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Attribution 4.0 International License (CC BY 4.0).
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Pregledni nauéni rad
BOLESTI KOJE SUMIJENJALE SVIJET
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Kratak sadrzaj: RazliCite zarazne bolesti tijekom povijesti imale su dubok utjecaj na covjecan-
stvo. Njihova pojava unistila je i devastirala cijela podruéja, uzrokovala broj zrtava koji je osjetno
nadrastao i one u ratovima, a nakon pojave takvih bolesti mijenjao se i tijek povijesti. Najvaznije
zarazne bolesti poznate su i zapisane u najranijim poznatim zapisima, od postanka svijeta bile su
pratitelj ljudskoga roda, velik je njihov utjecaj na razvoj, patnju i smrt koju su tijekom stoljeca
uzrokovale u ljudi. Boginje spadaju u najsmrtonosnije i najstrasnije virusne bolesti s kojima se su-
ocilo Covjecanstvo. Pandemija Spanjolske gripe iz 1918. godine je najveéi globalni demografski po-
tres koji je svijet ikada dozivio. Jedna od najvaznijih transmisivnih (vektorskih) bolesti koje prenose
komarci, a uzro¢nik su protozoe, jeste malarija. USi prenose uzrocnika pjegavog tifusa, rovovske
groznice i rekurentne (povratne) groznice. Kugu u prirodnim zariStima prenosi Stakorska buha i je-
dna je od najopasnijih bakterijskih bolesti. Stalni pratilac stradanja, nesrece i patnje ljudi tijekom
ratovanja bio je pjegavi tifus. Mnoge ljudske sudbine bile su povezane s tuberkulozom, ona je odu-
vijek bila neizostavni dio Zivota zajednice. Lepra je jedna od najstarijih i najstrasnijih bolesti. Bila
je sinonim za stigmatizaciju i diskriminaciju zbog velikih deformacija na tijelu. Sifilis je stalni i
nezeljeni suputnik Covjecanstva veé vise od 400 godina. Od prve pojave, sifilis je bila stigmatizirana,
sramotna bolest. Suvremena povijest kolere zapocela je 1817. godine. Kolera uzrokuje tesku klini-
¢ku bolest uz ljudsku patnju i paniku, a narusava drustvenu i gospodarsku strukturu te razvoj zajed-
nice gdje god se pojavi. Vidljivo je da su kroz ¢itavu povijest zarazne bolesti imale znatan utjecaj
na razvoj i prosperitet Covjecanstva. Povijest ljudskog roda zabiljezila je mnoge vazne ratove i bitke,
ali mozda su se najvece bitke vodile, a mnoge se jo§ vode, upravo protiv zaraznih bolesti.

Kljuéne rije€i: bolesti, povijest, svijet

UvoD

Zarazne bolesti su oduvijek pobudivale naj-
vecu paznju zbog masovnosti pojave, velike
smrtnosti medu oboljelima i dalekoseznih pos-
ljedica koje su prouzroéile. Covjek je bolest pre-
poznavao kao slabost i nemo¢ tijela. Opisivane
su jednostavnim opisima i uopcéenim simpto-
mima te je tako vrlo Cesto tesko odrediti o kojoj
se bolesti radi. Ugrozavale su zdravlje, a one o-
pasne i zivot, osobito ako su se pojavljivale kao

epidemije. Velike epidemije su tijekom proslosti
odlucivale o sudbini pojedinih naroda, slabile su
snagu moc¢nih i velikih vojski, prouzrocile su
glad i bijedu. O epidemijama zaraznih bolesti
piSu lijecnici, povjesnicari i razli¢iti kronicari,
pa se iz njihovih zapazanja moze saznati o pat-
njama CovjeCanstva kroz povijest. Ve¢ su stari
kulturni narodi upoznali mnoge strahote zaraz-
nih bolesti. Bolest, njihov nastanak i Sirenje u



Berepunapcku :kypHau Penyoiaunke Cpncke (bama Jlyka), Boa. XIX, Bp. 2, 206—216, 2019.

Cvetnié i sar:
Bolesti koje su mijenjale svijet

207

skladu su sa medicinskim shvac¢anjima toga vre-
mena. Uglavnom postanak epidemija smatraju
nadnaravnim uzrokom, a kasnije Bozjom kaz-
nom (Glesinger, 1978).

Jo§s wuvijek infektivne bolesti zauzimaju
visoka mjesta prema uzrocima smrtnosti (u ne-
kim krajevima svijeta ¢ak su na prvom mjestu).
Oko 15 milijjuna ljudi svake godine umire
upravo zbog infektivnih bolesti. Neke su tradici-
onalne infektivne bolesti suzbijene u razvijenih
zemalja, ali su se javile nove s novim uzroc¢ni-
cima, novom klini¢ko-patoloskom slikom i
novim problemima za javno zdravstvo (Jeren,
20006).

U ovom preglednom radu biti ¢e ukratko
opisane zarazne bolesti koje su poznate i zapi-
sane u najranijim poznatim zapisima. O boles-
tima koje su bile neprijatelj Covjecanstva kroz
povijest, njihov utjecaj na razvoj, patnju i smrt
koju su tijekom stoljec¢a uzrokovale u ljudi. Opi-
sane su najznacajnije bolesti koje su se pojavlji-
vale do kraja XIX i na samom pocetku XX sto-
ljeca (Spanjolska gripa), a neke su aktualne i
danas. Odabir je bio voden, znacenjem i vazno-
$¢u bolesti te njihovim utjecajem na dogadaje ti-
jekom povijesti (Cvetni¢, 2018).

POVLJEST

Prema raspravama koje su pripisivane Hipo-
kratu (460-377. pr. Kr.), bolest predstavlja gubi-
tak prirodnog sklada, odstupanje od pravila, na-
rusavanje idealnog odnosa medu dijelovima
skladne cjeline. To je prema Hipokratu opéi i lo-
kalni poremecaj izmedu Cetiri temeljna soka
ljudskog tijela (krv, sluz, zuta zu€ i crna zuc).
Zdravlje je skladan raspored temeljnih sokova, a
bolest je nedostatak sokova ili njihova neravno-
teza. Broj bolesti je neograniCen jer postoji
beskraj moguénosti i1 neravnoteza izmedu
sokova i tijela (Grmek, 2000). Hipokrat je odba-
cio natprirodne uzroke epidemijskih bolesti i sve
bolesti svodi na prirodne uzroke. On vjeruje da
u zraku, vodi i truleZi ima Stetnih tvari, otrovnih
isparavanja koje naziva mijazme. Mijazme
kvare zrak i covjek ih udise zrakom, a u organi-
zmu uzrokuju kvarenje tjelesnih sokova.
Masovna pojava bolesti uvjetovana je time $to
istodobno veliki broj ljudi udise te otrovne tvari
koje u svih izazivaju istu bolest. Tako Hipokrat
tumaci postanak epidemijskih bolesti. Medutim
ni Hipokrat ni drugi lije¢nici ne poznaju nikakve
zaStitne mjere pomocu kojih bi mogle sprijeciti
epidemije. Jedino §to su ljudi poduzimali u vri-
jeme epidemija bio je bijeg od bolesti (Glesin-
ger, 1978).

Povijest svijeta je isprepletena utjecajem ra-
zli¢itih zaraznih bolesti na ljudsku populaciju.
Dokazi o boginjama pronadeni su na egipatskoj
mumiji. Ebers papirusi u Egiptu oslikani su sli-
kama koje prikazuju infektivne bolesti te sadrze
recepte 1 upute za lijeCenje mnogih bolesti.
Hipokrat je pisao i o Sirenju bolesti putem zraka
i vode, povezivao je klimu, prehranu i zivotne
uvjete kao vazne u pojavi zaraznih bolesti. Fra-
castoro je pocetkom XVI stolje¢a upucéivao da
bolesti uzrokuju malena, nevidljiva tjeleSca
(klice), prepoznao je da se izravnim dodirom ili
predmetima mogu §iriti bolesti te moguce Sirenje
zaraze iz udaljenosti (zrakom). Nikako ih ne Sire
okultne sile, kako je to tumacila stara medicina
veé se poCinju prihvacati novi napredniji nad-
zori. Razvoj mikroskopa u XVII stolje¢u omo-
gucio je vizualizaciju mikroorganizama. Krajem
XIX stoljecu otkriveni su vazni uzroc¢nici najva-
znijih bakterijskih bolesti, njihov uzgoj i identi-
fikacija. Razvijena su i koriStena razlicita cje-
piva u kontroli i suzbijanju bolesti kao i razlicite
mjera za kontrole i prevencije najvaznijih bole-
sti. XX stolje¢e donijelo je kemoterapiju i anti-
biotike. Tada se moglo re¢i da su rijeSeni gotovo
svi prakti¢ni problemi u suzbijanju i kontroli za-
raznih bolesti koje su se do tada pojavljivale
(Brachman, 2003).
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BOGINJE

Boginje spadaju u najsmrtonosnije i najstra-
$nije virusne bolesti s kojima se suocilo Co-
vjecanstvo tijekom povijesti. Samo tijekom XX
stolje¢a epidemije boginja prouzrocile su smrt
od 300 do 500 milijuna ljudi. Smatra se da su ti-
jekom posljednjih tisué¢u godina odgovorne za
smrt 10% ljudi Sirom svijeta (Thevez i sur.,
2014). U Kini je ve¢ u X stolje¢u vrsena prva
zaStita od boginja upuhavanjem u nos praha sa-
susenih krasti skinutih s bolesnika oboljelih od
boginja. Kasnije su se primjenjivali postupci va-
riolizacije pa sve do cijepljenja virusom kravljih
boginja koje je prvi primijenio Edward Jenner
1796. godine, a nakon toga je cijepljenje bio po-
stupak koji se primjenjivao u cijelom svijetu
(Behbehani, 1983). Taj postupak je zastitio ¢o-
vjecanstvo i pridonio kasnije znacajnom demo-
grafskom rastu (Thevez i sur., 2014). Polovicom
XX stolje¢a boginje su bile znatno prosirene u
svijetu i endemske u mnogim zemljama, a tada
je jos uvijek obolijevalo od 10 do 15 milijuna
ljudi Sirom svijeta, a umiralo je oko dva mili-
juna. Svjetska zdravstvena organizacija je 1967.

donijela Program za suzbijanje velikih boginja.
U sljedecih deset godina, uz primjenu cijeplje-
nja, posljednji slucaj velikih boginja zabiljezen
je 1977. godine u Somaliji, a 1980. godine SZO
je proglasila svijet slobodnim od boginja. Bogi-
nje su prva i za sada jedina bolest na svijetu koju
su ljudi suzbili cijepljenjem i drugim javno
zdravstvenim mjerama. Velike boginje su usmr-
tile vise ljudi na svijetu nego svi ratovi tijekom
povijesti (Morse, 2009). U rod u koji spada vari-
ola virus, uzro¢nik velikih boginja, spadaju vak-
cinija virus, virus majmunskih i kravljih boginja,
virus boginja deva, a sve navedene vrste su zoo-
noze. Najnovije studije pokazuju da je u bu-
duc¢nosti moguce ocekivati evoluciju zoonotskih
ortopoksvirusa i nastanak novog virusa sli¢nog
variola virusu (Shchelkunov, 2013). Jos uvijek
postoje uzorci virusa u laboratorijima u SAD i
Rusiji. Kada bi se koristio virus boginja kao bi-
olosko oruzje, posljedice bi mogle biti vrlo
pogubne jer ve¢ skoro 40 godina nitko nije cije-
pljen protiv boginja.

SPANJOLSKA GRIPA

Dok danas razmisljamo o prijetnji virusa in-
fluence koji ¢e evoluirati i kao rekombiniran i
vrlo patogen opet nam se vratiti, ne mozemo za-
obici pri¢u o svjetskoj pandemiji gripe iz 1918.
godine. Pandemija gripe iz 1918. godine je jedna
od paradigmi noé¢ne more koja se pojavljuje kad
se spominju smrtonosne zarazne bolesti. Spa-
njolska gripa je po svemu sudeéi bila najveca
prirodna katastrofa pocetkom XX stolje¢a. Sluz-
bene procjene smrtnosti koje je gripa uzrokovala
stalno rastu, jer istrazivaci i dalje pronalaze po-
datke u zemljama u razvoju i udaljenim mjes-
tima (Morse, 2009). Poc¢etkom XX stoljeca stu-
dije su pokazale da je od posljedica Spanjolske
gripe umrlo 21,5 milijuna ljudi, a novije studije
procjenjuju da one iznose od 50 pa ¢ak do 100
milijuna ljudi. Procjenjuje se da je jedna tre¢ina
tadasnje svjetske populacije ili oko 500 milijuna

ljudi bilo zarazeno i imalo klini¢ki vidljive zna-
kove bolesti. Zato $panjolsku gripu i nazivaju
"majkom svih pandemija" (Taubenberger i Mo-
rens, 2006). Ni jedna poSast, ni jedan rat, ni
jedno razdoblje gladi u ljudskoj povijesti nije
nikada prije usmrtilo toliko ljudi u tako kratkom
razdoblju. Pandemija Spanjolske gripe iz 1918.
godine je najveci globalni demografski potres
koji je svijet ikada doZivio. Spanjolska gripa bila
jeusjeni Prvog svjetskog rata, iako je odnio zna-
tno manje ljudskih zivota (otprilike 8 do 10 mi-
lijuna), veliki rat je trajao dulje, posveéivala mu
se veca medijska pozornost. Javnost je gripu pri-
hvacala kao produZetak ratnih stradanja, a jedan
od razloga je i §to je svaki val Spanjolske gripe
trajao razmjerno kratko i ona bi opet nekoliko
mjeseci nestala (Anusi¢, 2015). Pandemija $pa-
njolske gripe iz 1918. bila je toliko smrtonosna,
i kada bi se Spanjolska gripa pojavila danas i
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usmrtila isti postotak ameri¢kog stanovnistva,
umrlo bi vise od 1,5 milijuna Amerikanaca. U-
bila bi vise ljudi u jednoj godini nego §to ih
svake godine umre od sr¢anih bolesti, raka, mo-
zdanog udara, kroni¢nih pluénih bolesti, AIDS-
a i Alzheimerove bolesti. Epidemija je utjecala
na tijek povijesti, ubijajuci viSe Amerikanaca u

jednoj godini nego S$to ih je umrlo u bitkama u
Prvom i Drugom svjetskom, Korejskom i Vijet-
namskom ratu (Kolata, 2001). Spanjolska gripa
moze se smatrati "povijesnom" nezgodom i ok-
rutnom posljedicom velikog rata (Erkoreka,
2009).

MALARIJA

Vektori (komarci, krpelji, muhe, buhe, usi i
drugi) su prenositelji razli¢itih uzro¢nika trans-
misivnih (vektorskih) zaraznih bolesti s jedne
zarazene osobe na drugu ili sa zarazene zivotinje
na Covjeka. Jedna od najvaznijih transmisivnih
(vektorskih) bolesti koje prenose komarci, a uz-
ro¢nik su protozoe je malarija. Malariju su nazi-
vali kraljicom bolesti, poznata je od pamtivijeka.
Zauzima jedinstveno mjesto u povijesnim ana-
lima. Neki smatraju da je u mnogome zasluzna i
za propast rimskoga carstava. Tijekom povijesti
njene zrtve su bili princevi, kraljevi 1 veliki
osvajaci, a samo je tijekom XX stoljeca uzroko-
vala smrt izmedu 150 i 300 milijuna ljudi. Dre-
vni spisi i razli€iti artefakti svjedoce o dugoj vla-
davini malarije (Carter i Mendis, 2002). U
svojoj knjizi o malariji Chloupek (1939) opisuje
malariju poput najveéeg carstva na svijetu, a ta-
kvo malari¢no carstvo je za Covjeka carstvo tuge
inevolje. Spominje podru¢ja Makedonije gdje je
sluzbovao nakon Prvog svjetskog rata, gdje je
malarija endemska. U tim selima ljudi su sivi
kao i njihove kuée, zutosivi kao isprZzena zemlja.
Ako im pogledate u o¢i, ogledalo duse, onda je
ta dusa jedna teSka patnja. Izgradnja Panamskog
kanala bila je jedinstven primjer kako bolest
moze kociti ljudski napredak. Panamski kanal je

bio jedan od najvecih, najambicioznijih i najzna-
¢ajnijih inZenjerskih projekata u modernoj povi-
jesti. Isto tako bio je i jedan od najsmrtonosnijih
poduhvata na svijetu. Radovi su nakon nekoliko
godina zaustavljeni zbog visoke smrtnosti rad-
nika na tome projektu. Smatra se da je vise od 27
000 ljudi umrlo od bolesti i posljedica, a glavni
uzrok je bila malarija (Walker, 2014). Rasirenost
malarije ovisi o raSirenosti vektora, komarca iz
roda Anopheles. Cak oko 70 vrsta komaraca toga
roda ima sposobnost prenos$enja uzro¢nika ma-
larije (Sinka i sur., 2012). Kinin je imao vaznu
ulogu tijekom kolonijalnih osvajanja, gdje su se
bijelci suocavali s tropskim bolestima, a isto
tako utjecao je na ratne ishode tijekom povijesti
(Curtin, 1990, Bruce-Chwatt, 1988, Brabin,
2014). Nakon vise od stolje¢a od identifikacije
parazita uzro¢nika malarije i viSe od pola sto-
ljeca nakon pronalaska ucinkovitih lijekova i
insekticida protiv komaraca, od malarije jo$ uvi-
jek obolijevaju stotine milijuna ljudi, a stotine
tisuca ih umiru, osobito u najsiromasnijim dije-
lovima svijeta. Malarija je peti uzrok smrti u svi-
jetu. U mnogim krajevima svijeta malarija je i
dalje "kraljica bolesti", a njezino "carstvo" i da-
lje traje.

KUGA

Kuga je jedna od najopasnijih bakterijskih
bolesti. Smatra se da dugo prati ljudski rod, opi-
sivana je joS od anti¢kih vremena. U Svetom pi-
smu za sve nevolje koje ¢ovjek dozivljavao, glad
i kuga, sve je to bila kazna za gresnike. Kuga je
bila sinonim za bolest, nesre¢u i patnju, od kuge
se umiralo u strasnim mukama, bila je jedno od

prokletstava (Dodig, 2013). Epidemija kuge obi-
ljezila je Citavo razdoblje kasnog srednjeg i dio
ranog srednjeg vijeka. U¢inak kuge postaje zna-
¢ajan za povijest CovjeCanstva. Kroni¢ar navodi
da "kuga nije postedjela ni jedno mjesto, gdje
boravi covjek, ni otoka ni Spilje, niti gorskog
vrha..." (Meyer, 1961). Uzro¢nik se odrzava
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medu populacijom divljih glodavaca, vektor je
Stakorska buha, koja uzro¢nika §iri medu glo-
davcima. Kuga je odavno nestala iz Europe, ali i
dalje tinja u zaristima diljem svijeta poput Azije,
Afrike, Sjeverne i Juzne Amerike. Ne moze se

iskorijeniti jer je Siroko rasprostranjena u priro-
dnim rezervoarima. U mnogim se slucajevima
pokazuje da je ona re-emergentna bolest, koja se
nakon mnogo godina ponovno javlja te dalje
predstavlja prijetnju javnom zdravstvu mnogih
zemalja.

PJEGAVI TIFUS

Pjegavi (epidemijski) tifus uzrokuje Ric-
kettsia prowazekii koju prenosi prtena us koja se
inficira siSué¢i krv bolesnika u stadiju rikecije-
mije. Odigrao je klju¢nu ulogu tijekom ratova u
Europi izmedu XV i XX stolje¢a. Najveca poz-
nata epidemija pjegavog tifusa pratila je Napole-
onovu vojsku tijekom vojne invazije na Rusiju.
Smatra se da je vise od 500.000 vojnika umrlo
od hladnog vremena i zaraznih bolesti, a jedna
od najznacajnijih je bila pjegavi tifus (Raoult i
sur., 2004). Pjegavi tifus zabiljezen je u Bosni i
Hercegovini, a osobito se brzo poceo Siriti po-
slije 1945. godine odmah nakon Drugog svjet-
skog rata. Te 1945.godine, pojavilo se sto epide-
mija tifusne groznice, s najve¢om incidencijom
u Europi koja je iznosila 215/1000 stanovnika u
podrucjima s epidemijom. U suzbijanju bolesti
koriStene su smjernice jedinstvenog programa
koje su koristene u svijetu za iskorjenjivanje bo-
lesti. Od 1971. godine u Bosni i Hercegovini nije
vise bilo prijavljenih slucajeva tifusa i bolest je
iskorijenjena (Puvacié i sur., 2006). U knjizi A-
ugusta Hirsha iz 1883. godine je napisano: "Po-
vijest tifusa je zapisana kao tamna stranica svjet-
ske price, koji je covjeCanstvo posjecivao
tijekom ratova, bijede, patnje i boli svake vr-
ste..." (Snyder, 1947).

Izmedu pedesetih i osamdesetih godina, ve-
like epidemije pjegavog tifusa postale su rjede, a
geografska se distribucija smanjila zbog pobolj-
Sanja zivotnog standarda. Tijekom tog razdoblja,
u literaturi su zabiljezeni sporadi¢ni slucajevi
zoonotskog porijekla (u SAD-u) i Brill-Zinsse-
rova bolest. Infekcije s R. prowazekii rijetko su
opisane u SAD-u, a od 1976. do 2001. godine
ukupno je zabiljezeno 39 slucajeva oboljenja od
pjegavog tifusa u osoba koje nisu imale usi i nisu

bile u dodiru s usima. Gotovo svi ovi slucajevi
bili su u istocnim dijelovima SAD-a. U veéini
slucajeva dokazan je izravan ili neizravan dodir
s lete¢im vjevericama (Glaucomys spp) ili s gni-
jezdima lete¢ih vjeverica prije pojave bolesti
(Reynolds i sur., 2003.). Velike epidemije pjega-
vog tifusa uglavnom su se zbile u Africi, a pri-
javljeni su slucajevi u Burundiju, Etiopiji i Ru-
andi. U Etiopiji je godi$nji broj slucajeva tifusa
iznosio u rasponu od 7.000 do 17.000 (osim u
1979. godini, kada je ustanovljen veci broj obo-
ljelih). U 1970-ima su se najvece epidemije do-
godile u Burundiju i Ruandi. Godine 1975. u Bu-
rundi je bilo prijavljeno 9.000 slucajeva
oboljelih od pjegavog tifusa (WHO, 1997). Tije-
kom osamdesetih i devedesetih godina pjegavi
tifus je dokazan u siroma$nim dijelovima svijeta,
a uvijek je povezan s lo§im sanitarnim uvjetima
(poput zatvora ili izbjegli¢kih logora) te hladni-
jom klimom u planinskim podru¢jima. Jedna od
vaznijih 1 ve¢ih epidemija zabiljezena je u Etio-
piji 1984. godine kada je registrirano blizu 4.000
oboljelih (Ndihokubwayo i Raoult, 1999, Le-
taief, 2006, Labruna, 2009). U posljednjih deset-
lje¢a pojavile su se povremene epidemije u Af-
rici (Etiopija, Nigerija, Burundi, Ruanda,
Uganda), Meksiko, Srednja Amerika, Juzna
Amerika (osobito Peru), Istocna Europa, Afga-
nistan, Indija i Kina. U sjevernoj Africi, Rusiji i
Kazahstanu identificirani su sporadi¢ni slu¢ajevi
ili male sumnjive epidemije.

Osim pjegavog tifusa, usi prenose povratnu
(rekurentnu) i rovovsku groznicu. Bolesti su po-
znate stolje¢ima, a njihova je pojava najizraze-
nija tijekom ratova. One i dalje predstavljaju
glavnu brigu javnog zdravstva u populacijama
ljudi koji zive u losim higijenskim uvjetima zbog
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rata, razli¢itih drustvenih poremecaja, gladi i si-
romastva. U razvijenim zemljama bolesti se Ce-
sto dokazuju u beskuénika, a u zemljama u raz-
voju epidemije ovih bolesti zabiljezene su u

zatvorima i izbjeglickim logorima (Badiaga i
Brougui, 2012).

TUBERKULOZA I LEPRA

Dvije vazne i nezaobilazne bolesti uzroko-
vane mikobakterijama su tuberkuloza i lepra.
Tuberkuloza i lepra uz ljudski rod su od prapo-
vijesti pa sve do danas. Mnoge ljudske sudbine
bile su povezane s tuberkulozom, ona je oduvi-
jek bila neizostavni dio zivota zajednice. Nigdje
u drevnim zapisima ne postoji zapis njezina po-
Cetka, ali kroz povijest uvijek je bila prisutna.
Tamo gdje su druge epidemije trajale tjednima
ili mjesecima, epidemija tuberkuloze trajala bi
stoljece ili dulje. Tuberkuloza je polako i tiho,
puzajuéi, ulazila u domove milijuna ljudi, jed-
nom stigla i nikada ponovo oti§la. Pogadala je
veliki broj ljudi, a vrlo ¢esto su to bila djeca i
mladi ljudi, na pocetku svog Zivota, Sto je imalo
Siroki drustveni utjecaj. U XIX stoljecu se Cinilo
kao da svi umiru od tuberkuloze. Tuberkuloza je
postala popularna pojava, prvo kao romanti¢no
otkupljenje, a zatim kao odraz drustvenih zala
(Morens, 2002). Brojne zivotne sudbine bile su
povezane s tuberkulozom, posvecena su joj djela
kroz opise likova ili kroz bolest samog umjet-
nika. Mnogi pjesnici i slikari umrli su mladi od

tuberkuloze, a iza sebe su ostavili veliki opus
(Dugac, 2005, Vrga, 2012). Prema podacima
Svjetske zdravstvene organizacije danas u svi-
jetu jos uvijek od tuberkuloze umire oko dva mi-
lijuna ljudi, a oboli ih oko osam milijuna (Jeren,
2000).

Lepra je jedna od najstarijih i najstra$nijih
bolesti od koje obolijevaju ljudi. Bila je sinonom
za stigmatizaciju i diskriminiciju zbog velikih
deformacija na tijelu. Od davnina je poznata kao
"smrt prije smrti". Usprkos terapiji, i dalje je en-
demska u nekim zemljama (Visschedijk i sur.,
2000, Dogra i sur., 2013). Godisnje se dijagnos-
ticira 200.000 novooboljelih od lepre. Prema po-
dacima SZO u 2015. godini lepra je prijavljena
u 136 zemalja svijeta, a na svijetu ima oko Cetiri
milijuna ljudi s invaliditetom prouzrocenim le-
prom. Dugo se smatralo da je lepra samo bolest
covjeka, ali dokazano je da su prirodni rezervo-
ari lepre devetokolutni pasanci u SAD i Juznoj
Americi (Truman i sur., 2011).

SIFILIS

Sifilis je stalni i nezeljeni suputnik ¢ovjecan-
stva ve¢ vise od 400 godina. Od prve pojave si-
filis je bila stigmatizirana, sramotna bolest. Utje-
cao je na zivote milijuna ljudi u svim drustvenim
slojevima. Poznato je da su mnoge poznate
osobe, razli¢iti umjetnici, pisci, skladatelji i ve-
like povijesne licnosti bile zarazene sifilisom.
Sifilis nije birao razinu socijalnog, drustvenog i
gospodarskog statusa, od njega su obolijevali

svi. Sifilis je bolest sa sto lica i veliki imitator.
Ovaj stari neprijatelj CovjeCanstva za kojeg se
nakon otkri¢a penicilina smatralo da je na rubu
poraza, opet iznenaduje te se vraca i dalje po-
buduje paznju Covjecanstva. U posljednjih 30
godina, zbog homoseksualnih navika, zloupo-
rabe droga i HIV infekcije, broj zaraZenih je po-
novno u porastu, sto predstavlja problem javnog
zdravstva (Marinovi¢ i Lipozencié, 2002).
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KOLERA

Suvremena povijest kolere zapocela je 1817.
godine kada su se pocele javljati eksplozivne e-
pidemije kolere u regiji Bengal uz podrudje ri-
jeke Ganges u Indijskom potkontinentu, gdje je
bolest endemicna. To je bila prva od sedam do
danas zabiljezenih pandemija kolere koje su po-
godile skoro cijeli svijet i uzrokovale milijune
smrtnih slucajeva (Siddique i Cash, 2014). Epi-
demije razlicitih bolesti su tijekom XIX stoljeca
bile vrlo Ceste, a narocito tesko je bilo za vrijeme
kolere, koja je uzrokovala vrlo visoku smrtnost.

Broj umrlih je izazivao veliku paniku, a poseban
strah i nevjerica potaknuti su simptomima koji
su ljudsko tijelo pretvorili u olupinu, $to je ovu
bolest ucinilo strasnom posasti od koje su se
ljudi uzasavali (Ipsi¢, 2010). Izbijanje kolere uz-
rokuje ljudsku patnju, paniku, narusavanje drus-
tvene i gospodarske strukture te razvoj zajednice
gdje god se pojave. Prirodne katastrofe poput
tsunamija, potresa i ratova znatno povecéavaju ri-
zik epidemija s visokim stopama smrtnosti.

EMERGENTNE I RE-EMERGENTNE BOLESTI-NOVA PRIJETNJA SVIJETU?

Vidljivo je da su kroz itavu povijest zarazne
bolesti imale znatan utjecaj na razvoj i prosperi-
tet CovjeCanstva. Neke bolesti su u razvijenim
zemljama suzbijene ili su pod kontrolom, ali u
nerazvijenim one i dalje opstaju i od njih oboli-
jevaju milijuni ljudi. Krajem XX. stoljeca, go-
tovo svi su bili uvjereni da ¢e lijeCenjem, cijep-
ljenjem 1 na druge nacine uskoro modéi
iskorijeniti ve¢inu zaraznih bolesti. Medutim,
uspjelo se iskorijeniti velike boginje, a rezultati
su razocaravajuci u borbi protiv malarije ili tu-
berkuloze koji i dalje predstavljaju problem.
Tako da se ¢esto ne govori o iskorjenjivanju veé
samo o nadziranju endemskih bolesti.

Nakon $to je primijeéena pojava emergent-
nih i re-emergentnih bolesti Institut za medicinu
Nacionalnog vije¢a za istrazivanje SAD, 1991.
godine imenuje devetnaesteroc¢lano multidiscip-
linarno povjerenstvo za prouc¢avanja pojave no-
vih uzroc¢nika koju su prijetnja zdravlju nacije.
Emergentne zarazne bolesti su bolesti koje se po
prvi puta pojavljuju u nekoj populaciji, a re-
emergentne su one koje se nakon odredenog ra-
zdoblja ponovno pojavljuju na nekom prostoru
gdje su ranije ve¢ bile eradicirane. Njihovo
izvjesée od godine 1992. imalo je naslov: "Nove
zaraze-mikrobna prijetnja zdraviju SAD". U ci-
jeloj raspravi doslo se do zakljucka da postoji
Sest razli¢itih ¢imbenika kojima se moZe objas-

niti pojava emergentnih ili re-emergentnih zara-
znih bolesti. Ti ¢imbenici su: ljudska demogra-
fija i ponasSanje, tehnologija i industrija,
gospodarski razvoj i koriStenje zemljista, medu-
narodna putovanja i trgovina, adaptacija i prom-
jena mikroorganizama te slom mjera javnog
zdravstva (Brachman, 2003). Emergentne zara-
zne bolesti predstavljaju znacajan teret global-
nom gospodarstvu i javnom zdravstvu. [zmedu
1940. 1 2004. godine pojavile su se 334  emer-
gentne zarazne bolesti u svijetu. Najvisa inciden-
cijaje bila 1980-tih godina, istodobno s pojavom
HIV pandemije. Dominiraju zoonoze (60,3%), a
veéina zoonoza (71,8%) potjece od divljih zivo-
tinja. Navodi se da su u 54,3% slucajeva uz-
roc¢nici bile bakterije i rikecije, u 25,4% uzrok su
bili virusi, u 10,7% protozoe, u 6,3% gljivice i u
3,3% helminti. Vektorskim bolestima pripada
22,8%, a u posljednjim desetljec¢ima ¢ak 28,8%
bolesti (Jones i sur., 2008).

Prije to¢no 100 godina virus Spanjolske gripe
harao je svijetom. Razli¢iti vrlo sli¢ni i promije-
njeni virusi pticje gripe (H5SN1), virus pandemij-
ske (nove) gripe A (HIN1) ili neki drugi tipovi
poput H7NO i danas takoder unose strah, nemir i
smrt u pojedine dijelove svijeta. Godine 1977.
Svjetska zdravstvena organizacija objavila je da
su pobijedene velike boginje, virusna bolest koja
je tijekom povijesti prouzrocila najveéi broj smr-
tnih slucajeva. Medutim samo nekoliko godina
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kasnije, tijekom 1980.-tih, pojavio se novi virus,
virus AIDS-a (engl. Aquired Immunodeficiency
Syndrome) koji je svojom pojavom i posljedi-
cama opet prestrasio svijet. To je sindrom stece-
nog nedostatka imunosti, $to dovodi do stanja o-
slabljene imunosti, a posljedica je pojava
razli¢itih bolesti §to se u zdravih ljudi ne bi po-
javile. Prema podacima Svjetske zdravstvene or-
ganizacije u svijetu je 2016. godine zivjelo s
AIDS-om 36,7 milijuna ljudi, 1,8 milijuna je no-
vootkriveno, a jedan milijun je umro od poslje-
dica bolesti (HZJZ, 2017). U SAD-u u regiji
Four Corners pojavila se 1993. godine bolest sli-
¢na gripi. U oboljelih se razvila teSka upala pluca
i doslo je do smrti. Virus je u pocetku nazvan Sin
Nombre (SNV) ($panj. bezimeni), a kasnije je i-
dentificiran hantavirus, a prirodni rezervoar vi-
rusa je mi§ (Peromyscus maniculatus). Bolest je
rijetka, ali vrlo ozbiljna i ¢esto smrtonosna (Cak
do 66,7%) (Torres-Perez i sur., 2010). Infekcija
hendra virusom je rijetka zoonoza koja uzrokuje
teSku i Cesto smrtonosnu bolest kod inficiranih
konja i ljudi. Razboljela se kobila s simptomima
sli¢nim gripi, a od iste bolesti oboljela su dva ¢o-
vjeka, a umro je vlasnik konja od zatajenja pluca
i bubrega. Kasnije je u Australiji opisano vise
desetaka sluc¢ajeva u konja i ljudi. Rezervoari vi-
rusa su §iSmisi. Virus je prvi puta opisan 1994,
godine u Hendri predgradu Brisbanea u Austra-
liji (Field, 2016). Godine 1997. u Maleziji je i-
dentificiran encefalitis 1 respiratorne bolesti u
svinja. Ubrzo nakon toga radnici koji su radili na
farmi poceli su se razbolijevati od encefalitisa.
Tijekom dvogodisnjeg razdoblja bilo je nekoliko
stotina slucajeva bolesti u ljudi s vise od 100
smrtnih slucajeva. Iz mozga pacijenta koji je
umro izdvojen je nipah virus. Radilo se o pa-
ramyxovirusu sli¢nih karakteristika kao i hendra

virus, a rezervoar je pronaden u §iSmiSima iz
roda Pteropus koji se hrane vo¢em (Carter i Sa-
unders, 2007, Ang i sur., 2018). Virus Zapadnog
Nila poznat je jos 1937. godine kad je izdvojen
iz krvi Zene u podrucju Zapadnog Nila u Ugandi.
Godine 1996. godine zabiljezene su infekcije u
Europi, a 1999. 1 u SAD-u. Infekcija virusom Za-
padnog Nila tipi¢na je zoonoza koju prenose ve-
ktori. Vec¢inom prolazi asimptomatski (u 80%
slucajeva), u 20% zarazenih infekcija se ocituje
kao nespecifi¢na febrilna bolest, a u manje od
1% bolesnika javlja se neuroinvazivna bolest
koja se oCituje meningitisom i encefalitisom. Ra-
zlicite vrste ptica primarni su domacini i rezer-
voari virusa, a glavni vektori su komarci (Carter
i Saunders,2007). Prije 15 godina (2003.) u Kini
se pojavio SARS (engl. Severe Acute Respira-
tory Syndrome). To je teSka virusna respiratorna
bolest koja moze uzrokovati smrtnost i do 15%
oboljelih ljudi (Krajinovi¢ i Barsi¢, 2003). Go-
dine 2012. u Saudijskoj Arabiji pojavila se nova
globalna prijetnja, bolest nazvana MERS (engl.
Middle East respiratory syndrome), koja uzro-
kuje tesku respiratornu bolest. [ako je vecina pa-
cijenata geografski povezana s arapskim poluo-
tokom, MERS je otkriven i u drugim dijelovima
svijeta. Domacini virusa su deve, a dokazan je i
interhumani prijenos. Na Srednjem istoku smrt-
nost je iznosila ¢ak 25,9%, a 20,4 u Juznoj Ko-
reji (Park i sur., 2018). Prema podacima Svjetske
zdravstvene organizacije od 2012. do danas bo-
lest je dokazana u 27 zemalja svijeta. Tijekom
2013. godine svijet je uzbunila pojava strasne vi-
rusne bolesti ebole koja se pojavila u zapadnoj
Africi. Ugrozeni su bili milijuni ljudi, a oboljelo
ih je viSe tisuca. Bolest je zoonoza, a virus je do-
kazan u gorila, ¢impanzi, vo¢nih $iSmisa i anti-
lopa (Jemersic, 2014).

ZAKLJUCAK

Povijesno gledano zarazne bolesti imale su
duboki utjecaj na ljudsku populaciju, ukljucujuéi
njezinu evoluciju i razvoj. Pojava bolesti nije je-
dnostavna pojava, ona je dinami¢na, vecina no-
vih bolesti nije uzrokovano novim uzro¢nicima

oni su uglavnom poznati, ali pojavljuju se pono-
vno u drugacijim okolnostima, na drugi nacin,
mnoge bolesti promijenile su svoju sliku i utje-
caj. Javlja se sve veci broj potencijalno patoge-
nih (oportunisti¢kih) mikroorganizama. Poznato
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je da 10-15% infektivnih uzro¢nika moze uzro-
kovati i maligne bolesti. LakSe se prepoznavaju
i identificiraju zbog novih i vrlo osjetljivih teh-
nika kojima se dokazuju. Covjekove aktivnosti
pomazu pojavu bolesti, a razli¢iti drustveni, go-
spodarski, politicki, klimatski, tehnoloski i oko-
liSni ¢imbenici mogu utjecati i oblikovati nje-
zinu pojavu. Spoznaja da se zarazne bolesti u
potpunosti mogu pobijediti, posljednjih je go-
dina pokolebana pojavom emergentnih i re-

emergentnih bolesti. Unato¢ napretku medicine,
znanstvenici jo$ uvijek ne nalaze trajna rjeSenja
u nekim podrucjima svijeta za dugo nam poznate
bolesti poput malarije, tuberkuloze ili kolere.
Spektar zaraznih bolesti se §iri, a problemi infek-
cija prisutni su u svim aspektima medicine, sve
je sloZenije, a izazovi sve zahtjevniji. Jasno je da
na pocetku novog tisuclje¢a zarazne bolesti
predstavljaju veliku i stalnu prijetnju danasnjem
drustvu 1 dalje su jedan od najvecih ubojica u

svijetu.
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Abstract: Different contagious diseases had huge impact on the society during the history. Their
appearance destroyed and devastated whole teritories, caused number of victims which drastically
surpassed the ones in wars, and after the appearance of such disease the whole path of the history
changed. The most important contagious diseases are known and written in the earliest known
records, from the beginning of the world they were humans' companion, their impact on the deve-
lopment, suffer and death is huge during hundreds of years. Smallpox belong to the most deadly
and the scariest viral diseases faced by humanity.

Pandemic of Spanish flu from 1918 is the biggest global demographic earthquake that the world
has ever experienced. One of the most important transmisive (vector) mosquito-borne diseases, ca-
used by protozoa, is malaria. Lice transmit the causer of typhus fever, trench fever and recurrent
fever. Plague in natural habitats transmits rat flea and it is one of the most dangerous bacterial dise-
ases. Typhus fever was a constant companion of the distress, accidents and suffering of the people
during wars. Many faiths of people were connected with tuberculosis, it was always an unavoidable
part of living community. Leprosy is one of the oldest and scariest diseases. It was a synonym for
stigmatization and discrimination because of big deformations on the body. Styphilis is constant and
unwanted companion of humanity for more than 400 years. Since its first occurance, styphilis was
stigmatisized, disgraceful disease. Contemporary past of cholera began in 1817. Cholera causes
difficult clinical diseases followed by humans pain and panic, and disrupts social and economic
structure and develompent of the society wherever it occurs. It is visible that throughout the whole
history, contagious diseases had huge impact on development and prosperity of the humanity. Thro-
ughtout the history, humans had many important wars and battles, but perhaps the biggest ones were
fought, and many of them are still fighting, against the contagious diseases.

Key words: diseases, history, world

INTRODUCTION

Contagious diseases were always attracting
the most attention because of their mass ocu-
rance, high mortality rates among patients and
far-reaching consequences that they were cau-
sing. Human recognized the disease as a weak-
ness and powerlesness of the body. They were
discribed with simple descriptions and general
symptoms so it was very difficult recognizing

the type of disease. They were endangering the
health, and the dangerous ones even the life, es-
pecially if they were occuring as epidemics. Du-
ring the past, huge epidemics were effecting the
faith of particular nation, they were weakening
the strength of powerfull and big armies, causing
the hunger and misery. Different doctors, histo-
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rians and different chroniclers write about the e-
pidemics of contagious diseases, so from their
conclusion we can find out about the suffering of
the humanity throughout the history. Old cultu-
ral peoples have met many horrors of contagious
diseases. Diseases, their occurance and spread
are consistent with undersanding of medicine of
that particular time. Usually, epidemics are
considered a supernatural cause, and later a
God's punishment (Glesinger, 1978).

Contagious diseases are still highly ranked
on cause-of-death scales (in some parts of the
world they are number one). Around 15 milion
people every year die because of the contagious
disease. Some of the traditional contagious dise-
ases are suppressed in developed countries, but
the new ones with new causers occured, new

clincal pathology picture and with new problems
for public health (Jeren, 2006).

In this review, contagious diseases that are
dangerous and written in the earliest known
records will be described shortly. About the di-
seases that were the enemies of the humanity
throughout the history, their influence on the de-
velopment, suffer and death that were caused in
humans during thousands of years. Described
are the most important diseases that occured un-
til the end of 19th century, and at the beginning
of 20th (spanish flu), and some of them are ac-
tive even today. The selection was driven based
on the meaning and the importance of the dise-
ase as well as their influence on the happenings
throughout the history (Cvetni¢, 2018).

HISTORY

According to the discussions that were attri-
buted to Hippocrates (460-377. B.C.), disease is
the loss of natural harmony, deviation from the
rule, breaking of the ideal relationship between
the parts of harmonious continets. That is, accor-
ding to Hippocrates, overall and local disorded
withing four basic fluids of the human body
(blood, mucus, yellow bile and black bile). He-
alth is harmonious arrangement of basic fluids,
and the diseases is a lack of fluids or their imba-
lance. The number of diseases is unlimited beca-
use there are infinite number of possibilities and
imbalances between the fluids and the body (Gr-
mek, 2000). Hippocrates dismissed supernatural
casuses of epidemical diseases, because all of
them have natural causes. He believes that in air,
water and rot harmful things are present, conta-
gious evaporations that he calls miasmas. They
spoil the air and human inhales them throughout
the air, and in the organism they cause spoilage
of body fluids. Mass occurance of the disease is
caused because at the same time many people in-
hale such toxic stuff, whoch cause the same di-
seases in all of them. That is how Hippocrates
describes the beginning of epidemical diseases.
However, neither Hippocrates nor other doctors

don't know any protective measures that would
help preventing the occurance of such epidemy.
The only thing that humans were doing during
epidemies is running from the diseases (Glesin-
ger, 1978).

The history of the world is interweaved by
the influence of many different contagious dise-
ases on human population. The evidences of pox
were found on Egiptian mummy. Ebers papyrus
in Egypt are painted with the pictures of conta-
gious diseases, and contain recipes and instruc-
tions how to treat many diseases. Hippocrates
was writing about the spread of the disease thro-
ugh air and water, he connected the climate, nu-
trition and environmental conditions as impor-
tant factors in the occurance of contagious dise-
ases. Fracastoro was, at the beginning of the 16th
century, pointing out that the diseases were cau-
sed by small, invisible bodies (germs), he recog-
nized that diseases can spread by direct touch or
with the object, and that it is possible to spread
the infection from the distance (through air).
None of them are spread by an occult force,
which was thought by the old medicine, and the
new, evolved principles are being accepted. The
evolution of microscope in 17th century enabled
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the visualization of microorganisms. At the end
of 19th century, important causers of the most
important bacterial diseases were found, as well
as their breeding and identification. Different
vaccines were developed and used in order to
controldisease, as well as the the different mea-
sures for controling and preventing the most im-

portant diseases. 20th century brought chempot-
herapy and antibiotics. Than it could be said that
almost all practical problems in suppression and
control of contagious diseases that have appea-
red until than, were solved (Bracham, 2003)

SMALLPOX

Smallpox belongs to deadliest and the most
scariest viral disease faced by humanity during
history. Only during XX century smallpox epi-
demic caused death of 300 to 500 million of peo-
ple. It is considered that they are responsible for
death of 10% of the people in the world, during
last thousand years (Thevez et al., 2014). In
China, as early as the tenth century, the first pro-
tection against smallpox was made by blowing
powdered dried scabs into the nose, removed
from smallpox patients. Later, variolation proce-
dures were applied until vaccination with
cowpox virus was first applied by Edward Jen-
ner in 1796, followed by vaccination worldwide
(Behbehani, 1983). This process has protected
humanity and contributed to significant demo-
graphic growth later (Thevez et al., 2014). By
the mid-twentieth century, smallpox was wides-
pread in the world and endemic in many coun-
tries, and at the time it was still suffering from
10 to 15 million people worldwide, dying about
two million. In 1967, the World Health Organi-
zation adopted the Smallpox Control Program.

For the next ten years, with the use of vaccina-
tion, the last smallpox case was reported in So-
malia in 1977, and in 1980 the WHO declared
the world free from smallpox. Smallpox is the
first and so far the only disease in the world that
human have suppressed by vaccination and other
public health measures. Smallpox has killed
more people in the world than all wars in history
(Morse, 2009). The genus that includes variola
virus, the causative agent of smallpox, includes
the vaccine virus, monkeypox and cowpox virus,
the camelpox virus, and all of these species are
zoonozes. Recent studies indicate that in the fu-
ture it is possible to expect the evolution of zoo-
notic orthopoxviruses and the emergence of a
new variol-like virus (Shchelkunov, 2013).
There are still virus samples in laboratories in
the US and Russia. When using the smallpox vi-
rus as a biological weapon, the consequences co-
uld be very devastating, because for almost 40
years no one has been vaccinated against
smallpox.

SPANISH FLU

As we think today about the threat of an in-
fluenza virus that will evolve and as recombinant
and highly patogenic will come back again, we
can not bypass the story of the 1918 flu pande-
mic. The 1918 flu pandemic is one of the para-
digms of a nightmare that comes up when deadly
infectious diseases are mentioned. Spanish flu
was, by all accounts, the greatest natural disaster
of the early 20th century. Official estimates of
the mortality caused by the flu are steadily rising
as researchers continue to find data in develo-
ping countries and distant places (Morse, 2009).

At the beginning of the 20th century, studies
showed that 21.5 million people died from the
consequences of the Spanish flu. And more re-
cent studies estimate that they range from 50 to
even up 100 million people. It is estimated that
one third of the world's population at that time,
or about 500 million people, were infected and
had clinically visible signs of the disease. That's
why they call the Spanish flu "the mother of all
pandemics" (Taubenberger and Morens, 2006).
No monster, no war, no starving in human his-
tory has ever killed so many people in such a
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short period. The 1918 Spanish flu pandemic is
the largest global demographic earthquake the
world has ever experienced. The Spanish flu was
in the shadow of World War I, although it took
significantly fewer human lives (approximately
8 to 10 million). The Great War lasted longer,
with great media attention. The public accepted
the flu as an extension of war casualties, and one
of the reasons was that each wave of the Spanish
flu lasted briefly and it would disappear again
for several months (Anusi¢, 2015). The 1918
Spanish flu pandemic was so deadly, and if the
Spanish flu appeared today and killed the same

percentage of the American population, more
than 1.5 million Americans would die. It would
kill more people in one year than die each year
of hart disease, cancer, stroke, chronic lung di-
sease, AIDS and Alzheimer's. The epidemic af-
fected the course of history, killing more Ameri-
cans in one year than that were killed in the bat-
tles of World War I, World War II, the Korean
War, and the Vietnam War (Kolata, 2001). The
Spanish flu can be considered a "historical" ac-
cident and a cruel consequence of the Great War
(Erkoreka, 2009).

MALARIA

Vectors (mosquitoes, ticks, fleas, lice, and
others) are carriers of various agents of transmis-
sible (vector) infectious diseases from one infec-
ted person to another or from an infected animal
to a human. Malaria is one of the most important
mosquito-borne transmissible (vector) diseases,
caused by protozoa. Malaria has been called the
queen of the diseases, it has been known since
time immemorial. It occupies a unique place in
historical annals. Some believe that it is respon-
sible for the collapse of the Roman Empire.
Throughout history, its victims have been prin-
ces, kings, and great conquerors, and during the
20th century alone, it caused the deaths of
between 150 and 300 million people. Ancient
scriptures and various artifacts testify the long
rule of malaria (Carter and Mendis, 2002). In his
book of malaria, Chloupek (1939) describes ma-
laria as the largest empire in the world, and such
a malarial empire is, for man, an empire of sad-
ness and distress. He mentions the areas of Ma-
cedonia, where he served after World War I, as
malaria endemic. In these villages, people are as
gray as their houses, yellow-gray as burned land.
If you look into their eyes, the mirror of the soul,
than that soul is one of the great sufferings. The
construction of the Panama Canal was an unique
example of how disease can hinder human pro-
gress. The Panama Canal was one of the largest,

most ambitious and significant engineering pro-
jects in modern history. It was also one of the
deadliest ventures in the world. Work was stop-
ped after several years because of the high mor-
tality of workers on the project. More than 27
000 people are thought to have died from the di-
sease and the consequences, with malaria being
the main cause (Walker, 2014). Prevalence of
malaria depends on the prevalence of the vector,
a mosquito of the genus Anopheles. As many as
70 species of mosquitoes of this genus have the
ability to transmit the cause of malaria (Sinka et
al. 2012). Quinine played an important role du-
ring colonial conquests, where whites faced tro-
pical diseases and also influenced war outcomes
throughout the history (Curtin, 1990, Bruce-
Chwatt, 1988, Brabin, 2014). More than a cen-
tury after the identification of the parasite that
caused malaria and more than half of century af-
ter the mosquito repellents and drugs were found
to be effective, hundred of millions of people
still suffer from malaria and hundreds of thou-
sands die, especially in the poorest parts of the
world. Malaria is the fifth cause of death in the
world. In many parts of the world malaria is still
the "disease queen" and its "empire" is still in
existence.



Veterinary Journal of Republic of Srpska (Banja Luka), Vol. XIX, No. 2,217-227, 2019.

Cvetnic¢ et al:
Diseases that changed the world

221

PLAGUE

Plague is one of the most dangerous bacterial
diseases. It is considered that it accompanies
people for a long period of time, described since
ancient time. In Scripture, all the troubles man
experienced, including hunger and plague, were
a punishment for sinners. Plague was
synonymus for sickness, mysery and suffering,
dying from the plague in terrible torment was
one of the anathema (Dodig, 2013). The plague
epidemic marked the entire period of the late and
part of the early Middle Ages. The effect of the
plangue becomes significant for the history of
the mankind. The chronicler states that "the pla-
gue has spared no place where man lives, no is-
land or cave, no mountain peak.." (Meyer,

1961). The causative agent is maintained
among the wild rodent population, the vector
is rat flea, which spreads the causative agent
among rodents. Plague has disappeared from
Europe for a long time, but is still smoldering
in hotspots around the world, like Asia, Africa,
North and South America. It cannot be eradi-
cated because it is widespread in natural re-
servoirs. In many cases, it is shown to be a re-
emergent disease, which recurs after many
years and continues to pose a threat to public
health in many countries.

TYPHUS FEVER

Typhus fever (epidemic) is caused by Ric-
kettsia prowazekii transmitted by body lice
which is infected by suckling the blood of pati-
ents at the rickettsial stage. It played a key role
during the wars in Europe between the 15th and
20th centuries. The largest known epidemic of
typhus fever affected Napoleon's army during
the military invasion of Russia. More than
500,000 soldier are thought to have died from
cold weather and infectious diseases, and one of
the most significant was typhus fever (Raoult et
al., 2004). Typhus fever has been reported in
Bosnia and Herzegovina, and it began to spread
especially rapidly after 1945 immediately after
World War II. In 1945, one hundred outbreaks
of typhus fever occurred, with the highest inci-
dence in Europe of 215/1000 in epidemic areas.
In the control of disease, the guidelines of a u-
nique program have been used worldwide to e-
radicate disease. Since 1971, there have been no
more reported cases of typhus in Bosnia and
Herzegovina and the disease has been eradicated
(Puvacic et al., 2006). The 1883 book of August
Hirsh reads: "The history of typhus is written as
the dark page of a world story, that affected hu-
manity during wars, misery, suffering and pain
of every kind..." (Snyder, 1947).

Between the 1950s and the 1980s, large ou-
tbreak of typhus fever became less frequent and
geographical distribution declined due to impro-
ved living standards. During this period, spora-
dic cases of zoonotic origin (in the US) and Brill-
Zinser's disease have been reported in the litera-
ture. Infection with R. prowazekii have been ra-
rely reported in the US, and from 1976 to 2001,
a total of 39 cases of typhus fever were reported
in persons who had no lice and were not in con-
tact with lice. Almost all of these cases were in
the eastern United States. In most cases, direct or
indirect contact with flying squirrels (Glau-
comys spp) or with nests of flying squirrels be-
fore the onset of the disease has been demonstra-
ted (Reynolds et al., 2003). Major outbreaks of
typhus fever have mainly occurred in Africa,
with cases reported in Burundi, Ethiopia and
Rwanda. In Ethiopia, the annual number of cases
of typhus ranged from 7.000 to 17.000 (except
in 1979, when more patients were diagnosed). In
the 1970s, the largest epidemic occurred in Bu-
rundi and Rwanda. In 1975, 9.000 cases of
typhus fever were reported in Burundi (WHO,
1997). During the 1980s and 1990s, typhus fever
was found in poor parts of the world, always
associated with poor sanitation (such as prisons
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of refugee camps) and the colder climate in mo-
untains areas. One of the more important and
major epidemic was recorded in Ethiopia in
1984 when close to 4.000 patients were registe-
red (Ndihokubwayo and Raoult, 1999, Letaief,
2006, Labruna, 2009). In recent decades, there
have been occasional outbreak in Africa (Ethio-
pia, Nigeria, Burundi, Rwanda, Uganda),
Mexico, Central America, South Amerika (espe-
cially Peru), Eastern Europe, Afghanistan, India
and China. In North Africa, Russia and Kazakh-
stan sporadic cases or small suspected outbreak
have been identified.

In addition to typhus fever, lice transmit re-
current and trench fever. Diseases have been
known for centuries and their occurrence is most
present during wars. They continue to be a major
public health concern in a population of people
living in poor hygiene conditions due to war, va-
rious social disorders, hunger and poverty. In de-
veloped countries, diseases are often proven in
homeless, and in developing countries epidemic
of these diseases have been reported in prisons
and refugee camps (Badiaga and Brougui,
2012).

TUBERCULOSIS AND LEPROSY

Two important and unavoidable diseases ca-
used by mycobacteria are tuberculosis and le-
prosy. Tuberculosis and leprosy exist since pre-
historic times. Many human destinies have been
associated with tuberculosis, it has always been
integral part of community life. Nowhere in the
ancient record is there a record of its beginning,
but throughout the history it has always been
present. Where other outbreak lasted weeks or
months, the tuberculosis epidemic would last for
a century or longer. Tuberculosis slowly and
quietly entered in homes by creeping into the ho-
mes of millions of people, once arrived and ne-
ver left again. It affected large number of people,
and very often it was children and young people
at the beginning of their lives that had a wide so-
cial impact. In 19th century it seemed as
everyone was dying from tuberculosis. Tubercu-
losis has become a popular phenomena, first as
romantic redemption, and than as a reflection of
social ills (Morens, 2002). Numerous life desti-
nies were associated with tuberculosis, book
work were dedicated to it through character des-

cription or through the illness of the artist him-
self. Many poets and painters died of tuberculo-
sis leaving behind a large oeuvre (Dugac, 2005,
Vrga, 2012). According to the World Health Or-
ganization around two million people in the
world still die from tuberculosis today, and
about eight million are affected (Jeren, 2006).

Leprosy is one of the oldest and most terrible
diseases that people get sick with. It has been
synonymous with stigmatization and discrimina-
tion due to major deformities on the body. It has
long been known as "death before death". Des-
pite therapys, it is still endemic in some countries
(Visschedijk et al., 2000, Dogra et al., 2013).
Annually, 200,000 new leprosy patients are dia-
gnosed. According to the WHO data in 2015, le-
prosy was reported in 136 countries of the world,
and there are approximately four million people
with disabilities caused by leprosy in the world.
Leprosy has long been thought to be just a dise-
ase of man, but natural reservoirs of leprosy have
been proven to be nine-banded armadillo in the
US and South America (Truman et al., 2011).

SYPHILIS

Syphilis has been a constant and unwanted
companion of humanity for over 400 years.
Syphilis have been a stigmatized, shameful dise-
ase from the first onset. It has affected the lives

of millions of people among all social layers.
It is known that many celebrities, various artists,
writers, composers and great historical figures
have been infected with syphilis. Syphilis did
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not choose the level of social and economic sta-
tus, it affected everyone. Syphilis is a hundred-
face disease and a great imitator. This old enemy
of humanity, thought to be on the verge of defeat
after the discovery of penicillin, once again sur-

prised and returned continuing to attract huma-
nity's attention. In the last 30 years, due to ho-
mosexual habits, drug abuse and HIV infection,
the number of infected persons has increased
again, which is a public health problem (Mari-
novi¢ and Lipozencié, 2002).

CHOLERA

The modern history of cholera began in 1817
when explosive cholera outbreaks began to
occur in the Bengal region along the Ganges Ri-
ver in the Indian subcontinent, where the disease
is endemic. It was the first of seven cholera pan-
demics to date that have hit almost the entire
world and caused millions of deaths (Siddique
and Cash, 2014). Outbreaks of various diseases
were very common during the 19th century, and
especially difficult during cholera, which caused
very high mortality. The number of deaths cau-
sed great panic, and particular fear and disbelief

were triggered by the symptoms that turned the
human body into a wreck, which made this dise-
ase a terrible monster that people were terrified
off (Ipsi¢, 2010). Cholera outbreaks cause hu-
man suffering, panic, disruptive social and eco-
nomic structure as well as community deve-
lopment wherever they occurred. Natural disa-
sters such as tsunamis, earthquakes and war sig-
nificantly increase the risk of epidemics with
high mortality rates.

EMERGENT AND RE-EMERGENT DISEASES
A NEW THREAT TO THE WORLD?

It is evident that, throughout the history, in-
fectious diseases have had a significant impact
on the development and prosperity of humanity.
Some diseases are suppressed or under control in
developed countries, but in the undeveloped o-
nes, they survive and affect millions of people.
By the end of the twentieth century, almost
everyone was convinced that treatment, vaccina-
tion and other interventions would soon be able
to eradicate most infectious diseases. However,
smallpox have been eradicated, but the results
are disappointing in the fight against malaria or
tuberculosis, which are still a problem. So it's
not often about eradication, it's just about con-
trolling endemic diseases.

After the appearance of emergent and re-
emergent diseases was noted, the Institute for
Medicine of the US National Research Council
in 1991 appointed a nineteen-member multidis-
ciplinary committee to study the occurance of
the new pathogens that threaten the health of the

nation. Emergency infectious diseases are those
that appear for the first time in a population, and
re-emergent ones are those that reappear in a cer-
tain period of time in a place where they have
been previously eradicated. Their report from
1992 was entitled: "New infections — a microbial
threat to US health". Thought the discussion, it
was concluded that there are six different factors
that can explain the occurance of emergent and
re-emergent infectious diseases. These factors
are: human demographics and behavior, techno-
logy and industry, economic development and
land usage, international travel and the market,
microbial adaptation and change, and the col-
lapse of public health measures (Brachman,
2003). Emergency infectious diseases represent
a significant burden on global economy and pu-
blic health. Between 1940 and 2004, 334 emer-
gent infectious diseases appeared worldwide.
The highest incidence was in 1980s, at the same
time as the onset of the HIV pandemic. Zoonoses
(60.3%) are dominant, and most zoonoses
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(71.8%) originate from wild animals. It was sta-
ted that in 54.3% of the cases the bacteria and
rickettsiae were the causative agent, in 25.4%
the viruses were the cause, in 10.7% of the pro-
tozoa, in 6.3% of the fungus and in 33.3% of the
helmints (Jones et al., 2008).

Exactly 100 years ago, the Spanish flu virus
was present all over the world. Various very si-
milar and altered avian influenza (H5N1) virus,
the pandemic (new) influenza A (HIN1) virus,
or some other types such as H7N9, still brings
fear, disturbance and death to certain parts of the
world today. In 1977, the World Health Organi-
zation announced that smallpox has been defea-
ted, a viral disease that has caused the highest
number of deaths in history. However, just a few
years later, in the 1980s, a new virus, the Acqu-
ired Immunodeficiency Syndrome (AIDS)
emerged, which again terrified the world with its
appearance and consequences. It is a syndrome
of acquired immunity deficiency, which leads to
a state of impaired immunity, which results in
the appearance of various diseases that would
not occur in healthy people. According to the
World Health Organisation, 36.7 million people
were living with AIDS in 2016, 1.8 million were
newly diagnosed, and one million died from the
disease (HZJZ, 2017). In the United States, a flu-
like disease appeared in the Four Corners region
in 1993. The patients developed severe pneumo-
nia and died. The virus was initially named Sin
Nombre (SNV) (Spanish-no name), later identi-
fied as hantavirus, and the virus's natural reser-
voir is the mouse (Peromyscus maniculatus).
The disease is rare but very serious and often fa-
tal (up to 66.7%) (Torres-Perez et al., 2010).
Hendra virus infection is a rare zoonosis that ca-
uses severe and often fatal disease in infected
horses and humans. A mare with flu-like symp-
thoms get sick, and a two people get sick with
the same disease, and a horse owener died of
lung and kidney failure. Later in Australia, do-
zens of cases were described in horses and hu-
mans. Virus reservoirs are bats. The virus was
first described in 1994 in Hendra, a suburb of

Brisbane, Australia (Field, 2016). In 1997 en-
cephalitis and respiratory diseases in pigs were
identified in Malaysia. Shortly after, farm wor-
kers began to become sick with encephalitis.
Over the two-year period, there were several
hundred cases of disease in people with more
than 100 deaths. A nipah virus was isolated from
the brain of a patient who died. It was paramixo-
virus with similar characteristics to the hendra
virus, and the reservoirs were found in bats from
the genus Pteropus that are fed by fruit (Carter
and Saunders, 2007, Ang et al., 2018). The West
Nile virus was known as early as 1937 when it
was isolated from a woman's blood in the West
Nile area of Uganda. In 1996, infections were re-
ported in Europe and in 1999 in the US. West
Nile virus infection is a typical vector-borne zo-
onozis. It is mostly asymptomatic (in 80% of ca-
ses), in 20% of infected it is manifested as a non-
specific febrile disease, and in less than 1% of
patient there is a neuroinvasive disease manife-
sted by meningitis and encephalitis. Different
species of birds are the primary hosts and rese-
voirs of the virus, and the main vectors are mo-
squitoes (Carter and Saunders, 2007). 15 years
ago (2003) SARS (Severe Acute Respiratory
Syndrome) appeared in China. It is a severe viral
respiratory disease that can cause mortality in up
to 15% of diseased people (Krajinovi¢ and Bar-
§i¢, 2003). In 2012, a new global threat, a disease
called MERS (Middle East Respiratory Syn-
drome) which causes a serious respiratory
illness, appeard in Saudi Arabia. Although most
patients are geographically related to the Ara-
bian Peninsula, MERS has also been detected in
other parts of the world. The hosts of the virus
are camels and interhuman transmission has
been demonstrated. In the Midle East, mortality
was as high as 25.9% and 20.4% in South Korea
(Park et al., 2018). According to the World He-
alth Organization, from 2012 to date, the disease
have been proven in 27 countries. During 2013,
the world was altered by the emergence of a ter-
rible viral Ebola disease that has occurred in
West Africa. Millions of people were affected
and thousands more became ill. The disease is
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zoonosis, and the virus have been proven in go-
rillas, chimpanzees, fruit bats and antelopes (Je-
mersic, 2014).

CONCLUSION

Historically, infectious diseases have had a
profound impact on the human population, in-
cluding its evolution and development. The
onset of the disease is not a simple occurrence, it
is dynamic, most new diseases are not caused by
new agents, they are mostly known, but they re-
appear in different circumstances, in a different
way, many disease have changed their image
and impact. An increasing number of potentially
pathogenic (opportunistic) microorganisms are
emerging. It is known that 10-15% of infectious
agents can also cause malignancies. They can be
identified and recognized because of the new
and highly sensitive techniques of proof. Human
activities contribute to the emergence of disease,
and various social, economic, political, climatic,

technological and environmental factors can in-
fluence and shape its occurrence. The realization
that infectious diseases can be completely defea-
ted has been doubted in recent years by the ap-
pearance of emergent and re-emergent diseases.
Despite the advances in medicine, scientists
have not yet found a permanent solution in some
areas of the world for long-known diseases such
as malaria, tuberculosis or cholera. The spec-
trum of infectious diseases is expanding, and the
problems of infections are present in all aspects
of medicine, it is increasingly complex, and the
challenges are increasingly demanding. It is
clear that, at the beginning of the new millen-
nium, infectious diseases are a major and ongo-
ing threat to today's society and continue to be
one of the greatest killers in the world.
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3HAYAJ JUPEPEHIIMJAJIHE JUJATHOCTHKE PESUCTEHLHNJE "
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Tamapa WJIWh'*, 3opan KYJIMIIUR, lapko IECIIOTOBURZ, Bojan TAJUR!,
Januna BOTYHOBHWR!, Canna JUMUTPUJEBUR!

1 Karenpa 3a mapasuronorujy, @axyarer BerepruHapcke Meaunae YHuBep3utera y beorpamy, Cpouja
2 JY Berepunapcku uacTuTyT Penydmuke Cpricke ,,/lp Baco byrozan", bama Jlyka, Pemmy6mmka Cpricka
* Kopecnionaentau aytop: [Ipod. np Tamapa Umuh: tamaradilic@gmail.com

Kparak caap:xkaj: KoHTpona racTpoMHTECTHHAJIHUX MapasuTa y pazIHYUTHM CHCTEMHMa
y3roja TpeXuBapa 3acHMBaHA j¢ Ha BAaKIWHAIMjH, XEMOTEpalHjH, IT0O0JpIIAmY KBAIHTETA
MEHaIMEHTa CTaJia ¥ Kopumhemy I'eHeTCKUX HoTeHnujara goMahuna. Illupom cBera jpoMuHHpa
CTpaTerrja KOHTPOJIC XeIMUHATA 3aCHOBaHA Ha YeCTO] yIOTpeOr aHTUXEIMUHTHKA, KOja ce cMaTpa
HEOJPXKMBOM, C 003UPOM Ha I10jaBy cBe Beher Opoja 1 BpcTa mapaszuTa KOju Cy OTIIOPHH Ha JIEKOBE.
Pa3Boj pesucTeHmMje Ha CBEe TPH TIPyIe AHTHXEIMHHTHKA IIUPOKOI CHEKTpa (HHUKOTHHCKH
AHTUXCIMUHTHIM, OCH3MMHIA30JM W MaKpOJIHMIHH NakToHW) M mnoBehana Opura 3a 3apaBibe
MOTpoIIaya yCIOBJ/bEHE [10jaBOM Pe3n/iya IPUMHUjeHEHHX JIMjEKOBa y XPaHH, J0IaTHO KOMILIHKY]Y
KOHTpPOJIy OBHX HeMaToja. Y IMJby CMamera Op3HMHE 10jaBe PEe3UCTEHIIMje Ha aHTUXCIIMHHTHKE
KOJl TaCTPOMHTECTHHAIHUX HEMaTolla MaluX MpeKUBapa W OpraHU3aluje Ipoleca OIPIKUBOT
MHTErPUCAHOT yNpaBJbatba Mapa3uTUMa, TI00aIHo je mpuxBahieH IPUHIUI HUJBAHOT CEJIEKTUBHOT
TpetMana. CrpoBol)ere OBe CTpaTeruje je TeK OMHEIaBHO MOCTANO HM3BOIJBHMBO, Ca Pa3BOjeM U
MPAaKTUYHOM TPHMEHOM CHCTEMa KOjH CIIY)KM 3a KJIMHUYKY TPOIjEeHy aHeMHje KO MalluX
npexuBapa 00oJenux o xeMoHxose. [lopex Tora, KpaTKOTpajHE NMPOMEHE TEIECHE TEXHHE H
onpehrBame TenecHe KOHIUNMje MOTY OUTH MOKa3aTeJbl €HIOMapa3uTo3a, mro oMoryhasa Op3y
HUACHTU(HUKAIN]Y KXUBOTHbA Koje he BepoBaTHO MMATH KOPUCTH Of TpeTMaHa. JloOujeHn pe3ynraTu
KBAaHTHTaTUBHE KOIIPOJIOIIKE JHjarHOCTHKE M PE3YNTATH MPOLCHEe aHeMHje Cy KPUTEPUjYMH KOjH
omoryhaBajy audepeHIujarHy AHjarHOCTUKY W3Mel)y 3apaBUX M PE3IIHjCHTHUX JKHBOTHEHA H
JIaKIy UjarHOCTHKY pe3nucTeHnyje napasura. C 003MpoM Ha TO J1a pe3HIIHjEHTHE )KUBOTHILE UTPAjy
Ba)KHY YJIOTy y KOHTaMHHAIMjU TMallkbaka, pa3yMJbHB j€ KIMHUYKO-NIAPa3UTOJIOIIKKA 3Hayaj
BUXOBOT IPABOBPEMEHOT OTKPHBAha.

Kbyune peun: npexxuBapy, pe3uCTCHIMja, aHTUXCIMUHTHUIIN, PE3UIIH]CHIIH]ja, AUjarHOCTHIKH
mapameTpu

** Pan je peanusonaH y oksupy IIpojexata 6poj TP31084, 6poj 173001, 6poj I1I 46002 u Bpoj
TP31088, koje ¢puHaHcHpa MUHHCTAPCTBO MPOCBeTe U Hayke Pemybnuke Cpouje.
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YBOJ

[Tapa3nuTCKU racTpOCHTEPHUTHC j€ EKOHOMCKH
Haj3HaYajHUje 000JpeHE NAITHUX >KUBOTHIHA,
YHja ce KOHTPOJA Yy MOCIEABUX MeT JIeleHH]ja
3aCHMBAJa YIJIABHOM Ha OpraHM3alldju Hama-
camba M ynoTpeOM aHTUXeJMHHTHKA. CucremMu
yIpaBjbatba HAMAcamkeM Cy YIIaBHOM Hemp-
aKTMYHU M CKYIW, JIOK je ydectasa ynorpeba
AHTUXCJIMHUHTHKA  JIOBela  JIO  [podiema
moBehaHe pe3WCTeHIMje mapa3uTa Ha aHTHUII-
apasHTHKE, HAPOYUTO KOA MaJMX IpexHBapa
(Véarady u cap., 2011). IlojaBa pe3ucteHmmje
youeHa je LIMPpOM CBeTa y CBE TPH TIpyIe
AaHTUXCJIMMHTHKA  IOUPOKOI  CIEKTpa -
HUKOTMHCKUX AaHTHUXCJIIMHHTUKA (MMHIa30T-
Ma30JIU U TeTPaXUAPONUPUMUANHY), OCH3UMMUI-
a30J1a U MaKpOJIMIHUX JJAKTOHA, KOjU C& KOpUCTE
y OBYapCTBY 3a Cy30Hjame nH(EKIHnja npoy3po-
koBaHux ctponrunuauma (Coles u cap., 2006,
Vidyashankar u cap., 2012, Salgado u Santos,
2016). CmameHa epUKACHOCT aHTUXEIMHUHTHKA
y KOMOMHAIMjU ca JKeJhOM Ja c€ peayKyje
yrmotpeba XeMHUKajJHja y NPOM3BOJHUM CHCT-
eMHUMa CTHMYJHCala je IOoTpary 3a anrep-
HATHBHUM W OJPXHBUM MOTyhHOCTHMa KOH-
TpOJie Mapa3uTa, LITO je PEe3yITHPAIIO I10jaBOM
HOBHX KJlaCa aHTHUXCIIMUHTHUKA Ha TPXUIITY
(mepuBaTH aMMHO-AallETOHUTPWIA U  CIHp-
onnnomu) (McManus u cap., 2014).

Pa3Boj pe3ncTeHTHUX JHHWja XEIMUHATA je
€BOJIyLIMjCKa KapaKTepUCTUKa M 0a3upa ce Ha
YHYTapIoMyJIalijcKoj —CENEeKIUjU TapasuTa,
KOjH HOCE aJiejie OJITOBOPHE 3a PE3UCTCHIIN]Y Ha
XEMH]jCKe KOMIIOHEHTe u3 Jieka. J[yxa ynorpeba
UCTOT aHTHIIApa3UTHKa, WM CpelcTaBa KOjH
MMajy CIIM4aH MeXaHHW3aM [ejioBamba, hMa 3a
MOCIICUIY CTBapame PE3UCTCHIH]E Ha JIEK KOJ
napasuTa. JeJHOM YCIOCTaBJbEHA PE3UCTEHIIM]a
MOXe Ja moTpaje Buuie roxuna (Jackson u
Coop, 2000), nnmm HecTaje MOJ YTHIAjeM
CeJIEKIIje W TEHETHYKOT Apu(Ta, KOju ACTYjy
Tako MTO Bpahajy OCETJEUBOCT y TOMYJAIHjy
(ITerpugesuh u cap., 2007).

[Momro je mpobneM pe3wcTeHNHje BeoMa
aKTyeJaH, II0CTOje MOKYIIaj! Jla ce ’BEeH pa3Boj
CTaBH 1101 KOHTPOJIY U Jia Ce MPOLeC YCIIOpH Ha
pasmuuure HaumHe. McnuTHBama — TOKOM
nepuona o 20 ronuHa ykasyjy Aa je HajooJbH
HauyMH OJylarama Ipoleca CeJIeKLHje Pe3ncCT-
EHTHHUX TeHa KOJ Iapasura yrnorpeda KomOu-
HOBaHMX Iperapara — MUKCTypa ca JBE U BHIIIE
Pa3IMUUTUX XEMHUJjCKMX aKTUBHHMX CYIICTaHIIH,
JIOK ce Kao Jpyra OIIIHja MPeropydyje poTamuja
JIEKOBa U3 PasIMYMTHX XCMHjCKUX TpyIa, Koja
ce 0 caga KOpHCTHIA 3a H30eraBame
tonepannmja (Jlamomesuh u cap., 2009).

Jemna onm moryhHocTn 3a moBehame eduk-
ACHOCTH JICKOBa je yckpahuBame XpaHe mpe
nepopaiHe aruiMKandje aHTHUXeJIMUHTHKa. Ha
OBa] HAYMH C€ CMamyje KOJIMYMHA XpaHe y
JUTECTUBHOM TPAKTY XHMBOTHESE U IIPYKa BUIIIE
BpeMEHa 3a alCopHIMjy W IHCTPUOYIHjY
nekoBute cymcranue (Jackson u Coop, 2000).
BaxHo je ¢popmupaTu rpyne opama npuOIMKHO
UCTe TeJeCHe Mace TJie CBaKoj OBLM Tpeba naTtu
JI03y Koja ojroBapa HajBehoj jellMHKH y TPYIH.
OBakaB NPUCTYN OCUTypaBa Jia CBaKa XHBO-
THA y TPynu no0uje MyHy 103y JieKa, jep je
HajIITCTHUje CYOMO3MpaTH TPETHpAHE jEIMHKE
(JIanmomesuh u cap., 2009).

[lojam peswnujeHnUje Cce CIHOMHEE Y
BEJIMKOM OpPOjy HCTPAKUBAYKHX CTYAM]ja, Al CC
merora  geduHMNMja  pasnukyje. [Ipema
Doeschl-Wilson u cap. (2012), pe3unujenmmja je
CIIOCOOHOCT JKMBOTHESG Jla OJpXkaBa Io0py
KOHIUIN]Y W yOOWYajeH CTENCeH aKTHBHOCTH
JIOK je nMH(HIUpaHa mapa3utTuma, 6e3 003upa Ha
HUBO onTepehema NPUCYTHUM MAaTOTCHUMA.
[Ipema nojeMHUM ayToprMa, pE3UsIHjeHIIHja ce
OJHOCH Ha CIIOCOOHOCT foMahHHa/’KUBOTUEE 1a
NPeXUBH M OCTaHe MPOAYKTHBHA YIPKOC
MapasuTCKOM H3a30BY KOjeM je H3II0KeHa
(Bishop, 2012). ¥ nwureparypu mHOCTOjH jOII
jemHa neduHUIMja OBOT TEPMHHA, IpeMa KOjoj
pe3wIHjeHnja  TpeAcTaBba  CHOCOOHOCT
nomalinHa Jia ToJIepulle IPUCYTHE Mapasute 0e3


https://www.ncbi.nlm.nih.gov/pubmed/?term=Salgado%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=26982560
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UCIIOJbaBaha MKAKBHX KIMHUYKHX CHUMIITOMA
ob6oseema (Gunia u cap., 2013). Bishop u Morris
(2007)  medpwHMmy  peswNIHMjeHIH]Yy  Kao
crocoOHOCT ~ ajamnTanyje  JKUBOTHEHA  Ha
HHOEKUHUjy Pa3IUYUTUM Y3POUYHHULIUMA Mapa3-
UTCKE €THOJIOTHje U3 OKpykKema. [Ipema Storey
(2015), peswnmjeHnMja NpeacTaB/ba HpHIIAr-
OJUBMBOCT NpPOMEHaMa M II0CEJOBambe Kara-
LUTETA 32 YCHEUIHY a/lallTalhjy IPU CyoyaBamy
ca mapa3suTCKOM HH(EKIINjOM, Ka0 CTHIIAEHE CBE
Behe W mupe KOMIIETCHIIHjE 3a pearoBame Ha
ctpec. Cmatpa ce fa je oBa aedpUHHUINja HajK-
OMIUICTHHja.

[MomrTo cy pe3ucTeHNMja U PE3UIIHjCHIIM]a
HacleHe ocoOWHe, BaKHA je TayHAa W IIpaB-

OBpeMeHa AepUHUIMja CBAKOT IMapaMeTpa KOju
MOMaXke y MpOIECY Y3TOjHE CeNIeKIHje >KHUBO-
THHa, KOje TOKa3yjy oBe ocobuHe. 3a IoKa3-
WBamkbe JKABOTHIA KOje WCIIOJhaBajy pE3WII-
WjeHI]y TIpH CyoyaBamy Ca XEeIMHHTCKUM
M3a30BOM, WJIM KOJI KOjUX Mapa3uTH UCII0JbaBajy
PE3UCTEHIM]Y HAa aHTUXEIMUHTUKE, HEOIIXOIHH
Cy pesynTtaté Opojamba NPUCYTHHUX jaja XelM-
nHata y ¢euecy ucnuruBanux xusoruma (FEC
— Fecal Egg Count), npoleHa KIMHUYKE aHe-
MHje Ha OCHOBY BPEIHOCTH 3alPEMHHE €PHUTP-
ommrta (packed cell volume — PCV) npumerom
FAMACHA (FAffa MAlan CHArt) tecra
(Malan u Van Wyk, 1992) n napameTpu Be3aHH
3a TenecHy koHaunujy (Storey, 2015).

JUJATHOCTHUYKHU 3HAYAJ BPOJAIA JAJA Y OELIECY
(FEC - FECAL EGG COUNT)

3a nporneHy epUKaCHOCTH aHTHXEIMUHTHKA
y TpexuBapa, ICTEKIHjy pe3UCTEHIMje Ha
AHTUXCIIMUHTHKE 1 JOKa3UBAHE PE3UIINjCHIIH]E,
Ceercka acomujandja 3a yHampelheme BeTepu-
Hapcke mapasuronoruje (World Association for
the Advancement of Veterinary Parasitology -
WAAVP) mnpenopyuyje McMaster wmeromy
(Coles u cap., 1992, Storey, 2015). To je
cTaHmapAHa ¥ Hajuernhe kopuiiheHa KOHBEH-
LMOHAJHA METO/Ia KBAHTUTATHBHE KOMPOJIOIIKE
IWjaTHOCTHKE Yy BETEPUHAPCKO] IapasuT-
omoruju. Cmyxn 3a oxppehuBame cTeneHa
SHIOTIapa3UTCKUX MH(DEKIINja, a 3aCHOBaHa j¢ Ha
Opojamy Mapa3uTCKUX eJeMEHATa Y jeAWHUIIH
Mmace ¢deneca (EPG - Eggs Per Gram, OPG -
Oocysts Per Gram, CPG - Cysts Per Gram i LPG
— Larvae Per Gram). OceTJEHBOCT METOJE j€ O
10 mo 100 mapasurckux enemenaray 1 g demeca
(Pereckiene u cap., 2010).

[IpumMena oBe mporeaype A0 caja je onucaHa
KOJ BEIHMKHX W MajJuX MpPEeKHBapa, Komba,
CBHF@, Mecojela, NTUIA, KyHunha, MHMILICBa,
Kopmaua, temypa u Jbyau (Bondarenko u cap.,
2009). Vadlejch u cap. (2011) cy ynopehusau
OCETJBUBOCT U MOY3IaHOCT TPH MOAU(DHKOBAHE

TexHUKe o Mek MacTepy ca LnuJbeM Jia yTBpE
Koja je MoauduKanyja METoAe HajIIOTOIHH]ja 3a
PYTHHCKE Mapa3uTOJOIIKE Tperyiefie W Jaujar-
HOCTHYKE TPOIjEeHEe y BETEPHHAPCKO] KIMHH-
ukoj npakcu (Tabemna 1).

IMokazano ce 1a je KOHICHTPUCAHA
McMaster metozna (Roepstorff u Nansen, 1998)
HajOCjeTJbHBHja U HAJIIOY3IaHM]ja 32 OTKPUBAHC
jaja xenmuHaTa. OBa MeToza je Op3a, KOPUCTH
Hajeehy konmumHy ¢eneca (4g), MMa HHUCKY
Bpenuoct rpanune nperekuuje (20 EPG), a
3axBaJpyjyhu nieHTpudyrupamy dhekaiHa cycr-
€H3Hja je JOBOJFHO YKCTa 38 MUKPOCKOITHPAE.

Moaudukanuja npema 3ajuuexy (1978)
Tpeba a 06e36emu 60Jbe pe3ynraTe 300T HUCKOT
KOPEKIMOHOT (haKTopa, ZiBa IIOCTYINKA LEHTp-
ndpyrupama W HajHIDKET OJHOCa paspe-hema.
Mebhytum, HH3ak omHOC paspehema uMa 3a

NOCHEJMIy TPHCYCTBO BEJIUKE KOJUYHHE
HeuncToha y WCIUTHBAHO] CYCICH3WjH, IITO
3HaYajHO  OTeXaBa  IMOCTYyNMaK  Mperjiesaa

npernapara y KOMe Mapa3suTCKU eJIeMEHTH MOTY
OWTH MAaCKUpaTH WM 3aMEHEHH IMCeYI0-
MapasuTCKUM 4ecThnama u3 (eieca, dume ce
noBehaBa Hemoy3maHocT oBe mporeaype. Oa
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METOJa HMa Cpellby BPEAHOCT TIpaHULE
JeTeKIHje W TMpUMjembHBa je ca Mpernu3Homhy
pesynrata ox 100 EPG (Vadlejch u cap., 2011).

Tpehu ymopemnn merom mpema Wetzel-y
(1951) je HajjemHOCTAaBHHUjH, ajH Iaje Hajio-
muju pesyiarar. Hucka oceTsbMBOCT U MOy3/1a-

HOCT OBE METOJIc HajBEpOBATHH]E j& Y3pOKOBaHA
BHUCOKUM KOPEKIIMOHHM (pakTOPOM U 0JICYCTBOM
Kopaka TmeHTpupyrupama. OBa MeToga uMa
BHCOKY BPEIHOCT paHHIIe JETEKIHUje U MpyxKa
nperusne pesynrate on 200 EPG (Vadlejch u
cap., 2011).

Tabena 1. Ynopenne BpegnocTu napamerapa Moaupukosanux McMaster TexHUKa

(Vadlejch i sar., 2011)
Moauduxkanuje rexnuke no McMaster-y
Iapamerpn Wetzel oy Roepstorffu

(1951) Zajicek (1978) Nansen (1998)
Kommanaa derneca (g) 2 1 4
Bpcra droranronor pacrsopa NaCl MgS0O4+Na;sS,03 NaCl + rinyko3a
CrneunguyHa Te)KHHA pacTBOpa 1,200 1,280 1,300
Lientpudyrupame (RPM') - 2000 1200
Lentpudyrupame (RCF?) - 479 172
Bpeme nentpudyrupama (min) - 2 5
BpF:Me ¢oranuje y KOMOPHLH 23 5 35
(min)
Bpoj koMopHIIa Y IPEAMETHHIH TI0 3 ) )
McMaster-y
MynTAIIAKATAOHA (KOPEKIIHOHH) 67 33 20
(hakrop

'RPM (Revolutions Per Minute) — 6poj 06pTaja y MUHYTY

RCF (Relative Centrifugal Force) — penaruena nentpudyranna cuna

Kon paszmmunTux BpcTa npexusapa, Iocroje
n3BecHa orpannuera FEC mocrtymka koja OMTHO
YTH4y Ha TyMmademe, HHTEPIpETaunjy W
noy3naHoct nobujenux pesynarara. Kox ompa-
CIMX TOBena, TO Cy: 1) orpaHW4eHa IujarH-
OCTHYKa BPHjETHOCT, BE3aHa 3a CTENEeH HH(]EK-

mje Koju OOWMYHO HHje Yy KOpenaluju ca
ontepehemem xenmmuatuma; 2) Hucke FEC
BPEIHOCTH, INTO KOJ ToBena 3axTeBa (IoT-
alMoHe TexHUKe Beher creneHa OCETIHUBOCTH
HEr0 3a OBIE; 3) OrpaHHYeHa KIWHUYKA
BpeAHOCT 3a Nematodirus spp., IOITO HajBehy



232

Berepunapcku :xypHaua Penyoinke Cpncke (bama Jlyka), Boa. XIX, bp.2, 228-239, 2019.

Wonuh u cap:

3Hauaj qudepeHuMjajIHe THjarHOCTHKe Pe3lCTeHIHje M pe3niIMjeHIuje Ko/l NpeKuBapa

LITETY MPOY3POKYjy HE3pEIH CTaAMjyMH OBUX
HeMaTola Ipe IoYeTKa Nojarama jaja u 4)
kmuHAYKa popma mapampucTomose, koja je
00OWYHO y3pOKOBaHA BEITUKUM OpojeM He3pennx
mapasuTa y MHUTPaIdji, yciea yera 0poj jaja y
n3MeTy Moxke OutHi Hu3ak uian Hyna (Rollinson,
2013).

Kon XeMOHX03¢ W TPUXOCTPOHTHIIMO03E
Manmnx mnpexwuBapa, FEC je y wu3pasuroj
Kopermanuju ca onrepehemeM  KHUBOTHEbA
XCIMUHTHMA. Y Cily4ajeBHMa MOJUIIApa-3UT-

n3Ma, Ka/ia peJlaTHBHO BUCOKa IPOM3BO/AHA jaja
H. contortus MoXxe MackupaTh HHXY NPOU3-
BOAKY jaja Hekmx aApyrux Bpcta (7.
colubriformis 1 T. circumcincta), FEC uma
OTpaHWYEHY IWjarHOCTHUKY BpemHocT (Roeber
u cap., 2013). 3aTo ce Ha ocHOBY Opoja jaja Koje
Cy MOJIOKHUIIE pa3IMuUTe BPCTE TaCTPOMHT-
ectuHamHUX HeMaTtona (I'MH), mory matu camo
OpHjEHTAIIOHE INPOLIEHE WHTEH3UTETa MH]EK-
LMje W OIIy4HMBaTH o ToMe Ja Jim he u kajaa
KUBOTHIbE OuTH TpeTupane (Tabena 2).

Tabena 2. OnpehuBame crenena undexumje ca 'MH 3a muane sxuBorumwe (Kahn, 2005)

Mapasir Crenen uapexnnje (EPGF — Eggs Per Gram Faeces)
Huzax Ymepen Bucoxk
IT'OBEJA

Memana nndekuuja 50-200 200-800 800+

Haemonchus spp. 200 200-600 600+

Trichostrongylus spp. 50-100 100-400 400+

Cooperia spp. 200-300 300-2500 2500+

OBIIE

Memana nndekuuja 50-800 800-1200 1200+

Haemonchus spp. 100-2000 2000-7000 7000+

Trichostrongylus spp. 100-500 500-2000 2000+

Nematodirus spp. 50-100 100-600 600+

Oesophagostomum spp. 100-800 800-1600 1600+

[losHato je ma ce on aHTHNApa3HTHKA
OUCeKyje BHCOKAa E(QHUKACHOCT Yy TEPEHCKUM
ycloBUMa. AHTHEKTONapa3WTHIN Tpeba na
nUMajy arcoiyTHy e(HKacHOCT, IOK C€ Of
AaHTUXCIIMUHTHKA oOYeKyje oko 95% edmuka-
CHOCTH, C 003MPOM Ha TO [ia je MOKEeJHHO Jia ce
Mamu Opoj mapasuWTa oOJpKaBa y Tely Kao
CTUMYJIAaHC 32 Pa3BOj MMYHOJOIIKOT OArOBOpPa

nomahuna (Jdumutpujesuh, 1999). Koa manamx
JKUBOTHEa YBEK IIOCTOjU MeMIaHa WH(EKIHja
BehmM OpojeM pa3IMYUTHX BpPCTa TaCTPOUHT-
eCTHHAJTHUX Hemaroma. Heke ox mux
omoryhaBajy pa3Boj NIpUPONHOT WMYHHTETA,
Tako Jia ce Ha ocHOBy pesynarara FEC-a omi-
ydyje J1a JIM je TPeTMaH KUBOTHIE HEOIXOIaH.
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Ta6ena 3. Tymaueme nojase kJIMHUYKe (popMe 000/ber-a KO/ roBea Ha ocHoBy EPG

(Love u Hutchinson, 2007)

Bpcra napasura Bpoj jaja/lg ¢eneca (EPG)
Haemonchus 200
Trichostrongylus 50
Ostertagia 150
Oesophagostomum 100
Cooperia 500
Fasciola 50

OBO je BeoMa BaXXHO jep je HEONXOJHO
OIpKaBaTH PpaBHOTEXKY u3Mehy CTBOpEHOTr
UMYHUTETa (BETOB pa3Boj CTUMYJHIIE IPH-
CyCTBO MAaJIOT Opoja XeJIMHUHATA y KUBOTHGH) H
OuyBama IPOHM3BOJHUX CIIOCOOHOCTH (Ha
BUXOBO CMameHe YTHIE HUCTH Taj Opoj

XeJIMUHATa, KOjU MPOY3POKYje CYOKIMHHYKY
¢dopmy obospema). JJobujern pesynratu EPG-a
MOry OMTH M3y3€THO KOPHUCHH M 33 TyMayeme
KIMHAYKE (GopMe H3BECHHX XCJIMHHTO3a KOJ
BEJIMKHX M MauX mpexusapa (Tabema 3).

JUJATHOCTUYKU 3HAYAJ TECTA PEAYKIIMJE BPOJA ®EKAJIHUX JAJA
(FECRT-FECAL EGG COUNT REDUCTION TEST)

Tect penykuuje 6poja jaja y denecy (Fecal
Egg Count Reduction Test — FECRT ) je
YCTaHOBJbEH MOYETKOM JIEBEJIECETHX TOJIUHA
nBanecetor Beka (Coles u cap., 1992) u
mpeacTaBba MeTOo[ Hu30opa 3a mpahieme
e(UKaCHOCTH aHTUXEIMUHTHKA KOJ PEeKHBapa
(Dobson u cap., 2011). TpeHyTHO je jeAUHU TeCT
KOJH MOJXe€ J]a ICTEKTYje OTIOPHOCT CBUX BpPCTa
HeMaroja, KOX CBHX Bpcra jaomahuHa
(McKenna, 2013) u ciayxu 3a uU3padyyHaBambe
cMamea 0poja jaja y derecy, ymopehuBamem
cpenmux BpenHoctn FEC-a mpe Tpetmana u
mocie obaBbeHOr TperMana (Wang u cap.,

2017).
IIpema CaeTckoj acomujanuju 3a yHar-
peheme BETEPUHAPCKE Mapa3uToJIOTHje

(WAAVP), nocroje cmepHurie 3a nzpoheme n

u3pauyHaBame crannapaHor FECRT-a (Coles u
cap., 1992, 2006), koje cy mnobOoJblIaHe
npenopykama oj crpane Levecke u cap. (2017).
VY ckiamy ca THM CMepHHIAMa, MPEnopy4yjy ce:
BeMYMHA y30pKa (=10 mwmu >15 KUBOTHEA IO
TPyImH 3a TpPETMaH, a CBAaKO W3IYYHBAHE
HajMame 150 EPG), merona FEC (McMaster),
craructruka aHamm3a (FECRT 3acHoBaH Ha
apuT™MeTHuKoj cpeannu rpymnHor FEC-a Hakon
MpPUMEHE JIeKa) U KPUTEPH]jYMHU KOjU IepUHHITY
cmameny edukacHocT Jieka (FECRT <90% wiu
FECRT <95%, pesucreHiuja ce mporjamianBa
aKo je cMameme 0poja jaja y derecy Mame o1
95%, a moma rpaHHUIa e(QUKACHOCTH JieKa je
Mama on 90%) (Dobson wu cap., 2011;
Vidyashankar u cap., 2012).
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3a mBohewe FECRT, y3opak ¢eneca ce
caKyIuba Ipe JexeJIMUHTH3auje, oxpehyje ce
BpenHoct EPG y memy, a HakoH TOora ce
CIIPOBOAM TpETMaH. Y30pKoBame (ereca ce
nmoHaBJba 14. maHa HaKOH 00aBJHLEHOT TPEeTMaHa
u moHOBO ce oxapehyje Bpemnoct EPG.
Kopumhemem CIeTIrjanHe jenHavymnHe,
n3padyHaBa ce IMPOICHTYalHO CMameme Opoja
jga 'y demecy 3a CBaky OIKHBOTHBY
uHavBuayanHo. HakoH Tora ce wu3pauyHaBa
Cpelbe CMambeHme 3a CBE TECTHpaHE jeluHKe,
Kako OM ce OApeauio YKYITHO CMameme 3a
¢dapmy wmim crago. OBa BpEIHOCT CE 3aTUM
KOPHCTH 3a JOHOLICHE 3aKJby4aKa O IIOCTOjamby
WJIH OJICYCTBY pe3UCTeHIIH]e Ha jekoBe (Kaplan
u Nielsen, 2010). Axo je Iex IeIOTBOpaH,
HHUjelaH TapasuT He Ou Tpedayo Ja MpexUBH
Jeyeme Jy)Xe OJ BpeMeHa IOoTpeOHOr 3a

npaxmemne 1pesa (0ouuaHo 1o 48 yacosa). OBaj
BPEMEHCKH MEPUOJ CE€ MOXKE IPOIYKHTH 3a
OHOJIMKO JlaHa KOJHWKO Tpaje IPHBpPEMEHa
cympecdja monarama jaja (3 maHa 3a UMHIa3-
oTnasoie, 8 naHa - 3a 0Oensumugasoie, 14 qo 17
JlaHa 33 MAaKpONWAHE IIAKTOHE), Tako Aa ce
e(pUKacHOCT  TOjeIMHUX  Tpyma  JIEKOBa
MpoIIe’kYje TeK Mo ucTeKy osor nepuona (Coles
u cap., 2006).

AKO WCIIUTHBAaHE XMBOTHIEC MMajy BEJIUKH
Opoj jaja y ¢emecy, HakOH dYera ce 00aBH
nexenMuHTH3anuja, a 10 mana kacuuje FEC
N0Ka3yje HyJITY HIN U3Y3eTHO HUCKY BPEIHOCT
(Mame o1 5% BpeAHOCTH Tpe TPETMaHa), 3a Ty
IpyIy ca CUTypHOIIhy MOXEMO TBPJAUTH Ja je
JiexenIMHUHTH3auja yenemHo obassbeHa (Coles
u cap., 1992).

JUJATHOCTUYKHU 3HAYAJ ,,FIVE POINT CHECK*“ KIIMHUYKOI'
MNPUCTVYIIA

Jobwujene JTUjarHOCTHYKE pe3ynTare
3acHoBane Ha FEC, motpeOHO je momyHUTH
NPOLIEHOM O TPHCYCTBY WIH  OJACYCTBY
KIIMHUYKUX CUMITOMa oboJbema (,,Five Point
Check®). OBaj KIMHAYIKN TPUCTYI HOApa3yMeBa
mpaheme TeT HajuyemhnX HeCHeUUPUIHUX
CHUMIITOMa KOJI JKHBOTHIA HH(UIHPAHUX
napasuTUMa — aHeMHja CIIy3HHUIIe OKa, TyOUTaK
TEJIECHE TEKHHE WIIM 3a0CTajalbe Yy pacrty u
Pa3Bojy, 3apJbaHOCT Pema U 3a/ke peruje Tena
derecom, cyOMaHIUOYIApHUA €IEM M HCIEIaK
u3 Hoca (Bath u cap., 2010). Ha ocHOBY TexuHe
KJIMHUYKAX CHMIITOMa, BpLUIM ce 0nxadup
KHUBOTHA KOje je TOTPeOHO IeXEeIMHHTHUCATH.
3ApaBCTBEHO CTame CcTaja ce Kracudukyje Kao:
,,J00p0o* (HHje MoTpeOHa AeXeTMUHTH3AIH]a),
,JIOIIe™ (HEOMXOHA je JEeXCIMHUHTH3AINja, Y3
KOHTPOJIy HApEJHUX HEKOJHUKO MeECelu) W
MEIIOBUTH pe3ynTaT (,,HEKe >KUBOTHIE CY
Jn06po, Heke Jome”“ — Ha OCHOBY MpOICHE
TEXHWHE CHUMIITOMa OIUTydyje ce Koje he KuB-
otume OuTH nexenmuHTHCaHe) (Storey, 2015).

Y mwmpy cMmamema Op3uHE — TojaBe
PE3UCTCHIMje Ha AHTHUXEIMHHTHKE U OpraH-
u3anpje IMpoleca HHTETPUCAHOT YIpaBJbarba
napazutuma (Integrated Parasite Management —
IPM), rmobamHo je mpuxBahieH TpUHIHI
IUbAHOT ceekTuBHOr TpetMmaHa (Targeted
Selective Treatment — TST). CnpoBoljeme oBe
CTpaTeryje je MOCTallo N3BOIJBIBO Ha (hapMama,
TEeK ca pa3BOjeM W NPAKTHYHOM IIPIMEHOM
FAMACHA® cucreMa 3a KIMHUYKY NPOLECHY
aHeMHje,  IPOY3poKOBaHE  Xxemarodaraom
HematooM Haemonchus contortus KoJl MaJux
npexusapa. Ilpuamun TST-a ce
MPOLIMPHUTH Ha JPYyTe Ba)KHE SH0Napa3uTe, Mo
YCJIOBOM Ja je Pa3BUjeHU CUCTEM TMpaKTUYaH,
E€KOHOMHYAH W peajHo crnocobaH Ja HACHT-
npuKyje KUBOTHEHE KOjUMa IIPETH OMACHOCT OJ1
npeonTepeheHOCTH  OYEKHMBAHUM  CHAOTAp-
asutuma (Bath u Van Wyk, 2009).

Kanmumatun 3a mpommpernn TST cucrem
UCII0JbABajy HEKU OJl TET HABEICHUX KIMHH-
YKHX CHMIITOMa, KOjHU Cy TMOCIYXHIH Kao
OCHOBA 33 OCMHIIbABAIHE NMPAKTUYHOT BOANYA

MOXC
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3a crouape. 3a MehyHapoaHy, BHIIEje3UUHY
ynotpeOy, oBaj cucteM je Ha3BaH Five Point
Check© (Iler Tagaka 3a mpoBepy), MPEICTaBIbA
Jajbe, MPaKTUIHO Tpomupeme TST-a m Moxke
O6utn edukacaH JONPHUHOC Y MOHHUTOPHHIY
NPUCYCTBAa  EHJOMApasuTa  KOA  MaJuX
npexuBapa. KopucHunuma omoryhasa na: (a)
Op30 MpoleHe Maie MpeXuBape Ha MPUCYCTBO
3HaKoBa Napa3urtosa, (0) HampaBe edukacHe
NpoLIEHe  3IpaBCTBEHOT  CTama  CBOJUX
KUBOTHHA, (B) HISHTH(YUKYjy OUYCKUBaHE
mapasure, (1) ogabepy Tpyrie aHTUXEIMHUHTHKA
3a TpeTMaH (T) KOPHUCTE MPaKTUYHE CUCTEME 32
NpUBPEMEHY HACHTU(HKALHWjy TpPETHPaHUX
KUBOTHEA U (1) YIIO3HAjy Ce ca OTpaHUICHIMa
Tux cucrema (Bath u Van Wyk, 2009).

FAMACHA©O CHUCTEM NpeacTaBba
rpaUKOH  IpOIEHE TEXHWHE Mapa3suTCKe
nHOEKIje KOI TPEeKUBapa W JIOHOIICHHC
OJUTyKE O Jieuery, Ha OCHOBY CTelleHa aHeMHUje
ciny3Hune oka. KiMHMuYKa aHemHja HM3pakeHa
KpO3  BPEOHOCT  3alpeMHHE  EPHUTPOLUTA,
crenienyje ce Ha ckamu FAMACHA xkapruie
1-5 u yka3yje Ha MoryhHOCT mocTojama HHpe-
Kuuje xematodarsoM HemarogoMm H. contortus,
Tpemaronama u necronama (Ferreira u cap.,
2019).

Ocum mnoBehanux FAMACHA pesyntara,
pasyior 3a JAEXeIMHUHTH3aLUjy MOTY OWTH H
Jpyre KIMHUYKe MaHudecranyje Koj HHOUI-
UpaHUX >KUBOTHIA. Ha OCHOBY MHIeKca
TelecHe KoHAWIHWje, koju ce oxapehyje BCS
(Body Condition Score) kapTHIIOM Ha CKaJIH O]
1-5, moctoju moryhuoct unbpekuuje Telodo-
rsagia spp., Trichostrongylus spp. U HOIyI-
apauM xenmuHTHMA (Mahieu u cap., 2007,
Arece-Garcia u cap., 2016). 3ampsbaHOCT perna u
3ammer gena tena demecom ompeljyje ce DS
(Dag Score) kaptumomM Ha ckamu 1-5 u
mokasaresb je Moryher mpucycrBa HHQEKIIHje
Hematonama Telodorsagia spp., Trichost-
rongylus  spp.,  Oesophagostomum  spp.,
Strongyloides spp. m kokuunujama (Eimeria
spp)- [TocTojame Ha3aHOT HWCHEAKa yKa3yje Ha
MIPUCYCTBO HOCHE MHjase, INTyhHUX mapasura nu

MHEyMOHHje, a crenenyje ce mpema ND (Nasal
Discharge) kaptunm Ha ckamm 1-5. XmagHu
MOABWIIMYHA €JeMH C€ TpeMa TeKUHH
KaTeropuiry Ha cKamu 1-5, yka3yjy Ha HH3aK
HUBO NMPOTEWHA Y KPBH HCITUTHBAHUX KIUBOTHEHA
n Ha MOryhHOCT TMOCTOjarba TMAapa3sHTCKUX
nHOEKIMja TPOY3POKOBAaHWX  BpcToM  H.
contortus, TpeMaTojamMa, necrogamMa u
kokiunujama (Eimeria spp) (Walker u cap.,
2015).

IMopen oBHX MET CTaHAAPIHUX KIMHHYKUX
CHMIITOMA, TIOHEKAJl Ce W3BOAM H OICEepBaIlHja
cTamba Kp3Ha (JOII KBAJIUTET JMJIaKe WIU
a0HOpDMAJIHO  pPYHO), 4Hje Cce MPOMEHE
KJIacuuKyjy Ha ckanu 1-5, a MOry ykasuBaTu
Ha npucyctBo uH(peknuje Hemaromama ((H.
contortus, Telodorsagia spp., Trichostrongylus
spp.), kokummujama  (Eimeria  spp)
exrormapasutuma (Vanimisetti u cap., 2004,
Mabhieu u cap., 2007)

Ca acniekta audepeHnujaiHe AujarHoCTHKe
JEAMHKH KOJ KOJHUX C€ KCIoJbaBajy 3HAlU
PE3UCTEHIMje, OJHOCHO PE3WIHjEHIMje, jenaH
Ol Haj3HAYajHUjUX TapaMeTapa jecy moOujeHe
FAMACHA Bpennoctu (Burke u Miller, 2008).
Ynorpeba FAMACHAO cucrema omoryhasa
NpOU3BOhaurMa MajJHX NpeXHBapa Ja JOHECY
OUTyKE€ O JCXCIMHHTH3ALMjH Ha OCHOBY
NpoLieHe HUBOA aHEMHU] e POy3POKOBAHE HEMAT-
oloM H. contortus xop oBana u ko3a (Arece-
Garcia u cap., 2016). OBaj y3pouHHK je
exoHoMcKkH Haj3HauajHuja ['MIH oBama u ko3a,
Hajuemhu je y3poK aHeMHje TOKOM CEe30He
ucmame y CAJl, a y ciiydajeBUMa HWH(EKIHja
BHCOKOT HHTCH3HTETa NPOY3pOKYyje yruHyha.

Kaptuma FAMACHA®© je pa3BujeHa y
Jyxuoj Adpunm, a y CAJl je yBeneHa oz ctpaHe
aMEpUYKOr  KOH30pLHjyMa 3a  KOHTPOIY
napasuta Manux npexwuBapa (American Cons-
ortium for Small Ruminant Parasite Control —
ACSRPC). To je jeman on Hajycle-IIHHjUX
JHMjarHOCTUYKUX HHIUKATOpa, MpeMa KoMe ce
0oja cCIy3HHIIC OYH)y MaIUX TNPESKUBAPA
ynopeljyje ca 5 kareropuja 60ja Ha KOHTPOJIHO]
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Kaptuny 00ja, Koje OAroBapajy pas3iin4yuTHM
HuBonMa aHemuje. Kareropuja 1 mpencrasipa
»HE aHEeMHYHO" CTame, JOK KaTeropmja 5
MIpeaCTaBIba CTame ,,Temke anemuje’ (Martinez-
Valladares u cap., 2013). Ha ocHOBY pe3ynrara
yTBpheHNX KapTUIOM, HICHTHDUKY]Y ce |
CEJICKTHBHO [EXCIMHUHTHIIY OBIE M KO3€ ca
AHEMH]OM.

CenexkTrBHA JeXeIMUHTH3ALMja CMambyje
ynoTpeOy JIeKOBa M YCIIOpaBa Pa3BOj PE3UCT-
eHnuje Ha aHTuxenMuHTHKEe Kou ['MH. Taxobe
MOXE IIOMONM Yy JIOHOWIECHY CEJNEKT-UBHUX
oUlyKa O Y3rojy, Tako ITO he wuIeHTU]-

MKOBATU OHE )KMBOTHEE KOj€ CY HAjOCETIHHBH]EC
Ha MH(EKIHNjy UPBEHUM Iapa3uTHMa, OJHOCHO
peswmjentHe jeaunke (Rizzon Cintra u cap.,
2018). FAMACHA® ce mpuMmemyje camo y
CITydajeBuMa T/Ie j€ TIIaBHU Y3POUHUK KIIMHUYKE
oonectu H. contortus. Tlpe wm3Bohema TecTa,
Tpeba uMaTtd y BUAY Ja U3BECHA Crama
(obospema OKa, CTUMYIYCH W3 OKOJHHE W
cucTeMcka 000Jbeba) NMPOY3POKYjy LPBEHHIIO
CIIy3HUIIE OKa M Ha Taj HAYMH MOTY IPHKPUTH
anemujy. CnopHH MOTy J1a Oy/Iy U IPYTH y3POIH
aHeMHuje, ajld Cy OHU peTku y mnopehemy ca
nndexuujom I'MH Ttokom ce3oHe wucnaie
(Ferreira u cap., 2019)

3AK/bYYAK
[omTo cy amantupaHe Ha TIpuCyTHe mapamerapa. OBe jeOWHKEe HHje MTOTPEOHO
napasure, pE3nIINjeHTHE KUBOTHIG JICXCIMUHTHCATH  WJIH  PETKO  3aXTeBajy
NpeNCTaB/bajy  HEWICHTH(GHKOBAHE W3BOpE JAEXSIIMHHTH3aLHjy, y IoOpehemy ca Ipyrum

mapasutcke HWH(]EKnHje, KOju ce MOTy IyTro
OIpKaTh BpIICHM KOHTUHYHMpPAHY PEKOHTaM-
WHAIMjy TAIIkbaka. buBajy uueHTH()UKOBaHH
TEK CIpPOBOhEeeM KBAHTUTATUBHE KOIPOJIOIIKE
JMjarHocTrke u oapehuBamem Bpeanocti FEC-
a 3a CBaKy jeAMHKY WHIMBHAyalHO. Pesmi-
WjeHTHE J>KMBOTHIE HWMajy JOCIEIHO HHCKE
Bpeanoctu FEC -a u aucke FAMACHA pe3y-
JTaTe, yriaBHOM Cy JOOpe TeJecHe KOHAUIHje ’
HE TIO0Ka3yjy BapHjalje y TEJICCHO] TEKHWHH.
Hobwujene spexaoctu FEC-a 06maHO yKa3yjy na
Cy CyMBHBE (pe3WIHjEeHTHE) IKUBOTHIHC
HOcnoux MHOTO Beher Opoja mapasura HeTo ITo
OM ce OYCKMBAIO AHAIW30M H IIPOLECHOM
NOOMjEHOM Ha OCHOBY IPYTHUX KIMHUYKUX

JKUBOTHE-AMa U3 CTaJa Koje MoKazyjy KINHWYKE
3HaKe 00OJbEHa M HAKOH JIeXeNl-MHTH3aluje,
ycien pesucTeHnuje mapasuta. JKHBOTHHE
nH}UIMpaHe BeNMKUM OpojeM pPEe3UCTEHTHUX
eHjionapasira mnokasyjy Bucoke FEC Bpemn-
octy, Bucoke FAMACHA pesynrare u Jomimje
Cy TelleCHEe KOHIUIU]e Y3 IPUMETHE BapHjaIije
y TEJNeCHOj TEXWHM W HAaKOH TpeTMaHa.
KparkoTrpajHe mpoMeHe TelecHe TeKHHE, MOTY
OWTH TOKa3aTespH MapasuTo3a, mTo oMoryhasa
Op3y UACHTUPHKANHjY KHUBO-THIA Koje he
BEPOBATHO MMAaTH KOPHUCTH O]l TpeTMaHa. bes
napopmarmmja o FEC-y, He wMoxe ce ca
curypHouthy 3HaTH J1a X je yodeHa OCOOMHA
PE3UCTEHIH]a WITH PE3HITHjeHITH]a.
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Abstract: Control of the gastrointestinal parasites in different systems of ruminant breeding is
based on vaccination, chemotherapy, improved herd management and use of genetic potentials of
host animals. Strategy of the helminths control based on frequent anthelmintics usage is dominant
among the world, although it is considered unsustainable due to the appearance of increased number
and species of parasites that are resistance to drugs. Development of resistance on all three groups
of broad-spectrum antihelmintics (nicotinic anthelmintics, benzimidazoles and macrolides lactones)
as well as increased care for consumers heath caused by appearance of used drugs residues in food,
additionally complicate overall nematode control. With the aim to decrease appearance of anthel-
mintics resistance of gastrointestinal nematodes of small ruminants and in order to organize process
of sustainable integrated parasite management, principle of targeted selective treatment is globally
accepted. Implementing of this strategy has only recently become feasible, with development and
practical use of systems that serve for clinical assessment of anemia in small ruminants which suffer
from hemonchosis. Besides that, short term changes in body weight and body condition scoring may
be indicators of diseases caused by endoparasites, as it can provide rapid identification of animals
that will probably have benefits from therapy. Obtained results of quantitative coprological diagnos-
tic tests and results for anemia assessment are criteria that provide differential diagnosis between
healthy and resilient animals and easier diseases diagnostic. Since resilient animals play important
role in pasture contamination, the significance of their detection is understandable.

Key words: ruminants, resistance, anthelmintics, resilience, diagnostic parameters
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INTRODUCTION

Parasitic gastroenteritis is economically the
most important disease of grazing animals,
which is mainly controlled, during last five dec-
ades, by adequate organization of grazing and
anthelmintics usage. Grazing management sys-
tems are mainly impractical and expensive,
whilst the frequent use of anthelmintics has led
to problems related to increased resistance of
parasites to antiparasitic drugs, especially in
young ruminants (Varady et al., 2011). Appear-
ance of resistance was observed among the
world in all three broad-spectrum anthelmintics
— nicotinic anthelmintics (imidazothiazole and
tetrahydropyrimidine), benzimidazoles and
macrolides lactones, that are used in sheep
breeding for suppression of infections cause by
strongyloidiasis ~ (Coles et al, 2006,
Vidyashankar et al., 2012, Salgado and Santos,
2016). Decreased efficiency of anthelmintics
combined with attempt to reduce chemical usage
in production systems have stimulated search for
alternative and sustainable options for parasite
control and have resulted in appearance of new
classes of anthelmintics on market (amino-
acetonitrile ~ derivate = and  spiroindoles)
(McManus at al., 2014).

Development of resistant helminth strains is
an evolutionary characteristic based on intra-
population selection of those parasites that carry
alleles responsible for resistance on chemical
components from drug. Long-lasting usage of
the same antiparasitic drug, or agents that have
similar mechanism of drug action, lead to the ap-
pearance of parasite resistance on drug. Once es-
tablished, resistance may last several years
(Jackson and Coop, 2000), or disappear as a re-
sult of selection and genetic drift, which act in a
way to bring back sensibility in population
(Petricevi¢ et al., 2007).

Since the problem of resistance is very
actual, much effort have been made to control its
development and to slow down the process by
using different approaches. Research during last

20 years indicates that the best way to prolong
the process of selection of resistant genes in pa-
rasites is the usage of combined different prepa-
rations — mixtures with two or more different
chemical active substances. The other re-
commendation is to rotate drugs from different
chemical groups that have been used for avoi-
ding a tolerance (Lalosevic et al., 2009).

One of the possibilities to increase drug effi-
ciency is food deprivation before peroral appli-
cation of anthelmintics. Thus, the amount of
food is reduced in digestive tract allowing more
time for absorption and distribution of medicinal
substances (Jackson and Coop, 2000). It is
important to form sheep groups with similar
body weight and to give each sheep dosage that
is sufficient for largest sheep in the group. This
approach ensures that each animal in the group
receive sufficient drug dosage, since subdosing
of animals is the most harmful (Lalosevi¢ et al.,
2009).

The term resilience appears in many different
research studies, although its definition differs.
According to Doeschl-Wilson et al. (2012), resi-
lience is capability of an animal to maintain a
good condition and usual level of activity, while
being infected by parasites, no matter the level
of load created by the present pathogens.
According to some authors, resilience is
connected to capability of host/animal to survive
and stay productive no matter the parasite
challenge it’s exposed to (Bishop, 2012). There
is one more definition in the literature for this
term, according to which resilience represents a-
bility of the host to tolerate existing parasites
without showing any clinical signs of diseases
(Gunia et al., 2013). Bishop and Morris (2007)
define resilience as ability of the animals to
adapt to infection with different causes of para-
sitical ethiology from environment. According
to Storey (2015), resiliance represents adaptabi-
lity to changes and owning capacity for
successful adaptation, when facing parasitic
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infection, as gaining more and wider competen-
ces for stress reaction.

Since resistence and resilience are hereditary
characteristics, accurate and timely definition of
each parameter that helps process of animal bre-
eding selection is important, shown by these tra-
its. For confirmation of animals that show resili-
ance when facing with helminth challenge, or in

which parasites are anthelmintics resistant,
counting of helminth eggs number present in fe-
ces of examined animals is necessarry (FEC -
Fecal Egg Count), as well as estimation of clini-
cal anemia based on erythrocyte volumen value
(packed cell volume - PCV) using FAMACHA
(FAffa MAlan CHArt) test (Malan and Van
Wyk, 1992) and parameters related to body
condition (Storey, 2015).

DIAGNOSTIC VALUE OF FECAL EGG COUNTING
(FEC - FECAL EGG COUNT)

For assessment of anthelmintics efficiency in
ruminants, detection of anthelmintics resistance
and resilience proving, World Association for
the Advancement of Veterinary Parasitology
(WAAVP) recommends McMaster method
(Coles et al., 1992, Storey, 2015). That is stand-
ard and most often used conventional method of
quantitative coprological diagnostic in veteri-
nary parasitology. It serves for determination of
the endoparasitic infection degree and is based
on counting of number of parasitic elements in
fecal weigh unit (EPG - Eggs Per Gram, OPG -
Oocysts Per Gram, CPG - Cysts Per Gram and
LPG - Larvae Per Gram). Sensitivity of method
is from 10 to 100 parasitic elements in 1 g of fe-
ces (Pereckiene et al., 2010).

Application of this procedure, until now,
have been described in large and small rumi-
nants, horses, pigs, canines, birds, rabbits, mice,
turtles, lemurs and human (Bondarenko et al.,
2009). Vadlejch et al. (2011) compared sensitiv-
ity and reliability of three modified McMaster
techniques with the aim to estimate which mod-
ification is most suitable for routine parasitolog-
ical examinations and diagnostic assessments in
veterinary clinical practice (Table 1).

It was shown that the concentration
McMaster method (Roepstorff and Nansen,

1998) is most sensitive and most reliable for hel-
mnith egg detection. This method is fast, use
largest quantity of feces (4g), have low limit of
detection (20 EPG), and, thanks to centrifuga-
tion, fecal suspension is clear enough for micro-

scopy.

Modification made by Zajcek (1978) should
provide better results due to lower correction
factor, two procedures of centrifugation and
lowest dilution ratio. Nevertheless, low dilution
ratio consequently lead to presence of large amo-
unt of impurity in examined substance. This ma-
kes the process of preparation examination sig-
nificantlly difficult, in which parasitic elements
may be camouflaged or wrongly detect as fecal
pseudoparasitical particles, thus increasing a un-
reliableness of this procedure. This method has
middle limit detection value and is applicable
with result accuracy of 100 EPG (Vadlejch et al.,
2011).

Third comparable method, according to
Wetzel (1951), is the simplest but with worst re-
sult. Low sensitivity and reliability of this
method is most probably caused by high correc-
tion factor and absence of centrifugion. This
method has high limit of detection value and
gives precise results at 200 EPG (Vadlejch et al.,
2011).
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Table 1. Comparative parameter values of modified McMaster techniques

(Vadlejch et al., 2011)
Modified McMaster techniques
Parameters Wetzel Zajicek Roepstorff and
(1951) (1978) Nansen (1998)

The amount of feces (g) 1 4
Type of flotation solution NaCl MgSO04+Na»S,03 | NaCl + glucose
Specific weight of solution 1.200 1.280 1.300
Centrifugation (RPM") 2000 1200
Centrifugation (RCF?) 479 172
Time of centrifugation (min) 2 5
Time of flotation in chamber (min) 2-3 5 3-5
Number of chambers in McMaster

. 2 2
object
Multiplicative (corrective) factor 67 33 20

'RPM - Revolutions Per Minute
2RCF - Relative Centrifugal Force

In different ruminant species there are certain
limits of FEC procedure that may significantly
impact the explication, interpretation and relia-
bility of obtained results. In adult cattle those
are: 1) limited diagnostic value, linked to infec-
tion degree that is usually not correlated with
helminthes load; 2) low FEC values, that re-
quires more sensitive flotation techniques in cat-
tle than in sheep; 3) limited clinical value for
Nematodirus spp., since the most damage is
caused by immature stadiums of this nematode
before starting laying eggs and 4) clinical form
of paramphimatosis, that is usually caused by
numerous immature parasites in migration, lead-
ing to absence or low number of eggs in feces
(Rollinson, 2013).

In hemonchosis and trichostrongilidosis of
small ruminants, FEC is in high correlation with
helminth load of animals. In the case of polypar-
asitisms, when relatively high production of
H. Contortus eggs may camouflage lower pro-
duction of eggs by some other species (7.
colubriformis and T. circumcincta), FEC has
limited diagnostic values (Roeber et al., 2013).
Because of that, only approximate assessment of
infection intensity and decision when animals
should be treated can be obtained based on num-
bers of eggs laid by different gastrointestinal
nematode (GIN) species (Table 2).
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Table 2. Determination of rate of infection with GIN for young animals (Kahn, 2005)

Parasite Infection rate (EPGF - Eggs Per Gram Feces)
Low | Moderate | High
CATTLE
Mixed infection 50-200 200-800 800+
Haemonchus spp. 200 200-600 600+
Trichostrongylus spp. 50-100 100-400 400+
Cooperia spp. 200-300 300-2500 2500+
SHEEP
Mixed infection 50-800 800-1200 1200+
Haemonchus spp. 100-2000 2000-7000 7000+
Trichostrongylus spp. 100-500 500-2000 2000+
Nematodirus spp. 50-100 100-600 600+
Oesophagostomum spp. 100-800 800-1600 1600+

It is known that high efficiency is expected
from antiparasitics on field. Antiectoparasitics
should have absolute efficiency, while it is ex-
pected to be around 95% in anthelmintics, since
it is favorable to maintain small number of para-
sits in the body as a stimulus of immunological

response of the host (Dimitrijevi¢, 1999). In gra-
zing animals there is always mixed infection
with higher number of different gastrointestinal
nematoda species. Some of them provide deve-
lopment of natural immunity, so that it can be
decided if treatment of animal is necessary on
the basis of FEC results.

Table 3. Interpretation of clinical form apperance in cattle based on EPG

(Love and Hutchinson, 2007)

Parasite species Egg number/1g feces (EPG)
Haemonchus 200
Trichostrongylus 50
Ostertagia 150
Oesophagostomum 100
Cooperia 500
Fasciola 50
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This is very important, since it is necessary
to maintain balance between induced immunity
(its development is stimulated by small number
of healminth in animal) and productive capabi-
lity (its decrease is affected by the same number

of helmiths, that cause subclinical form of dise-
ase). Obtained EPG results might be very useful
for interpretation of clinical form of some hel-
minthosis in large and small ruminants (Table
3).

DIAGNOSTIC VALUE OF FECAL EGG COUNT REDUCTION TEST (FECRT)

Fecal Egg Count Reduction Test (FECRT) is
established in early 90°s (Coles et al., 1992) and
represents a method of choice for monitoring
anthelmintics efficiency in ruminants (Dobson et
al., 2011). Currently, it is the unique test that
may detect resistance of all types of nematoda
species in all host species (McKenna, 2013) and
serve for calculation of egg count reduction in
feces, by comparing mean values of FEC before
treatment and after obtained treatment (Wang et
al., 2017).

According to World Association for the Ad-
vancement in  Veterinary  Parasitology
(WAAVP), there are guidelines for performing
and calculating standard FECRT (Coles et al.,
1992, 2006), which are improved by recommen-
dations made by Levecke et al. (2017). In ac-
cordance with those guidelines, recommenda-
tions are: size of sample (>10 or >15 animals per
group for treatment, and each excretion at least
150 EPG), FEC method (McMaster), statistical
analysis (FECRT based n arithmetical mean of
grouped FEC after drug application) and criteria
which define decreased drug efficiency (FECRT
<90% or FECRT <95%, resistance is declared if
the fecal egg count reduction is lower than 95%,
and the lowest limit of drug efficiency is lower
than 90%) (Dobson et al., 2011; Vidyashankar et
al., 2012).

For performing FECRT, sample of faces is
collected before dehelmintisation and EPG value
is determined in it, followed by treatment. Sam-
pling of feces is repeated 14 days after obtaining
treatment and value of EPG is determined again.
By using special equation, percentage decrease
of eggs count in feces is calculated individually.
Thereafter, average decrease for all test animals
is calculated, in order to calculate overall de-
crease for farm or herd. This value is subse-
quently used for obtaining calculation related to
existence or absence of drug resistance (Kaplan
and Nielsen, 2010). If the drug is effective, no
parasite should survive treatment longer than the
time needed for gut emptying (usually up to 48
hours). This period of time may be prolonged for
as many days as temporary suppression of eggs
laying lasts (3 days — for imidazole, 8 days — for
benzimidazoles, 14 to 17 days — for macrolides
lactones), so that efficiency of certain drug
groups is estimated only after expiration of this
period (Coles et al., 20006).

If examined animals have large egg number
in feces, after which dehemintization is ob-
tained, and 10 days after FEC shows zero or very
low value (lower than 5% of value before treat-
ment), for that group can be claimed certainly
that dehilmisation is successfully obtained
(Coles et al., 1992).

DIAGNOSTIC VALUE ,,FIVE POINT CHECK* CLINICAL APPROACH

Obtained diagnostic FEC based results have
to be complement with assessment related to
presence or absence of clinical signs of diseases
(,,Five Point Check®). This clinical approach

means monitoring of five most common nonspe-
cific symptoms in animals infected by parasites
— anemia of mucus membrane of eye, body
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weight lost or growth and development retarda-
tion, fecal dirtiness of tail and posterior body re-
gion, submandibular edema and runny nose
(Bath et al., 2010). Based on clinical symptoms
severity, selection of animals that should un-
dergo process of dehelmintisation is done. Herd
health status is classified as: ,,good* (no need for
dehelmintisation), ,,bad“ (necessarily of dehe-
mintisation, with control during several fallow-
ing months) and mixed results (,,some animals
are good, some are bad“- according to estimated
symptoms severity, it is decided which animals
will undergo dehelmintisation process) (Storey,
2015).

With the aim to slow down the onset of the
anthelmintics resistance and organization of
Integrated Parasite Management (IPM), the prin-
ciple of Targeted Selective Treatment (TST) is
globally accepted. Implementation of this strat-
egy has become workable on farms only with de-
velopment and practical application of
FAMACHAO® system for clinical estimation of
anemia caused by hematophagous nematode
Haemonchus contortus in small ruminants. Prin-
ciple of TST can be expanded on other important
ectoparasites, under condition that developed
system is practical, economical and realistically
capable to identify animals that are under risk of
overloading by expected endoparasites (Bath
and Van Wyk, 2009).

Candidates for expanded TST system mani-
fest one of five listed clinical symptoms that
served as bases for designing of practical guide
for breeders. For international, multilingual us-
age, this system is called Five Point Check®©,
and represent practical expansion of TST and
may be effective contribution in monitoring of
endoparasite presence in small ruminants. It let
users to: (a) make rapid estimation of parasitosis
signs in small ruminants, (b) make effective
estimation of health status of own animals, (c)
identify expected parasites, (d) select anthelmin-
tic groups for treatment (¢) use practical systems
for temporary identification of treated animals

and (f) familiarize with limits of the system
(Bath and Van Wyk, 2009).

FAMACHAO® system presents figure of the
estimation of severity of parasite infection in ru-
minants and making decisions about healing, ba-
sed on anemia degree of mucous membrane. Cli-
nical anemia is represented through erythrocyte
volume, and is ranged from 1 to 5 on the scale of
FAMACHA card and it indicates the infection
by haematophage nematode H. contortus, trema-
todes and cestodes (Ferreira et al., 2019).

Besides increased FAMACHA results, the
cause for delemintisation might also be other cli-
nical manifestations in infected animas. Based
on body condition index, which is determined by
BCS (Body Condition Score) by card on scale
from 1 to 5, there is possibility of infection by
Telodorsagia spp., Trichostrongylus spp. and
nodular helminths (Mahieu et al., 2007, Arece-
Garcia et al., 2016). Dirtiness of tail and poste-
rior body region with feces is determined by DS
(Dag Score) card with 1 to 5 scale and is indica-
tor of possible presence of infection by nemato-
des Telodorsagia spp., Trichostrongylus spp.,
Oesophagostomum spp., Strongyloides spp. snd
coccidia (Eimeria spp). Existance of nasal
discharge indicates the presence of nasal miasa,
pulmonal parasites and pneumonia, and is scaled
by ND (Nasal Discharge) card on scale 1-5. Cold
submandibular edema is, according to severity,
catogorised on 1 to 5 scale, and indicates the low
blood protein level in examined animals and on
possibility of parasite infection caused by H.
Contortus species, trematodes, cestodes and coc-
cidia (Eimeria spp) (Walker et al., 2015).

Besides these five standard clinical symp-
toms, sometimes observation of condition of the
fur is performed (low hair quality or abnormal
fleece), which changes are classified on scale
from 1 to 5, and may indicate the presence of
nematode infection (H. contortus, Telodorsagia
spp., Trichostrongylus spp.), coccidia (Eimeria
spp) and ectoparasites (Vanimisetti et al., 2004;
Mabhieu et al., 2007)
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From the aspect of differential diagnosis of
animals that show signs of resistance, i.e. resili-
ence, same of the most important parameters are
obtained FAMACHA values (Burke and Miller,
2008). Usage of FAMACHA® system provides
small ruminants breeders to make decisions re-
lated to delelmintisation based on assessment of
anemia rate caused by H. contortus in sheep and
goats (Arece-Garcia et al., 2016). This causative
agent is economically most important GIN in
sheep and goats, is most comon cause of anemia
during pasture season in USA, and in the cases
of infections of high intensity causes death.

FAMACHA® card is developed in South
Africa, and is imported in USA by American
Consortium for Small Ruminant Parasite
Control (ACSRPC). That is one of the most
successful diagnostic indicators, according to
which the color of eye mucous membrane is
compared with 5 categories of color on control
panel with colors that match the different anemia
rates. Category 1 is "non anemic" state, while ca-
tegory 5 represent the state of "severe anemia"

(Martinez-Valladares et al., 2013). Based on re-
sults determined by card, sheep and goats with
anemia are identified and exposed to selective
dehelinitisation.

Selective dehelmintisation reduces the drug
usage and slows down the development of
anthelminths resistance in GIN. It can also help
in making selective decisions related to bree-
ding, in a way that it will identify those animals
that are most sensitive to gut parasite infection,
i.e. resilient animals (Rizzon Cintra et al., 2018).
FAMACHAO® is applied only in a cases where
main causative agent of clinical disease is H.
contortus. Before performing the test, it should
be taken in consideration that some stages (eye
diseases environmental stimulus and systemic
diseases) cause reddish of eye mucous mem-
brane and thus may camouflage anemia. Questi-
onable may also be the other causes of anemia,
but they are rare comparing to GIN infection du-
ring pasture season (Ferreira et al., 2019).

CONCLUSION

Since they are adapted to present parasites,
resilient animals present non-identified sources
of parasite infections, which can be maintained
for a long period and obtained continual recon-
tamination of pasture. They can be identified
only just with implementation of quantitative
coprological diagnostic and performing FEC
values for each individual respectively. Resilient
animal has consistently low FEC levels and low
FAMACHA results, mainly are in good body
condition and do not show variations in body
weight. Obtained FEC values usually indicate
that suspicious (resilient) animals are carriers of
much higher number of parasites than it can be
expected by analysis and estimation obtained on
other clinical parameters. These animals should

not be dehelminted, or should be rarely de-
helminted, compared to the other herd animals
which show clinical signs of diseases also after
dehelmintisation, due to parasite resistance. An-
imals infected by large number of resistant en-
doparasites show high FEC wvalues, high
FAMACHA results and have poorer body con-
dition with significant body weight variations
also after treatment. Short term changes in body
weights, may be indicators of parasitosis, and
this may provide rapid identification of animals
that will probably have benefits from treatment.
Without FEC information, it cannot be certainly
defined if observed noted characteristic is re-
sistance or resilience.
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uMase Cy CTaTHCTHYKHM 3Ha4ajHo Behy mpocedyHy koHueHtpauujy BHB u aktuBHoct GPX. Ilpo-
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YBOJ

VIHTeH3MBHA CTOYapcKa INPOHM3BOIKHA Ha-
Mehe ynmorpe0y KBaIUTETHUX XpaHHBa Koja he y
MOTIYHOCTH 3aJ0BOJBUTH OCHOBHE H IIPOH3-
BOJHE MOTpeOe KHUBOTHEIA Y Y3r0jy, MaKCH-
MaJTHO MCKOPHUINITaBajyhi TeHeTCKe KamalureTe
jeavHkH. MehyTum, oBaj THI TNPOM3BOAME
mpare U MHOTH METabOJIMYKH mopeMehaju Kox
KHUBOTHIbA. KOJT MIIEUHHX KpaBa Cy OBU HOpeMe-
haju HapouWTO H3paXKEHH jep Cce MaTepHje U
SHepIuja YHETH XPaHOM KOPHCTE 32 3aJ0BO-
Jbele MoTpeda MIIeYHE JKIe3lIe, a MOTOM 3a
ocTaje mpoLece opraHusma.

Kao mocnenuna HeaaeKBaTHE HCXpaHe
KpaBa, jaBJbajy ce mopemehaju Metabomm3ma of
KOjUX je Hajyemhu KeTo3a.

Kero3a je mopemehaj meTabonmsma koju ce
jaBJba KOJl BUCOKOMJICYHUX KpaBa, Hajuemrhe y
paHoj JIaKTalliju OJHOCHO MEPHUMAPTAIHOM Tie-

puoxy. 30or mopemehaja y Mmetabonusmy yribe-
HUX XHJpaTa ¥ MacTH, )KUBOTHIbA yIIa3u y Hera-
THUBaH EHEPreTCKH OUITAHC, IITO CE OJUTHKY]E Ma-
JIOM KOHICHTpAllMje TIYKO3€ Yy KPBU U HCKO-
pumthaBameM pe3epBH INIMKOreHa u3 jetpe. Cpa
IIIyKo3a Koja ce 00e30eu Kao M3BOP CHEpPrHje
npeycMepaBa ce y MIICUHY JKJIe3[y 3a CHHTE3Y
nakto3e mieka. OpraHu3aM IOKyIlIaBa Ja Ha-
JIOKHAJW YTPOIIEHY TIyKO3y MmoBehaHuM oO0wu-
MOM TJIyKOHEOT€He3e y jeTpu, Ipe CBera u3
oKcayarerara Kao riiaBHe TJyKOHEOTeHe MaTe-
puje. IlpeycmepaBame — oOkcamarerara U3
[UKIyca JIMMYHCKE KHCEIHMHE Yy TIYKOHEOore-
He3y y3pOKyje Hakymbambe anetuin-KoA Hacra-
JIOT' Y UKITYCY B-OKCHIalje MaCHIX KUCEJIHHA,
Kao IMOCNEANIC HEraTHBHOI CHEPreTCKOr Ou-
nmaHca. 300r oBora ce MeTaboJM3aM y BEJIHKO]
MepH MpeycMepaBa Ka CHHTE3M KEeTOHCKHX TeJla
(JoBanoBuh m Muxaunosuh, 2008). Oo je Ha-
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POYMTO M3PaXKEHO KOJ KpaBa ca BUCOKOM Telle-
CHOM KOHJIMIIM]OM jep je 300r Behnx MacHuX Jie-
moa KoJi BUX WHTCH3WBHHja [(-OKcHAandja ca
noBehannM obumom ketoreHese (Ilmamapesuh,
2013).

VY HOBHjUM HMCTPaXHMBamHMa, CBE BHILE Ce
obpaha makma Ha YJIOTY OKCHIATHBHOT CTpeca
y IIaTOTeHE3H Pa3INYMTHX METa00IMYKHIX HOpe-
Mehaja KapakTepUCTUYHUX 3a MepUIIApTATHU
nepuon (El Deeb u El Bahr, 2017). Cmarpa ce
na nosehan o0uM B-okcuaainuje MacHUX KHCe-
JIMHA yTHYe Ha noBehaHo cTBapame CI000JHHUX

panukana. BaxkHy yiory y aHTHOKCHIATHBHO]
3alITUTH OPraHW3Ma KMa CH3MM TJyTaTHOH-
nepokcunasa (GPx) koju y cBOM KaTaTUTHIKOM
LEHTPY CaJPKU CEJIeH Y BUAY CEJICHOLMCTEHHA
(Forstrom u cap., 1978). I'myraTroH-TIepOKCH-
Jla3a je €H3UM KOjU PeayKyje BOJOHHUK IEPOKCH]
M TepOoKCHe CIO000JHUX MACHHX KHCEIHHA
mrrutehn hennje o okcupaTHBHEUX omTehermba.

300r cBera HaBeJCHOT, LIWJb OBOT paja Ouo
je Ia yTBpAMMO YTHIIA] TeJIECHE KOHAMIUje Ha
HHBO TJIyKO03€ U B-XHIPOKCHOyTHpaTa Y KPBH Y-
HHMI[A, Kao 1 akTuBHOCT GPx.

MATEPHUJAJI U METOJIE PAJTIA

VY 1uiby yTBphHBamba yTULAja TEJECHE KOH-
mmmuje (TK) jynuma Ha HHBO TiIyko3e H
B-xunpokcuOyTHpaTa, Ka0 M aKTHBHOCTH TIIyTa-
THOH-TIEpPOKCHUIa3e, BPLICHA j€ IPOILIeHA TeJleCHe
KoHUIMje KopuiihemeM BupnuHuja cucrema
MoaupuKoBaHUM Mo EnMeHcony, mo ckamu o1 1
10 5 (Edmenson, 1989), Ha ocHOBY Koje je 23 jy-
HHIIE CBPCTAHO y JBe Tpyre. Y TNpBy Tpymy
(H=5) cy cBpCTaHe jyHHIE ONTHMAJIHE TeJECHE
kounuumje (TK=3,75), a y npyry rpyny (1=18)
rojasHe jyamre ca oreHoM TK >4,0. OneHna Te-
JecHe KOHAMIMje BpIICHA je 3 Henesbe Ipe
npensuheHor nmapryca. [Ja 6u ce u3beria Bapu-
pama y CMHUCIY MpOLECHE TelieCHe KOHAWLHjE,
OLCHUBAKE Cy BPIIWIEC HCTOBPEMEHO YETHPHU
ocobe. IIpocek cTapocTH OTEJFCHHUX jYHHIA j€
6mo 25,5 meceru.

[pukynspame U UCIUTUBAKE y30paka KpBU
jyHuna coposezieHo je ox 1. mo 10. qana HaKoH
maptyca. KpB je noOujeHa ITyHKIHjOM W3
v. coccigea media. AHanu3e KpBHU cy paleHe mo
CHCTEMY TECT-Tpaka Ha KOje je HaHOIICHA Karl
Y30pKOBaHE KpBH. BpemHOCT KOHUEHTpanuje
TIIyKO3€ U P-XHOPOKCHUOyTHpaTa OYUTaBaHA je
Ha amapary ,,FREESTYLE PRECISION NEO
Blood Glucose and Ketone Monitoring system®.

AxTHBHOCT TiyTaTtHoH-miepokcuaasze (GPx)
13 MyHe KpBHU KpaBa opehrBaHa je METOI0M II0

Gilinzler u cap. (1974) ma cnexTpodoTOMETpYy
Cecil 2000. ITpuHIHAT OBOT Mepema je 3aCHOBaH
Ha CHEKTPO(OTOMETPHjCKOM PETHCTPOBAMBY
notpommsse NADPH y KymioBaHO] €H3MMCKO]
peakiuju. Metosa je W3BeleHa Tako IITO je Y
enpysety penoM mgomaro S00 ul xamujym-doc-
datror mydepa, 200 pl rmyratuona (GSH), 50
ul rmyratron-penykrase (GR), 10 ul myne kpsu
XeMOJIM30BaHe J[palkuHOBMM peareHcoM (pas-
onaxeme 21 myt) u 490 ul penectunosane Bose.
3atuM je W3BpILICHA NMpenHKyOarmja y TepMmo-
crary Ha 37°C y Tpajamy on 10 MUHYyTa, HAKOH
gera je y enpysete goaato 200 pl HukoTnHAMEL
aneHuH auaykieotua-¢pochara (NADPH) wu
550 pl TepumjamHOT OYTHIXHAPOTIEPOKCHAA
(TBH). Hakon nogasara NADPH u TBH, canp-
’Kaj erpyBeTe je U3NIUBEH y KuBeTy. CTaBIbambeM
KUBETE Yy CIeKTpo(dOTOMETap 3alouuibe U pe-
ructpoBame norpommse NADPH, a y nntepna-
numa oa 30 CeKyHau Ha TalacHO] AYXUHH O]
366 nm, Genexxu ce arncopOaHIa.

PactBopu GR, GSH u NADPH cy yBek
CBEXKE TPUIIPEMaHH, y3 YHoTpedy pelecTuio-
BaHe Boje kao pacteapaua 3a GR nu GSH. Kao
pactBapau 3a NADPH xopumhen je 0,1 %
NaHCO;. CacrtaB, ka0 1 KOHA4HE KOHLEHTpa-
Lje peareHaca, IpuKasane cy y tabemu 1.
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Tabena 1. CacTtaB U KOJIMYMHA peareHaca kopuuheHux 3a cnekTpogoTOMeTPUjCKO Ope-

bhuBame akTnBHOCTH GPX

Pearench 3anpemuna Konauna KOHUEHTpa-
(uD) uuja

Kanujym-docdaran nydep (400 mmol/L, pH 7) 500 100 mmol/1
GSH (604 mmol/L) 200 4 mmol/L
I'mytatron-penykTasza (GR) 50 6 mmol/L
[TyHa kpB (pazou. 21x) 10 0,375 1J/mL
NADPH 200 0,3 mmol/L
TBH 550 1,575 mmol/L
PenecrunoBana Bona 490

Pesynratn 1o0ujeHn y OBOM OTIIey Cy Tpy-
nMcaHu y oarosapajyhe cratuctuuke cepuje u
oOpahenu y3 mpumeHy onpeheHuX CTaTUCTHY-
kux merona y nporpamy MS Excel 2007. On
CTaTUCTUYKUX METO/1a, KopultheHe cy u3pauy-
HaTe Cpelhbe BPEJHOCTH  (apUTMETHYKa cpe-
nHa — XCp), pelaTHBHE Mepe BaphjaOmiInTeTa

(xoedumujert Bapujammje — KB) u amcomyTHe
Mepe BapHjadumuTeTa (CTagAapIHa JeBHjalija
— C/l). Ananuze cTaTUCTUUKE CUTHU(UKAHTHO-
CTH W3BpIICHE Cy CTYISHTOBHM T-TecTOM. J{o-
OujeHH pe3ynTaTH Cy IpHKa3aHu y BUAY rpadu-
KOHA.

PE3YJITATH

HcnmtrBaHe Cy KOHIEHTpanuje TIIyKo3e,
BHB u ogpehuBana aktuBHOCT GPX, ca nnpem
Jla ce ynopezae pe3yaTaTi u3Mel)y jyHuIa onTH-
MAaJTHe TeJIeCHE KOHIWIIN]e ¥ T0ja3HUX jyHHUIIA.

[IpunukoM HCOUTHBaKA TIIUKEMHjE, HHUjC
npoHalewa 3HauajHa pasnuka (p=0,71) usmehy
CPeAmUX BPEIHOCTH KOHIIEHTpAlMja TIIyKO3e
JO0OWjeHUX KO/ j YHHUIIA OTITUMATHE TEJIECHE KOH-
nunyje u rojasaux jynuna (I'padukon 1).

Kon jemuHKM onTHMajHE TelecHe KOHIM-
1Hje, Cpeliiba BPEIHOCT KOHIICHTPALH]je TIIyK03e
6mna je 3,16+£0,51 mmol/L ca mHTEpBaIOM Bpe-
HOCcTH 2,8 — 3,9 mmol/L u xoedurujerrom Ba-
pujarje 16%.

Koa rojasHux jemuHKH, Cpelliba BPEIHOCT
KOHIICHTpalje TIiIykose je Owmma 3,19+0,66
mmol/L, ca uHTtepBasoM BpeaHoctu 1,5 — 4,6
mmol/L n koedunujertom Bapujanuje 20%.
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I'padukon 1. BpemHoCcT KOHLEHTpanuje TIIyKo3e y KpPBH jyHHMIA ONTHMajHE M noBehaHe

TEJIeCHE KOHIUIIU]e

Ko jemuHKM onTHManHE TelecHe KOHIU-
je, cpeamba BpeIHOCT KoHIeHTpauje BHB je
6una 0,4+0,16 mmol/L, ca mHTEpBaIOM BpEIHO-
ctu 0,2 — 0,6 mmol/L. Kopx roja3saux jyHwuma,
cpenma BpeAHOCT KoHIeHTpanuje BHB je omna
0,67+0,22 mmol/L, ca WHTEepBaIOM BPEIHOCTH
0,4 — 1,1 mmol/L. UcnuTHBamkEM CTAaTUCTHUKE

3HA4YajHOCTH, MpoHaljeHa je 3HauajHA pas3iuKa
(p=0,01) m3melhy cpenmux BpeAHOCTH KOHIICH-
Tpaurja BHB jyHuma ontumanHe TenecHe KOH-
IUIHje M TojasHuX. [0ja3He jyHHUIE Cy MMaje
3HAYajHO BHINY CPEAY BPEIHOCT KOHLEHTpa-
mje BHB (I'paduxoH 2).
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I'pacdukon 2. BpenHoct koHueHTpanuje f—xunapokcudyrupara (BHB) y kpBu jyHuna onrtu-
MaiHe u nmoBehane temecHe konaummje (** p=0,01)

Ko jemuHKH omTHMaiHE TeleCHE KOHIH-
uuje, npoceyna akTuBHocT GPx je 6mna 326130
uKat/L, ca untepBamoMm Bpeanoctu 292-361
pKat/L. Kox rojasHux jeIWHKH cpelba BpPE-
HocT 3a aktuBHOCT GPx je Omma 423+140
uKat/L, ca untepBasiom BpemHocTH 225-687
uKat/L.

HcruTHBambeM CTATHCTHYKE 3HAYajHOCTH,
yTBpheHa je 3HauajHa pasiuka (p=0,02) u3mely
cpemmbux BpemHocTH akTuBHOCTH GPX jyHuna
ONTHMAJIHE TEeJIeCHE KOHIWILHUje W TOja3HUX jy-
mHuna. Kox rojasHux jyHWIa je mocrojana 3Ha-
yajao Beha aktuBHOCT GPx (I"padukon 3).
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I'paduxon 3. AxtuBHOCT GPX y MyHOj KpBH jyHHIIA ONITIMAHE U ToBehaHe TeaecHe KOHIH-

wnje (* p=0,02)

JUCKYCHJA

Kero3a mpencraBba 4ecT METabOIUYKU TOpe-
Mmehaj ko BUCOKOMIIEUHMX KpaBa. Y3poly Koju
JIONIPUHOCE HACTAHKY KETO3€ MOTY OUTH Healle-
KBaTHa MCXpaHa y OJJHOCY Ha IepUO/] JIAKTALH]e,
XOPMOHCKH JIUcOaNaHc, JolIa TelecHa KOHIH-
11ja, BUCOKA MJIICYHOCT M MHOTH JIPYTH.

OueHa TellecHe KOHAUIIMjEe KpaBa BPIIK CE Y
CBHUM NEPHOMMa IPOU3BOJHOT ¥ PEIPOIYKTHB-
HOT LIUKITyCa, a MOXKeJbHA OLICHA TeJIECHE KOHIH-
ogje y mepuoay Tesbema je 3,25 — 3,75, [pero-
jeHe KpaBe y MEpHOIY TeJbeHha M Ha MOYETKY
JAKTalHuje, 32 KOjU je KapaKTepUCTHYaH Hera-
TUBHHM EHEPreTCKU OMiIaHc, uMajy rnosehaH pu-
3MK O] HACTaHKa KeTo3e 300r ociobdahama ciio-
0OMHMX MacHHUX KHCEIMHA M HaroOMHUJIaBama a-
uetmin-KoA. Kako Ou ce oBu pusunm u3deri,
HEONXO/JHO j€ OAPXKaBaTH TEJIECHY KOHIHIIH]Y
KpaBa y ozapeheHom omcery u o 3,25 — 3,75 Ha

mopohajy, 2,5 — 3,25 y ToKy paHe JakTanuje, 2,5
- 3,5 ToxoM cpenuHe nakramuje, 3 — 3,5 y
KacHOj JlakTanuju u 3,25 — 3,75 npu 3acyiiemy
(Edmenson, 1989). Kako naBone Gillund u cap.
(2001), HacTaHaK KETO3HOT CTarba KOJ I0ja3HuX
KpaBa HAaKOH MapTyca je uecTa mojaBa. Ha
OCHOBY pe3yJiTaTa Koje CMO JOOMIIH, KO jyHHUIIA
je oBo peha mojara, IITO Ce MOXKE 00jaCHUTH Ma-
BOM IIPOU3BOIIBOM MIIEKAa MPBOTEIKH. 300T
Marbe MPOM3BO/IHE MIICKA, HETATUBAH OUIIAHC e-
HEpruje je MalU Hero KoJ KpaBa Koje Cy TOCTH-
JIe CBOjY MaKCHMAITHY MJICYHOCT.

OmnacHOCT O] HAacTaHKa KETO3HOI CTama
pacte ca ctapomhy IPUIUKOM TPBOT TEJHCHA.
CwMatpa ce na mpBotenke miahe ox 20 Mecern
crajnajy y HajMawe pusnuny rpymy. C 063upom
Ha TO Ja je MPOCEK MCIHTHUBAHUX jYHHUIIA OUO
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25,5 Mecel, CBpCTaHe Cy y Cpelmbe PUIUUHY
rpyny (Van Der Drift, 2013).

Kon jemuHku onTUMaliiHe TeJIecHe KOH[IH-
1IHje, CpeArba BPeAHOCT KOHIIEHTPAIIHje TIIYKO3e
6una je 3,16 mmol/L, a kox roja3HUX jeIHHKH
3,19 mmol/L, mro je y okBHpPY pedepeHTHUX
BpenHOCTH Koje mu3Hoce 2,3- 3,5 mmol/L (Cro-
juh, 2010).

Bpenroct BHB npeko 0,7 mmol/L nBe He-
JieJbe HaKOH TeJbeHha, 3ajeIHO Ca BUIIOM KOH-
LEHTPAIMjOM CJIO00JHUX MACHUX KHCEIHHA Yy
KpBH, yKa3yjy Ha HEraTHBaH €HEPreTCKH OUIaHC
(Celeska u cap., 2010). Bpensnoctu KoHIIEHTpa-
uje BHB nenmtuBanux jyHuna ca ontuMaiHOM
TEJIECHOM KOHTUIIM]OM Cy Ouiie y OKBHPY pede-
PEHTHHX BPEHOCTH, JIOK j€ KOJ[ TOja3HHX, IIECT

jemuakH (33,3%) UMaIo MOBUIICHE BPEIHOCTH.
Y 0BOM IiepHoy HOUHILE J1a CE pa3BHja HeraTH-
BaH €HEPreTCKU OMIIaHC, IITO 3a TOCIEANITY UMa
noBehan oOuMM cuHTE3e KETOHCKHX Tena. Kou
OBHUX 0 jeIWHKH, 3a0eliekeHa je HEIITO HKXKa
MpocedHa KOHIICHTPAaIHja TIIyKO3e€.

VY 1ocTynHOj IUTepaTypy HUCMO HAIIUIU T10-
BE3aHOCT HHUBOA KETOHCKMX Tella Ca AaKTUB-
Homly eH3UMa TITyTaTHOH-TIEPOKCHIA3e, Kao HU
oOjanimeme 3amro Ou Omna moBehaHa eHA
aKTHBHOCT KOJl jyHHUIIa ca BUIIMM HHBOoOoM BHB.
OBaj pe3ynraT yka3yje Ha TO Ja ca Behiom max-
BOM Tpeba MPUCTYHNUTH NPOydaBamy OKCHJA-
TUBHOI' CTpECa W AHTUOKCHUJAATUBHOI' Kallalu-
TETa jJeJMHKU Ca HEraTHUBHUM CHEPreTCKHM Ou-
JIAHCOM.
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Abstract: The aim of this study was to establish if there are differences in glucose and B-
hydroxybutyrate (BHB) concentrations as well as glutathione peroxidase (GPx) activity related to
the body condition in heifers. Based on the body condition (BC), heifers were divided into two
groups: 1. BC =3.75 and 2. BC >4.0. Whole blood samples from 23 heifers, taken between day 1
and day 10 after parturition, were used in the study. Glucose and BHB concentrations were deter-
mined immediately after sampling, while GPx activity was determined 24 hours after that. Heifers
with higher body condition had significantly higher average BHB concentration and GPx activity.

Average glucose concentrations did not differ between groups.

Key words: glucose, glutathione peroxidase (GPx), ketone bodies, body condition

INTRODUCTION

Intensive livestock production requires use
of nutrients of high quality that will completely
satisfy basic and productive needs of breeding
animals, maximizing the genetic capacity of in-
dividuals. Nevertheless, this type of production
is associated with many metabolic disturbances
in animals. In dairy cows, these disturbances are
especially pronounced, since dietary nutrient
and energy are primarily used for mammary
gland needs and then for the rest of the processes
in organisms.

As a consequence of inadequate nutrition in
cows, metabolic disturbances occur with ketosis
being the most frequent one.

Ketosis is the metabolic disturbance that ap-
pears in high yielding dairy cows, most fre-
quently in early lactation i.e. peripartum period.
Due to inadequate carbohydrate and fat metabo-
lism, animal experiences negative energy bal-
ance that is characterized by decline of blood

glucose concentration and liver glycogen reserve
depletion. All glucose obtained as energy source
is redirected to mammary gland for lactose syn-
thesis. Organism tries to compensate the loss of
glucose by increasing the degree of liver gluco-
neogenesis, primarily from oxaloacetate that is
the main gluconeogenic precursor. Redirecting
of oxalacetate from citric acid cycle into gluco-
neogenesis provoke acetyl-CoA accumulation,
that originates from [ fatty acid oxidation as a
consequence of negative energy balance. Be-
cause of that, metabolism is mainly redirecting
to ketone bodies synthesis (Mihailovi¢ and Jo-
vanovi¢, 2008). This is esspecially pronaunced
in cows with high body condition since in this
cows, due to higher fatty depots, [ oxidation is
more intensive and consequently degree of keto-
geneisis is increased (Cincovié, 2013).

In recent studies, more attention is given to
the role of oxidative stress in pathogenesis of
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different metabolic disturbances typical for pe-
rupartum period (E! Deeb and El Bahr, 2017). 1t
is considered that higher degree of  p oxidation
of fatty acids affect the increase production of
free radicals. The gluthatione peroxidase
enzyme (GPx) has important role in antioxida-
tive protection and it contains selenium in the
form of selenocysteine in its own catalytic center
(Forstrom at al., 1978). Gluthatione peroxidase

is enzyme that reduces hydrogen peroxyde and
peroxides of free fatty acids protecting cells
from oxidative damages.

Due to all previously mentioned, the aim of
this study was to establish the effect of body
condition on glucose and B-hydroxybutyrate lev-
els in blood of heifers as well as GPx activity.

MATERIAL AND METHODS

With the aim to establish effect of body con-
dition (BC) of heifers on glucose and B-
hydroxybutyrate levels, as well as gluthatione
peroxidase activity, estimation of body condi-
tion was performed by Virginia system modified
by Edmenson, using 1 to 5 scale (Edmenson,
1989). According to that, 23 hefers were classi-
fied in one of the two groups. First group (n=5)
includes heifers with optimal body condition
(BC=3.75), while the second group (n=18)
includes obese heifers with the BC score >4.0.
Body condition scoring was performed 3 weeks
before expected calving. In order to avoid varia-
tions related to the body condition estimation,
scoring was performed by 4 persons simultane-
ously. Average age of calved heifers was 25.5
months.

Collecting and examination of blood samples
of heifers was done from day 1 to day 10 after
parturition. Blood was obtained by V. coc-
cigea media puncture. Blood analyses were done
using test strips on which blood drop was ap-
plied. Glucose and B-hydroxybutyrate concen-
trations were recorded on  apparatus
“FREESTYLE PRECISION NEO Blood Glu-
cose and Ketone Monitoring system®.

Glutathione peroxidase activity (GPx) from
whole blood of cows was determined using

method described by Giinzler at al. (1974) on
spectrophotometer Cecil 2000. The principle of
this measurement is based on spectrophotomet-
ric registration of NADPH utilization in coupled
enzyme reaction. Method was obtained in a way
that 500 pl of potassium phosphate buffer, 200
ul of glutathione (GSH), 50 pl of glutathione re-
ductase (GR), 10 pl of whole blood hemolyzed
with Drapckin reagent (21 time of dilution) and
490 ul of redistilled water was added in men-
tioned order in each tube. Then a 10-minute pre-
incubation in thermostat on 37°C was obtained,
followed by addition of 200 pl of nicotinamide
adenine dinucleotide phosphate (NADPH) and
550 pl of tertial butylhydroxyperoxide (TBH).
After addition of NADPH and TBH, tube con-
tent is poured into the cuvette. By placing of cu-
vette in spectrophotometer, utilization of NADP
begins, and the absorbance is recorded in 30 sec-
onds intervals at wavelength of 366 nm.

Solutions of GR, GSH and NADPH are al-
ways freshly prepared, with the usage of re-
distilled water as a solvent for GR and GSH. As
a solvent for NADPH, 0.1 % NaHCO; was used.
Composition and final concentrations of rea-
gents are presented in Table 1.
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Table 1. Composition and volume of reagents used for spectrophotometric determination

of GPx activity

Reagents Volumen (ul) Final concentration
Potassium phosphate buffer (400 mmol/L, pH 7) 500 100 mmol/1
GSH (604 mmol/L) 200 4 mmol/L
Gluthatione reductase (GR) 50 6 mmol/L
Whole blood (dilution. 21x) 10 0.375 U/mL
NADPH 200 0.3 mmol/L
TBH 550 1.575 mmol/L
Redestilated water 490

Results obtained in this study are grouped in
certain statistical series and processed using cer-
tain statistical methods in MS Excel 2007 pro-
gram. Calculated mean (arithmetic mean —
Xmean, relative measures of variability (coeffi-
cient of variation — Cv) and absolute measures of

variability (standard deviation — SD) were statis-
tical methods that were used. Analyses of statis-
tical significance were obtained by Student t-
test. Obtained results are presented by figures.

RESULTS

Glucose, BHB concentrations and GPx ac-
tivity were determined with the aim to compare
results between heifers of optimal body condi-
tion and obese heifers.

By determination of glycemia, no significant
difference was observed (p=0.71) between glu-
cose concentration means obtained in heifers
with optimal body condition and obese heifers
(Figure 1).

In heifers with optimal body condition, mean
value of glucose concentration was 3.16+0.51
mmol/L with interval of values from 2.8-3.9
mmol/L and coefficient of variation 16%.

In obese heifers, mean value for glucose con-
centrations was 3.19+0.66 mmol/L, with interval
of values from 1.5-4.6 mmol/L and coeffi-
cient of variation 20%.
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Figure 1. Values of glucose concentrations in blood of heifers of optimal and increased body

condition

In heifers with optimal body condition, mean
value of BHB concentration was 0.4+0.16
mmol/L, with interval of values from 0.2-0.6
mmol/L. In obese heifers, mean value for BHB
concentrations was 0.67+0.22 mmol/L, with in-
terval of values from 0.4-1.1 mmol/L. By deter-
mining the statistically significant difference,

significant difference was established (p=0.01)
between mean values of BHB concentrations in
heifers with optimal body condition and obese
ones. Obese heifers had significantly higher
mean BHB values (Figure 2).
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Figure 2. Values of B hydroxybutirate (BHB) concentrations in the blood of heifers of opti-
mal body condition and increased body condition (** p=0.01)

In heifers with optimal body condition, average GPx activity was 326+30 uKat/L, with intervals
of values from 292-361 pKat/L. In obese heifers, average GPx activity was 423+140 uKat/L, with
intervals of values from 225-687 uKat/L.

By determining the statistically significant difference, significant difference was established
(p=0.02) between average values of GPx activity of heifers with optimal body condition and obese
heifers. In obese heifers, there was significantly higher GPx activity (Figure 3).
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Figure 3. GPx activity in whole blood in heifers with optimal body condition and increased

body condition (* p=0.02)

DISSCUSION

Ketosis is a common metabolic disturbance
in high yielding dairy cows. Causes that contrib-
ute to the appearance of ketosis might include
inadequate nutrition related to lactation phase,
hormone disbalance, poor body condition, high
milking and many others.

Body condition scoring is obtained in all
phases of productive and reproductive cycles,
and favorable score in calving period is 3.25-
3.75. Over-conditioned cows in calving and
early lactating period, characterized by negative
energy balance, are more exposed to the risk of
ketosis appearance, due to the release of free
fatty acids and acetyl CoA deposition. In order
to avoid these risks, it is necessary to maintain
body condition of cows in certain range, mean-
ing 3.25-3.75 at calving, 2.5-3.25 in early lacta-
tion, 2.5-3.5 in mid lactation, 3-3.5 in late lacta-
tion and 3.25-3.75 in dry period (Edmenson,
1989). As reported by Gillund at al. (2001), ap-
pearance of ketosis stage in obese cows after par-
turition is common. Based on our results, it is

rare and can be explained by lower milk produc-
tion in first calving cows. Due to less milk pro-
duction, negative energy balance is less pro-
nounced then in cows who achieved maximum
milking.

Danger of ketosis stage appearance increases
with increased age of first calving cows. It is
speculated that first calving cows younger than
20 months of age belong to group with the low-
est risk. Since average age of examined heifers
was 25.5 months, they can be classified in mod-
erate risk group (Van Der Drift, 2013).

In animals with an optimal body condition,
average glucose concentration value was 3.16
mmol/L, while in obese heifers was 3.19
mmol/L. Both vales are within reference range
that is 2.3-3.5 mmol/L (Stoji¢, 2010).

BHB value over 0.7 mmol/L two weeks after
calving, combined with higher concentration of
free fatty acids in blood, indicates on negative
energy balance (Celeska et al., 2010). Values of
BHB concentrations in examined heifers with
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optimal body condition were within reference
range, while in obese heifers, six animals
(33.3%) had increased values. In this period,
negative energy balance starts to develop, with
consequently increased ketone body synthesis.
In these 6 animals lower glucose concentration
was also observed.

There is no data within available literature
that related to relationship between ketone bod-
ies level and glutathione peroxidase enzyme ac-
tivity, as well as explanation for its increased ac-
tivity in heifers with higher BHB levels. This re-
sult can indicate that studying oxidative stress
and antioxidative capacity in animals with nega-
tive energy balance need more attention.
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ANTIBAKTERIJSKA SVOJSTVA EKSTRAKTA BIJELOG LJILJANA (Lilium candidum)
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Kratak sadrzaj: Prirodni ekstrakti pravljeni od svjezeg biljnog materijala i bioloski aktivna
jedinjenja izolovana iz razli¢itih biljnih vrsta koje se ve¢ vijekovima koriste u narodnoj medicini
mogu predstavljati dragocjene izvore za proizvodnju novih prirodnih konzervanasa i ljekovitih
PriQrayaka. Bijeli ljiljan - Lilium candidum se takode dugo koristi u tradicionalnoj medicini za
ijjeCenje opekotina 1 promrzlina, upale uha i nosa, kao melem za ispiranje rana’i posjekotina.
Korijen, listovi i cvjetovi imaju ljekovita svojstva, ali je malo podataka u literaturi o
antibakterijskom dejstvu ekstrakta bijelog ljiljana na odredene patogene i da se utvrdi opravdanost
njegovog koristenja u tradicionalnoj medicini.

U radu je ispitana antibakterijska aktivnost ekstrakta bijelog ljiljana na pet referentnih kultura
(Escherichia coli WDCM 00090, Listeria monocytogenes WDCM 00020, Salmonella enterica
WDCM 00030, Pseudomonas aeruginosa WDCM 00024) i sedam bakterijskih kultura
(Escherichia coli, Providencia stuartii, Pseudomonas spp. B-hemoliticna Escherichia coli,
koagulaza pozitivan stafilokok, Staphylococcus aureus, Sreptococcus grupe D) iz kolekcije
Laboratorije za mikrobiologiju Veterinarskog instituta ,,Dr Vaso Butozan“ Banja Luka.

Rezultati rada su potvrdili da ekstrakt bijelog ljiljana pokazuje odredenu antibakterijsku
aktivnost prema ispitanim patogenima koriStenim u ovom istrazivanju. Antibakterijska aktivnost
ekstrakta bijelog ljiljana se kretala u opsegu od 5,33 mm do 18,88 mm, zavisno od bakterijskog
soja 1 koncentracije ekstrakta bijelog ljiljana.

Kljuéne rijedi: Lilium candidum, antimikrobna aktivnost, ekstrakt bijelog ljiljana

UvOD

Upotreba biljaka u medicinske svrhe je nastanka i lijeCenja mnogih bolesti danasnjice
§iroko rasprostranjena i danas, 30-40% svih (Fahimi, 2015., Rai, 2013., Brochardt i sar.,
medicinskih preparata sadrzi jednu ili vise 2008).
bioaktivnih komponenti izolovanih iz biljaka. Ljekovitost ljiljana je poznata od davnina i
Sve se vise paznje posvecuje upotrebi prirodnih  Jako je cijenjena u narodnoj medicini. O
fitohemijskih komponenti koje posjeduju  Koristenju ljiljanovog ulja u medicinske svrhe
antimikrobna, antioksidativna, antifugalna, SviedoCe brojni recepti iz elizabetanskog doba
antivirusna, antikancerogena, antiinflamatorna i Jer se smatralo da ljiljan ima magi¢nu mo¢ i
druga svojstva koja potpomazu u spreavanju  KkoriSten je u lijeCenju groznice, kao sredstvo za
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CiS¢enje rana, te kao obloga u lijeCenju
opekotina i Cireva, ali i za olakSavanje simptoma
artritisa i reume.

Krin-bijeli ljiljan (Lilium candidum) je
viSegodiSnja biljka koja moZze da naraste u visinu
do 100 cm. Ima karakteristican miris i prili¢no
krupan bijeli cvijet ljevkastog izgleda, Sirokih i
dugih  latica. Zbog svoje ljepote i
karakteristi¢nog mirisa sadi se kao ukrasno bilje
u vrtovima i parkovima (Lesinger, 2016).

Lilium candidum sadrzi razli¢ite boloski
aktivne komponente koje djeluju
antiinflamatorno, antimutageno,antioksidativno,
antivirusno (Fahimi i sar., 2015., Lesinger, 2016;
Eisenreichova i sar., 2004, Mucaji, 2007).
Upotreba ljiljanovog wulja u tradicionalnoj
medicine je vjekovna, ali savremena medicina je
dugo osporavala njegova ljekovita svojstva.
Eksperimentalne studije su ipak potvrdile neka
ljekovita svojstva (Wang i sar., 2019., Fahimi i
sar., 2015, Gao i sar., 2015, Zhang i sar., 2017).

Poslednjih dvadesetak godina, uradeno je
vise studija koje su ispitivale sadrzaj i svojstva
Lilium candidum, kao i njegovo pozitivno/
negativno djelovanje na organizam (Wang i sar.,
2019, Fahimi i sar., 2015, Zhao i sar., 2015,
Bates, 2015, Kopaskova i sar., 2012, Huang,
2015).

Ljiljan, odnosno njegovi cvjetovi, listovi i
lukovica su bogati flavonoidima, glikozidima,
organskim kiselinama, azotnim i steroidnim
spojevima, saponinima, vitaminom C, taninom,
etarskim uljim, dok lukovica sadrzi jo§ gorke
materije, holing i fitosterol (Lesinger, 2016,
Wang i sar., 2019, Eisenreichova i sar., 2004).
Kako tkiva i ekstrakti biljaka sadrze jedinjenja
tanina, za koje se zna da reaguju sa proteinima
koze, nanoSenjem eckstrakta bijelog ljiljana na

ranu, opekotinu, odnosno povrijedeni ili oboljeli
dio, tanin reaguje sa proteinima, odnosno
kolagenim vlaknima i stvara se sloj koji Stiti
tkivo od daljeg razvoja nekroze. (Fahimi i sar.
2019, Kovacevié¢, 2004).

Ekstrakt bijelog ljiljana u dodiru sa ¢elijama,
tkivima i mikroorganizmima vrlo ¢esto ispoljava
efekat, odnosno poboljsava/pojacava sposobnost
organizma da odgovori na odredene fizicke ili
hemijske uticaje tako Sto ,,usisava” manje doze
istog ili sli¢énog agensa (Lesinger, 2016, Achary
i sar., 2012).

Ekstrakt  bijelog ljiljana  dobija  se
maceracijom svjezih cvjetova u nerafinisanom
maslinovom ulju i poznato je po svom
antiinflamatornom djelovanju. Dobro se rastvara
u alkoholu i acetonu, a slabije u organskim
rastvara¢ima  (Kopaskova i sar.,, 2012,
Eisenreichova i sar., 2004). Ekstrakt bijelog
ljiljana se dosta koristi u farmaceutsko-
kozmetickoj industriji zbog blagotvornog
dejstva na kozu (pospjeSuje epitelizaciju).
Takode se upotrebljava za lijeenje razliitih
osipa, fleka, liSajeva, psorijaze i ekcema. Koristi
se za svakodnevnu njegu zrele i suve koze, koze
kojoj treba vratiti tonus i odli¢na je zastita kozi
u zimskim danima (Lesinger, 2016, Huang i sar.,
2015).

U dostupnoj literaturi je malo podataka o
antibakterijskom svojstvu ekstrakta ulja ljiljana i
zbog toga je cilj ovoga rada da se ispitaju
antibakterijska svojstva ekstrakta ljiljanovog
ulja na odredene patogene i da se utvrdi njegova
opravdanost  koriStenja u tradicionalnoj
(narodnoj) medicine i da se utvrdi da li djeluje
baktericidno ili bakteriostatski na ispitane
bakterijske kulture.
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MATERIJAL I METODE RADA

Kao sirovina za dobijanje ekstrakta ulja,
koristeni su svjeZi cvjetovi sa prasnicima bijelog
ljiljana Lilium candidum, uzorkovanog sa
plantaznog uzgoja ,Klindi¢”, Banja Luka,
Republika Srpska.

Svjezi cvjetovi sa prasnicima su potopljeni u
staklenku napunjenu sa hladno cijedenim

maslinovim uljem u koli¢ini 1:3. Dobro
zatvorena staklenka je drzana 40 dana na suncu
uz povremeno protresanje. Tako pripremljeno i
odstajalo ulje je procijedeno i ¢uvano je u tamnoj
boci, zasticeno od direktnog uticaja svjetlosti.
Ekstarakt bijelog ljiljana je pomijeSan sa
96% alkoholom u koncentraciji: 1:2, 1:51 1:10.

Slika 1. Disk-difuzioni test

Za ispitivanje antibakterijske aktivnosti
ekstrakta bijelog ljiljana, koriS¢ene su referentne
kulture Escherichia coli WDCM 00090, Listeria
monocytogenes WDCM 00020, Salmonella
typhi WDCM 00030, Salmonella enterica
WDCM 00030, Pseudomonas aeruginosa
WDCM 00024 (BCCM™/LMG BACTERIA
COLLECTION, Belgium) i izolati iz kolekcije
kultura  Laboratorije =~ za  mikrobiologiju
Veterinarskog instituta “Dr Vaso Butozan®
Banja Luka: Escherichia coli, Providencia

stuartii, Pseudomonas spp., R-hemoliti¢na
Escherichia  coli,  koagulaza  pozitivan
stafilokok, Staphylococcusaureus, —Streptoc-

occus grupe D (urin, bris grla, bris nosa, ljudi i
zivotinja). Kulture su zasijane u hranjivom
bujonu i inkubirane na 37°C/18h. Petri-ploce sa
odgovarajuéom podlogom (Miieller—Hinton
agar) su zasijane sa 0,1 ml bakterijske suspenzije
¢ija je koncentracija 105cfu/ml.
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Slika 2. O¢itavanje rezultata

Za ispitivanje dejstva ekstrakta bijelog
ljiljana na inhibiciju rasta odabranih bakterijskih
vrsta, koris¢ena je agar-difuziona metoda
(Kirby-Bauer, 1996) na ¢vrstoj sterilnoj
hranjivoj podlozi (Mieller-Hinton agaru -
MHA). Cilindri pre¢nika 9 mm su postavljeni na
povrsinu Cvrste hranjive podloge na koju je
prethodno zasijana odredena Cista bakterijska
kultura. U cilindre je mikropipetom nakapano
100 pl odredene koli¢ine (1:2; 1:5 i 1:10)
ekstrakta i alkohola. Da bi se isklju¢io uticaj
maslinovog ulja na antibakterijsko djelovanje
ekstrakta bijelog ljiljana kao kontrola, u cilindar
je nakapano 100 pl maslinovog ulja. Sposobnost
rasta i razmnoZavanja soja zavisi od njegove
osjetljivosti na ispitivani ekstrakt, tako da se oko
cilindra formira bistra prozirna zona u kojoj
nema rasta mikroorganizama, ukoliko efekat
postoji. Tako pripremljene ploce su drzane 30

minuta na sobnoj temperaturi kako bi se
omogucilo ravnomjerno difundiranje u podlogu,
a onda su inkubirane na 37°C/24 Casa.

Za svaki mikroorganizam i za svaku
koncentraciju ekstrakta bijelog ljiljana, uradena
su po tri ponavljanja, a rezultati su ocitani kao
pre¢nik zone inhibicije rasta i izrazeni kao
srednja vrijednost u milimetrima.

Da bi se vidjelo da li ekstrakt bijelog ljiljana
ima baktericidnu ili bakteriostatsku mo¢, sa zona
inhibicije je uziman mali komadi¢ agara i
dodavan u hranjivi bujon. Inkubacija je vrSena
na 37°C/24h. Ukoliko je nakon inkubacije doslo
do zamucenja bujona, smatra se da je ulje
djelovalo bakteriostatsko, odnosno, ukoliko je
nakon inkubacije bujon ostao bistar, dejstvo ulja
je baktericidno.

REZULTATI I DISKUSIJA

U radu je ispitana antibakterijska aktivnost
ekstrakta bijelog ljiljana na pet referentnih i
sedam bakterijskih kultura izolovanih iz
klini¢kog materijala. Rezultati koji su dobijeni
prikazani su tabelarno i graficki (Tabela 1. i
Grafikon 1.).

Rezultati istrazivanja su pokazali da je ulje
ekstrakta bijelog ljiljana ispoljilo antibakterijsko
djelovanje na sve testirane bakterijske vrste, a
intenzitet djelovanja je razliGit i kretao se u
opsegu od 5,33 mm do 18,33 mm.
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Tabela 1. Zone inhibicije rasta testiranih bakterijskih vrsta ostvarene sa razliCitim

koncentracijama ekstakta ulja bijelog ljiljana i etanola

Ekstrakt bijelog ljiljana : etanol
Mikroorganizam
Ekstrakt 1:2 1:5 1:10
Salmonella typhi WDCM 00031 12,00+2,65 | 13,00+6,08 | 9,33+2,31 | 14,3315,51
Salmonella enterica WDCM 00030 11,66+1,53 | 15,00+£0,00 | 14,66+5,03 | 16,66+7,23
Escherichia coli WDCM 00090 13,00+1,00 | 18,33+2,89 | 16,66+2,89 | 12,33+3,06
Feydomonas aeruginosa WHCM 7,0040,00 | 10,33+4,04 | 533+4,62 | 14,33+6,03
Listeria monocytogenes WDCM 00020 | 11,66+1,53 | 16,66+5,77 | 13,33+5,77 | 8,33+7,64
Pseudomonas spp 7,66x+1,15 | 6,66%5,77 | 8,66+1,15 | 12,33+0,58
Escherichia coli 8,66+1,15 | 6,33+5,51 | 6,66+5,77 | 18,3345,69
R hemoliti¢na Escherichia coli 14,66+0,58 | 18,00+2,65 | 18,33+5,77 | 14,00+£1,73
Streptococcus grupe D 11,00+7,73 | 10,00+2,00 | 13,00+2,00 | 15,66+4,04
Staphylococcus aureus 8,66+1,15 | 8,00+0,00 | 11,00+3,61 | 13,00+2,65
Koagulaza pozitivni stafilokok 7,33+0,58 | 8,00+0,00 | 7,66+7,51 | 9,00+1,00
Providencia stuartii 7,66+£0,58 | 8,00+0,00 | 8,00+0,00 | 8,00+0,00

Prikazane vrijednosti date su u mm i
predstavljaju srednju vrijednost zona inhibicije
za tri mjerenja

Ekstrakt bijelog ljiljana je pokazao najjacu
antibakterijsku aktivnost prema - hem. E. coli
sa zonom inhibicije od 14,00 mm do 18,33 mm
i nesto slabijim inhibitornim dejstvom prema
referentnom soju E. coli sa zonom inhibicije od
12,33 mm do 18,33 mm, dok je prema E.coli
(klini¢ki izolat) najace djelovao u kombinaciji sa
alkoholom 1:10 sa zonom inhibicije 18,33
mm.Takode, potrebno je istaéi jace
antibakterijsko djelovanje ekstrakta i alkohola u
koncentraciji 1:10 na P. aeruginosa referentni
(14,33 mm) i klinicki izolat (12,33 mm).

Najmanju ili najslabiju antibakterijsku
aktivnost ekstrakt bijelog ljiljana je ispoljio
prema klini¢kim izolatima koagulaza pozitivan
stafilokok (zona inhibicije 7,33 mm do 9,00 mm)

i Providencija stuartii (7,66 mm do 8,00 mm) u
svim kombinacijama, $to se moze objasniti
razli¢itom rastvorljivo$¢u ekstrakta bijelog
ljiljana i njegovih komponenti. Hidrofobnost je
vazna karakteristika eteriénih ulja i ekstrakata
jer povecava propustljivost celijske membrane
bakterije 1 omogucava lak$i prolazak
komponenti u njen lipidni sloj. Promjena
propustljivosti ¢elijske membrane, obi¢no je
pracena gubitkom osmotske kontrole éelije, Sto
se smatra osnovnim principom antimikrobnog
djelovanja ekstrakta i eteri¢nih ulja (Bajpai i sar.,
2012, Bubonja i sar., 2008). Zbog razlilite
rastvorljivosti antibakterijskih komponenti u
vodi, primjenjuju se razli¢ite metode ispitivanja
antibakterijske aktivnosti. U radu je koristena
disk-difuziona metoda koja u potpunosti zavisi
od hidrofobnosti aktivnih komponenti i brzine
njihove difuzije kroz agar (Bubonja i sar., 2008).
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Najnovija istrazivanja u oblasti hemije,
biohemije i medicine potvrduju da ekstrakti
biljaka sadrze fenolne kiseline, flavone,
izoflavone, flavanole, katehine, tokoferole,
tanine, terpene, te da pokazuju antimikrobna,
antineoplasti¢na, antiviralna, antiinflamatorna,
antialergijska i antioksidativna svojstva (Wang i
sar., 2019, Al-Bayati, 2018, Jia, 2015, Li i sar.,
2018, Jin i sar., 2014, Han i Xie, 2013, Javed i
sar., 2012, Lu i sar., 2013). Fenolne komponente
toksicno djeluyju na mikroorganizme, a
mehanizam djelovanja obuhvata inhibiciju
oksidovanih komponenti, kao i mogucu reakciju
sa sulthidrilnim grupama kroz vise nespecifi¢nih
reakcija sa proteinima. Polifenolna jedinjenja se
akumuliraju uglavnom u ¢elijskim zidovima i to
najveéim dijelom na povrsini ploda (epidermalni
i subepidermalni slojevi), jer biosinteza ovih
jedinjenja zavisi od svjetlosti (Marzio i sar.,
2011, Pjanovic i sar. 2010., Rai, 2013).

Rezultati  ovog rada  ukazuju na
antibakterijski potencijal ekstrakta bijelog
ljiljana i u skladu su sa rezultatima drugih
istrazivaca koji su se bavila istrazivanjem
ekstrakata biljaka (Fahimi i sar., 2015, Patocka i
Navratilova, 2019, Devi i sar., 2016, Capasso i
sar., 2005, Wang i sar., 2012, Mateji¢ i sar.,
2012, Sedighinia, 2012), ali i autora koji su se
bavili ispitivanjem hemijskog sastava i
antimikrobnog djelovanja eteri¢nog ulja ljiljana
(Fahimi i sar. 2015, Wong i sar., 2019, Bates i
sar., 2015, Achary i sar., 2012, Yarmolinsky i
sar., 2009).

Da bi se vidjelo da li ekstrakt bijelog ljiljana
ima baktericidnu ili bakteriostatsku mo¢, sa zona
inhibicije je uziman mali komadi¢ agara i
dodavan u hranjivi bujon.

Na Grafikonu 1. je radi bolje preglednosti
prikazan tip djelovanja ekstrakta bijelog ljiljana.

3.5

3
2.5
2
15
1
0.5

m Bakteriostatsko dejstvo

m Baktericidno dejstvo

Grafikon 1. Prikaz djelovanja ekstrakta bijelog ljiljana na testirane mikroorganizme

Antibakterijska aktivnost ekstrakta bijelog ljiljana i njegovih komponenti moze da varira od
djelimic¢ne do potpune inhibicije rasta bakterija, tako da bakteriostatsko djelovanje ekstrakta bijelog
ljiljana potvrduje tu €injenicu. Samo u Cetiri slucaja ekstrakt bijelog ljiljana je djelovao baktericidno.
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ZAKLJUCAK

Rezultati ovog rada su potvrdili odredeni
antibakterijski potencijal ekstrakta bijelog
ljiljana na sve testirane bakterijske sojeve, ali u
razli¢itom opsegu.

-Najbolju antibakterijsku  aktivnost
ekstrakt bijelog ljiljana je ispoljio prema
klinickom izolatu B-hemoliticna Escher-
ichia coli sa zonom inhibicije od 14,66 mm
do 18,33 mm.

-Slabiju  antibakterijsku  aktivnost
ekstrakt bijelog ljiljan je ispoljio prema
klini¢kim izolatima Providencia stuartii, sa
zonom inhibicije, od 7,66 mm do 8,00 mm

pozitivnom stafilokoku, sa zonom inhibicije
od 7,33 mm do 9,00 mm.

-Najslabiju antibakterijsku aktivnost
ekstrakt bijelog ljiljana je ispoljio prema P.
aeruginosa u kombinaciji ekstrakt: etanol
1:5 ( 5,33mm), zatim prema E. coli (6,33
mm) i Pseudomonas spp (6,66 mm), u
kombinaciji ekstrakt:etanol 1:2.

Danas postoji sigurna tendencija vracanju
prirodi i ovaj rad predstavlja samo uvod u
buduca klinicka i laboratorijska istrazivanja i
podstrek vracanju primjeni biljnih preparata u
lijecenju razli¢itih oboljenja ljudi i zivotinja.

u svim kombinacijama i koagulaza
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Abstract: Natural extracts made from fresh plant material and biologically active compounds
isolated from different plant species that have been used in folk medicine for centuries, may present
valuable sources for production of novel natural preservatives and medicinal preparations. White
lily-Lilium candidum is also used, for a long period of time, in folk medicine for healing of burns
and frostbites, otitis and rhinitis as well as balm for washing wounds and cuts. Roots, leaves and
flowers have medical properties. Nevertheless, there is little information in literature related to
antibacterial effect of white lily extract on certain pathogens and there is a need to determine the
justification for its use in traditional medicine.

Antibacterial activity of White lily extract on five reference cultures (Escherichia coli WDCM
00090, Listeria monocytogenes WDCM 00020, Salmonella enterica WDCM 00030, Pseudomonas
aeruginosa WDCM 00024) and seven bacterial cultures (Escherichia coli, Providencia stuartii,
Pseudomonas spp. B-hemolytic Escherichia coli, coagulase positive staphylococcus,
Staphylococcus aureus, group D Sreptococcus) from Laboratory for Microbiology, Public Veterinary
Institute of Republic of Srpska "Dr. Vaso Butozan", Banja Luka, were examined in this study. Results
confirmed that white lily extract show certain antibacterial activity against examined pathogens used
in this study. Antibacterial activity of White lily extract was in the range from 5.33 mm to 18.88 mm
depending of bacterial strain and concentration of white lily extract.

Key words: Lilium candidum, antimicrobe activity, White lily extract

INTRODUCTION

Plant usage for medical purposes is
widespread and nowadays 30-40% of all
medical preparations contain one or more plant
isolated bioactive components. More attention is
given to usage of natural phitochemical

The healing properties of White lily is
known for long period of time and is very
appreciated in folk medicine. Numerous
prescriptions from the Elizabethan era testify
about usage of Lily's oil for medical purposes,

components that own antimicrobial, antiox-
idative, antifungal, anticarcinogen, antimfla-
mmatory and other properties that support
prevention and therapy of many current diseases
(Fahimi, 2015, Rai, 2013, Brochardt et al.,
2008).

since it was believed that Lily has magical power
and was used in fever healing, as a balm for
washing wounds as well as lining in treatment of
burns and ulcer, but also for relieving symptoms
of arthritis and rheumatism.
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White lily (Lilium candidum) is a perennial
plan that may grow up to 100 cm in high. It has
characteristic smell and pretty big white funnel
shaped flower with wide and long petals.
Because of its beauty and specific smell, it is
planted as ornamental plant in gardens and
plants (Lesinger, 2016).

Lilium  candidum  contains  different
biologically active components which act
antimflammatory, antimutagenic, antioxidative,
antiviral (Fahimi et al., 2015, Lesinger, 2016,
Eisenreichova et al., 2004, Mucaji, 2007). Usage
of lily's oil in traditional medicine lasts for
centuries, but modern medicine have disputed its
medical properties for a long time. Nevertheless,
experimental studies have confirmed some
medical properties (Wang et al., 2019, Fahimi et
al., 2015, Jie et al., 2015, Zhang et al., 2017).

Several studies that examined content and
characteristics of Lilium candidum, as well as its
agenspositive/negative effects on organism,
have been obtained during last twenty years
(Wang et al., 2019, Fahimi et al., 2015, Zhao et
al., 2015, Bates, 2015, Kopaskova et al., 2012,
Huang, 2015).

Lily, i.e. its flowers, leaves and bulb, are rich
in flavonides, glikosamides, organic acids,
nitrogen and steroid compounds, saponines,
vitamin C, tanine, eteric oils, while bulb
additionally contains bitter matters, holing and
phytosterol (Lesinger, 2016, Wang et al., 2019,
Eisenreichova et al., 2004). As plant tissues and
extracts contain tannin compounds, for which is
known to react with skin proteins, by applying
the White lily extract on skin, burn, i.e. injured

or diseased part, tannin reacts with protein, i.e.
collagen fibers and creates a layer that protects
tissue from further development of necrosis
(Fahimi et al. 2019, Kovacevi¢, 2004).

In contact with cells, tissues and
microorganisms, White lily extract exerts an
effect i.e. improve/amplify ability of organism to
respond to certain physical and chemical
impacts in a way to “ vacuum* smaller doses of
the same or similar agent (Lesinger, 2016,
Achary et al., 2012).

White lily extract is obtained by maceration
of fresh flowers in unrefined olive oil and is
known for its anti-inflammatory effect. It is
dissolved well in alcohol and acetone, and not so
well in organic solvents (Kopaskova et al.,
2012, Eisenreichova et al., 2004). White lily
extract is quite used in pharmaceutical-cosmetic
industry due to its beneficial effect on skin
(improved epitelisation). It is also used for
treatment of various rashes, strains, lichens,
psoriasis and eczema. It is also used for everyday
care of mature and dry skin, skin that needs to be
revitalized and is excellent protector of skin
during winter days (Lesinger, 2016, Huang et al.,
2015).

There is little data in available literature
related to antibacterial properties of Lily oil
extract and due to that the aim of this study is to
examine antibacterial properties of Lily oil
extract on certain pathogens and to establish
justification of its usage in traditional (folk)
medicine and to establish weather it has a
bactericidal or bacteriostatic action on examined
bacterial cultures.

MATERIAL AND METHODS

Fresh flowers with ferns of White lily Lilium
candidum, sampled from plantation “Klindi¢”,
Banja Luka, Republic of Srpska, were used as
row material for production of oil extract. Fresh
flowers with ferns are immersed in a jar filled
with cold pressed olive oil in quantity 1:3. Well

closed jar is kept on sunlight for 40 days, with
occasional shaking. Prepared and for a while
kept oil is filtered and kept in dark bottle
protected from direct impact of sunshine. White
lily extract is mixed with 96% alcohol in
concentrations: 1:2, 1:5 and 1:1
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Picture 1. Disk diffusion test

For examination of antibacterial activity of
White lily extract reference culture Escherichia
coli WDCM 00090, Listeria monocytogenes
WDCM 00020, Salmonella typhi WDCM
00030, Salmonella enterica WDCM 00030,
Pseudomonas  aeruginosa WDCM 00024
(BCCM™/LMG BACTERIA COLLECTION,
Belgium) were used and isolated from culture
collection of Laboratory for Microbiology of
Veterinary Institute “Dr Vaso Butozan® Banja

Luka: Escherichia coli, Providencia stuartii,
Pseudomonas spp., B-hemolytic Escherichia
coli, coagulase positive staphylocoocus,
Staphylococcus aureus, Streptococcus group D
(urine, throat swab, nasal swab, humans and
animals). Cultures were seeded in nutrition broth
and incubated on 37°C/18h. Petri dishes with
adequate media (Miieller - Hinton agar) were
seeded with 0.1 ml of bacterial suspension
whose concentration was 10cfu/ml.

Picture 2. Reading the results

For examination of White lily extract on
growth inhibition of selected bacterial species,
agar diffusion method was used (Kirby-Bauer,

1996) on solid sterile nutrition broth (Miieller-

Hinton agar - MHA). Cylinders with 9 mm
diameter were settled on solid culture media
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surface which was previously seeded by certain
pure bacterial culture. In cylinders, 100 pl of
certain quantity (1:2; 1:5 i 1:10) of extract and
alchohol was pured, drop by drop by
micropipete. To eliminate impact of olive oil on
antibacterial effect of White lily extract, as
control, drop by drop 100 pl of olive oil was
pured in cylinders. Capability of growth and
reproduction of strain depends on its sensitivity
to examined extract, so clear transparent zone
whithout microorganism growth is formed
around cylinder if effect exists. Prepared plates
were kept on room temperature for 30 minutes
in order to provide evenly diffusion in media,
and then were incubated on 37°C/24 hours.

For each microorganism and for each
concentration of White lily extract three
repetitions were obtained, and results were read
as diameter of growth inhibition zone and
presented as average in millimeters.

In order to see if White lily extract has
bactericide or bacteriostatic power, little piece of
agar was taken from inhibition zone and added
to nutrition broth. Incubation was obtained on
37°C/24h. If broth was turbid after incubation, it
is considered that oil had bacteriostatic effect,
i.e., if broth stayed cleared after incubation, oil
had bactericide effect.

RESULTS AND DISSCUSION

Antibacterial activity of of White lily extract
on five reference and seven bacterial cultures
isolated from clinical materials was examined in
this study. Obtained results are presented by
tables and figures (Table 1. and Figure 1.).

Obtained results indicate that White lily
extract oil perform antibacterial activity on all
tested bacterial species, and intensity of action
differed and ranged from 5.33 to 18.33 mm.

Table 1. Growth inhibition zone of tested bacterial species realized with different
concentrations of White lily extract oil and ethanol

. . White lily extract : ethanol
Microorganism
Extract 1:2 1:5 1:10
Salmonella typhi WDCM 00031 12.00+2.65 13.00+£6.08 | 9.334+2.31 14.33+5.51
Salmonella enterica WDCM 00030 | 11.66£1.53 15.00+0.00 | 14.66+5.03 16.66+7.23
Escherichia coli WDCM 00090 13.00+1.00 18.33+2.89 | 16.66+2.89 12.33+3.06
Docudomonas acruginosa WDEM 19004000 | 103344.04 | 5334462 | 14334603
3(’)85%"1 monocytogenes WDEM 1 1y 61153 | 16.66£5.77 | 13.3345.77 | 8.33+7.64
Pseudomonas spp 7.66+1.15 6.66+5.77 | 8.66%1.15 12.334£0.58
Escherichia coli 8.66£1.15 6.33+5.51 6.66+5.77 18.33+5.69
3 hemolytic Escherichia coli 14.66+0.58 18.00+2.65 | 18.33+£5.77 14.00+1.73
Streptococcus group D 11.00£7.73 10.00+2.00 | 13.00+2.00 15.66+4.04
Staphylococcus aureus 8.66+1.15 8.00+0.00 | 11.00+3.61 13.0042.65
Coagulase positive staphylococcus 7.33+0.58 8.00£0.00 | 7.66+7.51 9.00£1.00
Providencia stuartii 7.66+0.58 8.00£0.00 | 8.00+0.00 8.00+0.00
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Showed values are given in mm and present average value of inhibition zone for three
measurements. White lily extract showed the highest antibacterial activity towards 8 hemolytic E.
coli with inhibition zone from 14.00 mm to 18.33 mm and something less intensive inhibitory effect
towards reference E. coli strain with inhibition zone from 12.33 mm to 18.33 mm, while it affected
E. coli (clinical isolate) mostly in combination with alcohol 1:10 with inhibition zone 18.33 mm.
Also, it is important to emphasize that there was stronger antibacterial effect of extract and alcohol
in concentration 1:10 on P. aeruginosa reference (14.33 mm) and clinical isolate (12.33 mm).

White lily extract showed lowest or the weakest antibacterial activity towards clinical isolates of
coagulase positive staphylococcus (inhibition zone 7.33mm to 9.00 mm) and Providencija stuartii
(7.66 mm to 8.00 mm) in all combinations, that can be explained by different solubility of White
lily extract and its components. Hydophobicity is important characteristic of eteric oils and extracts
since it increases bacterial cell membrane permeability and provides easier passage of components
within its lipid layer. Altered permeability of cell membrane is usually associated with the loss of
cell osmotic control, which is considered as fundamental principle of antimicrobial action of extracts
and eteric oils (Bajpai et al., 2012, Bubonja et al.,, 2008). Because of different solubility of
antibacterial components in water, different methods of examination of antibacterial activities are
used. In this study, disk diffusion method which totally depends on hydrophobicity of the active
components and the rate of their diffusion through the agar, was used (Bubonja et al., 2008).

The latest studies in the field of chemistry, biochemistry and medicine confirm that plant extracts
contain phenolic acid, flavones, isoflavones, flavanols, catechins, tocopherols, tannins, terpenes ant
to show antimicrobial, antineoplastic, antiviral, antiinflammatory, antiallergic and avtioxidant
properties (Wang et al., 2019, Al-Bayati, 2018, Jia, 2015, Li et al., 2018, Jin et al., 2014, Han and
Xie, 2013, Javed et al., 2012, Lu et al., 2013). Phenol components have toxic effect on
microorganisms, and mechanism of action includes inhibition of oxidized components, as well as
possible reaction with sulthydryl groups through more non specific reactions with proteins.
Polyphenolic compounds are accumulated mainly in cell walls and mostly on yield's surface
(epidermal and subepidermal leyers), since biosynthesis of these compounds is light dependent
(Marzio et al., 2011, Pjanovi¢ et al. 2010, Rai, 2013).

Results of this study indicate on antibacterial potency of White lily extract and are in accordance
with results of other researchers who studied plant extracts (Fahimi et al., 2015, Patocka and
Navratilova, 2019, Devi et al., 2016, Capasso et al., 2005, Wang et al., 2012, Mateji¢ et al., 2012,
Sedighinia, 2012), but also with those who examined chemical composition and antimicrobial effect
of Lily eteric oil (Fahimi et al. 2015, Wong et al., 2019, Bates et al., 2015, Achary et al., 2012,
Yarmolinsky et al., 2009).

In order to resolve whether White lily extract has bactericide or bacteriostatic power, little piece
of agar was taken from inhibition zone and added in nutrition broth.

For better presentation, type of action of White lily extract is presented on Figure 1.
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Figure 1. Presentation of White lily extract action on tested microorganisms

Antibacterial activity of White lily extract bacteriostatic action of White lily extract
and its components may vary from partial to confirm that fact. Only in four cases White lily
total inhibition of bacterial growth, so that extract had bactericide effect.

CONCLUSION

staphylococcus with inhibition zone from

Resul f thi fi i
esults of this study confirmed -certain 733 mm {0 9.00 mm.

antibacterial potency of White lily extract on all
tested bacterial strains, but in different range. -White lily extract showed weakest
antibacterial activity towards P. aeruginosa
in combination extract: ethanol 1:5
(5.33mm), then towards E.coli (6.33 mm)
and Pseudomonas spp (6.66 mm) in
combination extract:ethanol 1:2.

-White lily extract showed best
antibacterial activity towards clinical izolate
B-hemolytic Escherichia coli with inhi-
bition zone from 14.66 mm to 18.33 mm.

-White lily extract showed weaker
antibacterial activity towards clinical
izolates  Providencia  stuartii, with
inhibition zone from 7.66 mm to 8§.00 mm
in all combinations and coagulase positive

Nowadays, there is a certain tendency for
returning to nature and this study presents only
introduction in further clinical and laboratory
examinations and stimulus for plant preparations
usage in treatments of different diseases in
humans and animals.
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Kratak sadrzaj: U Bosni i Hercegovini, Crnoj Gori, kao i ve¢ini zemalja Balkana, vuna
predstavlja veliki ekoloski problem. Nakon strize ovaca, farmeri obi¢no ostavljaju vunu na mjestima
strize §to predstavlja tesko razgradiv otpad organskog porijekla. Otkupna cijena takve, netretirane
vune je veoma mala kao i njen kvalitet. Istrazivanjem smo pokusSali skrenuti paznju na kvalitet
vunskih vlakana pojedinih dijelova tijela, sa jednog drugog aspekta, $to je u konacnici veoma bitno
u tekstilnoj industriji i selekciji vune u daljoj preradi. Kutikulu ¢ine orozale ¢elije, ljuspice, koje se
nalaze na povrsini runskih vlakana. Jedna od znacajnih uloga kutikule je zastitna. Naime, kutikula
§titi vunsko vlakno od razli¢itih vanjskih inzulta, bilo mehani¢kih, fizicko-hemijskih (kao Sto je
isparavanje amonijaka u loSe odrZzavanim nastambama i sl.), koji mogu oStetiti runo, te ga na taj
nacin uciniti manje kvalitetnim. Na istrazivanim uzorcima runskih vlakana ustanovili smo izvjesne
razlike u polozaju i obliku orozalih ljuspica, zavisno od dijela tijela odakle su uzorkovane. Medutim,
mikroskopskom analizom uzoraka uzetih sa korijena repa, ustanovili smo da su ljuspice znatno
manjih dimenzija, finije grade u odnosu na raspored i izgled roznih ljuspica sapi. U radu smo
komparirali izgled, raspored ljuspica kutikule, $to je veoma vazno u procjeni kvaliteta vune, te njenoj
daljoj upotrebi kao sirovine.

Kljuéne rijedi: dubska, pivska pramenka, industrija, vunsko vlakno, kutikula
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UvOD

U Bosni i Hercegovini i Crnoj Gori, kao i u
vecini drzava Balkana, proizvodnja vune u pos-
ljednjih dvadesetak godina gotovo da nema ni-
kakvu ekonomsku vaznost. Vuna je nus-proiz-
vod, koji u posljednje vrijeme stvara poteskoce,
jer vunu ovakvog kvaliteta gotovo je nemoguce
prodati, pa ona postaje i ekolo3ki problem.

U rasnoj strukturi ovaca u Bosni i
Hercegovini i Crnoj Gori najzastupljenije su au-
tohtone pasmine ovaca, koje se uglavnom odli-
kuju malom proizvodnjom vune po grlu, a vuna
je loseg i neujednacenog kvaliteta, slabe elastic-
nosti i valovitosti i nema garantovanih cijena od-
nosno poznatog i sigurnog otkupljivaca. Nada-
lje, ovce se ne pripremaju za strizu, dok se sorti-
ranje vune po kvalitetu uopste ne provodi. Zbog
loseg i neujednacenog kvaliteta, vecina proizve-
dene vune ne moze se smatrati odgovaraju¢om
za tekstilnu industriju, ali se moze smatrati ade-
kvatnom za proizvodnju drugih proizvoda (pre-
krivaci, duseci, tepisi, jastuci, suveniri, izolaci-
oni materijali, itd.).

Prema podacima WTO-a, obzirom na dija-
metar vunskih vlakana, kao i njihov kvalitet,
vuna predstavlja Siroko upotrebnu sirovinu, pr-
venstveno u tekstilnoj industriji, gradevinarstvu,
poljoprivredi kao gnojivo ili materijal za malgi-
ranje koji sprecava rast korova i uz to odli¢no

zadrzava vlagu. Industrija ekoloskih izolacionih
materijala, kako termickih, tako i akusti¢nih, ko-
risti je u proizvodnji novih materijala otpornih
na toplotu, koji imaju antistati¢ke i antialergijske
osobine.

Vunska vlakna u runu ovaca predstavljaju
kvantitativne, ali prije svega kvalitativne
parametre u proizvodnji vune i odredivanju
njezine upotrebljivosti u daljoj preradi. Vlakna
nisu jednakog kvaliteta, kako po hemijskom
sastavu, tako i tehni¢kim karakteristikama, $to
umnogome zavisi o rasi ili soju, nac¢inu uzgoja,
zoohigijenskim uslovima, nacinu ishrane,
klimatskim uslovima, hormonalnom statusu i
sli¢no, (Savi¢ i sar., 2007, Savi¢ i sar., 2014).
Nasim istrazivanjama nastojimo uzgajivacima
ukazati na znacaj klimatskih faktora i dobi na
kvalitet vunskih vlakana autohtone pramenke
(dubski 1 pivski soj), Sto ¢ée vjerovatno imati
uticaja na ukupnu proizvodnju i iskoriStenost
sirove vune kao osnovne sirovine u zahtjevnoj
tekstilnoj industriji. Jo$ detaljnijim
mikroskopskim istrazivanjima vunskih vlakana
domacih pasmina ovaca, pokusali smo skrenuti
paznju na njezinu iskoristivost u razliitim
pravcima, od tekstilne industrije (proizvodnja
¢ilima, odjevnih predmeta i sl.) do upotrebe u
gradevinarstvu, kao termicki izolator.

MATERIJAL I METODE

Uzorke za mikroskopska istrazivanja
vunskih vlakana ovaca, dubske i pivske
pramenke, uzeli smo sa dva razli¢ita lokaliteta,
planina Vlasi¢ — Bosna i Hercegovina i Pivska
planina (Dubljevic¢i i Kovaci Orah) — Crna Gora.
Dinarsko gorje ima tri pojasa: Primorski,

Centralni, Sjevero-isto¢ni, a u svakom od njih
nalazi se viSe geografskih podrucja. Pivske ovce
se uzgajaju u centralnom pojasu Dinarskog
gorja, u geografskom podru¢ju Durmitora i
Sinjajevine (B23, 24). Dubske ovce u
sjeveroistoénom pojasu Dinarskog gorja u
geografskom podrucju Vlasic¢a (C3). (Slika 1).
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Pristina

Slika 1. Podrué¢je uzgoja pramenke: Dinarsko gorje i geografska podrucja uzgoja pivske i
dubske pramenke (lzvor: https://upload.wikimedia.org/wikipedia/commons/thumb/2/24/Di-
naric_Alps_subdivisions fr.svg/1265px-Dinaric_Alps_subdivisions-fr.svg.png)

Ukupno je uzorkovano vunsko vlakno sa 40
jedinki (po dvadeset sa svakog lokaliteta) i to 10
uprolje¢e i 10 ujesen sa svakog lokaliteta. Runo
za mikroskopsku analizu uzeto je sa razli¢itih
dijelova tijela, korijen repa, plecka i sapi
odsijecanjem pramenova uz samu kozu. Takvi
uzorci, sa oba istrazivana lokaliteta i u razli¢itim
vremenskim periodima (proljee i jesen),
stavljali su se u oznacene plasti¢ne vrecice do
momenta mikroskopiranja. Prije
mikroskopiranja, da bi se uklonile necistoce,
uzorci su se prali neutralnim sapunom, ispirali
vodom, a zatim ponovo destilovanom vodom.

Radi mikroskopiranja i transparentnosti, uzorci
su se postavljali u vodonikov-peroksid (H20>)
24 sata, a poslije u ksilol 48 sati. Nakon toga,
uzorci su ponovno ispirani u destilovanoj vodi,
nakon Cega su ostavljeni da se osuSe. Tako
pripremljeni uzorci postavljeni su na predmetna
stakla i uklopljeni u kapi glicerina, nakon ¢ega
su mikroskopirani.

Mikroskopiranja kutikule korijena repa,
plecke, sapi sa razli¢itih lokaliteta, vrSena su
binokularnim svjetlosnim mikroskopom (Motic
120M), pod uvecanjem 200 i 400 puta.
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REZULTATI I DISKUSIJA

Vunsko vlakno se sastoji iz tri dijela: glavice
(bulbusa), korijena i stabla (prava vlakna, dio
vlakna pod kozom). Stablo je najduzi dio vlakna
i ¢ini vunski pokrivac ovece (Katica i sar., 2010,
Katica i sar., 2015). Vunsko vlakno je roZna
tvorevina gradena iz dva, ponekad iz tri sloja. To
su pokozica (cuticula, epidermis), kora ili
srednji  sloj (substratia corticalis), srz
(substratia medullaris).

Kutikulu ¢ine orozale ¢elije, ljuspice, koje se
nalaze na povrsini runskih vlakana. Jedna od
znacajnih uloga kutikule je zastitna (Kozari¢,
1997). Naime, kutikula §titi vunsko vlakno od
razli¢itih vanjskih inzulta, bilo mehanickih,
fizicko-hemijskih (kao 3to je isparavanje
amonijaka u loSe odrzavanim nastambama i sl.),
koji mogu ostetiti runo, te ga na taj naéin uiniti
manje kvalitetnim. Na istrazivanim uzorcima
runskih vlakana ustanovili smo izvjesne razlike
u polozaju i obliku orozalih ljuspica, zavisno od
dijela tijela odakle su uzorkovane, bez obzira da
li se radilo o dubskoj ili pivskoj pramenki. Tako

na sapima (Slika 2), roznate ljuspice nalijeZu
jedna preko druge u kontinuitetu. Nepravilnog
su oblika i podsjecaju na crepove krova. Obi¢no
je takav izgled kutikule vezan za gruba vunska
vlakna. Nasuprot takvom izgledu kutikule, na
uzorcima uzetih sa sapi i dubske i pivske
pramenke, za ocekivati je bilo da na korijenu
repa imamo jo$ grublju strukturu u rasporedu
roznatih ljuspica. Medutim, mikroskopskom
analizom uzoraka uzetih sa korijena repa,
ustanovili smo da su ljuspice znatno manjih
dimenzija, finije grade (Slika 3) u odnosu na
raspored 1 izgled roznih ljuspica sapi. Na
rubovima runa uzetog sa korijena repa, moze se
uociti i ljevkasti izgled roznih ljuspica poredanih
cirkularno (Slika 5), Sto je odlika finijeg i
kvalitetnijeg runa. Uzorci runa uzetih sa plecke
pokazuju na tzv. prelaznu formu kutikule (Slika
4). Orozale ljuspice su dosta velike,
mnogougaone i gotovo da se jasno izrazeni
rubovi ljuspica spajaju jedna s drugom u jednu
cjelinu.

Slika 2. Nativni preparat; x 400; sapi
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Slika 3. Nativni preparat; x 400; korijen repa

Slika 4. Nativni preparat; x 400; plecka

Slika 5. Nativni preparat; imerzija; raspored ljuspica; korijen repa
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Vuna je proizvod koze i predstavlja skup
vunskih vlakana, specifi¢ne strukture i fizickih
osobina koje ih ¢ine pogodnim za predenje
(Miti¢, 1984). Osnovna jedinica vune je vunsko
vlakno, odnosno dio koji se nalazi iznad
povrsine koze i koji se ekonomski koristi za
proizvodnju tkanina i dr. Sva vlakna nisu
jednaka po hemijskom sastavu, histolo3koj
gradi, niti po tehnoloskim odlikama (Mio€ i sar.,
2006). Vunska vlakna rastu iz papila smjeStenih
u folikulima. Rast vlakana pocinje krajem
drugog ili  pocetkom tre¢eg  mjeseca
intrauterinog razvoja jagnjeta. Vlakna izbijaju iz
koze pojedinacno ili u grupicama. Pojedinac¢na
vlakna povezuju grupice u Y snopice,
pramenci¢e, pramenove i runo. Nakon prve
strize vunska vlakna nisu vise Siljasta (Vegara,
1991).

Sveobuhvatnim istrazivanjem runa dubske i
pivske pramenke, uzorkovanih sa razliitih
lokaliteta, razli¢itih ambijentalnih uslova, te
godiSnjih doba, pokuSali smo ustanoviti
kvantitet, eventualne morfolosko-histoloske,
odnosno kvalitativne posebnosti runa ova dva
soja.

Istrazivanja kutikule runskih vlakana su
pokazala razliCitosti u rasporedu, obliku i
nalijeganju jedna preko drugih kutikularnih
ljuspica, njihovom kontinuitetu sa razli¢itih
dijelova tijela.

Kutikula dubske i pivske pramenke je
generalno pokazivala njezniju strukturu u
proljethom periodu u odnosu na jesenji. Posebno
kutikula korijena repa je bila ujednacene
strukture uzoraka uzetih i sa jednog i sa drugog
lokaliteta u pomenutim periodima. Rezultati
nasih istrazivanja umnogome ¢e pomoci, prije
svega uzgajivacima, jer ¢e im dati izvjesne
smjernice kada je u pitanju striza ovaca, koja
mora uklju¢ivati prethodnu pripremu da bi se
dodatno poboljsao kvalitet runa. Istrazivanja su
posebno zanimljiva za tekstilnu industriju, jer ¢e
se na osnovu dobijenih rezultata mo¢i pristupiti
ozbiljnom razvrstavanju runskih  vlakana.
Najgrublje runo se moze koristiti kao ekoloski
prihvatljiv gradevinski materijal zbog iznimno
velikih vrijednosti debljine runskih vlakana sa
pojedinih dijelova tijela. Dakle, ov¢ja vuna
danas ne bi trebala biti ,,ekolo$ki problem” ve¢,
upravo suprotno, vrijedna ekoloSka sirovina,
koja ¢e svoju primjenu naéi u Sirokom spektru
potreba.

ZAKLJUCCI

Izgled kutikule, vanjskog, zastitnog omotaca
runskih vlakana je varirao u zavisnosti od regije
tijela kako kod dubske tako i kod pivske
pramenke. Roznate ljuspice na sapima oba soja
pramenke su podsjecale na crepove krova, jer su
pravilno nalijegale jedna preko druge, Sto je
odlika grubih vunskih vlakana. Medutim,
kutikula korijena repa je bila nesto finije grade,
rozne ljuspice su bile manjih dimenzija u odnosu
na one uzorkovane sa sapi, a pri vrhu su se
zavrSavale ljevkasto. Na pleckama je
preovladavala tzv. prelazna forma kutikule, gdje
su rozne ljuspice bile wuodljive, velike i
mnogougaone sa izrazenim rubovima koji se
medusobno spajaju.

Mikroskopska istrazivanja kutikule vunskih
vlakana su pokazala razli¢itost u mikrostrukturi
i izgledu roznih ljuspica. Kutikula uzoraka sa
korijena repa bila je neocekivano finije grade, u
odnosu na kutikulu sapi, ili plecke, oba soja
pramenke. Rozne ljuspice kutikule na repu su
manjih dimenzija i pravilno su nalijegale jedna
preko druge u vidu lijevka. Kutikula vunskih
vlakana sapi je pokazivala grublju gradu, dok je
prelaznu formu predstavljala kutikula pleceke i
kod dubske i pivske pramenke.

Rezultati istraZzivanja mogu pomoéi uzgaji-
vadima da pri strizi ovaca, mogu odmah razvrs-
tati vunu, te time usmijeriti sirovinu ka daljoj
proizvodnji, namjenski.
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Abstract: In Bosnia and Herzegovina, Montenegro, as well as in most Balkan countries, wool
is a major environmental problem. After sheep shearing, farmers usually leave the wool at the
shear sites, providing poorly degradable organic waste. The purchase price of such untreated wool
is as low as its quality. By this research, we have tried to draw attention, from another aspect, to
the quality of wool fibers of certain parts of the body, which is ultimately very important in the
textile industry and in the selection of wool for further processing. The cuticle is made from corn-
fied cells, flakes, located on the surface of wool fibers. One of the significant roles of the cuticle is
the protective. Namely, the cuticle protects the wool fibers from various external factors, whether
mechanical or physic-chemical (such as ammonia evaporation in poorly maintained facilities, etc.),
which can damage the fleece and thus make it less quality. We have found some differences in the
flakes position and shape in the wool fibers we investigated, depending on part of the body from
which they were sampled. However, by microscopic analyses of samples taken from the root of
the tail, we have found that the flakes were much smaller and finer in structure than the arrange-
ment and appearance of the cornified flakes from the rump. In this study, we have compared the
appearance and arrangement of flakes of cuticle, which is very important in assessing the quality
of wool and its further use as a raw material.

Key words: Dubska and Pivska pramenka, industry, wool fiber, cuticle
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INTRODUCTION

In the last twenty years, production of wool
has almost no economic significance in Bosnia
and Herzegovina, Montenegro and most Balkan
countries. Wool is by-product, which has been
causing problems lately, since it is almost
imossible to sell low quality wool which than
becomes environmental problem.

Most represented sheep breeds in Bosnia
and Herzegovina and Montenegro are autoch-
thoneus, mainly characterized by wool low
production per animal. Wool is of poor and
uneven quality, with poor elasticity and undula-
tion that have no guaranteed prices or known
and safe buyer. Furthermore, sheep are not
prepared for shearing, while the sorting of wool
by quality is not carried out. Due to poor and
uneven quality, most of produced wool cannot
be considered suitable for the textile industry,
but can be considered as adequate for other
productions (blankets, mattresses, carpets, pil-
lows, souvenirs, insulation materials, etc.).

According to WTO data, given the diameter
of the wool fibers, as well as their quality, wool
is a widely used raw material, primarily in the
textile, construction, agriculture, as fertilizer or
material that inhibits weed growth and, in addi-
tion, retains moisture. The environmental insu-

lation materials industry, both thermal and
acoustic, use wool fibers in production of new
heat resistant materials that have antistatic and
anti-allergic properties.

The wool fibers in the sheep fleece repre-
sent quantitative but above all qualitative pa-
rameters in the production of wool and in de-
termining its usability in further processing.
The fibers are not of the same quality, both in
chemical composition and technical characteris-
tics, which largely depends on breed or strain
type, breeding method, zoohygienic conditions,
diet, climatic conditions, hormonal status, etc.
(Savi¢ et al., 2007, Savi¢ et al., 2014). The aim
of our study is to show to breeders the im-
portance of climatic factors and age on the
wool fibers quality of autochthonous Pramenka
(Dubska and Pivska strains), which is likely to
have an impact on the total production and
usability of raw wool as a basic raw material in
the demanding textile industry. With even more
subtle microscopic investigations of the wool
fibers of domestic sheep breeds, we have tried
to draw attention to its different usability, from
the textile industry (production of carpets,
clothing, etc) to use in construction, as a ther-
mal insulator.
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MATERIAL AND METHODS

Samples for microscopic examinations of
sheep wool fibers, both Dubska and Pivska
pramenka, were taken from two different loca-
tions: Vlasi¢ mountain - Boshia and Herze-
govina and Pivska mountain (Dubljevi¢i and
Kovaéi Orah) - Montenegro. Dinara Highlands
have three zones: Littoral, the Central and the

Ljubljana
7

North-East, with several geographic areas with-
in each. Pivska sheep are breeding in the Cen-
tral region of Dinara Highlands, in the geo-
graphical areas of Durmitor and Sinjajevina
(B23, 24). Dubska sheep are breeding in the
North-East region of the Dinara Highlands in
the geographic area of Vlasi¢ (C3). (Picture 1).

Pristina
*

Picture 1. Area of Pramenka breeding: Dinara Highlands and geographic areas of
Pivska and Dubska pramenka breeding (Source:
https://upload.wikimedia.org/wikipedia/commons/thumb/2/24/Dinaric_Alps_subdivisions
fr.svg/1265px-Dinaric_Alps_subdivisions-fr.svg.png)

A total of 40 wool fibers were sampled (per
twenty from each locality), 10 in the spring and
10 in the fall from each locality. The fleece for
microscopic analyses was taken from different
parts of the body: the root of the tail, the shoul-
der and the rump by cutting of the strands along

the skin. Such samples, from both localities and
at different time periods (spring and autumn)
were placed in labeled plastic bags until micro-
scopic analysis. Prior to microscopic analyses,
the samples were washed with neutral soup to
remove impurities, and then washed with water
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and again with distilled water. For microscopic
analyses and transparency, the samples were
placed in hydrogen peroxide (H.0,) for 24
hours and subsequently in xylolum for 48
hours. The samples were then washed again in
distilled water, after which they were allowed
to dry. The prepared sampled were placed on

glass slides, embedded in glycerol drops, and
then microscopically analyzed.

Microscopic analyses of the cuticle of the
root of the tail, shoulders and rumps from dif-
ferent localities were performed with a binocu-
lar light microscope (Motic 120M), zoomed
200 and 400 times.

RESULTS AND DISCUSSION

The wool fiber consists of three parts: the
head (bulbus), the root and the tree (straight
fibers, part of the fibers under the skin). The
tree is the longest part of the fiber and forms
the wool blanket of the sheep (Katica et al.,
2010, Katica et al. 2015). Wool fiber is a corni-
fied structure made up of two, sometimes three
layers. Those are the epidermis (cuticula, epi-
dermis), cortex or middle layer (substratia
corticalis), medulla (substratia medullaris).

The cuticle is made of cornified cells,
flakes, located on the surface of wool fibers.
One of the most important roles of cuticle is the
protective (Kozari¢, 1997). Namely, the cuticle
protects the wool fiber from various external
insults, whether mechanical, physicochemical
(such as ammonia evaporation in poorly main-
tained facilities, etc.), which can damage the
fleece and make it less quality. We have found
some differences in the flakes position and
shape on the examined wool fibers samples,
depending on the part of the body from which
they were sampled, regardless of whether they
were from Dubska or Pivska pramenka. Thus,

on rumps (Picture 2), the cornified flakes stick
over one another in continuity. They are irregu-
lar in shape and reminds on roof tiles. Usually,
this cuticle appearance is associated with rough
wool fibers. In contrast to this, on the samples
taken from the rumps of Dubska and Pivska
pramenka, it was expected that an even rougher
structure in the cornified flakes arrangement
would be at the root of the tail. However, by
microscopic analyses of samples taken from the
root of the tail, we found that the flakes are
much smaller in size, finer in structure (Picture
3) compared to the arrangement and appearance
of the cornified flakes on the rumps. On the
edges of the fleece taken from the root of the
tail, the funnel appearance of the cornified
flakes lined circularly are seen (Picture 5). That
is a feature of finer fleece with better quality.
Samples of fleece taken from the shoulder indi-
cate the so-called transitional cuticle shape
(Picture 4). The cornified flakes are quite large,
polygonal, and with distinct edges of the flakes
that clearly bland into one another.
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Picture 2. Native preparation; x 400; rumps

Picture 3. Native preparation; x 400; root of the tail
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Picture 4. Native preparation; x 400; shoulder

Picture S. Native preparation; immersion; flakes arrangement; root of the tail

Wool is the skin product and is a set of wool
fibers with specific structure and physical prop-
erties that make it suitable for spinning (Miti¢,
1984). The basic unit of wool is the wool fiber,
i.e. the part above the skin surface that is eco-
nomically used for the textile production, etc.
All fiber are not equal in chemical composition,
histological structure, or technological charac-
teristics (Mio¢ et al., 2006). Wool fiber grows
from the papillae located in the follicle. Fiber
grow begins at the end of the second or at the
beginning of the third month of intrauterine
lamb development. The fibers comes out of the
skin individually or in groups. The individual
fibers connect into Y bundles, strands and
fleece. After the first shear, the wool fibers are
no longer pointed (Vegara, 1991).

Through a comprehensive study of Dubska
and Pivska pramenka fleece, sampled from
different localities, ambient conditions and
seasons, we tried to establish the quantitative,
morphological-histological and  qualitative
features of fleece originated from these two
strains.

Studies of the cuticle of the wool fibers
have shown differences in the arrangement,
shape and attachment of the flakes to one an-
other, as well as their continuity from different
parts of the body.

The cuticle of the Dubska and Pivska
pramenka generally showed a softer structure in
the spring than in the fall. In particular, the
cuticle of the root of the tail was of uniform
structure in samples taken from both localities
in the both periods. Our results will help the
breeders, as they will give them some guidance
for sheep shearing which must include prepara-
tion in order to improve the fleece quality. The
research is of particular interest to the textile
industry, since the obtained results will enable
classification of wool fibers. The roughest
fleece can be used as eco-friendly construction
material because of the extremely high values
of the thickness of the wool fibers from indi-
vidual body parts. Nowadays sheep wool
should not be “environmental problem” but, on
the contrary, valuable organic raw material,
which will find its application on a wide mar-
ket.
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CONCLUSIONS

The appearance of the cuticle, the outer,
protective sheath of wool fibers, varied depend-
ing on the region of the body in both Dubska
and Pivska pramenka. The cornified flakes on
the rumps of the both strains reminded on the
roof tiles because they were correctly stacked
over one another, which is a feature of rough
wool fibers. However, the cuticle of the root of
the tail was slightly finer in structure, the corni-
fied flakes were smaller in size than those sam-
pled from rumps, and ended at the apex with a
funnel. On the shoulder, the so-called transi-
tional cuticle shape was dominant, which was
characterized by prominent, large and polygo-
nal cornified flakes that were noticeable, large
and polygonal with prominent edges that join
together.

Microscopic examinations of the wool fiber
cuticle have revealed differences in the micro-
structure and appearance of cornified flakes. In
both strains, the cuticle of the root of the tail
was unexpectedly finer in structure than the
cuticle of the rumps or shoulders. The cornified
flakes of the cuticle on the tail are smaller in
size and are correctly folded over each other in
the form of the funnel. The cuticle of the wool
fibers on the rumps showed a rougher structure,
while the transitional form was represented by
the cuticle of the shoulders in both the Dubska
and Pivska pramenka.

Based on the obtained results, we would
like to draw attention to the fact that as early as
during sheep shearing, breeders can initially
sort out the wool, thus directing the raw materi-
al toward further production, purposefully.
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MNOCTONEPATUBHA UHOEKIINJA PAHE TBPJOT' HEIIINA CA KLEBSIELLA PNEU-
MONIAE KO/ IICA: TIPUKA3 CJIYYAJA
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! Berepunapcka ambynanra ,,bJI et Bama Jlyka, Ctene Crenanosuha 173, 78000 Bama Jlyka, BocHa n
XepuerosuHa
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Kparak caapxkaj: Madexnuje pana Koj maca MU Madaka ca eHTepoOakTepwjama W3 poja
Kilebsiella spp. cy pujerke y knunnukoj npakcu. Y Berepunapcky amOynanry ,,bJI-set* bama JIyka
JIOBENIeHA je eHKa Oynrepujepa crapa 8 Mjecen. 3 anamHe3e oJ1 BIaCHUKa Ca3HajeMo Ja je Kyja
oleprcaHa y Apyroj BETEPHHAPCKO] KIMHHIM HEKOJIHMKO CEIMHMIA MpHje HEero LITO CY BJIACHHIH
NPUMH]jeTHIIM 00HJIaH Hcjenak u3 Hoca. KIMHUYKUM IPErjieioM je YCTaHOBJBEHO 1A j€ OIIIITE CTabe
Tica HeM3MujemeHo. M3 Ho3/ipBa je Ouo npuMjeran oOMIaH FHOJHHU HCLjelaK CBHjeTIIO-3elieHe 0oje
ca npuMjecama xpane. M3 ycHe mymisrHe, OHO je ocjeTaH jak 3amax — foetor ex ore. IIpernenom
yCHE LIYIJBMHE CE youaBa CBjeke MH(HIMPaHA paHa Ha TBPJOM HEIIy. 3apacTame paHe je Ouio
OYHTTIEJIHO OTEKAHO Ca MPUCYTHOM HH(MEKIMjOM, TAKO [a Cy pyOOBH Hella OCTAIN HEMPHIIOjCHH.
Tek HAKOH y3uMarba Opuca THA paHe, MOIJIO C€ YOUHTH JIa je pujed 0 aKTUBHOM THOJHOM MPOLIECY.
Klebsiella pneumoniae je nzonoBana u3 pame Hera Kox Iica.

Kbyune pujeun: Klebsiella pneumoniae, nocronepaTuBHa HH(EKIMja, nac

YBOJ

Wndekuuje pana kox maca ¥ Mayaka ca
enrepobaktepujama u3 poaa Klebsiella spp. cy
pHjeTKe y CBaKOJHEBHO] KIMHHYKO] IPAKCH.
MuKpOOHOIOIIKOM ~aHAIN30M HHOUIUPAHUX
paHa KoJ maca je yTBpleHa 3aCTYIUBCHOCT OX
1,7% Bpcte Klebsiella pneumoniae (Urumova u
cap., 2012). Hemro Behm Opoj wn3omata
Klebsiella pneumoniae (16,7%) je yrepauo Rah-
man u cap. (2003). Entepobakrepuje cy pujeTko
M30JI0BaHE U3 YjeJHUX paHa Koj maca (Meyers u
cap., 2008). Enrepobakrepuje, a moOCeOHO
npeacraBuunu  pona Klebsiella spp. mpase
3Ha4yajaH MpooOJieM KOX T3B. ,,00JHHYKUX KN
Ho30KoMHjaTHUX “ nHOpekuuja (Glickman, 1981,
Seliskar u cap., 2007). Mudexuunja ca BpcToM

Klebsiella oxytoca je ommcanma kox aBa rica
HAKOH CTOMATOJIOIIKOT 3axBara, ¢ THM Ja je
HHQEKITHja KOJI jeJJHOT 1ica Oma (arainHa HaKOH
IITO je HAKOH €KCTPaKIHje MPEeMOIapHOT 3yda
ymao y centuynu 1ok (Seliskar u cap., 2007).
Ho3zokomujanue nndexnuje ca knebeujenama cy
4ecTe y XyMaHO] MEIMIMHHA M CKOPO YBHjEK ce
MOBE3yjy ca KOHTAaMHHUPAHMM KaTeTepuMma H
UHTpaxo-cnuranHuM decmama (Lowe u cap.,
2012).

YV oBOM pany je onrcaHa HHEKIHja TBPAOT
HeIla KoJ Ica ca enrepobaxrepujom Klebsiella
pneumoniae HaKOH OMepaTHBHE CaHAldje
pacijerna TBpIOT HeNIa.
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OIINC CJIYYAJA

Y Berepunapcky amOymanty ,,BJI-Ber™
bama Jlyka noBemeHa je eHkKa OyiTepujepa
crapa 8 mjecenn. M3 aHamHe3e OJ1 BJIacHUKa
ca3HajeMO Ja je Kyja OIepucaHa y JIpyroj
BETEPUHAPCKO] KIMHHUIM HEKOJIMKO CeIMHUIIa
MpHje HEro IITO CY BJIACHUIM TPHUMH]ETHIH
oOwraH wWcijemak w3 Hoca. Ha mpenopyky
BETEpUHApA, TaC j& XPAamEH MEKIIOM XPaHOM
HAKOH oIeparyje.

KIvHUYKUM MpersiesioM je YCTaHOBJHEHO Ja
j€ OIIIITE CTamke IIca HeM3MUjeleHO. 13 Ho3/ipBa
je TpuMmjeTaH OOWJIAH THOJHHM WHCIjeJaK

CBHUjeTIO-3¢eeHe 0oje ca mpumMjecama xpane. 13
yCHE INyIJBMHE OHO je ocjeTaH jak 3aaax — foetor
ex ore. Ilperienom ycHe HIyIUbMHE CE yodaBa
CBjeke MH(UIMpaHa paHa HAa TBPJOM HETIy.
3apacTame paHe je OMII0 OYHIIICTHO OTEXKAHO ca
MIPUCYTHOM HMHQEKIHMjOM, TaKo Jia Cy pyOoBH
HeIlla OcTalli HenpurnojeHu. I'Hoj ca ocranmma
XpaHe je TemKo OWiIo 3amasuTd  CaMo
WHCIIEKIIHjOM yCHE ITYTIJBMHE TICa, j& Ce HAIa310
y OHY paHe Hemua. Tek HaKOH y3uMarme Opuca
Ha paHe, MOIJI0O C€ YOUHWTH Ja je pHujed o
AKTHBHOM THOJHOM IIPOIIECY.

Cnuka 1 u 2. [TocronepaTuBHa HH(EKNIHja ca KieOcHjenom

Ha ocHOBY KJIMHHUYKOT TIperiiesia, JoHeceHa
je oIyKa Ja ce€ U3BpIIM MHKPOOHOJIONIKA
aHanw3a JHa WHQUIUpaHe paHe, ¢ 003upoM Ha
MIPUCYCTBO OOMITHOT THOJHOT cajpikaja. Y30pak
Opuca 1Ha paHe je Hacal)eH Ha KpBHH arap ca 5%
oBurje kKpBu U Mekonku (MacConkey) arap.
HaxoHn 24 vaca, Ha KpBHOj U104 je puMujehen
pacT KapaKTepUCTHUYHUX CHBHX, HEXEMO-
JUTHYHUX, KPYIHHX, CHBUX W MYKOHIHHX
kononuja. Ha Mekonku (MacConkey) arapy cy

Onie youJpMBE JIAaKTO3a HO3UTHUBHE MYKOHIHE
KonoHuje. JlasboM TpuMapHOM — UACHTH(-
vkanujom (OKCHAa3a TecT, Karajga3a TecT,
bojeme mo ['pamy) OakTepujcke KyaType je
yTBpheHO 1a je pujed o BpCTH U3 (paMuiIHje
Enterobacteriacae. C 063upom Ha crienuduyan
pact Ha Mexkonku (MacConkey) arapy -
MYKOHMJHE KOJIOHHjE€ ca JaKT03a MO3UTHBHUM
OakTepujama, IOCTaBJbCHA j€ CyMHIba Ha POJX
Klebsiella.
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Cnuka 3. Mykounne xosonuje Ha MacConkey arapy

UYucra KynTypa HakoH 24 yaca MHKyOaruje
Ha HEYTPAJHOM arapy je JIOCTaBjbeHa Ha
nebUHUTHBHY HWACHTHQHUKanMj)y y Jlabopa-
TOPHjy 3a MHKPOOHMOJIOTHjY YHHUBEP3UTETCKOT
KIMHUYKOT neHTpa y bamoj Jlymu. Ayrtom-
arckum cuctemoM ,VITEK 2 Biomerieux“ je
yTpBieHO 1ma ce pamgd O eHTepobOaKTepuju
Klebsiella pneumoniae. TomaTHo, Ha cHCTEMY je
yrBphen mpodun ocjersbmBocTH Ha m3abpaHe
aHTUMHUKpOOHe JjekoBe. M3omar je Owmo
ocjervbuB Ha nedanocnopuHe (Ledypoxrcume,
nedukcuM, uedrpuakcoH, nedenum), asTp-
€OHaM, JOpHII-EHEM, epTareHeM, HMHIICHEM,
MeporeHeM,  JIeBO(IIOKCAIIMH,  MOKCH(IIO-
KCallMH, TUTCLU-KIHMH, XJIOpaM(eHHKOI, KO-
UCTHH, TPUMET-OLIPUM u cynpomer-
OKCa30J1/TPUMETONPUM. Pe3ucTeHimja je moka-
3aHa Ha aMIU-OWIMH/Cyla0akTaM M IHIep-
AIIIAH.

[ac je moABrHYT aHTUMUKPOOHO] Tepanuju,
Opd 4YeMy Cy TMapeHTepanHO AaIIMKOBaHH
(hayopxuHOoaOHH (eHPOQIIOKCAIIMH) Yy JI03H
Smg/kg y Tpajamy on cemam mana. Crpemehnx
celaMm JlaHa, AalMKOBAaHM Cy MapeHTepaHO
cynoHaMHU ca TPUMETOIIPUMOM Y J03H o 1
ml. Ha 10 kg. Kinuauuku cumTomu (MCLjeak u3
HOCa, THOjHA MH(pEKIHja paHe) Cy Ce CMarbUIH
HAKOH Tepamuje, ald HUCY Yy TMOTIYHOCTH
n3ocrany. U3 nadopmanyja koje cMo 1o0WIH 01
BJaCHMKa CMO Ca3HalM Ja je mnac y
BETEPUHAPCKO] KIMHHIK [IOHOBO OTNICPHCAH, ajlk
Ce paHa HHje MOIJIa y MOTIYHOCTH CaHHPATH,
TaKko 1a je OHjIa KOHCTAHTHO H3JI0KEHA HOBHM
nHpeknujama. TpeHyTHO je mac yAOMJbEH Y
CnoBeHHWjH, a THOJHH CaapKaj C€ PEIOBHO
acrupupa U3 paHe, a aHTHMUKPOOHA Teparnuja ce
BUILIE HE CIIPOBOJIM.
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JUCKYCHJA

VY oBOM pajny je mpHuKazaH Cly4aj pHjeTKe
MOCTONIEpaTUBHE  WH(pEKIHje ca  eHTepo-
oaktepujom Klebsiella pneumoniae, wro ce y
CBaKOJHEBHO] KJIMHUYKO] IIPaKCH PHjETKO
cycpehe.  Knebcwenma  je  dectr  Hamas
HO30KOMUjaJTHUX MH(MEKIMja Y BETUKAM OOJIHU-
YKUM [EHTPUMA KOJ JbyIU U KUBOTHEA, MPHU
gyemy ce cpehe 3HavajHA 3aCTYIJBEHOCT
anTUMHUKpOoOHe pesuctennuje (Glickman, 1981,
Johnson, 2002). Y BerepwHapCKOj TpPAKCH,
OBaKBH CJIy4ajeBU CYy PHUjETKH, jep KOJ HaIler
n30J1aTa Ha OCHOBY JOOHWjE€HOT aHTHOHOTpama je
yTBpheHo ma je Behum Opoj aHTUMHUKPOOHUX
JIMjeKOBa YYUHKOBUT MPOTHB KiieOcuerne.

HNubeknuja y HameMm ciydajy je Hacraia
BjepOBATHO MEPOPAITHO, jep PaHy y YCHO] AyTIJbH
HUje Omimo Moryhe 3alITUTUTH OJf KOHTaM-
HaIlMje W3 CHoJpalllibe cpeamHe. Takole,
nokazano je na Klebsiella pneumoniae moxe aa
Oynie HopMaJlHa MUKpOOHOJIoIIKa (I1opa y yCHO]
mymsnay naca (Kasempimolporn u cap., 2003).
Mehytum, kao 3HaYajaH OMOPTYHUCTUYKH
[IaToOreH, OBa EHTEepoOaKkTepHja MOXe aa Y

CIy4ajy CenTHKeMHUje OOBele JO 3HadyajHUX
Kommutukanuja ma u cmptu (Roberts u cap.,
2002). nsp aHTEMUKPOOHE Tepanuje y Hamem
ciy4dajy je 0mo nma ce MHQEKIHja MaKCHMAITHO
caHMpa IpHje MOHOBHE XHPYpIIKE o0panie, u
CaMHM THM MaKCHUMAallHO CMamH pPH3HK O]
perH(DEKIHje U CeNTHKEMHU]e.

[locronepatuBHe HH(pEKIMje ce YECTOo
cycpehy y Berepunapkoj mpakcu (Eugster n
cap., 2012), n He MOry ce yBHWjeK CMaTpaTH
CTPYYHOM TPEIIKOM, jep je XOCIHUTANn3auja u
pEIOBaH MOHHTOPUHT MaldjeHaTa y HaIIuM
KIIMHUKaMa ¥ aMOyJlaHTamMa M JIaJbe PHjeTKOCT.
Melhytum, y ciydajy KOMJIMKOBaHHUX HH(PEKIIHja
KOje He OJIrOBapajy Ha eMITMPHjCKY Tepanujy ca
W3y3€THOM KJIMHHYKOM MPE3CHTAIljoM ca
OOMITHMM W HETUIIMYHUM THOJHHUM CaJipKajeM
(THO] 3emeHe 0oje ca OMYPHUM MHUPHCOM, ca
npuMjecamMa  KpBM  HWTH.), HOTpeOHO je
Y30pKOBaTH U IMOCHATH Ha OaKTECPHOJIOIIKY
nperpary. Y TakBHM CIIy4ajeBHMa, jEAUHO je
ompaB/iaHa Tepamdja Ha OCHOBY JOOWjeHOT
aHTHOMOTpama.
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Abstract: Infection of wounds in dogs and cats with enterobacteria from the genus Klebsiella
spp. are rare in clinical practice. A female, Bull Terrier was brought to the veterinary clinic "BL-
vet" Banja Luka at the age of 8 months. According to the owner, the dog was operated in another
clinic and a several weeks later they noticed an abundant nasal discharge. Clinical examination
revealed that the general condition of the dog was unchanged. There was a noticeable abundant
purulent discharge, light-green in color with food remains from the nostrils. In the oral cavity, a foul
breath - foetor ex ore was registered. By examining the oral cavity, a fresh-infected wound on the
hard palate was visible. The wound healing was difficult due to the present infection, leaving the
edges of the palate wound unattached. Only after taking a swab of the bottom of the wound, it could
be noticed that this was an active suppurative process. Klebsiella pneumoniae was isolated from the

wound of the dog's palate.

Keywords: Klebsiella pneumoniae, postoperative infection, dog

INTRODUCTION

Infection of dogs and cats with enterobacte-
ria of the genus Klebsiella spp. are rare in daily
clinic practice. Microbiological analysis of in-
fected wounds in dogs revealed that the preva-
lence of Klebsiella pneumoniae is 1.7%
(Urumova et al., 2012). A slightly higher num-
ber of Klebsiella pneumoniae isolate (16.7%)
was established by Rahman et al. (2003). Enter-
obacteria are rarely isolated from bite wounds in
dogs (Meyers et al., 2008). Enterobacteria, espe-
cially representatives of the genus Klebsiella
spp. provoke significant problem in so-called
,.hospital or nosocomial* infections (Glickman,
1981, Seliskar et al., 2007). Infection with

Klebsiella oxytoca has been described in two
dogs after dental surgery, but infection in one of
them was fatal since the dog entered in septic
shock after extraction of the premolar tooth
(Seliskar et al., 2007). Nosocomial infections
with Klebsiella spp. are common in human med-
icine and are almost always associated with con-
taminated catheters and intrahospital faucets
(Lowe et al., 2012).

This paper describes a hard palate infection
in a dog with the enterobacterium Klebsiella
pneumoniae after surgical repair of cleft hard
palate.
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CASE DESCRIPTION

An eight months old female Bull Terrier was
brought to the Veterinary Clinic “BL-vet” Banja
Luka. We found out, from anamnesis, that the
several weeks before owner noticed a abundant
discharge from the nose, the animal was oper-
ated in another veterinary clinic. As veterinarian
recommended, the dog was fed with softer food
after surgery.

Clinical examination revealed that the gen-
eral condition of the dog was unchanged. An
abundant light-green purulent discharge with

food remains was observed from the nostrils.
There was strong smell from the oral cavity -
foetor ex ore. Examination of oral cavity reveals
a freshly infected wounds in the hard palate. The
wound healing was difficult due to the present
infection, leaving the edges of the palate wound
unattached. The pus with the food residue was
hard to notice only by inspecting the dog's oral
cavity, since it was located at the bottom of the
wounded palate. Only after taking the swab of
the bottom of the wound it was possible to notice
that there was an active purulent process.

Pictures 1 and 2. Postoperative infection with Klebsiella

Based on clinical examination and due to the
presence of abundant purulent content, a deci-
sion to obtain a microbiological analyses of the
bottom of the infected wound was made. The
wound swab was seeded onto 5% sheep blood
agar and MacConkey agar. After 24 hours,
growth of characteristic gray, non-hemolytic,
large and mucoid colonies was observed on the

blood plate. On MacConkey agar, lactose posi-
tive mucoid colonies were observed. By further
primary identification (oxidase test, catalase test,
Gram straining) of bacterial culture, it was deter-
mined that it belongs to one of the species from
family Enterobacteriacae. Given the specific
growth on MacConkey agar — mucoid colonies
with lactose positive bacteria — the Klebsiella ge-
nus was suspected.
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Picture 3. Mucoid colonies on MacConkey agar

After twenty four hours of incubation on ne-
utral agar, pure culture was delivered for defini-
tive identification at the Laboratory for Microbi-
ology of the University Clinical Center in Banja
Luka. Using the automatic system ,,VITEK 2 Bi-
omerieux“ presence of enterobacterium
Klebsiella pneumoniae has been confirmed. In
addition, a sensitivity on selected antimicrobials
was established on the system. The isolate was
sensitive to cephalosporins (cefuroxime, ce-
fixime, ceftria-xone, cefepime), aztreonam, do-
ripenem, ertapenem, imipenem, meropenem, le-
vofl-oxacin, moxifloxacin, tigecycline, chlo-
ramp-henicol, colistin, trimethoprimol and sul-
famethoxazole/trimethoprim.  Resistence has
been demonstrated for ampicillin/sulbactam and
piperacillin.

The dog was exposed to antimicrobial the-
rapy, with 5mg/kg of fluoroquinolones
(enrofloxacin) administrated parenterally for se-
ven days. For next seven days, sulfonamides
with trimethoprim in the dose of 1 ml per 10 kg
was administered. Clinical signs (nasal
discharge, purulent wound infection) reduced
after therapy but were not completely absent.
From information received from owners, we re-
alized that the dog was exposed to surgery again
at the veterinary clinic, but the wound could not
be fully repaired, and thus was constantly expo-
sed to new infections. Currently, dog is housed
in Slovenia, purulent content is regularly aspira-
ted from the wound and antimicrobial therapy is
no longer being administrated.

DISSCUSION

The case of rare postoperative infection with
the enterobacterium Klebsiella pneumoniae,
which is rarely encountered in everyday clinical
practice, is described in this paper. Klebsiella is
a common finding of nosocomial infections in
large hospital centers both in humans and ani-
mals, with significant antimicrobial resi-stance
being found (Glickman, 1981, Johnson, 2002).

In veterinary practice, such cases are rare, be-
cause it was found in our isolate, based on obta-
ined antibiogram, that a great number of anti-
microbials are effective against Klebsiella.

In our case, infection was probably oral,
since the wound in oral cavity was not able to be
protected from environmental contamination.
Also, it was proved that Klebsiella pneumoniae
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could be a normal microbial flora in the oral cav-
ity of dogs (Kasempimolporn et al., 2003).
However, as a significant opportunistic path-o-
gen, this enterobacteria, in the case of septice-
mia, can provoke significant compl-ications,
including death (Roberts et al., 2002). In our
case, the goal of antimicrobial therapy was to
maximize the cure of the infection before re-
surgical treatment, thereby minimizing the risk
of reinfection and septicemia.

Postoperative reinfections are common in
veterinary practice (Eugster et al., 2012), and

cannot be always considered as profesional
mistakes, as hospitalization and regular moni-to-
ring of patients in our clinics and ambulances are
stil rare. However, in the case of complicated
infections that do not respond to empirical the-
rapy, with pronounced clinical presentation and
with abundant and atypical purulent content
(green pus with odor, blood admixture etc), it
should be sampled and sent for bacteriological
examination. In such cases, therapy based on an-
tibiogram is the only choice.
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Kratki sadrzaj: Obroci na osnovi sirovog mesa ili popularnije nazvani BARF obroci (eng.
Biologically Appropriate Raw Food) definiraju se kao hrana za kuéne ljubimce koja u svom sastavu
sadrzava termiCki neobradene sirovine zivotinjskog podrijetla, domacih ili divljih Zivotinja te se
koristi u hranidbi pasa i macaka koje obitavaju u neposrednom kontaktu s ¢ovjekom. Hranidba na
temelju sirovog mesa moze se podijeliti na dvije osnovne katregorije: komercijalno dostupni gotovi
proizvodi i obroci pripremljeni od vlasnika (tzv. homemade BARF). Kod kuée spravljeni obroci
temelje se na recepturama koje omogucuju vlasniku samostalno pripremanje BARF obroka no one
ne moraju biti u skladu s propisanim preporukama o unosu hranjivih tvari, §to moze rezultirati
razvojem brojnih patoloskih stanja uzrokovanih pogreskama u hranidbi. Nedostatak istrazivanja
rezultat je rasprave o riziku i pozitivnim uc¢incima takve prehrane. Dosadas$nja istrazivanja potvrdila
su znatno bolju probavljivost BARF obroka u usporedbi sa ekstrudiranom hranom i odli¢nu
palatabilnost. Medutim, istrazivanja koje bi potvrdila pozitivne u€inke koriStenja BARF obroka sa
ciljem postizanja boljeg zdravstvenog stanja ili kao obrok izbora kod pojedinih patologija,
nedostatna su, te se promicanje BARF prehrane temelji na istrazivanjima koja su provedena na
malom uzorku u kratkom razdoblju ili su dostupna u obliku popularne nerecenzirane literature. S
druge strane, istrazivanja kojima se upozorava na javnozdravstveni rizik kod hranjenja BARF
obrocima znacajno su brojnija. Naime, mikrobioloska ispravnost BARF obroka bitan je segment
koji proizvodadi moraju redovito kontrolirati uz neizostavno odrZavanje hladnog lanca u svim
fazama proizvodnje i skladistenja kako bi se onemoguéila kontaminacija i umnazanje patogena sa
zoonotskim potencijalom.

Kljuéne rijeci: BARF, ku¢ni ljubimci, prehrana, smjernice
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UvOD

Posljednjih godina sve je popularniji trend
hranjenja pasa i macaka BARF (eng. Biologicaly
appropriate  raw food) obrokom, pored
uobicajenih rezima hranjenja ekstrudiranom ili
konzerviranom hranom. Procjenjuje se kako broj
vlasnika koji svoje pse u potpunosti ili
djelomicno hrani obrocima na osnovi sirovog
mesa u pojedinim zemljama Europe doseze i do
visokih 51 % (Corbee i sur., 2013). Proizvodi
koji  sadrze  nusproizvode  Zivotinjskog
podrijekla, a koji nisu podvrgnuti termickoj
obradi mogu se podijeliti u tri skupine: tzv.
zvakalice (svinjske usi, zile, tetive), obroci na
osnovi sirovog mesa pripremljeni kod kuce (tzv.
homemade BARF) i komercijalni BARF
pripravci koji ukljucuju sirovine: misi¢no tkivo,
unutarnje organe i kosti te ponekad i
nepasterizirane mlije¢ne proizvode 1 jaja
(Freeman 1 sur., 2013). Dodatno, u BARF
obroke mogu se ukljuciti razli¢iti vitaminsko —
mineralni dodatci, ulja, voée i povrée. Vlasnici
koji odabiru BARF rezim hranjenja ¢esto to ¢ine
iz razloga $to smatraju da se radi o prirodnom
proizvodu bez dodanih konzervansa ili
stabilizatora i bez dodanih ugljikohidrata Sto bi

kao rezultat dovelo do pozitivnih ucinaka na
zdravlje i opée stanje ku¢nog ljubimca (Morgan
i sur., 2017). Medutim, i dalje bez znanstvenih
dokaza, motivacija i odabir hranjenja BARF
obrokom cesto se temelji na osobnom iskustvu
vlasnika ili proizvodaca (Freeman i sur., 2013,
Morgan i sur., 2017). Neujednacen stav unutar
veterinarske struke rezultat je mnedostatka
istrazivanja koja bi dala odgovore na
mnogobrojna pitanja o razini potencijalnog
rizika ili s druge strane, potvrdila pozitivne
ucinke ovakvog oblika hranjenja te indiciranost

koristenja  uslijed  pojedinih  patologija.
Istrazivanja koja upozoravaju na
javnozdravstveni rizik prilikom hranjenja

kuénih ljubimaca sirovim obrokom, brojnija su,
pri ¢emu se naglaSava potreba za odgovornim
ponasanjem uslijed koriStenja sirovog obroka u
kucanstvima. Posljedica neujednacenog stava o
prednostima i rizicima hranjenja ku¢nih
ljubimaca sirovim obrocima rezultirala je
velikim brojem nejasnih 1 kontradiktornih
informacija  dostupnih  vlasnicima kuénih
ljubimaca i veterinarima.

HRANIDBA PASA I MACAKA OBROCIMA NA OSNOVI SIROVOG MESA

Najrasireniji koncept hranjenja obrokom na
osnovi sirovog mesa je BARF (eng. Bones and
Raw Food) koncept hranjenja, ¢iji akronim
danas ¢e$¢e prevodi kao Biologically
Appropriate Raw Food (bioloski uskladena
sirova hrana). Hranidba pasa BARF obrokom
temelji se na predator — plijen sustavu hranjenja,
pri ¢emu se u obrok ukljucuju iskljuéivo
namirnice bez termi¢ke obrade koje bi se u
prirodi nalazile u rezimu hranjenja predatora,
vuka (Stahler i sur., 2006). Obrok se formulira
na nacin da odrazava sastav ulovljenog plijena te

se uobicajeno sastoji od: misi¢ja, unutarnjih
organa, hrskavice i kosti te izvora vlaknine u
obliku povr¢a ili voca, pri cemu se Cesto slijedi
omjer dodavanja pojedinih komponenata u
pribliznim udjelima od: 80% misi¢ja, 10% kosti,
5% jetre i 5% ostalih sekretornih organa. Kroz
BARF koncept prehrane, psi se, poput macaka,
uvrStavaju u obvezne mesojede te se od strane
pobornika BARF prehrane ugljkohidratna
komponenta u obroku smatra nepozeljnom i
Stetnom (Billinghurst, 2003).
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SASTAV OBROKA NA OSNOVI SIROVOG MESA

Obroci na osnovi sirovog mesa definiraju se
kao hrana za kuéne ljubimce koja u svom
sastavu sadrzava termicki neobradene sirovine
zivotinjskog podrijetla, domacih ili divljih
zivotinja (Freeman i sur., 2013). Hranidba na
temelju sirovog mesa moze se podijeliti na dvije
osnovne katregorije: komercijalno pripremljena
i ona kuéne izrade (tzv. homemade). Kod kuce
spravljeni obroci temelje se na recepturama i
omogucéuju  vlasniku njihovo samostalno
pripremanje. No, objavljene recepture ne moraju
biti u skladu s propisanim preporukama o unosu
hranjivih tvari (Streiff i sur., 2002, Dillitzer i
sur., 2011). Nutritivno neuravnotezeni obroci
mogu dovesti do razvoja brojnih patoloskih
stanja uzrokovanih pogreskama u hranidbi
(Taylor i sur. 2009, Heinze i sur., 2012, Larsen i
sur., 2012, Stockman i sur., 2013).

Najces¢i izbor vlasnika kuénih ljubimaca
jesu komercijani zamrznuti pripravei BARF
obroka, koji su Cesto deklarirani kao
uravnotezena i potpuna hrana za kuéne ljubimce
(NRC, 2006). Formulacije koje su uravnotezene

i deklarirane kao potpuni obrok za sve dobi i
pasmine, moraju biti uravnotezene i u skladu sa
potrebama za hranjivim tvarima kod pasa velikih
i gigantskih pasmina u ranoj fazi razvoja
(Hazewinkel i sur., 1991, FEDIAF, 2018).
Navedeno ¢e uvjetovati dodatak kalcija i fosfora,
uobicajeno uklju¢enog u obliku mljevenih kosti,
u omjeru od 1,1-1,6 : 1 te zastupljenost mnogih
vitamina, makrominerala i elemenata u
tragovima u viSim koncentracijama no S§to je
propisano za obroke za odrasle pse (FEDIAF,
2018). Sastav komercijalnih pripravaka BARF
obroka ovisno o osnovnoj recepturi proizvodaca,
sirovinama koji se koriste i postupcima u
proizvodnji mogu se znaCajno razlikovati
(Freeman i sur., 2013). Komercijalni pripravci
BARF obroka za pse cCesto su dostupni u
trgovinama hrane za kuéne Iljubimce no
formulacije  istog koncepta  namjenjene
mackama rijetko se mogu naci na trzistu u obliku
gotovog proizvoda, stoga se vlasnici macaka,
koji ih zele hraniti BARF obrokom, cesce sluze
dostupnim recepturama i samostalno izraduju
sirovi obrok.

PROBAVLJIVOST BARF OBROKA

Istrazivanjima je utvrdena bolja
probavljivost sirove bjelancevine kod sirovog
obroka u usporedbi s termicki obradenim ¢ime
se dokazuje bolja probavljivost BARF obroka u
usporedbi sa hranom koja prolazi termicku
obradu uvjetovanu proizvodnim postupkom
(ekstruzija ili konzerviranje) (Crissey i sur.,
1997, Vester i sur., 2010, Kerr i sur., 2012). Na
probavljivost utjee mnostvo faktora koji su
prisutni u procesu proizvodnje hrane za kuéne
ljubimce: sastav, temperatura u procesu obrade i
nac¢in obrade: kuhanje, konzerviranje i

ekstrudiranje. Naime, termi¢kom obradom, a
tako 1 ostalim procesima koji su ukljuceni u
ekstrudiranje (vlaga 1 tlak), proteini i
aminokiseline prolaze kroz strukturne promjene
koje imaju utjecaj na probavljivost proteina i
biolosku dostupnost aminokiselina ili moze do¢i
do Maillardove reakcije, pri ¢emu ¢e nastati
reakcija slobodne aminoskupine i karbonilnog
spoja (Friedman, 1996, Hendriks i sur., 1999,
Rutherfurd i sur., 2007). Bolja probavljivost
BARF formulacija rezultirat ¢e manjom
koli¢inom fecesa (Vester i sur. 2010).

UTJECAJ NA ZDRAVSTVENI STATUS ZIVOTINJE

Pozitivni ucinci koji se pripisuju BARF
konceptu hranjenja cesto ukljucuju: pozitivan

utjecaj na imunosni odgovor, zdravlje dlacnog
pokrivaca i koze, smanjenje plaka i zubnog
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kamenca, bolju aktivnost i opce stanje zivotinje
(Morgan i sur.,, 2017). Hranidba BARF
obrocima nije pracena kroz dugorocna
znanstvena istrazivanja, stoga se uz oprez mora
govoriti o potencijalnom pozitivnom ucinku
hranjenja sirovim obrokom (Schlesinger i Joffe,
2011). Medutim, izrazito visoka probavljivost i
jednostavan sastav BARF obroka, ¢esto sa samo
jednim  izvorom bjelanCevina, 1 stoga
potencijalnim alergenom, moze rezultirati
dobrim terapijskim odgovorom uslijed kozne ili
gastrointestinale manifestacije alergije, pod
uvjetom da zivotinja nije alergi¢na na protein iz
sastava (Brozi¢ i sur., 2017). BARF koncept
hranjenja temelji se na ukljucivanju sirovih kosti

u obrok te se one cesto dodaju u obliku
mljevenih kosti u komercijalne pripravke.
Hranjenje pasa i macaka termicki neobradenim
cijelim kostima ne moze se smatrati u potpunosti
bez rizika jer one mogu predstavljati
potencijalan opasnost od razvoja opstipacije i
perforacije unutar probavnog sustava, ozljeda
zubi i usne Supljine (Thompson i sur., 2012).
Prilikom izrade BARF obroka klju¢no je da u
sastav ne ulaze rizi¢ne sirovine, poput tkiva
stitne Zlijezde, u slucaju da proizvodaé koristi
misi¢je glave i vrata. Prehrana BARF obrokom
sa tkivom Stitnjace moze rezultirati razvojem
hipertireoidizma uzrokovanog hranom (Kohler i
sur., 2012).

MIKROBIOLOSKA ISPRAVNOST BARF OBROKA

Dosad provedenim istrazivanjima utvrden je
znacajan rizik od mikrobioloske neispravnosti
kod komercijalnih i kod kuée pripravljenih
BAREF obroka (Lejeune i Hancock 2001, Joffe i
Schlesinger, 2002, Weese i sur., 2005). No, i
termicki obradena hrana za kuéne Iljubimce
takoder moze biti izvorom patogena sa
zoonotskim potencijalom 1 na taj nacin
predstavljati rizik za infekciju ljudi (Behravesh i
sur., 2010, Nemser i sur., 2014). Posebno je
opasna tvrdnja, koja se ¢esto promiée od strane
pobrobnika BARF rezima prehrane, kako
patogeni u sirovom mesu ne predstavljaju rizik
za kuéne ljubimce, pse ili macke, jer je njihov
probavni sustav prilagoden hranjenju sirovim
mesom. Naime, mnogobrojna su istrazivanja
koja  potvrduju  klinicku  manifestaciju
salmoneloze zabiljezene kod pasa hranjenih
sirovim mesom (Chengappa i sur., 1993, Stiver i
sur., 2003, Morley i sur., 2006, Leonard i sur.,
2011). Kao i kod ljudi, na prijenos i
manifestaciju klinicke slike, utjecati ¢e mnogi
faktori, medu kojima i skupno drzanje zivotinja,
dob 1 imunosni status zivotinje (Hellgren i sur.,
2019). Dodatno, incidencija pozitivnog nalaza

patogena Salmonella spp. povezana je sa vrstom
mesa: koja je kod pileCeg mesa znatno veca od
mesa govedine i svinjetine (Zhao i sur., 2002,
Bohaychuk i sur., 2006, Mollenkopfi sur., 2011,
Cook i sur., 2012). Pored uzro¢nika Salmonella
Spp., patogeni ¢ija se vaznost naglasava u
kontroli mikrobioloske ispravnosti BARF
obroka jesu: Escherichia coli O157:H7,
Clostridium spp., Campylobacter jejuni i
Listeria spp. (Freeman i Michel, 2001, Weese i
sur., 2005, Strohmeyer i sur, 2006, Bohaychuk i
sur., 2006, Lenz i sur., 2009). Kontaminacija
parazitima u mesu i ribi moze se kontrolirati
postupkom zamrzavanja. Vrijeme i temperatura
pri kojoj se postupak moze provesti ovisi o vrsti
parazita i vrsti mesa koja se Kkoristi u
formulacijama (Kotula i sur, 1991, Huss i sur.,
2000). Zbog rizika od mikrobioloske
kontaminacije = nusproizvoda  Zivotinjskog
podrijetla, proizvodac¢i BARF obroka u procesu
proizvodnje mogu koristiti obradu putem
visokog hidrostatskog tlaka ¢ime je moguce
smanjiti broj patogena u mesu no ne u potpunosti
(Aymerich i sur., 2008, Baert i sur., 2009).
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SMJERNICE ZA HRANIDBU KUCNIH LJUBIMACA BARF OBROKOM

Javnozdravstveni  rizik, kao rezultat
koristenja BARF obroka, prisutan je za vlasnike
i ostale ¢lanove kucanstva koji svakodnevno
postaju izlozeni kontaktnom prijenosu patogenih
mikroorganizama prisutnih u sirovom mesu
(Lejeune i Hancock, 2001). Moguca je i
kontaminacija okolisa kao posljedica izlu¢ivanja
uzro¢nika iz organizma domacina pri Cemu
kuéni ljubimac moze biti asimptomatski
kliconosa (Finley i sur., 2006). Navedeno je od
posebnog znadaja za imunokompromitirane
osobe, djecu i starije ukuéane te trudnice koji
borave uz ljubimca (Finley i sur., 2006,
Kukanich, 2011). Stoga je od iznimne vaznosti
upozoriti vlasnike na rizike koji su prisutni kod
hranjenja pasa i ma¢aka BARF obrokom i dati
im smjernice za $to sigurnije koristenje. Pri tome
je kljuéno staviti naglasak na vaznost higijene
okolisa i osobne higijene ¢lanova kuc¢anstva koji
dolaze u kontakt s BARF obrokom i kuénim
ljubimcem, provodenje osobne higijene (pranje
ruku) te pranje i dezinfekcija zdjelica vode i
hrane i provodenje higijene kucanstva. Poseban
naglasak bitno je staviti na onemogucéavanje
feko-oralnog kontakta, ili kontakta odmah nakon
hranjenja kada postoji najveci rizik za kontaktni
prijenos patogena. Vlasnika je potrebno
upozoriti da redovito kontrolira parazitske
bolesti psa i/ili macke koproloskom pretragom
stolice. Bitno je upozoriti vlasnika da BARF
obrok kupuje od provjerenog i registriranog
proizvodaca, ¢iji su proizvodi u skladu sa
propisanim smjernicama o razini hranjivih tvari
u hrani za kuéne ljubimce (NRC, 2006,
FEDIAF, 2018). Nadalje, ako je odabir vlasnika
hranjenje kuénog ljubimca prema recepturi (tzv.

homemade BARF) uz samostalno pripremanje
obroka, vazno je upozoriti na vaznost hranjenja
obrokom koji je uravnotezen i koji se temelji na
recepturi izradenoj od kvalificiranih stru¢njaka u
podrucju prehrane kuénih ljubimaca, kako bi se
izbjegle greske u hranidbi: suficit i/ili deficit
hranjivih  tvari, poglavito makrominerala,
elemenata u tragovima i vitamina. Od vaznosti
je 1 upozoriti na potencijalan zdravstveni rizik
ovakvog nacina hranjenja te procijeniti koje
zivotinje nisu kandidati za prehranu BARF
formulacijama: Zivotinje s bubreznom i jetrenom
patologijom, povijest pankreatitisa, gigantske
pasmine pasa u ranoj fazi rasta, pacijenti
naru$enog  imunosnog  statusa, narusena
peristaltika probavnog sustava ako su u
formulaciju dodane mljevene kosti (Brozi¢ i
sur., 2017). Prilikom boravka osoba narusenog
imunosnog statusa, djece, starijih, trudnica te
zena koje doje u kucanstvu, potrebno je
upozoriti na visok rizik od Sirenja i prijenosa
mikroorganizama 1 parazita sa zoonotskim
potencijalom. Dodatno, proizvoda¢i bi u
uputama koriStenja svojih proizvoda morali
istaknuti pravilan postupak prilikom rukovanja i
pripremanja obroka koji bi ukljuéivao: postupak
odmrzavanja na temperaturi do 10°C i postupak
pripreme kada ¢e se odmrzavati dio obroka koji
¢e se neposredno nakon odmrzavanja iskoristiti.
Bitno je upozoriti da se jednom odmrznuto
pakiranje BARF obroka ne zamrzava ponovno.
Kod hranjenja, obrok u zdjelici za hranjenje
treba biti Sto krace te, ako zivotinja odbija jesti,
obrok je potrebno ukloniti (Hellgren i sur.,
2018).
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Abstract: Diet based on raw meat or more popularly called BARF (Biologically Appropriate
Raw Food) is defined as pet food diet that is composed of thermally untreated animal products that
are either derived from wild or domestic animals and is used as a pet food diet for pets in households.
Raw meat-based diet can be divided into two basic categories: commercially available finished pro-
ducts and diet prepared by pet owner (called homemade BARF). Homemade diets are based on
recipes that are enabling the owner to self prepare the diet. Nevertheless, the recepies used do not
have to be in coordinance with official recommendations that could potentially result in the
development of pathologies as a result of nutrient imbalances. The lack of good quality studies has
resulted in a general discussion on the subject of the potential risks and benefits that arise from this
feeding practice. Studies have determined higher digestibility and excellent palatability of BARF
diets. Nevertheless, studies that would prove beneficial effects of BARF diet on health or as a diet
of choice for certain pathologies are lacking. The proponents of BARF diets base their
recommendation on studies conducted on a small sample over a short period of time, or on popular
publications that have not undergone peer review. On the other hand, research based on evaluation
of infectious disease risks when feeding a BARF diet, is of the better quantity and quality. Namely,
microbiological safety of BARF diets is a crucial segment that manufacturers are obligated to control
with the additional control of all other production procedures (cold chain in all phases of production
and storage) to minimize the contamination with zoonotic pathogens.
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INTRODUCTION

In recent years, the trend of feeding dogs and
cats with BARF (Biologicaly appropriate raw
food) diet has become increasingly popular, be-
sides the usual feeding with extruded or canned
diet. It is estimated that the number of pet own-
ers who feed their dogs wholly or partly on raw
meet diet in some European countries reaches up
to 51 % (Corbee et al., 2013). Products contain-
ing animal by-products and not subjected to heat
treatment can be divided into three groups: so
called chews (porcine ears, veins, tendons), raw
meat based homemade diets (so called
homemade BARF) and commercial BARF
preparations that include muscle tissue, internal
organs and bones and sometimes unpasteurized
dairy products and eggs (Freeman et al., 2013).
Additionally, various vitamins and mineral sup-
plements, oil, fruits and vegetables can be in-
cluded in BARF diet. Pet owners who choose the
BARF feeding regimen often do so because they
consider it to be a natural product without added
preservatives or stabilizers and without added

carbohydrates, which as a result would have pos-
itive effects on health and general condition of
the pet (Morgan et al., 2017). However, still
without scientific evidence, the motivation and
choice to feed a BARF diet is often based in the
personal experience of the pet owner or manu-
facturer (Freeman et al., 2013, Morgan et al.,
2017). Inconsistency within veterinary profes-
sion is the result of the lack of research that
would answer the questions related to the level
of potential risk or, on the other hand, confirm
the positive effects of this feeding form and the
indication of its use in diseased animals. Re-
search that indicates on public health risks when
feeding pets with a raw diet is more numerous,
emphasizing the need for responsible behaviors
as a result of using a raw diet in householders.
The consequence of the inconsistency in atti-
tudes related to benefits and risks of pet feeding
with raw diets is a larger amount of unclear and
contradictory information available to pet own-
ers and veterinarians.

FEEDING DOGS AND CATS WITH RAW MEAT-BASED DIETS

The most widespread concept of raw meat-
based diet is BARF (Bones and Raw Food) diet
concept, whose acronym is now more commonly
translated as Biologically Appropriate Raw
Food. BARF diet for dogs is based on a preda-
tor-prey feeding pattern, whereby only non-heat-
treated foods that are naturally in the predator i.e.
wolf feeding regime are included in the diet
(Stahler et al., 2006). The diet is formulated to
reflect the composition of the prey caught and is
usually composed of muscle, internal organs,

cartilage, bones and a source of fiber in the forms
of vegetables or fruits. Usually the ratio of indi-
vidual components is in approximate proportion
of 80% of muscles, 10% bones, 5% liver and 5%
other secretory organs. Through the BARF con-
cept of diet, dogs are, like cats, included as ob-
ligatory carnivores and, by the proponents of
BARF diet, the carbohydrate component in the
diet is considered undesirable and harmful
(Billinghurst, 2003).

RAW MEAT-BASED DIET COMPOSITION

Raw meat-based diets are defined as pet food
containing thermally untreated products of either
domestic or wild animals’ origin (Freeman et al.,
2013). Diet based on raw meat can be divided

into two basic categories: commercially prep-
ared and prepared by pet owner (so called
homemade). Diets made at home are based on
recipes and allow the owner to prepare them by
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himself. However, used recipes do not have to
be in coordinance with official recomm-
endations related to prescribed nutrient intake
recommendations (Streiff et al., 2002, Dillitzer
et al., 2011). Nutritionally unbalanced diets can
lead to the development of numerous path-ologi-
cal states caused by feeding disturbances (Taylor
et al. 2009, Heinze et al., 2012, Larsen et al.,
2012, Stockman et al., 2013).

Commercial frozen BARF diets, which are
usually declared as balanced and complete pet
diets, are most commonly chosen by pet owners
(NRC, 2006). Balanced formulations that are de-
clared as complete diets for all ages and breeds,
must be balanced and in accordance with the nu-
trient requirements of large and giant dog breeds
at an early stage of development (Hazewinkel et

al., 1991, FEDIAF, 2018). This will lead to the
addition of calcium and phosphorous, usually in-
cluded in the form of ground bones in the ratio
of 1.1-1.6:1, and the presence of many vitamins,
macro-minerals and trace elements at higher
concentrations than prescribed for adult dog di-
ets (FEDIAF, 2018). The composition of com-
mercial BARF diet may vary significantly, due
to manufacturer’s basic recipe, used raw mate-
rial and production process (Freeman et al.,
2013). Commercially prepared BARF diets for
dogs are often available in pet shops. On the
other hand, formulations of the same concept for
cats are rarely available on the market as finished
products, so cat owners who want to feed cats
with BARF diets usually use available recipes
and prepare diets by themselves.

BARF DIET DIGESTIBILITY

Studies have confirmed a better digestibility
of crude protein in raw diet compared to heat
treated one, thus proving a better digestibility of
a BARF diet compared to foods undergoing a
heat treatment process (extrusion or canning)
(Crissey et al., 1997, Vester et al., 2010, Kerr et
al., 2012). Digestibility is influenced by many
factors that are present in the pet food production
process: composition, processing temperature
and processing method: cooking, caning and ex-
trusion. Namely, by thermal treatment, as well as

processes involved in extrusion (moisture and
pressure), proteins and amino acids undergo
structural changes that affect the digestibility of
proteins and the bioavailability of amino acids,
or may result in Maillard reaction, which will re-
sult in a reaction of free amino groups and the
carbonyl compound (Friedman, 1996, Hendriks
et al., 1999, Rutherfurd et al., 2007). Better di-
gestibility of BARF formulations will result in
less feces production (Vester et al., 2010).

IMPACT ON ANIMAL'S HEALTH STATUS

Positive effects attributed to the BARF con-
cept of feeding often include: a positive effect on
immune response, the coat and skin health, re-
duction of dental plaque and tartar, better activ-
ity and general condition of animal (Morgan et
al., 2017). BARF diet feeding has not been mon-
itored through long-term scientific research, so
potential positive effect of feeding with raw diet
should be considered with caution (Schlesinger
and Joffe, 2011). However, the extremely high
digestibility and simple composition of BARF

diet, often with only one source of protein, as a
potential allergen, can result in a good therapeu-
tic response due to the skin or gastrointestinal
manifestation of the allergy, provided the animal
is not allergic to the protein from the composi-
tion (Brozi¢ et al., 2017). The BARF feeding
concept is based in the incorporation of raw
bones into the diet and these are often added in
the form of ground bones to commercial prepa-
rations. Feeding dogs and cats with thermally
untreated whole bones cannot be considered
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completely risk free, since they can be a poten-
tially dangerous due to constipation and perfora-
tion within digestive system as well as teeth and
the oral cavity injuries (Thompson et al., 2012).
When making a BARF diet, it is crucial that no
hazardous raw materials, such as thyroid tissue,

are included in the composition, if the manufac-
turer uses muscle of head and neck. Eating a
BARF diet with thyroid tissue can result in the
development of food induced hyperthyroidism
(Kohler et al., 2012).

MICROBIOLOGICAL SAFETY OF BARF DIET

The research conducted so far has identified
a significant risk of microbial malfunction in
commercial and home prepared BARF diets
(Lejeune and Hancock 2001, Joffe and
Schlesinger, 2002, Weese et al., 2005). How-
ever, thermally treated pet food can also be a
source of pathogen with zoonotic potential and
thus be a risk for human infection (Behravesh et
al., 2010, Nemser et al., 2014). Particularly dan-
gerous is the claim, often promoted by BARF
diet proponents, that pathogenic in raw meat are
not a risk to pets, dogs and cats, since their di-
gestive system is adapted to raw meat feeding.
Namely, numerous studies confirming the clini-
cal manifestation of salmonellosis have been re-
ported in dogs that were fed with raw meat
(Chengappa et al., 1993, Stiver et al., 2003,
Morley et al., 2006, Leonard et al., 2011). As
with humans, the transmission and manifestation
of the clinical signs will be influenced by many
factors including breeding of animals in group,
age and immune status of animal (Hellgren et al.,
2019). Additionally, the incidence of Salmonella

spp. is associated with meat type which is signif-
icantly higher in chicken meat than beef and
pork meat (Zhao et al., 2002, Bohaychuk et al.,
2006, Mollenkopf et al., 2011, Cook et al.,
2012). Besides causative agent Salmonella spp.,
pathogens that are important in controlling the
microbiological safety of BARS rations are:
Escherichia coli 0157:H7, Clostridium spp.,
Campylobacter jejuni and Listeria  spp.
(Freeman and Michel, 2001, Weese et al., 2005,
Strohmeyer et al, 2006, Bohaychuk et al., 2006,
Lenz et al., 2009). Parasite contamination in
meat and fish can be controlled by the freezing
process. The time and temperature at which the
procedure can be performed depends on the type
of parasite and of the meat used in the formula-
tions (Kotula et al, 1991, Huss et al., 2000). Due
to the risk of microbial contamination of animal
by-products, producers of BARF diet may use
high hydrostatic pressure treatment in the pro-
duction process, which may reduce, although not
completely, the number of pathogens in meat
(Aymerich et al., 2008, Baert et al., 2009).

GUIDELINES FOR PETS FEEDING WITH BARF DIET

Public health risk, as a result of a BARF diet
use, is present for owners and other household
members who are exposed to the contact trans-
mission of raw meat pathogenic microorganisms
on daily basis (Lejeune and Hancock, 2001). En-
vironmental contamination is also possible as a
result of the excretion of the pathogens from the
host organism whereby the pet may be an
asymptomatic carriers (Finley et al., 2006). It is

of particular importance for immunocompro-
mised persons, children and the elderly, as well
as pregnant women that live surrounded by pets
(Finley et al., 2006, Kukanich, 2011). It is there-
fore of crucial importance to alert owners to the
risk related to feeding dogs and cats with BARF
diet and to give them guidance on how to use
them safely. It is crucial to emphasize the im-
portance of environmental and personal hygiene
for household members who are in contact with
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BARF diet and pet, the conduct of personal hy-
giene (hand washing), and the washing and dis-
infection of water and food bowls as well as
household. Particular emphases are on disabling
fecal-oral contact, or contact immediately after
feeding, when there is the greatest risk of contact
transmission of the pathogen. The owner should
be warned to regularly control parasitic diseases
of the dog and/or cat by a coprological examina-
tion. It is important to warn the owner to pur-
chase the BARF diet from a verified and regis-
tered manufacturer, whose products comply
with the prescribed nutrient content of the pet
food (NRC, 2006, FEDIAF, 2018). Furthermore,
if pet owner chooses to feed pet according to the
recipe (so called homemade BARF) with self-
prepared diet, it is important to take care that bal-
anced diet based on recipe is made by qualified
experts in the field of pet nutrition, in order to
avoid mistakes in nutrition such as surplus
and/or nutrient deficiency, in particular macro-
minerals, trace elements and vitamins. It is also
important to warn them of the potential health
risks of this feeding method and to evaluate
which animals are not candidates for BARF for-

mulations: animals with renal and hepatic pa-
thology, history of pancreatitis, giant dog breeds
in early stage of growth, patients with impaired
immune status, animals with impaired digestive
system function caused by addition of ground
bones to the formulation (Brozi¢ et al., 2017).
During the stay of people with impaired immune
status, children, the elderly, pregnant women
and women who are breastfeeding in the house-
hold, it is necessary to warn them about the high
risk of spread and transmission of microorgan-
isms and parasites with zoonotic potential. In ad-
dition to that, manufacturers should indicate in
the instructions for use of their products the
proper procedure for handling and preparing the
meal which would include: a defrosting proce-
dure on temperature of 10°C, and a preparation
procedure for defrosting a portion of the diet to
be used immediately after defrosting. It is im-
portant to warn them that once a defrosted pack-
age of BARF diet is not frozen again. When
feeding, the diet in the feeding bowl should be
as short as possible and, if the animal refuses to
eat, the diet should be removed (Hellgren et al.,
2018).
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Omnura ynyrcraa

Tekcr pykommca Tpeba aa ce HPUINPEMH Y
nporpamy MS  Word Thupuwnunom — wiu
natuHuoM (Serbian Cyrilic, Serbian Latin).
@onr Tpeba na Oyne Times New Roman,
BenmnunHa QoHta [2 pt ca jeOHOCTPYKHM
npopenoM. CBe MapruHe MoJIeCUTH Ha 2,54 mm,
a BeMMYHMHE cTpaHuile Ha A4 ca o0oCTpaHUM
MOpAaBHABAKEM Ca YBJIAUCHEM CBAKOI' Macyca.
Tekct paga He Tpeba ma Oyame nyxu oxm 15
CTpaHHIIA ca MpriIo3nMa.yY TeKCTy n30jeraBaTh
ckpaheHune W HemoTrpeOHe  cumbore.
W36jeraBatu crpaHe pujedd, a ako je HYXHO
Tpeba MX NMPEeBECTH Ha CPICKH je3uK. JlaTuHCKe
Ha3MBe [TUCATH Y UMAIUKY, a 32 Ha3UBe JIMjEKOBa

KOPHCTUTH TEHEepHYKa HMEHa. Amapatd u
ypehaju ce HaBoge 1OJ  OPUTHMHAIHUM
TProBaukMM HMEHMMa M Cca  HMEHOM
npousBohaua. bpojee Tpeba nucaru ca 3ape3om
U ca MUHUMaJHO JBHUje neuumaie. Kopucrurn
MjepHe jemumHMIe MelhyHapoxHor cucTema
jemmamma  — ST cuctem.  ®Dortorpaduje,
rpadukone u Tabene Tpeda YBPCTUTH y pal, alu
300T KBaJIUTETA IITAMIIE j€ TIOBOJEHO CIIATH UX U
y mocebHOM donnepy y3 pan. IloxersHo je nma
WIycTpalyje HMajy BHUCOK KBalWTET.Y3 paj
Tpeba JOCTaBUTH JICKJIapaiujy ayropa Koja ce
MOXe IPEY3eTH Ca cajTa yacoruca.

CTpykrypa paja

Berepunapcku kypHan PenyOmuke Cprke
o0jaBJpyje caMO HAaydHO-CTPYYHE palioBe KOjU
UCIIYyHaBajy KpPHUTEpHjyMe IeKIapucaHe Y
[lpaBmiHEKY 0  MyONMKOBakY  HayYHUX
myOnukanuja ~ MuHHCTapcTBAa  HAayKe |
TexHosoruje Pemybnuke Cpricke.

OpurrHaj HH HaydHH pajx Tpeba nga mocjeayje
cnenehe aujerioBe: HACIOBHY CTpaHy, KpaTak
cazipkaj, yBOZ, MaTepHjaji U MeTo/ie, pe3yTare,
JIMCKYCH]jy, 3aKJby4aKk U crucak jureparype. [1o
moTpedu je MOTpeOHO HANMCATH 3aXBAJTHHUILY H
HAaIlOMEHY aKO je MCTpaXKUBame (DMHAHCHPAHO
ca TpojeKTa.

Hacnoena cmpana

Ha nacioBHOj cTpaHu HanMCaTH:

— Ha3WB WIaHKa - Tpeba OUTH KpaTak H
nHdopmaroBan; [lume ce HUCKIbYYHBO
BEIHKHM cJoBMMa. BemmumHa cioBa 12
(pY). Y HacnoBy He HaBOOUTH cKpaheHuIIE.

— HMEHa ayTopa - HallHMCcaTH HCIOJ HacloBa.
OOaBe3HO HArJacUTH IIyHa WMEHa U
Ipe3uMeHa aytopa. Y CYNEpCKpPHIITYMY
HarjgacuTéd OpojeBe KOjH O3HAa4aBajy y
(yCHOTH MHCTUTYIIH]Y Y KOjEMa Cy ayTOpH
3aII0CIICHH.

— WMe M Ipe3uMe KOPECIIOASHTHOT ayTopa —
HaBECTH Ha JIHY CTPaHHUIIE Ca KOHTAKTOM (e-
mail w/vm TeneoH) U MHCTUTYIIH]OM TIIje
je ayTop 3aIocieH;

Kpamak caopircaj

Kparak campikxaj Kynatu Ha oceOHOj CTAHUIH Y
obumy 10 250 pujeun. [lopen HacioBa paga u
MMEHa ayTopa KpaTak cajpxkaj Tpeba na
nocjenyje HajOMTHHje WHPOpMaIMje W3 pana.
Hcnon kpatkor canpikaja HaBeCTH 3-6 KIbYIHAX
pujeun. Kparak caaprkaj ce nuie Ha CPIICKOM H
CHIJIECKOM jE3HKY.

Yeo0

Y yBoay pama omucaTH TeMy KOjoj je pan
nmocBeheH. Harmacuti HajHOBHje YMEHCHUIC H
Hay4yHe mpoOieMe ca o0paslokKeHmeM IHba
COIICTBEHHX HCIIMTHBama. YBOJ HE CMHje Jaa
Oyne ommmpan. [Ipemopydyje ce ma y yBony
Oydy HarjamieHH HAjHOBUJU JIMTEPATypHHU
MOZAI. YBOJ MOpa J1a OTIpaB/ia HCTPAKHUBAILE.

Mamepujan u memooe

Marepujan u MeToJIe MOpajy Ja jacHO H
KOHI[M3HO  OMHUINy OrJiel, Marepujal u
JKUBOTUELE HA KOjUMA CY EKCIIEPUMEHTH
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W3BEIICHH, Ka0 M METOZE Koje cy KopuiaheHe y
orueny.

Pezynmamu

PesynraTu ce Tpebajy npukazaTH y BUAY TEKCTa,
tabena, rpagukoHa u oapehennx mnycrpanuja.
TaGene Tpeba na Oyny jacHe W mperyienHe, ca
00aBe3HOM JIETEHAOM Yy KOjoj je mJaro
objammmeme ckpaheHnna u cumbOoia. CBaku
npwiior Tpeba ma mma HacyioB (uW3Haz Tabena,
OJTHOCHO HWCIIONl TpadMKOHA W CIHKA) Y KOMeE
Tpeba OWTH jacHO Ha3HAYEHO INTa MPIJIOT
MpuKasyje.

Huckycuja

Y  OWMcKycHjm — W3BpPIIMNTH  KOMITapamwujy
COICTBEHHX PE3yJITaTa ca pe3yJiTaTuMa CTPaHUX
n pgomahmx ayropa koju cy oOpahusamu
npoOJieM U TeMAaTHKY HCTHUX HIIM CIIMYHHX TeMa.

3axkmyuak

VY 3akipyuKy Ce JOHOCE KOHauyHa pa3Marpamba
ayTopa Ha OCHOBY oOpaljene Teme.

Jlumepamypa

Kopuctn ce XapBapackM HayMH HaBOhema
muteparype. Pedepeniie mopajy ma Oymay mro
HOBUje ¥  aKTyejHuje. 300r cMamema
MoryhHOCTH rpeliaka UMeHa CTPaHuX ayTopa ce
NUIOIy Ha JaTHHMOM Yy wuranuky. Kama ce
JUTEpaTypa HABOIHU Y TEKCTY MHIIIE CE MPe3nMe
ayrtopa u roauHa myonukanuje (Hemuh, 2012).
AKO Cy W mWTawky JBa ayTopa NHIIy Cce
mpe3uMeHa 00a ayTopa W TOJMHA MyOInKaImje
(Spelly and Morgan, 1998), a y cirydajy Bwuie
ayropa TOcle TIPBOI ayTopa Joiaje ce
ckpahenwnma ,,u cap.” (Henuh u cap., 2011).

AJIPECA YACOITHCA:

VY cmucky nurepatype pedepeHiie HyMeprcaTH
aparckuM OpojeBHMa W CIOXHTH HX 10
a30ygaom  (hmpmimmma) wim — abenegHOM
(matmaMIA) pexy. HaBoae ce Ha ciepehn HauwH:

Hay4nu unanaxk:

Hemuh 1., Temmmh M., Bantuh M., ITnaBmuh bB.,
Tajouh  H., Mupmwrosuh M.  (2011):
Management and control program  for
suppression and eradikation of classical swine

fever in Serbia. Acta Vet 61:295-307.

Kmura:
Temuh M., Hemuh [. (2011): Menayumenm
semepunapcke npakce, dakynarer

BeTepuHapcKke mequnuHe, beorpan.
Hornasibe paga:

Alderson GLH (1991): 4 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

Momnorpadmuja:
Anexcuh-Kosauesuh Cama (2005): Jlumgpomu

naca u mayaxa. Mnagoct 6upo, beorpan

Pan wim kpaTtak cajap:kaj us 36o0pHuka
panoBa:

hymuh B., Tpaumnosuh /1., Jo6puh C., Benes P.
(2005): 3Hauaj parpioHaTHE MMPHMEHE JICKOBA y
BETEPUHAPCKO] METUIHHHU. Proceeding of
Workshop Clinica Veterinaria Ohrid,
Maxkenonuja, 3-7. senrembap 207-9.

JY Betepunapcku unctutyt Pemybnuke Cprcke ,,JIp Baco byro3an* bama Jlyka

Bpanxka Pagmuesuh 18, 78000 bama Jlyka
Tenedon/dakc: +387 229-210

I'naBuu ypennuk: I[Ipod.ap Aparo H. Henuh: drago.nedic@virs-vb.com; drago.nedic@gmail.com

http://virs-vb.com/veterinarski-zurnal-rs/arhiva/

http://doisrpska.nub.rs/index.php/VJRS/issue/archive
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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;

Name and surname of the correspondent author
shold be listed on the bottom of the page with a
contact (¢ — 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 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
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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 there
two authors, it should be written the surnames of
both authors and the year of publication (Spelly
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:

Editor- in-Chief: Prof.dr. Drago N. Nedic

Journal article:

Nedic D., Tesic M., Baltic M., Plavsic B., Tajdi¢
N., Mirilovic 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): 4 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.

Abstracts and short summaries from the

proceedings:

Cupi¢ V., Trailovic D., Dobric 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.
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