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CAKETAK

Menonocna muena (Apis mellifera) mpeacrasiba Haj3HauajHHMjEr ompalivBaya OWbaka, jep
JUpEKTHa TOJMIIHA EKOHOMCKA JOOHUT O]l ONpallnBaka MHCEKTUMa y EBPOTICKOj YHUjU H3HOCH MIPEKO
14 Munujapau eBpa, a NOJIMHATOPCKA aKTUBHOCT caMe MEIOHOCHE IMuesie Bpeau oko 4,25 munujapan
espa. OBM mojany HaM yKa3yjy Ha HEMEpJbUB 3Hayaj IMUena 3a OINCTaHaK OMJBHUX BPCTa HAa CBUM
MepUAMjaHNMa, a CaMUM THM M JbYACKe BpcTe. JenmHa on HajBehnX OMacHOCTH IO OINCTaHAK ITyela
npeAcTaBibajy BupycHe mHpekuuje. Jlo naHac je mo3HaTo 36 pa3nUYMTUX BHPYCa, OA KOjUX CMO
MOJIEKyJapHOM JujarHocTudkoM metonom Real-time RT-PCR, y 36 y3opaka u3 16 muenumaka y
nepuony on 2011. mo 2018. roauHe, HCIMTHBAIN HA MPUCYCTBO HajBaXKHHUjuX mecT Bupyca (ABPV,
CBPV, SBV, DWV, BQCV, KBV). Huje nerekToBaH HH jeaaH y30pak CiI000MaH OJ BHPYCHHX
undexnyja, jep je BQCV yrBphen y 100% y3opaka. Y ucnuTaHuM y30pLHMMa j€ youeHa BHCOKa
unuaeHnrja ABPV (47%), CBPV (56%), SBV (64%) 1 DWV (67%). ITo npBu yT y OBOM PErHOHY
cy y3opuu ucniutiBanu Ha KBV, koju umak HHje NETEKTOBAH HHU Y jE€AHO] MUETUEHO] 3ajeIXHUIIH.
ITopen oBux pe3yiTara IETEKTOBaHE Cy MYJITUIUIE BUPYCHE KOMH(DEKLMje Ko jeqHe 3ajennuue y 94%
WCIUTAaHUX y30paka. OBO HaM yKa3yje Ha CIIOCOOHOCT BUpYca Jla IEP3UCTEHTHO MHPHUINPA]y APYIITBA
U 12 y onpehenumM ycioBuma n3azoBy Oosect, yrunyhe muena uid menor apymra. CTpecHH GpakTopH
nak JIoBoJe JI0 ,,0yhema* nmareHTHUX MH(DEKIHja, TaKo yrnoTpeda HEOHMKOTHHOMIHUX MHCEKTUIIMAA
(KJIIOTHAHUIIMH, WMHIAKIONPHUI, THAMETOKCaM,..) AOBOAM 10 omrehema aHTHBUPYCHOT OArOBOPA
nuena, 0K je HajOMTHHjH CTpecoreH rpuma Varroa destructor, koja mpeacraBba (pU3HYKOT H

OMOJIOIIKOT BEKTOPa BUPYCHUX MH(DEKIIN]ja.

Kipyune peun: Apis mellifera, supycu, ABPV, CBPV, SBV, DWV, BQCV, KBV , Real-time RT-PCR



ABSTRACT

Honey bee (Apis mellifera) is the most important pollinator of plants since the direct annual
economic profit, from insect pollination in the European Union, is over 14 billion euros and the
pollination activity of the honeybee itself is worth about 4.25 billion euros. This data points to the
immeasurable significance of bees for the survival of plant species on all meridians, indirectly
including the human species. One of the greatest threats to the survival of bees is viral infections. To
this date, there has been 36 different viruses known, of which we have examined the presence of the
six most important ones (ABPV, CBPV, SBV, DWV, BQCV, KBV ) in 36 samples from 16 apiaries
in the period from 2011 to 2018 by molecular diagnostic method Real-time RT-PCR. No sample was
detected free from viral infections, as BQCV was detected in 100% of the samples. Highly incidence
of ABPV (47%), CBPV (56%), SBV (64%) and DWV (67%) was observed in the tested samples. For
the first time in this region, samples were examined for KBV, which was not detected in any of the
bee colonies. In addition to these results, multiple viral coinfections were detected in 94% of the
examined samples. This points out the ability of the virus to persistently infect societies and, in
certain conditions, cause disease and the death of bees or the whole colony. The stress factors lead to
"activaton” of latent infections, the use of neonicotinoid insecticides (clothianidin, imidacloprid,
thiamethoxam etc.) leads to damage to the bees antiviral response, while the most important stressor
remains mite Varroa destructor which represents the physical and biological vector of viral

infections.

Key words: Apis mellifera, viruses, ABPV, CBPV, SBV, DWV, BQCV, KBV, Real-time RT-PCR



1. YBOJ

[Iupom cBerta, 1ma W KOJ HAC, MEIOHOCHA ITYelia MpeCTaBba Haj3HAYAjHU]Er OlpamInBava
ompaka. O CBUX rajeHux OMJbHUX KynTypa 82 cy moceOHO 3Ha4dajHe y CBETCKOj TPTOBUHH, O] KOjUX
77% 3aBUCH O] ONpaIlNBama MHCEKTHMA, JIOK Cy 48% WUX AUPEKTHO 3aBUCHE O] ONpaIlNBamba
myenama (Jahumoswuh u cap., 2012). Ilpuxox o onpammBama MoJbONPUBpeTHIX KyaTypa 3a 10 mo 40
myTa HaaMailyje Ipuxoa ol AMPEKTHUX muenumuX npoussoja (Bilas and Kriveov, 1991; Mladenovié
i Rasi¢, 2016). Toauimma AUPEKTHA €KOHOMCKA JOOUT OJ ONpalliBamba MHCEKTHMa y EBporickoj
YHHUJH U3HOCH Tipeo 14 Muimjapnu eBpa, a MOJIMHATOPCKA aKTMBHOCT CaMe MEJOHOCHE IMYelle BpPeIH
oko 4,25 mummjapau espa (Borneck and Merle, 1989). OmpamnBauka akTHBHOCT HHCEKaTa Y
CjenumennM AmepuukuM [IpxaBaMa, TaMOIIK0j] €KOHOMHjH AONPUHOCH ca BUILE O 24 MUJIHMjapIu
JoJapa, oj yera 15 Muiujapau gonapa yKasyje Ha BpEJIHOCT ONpamBama BOhapCcKuX U MOBPTapCKUX
KyJITypa oJ cTpaHe MefoHOocHe muene (Www.whitwhouse.gov, 2014). OsBu mopaiy HaM yKa3yjy Ha
HEMEpJbHB 3Hauaj Muelia Ha ONCTaHaK OMJbHUX BPCTa HA CBUM MEPHUMjaHUMa,a CAMHUM THM H JbYJICKE

BpCTE.

Menonocua muena (Apis mellifera L.) je cBpcrana y koo 3riaBkapa (Arthropoda), kmacu
Insecta, pen omuokpumaria (Hymenoptera), y damunujy muena (Apidae), mordamunujy Apinae, pox

Apis, 3a Hamre opyuyje HajBehu 3Ha4yaj uma Kpamcka nin cusa muena (Apis mellifera var. carnica).

Pactom wmehyHapogHe TproBHHE TMUENHUBLUM  MPOU3BOIUMA, TOCICAUYHO JIONA3H  J0
noBehama pU3MKa O]l TpEHOIlIeHha WHOEKTUBHUX OOJIECTH Muena MIMpOM Hamie riaHeTte. [lopen
0aKTepHjCKUX W TJbUBHYHHMX HH(EKIHja, ca EKOHOMCKOT W 3JPABCTBEHOI aCIeKTa BeoMa 3HAYajHYy
OMACHOCT MPEJCTaBIbajy U BHUpycHe Oonectr muena. OHE Cy JaHAC BEHKH M3a30B 32 BETCPHHAPCKY
CTPYKy, aJldi M BEJIMKAa OIMAcHOCT IO MYEIHIbE 3ajeJHMIIC jep Ce cMarpa Ja Cy BHUPYCHE OOJieCTH
JIOCTHTE pasMepe man3ooTHje. [Ipenas muenumber mapasura Varroa destructor ca asujcke (Apis cerana)
Ha eBporicky mueny (Apis mellifera) y nmpsoj monoBuHm fBameceTor BeKa U MOCIEANYHO IMIUPERHE Ha
Behu €0 CcBeTa, MMao je HeMmepsbuBe mnocieauiie. Hajehu pusuk mopen IeCTPyKTHBHOT [I€jCTBa
Varroe je u meHa yiora y nperocy BupycHux ungexnuja. [lopen tora mro OIE y cBom [Ipupyunuky
3a JMjarHOCTHKY, Ka0 HU Jp)KaBa y CBOJUM 3aKOHHMa, HE CIIOMHIbE BUPYCHE OOJIECTH ITuena,

HAYYHUII Cy CBE BHIIIE TOT Pa3MHIIbakha KAaKo O ce OBUM MaToreHnMa Tpebao npuaati Behu 3Ha4aj.

Kao mocnenmnna He3Hama W HEWHPOPMUCAHOCTH JOJIa3d JIO TNPEKOMEpHE ynoTpede H
3510y1oTpede MHOTOOPOjJHUX BpCTa MECTHUIIMIA, OMOLKIA M IPYTHX OMACHUX XEMHUJCKUX MaTepHja, Kao
U He crupoBoliemeM oaromapajyhinx Mepa 3amTuTe, MYegapcka MPOM3BOIAMmA Y HAINO] 3eMJBH CE
cyouaBa ca O30MJBHMM IpoOJeMHMa KOjU Cy OJi BEJIMKOT 3Hadaja. BupycHe Ooyiectd 00yxBarajy
BEITMKO M HajMarhe ITO3HATO MOJAPYYje maTojoruje muena. Jlo caja je u3aBojeHO TPUACCETaK MUSITHBIX

BHpyca, a HUXOBO yTBphuBame mMa cBe Behe 3Haueme 300T CBE ydecTaldje I10jaBe BUPYCHHX
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o0osberba. Bpio vecTo mposase kao mpuUKpuBeHe MH(EKIHje, Te UM ce 300T HEeJOCTAaTKa KIMHHUYKH
BUJJBUBUX 3HAKOBa OOJIECTH YECTO HE NpHaje JOBOJHHO Naxme. HajHOBMja ca3Hama ykazyjy na
MOCTOjU jako MeljyCOOHO Ie/oBambe MUYSTHIUX BHPYCA U OCTATHMX MATOrCHHWX MHKpPOOpPraHH3ama y
MYEHULO0] 3ajEHUIH, TPBEHCTBEHO MapasUTCKe TPUIbe U3 TPpyIe Kpresba, Varroa destructor. Cee To
JIOBOJIM JI0 3aKJbydKa O BEJHKOM YTHIIQjy BHpyca Ha moBehaHe ryOMTKE W MPOMANamhe MUSTUEbHX

3ajeIHUIIA, IIITO HAC j& HABEJIO Ja BHIIE IMAXHhHE IIOCBETHMO OBOj TEMHU.



2. IPEIVIE JIMTEPATYPE

2.1. Knacudukanuja muyeJumbUX BUpyca

On cBuX maroreHa, BHPYCH Cy jenHa o HajBehux mpeTwsu mo 3apaBibe W 100poOUT
MUennkbuX 3ajeqnuua. [IpBu myT cy WACHTU(HUKOBAaHHM, Kao HOBa Kiaca MaToreHa Koja MHGUIHMpa
MEIOHOCHE Muene, Kajaa je moueTkoM 20. Beka aMepHUuKd HaydYHUK OTKPHO J1a areHc, GUITpUpaH U3

MUETUIbUX JTAPBY, MOYKE U3a3BaTh Oonect MemmmHacTtor jeria (White, 1913).

Kao u cBaka npyra, Tako M Kiacu(UKalMja MYEIUHBUX BUPYCa MMa 3a Wb PACIIOJEIY
BEJNMKOT Opoja yTBpheHX BUpyca y jeAHOCTaBHE KiacH(UKalMOHE [IeMe, HA OCHOBY KOjUX je JIaKiie
YTBPJUTH HHHUXOBY TMojequHauny Quiorenesy. Cama kinacudukaiuja MpeicTaBba IMOCTYIHAK
MMEHOBabha BUPYCa U HHXOBE TAKCOHOMCKE TPHUIMAJAHOCTH. TakCOHOMHja CBUX BHpYyca Ce 3aCHHBA Ha

JIBE pa3inyuTe HHTEPHALMOHAIHE Kiacupukaimje.

[Ipeu Bun xnacudukaiuje je barmumop kiacuguxayuja Koja je uMe J00uiIa MO CBOM
aytopy JejBuny bantumopy, a Bupyce rpynuiie y Kareropuje u GpaMmuiimje y 3aBUCHOCTH OJ1 lbUXOBE
reHomcke rpabe, 1j. ga au nocenyjy JHK wnu PHK (jemnonanuany-SSRNA mn nBonanyany-dsRNA),
aJld U Ha OCHOBY HHXOBe peruinkanuje. OBaj HauMH Kiacu(UKalKje ce 3aCHUBA HA METOJM CHHTE3¢
MPHK. H3y3er muenumer ¢uiaamenrosHor supyca (AmFV) u Bupyca nyrunux 0oja, KOju caapxe

JHK, cBu myenumu BUpycH 10 0BOj Kiacupukanuju npunanajy rpynu (+)ssRNA V.

Class
I [l 1 AV V VI VII

ssDNA (+)ssRANA ssRMNA-RT

dsDMNA-RT

dsDNA (-}ssRNA

MRNA

Cnuxa 1. Banmumop knacughuxayuja eupyca (https.//en.wikipedia.org/wiki/Baltimore_classification)
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MehynaponHa yHUja MEUKpOOHOJIOIIKKX JAPYIITaBa PaHUX cepamiaeceTux roauHa 20. Beka je
OCHOBAJIa TEJIO YMjH j€ 3aJaTaK pa3Boj, Mo0oJbIIake U O/IpaBamkhe YHUBEP3aIHE TAKCOHOMUjE BUpYCa.
International Committee on Taxonomy of Viruses (ICTV) Bupyce kiacudukyje Ha OCHOBY HHXOBHX
(deHoTHIICKUX OCOOMHA, MOpP(QOJOTrHje, BPCT€ HYKICHMHCKE KHCEIMHE, HAa4YMH peIUIMKaluje y
opram3my nomahuHy, Kao ¥ y 3aBHCHOCTH O] THIIa 00JISCTH Koje y3poKyjy. Knacudukamnuja supyca
ce BpIIM TaKCaTHUBHO, y pemose (-virales), damunuje (-viridae), moabamunuje (-virinae), pomose (-
virus) u Bpcre (Spp.). Bpcra npencraBiba OCHOB 3a cBaky OuojomKy kinacudkaimjy. Behuna Bupyca
muena je kiacudukoBana y pex Picornavirales u merose nse dpamunuje Dicistroviridae u Iflaviridae,

JOK Cy OCTaJid BUPYCH y I'pylIn HCKJ’IaCI/I(bI/IKOBaHI/IX OIHOCHO HECO3HAYCHUX BUpYCA.

APV, Marnaviridae

unassigned insect
RNA viruses

54

94

RHDV
. Caliciviridae
PnV
EoV
SBV
Iflaviridae
75
pwy VDV-1
IFV
CPSMV

Sbv RTSV
ALSV PYFV

0.1 Secoviridae

Cnuxa 2. Taxconomuja peoa Picornavirales. (talk.ictvonline.org)

Uzysumajyhn IHK Bupyce, cBu npeocTany BUpycH Iuelia MMajy HO3UTHBHY WJIM HETaTHBHY
jennonanuany PHK. V muramy cy mkocaemapannu (chepuynu, KyOMuHM) BUpHOHM BennuuHe 20-
30nm y mpeuHHKY, H30METPHjCKH Cy 00IuKoBany, noceayjy rycruny y CsCl y o6umy 1,33-1,42 gr/ml

u 100-190s cemumenTanmonn koedurmjert (Bailey, 1976).



Tabena 1. Casicemax ¢husuuxux kapaxmepucmuka 00 cadd NOZHAMUX UPYCA MeOOHOCHe nueie.

Aoanmupano 00 de Miranda et al. (2013) u McMenamin and Flenniken (2018).

PHYSICAL
PROPERTIES
VIRUS SHAPE SIZE PRCOA'I\'FI)ESI:\IDS NUCLEIC GENOME SIZE TAXONOMY
ACID
Acute bee paralysis virus ABPV icosahedral 30nm 35-9-33-24kDa sSRNA ~9.5kb Dicistroviridae
Kashmir bee virus KBV icosahedral 30nm 37-6-34-25kDa sSRNA ~9.5kb Dicistroviridae
:)S;Zﬁ;?gl\l}ﬁu s IAPV icosahedral 30nm 35-7-33-26kDa SSRNA ~9.5kb Dicistroviridae
Black queen cell virus BQCV icosahedral 30nm 31-14-29-30kDa SSRNA ~9.5kb Dicistroviridae
ga?rz:)d/sliesﬂ\]/?rlus ALPV icosahedral 30nm 25-7-32-28kDa* SSRNA ~10kb Dicistroviridae
Big Sioux River virus BSRV icosahedral 30nm 28-5-29-30kDa SSRNA ~10kb Dicistroviridae
Deformed wing virus Dwv icosahedral 30nm 32-2-44-28kDa SSRNA ~10kb Iflaviridae
Varroa destructor virus-1 VDV-1 icosahedral 30nm 32-2-46-28kDa SSRNA ~10kb Iflaviridae
Egypt bee virus EBV icosahedral 30nm 30-2-41-25kDa SSRNA ? Iflaviridae
Sacbrood virus SBV icosahedral 30nm 31-2-32-30kDa SSRNA ~9kb Iflaviridae
Iaial;ﬁgg‘é”\fﬁis TSBV icosahedral | 30nm 31-2-32-30kDa sSRNA ~9kb Iflaviridae
Slow bee paralysis virus SBPV icosahedral 30nm 27-2-46-29kDa sSRNA ~9.5kb Iflaviridae
eclzrg:;giisc \E]i?ﬁs CBPV anisometric 30~60nm 23-(30/50/75?)kDa sSRNA ~2.3kb/~3.7kb unclassified
Chroric bee Faralysk CBPSV icosahedral | 17nm 15kDa sSRNA (3%)~L 1kb satellite
Cloudy wing virus CwWv icosahedral 17nm 19kDa sSRNA ~1.4kb ?
Bee virus-X BVX icosahedral 35nm 52kDa SSRNA ? ?
Bee virus-Y BVY icosahedral 35nm 50kDa SSRNA ? ?
Lake Sinai Virus-1 LSV-1 ? ? 63kDa* SSRNA ~5.5kb unclassified
Lake Sinai Virus-2 LSV-2 ? ? 57kDa* SSRNA ~5.5kb unclassified
Arkansas bee virus ABV icosahedral 30nm 43kDa sSRNA ~5.6kb ?
rl?iirokr?:-);iﬁzevirus BBPV icosahedral | 30nm 37--35-32kDa SSRNA ~9kb ?
\'\/Aa;’é’&a;_c:ie;;r\ljﬁ’ﬁ)sr VdMIvV icosahedral 30nm 24kDa* SSRNA ~7kb Tymoviridae
ﬁﬂ;?ﬂiﬂgﬁﬁm S AmFV rod 150x450nm 12x(13~70kDa) dsDNA ~498.5db Baculoviridae
Apis iridescent virus AlV polyhedral 150nm ? dsDNA ? Iridoviridae
IApis mellifera bunyavirus-1 ? sSRNA ~6kb Bunyaviridae
IApis mellifera bunyavirus-2 ? sSRNA ~6.5kb Bunyaviridae
IApis dicistrivirus ? SSRNA ~9b Dicistroviridae
IApis mellifera flavivirus ? sSRNA ~20kb Flaviviridae
IApis mellifera nora virus-1 ? sSRNA ~10kb Picorna-like
IApis mellifera rhabdovirus-1 ARV-1 ? sSRNA ~14.6kb Rhabdoviridae
|Apis mellifera rhabdovirus-2 ARV-2 ? SRNA ~14kb Rhabdoviridae
I-!alictus scabiosae Adlikon ? sSRNA ~5.2kb unclassified
i
Molfu virus ? sSRNA ~10kb Iflaviridae
IVarroa destructor virus-2 ? sSRNA ~9.6kb Iflaviridae
IVarroa desctructor virus-3 ? SSRNA ~4.2kb unclassified
IVarroa tymo-like virus ? sSRNA ~6.2kb Tymoviridae
I* (genome predicted) SDS-PAGE (order in polyprotein)




2.2. BupycHa eTHOnaTOreHe3a

Bupycue mH(pekmuje ko myena ce jaBjkajy y NEp3UCTEHTHO] M WHANapeHTHO] GopMu, y3
BEOMa YECT M30CTaHAaK KIWHUYKHX cuMmnToHa Oomectu (Bailey, 1976). Ilpaktuuno je Hemoryhe
UICHTU(HUKOBATH BUpPyCHE MH(MEKIMje CaMHM KIMHHYKAM HPETJIeoM HUEIUber APYIITBa, CTOTa
BUPYCH TIPENCTaBJbajy Hajuemihe y3poke Tpellaka y [OWjarHO3W, a CaMHM THM M Tpelaka y
Tepanupamy Oonectu. Y mopen Tora mro oapeheHn BUpycH UMajy pernoHaIHy 3acTYIUBEHOCT, YCIIen
BUXOBE CIOCOOHOCTH Ja M3a30BY HMHAMapeHTHE HH(EKLHWje W Yy YCIOBHMa CBE HHTEH3UBHH)ET
MehyHapoIHOT TpaHCIOpTa, BHpPYCHE OojiecTH MMajy BeNHKy MOTYHHOCT rio0anHe palmirpeHOCTH.
dakTopu pU3MKa 3a pa3BOj BUPYCHE MH(EKIHje, Y IPUPOAH CE OJHOCE Ha CIIyyajeBe HEaJeKBaTHOT
yHOCa HEKTapa ycjel NMpeKoOpOojHE MOIMyJialdje Mueia Ha YXKeM MOAPYYjy, TOpea Tora Iueinapcke
IpoIeype Kao LITO Cy ceJberhe, Y3roj MaTulla U IpeTepaHo xpameme muena mehepom Mory noseharu

PHU3UK OJ1 HACTAaHKAa BUPYCHUX WH(EKIIH]ja APYIITaBa.

MeoHOCHE ImYelie )KUBE Y KOJIOHWjaMa (IPYIITBMMA) CAUUE-CHUM O]1 JIBE TeHEpaldje: JeIHy
npecTaB/ba MaTHIA, a IPYry HEHe pajwiniie. YCllea BelIuKe IYCTHHE TOMyJlalije U BUCOKE CTOIe
KOHTaKTa u3Mel)y uiaHOoBa KOJIOHHUje 300T HaUMHA UCXpaHe U XeMujcKe ((hepOMOHCKE) KOMYHHUKAIIH]E,
MYeIHNba JIPYIITBA Kao TakBa oMoryhaBajy BeluKy HIaHCY 3a TpaHCMHUCHjy matoreHa. CBH MO3HATH
BUpycH cKkpahyjy >KMBOT Idena, JOK Texxke WHQEKIHje TOBOJE YaK W JO 3HAa4YajHWjUX yruHyha.
HajOutHuju neo auHaMuKe caMe BHUpPYCHE HH(EKIMje W eBOJIylHje ojHOoca JoMahuH-IaTOreH
npejicTaB/ba MyT MpeHolleka. Ha OCHOBY nocajallmHuX ca3Hamba , BUPYCH CY YHYTap MYEIHEE

3ajeHHUIIE MTPEeHOCe Ha B HAYMHA, XOPU3OHTATHOM M BEPTUKAITHOM TPAHCMHUCH]OM.

Kox xopuzoHTanHe TpaHCMHUCHje, BUPYCH CE IMpeHoce u3Mely pasmuuuTHX jeJUHKH HCTE
reHepalyje, 0K ce KOJ BepTHKaJIHE TPAHCMHUCH]e BUPYCH TpeHoce u3Mely reHepaiyja, Tj. ca MaTuiie
Ha TOTOMCTBO, M TO MpeKko moBpmimHe jaja (fransovum transmission) u yHytap camux jaja
(transovarian transmission) (Chen et al., 2006a). Xopu3oHTajHa TpaHCMHCHja MOKE OWUTH Jajbe
moJieJbeHa Ha TUPEKTHY M WHAMPEKTHY. [IpM TUPEKTHO] XOPHU30OHTAIHO] TPAHCMHCHjH BHPYC CE
JMPEKTHO TPEHOCH ca HMHOGHUIUpAHOT Ha 3apaB opranu3am. OBaj BHJ MNpPEHOCa MMOApa3yMeBa
WH(EKIMje Ba3ayXOM, XpaHOM M IMOJHMM TyTeM. TpaHCMHCHja WHINPEKTHUM ITyTEM TIOApa3syMeBa
YKJbYUHBa-€ OMOJIOMIKOT MITH (PU3UYKOT BEKTOpa Yy caM MpoIleC MPEHOIICHkha BUPYca ca jeHOr Ha
npyror momalinHa. 300X BeNHWKE TYCTHHE TMOMyJaldje, BUCOKOT HHBOAa (U3WYKMX KOHTAaKaTa MU
Tpoduiakce, AUPEKTHA, MPEKO XpaHe, U opodekaTHa TPaHCMHUCHja TPEACTaBIbajy 3HAYAjHE MyTEBE
MPEHOIIICHka OoJiecTH. Bullle HaydyHHX pajoBa yKas3ano je Ha MPUCYCTBO BHUCOKOT THTpa BUpYyca y
XpaHH, TUreCTUBHOM TpakTy U (erecy (Bailey et al., 1963; Chen et al., 2006a; de Miranda and Fries,
2008).

JleTekiija CEKBEHLIM BUPYCHOT TEHOMA Y PENPOAYKTUBHHM OpraHMMa U MaTule U TPyTOBa,

Kao M y CeMEHy, yKa3yje Ha IOCTOjame MPEHOIEHa BUPYC MOJIHAM IMyTeM KOJ MEZOHOCHHX ITuena
(Chen et al., 2006b; de Miranda and Fries, 2008). [IpupoaHo mapeme ce oaurpaBa y Moapydjuma
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OKYIUUbaha TPYTOBA, TJIe C€ TPYTOBH M MATHUIIC M3 PA3IHYUTHX JpyiiTaBa cycpehy. CBaka MaTHIia ce
mapu ca g0 20 TpyTOBa, IITO MPEACTaB/ba OMUYHY MPHUIMKY 32 BHPYCHY TPaHCMHCH]y wu3Mehy
npymrasa (de Miranda and Fries, 2008). Beprukanna TpaHCMECHja € MOXE BPIIUTH Ha JBa HAYHMHA,
OIUTO/IK-OM jaja KOHTAMUHHPAHOM CIIEPMOM WJIM MH(UIMPAmEM TKHBA jajHHUKA Ipe Tojlarama jaja. Y
npBoM ciy4ajy he camo orohena (paaunudka) jaja OuTH 3apaxeHa, A0K he y IpyroMm NOTOMCTBO H

paauIuIa u TpPyTOBa OMTH 3apPaXKEHO.

d Qeggs |« L queen

sexual
sperm >
Q@ eggs drone
feeding s
larvae @k | adults

Varroa ]
contact @

cleaning
12 13 14 15 16 17 18 19 20

Cnuka 3. qujacpam nymesa npernoca supyca koo medonoche nuene.( https://www.ibrabee.org.uk/)

Jlpyraunju myT IpeHOIIekha BUpyca MPeACTaB/ba BEKTOPCKA TPAHCMHUCH]a KOja TPECTaBIbha
WHIUPEKTHU TYT XOpH3OoHTanHe nHpexnuje. Pu3nukn u OWOJOMIKM BEKTOPH IMPEHOCE BHpPYCE ca
3apaxkeHOr Ha 3jpaBor nomalinHa. JleTekimja HEKOIHMKO MUENWIMX BHpyca Yy Kprejpy Varroa
destructor ykasyje Ha Moryly yJory oBHX eKTONApa3uTa, Kao BEKTOpa, y NpEeHOLIeHhY BUpyca Mehy

nuenama (Chantawannakul et al., 2006; Zhang et al., 2007).

PasznuunTy MyTeBH MpPEHOIICHA BUpyca MMajy OWTHYy yiory y onapehuBamy BUpPYIICHIIH]jE
natoreHa. EBonyiija BUpyeHIje je ofpeljeHa TakMuuereM u3Mel)y XOpU30HTATHOT U BEPTHKATHOT
HaurHa nipenomema (Chen et al., 2006b). Xopu3oHTanHa TpaHCMHCHja BeoMa 3aBHUCH Oj1 moBehaHe
MPOU3BOHE MATOr'€HA, IITO JA0BOJAU J0 noBehama BupyieHiyje. OBaj MyT MPeHOCca Ce KapaKTepHIle
O0OMMHOM MYJITHIUIMKAIIMjOM INTO H3a3MBa TEIIKy HHGeKuujy momahuua. 3a pasjimKy O TOra,
BEPTUKAITHO TPEHOIICHHN MATOTCHH Cy JUPEKTHO 3aBHCHH O] NPEKUBIbABAkha U PENPOIYKIIHje CBOT
noMahinHa. Beprukanna TpaHcMmucHja wMa OWUTHY YIIOTY y JYTOTPajHOM OJIpiKaBamy BHpyca Y
MPUPOIIH, alu OWJIO KOje CMamemhe MNPeKHBJbaBalka W pernpoiykuje AoMahmHa pgosemnhie U 110

CMamelha TPAHCMUCH]jE TIATOTeHa. BepTHUKAIHU IMyT MpeHoca je YAPYKEeH ca HUCKOM BUPYJICHIIH)OM,
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ITO j€ KapaKTEePUCTHKA JIATCHTHE HHPEKITHje. Y cydajy Ja je peruihKaiyja maToreHa u3y3eTHO HUCKa,
cam martoreH he m3ryouru moryhHoct na mHpuuupa HOBe AomahuHe, y CyNpPOTHOM, aKO je HHBO
peIuIMKalrje U3y3eTHO BUCOK, BUCOKA BUPYJICHTHOCT he pesynTuparu yrunyhem nomahuna, mpe Hero
IITO OH MPOM3BEJIC IOBOJLHO MATOTEHA Ja Ou ce nHpuImpanae apyre jenuake. O0a myra npeHouema
cy OUTHE cTpaTeryje MpeXuBIbaBamka BUPyCe, HE CaMO 32 lbUXOBO MPUCYCTBO Y MUEIUE0] TOMyJIalnju

HETo U 3a oaprkaBarbe y mpupoan (Chen et al., 2006b).

Koju he HaunH npeHomema OUTH IpUMapaH 3aBUCH 0J] PU3MOOMIKUX U EKOJIOIIKUX YCIIOBa,
KajJa ce APYLITBO Hajla3u y 3ApaBUM YCIOBHMA, BUpYC fie mep3ucTHpaTH 3axBajbyjyhul BEpTHKAIHO]
TPaHCMHUCHjH Y JaTeHTHUM HH(peKnrjama, 0e3 n3a3nuBama HKaKBUX CUMITOMA. Y CYIpPOTHOM, Kaja cy
m4esie MoJ CTPECHUM YCIIOBUMA, Kao MITO je KOWH(EKIHja pa3iniuTUM IaTOreHUMa WITH je Y TUTamy
MamaK XpaHe, BUPYCH Mpelia3e Ha XOPU3OHTAIHY TpaHCMHCHjy. Benmka mnpolaykmnuja BHPYCHHX
NapTHKyJIa pe3yaTupa yrunyhem jeannku u Moryhum mpomnaaamem 1enor apymrsa. CaM MexaHu3am

HOMOhy Kojer ce BUpyce peakTUBHpPajy y IuesiaMa HHje IOBOJbHO UCTPAXKEH.



Tabena 2. Cascemax 00cadauirbux cazHarod 0 OUOTOUWKUM 0COOUHAMA BUPYCA MEOOHOCHE nueie, Ko

wmo cy nymeeu npeHoulerod, y()pyofcueafbe ca dpyeuM napasumuma/namoeenuma, cmapocHe

Kamezopuje nooyodcHe uHgeryuju u ce3oHcka unyuoenyuja. Mseop de Miranda et al. (2013).
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paralysis virus
Kashmlr bee KBV + - ? + + ~ ? + ? ? 2| +- +- | ++ +/+ + ++ +++
virus
Israeli acute APV . 3 " N N - 2 + 2 ? 2 Y R VR WIS + ++ ++
paralysis virus
Black_ queen BQCV + - ? ~ + ? ? + ? + 2| +- +/- +/+ +/- + +++ +
cell virus
Aphid lethal ? ? ? ? ? ? ? ? ? ? 2| 20?7 ?
paralysis virus ALPV ? ? ? ? 27 2 -/- +/7 +++ -
Big Sioux ? 2 ? ? ? ? ? ? ? ? 2| 207 ?
River virus BSRV ? ? ? ? 217 27 / +7 +++ ++
\I?ierzzzrmed wing DWV + - ? + + + ? + ? ? 2| +- +H- | ++ +/+ + ++ +4++
Varroa
. R ? ? ? ? ? . 8
destructor virus-1 VDV-1 + + + + + ? ? +/- +/- +/+ +/+ + ++ +++
Egypt bee virus EBV ? ? ? ? ? ? ? ? ? ? 20 ?? ?0? +? +/~ ? ? ?
Sacbrood virus SBV + - ? - ? ? ? ~ ? ? 20 w2 | 1+ +/- +~ | +++ 4 +
Thai/Chinese TSBV + 2 2 | 2 2 2 2 2 2 ? 2| U | HE | H- | 4~ ? ? ?
sachrood virus
Slow bee
- ? ? ? ? ? ? 2| . A
paralysis virus SBPV + + ? + ? ? 217 + +/ +/+ + + +
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satellite virus
Cloudy wing 9 - - ? ? 2 ~ ? ? ? ~ ~
virus cwv ? - ? ? ? -I- /- /- +/+ + + +
Bee virus-X BVX + ? ? ? ? ? ? ? ? R + | - - - |+ + +
Bee virus-Y BVY + ? ? ? ? ? ? ? ? + - -/- -/- -/- +/+ + +++ +
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Virus-1
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Sinai
Virus-2
Arkansas bee ABV 2 2| 2| ? ? ? ? ? P I T T T R R R N I ? ?
virus
Berkeley bee
picorna-like BBPV ? ? ? ? ? ? ? ? ? ? 20w | | o | ? ? ?
virus
Varroa destructor
Macula-like VdMLV ? ? ? + ? ? ? + ? ? 21 M 2? +? +? + ++ +++
virus
Apis mellifera
filamentous AmFV + ? ? ? ? ? ? ? ? + 2| - -/- -I- +H+ |+ + +
virus
Apis iridescent | 5\, 2 2| ~ |2 ? ? ? ? ? PR I 2 A VAR AR (VI e T
virus
+ (present) ~ (uncertain) ? (unknown)




2.3. Bupyc akyTHe mapajmse muesaa (ABPV)

V3pounuk je PHK Bupyc u3 ¢amumnmje Dicistroviridae. OBa Goisect je pacmpocTpambeHa
HajBumie Ha Tteputopuju EBpome m CeBeprne Amepuke. OpUTHHATHO jeé OTKPUBEHA TOKOM
1ab0paTOPHjCKUX UCTPAXKHMBAMHA Y3POKa acuMIIToMarcke HHpeknuje oapacux muena (Benjeddou et al.,
2001). OBa uHpeknHja MOKe OUTH MOTOpILIAHA, alld U aKTHBHPaHA O] CTPaHEe CTPECHUX (akTopa 3
OKpYykema Kao mTo cy uHpecranuja Varroa-om, 6aktepujcke nHeKIje, 3araleme 1 yecta ymorpeda
XeMUKaJMja ¥ MHCEKTHIMIa y nosbonpuspenu (Bakonyi et al., 2002a).

Bupyc ce yHocH y opraHuzaMm muene ¢ XpaHOM U pa3MHOXKaBa C€ Y Pa3IMYATHM TKHBHMA
Tena myene (y CTOMaKky, MacHMM henmjama, MO3Ty, SKOPEITHUM JKJe3laMa), a Kako OM HM3a3Bao
o0ospeme BUpYC Mopa Ja mpojape y xemonmumMpy maene. J{o 3apakaBama MpeKko xpaHe Moke Johu ako
cy henuje upera myene omreheHe y3poyHHIIMMA HO3eMO3€. AKYMYJIMPame BUPYCHHUX MAPTHKYJA Y
MO3ry U MoceOHO y xunodapuHreanum henrjama kao u aeTeknuja Bupyca y derecy (de Miranda et
al., 2010; 2010a) noka3syje MpeHOIICHE BUPyCa XpaHOM HH(HUIMPAHUM CEKPETOM W3 IJbYBauyHX
JKJIe3[a JIATeHTHO MHQUIMPAaHUX IMYella WM 3apakKeHHM IoJieHOM. Bupyc Moke a HamajHe cBe
CTaJiijyMe MEIOHOCHE ITdelie, anyu Hajuemhu JoMahwH 32 BUPYCHY MYNTHIDIMKAIHN]Y je CTaaujyMm
aytke (Chen et al., 2005a), wux uHUIMPajy XpaHOM OJpacie JaTeHTHO MHHIUpaHe muene. Tako
WHQUIMpaHe JlapBe WIM YIHHY Tpe 3arTBapama Jieria, ako Cy HHTeCTHpaHe BelMKE KOJIHYMHE
BUPYCHHUX TMAapTHKYJa, WU MPEXUBE U I0jaBe Ce Kao JIATEHTHO MHGuImpaHe oxpacie muene (Baile
and Ball, 1991). [lerekiuja ceKBeHI OBOT BUpyCa Y CEMEHY HaBOJIHO 3apaBux Tpyrosa (Yue et al.,
2006) ykasyje Ha MOTYhHOCT BeHepaJHe TPAHCMUCH]E.

[Mapasurcku kprnesb Varroa destructor urpa KpyuujajaHy yjiory y IIHpEHmYy OBOT BHpyca U
Kao0 BEKTOP M Kao aKTHBATOp JIaTeHTHE BUpycHe uHpekuuje (Bakonyi et al., 2002a). ABPV je nokaszan
Kao TnaBHH QakTtop yruHyha muena wHpecTupanux Varroa-oM m Kao TpUMapHH Y3poK yruHyha
crabux muenumuXx JApyiTaBa y Bume apmiasa (Bakonyi et al., 2002a). Bupyc ce napounto 6p30
pa3MHOXaBa y I4eJaMa TOKOM 3MMOBama M y TOYETKy mposieha, ma ce jaBjba HArjo y BpeMme
npoJichHOTr pa3Boja MUENnbe 3ajeHUIE, KaJ Ce UCTIPE]l KOITHHIIE 110jaBJbyje BEIIMKU Opoj YTUHYIHX
nyerna.

Cnuxa 4. Axymna napanuza nuena (Plavsa i Paviovié, 2017, npeyzemo u3z kruee aymopa)

KapaktepucTHuHH cHMOTOMH OBe OosiecTd cy: mysehe miame muene HCmpen KOIIHHUIE,
MOCTEINEHO C1alJbehe MPYIITBA, OOJECHE IMUese M3Jla3e M3 KOIIHMIEG, Majajy Ha 3eMJby, TETypajy,
CKyIUbajy ce y rommire, He Mmory ga monere (PlavSa i Pavlovié, 2017). Tlpu mudepeHnimjamHoj
JIUjarHo3u y 003up Tpeba y3eTH HO3EMO3y W 3auellbeibe IpeBa mosieHoM. O XpOHHYHE Mapain3e
myejia pasjauKyje ce 1Mo Beoma Op3oM yruHyhy 00oJieNux Idejia HAKOH I0jaBe KJIMHUYKUX CHMIITOMA
Oonecru.

Mepe 3amTuTe ce cactoje y cieneheM: muenuma ApyniTea 00oJiesa O akyTHE Mapajim3e
Tpeba mpe cBera TPETUPATH MPOTHB Bapoe, 3aMEHUTH MATHUILy, MPUXPAHUTH MchepHUM CHPYIIOM
(Plavsa i Pavlovi¢, 2017).
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2.4. Bupyc xponuuHe napanuse m4ena (CBPV)

V3pounuk je jeqHonmanuanun PHK Bupyc koju mpumaga rpynu HekiacH()UKOBaHUX BHpyca
damunuje Iflaviridae. Tlpsu nyT je uzomoBan 1963. rogune n obonenux muena (Bailey et al., 1963).
OBaj BUpYC MOKE Ja MeP3UCTHPa FoJMHaMa Kao JaTeHTHa HH(EKIHja, alu ce MOKe M YMHOKaBaTH 10
BUCOKHMX HHMBOA Yy M4elaMa W W3a3BaTH BHIJbMBY MHQEKIHMjy ca 3HauajHuM ryounuma. Ockynuna y
XpaHH, TEIIKe 3MME WIN JIOIIN BPEMEHCKH YCJIIOBH TOKOM JieTa MOry momohun u3bujame MH(peKuje
(Olivier et al., 2008a; 2008b).

Cnuka 5. A-ypue cjajue nuene; b- yeunyha ucnpeo xownuye. (Ribiére et al., 2010)

BunspuBa nH(EKIMja OBUM BUPYCOM CE KapaKTEpUILE ca J[Ba pasjinuuTa CHHIPOMAa KOjH ce
MOTY YOUMTH M KOJ Tuena u3 uctor apymrsa (Bailey and Ball, 1991). Hajuemhu ce kapakrtepumie
aOHOpPMAJTHUM JIPXTambeM KpWJIa M IEJIOT Tejla 3apakeHe Imdelie, HaJyTHM a0JIOMEHOM U IapIiHjaTHO
pallupeHuM M HETPaBUITHO TTOJIOKEHNM KpWJIMMa, ITo oHeMoryhasa neremwe. HagyrocT abnomena je
W3a3BaHa IMPOIIMPEHEM MEJHOT Mexypa TeuHomhy Koja yOp3aBa HacTaHak JHM3€HTEpHje, a
uHHULUpaHe MYesie yrHbaBajy 3a HeKOJIHMKO JaHa o1 nojase cummroma (Ribiere et al., 2007). dpyru
CUHJIDOM j€ OIMCaH Kao MojaBa Oe3/IayHUX, MAaCHOCjajHUX, IPHUX MamUX MYeia ca PEIaTHBHO
NpoIUpeHNM abaoMeHOM. 300T cBOje Pa3HMYMTOCTH, MH(pUIMpaHe myesie OMBajy HamagaHe Ol CTpaHe
3[paBHX ITYeJa CTpaXKapHIa, INTO YTHYE Ja M3IJIE/1ajy Kao IMuesie MubadKalnie. 3a HEKOJIUKO JaHa OBe
nyese ryde CrocoOHOCT JIeTeha, MOAPXTaBajy U yOp30 yrumanajy.

XpoHWYHA Mapajin3a HajBepOBaTHHUje HAcTaje yclieJ HEeypOTpOIM3Ma caMor BHpYyca, jep ce
50% oJn BHIlle MHJIMOHA BUPYCHHX MapTHKYJA, KOj& MOTY OUTH E€KCTPaxXOBaHE W3 jeIHE MPATU30BaHE
myejie, Haja3M KOHIICHTPOBAaHO y TJIaBU IMUelie, Koja IpeiacTaBba Tek 1/10 ykymHe TeXuHE Tesa
(Olivier et al., 2008a; 2008b). BupycHe mapTukyie cy mnpuMmeheHe y HEYpPOHHMa BHIIHX
WHTErPaIMOHKX IIEHTapa, Tj. ¥ MeYypPKaCcTUM TEIMMa U IICHTPATHOM KoMIutekcey. [leuypkacTa Tena cy
yKJbyu€Ha y 4Yyja, ydemwe, namhieme M KOHTPOIY MOTOPHUYKHMX MIa0jOHA, Kao IITO j€ XOMIame.
IleHTpaHH KOMIUIEKC je 3aJy)XEH 3a BHUINY JIOKOMOTOPHY KOHTpOJY, OPHjCHTAIMjy U peryiarujy
y36yhenoctn wmucekara (Olivier et al., 2008a; 2008b). BupycHe maptukyie ce Mory Hahu u y
JICIOBUMa MOXIAHOT TKUBA, XHUIMOMApUHICATHUM | MaauOyJapHHUM TaHriIHjamMa, Kao u Y
abmomuHaHUM U Topakanaum ranrujama (Olivier et al., 2008a; 2008b).

JlaGopatopujcka ucnUTHBama Cy JA0OKasana Ja ce BUPYC XPOHHYHE Mapajin3e BEoMa JIaKo
MPEHOCH Ha ITYeJie TOMMKAJTHOM aIllTMKAaIldjOM Ha TIOBPINMHY CBEXE OrojbeHe Kytukyse. lllTepuie,
NpEeHAaceJbeHOCT JPYIITBA TOTIHOMAaXKE IIUPEHe BUPYca JHPEKTHAM KOHTAKTOM 3I[paBUX U
napanuzoBanux jenuaku (Ribiére et al., 2007). CucteMcka aeTeKirja BUPYCHUX MAapTHKYJA y derecy,
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U CKCTIIEPUMEHTAITHO U TPHPOJTHO 3apaKEHUX ITYelia ca MO3HATUM CHMIITOMHMa 0OJIeCTH, MOTBphyje
OuTaH U3BOp 3araljerba )KUBOTHE cpeauHe y ApyitBy (Ribiére et al., 2007). O6onene myene u3nydyjy
BUPYC MPEKO CBOJHX JKJIE3/[a Y TEYHOCT KOja yJia3u y MEJIHE KECHIIe, TaKo Jia OBJIE HaJla3uMo HajBehy
KOHIICHTpAIIH]y BHpYyca, TOTOM HMH(HUIHMpA MPHUKYIIJEEHHU MOJIEH KOjuM ce MH(EKIHja IUpU Ha ApYyTe
jenunke. bonect ce jaBiba y mposiche M JieTo a mpecraje y jeceH. JleTekiuja Bupyca KOoJa MaTulia u
CBHX pa3BOjHX OOJIMKa HEHOT MOTOMCTBayKa3yje Ha MOIYNHOCT BepTHKalHE TpaHCMHCHje BHpyca
(Chen et al., 2006b). Nudekimja 0BUM BUPYCOM HHUKAJ HHUje MMoBe3aHa ca nHdecTanjom Varroa-om u
HHUKaJ HHje KOJI e J0Ka3aHo mpucycTBo Bupyca (Ribicre et al., 2007).

Ha ocHoBy knmHHYKE cIMKe ce TOCTaBjba CyMma Ha oboieme. OOe BpcTe mapanmse
JINjarHOCTHKY]y C€ XHCTOJOMIKHM M BUPYCOJIOIIKUM TperieqoM obonenux myena MmetogoM RT-PCR.

[MomTo je XpoHMYHA MYETHba Mapaju3a CTPecHa OOJEeCT HEONXOTHO je NPUMEHUTH
IMPEBCHTUBHEC MCPE: O6C36eI{I/ITI/I JOBOJbHY KOJIMYMUHY I10JICHA, KOUIHUIC 3alITUTU O[] jaKe CBCTJIOCTH,
JIeTa OTBOPHUTHU IIHUPOKO W 00e30eanTn mo0py BEHTHIAIM]Y, YHECEHY MEIJBbHKY TpebOa OACTpaHHTH,
0OJICCHY MAaTHIly 3aMEHUTH 31IpaBoM. Y Tepamuju naBaTu Ir Oakap cyndara (IJIaBH KaMmeH)/n
miehepHor cupymna/mienumbeM IpymTBy 2 myTa y pasmaky ox 7 nana (Plavsa i Pavlovié, 2017).

2.5. Bupyc memmunacror Jierya (SBV)

OBaj BUpYC MpeAcTaBIba HajpCIPOCTPAKLEHHI]Y BUPYCHY HH(EKIIN]Y, TIPBH YT j€ JETEKTOBAaH
1913. y CAZl (White, 1913). IIpunana damunuju Iflaviridae, poxy Iflavivirus, mecroyraonor o6suka
u npeunnka 30aM. Tepmonabunan je (ryou matoreHoct 3a 10 MUHYTa aKo je CyCIIeH/IOBaH y BOJIU Ha
59°C, a y meny Ha 70°C). ¥V mMeny napskaHOM Ha COOHOj TeMIapaTypd OCTaje BHPYJICHTaH IO TPHU
Mecera. Y TeYHOCTH KOja ce CTBapa y yrMHYJIMM JlapBaMa 0CTaje BUPYJICHTaH 10 Hexesby naHa (Plavsa
i Pavlovi¢, 2017).

SBV moxe wHQUIUpaTH WU JapBe W aaynte, anu Behu aduHuTeT MMa mpema Jeriy, Tie
JoJla3d 10 OOMMHE BHPYCHE peIUTMKaIlFje Koja y3pOKyje 3HadajHe MOP(OIIOIIKE TpOMEHe, Koje
nosoje mo yrunyha napsu (Berenyi et al., 2006). Cumnromu OGonectu ce npumehyjy y Bumy
HEMPaBUITHO pacropel)eHOM MOKIIOIUBEHOM JIerITy Ha KoMme cy omrehenn nokiaonnu (mpoOynieHn win
UCTPrHYTH) WM Cy ca TaMHHM MpJbama u Onaro ynernytu (Plavsa i Pavlovi¢, 2017). V henujama ce
Halla3e MPTBE JlapBe MENIMHACTOT o0iMKa. Bupyc ce pa3smHOXaBa y enmjepMaiHuM hienujama u
JKIle3JaMa KyTHKYJIe IITO 3a MOCIEAMIly MMa JIa JIyTKa He MOXe /1a ce 0cio00au Jaype na ce usmely
EHJIOKYTUKYJIE HaKyllJba TEYHOCT. Kama nyTka yrumHe W TOYHE Jia ce€ pachaja, KyTHUKyJa OcTaje
cadyBaHa M JIMYM HAa MEIIMHY HMCIymeHy TeuHomhy. Terno mema 00jy MoYeBLIM Of TJlaBe U TO OJ
OucepHo Oelie 10 CBETIIO JKyTe, a 0IMaxX HAaKOH yruHyha nounme 1a ce cymu u 00pasyje TaMHO OpaoH
JbyCKy y 00muKy O6poja (Grabensteiner et al., 2001).

upeme Oomectn ce Hajuemlie BPIIKM MPEKO KOHTAMUHHUPAHOT MeJa, 3JICTalkbeM ITdera y
Jpyre KOIIHUIIE, POjehbeM MM caM Tuenap npebalMBamkeM paMoBa W3 jeJHE KOIIHHUIE Y YTy,
npubopom, a y mHpermy BeoMa 3HavajHy yiory uMa u Varroa destructor (Plavsa i Pavlovi¢, 2017).
Oppaciie nuesie pa3Bujajy JTaTeHTHY MH(EKIH]Y, Koja ce KapaKTepullle jeMHO CKpalielkheM KUBOTHOT
Beka, Oe3 BusbMBUX cumnrToma (Grabensteiner et al., 2001; Berenyi et al., 2006). OBa nreHTHa
uH}eKIMja je BeoMa OMTHA 3a paclpOCTPamk-EHOCT BUPYCa 3aTO IITO C€ aKyMyJIMpa y IJIaBH ,a MOCeOHO
y XUMnoQapuHTeaTHUM KJIe3/laMa 3apaXeHUX IUesia HeroBaTeJbHIa, KOje Cy OArOBOPHE 3a MCXpaHy
napBu, omohy mHpekTuBHe xie3nane cekpeuuje (Shen et al., 2005). IllrtaBume, oxpacie muene
JICTCKTY]y W YKIIamajy JIapBe JaH- JBa HakoH yruHyha ox SBV, mok je BHUpyC M Jajbe MH(PEKTHBAH
(Shen et al., 2005). OBo yka3yje Ha MOryhHOCT HmpeHOIICHa BHpyca Ha OJpACe ITYelie HHIeCTHjOM
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JieJIoBa YTHHYJIHMX JIapBH, IMOCeOHO HHXoBe TeuHocTH. Koxm oBux pammmmna ce Beh mocie 24 carta
BHPYC Halla3dW y XUMNO(apHUHTHAIHUAM JKJIe3[laMa U TI0CTajy JaTeHTHO nHpuuupane. OHE UCIO0JbaBajy
MPOMEHY y MOHAIIaby — ry0e kKeJby 3a Y3UMarbe ToJieHa U yrumbaBajy op3o (Plavsa i Pavlovic, 2017).
Herexnuja Bupyca y nosery (Shen et al., 2005) notphyje MoryhHOCT mpeHOCa XpaHOM ca paauinia
Ha JIpyre o/Ipaciie muelie y KOUIHUIM, alli U n3Mel)y KolrHuIa rpabesxoM Witk MpedalBameM paMoBa
ca MeJIoM.

Cnuxa 6. Oboneno neano Cruxa 7. H32neo mewune koo SBV

(cnuxa 6.- Plavsa i Pavlovié, 2017, npeyzemo u3 kruee aymopa, cauxka 7.-WwWw.ent.uga.edu)

Bupyc memmHacTor jerjia je JeTeKTOBaH y BEIMKO] KOJWYMHU Y OJPACiIuM I4eiama H3
npyutaBa uHpectupanux Varroa destructor-om (Berenyi et al., 2006). Hajsummm HHUBO BUpyca Of
eKTOoIMapasuTa JICTEKTOBAH j€ Y YCHOM amapary u qurectuBHOM Tpakty (Shen et al., 2005). TTosutuBHA
Kopenanuja umely mpeBaieHIe OBOr BHpyca y y30pHMMa KpIrejba W y yOpIMMa OJpaciuX ITdesa
yKa3yje HaM Ha Moryhy yiory Varroa-e kao BekTopa oBOT 000sbera. DpeKBeHIa 110jaBJbUBakbha OBOT
o0oJsbera je MHoro Behia Tokom mposieha, kajia Movrmbe Ce30Ha JIeTia U KaJl je JOCTYIaH BEJIMKH Opoj
oceTJbUBHX JiapBu U Mitaaux muena (Grabensteiner et al., 2001; Berenyi et al., 2006).

Y MHOTHM 3eMJbaMa, CJIMYHO Ka0 U KOJ| aMEPHUKEe Kyre, YKOJIHMKO je O0JIeCT jaKo pallupeHa
BPIIIM C€ YHUIITABabe 000JIENINX APYIITaBa. Y JAKIIUM CIy4ajeBUMa BpIIU Ce MOTalamke paMoBa ca
JIETJIOM y BpeJIy BOJY @ OCTaTaK JPYIITBA Ce MPEMEITa y YUCTY U Je3uH(pUKOoBaHy KomHuIly cahe ca
YTUHYJIAM JIETJIOM Ce TIpeTara, a KOIHUIE U npubop ce ae3unpuxyjy 4% pactBopom dopmanuna 30
muHyTa. O IpoPUIaKTHIKKX Mepa Tpeba MPUMEHHTH HAAPaKajHO MpUXpamHBambe ca InehepHuM
cupynoM, nocedHo y majy mecerty (Plavsa i Pavlovi¢, 2017).

2.6. Bupyc nedpopmucannx kpuia (DWYV)

Osaj PHK Bupyc, u3 o¢amunmje Iflaviridae, je npeu mnyr usonoBaH y JamaHcKuM
MYeTUBAIlIMa KO/ OJIpaciiX MUena ca mapiujanrauM aedopmureroMm kpuia (Bailey and Ball, 1991).
Jenaw je ox HajpacTpocTpamkeHUjUX BUpYca Muelna y ceety, ocuMm OkeaHuje, nH(pEKIU]ja je 3a0enexena
y Adpunn, Asuju, EBponu, CeBepHoj u Jyxxunoj Amepuun (Allen and Ball, 1996). Hekonuko cryauja
je Tmokazanmo Ja wuHOpeKnHja myena BUpycoMm JjaedOopMHCaHUX KpHila ce Kapakrepuiie Behom
NPEBAJICHIIMjOM y OJHOCY Ha OCTale IYelIume BHpyce, 0e3 reorpad)Cckor orpaHudaBama. Y
O®paniyckoj 97% KomHWIA WMa ojpacie muene uduiupaHe OBUM BupycoM u y 100%
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uHdectupanocT Varroa destructor-om, ca mereknujom Bupyca uak u y kpuespy (Tentcheva et al.,
2004). HUctu ayrtop je ase roauue kacuuje (Tentcheva et al., 2006) ykazao Ha BHIy MpeBaJICHIIN]Y
DWYV undexiyje ko JIyTKe HEro KO OAaciuX myelna, kao U Ha noBehame dpekBeHIie nH EKIHje o
mponeha mo jecemn. OBe ce3oHcke Bapwjaudje y uHiuaenndju DWV cy Bume wm3paxkeHe Koj
CTajMjyMa JyTKe HEro KOJ OJpaciuX Muela, IITO je HajBepOBaTHHjE IMOCIEAUIA Mambe ePUKACHOT
MMYHOTI' cCHCTeMa JiyTaka Hero agynra. Jpyru ayropu (Sanpa and Chantawannakul, 2009) cy yBunenu
na je gak u 'y Tajmanackum komraumamMa DWYV genrthu o octanux Bupyca v MOTBPIWIN Cy YNHEHUITY
Jla je mpeBajieHIja y Jytaka Beha Hero koa amgynta. OBO UCTPaXHBambE j€ U3y3eTHO OUTHO 3aTO ILITO
je younmno mpucyctBo DWV Takohe m y xomHumama ciobomamm ox Varroa-e, mro ykasyje Ha
MOryhHOCT Ipyrux HmyTeBa MpPEHOICHha OBOT BHUpPYyCa, APYTUM XeMaTo(harHUM eKTOIapa3uTHMa Kao
mrro je Tropilaelaps mercedesae (de Miranda and Genersch, 2010b) wiau mpeko Maie KOIUTHHYMHE
oyse Aethina tumida, ko koje je yTBpheHO MPHCYCTBO BUpyca y KolmHHIamMa nHpuimpaanum DWV-
oM (Neumann and Carreck, 2010).

DWYV je Bupyca ca malioM maToreHoIhy u 4ecTo OJroBOpaH 3a JIATEHTHE WH(EKIHje Koje
MOTy Jia ce IojaBe HaKOH CTPECHMX CHUTYyaluja, Kao mTo je uHpectupanoct Varroa destructor-om,
MamakK M3BOpa XpaHe U JIole muenapeme. Bupyc je cmocoban ga nH(pHUIIpa CBE pa3BOjHE CTAIM]jyMe,
O]l jaja 70 ajayiiTa, MaKko TOKa3yje HajBUINY perutnkaimjy kox aytaka (Chen et al., 2006b: de Miranda
and Genersch, 2010; Plavsa i Pavlovi¢, 2017 ). Bupyc je 4ak H30JI0BaH M3 HEOILIOHEHHUX jaja, IITO
jacHO ToKa3yje Ja ce MOXKe MIPEHOCUTH BEPTUKAITHO, H30JI0BAH j€ U U3 CIIEPMe TPYTOBa, IIPEKO KOje ce
uHduIMpajy jaja npuiukoMm ormiohema (Plavsa i Pavlovi¢, 2017). 3a Bpeme JapBeHOTr cTaaujyma
JAWB Bupyc ce Moxe MpeHEeTH MpPEeKO XpaHe, OAHOCHO MpeKo Irdena Koje xpane mapse. JlyTke
WHQHUIMPaHE OBHM BHPYCOM MOTY JIa C€ Pa3BHjy Y aCHMITOMATCKU WJIM CUMITOMAaTCKH WHPHUIMPaHE
oJipacie Im4eJe, ITO 3aBUCH O]l IPUCYCTBA WM OJICYCTBa CTPECOTeHa, 00€ rpyIie Mmieia UMajy 3HaTHO
ckpahen xuBoTHH Bek (Bailey and Ball, 1991).

Cnuka 8. ITuene ca oegpopmucanum kpuauma (WwWw.ars.usda.gov)

Bupyc nedopmucannx kpuia je jeqaH oj PeTKHX BHpYyca KOju M3a3uBajy m00po yTBphene
cuMnTome OosecTr. KapakTepuCTHYHN CUMITTOMH NIPECTaBIbajy CMambeHa Kpuiia, ITo oHeMoryhasa
JIeTeHE, CMahEhe BIMUMHE Tella ¥ TUCKOJIOpAIrje KO OIpacinX myeina. MexaHu3aM HacTaHKa OBHX
CHMIITOMA y CTPECHHM CHTYallljaMa HHje jOIl pa3jallimbeH. Y CBaKOM CIIy4ajy, THITUYHH CUMIITOMH CY
yemhy y muenumanuma uadectupannm Varroa-om (Tentcheva et al., 2004), xpress je oaroBopas 3a
HIMPEe BUPyca XeMOIUM(OM y CBa TKHBa M peakTuBalnjy BupycHe undexmje (Fievet et al., 2006).
Hexonuko ucTpakuBama je AeTEeKTOBAIO KO-UH(DEKIHje IpylITaBa BUPYCOM Ae(hOPMUCAHUX KpHJIa H
IpyruM maennmuM Bupycuma (Sanpa and Chantawannakul, 2009).

Cymma Ha OOJIECT ce MOCTaBJhba HAJA30M MUeNa ca JePOPMUCAHUM KPHUJIMMA U TIPUCYCTBO
Varroa-e. Bupyc ce noka3syje u3 muena merogoM RT-PCR. He moctoju amexBatHa Teparnuja 000sbeiba.
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2.7. Bupyc upHor matuumbhaka (BQCYV)

V3pounuk je PHK Bupyc u3 damunmje Dicistroviridae, pox Triatovirus, opurusaimHo je
M30JI0BaH M3 YTUHYJHX JIAPBHU U JIyTaka MaTHIle U3 MOKJIoMIbeHux henuja (Bailey and Woods, 1974) u
J0Ka3aH Kao Hajuemrhu y3pok yrunyha mapeu maruie y Aycrpanuju (Benjeddou et al., 2001). Osa
BUpycHa nH(peKkuyja je Takohe nerekroBana u 'y Amepuun, EBpornu, Asuju u Adpunu (Allen and Ball,
1996). Kog nu(uIupanux ApymTaBa, BUPYC je paclpocTpameHuju Mel)y amxyntuma Hero Ko JiyTaka
(Tentcheva et al., 2004), 1ok cy KIMHUYKY 3HAYajHUjU je YTUIA] HA pa3BOj JIapBe M JYTKE MaTHUIIEC,
KOje Cy IpuMapHH JoMahWHU OBOT BHpYcCa.

Bupyc npHux MaThumaka MaHH(ecTyje ce MojaBOM IpHE CKpaMe Ha 3y MaTHYbaKa Y
KOME Ce HaJla3d MPTBa MPEUTyTKA WU JIyTKa MaTHIle. Y PaHOM CTaujyMy, 000Jesa MpeaayTKa THIu
Ha MEIIMHACTO JICTJIO U MMa BHUIIE OJiea0 KyTy 00jy, a TCUHH JCO CaIpKU MHOTO YECTHIAa BUpyca
(Bailey and Woods, 1974; Plavsa i Pavlovi¢, 2017).

Cnuka 9. Oborenu mamuurvayu (Plavia i Paviovié, 2017, npeyzemo u3 kruce aymopa)

Cryauje ca eKcriepuMEHTATHUM WHQEKIHjaMa Cy JTOKYMEHTOBaJle Ja Ce BHPYC YMHOXKaBa
yuM ce ammkyje y JayTtky (Bailey and Woods, 1974). Mehyrum, oBaj BHpyC je crmocobaH aa ce
YMHOKaBa y OJpaciuM IT4eiamMa aKko Ce MHIecTHpa ca cropaMa mapasurtcke ripuBuiie Nosema apis
(Tentcheva et al., 2004), koja uHpUIHpPa cpearbe IPEBO amyiaTa M MoBehaBa OCET/HUBOCT TOT Jeja
qurecTuBHOT TpakTa Ha nHpekunjy BQCV-oMm. YucTuHy, BakHa YMIbEHHUIA je M TO J1a MHUUACHIH]ja
undexmje/undecrammje BQCV u Nosema apis y nuenumuM JpyImITBAMA JOCTHKE CBOj BPXYyHAII
tokoMm mposeha u panor jera (Allen and Ball, 1996; Benjeddou et al., 2001).

BQCV je crnocobaH fa ce mpeHece Ha Hau3riel 3jpaBe 0ej10 10 JbyOMYacTOOKE TPYTOBE H
pamunadke nytke (Benjeddou et al., 2001). JleTeknuja ceKBEeHIM OBOT BUpyca y (delecy MaTHie U
tkuBy npeBa (Chen et al., 2006a; 2006b) noka3yje mpeHOC BHpyca XpaHOM, INTO YyKasyje Ha
MoryhHOCT WHQEKIMje MATHYHOT MOTOMCTBA MHQUIIMPAHOM JKIIE3IaHOM CEKpPEIjOM HEeroBaTeJbUIla
ToKOM Xpamema (Bailey et al., 1982). Jlo manac nocroje pa3uuura MHILBEHA OKO yiore Varroa
destructor y oBoj mubekmju. M3y3erak cy y3zopiu Varroa-e u3 TajlaHICKUX TYEIHbaKa ¥ KOjuMa
HUje JeTekToBaH oBaj BUpyc (Chantawannakul et al., 2006).

Bupyc npHux Matuumaka ce aokasyje merogoM RT-PCR. He mocroju agexBaTHa Tepamuja
obosema.
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2.8. Kammupcku Bupyc muesia (KBV)

V3pounuk je PHK Bupyc u3 ¢pamunuje Dicistroviridae, pox Aparavirus. OBaj Bupyc je npBu
IyT JETEKTOBaH Koa asmjcke muene Apis cerana u3 Kammvupa (Bailey and Woods, 1977), mmpoko je
pacnpoctpamen y Ayctpanmuju u CAJl, rae je enaeMcku, HOK je y EBpomu perko 3abenexeH
(Tentcheva et al., 2004; Berenyi et al., 2006). Kao Behuna Bupyca u3 oe pamuiuje, KBV nepsucrupa
y HACKUM THUTPHMa y HauW3IJIE/ 3[paBUM IPYIITBUMA, TOK HEKOJIMKO CTPECHUX (haKTopa HE aKTHUBHPA
YMHOXaBamhe BUpyca INTO JOBOAM A0 yrumyha apymrsa (de Miranda et al., 2010). HeckpuBena
nH(EKIMja KaIIMIPCKAM BHPYCOM CE€ MOXE JAECUTH KOJ Pa3IMdIATHUX Pa3BOjHUX CTaAMjyMa maena 6e3
jacHO AeduHHCAHUX CHMITTOMa OoJecTH. Y MPEeTXO0IHO] ACIEHUjU 0Baj MOTEHITHjaTHO JIETaJaH BUPYC
j€ moctao OUTHUJU Kao jeJaH OJ HEKOJIHMKO BHpYcCa OJMCKO MOBE3aHUX Ca MPOMaJamkeM JpYIITaBa U
muennmanMa napectupannM Varroa-om (Ball and Bailey, 1997; de Miranda et al., 2004; Ribiere et
al., 2008; de Miranda et al., 2010a, 2010b).

KBV je reHeTHYKH M CEpOJIOIIKH OJIMCKO IMMOBE3aH Ca BUPYCOM aKyTHE Mapaju3e Idesa
(Allen and Ball, 1996; de Miranda et al., 2004), oBa Bupyca Cy OTKpPHBEHH Ka0 KOHTAMHHAHTH TOKOM
crymuja o npenorrery CBPV (Bailey et al., 1963; de Miranda et al., 2004). O6a Bupyca cy croco6Ha
Jla U3a30BHU KO-MH(EKITH]y UCTOT APYINTBA, Ma Yak u ucte muene (de Miranda et al., 2004).

VY ekcriepuMeHTATHUM WHQEKIjaMa KallIMAPCKU BHPYC je M3y3€THO JIETANaH MO0 axynTe H
napse (Ball and Bailey, 1997; de Miranda et al., 2004; Ribiere et al., 2008; de Miranda et al., 2010a,
2010b), cam0 HEKONHMKO BHPYCHUX YECTHIIA je MOTpeOHO 3a mHpekuujy, a Mame ox 100 gectuma
n3aszuBa yruayhe Kpo3 HEKOJIHMKO JaHa, UCTH edekaT ce Moke mocTuhu JaBameM XpaHoMm oko 1011
BUpYCHHX MapTuKysa o myeiu (Bailey et al., 1963; de Miranda et al., 2004; Ribiere et al., 2008; de
Miranda et al., 2010a, 2010b). YV npupoaHoj nHBEKIMjH OBaj BUPYC HAmaja CBE CTadjyMe KHBOTHOT

[MKJIyCa IM4eja u MeP3UCTHpa y Jery U JlaTeHTHO uHduimpanum aayntiuMa (de Miranda et al., 2004,
2010a, 2010b).

Cnuxe 10. u 11. Iuene obonene 00 kawmupckoe supyca (Plavsa i Paviovi¢, 2017, npeyzemo u3 kmuee
aymopa)

IIpeHoc BUpyca KOJA MPUPOJHO HHPHUIMPAHUX MUeEia MOXE OWTH OJWIPaH HA Pa3THYUTE
HaunHe. JleTekiyja BUpyca y XpaHH 3a JIErJIo, M1y, MaTHYHO] MJIeud U ¢eriecy noTBphyje opaliHy
TpaHCMHCH]y KOHTAMUHHPHUM H3BOpUMa Xpane y npymrtsy (Shen et al., 2005; Chen et al., 2006a; de
Miranda et al., 2010a, 2010b). [leTekumja BHpyCHOT reHOMa Kox Varroa-¢ m y meHOj IUbyBadHO]
CEKpEIUj | yKa3yje /1a 0Baj KpIiejb MOKe OUTH BeKTOp KarmMmupckor Bupyca (Shen et al., 2005).
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[Tocnenmux romWHa KAIIMHPCKH BHPYC j€ MTOKa3aH Kao HAjOWTHHJH MapKep CHHIpPOMA
mecranka myena (Colony Collapse Disorder- CCD) (de Miranda et al., 2010a, 2010b). CCD ce
KapakTepuile Op3uM T'yOMTKOM TOMyJalyje OApaciux Mmueia y APYIITBY. Y MOCIEIHBEM CTaAHjyMy
KoJIarca, MaTHIIa je OKpY)KeHa ca caMO HeKOJIMKO MiIaaux ofpaciux maena (Maori et al., 2009). Osaj
CHUHIPOM MpeAcTaB/ba 030MJbHY MPETHY CBETCKOM IUENapCTBY U IMOJHONPHUBpEAU, a TyOUIH ycien
Bera (IUpeKTHH W MHIUPEKTHH) AOCTIKY 75 munujapau ponapa (Maori et al., 2009). [Ipenctojehn
10Ca0 je Ja ce YTBPJIM TavyHa YJiora KalllMAPCKOT BUpyca y OBOM CHHIpoMy U Moryhe ydemihe apyrux
OMOJIOIIKUX U (haKTOpa OKOJIMHE KOju OM MOTJIU J1a UMajy OuTHy yiory y mupewy CCD-a.

2.9. ITyeauma aHTUBHPYCHA 0A0paHa

TexxnHa uHQEKNMje je peryiucaHa MMYHOJOUIKMM OATOBOPOM IYelia, ajld U yTUIajeM
JONATHUX OWOTHYKMX M abwoTmukmx (akrtopa. OBme hemMo HariacuTH HUCTpaXKWBama Koja Cy
JOTIpHUHENIa TPEHYTHOM pa3yMeBamy aHTuBUpycHe oOpaHe myena. PHK Bupycha mnHbekuuja noBoau
nmo mpowmsBoame MIPHK wmonekyna (pemnmkatuBHE wuHTepMenujepa Bupyca, PHK cexynmapae
ctpykrype, WPHK renoma) y hemmjama momahwnna. [IpemoznaBame mnPHK (mBomanwana PHK) on
ctpane PRR (protein recognition response) momahuHa, WHAYKYyje ClIEUU(QUYHE AHTUBUPYCHE
oaroBope. MexaHu3aM MMUENHbe aHTUBHpYCHE on0paHe ykibyuyje PHK wuntepdepenunjy (RNAI),
EHJIOIINTO3Y, MEJaHW3aljy, CHKaIlcyjanujy, ayrodarujy M odyBaHe HMyHE MyTeBe YKIby4yjyhu
Jak/STAT (Janus kinase/signal transducer and activator of transcription), JNK (c-Jun N-terminal
kinase), MAPK (mitogen-activated protein kinases) u NF-kB mocpemoBanu Toll u Imd (immune
deficiency) myresu (Evans et al., 2006; Brutscher et al., 2015). Hayune ctyauje xox Juntepa, unju je
mozen opranmzam Drosophila melanogaster u matoren-nmpeHocHu Komapim, 06e30el)yjy okBup 3a
pa3yMeBame IMUEIUbe aHTUBUPYCHE 3amTure. Mel)yTUM, mocToje 3HauyajHE pa3jiMKe, Kao INTO je
UCTaKHyTHja yjora cekBeHTHO Hecrnpeuuduynnx, dSRNA (aBomanuyana PHK) aktuBupanux, BUpyC
JUMUTHPajyhuX OAroBOpa KOJ MEJOHOCHHUX muena u OymOapa. OBU BHpYC JuMHTUDPajyhu oaroBopu
KOJI T4eNa Cy HaJlWK MMYHUM OJITOBOpHMA JPYrHX OecKMUMemaka (OCTpHre, MIKaMIld, IMelrdaHe
MYILHIIE,..), aJTd 1 HHTEP(HEPOHCKOM OJroBopy Kox cucapa. Canammba u Oyayha ucTpakuBama UMajy
3a Wb J]a pa3jacHe MeXaHW3Me AaHTHUBHpPYCHE OJ0paHe Imuenia, IITO MOXKE BOJHWTH Ka pa3Bojy
cTpaTeruja 3a yolaxkaBame ryouTaka myena.

Kackane curHaiHe TpaHCAYKILHUje PETYJHIIY €KCIPECH]y IeHa, YKJbydyjyhin oHe KOju cy
BEPOBAaTHO YKJbYYEHH y orpaHuuaBame MH(pekiuja myena (Brutscher and Flenniken, 2015), nako je
Majio CcTyAMja 00jaCHUIIO YJIOTY MOTCHLHUjaHUX aHTHBUPYCHUX €(EKTOPCKUX MPOTEHHA KOJ IT4eia
(Brutscher et al., 2017). ®dynkiuja reHa KoJ IMueida ce y BEIMKO] MEpPH 3acHHMBA Ha yiiorama
OPTOJIOTHUX T€Ha y MOJICTHMM opraHu3mmuMa, yksbyuayjyhu Drosophila melanogaster (Kingsolver et
al., 2012). Ha mpumep, Drosophila melanogaster koaupa tpu NF-KB dakropa tpanckpumimje (relish,
dif u dorsal) xoju cy yk/bydeHH y eKcrpecHjy cremupuyHux aHTUMHUKpOOHHX mentuaa (AMPS).
MenoHocHe myene uMajy aBa TiaBHa (akropa Tpanckpumnmmje NF-KB (relish u dorsal) koju cy
nojjeanako yksbyuenn y Toll u Imd nmyreBe, Henocraje um dif, anu koaupajy 1Ba 1op3aiHa XOMOJIOra
(dorsal-1 u dorsal-2), a nocroje u aBe u3opopme nopsannor-1 (dorsal-14 u dorsal-1B)(Lourenco et
al., 2018). Axrtmeanmja Toll m Imd myreBa momehasa ekcmpecujy defensin-1, hymenoptaecin-a
(xumenonrepa criermpuaan AMP), mok o6a myT ympaBibajy ekcrpecujom abaecin-a (Lourenco et al.,
2018). Ynore AMP-a y oxOpanu nomahmHa Haj0OJbE CE OMUCY]Yy Y KOHTEKCTY OaKTEPHjCKHX W
TJbUBUYHUX WH(EKIHja Tae TH KaTjOHCKW TEeNTHAM JAeNyjy TaKko INTO pa3apajy mMeMOpane henwja
narorena (Danihlik et al., 2016). ®ynkuja AMP -a y BupycHO] MH(EKIMjH joII yBEK HHUje MO3HATa,
MaKo CITy’Ke Kao o0enexje aktuBamuje umyHor myra (Danihlik et al., 2016).
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ITocToju HEKONMKO WH3BEIITaja O TNeprypOanyjamMa TPAHCKPUIIIIHOHOT HHBOA KOje CYy
noBe3ane ca BupycHoM uHpekmjom muena (Brutscher et al., 2017). Mako ce oBe cTyauje pa3iukyjy y
BUJly BHpYycCa, NyTeBa HWH(EKIHUje, WHOKYJIMPAHMX HACYNpOT HH(EKIHja CTCUYCHUX HA TEPEHY,
CTapOCTH IT4eNa, JaTyMy Y30pKa U Jia JIH j€ MMPUCYCTBO WH(EKIINja UCTIUTAHO TN He, OMIIO je OIIITer
noKJIanama ykJbydyjyhn mnoBe3aHy ekcrpecwjy Hekomuko AMP-a (apidaecin, hymenoptaecin,
abaecin, lysozyme u defensins), umynux resa (mpoteuH 3a npeno3HaBawme nenrunoriukana (PGRP) -
S2; TEP; npodenonokcuaasa), pakropa tpanckpumimje, kommnoneHtn RNAI mamunepuje (dicer u
argonaute-2) u mudepeHIrjaiHe eKCIpecHje reHa YKJbYUeHHX Y MeTaboJMuKe MyTeBe W henujcKy
mudepennnjanujy (Rybov et al., 2014, 2016; Brutscher et al., 2017).

Hexkonuko cryaumja je yrBpamio aa je nporeu lethal (2) essential for life-like, xoju komupa
OpPOTEHH W3 MOPOAMIEe MpoTenHa Mayor TormotHor moka (Hsp20) apyrauwmje ce ekcmpecyje Kox
BUpycoM uHuimpanux myena (Brutscher et al., 2017). Pa3znuuuTa ekcrnpecuja OBHX U APYTHX
nporenHa u3 Hsp20 mopomuie mporenHa KoA WH)HUIMPAHWX ITYeNa je BPIIO MHTEPECAHTHA jep je
,,OJTOBOP Ha TOIUIOTHH IIOK* M3y3€THO BayKaH aHTHUBHUPYCHHU oaroBop kox Drosophila melanogaster
(Merkling et al., 2015).

Wudexumja BupycoMm aedpopMucaHMX Kpuia je HajaeTabHHje HWCTpaKEHa BHPYCHA
ungeknyja muena (de Miranda and Genersch, 2010). DWV unduimpa u jiapee u oapacie myeie, a
BUCOKH HHBOHM HH()EKITHje KO JTapBU MMajy 3a pe3yarar aedopmureT Kpuiia kox amxyiara (Rybov et al.,
2014). UcniutuBame maToreHe3e OBOT BUPYca ce KOMIUIMKYje CHHEPTUCTUYKH HEraTUBHUM eeKkTuma
nHpecTanmje Varroa-oM ¥ MpPeHOCOM BHpYyCa OBHM Iapa3uToM, Kao W omrehemeM aHTHBHPYCHOT
NF-kB/Dorsal-1A myra kao pe3yirar H3JI0KEHOCTH MYella HEOHUKOTHHOMIHAM HHCCKTHIMIHMA
(xmotnanuaua u umugakmonpua) (Di Prisco et al., 2013). Hexonuko cryauja je 3ajeHO yKasaio Ha
kbyuny yimory NF-kB/Dorsal-1A nmyra y orpanuuaBamy BUpycHe MHGEKIHje, YKBYUyjyhu crymuje
KOje Cy yTBpAWje Ja cMameHa ekcripecrja Dorsal-1A, u ekcriepuMeHTaIHO U PUPOIHO, (haBOPH3Yje
nposudepanujy Bupyca (Nazzi et al., 2012). IItaume, NF-KB/Dorsal-1A nyt peryiuiie ekcrpecujy
Amel/102, y nuTamy je IMyHH T'eH KOjH je BEPOBATHO YKJbYUCH y MEJIAaHM3AIMjy W CHKAICYJIAIH]y,
EKCIIPECHja OBOT I'eHa je CMambeHa O/ IYesia 3apakeHHX BUPYCOM JedopMucanux kpuia (Zanni et al.,
2017). HuBou undecranuje Varroa-om u BUpycHe HH(EKIHje Cy YeCTO y TUPEKTHOM OJHOCY, Maja
umyHoJoku oarosop Bapupa (Rybov et al., 2014; Zanni et al., 2017). Ha npumep, kaga muene
3apakeHe Varroa-om umajy Hucke HuBoe Bupyca DWV, ekcnpecuja rena y Toll myrty je mosehana,
JIOK Cy BUCOKH HHBOM BHpYyca MoBe3aHu ca mudenmujanom ekcrpecrjom rena y JNK myry (Zanni et
al., 2017). Topen tora, RNAI je ykipydeH y koutpoaucatbe DWV wunbexnmje, mro mpokasyje
npou3Boama BUpycHHX SiIRNA y muemama 3apaxennm DWV (Rybov et al., 2014) u nosehana
LUTOMATOJIOTHja, Kao U obube DWV y koHTHHYyHpaHO HHOHUIMpaHO] henujckoj JIMHUJU HAKOH
tpermana mohuuM RNAI naxuburopom (cricket paralysis virus-1A protein) (Carrillo-Tripp et al.,
2016). Excniepumentanno yBohewe DWV-nmpane 11PHK (dsRNA) cmamuio je o6osbeme BUpycom
neopMuCcCaHuX KpHITa, Ka0 U CMPTHOCT KOJI JIapBH U oapaciux muena (Desai et al., 2012; Rybov et al.,
2014).

HyrputuBam cratyc u meraboim3aM Takolje yTUUy Ha HCXOJ BHPYCHHX WH(EKIHja KOI
nuena. Hekonmko  TpaHCKPUNTOMCKHMX — CTyOvja O BHpPYCMMa WHHUUMPAHUM  [yenama,
UACHTU(OUKOBAJIO je qudepeHIrjaiHy eKCIIPECH]y I'eHa YKJbYUYEeHHX y MeTaOOoJIMYKe Mpoliece, 0K Cy
myene Koje Cy XpameHe XpaHOM BHIIET KBAINTETa HMMalie HIDKE HHUBOE BUPYCHOT onrepehema
(Brutscher et al., 2017; Zanni et al., 2017). Ilopen Tora, HemaBHe cTyauje cy mokasaine na Karp
KaHaJl, KOjH pearyjy Ha MeTtaboiuuke mpoMene y hemuju (penatusae auBoe ATP-a i ADP-a), umajy
yJory y orpann4aBamy BupycHe uHdpekuuje (O'Neal et al., 2017). KonkpeTHO, METOHOCHE ITYelIe KOje
cy xpameHe Karp- aroHucTMa, mpe KOHTaKTa ca BUPYCOM, NPEXKUBEINIE Cy AyKe M UMaje Cy Mambe
HHMBOE BUpyca y mopehey ca HeTpeTupaHUM ITYeIaMa WK IuesiaMa Koje Cy XpambeHe aHTarOHNCTHMA
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Katp mpe umnudexmnumje Bupycuma (O Neal et al.,, 2017). Hajmame jemma crymmja o Drosophila
melanogaster moBe3yje MeTaboaHuKy (GYHKIMjY ca aHTHBUPYCHHM UMyHHTETOM cyreputinyhu ma Karp
KaHaJIM KOHTPOJIUIIY BHUPYCHY MH(DEKIHjy Ha Taj HauuH wTo ox wux 3aBucu RNAI (Eleftherianos et
al., 2011). bynyhe crymuje he oapemutu na jau Cy MpOMEHE y METabOIHuKOj (YHKIMjH pe3ysiTar
AHTUBUPYCHOT OATOBOpa NoMaliMHA WIIM €HEPreTCKUX MOCNIEAHIAa BUPYCHHX WH(QEKIHja, ald OBH
pe3yiiTaTH 1ajy jacHy Be3y u3Mel)y MeTaboau3Ma MeOHOCHUX ITUelia U aHTUBUPYCHE oa0pane. OBo je
3amamyjyhe, ¢ 003MpoM J1a MPUPOJHO 3apakeHe IMUelie, YaK U aCHMIITOMATCKeE ITdelie, pyTHHCKH HOCce
BUILIC O]l MIJIMjap/ly EKBUBaJIeHaTa BUPYCHUX reHoMa o numuBuayH (Runckel et al., 2011), ckpuBene
DWV wundeknuje cmamyjy ayropeunoct (Benaets et al., 2017) u ekcripecujy UMyHOT reHa MEIOHOCHE

nuesne, MITO je MOBE3aHO ca MEeTaboJIM3MOM W BapHpa Yy 3aBHCHOCTH Of ce3oHe (Steinmann et al.,
2015).

Cnuxa 12. Ilymesu umynoe o02osopa medoHcue nueie. Mzeop McMenamin et al. (2018)
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2.9.1. Bupycnom miPHK-akTtuBupanu aHTUBHPYCHHU OJITOBOP KOJ MEJOHOCHUX IT4esa, YKIbyuyjyhu
cexBeHTHO cnenruuny PHKu u cexBeHTHO HecenuduyuHe myTeBe

Tokom penmkaruje, BehrHa Bupyca npousBoau ayre cermeHre MIPHK (permukaiimonu
uarepmenujepu jaPHK u cexynnapue crpykrype PHK y ayrum tpanckpuntuma cBux BUpyca), KOjU
cy mpemo3Hatd, oj crTpaHe momahmuoBux mMIPHK-esyjyhux mporemna, xao PAMPS (pathogen-
associated molecular patterns). IlpenosnaBame BupycHe mIPHK, om crpane nomahuna, moxe
pE3yNTHpATH aKTHUBAlWjoM CeKBeHTHO crermpuune PHKu w/mmm npyrum aHTHBHPYCHHX HMYHHX
myreBa (Jak / STAT, Imd u JNK) (Brutscher and Flenniken, 2015).
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2.9.2. AutusupycHa PHK unTepdepeHimja Me0HOCHE TUesie

PHKuw je mocT-TpaHCKPHUIIIMOHN MEXaHU3aM 33 YHUIITaBamhe CEKBEHTHO CHICU(UYHUX TeHa,
KOjU je YKJbYUeH Yy peryiucame ekcrpecuje rera y Behunn opraamsama (Ding, 2010). Iloctoje Tpu
pazmuunta PHKu nmyra, mukpoPHK (MIRNA), nusuPHK (piRNA) u kparka untepdepupajyha PHK
(SIRNA) nyresu (Ding, 2010).

kuPHK myT je BakaH aHTHUBHPYCHM MeXaHHM3aM oj0paHe OWibaka, IJbHMBa, HEMAaToda H
aptporoga (Ding, 2010). Vkparko, mutocosicka BupycHo mpousBenena MIPHK je mpemosnata u
OTIEIJbCHA On cTpaHe ecH3uma Dicer enmonykiease (Dcr), y 21-HyKJICOTHIOHY, KpaTKy
unreppepupajyhy PHK (SIRNA). Koja ce 3atum nynn y PHK-uHayKOBaHH KOMIUIEKC 32 YHUIITABAE
(RISC) koju caapsxu nmporenn Argonaute-2 (Ago2). Hakon tora y RISC-y, jenan on kuPHK nanaia
ocraje BesaH 3a AQ02 (nmaHal-BOAWY), JOK je ,,IyTHHYKH 1e0 aerpaaupan onx crpane AgQo2 u
enmonykiease C3PO (component 3 promoter of RISC) (Liu et al., 2009). Jlanan-Boauu ce Besyje 3a
KOMILUIEMEHTapHY 1MJbHY jenHonandyany PHK, mto moBoau no Ag02-mocpeaoBaHOr Ienama HiJbHe
PHK (Ding, 2010). Autuupycua ynora PHKu je npBu myT 3a0enekeHa KO COJMTapHUX MHCEKAaTa,
yksbyuyjyhu Drosophila melanogaster unpunupane ca FHV, xoju je jemnomandanum PHK Bupyc
no3utuBHOr Haboja (Li, 2002). Kacuuje, MyBe koje Hucy umane AQ02, cy ce IMoOKazale Kao
XUIEpCeH3UTUBHE Ha BUpYcHY nHdekuujy (Van Rij et al., 2006).

VYnora PHKu y aHTHUBUPYCHOj OI0OpaHU MEIOHOCHHX IT4esia je JEeMOHCTpHpaHa Y
mabopaToOpHjCKUM eKCIIEpIMEHTHMAa KOJA T4eia W/WIW JapBe, KOjH Cy CTHUMYJHCAIN BHUPYCHO-
cnermuduuny IPHK, nmane cy cmamene HuBoe Bupyca y nopehemy ca konTponama (Flenniken and
Andino, 2013). Ogapacne nuene ca crumyiucaHoM |APV-cnennpuunom mnPHK wumane cy mamn
MOPTAIUTET U Mame BupycHo ontepeheme (Chen et al., 2014) nakon |APV undekuuje y mopehemy ca
myejiama KoJl KOjuX je CTUMyJHcaHa cekBeHTHo Hecnenuduuna anPHK. Mcto Tako, mapBe koj ojux je
ctumynucana DWV-cniemudrana miPHK npe wHokymanuje BUpyca, uMaine Cy CMameH IpOIeHAT
nedopmuTeTa Kpriia u HIDKe onTepeheme BUpycoM Hero japse ca Hecnenuduanom IPHK (Desai et
al., 2012). Hcra cryauja je yTBpawia ga ojpaciie mueie koje ¢y crumyiucane maPHK- DWV mpe
MHOKYJaIMje BUpyca, Cy cMamwie BUpycHO ontepeheme u mosehase qyroBedHoct, y nopehemy ca
3apakeHuM muenama. OBe JiabopaTopujcke cTyauje ¢y 3ajenHo nokazane na kuPHK w/wmn miPHK
MOTYy OMTH KOpUCHE Y aHTHBUPYCHHM TpPETMaHWMa, UAKO Cy Apyre crynuje mokasaie na je anPHK
UMaia 1oJaTHu OuoJIomKy ytuiaj Ha muene (Brutscher et al., 2017). Y3opiwm myesna u3 KoJOHHja ca
cunapomom Hectanka muena (CCD) m HenpomemeHHX KoyoHHja campxe BupycHe kuPHK, mTo
yKa3zyje 1a cy 4ak u 'y konrekcty CCD-a nmuene nokpenyne PHKu nocpexoBan aHTHBHPYCHH OATOBOP
(Chejanovsky et al., 2014). Ilopen cera, PHKu mocpenoBana penykiuja ekcripecHje reHa Idena,
1ocTaja je KOPUCHO CPEICTBO 3a MCTpaXkMBarbe (YHKIMje T'€Ha Ha pa3IMuYMTHM Pa3BOJHHM (azama
MEIOHOCHE Tuene, YKby4yjyhu emOpuone, napse, iytke u agyare (Di Prisco et al., 2013; Brutscher et
al., 2017).

2.9.3. CexBentHo Hecnienupuyan IPHK-mmocpeoBan aHTUBUPYCHU OJrOBOP MEIOCHHX ITYeIa

ok je cekpenTHO cnenuuuna PHKu Ouran aHTUBUPYCHHM MeXaHW3aM MEJIOHOCHE IT4ejie H
eKCIIEpUMEHTAITHH anaT 3a yHuiraBawme reHa, NPHK (ngBonanayana PHK) takohe aktuBupa ommtu
AHTHBHPYCHH OITOBOp, KOjHu HHje cekBeHTO crienmpuuan (Brutscher et al., 2015, 2017). Kao mro je
nperxogHo omucano, MIPHK je Bupycam PAMP, koju je mpemo3HaT onx CTpaHe NpPOTEHHa 3a
npeno3naBame IPHK, koju 3ay3Bpar akTuBHpajy Kackae CUTHAIHE TPaHCAYKIHUje KOje pasyiTupajy
aHTHBHpYCHUM TpaHckunuunonuM mpoduiaom (Flenniken and Andino, 2013; Brutscher et al., 2017).
[IpBa cTyauja koja je ykasana Ha Hecnieunduuad IPHK-nocpenoBann aHTUBHPYCHH OATOBOP A0Na31
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13 1abopaTOPHjCKUX eKCIIepUMeEHaTa y KOjuMa Cy MEIOHOCHE Itdeie 3ajemuo yopmsraBane Sindbis-
GFP u nnPHK crnienmduuna 3a BUpyCHY CeKBeHILy, cekBenTHO Hecneuduuna miPHK wmu poli (10 C)
(cunrernukn aHanor MIPHK), koju cy cmamunu OpojHOCT BHpyca 72 caTa HakoH WH]eEKIuje
(Flenniken and Andino, 2013). CgeoOyxBatHuje ucnuTuBame LIPHK-akTHBHpaHHX MMUESTHIBHUX
AHTUBUPYCHUX MeXaHHM3aMa TIOojApa3yMeBallo je cekBeHIupame TpaHckpuntoma (RNASeq) 3a
uIeHTUpHUKAM]y pasnunuuThx excrpecuonnx reHa (DEGS) nHa 24, 48 u 72 cara HakoH HMH]EKUHje
wumn 1PHK agmunuctpanuje (Brutscher et al., 2017). OBa cryauja je yTBpamia aa ce Opoj
Pa3IMYMTUX EKCIPECHOHUX TreHa moBehaBa TOKOM HMH(EKIHMje BUPYCOM M Ja MHOTH TE€HH HMajy
JEeIMHCTBEHY BPEMEHCKY IMHAMHUKY. ['€HH MeTOHOCHE ITdele KOjU Cy pa3IMYuTO HCTAKHYTH Yy
BUpycoM 3apakeHuM u/win PHK Tpetnpanum muenama ykspyayjyhu hopscotch y Jak / STAT nyrty,
toll-10 u tube y Toll myry, pirk u jra y Imd nyry, aHTuMukpoOHHM nenTuau (amuaeruH-1,
XMMCHOMNTENNH, aberuH U jaedeH3nuH), OpOjHH T'€HH OArOBOpa TOIUIOTHOI mmioka, dicer m ago-2 u
scavenger receptor class ¢, xoju je ykibyuen y yaoc ;nPHK y aposoduny; sehuna DEG-oBa je 6una
dyukmonanHo Hekapakrepuctuuna (Brutscher et al., 2017). Bupyc-orpanndaBajyhe dyHkimje asa
uieHTH(HUKOBaHA MMueniba anTuBupycHa rena, dicer (NCBI GenelD 552127) u BepoBaTHO yukaum-
3asucnu cepurnlmpeonun xunaza (NCBI GenBank MF116383) cy motBpheHe y mojeanHauyHUM
ekcriepuMenTMa. PenykoBana ekcrpecuja Owmo dicer mmu MF116383 pesyntupana je BETMKOH
opojuomuthy Bupyca (Brutscher et al., 2017). Kox aposoduie, dicer je ykbyden y creruduyane u
Hecnermdruane MIPHK orosope, ykibydyjyhu aktuBupajyhy ekcrpecwjy aHTHBHpYCHOT TeHa Vago,
MaKO MEeXaHU3aM peayKIFje BUpyca IocpeIoBaH Vago reHoM Huje jour mo3HaT. Ko komaparia je vago
CEKpEeTOBaH MPOTEHH KOjU OrpaHuWyYaBa BHPYCHY HMH(pekuujy moBesuBameMm kuPHK u Jak / STAT
nyTeBa mpeko HemosHator perentopa (Kingsolver and Hardy, 2012). Vago ekcrnpecuja je moBehana
Ko Tuena 3apaxeHux ca DWV, mana Huje naeHTHUKOBaH HU MYT NMPEHOCA CHTHAla HU YKJbY4YeHU
tpaHckpumnipjcku dakropu (Rybov et al., 2014). IIrasuiie, vago HUje YHUBEP3ATHO PETYJIMCAH Kao
oaroBop myesa Ha uHpekimjy Bupycom (Brutscher et al., 2017).

[Tpeno3naBame HecamocTaaHO BUpycHO-TIpon3BeaeHe JIPHK je mpBu kopak y akTuBupamy
AQHTUBHPYCHOT CTamba y MHOTMM OpraHu3MmuMa. L[uTocoscku-nonupann IpOTeHHH 32 MpPEro3HaBambe
11PHK o6yxBatajy DExD (Asp-Glu-x-Asp) box xenukase, kao o je dicer, retinoic acid-inducibile
gene | (RIG-1), melanoma differentiation-associated protein-5 (MDA-5), nporenH kuHa3za P wu
enno3omanau Toll-like penentop 3 y pasnuuuTHM OpraHM3MHMa, YKIby4dyjyhu Oecknumemake U
cucape. Maxo je uneHTH(UKAIMja TPOTENHA MEIOHOCHE ITUeNe KOjH NeTeKTyjy u pearyjy Ha miPHK u
Jlajbe y TOKY, MPETIIOCTaBbaMo Jia he najbe McTpakuBame OBOT CeKBEHTHO HecnenmpuaHor snPHK
BUpYC-TUMUTHPajyier oAroBopa TmUeNna pe3yJiTUpaTH HICHTU(PHUKAIMjOM TIeHa Koju he wumaru
KOH3epBUPaHy aHTUBUPYCHY YJIOTY Y APYTHUM O€CKHMUMEH-AllMa 1 KUIMEHhaliMa.

21



2.10. lujarnocTu4uKe MeTo€e Y 10KA3MBaky BUPYCHUX MH(eKIHja muea

VY mocneamux HEKOIHKO TOAWHA, ycien Behe moTpakibe 3a MUYETHIBUM POU3BOANMA HA
CBETCKOM HHUBOY, 3a0enexxeH je mopact Opoja perucTpOBaHWX KOIIHWIA Ha TepuTopuju PemyOnmke
CpbOuje, kao u cBe Beha rogumma npousBoama Mena. [loganm PemyOmuikor 3aBoia 3a CTaTUCTUKY
(www.stat.gov.rs) Be3aHu 3a muenapcKy MPOUBOILY Y TIOCIEAHE TPH TOUHE Cy caenehu:

Tabena 3. bpoj pecucmposanux xownuya (u380p- Penyoruuku 3a600 3a cmamucmuxy)

bpoj xownuya 2016. 2017. 2018.
Peny6nuka CpOuja 792.000 849.000 914.000
ATl BojBoauna 149.000 165.000 209.000

Tabena 4. I'oouwirea npouzeoorwa meda (uzeop- Penybnuyku 3a600 3a cmamucmuxy)

Ilpouseoomwa meda 2016. 2017. 2018.
(v monama)

Peny6nuka Cpbuja 5.761 7.014 11.427

AIl BojBonuna 1.652 2.093 2.440

VYcnen mopacra myenvmer (GOHIOA W3 TOIWHE y TOIMHY, pacTe W MoTpeda 3a mTO ehUKACHHUjUM
JINjarHOCTHYKAM MeToJ[ama, Koje O Onie jeHocTaBHe, Ipenn3He, ehUKaCHUM | MITO jeTHHUjUM, 32
METOJIOM KOja IOoceayje CBe OBe 0COOMHE, U Jajbe Ce Tpara.

Benuku Opoj BUpycHHMX wHH(pEKUIWja MuYena Npoja3sd y HWHAMApEeHTHO] (OpMH, ILNTO
oHeMoryhapa mperno3HaBame BHpPyca HA OCHOBY KIIMHHYKE ciuke. [IpaBuian u300p IUjarHOCTHYKE
METO/E je OJ HM3y3eTHOI 3Hauyaja Kako OM ce y mTo KpaheM BpPEMEHCKOM MEpUOIy MpPEerno3Hao
y3pOYHHUK W 3amouena Tepanuja. Ha ocHoBy kputepujyma Merck Manual of Diagnosis and therapy
(www.merckmanuals.com/professional/index.html), wmerome mabopaTopujcke OHjarHOCTHKE Cy
KJacu(UKOBaHE Kao MpoLeAype KojuMma ce y Y30pKy noOuja umcra Kynrypa ca Moryhnomrhy

MHKPOCKOIICKE HACHTH(HKALMjE, KA0 CEPOJIOMIKO-UMYHOJIONIKE METO/IE M KA0 METOJIe MOJIEKyJIapHe
aujarHocTuke. HujenmHa nujarHocTHyka MeTo/a HUjE MieajHa, CBaka MMa CBOje MPEJHOCTH U MaHe,
LITO je MpUKa3aHo y Tabenu Op. 5.
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Tabena 5. Iopeherwe paznuuumux OUjacHOCMUYKUX MeMOOd U HEKUX K/BYYHUX KAPAKMEPUCTIUKA

oujacnocmuu eupyca nueia (Canmpau 2013.)

Knuanuka Muxkpockoricke Cepoutormike MonekynapHe
CITHKa MeTo/Ie METO/Ie MeToJ1e
CeH3UTHBHOCT - + + +
Crnenuduanoct + + + +
IToy3nanoct + - + n
bp3una + - + -
JennocTtaBHOCT + - + -
Ilena + - + -

- jome; + 100po; & cpeme

2.10.1. Knuanuka civka

[locraBibame MujarHo3e Ha OCKOBY CUMIITOMA OOJIECTH TpEACTaBIba HajjepTrHUjU, HajOPKU

Y HajjelHOCTaBHUjU METoJ] y AMjarHocTHUM. CHMITOMM KOJ IT4eia BE3aHH 3a BHpYCHE HMH(peKuuje

onucyjy ce Hajuemihe y 3aBUCHOCTH 07 CTaJujyMa pa3Boja KOjU Hamaja, a Tako JIETrJo WHPHUIMPA)y

BUPYCH MCHIMHACTOT JICTJIa W LOPHUX MaTH4YkbakKa, a OJpacyic M4YCjI€ BUPYCHU IMapajlIn3c I4cia,

nedopMucaHuX Kpuia, 3amyhenux kpuia. [lapanu3sa nuena je ako Nperno3HaT/buB CUMIITOM, Tk OHA Y

MYEJIUHO0] 3ajeIHALM MUMa Pa3iuuuTe y3poKe, YKbyuyjyhu U edexre HeKONMHMKo Bupyca. CHMITOMH

KOO Iapain3e HOCTajy BUAJbUBU CaMO KOJA BHCOKHX BHUPYCHHUX THUTAapa, HITU 3HAYHU 14 he natente

WH]EKIHje OCTaTH HelleTeKToBaHe. VICTOBpeMeHO, MPUCYCTBO KOWH(EKIHje Pa3InuuTHM BHpyCcHMa

OBAaKBY BPCTY AWjarHOCTUKE YUHM Henoy3aaHoM (Canrpau 2013.)

Tabena 6. Knunuuxa ciuka najeasicnujux eupycruux ungexyuja nueaa (Canmpau 2013.)

BUPYC

KIIMHUYKA CJIUKA W/
ITATOAHATOMCKU HAJIA3

MeinHacTo nerio

SBV

JlapBe 0OW4HO WMajy H3IJEA BOJCHE MEIIMHE,
MOYMIbY C€ pacrnajgaTd, Ipd 4YeMy CIIOJballiba
OBOjHHIIA JIapBE 33jip>kaBa npBoOuTaH obnuk. [Tpn
MOKYIIajy W3BlIavYeha OBE TBOPEBUHE M3 henwja
Jerasia y paHdjuMm ¢azama, OBOjHHILA JaKO Myla,
MPUIMKOM Yera JIOJa3H JI0 U3JINBakha HEKPOTHYHOT
canpkaja. Y kacHHjuM (azama OoyiecTH, YrUHYJIe
JapBe ACXUIPHUPajy U OCTajy cacylleHe HaKyluHe
JUTPHUTYca, OOMYHO M3IJIe[a CacylIeHe JbYCKe.

Bosnect ipHUX MaThumbaKa

BQCV

JlyTke MaTHIIa YTHUABAjy, & TO 32 TOCIICANILy UMa
npebojaBame 3Ua MaTHImHaka y TaMmHocMelhy wmmm
upHy 00jy. O6uuno ce Oonect yenthe nmpumehyje y
MHTCH3MBHOM Y3r0jy MaTHIIA.
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Bonect neopmucannx kpuna DWvV Mnane nuene umajy Jome OOJMKOBaHa KpHIa,
nedopmucanux QopmH, AUCPYHKIMOHATHA TE
TaKBE HE MOTY JIETETH, M3HEHAIHA WIIN MPOAYKEeHa
cnalJbera 3ajeIHUIA.

AKyTHa mapanuza maesa ABPV Harna yrunayha Beher Opoja mdena koje oOMYHO
HaJIA3UMO UCTIPE]] KONTHHUIIA.
XpoHUYHA Mapaiu3a maeia CBPV VY cnyyajy na Oonect 3axBaTu Behum Opoj muena,

IPOMEHE Ce youaBajy Kpo3 IPOMEHE MOHalllama:
muene W3naze M3 KOIIHMI, Tpemepe KpuimMma,
CKYIUBAjy C€ Y XpIHIE, HE MOTY JICTETH, 3a/1aK UM
je moBehan, Mory wumatu MpoiuB, dYecTa Cy
MacoBHHja yruHyha.

Kon nndexnnja mamer Opoja muena, OHE MOKa3yjy
BUIIIe MOP(QOJIOIIKAX MPOMEHA: CUTHE CYy U CjajHe,
MacHOI u3riena, 0e3 Julauuiia Ha 3aTKy, UMajy
MINPOKO pa3MaKHYTEe EKCTPEMUTETE,

npumehyje ce M HUX0Ba YKOYEHOCT, KpHJIa MOTY
outu omrehena.

Kammupcka 6osect muena KBV Haro cia0ibeme 1 Mponaiame 3ajSaHHMIIC.

2.10.2. Mukpockorcka uaecHTu(uKaIuja Bupyca

Bpim ce enekTpoHCKMM MHKPOCKOMOM, 3a W3BONCH:E je HEOMXOHA MmoceOHa MpHUrpema
mpernapara, IITO HHje jeJHOCTABHO 3a MOTpede PYTHHCKUX TeCcTOBa. MUKPOCKOIHja je H3y3eTHO
KOpHUCHA 3a oJjpeljuBarme JOKaIlije BUpyca YHyTap WHPUIMPAHOT TKHUBA, IITO HAM MOXE YKa3aTH Ha
BPCTYy BHpPYyCa U CHMIITTOMHMA KOje OH MOJKE TIPOY3POKOBATH. 300T YHFHEHHMIIE JIa MHOTH BUPYCH ITYejia
MMajy CIudHy MOp(]OIOrHjy, eIeKTPOHCKAa MUPKOCKOIIH]ja HUj€ HAYMH KOjUM O C€ OBH BHUPYCH MOTJIH
pas3IMKOBaTH.

2.10.3. Ceposiolike MeTO/Ie JO0Ka3HUBamba BUpyca

Oge Metojie ce 6a3upajy Ha MPUMEHH CIICHU(PUIHUX aHTUTeNa IPOU3BENICHUX Y TPOLECHMA
UMYyHH3aIMje KUBOTHIbA (Hajuemhie ce KOPUCTE 3eUeBH HMJIM MHIICBH) ca NMPOYUIINCHUM BUPYCHUM
NapTUKyJlaMa WIM NPOTEeMHUMMa. Y J[OKa3WBamy BUPYCHMX HH(EKLHWja muena OHM ce Hajuyemrhe
KOpHCTE 3a PYTHHCKE MUMyHOEceje, JIATepalHO MPOTOYHE TECTOBE, KA0 U 33 MMyHOMHKpOCKomujy (de
Miranda, 2008). Cepouomika aujarHoCTUKa BUpyca Huela je crnenupuyHa, CeH3UTHBHA U MOXE Ce
NPUMEBUBATH Y Op3UM TEPEHCKUM TeCcTOBMMA. BupycH muena mokasyjy MHOTO Mambe CEpOJIOLIKE
BapHjalrje, ajid Ce U JAaJbe PA3JIMKY]y Ha HUBOY HYKJICOTHIHOT (PUIIOTCHETCKOT CTaTyca.

HenocraTak oBe MeTone jecre INTO je peakiMja u3Mel)y aHTHUTENIa U aHTUICHA CIIOXKEH
nporiec KOju  3axTeBa KOHTPOJY KBaJHMTETa JHjarHOCTHYKOT CpEJACTBa, KanuOpamujy u
CTaH/apAM3alHjy TecTa 3a CBAKO aHTUTENIO, IITO OBAKBY BPCTY JMjarHOCTHKE YNHH CKYIIOM.

2.10.4. MeTtoze MoJIeKyJIapHE JUjarHOCTUKE BUpYycCa Iuelia

Hampenak aujarHocTrke Ha 1MOJbY MOJIEKYJIAPHUX METOJIa 3HAYAJHO j€ OJIAKIIao IPOyJaBamke
MUKPOOpraHu3aMa. 3aBUCHO O] BPCTE TApreTHOT MOJIEKYJa, MOJIEKyJIapHH JACTEKIIMOHN METOMHU Jelie
ce y JIBe KaTeropuje:
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» JeTeKivja HyKJICHHCKAX KHUCEInHa,
» jerekiyja cenu(pUIHUX POTEUHA.

Hajcnermmuduunnjn v HajCeH3UTHBHHUjH IMjaTHOCTUYKH METOX Oa3mpa ce Ha JeTeKIHjH
BUPYCHUX HYKJIEMHCKHX KUCEJIHHA, OAHOCHO reHoMa Bupyca. CriequduyHOCT ce 6a3upa Ha CTaOHUIIHO]
Y TIPETNIO3HATIBUBO] CEKBEHIIM HYKJICMHCKE KHUCENMHE 3a CBaku BUpYyc. CEH3UTUBHOCT UMa YIMOPHILTE Y
YMBECHUIM /2 je BEIITAauKoM aMIUIM(pHUKanWjoM Moryhe noka3aTH HHMCKE BpPEOHOCTU TapreTHUX
HYKJIEMHCKUX KucennHa. OBa BpCTa MUjarHOCTHKeE je y mopehemy ca ApyruMm jeaHocTaBHHja, OpKa,
jedrunuja, a omoryhasa /1a ce HEKH y30pIH €KCTPAaXOBaHMWX MaTepHjaja MOy 06e30eqHO0 pa3sMemhHBaTh
u3mely pasnmuuuTHX JadopaTopuja, MITO pe3yNTHpa KBAJUTETOM EBATYHPAaHHX pesynrara. | aBHH
HEIOCTaTaK OBE AMjarHOCTUKE jecTe (pariiHOCT HYKJIEWHCKUX KucenuHa, Hapouuto PHK, mTo
3axTeBa MOCEOHY MaXmkby y TOKY NPUKYIUbaka y30paka, HHUXOBOT TPAHCHOPTa M KOH3EpPBHCAHA
(Canrpay, 2013).

MornekynapHe TEXHOIOTHje Cy Bpio ehukacHO opyhe 3a crenududHo, CeH3UTUBHO H OP30
I/II[CHTI/I(bI/IKOBaH)C BHUpYyCa Imm4eJia. quLeHHua Ja Cy I'CHOMH HCKHX BHpPYCa IM4e€ja Yy MNOTIIYHOCTHU
cekBenionncanu (GenBank Accesion) 4uHE MOJIEKyJapHY IETEKIMjy W KapaKTepHU3alujy THX
Bupyca moryhum kopuctehu RT-PCR metozn. Bupyce je moryhe mokaszatu y pa3nuiuTiuM KHBOTHUM
CTaJIijyMUMa Myelia U y pa3IuduTUM OpraHuMa ¥ TKMBHMa WHPHUIHMPAaHUX 000spenux muena. Takobe,
kopuctehu oBaj Metos, Moryhe je qokasaTu BUpyce muena U Koj mapasura Varroa destructor (Chen
et al., 2004, 2005).

MorekynapHe METOA€ y JWjarHOCTHIIM BUPYCHHX OOJIECTH M4ejia JaHac He Chajajy y
IpoleaAype Koje Cy camMo ekcnepuMeHTaiHe. Paau ce o mpouenypama koje he y OyayhHocTH OuTH
3HauajHo mojenHocraBberbe (Multiplex PCR, gRT PCR), amiukateBHE, JOCTYIHE, €KOHOMCKH
ompaBllaHE W CYIITHHCKM HeomxoaHe. OOmacT T3B. MOJIEKyJapHe MaToJoTHje caMmo je Jeo
uHdopmaimja Koje Tpeba yBecTH y mnocTaBKy KoxoBux mnocrynara BUpycHHX wuHGeknmja ApiS
mellifera. Jlanac ce 3Hajy HyKJICOTHHE CCKBEHIIC HEKHX, ajlid HE CBUX MUEIHBUX BUPYCa, Kao MITO Ce
HE 3HAjy HM BHUXOB TPOMHU3aM y OJTHOCY Ha TapreTHe fieiauje wiu opraHe, NaTOJIOIIKE MEXaHU3ME U
BUPYJIECHTHOCT. McTpaxkuBama ce MOTY HACTaBUTH Yy ciefehum mpaBiuma:

» HCTPaKUBambe KOMIUIEKCa OMOJIOTHje MMYesa Kao X0JI0MeTa00IMIKUX HHCEKaTa,

» HEJOCTaTaK jaCHUX KJIMHUYKUX CHMIITOMa OTEKaBa XHMIIOTE3Y O 3HA4ajy BUpYyca y OJHOCY
Ha 3/IpaBCTBEHH CTaTycC I4ela,

» HeMmoryhHoCT ycrocTaBbamba cucteMa helMjcKuX KyaTypa Ha KojuMma O ce BUPYC MOTao
nponarupaTH,

» HajBehu Opoj cBux muenumux Bupyca je u3 PHK rpyne (Canrtpau, 2013).

VY BpeMeHy cBeMOTyhuX MOJIEKYypaHHUX JTUjarHOCTHYKUX METO/Aa BUPYCHHX OOJNECTH, jaBiba
ce u morpeba 3a nmoctu3ameM KoxoBux mocrynara wH(pEKIIUje, MITO 32 BUPYCHE OOJIECTH 3HAYH WIIH
OMOJIOIIKK OTJIe WK IMPUMEHY BUPYCHHX KyJATypa. JenaH o MpBHX pajoBa U3 Te 00JIACTH KOjHU ce
0aBu mpoy4aBameM perirkanyje ABPV Ha npuMapanM henmujckum Kyntypama IOpPEeKIOM O ITuelia
0uo je jemaH o MMOHMPCKHX TIOKYIIaja YCIIOCTaBJbamba KYyJIType TKUBAa 3a BHUPYCOJIOLIKE CTYAHUje
ABPV (R. Siede/ OIE/ Freiburg, 2008) ca 3aksbyuriuMa jia ce mpuMapHe KyJIType MOTY OCTBApUTH Ha
HUBOY MPUMapHUX henujcKux KyJiTypa, alld ¢c€ HHUCY yCIielie TPOM3BECTH y KOHTHHYHpaHe henwjcke
kyntype. Ha oBum kyntypama Owio je Moryhe mpaTuTd KUHETHKY MynaTHiuMkanuje ABPV,
MIPIJIMKOM HYeTa je youeHa M3y3eTHO Op3a peIummKaIija ca Joka3oM J1a je kpuBa pacta ABPV cimdana
KpPHMBH T03HATOj Ko octaimux Picornavirus-a. Hucy ytepheHu muromaToreHu e€eKTH y MOCTYIKY
yobuyajeHe cBeTiocHe Mukpockomuje. [lpumaphe henujcke KynType HuCy OHile aIxepeHTHE.
OunrnenHo je 1a 3aXTeBHA MPOLEIypa OCTBApUBama aIeKBATHUX YCIIOBA y CHCTEMY KYJITypa U TKHBA
Hehe OMTH HUMaNO JlaK M3a30B 332 MYJITHILIMKALM]y OCTAMX BHpYca I4Yeia Y OBOM CUCTEMY BHPYCHE
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uaeHtudukanyje. Moryhe je HanpaBuTH W OHOJIONIKM MH(DEKTHUBHM O] 3a JIOKAa3UBAmbE BUPYCHE
perutnkanmje Bupyca (Topolska, 2008).

2.10.4.1. PHK ekctpaxiuja

CBHU J1jarHOCTHYKU MPOTOKOJIM Oa3MpaHW Ha JT0Ka3y HyKIEMHCKHX Kucenuna, ommo JJHK
wm PHK, nounmy o1 muxose excrpaknuje. Hajkputnuamja $haza oBUX HETEKIIMOHUX TEXHHUKA jeCTe
KBaJIUTET EKCTpaxoBaHe HykenuHcke kucenuHe. PHK Bpno nmako mpomazga, nerpaiupa y mpHCYCTBY
yOMKBUTapHHUX CHIOTCHUX €H3UMa, T€ je N300p Ha4YMHA YyBamba y30pKa OJ KpyIlrjaiHe BakHoCTH (de
Miranda, 2008; Chen et al., 2007).

Nako cy mo cama y ynorpeOu CTaHIapIvW30BaHU M BPJIO e(pHKacHM METOMU EKCTPaKIHje
HYKJICMHCKUX KHCEJIWHA, HEKE WHXUOMTOpPHE CYIICTaHIe WM (DAKTOPH jOII YBEK MOTY YTHUIIATH Ha
kuHeTHKY y ToKy PCR peaknmje. M300p eHsuma u mydepa Koju ydecTBY]y Y peakuuju Takohe je
BeoMa 3HaudajaH 3a ucxox PCR peakmmje. I'pemke HacTanme kKao mociequIla JOMer YyBamka y30pKa U
HETOBOT TIPOLIECYHpamka Y METOAM IOCTajy OYMIVIEAHE y OJHOCY Ha pe3yliTaTe KBaHUTATHBHOT
WCKa3WBama. Mako cy TeXHHWYKO- TEXHOJIOIIKAa ycaBpllaBama MojemHoctaBmiaa PHK excrpakmmjy
moBojehn je y CHTypHHjU ayTOMaTH30BaH W Op3 METOMONOMIKA TpHUCTym, mpucyctBo PCR
MHXUOUTOPA Y KOMIUIEKCHOCTH OHOJIOIIKOT Y30pKa jOIl yBEeK je 3HauajHo. MHTepdepeHiuja KojoM
HacTaje nenoBae PCR mHXxnOMTOpa M3 Meaa Takohe je moka3aHa, IITO je BeoMa 3Ha4ajHO KO JT0Ka3a
PHK u IHK marepujana u3 mena (Cantpau, 2013).

2.10.4.2. Jlanvana peakiuja moaumepase (PCR)

[IIupoko pacnpocTpameHa MeToJa Koja J03BoJbaBa Op3y, CHeHU(UYHYy U CEH3UTUBHY
ammmudukannjy Ttapreta JHK wu3 y3opaka. OBaj MmeTom KopucTH mHap ,pajMepa’ (KpaTKu
jennoctpyku aenosu JJHK) koju cy nuzajHupanu Ha HaumH jaa XxuOpuamsyjy oapehenu muo JJHK
taprera. [IpajMepu ce Be3yjy Ha TapreTHM PETHOH KOjU C€ TOCICIUYHO AYIUIMIUpA y CBAKOj
HUKIMYHO] peakuuju. OBO JyIuiMpame JeliaBa ce y3 moMoh eH3uMa IojimMepase, Koju Besyjyhu
HyKJIeoTusne, crBapa HoBH komiuiemeHTapHu JIHK nanan. 3aBpriHu mpow3BOX OBOT yJBOjE€HOT
perHoHa Ha3WBa C€ AaMIUIMKOH W OOMYHO c€ WACHTU(HKYje BH3YEIH3aLUjOM Yy TPOIECy
enekrpodopese (Canrpau, 2013).

PCR je Texuuuku u Teopercku jemHoctaBan Meton, Mako cee JJHK u PHK ekcrpaknuje u
PCR peakimuje Mopajy OMTH BpJIO MHpelu3HO eBajdyupane u ontumuioBaHe. Kama ce PCR kopuctu
jeOMHO 3a JOKa3MBame NpHucycTBa Wiu oacycrtBa cneunduune JHK, takaB merom ce HasuBa
kBanuraTiBHA PCR y KOjeM ce pe3ynTatu uckasyjy y GopMH ,,lTIOCTOjU" W ,,HE TIOCTOjU"".

RT-PCR (RT — peBep3na tpanckpumnmja) jecte PCR kojum ce nerekryje PHK Ha HaunH na
ce OHa mpBOo KoHBepTyje y Kkomiuiementapuny JHK (cDNA) y3 mnomoh eH3uma peBep3He
tpanckpuntase (RT), HakoH vera ce cnpoBoau crannapauu nocrynak PCR. OBaj meron ce Hajuenrhe
KOPHCTH 3a JIOKa3uBame Bupyca muena jep Behuna mux moceayje PHK rexom (Chen et al., 2005;
Generesh et al., 2006; de Miranda et al., 2008). 3nauajHocT oBOr mocrtymnka je oapeheHa BHCOKHM
CTETEHOM YCIIEHIHOCTH, 300T TOra IITO je MpUMeHa eH3uMa peBep3He TpaHckpunrasze (RT) y memy
peakiigje, y 0OJHOCY Ha W3BOIAJBMBOCT, MHOTO BapHjaOMIIHHMja HEro y Ciydajy Kaja peakiujy mokpehe
tepmoctabunna JIHK-nonmmepasza (Cantpau, 2013). Kpeunpame eH3MMa BHCOKOPE3UCTEHTHOT Ha
TEMIICPAaTypy M JOBONEHmE peakildje Ha HHMBO jEIHOCTABHOI peakiMoHOr mydepa omoryhmia je
HUCTOBpeMeHO HacTajambe koMiuiementapue JJHK u PCR amnukatujy y uicroj enpysern. OBaj MeTO
je mozHat kao One Step RT-PCR.

Ha ocHoBy mpenu3Ho AM3ajHHpaHUX TpajMepa KOju ce CIeUUHUYHO BeXy Ha oapeleHy
cekBeHIly TapretHor aena, PCR ce Moxke KOpUCTHTH 3a JOKa3MBamke MUKPOOPraHW3aMa M3 HUXOBHX
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KYJITypa OJHOCHO Pa3IMYUTHX BPCTa M30j1aTa WK U3 KIIMHUYKUX y30paka. Y JoKa3uBamby y3pOUHHKA
Oonectu myena passujenn cy maord PCR u RT-PCR mpoTokonu 3a neTeknunjy npucycTBa MaToreHa
KOJ OJpaciuxX Mmyena, jJeria, Meaa, mojena u Bocka (Tenetcheva et al., 2004; Chen et al., 2005;
Generesh et al., 2006; de Miranda et al., 2008; Chen et al., 2009).

VY HoBuje Bpeme decto ce kopuctu T3B. Multiplex PCR, koju omoryhasa na ce npumMeHom
HEKOJMKO Pa3IMYMTUX IpajMepa JOKaXy pas3induTd JOoKycu y camo jennoj PCR peakiuju, mro
omoryhaBa J1a ce y TOKy jeIHE peakiije JOKaXxe HEKOJIUKO pa3InuuTuX naroreHa. HapaBHo, npumena
OBE METO/IE je OrpaHMYeHa W JIETEeKIMOHW HUBOM MOTY OWTH HEmITO HXU 300r Behe akymymarmje
HecnermpraHNx poaykata (Canrpad, 2013).

3a pasmuky ox kouBeHionamHor PCR wmeroma, Real Time PCR (gqPCR) mokasyje
aMIUTUUKAIMOHE eleMeHTe (aMIUTMKOHE) OHAKO KaKo Ce OHHM I10jaBJbYjy, Y CTBAPHOM BpPEMEHY, U Ha
Taj HauuH oxapehyje Opoj HoBoHacTamux mosekyna JJHK koju ce dopmupajy y cBakoj peakiuju. OBo
je OKa3HH TpoleC KOjU Pas3iIMKyje TPEHYTHH J0Ka3 HeKe KOJMYMHE TPAKEHOT aMIUTMKOHA y OJHOCY
Ha T3B. KOHBEHIHMOHaTHH ,end-point PCR“. OBaj PCR 3axteBa mnpucyctBo (hiyopecueHTHOT
peropTepa OJHOCHO M3BEIITa4ya KOjU Ce Be3yje Ha aMIUIMKOH M M3BELITaBa O FHETOBOM IPHUCYCTBY
¢dnyopecipajyhu. Kako ce konmuumHa Tpo3Boja akymynupa, (IYOPECICHTHH CHHTal Ce
excnoHeHnyjanHo yBehasa. Bpoj amMmmdukanuoHux muKIyca Koju je motpebaH J1a 6u ce y y30pKy
JICTEKTOBaJa CIeNU(pUIHAa KPHBAa JOCTUTHYTOT (DIIyOPECHEHTHOT Kpajiel HHUBOA Ha3WBa CE KPHBA
KBaHTU(UKAIMOHOT IuKiIyca. [locToje qBe riiaBHe BapujaHTe 3a JICTEKIW)y aMIUTUKOHA: creruduyuHa
u Hecrenduuna. Behuna cnemuduannx Real Time PCR mporeca ykibydyje XuOpuansaimjy
¢dayopodop obenexeHnx omuronpoda, kopucrehn HUXOBY (IYyOPECICHTHO PE30HAHTHY €HEPTH]y H
T3B. L[PHY pyny HedayopecueHTHOr xBaTaua. Hecnenuduunu eceju kopucre 0oje koje hie pearoBatu
ca cBakoM naBoctpyko JsiandaHoM JIHK, ump. SYBR green. Yommreno rosopehu, u cneundudse u
HecnienuduuHe QIyoporeHe XeMuKalije IeTeKTYjy aMIUTHKOH ca ucToM censutuBHoiihy. Real Time
PCR He 31Haun yBek kBantutatuBHM PCR. Y BehinHu MUKpOOHOJIOIIKKX JOKAa3UBamka j€ KBATUTATUBHA
npouenypa, Maaa oBa TeXHMKa omMoryhaBa KBaHTH(HKAIMjy TaPreTHUX HYKICHMHCKHX KHCEIMHA 32
BUIlIe HaMeHa. KBanuTeT mojaTtaka, Kao M lbUXOBE KBAHTUTATHBHE BPEJHOCTH HaJa3e ce y OJJHOCY Ha
pasnmmuut 6poj PCR Bapujabnu, kao Bapujaiuje y KOJIHMYWHU TEMIUIATa YHYTap y30paka, JIOII WA
Pa3IMYUT KBATUTET TEMIUIaTa HACTAO Kao MOCIeInla Baprjauja y npolecy nypuQukaiyje 1 1yBama,
NpUCYCTBY WHXMOHUTOpa (M (hiayopeclieHlle W aMIUTUQUKOHA), Bapujanuje y neppopmancama JTHK
nojuMepase, Bapujaurje y aMmndukanmju Mely y3opuuma u Haunny kanuOpanuje (Canrpauy, 2013).

2.10.4.3. IHK cexBeHITMOHHCAE

CBe MOJIEKYyJIapHO-TEHETCKEe METoje 0a3upaHe Cy Ha MocTojamy pasznuka oapehenux JHK
CEKBEHIIM TaKO Ja jeé CEKBEHIHOHHCAmE HajO0JbH MPHUCTYN KOjUM ce AudepeHUHpajy pasinduTH
mukpoou. Ha ocnoBy JIHK cexBeHnmonncama Hajuemihie ce JUPEKTHO ACTEKTYje Malld PETHOH
XpOMO30Ma T€ CE HUCIUTHBAKE MaJoOr Jella TaKBOI MECTa KOju TOTEHIWjalHo Bapupa usmely
opraHu3ama KOpPHUCTH Kao HauuH npeno3HaBama. JJHK cexBeHunonucame noTBpheHo je kKao 37maTHU
CTaHJap/1 y NpoIlecy THIH3aIHje BUpyca.

WzBemraBatba O BUpycHMM HMH(pEKLIMjaMa [Yeia 3axTeBajy wH3paay craHzapia y
M3BEIITaBamkhy Ca jaCHUM IPOTOKOJIMMA M web OasupaHuM aruiukanujama. Jlamac mocToju craHmap
3Bann MIQUE — mehynapoano npuxsaheHn craHgapia 3a uM3BelITaBambe M myonukoBame RT-QPCR
noxaraka. CIMYHU CTAaHIApAW 32 M3BELITAaBamE JPYIHX EKCHePHMEHTAIHHX I0JaTaka Jajy ce Ha
GenBANK: nmogauu o cekBeHIlaMa, a Haryamana ce norpeda mehyHapoaHo npuxBaheHHX Konekuuja
BUpYca (CaKyIbamhe U HUXOBO KOH3EPBHCAkE) T€ yHaIpeheme 3Hamba KOPUCHUKA KPO3 PaAHOHULE U
ceMuHape, TpeHuHTe u qeMoctpanuje (Canrpad, 2013).
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3. INJb U 3AJIATAK PAJIA

OcHOBHU MJb U 3a1aTaK OBOI' UCTPAXXHUBaWA IIPCACTABIbA.

1. yrBphuBame mpucycTBa 6 Haj3HAYajHUjUX BHpPYCa Yy WCIHTUBAHUM ITYEIUEHAM
3ajeTHUIaMa;

2. YCTaHOBUTH €BEHTYAIIHO MPUCYCTBO Pa3IMYMTUX BPCTa BUpYyca KOJ je[HE 3ajelHHIE Y
(hopMama MyNTUIUTHX KOMH(DEKIIHja, KaKo KOJI 3[paBUX TAaKO M KOJ| YTHHYJIUX 3ajeIHHUIIA.
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4. MATEPUJAJI U METO/ PAJTA

4.1. Marepujan 3a pag

Marepujan 3a 0Baj JUILUIOMCKH paj MPEACTaBIbajy Y30pILH MMUea U3 3APaBUX MMPOU3BOTHIX
MYEINHbAKa, HUJbaHN Y30PLH MTOPEKIIOM U3 IEHONMYIHCAaHUX HIIM Ca BUCOKMM MPOLICHTOM HH]ecTanuje
Varroa destructor-om, ocnaB/beHHX WM YTHHYJIUX 3ajeHHUIIA, MPErJeIaHuX I10jeIHHAYHO. Y30paK
npencrasiba 30-50 muena mo jeIHOM MYENME-EM JAPYIITBY NMPHUKYIUbeHUX y mepuoay on 2011. mo
2018. ronuHe y nuennmanuMa Ha tepuropuju All Bojsoaune.

4.2. Mertoa pana

JujarHocTrKa MaTOreHUX BHpyca muena je ypahena mpumenom RT-PCR na ocnoBy OIE
JIMjarHOCTHYKOT Mpupy4yHnka (WWw.oie.int). MctpaxkuBame je 6uiio crpoBereHo Ha JlemapTMaHy 3a
BeTepuHapcky MeauiuHy [losbonpuBpenHor ¢akynrera y HoBom Camy u HayuHoM MHCTHTYTY 32
BerepuHapctBo y HoBom Cany.

3a 1a00paTOPUC]KO MUCIUTHUBAKE je HACYMHUYHO oabpano 10 myena U3 CBakor J0OHjeHOT
y30pKa, KOje Cy 3aTMM XOMOIE€HH30BaHe y3 momoh aBaHa u Tyuka y 5 ML crepunHor PBS. Hakon
XOMOTEeHH3alMje, cycleHsuje yzopaka cy ueHrpudyrupane 10 mun Ha 3000 rpm. CynepHartaHT je
onmax xopwuiihen 3a ekctpakiujy RNK.

Tabena 7. /lemasu 0 0O1UOHYKICOMUOHUM NpAjMepuMa Koju cy Kopuwihenu y 080j cmyouju.

Primers (5°-3°) Position in genome Pr(gc:)l;ct Reference
Acute bee paralysis virus
ABPV-1 (cat att ggc gag cca cta tg) 8114 - 8512 398 Bakonyi et al., 2002
ABPV-2 (cca ctt cca cac aac tat cg) (capsid protein)
Black queen cell virus .
BQCV-F (tgg tca gct ccc act acc tta aac) 7850 - 8550 700 Benjezd(()jcc))lu etal,
BQCV-R (gca aca aga aga aac gta aac cac) | (structure polyprotein)
Chronic bee paraliysis virus
CBPV1-1 (tca gac acc gaa tct gat tat tg) 147-716 570 Blan%rgagg etal,
CBPV1-2 (act act aga aac tcg tcg ctt cg) (RNA polymerase)
Deformed wing virus - .
DWV F (agg cga cat ggg aac agg) 1312-1815 504 Cizelj Z%%fregonc’
DWYV R (caa ctt cac cct cgc cat ca) (capsid protein)
Kashmir bee virus
KBV 1 F (gat gaa cgt cga cct att ga) 5406 - 5820 414 Stoltz et al., 1995
KBV 1 R (tgt ggg ttg gct atg agt ca) (RNA polymerase)
Sacbrood bee virus
SBV-F (gct gag gta gga tct ttg cgt) (4957-5781) 824 Chen et al., 2004/a
SBV-R (tca tca tct tca cca tcc ga) (structure polyprotein)




3a excrpaknujy RNK ymotpebsseno je 140 pulL cymeprnatanTa xomorenara myena. Cea RNK je
ekcrpaxoBana kopuithemem QIAamp viral RNA mini kit (Qiagen, Germany) mpema ymyTcTBHMA
npousBohaya. Ceaku y3opak RNK je mojeaunayHO TecTHpaH Ha MPUCYCTBO MAPIHMjaTHHUOT T'€HOMA
nrect Bupyca. Jleo Bupycunor renoma ABPV, CBPV, SBV, DWV, BQCV u KBV je ammumdpukoBan
nomohy RT-PCR kopucrehu cneunduune napose npajmepa (Tabera 7.) u One-Step RT-PCR kur
(Qiagen, Germany) pearerce y CKJIajy ca yImyTCTBMMa mpou3Bolaua. YKpaTko, peakiifja je u3BeacHa
y YKYIHOj 3anpemunu oj 25 pL kao mTo HaBeneHo: 12 pulL Boxe 6e3 nyknease, 5 pL 5xX PCR nydepa,
IpuL dNTP wmemasune (koja caapku 10 mM ceakor dNTP), 1uL om 20 uM pactBopa cBakor
npajmepa, 1L one step RT-PCR ensumcke memaBune u SpL RNK ma6nona. 3a cBaku BUpycC U cBaky
peakuujy Ouie cy yKJbyueHe MO3UTHBHE KOHTpOJIE BUPYyca U HEraTUBHE KOHTpoJa ImabnoHa. Jleramu
0 mpajMepuMa KOju cy KopuinheHH y Halloj cTynuju cy npukazanu y Tabdemu 7. PCR mporpawm je
yKJby4UHBao (asy peBep3He TpaHckpunmuje Ha 50°C y Tpajamy ox 30 MUH, HAKOH 4Yera je CJeIuo
noueTHH kopak aktuBanuje PCR Ha 95°C tokom 15 muu. OBo je mpahieno ca 40 muxinyca ox 94°C y
tpajay ox 30 cexkynmm, 54°C toxom 30 cexynmum u 72°C TokoM | MUH W 3aBPIIHUM KOPaKOM
npommpemna Ha 72°C tokom 10 mun. Temmneparypa anmnanuje 32 DWV u CBPV 6una je 60 u 55°C.
Hob6ujenn PCR mpousBoan cy BusyamusoBanu y 1,5% arapossom remy ca 0,5 uL/mLI pactBopa
etuanjym 6pomuna u moa YB ceeriom. Bennunna ceakor PCR npoussona je ynopehena ca 100- bp
DNA necteuniom (Fermentas, Germany).
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5. PE3YJITATU UCTPA’KUBAIBA U TIUCKYCHJA

Monekynapaom aumjarHoctudkoM MetoaoM RT-PCR wucnurano je 36 ysopaka w3 16

myenumpaka y nepuony ox 2011. mo 2018. ronuHe Ha mpucycTBo 6 Haj3HAYAJHUjUX BHpyca ITdelna, a

JOOHMjeHU pe3yNTaTH Ccy NMpeJCTaBIbeH: y Tabenu 8.

Tabena 8. Pezyimamu ucnumueared y30paxa na npucycmeo supyca

Y30PAK | IMYEJIMHAK OINILITHUHA [PUCYCTBO BUPYCA
ABPV CBPV SBV DWV BQCV KBV
1. + + + + -
2. + + + + -
3 1. Bauxka [ananka . " " " " -
4, + + + + -
5. 2. Bauka [Tananka - + + - + -
6. + + + + + -
7. 3. bauka [Tananka + + + + + -
8. + + + + + -
9. 4, Baua - + + - + -
10. 5. Bau - - + - + -
11. + + - - + -
12. 6. Cp6obpan + + - - + -
13. + + - - + -
14. - + + - + -
15. 7. beuej - - - + -
16. - + + - + -
17. + + + + -
8. Hosu Can
18. - + + + + -
19. + + + + + -
20, 9. Hosu Can n - " " " -
21. + + + + + -
2 10. beounn " - " " " -
23. 11. Hosu Can - - + + + -
24, - - + + -
25, 12. Upur N N n -
26. 13. C. Murposnma - - + - + -
27. + - - + + -
28. 14. Temepun + - + + -
29. + - - + + -
30. 15. Hosu Can - - + + + -
31. - - + + ¥ B
32. - - - - + -
33. - + - + + -
3, 16. Hosu Canx - - - " " N
35. - - + + + -
36. - + - - + -
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Tabena 9. 36upHu npuxas NO3UMUSHUX HATA3A BUPYCA

Bupyc ABPV CBPV SBV DWV BQCV KBV
Bbp. nozutnBHUX 17 20 23 o4 36 0
y30paka
Wuunnennyja 47% 56% 64% 67% 100% 0%

W3 Tabena 8. u 9. Moxke BUIETH Ja je BUPYC I[PHUX MaTHYHaKa JIETEKTOBAH KOJ CBHX y30pakKa
IITO je jeAWHCTBEH MOJaTaK, KaKo y HaIlloj 3€MJBH, TaKO W y MHOCTpaHCTBY. BehuHa aytopa Huje
npuaBajia TOJIMKY 3Hayaj OBOM BHPYCY WM j€ OH JICTCKTOBAH Yy W3y3€THO HHUCKOM IPOLCHTY, Kao y
cycennoj Byrapckoj (Shumkova et al., 2018) rune je yrBphen y camo 2% y3opaka, ok je y buX
(Santra¢, 2013) y nuramy 3HauajaH mpoueHar U To 46%. VY llnanuju (Buendia et al., 2018) ce
mpeBajieHIa OBOT BUpyca kpehe y oncery ox 21-30%.

Hako ce cmaTtpa jeIHMM O]l y3pOKa CHHApOMa Ipomnajama I4esa, KalIMUPCKU BUPYC HUje
npoHal)leH HU y jeJTHOM Y30pKYy, ajli OBakaB IOJaTak He Tpeba Ja Hac 3aBapa jep je OBO TEK IIpBa
CTyZAMja y KOjoj Cy y30pLIM HCIMTUBAHM Ha OBaj BUPYC, LITO HE 3HA4u Aa Hehe OuTu nmoTBpheH y HeKoj
HapeIHO] CTYAHjH.

Bupyc medopmucanux kpuia ce jaBjba NPOLEHTYaTHO HPUOIIDKHO Ka0 M Y HPETXOIHUM
UCTpaXMBamkbUMa Yy Halloj 3eMJbu, Aupkosuh u cap. (2018) cy yrepaunu na npucycteo DWV Bapupa
on 66,7 no 83,3% ucnuraHux y3opaka, anu u 'y buX rzae je norBpheHo mpHUCyCTBO OBOT BHpPYyca KOJ
58% npymtaBa. OBY MOAAIM 32 HANLY M CyCEJHY 3€MJbY CY 3HaYajHO BUIIMU y nopehemy ca noganuma
u3 apyrux cryamja, y Byrapckoj (Shumkova et al., 2018) cy ycranoBuu DWV undekuunjy y camo
10,2%, nox momauu u3 [llnanuje (Buendia et al., 2018) yka3yjy Ha 11,9-29,3% no3uTuBHUX y30paka
Ha OBaj BUPYC.

100
90
80
70
60

M HeraTmBHO
50 -

M [To3uTMBHO
40 -
30 -
20 -
10 -+

O = T T T T
DWV

ABPV CBPV SBV BQCV KBV

I'paguxon 1. OOHOC NOZUMUBHUX U HE2AMUBHUX Y30PAKA NO GUPYCUMA (UBPAICEHO Y NPOYEHMUMA)
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3a pa3nuKy o]l mojaTaka JAOCTYIHUX Y JIUTEPaTYpU U pe3yJiTaTta UCTpakuBamba APYTHX ayTopa,
UACHTH(UKOBAHA je 3Ha4yajHa 3acCTYIEHEHOCT BUPyCa XPOHHUYHE Iapannse, KOju ce Hayuaszu Kox 56%
y30paka, ITo NPEe/CTaB/ba 3HAUYAjJHY PA3IMKY Y OAHOCY Ha monatke hupkosuh u cap. (2018) xoju cy
younau CBPV kox camo 6,7% npymtasa (0-19%) u 13% y3opaka y cryauju y buX (Santraé, 2013).

ABPV je nerekroBan kon 47% y30paka y OBOM HCTPa)XHMBamy, IITO je MPHOMKHO AOOWjeHUM
pesynTaTiMa y IpyruM cTyaujama, ko Hac hupkosuh u cap. (2018) 49,3%, nok cy y buX ytepnuwim
32% udunupanux apymrasa (Santra¢, 2013), a y Byrapckoj Tek 2,1% (Shumkova et al., 2018).

Bupyc MemmHacTor neria je NPWIMYHO 3aCTYIUbCH Y WCIHTUBAHHM JIPYIITBHUMA, Y BeoMa
BHUCOKOM MpOIEHTY- 64%. JloOMjeHr pe3yniTaT je 3HATHO BHUIIM HEro y CTyAMjaMa JAPYTuX ayTopa.
hupkosuh u cap. (2018) cy ra gerexroBamu y 24% y3opaka, y Byrapckoj camo 6,1% (Shumkova et
al., 2018) u buX 9% undunupanux apymrasa (Santrac, 2013).

H Hema Bupyca

H 1 petekTOoBaH BUpPYC

M 2 petekTOBaHa BMpYyCa
M 3 petekTOoBaHa BMpyca
M 4 petexkTOoBaHa BMpYyca

5 feTeKTOBaHMX BUpYCa

TIpaguxon 2. Oonoc eupycrux ungexyuja u Koungexyuja koo 36 ucnumanux y3opaka nyeid

Ha rpaduxony 2. MOXXeMO BHACTH Ja HeMa MUYCITHIBUX 3ajefHUIA CIOOOTHUX OJl BHpYCA,
HITO HaM YKa3yje Ha BEIHKO MPHCYCTBO BUpPYyca y MUENUIHUM 3ajeIHUIAMa, Tla YaK U Y OHHM Koje
U3rie1ajy MOTIYHO 3ApaBo, IITO je caMo jOII jeJaH J0Ka3 CIIOCOOHOCTH BUpYyca Aa MEP3UCTEHTHO
WHQUHPaAjy MUelie W Ja ce Ha Taj HA4YWMH O/pKaBajy y npupoau. Mcrtu rpadukoH Ham ykasyje Ha
NPUCYCTBO MYITHIUIMX BHUPYCHHX KowH(peknuja y 4dak 94% wucnuranu y3opaka. OBaj mojmaTak je
3HATHO BUINK OJI JIOCAJAIIKUX Tozaraka, jep cy hupkoBuh m cap. (2018) BupycHe koumH(ekuje
YIBpAWIU TeK y 58,66% UCIUTaHUX ApYyILITaBa.
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6. BAK/bYYAK

Bupycue uH(ekuje Cy n3y3eTHO BaKHU NATOT€HH MUESIWBUX 3ajeHHLA, ITO MOTBphyje n
YUHCHAIA J]a HHUje OWIO TMUYeNHIber APYIITBA CIOOOTHOT O BHPYCa y OBOM HCTPaKUBAWKY jep je
BUpPYC IPHUX MaTH4maka yrepheH y 100% mpernemannx y3opaka.

Beoma OutaH pe3ynraT OBOT HCTpaKWBama j€ W U3Yy3eTHO BHCOKA WHIWICHIIN]A
MojaBJbUBakba BUpPyca MelMHAcTOr Jierna (64%), BUpyca XpoHHYHE mapanuse muena (56%), BUpYC
akyTHe napanuse myena (47%), Bupyc nedopmucanux kpuia (67%), Koju Cy 3HATHO BUIIHU Y OJHOCY
Ha pe3ynTare y JocaJallllbuM CTyaujaMa. Y OBOj CTYAWjH Cy C€ NPBHU MYyT Y HAIIO] 3€MJBH y30PIIH
WCTIIUTUBAIY M HA KAIIMUPCKW BUPYC IUENa, KOjH HUje JETEKTOBAH y OBAKO MAJOM y30pPKY, IITO HE
UCKJby4dyje MOTYNHOCT METeKIHje Y HapemIHuM CTyaujama, jep jeé OBaj BHPYC O3HA4YeH Kao jedaH Of
OCHOBHHX y3poka cuHapoma Hecranka muena (Colony Collapse Disorder- CCD) koju je Bemuku
mpo0JieM MOZCPHOT IYEIapCTRa.

Myntumia BupycHa KouHpekiuja je yTBpheHa y yak 94% WMCIUTaHUX y30paka, LITO je
3HaTHO BHUIIE OJ IIpeBaleHUEe KouH(eKnuja y APYrUM cryaujamMa. OBako BHCOK IPOLEHAT
KoMH(}EKIja yKa3yje Ha H3JI0KEHOCT IMUENWbUX 3ajelHAIA BEJIWKOM CIIEKTPY BHpYCa, KOjU CYy
CIIOCOOHM J]a MEP3UCTEHTHO MH(HIMpPaAjy APYIITBA U Ja y oApeheHHM ycIoBHMa H3a30BY OOJIECT,
yruayhe muena uim mesior IpynTsa.

®dakTopu KOjU ONaKIIaBajy UCIOJbaBamke BUPYCHUX OOJECTH Cy Jiolle Muenapeme, ciada
nama, ciaba apymrTBa M Oakrepujcke uH¢ekuuje. CtpecHu (akropu mak noBoxae Ao ,,0yhema“
JMaTeHTHUX HHQEKIUja, Tako ymoTpeba HEOHUKOTUHOWJHUX WHCEKTHIHIA (KIOTHAHWIVH,
UMHUJIAKIIONPH]], THAMETOKCaM,..), KOju cy 3abpamenu y EY, moBomu no omrrehema aHTHBHPYCHOT
OJITOBOpA TTYENa, IITO je paHuje JeTaJbHU]je 00jallbeHo.

HajoutHuju crpecoreH je wuHQecTanyja mNapa3uTuMa, IMPBEHCTBEHO TpUHBOM Varroa
destructor, jep y maHamme BpeMe He MOCTOjH JPYIITBO CIOOOIHO O OBOT Mapasura. Varroa mopen
TOTa IITO COTICTBEHWM JISjCTBOM HapyllaBa 37ApaBibe IMueia, MpeAcTaBba (U3MYIKOT W OHONOMIKOT
BEKTOpa BUPYCHUX MH(DEKIH]ja, TOK C€ BUPYCH CMATpajy 3a y3pouHHKe yruHyha muena HHpecTHpaHuX
Varroa-om.

HaxkoH cBUX M3HETHX MOAATaKa y OBOM Pajy, MOKEMO 3aKJbYUHTH J1a CY BUPYCHE HHGEKIH]je
BEJINKH MPOOJIeM MOJIEpHOT MMUeNapcTBa, KojuM he ce Hayka 0aBUTH M y HapeJHHM TOJHHAMa, 300T
OpojHux Henos3HaHHIa. Jlo Taga je MOTPeOHO TEXKUTH Ka TOME Ja ce, KOJIMKO je TO Moryhe, cMamu
yruHylie muerna u3a3BaHuX BUPYCHUM HH(]EKIHjama, IITO ce MOXKe MOCTHhM KOHCTAHTHOM €JTyKallnjoM
myenapa o0 Jo0poj MYenapcKoj MpakCH W JIpaXkamy jakuxX MMUEIHbUX JAPYIITaBa, MPaBUITHAM
TpeTMaHoM Varroa-e, cMamemeM ynoTpede nectuiuaa 1 3abpaHoM ynotpede HHCEKTUIUAA U3 TpyIie
HEOHUKOTHUHOW/IA, 110 YIIIeAy Ha ApikaBe EBporicke yHU)Y.

Bucoka uHIMIeHIMja BUpYyCHUX MH(eKIMja Ou Tpedalia la yTHUe Ha CTPyYHA Teja Ja ce
BUPYCH YKJbY4Ye Y 3BaHMUYHE Iporpame MoHutopuHra narorea (IIporpam mepa 3apaBcTBeHE 3aIITHTE
KUBOTHIba/TIUeNa), I1a 4aK U Jia ce HalpaBe IUIAHOBH 3a Cy30Hjarmbe BUPYCHUX MH(EKINja MICTUBUX
3ajeIHUIIA.
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