br. 11/13) i Smjernicama
o mikrobiolo$kim kriterijima za hranu
(Agencija za bezbjednost hrane BiH,
2013). Mikrobiolo§ka kontaminacija
dimljene ribe moze nastati zbog nekoliko
faktora kao $to su greske tokom procesa

dimljenja ili neadekvatno provedena faza
dimljenja, losi higijenski uslovi, upotreba
neadekvatne ambalaze za pakovanje kao
i upotreba neadekvatnih postrojenja
za preradu i sl. (Adequnwa i sar., 2013).
Kako bi se obezbijedio mikrobioloski
ispravan i bezbjedan proizvod koji
zadovoljava uslove kvaliteta potrebno
je proces dimljenja izvoditi u strogo
kontrolisanim uslovima i obezbijediti
adekvatnu higijenu u proizvodnim
pogonima. Brojni autori u svojim
istrazivanjima (Kok, 2009; Kafetzopoulos,
2013; Novakovic i Savanovié, 2017)
nedvosmisleno potvrduju da je primjena
HACCP sistema za bezbijednost hrane
nau¢no i prakticno opravdana i osim
toga pravno obavezujuca za vecinu
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poslovnih  subjekata u  poslovanju
s hranom. Na osnovu rezultata
mikrobioloskih ispitivanja prikazanih u
ovom radu vidljivo je da u posmatranom

vremenskom periodu nije bilo odstupanja
od propisanih vrijednosti i da je taj
aspekt HACCP plana uspjesno provjeren.

ZAKLJUCAK

U ovom radu je predstavljen HACCP
koncept u cilju osiguranja bezbijednosti
u svim fazama proizvodnje dimljene
pastrmke i dobijanja mikrobioloski
ispravnog proizvoda.

Sprovodenjem faze Analize opasnosti
identifikovao je 8 kontrolnih tacaka
(CP) i 2 kriti¢cne kontrolne tacke (CCP).
Identifikovane kontrolne tacke (CP) su:
priprema salamure, salamurenje, hladno
dimljenje, skladistenje poluproizvoda na
+4 °C, skladistenje gotovog proizvoda
na +4 °C, zamrzavanje, skladiStenje
zamrznutog proizvoda na -18 °C,
isporuka i transport. Identifikovane kri-

ticne kontrolne tacke (CCP) su: skla-
diStenje eviscerirane i poledene ribe
(odlezavanje ribe na +4 °C) i hladenje
dimljenog fileta.

Rezultati ovog rada potvrduju da
HACCP plan predstavlja dio siste-
ma upravljanja bezbjedno$¢éu hrane u
proizvodnji dimljene pastrmke. Rezultati
mikrobioloske analize osnovne sirovine
i gotovih proizvoda nisu pokazali
odstupanja od definisanih kriterijuma,
Sto potvrduje efikasnost primjene
HACCP sistema u procesu proizvodnje
dimljene pastrmke.
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INTRODUCTION

The fish prepared by roasting or
frying, preserved by marinating, salting,
brining or drying, as well as smoking, has
highly appreciated nutritive and sensory
properties, which is an additional,
determining factor for both consumers
and fish producers. Fish preserved by
salting, brining and smoking is a highly
regarded gastronomic specialty. Smoking
fishisusually carried outin twoways: cold
smoking and hot smoking. Cold smoking
is most often performed at a temperature
of 30 ° C to 40 ° C, and hot smoking at
80 ° C to 90 ° C (Alam, 2007).Smoking
affects the flavor and color of products
and contributes to the preservation
of the product due to the bactericidal
and bacteriostatic effects of the smoke
components as well as the antioxidant
properties of phenols present in the
smoke (Toldra, 2002, Bortolomeazzi
et al. 2013). Therefore smoking is
increasingly important in modern fish
processing, and is a technological way
of producing a distinctive flavor, color,
aroma and texture of the final product.
When it comes to food safety standards,
cold-smoked fish is categorized as ready
for consumption ( RTE-as ready-to-
eat.) Due to the fact that the product
is not subjected to heat treatment and
that no additives are usually added
during production process, the basic,
qualitative characteristics of the product
are retained and, as such, it is defined as
a product of exceptional quality.

Consumption of fishery products, as
well as other food products, is associated

with certain biological and chemical
risks. The most common chemical risks
in the consumption of fish, crustaceans
and shellfish are histamine and heavy
metals (Alic et al., 2004; Bergman et
al.,, 2015). Biological hazards include:
parasites, microorganisms (bacteria,
viruses) and toxins (Balti¢ et al., 2009).
The degree of contamination of the fish
depends on the environment and the
bacteriological correctness of the water
in which the fish is caught (Kozacinski
et al., 2009).

Food business operators at the level
of primary production are obliged to
establish and implement regular controls
of hygienic, health and technical
conditions of production in each facility,
by conducting self-control preventive
procedures developed in accordance
with good manufacturing practice. An
integrated control system, HACCP system
is used in the food production chain in
order to avoid any potential chemical,
physical and biological / microbiological
hazards tha can endanger the health of
consumers. (Grujic i sar., 2003, Gramza-
Michatowska and Korczak 2008,
Kozacinski i sar., 2009; Savanovic et al.,
2017).

In food production HACCP proved
to be a control system that gives good
results (Lu & sar., 2014; Hung and sar,
2015; Novakovi¢ i Savanovié, 2017).
The introduction of the HACCP system
enables enterprises to develop their own
system of controlling the production
and management of hygienically proper
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and quality food, as well as to determine
allowed permits and undertake corrective
actions before the emergence of serious
problems (Stanley et al., 2011; Hung and
sar., 2015).

In fishponds with good manufacturing
practice and all prerequisite programs,
HACCP system implementation is
recommended in order to produce quality
and healthy fish (Kozacinskiisar., 2009).
The HACCP system, which is science

based and systematic, identifies specific
hazards and measures for their control
which ensures the safety of food. (Jelici¢
et al., 2009; Singh, 2015; Savanovi¢ et
al., 2017). The aim of this paper was to
define critical control points (CCPs) and
examine the effectiveness of the HACCP
system in controlling microbiological
hazards in the production of smoked
trout (Oncorhynchus Mykiss).

MATERIAL AND METHODS OF WORK

The food safety management
system in the process of smoked trout
production was prepared according
to the HACCP Codex Alimentarius
Instruction (Annex CAC / RCP 1-1969.
Rev.4 (2003)), while respecting certain
recommendations (the Guidance
document on the implementation of
the HACCP principles in certain food
businesses , 2012). After the application
of prerequisite programs (ISO, 2009), a
company engaged in the production of

smoked trout should develop a HACCP
plan. The HACCP food safety system is
based on seven basic principles, and the
HACCP plan is implemented in twelve
steps (Scheme 1). The basic postulates
of the HACCP system were applied in all
phases of the smoked trout production,
in such a way that the risk analysis
system at critical control points of
production was gradually incorporated
into the production process.

2.Description of a
product/semi-
finished product

1. Formation of
a HACCP team

—>

—>

3. Defining the
purpose of the
product

—p(4. The flow diagram
creation

The first HACCP
principle

The second HACCP
principle

The third HACCP
principle

6. Hazard
identification
and analysis

5. Verification
of the flow
diagram

—

7. Critical control 8. Determination of|
points (CCP) p|the critical limit for
determination each CCP

The fourth HACCP
principle

The fifth HACCP
principle

The seventh HACCP
principle

The sixth HACCP
principle

9. Defining the
process of

monitoring critical >

control points

10. Defining
corrective measures
for each critical
control point

—i

11. Definition of
procedures for
verification and

validation of the

12. Establishment
of adequate
P documentation of

HACCP plan

HACCP-pL
P

Scheme 1. The course of application of the HACCP system in the production of

smoked trout
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The microbiological quality of fresh
and smoked trout is continuously
monitored over a period of 12 months. 65
samples of fresh trout and 195 samples
of smoked trout were analyzed. In the
analyzed samples of fresh trout the
presence of the following microorganisms
was examined: Salmonella (BAS EN
ISO 6579 / Cor2: 2010); Listeria
monocytogenes (BAS EN ISO 11290-1
/ A1: 2005); Sulfate-reducing bacteria
(BAS ISO 15213: 2008); Coagulase
positive staphylococci (BAS EN ISO

6888-1 / A1: 2005); Enterobacteriaceae
(BAS1SO 21528-2: 2013). In the samples
of smoked trout, the presence of the
following microorganisms was examined:
Salmonella (BAS EN ISO 6579 / Cor2:
2010); Listeria monocytogenes (BAS
EN ISO 11290-1 / A1: 2005); Sulfate-
reducing bacteria (BAS ISO 15213:
2008); Coagulase positive staphylococci
(BASENISO 6888-1/A1:2005); Aerobic
mesophilic bacteria (BAS EN ISO 4833:
2006).

RESULTS AND DISCUSSION

After the formation of the HACCP
team ,a product description is created.
The HACCP team prepared the Product
Description (Table 1) and the Flowchart
for smoked trout production (Scheme

2), according to the principles of the
HACCP system. The product description
contains information regarding product
safety (CAC / RCP 1-1969, Rev. 4-2003)

Table 1. Description of cold-smoked trout fillets

PRODUCT NAME

SMOKED TROUT

PRODUCT GROUP
NAME

Vacuum-packed cold-smoked fish

INTENDED USE

For all consumer categories (except those with fish
allergies);
Produsct is ready to eat

INGREDIENTS Rainbow trout fillet (Oncorhynchus mykiss), salt, spices.
Skin undamaged and of metallic glow. The meat does not
SENSORY show signs of drying (dehydration), has a characteristic

PARAMETERS OF
THE PRODUCT

color, smell and taste of smoked fish, it is dry and firm
in consistency. Fillets do not contain residues of inedible
parts (bones).

TECHNOLOGICAL
PROCESS OF
PRODUCTION

Trout is taken from out of the pool, the weight is measured,
and then it is put into the rocessin%plant. There the fish
is slaughtered, eviscerated and washed and then filleted,
immersed into brine and cold smoked. After smoking, the
fillets are sliced, vacuumed and stored in the chamber
until dispatch
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Primary packaging: vacuum bags, boxes.
PACKAGING Transport packaging: cardboard box.
(%B?\I%%FONS Chambers with a temperature range of 0-4 °C or -18 °C.
TRANSPORT A vehicle equipped with a cooling system to achieve a
CONDITIONS transport temperature of 0-4 °C or -18 °C.
30 days from the date of production for the product or 12
SHELF LIFE montﬁs for the frozen product.
No thermal treatment is required. Keep the product in the
LABELLING : . .
refrigerator and use it for up to 3 days after opening the
INSTRUCTIONS package
# Allowed harmful substance content:
- Pb max 0.3 mg/kg
- Cd max 0.05 mg/kg
- Hg max 0.5 mg/kg
- As max 2,0 mg/kg
-Sum of dioxin: max. 3.5 pg / ¢ wet weight
- Sum of dioxin and PCB: max 6,50 pg/g wet weight
- Sum of PCB 28, PCB 52, PCB 101, PCB 138, PCB 153 i
PCB 180: max 75ng/g wet weight
- benzo[a]pyrene max 2.0 pg/keg,
- benzola]pyrene, benzo(a)antracen, benzo[b]
fluoranthene and chrysene 12,0pg/kg
CHEMICAL AND B : : ;
MICROBIOLOGICAL B T et ol 8 8, o

Gazette BiH No.68/14)

Microbiological criteria:

- *Salmonella spp 0 u 25¢g

- **L. monocytogenes 0 u 25 g

- * sulphate-reducing Clostridium M=10 cfu/g

- * coagulase positive staphylococci M=10 cfu/g

- * aerobic mesophilic bacteria m=100 cfu/g do

M=1000cfu/g
* Guidance on Microbiological Criteria for Food (BiH
Food Safety Agency, 2013
** Rulebook on microbiological criteria for foodstuffs
(,Official Gazette BiH“, No. 11/13)
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RECEIVING
SPICES

RECEIVING LIVE
Import fish FISH in the pools

l F,!,r';,) N 95» AEN J,’

RECEVING
CONFISCATE PACKAGING

T
LICING CONFISCATE

T
COONFISCATE RINSING

DELIVERY/
TRANSPORT

Scheme 2. Flowchart for cold smoked trout fillet
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Proper application of the HACCP
system requires scientifically
documented procedures and preventive
measures that exist, effectively applied
to the established critical control points
(CCPs). Determination of critical control
points for the implementation of the
HACCP system is possible for chemical,
physical and biological hazards.
According to the Guidance document
on the implementation of the HACCP
principles in certain food businesses
from the receipt of the raw material to the
final product on the market, including
preparation, processing, packaging,
storage and distribution should be
analyzed in the given order . In order to

define hazards, it is necessary to list all
those biological, chemical and physical
hazards associated with the production
process, which are the result of direct
or indirect contamination. During the
HACCP study for the production of
smoked trout, a total of 47 hazards were
analyzed, of which 30 were biological,
10 chemical and 7 physical hazards. By
applying prerequisite programs (ISO,
2009) it is possible to eliminate 20
biological, 10 chemical and 7 physical
hazards, ie a total of 37 hazards. At
control points (CP) it is possible to
eliminate 8 biological hazards, while
2 biological hazards are eliminated at
critical control points (CCP) (Table 2).

Table 2. Overview of the hazards analyzed during the development of the HACCP

study
Number
Number of of hazards Number Number
eliminated by  of hazards of hazards
Types of hazards  analyzed h licati limi d limi d
hazards the application  eliminate eliminated at
of pre-requisite at CP CCp
programs
Biological
hazards 30 20 8 2
Chemical hazards 10 10 0 0
Physical hazards 7 7 0 0
Total 47 37 8 2

During the implementation of the
hazard analysis phase, the HACCP team
identified 8 control points (CP) and
2 critical control points (CCPs). The
identified control points (CPs) are:

- preparation of brine;

- brining;

- cold smoke;

- storage of semi-finished product at +4
o C;

- storage of finished product at +4 ° C;
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- freezing;
- storage of frozen product at -18 ° C;
- delivery and transport

Identified critical control points (CCPs)
are:

- Storage of eviscerated and fresh chilled
fish (keeping fish at +4 ° C);

- Smoked fillet cooling.

With regular and continuous
monitoring of all control points in

production, identified hazards and risks
are eliminated before the emergence of
a defective product, which is the key to
successful implementation of the HACCP
system. Critical control points are
included in the HACCP plan and critical
limits, monitoring methods, corrective
measures and verification methods are
defined. HACCP plans are extensive
documents, which is why in this paper an
excerpt of the most important elements
for the idenfreshtified CCPs (Tables 3
and 4) is given.

Table 3. Excerpt from the HACCP plan, related to CCP1

Cp/cCP Hazard Critical limit Monitoring Corrective measures Verification
Process step
- In the event of a deviation,
the HACCP team responsible
for temperature control adjusts| -The
What: the temperature in the chamber temperature
Temperature (if possible). If the desired of the cooling
control in temperature can not be achieved, chambers is
- . .. | the product is transferred to| .
refrigeration units . automatically|
How- B another chamber or refrigerated, read and
od'. 3; he | until the cause of the ca ?1 d
reading from the | geiqron is eliminated. recorde
thermometer - The leader of the HACCP team| ~ ©n the
display identifies the cause of the deviation| COMPULET.
_ and establishes measures to|- The HACCP
CCP 2 ) .| Temperature in When: twice prevent repetition of deviations|  team’s
Storage of Biological: refrigeration la day (at the -If the cause of the deviation isy  headis
eviscerated pathogenic ugni ts beginning and the failure of the equipment, the| checking the
and frozen |microorganism be0-40C BT the end of the | maintenance service is contacted.| temperature
fish must be -2 0 rorking day) The preventive maintenance plan|  records.
'Who: A member | will be reviewed and, if necessary,- The absence
of the HACCP changed of the
team responsible |~ 1he helad of the HACCP| igentified
for controlling the team makes al} assessment) 15,414 i
of the product’'s usefulness .
temperature of h . confirmed by
refrigeration units based on changes i product laboratory
R d A temperature and time spent| lvsi
ecord: at elevated temperature, and| analysis,
report onroom | makes a decision about further| according to
temperature treatment the sampling
-The implemented corrective plan.
measure is recorded in the|
prepared form.
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Table 4. Excerpt from the HACCP plan, relating to CCP2
CP/CCP -
Critical S . AP
Process Hazard limit Monitoring Corrective measures Verification
step
- In the event of a deviation,
the HACCP team responsible
. for  temperature  control
x}rlnagérature adjusts the temperature in
control in the chamber (if possible). If
refrigeration the desmed_ temperature can | -The
units not be achieved, the product temperature
How: By is  transferred .to another | of the cool_lng
rea di'ng chamber or refrlgemteql car Chamber.s is
from the 1_mt1_l the cause of the deviation | automatically
thermometer is eliminated. read and
display - The leader of the HACCP | recorded on
team identifies the cause of | the computer.
. the deviation and establishes | - The HACCP
CCP 2 Temp frrlature Zv(—{;/n(.att“’glcs measures to prevent repetition team’; head is
C mof Biologica_l: refrigeration | beginning and of devzlaﬁpns.. -If thg cause of | checking the
a smoked pathogem.c anits at the end of the (fievumon is the falzure ofthe | temperature
fillet microorganism | o "0 4 | the working equipment, the maintenance | records.
oC day) service is contacﬁed. The | - The absence
Who: A preventive .malntenanc'e _of the:' ]
memiaer of the plan will be reviewed and, if 1dent1f1¢d
HACCP team necessary, changed haza.rd is
responsible for | The head of the HACCP | confirmed by
controlling the team makes an assessment 1ab0ra§ory
temperature of of the product’s psefulness analyS{s,
refrigeration based on changes in product | according to
units temperature and time spent | the sampling
Record: A at elevated temperature, plan.
report o'n room and makes a decision about
temperature further treatment
-The implemented corrective
measure is recorded in the
prepared form.
Microbiological contamination of implemented proactively ie before the

food products is a major obstacle to
food security (Dutta et al., 2017). Some
of the advantages of the HACCP system
over traditional food control systems are
that the control parameters are easily
monitored, the work is controlled on the
spot, which can identify and eliminate
the existing and predicted hazards,
thus ensuring health in the product
stage, and corrective measures are

emergence of more difficult problems
(Jelic¢i¢ et al., 2009). In order to analyze
the efficiency of HACCP implementation
in the process of production of smoked
trout, certain microbiological analyzes
of starting material and finished product
were performed during 12 months of
production. The obtained results are
shown in Table 5 and Table 6.
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Table 5. Results of microbiological analysis of fresh trout

Number of . .
Sample Microorganisms analyzed UM Pris;ﬁl;llBEd EStf,glllllihed
samples
Salmonella 20 u25g¢g Notallowed Notisolated
Listeria .
monocytogenes 5 u25¢g Notallowed Notisolated
Fresh  Sulfate-reducing m=100
trout  anaerobic bacteria 15 cfu/g M=1000 <100
Coagulase positive m=10
staphylococci > cfu/g M=100 <10
Enterobacteriaceae 20 cfu/g ;An_:; 880 <100

m - limit value - the results are considered satisfactory if all the values obtained
are less than or equal to “m”

M- the maximum allowable value beyond which the results are considered
unsatisfactory; JM- unit of measure

Table 6. Results of microbiological analysis of smoked trout

Number of . .
Sample Microorganisms analyzed UM Przzclll‘llged Estsglllllsehed
samples
Salmonella 60 u25¢g Notallowed Notisolated
Listeria .
monocytogenes 60 u 25g Notallowed Not isolated
Smoked .
Sulfate-reducing 3
trout  anaerobic bacteria 50 cfu/g M=10 <10
Coagulase positive 15 cfu/g M=10 <10
staphylococci
Aerobic mesophilic m=100
bacteria 10 cfu/g M=1000 <100
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m - limit value - the results are considered satisfactory if all the values obtained

are less than or equal to “m”

M- the maximum allowable value beyond which the results are considered

unsatisfactory; UM- unit of measure

The results of microbiological analysis
of fresh and smoked trout samples
indicate the absence of Salmonella
Spp. and Listeria monocytogenes
in all examined samples during the
examined period. The number of sulfate-
reducing bacteria, coagulase positive
staphylococci , enterobacteriaceae
and the number of aerobic mesophilic
bacteria was in accordance with the
values prescribed by the Rulebook
on Microbiological Criteria for Food
(Official Gazette of BiH, No. 11/13) and
the Guidance on Microbiological Criteria
for Food (BiH Food Safety Agency,
2013. Microbiological contamination of
smoked fish can be caused by several
factors such as faults during the smoking
process or inadequately conducted
smoking phase, poor hygiene conditions,
the use of inadequate packaging,
and the use of inadequate processing

plants, etc. (Adegunwa et al., 2013).
In order to provide a microbiologically
correct and safe product that meets
the quality requirements, the smoking
process must be carried out under
strictly controlled conditions and in
production facilities with a high level
of hygiene . Numerous authors in their

research (Kok, 2009; Kafetzopoulos,
2013; Novakovic and Savanovic, 2017)
unambiguously confirm that the

application of the HACCP Food Safety
System is scientifically and practically
justified and legally binding for most
business entities in food business. Based
on the results of the microbiological
examinations presented in this paper it
is evident that there was no deviation
from the prescribed values during the
observed period and that this aspect of
the HACCP plan was successfully tested.

CONCLUSION

This paper presents the HACCP
concept in order to ensure safety at all
stages of the production of smoked trout
and to obtain a microbiologically correct
product. By conducting the Hazard
Analysis phase, 8 control points (CPs)
and 2 critical control points (CCPs) were
identified. Identified control points (CP)
are: - preparation of brine, brining,
cold smoking , storage of semi-finished

product at +4 ° C, storage of finished
product at +4 ° C, freezing, storage the
frozen product at -18 ° C, delivery and
transport. The identified critical control
points (CCPs) are: storage of eviscerated
and fresh chilled fish (keeping at + 4
° C) and cooling of smoked fillet. The
results of this paper confirm that the
HACCP plan is part of a food safety
management system in the production
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of smoked trout. The results of the criteria, which confirms the efficiency of
microbiological analysis of basic raw the application of the HACCP system in
materials and finished products have not smoked trout production.

shown any deviations from the defined
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Kratak sadrzaj: Akvakultura kao poljoprivredna djelatnost u nasoj zemlji je u stanju
proizvoditi velike koli¢ine ribe razlicitih vrsta i kategorija. Klimatske i geografske
karakteristike naSe zemlje, njen reljef i razvoj poljoprivredne proizvodnje kao i
posStovanje principa ,,0drZivog razvoja”, mjesta i znacaja ribarstva u viSenamjenskom
koris¢enju voda, moraju da odreduju pravac razvoja proizvodnje pastrmki u
budu¢nosti. Najvaznija riblja vrsta koja se uzgaja u pastrmskim ribnjacima kod
nas je kalifornijska pastrmka, Oncorhynchus mykiss (Walbaum, 1792). Osim $to je
gajenje ove vrste ribe privlacno za veliki broj proizvodaca, s obzirom na mogu¢nost
postizanja visokih prinosa, nju odlikuje i znacajna tolerantnost na variranja
mikroambijentalnih uvjeta okoliSa. S obzirom za znacaj proizvodnje ribe u Bosni i
Hercegovini, koja je jedna od rijetkih grana prehrambenog sektora koja je uspjela
ispuniti medunarodne standarde i postavljene kriterije te osigurati izlazak na trziste
zemalja Europske unije, neophodno je ustanoviti optimalne uslove koji obezbjeduju
visoku produktivnost salmonidnog gospodarstva. Proucavanje reproduktivnog
ciklusa mozZe dati vrlo precizne i znacajne rezultate o stanju organizma za vrijeme
ovog vrlo slozenog fizioloSkog procesa, kao i populacije u datom ekosistemu.

Klju¢ne rijeci: kalifornijska pastrmka (Oncorhynchus mykiss), gonade,
mikroklimatski uvjeti

1 [IpesenTtoBan Ha 23. [o/uImeM caBjeToBamby T0KTOpa BeTeprHapcke Meauiue Peny6nke Cpricke
(buX). Tecnuh, 6-9- jyna 2018.
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UvoD

Poznata je ¢injenica da ribarstvo u na-
Sem regionu ima dugu i uspjesnu tradici-
ju koja se ve¢ gotovo vijek potvrduje kroz
¢itav niz naucnih i stru¢nih radova emi-
nentnih stru¢njaka sa ovih prostora koji
zauzimaju znacajno mjesto u ovoj oblasti
u svijetu, uspjesno realiziranih projeka-
ta lokalnog i svjetskog karaktera, vrhun-
skih slatkovodnih i morskih ribogojili-
$ta i pogona za preradu ribe i ribljih pro-
izvoda. Neizostavno treba napomenuti
veliki broj endemskih ribljih vrsta i $to
je mozda najvaznije, mozemo slobodno
reci, neiscrpnih prirodnih resursa viso-
kokvalitetne rijecne, jezerske, pa i mor-
ske vode. Pravilan izbor mati¢nog mate-
rijala u intenzivnom uzgoju kalifornijske
pastrmke osigurava visoke proizvodne
parametre potomstva (Korjeni¢, 2010).
Za intenzivnu proizvodnju kalifornijske
pastrmke (Oncorhynchus mykiss) potreb-
no je zadovoljiti i niz faktora koji treba-
ju omoguciti najpovoljnije uslove za Zi-
vot i brzi rast riblje populacije, odnosno
doprinijeti $to brZzem ostvarivanju pla-
nirane proizvodnje i plasiranju finalnog
proizvoda za trziSte. Proizvodac¢i mora-
ju obezbijediti prije svega Sto kvalitet-
niji geneticki potencijal riba, kvalitetne
vrste hrane prema uzrasnim kategorija-

ma, zdravstveni veterinarski nadzor i fi-
zicko-hemijske parametre kvaliteta vode
od kojih su najbitniji: dovoljna koli¢ina
vode kojom se ribogojiliSte snadbijeva,
temperatura vode, koncentracija rastvo-
renog kiseonika u vodi i pH vrijednost
vode (Aganovi¢, 1979; Treer i sar, 2001;
Cuk i sar, 2006; Katavi¢, 2009). Neznat-
ne promjene uslova drzanja i ishrane re-
mete iskoriStavanje bioloSkog potencija-
la riba, a preko odredenih granica ugro-
zavaju fizioloSke funkcije, odnosno do-
vode do poremecaja zdravstvenog stanja
organizma (Jeremi¢ i sar, 2004). Medu
najvaznije vanjske faktore u kontroli re-
produkcije ubrajamo: temperaturu i kva-
litet vode, sadrzaj otopljenog kiseonika,
svjetlosni rezim, fotoperiod, prisutnost
specificnog supstrata za razmnozavanje,
strujanje vode, plima, godis$nji ciklusi,
ishrana, pa do moguce intervencije co-
vjeka kroz aplikaciju hormona kojim se
podstice mrijest (Sofradzija, 2009; Sulje-
vi¢, 2012).

Nasim istrazivanjima pokus$ali smo
spoznati koliki utjecaj imaju razliciti mi-
kroambijetalni uvjeti na, intenzitet oo-
geneze i histolosku sliku jajnika kalifor-
nijske pastrmke.

MATERIJAL I METODE RADA

Istrazivanje histoloskih karakteristi-
ka gonada kalifornijske pastrmke iz tri
bosanskohercegovacka ribogojilista koji
pripadaju razli¢itim slivovima obuhvata-
la su rad na terenu i laboratorijske ana-
lize.

Materijal za na$a istrazivanja uzor-
kovali smo iz tri bosanskohercegovacka
ribogojiliSta: Royal-fish smjeStenom na
Jablanickom jezeru (Donja Jablanica),
hidroakomulaciji rijeke Neretve,
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Magazin MAPRIM smjeStenom na
toku Ramickog potoka (Pazari¢-Resnik)
koji se ulijeva u rijeku Bosnu te Eko-pro-
jekt smjeStenom na toku rijeke Krupice
(Jele¢-Miljevina) koja se zajedno sa Gov-
zom ulijeva u Bistricy, a zatim u Drinu. U
toku istrazivanja uzeta je u obzir tempe-
rature vode u (°C), nadmorska visina,pH
vrijednost i zasicenost kiseonikom. Za
histolosku studiju gonada uzorkovano je
24 spolno zrelih jedinki u dobi od dvije
do pet godina.

Gonade su posebno odvajane u etike-
tirane plasti¢cne boce i fiksirane pomo-
¢u 10% formaldehida te dopremljene do
laboratorija gdje je vr$ena njihova dalja
analiza i priprema histoloskih preparata.

Postupak prije kalupljenja podrazu-
mjevao je prethodnu dehidrataciju uzo-
raka provlaceci ih kroz niz alkohola ra-
stuce koncentracije. Uzorci su prvo stav-
ljani u 70% alkohol u trajanju od dva
dana, zatim prebaceni u 96% alkohol je-
dan dan i na koncu u 100% alkohol ta-
kode jedan dan. Poslije ovog postupka
uzorci su prebaceni u mjesavinu 100%
alkohola i toluola na dva sata, a nakon
toga samo u toulol jo$ cetiri sata. Tako
pripremljeni uzorci ostavljeni su u para-
fin pet sati, a zatim ponovno u dvanaest
sati. Time je postupak kalupljena u pa-
rafinske blokove bio zavrSen. Postupak
obrade uzoraka od fiksacije do kaluplje-

na u parafin raden je na rotacionom tkiv-
nom procesoru marke MICROM model
STP-120. Nakon zavrSenog procesa ka-
lupljenja uzorci su rezani digitalnim mi-
krotomom marke LEICA RM 2145 u vise
serijskih rezova debljine 0,5 do 1,5 mi-
krometara. Ukupno je izradeno 400 pre-
parata od 80 uzoraka (40 lijevih i 40 de-
snih spolnih Zlijjezda). Rezove smo po-
stavljali na predmetna stakla i depara-
finirali provlaceci ih kroz niz alkohola
opadajuce koncentracije. Nakon toga,
rezovi su bojeni hematoksilin eozinom,
pokriveni pokrovnim stakalcem, te uc¢vr-
$¢eni Canada balsamom.

Mikroskopski preparati su izradivani
i analizirani u laboratoriji za Histologiju
i embriologiju Veterinarskog fakulteta u
Sarajevu od januara 2013. do jula 2014.
godine.

Deskripciju histoloskih preparata vr-
Sili smo svjetlosnim mikroskopom opre-
mljenim sa kamerom marke MOTIC
TYPE 102M pod uvecanjem 100, 200
i 400x. Provedene analize histoloskih
struktura su izvrSene primjenom poseb-
nog programa Motic Images Plus 2.0 ML.

Mikroskopskim istrazivanjem obu-
hvatili smo analizu spolnih Zlijezda Zenki
u periodu mrijesta prateci razvojne faze
i stepen sazrijevanja na razli¢itim ribo-
gojiliStima.
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REZULTATI

Na ribogojiliStu Eko-projekt smje-
Stenom na nadmorskoj visini od 760 m,
temperatura vode u momentu uzorkova-
nja je iznosila 7 °C. Konstatovana je pH
vrijednost vode od 7,8, a rastvorljivost ki-
seonika u vodi iznosila je 10,5 mg/l.

U Magazin MAPRIM ribogojilistu,
koje se nalazi na nadmorskoj visini od
653 m, ocitane su vrijednosti temperatu-
re vode od 11 °C, pH od 8,3, te rastvorlji-
vost kiseonika od 10 mg/1.

Izmjerena temperatura vode na ribo-
gojilistu Royal-fish, smjeStenom na nad-
morskoj visini od 202 m, iznosila je 8 °C.
Utvrdena je pH vrijednost vode od 8,15,

a rastvorljivost kiseonika iznosila je 8,27
mg/1.

Na istrazivanim histoloskim prepara-
tima ovarija jedinki iz Royal fish ribogo-
jilista, mozemo konstatovati da je uoclji-
vo i prisustvo folikula nakon ovulacije,
medutim, u znatno manjem obimu nego
kod ovarija jedinki iz drugih ribogojili-
$ta. Postovulatorne folikule karaktriSe
prisustvo granulosa, teka luteinskih sta-
nica, degradiranog folikula i krvnih kapi-
lara sa slobodnim eritrocitima, ovalnog
izgleda i jasno uocljivih bazofilnih jedara
(Slika 1).

Slika1. Vitelogena faza: bijele strelice oznacavaju sekundarne i tercijarne razvojne

oblike oocita (HE X 200)

Posebnu paznju nasih istrazivanja
privukli su histoloski preparati ovarija
jedinki uzgajanih na ribogojilistu Eko-
projekt  (lokalitet  Jele¢-Miljevina).
Naime, histoloska istrazivanja uzoraka

prikupljenih iz  ovog ribogojilista
pokazivala su razlicitost histoloskog
nalaza, S$to se ocitovalo, opcenito,
u generalnoj slici ovarija (Slika 2).
Parenhim ovarija je obilovao oocitima
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u fazi prematuracije, maturacije i Zumancanim granulama i masnim
mnoStvom  postovulatornih  folikula. vakuolama (Slika3). Na povrSini ovih
Nakon detaljne histoloske analize, folikula bila je jasno ocuvana zona
uocCili smo dosta vitelogenih oocita radijata.

iznimno velikih dimenzija, ispunjenih

Slika 2 . Generalna slika ovarija u vrijeme mrijesta: mnostvo velikih vitelogenih
oocita (HE X 200)

Slika3. Sekundarna Zumancana oocita: bijela strelica oznacava zonu radijatu;
zelena strelica oznac¢ava Zumancane granule; crvena strelica oznacava vakuole (HE
X 400)
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Ambijentalni uvjeti su vjerovatno
pogodovali ovakvoj slici intenziteta
oogeneze. MoZzemo konstatovati da je
oogeneza jedinki sa ovog ribnjaka u
poredenju sa druga dva ribogojilista,
u istom periodu godine, u mjesecu
novembru, bila na samom vrhuncu s
obzirom na znatno prisustvo maturiranih
oocita. Ribe iz ribogojiliSta Eko-projekt
(lokalitet Jele¢-Miljevina) su uzgajane
u betonskim bazenima sa proto¢nom
izvorskom vodom.

Iako su histoloske analize jajnika
kalifornijske pastrmke izlovljene na
razlicitim  lokalitetima, pokazivale
izvjesne razlike u gradi i prisustvu
razvojnih oblika oocita, moZemo reci
da su jajnici jedinki uzorkovanih iz
ribogojiliSta Magazin MAPRIM (lokalitet
Ramicki  potok—Pazari¢) pokazivali

razli¢itosti u histoloskoj slici ovariaja.
Desne, ali i lijeve gonade obilovale su
jo$ uvijek nezrelim razvojnim oblicima
oocita (Slika 4).

Slika 4. Generalna slika ovarija u vrijeme mrijesta jedinki uzorkovanih sa
ribogojiliSta Magazin MAPRIM (HE X 200)

Ribe u ribogojilistu Magazin MAPRIM su uzgajane u betonskim bazenima.

DISKUSIJA

U literaturi se mogu naci podaci da
na reproduktivni ciklus kalifornijske
pastrmke snazno uticu fotoperiod i
drugi ekoloski faktori te njihovom
manipulacijom moze se diktirati vrijeme
mrijesta (Randall, 2001).

Variranja ekoloskih faktora znacajno

utiCu na rast i vremenski interval razvoja
gonada kod riba (Ekanem i sar, 2013).
Morfoloski opis i detaljnu deskripciju
jajnika kalifornijske pastrmke izlozili
su u svojoj studiji (Grier i sar 2007).
Fotoperiod i temperatura imaju
razli¢it u€inak na razlic¢ite vrste riba.
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Djelovanjem razli¢itth  temperatura
vode na  kalifornijsku  pastrmku
rezultira razli¢itim vremenom mrijesta i
veli¢inom jaja (Pornsoping i sar, 2007),
¢ime mozemo objasniti i rezultate nase
histoloske deskripcije ovarija. Iako su
rezultati provedenih mjerenja pokazali
razlic¢ite fizicko-hemijske parametre
vode na sva tri bosanskohercegovacka
ribogojilista, literaturni izvori potvrduju
da su oni bili u fizioloskim granicama
koje zahtijeva kalifornijska pastrmka
u intenzivnom uzgoju (Cuk i sar, 2006;
Vrani¢ i sar, 2011; Markovi¢ & Mitrovic-
Tutundzi¢, 2003; Markovic i sar, 2006)

$to je u skladu sa nasom histoloSkom
deskripcijomovarija. U tehnologijiuzgoja
kalifornijske pastrmke neophodno je
da se obezbijede elementarni uslovi:
Cista voda sa ispunjenim zahtjevima
za sadrZajem kiseonika (9-11 mg/l),
odgovarajuca temperatura (8-12 °C), pH
vrijednost (6,5-8,5) i dovoljan protok
vode te sistemska ishrana razli¢itim
vrstama industrijske i prirodne hrane
(Cuk i sar, 2006: Markovi¢ i sar,
2006; Vranic¢ i sar, 2011) Sto, okvirno,
zadovoljavaju ribnjaci koji su bili
predmet nasih istrazivanja.

ZAKLJUCCI

HistoloSkom analizom ovarija
kalifornijske pastrmke uzorkovane na
razli¢itimribogojiliStimakoje karakteriSu
razli¢iti ambijentalni-mikroambijetalni
uvjeti, utvrdili smo da je oogeneza
najveceg intenziteta bila kod uzoraka iz

ribogojiliSta Eko-projekt, lokalitet Jele¢
- Miljevina (bazenski sistem uzgoja sa
proto¢nom vodom, nadmorska visina
760 m, temperaturom vode 7 °C, pH od
7,8, rastvorljivosti kiseonika 10,5 mg/1).
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Abstract: Aquaculture as an agricultural activity in our country is capable of
producing large amounts of different types and categories of fish. Climate and
geographic characteristics of our country, the terrain and development of agricultural
production as well as compliance with the principle of “sustainable development”,
the position and importance of fishery in a multipurpose water utilization, must
determine the direction of development of the future trout production. The most
important type of fish grown in the trout fisheries in BiH is the rainbow trout,
Oncorhynchus mykiss (Walbaum, 1792). In addition to the fact that growing this
type of fish is attractive to many producers, considering the high yield potential,
it is also characterized by a significant level of tolerance to varying microambient
conditions of the environment. Given the importance of fish production in Bosnia
and Herzegovina, which is one of the rare branches of food sector that has fulfilled
the international standards and criteria and secured access to the markets of the EU
countries, it is necessary to establish optimal conditions to ensure high productivity
of salmonid fisheries. Studying the reproductive cycles can provide very precise
and significant results of the overall condition of the entire organism during this
very complex physiological process and of the overall population in the respective
ecosystem.
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INTRODUCTION

It is known that fishery in our regi-
on has a long and successful tradition for
almost a century which has been confir-
med by a number of scientific and expert
papers of eminent experts from this area
who occupy a significant place in this
field in the world and also by success-
fully implemented projects of local and
global character, freshwater and marine
fish farming and processing plants for
fish and fish products. Also a large num-
ber of endemic fish species and inexhau-
stible natural resources of high quality
river, lake and sea water have to be men-
tioned. Proper selection of native mate-
rial in the intensive Rainbow trout far-
ming ensures high production parame-
ters of offspring (Korjeni¢, 2010). When
it comes to intensive production of Cali-
fornia trout (Oncorhynchus mykiss) it is
necessary to satisfy a number of factors
that should provide the most favorable
conditions for living and rapid growth of
the fish population, or contribute to the
faster realization of the planned produ-
ction and marketing of the final product
for the market. Above all producers must
ensure the quality of the genetic poten-
tial of fish, quality foods by age catego-
ries, health veterinary supervision and

physico-chemical parameters of water
quality, of which the following are the
most important ones: sufficient amount
of water supplying the fish farm, water
temperature, concentration of dissolved
oxygen in water and pH value of water
(Aganovi¢, 1979; Treer i sar, 2001; Cuk
i sar, 2006; Katavi¢, 2009). The insigni-
ficant changes in the conditions of kee-
ping and nutrition disturb the exploi-
tation of the biological potential of the
fish, and over certain limits it endangers
the physiological functions which can
lead to a disorder of the health conditi-
on of the organism (Jeremic et al., 2004).
Among the most important external fa-
ctors in the control of reproduction are:
temperature and water quality, dissolved
oxygen content, light regime, photope-
riod, presence of specific propagation
substrate, water flow, tide, annual cyc-
les, nutrition, and possible human inter-
vention through hormone application to
stimulate spawning (Sofradzija, 2009;
Suljevi¢, 2012). Our research attempted
to find out the impact of different mi-
cro-ambient conditions on the intensity
of oogenesis and the histological image
of the Rainbow trout ovary.

MATERIAL AND METHODS OF WORK

The research of the histological cha-
racteristics of the Rainbow trout gonads
from the three Bosnian fish hatcheries
belonging to different basins included
field work and laboratory analysis. The
material for our research was sampled

from three fish farms in Bosnia and Her-
zegovina: 1. Royal-fish located on Jabla-
nica Lake (Lower Jablanica) the artifi-
cial reservoir on Neretva River 2.Maga-
zine MAPRIM located on stream of Ra-
mic¢ brook(Pazari¢-Resnik), which flows
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into the Bosna River and 3.Eco Project
located on the river Krupica (Jele¢-Mi-
ljevina), which, along with Govz, flows
into Bistrica and then Drina. During the
research, water temperature (° C), alti-
tude, pH value and oxygen saturation
were taken into account. For histologi-
cal study of the ovaries, 24 sexually ma-
ture individuals from two to five years
were sampled. The gonads were separa-
ted into labeled plastic bottles and fixed
with 10% formaldehyde and delivered to
a laboratory where their further analy-
ses and preparation of histological sam-
ples were conducted. The pre-molding
process implied dehydration of the sam-
ples by passing them through alcohols
with increasing concentrations. Sam-
ples were first placed in 70% alcohol for
two days, then transferred to 96% alco-
hol for one day and finally to 100% al-
cohol also for one day. After this proce-
dure, the samples were transferred to a
mixture of 100% alcohol and toluene for
two hours and then only in toluene for
another four hours. Samples prepared in
that way were left in paraffin for five ho-
urs and then again at twelve hours. With
this the process of embedding into paraf-
fin blocks was completed. The method of
processing samples from fixation to em-
bedment into paraffin was made on the

rotary tissue processor of the MICROM
model STP-120. After finishing the mol-
ding process, the samples were cut with
a digital microtome of LEICA RM 2145
in several serial sections of 0.5 to 1.5 mi-
crometers. A total of 400 preparations of
80 samples (40 left and 40 right fema-
le sex glands) were made. Sections were
and placed on slide glasses and deparaf-
finized by passing them slowly through a
series of decreasing concentrations of al-
cohols. After that sections were painted
with hematoxylin and eosin combina-
tion, covered with a coverslip, and mo-
unted with Canada balsam. Microscopic
preparations were made and analyzed in
the Laboratory for Histology and Em-
bryology of Veterinary Faculty in Saraje-
vo from January 2013 to July 2014. The
descriptions of the histological prepara-
tions were performed under a light mi-
croscope equipped with a MOTIC TYPE
102M marking camera under 100, 200
and 400x magnification. Analyses of the
histological structure were carried out
using a special Motic Images Plus 2.0 ML
software. Microscopic research included
the analysis of female gonads during the
spawn period by following developmen-
tal stages and the degree of ripening at
various fish farms.
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RESULTS

On Eco-project fish farm located at an
altitude of 760 m, the water temperature
during the sampling was 7 ° C. The water
pH value was 7.8, and the oxygen solubi-
lity in water was 10.5 mg /1. On Magazin
MAPRIM farm, located at an altitude of
653 m, water temperature was 11 ° C, a
pH of 8.3, and a solubility of oxygen 10
mg / . The measured water temperature
on Royal-fish farm, located at an altitude
of 202 m, was 8 ° C. The pH of the water
was 8.15, and the solubility of the oxy-
genwas 8.27 mg /1.

In the examined histological samples
of the ovaries from the Royal fish farm
follicles after ovulation were noticeable
in a considerably smaller extent than in
the ovaries of fish from other fish farms.
Postovulatory follicles are characteri-
ze by the presence of granulosa, lutein
cells, degraded follicles and blood capi-
llaries with free erythrocytes, oval appe-
arance and clearly visible basophilic sails
(Figure 1).

Picture 1. Vitellogenesis: white arrows indicate secondary and tertiary

developmental stages of oocyte (HE X 200)

Histological preparations of ovaries
of individuals raised at the Eco-project
(Jele¢-Miljevina location) farm have
attracted special attention in the
research. Histological studies of samples
collected from this farm showed a
difference in the histological finding,
which was generally observed in the
general picture of the ovary (Figure 2).

The parenchyma was abundant with
oocytes in the phase of prematuration,
maturation and a multitude of
postovulatory follicles. After detailed
histological analysis, we observed a lot
of vitellogenic oocytes of extremely
large dimensions, filled with egg yolk
granules and fatty vacuoles (Fig. 3). On
the surface of these follicles there was a
clearly preserved zona radiata.
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Figure 2. The general picture of the ovary during the spawning period : a multitude

of large vitellogenic oocytes (HE X 200)

Figure 3. Secondary yolk oocyte: White arrow indicates zona radiata ; green arrow
indicates yolk granules; red arrow indicates vacuoles (HE X 400)

Ambient conditions were probably
suitable for such intensity of oogenesis.
We can conclude that the oogenesis of
the fish from this farm in comparison
with the other two fish farms, in the
same period of the year in November,
was at its peak due to the significant

presence of mature oocytes. Fish
from the fish farm Eco-project (Jelec¢-
Miljevina locality) were grown in spring
water concrete pools.

Although histological analyzes the
Californian trout ovaries were taken
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at different locations, showed certain
differences in material and the presence
of developmental forms of the oocyte,
we can say that the ovaries of individuals
sampled from the MAGAZIN MAPRIM

farm (Ramici potok-Pazari¢ location)
showed differences in the histological
image of the ovary. Right and left gonads
were abundant with immature oocytes
(Figure 4).

Figure 4. General picture of ovaries during the spawning period of individuals
sampled on Magazine MAPRIM farm (HE X 200)

Fish in MAPRIM fish farm are grown in concrete ponds.

DISCUSSION

In theliterature, we can found that the
photoperiod and other ecological factors
strongly influence the reproduction
cycle of the Californian trout, and that
their manipulation can dictate the
spawn period. (Randall, 2001). Variation
of ecological factors significantly affects
the growth and time interval of gonadal
development in fish (Ekanem etal, 2013).
Morphological descriptions and detailed
descriptions of California trout ovary
were presented in their study (Grier et
al 2007). Photoperiod and temperature
have different effects on different types

of fish. The effect of different water
temperatures on the californian trout
results in a different time of spawn and
eggsize (Pornsopingandsar, 2007),which
explains the results of our histological
description of the ovaries. Although the
results of the measurements showed
different physico-chemical parameters
of the water on all three BiH farms,
literature sources confirm that they
were in the physiological limits required
by the Californian trout in intensive
farming (Cuk i sar, 2006; Vranic¢ i sar,
2011; Markovi¢ & Mitrovic-Tutundzic,
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2003; Markovic et al., 2006) which is
in accordance with our histological
description of ovaries. In Californian
trout breeding technology it is necessary
to provide elementary conditions: pure
water with fulfilled oxygen requirements
(9-11 mg / 1), appropriate temperature

(8-12 ° C), pH value (6.5-8.5 ) sufficient
water flow and systematic nutrition with
different types of industrial and natural
food (Cuk i sar, 2006, Markovi¢ and sar,
2006, Vrani¢ and sar, 2011); fish farms
that were the subject of our research
basically meet these conditions.

CONCLUSION

The histological analysis of the
california trout ovary samples at various
fish farms with different ambient
conditions revealed that the highest
intensity of oogenesis was in the samples

from the fish farm Eko-projekt, Jelec¢-
Miljevina locality (pond system with
continuosly flowing water, altitude 760
m, water temperature 7 ° C, pH 7.8,
solubility of oxygen 10.5 mg /).
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Kratak sadrzaj: Unutar roda Mycobacterium (M.) identificirano je viSe od 170
razlic¢itih vrsta mikobakterija. U odnosu prema ¢ovjeku podijeljene su u tri skupine.
M. tuberculosis kompleks u koji spada deset vrsta koje uzrokuju tuberkulozu u
sisavaca. Vrsta M. tuberculosis, unutar M. tuberculosis kompleksa i dalje ostaje glavni
uzrocnik tuberkuloze u ljudi u svijetu. Osim ve¢ do sada dugo poznatih vrsta (M.
bovis, M. africanum, M. microti, M. canetti, M. caprae), u novije vrijeme otkriveni su
inovi pripadnici te skupine. M. pinnipedii u tuljana, M. munghi u mungosa, M. orygis
u arapske oriks antilope i M. suricattae u merkata. Isti uzro¢nici dokazani su u ljudi
koji Zive u njihovoj blizini. M. leprae je uzroc¢nik lepre u ljudi. Bolest je dokazana u
oklopnika (aramadila) (Dasypus novemcinctus), koji predstavljaju prirodni rezervoar
M. leprae. Najveci broj mikobakterija (viSe od 160 vrsta) pripada netuberkuloznim
mikobakterijama. Nalaze se u okoli$u, vrlo su otporne i prilagodene rastu i razvoju,
a njima su Cesto izloZeni ljudi i Zivotinje. Neke su vazne potencijalno patogene vrste
i ponekad uzrokuju teske patoloske procese u ljudi i Zivotinja.

Kljucne rijeci: mikobakterije, okoli$, ljudi, Zivotinje

1 [IpesenTtosan Ha 23. [oauIImEM CaBjeToBakY TOKTOpa BeTepuHapcke Meaunune Permry6muke Cprcke (buX).
Tecnuh, 6-9- jyna 2018.
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UvoD

Mikobakterije pripadaju porodici
Mycobacteriaceae, koja ima samo jedan
rod Mycobacterium. Broj se vrsta unutar
roda Mycobacterium zadnjih godina
mijenja, a identificirano je vise od 170
razli¢itih vrsta. Svake se godine otkrije
od tri do deset novih vrsta mikobakterija
(Tortoli, 2014). U razdoblju od 2003.
do 2012. godine otkriveno vise od 60
razlicitih vrsta mikobakterija (Biet i
Boschiroli, 2014; Zolnir-Dov¢ i Pate,
2015).

U odnosu prema covjeku rod
Mycobacterium moze se podijeliti u
tri glavne skupine: 1. Mycobacterium
tuberculosis kompleksa, u tu skupinu
spadaju vrste koje uzrokuju tuberkulozu
u sisavaca (M. tuberculosis, M. africanum,
M. canetti, M. bovis, M. caprae, M.
microti, M. pinnipedii, M. munghi, M.
orygis, a u 2013. godini opisana je
vrsta M. suricattae); 2. Mycobacterium
leprae - toj skupini pripada vrsta M.

leprae koja uzrokuje lepru u ljudi; 3.
Netuberkulozne mikobakterije (NTM)
- ukljucuje sve druge vrste (> od 160
vrsta), koji za razliku od prethodnih
skupina nisu obligatni patogeni. Vecina
tih mikobakterija su saprofiti, simbionti
i komenzali, a nalaze se u nasem okolisu.
Neki od njih mogu biti potencijalno
(oportunisticki) patogeni u Zivotinja i
ljudi, a ¢ovjek i Zivotinje mogu se zaraziti
izravnim dodirom ili aerosolom (Van
Ingen, 2013).

Poznato je da patogene mikobakterije
imaju svoje preferentne domacine, ali
povremeno mogu izazvati infekciju i
u drugih vrsta. Bolesti prouzrocene
mikobakterijama u domacih Zivotinja su
obi¢no kroni¢ne i progresivne. Clanovi
kompleksa M. tuberculosis prouzroce
u razli¢itih vrsta sisavaca vrlo slicne
patoloske promjene (Tablica 1.). (Quinn
isur., 2011).
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Tablica 1. Prikaz mikobakterija koje su patogene za zivotinje i ljude (Quinn i sur.,

2011).
. Vrste koje se
Mycgbgg[gsrlum Glavni domacin povremeno Bolest
p inficiraju
M. tuberculosis
kompleks
5 . . Psi, goveda, o
M. tuberculosis CO‘(’J glg(’)gg Illrir)latl sitgemine, Tuberléliliqgta) (Citavi
z kanarinci J
Jeleni, jaza\c(lji,
: oposum, macke,
M. bovis Goveda coviek, drugi Tuberkuloza
sisavci
. Tuberkuloza
: - Ponekad i druge
M. africanum Covjek VIste sisavaca (uglavg%);rﬁé?padna
. . Tuberkuloza
M. canettii Covjek (uglavnom isto¢na
Afrika)
ot . Ponekad i druge
M. microti Voluharice VIste sisavaca Tuberkuloza
M. caprae Koze Goveda Tuberkuloza
. . Povremeno druge
M. pinnipedii Tulﬁi‘g\’,&p“h vrste sisavaca Tuberkuloza
uklju¢ujudi i ljude
M. avium Mnoge vrste ptica .
kompleks osim psita c?na Svinje, goveda Tuberkuloza
: . Ljudi, vodeni
M. marinum Ribe sisavci, vodozemci Tuberkuloza
M. ulcerans Covjek Koale, oposum Buruli ulcer
5 armadilo,
M. leprae Covjek ¢impanze Guba
. . S y Stakorska guba,
M. lepraemurium Stakori, misSevi Macke macja giiba
M. avium subsp. Goveda, ovce, Drugi prezivaci Paratuberkuloza

paratuberculosis

koze, jeleni
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Pripisuje se
Nespecificirane koznoj tuberkulozi
brzo rastuce Goveda (pr%yllzrocy_
mikobakterije senzibilizacyju
goveda prilikom
tuberkulinizacije)
M. senegalense Kroni¢na upala
M. farcinogenes Goveda limfnih ¢vorova

MYCOBACTERIUM TUBERCULOSIS KOMPLEKS

Vrste iz kompleksa M. tuberculosis i
dalje ostaju glavni uzroc¢nici tuberkuloze
u svijetu, osobito u zemljama u razvoju,
usprkos znatnom napretku u dijagnozi
i lijeCenju (Sinha i sur.,, 2016). M.
tuberculosis je uzroc¢nik tuberkuloze u
ljudi, a povremeno moze uzrokovati
tuberkulozu i u Zivotinja. Javlja se u
Citavom svijetu. Moze se podijeliti na
dva glavna tipa: klasi¢ni tip kojeg je
izolirao Koch i juzno-indijski ili azijski
tip. Juzno-indijski ili azijski tip izoliran
je na podrucju Madrasa u juznoj Indiji,
a od klasi¢nog se tipa razlikuje po slaboj
virulenciji za zamorcad, virulentan je
za ljude i prouzroci slicnu bolest kao
klasi¢ni tip. Oko 60% bacila tuberkuloze
izoliranih na podrucju Madrasa ovog su
tipa, a otkriven je u azijskim zajednicama
i u drugim dijelovima svijeta. Ucestalost
infekcije s M. tuberculosis u Zivotinja
opada u razmjeru s rjedom pojavom
tuberkuloze u ljudi. Za M. tuberculosis
su primljivi: magarci, konji, goveda,
mesojedi, svinje, slonovi, vodeni sisavci,
jeleni, antilope te psitacine (Grange i
Redmond, 1978; Smith, 2003). M. bovis
je primarno patogen za goveda, a na tu su

vrstu mikobakterija primljive jo$: koze,
deve, konji, svinje, psi i macke. M. bovis
uzrokuje mali broj sluc¢ajeva tuberkuloze
u ljudi. Uzro¢nik u mnogim zemljama
ima gospodarski znacaj, u divljim i
domac¢im zivotinjama Sirom  svijeta,
posebice u nerazvijenim zemljama gdje
je malo podataka o incidenciji infekcije
ljudi vrstom M. bovis (LoBueisur., 2010).

M. africanum uobicajeni uzrocnik
tuberkuloze u zapadnoj Africi, prvi je
put u Senegalu 1968. godine prepoznata
kao podvrsta kompleksa M. tuberculosis.
Dijeli se u dvije varijante: africku
varijantu I, koja je izdvojena iz ¢ovjeka
u isto¢noj Africi i africku varijantu 11,
koja je izdvojena u zapadnoj Africi, a
sli¢na je M. bovis. Slitna je M. bovis po
tome S$to je mikroaerofilna i primljiva
za TCH, ali je slicna i M. tuberculosis
po primljivosti za pirazinamid. Izolati
iz Afrike (Dakar, Mauritanija) sli¢niji
su M. bovis, dok su oni iz istocne
Afrike (Ruanda i Burudni) sli¢niji M.
tuberculosis. Biokemijske pretrage M.
africanum daju jako varijabilne rezultate,
pa se u identifikaciji koristi molekularna
genotipizacija. PredloZena je revidirana
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klasifikacija koja uklju¢uje M. africanum
zapadnoafricki tip 1 i tip 2 kao razli€ite
podvrste  unutar M.  tuberculosis
kompleksa (De Jong i sur., 2009).

M. microti je izoliran iz tuberkuloznih
procesa u voluharica. Malo se razlikuje
od vrste M. tuberculosis i neki istrazivaci
smatraju da je podvrsta M. tuberculosis.
Tuberkuloza je u divljih glodavaca
prvi put otkrivena 1927. godine kao
dio istrazivanja ciklicnih promjena
gustoce naseljenosti voluharica. Poljske
voluharice, Sumski miSevi i razli¢ite
druge vrste miSeva posebno su osjetljivi
na infekciju s M. microti. Medutim i
drugi mali sisavci poput zamorcica,
kunic¢a, miSeva i Stakora su otporni na
infekciju M. microti, ¢ak i pri visokim
dozama infekcije. Opisani su sporadi¢ni
slucajevi u vec¢im sisavcima (govedo,
ljama, macka) i u ljudi (Emmanuel i sur.,
2007).

M. canetti je prvi opisao francuski
mikrobiolog Georges Canetti 1969.
godine. Godine 1997. je detaljnije
opisan na osnovi izolata izdvojenog iz
dvije godine starog djecaka iz Somalije
s limfadenitisom. Kasnije je opisan
abdominalni tuberkulozni limfadenitis u
Svicarca s HIV infekcijom, a koji je Ziviou
Keniji. Miltgenisur., (2002) identificirali
su neuobicajenu vrstu mikobakterija u
dva pacijenta s plu¢nom tuberkulozom.
Iz uzoraka je identificirana vrsta M.
canetti.  Tuberkuloza  prouzrocena
vrstom M. canetti pojavljuje se kao
vazna bolest na jugu Afrike. Kako
putovanje na ovo podrucje postaje cesce,
a tehnike identifikacije mikobakterija

se poboljsavaju, ocekuje se da ¢e broj
dijagnosticiranih sluc¢ajeva uzrokovanih
ovom vrstom biti ve¢i. Mogu¢i prirodni
rezervoari i nacin prijenosa joS u
potpunosti nisu poznati (Van Soolingen
isur., 1997; Pfyffer i sur., 1998).

M. caprae je novi pripadnik M.
tuberculosis kompleksa izdvojen 1999.
godine iz limfnih ¢vorova i pluca koza.
Po svojim fenotipskim i genotipskim
osobinama razlikuje se od ostalih
clanova ovog kompleksa. Nekoliko
godina kasnije (2002. i 2003.) potvrdeno
je da se radi o novoj vrsti koja je nazvana
Mycobacterium caprae. M. caprae se
navodi kao cest uzro¢nik tuberkuloze
goveda u mnogim zemljama Europe,
vrsta je dokazana u jelena i divljih svinja.
Godine 2006. dokazana je u goveda,
svinja i ljudi u Hrvatskoj (Aranaz i sur.,
2003; Cvetni¢ i sur., 2007).

M. pinnipedii je vrsta izdvojeni iz
tuljana u Australiji, Argentini, Urugvaju,
Velikoj Britaniji i Novom Zelandu.
Vrsena je usporedba kako bi se utvrdila
njihova medusobna povezanost i njihova
taksonomska pozicija unutar kompleksa.
Izolati izdvojeni u Sest razli¢itih vrsta
tuljana usporedeni su s reprezentativnim
i standardnim sojevima kompleksa M.
tuberculosis. Na temelju preferencije
domacina, fenotipskih i genetskih
testova izolati su se razlikovali od ostalih
vrsta unutar kompleksa M. tuberculosis.
Tuljani su prirodni domacin za ovu vrstu
mikobakterija, uzrokuje granulomatozne
promjene u  perifernim  limfnim
¢vorovima, pluc¢ima, pleuri, slezeni i
peritoneumu. Pronadeni su slucajevi
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bolesti s generaliziranim promjenama.
Smatra se da se uzrocnik najcesci prenosi
aerosolom (Cousins i sur., 2003).

Opisano je nekoliko epizootija
tuberkuloze u prugastih mungosa
(Mungos mungo) u Chobe Districtu
u Bocvani uzrokovano vrstom M.
mungi. Prugasti mungosi su druStvene
zivotinje koje Zive u blizini ljudi hraneci
se njihovim otpadom. Tuberkuloza
u mungosa je prvi puta dokazana
godine 2000., a proSirila se u gradove
i Nacionalni park. Identificirani je
uzrocnik po svojim karakteristikama
slican uzroc¢nicima iz kompleksa M.
tuberculosis (Alexander i sur., 2002). Od
2000. do 2010. bilo je sedam epidemija
s velim brojem mungosa, a bolest
je dokazana u S$irokim podrucjima,
ukljucujudi zasticena podrucja i urbane
centre. Tuberkuloza je u tom podrucju
dokazana samo u mungosa i ljudi.
Procjena i raSirenost tuberkuloze u ljudi
nije izvrSena. Izdvajanje novog uzrocnika
predstavlja novu prijetnju i za zdravlje
ljudi (Alexander i sur., 2010).

M. orygis je uzrocnik tuberkuloze
izoliraniz zivotinjailjudiiz AfrikeiJuzne
Azije. Prvije putaizoliraniz arapske oriks
antilope (Oryx leucoryx). Molekularniim
pretragama su pretrazena 22 izolata (11
podrijetlom iz Zivotinja i 11 iz ljudi iz
juzne Azije). Dokazano je da uzrokuje
tuberkulozu u Zivotinja i ljudi iz Afrike
i juzne Azije. Mikobakterije izolirane
iz uzoraka porijeklom iz gazela, jelena,

antilopa i vodenih bivola. Bakterijski
izolati iz antilopa su filogenetski razlic¢iti
od drugih c¢lanova M. tuberculosis
kompleksa, pa je predloZzeno da budu
podvrsta s imenom M. orygis (Van Ingen
isur., 2012).

M. suricattae je mikroorganizam
koji uzrokuje tuberkulozu u merkata
(Suricata suricatta). Genetska analiza
pokazala je da je to novi ¢lan kompleksa
Mycobacterium tuberculosis i vrlo srodan
s M. mungi. IstraZivanje merkata u
pustinji Kalahari pokazuje da je bolest
uzrokovana jedinstvenim sojem Kkoji
pripada kompleksu M. tuberculosis. Nova
vrsta je imenovana M. suricattae (Parsons
i sur., 2013). Godine 2002., je prvi puta
tuberkuloza dokazana u slobodno
zivu¢ih merkata (Suricata suricatta) iz
pustinje Kalahari u Juznoj Africi, u njih
je vrlo detaljno opisana epidemiologija
i patologija bolesti (Drewe i sur., 2009;
Drewe, 2010). Iz merkata su ranije
izolirali mikobakterije koje su obi¢no
identificirane kao M. tuberculosis
(Alexanderi sur., 2002), M. bovis (Drewe
i sur., 2009) ili kao c¢lan koji pripada M.
tuberculosis kompleksu (Drewe, 2011).
Autori navode zabrinutost zbog pojave
tuberkuloze u njih, te smatraju da je
to rezultat antropogene izlozenosti tih
zivotinja. Takva zarazena populacija
moze predstavljati rizik za infekciju
drugih divljih i domacih Zivotinja i ljudi
(Drewe i sur., 2009).
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MYCOBACTERIUM LEPRAE

M. leprae zauzima posebno mjesto pri
podjeli mikobakterija jer do danas nije
uspjelo njeno izdvajanje na umjetnim
podlogama (Pattyn, 1994). Unatoc
mnogim nastojanjima, M. leprae nije
izdvojen in vitro. To ne znaci da se u
odredenim uvjetima u okoliSu ne moze
razmnozavati. Jedno od svojstava je

da je M. leprae patogen za covjeka. U
americkim drzavama Louisiani i Teksasu
lepra je dokazana u prirodno inficiranih
armadila (Dasypus novemcinctus). Bolest
je dokazana i u jedne vrste majmuna
(Cercocebus atys) i u cimpanze (Walker i
Lochwood, 2007).

NETUBERKULOZNE MIKOBAKTERIJE

Netuberkulozne mikobakterije
(NTM) su oportunisti¢ki patogeni ljudi
i Zivotinja. Nalaze se u okolisu, kojima
su izlozeni ljudi i Zivotinje, ukljucujuci
sustave za distribuciju pitke vode i
ku¢nu vodu i vodovod, u tlu, prasini.
Aktivnosti ljudi imale su izravne
utjecaje na ekologiju netuberkuloznih
mikobakterija, a time i na njihovu
epidemiologiju. Polovicom XX. stoljeca,
mikobakterije  koje ne  uzrokuju
tuberkulozu podijeljene su s obzirom
na brzinu rasta, morfologiju kolonija i
stvaranje pigmenta na svjetlu u Cetiri
skupine: spororastuce (nekromogene,
fotokromogene, skotokromogene) i
brzorastu¢e mikobakterije. Za njih su
se upotrebljavali razli¢iti nazivi poput
“atipicne mikobakterije”, mikobakterije
iz okolisa oportunisticke mikobakterije
ili “druge mikobakterije osim M.
tuberculosis”. Buhler i Pollack (1953)
otkrili su pluénu bolest u ljudi koju
je uzrokovao M. kansasii, a koja je
nevjerojatno sli¢ila tuberkulozi. 0Od
tada je paZnja o patogenom potencijalu
netubekuloznih mikobakterija pojacana.

Pojava humane imunodeficijencije
(HIV) i nalaz velikog broja razli¢itih
vrsta NTM u njih jo$ viSe pobuduje
interes za ove mikroorganizme. Razvoj
novih laboratorijskih tehnika osobito
u molekularnoj biologiji znacajno su
utjecali na otkrivanje, identifikaciju
i dokaz novih vrsta NTM, Sto je
kulminiralo u kasnijim godinama XX.
stoljeéa. Prema klinickoj vaznosti
podijeljene su na uvjetno patogene,
oportunisticke mikobakterije i Cciste
saprofite (Davidson, 1989; Jankovi¢-
Makek, 2014). NTM su oligotrofni
mikroorganizmi  sposobni rasti pri
niskim koncentracijama organske tvari,
Sirokog raspona temperatura i niskim
koncentracijama kisika. Otporne su na
dezinfekciju, teSke metale i antibiotike,
a u wusporedbi s ostalim vrstama
mikobakterija vrlo su otporne. NTM
su normalni stanovnici prirodnih voda
i vode za pice. Otporne su na razli¢ita
antimikrobna sredstva koja se koriste
prilikom dezinfekcije pitke vode te se
mogu Siriti u sustave distribucija voda
(Falkinham, 2010).
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NETUBERKULOZNE MIKOBAKTERIJE I OKOLIS

Skoro tri desetljeca poznato je da se
netuberkulozne mikobakterije ne Sire s
Covjeka na ¢ovjeka i Siroko je prihvaceno
da je njihov izvor okoliS. Najvec¢i broj
mikobakterija koje pripadaju rodu
Mycobacterium suupravo netuberkulozne
mikobakterije. One su vazni, neizostavni
oportunisticki patogeni mikroorganizmi
i ponekad uzrokuju teske patoloske
procese u ljudi Zivotinja, peradi, ptica
i riba. Netuberkulozne mikobakterije
su saprofiti, simbionti ili komenzali i
izdvojene su iz okolisa, najc¢esce iz vode
i tla, domacih i divljih Zivotinja, mlijeka
i mlijecnih proizvoda, kao i iz manje
poznatim medijima poput biofilma,
beskraljeznjaka i protozoa. Pri tome su
dvanajvaZznijac¢imbenikastani¢nastjenka
mikobakterijainjihova velika sposobnost
prilagodbe (Biet i sur., 2005; Falkinham,
2009; Faria i sur., 2013). U zapadnim
zemljama je dokazano da kako broj
infekcija vrstom M. tuberculosis opada,
tako ucestalost infekcija uzrokovanih
netuberkuloznim mikobakterijama raste
(Hoefsloot i sur., 2013). U posljednjih
nekoliko godina, dokazano je da ameba
predstavlja velik i vazan rezervoar
netuberkuloznih ~ mikobakterija. U
vodenom sustavu bolnice dokazan je
rast i razmnozavanje M. avium, u amebi
Acanthamoeba  lanticulata  (Ovrutsky
i sur., 2013). Vazna karakteristika
mikobakterijske stanice je prisutnost
hidrofobne, vanjske membrane bogate
lipidima. Hidrofobnost je jedna od
najvaznijih  znacajki  mikobakterija
$to im omogucuje Sirenje aerosolom,

povrsinsko prianjanje, stvaranje
biofilma i otpornost na dezinfekciju i
antibiotike. NTM su oligotrofi, imaju
sposobnost rasta pri niskim razinama
ugljika, Sto ih ¢ini vrlo ucinkovitim u
sredinama s niskim hranjivim tvarima
i dezinficiranoj sredini, poput vode.
Stvaranje biofilma i oligotrofija doveli
su do prezivljavanja, opstanka i rasta u
sustavima i distribucijama pitke vode
(Falkinham, 2009).

Postoje  vrlo zanimljive razlike
u  zemljopisnoj  rasprostranjenosti
pojedinih vrsta netuberkuloznih

mikobakterija, koje se za sada ne mogu
u potpunosti objasniti. Vrste iz M.
avium kompleksa prevladavaju u vecini
zapadnih zemalja i zemalja Europske
Unije, sljede ih M. gordonae i M. xenopi,
ostali ¢lanovi M. avium kompleksa (M.
intracellulare) i M. fortuitum su sljedece
najceS¢e  izdvojene netuberkulozne
mikobakterije (Van der Werf i sur.,
2014). U SAD su cesto izdvojene vrste
M. avium kompleksa, zatim slijede M.
kansasiii M. abscessus. Studija provedena
na Bliskom istoku je bitno razlicita,
glavne izdvojene vrste netuberkuloznih
mikobakterija su M. abscessus, M.
fortuitum i M. intracellulare, a slijede
ih M. kansasii, M. gordonae i M. avium
(Faria i sur., 2015). U Indiji je najcesce
izdvojen M. fortuitum. U drugim azijskim
zemljama izmedu zapada (Singapura)
i istoka (Japan), vrste iz kompleksa M.
avium uzrokuju veéinu infekcija (Simons
isur., 2011).
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MIKOBAKTERIOZE U LJUDI

Netuberkulozne mikobakterije u
ljudi mogu izazvati mikobakteriozu.
Uglavnom se inficiraju i bolest se
javlja u osoba oslabljene imunosti,
starijih osoba, osoba s ve¢ postoje¢im
bolestima pluc¢a i povremeno u i osoba
s normalnom funkcijom imunosnog
sustava. Prema do sada poznatim
podacima oko 25 vrsta NTM cesto je
povezano s mikobakteriozama u ljudi,
druge vrste (njih jo§ > od 160) rijetko
su povezani s bolestima, a ve¢ina njih su
mikroorganizmi iz okoliSa, do sada nije
opisano da uzrokuju bolest u ljudi (Van
Ingen i sur., 2013).

Mikobakterioze u ljudi mogu se grubo
podijeliti u ¢etiri klinicka oblika (Griffith
i sur., 2007). Plu¢ne mikobakterioze su
najcesci klinicki oblik mikobakterioza, a
simptomi su sli¢ni plué¢noj tuberkulozi
i teSko se mogu razlikovati bez
laboratorijske dijagnostike. Uglavnom se
pojavljaju u bolesnika s plu¢nom boles¢u
(npr. cisti¢na fibroza, kroni¢ni bronhitis
ili kroni¢na opstruktivna plué¢na bolest
- KOPB). Plu¢ne mikobakterioze se

najcesce ocituju kao sporo progresivne
i vrlo tesko izljecive bolesti. Najcesce ih
uzrokuju vrste M. avium i M. abscessus.
Izvanpluéni oblici bolesti su rijetki, a
najces¢e se javljaju kao limfadenitis
u djecjoj dobi, osobito ona koja nisu
beseZirana, odnosno cijepljena cjepivom
M. bovis BCG. Najces¢i uzrocnici su M.
marinum, M. fortuitum, M. chelonae

i M. abscessus. Diseminirani oblik
mikobakterioza najc¢eSce se javlja u
osoba s oslabljenim imunoloskim

sustavom poput bolesnika sa stecenim
sindromom imunodeficijencije (AIDS).
Ovaj oblik bolesti najc¢eS¢e uzrokuju
mikobakterije iz kompleksa M. avium,
M. simiae. Postoje i difuzna bolest koze
i mekih tkiva koje se ocituju tvorbom
potkoznih ¢vori¢a, apscesa, Cireva, a
uzrokuju ih M. abscessus, M. chelonae.
Cesto granulomatozne upale na rukama
i nogama moze uzrokovati i infekcija
vrstom M. marinum ili brzo rastuce
mikobakterije poput M. fortuitum
(Griffith i sur., 2007; Van Ingen i sur.,
2011; Zmak i sur., 2013).

NETUBERKULOZNE MIKOBAKTERIJE UZROCNICI BOLESTI U
ZIVOTINJA

Mnoge netuberkulozne mikobakterije
su oportunisticki patogeni u Zivotinja
te u njih mogu uzrokovati limfadenitis,
infekcije pluc¢a, koze, mekih tkiva, tetiva,
zglobova i kostiju (Falkinham, 1999).
Poznato je da mikobakterije uzrokuju
pobol i pomor riba. Mikobakterioza

je jedna od mnajces¢ih  kroni¢nih
bakterijskih bolesti riba. Mikobakterioza
se moze javiti u morskih i slatkovodnih
vrsta riba koje Zive slobodno u prirodi
ili su wuzgojene za prehranu ljudi
te kao wukrasne akvarijske ribice.
Medu najce$¢im  mikrobakterijskim
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uzroc¢nicima za pojedine vrste riba jesu
M. marinum, M. fortuitum i M. chelonae.
Nevedene mikobakterije mogu u ljudi,
a osobito onih slabog imunitetnog
stanja prouzrocCiti dugotrajnu bolest
koja se tesko lije¢i (Gauthier i Rhodes,
2009). M. marinum je poznata i vazna
mikobakterija koja uzrokuje infekciju
koze i mekog tkiva, a izvor su inficirane
ribe i kontaminirana voda. Ova vrsta
mikobakterija smatra se najceScom
netuberkuloznom mikobakterijom koja
uzrokuje izvan pluc¢ne infekcije u ljudi
(Aubry i sur., 2017).

Vise mikobakterijskih vrsta moze
izazvati tuberkulozu u ptica, Sto je vazno
u proizvodnji peradi i uzgoju ptica kao
ku¢nih ljubimaca. Daleko najces¢i uzrok
ptic¢je tuberkuloze je bakterija M. avium,
slijedi M. genavense, mnogo rjede i druge
vrstemikobakterija, npr. M.intracellulare,
M. scrofulaceum i M. fortuitum (Dhama i
sur., 2011). Osjetljivost na mikobakterije
koje wuzrokuju tuberkulozu u ptica
varira od vrste do vrste. Najosjetljivija

golub. Zarazene ptice i kontaminirana
voda i tlo najvazniji su izvor zaraze, te
vrste mikobakterija mogu preZivjeti
mjesecima u okoliSu. Bolest je ceSca
u pretrpanim prostorima sa slabom
higijenom (Tell i sur., 2001). Sli¢ne
razlike u osjetljivosti na NTM takoder
su uocene medu ostalim Zivotinjskim
vrstama. Tako su na infekciju vrstom M.
avium posebno osjetljive svinje u kojih
infekcija moZe napraviti mnogo Stete
gospodarstvu (Cvetni¢ i sur., 2006).
Divlje ptice, svinje i neki sisavci danas
su glavni rezervoar ptic¢je tuberkuloze u
prirodi. U posljednjih nekoliko godina
u peradarskoj industrije u razvijenom
svijetu ta je bolest u opadanju, $to je
rezultat mnogih promjena u nacinu
proizvodnje i pozitivnih mjera u
proslosti. Mnoge manje poznate vrste
NTM-a do sada su izdvojene u domacih
i divljih Zivotinja, ali njihova uloga u
tim domacinima, posebno u nedostatku
klinickih znakova i patomorfoloskih
promjena, jo$ nije razjasnjena (Dhama i
sur., 2011).

je domaca perad, vrapci, fazani i
jarebice, a mnajotporniji je domaci
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Abstract: Within the genus Mycobacterium (M.) more than 170 different types of
mycobacteria have been identified. In relation to humans, they are divided into three
groups. M. tuberculosis complex, which includes ten species that cause tuberculosis
in mammals. The type of M. tuberculosis within M. tuberculosis complex remains
the major cause of tuberculosis in humans in the world. Except for a long time known
species (M. bovis, M. africanum, M. microti, M. canetti, M. caprae), new members
of the group have recently been discovered. M. pinnipedii in seals, M. munghi in
mongoose, M. orygis in arabian oryx and M. suricattae in the meerkat. The same
causes have been proven in people living nearby. M. leprae is the cause of the
leprosy in humans. The disease has been proven in nine banded armadillos (Dasypus
novemcinctus) and represents the natural reservoir of M. leprae. The largest number
of mycobacteria (more than 160 species) belongs to nontuberculous mycobacteria.
They are found in the environment, they are very resistant and adapted to growth
and development, and to humans and animals are often exposed to them. Some
are important potentially pathogenic species and they sometimes cause severe
pathological processes in humans and animals.
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INTRODUCTION

Mycobacterium is the single genus
within the family of Mycobacteriaceae.
The number of species within the genus
Mycobacterium has been changing
over the last few years, and more
than 170 different species have been
identified. Each year, three to ten new
types of mycobacterium are discovered
(Tortoli, 2014). In the period from
2003 to 2012, more than 60 different
types of mycobacteria were detected
(Biet and Boschiroli, 2014; Zolnir-
Dov¢ and Pate, 2015). In relation to
humans, the genus Mycobacterium can
be divided into three main groups: 1.
Mycobacterium tuberculosis complex,
this group includes species that
cause tuberculosis in mammals (M.
tuberculosis, M. africanum, M. canettii,
M. bovis, M. caprae , M. microti, M.
pinnipedii, M. mungi, M. orygis, and
in 2013 the species M. suricattae was
described); 2. Mycobacterium leprae
- this group belongs to the M. leprae

species that causes leprosy in humans;
3. Nontuberculous mycobacteria (NTM)
- includes all other species (> of 160
species), which, unlike the previous
groups, doesn't include obligate
pathogens. Most of these mycobacteria
are  saprophytes, symbionts and
commensals, and are found in our
environment. Some of them may be
potentially (opportunistic) pathogens
in animals and humans, and man and
animals may be infected by direct contact
or aerosol (Van Ingen, 2013). It is known
that pathogenic mycobacterium have
their preferred hosts, but occasionally
they can cause infection in other species.
Diseases caused by mycobacterium in
domestic animals are usually chronic
and progressive. Members of the
M. tuberculosis complex cause very
different pathological changes in
different types of mammals (Table 1).
(Quinn et al., 2011).

Table 1. Review of mycobacterium pathogenic to animals and humans (Quinn et

al., 2011).
Mycobacterium - Occasionall .
Species Main host infected spec%,es Disease

M. tuberculosis
complex

M. tuberculosis

Man, primates
(captivated)

Dogs, cattle,
psittacines,
canaries

Tuberculosis (the
whole world)
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deer, badgers,
opossums,cats,

M. farcinogenes

M. bovis Cattle man, other Tuberculosis
mammals
. Tuberculosis
: Sometimes other :
M. africanum Man types of mammals (malrjg ri\é\fae)stern
. Tuberculosis
M. canettii Man (mainly Eastern
Africa)
ot Sometimes other .
M. microti Voles types of mammals Tuberculosis
M. caprae Goat Cattle Tuberculosis
o _ Sometimes other ]
M. pinnipedii Seal, sea lions types of mammals Tuberculosis
including humans
. Many bird
%hfvllggl species except Pigs, cattle Tuberculosis
p psittacines
) ) Humnas, aquatic )
M. marinum Fish mammals, Tuberculosis
amphibians
M. ulcerans Man Koala, opossum Buruli ulcer
Armadillos,
M. leprae Man chimpanzees Leprosy
: . Rat leprosy, Feline
M. lepraemurium Rats, mice Cats eprosy
M. avium subsp. Cattle, sheep, : ;
paratuberculosis goats, deer Other ruminants Paratuberculosis
- It is classified as
Unspecified skin tuberculosis
rapidly growing Cattle (causes bovine
mycobacteria sensitization during
tuberculinization)
M. senegalense Cattle Chronic

lymphadenitis
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MYCOBACTERIUM TUBERCULOSIS COMPLEX

Species from the M. tuberculosis
complex remain the main causes of
tuberculosis in the world, especially
in developing countries, despite
considerable progress in diagnosis
and treatment (Sinha et al., 2016). M.
tuberculosis is the cause of tuberculosis
in humans, and occasionally it can cause
tuberculosis in animals. It appears in the
whole world. It can be divided into two
major types: the classical type originally
isolated by Koch and the South Indian
or Asian type. The South Indian or Asian
type is isolated in Madras in southern
India, and it differs from a classical in
regard to low virulence for guinea pigs, it
is virulent for humans and causes similar
illness as the classical type. About 60%
of the tuberculosis isolated in Madras
region was of this type, and it was
discovered in Asian communities and in
other parts of the world. The incidence
of infection with M. tuberculosis in
animals decreases in proportion to
the rarer occurrence of tuberculosis
in humans. The following animals
are susceptible to M. Tuberculosis:
donkeys, horses, cattle, carnivores,
pigs, elephants, aquatic mammals, deer,
antelopes and psittacines (Grange and
Redmond, 1978; Smith, 2003) M. bovis
is primarily pathogenic to cattle but
goats, camels, horses, pigs, dogs and cats
are also susceptible to this bacterium. M.
bovis causes a small number of cases of
tuberculosis in humans. The causative
agent in many countries has economic
significance in wild and domestic

animals around the world, especially in
underdeveloped countries where there is
little data on the incidence of M. Bovis
infection in humans (LoBue et al., 2010).

M. africanum, a common cause of
tuberculosis in western Africa, was
first recognized in Senegal in 1968 as
a subspecies of the M. tuberculosis
complex. It is divided into two variants:
the African I variant , which is isolated
from the man in East Africa and the
African II variant isolated in West Africa
and similar to M. bovis. It is similar to M.
bovis because it’s microaerophilic and
susceptible to TCH, but it is also similar
to M. tuberculosis due to its susceptibility
to pyrazinamide. Isolates from Africa
(Dakar, Mauritania) are more similar
to M. bovis, while those from eastern
Africa (Rwanda and Burudni) are similar
to M. tuberculosis. Biochemical tests of
M. africanum give very variable results,
so molecular genotyping is used in the
identification. A revised classification
was proposed including West African
1 and West African 2 as distinct sub-
species within the M. tuberculosis
complex (De Jong et al., 2009).

M. microti was first isolated from
tuberculous processes in voles. It is
slightly different from M. tuberculosis
and some researchers consider it to
be a subspecies of M. tuberculosis.
Tuberculosis in wild rodents was first
discovered in 1927 as part of a study of
cyclicdensity changesinvolepopulations.
Common voles, wood mice and various
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other types of mice are particularly
susceptible to infection with M. microti.
However, other small mammals such as
guinea pigs, rabbits, mice and rats are
resistant to M. microti infection, even at
high doses of infection. Sporadic cases
are described in larger mammals (cattle,
llama, cat) and in humans (Emmanuel
et al., 2007). M. canetti was first
described by the French microbiologist
Georges Canetti in 1969. In 1997, it was
described in more details on the basis
of isolates isolated from a 2-year-old
Somali child with lymphadenitis. Later,
abdominal lymphatic TB was diagnosed
in a 56-year-old Swiss man with HIV
infection who lived in Kenya. Miltgen
et al. (2002) identified an unusual type
of mycobacteria in two patients with
pulmonary tuberculosis. M. canettii
species was identified from the samples.
Tuberculosis caused by M. canetti
appears as an important disease in
southern Africa. As traveling to this area
becomes more common, and techniques
for identification of mycobacteria are
improving, itis expected that the number
of diagnosed cases caused by this species
will be higher. Possible natural reservoirs
and mode of transmission are still not
fully known (Van Soolingen et al., 1997;
Pfyffer et al., 1998).

M. caprae is a new member of the
M. tuberculosis complex, isolated in
1999 from the lymph nodes and lungs of
goats. By its phenotypic and genotypic
traits it differs from other members of
this complex. Several years later (2002
and 2003) it was confirmed that this

was a new species called Mycobacterium
caprae. M. Caprae is a common cause of
bovine tuberculosis in many countries
of Europe, identified in deer and wild
boars. In 2006, it was proved in cattle,
pigs and people in Croatia (Aranaz et
al., 2003; Cvetni et al., 2007). In 2006,
it was detected in cattle, pigs and people
in Croatia (Aranaz et al., 2003; Cvetni et
al., 2007).

M. pinnipediiis a speciesisolated from
seals in Australia, Argentina, Uruguay,
Great Britain and New Zealand. A
comparison of isolates from seals in
Australia,Argentina, Uruguay, Great
Britain and New Zealand was undertaken
to determine their relationships to each
other and their taxonomic position
within the complex. Isolates from
six species of seals were compared to
representative and standard strains of
the M. tuberculosis complex. Based on
host preference, phenotypic and genetic
tests, isolates differed from other species
within the M. tuberculosis complex.
Seals appear to be the natural host for
this organism causing granulomatous
lesions in the peripheral lymph nodes,
lungs, pleura, spleen and peritoneum.
Cases of disseminated disease have been
found. The causative agent is thought to
be the most commonly transmitted by
aerosol (Cousins et al., 2003).

Several epizootics of tuberculosis
in banded mongoose (Mungos mungo)
caused by M. mungi, have been described.
inthe Chobe Districtin Botswana. Banded
mongooses are social animals living in
close association with humans and they
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scavenge human waste. Tuberculosis
disease in banded mongooses was
initially identified in 2000 and infection
spread through cities and the national
park. The causative agent was identified
by its characteristics similar to those of
the M. tuberculosis complex (Alexander
et al.,, 2002). From 2000 to 2010 there
were seven epidemics with a higher
number of banded mongooses, and the
disease was identified in broad areas,
including protected areas and urban
centers. Tuberculosis was detected
only in mongooses and humans.
The estimation and distribution of
tuberculosis in humans has not been
performed. Isolation of the new agent
presents a new threat to human health
(Alexander et al., 2010).

M. orygis is a causative agent of
tuberculosis in animals and humans
from Africa and South Asia. It is first
isolated from the Arabic oryx antelope
(Oryx leucoryx). M. orygis was first
characterized based on examination
of 22 isolates ,eleven of these isolates
were from animals (a and 11 were from
humans from South Asia. It was proven
to cause tuberculosis in animals and
people from Africa and South Asia.
Mycobacteria were isolated from samples
originating from gazelles, deer, antelopes
and water buffaloes. Bacterial isolates
from antilopes are phylogenetically

different from other members of the
M. tuberculosis complex, and it was
proposed that M.orygis was attributed
a subspecies status (Van Ingen et al.,
2012).

M. suricattae iS a microorganism
that causes tuberculosis in meerkats
(Suricata suricatta). Genetic analysis
has shown that it is a new member
of the Mycobacterium tuberculosis
complex and is very similar to M. mungi.
A study of meerkats in the Kalahari
Desert shows that the disease is caused
by a unique strain belonging to the M.
tuberculosis complex. The new species
is called M. suricattae (Parsons et al.,
2013). Tuberculosis was first diagnosed
in free-living meerkats in South Africa’s
Kalahari Desert with detailed description
of epidemiology and pathology of the
disease (Dreweetal., 2009; Drewe, 2010).
Microbacteria previously isolated from
meerkats were usually identified as M.
tuberculosis (Alexander et al., 2002), M.
bovis (Drewe et al., 2009) or as a member
of the M. tuberculosis complex (Drewe,
2011). The authors express concern
about the appearance of tuberculosis in
meerkats, and they believe that this is
the result of anthropogenic exposure of
these animals. Such infected populations
may pose a risk for infection of other
wild and domestic animals and humans
(Drewe et al., 2009).
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MYCOBACTERIUM LEPRAE

M. leprae takes a special place in
the division of mycobacteria because in
vitro cultivation is not generally possible
in spite of many efforts (Pattyn, 1994).
This does not mean that in certain
environmental conditions it can not be
reproduced. One of the properties is
that M. leprae is pathogenic to humans.

In the US, Louisiana and Texas, leprosy
has been detected in naturally infected
armadillos (Dasypus novemcinctus). The
disease has also been identified in one
species of monkey (Cercocebus atys) and
in chimpanzees (Walker and Lochwood,
2007).

NONTUBERCULOUS MYCOBACTERIA

Nontuberculous mycobacteria
(NTM) are opportunistic pathogens of
humans and animals. They are found in a
wide variety of habitats to which humans
and animals are exposed, including
drinking water distribution systems and
household water and plumbing, soil and
dust. Human activities have had direct
impacts on their ecology and thereby
their epidemiology. In the middle of
the 20th century mycobacteria that
do not cause tuberculosis, are divided
in four groups according to the rate of
growth, the morphology of colonies and
the production of pigments in light:
slow-growing mycobacterium (non-
chromogens, photochromogens and
scotochromogens) and rapid growing
mycobacterium. Different terms such as
“atypical mycobacteria”, mycobacteria
from the environment, opportunistic
mycobacteria or “other mycobacteria
except M. tuberculosis” were used
for them. Buhler and Pollack (1953)
discovered lung disease in humans caused
by M. kansasii, which was incredibly

similar to tuberculosis. Since then, the
attention to the pathogenic potency of
nontuberculous mycobacteria has been
intensified. The occurrence of human
immunodeficiency (HIV) and the finding
of a large number of different types of
NTM even more increases the interest in
these microorganisms. The development
of new laboratory  techniques,
particularly in molecular biology,
significantly influenced the detection,
identification and evidence of new NTM
species, which culminated in the later
years of the 20th century. According to
clinical relevance, they were divided into
conditional pathogens, opportunistic
mycobacteria and pure saprophytes
(Davidson, 1989; Jankovic-Makek,
2014). NTM are oligotrophic, able to grow
at low organic matter concentrations
and over a wide range of temperatures
and even at low oxygen concentrations.
They are resistant to disinfection, heavy
metals and antibiotics, and compared
to other types of mycobacteria they are
highly resistant. NTM have been shown
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to be normal residents of drinking water
distribution systems. They are resistant
to various antimicrobial agents used for

disinfection of drinking water and can
spread to water distribution systems
(Falkinham, 2010).

NONTUBERCULOUS MYCOBACTERIA AND THE ENVIRONMENT

For almost three decades, it is known
that non-tuberculous mycobacteria do
not spread person-to-person and it is
widely accepted that their source is the
environment. The largest number of
mycobacteria belonging to the genus
Mycobacterium are nontuberculous
mycobacteria. These are important,
indispensable opportunistic pathogenic
microorganisms and sometimes cause
severe pathological processes in humans,
poultry, birds and fish. Nontuberculous
mycobacteria are saprophytes,
symbionts and commensals, and are
isolated from the environment, most
commonly from water and soil, domestic
and wild animals, milk and dairy
products, as well as from less well-known
media such as biofilm, invertebrates and
protozoa. Two of the most important
factors are the cell wall of mycobacteria
and their great adaptability (Biet et al.,
2005; Falkinham, 2009; Faria et al.,
2013). In Western countries it has been
proven that as the number of infections
with M. tuberculosis species decreases,
the incidence of infections caused
by nontuberculous mycobacteria is
increasing (Hoefsloot et al., 2013). In the
last few years, it has been proven that the
amoeba is a large and important reservoir
of nontuberculous mycobacteria. In
the aquatic system of the hospital, the
growth of Mycobacterium avium in

Acanthamoeba lenticulata was proven.
(Ovrutsky et al., 2013) An important
feature of the mycobacterial cell is the
presence of a hydrophobic, lipid-rich
lipid membrane. Hydrophobicity is one
of the most important features because
it favors aerosolization, bacterial
adhesion to surfaces, biofilm formation
and resistance to disinfection and
antibiotics. The NTM are oligotrophs,
able to grow at low carbon levels , making
them effective competitors in low
nutrient, and disinfected environments
such as water. Biofilm formation
and oligotrophia led to survival and
growth in drinking water systems and
distributions (Falkinham, 2009). There
are very interesting differences in the
geographical distribution of certain
types of nontuberculous mycobacteria,
which for now can not be fully
explained. The species from the M.
avium complex prevail in most western
countries and countries of the European
Union, followed by M. gordonae and M.
xenopi, the other members of M. avium
complex (M. Avium-intracellulare) and
M. fortuitum are the following most
frequently isolated nontuberculous
mycobacteria (Van der der Werf et
al., 2014). The species of M. avium
complex is often isolated in the United
States, followed by M. kansasii and M.
abscessus. The study carried out in the
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Middle East is significantly different,
where the main isolated species were
M. abscessus, M. fortuitum and M.
intracellulare, followed by M. kansasii,
M. gordonae and M. avium (Faria et
al., 2015). In India M. fortuitum was

most commonly isolated. In other Asian
countries between the west (Singapore)
and the east (Japan), species from the
M. avium complex cause most of the
infections (Simons et al., 2011).

MYCOBACTERIOSIS IN HUMANS

Nontuberculous mycobacteria can
cause mycobacteriosis in  humans.
The disease mostly affect people with
impaired immune system, the elderly,
people with already existing lung
diseases and occasionally in people with
normal immune function. So far about
25 types of NTM is often associated
with mycobacteria in humans, other
species (of which more than 160) are
rarely associated with diseases, and
most of them are microorganisms from
the environment, so far not described as
causing disease in humans (Van Ingen
et al., 2013). Mycobacteriosis in humans
can be roughly divided into four clinical
forms (Griffith et al., 2007). Pulmonary
mycobacteriosis is the most common
clinical form of mycobacteriosis,
and the symptoms are similar to
pulmonary tuberculosis and can hardly
be distinguished without laboratory
diagnostics. Theymainly occurinpatients
with pulmonary disease (eg cystic
fibrosis, chronic bronchitis or chronic
obstructive pulmonary disease - COPD).
Pulmonary mycobacteriosis is usually
manifested as slow progressive and very

difficult to cure. The most common
causes are M. avium and M. abscessus.
Other forms of the disease are rare, and
most commonly occur as lymphadenitis
in children, especially those who are
vaccinated with M. bovis BCG vaccine.
The most common causitive agents are
M. marinum, M. fortuitum, M. chelonae
and M. abscessus. The disseminated
form of mycobacteriosis is most common
in people with a weakened immune
system, such as patients with acquired
immune deficiency syndrome (AIDS).
This type of disease is most commonly
caused by mycobacteria from the M.
avium complex, M. simiae. There is also
kin and soft tissue infection manifested
by the formation of subcutaneous
nodes, abscesses, ulcers, and are caused
by M. abscessus, M. chelonae. Often
granulomatous inflammation on the
hands and feet can also be caused by the
M. marinum species or rapidly growing
mycobacteria such as M. fortuitum
(Griffith et al., 2007; Van Ingen et al.,
2011; Zmak et al., 2013).
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NONTUBERCULOUS MYCOBACTERIA -CAUSATIVE AGENTS OF
ANIMAL INFECTIONS

Many nontuberculous mycobacteria
are opportunistic pathogens in animals
and can cause lymphadenitis, lung,
skin, soft tissue, tendon, joint and
bone infections (Falkinham, 1999).
It is well known that mycobacteria
cause fish morbidity and mortality.
Mycobacteriosis can occur in saltwater
and freshwater fish that live in nature
or are grown for human consumption
or as decorative aquarium fish. For
certain species of fish are M. marinum,
M. fortuitum and M. chelonae are
among the most common microbacterial
agents.These mycobacteria may cause
long-lasting illness that is difficult to
treat in humans, especially those with
low immune system (Gauthier and
Rhodes, 2009). M. marinum is a well-
known and important mycobacteria that
causes skin and soft tissue infections,
and infected fish and contaminated
water are the sources of infection. This
type of mycobacteria is considered
the most common nontuberculous
mycobacterium that causes outbreaks of
lung infections in humans (Aubry et al.,
2017).

More mycobacterial species can cause
tuberculosis in birds, which is important
in poultry production and breeding birds
as pets. The most common cause of bird
tuberculosis is M. avium, followed by M.
genavense, and other less common types

of mycobacteria, e.g. M. intracellulare,
M. scrofulaceum and M. fortuitum
(Dhama et al.,, 2011). Sensitivity to
mycobacteria that causes tuberculosis
in bird varies from species to species.
The most sensitive is domestic poultry,
sparrows, pheasants and partridges,
and the most resistant is the domestic
pigeon. Infected birds and contaminated
water and soil are the most important
source of infection, and these types of
mycobacteria can survive for months
in the environment. The disease is
more common in crowded areas with
poor hygiene (Tell et al., 2001). Similar
differences in sensitivity to NTM were
also observed among other animal
species. Thus, pigs are particularly
sensitive to infection caused by M.
avium which can cause much damage to
the economy (Cvetni¢ et al., 2006). Wild
birds, pigs and some mammals today are
the main reservoir of avian tuberculosis
in nature. In the past few years in the
poultry industry in the developed world
this disease is declining, as a result
of many changes in production and
positive measures in the past. Lesser-
known species of NTM have so far been
isolated in domestic and wild animals,
but their role in these hosts, especially
in the absence of clinical signs and
pathomorphological changes, has not
yet been clarified (Dhama et al., 2011).
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Kratak sadrzaj: Mastocitomi su najucestaliji tumori koze pasa. Vode poreklo iz
kostne srzi, a zbog vrlo promenljivog bioloskog ponasanja je predloZzeno nekoliko
kriterijuma za njihovu Kklasifikaciju, uklju¢uju¢i histoloSku gradaciju i markere
proliferacije Celija. Mitotski indeks, prisustvo viSejedarnih ¢elija, ¢elija sa bizarnim
jedrom i kariomegalija su najvaZzniji parametri za klasifikaciju mastocitoma pasa na
mastocitome visokog i niskog stepena maligniteta. Za potvrdu stepena maligniteta
mastocitoma bitno je utvrditi i ekspresiju transmembranskog receptora kinaza tipa
(KIT) koji igra znacajnu ulogu u rastu i diferencijaciji mastocita, a koga kodira c-KIT
protoonkogen. Kod mastocitoma visokog stepena maligniteta, osim membranske
ekspresije KIT receptora, moze se uociti i aberantna citoplazmatska ekspresija.
Ispitana su ukupno 52 mastocitoma pasa i 12 uzoraka nepromenjene koZze pasa.
Uzorci koze fiksirani u formalinu i ukalupljeni u parafinu su obojeni hematoksilin-
eozinom. Ekspresija KIT receptora je ispitana primenom imunohistohemijske
metode bojenja. Klasifikacija mastocitoma na mastocitome visokog i niskog stepena
maligniteta je izvrSena prema kriterijumima Kiupel-ove dvostepene klasifikacije,
uzimajucdi u obzir i ekspresiju KIT receptora. Od ukupno 52 mastocitoma pasa 16
je bilo niskog stepena maligniteta, dok je 36 klasifikovano kao mastocitomi visokog
stepena maligniteta, od kojih 19 mastocitoma pokazuje citoplazmatsku ekspresiju
KIT receptora. Kod svih 16 mastocitoma niskog stepena maligniteta ispoljena je
samo membranska ekspresija KIT proteina. Cinjenica da je kod vec¢ine mastocitoma
visokog stepena malignitetaispoljena ekspresija KIT receptora u citoplazmi potvrduje
vezu izmedu aberantne ekspresije KIT receptora i povecane celijske proliferacije.
Prisustvo mitotskih figura, visejedarnih ¢elija, bizarnih jedara i kariomegalije, kao i

" [Ipesentonan Ha 23. Tomuuimem caBjeToBamy JOKTOpa BeTepuHapcke Meauiiae Permyomuke Cprcke (BuX).
Tecnuh, 6-9- jyna 2018.
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tip ekspresije KIT receptora predstavljaju klju¢ne prognosticke parametre kod pasa

sa mastocitomima.

Klju¢ne reci: psi, mastocitom, klasifikacija, KIT receptor

UVvVOD
Mastocitomi su najc¢es¢i ali se kao povremen nalaz mogu uociti
okruglocelijski tumori kod pasa, koji eritematozni i hiperpigmentisani noduli
ujedno  predstavljaju  najucestalije (Welle i sar., 2008). Lezije na distalnim
tumore koze kod ove Zivotinjske delovima ekstremiteta, usnama i u
vrste (Welle i sar., 2008). Prema podrucju prepona mogu biti u vidu slabo

poreklu, mastocitomi pripadaju grupi
mezenhimskih tumora koze i mekih tkiva
(Hendrick i sar., 1998). Sastavljeni su od
razlic¢ito diferentovanih mastocita koji se
uocavaju kao okrugle Celije sa razli¢itom
koli¢inom granula u citoplazmi,
poredane u redove ili grupe (Strefezzi
i sar., 2009; Jovanovi¢ i sar., 2012).
Mastocitomi se kod pasa najcesce srecu
na trupu (50-60%), ekstremitetima (25 -
40%), glavi i vratu (10%). Na skrotumu,
medici, ledima i repu tumor se rede
srec¢e (Welle i sar., 2008). Makroskopski
izgled mastocitoma varira od stepena
diferentovanosti. Dobro diferentovani
mastocitomi se najce$¢e pojavljuju kao
nodularne, nekapsulirane mase gumaste
konzistencije, iznad kojih su polja koze
bez dlake. Veli¢ina varira od 1 do 4
cm u precniku a klini¢ki podsec¢aju na
lipom. Slabije diferentovani mastocitomi
imaju tendenciju brzeg rasta, manje su
ograniceni i Cesto prac¢eni inflamacijom
i edemom okolnog tkiva (Jubb i sar.,
2007). Na njihovoj povrSini mogu nastati
ulceracije, dok se u blizini mogu razviti
manji ¢vori¢i, tzv. satelitski noduli.
Vecina mastocitoma nije pigmentisana,

definisanih otoka ili nalik dermatitisu
uzrokovanom lizanjem (acral lick
dermatitis, eng.) (Gross i sar., 2005;
Welle i sar., 2008). Maligni mastocitomi
mogu metastazirati putem limfe ili krvi
i u vecini slucajeva, prvi znak metastaze
je uvecanje regionalnog limfnog ¢vora.
Metastaze mastocitoma na plu¢ima
su retke, dok se uglavnom javljaju na
slezini, jetri i bubrezima, a mogu se ¢esto
dijagnostikovati i na kozi (Morris i sar.,
2001).

Etiologija mastocitoma nije u
potpunosti poznata, ali se smatra
da je, kao i kod veCine tumora,
multifaktorijalna. Predispozicija
pojedinih rasa govori u prilog znacaja
genetske kompmonente u nastanku
mastocitoma (Welle i sar., 2008). Noviji
radovi isticu ulogu povrsinskog receptora
tirozin kinaze (KIT protein, CD117) u
etiologiji mastocitoma (Vucicevic i sar.,
2016; Halsey i sar., 2017).

Dijagnoza mastocitoma postavlja se
na osnovu citoloskih bojenja preparata
dobijenih pravljenjem razmaza
dobijenog biopsijom tumora iglom ili
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pravljenja otisak preparata tkiva tumora.
Od metoda bojenja, najcesce se koriste
Romanowsky tip bojenja (npr. Diff-Quik,
Giemsa, Wright's) ili New Methylene
Blue (London i sar., 2003; Strefezzi i
sar., 2009). Dok se na osnovu citoloskih
bojenja moze utvrditi da li je u pitanju
mastocitom, za Kklasifikaciju tumora
je mneophodan histopatoloski pregled
biopsiranog tkiva (Bostock, 1973;
Patnaik i sar., 1984; Kiupel i sar., 2011).
Diferencijalnodijagnosticki, mastocitomi
(narocito slabo diferentovani) se mogu
zameniti sa drugim okruglo-celijskim
tumorima (limfomom, plazmocitomom,
histiocitomom i transmisivnim
venericnim tumorom) (Welle i sar.,
2008; Oliveira i sar., 2012). U svrhu
potvrdivanja dijagnoze mastocitoma i
razlikovanja od drugih okruglocelijskih
tumora koristi se toluidin plavo (toluidin
blue - TB, eng.) bojenje za vizuelizaciju
citoplazmatskih granula (London i sar.,
2003; Strefezzi i sar., 2009).

Klasifikacija mastocitoma je veoma
bitna sa prognosti¢kog aspekta i izbora
terapije. Primarna klasifikaciona
determinanta je histoloska grada
mastocitoma. U novije vreme, koristi
se dvostepeni sistem klasifikacije na
mastocitome visokog i niskog stepena
maligniteta. Na osnovu ove podele,
mastocitomi visokog stepena maligniteta
moraju imati ispunjen najmanje jedan
od slede¢ih kriterijuma: najmanje
7 mitotskih figura na 10 hpf (High-
power Fields — hpf, eng.), najmanje 3
multinuklearne ¢elijena 10 hpf, najmanje
3 bizarna jedra na 10 hpf ili prisustvo

kariomegalije kod najmanje 10%
neoplasti¢nih ¢elija (Kiupel i sar., 2011).
PredloZeni dvostepeni sistem gradiranja
trebao bi da se koristi pri svakom
rutinskom histoloSkom ispitivanju i
dijagnostikovanju = mastocitoma. Za
mastocitome visokog stepena maligniteta
treba primeniti dodatna ispitivanja,
kao $to su odredivanje ekspresije KIT
receptora i skrining na c-KIT mutacije,
kako bi se odredila adekvatna terapija
(Kiupel i sar., 2011, Sabattini i sar.,
2014).

KIT protein je receptor za faktor
rasta mati¢ne celije i normalno se nalazi
na povrSini hematopoetskih celija i
mastocita, igraju¢iznacajnuuloguurastu
i diferencijaciji ovih ¢elija. KIT receptor
je transmembranski receptor kinaza tip
IIT koga kodira c-KIT protoonkogen.
Ekspresija KIT receptora dokazana
je  imunohistohemijskim  bojenjem,
kako na povrsini normalnih, tako i na
povrsini neoplasticno transformisanih
mastocita pasa. Povecana ekspresija
zabelezena je kod slabo diferentovanih
i nediferentovanih mastocitoma (Welle
i sar., 2008; El-Agamy, 2012). Izuzev
membranske ekspresije, opisana je
ekspresija KIT proteina fokalno i difuzno
u citoplazmi. Tip I ekspresije KIT
receptora se karakteriSe prebojavanjem
membrane mastocita usled lokalizacije
KIT proteina u membrani celija, dok je
prebojavanje citoplazme prisutno u maloj
meriili potpunoizostaje. Tip II ekspresije
se karakteriSe difuznim prebojavanjem
citoplazme. Tip III ekspresije je takode
vezan za prisustvo KIT proteina u
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citoplazmi naoplasticnih mastocita i
karakteriSe se intenzivnim fokalnim
prebojavanjem citoplazme neoplasti¢nih
mastocita. Poremecaji u ekspresiji mogu
doprineti neoplasti¢noj transformaciji
(Misdorp, 2004; Takeuchi i sar., 2010).
Povecano prisustvo KIT receptora u
citoplazmi (fokalno ili difuzno) je u
korelaciji sa kra¢im preZivljavanjem
pasa sa mastocitomom, kao i sa kra¢im

intervalom do remisije bolesti u odnosu
na mastocitome kod kojih je povecana
ekspresija membranskih KIT receptora
(Webster i sar., 2004).

Cilj naSeg ispitivanja je da odredimo
vezu izmedu lokalizacije KIT receptora
na malignim mastocitima i histoloskog
stepena posmatranog mastocitoma kod
pasa.

MATERIJAL I METODE

Zivotinje

Ispitivanjima su obuhvaceni isecci
koze 52 psa kod kojih je klinickim
pregledom postavljena sumnja na
mastocitom.  IseCci  nepromenjene
koze 12 odraslih pasa, uzorkovani na
obdukciji, sluzili su kao kontrola. Psi
razlic¢ite rase i pola, uzrasta od 3 do 11
godina, poticali su sa teritorije Republike
Srbije. HistopatoloSka dijagnoza kod
ovih pasa postavljena je na Katedri
za patolosku morfologiju, Fakulteta
veterinarske medicine, Univerziteta u
Beogradu.

Histopatologija

Neposredno nakon biopsije tumora
koze pasa, uzorci su fiksirani u 10%
neutralnom puferizovanom formalinu
ne duze od 48 sati, posle Cega su
procesovani u automatskom tkivnom
procesoru LEICA TP1020. Parafinski
blokovi su seceni pomoc¢u mikrotoma
LEICA RM 2235 na tkivne isecke debljine
3-5 pm. Dobijeni preparati su bojeni
hematoksilin-eozin (HE) metodom. Na
preparatima  bojenim  hematoksilin-

eozinom postavljena je preliminarna
patohistoloska dijagnoza mastocitoma,
a za njenu potvrdu, preparati su dalje
bojeni TB metodom.

HistopatoloSke osobine tumora, kao
$to su prisustvo mitoza, multijedarnih
celija, bizarnih jedara i kariomegalije
analizirani su na preparatima bojenim
hematoksilin-eozinom. Broj navedenih
parametara odredivan je na deset vidnih
polja svakog tumora, pri uveli¢anju
400 puta primenom metode opisane
od strane Romansik i sar. (2007). Na
osnovu navedenih parametara, tumori su
razvrstani u dva stepena diferentovanosti
— tumore visokog stepena maligniteta i
na tumore niskog stepena maligniteta.

Imunohistohemijsko bojenje

U formalinu fiksirani i u parafinu
ukalupljeni tkivni uzorci se€eni su na
5 mm tanke isecke koji su zatim bojeni

primenom  viSestepene  indirektne
imunohistohemijske (IHC) tehnika.
Ise€ci su inkubirani sa primarnim

antitelom CD117 (polyclonal rabbit
anti-human antibody (DAKO, A4502))
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razblazenim fosfatnim puferom
(PBS) u odnosu 1:400. Imunorekcija
je vizualizovana upotrebom
DAB + (3,3’-diaminobenzidinom
tetrahidrohlorid, DAKO, K3468). Za
kontrastiranje koriS¢en je Majerov

hematoksilin. Kori$¢ene su odgovarajuce
pozitivne i negativne kontrole.

Morfometrijska analiza

Za morfometrijska ispitivanja
koriS¢en je morfometrijski softver
Olympus Cell B, uz upotrebu kamere
Olympus Color View III. Lokalizacija
KIT proteina je odredena na nacin
opisan u istrazivanju Webster i sar.
(2007), s obzirom na to da se razlikuju
membranski KIT proteini i dve vrste
citoplazmatskih KIT proteina - fokalno
i difuzno rasporedeni u citoplazmi. Koji
od KIT proteina preovladuje, odredivano
je na osnovu prisustva kod najmanje 10%
neoplasti¢nih ¢elija tumora. Celije na
ivici tumora nisu uzimane u razmatranje.

Statisticka analiza

U statistickoj analizi dobijenih
rezultata, kaoosnovnestatistickemetode,
korisc¢eni su deskriptivni parametri, kao
Sto su aritmeticka sredina i standardna
devijacija. = Prilikom  testiranja i
utvrdivanja statisticki znacajnih razlika
korisc¢en je x* test. Pomocu ovih testova
utvrdivano je postojanje statisticki
signifikantne razlike izmedu ispitivanih
parametara na nivou znacajnosti od 5%
i1%.

Rezultati

HistoloSkom analizom isecaka
mastocitoma bojenih  hematoksilin-
eozinom kod 53,85% mastocitoma

uoceno je viSe od Sest mitotskih figura
na 10 hpf (slika 1a), dok se 46,15%
mastocitoma odlikovalo slabijom
mitotskom aktivnoscu.

Prisustvo vise od dve multinuklearne
¢elijena 10 hpfbilo je uoceno kod 59,61%
mastocitoma (slika 1b). Kod 17,31%
mastocitoma su bile su prisutne po dve
multinuklearne ¢elije, dok je kod 19,23%
mastocitoma bila uocena po jedna
multinuklearna celija na istom broju
vidnih polja. Multinuklearne ¢elije nisu
bile uocene kod 3,85 % mastocitoma.

Vise od dve Ccelije sa bizarnim
jedrom na 10 hpf bile su prisutne kod
55,77% mastocitoma (slika 1c). Dve
celije sa bizarnim jedrom na istom
broju vidnih polja bile su uocene kod
7,69% mastocitoma, dok je po jedna
¢elija sa bizarnim jedrom bila prisutna
kod 26,92% mastocitoma. Kod 9,61%
mastocitoma nisu bile uocene celije sa
bizarnim jedrima.

Viseod 10% anaplasti¢cnihmastocitasa
jedrima promera oko 8-10 mikrometara
bilo je uoceno kod 19,23% mastocitoma,
dok je 42,30% mastocitoma sadrzalo
manje od 10% celija sa pove¢anim jedrom
(slika 1d). Kod 38,46% mastocitoma nije
bila prisutna kariomegalija

Na osnovu kriterijuma Kiupelove
klasifikacije mastocitoma i ustanovljenih
parametara (mitotski indeks,
multijedarne celije, bizarna jedra i
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kariomegalija) kod dijagnostikovanih
mastocitoma, uocilo se da je 36 (69,23%)
mastocitoma odgovaralo mastocitomima
viSeg stepena maligniteta, dok je 16
(30,77%) mastocitoma bilo niZzeg stepena
maligniteta.

Imunohistohemijskim bojenjem po-
tvrdeno je prisustvo KIT receptora u
iseCcima tkiva koZe pasa sa mastocito-
mom. Mikroskopskim pregledom prepa-
rata uocavaju se tri tipa imunohistohe-
mijskog bojenja mastocita pozitivnih na
KIT protein. Ve¢ina mastocitoma u ovom
ispitivanju imala je tip I ekspresije KIT
receptora, odnosno membransku ek-

s

spresiju (63,46%) (Slika 1e). Ovoj grupi
su pripadali svi mastocitomi niskog ste-
pena maligniteta i 17 od 36 matocitoma
visokog stepena maligniteta. Tip II ek-
spresije bio je prisutan kod 21,15% ma-
stocitoma (Slika 1f) od kojih su svi bili
visokog stepena maligniteta. Nijedan od
pregledanih mastocitoma nije imao samo
tip I1I ekspresije, ali su se uocavali kom-
binovani tipovi ekspresije, i to: 11,54%
mastocitoma je ispoljavalo membranski
i fokalni citoplazmatski tip ekspresije,
dok je 3,85% mastocitoma imalo mem-
branski i difuzni citoplazmatski tip ek-
spresije KIT proteina.

b5 Termm——

]

Slika 1. KoZa, pas: a) Prisustvo mitotskih figura kod mastocitoma visokog stepena
maligniteta, HE; b) Prisustvo multijedarnih ¢elija kod mastocitoma visokog stepena
maligniteta, HE; c) Prisustvo Celija sa bizarnim jedrom kod mastocitoma visokog

stepena maligniteta, HE; d) Prisustvo

kariomegalije kod mastocitoma visokog

stepena maligniteta, HE; e) Ekspresija KIT receprora, tip I (membranski) ekspresije,
CD117,LSAB2; f) Ekspresija KIT receprora, tip 11 (difuzni citoplazmatski) ekspresije,

CD117, LSABZ,;
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DISKUSIJA

Mastocitomipredstavljajunajucestalije
tumore koZe pasa, narocito kada se radi
0 pojedinim rasama kao S$to su bokser,
zlatni retriver, labrador retriver i drugi
(Welle i sar., 2008). Na osnovu rezultata
dobijenih u nasem istraZivanju najveca
ucestalost mastocitoma uocena je kod
pasa rase zlatni retriver (37,5%), a
zatim kod pasa rase bokser (20.7%).
Slicno ovim rezultatima, vec¢ina autora
navodi da su mastocitome najcesce
dijagnostikovali kod pasa rase bokser
(London i sar., 2003; Webster i sar.,
2006a; Gil da Costa i sar., 2007; Welle i
sar., 2008, Vucicevic i sar., 2018). Drugi
smatraju da iako bokseri imaju povecan
rizik od nastanka mastocitoma, kod njih
se uglavnom javljaju mastocitomi niskog
stepena maligniteta koji imaju povoljniju
prognozu (Thamm i sar., 2007).

HistoloSka grada se ¢ini najdoslednijim
prediktivnim parametrom i u bliskoj je
vezi sa dvostepenim sistemom klasifikacije
mastocitoma koji je predlozio Kiupel
(Kiupel i sar., 2011) prema kome se
mastocitomi dele na na mastocitome
visokog 1 niskog stepena maligniteta.
Prema kriterijumima dvostepene
klasifikacije, mastocitomi pregledani u
okviru naseg istrazivanja klasifikovani su
u mastocitome visokog i mastocitome
niskog stepena maligniteta. Od ukupno
52 mastocitoma pasa, trideset Sest
pripada mastocitomima visokog stepena
maligniteta, dok Sesnaest mastocitoma
ima morfoloSke karakteristike koje
ukazujunanizak stepen maligniteta. Vise

od Sest mitotskih figurana 10 hpf uoceno
je kod 77,78% mastocitoma visokog
stepena maligniteta, te se prisustvo
mitotskih figura smatra statisticki
znacajnim parametrom za klasifikaciju
mastocitoma u ovom ispitivanju. Dok
pojedini autori smatraju da i mastocitomi
nizeg stepena maligniteta, mogu da
metastaziraju, te da odredivanje samo
mitotskog indeksa nije pouzdan nacin
predvidanja ponasanja tumora (Séguin
i sar., 2006; Webster i sar., 2007), drugi
autori smatraju da je mitotska aktivnost
klju¢na osobina za prognozu ponasanja
mastocitoma (Romansik i sar., 2007;
Kiupel i sar., 2011). Pojedini autori sma-
traju da se smrtnost povecava ve¢ u sluca-
jevima kada je mitotski indeks vec¢i od 5/10
hpf (O’Connell i Thomson, 2011).

Prisustvo viSe od dve multinuklear-
ne Celije na 10 hpf uoceno je kod 86,11%
mastocitoma visokog stepena malignite-
ta, Sto ukazuje da je ovo statisticki znaca-
jan pokazatelj klasifikacije mastocitoma.
Neka ispitivanja ukazuju da postoji znacaj-
na povezanost izmedu broja multinuklear-
nih ¢elija u mastocitomu i vremena preziv-
ljavanja pasa, tako da se vreme prezivlja-
vanja pasa smanjivalo sa povecanjem broja
multinuklearnih ¢elija (Thompson, 2012).

U nasem ispitivanju uoceno je prisustvo
vise od dve ¢elije sa bizarnim jedrom na 10
hpf kod 86,11% mastocitoma viseg stepena
maligniteta, dok kod mastocitoma niskog
stepena maligniteta nije zabelezeno prisu-
stvo multinuklearnih ¢elija.
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Takode, je uoceno da 27,78% mastocito-
ma visokog stepena maligniteta sadrzi vise
od 10% anaplasti¢nih mastocita sa jedrima
promera oko 8-10 mikrona, $to ukazuje na
to da se kariomegalija ne moze razmatrati
kao znacajan prediktivni faktor u ovoj stu-
diji.

Postoji znacajna korelacija izmedu
mastocitoma visokog stepena malignite-
ta i brzeg javljanja metastaza, kao i kra-
¢eg vremena prezivljavanja pacijenata
(Kiupel i sar., 2011; Stern, 2012). Stoga,
za mastocitome visokog stepena maligni-
teta treba primeniti dodatna ispitivanja,
kao $to su odredivanje ekspresije KIT
receptora i skrining na c-KIT mutacije,
kako bi se odredila adekvatna terapija.

Novija istrazivanja ukazuju na posto-
janje, kako normalnih (membranskih),
tako i aberantnih citoplazmatskih (fo-
kalnih i difuznih) KIT receptora na ma-
stocitima pasa (Morini i sar., 2004; Gil da
Costa i sar., 2007). Za razliku od ranijih
istrazivanja (Reguera i sar., 2000) koja
proucavaju odnos izmedu intenziteta
imunohistohemijskog bojenja koji uka-
zuje na stepen ekspresije KIT proteina
i stepena maligniteta tumora, nasa stu-
dija istraZzuje povezanost ekspresije abe-
rantnih tipova KIT proteina i histopato-
loSkog stepena mastocitoma. U ispitiva-
nju koje smo sproveli, uocava se da kod
svih mastocitoma niskog stepena mali-
gniteta postoji isklju¢ivo membranski
tip ekspresije KIT receptora, dok se kod
mastocitoma visokog stepena malignite-
ta pored membranskog tipa ekspresije,
javljaju i aberantni tipovi ekspresije KIT
proteina. Iz na$ih rezultata se uocava da

kod mastocitoma niskog stepena mali-
gniteta nema aberantne ekspresije KIT
receptora. Naime, nijedan od aberan-
tnih tipova ekspresije se ne izdvaja kao
statisticki znacajan u odnosu na ostale
aberantne tipove ekspresije KIT prote-
ina. Medutim, jasna je povezanost abe-
rantnih tipova ekspresije CD117 recep-
tora i stepena maligniteta tumora. Po-
jedini autori navode da je KIT receptor
transmembranski protein, i kao takav,
imunoreaktivnost ovog proteina je loka-
lizovana na citoplazmatskoj membrani
nepromenjenih mastocita. Rezultati is-
pitivanja potvrduju da $to mastocitomi
pasa imaju agresivnije biolosko ponasa-
nje, to imaju i vecu ekspresiju KIT prote-
ina u citoplazmi mastocita (Kiupel i sar.,
2004). Takode, isti autori smatraju da
mastocitomi pasa sa povecanom ekspre-
sijom KIT proteina u citoplazmi neoplas-
titnih mastocita, imaju povecan rizik od
lokalnog recidiva i krace vreme prezivlja-
vanja. Neki autori naglasavaju da posto-
ji jaka korelacija izmedu citoplazmatske
(aberantne) imunoekspresije KIT pro-
teina i povecane celijske proliferacije, a
samim tim i viSeg stepena maligniteta,
ali da nisu uocili znacajne razlike izme-
du fokalne i difuzne citoplazmatske ek-
spresije CD117 receptora, Sto sugeriSe
da fokalna i difuzna citoplazmatska ek-
spresija KIT proteina mozda odrazavaju
slicne celijske promene. Poznato je da se
citoplazmatska ekspresija KIT receptora
dovodi u vezu i sa nekroti¢nim i ulcero-
znim promenama. Naime, citoplazmat-
ska ekspresija KIT receptora je u vezi sa
povecanom proliferacijom mastocita, a
pojava nekroza u mastocitomu moze biti
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odraz povecane Celijske proliferacije koju
nije u mogucnosti da isprati odgovaraju-
¢a angiogeneza. S druge strane, korelaci-
ja izmedu citoplazmatska ekspresije KIT
receptora i pojave epidermalnih ulcera-

cija moze biti posledica KIT — posredo-
vanog oslobadanja histamina i serotoni-
na, $to uzrokuje intenzivan svrab (Gil da
Costa i sar., 2007).

ZAKLJUCAK

U novije vreme kao najbitniji predik-
tivni faktori smatraju se prisustvo muta-
cija c-kit protoonkogena i aberantna ek-
spresija KIT proteina. Medjutim, poje-
dini radovi navode da se aberantna KIT
ekspresija mozZe uociti i kod mastocito-
ma visokog stepena maligniteta kod ko-

jih nije detektovano prisustvo mutaci-
ja (Webster i sar., 2006, Vucicevic i sar.,
2016). Stoga, bi odredivanje ekspresije
KIT proteina trebalo da bude deo rutin-
ske dijagnostike i klasifikacije mastocito-
ma kod pasa.
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Abstract: Mast cell tumors (MCTs) are one of the most common neoplasms in
dogs. They originate from the bone marrow. Several criteria have been proposed
for their classification, including histological grading and cell proliferation markers.
The mitotic index, multiple nuclei, cells with bizarre nuclei and karyomegaly are the
most important parameters for the classification of MCTs on high and low-grade
malignancy. For the confirmation of MCT malignancy grade it is also important to
determine the expression of the transmembrane kinase (KIT) receptor that has a
significant role in the growth and differentiation of mast cell tumors. In high-grade
malignancy MCTs in addition to membrane expression of the KIT receptor, aberrant
cytoplasmic expression can be also observed. Fifty-two MCTs and 12 control
samples of skin from dogs without MCTs were examined. Routinely processed tissue
samples were stained with hematoxylin-eosin. Expression of KIT receptor was
tested immunohistochemically. The classification of MCTs on high and low-grade
malignancy was performed according to the Kiupel's 2-tier classification and the
expression of KIT receptors. Sixteen of 52 MCTs were of a low-grade malignancy,
while thirty-six were classified as a high-grade malignancy of which 19 MCTs
showed aberrant cytoplasm labelling of KIT receptor. All 16 low-grade malignancy
MCTs had only membrane expression of KIT receptor. Most high-grade malignancy
MCTs showed cytoplasmic KIT expression indicating the link between aberrant
KIT expression and increased cell proliferation. The presence of mitotic figures,
multinucleated cells, bizarre nuclei and karyomegaly, as well as KIT receptor

2" Presented at the 23rd Annual Consulling of Doctors of Veterinary Medicine of Republic of Srpska (B&H).
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expression pattern are the most important prognostic factors in dogs with mast cell

tumor.

Key words: dogs, mast cell tumor, classification, KIT receptor

INTRODUCTION

Mast cell tumors are the most
common round cell tumors in dogs, and
at the same time are the most common
skin tumors in this animal species (Welle
et al.,, 2008). Mast cell tumors belong
to a group of mesenchymal tumors
of the skin and soft tissues (Hendrick
et al, 1998). They are composed of
differentiated mast cells, which are seen
as round cells with different amounts of
granules in the cytoplasm, sorted into
rows or groups (Strefezzi et al., 2009;
Jovanovic et al., 2012). Mast cell tumors
in dogs are most commonly found on
the trunk (50-60%), extremities (25-
40%), head and neck (10%). This tumor
is less common on scrotum, perineum,
back and tail (Welle et al., 2008).
The macroscopic appearance of mast
cell tumors varies from the degree of
differentiation. Well-differentiated mast
cell tumors are most commonly present
as nodular, nonencapsulated rubber-
like mass, above which the areas of the
skin are hairless. The size varies from 1
to 4 cm in diameter and they clinically
resembles lipoma. Poorly differentiated
mast cell tumors have a tendency for
faster growth, they are less limited and
often accompanied by inflammation and
edema of the surrounding tissue (Jubb et
al., 2007). Ulceration may occur on their
surface, while smaller nodes (satellite
nodules) may develop nearby. Most

mast cell tumors are not pigmented,
but erythematous and hyperpigmented
nodules (Welle et al.,, 2008) can be
observed in occasional findings. The
lesions at the distal parts of the limbs,
the lips and the groin area may be in
the form of poorly defined swellings or
resembling acral lick dermatitis (eng.)
(Gross et al., 2005; Welle et al., 2008).
Malignant mast cell tumors can spread
throug lymph or blood, and in most
cases, the first sign of metastasis is the
enlargement of the regional lymph node.
Spread to the lungs is not common,
while they will most likely spread to the
spleen, liver and kidneys. Also they can
often be diagnosed on the skin (Morris
et al., 2001).

Etiology of mast cell tumors is not
fully known, but it is considered, as
with most tumors, to be multifactorial.
The predisposition of certain breeds
shows the importance of genetic in the
appearance of MCTs (Welle et al., 2008).
Recent papers also emphasize the role
of surface receptor tyrosine kinase (KIT
protein, CD117) (Vucicevic et al., 2016;
Halsey et al.,, 2017). The diagnosis of
mast cell tumors is based on the staining
of cytologic smears obtained by fine
needle biopsy or by using the impression
smears technique. The most commonly
used staining methods are Romanowsky
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staining (eg Diff-Quik, Giemsa, Wright's)
or New methylene blue (London et
al., 2003; Strefezzi et al., 2009). While
mast cell tumors can be determined
on the basis of cytological staining,
a histopathological examination of
biopsy tissue is indispensable for tumor
classification (Bostock, 1973; Patnaik et
al., 1984; Kiupel et al., 2011). Mast cell
tumors (especially poorly differentiated
ones) can be mistaken for other round-
cell tumors (lymphoma, plasmacytoma,
histiocytoma and transmissible venereal
tumour) (Welle et al., 2008; Oliveira
et al., 2012). For the purpose of
confirming mast cell tumor diagnosis
and differentiation from other tumors,
toluidine blue (TB) is used for visualizing
cytoplasmic granules (London et al.,
2003; Strefezzi et al., 2009).

The classification of mast cell tumors
is very important when it comes to
disease prognosis and type of therapy.
The histologicalal examination of mast
cell tumors is the primary classification
determinant. More recently, a two-
stage classification system for mast cell
tumors of high and low malignancy has
been used. Based on this division, high
malignancy mast cell tumors must meet
at least one of the following criteria:
at least 7 mitotic figures per 10 hpf
(High-power Fields — hpf), at least 3
multinucleated cells in 10 hpf, at least 3
bizarre nuclei in 10 hpf or karyomegaly
of at least 10% of neoplastic cells
(Kiupel et al., 2011). The proposed 2-tier
grading system should be used in any
routine histological examination and

diagnosis of mast cell tumors. For high
grade malignancy MCTs, additional
studies such as determination of KIT
receptor expression and c-KIT mutation
screening should be performed in order
to determine adequate therapy (Kiupel
etal., 2011, Sabattini et al., 2014).

KIT protein is growth factor receptor
of stem cell and is normally found on the
surface of hematopoietic cells and mast
cells, playing a significant role in the
growth and differentiation of these cells.
This protein is a type 111 transmembrane
receptor encoded by the proto-
oncogene c-kit. KIT receptor expression
was detected by immunohistochemical
staining both on the surface of normal
and on the surface of neoplastic
mast cells. Increased expression was
observed in poorly differentiated and
undifferentiated MCTs (Welle et al.,
2008; El-Agamy, 2012). Apart from
membrane expression, KIT expression
was detected focally and diffusely in the
cytoplasm.

The KIT-staining patterns are
identified as pattern I - membrane-
associated  staining due to the
localization of KIT proteins in the cell
membrane while cytoplasmic staining is
present in small amounts or completely
absent, pattern II - diffuse cytoplasmic
staining and pattern III - also relates
to the presence of KIT proteins in
the cytoplasm of the noplastic mast
cells and is characterized by intense
focal cytoplasmic staining. Expression
disorders can contribute to neoplastic
transformation (Misdorp, 2004; Takeuchi
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et al., 2010). The increased cytoplasmic
expression of KIT receptors (focal
or diffuse) is correlated with shorter
survival of dogs with mast cell tumors
and shorter intervals for remission of the
disease compared to mast cell tumors

with increased membrane expression
(Webster et al., 2004). The aim of our
study is to determine the link between
the localization of KIT receptors and
histologic grade of MCTs observed in
dogs.

MATERIALS AND METHODS

Animals

The examinations included skin
samples of 52 dogs in which MCT is
suspected by clinical examination.
Samples of unchanged skin of 12 adult
dogs, sampled at autopsy, were used as
control. Dogs of different breed and sex,
ages 3 to 11, were from the territory of
the Republic of Serbia. Histopathologic
diagnosis was made at the Department
of Pathology, Faculty of Veterinary
Medicine, University of Belgrade.

Histopathology

Immediately after the skin tumor
biopsy, the samples were fixed in 10%
neutral buffered formalin for no more
than 48 hours, after which they were
processed in the LEICA TP1020 tissue
processor. Paraffin blocks were cut
using the LEICA RM 2235 microtome
into 3-5 pm thick sections. The
obtained preparations were stained
with hematoxylin-eosin (HE) method.
Preliminary pathohistologic diagnosis
of MCTs was made on sections stained
by hematoxylin-eosin, and for its
confirmation, the slides were further
stained by toluidin-blue staining Kkit.
Histopathological features of the
tumor, such as the presence of mitosis,
multinucleated cells, cells with bizarre

nuclei and karyomegaly, were analyzed
on slaides stained with hematoxylin-
eosin. The number of these parameters
was determined on ten high power
fields of each tumor (400x), using the
method described by Romansik et al.
(2007). Based on these parameters, the
tumors are classified into two levels of
differentiation — high grade and low
grade tumors.

Immunohistochemical staining

Formalin-fixed paraffin embedded
tissue samples were cut into 5 pm
thin sections, which were then
stained using a multi-step indirect
immunohistochemical (IHC) technique.
The sections were incubated with a
primary antibody CD117 (Rabbit anti-
Human Polyclonal Antibody (DAKO,
A4502)) diluted with phosphate
buffer saline (PBS) in a ratio of 1:
400. Immunoreaction was visualized
using DAB + (3,3’-diaminobenzidine
tetra-hydrochloride, DAKO, K3468).
Mayer’s hematoxylin was used for
counterstaining. Appropriate positive
and negative controls were used.

Morphometric analysis

For morphometric analysis, Olympus
Cell B morphometric software and
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Olympus ColorView III camera were
used. The localization of KIT proteins
was determined in the manner described
in Webster et al. research (2007), since
membrane KIT proteins and two types
of cytoplasmic KIT proteins (focally and
diffusely distributed in the cytoplasm)
differ. -. Dominant KIT protein pattern
was determined based on the presence
in at least 10% of neoplastic tumor cells.
Cells at the edges of the tumor were not
taken into consideration.

Statistical analysis

Descriptive parameters, such as
arithmetic mean and standard deviation,
were used in the statistical analysis of
the obtained results. Chi-square test was
used to test and determine statistically
significant differences. These tests
determined the existence of a statistically
significant difference between the tested
parameters at the significance level of
5% and 1%.

RESULTS

Histological analysis of tissue sections
stained with hematoxylin and eosin
revealed more than six mitotic figures
per 10 hpfin 53.85% of MCTs (Figure 1a),
while 46.15% of MCTswere characterized
by poor mitotic activity. The presence of
more than two multinucleated cells in
10 hpf was observed in 59.61% of MCTs
(Figure 1b). In 17.31% of MCTs, two
multinucleated cells were present, while
one multinucleated cell was observed in
19.23% of MCTs on the same number of
visual fields. Multinucleated cells were
not observed in 3.85% of MCTs. More
than two cells with bizarre nuclei in 10
hpf were present in 55.77% of MCTs
(Figure 1c). Two cells with bizarre nuclei
on the same number of visual fields were
observed in 7.69% MCTs, while one
cell with bizarre nuclei was present in
26.92% of MCTs. In 9.61% of MCTs, cells
with bizarre nuclei were not detected.
More than 10% of anaplastic mast cells
with nuclei of about 8-10 micrometers
in diameter were observed in 19.23% of
MCTs, while 42.30% of MCTs contained

less than 10% of the cells with increased
nucleus (Figure 1d). In 38.46% of MCTs
no karyomegaly was present.

Based on the criteria of Kiupel's
classificationand established parameters
(mitotic figures, multinucleated cells,
bizarre nuclei and karyomegaly,)
in diagnosed MCTs, 36 (69.23%)
of MCTs corresponded to MCTs of
higher malignancy, while 16 (30.77
%) of MCTs were of a lower degree of
malignancy. Immunohistochemical
staining confirmed the presence of
KIT receptors in skin tissue sections
of the dogs with MCTs. Microscopic
examination of the sections revealed
three types of immunohistochemical
staining patterns for KIT positive cells.
The majority of MCTs in this study had
KIT expression pattern I or membrane
expression (63.46%) (Figure 1e). This
group included all low grade malignancy
MCTs and 17 out of 36 high grade
malignancy MCTs. Expression pattern 1
was present in 21.15% mast cell tumors
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(Figure 1f), all of which were high grade.  of MCTs exhibited membrane and focal
None of the examined mast cell tumors cytoplasmic expression, while 3.85%
had only pattern III, but combined of MCTs had membrane and diffuse
patterns were observed, namely: 11.54%  cytoplasmic expression of KIT receptors.

Figure 1. Skin, dog: a) The presence of mitotic figure in high grade MCT, HE; b)
The presence of multinucleated cells in high grade MCTs, HE; c) The presence of
cells with bizarre nuclei in high grade MCTs, HE; d) The presence of karyomegaly
in high grade MCTs, HE; e) Expression of pattern I (membrane expression), CD117,
LSAB2; f) Expression of pattern II (diffuse cytoplasmic expression), CD117, LSAB2;
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DISCUSSION

Mast cell tumors are the most
common dog skin tumors, especially
when it comes to certain breeds such
as boxer, golden retriever, labrador
retriever and others (Welle et al., 2008).
Based on the results obtained in our
study, the highest incidence of mast
cell tumors was observed in golden
retrievers (37.5%), followed by boxers
(20.7%). Similar to these results, most
authors state that mast cell tumors were
most commonly diagnosed in boxers
(London and Sarah, 2003; Webster et
al.,, 2006a; Gil da Costa et al.,, 2007;
Welle et al., 2008; Vucicic et al.., 2018).
Others consider that although boxers
have an increased risk of mast cell tumor
formation, they are usually of low grade
malignancy and have a more favorable
prognosis (Thamm et al., 2007).

Histological examination appears
to be the most consistent predictive
parameter and is closely related to the
2-tire classification system proposed by
Kiupel (Kiupel et al.,, 2011) according
to which mast cell tumors are divided
into high grade and low grade MCTs.
According to the 2-tire system, MCTs
examined in our research have been
classified in high grade and low grade
MCTs. Out of 52 MCTs in dogs, thirty-six
were high grade tumors, while sixteen
MCTs had morphological characteristics
indicating a low degree of malignancy.
More than six mitotic figures per 10 hpf
were detected in 77.78% of high grade
MCTs, and the presence of mitotic figures
is statistically significant parameter

for classification of MCTs in this study.
While some authors consider that low
grade MCTs can metastasize, and that
determining only the mitotic index is
not a reliable way of predicting tumor
behavior (Séguin et al., 2006; Webster et
al., 2007); other authors consider mitotic
activity to be an important feature
for the prognosis of mast cell tumor
behavior (Romansik et al., 2007; Kiupel
et al., 2011). Some authors believe that
mortality increases in cases where the
mitotic index is greater than 5/10 hpf
(O’Connell and Thomson, 2011).

The presence of more than two
multinucleated cells in 10 hpf was
observed in 86.11% of high-grade MCTs,
indicating that this is a statistically
significant  indicator =~ of = MCTs
classification. Some studies indicate
that there is a significant correlation
between the number of multinucleated
cells in MCTs and survival time, so that
survival time decreases with the increase
in the number of multinucleated cells
(Thompson, 2012).

In our study, the presence of more
than two cells with bizarre nuclei in
10 hpf was observed in 86.11% of high
grade MCTs, while the presence of
multinucleated cells in low grade MCTs
was not observed.

It was also observed that 27.78%
of high grade MCTs contain more than
10% anaplastic MCTs with nuclei of 8-10
microns in diameter, indicating that
the karyomegaly can not be considered
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as a significant predictive factor in this
study. There is a significant correlation
between high grade MCTs and faster
metastases, as well as a shorter survival
time of patients (Kiupel et al.,, 2011;
Stern, 2012). Therefore, for high grade
mast cell tumors, additional tests such
as determining the expression of KIT
receptors and screening for mutations
of c-KIT should be used in order to
determine adequate therapy.

Recent studies indicate the existence
of both normal (membrane) and
aberrant cytoplasmic (focal and diffuse)
KIT receptor expression of MCTs in
dogs (Morini et al., 2004; Gil da Costa
et al., 2007). Unlike previous studies
(Reguera et al., 2000) which examined
the relationship between intensity
of  immunohistochemical  staining
indicating the degree of KIT expression
and the degree of tumor malignancy,
our study examines the interconnection
of aberrant expression of this protein
and histopathological grade of mast cell
tumor. In our study, it is observed that in
low grade MCTs there is only membrane
expression, while in high grade MCTs, in
addition to membrane expression, there
is also aberrant expression. From our
results, it is noted that low grade MCTs
have no aberrant expression of the KIT
receptor. None of aberrant expression
pattern is statistically significant in
relation to other aberrant expression
patterns.

However, the correlation between
aberrant CD117 expression and the

degree of tumor malignancy is clear.
Some authors state that KIT receptor is
a transmembrane protein, and as such,
the immunoreactivity of this protein is
localized on the cytoplasmic membrane
of unchanged mast cells. The results of
the study confirm that canine MCTs that
have more aggressive biological behavior,
they also have greater cytoplasmic KIT
expression (Kiupel et al., 2004). Also, the
same authors claim that mast cells with
increased cytoplasmic KIT expression
have an increased risk of local recurrence
and shorter survival time. Some
authors emphasize a strong correlation
between the cytoplasmic (aberrant)
immunoexpression and increased cell
proliferation, and therefore a higher
degree of malignancy, but they did not
notice significant differences between
the focal and diffuse cytoplasmic CD117
expression, suggesting that focal and
diffuse cytoplasmic expression of
KIT receptor may reflect similar cell
changes. It is known that cytoplasmic
KIT receptor expression is associated
with both necrotic and ulcerative
changes. Cytoplasmic KIT receptor
expression is related to increased mast
cell proliferation, and the occurrence
of necrosis in mast cell tumors can be a
reflection of increased cell proliferation
which appropriate angiogenesis isn't
able to follow. On the other hand, the
correlation between the cytoplasmic
KIT receptor expression and occurrence
of epidermal ulcerations can be due to
KIT-mediated release of histamine and
serotonin, which causes intense itching
(Gil da Costa et al., 2007).
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CONCLUSION

More recently, the presence of c-kit
proto-oncogene mutation and aberrant
KIT expression are considered to be
the most prominent predictive factors.
However, some papers state that
aberrant KIT receptor expression can

be seen in high grade MCTs in which no
mutation was detected (Webster et al.,
2006, Vucicevic et al., 2016). Therefore,
determination of KIT receptor expression
should be part of routine diagnostics and
classification of mast cell tumors in dogs.
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Kratak sadrzaj: Brucele u organizmu inficiranih zivotinja induciraju i humoralni
i ¢elijski imunoloski odgovor. Humoralni imunolos$ki odgovor se bazira na pracenju
pojave specificnih antitijela protiv glatkog lipopolisaharida (S-LPS) celijske
membrane brucela. Medutim kod goveda u dokazu specifi¢nih antitijela klasicnim
seroloskim metodama mogu se detetkovati antigene determinate za druge vrste
mikroorganizama (unakrsna reaktivnost) kao $to su: Escherichia coli 0:157, Yersinia
enterocolitica 0:9, Salmonella urban, Pseudomonas malthopilia i Pasteurellae. Cilj ovog
rada je utvrditi Celijski imunoloski odgovor koji se bazira na upotrebi procis¢enog i
standardiziranog alergena, kojem je u potpunosti odstranjen lipopolisaharid te kao
takav ne dovodi do razvoja humoralnog imunoloskog odgovora. Ukupno je ispitano
16 goveda s podrucja Federacije Bosne i Hercegovine kod kojih je - Rose Bengal
testom ireakcijom vezivanja komplementa utvrdeno prisustvo specifi¢nih antitijela
na brucelozu. Kozni test je izvoden prema uputama proizvodaca. U testu je koriSten
brucelin, ekstrakt B. melitensis B115 (Synbiotics Brucellergene OCB). Kod 14 goveda
je nakon 72 sata od aplikacije utvrdeno zadebljanje koznog nabora, dok kod dva
goveda nije izmjereno nikakvo zadebljanje. Razlog svakako treba traziti u ¢injenici
da su dva goveda imala pozitivan rezultat samo u Rose Bengal testu te se to moze
prepisati unakrsnoj reakciji s antigeno srodnim mikroorganizmima.

Kozni alergijski test nije preporucljiv kao samostalan dijagnosticki alat jer ne
reaguju sve zarazene Zivotinje, stoga ovaj test se ne moze preporuciti kao individualni
dijagnosticki test ili u svrhu medunarodne trgovine. Medutim, zbog visoke
specificnosti i adekvatne osjetljivosti na nivou stada ili stada, mozZe se preporuciti za
nadzor stada / stada u podrucjima slobodnim od bruceloze.

Klju¢ne rijeci: bruceloza, goveda, brucelin, humoralni imunitet, ¢elijski imunitet

' IpesenToBaH Ha 23. [OMUIIKBEM CaBjETOBakbY JOKTOPA BETEPUHAPCKE MeauiuHe Penybnuke Cpricke
(buX). Tecnuh, 6-9- jyna 2018.
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UvoD

Uzroc¢nik bruceloze su fakultativne
intracelularne gram-negativne bakterije
iz roda Brucella. Kod prijemljivih
zivotinja brucele poti¢u humoralni i
celularni imunoloski odgovor. Dok se
humoralni imunolo$ki odgovor bazira na
prac¢enju pojave i rasta titra specifi¢nih
antitijela protiv lipopolisaharida- -
glatkih brucela (S-LPS) (Benet i sar.,
1991), Celijski imunoloski odgovor
zasnovan je na aktivaciji makrofaga od
strane limfokina koje izlucuju T (celije.
Na pracenje humoralnog imunoloskog
odgovora seroloSkim metodama utiu
mnogi faktori kao $to su dug i varijabilan
period inkubacije bolesti tokom kojeg
su seroloski testovi negativni (Nelson i
sar., 1966.), imunoloski odgovor nastao
vakcinacijom, varijacija u seroloSkim
odgovorima pojedinih goveda kao i
stadijem gravidnosti u vrijeme infekcije
zivotinja (Fensterbank i sar. 1975.).

Brojni seroloski testovi koji su trenutno
dostupni jasno ukazuju da ni jedan test
ne moze zadovoljiti ono Sto se definise
kao ,idealan“ kao S$to je otkrivanje
rane faze infekcije tokom dugog i
promjenljivog inkubacionog perioda,
prisustvo nespecificnih antitijela
(unakrsne reakcije), otkrivanje latentnih
ili hroni¢nih nosioca uzro¢nika i
razlikovanje vakcinalnih od infektivnih
antitijela (Nielsen i Duncan, 1990). Cilj
ovog rada je utvrditi Celijski imunoloski
odgovor kod seroloski pozitivnih
goveda upotrebom procis¢enog i
standardiziranog alergena, kojem je u
potpunosti odstranjen lipopolisaharid
te kao takav ne dovodi do razvoja
humoralnog imunoloSkog odgovora
kao i ukazati na znacaj primjene ovog
testa u postavljanju konacne dijagnoze
bruceloze kod goveda.

MATERIAL I METODE

Ispitivane Zivotinje

Istrazivanje je provedeno na 14
goveda kod kojih je Rose Bengal testom
(test brze serumske aglutinacije) i
reakcijom  vezivanja  komplementa
(RVK) utvrdeno prisustvo specifi¢nih
antitijela za uzroc¢nika bruceloze, kao
i dva goveda kod kojega je Rose Bengal
testom utvrdena pozitivna reakcija, dok
je reakcija vezivanja komplementa dala
negativan rezultat. Svi ispitani uzorci
goveda su poticali iz gazdinstva u kojima
se zajedno uzgajaju goveda i ovce koje

nisu bile vakcinisane. Uzorci krvi goveda
za seroloska ispitivanja dostavljani su na
ispitivanje u Laboratorij za virusologiju
i serologiju, Nacionalni referentni
laboratorij za brucelozu u okviru
godiSnje naredbe za kontrolu zaraznih i
parazitarnih bolesti u Federaciji Bosne i
Hercegovine za 2017. godinu.

Kozni test

Test je izvoden prema uputstvu OIE
Manuala (2016)iSeagermanisar.,(1999)
- brucelinom, koji je ekstrakt B. melitensis
B115 (Synbiotics Brucellergene OCB).
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Prema uputstvu proizvodaca dlaka je
iSana sa bocne strane i intradermalno
je aplicirano 0,1 ml brucelina (2000
jedinica/ml). Debljina koznog nabora
je neposredno prije aplikacije mjerena
- kutimetrom. Brucelin smo aplicirali
s injektorom i iglom. Potvrda uspjes$ne
aplikacije bio je opipljiv ¢vori¢ na mjestu
aplikacije. Ocitavanje reakcije smo vrsili
42-72 sata nakon aplikacije, primarno
palpacijom, a nakon toga i mjerenjem

kutimetrom. Pozitivna reakcija se
ocjenjuje kvalitativno ili stvaranjem
lokalnog ograni¢enog edematoznog

otoka i otvrdnuca. Svako povecanje
koznog nabora vece - od 1,5 mm se

smatralo pozitivnom reakcijom. U cilju
smanjenja mogucénosti varijacija u
ocitavanju, apliciranje kao i ocitavanje je
vrdila ista osoba.

REZULTATI

Kod svih goveda koristenih u
ispitivanju nije zabiljezena bolnost,
nekroza ili oteknuce regionalnih limfnih
¢vorova na strani vrata na kojoj je
apliciran alergen.

Reakcija je oc€itavana jednokratno,
sedamdeset dva sata nakon aplikacije
brucelina - mjerenjem debljine koZnog
nabora. Dobijene vrijednosti mjerenja
prikazane su u tabeli 1.

Tabela 1. Vrijednosti mjerenja koZznog nabora prije i poslije aplikacije

brucelina
Goveda Kozni nabor prije Kozni nabor 72 sata Razlika u debljini koznog
br. aplikacije brucelina nakon aplikacije nabora (mm)

(mm) brucelina (mm)
1. 10 21 11
2. 9 12 3
3. 12 20 8
4. 13 16 3
5. 10 17 7
6. 10,5 17 6,5
7. 9 10 1
8. 13 19 6
9. 20 22 2
10. 8 11 3
11. 9 13 4
12. 10 15 5
13. 6 8 2
14. 6 13 7
15. 7 7 0
16. 10 13 3
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Kao $to je vidljivo u tabeli od 16
testiranih Zivotinja povecanje koznog
nabora je utvrdeno kod 14, dok kod
dva goveda nisu zabelezene promene.
Prosjetna vrijednost povecanja
zadebljanja se kretala u prosjeku
4,5 mm. lako se kozni alergijski test
na brucelin bazira na reakciji kasne

preosjetljivosti, fenomenu koji se

koristi kod - tuberkulinizacije, reakcija
nakon aplikacije brucelina je dva do
tri puta manje intenzivna u odnosu na
- tuberkulinizaciju (Saegerman i sar,
1999) ( slika 1).

Slika 1. Mjerenje koznog nabora kutimetrom.

DISKUSIJA

Postavljanje precizne i konacne di-
jagnoze kod oboljenja kao Sto je bruce-
loza je od velike vaznosti u kontroli bo-
lesti kako kod Zivotinja tako i kod lju-
di. S obzirom na to da se bruceloza kod
Zivotinja manifestira pobacajima gra-
vidnih Zenki u zadnjoj tre¢ini gravidi-
teta postavljanje klinicke sumnje se ba-
zira na anamnestickim podacima veza-
nim za reproduktivne poremecaje u
stadu. Konac¢na dijagnoza se bazira na
primjeni laboratorijskih direktnih i in-
direktnih metoda. Zlatni standard u di-
jagnostici bruceloze je izolacija bruce-

la iz dijagnostickog materijala (Alton i
sar. 1988). Medutim ova- metoda zaht-
jeva odgovarajuc¢i biosigurnosni nivo -
jer se radi o uzro¢niku visokog rizika.
Molekularne metode su s druge stra-
ne vazan alat u dijagnostici brucelo-
ze - 1 u epizootioloskim istrazivanjima,
ali zahtijevaju veoma skupu i opremu
kao i visoko educirano osoblje (Godfro-
id sar., 2010). Primjena seroloskih meto-
da takoder ima svojih prednosti i mana.
Seroloski testovi za - izvodenje ne zah-
tijevaju posebne uslove, manje su zaht-
jevni, sigurniji i mnogo ekonomicniji u



396

BetepuHapckH xxypHan Penydnuke Cpncke (bama JIyka), Bon/Vol. XVIII, Bp/No.2, 392 — 407, 2018

Veli¢ i sar.:

Znacaj upotrebe alergijskog koZnog testa na brucelin u dijagnostici bruceloze goveda

odnosu na bakterioloske i molekular-
ne metode. lako je opce prihvaceno da
su seroloski testovi pouzdani u dijagno-
stici bruceloze kod goveda (FAO/WHO,
1986), - niti jedan dostupan seroloski
test ne moze detektirati specificna anti-
tela u svim fazama infekcije - (Nielsen,
2002). U istrazivanjim provedenim 60tih
i 80tih godina proslog vijeka utvrdeno je
da u serumu goveda inficiranih malim
brojem brucela imunoloski odgovor je
slab ili upotpunosti izostaje (Rose i sar.,
1964; Nicoletti i Muraschi, 1966, Ray i
sar., 1988).

Takoder, u slu¢ajevima infekcije bru-
celama u kasnoj fazi graviditeta moze
do¢i do normalnog poroda, ali su takve
zivotinje inficirane iako se u serumu tak-
vih zivotinja rijetko moze dokazati signi-
fikantan titar antitijela (Cunningham,
1968).

Nedostatak seroloskih testova se
ogleda u tome $to se kod dokazivanja
prisustva antitijela protiv bruceloze u
serumu inficiranih Zivotinja mogu una-
krsno dokazati antitijela nastala potican-
jem antigeno srodnih mikroorganizama
kao Sto su: Escherichia coli 0:157, Yersi-
nia enterocolitica 0:9, Salmonella urban,
Pseudomonas malthopilia i Pasteurellae
(Corbel, 1985, Kittelberger i sar., 1995).
1z ovog proizilazi da ne postoji niti jedan
seroloski test koji bi mogao da precizno
detektuje sve stadije bruceloze (Mylrea i
Fraser, 1976, Nielsen, 2002).

U naSem istrazivanju koristili smo
prociS¢eni i standardizirani alergen
brucelin kojem je u potpunosti
odstranjen lipopolisaharid, te kao takav

ne moze dovesti do stvaranja specifi¢nih
antitijela. Celijski imunologki odgovor
predstavlja najvaznij mehanizam
odbrane kod infekcije brucelama.
Mehanizam se sastoji u tome da
limfocitnom stimulacijom dolazi
do inhibicije migracije makrofaga,
blastogeneze limfocita i razvoja kasnog
tipa senzitivnosti (Soper i sar. 1978).
Utvrdivanjem povecanja koznog nabora
kod 14 od 16 goveda kod kojih su s
obje seroloSke metode (RB i RVK)
dale pozitivan rezultat dokazuje da
je kozni alergijski test mnajspecifi¢niji
indirektni test za dijagnostiku bruceloze
kod nevakciniranih zivotinja. lako
osetljivost i  specificnost  koznog
alergijskog testa zavisi od odabranih
kriterija za interpretaciju rezultata (De
Massis i sar, 2005), - rezultati dobiveni
ovim istrazivanjima se podudaraju s
rezultatima istraZivanja drugih autora
(MacDiarmida i Hellstroma, 1987,
Pouillot i sar., 1997, Seagermana i sar.,
1999). Mnogi autori (Bercovich i sar.,
1992., Plommet, 1984., Seagerman i
sar,., 1999) smatraju da se vrijednost
zadebljanja koznog nabora - jednako
i ve¢e od 1mm, ne uzima kao grani¢na
vrijednost, nego da se svako vidljiva i/ili
opipljiva reakcija smatra pozitivnom.

Negativan rezultat na kozni alergijski
test koji smo dobili u naSem istrazivanju
kod dva goveda je zabiljezen kod goveda
kod koih je Rose Bengal bio pozitivan,
dok je RVK dao negativan rezultat, a koji
se prema Corbel, (1985) te Kittelberger
sar. (1995) dovodi u vezu sa unakrsnom
reakcijom sa drugim antigen srodnim
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mikroorganizmima.

VaZzno je napomenuti da Zivotinje
koje su vakcinisane sa B. melitensis
Rev.1, B. abortus S19 ili RB51 mogu dati
pozitivne rezultate koznim alergijskim
testom godinama nakon vakcinacije
(Pouillot i sar., 1997; De Massis i sar.,
2005). Zbog toga se ovaj test ne moze
preporuciti ni kao jedini dijagnosticki
test, niti u svrhu medunarodne trgovine
u podruc¢jima gdje se koriste Brucella

vakcine. Takoder vazno je napomenuti
da ne reaguju sve zarazene Zivotinje,
stoga ovaj test se ne moze preporuciti
kao individualni dijagnosticki test ili u
svrhu medunarodne trgovine. Medutim,
zbog visoke specificnosti i adekvatne
osjetljivosti na nivou stada ili stada, moze
se preporuciti za nadzor stada / stada
u podrucjima slobodnim od bruceloze
(OIE 2016).

ZAKLJUCAK

Na osnovu iznesenog moze se
zakljuciti da primjena koznog alergijskog
testa u dijagnostici bruceloze goveda ima
narocito veliku vrijednost kod goveda
kod kojih su seroloski testovi pokazali
sumnjiv i nejasan rezultat kao potvrdna
metoda kod nevakciniranih goveda. U
uslovima gdje je bruceloza enzootskog
karakteraigdje se primjenjuje vakcinacija
malih prezivara te u uslovima gdje se
ovce i koze zajedno drZe s govedima

na istim paSnjacima i1 nastambama
uvodenje dodatnog testa u dijagnostici
bruceloze kao Sto je kozni test kasne
preosjetljivosti na brucelin je koristan
dijagnosticki alat u dijagnostici bruceloz.
Nedostatak koznog testa se ogleda u
tome da nije primjenjiv u slucajevima
vakcinacije zivotinja kao i to da se u
kod ponavljanja kozne alergijske probe
treba sacekati period desenzibilizacije
organizma 6 sedmica (OIE 2016).
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Abstract: Infection with Brucella results in the induction of both humoral and
cellular immune responses. Humoral immune resposne is based on monitoring
the occurrence of specific antibodies against smooth lipopolysaccharide (S-LPS)
of Brucella. However, in cattle, classical serological methods can detect antigenic
determinants for other types of microorganisms (cross reactivity) such as Escherichia
coli 0:157, Yersinia enterocolitica 0:9, Salmonella urban, Pseudomonas malthopilia and
Pasteurella. The aim of our work was to determine the immunological response
based on the use of standardized and purified allergen in which lypopolysaharid has
been removed and doesn’t induce humoral immune response. A total of 16 dairy
cattle previously tested positive using RBT (Rose Bengal test) and CFT (complement
fixation test) were tested for confirmation with BST (brucelline skin test) according
to the instructions of the producer. B. melitensis B115 (Synbiotics Brucellergene
OCB) was used in the test. 14 of 16 cattle reacted with skin thickening >1 mm after
72 hours from the application of brucellin. 2 animals with no skin thickening or
thickening <1mm also reacted negative in CFT. This outcome can be attributed to
cross reactions with other antigens than Brucella that commonly occurs in Rose
Bengal test.

Brucellin allergic skin test is not recommended as a standalone diagnostic tool
because all infected animals do not react therefore this test cannot be recommended
as a self-sufficient diagnostic test or for the purpose of international trade.
However, due to high specificity and adequate sensitivity at the herd level, it can be
recommended for the control of herds in areas free of brucellosis.

Keywords:brucellosis, cattle, brucellin, humoral immunity, cellular immunity.
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(B&H). Teslic, June 6-9, 2018




401

Veterinary Journal of Republic of Srpska (bama JIyka-Banja Luka), Bon/Vol.XVIII, Bp/No.2, 392-407, 2018

Veli¢ et all:

The importance of brucellin algeric skin test for diagnosis of bovine brucellosis

INTRODUCTION

Brucellosis is caused by facultative
intracellular Gram-negative bacteria
of the genus Brucella. In susceptible
animals, brucella induces a humoral
and cellular immune response. While
the humoral immune response is based
on monitoring the occurrence and
growth of titres of specific antibodies
against lipopolysaccharides - smooth
strain of Brucella (S-LPS) (Benet et al.,
1991), the cellular immune response
is based on activation of macrophages
by lymphokines secreted by T cells.
Monitoring of the humoral immune
response by serological methods is
influenced by many factors such as the
long and variable incubation period
during which the serological tests are
negative (Nelson et al., 1966), the
immunological response generated by
vaccination, variation in serological
responses of individual cattle as well

as stage of pregnancy at the time of
infection (Fensterbank et al 1975).
Numerous serological tests currently
available clearly indicate that no test
is “ideal” in terms of early infection
detection during a long and variable
incubation period, the presence of non-
specific antibodies (cross-reactions),
detection of latent or chronic carriers
and the differentiation of infection from
vaccination (Nielsen and Duncan, 1990)
The aim of this paper is to determine the
cellularimmune response in serologically
positive cattle using a purified and
standardized Brucellin allergen, almost
completely devoid of lipopolysaccharide
and consequently does not lead to
the development of humoral immune
response . Also the study indicates the
significance of this test in making the
final diagnosis of brucellosis in cattle.

MATERIAL OF METHODS

Examined animals

A study was carried out on cattle (14
animals) The Rose Bengal test (fast serum
agglutination test) and complement
fixation reaction (CFR) determined the
presence of Brucella-specific antibodies

The Rose bengal test was found
positive in 2 cases while complement
fixation reaction gave negative results.
All examined bovine originated from
farms where unvaccinated cattle and
sheep were bred together. Bovine

blood samples for serological testing
were submitted for examination to the
Laboratory for Virology and Serology,
National Reference Laboratory for
Brucellosis, within the annual order for
the control of infectious and parasitic
diseases in the Federation of Bosnia and
Herzegovina for 2017.

Skin test

The test was performed according to
the OIE Manual (2016) and Seagerman
et al.,, (1999) - brucelin, which is the
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B. melitensis B115 extract (Synbiotics
Brucellergene OCB). According to the
manufacturer’s instructions the hair was
cut from the side and 0.1 ml of brucellin
(2000 units / ml) was intradermally
injected. = Skinfold thickness was
measured with a caliper prior to the
application of brucellin. Brucellin was
applied with an injector and a needle.
A positive reaction is indicated by local
swelling and induration. The test is
read after 48- 72 hours, primarily by
palpation, and then by measuring with a
caliper. A positive reaction is evaluated
qualitatively or by creating a local
edema and induration. Any increase in
the skin thickness greater than 1.5 mm

was considered as a positive reaction.
In order to reduce the possibility of
variation in reading, the application and
the reading were performed by the same
person.

RESULTS

No disease, necrosis or swelling of
regional lymph nodes on the side of the
neck where the allergen was applied was
observed in cattle used in the study.
The reaction was read only once by
measuring the thickness of the skin fold,
seventy-two hours after theinjection of
brucellin. The obtained measurement
values are shown in Table 1.

Table 1. Skinfold measurements before and after brucellin application.

Cattle Skinfold before Skinfold 72 hours Difference in skinfold
No. administration of after administration thickness (mm)
Brucellin(mm) of Brucellin (mm)
1. 10 21 11
2. 9 12 3
3. 12 20 8
4, 13 16 3
5. 10 17 7
6. 10,5 17 6,5
7. 9 10 1
8. 13 19 6
9. 20 22 2
10. 8 11 3
11. 9 13 4
12. 10 15 5
13. 6 8 2
14. 6 13 7
15. 7 7 0
16. 10 13 3
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As seen in the table of 16 animals tested, the increase in skin fold was found in 14,
while no changes were noted in two of them. An average value of thickness increase
was 4.5 mm. Although the brucellin skin allergy test is based on a delayed-type
hypersensitivity reaction, the phenomenon used in tuberculinization, the reaction
after administration of Brucellin is two to three times less intense than the one in
tuberculinization (Saegerman et al., 1999) (Fig. 1).

Measuring skinfold with a caliper

DISCUSSION

Making precise and definitive
diagnoses in diseases such as brucellosis
is of great importance in controlling the
disease both in animals and humans.
Since brucellosis in animals is manifested
by abortions in the third trimester of
pregnancy, clinical suspicion is based on
anamnestic data related to reproductive
disorders in the herd. The final diagnosis
is based on the application of direct and
indirect laboratory methods. The ‘gold
standard’ in the diagnosis of brucellosis
is the isolation of Brucella spp from
the diagnostic material (Alton et al.,
1988). However, this method requires
an adequate biosecurity level - because

it is a highly infectious agent. Molecular
methods, on the other hand, are an
important tool in brucellosis diagnosis -
and in epizootiological studies, but they
require expensive equipment as well
as highly educated staff (Godfroid sar.,
2010). The application of serological
methods also has its advantages and
disadvantages. Serological tests for do
not require special conditions, they
are less demanding, safer and more
economical than bacteriological and
molecular methods. Although it is
generally accepted that serological
tests are reliable in the diagnosis of
brucellosis in cattle (FAO / WHO,
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1986), none of the available serological
tests can detect specific antibodies at
all stages of the infection (Nielsen,
2002) In the researches carried out in
the 60's and 80’s of the last century, it
was found that in the serum of bovine
infected with Brucella present in small
numbers, the immune response was
weak or absent (Rose and Sar., 1964;
Nicoletti and Muraschi, 1966; Ray et
al., 1988). Also, in cases of brucellosis
in the late stage of pregnancy, normal
delivery may occur, but such animals
are infected even though in serum of
such animals a significant antibody titer
can rarely be detected (Cunningham,
1968). The drawback of serological tests
is the presence of cross-reactions with
antigenically similar microorganisms
such as Escherichia coli 0: 157,
Yersinia enterocolitica 0: 9, Salmonella
urban, Pseudomonas malthopilia and
Pasteurellae (Corbel, 1985, Kittelberger
et al., 1995). Consequently there is no
serological test that could accurately
detect all stages of brucellosis (Mylrea
and Fraser, 1976, Nielsen, 2002).
In our research, we used a purified
and standardized Brucellin allergen
completely devoid of lipopolysaccharide
which can not lead to the production
of specific antibodies. Cellular immune
response is the most important defense
mechanism in Brucella infection.
The mechanism involves lymphocytic
stimulation resulting in inhibition of
macrophage migration, lymphocyte
blastogenesis and delayed-type
hypersensitivity development (Soper
et al.,, 1978). An increase in skinfold

in 14 cattle in which both serological
methods (RB and CFR) gave positive
results shows that the skin allergy test
is the most specific indirect test for the
diagnosis of brucellosis in unvaccinated
animals. Although the sensitivity and
specificity of the skin allergy test
depends on the chosen criteria for
interpreting the results (De Massis et
al, 2005), - the results obtained by these
studies coincide with the results of other
authors’ research (MacDiarmida and
Hellstrom, 1987, Pouillot et al., 1997,
Seagerman et al., 1999). Many authors
(Bercovich et al., 1992, Plommet, 1984,
Seagerman et al.,, 1999) consider that
skin-fold thickness values- equal to or
greater than 1mm - is not taken as a
limit value, but that each visible and / or
tangible reaction is considered positive.

The negative result of the skin allergy
obtained in two cases where Rose Bengal
test was positive, while CFR gave a
negative result. According to Corbel,
(1985) and Kittelberger et al. (1995) this
happens due to cross-reacting with other
antigenically related microorganisms.
It is important to note that animals
vaccinated with B. melitensis Rev.1, B.
abortus S19 or RB51 can react in a skin
allergy test for years after vaccination
(Pouillot et al., 1997; De Massis et al.,
2005). Therefore, this test can not be
recommended as the only diagnostic
test, nor for the purpose of international
trade in the areas where Brucella vaccine
is used. It is also important to note that
not all infected animals react, therefore
this test can not be recommended as
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an individual diagnostic test or for
the purpose of international trade.
However, due to high specificity and

adequate sensitivity at the herd, it can be
recommended for the control of herds in
areas free of brucellosis (REI 2016).

CONCLUSION

Based on the above, it can be
concluded that the use of a skin allergy
test in bovine brucellosis diagnosis
has a particularly high value in case of
suspicious (unclear) result of serological
testing as a confirmatory method in
unvaccinated cattle.

The introduction of an additional
test in brucellosis diagnosis such as a
delayed-type brucellosis hypersensitivity

is of enzootic character and where
vaccination of small ruminants is
applied as well as in conditions where
sheep and goats are held together with
cattle on the same pastures and habitats.
The lack of a skin test is reflected in
the fact that it is not applicable in cases
of animal vaccination and that before
the repetition of a skin allergy test it is
necessary to wait 6 weeks to desensitize
the organism (OIE 2016).

is a useful diagnostic tool if brucellosis
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Otiuc cryuaja

ANTE MORTEM JUJATHOCTHUKA AELUROSTRONGYLUS
ABSTRUSUS (RAILLIET, 1898) KOO JOMARE MAYKE Y
PEITYBJIMIIH CPIICKOJ (BHUX)

Muman JOBPHUJEBUR', OnuBep CTEBAHOBHUR', lejan BYJAHUR'

1 Berepunapcka amdynanTa , bJI BET* bama Jlyka, Bynesap Bojsone Crene Crenanosuha 6poj 173,
78000 bama Jlyka, Penybnuka Cprcka, buX
* Kopecriogentau ayrop, E-mail: oliver.13.stevanovic.bih@gmail.com

Kparak cagpxaj: Y pany je onucaHa nojaBa BEpMHUHO3HEe DPOHXOIHEYMOHHUjE KO[
nomahe Mauke y3pokoBaHe Hematonom Aelurostrongylus abstrusus (Railliet, 1898).
JequHKa MyIIKOT TOJa je Y PaHUjUM KIMHUUKUM Tperjiegjuma, okasupaaa Heke of
3HAaKOBa PECHUPATOPHUX CMETHH, alu Ne(@UHUTBHA [OUjarHO3a HUje IOCTaBJbEHA.
C 0b3upom pna je Mavak OCTao y JIOUIOj KOHOWLHjH, NMPENOPYUYEH je KOMPOJIOIIKH
npernen. HakoH Komposiomke OUjarHOCTUKE W Hajlasa Pa3sBOjHUX ODIMKa mapasuTa
A. abstrusus, u3BpIleH je TOHOBHW KJIWHWUKH Iperie]], peHareHorpaduja rpyaHor
KOlLla U MpUMjemeHa je Tepanyja. Ha OCHOBY HOJaTHUX aHaau3a 3aK/by4YEHO je [a je
pHYjed 0 XpOHHUYHO] emypoCTpoHrwio3u. OBO je NMPBH ONUC E€TypPOCTPOHTHUIO3€ KOJ
mauke y Penydnunu Cprickoj u bocHu u XepiieroBuHHU, KOjU yKasyje Ha moTpedy na ce
PYTHHCKH KOIIPOJIOUIKY TPerjiefu CIPOBOZe Y CBAKOOHEBHOj BETEPUHAPCKOj MPAKCH.

KrpyuHe pHjeuyn: Mayka, BepMHHO3HA OpOHXOMHEYMOHHWja, Aelurostrongylus
abstrusus

YBOJ

HHdekurje Mavaka MyJIMOHATHUM
MEeTaCTPOHTMIUIaMa Cy MOChelUX To-
OVHA no0Wie Ha 3Hayajy y KIMHWUY-
KOoj mapasurtonoruju. OnucaHo je He-
KOJIMKO BpcTa IUTyhHHUX Hemaroma U3
cynepdamuiuje Metastrongyloidea,
KOju TapasuTupajy y rmiyhuma [o-

mahux u npuempuxX Qenuna. Haj3Hayaj-
HUje cy BpcTe Aelurostrongylus abstrusus,
Oslerus  rostratus,  Troglostrongylus
brevior, Troglostrongylus subcrenatus w
Angiostrongylus chabaudi - L1 napse. Ha
OCHOBY JJOCTYIIHHUX JIMTEPAaTypHHUX Mofa-
Taka 3anaxa ce 1a je Bpcra A. abstrusus
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(Strongylida: Angiostrongylidae) Haj-
3aCTyIUb€HHMja KOA Mavaka y Espomnu.
Gavrilovi¢ u cap. (2017) onucyjy ¢aran-
Hy I'PaHyJIOMaTO3HYy THEYMOHH)Y KOJI Ma-
ypha y Cpduju y3pokoBaHy OBOM HEMa-
TOOOM, WITO NOTBphyje moryhy pamwupe-
HOCT HaBEJEHOI IapasuTa KOJA Mauaka
Ha nogpyyjy bankana. ¥ bocau u Xepue-
TOBUHH je yTBpheHo npucycrso spcre T.
brevior xon puca (Ali¢ u cap. 2016). Cripo-
BeJieHe CTyAuje cy ce Dasupare yraaBHOM
Ha post mortem nperneguma (Gavrilovic
u cap. 2017), IOK je y KIMHUYKOj Mpak-
CH BEPMMHO3HA IHEYMOHHja PHjETKO
IOHjarHOCTUKOBAHA.

EnypocTpoHrunosa koj madaka Ipo-
THUYE YIJIaBHOM CYOK/IMHMUYKH, a KOJ UH-
¢dexuuje Beher wuHTEH3UTEeTa Moryhe
cy pecnupatopHe cmeTwe (Ili¢ U cap.
2017). On pecnupaTOpHUX MTPOMjeHa Cy

youaBajy ce cbefieh¥ KIMHUYKH 3HALM:
KWjamwe, Kallla/b, HOCHU UCIjefiaK, TUCII-
HOja W TaXUITHOja, ajly Cy OMHUCaHU U XPOo-
HUYHH CJIy4YajeBHU Ca U3PAKEHOM KaxeK-
cyjoM U onwtom cnadourthy (Traversa u
Di Cesare, 2016). Ha enypoCTpOHIHINO3Y
KOJI Mayaka Ceé MOXe IIOCyMIaTH Ha 0C-
HOBY KJIMHUYKOT TIperyiesa u paguorpad-
CKOT IIperiefa rpygHor KOlla, oK Ce Je-
(pyHUTHBHA OUjarHo3a IOCTaB/ba Ha OC-
HOBY JIeTEKLMje JIapBU NPBOT CTagujyma
(JI1) A. abstrusus y deuecy u canpxajy
000MjeHOM HaKOH OpoHXOanaBeosapHe
nasaxe (I1i¢ u cap. 2017).

Y oBoMm pagy je onucaHa ante mortem
IVjarHo3a BEPMHMHO3HE OpPOHXOIHEYMO-
HUje koj Jomahe Mauke ca TepuUTOpHje
rpaga bama Jlyke, Pemybnuka Cprcke
(buX).

OITHUC CJIIYHAJA

PYTHHCKMM  KOMPOJIOUWIKUM  TIpe-
IJIeJOM NHjarHOCTHKOBaHe Cy JiapBe A.
abstrusus (Railliet, 1898) xonm nomahe
Mauke. YBUIOM y cOTBEP M HA OCHOBY
PaHHUjUX KIMHUYKUX Tperiefna yTBpheHo
je ma je Mauak MOKA3WBaA0O HEKe O] PeCITH-
PaTOPHHUX CUMIITOMA DOJIECTH, ATk Hedu-

HUTHBHA JIMjarHo3a HUje Oua mocTaBsbe-
Ha. HakoH KOMpOoJIOIIKOT Hajla3a KOHTaK-
THPaH je BJIaCHUK M NPENopyyeHo je na
ce Mayak JJoBelle Ha MOHOBHHU KIMHUYKU
npersnes, peHAreHorpadCcku npernen To-
pakca ¥ Tepanujy.

HCTOPHJA CITYHAJA

PYTHHCKMUM  KOTPOJIOIIKUM  TIpe-
I7IeIOM JIWjarHOCTUKOBaHe Cy JiapBe A.
abstrusus (Railliet, 1898) xom nomahe
Mauke. YBUIOM y cOTBEDP U Ha OCHOBY
PaHUjUX KIMHUYKUX TIperjaena yTBpheHo
je Ia je Mauak moKa3uBao HEKe O] PECIH-
PaTOpPHUX CUMIITOMA DONeCTH, anu gedu-

HUTHBHA [IMjarHo3a HHje Ouia IoCTaB/be-
Ha. HakoH KONpOJIOIIKOT Hajla3a KOHTaK-
THPaH je BJIaCHUK M NPENopyyeHo je na
ce Mayak JJoBelle Ha MOHOBHHU KIMHUUYKU
npernen, peHAreHorpadCKy Npernes To-
pakxca ¥ Tepandjy.
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[Tanujent je momaha mauka, MyXjak,
cTap oko 1,5 roguHe, HekacTpupaH. Pujeu
je 0 Mauyku Koja ce cnodonHo kpehe oko
ra3guHcTBa y Bpdamwu (pypanHo Hacebe y
bama Jlyuu). CBu nojauu o JUjarHoCTALIN
U Tepalujy NaluujeHTa Cy apXUBUPaHH y
cobTBep Berepunapcke amdynanre ,bJl
Ber* bama Jlyka. Ilpernenom moparaka
codTBEpa, MOXKE CE YOUUTH J1a je jeNHa Of
WHTEPBEHLIMja DMl T0OBE3aHa ca [10jaBOM
HEKUX PeCIIMPaTOPHUX CMHUjeTHH. Y Map-
Ty Mjecely MaJdak je JoBefeH y amdynaH-
Ty y TEWIKOM 3[PacTBEHOM CTamy, NpH
YeMy je IUjarHOCTHUKOBAH ofifis externd.
Hexonvko naHa KacHHje, Kpajem mapra
2018. roguHe, Mayak je IOHOBO JJOBEMIEH
y aMOyJIaHTy [OJI CYMEOM Jia C€ OTPOBA0
TeKyhuHOM 3a mpame (emnyra. Opdujao
je xpany u Bofy. KIIMHMUYKM Tperiesom

jé yCTaHOB/bEH: KOBYKTUBUTHC Ca TEIl-
KMM OYHHUM HCLJETKOM, €LEM JIULa, UC-
Ljenak U3 Hoca, TaxunHeja, gedpa u Ta-
XUKapavja. Mavak je Kuxao M Kalsbao.
bro je menpecuBaH M KaxeKTWYaH. Xe-
MaTOJIOLIKK aHa/IU3e Cy INoKasale: epH-
TPOLUTO3Y U JIEYKOLUUTO3Yy. AIJIMKOBAaHU
Cy eHpo(noKkcauuH, nedanekcuH, UHQy-
3MOHO XapTMaHOB pacTBOP, HECTEPOMN-
HU aHTHUH(JIAMATOPHU JIMjeKOBH. KHUBO-
TUA je DWla CepoIOLIKY HeraTMBHa Ha
BUPYC UMYHOZebHLHjEHLHje MadaKka Y
BUPYC JIEyKeMHje Mayaka (MMyHOXpOMa-
Torpadcku tect). HakoH IOHOB/bEHE Te-
pamnuje 34pacTBEHO CTame Ce IONpaBH-
J10, &JI JIOlIe KOHOUIIMOHE CTame je DUII0
pasyior fa ce MPENnopydYd KOIPOJIOUIKU
nperien.

KOITPOJIOIIKH ITPEIVIEN

denec Mauke je TOABPTHYT PYTHH-
CKOM TIapa3uTOJIOLIKOM TIperjefny MeTo-
noMm ¢oTanuje ca 3acCHheHUM BOJEHUM
pacTBOPOM UHMHK cyiadara (cneuuduu-
He TexxuHe 1,30-1,40 Ha 20 C). Mukpo-
CKOTICKMUM Tpernaefom yTephene cy ma-
pPasuUTCKe MEeTaCTPOHTWIOUIHE JiapBe,
Koje Huje dwio mMoryhe neTepMHUHHUCATH,
jep cy dune cMmexypaHe Mo BUCOKUM OC-
MOTCKHMM NPUTUCKOM LMHK cyidaTa. [a
Oou ce motBpawia WH@EKIHWja, OCTaTak
y30pKa je UCnuTaH bepMaHOBOM TeXHHU-
koM - Koudoj mogudukauuja 3a maie
y3opke (Penagos-Tabares u cap. 2016).
[TpudnrxHO 5 rpama y3opka je crakoBa-
HO Y IYTUTy Ta3y U MOCTaB/bEeHO y PaIKoOH
TyOy oz 50 ml xoja je MpeTXonHOo UCTyHe-

Ha BOJIOM U 3aTBOpeHe yenoM. CeJuUMeHT
je mpernenaH HakoH 24 yaca y TPUILIH-
Karty (2-3 kanu cejuMeHTa cy npebayeHe
[TacTepoBOM NMHIETOM Ha TPU IpenmeT-
Ha cTakia). HakoH wTo cy ycraHoB/beHe
NapBe y CEJUMEHTY, JONaTo je HEKOTUKO
KaIli BOJJOHUK NepoKcua u/unu Jlyromo-
BOT PacTBOPA, 32 UMOOUIU3ALH]y U (PHUK-
Callvjy JTApBU U JaKlle CIpoBohewme Mop-
¢onowkor npernena (Cnuka 1). Jlapse
OPBOT CTagujyma Cy MOPQOJOIKU fe-
TEPMHUHHCaHe TpeMa peepeHTHUM OIU-
cuma (Traversa v Di Cesare, 2016; Diakou
u cap. 2016). Ha ocHOBY MOpP(0JIOIIKHUX
KapaKTepUCTHKa MOCTaB/beHa je AUjarHo-
3a HeMartope Aelurostrongylus abstrusus.
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Cnuka 1. ,A" - Ha I7TaBEHOM WM aHTEPUOPHOM JHjesly OUjarHOCTUKOBAHUX Jiap-
B Ce HaJla3W aluKaJHU ,IUIaTo", TAKO Jia JlapBa u3rieja paBHO ofcjedveHa; ,b" Pen-
HU WIW MOCTEPHUOPHU U0 JIapBU MMa TUIIWYHU ,S* odnuk. JJop3anHo pemn napse ce
OLITPO MOBHja Ca MPUMjETHUM BEHTPAJHUM U JOP3a/lHUM HUHIHU3ypama (yCEKIHHE),
IIpY YEMY PEI 3aBpllaBa IyrMeTacTUM BPXOM. Bpx pena ce cyxaBa Of II0JIOBUHE TEP-
MHHAJIHO y TaHKY HHT. (pasMjepHuk: 50 pm)

HakoH 1WTO je KOmpoJiomKW YycTa- AreHorpaduja Topaxca (y UWmby YTBpHH-
HOBJbEH A. abstrusus KoJi Mauke, KOHTak- Bama CTeNeHa Jje3dja), KIMHHUUKH Mpe-
TUPaH je BIaCHUK U [TPENOpyYeHa je peH- IJIe[ U CIIPOBOheme Tepamnuje.
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KIIMHHUYKU ITPEIJIEQ

Kapa je Madak, HaKOH IOCTaB/bama
IMjarHose, IOHOBO I0OBEIEH Y aMOyJ/IaHTy
HHUCY 3alla)X€HU KIMHUYKU 3HallK CIIEU-

(nuHU 33 KapAMOIyJIMOHATHA 000/beHa.
[TpumjeheHa je noua yXpaweHOCT U Tje-
JeCcHa KOHOULYja.

PAOHUOI'PA®CKH ITPETJIE[

TopakanHoM peHnaresHorpadujom
(,LL* mpojekuuja) je ycTaHOB/bEH OPOH-
XO-UHTEPCUTHIIMjaTHU LPTEX ca 3a-
neb/baHUM 3UIOBUMA OpOHXHja yCiben
nepubpoHxujanHe WH@UITpauuje. 3Ha-
YyajHU]je JIOKaTU30BaHe, UHTEePCTULIHjaTHe
poMjeHe cy Ouie MPUCyTHE Ha JOP3aHO
- KaypmanHoMm aujeny nnyha (oujadpar-

H

MaTCKU PeXmeBH), Thje je cjeHka ruryha
Ouna wusmjewmeHa. OBe NpOMjeHe He-
Majy jacHy TpaHHULy OTpaHHuYeHma, IM0-

Behajy HexomoreHo 3acjeHuyere Mpo3up-
He (TpaHClapeHTHe) ciuke miayha u op-
roBapajy BEPMHUHO3HO] OPOHXOMHEYMO-
HUjU (XpPOHMYAH, eKCYNATHUBAH, JIOKAIU-
30BaH

3anasbeHcku npouec) (Cnuka 2)

Cnuka 2. PennreHorpam topakca vHGuuupaHor mauka (LL mpojexuuja)
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Tepanwuja. C 0d3upom [a je mauujeHt
OMo oppaciv Madak, HBEPMEKTHH je
alUIMKOBaH CyOKkyTaHO y fo3u of 0,4 mg/
kg, y3 HamoMeHy BIaCHUKY ia je moTped-
HO H3BPIIHUTH KOHTposly 2-3 cemmwule
HakoH Tepanuje (Kirkpatrick n Megella,

1987). HakoH Tepanuje, KOHTaKTHpaIH
CMO BJIaCHUKa OJ] KOra CMO Ca3HalM Ja je
30paCTBEHO CTambe Mayka CTabUIIHO, U J1a
je TMoIpaBHO TjeleCcHy KOHAMLH)Y. Y30-
pak ¢ewLeca HHje NOCTaB/bEH Ha KOHTPOJI-
HU KOIIPOJIOIIKH IPETIES.

OHCKYCHJA

Y cCBakoOHEBHO] INpakcH, CaMo He-
3HaTaH Opoj BeTepvHapa CIPOBOIH pe-
NOBHE KONPOJIOIIKE IpeTpare mnaca |
Mauaka. OBakaB NPUCTYN y MHapasuTo-
JIOIIKOj OUjarHOCTULIM MMa 3a IOCIenu-
1y U30CTajare NpaBOBpPEMEHE U BalUHE
oujarHoctuke Beher Opoja mapasuTCKUX
WHdeKlYja, U3 4yera ce BUOU 1A je py-
THHCKa JladopaTopHjcka mpolenypa nort-
nujeweHa. [lujarsosa enxypocTpoHTHIo3e
Mauaka je pujeTkocT y mpakcu. lo caga
je omMcaHa y HEKOJIMKO 3amarma EBpore,
a CBakako Hajsehu [JompuHOC y MoO3Ha-
Balkby OBE METAaCTPOHTWIOWZO03€e Cy [alu
UTanujaHcku ucTpaxusauu (Traversa
U Di Cesare, 2016). EnuaeMHOJIOIIKH
rJaefaHo, TOCToje MOoApydYja TAje ce OBO
oDosbeme T0jaB/byje eHAEMCKH U jeoHO je
oJl IpBUX oDomewa y nudepeHuujanHoj
OWjarHOCTULM, Ha KOje BeTEpUHapH Io-
CyMHajy, HaKOH 00aB/bEHOT KJIMHHUYKOT
npersesa v yTBphuBama pecriupaTopHUX
nopemehaja.

C opyre cTtpane, Ha nofpyyjy bankan-
CKOT ITOJIyOCTpBa Ha/Ia3Hu emypOCTPOHTH-
J103€ Madyaka 3aCHOBAaHM Cy Ha pe3yJsTa-
THMa MapasuToyiomke cexuuje. Ilpesa-
JeHI1ja OBe MeTacTpoHrunuze je seha y
MEeJUTEPAaHCKUM 3emibama. Y Pemybmu-
1u XpBaTCcKoj, yTBpheHa npeBaieHnuja je
22% (Grabarevi¢ u cap. 1999), a y noje-

OUHUM JujenoBuMa Hranuje ytBphena
oHa je usHocuna 18,5% (Traversa u cap.,
2008). ¥ AnbdaHuju nokasaHa je npe.a-
nenuuja npudnwxHo 50%, 15,3% y He-
maukoj, 10,6%, y Benuxoj bpuranuju,
2,6% y Xonanpuju, 14% y Mahapckoj
(Traversa n Di Cesare, 2014). Pesynra-
TH I00HjEHU Y OBOM HCTPaXHUBamwy IOT-
Bphyjy Hana3 oBor napasuta y Pemydmnu-
uu Cprckoj u bocHu 1 XepLeropuHwu.

KnvHuuka c1uKka Bapupa Kopj Ma-
Yyaka y 3aBUCHOCTH Of CTerneHa UHQEeK-
1yje, alny d0ecT NpOTHYE YIIIaBHOM CyO-
kInHUYKH (Scott, 1973). ObosmeBajy ma-
yuhy UM UMYHOKOMIIPOMUTOBAHE May-
Ke, Kazja je Mmoryhe youMTH: Kamasm, My-
KOITyPYJIEHTHU HOCHU HCLjefaK, Kallasb,
KHjame U OTEKAaHO JUCAlke. Y OMHUCAaHOM
CJIy4ajy ce pagy 0 CyOKIMHUYKO] HH(eK-
IIWjH1, UaKko je Moryhe fia je mapasuTo3a
DOMpUHUjeNNa PeCclUpaToOpHUM CMjeTHa-
Ma Koje cy mpumjehene mouetkom map-
Ta. 3a BpUjeMe KJIWHHUUYKOTI Tpernena je
npuMjehena crnaduja yXxpameHOCT XKUBO-
THIbE, IIITO CE YeCTo Buha c 003upom J1a je
Mayak UMao MOryhHOCT c1000JHOT Kpe-
Tawka BaH Ta3JUHCTBA M YECTO KOHTAKT
ca Opyrum Maykama, mocedHo 3a BpHje-
Me nepuogna napemwa. Paguorpadcku Ha-
7a3 yKa3yje Ha XpOHW4YaH Ipouec, ca dna-
MM TIpOMjeHaMa Ha [ujadparMaTCKM
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pexmeBrMa. CIUYHM NOfALM HABOAE Ce
y IUTEPATYpPH, C 003UpOM 1a paguorpad-
CKHY HaJla3 3aBHCH Off cTeneHa omrehema
miyha (Lacava u cap. 2017). ITowro je y
IIPUKa3aHOM CJIy4ajy OIICEpBHpaHa Mau-
Ka, KOJ KOje 3a BpjeMe KIMHUYKOT IIpe-
I71e/la HUCY YCTaHOB/bEHH Y3HAINPENOBaIN
peCcrnupaTOpHU CUMIITOMH, HUTH CY PEHJ-
reHorpaCKyUM Iperiesom yTBphene nu-
CeMHUHOBaHe ne3yje mwiyha, 3akmpydyje ce
Iia je DujarHOCTUKOBaHa XPOHWUYHA U CyD-
KJIMHUYKA €JIyPOCTPOHTHIO3a.

Jlesuje Ha miuyhuma cy J0Kanu3oBa-
He y IujadparMaTCKUM DEXHBEeBUMaA, a
3un dpoHxuja je 3amedrpaH, WITO yKasyje
Ha TIOCTOjamke MjEelIoBUTOr obpacua je-
3uja. Kox vHTEH3MBHUjUX HUHEKLHja ca
A. abstrusus Ha peHATEHOrpamy Ce yo-
4yaBajy reHepaanu30BaHe WHTEPCTULUjasl-
He ne3yje y wiyhuma adekTupaHux ma-
yaka (Lacava u cap. 2017). ¥3 1o, merex-
TOBaHE NMpPOMjeHe Ha JujadpparmMaTCKUM
WIyhHUM peXweBHMa y HalleM Cily4dajy
cy cneuuduyHe 3a BEPMHUHO3HY OpPOH-
XOIHEYMOHHUJY.

Y nutepaTypu je ONHCaHO HEKOIHKO
aQHTUIIAPA3UTHKA, Kao U pasnuyute Gop-
Myrauuje, Koje e)MKacHO Ajenyjy Ha He-

marony A. abstrusus: ¢enbeHpason, ce-
NTaMeKTHH, MOKCUZIEKTHH, TPa3uKBaHTe,
neBamMu3on U usepMmeKkTuH (Elsheikha u
cap. 2016). Mehytum, y Penydnuum
Cprickoj, MHOTH Of OBHX JIHjeKOBa HUCY
perucTpoBanu 3a ynorpedy koj mavaka,
IITO Y 3HAaTHOj MEpU OTpaHHWYaBa Tepare-
yTCKe U MpodWIaKTHUYKe MOTYhHOCTH y
Hopdu mpoTuB oBe HeMaTomo3e. OpanHu
u/unu ,spot on“ npenapaTtu cy de3djen-
HUjU 3a ynorpedy, ajiu Tepanujcky Mpo-
TOKOJU Cy Ay»H. 300T OnHcaHe TOKCHY-
HOCTH, MIpernopyka je na ce usderasa na-
peHTepasiHa alyiMKaluija WBEpPMEeKTHHA
Kop maunha (Lewis u cap. 1994).

IobujeHu Hanas ykasyje fa je notped-
HO YyuecCTalHje CIpoBOheme KOMpOJIOII-
KHX IIpeTpara of CTpaHe KJIMHWYapa, IITOo
Ou csakako mosehano 6poj perucTposa-
HUX CJy4ajeBa €JIypPOCTPOHTHIIO3€, allH
W [pyrux napasurosa Kkoj mavaka. [o-
Ka3aHO IPUCYCTBO 000/be€Hma Ha TEPU-
topuju Penybnuke Cpncke v BocHe u
XepuerosuHe, ykKasyje Ha HEOIXOLHOCT
cnpoBohemwa enuaeMHuoIIoIIKe CTyadje, y
uwby ofxpehuBama 3aCTyIUbEHOCTH €ITy-
POCTPOHTHIIO3E.
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Case report

ANTE MORTEM DIAGNOSIS OF AELUROSTRONGYLUS
ABSTRUSUS (RAILLIET, 1898) IN DOMESTIC CAT IN REPUBLIC
OF SRPSKA (BIH)

Miljan DOBRIJEVIC!, Oliver STEVANOVIC', Dejan VUJANIC!

! Veterinary clinic “BL VET” Banja Luka,
Bulevar Vojvode Stepe Stepanovic¢a 173, 78 000 Banja Luka Republic of Srpska, B&H
* Corresponding Author, e-mail: oliver.13.stevanovic.bih@gmail.com

Abstract: This paper describes the occurrence of verminous bronchopneumonia
in a domestic cat caused by the lung nematode Aelurostrongylus abstrusus (Railliet,
1898).The male cat showed some of the signs of respiratory distress in earlier clinical
examinations, but the definitive diagnosis was not made. Since the cat has been in
poor condition, a coprological examination was recommended. After coprological
diagnostics and findings of larval stage of parasite A. abstrusus, clinical examination
and radiology of thorax was repeated, and therapy were applied. Based on additional
analysis, a chronic aelurostrongylosis was recorded. This is the first description of
aelurostrongylosis in cats in Republika Srpska and Bosnia and Herzegovina, which
points to the need that routine coprological examinations must be carried out in
daily veterinary practice.

Keywords: cat, verminous bronchopneumonia, Aelurostrongylus abstrusus
INTRODUCTION

Infection of cats with pulmonary The most important are the species
metastrongyloid nematode have gained Aelurostrongylus abstrusus, Oslerus
significance in clinical parasitology rostratus, Troglostrongylus brevior,
in recent years. Several species of Troglostrongylus subcrenatus and
pulmonary nematodes from the Angiostrongylus chabaudi - L1 larvae.
superfamily Metastrongyloidea, which On the basis of available literature data,
parasitize in the lungs of domestic it is noted that the species A. abstrusus
and wild felids, have been described. (Strongylida: Angiostrongylidae) is
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the most common in cats inEurope.
Gavrilovic et al. (2017) describe fatal
granulomatous pneumonia in kittenin
Serbia caused by this nematode, which
confirms the possible spread of this
parasite in cats in the Balkans. In
Bosnia and Herzegovina, the presence
of T.brevior was detected in lynx (Ali¢
and sar. 2016). The conducted studies
were mainly based on post-mortem
examinations (Gavrilovi¢ et al. 2017),
but in clinical practice verminous
pneumonia is rarely diagnosed.

Aelurostrongylosis of cats is mainly
subclinical, and in the case of infection
with higher intensity, respiratory signs
are possible (Ili¢ et al., 2017). The
following clinical signs (respiratory
changes) are noted: sneezing, coughi,

nasal  discharge, dyspnoea and
tachypnea, but there were also chronic
cases with pronounced cachexia and
general weakness recorded (Traversa
and Di Cesare, 2016) Aelurostrongylosis
of cats can be suspected on the basis
of clinical examination and radiographic
examination of the thorax, while
the definitive diagnosis is set on the
detection of the first stage larva (L1) of
Aelurostrongylus abstrusus in the feces
and the bronchoalveolar lavage content
(Ili¢ et al. 2017).

This paper describes the ante-
mortem  diagnosis of  verminous
bronchopneumonia in a domestic

cat from the territory of Banja Luka,
Republika Srpska (BiH).

CASE DESCRIPTION

Larvaae of A. abstrusus (Railliet, 1898) in
domestic catwere diagnosed after routine
coprological examination. According to
the datain the software and on the basis
of earlier clinical examinations, it was
found that the cat showed some of the
respiratory symptoms of the disease, but

a definite diagnosis was notestablished.
After a coprological findings, the owner
was contacted when is recommended
that cat should be brought for repeated
clinical examination, radiography of
thorax and therapy.

CASE HISTORY

The patient is a domestic cat, male,
around 1.5 years old, uncastrated. This
is outdoor cat which freely moves
around the household in Vrbanja (rural
region in Banja Luka). All data on
patient diagnostics and therapy were
archived in the software of Veterinary
ambulance «BL Vet» Banja Luka. By
reviewing the data, it can be noticed that

one of the interventions was associated
with the occurrence of some respiratory
abnormalities. In March, the cat was
brought in bad health in ambulance, and
it was diagnosed with external otitis. A
few days later, at the end of March 2018,
the cat was brought back suspected of
being poisoned with alloy wheel cleaner.
He refused food and water. Clinical
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examination revealed: conjunctivitis
with severe eye discharge, facial oedema,
nasal discharge, tachypnea, fever and
tachycardia. The cat was sneezing
and coughing. It was depressed and
cachectic. Hematological tests showed:

erythrocytosis and leukocytosis.
Enrofloxacin, cefalexin, Hartmann's
solution and non-steroidal anti-

inflammatory drugs were administered.
The animal was serologically negative
to feline immunodeficiency and feline
leukemia virus (immunocromatographic
test). After repeated therapy, the health
was improved, but the poor condition was
the reason to recommend a coprological
examination.

COPROLOGICAL EXAMINATION

Cat feces were subjected to routine
parasitological examination by flotation
method with saturated aqueous solution
of zinc sulfate (specific gravity of 1.30-
1.40 at 20 ° C). Microscopic examination
revealed parasitic = metastrongyloid
larvae, which could not be determined
because they were shriveled under
high osmotic pressureof zinc sulfate.
To confirm the infection, the rest of
the sample was tested by Baermann
technique — Conboy modification for
small samples (Penagos-Tabares et al.,
2016). Approximately 5 grams of the
sample was packed in a double gauze
and placed in a 50 ml falcon tube
which was previously filled with water

and closed with a plug. Sediment was
examined after 24 hours in triplicate
(2-3 drops of sediment were transferred
by Pasteur pipette to three slides) After
the larvae were found in the sediment,
several drops of hydrogen peroxide
and / or Lugol's solution were added,
for the immobilisation and fixation of
the larvae and for easier morphological
examination (Figure 1). First stage
larvae are morphologically determined
according to reference descriptions
(Traversa and Di Cesare, 2016; Diakou et
al., 2016). The diagnosis of the nematode
Aelurostrongylus abstrusus was made on
thebasisof morphological characteristics.
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Figure 1. «A» - there is an apical «plateau» on the anterior part of diagnosed
larvae so that it looks as it was cut straight. «B» The tail or posterior part of the leg
has a typical «S» shape. Dorsally the tail sharply bends with noticeable ventral and
dorsal incisions (cuts), ending with a button-like shape. Tip of the tail narrows from

the middle to a thin filament.
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After A. abstrusus was diagnosed,
the owner was contacted and thoracalx-
ray (in order to determine the degree

of lesions), clinical examination and
the implementation of therapy were
recommended.

CLINICAL EXAMINATION

When the cat, after the diagnosis, was
brought back, no clinical signs specific
to cardiopulmonary diseases were

observed. Bad nutrition and physical
condition were noticed.

RADIOGRAPHIC INSPECTION

Radiography of thorax («LL»
projection) revealed a  broncho-
interstitial pattern with thickened
bronchial walls due to peribronchial
infiltration. ~ Significantly localized,

interstitial changes were present

in dorso- caudal part of the lungs
lobes),

(diaphragmatic where the

shadow of the lungs was changed. These
changes do not have a clear boundary
limit, they increase non-homogeneous
shading of transparent lung shadow
and  correspond to  verminous
bronchopneumonia (chronic, exudative,
localized inflammation process) (Figure

Figure 2. Chest x-ray of the infected cat (LL projection)
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Therapy. Since the patient was an
adult cat, ivermectin was administered
subcutaneously at a dose of 0.4 mg /
kg, informing the owner that control
is necessary 2-3 weeks after treatment
(Kirkpatrick and Megella, 1987). After

the therapy, we contacted the owner
from whom we found out that the
condition of the cat was stable and that
his condition improved. The faeces
sample was not submitted to the control
coprological examination.

DISCUSSION

In everyday practice, only a small
number of veterinarians conduct regular
coprological tests of dogs and cats. The
consequence of this approach to parasitic
diagnosis is the lack of timely and valid
diagnostic of a large number of parasitic
infections, which shows that routine
laboratory procedure is underestimated.
The diagnosis of aelurostrongylosis of
cats is rare in practice. So far it has been
described in several European countries,
but italian researchers gave the greatest
contribution to the knowledge of
metastrongyloidosis (Traversa and Di
Cesare, 2016). Epidemiologically, there
are areas where this disease appears
endemically and isone of the first
differential diagnosis that veterinarians
suspect after a clinical examination and
the diagnosis of respiratory disorders.

On the other hand, in the area of
the Balkan Peninsula, diagnosis od
aelurostrongylosis in cats is based on
the results of the parasitological section.
The prevalence of this metastrongyloids
is higher in Mediterranean countries.
In Croatia, the prevalence was 22%
(Grabarevic et al. 1999), and in some
parts of Italy it was found to be 18.5%
(Traversa et al.., 2008). In Albania,
prevalence is estimated to be around

50%, 15.3% in Germany, 10.6% in the
UK, 2.6% in the Netherlands, 14% in
Hungary (Traversa and Di Cesare, 2014).
The results obtained in this study confirm
the finding of this parasite in Republika
Srpska and Bosnia and Herzegovina.

The clinical picture varies in cats
depending on the degree of infection, but
the disease is mainly subclinical (Scott,
1973). Kittens or immunocompromised
cats are affected when they have
one of the following signs: coughing,
mucopurulent nasal discharge, sneezing
and difficulty breathing. In the described
case, itisasubclinical infection, although
it is possible that parasitosis contributed
to the respiratory disturbances observed
in early March. During the clinical
examination, poor nutrition of the
animal was noticed, which is often seen
because the cat had the possibility of free
movement outside the house and contact
with other cats, especially during the
mating period. The radiographic finding
indicates a chronic process with mild
changes on the diaphragmatic lobes.
Similar data are found in the literature,
since the radiographic findings depends
on the degree of lung damage (Lacava et
al., 2017). Since in the presented case
there were no respiratory symptoms or
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disseminated lung lesions determined
by a radiographic examination, it was
concluded that in this case chronic
and subclinical aelurostrongylosis was
diagnosed.

Lung lesions are localized in
diaphragm lobes, and the bronchial wall
is thickened, indicating the existence of
a mixed pattern of lung lesion. For more
intensive infections with A. abstrusus
radiography shows generalized
interstitial lesions in the lungs of affected
cats (Lacava et al., 2017). Additionally,
the detected changes in the lung lobe
in our case are specific to verminous
bronchopneumonia.

Several antiparasitics have been
described in the literature as well as
various formulations that are effective on
thenematode A. abstrusus: fenbendazole,
selamectin, moxidectin, praziquantel,
levamisole and ivermectin (Elsheikha et
al., 2016) However, in Republika Srpska,

many of these drugs are not registered,
which significantly restricts therapeutic
and prophylactic opportunities in the
fight against this nematodiosis. Oral
and / or spot-on preparations are safer
for wuse, but therapeutic protocols
are longer. Because of the described
toxicity, recommendation is to avoid the
parenteral application of ivermectin in
kittens (Lewis et al., 1994).

The obtained finding suggests that
cliniciansshould conductthe coprological
examination more frequently, which
would certainly increase the number of
registered cases of aelurostrongylosis
and other parasitosis in cats. Evidence
of the presence of this disease in the
territory of Republika Srpska and Bosnia
and Herzegovina indicates the necessity
of conducting an epidemiological study
in order to determine the prevalence of
aelurotrongylosis.
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IMOJABA TPUXOPUTO3E KO/l TOBHE JYHAJIU"

HBana JABUIJOB'*, Muogpar PATHUHOBHR', 3opana KOBAYEBHR',
Muxajno EPIE/bAH', Aunamapua I'AJI®H!, Cama HJIUR!
! lemapTMaH 3a BeTepUHApCKy MenuuuHy, [TosonpuspenHu (akynret, Yausepsuret y HoBom Cany,
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Kparak cagpxaj: Tpuxodurosa je jeqHa of 4eCTUX 0D0/bEmA rOBEMA, KOje H3a3HuBa
rpuBuLa Trichophyton verrucosum uuje criope OCTajy Oyro BHUTa/IHE Y CIIOJbALIHOj
cpenvHH. YjemHO je 0BO 0DOJbere 300H03a, jep jeSHAaKO MOry fAa ce UHQUUUPAjY
JByOU U KHUBOTHe. MHbexkuuja ce Op30 WIMpH, a 0BO IJBMBUYHO 0D0/bEHE JTOBOOU
onpeheHNX eKoHOMCKUX TyduTaka. Y TOKy OBOT MUCTpakMBama Cy OWia yK/bydyeHa
TOBHA jyHaJ CTapocTd 4 Mmecela Koja Cy TpaHCoOpToBaHa u3 jyxHe Cpduje y meo
BojsognHe- MauBy. HakoH Mecen pgaHa oJ TpaHCIOpTa AOULIO je OO Hu3dUjama
KapaKTEPUCTUYHUX CUBO- DEIMYACTUX OKPYIJIMX IPOMEHAa Ha KOXXU TOBHE jyHaIH.
ToBHa jyHas ca meT MHOWBMIYaJHUX Ta3gUHCTaBa HUje NMpUMaia Tepamnujy, IoK je
TOBHA jyHaj ca OPYTUX IeT ra3fuHCcTaBa IpUMaa Tepanujy NpUMEeHOM Ipenapara
Dekanol®. Ha ocHoOBy fodHjeHUX pasy/iTaTa MOXKe Ce 3aK/byYMTH fla 3a MOCTH3ame
edexra cy3dujama TpuxoduUTO3e, HajOOBE je IPUMEBUBTH Tepalujy WiId jou dosbe
CTNPOBOAIWTH BaKLMHALIWjy TOBHE jyHaZH Y3 NIPUMEHY KBAJIUTaTUBHE UCXPaHe.

KipyuHe peun: TpuxoduTo3a, TOBHA jyHal, 300HO3a

1 [IpesenrtoBan Ha 23. [o/uImeM caBjeToBamby TOKTOpa BeTeprHAapcke MeauiuHe Peny6nke Cpricke
(buX). Tecnuh, 6-9- jyna 2018.
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YBOI

[’puBUYHa obo/bewma KOXKe Cy Beoma
yecTa KOJ JbyOH U )KUBOTHHA UYTJIaBHOM
Cy 300HO3€. JeHO 0] TAKBUX 0D0JbEMHA j€
U TpUXo(@UTO3a roBena, Koja JOBOLH JI0-
CMameha KBaJIUTeTa MIeKa, Meca ¥ KOXe,
TE€ M3a3uBa BeJIMKe eKoHOMcke wmreTe. C
Opyre CTpaHe, MOLITO CE MOXE NPEHEeTH
Ha JbyZe, YjeOHO je W BeJHMKa ONacHOCT
110 JbYZCKO jaBHO 3ipaBbe (Agnetti et al.,
2014; El-Tras et al., 2015).

[Tocnepwux ronuHa, y ceety u'y Cp-
ouju (Poroxapcku u cap., 2012) je
nmpuMeheHO CBe BHWIlE ClydyajeBa OBOT
obomemwa. CmaTpa ce Ja je y IpPOCEKy
30% yxymnHor dpoja roBesia y HEKOM Tpe-
HYTKy OWJIO 3apa’k€HO OBOM IJbUBUILIOM,
any Cy BapHjalyje BEJIMKE Yy 3aBUCHOCTH
o5l pervoHa. HajyrpoxeHuju cy npenenu
Jyxxne Espone u bnuckor Ucroka. Benu-
KM OpOj 3apa’keHHX Ipiia je IpPHjaB/beH y
Hranuju, nposuHuuju YMmOpuja, roe mo-
ctoje hapme Ha K0joj je 100% KHUBOTHA
3apaxeHo (Papini et al., 2009; Agnetti et
al., 2014).

TpuxoduTosa ce Hajuenrhe jasba KOJ
ropesia, Mazia Mory fa odosie 1 Marapu,
TICH, KO3€e, OBIle U Kowu. Hapouuto je 3a-
CTYI/bEHA Y YCI0BUMa KOHBEHLIMOHATHOT
WHTEH3UBHOT MJIEYHOT rOBeJapcTBa, Iae
Ce raje BUCOKO MJIEYHE pace ropesia, Kak-
Ba je XonumTajH-ppusHjcka paca. yuyecra-
JIOCT MOjaB/bMBama OBe dosecTH je Beha 'y
NI03HY jeceH W 3UMY, IITO je pa3syMIbUBO
YKOJIUKO Ce TOCMAaTpajy YC/IOBH OpKamwa
KUBOTUHA. Haume, 3UMHU Cy KUBOTHHE
3aTBOpeHe y LITajgama, Ifie cy Hajuemthe
yCJIOBHM CMeIITaja W XUTHjeHe He3ano-

BoJ/baBajyhu. Takohe, 3uMH je U ucxpaHa
YKUBOTHHA HEoJrosapajyha u cinaduja, te
UM UMyHUTeT onaga (Papini et al., 2009).

Y3pouHuk TpuxoduTO3e rosena je
rpuBuLa Trichophyton verrucosum, Koja
¥Ma CIIOCOOHOCT MH(GUUUpawa U JbYIU.
OBa mpMBHLIA CTBapa BEOMa OTIIOpHE
Criope KojumMa ce IpeHocu HHOeKLuja.
Y cyBOM MarepHjany crmope 0CTajy Cro-
CODOHE 3a Pa3MHOXaBawke HEKOJIUKO TOJIU-
Ha. Y NPOMEHEHUM JIeJIOBUMA KOXE OT-
IIOpHE Cy Ha yJATpabyduyacTe CBETIOCT
(Seebacher et al., 2008). ¥ enunepmucy
TpUXO(MUTOH UCKIHWjaBa, ypacTa y Ijad-
He donuKyse, InaKky U KOPeH Jlake Tako
Ia ce ylaka JIOMU U Ucnaga. I pusuna
’KVBH Ha MOBPIIMHU KOXE, aCBOjUM ITPO-
TEOJIUTUUYKUM M KEpaTOJIUTUYKHM E€H3U-
MHMMa U €rsoTOKCHMHHMMa H3a3uBa Mapa-
Keparo3y W INPOMEHE 3ana/beHCKe IMpH-
pome (Summerbell, 2000; BojkoBcku
u cap., 2013). Imusuna Trichophyton
verrucosumce cMatpa (GaxkyaTaTUBHO Ma-
TOT€HOM, a MOTOAYyje joj 3UMCKO CTajCKO
OpXXame, BlakHa KIMMa, TOIUIO BpEME U
HEXUTHjEeHCKU YCI0BU Apxamwa (Morrell
et Stratman, 2011).

Y BeMKUM 3anaTUMa 3aJpkaBa ce ro-
IOVUHaMa, na joj Josohewe mimahux rpia
y 3anat omoryhaBa WIKMpewe, jep HCTe
HUCY CTeKJIe JOBOJbHY OTIOPHOCT. IIpeT-
II0CTaBsba Ce Jla HeocTaTak BUTaMUHA A
NOTrojlyje HAaCTaHKy W LIMpewy O0JecTH,
a TOMe joul JONMPUHOCH U HealeKBaTHA
UCXPaHa, XPOHUYHE KOKHE U IapasuTcKe
bonectu. Kop npenexane 6onecTy, y KpB-
HOM CepyMy >XMBOTHHA YTBpheHa cy aH-
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tutena (Illamann u Cramarosuh, 1999;
Papojunh u cap., 2017).

Ha Teny odonenux >KUBOTHHA jaBibajy
ce CHUBO-0ene MPOMEHEe, U TO JOKAITHO,
Hajyewrhe Ha BpaTy U IVIaBU (YeoHa pe-
T¥ja U OKO OYHjy), ajli Ce MOTY jaBUTH U
Ha NpeImbUM eKCTPeMUTETHMA, TpPyAUMa
¥ canuMa. OBe mpoMeHe cy Bennuuse 10-
50 mm, oBaJTHOT 0d/HKa, H1aro ucmymnue-
He, Cca KpacTamMa Koje ce TEeUIKO 04Bajajy,
¥ BEOMa 4YeCTO Ha MECTy OBUX NpOMe-
Ha Anaka je onana. Takohe, mpucyTHoO je
KOHCTAHTHO NEpyTame KOXe Ha MEecCTy
THX MTPOMEHa. Y MpOCeKy, dpoj mpomeHa
Ha jenHoj »kuBoTUBH je usmehy 10 u 30,
anu Moke whu u no 50 (Sayfarth et al.,
2011). HajnomnoxHuja OBOM 00OJbeHY
Cy roBefia, U TO JKEHCKa rpja, HapOuH-
TO jyHHIe W rpia miuaha on 12 meceuw,
Mafia Ce 4ecTo jaBba ¥ Kof kpasa. OBo ce
MO’e 00jaCHUTH HEJOBOJBHO PA3BUjEHUM
UMYyHHUTETOM Kop miahux rpna. UHbek-
IYja ¥ MpeHollewne DONIeCTH ce JAellaBa
IUPEeKTHUM KOHTakToM Hu3Mehy Odomec-
HUX U 3[IpaBUX JXKHUBOTHHA, allM U UH[IU-
PEKTHO, W3 HH(ULHUpaHe OKOJHHe, Oy-
nyhu fa cnope MOTy fia OCTaHy BUTaJIHe

u 1o yetupu rogune (Papini et al., 2009;
O’Gorman et al., 2015, BojkoBcku u cap.,
2007).

O83upoM fa je oBa DOJECT je 300HO-
3a, HajYIPOXKEHU)HU CY JBYAH KOJU CY Y OU-
PEKTHOM KOHTAKTy Ca ODOJIEJIUM KHUBO-
TUBAaMa, Kao WTO Cy My3adyH, BETEPUHA-
pH, ToMOhHO 0codsbe Y WITANH, JbYyIU KOjU
pane y odbpanu Koxe u Ipyru (Agnetti et
al., 2014; El-Tras et al., 2015).

Kopn /mynu ce oBe mpomeHe HMCIOsba-
Bajy yIJIaBHOM Ha IJIaBH, mpeneny dpane,
alll HepeTKO W Ha HW3JI0KeHUM [eJIOBH-
Ma TeJia, Kao LITO Cy HOKTH, IIaKe U pPyKe.
CHMITOMH Cy CJIMYHHU Kao U KOJ odore-
JIUX KUBOTHHA, Hajueurhe ca meyaTuma
0e3 Koce YKOJIUKO je 0D0/berme Ha IIaBH,
a Ha MOJIaKTHIIaMa Ce MOTy jaBUTH LIUP-
KyMCKDHUIITHE €pUTpeMaTo3He MpOoMeHe
(Agnettietal., 2014; El-Tras et al., 2015).

Llup oBOr paza je oa ce youu y KOM
CTemeHy [oja3u IO NPOMEHe Ha KOXHU
KO TOBHUX ija)m HAKOH TPAHCIIOpTa U
KOje Cy CMeIlTeHe y 00jeKkTe ca Healek-
BATHUM XI/IFI/IjeHCKI/IM yCI10BUMa.

MATEPHUJAJI U METOJE

Y jyny 2017. roguse mehy TOBHUM jy-
HaZliMa CMEIUTEHUM Ha [JEeCeT CEOCKHX
NO/bONTPUBPEHUX Ia3UHCTBA Y CeNy KOJ
boraruha y obnactu Mause, nojaBuiio ce
KOKHO odomeme Tpuxodwurosa. Ha oc-
HOBY aHAaMECTHMYKHX I0oflaTaka TOBHA jy-
HaJ Cy BOAWIA NOpeKIo U3 jyxHa Cpouje
(ITupor, Jleckosail, Bpawe) u duna cy no-
NpPEM/bEHA APYMCKUM TPAHCIOPTOM Y
Mausy. Csa rpna cy duia CUMEHTAJCKE

pace u crapocty 4 meceua. HakoH fomnpe-
Mamwa y POKY OJl TPUIECET faHa BIIaCHULIN
Cy NMPUMETUIIN OKpYIJIe CHBO-DenryacTte
revyare Ha I[JIaBY, BpaTy U CallUMa jyHa u.

YkynaH 0poj TOBHe jyHanu ca Mpo-
MeHaMa Ha KOXH, Y CBUX JieCeT ra3fiuH-
ctaBa je dmo 180. Ca cBux rpia je y3er
CKapu(@UKaT Ha MPOMEHEHUM MeCcTHUMa
KOKe paZiv U30J10Baa Y3POUYHHUKA U T10-
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CTaB/balkba TauHe [ujarHose. Y3eT cCKa-
puduxkar koxe je y 10% pacrsopy KOH
nocsar y nadoparopujy, rae je nop CBeT-
JIOCHUM MHKDPOCKOIIOM YOUEH y3POYHMK
Tpuxodurose. Od3MpoM Ha TO Oa cam
MUKDOCKOIICKH Nperjes IMOHeKas Huje
IOBOJbaH, ypaheHo je 3acejaBamwe Ha MOJ-
JI0TaMaHa KOjUM Cy U3paciie KOJIOHHUje y
ODJIMKY NEPIMKOje Cy KapaTepUCTUYHE 3a
ripuBuLy Trichophyton verrucosum.

HakoH u3onauvje y3spoyHUKa U NOT-
Bpie KOKHOT 000JbeHa TPUXO(HUTO3E KOJ
TOBHE jyHagu Ca CBUX [leCET WUHIUBUIY-
aJlHUX Ta3QUHCTaBa, Ha MeT ra3fgHHCTa-
Ba je CIpOBEJEHa TepamnHja MPHUMEHOM
npernapata Dekanol® mpckamem Koxe
OBa ImyTa y pa3maxy on 15 nana, ogHOC-
HO yTp/baBamkeM Ipernapara Tyndepuma

ynpegeo oko ouujy. [Ipe Tepanuje kpac-
T€ Cy HE)KHO U NaX/bUBO OuuIIheHe me-
KaHOM ITaMy4yHOM Kprnom. CBako rpio je
MMaJIo CBOjy NMaMyu4Hy KpIly, KOja Ce Ha-
KOH yrnoTpede cnapvBasa. ToBHa jyHan
OCTaJIUX MeT ra3fuHCcTaBa je duna des Te-
panuje OGHOCHO OWIIU Cy U3/1araHy CyHLy
¥ y UCXpaHHU Cy UM JOfaBaHU BUTaMHH-
CKO-MMHEpa/IHU JofaTauu. Y CBUX JIeCeT
WHIUBUJIyaTHUX ra3luHCTaBa cy odomnena
rpia dusa ofiBOjeHa of 34paBux U ypahe-
Ha je ne3suH@exuyja odjexta y Kojuma cy
TOBHA jyHaJ Oula CMEIITEHA.

Csu nodujenu pesynTaTu cy odpahenu
CTaHOapAHHUM CTATUCTUYKHM METOOaMa
npuMeHOM mporpama Microsoft Office
Excel 2007.

PE3YJITATHU

I'musunia Trichophyton verrucosum je
Owna n3onoBaHa Kopj cBux 180 TOBHUX
jyHaZu KOjU Cy UMAaJH jaCHY KIMHHUUKY
CIMKY TPUXO(UTO3€ Kao LITO Cy CUBO-Oe-

JIUYNCTEe IUPKYMCKPUNTHE MPOMEHEe ca
vy Oe3 IyaKke Ha KOXKU IJ1aBe, JINIa, Bpa-
Ta, Tpyna ¥ canu (cnvka 1 u 2).

Cnuka 1. Hanas kapakTepUCTUUHUX CUBO-OEIMYaCTHX NMPOMEHA Ha KOXKHU JIula

TOBHE jyHaIu
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Cnuka 2. CuBo-dennyacte UUPKYMCKPUIITHE IPOMEHE Ha KOXKM TpyIla TOBHE jy-

Hau

[Ipe nmpuMeHe Tepanuje OZHOCHO H3-
Narama TOBHE jyHaOu CyHLUy M Jofa-
BakbEeM BUTAaMHHCKO-MHUHEPAJHUX [oma-
Taka y XpaHH, KOXKHe Jie3uje cy mperse-
IaHe U 3adene)xeHe Cy HUXOBE JIOKaIHu3a-
uyje 1 dpojHoct. Off yKymHor Hpoja ToBHE
jyHanou (n=180) ne3uje Ha KOXKHU Cy UMase
pasuuuT u3rien 6e3 0d63upa Ha JToKaIKu3a-

Hjy IpOMEHe.

Y Tabenu 1 ce Hanase pesynaTaTH ca Jio-

KaJIN3all1jOM U TUMHU3ALIUjOM KOXHUX Jie-
3Mja ca MeT ra3guHCTaBa rae ce Huje mpu-
MemUBaa Tepamnuja, Beh cy y nepuony of
30 naHa, TOBHUM jyHaiUMa y XpaHy foza-
BaHU BUTaMUHCKO-MHUHEPAIHH AOAALH U
jyHan cy duia v3naraHa [iejCTBy CyHUYeBe
CBETJIOCTH. YKynaH OpOj TOBHHUX jyHagu
ca OBHUX IeT ras3guHcrasa je ouo 80.

Tabenal. 30upHuU pe3ynTaty JoKanu3alyje U TUNHU3aLUje Je3rja Ha KOXXU HaKOH
[I0CTaB/bakba AHjarHose ¥ HakoH 30 JaHa U3jarama TOBHUX jyHa[H CyHLY U 10/laTaBba
BUTaMHUHCKO-MHUHEPATHUX JlofaTaKa

f}é’,‘,ﬁ%%')‘(j a Tnnn.sauuja KOXKHHX n.esmja 1 Opoj TOBHUX jyHanu ca mpoMeHama — % Ges
nesnja H;J?g]%gp%a ﬂeﬁ}fﬁg& Kpacre KepaTunusanuja JyHama oropsaka
[Tpe | ITocne | Ilpe | Iocne | Ilpe | ITocne | Ilpe ITocne IIpe [Tocne
Jluue 19 12 11 8 0 0 7 5 37 25 67,57%
TnaBa 1 0 21 17 5 0 15 11 42 28 66,67%
Bpar 0 0 15 12 9 5 7 6 31 23 74,19%
Tpyn 0 0 13 |9 14 11 14 12 41 32 78,05%
Canu 3 1 23 | 19 18 13 9 9 53 42 79,24%
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On yxkynHo 80 mpersiefaHux TOBHUX
jyHagH, YOUEHMX Jie3Hja Ha KOXH Ipe-
Ma J0Kajau3auuja je OWIo Ha JIHLY, I7a-
BY, Bpary, Tpyny 4 canuma. OBe npome-
HE HUCY je[[HAaKO MOJIe/beE 110 Perujama,
Beh je OWiIo M rpna Koje Cy UMae KOX-
He Jie3vje Ha Bulle Mmecta. HakoH Tpune-
CeT JaHa OJf KaKko je NHjarOHOTHKOBaHa
TpUX0(UTO3a KOJ, TOBHE jyHAAH, KaKO je
ypaheHa nesuHdekuuja odjekTa U Kako
Cy TOBHA jyHaJ HW3JI0KEHa [LEjCTBY CyH-
Ila y3 BUTAaMMHCKO-MUHEDAIN JofaTak y
XpaHH, youuso ce na je 73,14% rpna u
Dabe OWIIO ca ja3ujama Ha KOXH, Koje Ccy
KapaKTEPUCTUYHE 33 TPUXO(DHUTO3Y.

MehyTum, Ko TOBHE jyHanu ca IPYrux
NeT WHAWBUAYaJHUX Ta3gUHCTaBa KOjUX
je ouno 100 (n=100) morao ce youuTH
edexar Tepanuje. Tepanuja ce cacroja-
na ox mpumeHe npemnapara Dekanol® mp-
CKameM KO)XKe IBa MyTa y pasmakyon 15
naHa. [Tocne mpuMeHe mociefwe Tepa-
NUjCcKe fo3e mpenapara, edexar fgare Te-
panuje je mocMaTpaH HakoH 15 f1aHa, mTo
3HAu¥ [ia je 1leo Ipolec Tpajawma ornena
tpajao 30 pmaHa. Y tadenu 2 ce Hanase
pesyaTaTy ca JOKalHu3alKujoM U TUIIU3a-
UjOM KOXKHUX JIe3Hja ca MeT ra3guHcTa-
Ba I7le Ce MpUMemUBaia Tepanyja, a yKy-
naH Opoj TOBHMX jyHA[H Ca OBHUX IIET ras-
nuHCTaBa je ouo 100.

Tabena2. 30upHU pe3ynTaTy JoKanu3alyje U TUMHU3aLyje Je3rja Ha KOXXU HakoH
NIOCTaB/baka [JHUjarHo3e U HaKkOH 15 JaHa off MOC/IeNke Tepanyje

]%(%I;%gg;{a Tnnnl3au14ja KOXXHHUX nfeanja ¥ Opoj TOBHUX jyHasu ca mpoMeHama S ToBHe % Bes

nesuja H;;;J{gbﬁa )'Ie;g%&ges Kpacre Keparunusauuja JyHanu oropsaka
IIpe | IMocne | IlIpe | Ilocne | Ilpe | Ilocne | Ilpe [Tocne [Ipe | ITocne

Jluue 5 0 16 1 7 0 24 1 52 2 3,85%
[naBa 36 0 29 1 13 0 35 4 113 5 4,42%
Bpar 32 1 2 0 19 0 17 1 70 2 2,86%
Tpyn 19 0 4 0 25 0 3 0 51 0 0%
Canu 22 0 19 1 31 0 22 1 94 2 2,13%

On ykynHo 100 mperniefaHuX TOBHUX
jyHazmH, yO4eHUX Jie3Hja Ha KOXHU Ipe-
Ma JIOKanu3auyja je OWiIo Ha JIHLYy, I7a-
BH, BpaTy, Tpyny u canuma. OBe npome-
He HUCY jeIHaKO MOJEbEE 110 perujama,
Beh je OuIo W rpna koje cy umane KO-
He Je3uje Ha BULIE MecTa. HakoH Tpu-

JeceT aHa OJf KaKo je JUjarOHOTHKOBA-
Ha TpuxoUTO3a KOJ TOBHE jyHAIH, KaKo
je ypabena nesundexuuja objexta u 15
IaHa OfI MPUMeEHe TOoC/Ielmhe Tepanuyje,
youwsio ce na je camo 2,65% rpna duio
ca Jla3vjama Ha KOXXH, KOje Cy KapaKTepH-
CTUYHE 33 TPUXO(HUTO3Y.
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OUCKYCHJA

Tpuxoduro3a rosesa je BEIMKH NPO-
Onem BeTepuHapUma, aqud MW JbyAUMa
KOjU paje ca >XMBOTHHmama 300r 300-
HOTCKOT Kapakrepa. Hajueurhu yspou-
HUK fepMaroduTo3a ropena je IbUBHULA
Trichophyton verrucosum, Koja ¥Ma 300-
HOTCKH KapakTep U Koja ©Ma Moh Opsor
IIMpema, Kako ca XUBOTHHBE Ha >KUBO-
THIbY, TaKO U Ha YOBEKa.

Ha Teny odonenux >KUBOTHA jaBibajy
ce CHBO-0ele MpPOMEHe, U TO JOKAIHO,
Hajuyewrhe Ha BpaTy | IVIaBH, v Ce MOTY
jaBUTH U Ha NpefmbUM eKCTPEMUTETHMA,
rpynvma ¥ canvuma. OBe IpoMeHe Cy Be-
nuurHe 10-50 mm, oBajiHOT 00/1MKa, O/1a-
ro UCIyn4YeHe, ca Kpacrama Koje ce Tell-
KO 0[Bajajy, U BEOMa 4YeCTO Ha MeCTy
OBUX TTPOMEHa Ajaka je omana. Takohe,
IPUCYTHO jé KOHCTAHTHO MepyTame KOXKe
Ha MECTy TUX MPOMeEHa. Y MpoceKy, dpoj
IPOMEHA Ha jeIHOj )KUBOTHUIH je usmehy
10 u 30, anu mosxe uhu u 10 50 (Sayfarth
et al., 2011).Y Toky OBOTr UCTpakKUBama
HUje 3a0eNie)KeHo mepyTame KOXKe Ha Me-
CTUMa IJe Cy MOCTojase Jie3uje r3a3Ba-
He [/pUBHLIOM Trichophyton verrucosum.
Hajsehu dpoj ne3uja Ha KOXKH y CBUX Jie-
CeT MHIWBUIYaJHUX ra3fvHCTaBa je duo
Ha IMIaBU ¥ canuma. Kpacre cy y Hajpehem
Opojy Oune snokanu3oBaHE Ha CAMUMa,
IOK je Mpolec KepaTUHU3alyje 3axBaTao
HajsehKM NieIoM I71aBy TOBHE jyHaIu.

Tepanuja ce TPWIMYHO Ppa3IUKYje
mely apxaBama, jep HHje CByZa UCTO pe-
rynucaHa ynorpeda oxpeheHuUX aKTHB-
HUX jefuibera U3 rpenapara. Y CBeTy cy
y ynotpedu Kynke unu crpejesu ca 4%

pacTBOpoM Kanuujym-cynduna, 3aTum
0,5% Harpujym-xunoxiaopura win 1%
pacTtBopom MOBHIOH jopa. [lojeprHauyHe
IIPOMEHE CE€ MOTy TPeTHpaTH JIOCHOHM-
Ma ¥ MacTHMa Ha Da3¥ MUKOHO030J1a WU
kioTpumasona ([llamany u CtamaTtosuh,
1999).

Y Cpduju ce xopucTe mpenapaTty Je-
KaHOJI U UMaHBEpOJI, a Y 3a/iie Bpeme Ce
CBE BUIle KOPUCTH BakuMHA (Pagojunh u
cap., 2017). YnpaBo npumMeHa ekaHoma
y TOKy OBOI MCTpakMBama je Mokasana
NIO3UTHBAH edeKaT y LU/by JIedyermha TOBHE
jyHaou Of IJBUBUYHO- KOXKHOI 0DOJbEHA
TpuxopuTose.

BakuvHanujom ce crpedaBa IojaBa
odosbewa, MHOULUpawke IPYTHUX KUBO-
THHA U JbYIH, Ka0 U UH(ULIUPabe 0KOJH-
He, Te je BaKLJMHa BeOMa KOPUCTaH HaUWH
cy3bujama ose donectu. YeTpHaecT JaHa
HaKOH BaKlJMHallMje, BPIIU Ce peBaKIM-
HanMja. McnutrBameMm edekTa aTeHyH-
paHe BaKklMHe Ha rosena Kkoja cy oboie-
na on Tpuxodurose, Arslan et al. (2007)
Cy IOUIM [0 3aK/byyka /a HPUMEHOM
BaKlJMHalMje o00osieIMX roBefa [10jas3u
1o dp3or o3mpaBberma Oe3 HapyllaBama
(dyHKIMje BUTAJIHUX OpraHa Kao LITO Cy
jetpa u Dydpesu.

Kapa je y nutamy 0dospeme Tpuxopu-
TO3a, NocedHy nmakwy Tpeda 0dpaTUTH Ha
XUTHjeHy objexara v KUBOTHHA. Beoma je
Ba)KHO J1a JKUBOTUHE YBEK UMAjy YUCTY U
CyBY IPOCTHPKY, 1a ce 00jeKTH pPeNOBHO
n3hydpaBajy, ma Cy KUBOTHHE YUCTE, [a
NIOCTOjU KOHCTAHTaH JOTOK CBEXEr Bas-
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nyxa. Takohe, y 3uMckom nepuony mopa
ce oDpaTUTH Nakmba Ha ONTHUMAIHO Da-
NaHCHpame 00poKa y3 JofaBame BUTAMU-
Ha ¥ MHUHepasa, Kako U ce XKUBOTHUbA-
Ma obe3denune cse norpede. Takohe, Ha
NPBY CyMmY Jia je HeKa KMBOTHHa 000-
nena Tpeda je U30BOJUTH Y KapaHTHH, Jie-
3MH(UKOBATH CaB NIPUOOP U eo odjexTa

ca KOjUM je Oujla y KOHTaKTy M IUTO Ipe
KPEHYTH Ca TepamnujoM, jep Ce Ha OCHO-
BY OBOI' UCTpaKHBamba MOXE IPUMETUTH
OJCYCTBO €(EeKTa H3/Ie4Yerma IMPUMEHOM
u3jarama rpja CyHIy ¥ IofaBambeM BUTA-
MHHA U MUHEDAJIa Y XpaHy y3 IPETXOSHY
nesnHdeKuHjy odjexaT y Kojem cy CMelI-
TEHa TOBHA jyHap.

3AK/bYYAK

Ha ocHoBy nodujeHux pesynrara HC-
Tpa’kKMBamka MOXE C€ 3aK/byUHUTH Ja Ha
10jaBy HacTaHKa 000J/bEHmA TPUXO(PUTO-
3€ yTUUy CTeCOreHu (pakTOpH Kao LITO je
TPAHCIIOPT, Ka0 U HealeKBaTHU XUTHjEH-
CKH YCJIOBH 0DjeKTa y KOjuMa Cy CMeLLTe-
Ha TOBHA jyHap.

Takohe, 3a moctusame Op3or edex-
Ta cy3dujama TpuxoduTtose, Hajdoosme je
NpUMEBHUBATH TEPANHjy WIK joul Dosbe
CIIPOBOJUTH BaKLIWHALWjy TOBHE jyHaAH
y3 IPUMEHY KBAJIUTaTUBHE UCXPAHE.
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Abstract: Trichophytosis is one of the most common skin diseases in cattle.
Trichophytosis is a transmissible infectious skin disease caused most often by
Trichophyton verrucosum with spores which can remain alive for years in a dry
environment. This is a zoonotic disease, as it can equally infect people and animals.
The infection spreads rapidly, and this fungal disease leads to certain economic
losses. Direct contact with infected animals is the most common method of spreading
the infection. During this research, beef cattle aged 4 months were transported from
southern Serbia to the part of Vojvodina - Ma¢va. One month after the transportation,
the characteristic gray-white round changes occured on the skin of beef cattle.
Affected animals from five individual farms did not receive any treatment, while
animals from other five farms were treated with Decanol® solution. As a conclusion,
application of therapy or vaccination along with a high quality diet is the best way
to to suppress triphophytosis.

Keywords: Trichophytosis, beef cattle, zoonosis
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INTRODUCTION

Fungal diseases of the skin are very
common in humans and animals and
are zoonotic in general. One of these
diseases 1is trichophytosis of cattle,
which leads to a decrease in the quality
of milk, meat and skin, and causes great
economic damage. On the other hand,
since it can be transmitted to humans,
it is also a major threat to human public
health (Agnetti et al., 2014; El-Tras et al.,
2015). In recent years, in the world and
in Serbia (Rogozarski i sar., 2012), more
and more cases of this disease have been
reported. It is estimated that on average
30% of the total number of cattle at some
point was infected with this fungus, but
variations are great depending on the
region. The most endangered are the
regions of South Europe and the Middle
East. A large number of infected herds
were reported in Italy, the province of
Umbria, where there are farms where
100% of the animals are infected (Papini
et al., 2009; Agnetti et al., 2014).

Trichophytosis is most commonly
recognized in cattle, although donkeys,
dogs, goats, sheep and horses can also
suffer from it. It is particularly present in
the conditions of conventional intensive
dairy farming, where high-producing
cattle breeds are cultivated, such as the
Holstein-Friesian cows.The incidence
of this disease is higher in late autumn
and winter, which is understandable if
the conditions of keeping animals are
observed. In winter the animals are
kept in the stables, where conditions of

accommodation and hygiene are often
unsatisfactory. Also, in winter, animal
nutrition is inadequate and weaker, and
cattle immunity decreases (Papini et al.,
2009).

The causative agent of trichophytosis
is trichophyton verrucosum, which
has the ability to infect humans. This
fungus creates very resistant spores that
transmit infections. In dry matter the
spores remain capable of multiplication
for several years. Changed parts of the
skin are resistant to ultraviolet light
(Seebacher et al., 2008). Trichophyton
germinates in the epidermis, grows into
hair follicles and root , and the hair
breaks and falls out. Fungus lives on the
surface of the skin, with its proteolytic
and keratolytic enzymes and exotoxins
causing parakeratosis and inflammatory
changes (Summerbell, 2000; Boykovsky
et al., 2013). The fungus Trichophyton
verrucosumse is considered to be a
facultative pathogen, and it favors moist
climate, warm weather and unhygienic
conditions of keeping (Morrell et
Stratman, 2011).

In large herds it retains for years, so
bringing younger heads of cattle to the
herd allows spreading, because they are
not sufficiently resistant. The lack of
vitamin A is presumed to be conducive
to the onset and spread of the disease,
which is also contributed by inadequate
nutrition, chronic skin and parasitic
diseases. Antibodies were found in the
blood serum of the animals which had
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this disease (Samanc i Stamatovic,
1999; Radojcic et al., 2017).

On the body of infected animals, there
are gray and white changes, locally, most
often on the neck and head (forehead
region and around the eyes), but they
can occur on the forelimbs, chest and
croup. These changes are 10-50 mm in
size, oval in shape, slightly protruding,
with hard-to-reach scabs, and very
often hair falls out in these areas.
Also, constant dandruff is present. On
average, the number of changes on one
animal is between 10 and 30, but it can
go up to 50 (Sayfarth et al., 2011). The
most prone to this disease are female
herds, especially heifers and calves
younger than 12 months, although it
often occur in cows as well. Infection
and transmission of the disease is caused
by direct contact between diseased and
healthy animals, but also indirectly,
from the infected environment, since

the spores can remain vital up to four
years (Papini et al., 2009; O’Gorman et
al., 2015, Bojkovski et al., 2007).

Since this disease is zoonotic, the most
endangered are people who are in direct
contact with affected animals, such as
milkers, veterinarians, support staff in
the stables, people working in leather
processing and others (Agnetti et al.,
2014; El- Tras et al., 2015). In humans,
these changes appear mainly on the
head, the chin area, but often also on the
exposed parts of the body, such as nails,
fists, and hands. Symptoms are similar
to those of infected animals, most often
with hairless seals if the disease is on the
head, and circumscribed erythematous
can occur in the forearm region (Agnetti
etal., 2014; El-Tras et al., 2015). The aim
of this paper is to notice the extent to
which skin changes occur in beef cattle
after transportation, placed in facilities
with inadequate hygienic conditions.

MATERIAL AND METHODS

In July 2017, trichophytosis occured
among beef cattle kept on ten rural farms
in the village of Bogati¢ in Macva district.
Based on the anamnestic data, beef cattle
originated from southern Serbia (Pirot,
Leskovac, Vranje) and were brought
to Macva by road transport. The whole
herd was of 4 months old Simmental
breed cattle. Within thirty days, the
owners noticed round gray-white seals
on the animals’ head, neck and back. The
total number of females with changes in
the skin, on all ten farms, was 180. From
all heads of cattle, scarified skin was

taken from altered skin spots to isolate
the causative agent and set up a correct
diagnosis. The scrapings were sent to a
laboratory in a 10% KOH solution, where
the causitive agent of trichophytosis was
detected under a light microscope. Since
microscopic examination is sometimes
insufficient, thenext stepwasinoculation
into medium in which the colonies in
the form of beads characteristic for the
fungus Trichophyton verrucosum, have
grown.

After the isolation of the pathogens
and the confirmation of trichophytosis
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in beef cattle from all ten individual
farms, on five of them affected animals
were treated with Dekanol® preparation
by spraying it twice in 15 days or by
rubbing the preparation with soft cloth
around the eyes. Prior to the therapy,
scabs were carefully cleaned with a
soft cotton cloth. All cotton cloths were
burned after the use. Affected animals

on the other 5 farms were exposed to
the sun and they were given vitamin-
mineral supplements in the diet. In all
ten individual farms, diseased herds were
separated from healthy ones and the
facilities were disinfected. All obtained
results were processed with standard
statistical methods using Microsoft
Office Excel 2007.

RESULTS

Trichophyton verrucosum fungus
was isolated from all 180 heads of
cattle that had a clear clinical picture
of trichophytosis such as gray-white

circumscribed lesions with or without
hair on the skin of the head, face, neck,
body and croup (Figures 1 and 2).

Figure 1. Findings of characteristic gray-white changes in the skin of beef cattle
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Figure 2. Gray-white circumscribed lesions on the body

Before the application of the therapy
or the exposure of beef cattle to the sun
and the addition of vitamin and mineral
supplements in food, skin lesions were
examined and their localities and

numbers were recorded. Of the total
number of beef cattle (n = 180), lesions
on the skin had a different appearance
regardless of the localization of the
change.

Table 1 shows the results with the localization and type of skin lesions from five farms
where no therapy was applied, but the animals were exposed to the sun and were being given
vitamin and mineral supplements for 30 days. The total number of beef cattle from these five

farms was 80.

Location Types of skin lesions and number of animals with changes %

of skin - - X beef cattle without
lesions Lesions with hair Lesmri]sa\ia;lthout Scabs Keratinization recovery

Before After Before After Before After Before After Before After

Face 19 12 11 8 0 0 7 5 37 25 67,57%
Head 1 0 21 17 5 0 15 11 42 28 66,67%
Neck 0 0 15 12 9 5 7 6 31 23 74,19%
Body 0 0 13 9 14 11 14 12 41 32 78,05%
Croup 3 1 23 19 18 13 9 9 53 42 79,24%
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Outof 80 examined exemined animals,
lesions on the skin were localized on the
face, head, neck, body and croup. These
changes are not equally distributed by
regions, there were also herds that had
skin lesions in multiple locations. Thirty
days after diagnosing trichophytosis,
disinfection of the facility, exposure of
the animals to the sun along with the
vitamin-mineral supplements in the
diet, 73.14% of the animals still had skin
lesions characteristic for trichophytosis.

However, in the case of beef cattle
from the other five farms with 100

animals (n 100), the effect of the
therapy was noticeable. The therapy
consisted of the application of Decanol®
by spraying the skin twice in 15
days. After administration of the last
therapeutic dose, the effect of therapy
was observed after 15 days, which means
that the experiment lasted for 30 days.

Table 2 shows the results with the
localization and classification of skin
lesions from five farms where therapy
was applied and the total number of
animals was 100.

Table 2. Collective results of localization and classification of skin lesions after diagnosis

and 15 days after the last treatment

L?c tion Classification of skin lesions and number of animals with changes ) (K)

of skin Lesions with Lesions | Scabs Keratinization  beef cattle without

lesions %a T without hair recovery
Before | After | Before | After | Before | After | Before | After | Before | After

Face 5 0 16 1 Q 24 1 52 2 3,85%

Head 36 0 29 1 13 0 35 4 113 5 4,42%

Neck 32 1 2 0] 19 0] 17 1 70 2 2,86%

Body 19 0 4 (0] 25 0 3 Q 51 0 0%

Croup 22 0 19 1 31 0 22 1 94 2 2,13%

In a total of 100 examined animals,
lesions on the skin were found on the
face, head, neck, body and croup. These
changes are not equally distributed by
regions, but there were also animals with
skin lesions in multiple locations. Thirty

days after the diagnosis of trichophytosis
in beef cattle, disinfection of the facility,
and 15 days after the last therapy, only
2.65% of the animals was detected
with skin lesions characteristic for
trihophytosis.

DISSCUSION

Trihofitosis is a major problem for
veterinarians, but also for people who
work with animals due to its zoonotic
character. The most common cause of
trihophytosis is fungi Trichophyton
verrucosum, which has a zoonotic
character and spreads rapidly both to
animals and humans.

On the body of affected animals, gray-
white changes occur locally, most often
on the neck and head, but they may also
occur on the front limbs, the chest and
the croup. These changes are 10-50 mm
in size, oval in shape, slightly protruding,
with hard-to-reach scabs, and very often
hair falls out in these
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areas. Also, constant dandruff is
present. On average, the number of
changes on one animal is between 10 and
30, but it can go up to 50 (Sayfarth et al.,
2011). During this study, dandruff was
not observed on the lesions caused by
the fungus Trichophyton verrucosum.
The greatest number of skin lesions in
all ten individual farms was on the head
and croup. Scabs were mostly found on
croups while keratinization was present
mostly on head.

The treatment varies considerably
among countries, as the use of certain
active compounds in isnt't everywhere
regulated in the same way. Worldwide,
baths or sprays are used with 4%
calcium sulfate solution, 0.5% sodium
hypochlorite or 1% povidone- iodine
solution. Individual changes can be
treated with lotions and ointments based
on myconazole or clotrimazole (Samanc
and Stamatovi¢, 1999). In Serbia,
decanol and imanverol preparations are
used, and the vaccine is increasingly
being used (Radojci¢ et al., 2017). The
application of the decanol during this
study has shown a positive effect in the
treatment of trichophytosis in beef cattle.
Vaccination prevents the onset of the
disease, the infection of other animals
and humans, as well as the infection

of the environment, and the vaccine is
a very useful way of suppressing this
disease. Fourteen days after vaccination,
revaccinationisperformed. By examining
the effect of attenuated vaccine on cattle
suffering from triphochytosis, Arslan et
al. (2007) have come to the conclusion
that vaccination of diseased cattle leads
to rapid healing without disturbing the
function of vital organs such as the liver
and kidneys.

When it comes to this disease, special
attention should be paid to hygiene of the
objects and animals. It is very important
that animals always have a clean and dry
rug, that objects areregularly disinfected,
that the animals are clean and that there
is a constant supply of fresh air. Also, in
the winter period, attention must be paid
to optimal balancing of the meals with
the addition of vitamins and minerals.
When the disease is suspected, the
affected animal should automatically be
quarantined, the object and equipment
should be disinfected and the therapy
should be applied as soon as possible as
this research shows the absence of the
effect of curing by exposing cattle to the
sun and adding vitamins and minerals in
the food with a previous disinfection of
the facility.
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CONCLUSION

Based on the results of the research
it can be concluded that the appearance
of trichophytosis is influenced by the
stressogenic factors such as transport, as

Also, in order to achieve a rapid effect
on the suppression of trichophytosis, it
is best to apply therapy or an even better
option is to implement vaccination along

well as inadequate hygienic conditions with a high quality diet.
of the beef cattle handling facilities.
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Kratak sadrzaj: Tokom svoje 132-godiSnje proizvodnje, karakteristike Livanjskog
sira su se mijenjale, najprije zbog prelaska sa ovc¢ijeg na kravlje mlijeko, odnosno
njihovu mjesavinu. Livanjski sir svoju specificnost moze zahvaliti, prije svega,
prisustvu specifi¢nog biljnog pokrivaca planinskog podrucja, klimatskim uvjetima i
mlijeku autohtone ovce pramenke. Cilj ovoga rada je odrediti masno-kiselinski sastav
Livanjskog sira, sa posebnim osvrtom na sadrzaj bioaktivnih komponenti koje imaju
pozitivan efekat po zdravlje ljudi, kao i na pra¢enje eventualnih promjena u njihovom
sadrzaju u ovisnosti o periodu uzorkovanja, odnosno hranidbe. Za proizvodnju
Livanjskog sira, koji je uzorkovan nakon 90 dana zrenja u ambijentalnim uslovima,
koriSteno je zbirno mlijeko ovaca, uz napomenu da je ov¢ijem mlijeku dodavano
kravlje, u odnosu (80:20) koji se uobicajeno koristi u tradicionalnoj proizvodnji
ovog sira. Uzorci su analizirani gasnim hromatografom u laboratoriji ,As Vitas“
Oslo Innovation Centre, prema proceduri opisanoj u radu Luna i saradnici (2005).
Ukupno su odredene 24 masne kiseline, kroz tri vremenska perioda uzorkovanja
(juli, august i septembar). U uzorcima sira, sadrzaj zasi¢enih masnih kiselina (SFA)
bio je ve¢i u odnosu na mononezasi¢ene (MUFA) i polinezasicene (PUFA). Sastav
masnih kiselina ispitivanih uzoraka sira je specifi¢an, jer sadrzi masne kiseline za
koje je dokazano da imaju izuzetno povoljan efekat po ljudsko zdravlje.

Klju¢ne rijeci: ovca, mlijeko, sir, masne kiseline, zdravlje

1 [IpesenrtoBan Ha 23. [o/uImeM caBjeToBamby TOKTOpa BeTeprHAapcke MeauiuHe Peny6nke Cpricke
(buX). Tecnuh, 6-9- jyna 2018.
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UvoD

O korisnim sastojcima  mlijeka
i mlije¢cnih proizvoda je puno toga
napisano, no postoji stav jednog dijela
nutricionistickih ~ stru¢njaka da su
mlije¢ne masnoce Stetne zbog visokog
sadrzajazasi¢cenihmasnihkiselinaitrans-
masnih kiselina. Sir, kao koncentrirani
mlijecni  proizvod, ima ogromnu
popularnost u ishrani, zbog njegovog
okusa, funkcionalnosti i nutritivnih
svojstava. Sir je izvor visokokvalitetnih
proteina, kalcija i mnogih drugih vaznih
nutrijenata, koji daju vrijedan doprinos
kvalitetnoj prehrani.

Sir je znacajan izvor masti u
ljudskoj ishrani i sadrzi mnostvo
masnih kiselina. Masti sira trenutno
imaju negativan imidz, uglavnom
zbog percepcije potro$aca o zasi¢enim
i trans- masnim Kkiselinama na
zdravstveno stanje kardiovaskularnog
sistema. Uprkos prisustvu znacajnih
kolicina  takvih masnih  kiselina,
nema jasnih dokaza koji potvrduju da
konzumiranje sira negativnho utice na
bilo koju bolest. Stavise, sir sadrzi i
druge masne kiseline, npr. konjugovanu
linolnu kiselinu i oleinsku kiselinu, koje
imaju potencijal da pobolj$aju dugoro¢no
zdravlje. Proizvodnja kvalitetnog ovcijeg
sira, u prvom redu ovisi o kvaliteti mlijeka
za sirenje, odnosno o njegovim fizic¢ko-
hemijskim, a posebno higijenskim
osobinama. U proizvodnji autohtonih
sireva koristi se sirovo mlijeko ovaca
drzanih na ekstenzivan nacin, pri ¢emu
je njihova mlijecnost manja, a hemijski
sastav mlijeka za sirenje karakteriziran

je visokim udjelom pojedinih sastojaka
(Matutinovi¢ i sar., 2007). Sirevi
proizvedeni od sirovog mlijeka brze zriju
i imaju intenzivniji okus u odnosu na
industrijski proizvedene sireve (Savic,
2010). Imajué¢i u vidu visok kvalitet
ovc¢ijeg mlijeka, koji karakteriSe niska
alergena aktivnost, visoka koncentracija
nutraceutickih jedinjenja i relativno
visoka cijena ovcijeg sira, postoji
znacajan potencijal svjetskog trzista za
ovu industriju. Zbog toga Sto se velike
koli¢ine ovc¢ijeg mlijeka pretvaraju u sir,
kvalitet mlijeka se ocjenjuje u smislu
njegovih tehnoloskih i koagulacionih
svojstava, koja zavise prvenstveno od
sadrzaja masti i proteina. Medutim, sve
ve€a paznja potrosaCa na nutritivne i
zdravstvene aspekte hrane, usmjerila je
proizvodace mlijecnih ovaca u pravcu
postizanja odgovarajuceg sastava
mlije¢nih lipida (Nuda i sar., 2014).
Dugo vremena percepcija potroS$aca o
mastima animalnog porijekla je bila
povezana sa povecanim rizikom od
kardiovaskularnih ~ bolesti, posebno
zbog velike kolicine SFA. Sastav masnih
kiselina i koncentracija u mlijeku ovisi
o dva glavna faktora: zdravstvenog
stanja zivotinje, ukljucuju¢i pasminu,
dob, stadij laktacije, okolisne faktore, i
ishrane Zivotinja s posebnim naglaskom
na vrstu krmne smjese (Falchero i sar.,
2010). Glavne promjene u ishrani koje
se ciljano rade su smanjenje zasi¢enih
odnosa nezasi¢enih masnih kiselina i
povecanje nivoa konjugirane linolne
kiseline i omega-3 polinezasi¢enih
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masnih kiselina. Ishrana Zivotinja
je glavni faktor koji reguliSe sastav
mlijecnih masti, a manipulacija hranom
sa razliCitim vrstama masti smatra se
kljutnom strategijom =za postizanje
pozeljnog profila masnih kiselina.

U ovom radu smo istrazili masno-
kiselinski sastav Livanjskog sira, koji je
jedan od najpoznatijih sireva s podrucja
bivSe Jugoslavije. Rije¢ je o tvrdom,
punomasnom siru, koji ima umjereno
slan, pikantan okus, tipican za ovcije

sireve. Livanjski sir svoju specifi¢nost
moze zahvaliti prije svega specifi¢nosti
biljnog pokrivaca planinskog podrucja,
klimatskim uslovima i mlijeku autohtone
ovce pramenke. Danas se, posebno u
periodima kada nema ovcijeg mlijeka,
Livanjski sir pravi na isti nacin, ali u
razli¢itim omjerima ov¢jeg i kravljeg
mlijeka, ponekad i samo od kravljeg
mlijeka, $to je naznaceno na etiketi.

MATERIJAL I METODE

Za  istraZivanje  determinirajuci
faktor bila je tradicionalna tehnologija
proizvodnje. Ispitivanja su izvedena na
ovcama pasmine pramenka. Zivotinje
su bile oznacene odgovaraju¢im brojem
usne markice, na osnovu kojih su se
uzimali uzorci uvijek od istih Zivotinja,
kroz razlicite vremenske periode. U
toku uzimanja uzoraka, hranidba ovaca
bazirala se na ispa$i. Istrazivanje je
obuhvatalo uzimanje svjeZzeg ovcijeg
mlijeka u toku jutarnje muze koja
se obavljala ru¢no, a za proizvodnju
Livanjskog sira koriSteno je zbirno
mlijeko ovaca od kojih smo prethodno
uzorkovali mlijeko, uz napomenu da
je ovc¢ijem mlijeku dodavano kravlje,
u odnosu (80:20) koji se uobicajeno
koristi u tradicionalnoj proizvodnji ovog
sira. Uzorci su uzorkovani nakon 90
dana zrenja u izvornim ambijentalnim
uvjetima. U uzorcima sira, metodom
gasne hromatografije (GC), odredena je
masno-kiselinska kompozicija: masla¢na
(C4:0), kapronska (C6:0), kaprilna (C8:0),

kaprinska (C10:0), laurinska (C12:0),
miristinska  (C14:0), pentadekanska
(C15:0), palmitinska (16:0), margarinska
(C17:0), stearinska (C18:0), arahinska
(C20:0), miristoleinska (C14:1cis-9),
palmitoleinska (C16:1 cis-9), oleinska
(C18:1 cis-9), C18:1 cis-11, elaidinska
(C18:1 trans-9), C18:1 trans-10,
vakcenska (C18:1 trans-11), arahidonska
(C20:4c5,c8,c11,c14), eikosapentaenska
kiselina (C20:5c5,c8,c11,c14,c17),
dokosaheksaenska  kiselina  (C22:6
c7,c10,c13,c16,c19), linolna (C18:2 n-6),
o linolenska (C18:3 n-3), rumenska
(C18:2 cis-9 trans-11 CLA).

Uzorci su poslani u zamrznutom
stanju na suhom ledu i analizirani u
laboratoriji ,As Vitas“, Oslo Innovation
Centre, Norveska. Uzorci sira su prije
analize odmrznuti na sobnoj temperaturi
i homogenizirani. Priprema uzoraka
je izvrSena prema proceduri opisanoj
u radu Luna i saradnika (2005), koja
ukljucuje izdvajanje mlijeCne masti
centrifugiranjem 1 metilaciju masnih
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kiselina, pri c¢emu nastaju metil-
estri masnih kiselina (FAME), koji se
analiziraju na gasnom hromatografu.
Primijenjena je GC metoda sa velikom
rezolucijom, koja omogucava veoma
dobru separaciju FAME. KoriStena je
kolona Select FAME duzine 200 mm
i izotermalna separacija pika 18:1.
Analiza je vrSena na instrumentu Agilent
689N GC sa split/splitless injektorom,
autosemplerom 7683B i plameno-
jonizacijskim  detektorom  (Agilent
Technologies, Palo Alto, CA). Separacija
je izvedena koriStenjem kapilarne kolone
od staljenog silicijum dioksida (Varian
Inc.) CP-SELECT CBFOR FAME (200 mm
duzina, 0,25 mm unutrasnji dijametar i
0,25 pm debljina filma). Primijenjen je
sljede¢i temperaturni program: pocetna
temperatura od 70°C odrzavana je 4
minute, zatim zagrijavanje brzinom od
20°C u minuti do temperature od 160°C,

koja se odrzava 80 minuta, a potom
zagrijavanje brzinom od 3°C u minuti do
temperature od 220°C, koja se odrzava
28 minuta. Kao gas nosa¢ koristen je
vodik sa pritiskom od 314 kPa. Analiza
masnih kiselina (C4:0-C22:6) provedena
je autoinjektiranjem po 1 pl uzorka pri
odnosu splita od 70:1, protokom vodika
od 151 ml/min i temperturi od 280°C.
Temperatura plameno-jonizacijskog
detektora bila je 290°C uz brzinu protoka
vodika od 40 ml/min, vazduha od 450
ml/min i azota (kao make-up gasa) od
45 ml/min. Frekvencija snimanja tacaka
na hromatogramu iznosila je 10 Hz
(ocitanje 10 puta u sekundi), a vrijeme
snimanja jednoga hromatograma 136
minuta. Dobiveni rezultati izraZeni su u
gramima pojedina¢nih masnih kiselina
na 100 g ukupnih masnih kiselina (g/100
g FA).

REZULTATI

U Tabeli 1. dat je prikaz utvrdenih
vrijednosti masnih kiselina u mlije¢noj
masti Livanjskog sira, po periodima
uzorkovanja. U Kklasi SFA najvece
utvrdene vrijednosti su bile kod C16:0,
C18:0 i C14:0 kiselina. Za C4:0, C6:0,
C8:0, C10:0, C12:0, C14:0 i C15:0
utvrdene su vece vrijednosti u III

periodu uzorkovanja u odnosu na I i II
uzorkovanje (Tabela 1.). Iz klase MUFA
najvecavrijednostutvrdenaje za oleinsku
kiselinu u II periodu uzorkovanja, dok je
vrijednost VA bila najmanja u I11 periodu
uzorkovanja. U klasi PUFA dominirale
su C18:2n-61C18:3 n-3.

Tabela 1. Sadrzaj masnih kiselina u mlije¢noj masti Livanjskog sira po periodima

uzorkovanja

I uzorkovanje

IT uzorkovanje IIT uzorkovanje

Masna kiselina (g/100g FA)

SFA

Maslac¢na C4:0 0,96

0,85 1,0
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Kapronska C6:0 0,73 0,59 1,0
Kaprilna C8:0 0,67 0,52 1,0
Kaprinska C10:0 2,32 1,86 3,32
Laurinska C12:0 2,02 1,78 2,80
Miristinska C14:0 8,83 8,47 9,92
Pentadekanska C15:0 1,20 1,17 1,26
Palmitinska C16:0 24,97 25,02 24,43
Margarinska C17:0 1,04 1,03 0,08
Stearinska C18:0 12,19 11,78 11,24
Arahinska C20:0 0,51 0,53 0,43
MUFA
Miristoleinska C14:1 cis-9 0,26 0,34 0,49
Palmitoleinska C16:1 cis-9 0,93 1,18 1,13
Oleinska C18:1 cis-9 21,98 23,41 23,08
C18:1 cis-11 0,93 0,97 0,69
Elaidinska C18:1 trans-9 0,29 0,73 0,34
C18:1 trans-10 0,41 0,33 0,22
Vakcenska C18:1 trans-11 3,34 3,34 2,49
PUFA
Arahidonska C20:4 n-6 0,12 0,14 0,13
{Eﬁlf)%;lpentaenska C20:5 n-3 0,11 0,11 0,08
](%)ll_i%s)aheksaenska C22:6 n-3 0,07 0,06 0,08
Linolna C18:2 n-6 2,11 2,25 2,25
o~ linolenska C18:3 n-3 1,48 1,07 1,25
%ljlingilska C18:2 cis-9, trans-11 0,59 0,58 0,60
>n-3 1,66 1,24 1,41
>1n-6 2,23 2,39 2,38
>'SFA 55,44 53,6 56,48
>MUFA 28,14 30,30 28,44
> PUFA 4,48 421 4,39
> UFA 32,62 34,51 32,83
Odnosi suma masnih Kiselina
n-6/n-3 1,34 1,92 1,68
SFA/MUFA 1,97 1,76 1,98
SFA/PUFA 12,37 12,73 12,85
MUFA/PUFA 6,28 7,19 6,47
SFA/UFA 1,69 1,55 1,72
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UFA/MUFA 1,15

1,13 1,15

UFA/PUFA 7,28

8,19 7,47

SFA — zasi¢ene masne kiseline; MUFA — mononezasi¢ene masne kiseline; PUFA
— polinezasi¢ene masne kiseline; UFA — nezasi¢ene masne kiseline. I, I, TI1-
predstavljaju periode uzorkovanja: juli, august i septembar

DISKUSIJA

Hemijski sastav proizvoda animalnog
porijekla, naroc¢ito sadrzaj pojedinih
sastojaka kao S$to su masne kiseline,
godinama  privlaci veliku  paznju
stru¢njaka upravo zbog njihovog
utjecaja na ljudsko zdravlje. Masno-
kiselinski sastav sira je vazan marker
za odredivanje karakteristi¢nih
osobina sira. Rezultati ovih istrazivanja
pokazuju evidentna variranja sadrZaja
pojedinih masnih kiselina u analiziranim
uzorcima Livanjskog sira po periodima
uzorkovanja (Tab. 1.). Sadrzaj SFA
u analiziranim wuzorcima Livanjskog
sira moze biti direktna posljedica
tehnoloskog kvaliteta mlijeka, odnosno
sadrzaja masnih kiselina ustanovljenih
u mlijeku. Dominantne SFA analiziranih
uzoraka Livanjskog sira su C14:0, C16:01i
C18:0 (Tab. 1.).

U analiziranim uzorcima Livanjskog
sira sadrzaj C8:0, C12:0 i C15:0 je bio
najvec¢i u IIT periodu uzorkovanja. Ki-
seline SFA ukljucujuc¢i i C12:0, kada se
uzmu iznad energetskih potreba, imaju
hiperlipidemicni i hiperholesterolemic¢ni
efekat, ali ako je ishrana uravnotezena u
pogledu unoSenja SFA i UFA onda C12:0,
kao i C16:0 i C18:0, ve¢im dijelom mogu
biti oksidirane i bez hiperlipidemi¢nog
efekta. Organske kiseline doprinose aro-
mi sira, koja je jedan od najvaznijih kva-

litativnih kriterija svjezih i zrelih sireva.
Sastav organskih kiselina u siru je vazan
za karakterizaciju sireva. Kiseline C4:0,
C6:0 i C8:0 su glavni nosioci aroma sira,
kiseline duzih lanaca su prisutne ali ne
utjeCu na miris, dok su kiseline sred-
njih lanaca odgovorne za miris ovcijih
masnoca. Tokom zrenja sireva dolazi do
promjene i povecanja sastava organskih
kiselina, te se sadrzaj organskih kiseli-
na moze uzeti kao indeks zrenja sireva
(Jerman, 2007). 1z grupe MUFA najvece
koncentracije utvrdene su za C18:1 cis-
91 VA, a iz grupe PUFA dominantan sa-
drZaj ustanovljen je za C18:2 n-6 1 C18:3
n-3.

Masno-kiselinski sastav vjerovatno
je posljedica uvjeta uzgoja, nacina
hranidbe i tehnologije proizvodnje.
Sirevi proizvedeni od mlijeka dobivenog
s planinske ispaSe mogu sadrzavati veci
udjel UFA, $to utjece na bolja reoloska
svojstva i povec¢anu primarnu proteolizu,
u odnosu na sireve dobivene od mlijeka
s ispase iz doline (Matutinovi¢ i sar.,
2007). Dominantan sadrzaj C18:1 cis-
9 u istrazivanim sirevima se podudara
sa literaturnim podacima (Vilu$i¢ i sar.,
2008). Nudda i saradnici (2014) u svojim
istrazivanjima navode da sezonske
varijacije utjecu na sadrzaj C18:1
trans-11 u siru. Sezonske promjene




452

BerepuHapckH xxypHan Penydnuke Cpncke (bama JIyka), Bon/Vol. XVIII, Bp/No.2, 446 — 462, 2018

Hrkovi¢ i sar.:
Masno-kiselinski sastav livanjskog sira

se vjerovatno odnose na promjene u
kvalitetu pas$njaka. Kiselina C18:2 n-6
kao esencijalna masna kiselina ne moze
se sintetizirati u ljudskom organizmu.
Medutim, samo manji dio ove kiseline
potjece iz neposredne resorpcije hrane,
dok veci dio potjece iz zaliha organizma,
¢ime se djelomicno kompenziraju
oscilacije u unosu hranom (Delas$ i sar.,
2005). Sir je znacajan izvor C18:2 n-6 i
njenih izomera, koji imaju potencijalnu
ulogu u reduciranju rizika od karcinoma
i kardiovaskularnih oboljenja (Vilusi¢ i
sar., 2008).

Odnosi SFA, MUFAiPUFA Livanjskog
sira  su  obrnuto proporcionalni
potrebama balansirane prehrane i
utjecaju na ljudsko zdravlje. >SFA u
uzorcima ispitivanog sira je bila vec¢a u
odnosu na >MUFA i > PUFA, §to ovaj
proizvod naizgled stavlja u nezavidan
polozaj sa nutricionistickog stajalista.
Kiseline MUFA i PUFA pokazuju
biolosku aktivnost (oleinska i njeni
izomeri, razlic¢iti izomeri linolne kiseline,
EPA i DHA) (Marenjak i sar., 2006).
PUFA pokazuju mnogobrojna pozitivna
dejstva, ali je bitno napomenuti da
su veoma sklone oksidaciji, kako u
organizmu tako i van njega, uslijed ¢ega
dolazi do nastanka izuzetno reaktivnih

slobodnih radikala i preko njih drugih
Stetnih produkata oksidacije (Kravié,
2010). Proucava se antikarcinogeno
djelovanje Livanjskog sira jer je dobar
izvor  potencijalno  antikarcinogene
komponente,  konjugovane linolne
kiseline. Kao znacajan izvor linolne
kiseline i njenih izomera, sir ima
potencijalnu ulogu u reduciranju rizika
od karcinoma i regulaciji tjelesne tezine,
odnosno raspodjeli masnih naslaga.
Potencijalna je zastita od srcanih bolesti
i hipertenzije, a vazna uloga mu se
pripisuje u odrZavanju dobrog zdravlja
kostiju, zbog visokog sadrzaja kalcija.
Vec¢ preko pola stoljeca koncept zdrave
prehrane se temelji na izbjegavanju
unosa masnoca i holesterola, pogotovo
zasi¢enih masnih kiselina. U mnogim
zemljama se jo$ uvijek, kao dio terapije
kod ljudi sa poviSenim holesterolom
u plazmi, preporucuje dijeta s niskim
udjelom zasi¢enih masnih kiselina,
zbog smanjenja rizika od pojave
kardiovaskularnih bolesti. Povecanjem
udjela polinezasi¢enih masnih kiselina u
prehrani moguce je utje ati na smanjenje
koncentracije holesterola u krvi, te
smanyjiti brzinu stvaranja masnih naslaga
na krvnim Zilama, ¢ime se znacajno
smanjuje rizik od koronarnih bolesti,
sr¢anog i mozdanog udara.

ZAKLJUCAK

Odnosi SFA, MUFA1PUFA Livanjskog
sira su obrnuto proporcionalni
potrebama balansirane prehrane i
utjecaju na ljudsko zdravlje. >SFA u
uzorcima ispitivanog sira je bila ve¢a u
odnosu na >MUFA i >PUFA, Sto ovaj

proizvod naizgled stavlja u nezavidan
polozaj sa nutricionistickog stajalista.
Kvaliteta sirovog mlijeka moze se
poboljsati  odredenom  strategijom
hranidbe i time povecati udio bioloski
aktivnih sastojaka u sirovom mlijeku,
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pa u tehnoloskom smislu takvo mlijeko i plasman mlije¢nih proizvoda visoke
moze biti izvrsna sirovina za preradu kvalitete kao $to su sirevi.

10.
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Abstract: During its 132-year production, the characteristics of Livno cheese
changed, first because of the transition from sheep to cow’s milk, or their mixture.
Livno cheese is specific primarly due to the presence of a specific plant cover in
mountain area, climatic conditions and milk of autochthonous sheep. The purpose
of this work is to determine the fatty acid composition of Livno cheese, with special
reference to the contenct of bioactive components that have a positive effect on
human health, and to tracking any changes in their content depending on the
sampling or feeding period. For the production of Livno cheese, which was sampled
after 90 days of ripening at ambient conditions, sheep’s milk was used, mentioning
that the cow’s milk was added in proportion (80:20), which is commonly used in the
traditional production of this cheese. Samples were analyzed by gas chromatography
in As Vitas laboratory in Oslo Innovation Center, according to the procedure
described in Luna and al. (2005). A total of 24 fatty acids were determined during the
three sampling periods (July, August and September) In cheese samples, saturated
fatty acid content (SFAs) was higher in relation to monounsaturated(MUFAs) and
polyunsaturated (PUFAs) fatty acids. The fatty acid composition of the tested cheese
samples is specific, because it contains fatty acids which have been proven to have
an extremely beneficial effect on human health.

Key words: sheep, milk, chees, fatty acid, health
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INTRODUCTION

Much has been written about the
beneficial ingredients of milk and dairy
products, but some nutrition experts
claim that dairy fat is harmful due to
the high content of saturated fatty
acids and trans fatty acids. Cheese,
as a concentrated dairy product, has
enormous popularity in nutrition, due
to its taste, functionality and nutritional
properties. Cheese is an important
source of high-quality proteins, calcium
and many other important nutrients,
which give a valuable contribution to
quality nutrition.

Cheese is a significant source of fat in
human nutrition and contains a number
of fatty acids. Fat in cheese currently
has a negative image, mainly due to the
perception of consumers about effects
of saturated and trans fatty acids on
cardiovascular system. Despite the
presence of significant amounts of such
fatty acids, there is no clear evidence
that cheese consumption negatively
affects any disease. Moreover, cheese
also contains other fatty acids, e.g.
conjugated linoleic acid and oleic acid,
which have the potential to improve
long-term health. The production of
quality sheep cheese depends primarily
on the quality of the milk for cheese
making, or on its physical-chemical, and
especially hygienic properties. Raw milk
from sheep that are kept in extensive
farming is used in the production of
autochthonous cheeses. They produce
less milk and its chemical composition is

characterized by a high share of certain
ingredients (Matutinovi¢ et al.,, 2007)
Raw milk cheeses mature faster and have
a more intense taste than industrially
produced cheeses (Savi¢, 2010). Bearing
in mind the high quality of sheep’s milk,
characterized by low allergenic activity,
high concentration of nutraceutical
compounds and a relatively high price of
sheep milk cheese, there is a significant
potential for the world market when it
comes to this industry. Because large
quantities of sheep’s milk are turned
into cheese, milk quality is evaluated in
terms of its technological and coagulative
properties, which depend primarily on
the fat and protein content. However,
the increasing attention of consumers
to the nutritional and health aspects of
food, has directed dairy producers in the
direction of achieving the appropriate
composition of the milk lipids (Nuda et
al., 2014). For a long time, consumer
perception of animal fats was associated
with an increased risk of cardiovascular
disease, especiallyduetothelargeamount
of SFAs. The fatty acid composition
and concentration in milk depend on
two main factors: animal health status,
including breed, age, stage of lactation,
environmental factors, and feeding of
animals with particular emphasis on
the type of feed mixture (Falchero et
al., 2010). The main targeted changes in
nutrition are the reduction of saturated-
unsaturated fatty acid ratio and the
increase in conjugated levels of linoleic
acid and omega-3 polyunsaturated fatty
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acids. Animal nutrition is a major factor
regulating the composition of milk fat,
and food manipulation with different
types of fat is considered a key strategy
for achieving a desirable fatty acid
profile.

In this paper, we examined the fatty
acid composition of Livno cheese, which
is one of the most famous cheeses from
the territory of the former Yugoslavia.
It is a hard, full-fat cheese, which has a

moderately salty, spicy flavor typical for
sheep cheeses. Livno cheese is specific
primarly due to the presence of a specific
plant cover in mountain area, climatic
conditions and milk of autochthonous
sheep.Today, especially in periods when
there is no sheep’s milk, Livno cheese is
made in the same way, but in different
sheep’s and cow’s milk ratios, sometimes
only from cow’s milk, which is indicated
on the label.

MATERIAL AND METHODS

For the research, the determining
factor was the traditional production
technology. Tests were carried out on
pramenka sheep. The animals were
labeled with the appropriate number of
ear tags and samples were taken from
the same animals throughout different
time periods. During the sampling, sheep
feeding was based on grazing. The study
involved taking fresh sheep’s milk during
manual milknig in the morning and for
the production of the Livno cheese, we
used sheep’s milk which had previously
been sampled, noting that the cow’s milk
was added in proportion (80:20), which
is commonly used in the traditional
production of this cheese. Samples were
taken after 90 days of ripening in original
ambient conditions. Using the method of
gas chromatography (GC), the fatty acid
composition in the cheese samples was
determined : butyric (C4: 0), hexanoic
(C6: 0), caprylic (C8: 0), decanoic (C10:
0), lauric (C12: 0), myristic (C14: 0),
pentadecanoic (C15: 0), palmitic (16:
0), margaric (C17: 0), stearic (C18:

0), arachidic (C20: 0), myristoleic
(C14:1cis-9), palmitoleic (C16:1 cis-
9), oleic (C18:1 cis-9), C18:1 cis-11,
elaidic (C18:1 trans-9), C18:1 trans-10,
vaccenic (C18:1 trans-11), arachidonic
(C20:4¢5,c8,c11,c14), eicosapentaenoic
(C20:5¢c5,c8,c11,c14,c17),
docosahexaenoic (C22:6
c7,c10,c13,c16,c19), linoleic (C18:2n-6),
o linolenic (C18:3 n-3), rumenic (C18:2
cis-9 trans-11 CLA).

The samples were sent in frozen state
on dry ice and analyzed in ‘'As Vitas”
laboratory, Oslo Innovation Center,
Norway. Cheese samples were defrosted
at room temperature and homogenized
prior to analysis. The preparation of the
samples was carried out according to
the procedure described in Luna et al.
(2005), which includes the separation
of milk fat by centrifugation and
methylation of fatty acids, resulting in
methyl esters of fatty acids (FAME),
which are analyzed by chromatography.
A high resolution GC method has been
applied, which provides a very good
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separation of FAME. The Select FAME
column was 200 mm long and the
isothermal separation peak 18: 1 was
used. The analysis was performed on the
Agilent 689N GC instrument with a split
/ splitless inlet, a 7683B autosempler
and a flame ionization detector
(Agilent Technologies, Palo Alto, CA).
Separation was performed using a
fused silica capillary column (Varian
Inc.) CP-SELECT CB FOR FAME (200
mm long, 0.25 mm inner diameter and
0.25 pm film thickness). The following
temperature program was applied:
the initial temperature of 700C was
maintained for 4 minutes, then heated at
200C / minute to 1600C, maintained for
80 minutes and then heated at 30C / min
to 2200C, which was maintained for 28

minute. As a carrier gas, hydrogen was
used at a pressure of 314 kPa. Fatty acid
analysis (C4: 0-C22: 6) was carried out by
autoinjection of 1 pl of sample in a split
ratio 70: 1, a hydrogen flow of 151 ml /
min and a temperature of 2800C. The
flame-ionization detector temperature
was 2900C at a hydrogen flow rate of
40 ml / min, air flow rate 450 ml / min
air and nitrogen flow rate (as a make-
up gas) of 45 ml / min. The sampling
frequency on the chromatogram was 10
Hz (reading 10 times per second), and
the recording time of one chromatogram
was 136 minutes. The results obtained
are expressed in grams of individual
fatty acids per 100 g of total fatty acids
(g /100 g FA).

RESULTS

Table 1 gives an overview of the
established values of fatty acids in the
milk fat of Livno cheese by the sampling
periods. In the SFA class, the highest
values determined were for C16: 0, C18:
0 and C14: 0 acids. For C4: 0, C6: 0, C8: 0,
C10: 0, C12: 0, C14: 0 and C15: 0, higher
values were found in the III sampling

period than in I and IT sampling (Table
1). From the MUFAs class, the highest
value was established for oleic acid in
the II period of sampling, while the VA
value was the smallest in the 111 sampling
period. In the PUFAs class, C18: 2 n-6
and C18: 3 n-3 dominated.

Table 1. Content of fatty acids in milk fat of Livno cheese by sampling periods

I sampling | I1 sampling ITI sampling

Fatty acid (g/100g FA) SFA

Butyric C4:0 0,96 0,85 1,0

Hexanoic C6:0 0,73 0,59 1,0

Caprylic C8:0 0,67 0,52 1,0

Decanoic C10:0 2,32 1,86 3,32

Lauric C12:0 2,02 1,78 2,80
Myristic C14:0 8,83 8,47 9,92




458

Veterinary Journal of Republic of Srpska (bama JIyka-Banja Luka), Bon/Vol.XVIII, bp/No.2, 446 — 462, 2018

Hrkovic¢ et all:
Fatty acid composition of livno cheese

Pentadecanoic C15:0 1,20 1,17 1,26
Palmitic C16:0 24,97 25,02 24,43
Margaric C17:0 1,04 1,03 0,08
Stearic C18:0 12,19 11,78 11,24
Arachidic C20:0 0,51 0,53 0,43
MUFA
Myristoleic C14:1 cis-9 | 0,26 0,34 0,49
Palmitoleic C16:1 cis-9 | 0,93 1,18 1,13
Oleic C18:1 cis-9 21,98 23,41 23,08
C18:1 cis-11 | 0,93 0,97 0,69
Elaidic C18:1 trans-9 0,29 0,73 0,34
C18:1 trans-10 | 0,41 0,33 0,22
Vaccenic C18:1 1334 3,34 2,49
| PUFA
Arachidonic C20:4n-6 | 0,12 0,14 0,13
Eico(sg gr)ltaenoic C20:5 0,11 0,11 0,08
I]?_o?,c?f)%ll%aenoic C22:6 0,07 0,06 0,08
Linoleic C18:2 n-6 2,11 2,25 2,25
o- linolenic C18:3 n-3 1,48 1,07 1,25
Rumenic G152 €591 0,59 0,58 0,60
2n-3 1,66 1,24 1,41
2n-6 2,23 2,39 2,38
2> SFA 55,44 53,6 56,48
> MUFA 28,14 30,30 28,44
> PUFA 4,48 4,21 4,39
> .UFA 32,62 34,51 32,83
The ratio of fatty acids
n-6/n-3 1,34 1,92 1,68
SFA/MUFA 1,97 1,76 1,98
SFA/PUFA 12,37 12,73 12,85
MUFA/PUFA 6,28 7,19 6,47
SFA/UFA 1,69 1,55 1,72
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UFA/MUFA 1,15

1,13 1,15

UFA/PUFA 7,28

8,19 7,47

SFAs - saturated fatty acids; MUFAs - monounsaturated fatty acids; PUFAs
- polyunsaturated fatty acids; UFAs - unsaturated fatty acids. I, II, III-represent
sampling periods: July, August and September

DISCUSSION

The chemical composition of products
of animal origin, especially the content
of certain ingredients such as fatty acids,
has attracted the attention of experts for
years because of their impact on human
health.The fatty acid composition of
the cheese is an important marker
for determining the characteristic
properties of the cheese. The results of
these studies show an obvious variation
in the content of individual fatty acids
in the analyzed Livno cheese samples by
sampling periods (Tab.1). The content of
SFAs in the analyzed samples of Livno
cheese can be a direct consequence of
the technological quality of milk, or the
content of fatty acids found in milk.
The dominant SFA analyzed Liva cheese
samples are C14: 0, C16: 0 and C18: 0
(Table 1).

In the analyzed samples of Livno
cheese, the content of C8: 0, C12: 0 and
C15: 0 was the highest in the 111 sampling
period. SFAs including C12: 0, taken
above energy needs, have hyperlipidemic
and hypercholesterolemic effects, but
if the diet is balanced in terms of SFA
and UFA, then C12: 0, as well as C16: 0
and C18: 0, can mostly be oxidized and
without a hyperlipidemic effect. Organic

acids contribute to cheese flavor, which
is one of the most important qualitative
criteria for fresh and mature cheeses. The
composition of organic acids in cheese
is important for the characterization of
cheese. Acids C4: 0, C6: 0 and C8: 0 are
the main carriers of the cheese aroma,
long-chain acids are present but do not
affect smell, while medium-chain acids
are responsible for the smell of sheep
fats. During the ripening of the cheese
there is a change and increase in the
composition of organic acids, and the
content of organic acids can be taken as
the index of cheese ripening (Jerman,
2007) From the MUFA group, the highest
concentrations were determined for C18:
1 cis-9 and VA, and the dominant content
from the PUFA group was established
for C18: 2 n-6 and C18: 3 n-3.

The fatty acid composition is probably
a consequence of the conditions of
breeding, feeding and production
technology. Cheese produced from
milk obtained from mountain herds
can contain a higher proportion of
UFAs, which affects better rheological
properties and increased primary
proteolysis, compared to cheeses
obtained from milk from herds grazing
in valley pastures (Matutinovi¢ et al.,
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2007). The dominant content of C18: 1
cis-9 in the examined cheeses coincides
with the literature data (Vilusi¢ et
al., 2008). Nudda & Associates (2014)
in their research state that seasonal
variations affect C18: 1 trans-11 content
in the cheese. Seasonal changes are
probably related to changes in pasture
quality. Acid C18: 2 n-6 as an essential
fatty acid can not be synthesized in the
human organism.

However, only a small part of this acid
comes from immediate food absorption,
while most of it originates from the
body’s reserves, partly compensating for
oscillations in food intake (Dela$ i sar.,
2005). Cheese is a significant source of
C18: 2 n-6 and its isomers, which have
a potential role in reducing the risk
of cancer and cardiovascular disease
(Vilusi¢ et al., 2008).

The relationship between SFA, MUFA
and PUFA Livno cheese is inversely
proportional to the needs of a balanced
diet and the impact on human health.
YSFA in the samples of the examined
cheese was higher than EMUFA and
>PUFA, which seemstoplacethis product
in a bad position from a nutritionist’s
point of view. The acids MUFA and PUFA
show biological activity (oleinic and its
isomers, different linoleic acid isomers,
EPA and DHA) (Marenjak et al., 2006).

PUFAs show a number of positive effects,
but it is important to note that they are
very prone to oxidation both in and out
of the body, resulting in the formation
of highly reactive free radicals and other
harmful oxidation products (Kravic,
2010). An anti-carcinogenic action of
Livno cheese is studied because it is a
good source of potentially anti-cancerous
components, conjugated linoleic acid. As
a significant source of linoleic acid and
its isomers, cheese has a potential role
in reducing cancer risk and regulating
body weight, or distributing fat deposits.
Potential protection against heart
disease and hypertension is essential,
and an important role is attributed to
maintaining good bone health due to its
high content of calcium. For over half a
century, the concept of healthy eating is
based on avoiding the intake of fat and
cholesterol, especially saturated fatty
acids. In many countries, a diet with low
saturated fatty acids is recommended
as a part of therapy in people with
elevated plasma cholesterol due to a
reduction in the risk of cardiovascular
disease. By increasing the proportion of
polyunsaturated fatty acids in the diet it
is possible to reduce blood cholesterol
concentration and reduce the buildup
of fatty deposits in the arteries which
significantly reduces the risk of coronary
heart , heart attack and stroke.
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CONCLUSION

Relationships of SFA, MUFA and
PUFA in Livno cheese are inversely
proportional to the needs of balanced
nutrition and the impact on human
health. XSFA in the samples of the
examined cheese was higher than
>MUFA and XPUFA, which seems to
place this product in a bad position
from a nutritionist’s point of view. The

quality of raw milk can be improved by
a particular nutrition strategy, thereby
increasing the proportion of biologically
active ingredients in raw milk, and in the
technological sense, such milk can be an
excellent raw material for the processing
and marketing of high-quality dairy
products such as cheeses.
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UvoD

Pri razmatranju stanja biosigurnosti
na farmskom nivou, treba istovremeno
imati u vidu srodne, ali u izvesnoj
meri razli¢ite koncepte: planove
biosigurnosti, procenu rizika na
kriticnim kontrolnim tackama i planove
za urgentne situacije. Biosigurnosni
planovi su klju¢ni za prevenciju bolesti
i spreCavanje neZeljenih situacija i
unapredenje poslovanja (Stankovi¢ i sar.
2007, 2008,2009, Valci¢, 2007, Hristrov
isar, 2011).

Intenzivna proizvodnja svinja
podrazumeva  veliku  koncentraciju
Zivotinja na relativno malom prostoru,
zbog Cega je potrebno primeniti
odredene mere u cilju o¢uvanja zdravlja
zapata, spreCavanja unoSenja i Sirenja
bolesti u zapatu i otuvanja proizvodnje
(Hristov i sar. 2008, 2009). Rad na
formulisanju i primeni biosigurnosnih
planova podrazumeva stalnu aktivnost
na stvaranju i o¢uvanju zadovoljavajuceg
okruzenja za zivot Zivotinja i njihovu
proizvodnju, pre svega u pogledu
sprecavanja unosenja i Sirenja uzrocnika
infektivnih bolesti, a dobija na znacaju
kako trziSte svinjskog mesa sve vise

poprima  internacionalni  karakter

(Uhlenhoop, 2007a, b).

Mnoga reSenja koja se primenjuju
na industrijskim farmama u cilju
poboljsanja profitabilnosti, povecanja
efikasnosti i bezbednosti proizvodnje
cesto uzrokuju diskomfor, bol i
stres odnosno distres Zivotinja, dok
sprecavaju njihova prirodna instinktivna
ponasanja, $to se u najvecoj meri ogleda
u ekonomskim rezultatima proizvodnje.
Pored toga, treba imati na umu da se u
najve¢em broju slucajeva radi o svinjama
razli¢itih starosnih kategorija, Ccesto
razlicitog geografskog i zdravstvenog
porekla sakupljenim na ogranicenom
prostoru, kao i da su ranostasne rase
svinja visoko osetljive na stres, Sto
neminovno dovodi do stvaranja uslova
za nastanak infektivnih bolesti (Uzelac
i Vasiljevi¢ 2011, Vidovi¢ i sar. 2011,
Bojkovski i sar. 2014). Previdi, propusti
i greSke u odrzavanju potrebnog nivoa
biosigurnosti obi¢no dovode do pojave
oboljenja, smanjenja obima proizvodnje,
uginuca i gubitka zarade ugrozavajuci
na taj nacin opstanak c¢itavih zapata
(Bojkovski i sar, 2005, 2015).

POJAM BIOSIGURNOSTI PODRAZUMEVA TRI GLAVNA CINIOCA.

1. izolaciju, kojom se sprecava dodir
jedinki iz kontrolisanog okruzenja i
okoline, a odnosi se na novonabavljene
zivotinje, kontakte izmedu postojec¢ih
grupa svinja-podeljenih prema uzrastu i/
ili na proizvodne grupe, kao proizvodne

operacije koje se ponavljaju kod vise
grupa zivotinja, poput hranjenja, utovara
isl;

2. kontrolu prometa, koja

podrazumeva nadzor nad kretanjem
vozila, ljudi i svih Zzivotinja sa farme i
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prema farmi i mora biti osmisljena tako
da spreci ili minimalizuje kontaminaciju
zapata, hrane i opreme;

3. sanitaciju, koja se odnosi na
dezinfekciju materijala i opreme koja
ulazi na farmu i higijenu ljudi i opreme
na farmi.

PROCENA NIVOA BIOSIGURNOSTI NA FARMI

Ne postoji  jedinstven plan
biosigurnosti za sve farme. Postizanje
potrebnog nivoa biosigurnosti na farmi
svinja podrazumeva plan koji predstavlja
rezultat planiranja i pravovremeno
preduzetih aktivnosti u konkretnom
okruzenju i epidemioloskoj situaciji.

Brojniogranicavajucifaktoriotezavaju
dostizanje potrebnog nivoa zaStite
zdravlja zapata i uspeha proizvodnje.
Veli¢ina zapata i obim proizvodnje

razumljivo u velikoj meri ogranicavaju
obim i kvalitet preduzetih mera, Sto se
moze re¢i i za intenzitet proizvodnje.
To prakticno zna¢i da ekonomska
isplativost mora imati presudnu ulogu
u pogledu odredivanja ciljeva koje je
potrebno ostvariti primenom nekog vida
plana biosigurnosti, ili bar pojedinih
biosigurnosnih mera, iskazanih u
vidu dobre odgajivacke prakse, dobre
veterinarske prakse (Radoji¢i¢ i sar,
2002 Bojkovski i sar, 2009).

IZOLACIJA KAO ELEMENT BIOSIGURNOSTI NA FARMI

Lokacija farme predstavlja klju¢ni
element  odrzivog  biosigurnosnog
plana. Izdvojenost objekata za odgoj u
odnosu na potencijalne izvore patogenih
mikroorganizama predstavlja vaznu
meru zastite, narocito kada su u pitanju
aerogene infekcije. Ipak, treba imati u
vidu da virusi slinavke i $apa, Aujeckijeve
bolesti, enzootske pneumonije, kao i
reproduktivnogirespiratornog sindroma
(PRRS) mogu biti preneti na velike
udaljenosti. Klasi¢na kuga svinja (KKS),
africka kuga svinja (AKS), transmisivni
gastroenteritis (TGE), atrofi¢ni rinitis
(AR), dizenterija, pleuropneumonija
ili leptospiroza se unutar farme mogu
ustanoviti do 100 m od prvobitnog
zarista (Samanc, 2009; Lipej 2015).
Ukazano je na znacaj lokacije farme i

njene udaljenosti od drugih potencijalnih
pretnji. Posebno je istaknut: rizik
od blizine susednih farmi, gustinu
naseljenosti, udaljenost saobracajnica,
blizina drugih zivotinjskih vrsta tip
farmi koje se nalaze u blizini i druge
moguce izvore zagadenja kao S$to su
klanice, deponije, postrojenja za preradu
otpadnih voda, i sl. (Uzelac i Vasiljevi¢,
2011; Bojkovski, 2015).

Ovo znaci da lokaciju odreduje niz
povezanih faktora, od kojih se udaljenost
moze najlakse izmeriti, ali ona ukljucuje
i tip i velicinu farme, dominantne
vetrove, vlaznost vazduha i dr. Gotovo
redovno se zanemaruje znacaj zelenog
zaStitnog pojasa, koji na farmama ima
samo dekorativni karakter (Uzelac i
Vasiljevi¢ 2011).
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Novonabavljene svinje se moraju
smestiti u izolaciju u cilju potvrdivanja
njihovog  bezbednog  zdravstvenog
statusa, kao i aklimatizacije na nove
smestajne uslove, pri ¢emu se mora
voditi ratuna o lokaciji odgovarajuce
staje i duzini trajanja izolacije. DuZzina

trajanja izolacije je obrnuto srazmerna
zdravstvenom statusu domaceg zapata,
$to znaci da ako je on visi i kontrola mora
biti strozija i traje obi¢no cetri sedmice,
ali je preporucljivije da traje Sest nedelja
(Bojkovski, 2015).

ZDRAVSTVENI STATUS ZAPATA

Odrziva zastita zdravstvenog stanja
i uspe$na proizvodnja su moguc¢i samo
ako u zapatu nema uzroc¢nika infektivnih
bolesti i ¢inilaca koji dovode do pojave
tehnopatija. Nacin upotrebe, cuvanja,
odrzavanja i rukovanja terapeutskim
sredstvima, instrumentima, semenom,
kao i upotreba sredstava za jednokratnu
upotrebu svakako uti¢u na postizanje
zadovoljavajuceg zdravstvenog stanja
svih kategorija svinja.

Zdravlje nije sinonim za zdravstveni
status. Termin zdravstveni status je
mnogo $iri i on podrazumeva i zdravlje,
odnosno da li su zivotinje klinicki zdrave
ili nisu, da li je zapat cist ili slobodan od
nekih zaraznih bolesti, ali i primenu niza
biotehnoloskih mera u cilju odrzavanja
proizvodnje. Moguce je da Zivotinje
budu sa niskim zdravstvenim statusom
(prisustvo nekih latentnih infekcija)
a da su klini¢ki zdrave i produktivne.
To se deSava u wuslovima dobrog
menandZzmenta kada je 1 imunitet
u balansu sa mogu¢im ozbiljnim
patogenima koji mogu biti i prisutni, bez
ispoljavanja bolesti, odnosno onda kada
su prisutni subklinicki oblici bolesti ili
latentne infekcije (Plonait i Bickhardt,
1988; Taylor, 1999; Straw,1999).

Suprotno tome, moguce je da su zivotinje
u visokom zdravtsvenom statusu ali da
su uslovi menadzmenta, nacin drzanja,
nega i ishrana Zivotinja neadekvatni i
da se u takvim uslovima ispolje klinicki
oblici nekih bolesti (Gagr¢in i sar, 2002).
U takvim uslovima moZe da dode i do
pada proizvodnje. Bez obzira na njihovu
razli¢itu patogenost, pa prema tome
i na razli¢it procenat morbiditeta i
mortaliteta mnoge od tih bolesti se mogu
suprimirati ili ¢ak elimisati iz objekta
primenom adekvatnih mera zdravstvene
zaStite.

Bolest je u sustini odsustvo zdravlja,
odnosno odstupanje od skladnog
funkcionisanja  nekih  organa ili
organizma koji se onda mogu preko
odredenih  simptoma ili  znakova
uglavnom jasno ispoljiti, $to se i naziva
klinicka forma bolesti. Medutim,
vrlo Cesto neke bolesti su prisutne u
subklini¢kom ili latentnom obliku, kada
ih je jedino moguce otkriti nekim od
metoda serodijagnostike, a najbolje i
najsigurnije je identifikacijom uzroc¢nika
ili sagledavanjem nekih parametara koji
upucuju na pad proizvodnje. Broj takvih
bolesti nije zanemarljiv (pneumonija
intestinalna adenomatoza, leptospiroza,
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parvoviroza, PRRS, (Iveti¢ i sar., 2000;
Gagrc¢in i sar., 2002; Bojkovski i sar.,
2008, 2015; Stukelj, 2017). Postoje
znacajne razlike izmedu subklinickih
oblika bolesti od latentnih infekcija.
Primer za ovo navodenje je PRRS
koji moze latentno da bude prisutan
duze vreme u zapatu, Sto se jedino
primeti po padu proizvodnje i/ili bolest
leptospiroza koja moze viSe meseci da
bude endemski prisutna a da se klinicki
ne ispolji (Radojici¢ i sar., 2002; Stukelj,
2017). Prema tome, u zapatu treba da
se zadovolje svi dogovoreni i propisani
uslovi (ishrana, drZanje i nega) kao i da
se promoviSe dobar zdravstveni status
Zivotinja $to uglavnom podrazumeva
odsustvo nekih zaraznih bolesti, a to se
postiZze pojacanom kontrolom zdravlja
zivotinja. Takode, mora se iskljuciti
mogucnost latentne infekcije koja
se iskazuje preko pada proizvodnje
(povecan broj mrtvorodene prasadi,
mumificirani  plodovi 1  povecan
mortalitet prasadi na sisi u prva dva
dana bez vidljivih klinickih simptoma).
To je moguce sprovesti primenom mera
serodijagnostike (Samanc, 2009).

Visoki zdravstveni status
podrazumeva precizno uspostavljanje
posebnih kriterijuma koje jasno definise
veterinarska sluzba, koja se sve viSe
bazira na preventivnoj zdravstvenoj
zaStiti svinja u intenzivhom uzgoju
(Avakumovi¢, 2006, Val¢i¢ 2007).

U zemljama sa razvijenim
menandZmentom i prema tome
razvijenom proizvodnjom svinja, mora
biti zadovoljen visoki zdravstveni status

u zapatu. To u sustini znaci, »slobodu« od
nekih zaraznih virusnih i/ili bakterijskih
bolesti kao $to je na primer klasi¢na kuga
svinja, Aujeszky bolest, leptospiroza i
neke druge zarazne bolesti. U nekim
zapatima svinja ne postize se uvek visok
zdravtsveni status. On je u korelaciji
sa visokom proizvodnjom samo onda
ukoliko su wuslovi menandZmenta
ispunjeni u potpunosti po preporuci
trenutno vazec¢ih biotehnoloskih
koncepata u procesu uspostavljanja
i odrzavanja elitnih reproduktivnih i
proizvodnih zapata (Tzika i sar, 2015).
Medutim, moguce je da se u uslovima
loSijeg menandZzmenta, ali bez prisustva
odredenih virulentnih mikoorganizama,
odnosno kada je mali procenat
morbiditeta i mortaliteta narocito
prasadi na sisi, odrzati proizvodnju po
trazenom konceptu. Obrnuto, ukoliko
su uslovi biotehnoloskih zahteva na
visokom nivou, moguce je proizvodnju
odrzavati i uz prisustvo nekih patogena,
zbog skladnog odnosa (dobrog balansa)
izmedu imuniteta i virulence patogena,
te da ne dode do ispoljavanja infekcije ili
nekih drugih poremecaja, a samim tim
da ne bude ni znatnijeg pada proizvodnje
(Radojicic¢ i sar., 2002).

Sprovodenje »stamping out« metode
kao radikalne, se moze primeniti u
zemljama sa visokom proizvodnjom,
gde su regulisane i druge mere kao na
primer nadoknade ekonomskih Steta
nastalih nakon takvih mera eradikacije.
(Radojicic i sar, 2002).

Naime, poznato je da se neke bolesti
javljaju samo u odredenom uzrastu,
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odnosno pri prelasku iz jedne proizvodne
kategorije u drugu. Narocito osetljivi, ili
kriti¢an period je samo prasenje i prvih
24-48 sati nakon prasenja, prvih 7 do
10 dana posle prasenja, kao 10 do 14
dana posle odbijanja prasadi (Radojici¢,
2002).

Posebno osetljiv ili kritican period u
proizvodnji svinja je samo prasenje, rani
puerperijum i prva dva dana po prasenju
kako za samu prasilju tako i za prasad.
Krmace, prasilje, narocito prvopraskinje
mogu da budu KkliconoSe za mnoge
bolesti koje se kod njih samih i ne ispolje,
ali da bolest bude preneta na prasad
koja se u prvih nekoliko sati po dolasku
na svet nedovoljno otporna na uslove
koja ih zaticu u ranom neonatalnom
periodu. Zato sama priprema krmaca
za praSenje i preduzimanje niza mera
(pracenje samog akta praSenja, ako je
potrebno izvrSiti indukciju porodaja,
prihvatanje i posebna briga oko svakog
praseta, razmesStanje prvopraskinja tako
da budu izmedu dve multipare) mora biti
izvrSena blagovremeno. RazmesStanje
prvopraskinja izmedu dve multipare
je potvrdeno dobar nacin postavljanja
barijere, odnosno preveniranja
kolibaciloze, koja je ¢eS¢a kod prasadi
prvopraskinja. Prasad od viSepraskinja
putem kolostruma dobijaju solidnu
zastitu dok to nije slucaj sa prasadima
od prvopraskinja. Ishrana krmaca u
prasiliStu zahteva kvalitetnu ishranu i
napajanje (Avakumovi¢, 2006).

Samo zdrava krmaca je sposobna
da konzumira dovoljne kolicine hrane
potrebne za visoku produkciju mleka,

od koje zavisi i broj odgojene prasadi u
leglu. Medutim, i pored svih ovih mera
predostroznosti moguce je da se kod
krmaca ispolje neke bolesti i poremecaji
koji su uglavnom vezani sa genitalni
aparat i funkciju mle¢ne Zzlezde. To su
pre svega hipo i agalakcije, endometritisi,
mastitisi, ali neretko i sam sindrom
mastitis, metritis, agalakcija (SMMAK).
SMMAK sindrom se ispoljava u
razli¢itom procentu, 1-37% na razli¢itim
farmama, ali ga je moguce odredenim
merama (preventivnim  spreCiti i
terapeutskim leciti), u ¢emu je uloga
veterinara-specijaliste prvorazredna
(Samanc i sar, 2002; Lipej, 2015).
Brojna su iskustva u vezi sa navedenim
poremecajem puerperijuma i uglavnom
se svode na nekoliko postupaka kao Sto
su redovno i obavezno termometriranje
krmaca (kriticna temperatura je 39,2
°C ) uskracivanje obroka dan pred
partus, davanje laksancija dva do
tri dana pre i dva do tri dana posle
prasenja stavljanje penusSavih tableta u
matericu nakon prasenja uz obaveznu
kontrolu porodajnog kanala, uspesno
reSavaju pojavu  SMMAK 1 na taj
nacin se obezbeduje laktacija odnosno
uzimanje kolostruma od svojih majki
$to je od posebne vaznosti za vitalnost
prasadi na sisi i dalji tok perioda uzgoja
same prasadi, i konac¢no, sam uspeh
u proizvodnji. Sto se ti¢e bolesti same
prasadi i razloga smrtnosti u prva dva
dana po rodenju a koja su ipak vezana
za stanje krmaca na prvom mestu su
nagnjecenja, hipoglikemija, te perakutni
tok kolidijareje.
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Anemije prasadi se preventivnim
davanjem preparata gvozda dekstrana
u prva dva do tri dana prasadima nakon
rodenja, onemogucava. Poslednje
preporuke su davanje preparata gvozda
majkama u graviditetu peroralnim
putem (Samanc,2009).

Pored nagnjeCenja, hipoglikemije,
raskrecenosti i anemije prasadi, naj¢esce
se u prvi 7-10 dana kod prasadi na sisi
javlja tzv. neonatalni scour (eng). koji je u
suStini pojava dijareja razlicite etiologije
(Waters i Sellwood,1982).

Jasno izrazena dijareja i posledi¢na
dehidratacija, odnosno gubitak telesne
mase i sporije napredovanje prasadi
zahtevaju da se odmah krene sa
rehidracijom, koju je moguce izvesti
ili peroralnim i/ili intraperitonealnim
putem, i primenu antimikrobnih
sredstava, najbolje prema antibiogramu
(Straw,1999; Tzika i sar, 2015). U ovom
periodu, mogu da se pojave i neke druge
bolesti urazli¢itom procentu morbiditeta
i mortaliteta, koje se onda u zavisnosti
od toga, mogu vise ili manje uspesno
medikamentozno leciti.

U ovom osetljivom periodu, zvanom
period zalucenja krmaca ili odlucenja
prasadi, kojijevremenskirazli¢it (unasim
uslovima drzanja svinja u intenzivnom
uzgoju on je 28 dana po prasenju, je u
sustini vrlo osetljiv period sa aspekta
uticaja stresnih faktora (odvajanje od
majke, nov objekat, kohabitacija sa

drugim Zivotinjama, intenzivaran rezim
ishrane) tako da najces$ce nastaju bolesti
kao Sto je kanibalizam, edemska bolest,
kokcidioza dizenterija, aktinobaciloza,
proliferativne eneteropatije (Radojici¢ i
sar.,2002).

U prvih 10 dana po zalucenju prasad
treba sortirati po uzrastu i telesnoj masi,
smestiti ih po 7-10 prasadi po boksu i
uvesti sistem restriktivne hrane po kojoj
prvi dan i ne dobijaju hranu vec¢ samo
vodu, a ostalih nekoliko dana obrok se
postepeno povecava da bi desetog dana
ishrana bila po volji iz automatskih
hranilica i voda iz pojilica. Takode je
vazno datih prvih deset dana po odbijanju
prasad jedu hranu koja su uzimala u
prasiliStu kao prihranjivanje, a nakon
boravka od 30 dana u odgajaliStu da
treba krenuti sa davanjem startera sa 20
posto svarljivih proteina. Na ovaj nacin
se najefikasnije izbegne pojava edemske
bolesti (enterotoksemija) od koje po
pravilu uglavnom obole i uginu najbolja,
odnosno prasad koja su sposobna da
pojedu viSe hrane (Avakumovi¢, 2006;
Uzelac, Vasiljevi¢, 2011).

Dizenterija ili krvavi proliv cije je
uzrocnik Brachyspira hyodisenterae, je
uporno oboljenje svih kategorija svinja,
koja znatno moze da ugrozi proizvodnju
svinja. Ipak od dizenterije, naj¢e$¢e obole
prasad u odgoju i tovu izmedju 25 do 60
kg telesne mase Farme komercijalnog
tipa moraju da rade na iskorenjivanju
dizenterije (Samanc, 2009).
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ODNOS OSOBLJA PREMA OPREMI

Uzroc¢nici infektivnih oboljenja
se mogu prenositi i posredno putem
opreme. U cilju redukcije Sirenja agenasa
opremom preduzima se sledece: pranje
ruku pre svakog ulaska u segment farme
i nakon rada sa bolesnim Zivotinjama,
noSenje zasStitnih rukavica pri pomaganju

kod prasenja, odvojena upotreba
opreme za rad sa hranom i stajnjakom,
upotreba igala za jednokratnu upotrebu,
sterilizacija sopstvenih instrumenata za
kastraciju i markiranje i pranje radne
odece deterdzentima i hipohloritima
(Bojkovski i sar, 2013).

KONTROLA KRETANJA I PROMETA

Kontrola kretanja vozila, ljudi i
Zivotinja sa farme i prema njoj mora biti
sastavni deo tehnologije proizvodnje
i mora biti osmiSljena tako da spreci
ili smanji na najmanju mogucu meru
kontaminaciju zapata, hrane i opreme.U
praksi se vrlo cesto zanemaruju neki
vazni elementi kontrole kretanja, koji se
odnose na stanje ograde i dezobarijera
i proceduru pri ulasku na farmu vozila
i stranih lica, iako je sve to predvideno
projektom farme. Dezobarijere su
redovno nenatkrivene, izlozene
atmosferskim i povrSinskim vodama, a
rastvor se ne menja dovoljno cesto koliko
to zahteva frekvencija saobracaja (Reli¢ i
sar., 2002; Gagarcin i sar., 2002).

U cilju smanjenja moguénosti
rasejavanja kontaminanata preduzima
se informisanje posetilaca i vozaca
0 metodama zaStite i insistiranje na
njihovoj saradnji u minimiziranju
mogucnosti kontaminacije, sprecavanju

ulaska posetilaca u prostore za smestaj
i ishranu, postavljanje  znakova
“ZABRANJEN ULAZ" sa telefonskim
brojem za kontakt na wulaz farme.
Sprecavanje kontakta svinja i posetilaca,
nezaobilazna je upotreba cCiste odece
i gumenih ¢izama ili PVC navlaka za
obucu (Hristov i sar., 2009).

Kontrola hrane i opreme za hranjenje

Pravilnim skladiStenjem hrana se
Stiti od kontaminacije i onemogucava se
razvoj mikotoksina. Hranu za razlic¢ite
kategorije 1 sisteme treba oznaciti i
razvrstati u cilju izbegavanja greSaka.
Takode, treba pratiti kvalitet vode
i obezbediti odgovaraju¢i sistem za
napajanje. Ukoliko se hrana nabavlja
sa strane, najbolje je kupovati je od
proizvodaca sa kontrolisanim rezimom
proizvodnje,  kvaliteta i  bioloske
bezbednosti (Avakumovi¢, 2006).
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IZDUBRAVANIJE

Polozaj deponije za stajnjak u okviru
farme i ocena organizacije izdubravanja
pruzaju veliki broj informacija o nivou
biosigurnosti na farmii svesti zaposlenih.
Za sada kod nas ne postoji striktna

zakonska obaveza o tretiranju stajnjaka,
ali digestija i svaki drugi prihvatljiv
vid bioloske degradacije, se smatra
pozeljnim i podize nivo biosigurnosti na
farmi (Stankovic¢ i sar. 2007).

UKLANJANIJE LESEVA UGINULIH ZIVOTINJA

Veoma je vazno da svi leSevi uginulih
Zivotinja $to pre i na odgovarajuci nacin

uklone (Uzelac i Vasiljevi¢, 2011).

ODNOS PREMA DRUGIM ZIVOTINJAMA NA FARMI

Iako to nije pozeljno, nekada se ne
mozZe zanemariti Zelja stocara da na
farmi imaju pse, macke ili konje. U tom
smislu, treba im uskratiti pristup u neke

delove farme i kontakt sa svinjama,
dehelmintisati ih i vakcinisati protiv
besnila i bolesti uobi¢ajenih u okruzenju
farme (Stankovic i sar., 2008).

KONTROLA PTICA

Ptice (golubovi, vrapci, ¢vorci i
laste) mogu biti nosioci infektivnog
materijala na nogama ili u sistemu za
varenje. Stoga se preporucuje zatvaranje
rupa pogodnih za pravljenje gnezda;
postavljanje mreZa na prozore i otvore za
ventilaciju, zatvaranje otvora na silosima
i pokrivanje rubova ispod krovista i
streha pogodnih za gnezda i leZanje
(Uzelac i Vasiljevi¢,2011).

Kontrola populacija glodara je
obavezan deo svakog plana biosigurnosti,
pa se u tom cilju preduzima sledece:
izgradnja objekata u koje glodari ne
mogu da prodru, zatvaranje bezbednih

mesta za skrivanje, eliminisanje
mogucnosti ishrane i napajanja i
uniStavanje  postojecih  populacija

trovanjem, zadimljavanjem i zamkama
(Pedovi¢ isar, 2015).

SANITACIJA
Pojam sanitacije se odnosi na Povremena zamena preparata je bila
odrzavanje  higijene,  c¢iS€enje i opravdana dok su se u sanitaciji koristila

dezinfekciju materijala, ljudi i opreme
koja ulazi na farmu i higijenu ljudi
i opreme na farmi. Nacin i sredstva
namenjena sanitaciji na farmama.

jednostavna sredstva koji ne uniStavaju
celokupnu mikrobnu populaciju
s pojavom posledicne rezistencije
preostalih vrsta, dok se savremena
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pazljivo komponovana sredstva
sinergetski kombinovanih sastojaka ne
moraju dugo vremena menjati jer imaju
Sirok germicidni spektar, postojana

su zbog prisustva pufera i sa duzim
rezidualnim dejstvom (Zdravkovi¢ i sar.
2013).

ZAKLJUCAK

Potrebno je imati u vidu da: Svest
zaposlenih o stvarnoj potrebi zastite
proizvodnje u celini i stalan rad na
uklanjanju pretnji po biosigurnost
predstvalja klju¢ uspeha u osmisljavanju
i primeni planova biosigurnosti za svaku
konkretnu situaciju i farmu svinja.

Odgajivac¢i svinja imaju najvecu
odgovornost u zastiti sopstvenih zapata

po pitanju unosSenja bolesti, kontrolom
kretanja, pravilnim postupkom i
smestajem grupa Zivotinja i sanitacijom.

Posetioci moraju posStovati protokole
predvidene planom biosigurnosti farme.

Zaposleni na farmi i posetioci moraju
biti svesni svoje uloge u ocuvanju
bezbednog zdravstvenog statusa farme
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INTRODUCTION

When considering the state of the
biosecurity at the farm level, at the same
time, we need to bear in mind the related,
but to some extent different, concepts:
biosecurity plans, risk assessment at
critical control points and plans for
emergency  situations.  Biosecurity
plans are key to disease prevention, the
prevention of unwanted situations and
the improvement of business (Stankovi¢
et al. 2007, 2008, 2009, Valci¢, 2007,
Hristrov i sar, 2011). Intensive pig
productioninvolves alarge concentration
of animals in a relatively small area,
which requires certain measures to be
taken in order to preserve the health
of herd, prevent the introduction and
spread of diseases in and preserve
production (Hristov et al., 2008). The
work on formulating and implementing
biosecurity plansimplies ongoing activity
on the creation and preservation of a
satisfactory environment for the life of
animals and their production, above all
in terms of preventing the introduction
and spread of infectious pathogens, and
it gets more important as the pig meat

market increasingly gains international
character (Uhlenhoop, 2007a, b).

Many solutions applied to industrial
farms in order to improve profitability,
increase efficiency and production safety
often cause discomfort, pain and stress or
distress of animals while preventing their
natural instinctive behavior, which is
largely reflected in the economic output
of production. In addition, it should be
keptin mind that in most cases it is about
pigs of different age categories, often
of different geographical and health
backgrounds, collected in a limited area,
and early maturing pigs highly sensitive
to stress, which inevitably leads to the
creation of conditions for the emergence
of infectious diseases (Uzelac and
Vasiljevi¢ 2011, Vidovi¢ et al. 2011,
Bojkovski et al. 2014). Omissions and
mistakes in maintaining the required
level of biosecurity usually lead to the
onset of disease, reduction in production
volume, death, and loss of earnings, thus
endangering the survival of the herd
(Bojkovski i sar, 2005, 2015).

THE CONCEPT OF BIOSECURITY
IMPLIES THREE MAIN FACTORS.

1. isolation, which prevents the
contact of individuals from a controlled
environment and environment, and
relates to newly-acquired animals,
contacts between existing groups of
pigs-divided by age and / or production
groups, as production operations that
are repeated in several groups of animals,

such as feeding, loading and so on;

2. control of traffic, which implies
the control of the movement of vehicles,
people and all animals from and to a
farm in order to prevent or minimize
contamination of food, herd and
equipment;
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3. sanitation, which refers to the
disinfection of materials and equipment

entering the farm and the hygiene of
people and equipment on the farm.

ASSESSMENT OF BIOSECURITY LEVEL ON FARMS

There is no single biosecurity plan
for all farms. Achieving the necessary
level of biosecurity on pig farms is a plan
that is the result of planning and timely
action in a specific environment and
epidemiological situation. Numerous
limiting factors make it difficult to reach
the required level of health protection
and production success. The size of
the herd and the volume of production
understandably largely limits the scope
and quality of the measures taken,
which can also be said for the intensity
of production. This practically means
that economic viability must play a
decisive role in determining the goals
to be achieved by applying a vision
of a biosecurity plan, or at least some
biosecurity measures expressed in the
form of good breeding practice, good
veterinary practice (Radojicic i sar, 2002
Bojkovski i sar, 2009).

Isolation as an element of biosecurity
on the farm

The farm’s location is a key element of
a sustainable biosafety plan.Isolation of
growing facilities in relation to potential
sources of pathogenic microorganisms
is an important measure of protection,
especially when it comes to aerogenic
infections. However, it should be kept in
mind that viruses of foot- and —mouth
disease, aujeszky’s disease, enzootic
pneumonia, and reproductive and
respiratory syndrome (PRRS) can be

transmitted over long distances. Classical
swine fever (KKS), African swine fever
(AKS), transmissible gastroenteritis
(TGE), atrophic rhinitis (AR), dysentery,
pleuropneumonia or leptospirosis can be
found within the farm up to 100 m from
the original disease hotspot (Samanc,
2009, Lipej 2015) . The significance of
the location of the farm and its distance
from other potential threats has been
highlighted. The following risks are
particularly prominent: the risk of
nearby neighborhood farms, the density
of population, the distance of the roads,
the proximity of other animal species,
the type of farms that are nearby and
other possible sources of pollution such
as slaughterhouses, landfills, wastewater
treatment plants (Uzelac and Vasiljevic,
2011; Boykovski, 2015).

This means that the location is
determined by a set of related factors, the
distance can be most easily measured,
but it also includes the type and size of
the farm, dominant winds, air humidity,
etc. The significance of the green belt,
which has only decorative character on
the farms (Uzelac and Vasiljevi¢ 2011),
is regularly neglected. New pigs must be
placed inisolation because of their health
status confirmation and acclimatization
to new accommodation conditions,
taking into account the location of the
appropriate stable and the length of
the isolation period. The duration of
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isolation is inversely proportional to the
health status of the domestic herd, which
means that if it's higher then the control

has to be more stringent, it usually lasts
for four weeks, but it is more advisable
to take six weeks (Bojkovski, 2015).

HERD HEALTH STATUS

Sustainable health protection and
successful production are only possible
if there are no causative agents of
infectious diseases and factors that
lead to the emergence of technopathy
in a herd. The manner of use, storage,
maintenance and handling of therapeutic
agents, instruments, seeds, and the use of
disposable products certainly influence
the achievement of a satisfactory health
status of all categories of pigs.

Health is not synonymous with
health status. The term health status
is much wider and it implies health,
whether the animals are clinically
healthy or not, whether herd is clear
or free of some contagious diseases,
but also the application of a series of
biotechnological measures in order to
maintain production. It is possible that
animals are of low health status (the
presence of some latent infections)
and that they are clinically healthy and
productive. This occurs under conditions
of good management when the immunity
is in balance with possible serious
pathogens that may be present without
manifesting the disease, that is, when
there are subclinical forms of illness or
latent infection (Plonait and Bickhardt,
1988; Taylor, 1999; Straw, 1999). On
the other hand, it is possible that the
animals are in a high health status, but
that the conditions of management, the

way of keeping, care and nutrition of
animals are inadequate and that clinical
manifestations of some diseases are
found in such conditions (Gagrcin i sar,
2002). Such conditions may lead to a
drop in production. Regardless of their
different pathogenicity, and therefore a
different morbidity and mortality rate,
many of these diseases can be suppressed
or even eliminated from the facility by
applying adequate measures of health
care.

The disease is essentially the absence
of health, ie the deviation from the
harmonious functioning of some organs
or organisms that can then be clearly
manifested by certain symptoms or
signs, which is also termed the clinical
form of the disease. However, very
often, some diseases are present in
subclinical or latent form, when they
can be detected only by one of the
serodiagnosis methods, and the best and
safest way is to identify the causative
agent or to observe some parameters
indicating a decline in production. The
number of such diseases is not negligible
(pneumonia, intestinal adenomatosis,
leptospirosis,  parvovirosis, PRRS,
(Ivetic¢ et al., 2000; Gagrcin et al., 2002;
Bojkovski et al., 2008, 2015, Stukelj,
2017.) There are significant differences
between subclinical form of a disease
and latent infections. An example of this
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is the PRRS that can be latently present
for a long time in the herd and observed
only after a decline in production and /
or a disease of leptospirosis, which may
be endemic for several months without
clinical manifestation. (Radoji¢i¢ i
sar., 2002; Stukelj, 2017). Accordingly,
all agreed and prescribed conditions
(nutrition, keeping and care) must be
met in a herd and good animal health
status must be promoted. This generally
implies the absence of some contagious
diseases, which is achieved by enhanced
control of animal health. Also, the
possibility of latent infection that is
expressed through the fall in production
(increased number of stillbirths, fetal
mummification and increased mortality
of breastfeeding piglets in the first
two days without apparent clinical
symptoms) must be excluded. This can
be carried out using serodiagnostic tests
(Samanc, 2009).

The high health status implies the
precise establishment of specific criteria
clearly defined by the veterinary service,
which is increasingly based on the
preventive health protection of pigs in
intensive breeding (Avakumovi¢, 2006,
Valc¢i¢ 2007).

In  countries with developed
management and therefore developed
pig production, high health status must
be met in the herd. This essentially
means “freedom” from some infectious
viral and / or bacterial diseases such
as, for example, classical swine fever,
Aujeszky's disease, leptospirosis and
some other contagious diseases. In

some herds of pigs, a high health
status is not always achieved. It is in
correlation with high production only if
the conditions of management are fully
met by the recommendation of current
biotechnological concepts in the process
of establishing and maintaining elite
reproductive and productive herds (Tzika
et al., 2015). However, it is possible to
maintain production according to the
desired concept. in conditions of poorer
management, but without the presence
of certain virulent microorganisms, or
with a small percentage of morbidity and
mortality, especially of breastfeeding
piglets. Conversely, if the conditions of
biotechnological requirements are at
a high level, it is possible to maintain
production in the presence of some
pathogens, due to a harmonious
relationship (good balance) between
the immunity and virulence of a
pathogen, with no manifestation of the
infection or some other disorders, and
therefore without a significant decline
in production (Radojici¢ et al., 2002).

Implementing the “stamping out”
method as radical can be applied in
high production countries, where other
measures have been regulated, for
example, compensation for economic
damage resulting from such eradication
measures (Radojic¢i¢ and sar, 2002). It
is known that some diseases occur only
at a certain age, that is, when moving
from one product category to another.
Particularly sensitive or critical period
is the first 24-48 hours after farrowing,
the first 7 to 10 days after it, and 10
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to 14 days after a sow rejected piglets
(Radojici¢, 2002).

Farrowing, aswell as early puerperium
and the first two days after farrowing
are particularly sensitive or critical
periods in pig production, for both the
pig and piglets. Sows, especially those
farrowing for the first time can be germ
carriers for many diseases that do not
occur in themselves, but that the disease
is transferred to the piglets that are
insufficiently resistant to the conditions
that they encounter in the early neonatal
period. Therefore, the preparation of
sows for a farrowing and taking a series
of measures (monitoring of farrowing,
inducing labor if necessary, acceptance
and special care of each piglet, placing
a primapara between two multipara
sows) must be done in a timely manner.
Placing primipara sow between two
multipara sows confirmed to be a good
way of setting the barrier, ie preventing
colibacillosis, which is more common
in piglets delivered by primipara
sows.Piglets delivered by multipara
sows receive solid protection through
colostrum while this is not the case with
piglets delivered by primipara sows.
Sow feeding requires good nutrition and
water supply (Avakumovié¢, 2006).

Only healthy sows are able to consume
sufficient amounts of food needed for
high milk production, which depends on
the number of raised piglets in the litter.
However, despite all these precautionary
measures, some diseases and disorders
that are mainly related to the genital
apparatus and the function of the

mammary gland may still occur. These
are primarily sow hypo and agalactia,
endometritis, mastitis, but often also
mastitis-metritis-agalactia syndrom
(MMA). MMA syndrome is expressed
in a varying percentage, 1-37% on
different farms, but it can be prevented
by certain preventive measures and
therapeutic treatments, where the role
of a veterinarian-specialist is the most
important (Samanc i sar, 2002; Lipej,
2015). There are numerous experiences
regarding the mentioned puerperium
disorder and are usually reduced to
several procedures such as regular
and mandatory thermometry (critical
temperature is 39.2 oC) deprivation
of meals the day before partus, giving
laxative two to three days before and two
to three days after farrowing, placing
foaming tablets into the uterus after with
the mandatory control of the birth canal,
they successfully resolve the occurrence
of MMA and thus provide lactation;
that is taking of colostrum from their
mothers, which is of special importance
for the vitality of breastfeeding pigs and
the further course of the growing period,
and finally, for the success of production.
Regarding the disease and the causes
of mortality in the first two days after
birth which are linked to the condition
of the sows, there are contusions,
hypoglycaemia, and peracute course of
coli diarrhea.

Anemia in piglets is avoided by
preventive administration of iron
dextran preparations in the first two
to three days after the birth. The
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latest recommendations is an oral
administration of iron preparations to
pregnant mothers (Samanc, 2009). In
addition to contusions, hypoglyceamia,
and anemia of piglets, neonatal scour
(eng). which is essentially the appearance
of diarrhea of different etiology is
most common (Waters and Sellwood,
1982). Clearly expressed diarrhea and
subsequent dehydration, i.e. loss of body
weight and slower growth of piglets,
require immediate rehydration, either
via oral and / or intraperitoneal route,
and application of antimicrobial agents,
using antibiogram (Straw, 1999, Tzika

and sar, 2015). During this period, some
other illnesses may appear in a different
percentage of morbidity and mortality,
which may then be more or less
successfully treated with medication.

Dysentery or bloody diarrhoea
caused by Brachyspira hyodysenteriae
is a persistent illness of all categories of
pigs, which can seriously endanger the
production of pigs. However, dysentery
is the most common in piglets between
25 to 60 kg body weight. Commercial-
type farms must work on the eradication
of dysentery (Samanc, 2009).

ATTITUDES OF STAFF TOWARDS EQUIPMENT

Causes of infectious diseases can
also be transmitted indirectly through
equipment. In order to reduce the
spread of agents by equipment, the
following must be done: washing hands
before each entry into the farm and
after working with diseased animals,

wearing protective gloves for assisting
infarrowing, separate use of food and
manure equipment, use of disposable
needles, sterilization of the instruments
for castration and marking and washing
working clothes with detergents and
hypochlorites (Bojkovski i sar, 2013).

MOVEMENT AND TRAFFIC CONTROL

Control of the movement of vehicles,
people and animals from the farm and
towards it must be an integral part of
the production technology and must be
designed in such a way as to prevent
or minimize the contamination of
herd, food and equipment. In practice,
some important elements of movement
control are often ignored, such as; the
condition of the fence and disinfection
barriers and the procedure for the entry
of vehicles and other people on the farm,
although all this is foreseen by the farm

project. Barrier washers are regularly
uncovered, exposed to atmospheric and
surface waters, and the solution does not
change as often as required by traffic
frequencies (Reli¢ et al., 2002; Gagarcin
et al.,, 2002). In order to reduce the
possibility of contamination spreading,
visitors and drivers are informed about
the methods of protection and asked to
cooperate in minimazing the possibility
of contamination. The entry of visitors
into breeding and feeding facilities is
not allowed, “No entry’sign with the
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telephone contact number is placed at
the farm entrance. Contact between pigs
and visitors should be avoided and the

use of clean clothes and rubber boots or
PVC footwear for shoes is indispensable
(Hristov et al., 2009).

FOOD AND FEEDING EQUIPMENT CONTROL

By proper storage, food is protected
from contamination and the development
of mycotoxins is prevented. Foods
for different categories and systems
should be labeled and sorted in order

to avoid mistakes. If food is supplied
from elsewhere, it is best to buy it from
producers with a controlled production,
quality and biological safety regime
(Avakumovic¢, 2006).

MANURE MANAGEMENT

The location of manure within the
farm and the assessment of manure
management provide a great deal of
information on the level of biosecurity
on the farm and the awareness of
employees. For now, there is no strict

legal obligation to treat manure, but
digestion and any other acceptable form
of biological degradation is considered
desirable and raises the level of
biosecurity on the farm (Stankovi¢ et al.,
2007).

REMOVAL OF ANIMALS REMAINS

It is very important for all corpses of
dead animals to be removed as soon as

possible (Uzelac and Vasiljevic, 2011).

RELATIONSHIP WITH OTHER ANIMALS ON THE FARM

Althoughitisnotdesirable, sometimes
cattlemen have a desire to have dogs,
cats or horses on the farm. In that sense,
they should be denied access to some
parts of the farm and contact with pigs,

pigs should be dehelmintised vaccinated
against rabies and illnesses common in
the farm environment (Stankovi¢ et al.,
2008).

BIRD CONTROL

Birds (pigeons, sparrows, squirrels
and possessions) may be carriers of
infectious material on the feet or in
the digestive system. Therefore, it is
recommended to close holes suitable for
making nests; laying grids on windows

and ventilation openings, closing the
openings on the silos and covering the
edges under the roof and roofs suitable
for nesting and laying (Uzelac and
Vasiljevi¢, 2011).
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The control of rodent populations is
a compulsory part of every biosecurity
plan, so the following is undertaken for
this purpose: construction of facilities
in which rodents can not penetrate,

closure of safe hiding places, elimination
of feeding possibilities and destruction
of existing populations by poisoning,
smuggling and traps (Pedovi¢ isar,
2015).

SANITATION

The term sanitation refers to the
maintenance of hygiene, cleaning and
disinfection of materials, people and
equipment that enters the farm and the
hygiene of people and equipment on the
farm.

The occasional replacement of the
preparations was justified while simple
sanitation ,which did not destroy the
entire microbial population with the

appearance of consequent resistance
of the remaining species ,was used.
Contemporary  carefully  composed
preparations of the synergistically
combined ingredients do not have to
be changed for a long time because
they have a broad germicidal spectrum,
they are stable due to the presence of
buffers and with a longer residual effect
(Zdravkovic et al., 2013).

CONCLUSION

The following points should be kept
in mind: Employees’ awareness on the
real need to protect the production
as a whole and the constant work on

removing the threats to biosecurity is
a key to the success of designing and
implementing biosecurity plans for each
particular situation and the pig farm.
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yl'IyTCTBO dyTOpHMa 3a IPpUIIPpEMABE PYKOITHACA

YIIYTCTBO AYTOPHMA 3A
IMPHUITPEMAILE PYKOITHCA

Berepunapcku xypHan Penybnuke
Cpricke je Hay4YHO-CTPYYHHM 4YaCOIMHUC KOjU
u3naje JaBHa ycTaHoBa BeTepuHaApCKu MH-
ctutyT Penybnuke Cpmcke ,Jp Baco by-
tTo3aH" bama Jlyka. Yaconuc je ocHoBaH
2001. roguHe of cTpaHe JpylITBa BETEpHU-
Hapa Penybnuke Cpncke. M3nasu nsa myra
ropumine. lltamna ce y 300 npumjepaxa,
a IOCTynaH je on line Ha UHTEPHET CTPaHu-
uu UHcTtutyTa: www.virs-vb.com. Yaconuc
o0jaBsbyje paioBe Ha CPIICKOM KHHKEBHOM
je3UKy Cca KpaTKHM Cafp’kajeM Ha eHIJie-
CKOM je3uKy. PamoBM MHOCTpaHHX ayTopa
ce 0djaBbyjy Ha €HIJIECKOM je3UKy ca KpaT-
KHMM CaJpiXajeM Ha CPIICKOM je3nKy.

Y vaconucy ce nydnukyjy: OpurdiHagIHu
U CTPYYHU HAy4YHU PafioBH, IPETJIENHU Pa-
IIOBHY, KpaTka CaoNIUTema U pan y popmu
npHKasa clydaja BofehHx CTpyumaka M3
00/1acTH BeTepuHapCcKe MeOWlMHe U Ouo-
MEJUUWHCKUX HayKka, all OPYyTUX 00IacTH
0]l 3Hauaja 3a OCHOBHY odmacT. Y Berepu-
HapcKkoM XypHany Penydnuxe Cprcke ce
mory Hahu pydpuke y popmMu HayuyHO-TIO-
nynapusyjyhux texcroBa U MH(POPMAaTHB-
HUX YiIaHaKa U3 0071aCcTh BeTepUHapCKe Me-
mvuuHe y Perydnunu Cprckoj ¥ pervoHy.

CBH npucHjeny pyKONKCH Ha afipecy ya-
conuca ce npocnehyjy Ha CTpyuHy pelieH-
31jy. OBHCHO OfI TEME PYKOMNHCA IJIaBHHU U
OJITOBOPHU YpENHUK OMpa HajMamwe [BOY-
JlaHy peLEeH3Hjy, a Mo NOTpedH U BUILIE pe-
LeH3eHaTa. PenieHsuja ja aHOHMMHA. YKO-
JIMKO PELIEH3EHTH NPOLMjeHe U MPEIoXKe
Kopekuuje, ypesHUK Bpaha paj ca Haria-
IIEHUM CyrecTHjaMa peLeH3eHaTa 3a Ipe-
npaBke. KoHayHa pelleH3dja MOXeE OWTH:
NO3UTHBHA, HEraTMBHA M YCJIOBHO IO3M-

TUBHA. [JeUHUTUBHY ONIYyKy O MydyuKa-
IWjU PyKOIIMCa JOHOCH ITIaBHU U OOTOBOP-
HU ypEeJHUK Ca pefaklUOHUM OIO0POM.

Bamre pykomuce MOKeTe ClIaTH MyTem
on line momTe Ha agpecy TJIABHOT U OJTO-
BOpHOT ypengHuka: drago.nedi¢c@virs-vb.
com.

Monumo cBe yBakeHe ayTope Za CBOje
panoBe MHLIY jacHO, KOHIIM3HO, Tpama-
TUYKH MCIPaBHO W Jla C€ NPUIPKaBajy
ciepehux ynyTcraBa. PafoBu Koju He MC-
nymwaBajy cnenehe kpurepujyme Hehe duru
npuxBaheHH.

Omnuira ynyTcTBa

Texct pykonuca Tpeda ja Ce€ IPUIPEMHU
y nporpamy MS Word hupunuiom uiu na-
THHULIOM (Serbian Cyrilic, Serbian Latin).
doHT Tpeda pa dyne Times New Roman, Be-
nu4rHa QoHTa 12 pt ca jefHOCTPYKUM NPO-
penom. CBe MapruHe NOJECUTH Ha 2,54 mm,
a BEeJIMYMHE CTpaHuLe Ha A4 ca odocrpa-
HUM TIOpaBHABakEM Ca YBIauehEeM CBAKOT
nacyca. TekcT paga He Tpeda ma dyne my»xu
o 15 cTpaHMLa ca PUI03UMa.

Y rtexcry usdjeraBatu ckpaheHune u
HeroTpedHe cumdone. M3bjeraBatu crpa-
He pHjedH, a aKko je HyKHO TpedDa ux mpe-
BECTH Ha CPIICKH je3uk. JIaTUHCKe Ha3WBe
NUCaTH y UtllaiuKy, a 3a Ha3HuBE JIMjeKOBa
KODUCTUTH T€HEepHUYKa MMeHa. ArmapaTy U
ypebaju ce HaBoze MoJ OPUTHHAIHUM TP-
rOBaukMM MMEHHMA U Ca UMEHOM IPOU3-
Bohaua. bpojeBe Tpeda nucaru ca 3ape3om
U Ca MUHUMAIHO IBHje fenumaine. Kopu-
CTUTH MjepHe jenuHuue MehyHapogHor
cucreMma jeguHuna — SI cucrem. dororpa-
¢duje, rpadukone u Tabene Tpeba yBpCTHU-
TH y paj, anu 300r KBajluTeTa IUTaMIE je
TIOBOJBHO CJIATH UX U 'y TIocedHOM (onpepy
y3 pan. [ToxespHO je na wiycTpauuje umajy
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BHCOK KBaJIUTET.

Y3 pan Tpeba DOCTaBUTH [eKinapauujy
ayTopa Koja ce MOoe IIpey3eTH ca cajTa ua-
COMHCa.

Crpykrypa paga

Bertepunapcku )xypHan Penybdnuke Cpri-
Ke 00jaBsbyje caMmo HayuyHO-CTPy4YHe pafioBe
KOjU UCITy’HhaBajy KpUTepUjyMe JeKIapuca-
He y [TpaBWIHUKY O TyOJIMKOBaky HAyUYHUX
nydnukauuvja MUHHUCTApCTBA HAyKe U TeX-
Honoruje Penydnuke Cpricke.

OpurvHaaHU Hay4yHU paj Tpeda [a mo-
cjenyje cnenehe gujenose: HACIOBHY CTpa-
Hy, KpaTak cajpikaj, yBOJ, Marepujal U
METOfie, pe3yiTare, OUCKYCHjY, 3aK/bydak
u cnucak gureparype. Ilo norpedu je no-
TpedHO HamucaTH 3aXBaJHULY W HaIlOMe-
HY aKo je ucCTpakuBawme (PUHAHCHPAHO ca
IpOjeKTa.

Hacnosna ctupana
Ha HacnoBHOj CTpaHM HaIlUCATH:

*  HA3WB WIAHKA - Tpeda OUTH KpaTak
¥ nHdopMaToBaH; [THIie ce UCKIbYIHUBO Be-
JUKUM CJIOBUMa. BennuuHa ciosa 12 (pt).
Y HacnoBy He HaBOOUTH CKpaheHHIIe.

*  HMEHa ayTopa - HalucaTh UCIOJ
HacsoBa. ODaBe3HO HAIaCUTH MyHa UMEHA
U Ipe3uMeHa ayTopa. Y CyNepCKpUNTymy
HarJacuTu dpojeBe KOju 03HAYABA]Y Y dyc-
HOTH MHCTUTYLIHjy Y KOjUMa Cy ayTOpH 3a-
MIOCJIEHH.

* HMe W TIpe3nMe KOPECNOJEeHTHOT
ayTopa — HaBeCTH Ha JHy CTPaHHULE Ca KOH-
TaKkTOM (e-mail u/vnu TesieOH) U HHCTUTY-
LIUjOM TZje je ayTop 3amoCieH;

Kpataax cagpmaj

Kparax cazmpkaj KyLuaTH Ha MOCEdHO]

cTaHunM y odumy no 250 pujeun. Ilopen
HaCJIoBa paja M UMEHa ayTopa KpaTak ca-
Iopxaj Tpeda na mocjenyje HajOUTHUjE WH-
(popmanuje u3 paga. Mcrmop xparkor cagp-
Kaja HaBeCTH 3-6 K/by4yHMX pHjeun. Kparax
cafip’kaj Ce MULIE Ha CPIICKOM U €HIVIECKOM
jesukxy.

Yeog

Y yBony pasa onucaTy TeMy K0joj je pan
nocseheH. HarmacuTu HajHOBHje YHILEHM-
e ¥ Hay4yHe Ipodieme ca 00pasioKemeM
IWba CONCTBEHHX WCIHTHBama. YBOZ He
cmuje na dyne ommupaH. [Ipenopyuyje ce
nay yBony Oyny HarjalleHW HajHOBUjH JIH-
TepaTypHU MOJalM. YBOI Mopa Jia orpasza
UCTPaKUBAME.

Maitaepujan u metioge

Marepujan u MeTonie MOpPajy [1a jaCHO U
KOHLIM3HO OMWILY OIJIefl, MaTepujal U »KU-
BOTHUHE HA KOjUMA Cy eKCIIepUMEHTH U3Be-
IeHU, Ka0 U METOJE Koje Cy KopulrheHe y
orneny.

Pesyninainu

PesynraTu ce Tpedajy mpukasaty y BULy
TekcTa, Tadena, rpaduKkoHa U oxpeheHux
wnycrpauuja. Tabene tpeda na dymy jac-
HE U TpernefHe, ca 00aBe3HOM JIETEHAOM
Y KO0joj je mato odjammeme ckpaheHuna u
cumbdona. Caxu mpusior Tpeda fa MMa Hac-
70B (M3HaA Tadesna, OAHOCHO UcIof rpadu-
KOHA ¥ CJIMKa) Y KoMe Tpeda dUTH jacHO Ha-
3HAUEHO IITa MPUJIOT ITPHKa3yje.

Huckycuja

Y IMCKyCHjU HW3BPIIWTH KOMIapauujy
COTICTBEHUX pe3yJiTaTa ca pe3yjaTaTuma
CTpaHuX W Jomahux aytopa Koju cy 00-
pabuBanu npodiem U TeMAaTUKY UCTUX WU
CJIMYHUX TeMa.
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3axeyuax

Y 3aK/byuKy ce JOHOCe KOHAaYHa pa3ma-
Tpama ayTopa Ha OCHOBY oOpaheHe Teme.

Jlutuepaiiypa

Kopuctn ce XapBapACKd HA4YMH Ha-
Bohewa nuteparype. Pedepenue mopajy
Ia O0ynmy WITO HOBHje U aKTyeynHuje. 300r
CMamewa MOTyhHOCTH Trpellaka HMeHa
CTPaHUX ayTopa Ce MHUIIY Ha JIATHHULHU Y
utanuky. Kaga ce snurtepatypa HaBogu y
TEKCTY MHIlIe ce Ipe3rume ayTopa U roguHa
nydnukauuje (Hemguh, 2012). Axo cy u nu-
Tawy IBa ayTopa MHULIy ce Tpe3uMeHa 0da
ayTopa W ropvHa mybonukauuje (Spelly and
Morgan, 1998), a y cinydajy Bule ayTopa
mocJie MPBOT ayTopa ojaje ce ckpaheHuLa
.4 cap.” (Heowh u cap., 2011).

Y cnucky nutepatype pedepeHie Hy-
MepHcaTH apanckuM OpojeBUMa U CII0XKH-
TH ux no aszdyynom (hupunuua) unu ade-
LeOHOM (JTaTUHULA) pexy.

Hasoge ce Ha cnenehu HauuH:
HayyHu uinaHak:

Heguh [., Temmnh M., bantuh M.,
[Tnasmuh B., Tajouh H., Mupunosnh M.
(2011): Management and control program
for suppression and eradikation of classical
swine fever in Serbia. Acta Vet 61:295-307.

Kmwura:

Temwh M., Hegwh . (2011): Me-
HAyMeHTl eetliepuHapcxke tipakce, daxkymnTer
BeTepUHApCKe MenunuHe, beorpazn.

Ilornasme papa:

Alderson GLH (1991): A system to
maximize the maintenance of genetic
variability in small populations. In: Alderson
L. (Eds.) Genetic Conservation of Domestic

Livestock, CAB International, Wallingford,
str.18-29

Monorpadmnja:

Anexcuh-KoBauesnh Camwa (2005):
Jlumpomu iaca u mauaxka. Mmagoct dupo,
beorpan

Pan unu kparak cagpixaj u3 300pHH-
Ka pajgoBa:

hynuh B., Tpaunosuh [., Jodpuh C.,
Besnes P. (2005): 3Hayaj palioHaIHe MPHU-
MeHe JIeKOBa Y BETEPUHAPCKOj MEIULINHH.
Proceeding of Workshop Clinica Veterinaria
Ohrid, Maxenounyja, 3-7. sentemdap 207-9.

XBasia Ha capanmi!

AJPECA YACOITHCA:

JY BerepuHapcku HHCTHTYT Pemy-
onuke Cpncke ,JIp Baco byro3an” bamwa
JTyka

bpanka PaguueBuh 18, 78000 Bama
JIyka

Tenedon/daxc: +387 229-210
E-mail: drago.nedic@virs-vb.com

Web: www.virs-vb.com
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INSTRUCTIONS FOR AUTHORS

The text of the manuscript should be
prepared in MS Word Cyrillic or Latin
(Serbian Cyrilic, Serbian Latin). Font
should be Times New Roman, font size
12 pt with single line spacing. All margins
should be set to 2.54 mm for the page size
to A4 with aligning and each paragraph
indented. Text of the manuscript
should not be longer than 15 pages with
attachments (tables, illustrations).

The text should avoid unnecessary
abbreviations and symbols. Also, authors
should avoid foreign words, and if
necessary, they should be translated into
the Serbian language. Latin names must
be written in Italic, and the for names of
the drugs must be used generic names.
Appliances and devices are listed under
the original trade name and the product
name.

Numbers should be written with a
comma and with a maximum of two
decimal places. Use the measuring unit
of the International System of Units — SI
system. Photos, charts, and tables should
be included in the text, but because of
better quality authors can send them in a
separate folder with paper. It is desirable
to have the high quality of the illustrations.
With the paper, it should be submitted
declaration, which can be downloaded
HERE.

STRUCTURE OF THE PAPER

Veterinary Journal of Republic of
Srpska publishes a scientific papers
that meet technical criteria declared in
the “Rulebook of publishing scientific
publications” of the Ministry of Science

and Technology of the Republic of Srpska.

Original scientific paper should have
the following sections: title page, abstract,
introduction, materials and methods,
results, discussion, conclusion and list of
references. If necessary, it can be written
acknowledgments as last section of paper
if the research funded by the project.

First page:
On the front page should be written:

Title of the article — should be short and
informative. It must be written exclusively
in capital letters, size 12 (pt). In the title
should not be included abbreviations;

The author's names — should be
written under the title. Full names of the
authors should be written. In superscript
emphasize a number that indicates in a
footnote of institutions name in which are
authors employed;

Nameand surname of the correspondent
author shold be listed on the bottom of
the page with a contact (e — mail and / or
phone) and the name of the institution
where the author is employed;

Abstract

Abstract should be written on a separate
page up to 250 words. In addition to the
title and author’s name, a abstract should
have the most important information from
paper. It should be listed 3-6 keywords.
Abstract is written in Serbian and English.

Introduction

In the introduction of the paper must
be described the topic that is been devoted
to investigation. Emphasize the latest
facts and scientific problems with the
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explanation of aim and their own testing.
Introduction may not be to extensive. It
is recommended that in the introduction
are highlighted latest literature data.
Introduction must justify the research.

Materials and Methods

Materials and methods need to clearly
and concisely describe the materials
and animals on which experiments were
performed, and the methods that were
used in the experiment.

Results

The results should be presented in
the form of text, tables, graphs and
illustrations. Tables should be simple
and clear, with a legend in which the
explanation of abbreviations and symbols
are noted. Each contribution should have a
title (above the table, and below the chart
and figure), which should be clearly stated
what contribution shows.

Discussion

The discussion should be carried
out comparing the results of their own
research with results of foreign and local
authors who have dealt with the problem
on the same or similar topics.

Conclusion

In conclusion, the authors should
make a final review on the topics that are
covered in paper.

References

Authors must use the Harvard method
of citation. References must be current and
topical. Because reducing the possibility
of mistakes, the names of foreign authors
are written in Latin and Italic. In the text,

refer to the author’s name and year of
publication (Nedi¢, 2012). If are ther two
authors, it should be written the surnames
of both authors and the year of publication
(Spells and Morgan, 1998), and in the case
of more then two authors, to the name of
first author must added abbreviation ” et
al.” (Nedi¢ et al., 2011).

The list of references should be
numbered in Arabic numerals and arranged
alphabetically (Cyrillic and Latin).

Use the following system for arranging
the references:

Journal article:

Nedic D., Tesic M., Baltic M., Plavsic
B., Tajdi¢ N., Mirilovici M (2011):
Management and control program for
suppression and eradikation of classical
swine fever in Serbia . Acta Vet 61: 295-
307.

Book:

Tesic M., Nedic D. (2011): MenadZment
veterinarske prakse, Fakultet veterinarske
medicine, Beograd.

Chapter in the book:

Alderson GLH (1991): A system to
maximize the maintenance of genetic
variability in small populations. In:
Alderson L. (Eds.) Genetic Conservation
of Domestic Livestock, CAB International,
Wallingford, pp. 18-29.

Monograph:

Aleksic — Kovacevic Sanja (2005):
Limfomi pasa i macaka, Mladost Biro,
Beograd.
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Abstracts and short summaries from
the proceedings:

Cupi¢ V., Trailovic D., Dobri¢ S., Velev
R (2005): The importance of rational use of
drugs in veterinary medicine. Proceedings
of Workshop Clinica Veterinaria Ohrid,
Macedonia, 3-7. September, 207-9.

Thank you for your cooperation!

Editor- in-Chief: Prof.dr. Drago N.
Nedic (E-mail: drago.nedic@virs-vb.com
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