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Ozet

Koyunlar mevsimsel poliéstrik hayvanlardir. Yerli gen kaynagimiz olan Akkaraman-Kangal )
.. . . . Received 19 July 2019

irk1 koyunlar da yil i¢inde sadece lireme sezonunda (sonbahar aylarinda) sekstiel aktivite Received in revi

. . . N . . eceived in revised form 30 July 2019
gostermektedir. Bundan dolay1 tireme sezonu diginda (andstriiste) gebelik elde etmek igin Accepted 4 August 2019
farkl seksiiel uyarimlar yapilmasi gerekmektedir. Bu amagla mevcut ¢alisma her grubun 15
bas prepubertal kuzu (10-14 aylik) ve 10 bas primipar koyun (postpartum 55-70.giinlerinde
olan) ihtiva ettigi {i¢ grup ile derin andstriis doneminde (Mayis-Haziran) olan hayvanlarda
yliriitiilmistiir. Biitlin gruplara 0. giin 100 pg gonadorelin diasetat tetrahidrat kas ici

enjeksiyonu ile birlikte 20 mg flurogestan asetat iceren sponj 7 giin siireyle vaginada Anahtar kelimeler:
tutulmusg ve sponj ¢ikarildig giin 131,5 pg kloprostenol sodyum ve 600 IU eCG kas igi Akkaraman, andstrus, kangal, prepubertal,
enjeksiyonlar1 yapilmistir. Sponj ¢ikarildiktan 56 saat sonra (10. giin); Grup 1’deki kovun.

hayvanlara 100 pg gonadorelin diasetat tetrahidrat (GnRH), Grup 2’deki 600 IU hCG
enjeksiyonu yapilirken, Grup 3 (Kontrol)’deki hayvanlara 2 ml serum fizyolojik
enjeksiyonlarin1 takiben ko¢ katimi yapildi ve koglar 5 giin boyunca (10-15. giin)
koyunlarla birlikte kaldi. Gruplar arasinda Ostrus gosterme, gebe kalma oranlari ve esit
giinlerde progesteron seviyeleri degerlendirilmis olup gruplar arasinda bu parametreler
yoniinden olusan fark istatistiki yonden anlamli bulunmadi. Modifiye U-synch ve Primipar Koyunlara GnRH ve hCG
yontemlerinin prepubertal toklu ve primipar koyunlarda reproduktif etkinligi benzer Uygulamalannin Fertilte Uzerine Etis. Turk Vet
bulundu. Sonug olarak Akkaraman Kangal irki prepubertal toklu ve primipar koyunlarda 1,1(2):60-68,

modifiye U-synch yontemleri ile andstriiste gebelik elde edilebilecegi belirlenmistir.

Cite this article: Taka A (2019) Modifiye U-
synch Protokolii ile Mevsim Disi Senkronize
Edilen Akkaraman Kangal Irki Prepubertal Kuzu

The Effects of GnRH and hCG Applications on Fertility in Akkaraman Kangal Prepubertal Lambs and Primiparous Sheep with
Synchronized Modified U-synch Protocol and out of Breeding Season

Abstract

Sheep are seasonally polyestrous. Our native genetic source Akkaraman-Kangal breed sheep show sexual activity only in breeding season (months of fall)
throught year too. Diffirent induction methods are needed to produce lamb out of breeding season). For this purpose, the study conducted on 3 groups
which involve 15 prepubertal ewe lamb (10-14 months of age) and 10 primiparous ewe (55-70 days of postpartum) in deep anestrous (may-june). Each
group was recieved 100 g gonadorelin diacetate tetrahydrate (GnRH) together with progestrone including sponge (20 mg flugeston acetate). Sponge
was out 7 days (7th Day) later following 131,5 ug PGF2ax and 600 IU eCG injection. 100 g gonadorelin diacetate tetrahydrate (GnRH), 600 U hCG and
2 ml sterile saline solution was injected to group 1, 2 and 3 respectively at the 56th hour following sponge out. Ram were introduced to the groups for 5
days after injection (between 10-15th days). Progestrone levels, Estrous and pregnancy rate were evaluted. Significant diffirences was not observed
between groups. Reproductive efficiency of the modified U-synch method found to be smilar in prepubertal ewe lambs and primiparous ewes. In
conclusion, it was determined that a reasonable pregnancy rate can be achieved with modified U-synch method in Akkaraman-Kangal prepubertal ewe
lambs and primiparous ewes.

Key words: Akkaraman, anestrus, kangal, prepubertal, sheep.

Giris

Koyunlar mevsime bagl iireme 6zelligine sahiptirler. ¢ikmaktadir. Dogumlarin belirli bir zaman diliminde
Ureme sezonunda ostrus siklusunun ardisik sekilde olmas1 kuzu ve siit iiretimlerinin de yilin bir doneminde
tekrar etmesi sebebiyle mevsimsel polistrik hayvanlar yogunlasmasina neden olmaktadir. (Gémez-Brunet ve
olarak nitelenir. Mevsime bagli tireme 6zelligi dogal bir ark., 2008; Bartlewski ve ark., 2011; Abecia ve ark.,
kontraseptif (gebelik oOnleyici) olarak karsimiza 2012; Weems ve ark., 2015; Pampori ve ark., 2018).
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Koyunlarda reproduktif etkinliginin degerlendirilmesi
koyunlarin yasamlart boyunca sahip olduklart kuzu
verimlerine bakilarak yapilmaktadir. ilk kuzulama yasi
ve kuzulamalar arasindaki zamanin azaltilmasi halinde
reprodiiktif verimin artig1 bilinmektedir. Sezon disinda
farkli uygulamalar ile ovulasyonlar saglandigi takdirde
iireme sezonu ve pubertasa ulagsma yasi
ayarlanabilmektedir (Lewis ve ark., 1996).

Koyunlar 7-10 ayhik yasta yetiskin agirliginin
%50-70’ine ulastiginda pubertasa erisirler. Kuzularda
pubertaya geciste mevsim belirleyici rol oynamaktadir.
Beslenme ve viicut agirligi gibi faktorler yeterli olsa
dahi sezona ulasilmadan kuzularin pubertal aktivite
gostermeleri miimkiin degildir. Bu nedenle agim sezonu
disinda pubertasa gegis igin gerekli olgunluga ulasan
kuzular ancak takip eden asim sezonunda pubertasa
ulasabilmektedir (Valasi ve ark., 2012). Dogumdan
sonraki ilk y1l igerisinde pubertasa ulasarak gebe kalan
kuzular yetigkin olduklarinda daha yiiksek reprodiiktif
performans sergilemektedir. Bu nedenle reprodiiktif
olgunluga erigmis ancak mevsimsel olarak pubertasa
erisemeyen kuzularda yapilacak uyarimlar reprodiiktif
etkinligi ve verimliligi dogrudan artirmaktadir (Edwards
ve ark., 2015).

Uremenin kontrol altina alinmasinda fotoperiyod
uygulamalari, kog etkisi, yogun besleme (flushing) gibi
dogal yontemler kullanilsa da pratikte koyun ve
kegilerde iiremeyi kontrol altina almak icin GnRH,
progestagenler, Ostrojenler, PGF2a ve analoglari,
melatonin, gebe kisrak serum gonadotropini (eCG/
PMSQG), insan koryonik gonadotropini (hCG), melatonin
gibi hormonlar ve bunlarin kombinasyonlari
kullanilmaktadir (ibis & Agaoglu, 2016).

Siklikla kullanilan yontemlerden biri olan kog etkisi
progesteron uygulamalarindan sonra kisa siire icerisinde
LH salimimimi artirarak Gstrus ve ovulasyonlarin daha
dar bir zaman aralifinda senkronize bir sekilde ortaya
cikmasini saglamaktadir (Ungerfeld, 2011). Benzer
sekilde koyunlarda yapilan sabit zamanli suni
tohumlama protokollerinde progesteron uygulamalarini
takiben 36-48. saatlerde GnRH uygulamalar:
yapilmaktadir (Reyna ve ark., 2007). Buna ragmen
yapilan bazi caligmalarda progesteron uygulamalar
sonrasinda GnRH enjeksiyonunun iireme etkinligi
artirsa da ¢alisma sonunda elde edilen lireme sonuglari
etkilemedigi belirtilmektedir (Walker ve ark., 1989,
Eppleston ve ark., 1991). Bunun yaninda prepubertal
hayvanlarda pubertasa gecis siirecinde yapilan
uyarimlarda daha diisiik gebelik oranlar1 elde
edilmektedir (Edwards ve ark., 2015). Pubertasa gecis
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siirecinde prepubertal hayvanlarda yetiskinlere kiyasla
¢ok daha diisik miktarlada LH salinimi meydana
gelmekte bu nedenle ilk fertil ovulasyon oOncesinde
ovulasyonsuz Ostruslar ve subdstrus olgulari
goriilmektedir (Foster & Hileman, 2015). Prepubertal
hayvanlarda makul gebelik oranlari elde edilmesi
amaciyla progesteron uygulamalariyla yapilan
uyarimlarda uzun siireli ko¢ katimi yapilmaktadir
(Abecia ve ark., 2016; Kivrak, 2019).

Prepubertal hayvanlarda senkronizasyon siiresini
kisaltmak amaciyla gelistirilecek yeni uygulamalar
maliyeti azaltarak karliligin artmasini1 saglayacaktir. Bu
nedenle yapilan ¢aligmada modifiye-U synch yontemi
ile senkronize edilmis, progesteron uygulamasindan
sonra GnRH ve hCG uygulanmis prepubertal kuzu ve
primipar koyunlarda kisa siireli ko¢ katiminin 6strus ile
gebelik oranlarit iizerine etkisinin belirlenmesi
amaglanmigtir.

Gere¢ ve Yontemler

Bu calisma uygulamalarina; Cumhuriyet Universitesi -
Hayvan Deneyleri Yerel Etik Kurulu’nun 196 say1 ve
08.02.2019 tarihli karar1 ile T.C. Tarim ve Orman
Bakanligi’min 71037622-325.04.02-E. 81906 say1 ve
08.01.2019 tarihli karariyla ¢aligmada kullanilacak olan
koyun ve koglarda yapilacak tiim uygulamalar, hayvan
haklar1 ve deney etigine uygun olarak yiiriitiildii.

Yapilan calismanin materyalini; Sivas Ili Giiriin flgesi
38.841171 enlem ve 37.289158 boylamda yer alan
koyunculuk igletmesinde bulunan 24 aylik yasta 30 bas
primipar koyun, 10-14 aylik yasta 45 bas prepubertal
kuzu ve 24-60 aylik yasta 7 bas Akkaraman-Kangal 1rk1
kog olusturdu. Calisma 6ncesinde kullanilan koyunlarin
genel saglik muayeneleri yapildi ve saglikli oldugu
belirlenen hayvanlar ¢alismaya dahil edildi. Calisma
oncesinde koc¢ etkisinden yararlanmak amaciyla koglar
siriden uygulamalara baslamadan 1 ay dnce ayrildi.
Hayvanlarin beslenmesi yalnizca merada olup,
uygulamalar Oncesi veya uygulama siiresince ilave
besleme yapilmadi.

Calismaya dahil edilen hayvanlar rastgele her grupta 10
primipar koyun ve 15 prepubertal kuzu olacak sekilde
toplam 45’er hayvan bulunan 3 esit gruba ayrildi.
Calismaya dahil edilen tiim hayvanlara 0. giin kas ici
(iM) olarak 100 pg gonadorelin diasetat tetrahidrat
(Ovarelin®, CEVA) enjeksiyonu ile birlikte 20 mg
flugeston asetat igeren intravaginal siinger
(Chronogest®, MSD) yerlestirildi. Siingerlerin 7. giin
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cikarilmasini miiteakip 600 IU eCG (PMSG-Intervet®,
MSD) IM ve 131.5 pg cloprostenol sodyum
(Estrumate®,MSD) IM enjeksiyonu yapildi. Daha sonra
1. grupta bulunan hayvanlara slingerler ¢ikartildiktan 56
saat sonra (10. glin) 100 pg GnRH, 2. grupta bulunan
hayvanlara 600 IU hCG (Chorulon®,MSD), 3. grupta
bulunan hayvanlara ise 2 ml serum fizyolojik (S.F.)
soliisyonu IM olarak uygulandi. Siinger ¢ikartildiktan 56
saat sonra yapilan enjeksiyonlari takiben tiim gruplara 5
glin (10-15. giin) siireyle ko¢ katimi yapildi. Koglar
belirtilen siire i¢inde giin boyu koyunlarla birlikte kaldi.
Kog¢ katimi siiresince en az 1 kez ¢iftlesen hayvanlar
Ostrus pozitif olarak kaydedildi. Caligma baglangicindan
itibaren 38. gilinde tiim hayvanlara transrektal, 98. giinde
ise transabdominal olarak ultrasonografi (Mindray
DP50/Vet/Us, 2-10 MHz koyuna spesifik transrektal
linear prob, konveks prob) ile gebelik muayenesi
yapildi. Gebe oldugu belirlenen hayvanlarda gebelik
muayeneleri sonrasinda sekillenebilecek fotal dliimleri
belirlemek i¢in gebe hayvanlarin dogumlari
gozlemlenerek kayit altina alindi.

Kan orneklerinin alinmasi1 ve degerlendirilmesi:
Uygulamalar esnasinda (slingerler takilirken,
¢ikarilirken, c¢ikarildiktan 56 sonra ko¢ katiminda ve
tim gebelik muayanelerinde) progesteron seviyesi
belirlenebilmesi i¢in vena jugularisten 10 ml kan
ornekleri alindi. Oda sicakliginda yarim saat
bekletildikten sonra kan 6rnekleri sogutmali santrifiijde
3.000 devir/5dakika olacak sekilde santrifiij edildikten
sonra serum Orneklerinin her birinden 2 adet 1 ml’lik
mikrosantrifiij tiiplerine alinarak 6l¢iim zamanina kadar
—80°C’de stoklandi. Progesteron ol¢iimii analitik
sensitivitesi <0.1 ng/ml ve 6l¢lim araligi: 0.1 ng/ml-36.0
ng/ml progesteron olacak sekilde ARCHITECT
Progesteron Chemiluminescence (7K77) Abbott test kiti
ve tam otomatik ARCHITECT -i2000SR (Abbott) cihazi
kullanilarak Chemiluminescence Microparticle
Immunoaasay (CMIA) yontemi ile yapildi. Caligma igi
(intra-assay) coefficient of variation (CV)’u disiik ve

0. Giin 7. Giin

10. Giin (56. Saat)
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yliksek seviyeli progesteron konsantrasyonlar1 icin
sirastyla %3.4-5.5 ile %1.6-2.2 arasinda degismektedir.
Analizler Serum (serum ve serum separator tiiplerine
alinan kanlarda) ve Plazma (Na heparin, Li heparin ve K
EDTA antikoagiilanlar1 ile) &rnekleri i¢in 32 valide
edilmistir. Belirtilen antikoagiilanlar digindaki diger
antikoagiilanlarla validasyon yapilmamaktadir.

Istatistiksel analizler: Calismada elde edilen verilerin
istatistiksel analizi SPPS 25 (IBM Corp. Released 2017.
IBM SPSS Statistics for Windows, Version 25.0.
Armonk, NY: IBM Corp.) istatistik paket programi
kullanilarak degerlendirilmistir. Degiskenlerin 6ncelikle
Shapiro wilk ve Levene testi ile normallik ve
homojenlik varsayimlarini saglayip saglamadigi kontrol
edilmistir. Gebe oldugu belirlenen hayvanlardaki
progesteron seviyesi ortalamalar1 tek yonlii varyans
analizi kullanilarak degerlendirilmistir. Post hoc olarak
Bonferonni testi kullanilmigtir. Gebe oldugu belirlenen
hayvanlarda gruplar arasinda tekiz ve coklu gebelik
oranlar ile ¢iftlesen hayvanlarda gebelik oranlar1 Monte
Carlo simiilasyonu kullanilarak ki-kare analizi ile
degerlendirilmistir. Gruplar arasinda gebelik ve Ostrus
oranlar1 ki-kare analizi kullanilarak degerlendirilmistir.
GnRH, hCG ve kontrol gruplarinda gebe oldugu tespit
edilen hayvanlarin primipar veya prepubertal olma
durumu arasinda iliski ikili lojistik regresyon analizi
yapilarak degerlendirilmistir. Calismada veriler %
olarak ifade edilmistir. Anlamhilik diizeyi p<0,05 ve
p<0,01 degerleri olarak kabul edilmistir.

Bulgular

Calismanin materyalini olusturan koyunlarin tamami
stireci eksiksiz tamamladi. Gruplarda senkronizasyonun
saglanmasi adma 0. giinde vagina icine uygulanan
progesteron igeren siingerler 7. giinde eksiksiz olarak
¢ikarildi. Stingerin ¢ikarilmasi sirasinda higbir hayvanda
vaginitis belirtisi gortiilmedi. Ultrasonografik olarak
gebe oldugu ve yavru sayist belirlenen koyunlarin

15, Giin 38. Giin 98, Giin

GnRH PGF2a
PMSG
Progesteron 3. Grup S.F.

Sekil 1. Gruplara yapilan uygulamalarin sematik gosterimi.

1. Grup GnRH \_H USG USG
2, Grup hCG

Kog Katimi
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Tablo 1. Gruplarda siinger takilirken, ¢ikarilirken ve ¢ikarildiktan sonraki 56. saatteki ortalama progesteron

diizeyleri.

Grup (n:25) 0.giin (siinger takilirken)

Median Progesteron ng/ml

7. giin (siinger ¢ikarilirken)
Median Progesteron ng/ml

10. giin (siinger cikarildiktan
sonraki 56. Saat)

(min-max) (min-max Median Progesteron ng/ml
(min-max)
1. Grup (GnRH) 0,19 0,24 0,43
(0,10-0,56) (0,10-1,41) (0,20-0,82)
2. Grup (hCG) 0,17 0,24 0,22
(0,10-1,96) (0,11-2,04) (0,10-2,91)
3. Grup (Kontrol) 0,18 0,25 0,37
(0,12-1,71) (0,11-2,43) (0,11-0,65)

Tablo 2. Gebelik muayenesi (38. Giin) sirasinda
ortalama progesteron diizeyleri.

Grup (n:25) ng/ml £ standart sapma

1. Grup (GnRH) 3,9329 + 1,32882

2. Grup (hCG) 5,0290 + 1,83126

3. Grup (Kontrol) 3,9329 +1,32882

dogumlar1 izlendi ve ultrasonografi kayitlar1 ile
karsilagtirildi. 38. giinde yapilan gebelik muayenesinde
belirlenen yavru sayilar ile dogum yavru sayilarinin
esdeger oldugu belirlendi.

Oncelikli olarak gruplarda bulunan hayvanlarda
primipar ve prepubertal olma durumu ile bu hayvanlarda
Ostriis gosterme, gebelik, ¢ogul gebelik oranlari ve
progesteron diizeyleri arasindaki iligki ikili lojiktik
regresyon analizi ile degerlendirilmis ve grup icinde
primipar ve prepubertal olma durumunun istatistiksel
farklilik olusturmadigi belirlenmistir. Bunun igin
tablosal ve grafiksel gosterimlerde gruplar bir biitiin

olarak ele alinmigtir.

Tablo 3. Ureme bulgular:.

Gruplarda bulunan hayvanlarin yas ortalamalari
karsilastirildi ve istatistiksel olarak farklilik tespit
edilmedi (p>0,05). Hayvanlara siingerin ¢ikarilmasini
takiben 56. saatte yapilan uygulamalarin progesteron
seviyesi ilizerine etkisinin belirlenmesi amaciyla gebelik
muayenesi sirasinda alinan kan orneklerinde yapilan
Olciimler karsilastirildiginda gruplar arasinda
progesteron diizeyleri bakimindan istatiksel anlamlilik
tespit edilmemistir (p>0,05). Gruplarda siinger
takilirken, c¢ikartlirken ve ¢ikarildiktan sonraki 56.
saatteki ortalama progesteron diizeyleri Tablo 1°de
gosterilirken 38. giinde gebelik muayenesi esnasindaki
progesteron diizeyi Tablo 2°de gosterildi. Hayvanlarin
uygulamalar esnasindaki kan 6rneklerine ait progesteron
seviyelerinin grafiksel dagilim1 Sekil 2-5’de verildi.

Ostrus gosterme oranlar1 incelendiginde gruplar
arasinda istatistiksel bir farklilik belirlenmemistir.
GnRH ve hCG grubunda 13, Kontrol grubunda ise 11
hayvanin ¢iftlestigi tespit edilmistir. Gebelik
muayenesinde ¢iftlestigi tespit edilmedigi halde gebe
olan bir hayvan belirlenmemistir. ~ Gruplar c¢oklu ve
tekiz gebelik bakimindan incelendiginde 1. grupta
(GnRH) 1 ¢oklu 6 tekiz 2. grupta (hCG) 6 ¢oklu 4 tekiz,
3. grupta 1 c¢oklu 7 tekiz dogum tespit edildi.
Gruplardaki {iremeye iliskin bulgular Tablo 3’de
verilmistir.

Grup (n: 25)

(1. grup) GnRH (n: 25)

(2. grup) hCG (n: 25)

(3. grup) S.F. (n: 25)

Ostrus oram Gebelik orani Cogul gebelik oram
Prepubertal (n:15) % 53,33 (8/15) % 26,66 (4/15) % 25 (1/4)
Primipar (n:10) % 50 (5/10) %30 (3/10) % 0 (0/3)
Prepubertal (n:15) % 46,66 (7/15) %40 (6/15) %606,66 (4/6)
Primipar (n:10) %60 (6/10) % 40 (4/10) %50 (2/4)
Prepubertal (n:15) %40 (6/15) % 26,66 (4/15) %25 (1/4)
Primipar (n:10) %50 (5/10) % 40 (4/10) % 0 (0/4)
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Tablo 4. Gruplar igerisinde ¢oklu ve
tekiz gebelik oranlari. (*Ayni
harfler arasinda istatistiksel farklilik
tespit edilmemistir (p=0,058).
Oransal hesaplamalar her grup igin
ayrt ayri tekiz ya da c¢oklu gebelik
sayisi / grupta bulunan gebe sayisi
olacak sekilde hesaplanmustir).

8,00

6,00

Progesteron

400
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Gebelik oram

Grup (kiimiilatif) Coklu Tekiz

(1. grup) GnRH (n:25) 28,0%2 14,3%2 85,7%%
(2. grup) hCG (n:25) 40,0%2 60,0%2 40,0%2
(3. grup) S.F. (n:25) 32,0%2 12,5%2 87,5%2

GnRH hCG Kontrol
Sekil 2. Gruplarda 38. giinde gebelik muayenesinde progesteron diizeyi dagilima.
2,00 39
2 55

1,50 59
e *
£ S5
g 83
c
S 10
@
k]
L
o
2 30
o 23 -

*
50 16
o
00
GnRH hCG Kontrol

Sekil 3. Gruplarda 0. giinde siingerlerin takildig1 esnada progesteron diizeyi dagilimu.
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250 56
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00
GnRH hCG Kontrol
Sekil 4. Gruplarda 7. giinde siingerlerin ¢ikarildig1 esnada progesteron diizeyi dagilimi.
300 39
*
250
? 2,00
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£
c
g 150
@
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o RE .
56
27 *
T .. —
— :
00 =
GnRH hCG Kontrol

Sekil 5. Gruplarda 10. giinde (slingerler ¢ikarildiktan sonraki 56. saat) progesteron diizeyi dagilimi.

Gruplar toplam (Prepubertal + Primipar) olarak ¢ogul
gebelik yoniinden karsilagtirildiginda istatistiksel fark
belirlenmemistir (p=0,058). Grup igerisinde tekiz ve
coklu gebelik oranlar1 Tablo 3’de gosterilmistir.

Ultrasonografi ile yapilan gebelik muayeneleri sirasinda
38. ve 98. giinlerde gerceklestirilen muayenelerde ayni
sonuglar elde edildi. Bu nedenle hicbir grupta erken

fetal 6liim ya da abortus sekillenmedigi kabul edildi.
Gebelik sayilar1 incelendiginde 1. grupta (GnRH) 7, 2.
grupta (hCG) 10, 3. grupta 8 hayvanin gebe oldugu
tespit edilmistir. Istatistiksel olarak karsilastirildiginda
gruplar arasinda belirgin bir farklilik goriilmemistir
(p>0,05). Gebelik oranlar1 Tablo 4’de gdsterilmistir.
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Tartisma

Koyunlarin andstriis doneminde reprodiiktif olarak etkin
olmayis1 isletme verimliliginin en Onemli problemi
olarak karsimiza cikmaktadir (Knight ve ark., 1983).
Koyunlarin ovaryumlarinin folikiiler dinamizm
agisindan andstriis doneminde tamamen durgun
olmadigr veya dinamik oldugu bilinmektedir. Bu
donemde FSH sentezinin devam ettigi ve bu FSH
dalgalanmalarina paralel olarak folikiiler gelisim
dalgalanmalarinin da mevcudiyeti bilinmekte
(Bartlewski ve ark., 1998) ve andstriis periyodunda
folikiiler aktivitenin devam etmesine istinaden
ovulasyona yapilacak miidahaleler ile gebeliklerin elde
edilebildigi iiretim sistematigine ulasilabilmektedir
(Simdes, 2015). Bu g¢aligmada Sivas il sinirlart
icerisinde uzun yillardir yetistiriciligi yapilan bolgesel
bir irk olan Akkaraman Kangal irki prebubertal kuzu ve
primipar koyunlar kullanilarak yetistiriciler igin en
onemli ekonomik getiri olan kuzu {iretimini artirmak
amaciyla andstriis periyodunda farkli Ostriis
senkronizasyon yontemleri kullanilarak seksiiel uyarim
gerceklestirilmeye ve bodylece etkin bir {ireme
verimliligi yontemi belirlenmesi amaglandi.

LH ve hCG’nin benzer yapiya sahip olmalar1 ve ayni
reseptorlere baglanabilmeleri sebebiyle benzer etki
gosterdikleri bilinmektedir (Lapthorn ve ark., 1994).
Bir¢ok hayvan tiriinde uygulanan hormon
protokollerinde hCG ovulasyon indiikleyici olarak
kullanilmaktadir (Ginther ve ark., 2009). Ciftlesme
periyoduna yakin bir zaman diliminde hCG
uygulamalarinin ¢ogul gebelik oranlarini artirdig1 ancak
fertilite ve kuzulama oranlarini diigiirdiigti belirlenmistir
(Zamiri & Hosseini, 1998). P4 destekli vajinal sponjun 9
glin stireyle uygulanip ¢ikarildigi bir caligmada bir
gruba siinger ¢ikarildiktan 24 saat sonra 500 IU hCG
uygulanirken diger gruba uygulanmamistir. Yapilan
muayenelerde ovulator folikiiliin caplar1 her iki grupta
benzerlik gosterirken hCG uygulamasimin sadece sponj
cikarilmasiyla ovulasyon sekilleninceye kadar ki siireyi
kisalttig1 bununla beraber gebelik oranlarini diisiirdiigii
belirlenmigtir (Dias ve ark., 2018). Mevcut calismada
siinger ¢ikarildiktan 56 saat sonra 2. gruba 600 IU hCG
uygulamasi yapilarak ve kog¢ katimi yapildi. Boylece
hCG uygulamasimin reprodiiktif parametreler (Ostriis
gosterme, gebe kalma ve ¢ogul gebelik oranlari) iizerine
etkinliginin belirlenmesi amaclandi. Gruplar arasinda
reprodiiktif parametreler yoniinden istatistiksel fark
bulunamamasina ragmen hCG uygulanan grupta ¢ogul
gebelik sayismmin her iki gruptan da fazla oldugu
belirlendi. Bununla birlikte silinger uzaklastirildiktan
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sonra hCG uygulamasinin fertilite ve kuzulama
oranlarin1 {izerine etkisi tam olarak belirlenemedi.
GnRH yiiksek oranda olmasa da andstrustaki
koyunlarda ovaryum faaliyetlerini ve senkronize
sikluslarda ovulasyon sansini arttirmak igin
kullanilabilmektedir. Ureme mevsiminde yapilan
senkronizasyon c¢aligmalarinda siinger c¢ikarilmasindan
24 saat sonra GnRH’1n 100 pg dozunda uygulanabildigi
bilinmektedir. Ancak, bu uygulamanin andstrus
déneminde ovulasyon zamanina pek etkisinin olmadigi
bilinmektedir (Ozyurtlu & Bademkiran, 2010).
Anostriisde yapilan mevcut bu g¢alismada da benzer
sekilde siinger ¢ikarildiktan sonra GnRH uygulanip
uygulanmamasinin iireme parametreleri iizerine
etkisinin olmadig1 belirlendi.

Sezon dis1 yapilan bir ¢caligmada materyal olarak bizim
calismamizdaki prepubertal kuzularin yas araligindaki
Romney-cross 1rki prepubertal kuzular kullanilmistir.
Standart U-synch senkronizasyon protokoliiniin
uygulandig1 ¢alismada 0. gilin progesteron igeren vajinal
gerecin uygulandigi esnada 50 pg dozunda GnRH
uygulanmis ve 7 giin sonra vajinal gerecin cikarildigi
esnada 125 pg PGF2a ve 400 IU PMSG (eCQG)
uygulanmistir (Martinez ve ark., 2015). Uygulamacilar
bu uygulamalar sonucunda % 50 gebelik elde ederken
bizim ¢alismamizda gruplardaki prepubertal kuzularda
(Grup 1, 2 ve 3) gebelik oranlar1 daha disiik
bulunmustur (sirasiyla % 26,66 (4/15), %40 (6/15) ve %
26,66 (4/15)). Akkaraman Kangal 1rki prepubertal
kuzularin uyariminda U-synch temelli programlarin
etkili olmadig1 belirlenmistir.

Prepubertal kuzularda yapilan uyarim c¢aligsmalari
incelendiginde c¢alismalarin biiyiikk c¢ogunlugunda
prepubertal kuzularda reprodiiktif etkinligin artirilmasi
amactyla uzun siireli (60 giin) kog katimi uygulanmustir.
Farkli yontemler kullanilarak yapilan bu g¢aligmalarda
elde edilen sonuglar olduk¢a degiskendir. Abecia ve ark
(2016) yaptiklar1 calismada prepubertal kuzularda
seksiiel olarak uyarilmis koglarin kullanimi ile %60°1n
iizerinde oraninda ovulasyon elde edilirken kontrol
grubunda ovulasyon goriilmemistir. Bunun yaninda
Kassem ve ark., 1989 yaptiklar1 ¢alismada kog¢ katimi
sonrasinda prepubertal kuzularda ortalama gebe kalma
stiresi 260 giin olarak belirlenmistir. Bunun yaninda kisa
siireli ko¢ katimi uygulanan bir ¢aligmada (Kivrak 2019)
5 gilinliik ko¢ katimi sonrasinda uygulama grubunda
bulunan hayvanlarda %80’in {izerinde ovulasyon
goriilmiis ancak gebelik elde edilememistir. Yapilan
calismada koglara uyarim amaciyla herhangi bir
uygulama yapilmadi ve koglar 5 giin siireyle siireye
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katildi. Ancak uygulama sonrasinda en fazla %40
oraninda gebelik elde edilmistir. Bu nedenle prepubertal
kuzularda kisa siireli kog katimi ile makul sonuglar elde
edilebilmesi icin alternatif uygulamalara ihtiya¢ oldugu
kanisina varilmistir.

Sonuclar

Modifiye U-synch yontemi ile andstriiste Akkaraman
Kangal 1rk1 prepubertal toklu ve primipar koyunlarda
benzer reprodiiktif sonuclar elde edilmistir. Ancak hem
prepubertal kuzularda hemde primipar koyunlarda
modifiye U-synch yontemi ve kisa siireli ko¢ katimi ile
etkin reproduktif basar1 elde edilemedigi kanisina
varimustir. Gruplardaki prepubertal kuzularda (Grup 1,
2 ve 3) gebelikler oldukga diisiik iken (sirasiyla % 26,66
(4/15), %40 (6/15) ve % 26,66 (4/15)) aynm sekilde
primipar koyunlarda da gebelikler olduk¢a disiik
bulunmustur (sirasiyla % 30 (3/10), %40 (4/10) ve % 40
(4/10)). Modifiye U-synch yonteminde 2. GnRH
enjeksiyonun reprodiiktif parametrelere katki
saglamadigi belirlenmistir. Bunun i¢in bu enjeksiyon
yerine stlinger cikarildiktan sonra koc¢ etkisinin
artirilmasina yonelik c¢aligsmalarin yapilmasinin
ovulasyon iizerine daha olumlu katki saglayabilecegi
diigiinilm{istiir.
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Ozet

Bu calismanin amaci; Sivas ve ilgelerindeki, neonatal buzagilarda sekillenen ishallerin
etiyolojisinde yer alan E. coli, Cryptosporidium, Clostridium perfringens, Rotaviriis ve
Coronaviriis etkenlerinin prevalansini tespit etmektir. Calismanin materyalini Yildizeli,
Kangal, Susehri, Sarkisla-Gemerek ilgeleri ve Sivas Merkezde 1 ila 30 giin yas araligindaki
neonatal donemde bulunan ve klinik muayene neticesinde ishal tespit edilen buzagilar
olusturdu. Caligmada, Sivas merkezden 30, Yildizeli'den 32, Kangal'dan 30, Sarkisla-
Gemerek’ten 30 ve Susehri’nden 16 adet olmak iizere 66's1 disi, 72'si erkek toplam 138 adet
ishalli buzag: kullanildi. Buzagilarin 47°si simental, 26’s1t montofon, 29’u simental melezi
ve 36’s1 montofon meleziydi. Ishalli buzagilar yaslarina gore kayit edilerek, alinan diski
orneklerinde E. coli, Cryptosporidium, Clostridium perfringens, Rotaviriis ve Coronaviriis
yoniinden hizli test kiti kullanilarak analizler yapildi. Klinik muayene neticesinde ishal
tespit edilen neonatal donemdeki 138 adet buzagidan alinan digki Srneklerinde yapilan
analiz sonucunda miks olarak %38 Clostridium perfringens, %26 E. Coli , %22 Rotaviriis,
%9 Coronaviriis ve %7 Cryptosporidium spp. tespit edildi. Sonug olarak, Sivas bolgesi
neonatal ishalli buzagilarda en yaygin oranda Cl. perfringens ve E. coli belirlenirken 1-7
giinlik buzagilarda ise en yaygin olarak E. coli tespit edilmistir. Korunma ve tedavi
stratejileri olusturulurken ozellikle bu etkenlerin g6z Oniine alinmasi gerektigi kanisina
varilmistir.
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Prevalence of E. coli, Cryptosporidium, Clostridium perfringens, Rotavirus and Coronavirus in Neonatal Calves with Diarrhea in Sivas
Abstract

The aim of this study; To determine the prevalence of E. coli, Cryptosporidium, Clostridium perfringens, Rotavirus and Coronavirus in neonatal calves with
diarrhea in Sivas. The material of the study consisted of 138 diarrheic calves in the neonatal period between 1 to 30 day age, in Yildizeli, Kangal, Susehri,
Sarkisla-Gemerek and center of Sivas. Calves were recorded according to their age, and fecal samples were analyzed for E. coli, Cryptosporidium,
Clostridium perfringens, Rotavirus and Coronavirus using rapid test kit. As a result of laboratory examination 38% Clostridium perfringens, 26% E. Col,
22% Rotavirus, 9% Coronavirus and 7% Cryptosporidium spp. were detected in neotanal calves with diarrhea. Consequently, Cl. perfringens and E. coli
were found to be the common in neonatal diarrhea calves in Sivas region, whereas E.coli was most widespread for 1-7 day calves. It was concluded that
these factors should be taken into consideration when designing prophylaxis and cure strategies.

Key words: Calf, diarrhea, ethiology, Sivas

Giris

Neonatal buzag ishalleri diinyada ve iilkemizde buzag:
yetistiriciliginin en Onemli sorunlarindan biri olmakla
beraber bilhassa dogumdan sonraki 1-10 giin ve genel
olarak ilk 30 giinde etkili olmaktadir (Radostits ve ark.,
2007). Ishal, enfeksiydz ve enfeksiydz olmayan
sebeplere bagli olarak olugsan ve digkinin igerisindeki
sivi miktarinin, volumiiniin ve atilim sikliginin

artmasiyla kendini gosteren bir semptomdur (Roy.,
1980). Ishalin etiyopatogenezinde mikrobiyolojik,
cevresel, nutrisyonel, immiinolojik, genetik gibi birgok
faktdr rol oynamaktadir (Roy, 1980; Cho & Kyoung,
2014). Enfeksiyoz etkenler tek ya da miks olarak
buzagilarda ishale sebebiyet verirler (Khan & Khan,
1991; Radostits ve ark., 2007). Yapilan g¢alismalarda,
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buzag: ishallerinde bakteriyel etkenlerden E.coli’nin,
viral etkenlerden Rotaviriis ve Coronaviriis’lerin,
paraziter etkenlerden ise Cryptosporidium, Toxocara ve
Eimeria’larin daha yaygin bicimde rol oynadigi
bildirilmistir (Khan & Khan 1991). Bununla birlikte
neonatal donemde siklikla E.coli, Cryptosporidium,
Rotaviriis ve Coronaviriis’lerden kaynakli ishaller tespit
edilmistir (Khan & Khan, 1991; De La Fuente ve ark.,
1998; Langoni ve ark., 2004; Lorenz ve ark., 2011a). Bu
enfeksiydz etkenlerin disinda ahir sartlarinin elverisli
olmamasi, toplu yetistirme, ahirlarda kullanilan
araglarin temizlik ve dezenfeksiyonunun yapilmamasi,
yeni dogan buzagilara kolostrumun uygun zamanda ve
yeterli miktarda ya da hi¢ verilmemesi ve dogum sonrasi
gobek kordonu dezenfeksiyonunun yapilmamasi gibi
bircok faktoriin ishal olusumunda etkili oldugu
bildirilmektedir (Khan & Khan, 1991; Radostits ve ark.,
2007; Lorenz ve ark., 2011a; Lorenz ve ark., 2011b).
Neonatal buzagilarda ishal artmis sekresyon ya da
azalan absorbsiyon neticesinde goriiliir (Sentiirk, 2006).
E.coli, Salmonella ve Campylobacter tiirleri sekrotorik
ishale, protozoa ve enterik viriisler ise malabsorbtif
ishale sebep olurlar. Ishallerde sulu diski, siit aliminda
azalma, ince bagirsak florasinda degisimler,
ekstraseliiler elektrolit (sodyum, potasyum, klor) ve
bikarbonat kaybi sekillenir. Biitiin bu degisiklikler
neticesinde ishalli buzagilarda dehidrasyon, metabolik
asidozis, elektrolit anormallikleri, hipotermi ve
septisemi sekillenir (Basoglu ve ark., 2004; Giizelbektes
ve ark., 2007; Radostits ve ark., 2007). Dehidrasyonun
sekillenmesi durumunda ilk olarak, yasamin devamini
saglamak ve organ hasarimi Onlemek amaciyla olusan
ekstraseliiler sivi kaybi, intraseliller sivinin plazmaya
gecmesiyle kompanze edilir (Ozkan & Akgiil, 2004).
Ishal vakalarinda sebep ne olursa olsun defekasyon
sikligr ve artisi, digkinin su miktarinda ve hacminde
artis, alimenter kanal gecis zamaninda azalma ve
dehidrasyon bulgular1 her zaman gozlemlenmektedir
(Sentiirk, 2006). Diyareye bagli gelisen sivi kaybiyla
beraber sivi elektrolit dengesinde degisiklikler
gozlemlenir ve ekstraselliiler sivinin %15°1 kayboldugu
zaman klinik belirtiler ortaya ¢ikar, bu oran %30’a
vardiginda 6lim kagmilmazdir (Turgut & Ok, 1997).
Neonatal donem ishallerinde etken teshisinin kisa siirede
yapilmasi, ozellikle sahada calisan veteriner hekimler
icin hastalifin teshisi ve tedavisinde Onemlidir. Bu
calismanin amaci Sivas bolgesinde neonatal donemde
sekillenen buzagi ishallerine neden olan etkenlerin
prevalansinin tespiti yapilarak tedavi ve korunma
yollarina katki saglamaktir.
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Gere¢ ve Yontem

Calismanin hayvan materyalini, Ekim 2017-Kasim 2018
tarihleri arasinda Sivas merkez, Susehri, Kangal,
Yildizeli ve Sarkigla-Gemerek ilgelerinde 1-30 giinliik
66 disi ve 72 erkek olmak iizere toplam 138 neonatal
buzagi olusturdu. Klinik muayene sonucunda ishal tespit
edilen Sivas merkezden 30, Yildizeli'den 32, Kangal'dan
30, Sarkisla-Gemerek’ten 30 ve Susehri’nden 16 adet
buzagi caligmaya alindi. Buzagilarin 47’si simental,
26’s1 montofon, 29°u simetal melezi ve 36’s1 montofon
meleziydi. Ishalli buzagilardan digki &rnekleri rektal
uyarim ile steril digki kaplarma alindi. Digki analizleri
Rotaviriis, Coronaviriis, Cryptosporidium, Clostridium
perfringens ve E. coli (F5-K99) enteropatojenlerini
igeren ticari immunokromatografik hazir tani kiti (Bio-X
Diagnostics S.A. Belgika) kullanilarak yapildi.

Bulgular ve Tartisma

ishal tespit edilen neonatal buzagilarin diskilarindan
immunokromatografik hazir tani kiti ile yapilan test
sonucunda 138 adet buzagidan 27’sinde (%20)
caliymada aranan enteropatojenlerden higbirine
rastlanmazken, 111 (%80) tanesinde bir ya da daha fazla
enteropatojen tespit edildi. Buzagilardan 36 (%26)
tanesinde E. coli, 30 (%22) tanesinde Rotaviriis, 13
(%9) tanesinde Coronaviriis, 53 (%38) tanesinde
Clostridium perfringens, 9 (%7) tanesinde
Cryptosporidium spp. tek ya da mix olarak belirlendi
(Tablo 1).

Tablo 1. Diski analizi sonucunda bulunan
enteropatojenlerin toplam sayilar1 ve toplam buzagi
sayisina gore yiizdelik oranlari.

Yiizdelik oran

Toplam buzagi sayisi %100 (138)
Negatif %20 (27/138)
Pozitif %380 (111/138)
Rotaviriis %22 (30/138)
Coronaviriis %09 (13/138)
E. coli %26 (36/138)
Cryptosporidium spp. %7 (9/138)
Clostridium perfringens %38 (53/138)

Ishalli buzagilarin 55 adedi 1-7 giinliik, 38 adedi 7-15
giinliik, 22 adedi 15-21 giinliik ve 23 adedi ise 21-30
giinliik yastaydi (Tablo 2). E. coli
buzagilarda tespit edilmedi. Rotaviriis neonatal donemin

1-7 giinden biiyiik

icindeki biitiin gilinlerde tespit edildi. Coronaviriis’lere
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ise 21-30 giin aralifinda rastlanilmadi. Clostridium
perfringens’e neonatal donemin biitiiniinde rastlanildi.
Cryptosporidium’ a ise Ozellikle neonatal doénemin
sonunda siklikla rastlanildi (Tablo 3).

Sivas merkezde CI. perfringens ve E. coli, Sarkisla-
Gemerek, Yildizeli ve Susehri ilgelerinde CI.
perfringens, Kangal’da E. coli ishalli buzagilarda en
yaygin gozlenen etken olarak belirlendi. Ishalli
buzagilarin etiyolojisinde tek basina etken olarak
%?23'linde E.
Coronaviriis, %22'sinde Clostridium perfringens ve

coli, %7'sinde Rotaviriis, %4'inde

%4'linde ise Cryptosporidium spp. tespit edildi.

Calismamizda kullanilan 138 adet ishalli buzagmin
53’tinde (%38) tek ya da miks olarak, 31 ‘inde (%22)
ise tek olarak CI perfringens tespit edildi ve CL
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sagladig1 goriildii. Eman ve ark. (2007)’nin  Misir’da
yaptig1 ¢alismada %85,7 oraninda CI. perfringens tespit
edilmistir. Selim ve ark. (2017) yine Misir’da yaptiklari
caligmalarinda 227 ornekten konvansiyonel ve
molekiiler yontemle 168’inde CIl. perfringens izole
edilmistir. Giines ve ark. (2004)’nin Kars bdlgesindeki
calismalarinda CI. perfringens tip A toksini %39.4
oraninda tespit etmislerdir. Caligma bulgularimiz Giines
ve ark. (2004) tarafindan yapilan ¢alisma ile uyumludur.
Clostridium spp. normal barsak florasinin bir parcasi
oldugundan hastaliklardaki roliinii belirlemek gligtiir
(Gilines ve ark., 2004). Calisma bulgularinda CIL
perfringens’in farkli oranlarda bulunmasinin bolgesel ve
iklimsel farkliliklardan kaynaklanabileceginin yani sira
degisik yas gruplarinin c¢aligmalara dahil edilmesi ve
ilcelerdeki cografi farkliliklardan kaynaklanabilecegi

perfringens’in neonatal donemin her asamasinda ishalle diisiiniilmektedir.
sebep oldugu ve miks enfeksiyon olusumuna katki
Tablo 2. iIgelere gore neonatal buzagilarin ishal dagilimlar.
Yas (giin) Merkez Sarkisla-Gemerek Yildizeli Susehri Kangal Toplam
1-7 18 11 9 4 13 55
7-15 8 9 10 4 7 38
15-21 1 6 7 3 5 22
21-30 3 4 6 5 5 23
Toplam 30 30 32 16 30 138
Tablo 3. Diski analizi sonucunda enteropatojen say1 ve yas araligi dagilimi.
Yiizdelik oran Yas aralig1 (giin) Gaita Bilgisi
1-7 7-15  15-21  21-30
Negatif %20 (27/138)
Pozitif %80 (111/138)
E. coli %23 (32/138) 32 Sart, sulu, pis kokulu
Rotaviriis %7 (10/138) 2 4 4 Acik sari
Coronaviriis %4 (5/138) 5 Sart, mukuslu, pis kokulu
Clostridium perfringens %22 (31/138) 5 13 6 7 Sart, yesil
Cryptosporidium spp. %4 (5/138) 1 2 2 Sart, mukuslu,
Rotaviriis + Coronaviriis %3 (4/138) 1 2 1
Rotaviriis + CI. perfringens %9 (13/138) 2 2 8 1
Rotaviriis + Coronaviriis + CI. perfringens %1 (1/138) 1
Cl. perfringens + Rotaviriis + E. coli %1 (1/138) 1
Cl. perfringens +Coronavirtis %1 (3/138) 2 1
Cl. perfringens + Cryptosporidium spp. %1 (2/138) 1 1
Cl. perfringens + E. coli %2 (3/138) 3

Rotaviriis + Cryptosporidium spp.

%1 (1/138)

A



Yapmis oldugumuz calismada E. coli % 26 oraninda
tespit edilmis olup vakalarin goriilme yasi araligi 1-7
giin olarak gdzlenmistir. Ulkemizde Kozat ve Tuncay
(2017) Siirt’te E. coli’yi %6; Al ve Balik¢1 (2012)
Elazig’da %17; Kaya ve Coskun (2018) Tokat’ta %7.48
olarak bulmuslardir ki bu oranlar yapmis oldugumuz
caligmadaki oranlardan digiiktiir. Bu durumun
calismada kullanilan buzagilarin yaslar1 g¢evresel,
iklimsel ve bolgesel farkliliklari ile alakali oldugu
diisiiniilmektedir. Torsein ve ark. (2011) Isvi¢re’de E.
coli‘yi %0.3; Bartels ve ark. (2010) Almanya’da %2.60;
Suresh ve ark.(2012) Hindistan’da; %16.1 ve De la
Fuente (1998) Ispanya’da E. coli ve C. parvum miks
oranint %27.8 oraninda bulmuslardir. Calismamizda
%23 tek olarak, miks olarak %26 E. coli oran1 De la
Fuente (1998)‘nin yaptig1 calisma ile yakin oranda
bulundu.

Bu calismada Rotaviriis’lerin tek basma %7 oraninda
ishale sebep olduklar1 miks olarak ise %22 oraninda
ishal etiyolojisinde bulunduklar1 tespit edildi.
Rotaviriis’lerin tek ya da miks olarak vermis olduklari
yiizdeler arasindaki farkin fazla ¢ikmasmin sebebinin
Rotaviriis enfeksiyonlarinin genellikle miks enfeksiyon
seklinde kendini goéstermesi oldugu diisliniilmektedir.
Garcia ve ark.’larinin (2000) Ispanya’da yapmis
olduklar bir ¢alismada Rotaviriis 1-7 giin araliginda tek
basina %15.6 oraninda ¢ikarken miks olarak %46.9
oraninda; 8-14 giin araliginda tek basina %12.3 oraninda
cikarken miks olarak %45.6; 15-21 giin araliginda tek
basma %13.2 ¢ikarken miks olarak %33.8; 22-30 giin
araliginda tek basina %44.8 iken miks olarak %48.3
oraninda bulunmustur. Garcia ve ark. (2000) yaptiklari
calismada Rotaviriis’lerin fazla miktarda miks
enfeksiyon yaptigr gozlemlenmis ve bu calisma ile
uyumlu bulunmustur. Ayrica diinyada yapilan benzer
calismalarda Rotaviriis gorilme araligit %17.7-27
araliginda tespit edilmistir (Torsein ve ark., 2011;
Bartels ve ark., 2010; Suresh ve ark., 2012; Mayameei
ve ark., 2010). Tirkiye’de yapilan galismalarda ise
Rotavirlis %27.45-44.86 araliginda bulunmustur (Al &
Balik¢1 2012; Kaya & Coskun 2018; Altug ve ark.,
2013). Yaptigimiz calisma iilkemizde ve diinyada
yapilan ¢aligsmalarda bulunan verilerle
karsilagtirildiginda oransal olarak benzerdir. Calismada
neonatal dénem ishallerinde Rotaviriis’lerin daha ¢ok
miks enfeksiyon olarak katki sagladig tespit edildi.

Coronaviriis i¢in yapilan ¢aligmalar (Torsein ve ark.,
2011; Bartels ve ark., 2010; Suresh ve ark., 2012;
Mayameei ve ark., 2010) farkl: tilkelerde %3.1-6.3 oran1
arasinda bulunurken iilkemizdeki benzer c¢aligmalarda
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(Altug ve ark., 2013; Al & Balikg1 2012; Kaya &
Coskun 2018) %1.96-13 arasinda tespit edilmistir. Bu
calismada ise Coronaviriis ‘e tek olarak %4, miks olarak
ise %9 oraninda rastlanilmistir. Sakli (2017) ’nin
Konya’da yapmis oldugu bir ¢alismada Rotaviriis ve
Coronaviriis agisindan RT-PCR teknigine goére ve
immiinokromatografik test kitinin Rotaviriis igin
sensitivitesi %83, spesifitesi %100 bulunurken,
Coronaviriis igin sensitivitesini %76 spesifitesi ise
%100 olarak bulmustur. Coronaviriis agisindan yaptig1
calismanin daha Once yapilan arastirmalarla
kiyaslandiginda diisiik ¢ikmasinin sebebinin hastaligin
ileri donemlerindeki yani virlis sagiliminin ve viral
partikiil miktarmin diisiik oldugu donemlerde 6rnekleme
yapilmasindan kaynaklanabilecegini bildirmistir (Sakli,
2017). Bu durum, yapilan calismalarda farkli oranlar
¢itkmasinin sebebi olarak gosterilebilir.

Torsein ve ark. (2011)’nin Isvigre’de yaptiklari
calismalarinda Cryptosporidium %32.4; Kaya ve
Coskun (2018)’un Tokat’ta yapmis olduklari ¢aligmada
%11.21; Kozat & Tuncay (2017)’m Siirt’te yaptiklari
caliymada %10 Cryptosporidium bulunmus bu
calismada ise tek olarak % 4, miks olarak ise % 7
oraninda bulundu. Rakamlar arasinda farklilik
Cryptosporidium’un yaygin olmasinda isletmedeki
hayvan sayisi, hayvanlarin yasi, ishalli veya saglikli
olmasi, barinak tipi, siit emme durumu, altlik ¢esidi, su
kaynagi, siirii biiytikliigl, ahir ¢iftlikteki buzag sayisi
gibi cok risk faktorlerinin rol oynadig1 bildirilmektedir
(Brook ve ark., 2008; Trotz-Wlilliams ve ark., 2008).

Sonuc¢

Sivas merkez ve ilgelerinde yapmis oldugumuz ¢aligma
sonuglarina gore CI. perfringens %38; E. coli %26;
Coronaviriis %9; Rotaviriis %22 ve Cryptosporidium
spp. %7 oraninda tespit edildi. Arastirmamizda
kullanilan 138 adet buzaginin 27 tanesinde calismada
aragtirtlan hicbir enteropatojene rastlanilmadi. Neonatal
donem buzagi ishallerinde nonenfeksiydz nedenler ve
diger enteropatojenler de gozardi edilmemelidir. Sivas
merkez ve ilgelerinde yaptigimiz bu calismada ishalli
buzagilarda en yaygin bulunan etkenler CI. perfringens
ve E. coli olup ishalli buzagilarin tedavisinde ve
ishalden korunmada bu iki etkenin gz Oniine alinmasi
gerektigi sonucuna varildi. Calismamizdaki E. coli
kaynakli buzagi ishallerinin hepsi 1-7 giin araliginda
bulundu ve bu donemdeki ishal vakalarinda Sivas
bolgesinde yaygin tespit ettigimiz E. coli’nin yapilacak
tedavi ve proflaksilerde géz Oniine alinmasi gerektigi
sonucuna varildi.
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Abstract

Ticks and tick-borne diseases cause significant problems while raising livestock. Tick-borne
diseases have increased in Turkey during recent years because Turkey has suitable climatic
conditions and a large-variety animal population. Sheep and goat farming form a substantial
part of the national economy. The main tick-transmitted pathogens in small ruminants in
Turkey are Babesia ovis, B. motasi, B. crassa, Babesia sp., Theileria ovis, T. uilenbergi, T.
luwenshuni, Theileria sp. MK, Theileria sp. OT1, Theileria sp. OT3, Anaplasma ovis, and
A. phagocytophilum. The major tick-transmitted pathogens in sheep and goats in terms of

geographic region, province, host, number of animals examined, sampling technique,
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Tiirkiye'deki Kiiciik Ruminantlarda Kene ile Bulagan Patojenler: Sistematik Bir Derleme

Ozet

Keneler ve kene kaynakli hastaliklar hayvan yetistiriciligi agisindan énemli sorunlara neden olmaktadir. Tiirkiye uygun iklim kosullarina ve ok cesitli

hayvan niifusuna sahip oldugundan, son yillarda Tiirkiye'de kene kaynakli hastaliklar artmistir. Koyun ve kegi yetistiriciligii, ulusal ekonomide nemli bir

yer tutmaktadir. Tiirkiye'deki kiigiik ruminantlarda kene ile nakledilen baglica patojenler; Babesia ovis, B. motasi, B. crassa, Babesia sp., Theileria ovis, T.

uilenbergi, T luwenshuni, Theileria sp. MK, Theileria sp. OT1, Theileria sp. O3, Anaplasma ovis ve A. phagocytophilum’dur. Cografik bélge, il, konak,

incelenen hayvan sayisi, érnekleme teknigi, drnekleme yili ve teshis metodu agisindan koyun ve kegilere kene ile bulasan énemli patojenler kronolojik

olarak dzetlenmis ve Tiirkiye'deki mevcut durum sunulmustur.

Anahtar Sozciikler: Kene, patojen, koyun, ke, Tiirkiye

Introduction

Tick-borne diseases (TBDs) are major factors that
restrict the development of animal husbandry
worldwide, especially in tropical and subtropical areas
where reservoir, pathogen, vector, and host distribution
overlap. They have an impact on multifarious domestic
and wild animals, and most are considered as neglected
and/or emerging zoonosis (Gray et al., 2009). In recent
years, as well as across the globe, some tick-borne
diseases have increased in Turkey (Inci et al., 2016).
Climate change and the migration of birds are the main
reasons for this increase (Estrada-Pefia et al., 2012).

Turkey, located in Eurasia at 36.42 latitude and 26.45
longitude, has a surface area of 780.576 km? with a
population of about 82 million people. According to the
Turkish Statistical Institute, there were 17 million cattle,
35 million sheep, and 11 million goats in the country in
2018 (Anonymous, 2018). Agriculture and livestock
production activities form a substantial part of the
national economy. There are seven geographic regions
in the country: Black Sea, Central Anatolia, Eastern
Anatolia, Southeastern Anatolia, Aegean, Marmara, and
Mediterranean. Because the country is spread across a
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wide area, and there are noticeably differing climates for
the seven regions. From the coastal regions, Marmara,
Aegean, and Mediterranean have a Mediterranean
climate, and the Black Sea region has a temperate
oceanic climate. In general, a continental climate is
predominant in the other regions.

Major TBDs caused by Theileira, Babesia and
Anaplasma species in sheep and goats occur across the
country (Altay et al., 2007a; 2007b; Aydin et al., 2013;
Karagenc, 2017; Bilgic et al., 2017). Because tick
infestation in small ruminants is common in all
geographic regions of Turkey (Aydin et al., 2012;
Dumanli et al., 2012).

Theileria/Babesia protozoan and Anaplasmal/Ehrlichia
bacteria species are tick-transmitted pathogens, which
cause subclinical and clinical infections in a wide range
of domestic and wild animals, and also in humans (de la
Fuente et al., 2008). Animals become carriers after acute
infections, and these animals become a source of
infection. There have been several investigations aimed
to determine the carrier animals (Altay et al., 2007a;
Ekici et al., 2012; Aydin et al., 2013). Furthermore, the
detection of agents in ticks can provide significant data
for the circulation of the pathogen in the field (Aydin et
al., 2015). Ovine and caprine haemoparasite species and
isolates comprise Theileria lestoquardi (T. hirci), T.
uilenbergi (Theileria sp. China 2), T. luwenshuni
(Theileria sp. China 1) (Yin et al., 2007), T ovis, T.
separata, T. recondite, Theileria sp. OT1, Theileria sp.
OT3, Theileria sp. MK (Altay et al., 2007a), Babesia
ovis, B. motasi, B. crassa, B. taylori, B. foliata, Babesia
sp. Xinjiang (Liu et al., 2007; Guan et al., 2009),
Babesia sp. BQ1, Babesia sp. (Ozubek & Aktas, 2017a),
Anaplasma ovis, A. phagocytophilum, Ehrlichia
ruminantum, E. ovina, and Ehrlichia sp. Omatjenne
until now (Stuen, 2017). From these, T. lestoquardi, T.
luwenshuni, T. uilenbergi, B. ovis, B. motasi, and A.
phagocytophilum are accepted to be pathogenic. T. ovis,
T. separata, T recondite, B. crassa, Babesia sp.
Xinjiang, and A. ovis are considered to be low or non-
pathogenic for small ruminants under normal conditions
(Liu et al., 2007; Stuen, 2017). B. foliata (Ray &
Raghavachari, 1941) and B. faylori (Sarwar, 1935) were
defined nearly a century ago, they have not been
reported since so their existence today is questionable
(Uilenberg, 2006).

The diagnosis of acute hemoparasitic infections is
performed by clinical and microscopic examination
(ME) of thin blood and lymph smears (Sevinc et al.,
2018). However, species discrimination and determining
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low parasitemia is not always possible with ME
(Ozubek & Aktas, 2017b). After acute infections,
animals become carriers and the detection of the agents
with ME is not possible owing to low parasitemia.
Serologic tests have been used for this purpose for a
long time (Dumanli et al., 1997; Ekici et al., 2012).
However, cross- reactions between species and false-
negative results are potential restrictions. Molecular
techniques such as polymerase chain reaction (PCR),
reverse line blotting (RLB), and sequencing have a
broad usage area for TBDs (Bilgic et al., 2017).

Geographic distribution and prevalence
Babesia ovis

According to Goksu (1967), B. ovis was first determined
in small ruminants in 1889 microscopically by Laveran
and Nicolle. Then, it was detected in sheep in Istanbul in
1912 by Hakki, in Bursa in 1930 by Abravanel and Raif,
in Ankara in 1931 by Ekrem, again in Bursa in 1931 by
Lestoquard and Ekrem, in Central Anatolia region in
1936 by Nevzad through ME and clinical examination.
Kurtpinar detected babesiosis using ME and clinical
examination in 52 sheep and 11 goats, and Ozcan found
it in 11 sheep in Ankara between 1950 and 1951 in the
summer months (Goksu, 1967). Goksu (1967) examined
520 suspected and 313 healthy small ruminants from the
provinces of Central and Eastern Anatolia regions in
1960-1961. B. ovis was detected using ME in suspected
and healthy animals at 24.82% and 0.95%, respectively.
Hoffmann et al. (1971) detected B. ovis as 3.1% in 258
healthy sheep and goats from Adana, Amasya, Ankara,
Bursa, Cankiri, Malatya, and Gaziantep provinces using
ME between 1967 and 1970. A study performed by
Guralp et al. (1975) on 277 healthy sheep from
Balikesir, Kirklareli, and Tekirdag provinces of the
Marmara region using ME and demonstrated that the
prevalence was 0.36%. Tasci (1989) investigated 3878
healthy sheep from the Van province of the Eastern
Anatolia region using ME in 1987-1988 and detected
babesiosis as 0.85%. It was indicated that some samples
were positive for B. ovis. Ozer et al. (1993) found B.
ovis microscopically in healthy sheep and goats as 0.6%
in the Malatya, Adiyaman, Sanliurfa, Mardin, and
Diyarbakir provinces of the Eastern and Southeastern
Anatolia regions in a study of 500 animals in
1988-1989. Inci et al. (1998) found the prevalence as
25.25% using ME on 194 healthy small ruminants in the
Cankiri province in 1996. Inci et al. (2002) also stated
that the prevalence was 15.48% with ME in small
ruminants in the Kayseri province of Central Anatolia
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region according to a study conducted on 239 animals
between 1998 and 2000.

Ozkoc (1979) investigated B. ovis in sheep with
serologic tests for the first time in Turkey. According to
Duzlu et al. (2012), Ozkoc’s study had the characteristic
of being the first serologic study for TBDs in small
ruminants in Turkey. Deger (1990) investigated 303
healthy sheep from the Van province using ME and
serologic tests and its prevalence was 30.6% and 60.3%,
respectively. A high prevalence was also found in
healthy sheep by Cakmak et al. (1991) in the Samsun
province located in the Black Sea region using ME and
serologic tests; its prevalence among 141 sheep that
were investigated was 67.37% and 71.63% with ME and
serologic tests, respectively. Duzgun et al. (1991)
investigated 1466 healthy sheep from 16 provinces
(Adana, Bursa, Edirne, Istanbul, Samsun, Afyon,
Amasya, Ankara, Kirsehir, Sivas, Bingol, Diyarbakir,
Elazig, Kars, Sanliurfa, and Van) of all geographic
regions of Turkey using serologic tests and they found
that the prevalence was 74.4% in total. Sevinc and Dik
(1996) examined 723 clinically healthy sheep from the
Konya province of the Central Anatolia region and they
found the prevalence as 11.47% and 42.14% using ME
and serologic tests, respectively. Duzgun (1997)
performed a serologic investigation on 360 healthy
sheep in the Canakkale province of the Marmara region
and found its prevalence ranged between 35% and
63.3% between 1996 and 1997. Sayin et al. (1997)
investigated 452 healthy sheep from the Samsun, [zmir,
Ankara, Kirsehir, and Erzurum provinces of the Black
Sea, Central Anatolia, Aegean, and Eastern Anatolia
regions, and they found the seroprevalence as 69.02% in
total. According to a study performed by Dumanli et al.
(1997) on 331 healthy sheep in the Elazig province of
Eastern Anatolia, the seroprevalence was 45.0%. Bicek
(2001) examined 156 healthy sheep from the Van
province in 1998 and found its prevalence as 16.02%
and 45.51% using ME and serologic tests, respectively.
Emre et al. (2001) investigated 607 healthy sheep in the
Sanliurfa province of the Southeastern Anatolia region
between 1997 and 1998 and they found the prevalence
as 1.82% and 41.02% using ME and serologic tests,
respectively. Aktas et al. (2001) investigated 220 healthy
sheep from the Malatya province in 1998 and it was
determined that its prevalence was 1.8% and 55.9%
using ME and serologic investigations, respectively.
Karatepe et al. (2003) examined 1200 healthy sheep in
the Nigde province in 1999-2000 and they found the
prevalence as 24.75% and 53.75% using ME and the
serologic method, respectively. Cicek et al. (2004) found
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its prevalence as 0.49% and 51.96%, also with ME and
serologic testing in healthy sheep in the Afyon province
of the Aegean region according to a study conducted on
204 animals in 2000. Karatepe et al. (2005) investigated
91 healthy sheep in the Amasya province of the Black
Sea region in 1999 and its prevalence was 35.16% and
38.46% according to ME and serologic tests. The B. ovis
seroprevalence was 42.15% in the Konya province of
the Central Anatolia region in a study conducted by
Ekici et al. (2012) on 2000 healthy sheep in 2010-2011.

The first molecular study about TBDs in small
ruminants in Turkey was performed by Aktas et al.
(2005a). They investigated 98 healthy small ruminants
from the Elazig province of the Eastern Anatolia region
and determined the prevalence as 4.08% and 21.42%
with ME and species-specific PCR, respectively. Sarayli
et al. (2006) investigated 300 healthy small ruminants
from the Kayseri province of the Central Anatolia region
and they found its prevalence was 3.0% and 3.7% using
ME and RLB. Altay et al. (2007a) also investigated 920
healthy sheep and goats from the Eastern Anatolia
region in 2005-2006 and its prevalence was 5.43% with
RLB in this study. Also, DNA sequence confirmation
was first made for TBDs in small ruminants in Turkey.
Aktas et al. (2007) examined 400 healthy small
ruminants from eight provinces (Malatya, Mus, Elazig,
Erzincan, Erzurum, Igdir, Mardin, and Diyarbakir) of
the Eastern and Southeastern Anatolia regions and the
prevalence was 1.5% and 8.25% in ME and species-
specific PCR. Kocabeyoglu (2009) examined 300
healthy goats from the Kahramanmaras province of the
Mediterranean region and the prevalence was 0.33% and
1.33% with ME and RLB. Inci et al. (2010) performed a
study on 573 healthy small ruminants between 2006 and
2008 in the Kayseri, Sivas, and Yozgat provinces of the
Central Anatolia region and its prevalence was found as
2.6% using RLB. Sevinc et al. (2013) examined 850
sheep in the Konya province in 2011 and 14.35% were
positive in ME. Although all the microscopically
positive samples were also positive with PCR, 38.14%
of the samples were found to be positive in serologic
tests. According to a study conducted on 1128 healthy
small ruminants in the Bolu, Kastamonu, Corum,
Samsun, Tokat, Giresun and Bayburt provinces of the
Black Sea region in 2010-2011 by Aydin et al. (2013),
the prevalence of B. ovis was found as 0.44% using
RLB. Bilgic et al. (2017) performed a study on 1979
healthy small ruminants from 18 provinces (Adana,
Afyon, Aksaray, Antalya, Aydin, Burdur, Denizli,
Isparta, Izmir, Konya, Kutahya, Manisa, Mugla, Nigde,
Sirnak, Sanliurfa, Usak, Van) of the Aegean,
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Mediterranean, Central Anatolia, Eastern Anatolia, and
Southeastern Anatolia regions between 2011 and 2013,
and they found the prevalence was 4.9% with species-
specific PCR and 0.4% with RLB. Kose (2017) detected
it with RLB at a rate of 0.31% in 630 healthy sheep and
goats in the Burdur province of the Mediterranean
region in 2015. The prevalence was 5.2% with species-
specific PCR in the Konya and Karaman provinces of
the Central Anatolia region in a study by Zhou et al.
(2017) on 343 healthy sheep and goats in 2010-2011.
Ozubek and Aktas examined 200 healthy small
ruminants from the Mersin province (2017a) and 590
healthy and suspected small ruminants from the Adana,
Gaziantep and Adiyaman provinces (2017b) between
2013 and 2015 and its prevalence was determined as
2.0% and 5.4% using RLB, respectively. Sevinc et al.
(2018) investigated 209 sheep with clinical signs
suggestive of babesiosis in the Konya and Karaman
provinces of the Central Anatolia region in 2015-2016
and the prevalence was 70.81% with species-specific
PCR.

Babesia motasi

Babesia motasi was microscopically and molecularly
identified in Turkey. According to Goksu (1967) it was
1936, in the
Mediterranean region by Noyan, 1954, in the Erzurum,

detected in Ankara by Nevzat,

Kars, and Agri provinces by Kurtpinar, 1956, in healthy
sheep using ME. Its prevalence was found as 12.0% in
Ankara using ME in healthy sheep by Ozcan (1961).
Goksu (1967) detected it in clinically suspected sheep at
a rate of 1.73% in Central and Eastern Anatolia regions.
Tasci (1989) also detected it in the Van province using
ME.

The presence of B. motasi in Turkey was questionable
until quite recently because it had not been confirmed
molecularly. However, it was defined in small ruminants
in Turkey at a rate of 0.1% using RLB in the Mugla
province of the Aegean region by Bilgic et al. (2017).

Babesia crassa

It has been suggested that this species is present in
Turkey in a study conducted using molecular methods
(Schnittger et al., 2003) and it was recently identified in
small ruminants in the Aegean, Mediterranean, Central,
East, and Southeastern Anatolia regions of Turkey by
Bilgic et al. (2017) and by Kose (2017) at rates of 4.0%
and 6.19%, respectively, using RLB.

Theileria ovis

The first evidence for 7. recondita (syn: T. ovis) in
Turkey comes from the study performed by Lestoquard
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and Ekrem, 1931, on sheep in the Bursa province of the
Marmara region by ME. It was also detected
microscopically on clinically suspected and healthy
small ruminants with rates of 18.26% and 52.71% in
Central and Eastern Anatolia regions according to
Goksu (1967). Hoffmann et al. (1971) determined T.
ovis with ME in healthy small ruminants from the
Adana, Amasya, Ankara, and Bursa provinces at a rate
of 3.1%. T. recondita (syn: T. ovis) was also detected
microscopically in healthy sheep from the Marmara
region at a rate of 1.44% by Guralp et al. (1975).

Between 1993 and 2005, limited articles were published
in which Theileria spp. was diagnosed using ME (Ozer
et al., 1993; Inci et al., 1998; 2003; Aktas et al., 2005b),
and with genus-specific PCR (Aktas et al., 2005b);
however, species discrimination was not performed. The
microscopic prevalence of Theileria spp. was between
7.4% and 18.4% in these studies, and the molecular
prevalence was 41.2%.

There was only one study aimed at determining 7. ovis
using serologic tests in Turkey (Sayin et al., 2009). The
authors investigated 776 healthy small ruminants from
the Ankara, Aksaray, Cankiri, Elazig, Van, Bingol and
Mersin provinces between 1997 and 1999 and its
prevalence was found as 33.89% and 54.38% in ME and
serological investigations.

The first molecular study for 7. ovis in small ruminants
in Turkey was conducted by Altay et al. (2005) on 124
healthy sheep from the Eastern Anatolia region. Its
prevalence was 19.35% and 54.03% using ME and
species-specific PCR in this study. Aktas et al. (2005b)
examined 164 healthy small ruminants from the Elazig
province of the Eastern Anatolia region in 2004 and they
found the prevalence as 24.39% and 43.29% using ME
and species-specific PCR, respectively. Altay et al.
(2007b) also found that the prevalence was 15.60% and
50.55% using the same methods in a study conducted on
819 small ruminants from the Malatya, Mus, Erzincan,
Erzurum, Igdir, Diyarbakir, and Mardin provinces. The
prevalence with RLB was 37.6% in sheep and goats in
the Kayseri province of the Central Anatolia region
(Sarayli et al., 2006); 34.56% in sheep and goats in the
Eastern Anatolia region (Altay et al., 2007a); 0.33% in
goats in the Kahramanmaras province of the
Mediterranean region (Kocabeyoglu, 2009); 33.9% in
sheep and goats in the Kayseri, Sivas and Yozgat
provinces of the Central Anatolia region (Inci et al.,
2010); 18.90% (Altay et al., 2012) and 28.99% (Aydin
et al., 2013) in sheep and goats in the Black Sea region;
60.00% in a total 18 provinces of the Aegean,
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Mediterranean, Central, Eastern and Southeastern
Anatolia regions (Bilgic et al., 2017); 41.90% in sheep
and goats in the Burdur province of the Mediterranean
region (Kose, 2017); 39.16% in sheep and goats in the
Sivas province of the Central Anatolia region (Altay et
al., 2017); 17.0% in sheep and goats in the Mersin
province of the Mediterranean region (Ozubek & Aktas,
2017a); and 35.4% in sheep and goats in the Adana,
Gaziantep, and Adiyaman provinces (Ozubek & Aktas
2017b). According to recent articles, its prevalence with
species-specific PCR in healthy small ruminants was
61.4% (Bilgic et al., 2017) in 18 provinces of Turkey
and 35.9% (Zhou et al, 2017) in the Konya and
Karaman provinces.

Theileria lestoquardi (Theileria hirci)

This species was only reported in goats as assessed
using ME from the Cankiri, Malatya, and Gaziantep
provinces in October/November as 16.9% by Hoffmann
et al. (1971). However, according to the results of many
studies made with molecular techniques, this species has
not been found in Turkey.

Theileria luwenshuni and Theileria uilenbergi

T. luwenshuni and T. uilenbergi were recently detected
in healthy small ruminants via PCR and RLB by Bilgic
et al. (2017). The prevalence of T. luwenshuni was
detected as 7.52% and 0.05% with PCR and RLB
respectively, and 6.46% and 0.5% of the animals were
found to be positive in terms of 7. uilenbergi with PCR
and RLB.

Unidentified Theileria and Babesia species or isolates

In 2007 a new Theileria isolate was discovered in small
ruminants in Turkey according to 18 S rRNA gene
analysis by Altay et al. (2007a). It was named as
Theileria sp. MK and its prevalence was 1.30% in the
Eastern Anatolia region. This new genotype was
detected in healthy small ruminants in the Black Sea
region at a rate of 0.99% (Altay et al., 2012) and 0.62%
(Aydin et al., 2013) in RLB. Theileria sp. MK was also
determined in sheep and goats by Bilgic et al. (2017),
Altay et al. (2017) and Ozubek and Aktas (2017b) at
rates of 0.4%, 2.59%, and 0.3%, respectively, using
RLB. Theileria sp. OT1 (Bilgic et al., 2017) and
Theileria sp. OT3 (Altay et al., 2007a; Altay et al.,
2012; Aydin et al., 2013; Bilgic et al., 2017; Altay et al.,
2017) are the other identified isolates in healthy sheep
and goats in the Eastern Anatolia, Black Sea, and
Central Anatolia regions.

In a recent study by Ozubek and Aktas (2017a), a new
Babesia isolate, which was provisionally designated
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Babesia sp., showing the highest diversity with other
Babesia species according to 18S rRNA gene analysis,
was detected in goats at a rate of 5.74% in the Mersin
province.

Theileria annulata

T. annulata was detected in sheep and goats from the
Adana, Gaziantep, and Adiyaman provinces using RLB
and nested PCR-restriction fragment length
polymorphism (RFLP) at a total rate of 3.9% (Ozubek &
Aktas, 2017b).

Anaplasma ovis

A. ovis was first determined in Turkey using ME in
sheep by Ekrem in 1931, and in sheep from Bursa by
Lestoquard and Ekrem in 1931 (Goksu, 1967). Goksu
(1967) detected it in clinically suspected and healthy
sheep and goats at rates of 1.34% and 2.23% in the
Central Anatolia and Eastern Anatolia regions using
ME. Hoffmann et al. (1971) reported that two goats
were infected with Anaplasma spp. as assessed using
ME in the Mediterranean region. According to Guralp et
al. (1975), its microscopic prevalence in healthy sheep
from the Balikesir, Kirklareli, and Tekirdag provinces
was 0.72%. Ozer et al. (1993) also microscopically
detected it in healthy sheep and goats from the Malatya,
Adiyaman, Sanliurfa, Mardin, and Diyarbakir provinces
at a rate of 0.2%.

After 2013, molecular based studies were conducted to
determine the actual prevalence of A. ovis in small
ruminants. According to an investigation of 830 healthy
sheep from the Aydin, Mugla, Denizli, Burdur, Usak,
Aksaray, Konya, Van, and Sanliurfa provinces using
species-specific PCR, the prevalence was 31.4% in total
(Renneker et al., 2013). Altay et al. (2014) examined
422 healthy sheep and goats from the Bingol, Elazig,
Malatya, and Mus provinces using PCR and they found
that 67.06% of samples were positive. Its molecular
prevalence was 50.83% in sheep and goats in the
Marmara region according to a study conducted on 423
animals from Istanbul, Tekirdag, Edirne, and Kirklareli
provinces (Oter et al., 2016).

Ekici (2016) performed a serologic survey on 832
healthy sheep and goats from Konya and Karaman
provinces, and the prevalence was determined as 10.0%
and 75.12% using ME and serologic tests.

Bilgic et al. (2017) stated that its prevalence was 63.3%
in healthy small ruminants in species-specific PCR, this

rate was 60.0% in the Konya and Karaman provinces
(Zhou et al., 2017), and 18.0% in the Adana, Mersin,
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Table 1. Tick-borne pathogens (TBPs) in small ruminants in Turkey; the prevalence, the diagnostic methods and the

references.
Species Method Prevalence Reference
(%)
Goksu, 1967; Hoffmann et al., 1971; Guralp et al., 1975; Tasci, 1989; Ozer et al.,
1993; Inci et al., 1998; 2002; Deger, 1990; Cakmak et al., 1991; Sevinc & Dik,
ME 0.36-67.37 1996; Bicek, 2001; Emre et al., 2001; Aktas et al., 2001; 2005a; 2007; Karatepe et
al., 2003; 2005; Cicek et al., 2004; Sarayli et al., 2006; ; Kocabeyoglu, 2009;
Sevinc et at., 2013
Babesi . Ozkoc, 1979; Deger, 1990; Cakmak et al., 1991; Duzgun et al., 1991; Sevinc &
abesta ovis Dik, 1996; Duzgun, 1997; Sayin et al., 1997; Dumanli et al., 1997; Bicek, 2001;
SM 38.46-74.4  Emre et al., 2001; Aktas et al., 2001; Karatepe et al., 2003; 2005; Cicek et al.,
2004; Ekici et al., 2012; Sevinc et al., 2013
Aktas et al., 2005a; 2007; Sarayli et al., 2006; Altay et al., 2007a; Kocabeyoglu,
MT 0.31-21.42 2009; Inci et al., 2010; Sevinc et at., 2013; 2018; Aydin et al., 2013; Bilgic et al.,
2017; Kose, 2017; Zhou et al., 2017; Ozubek & Aktas, 2017a; 2017b
ME 1.73-12.0  Goksu, 1967; Ozcan, 1961; Tasci, 1989
Babesia motasi
MT 0.1 Bilgic et al., 2017
Babesia crassa MT 4.0-6.19 Schnittger et al., 2003; Bilgic et al., 2017; Kose, 2017
Babesia sp. MT 5.74 Ozubek & Aktas, 2017a
Goksu, 1967; Hoffmann et al., 1971; Guralp et al., 1975; Sayin et al., 2009; Altay
ME 1.44-52.71 ¢t al., 2005; 2007b; Aktas et al., 2005b
Sayin et al., 2009
Theileria ovis SM >4.38 4
Altay et al., 2005; 2007a; 2007b; 2012; 2017; Aktas et al., 2005b; Sarayli et al.,
MT 0.33-61.4 2006; Kocabeyoglu, 2009; Inci et al., 2010; Aydin et al., 2013; Bilgic et al., 2017,
Kose, 2017; Ozubek & Aktas, 2017a; 2017b; Zhou et al., 2017
Theileria lestoquardi ME 16.9 Hoffmann et al., 1971
Theileria uilenbergi  MT 6.46 Bilgic et al., 2017
Theileria luwenshuni MT 7.52 Bilgic et al., 2017
Theileria annulata MT 39 Ozubek & Aktas, 2017b
Altay et al., 2007a; 2012; 2017; Aydin et al., 2013; Bilgic et al., 2017; Ozubek &
Theileria sp. MK MT 0.3-2.59 Aktas, 2017b
Theileria sp. OTI MT 2.6 Bilgic et al., 2017
Theileria sp. OT3 MT 0.2-3.24 Altay et al., 2007a; 2012; 2017; Aydin et al., 2013; Bilgic et al., 2017
Goksu, 1967; Hoftmann et al., 1971; Guralp et al., 1975; Ozer et al., 1993; Ekici,
ME 0.2-10.0 2016
Anaplasma ovis SM 75.12 Ekici, 2016
Renneker et al., 2013; Altay et al., 2014; Oter et al., 2016; Bilgic et al., 2017;
MT 18.0-67.06  7hou et al., 2017; Aktas & Ozubek, 2018; Sevinc et al., 2018
ME 9.86 Gokece et al., 2008
Anaplasma SM 14.86-21.3 Unver et al., 2005; Gokce et al., 2008; Ekici, 2016
Phagocytophilum
Gokce et al., 2008; Altay et al., 2014; Atas et al., 2016; Oter et al., 2016; Bilgic et
MT 1.56-19.66

al., 2017; Sevinc et al., 2018

Abbreviations: ME, microscopic examination; SM, serologic method; M T, molecular techniques.
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Gaziantep, and Adiyaman provinces (Aktas & Ozubek
2018). Sevinc et al. (2018) also found that A. ovis was
present at a rate of 56.94% in sheep with clinical signs
suggestive of babesiosis in the Konya and Karaman
provinces.

Anaplasma phagocytophilum

Preliminary data for A. phagocytophilum in small
ruminants was provided from a serologic survey
conducted on 104 healthy sheep from the Kars province
by Unver et al. (2005). The seroprevalence was 19.2%
in that study. Gokce et al. (2008) investigated its
prevalence with ME, serologic tests, and PCR in 750
healthy sheep from the Artvin, Rize, Trabzon, Giresun,
Ordu, and Samsun provinces, and the prevalence was
9.86%, 14.86%, and 12.35% with these methods
respectively. Its prevalence in species-specific PCR
varied between 1.56% and 19.66% in Turkey. Altay et
al. (2014) found it as 19.66% in Bingol, Elazig,
Malatya, and Mus, whereas its prevalence was 4.33% in
Sanliurfa (Atas et al., 2016), 8.51% in Istanbul,
Tekirdag, Edirne, and Kirklareli (Oter et al., 2016),
1.56% in 18 provinces of Turkey (Bilgic et al., 2017),
and 2.39% in Konya and Karaman (Sevinc et al., 2018).
According to a recent serologic investigation in Konya
and Karaman, its prevalence was 21.3% (Ekici, 2016).

Conclusion

Studies about tick-borne protozoan and bacterial
infections in sheep and goats in Turkey were
summarized with this review (Table 1). The prevalence
of tick-transmitted pathogens in healthy sheep and goats
was 0.36-67.37% (ME), 38.46-74.4% (serologic
methods), 0.31-21.42% (molecular techniques) for B.
1.73-12.0% (ME), and 0.1% (molecular
techniques) for B. motasi; 4.0-6.19% (molecular

ovis,;

techniques) for B. crassa; 5.74% (molecular techniques)
for Babesia sp.; 1.44-52.71% (ME), 54.38% (serologic
method), 0.33-61.4% (molecular techniques) for 7. ovis;
7.52% (molecular techniques) for 7. luwenshuni; 6.46%
(molecular techniques) for 7. uilenbergi; 0.3-2.59%
(molecular techniques) for Theileria sp. MK,; 2.6%
(molecular techniques) for Theileria sp. OT1; 0.2-3.24%
(molecular techniques) for Theileria sp. OT3; 3.9%
(molecular techniques) for 7. annulata, 0.2-10.0%
(ME); 75.12% (serologic method); 18.0-67.06%
(molecular techniques) for A. ovis; and 9.86% (ME),
14.86-21.3% (serologic method), 1.56-19.66%
(molecular techniques) for 4. phagocytophilum.

As a conclusion, B. ovis has a broad range of
distribution and low prevalence, 7. ovis has a broad
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range of distribution and also a high prevalence.
Presence of B. motasi, B. crassa, T. luwenshuni and T.
uilenbergi were recently molecularly confirmed, but
need to be investigated in detail. Further investigations
should be performed related with the newly identified
species / isolates (Theileria sp. MK, Theileria sp. OT1,
Theileria sp. OT3, Babesia sp. and T. annulata) in sheep
and goats. According to the limited number of studies
about sheep and goat Anaplasma infections, A. ovis has
high prevalence, and 4. phagocytophilum has low
prevalence in sheep and goats in Turkey.
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Ozet

Laboratuvar hayvanlarinin kullanimi tiim diinyada oldugu gibi Tiirkiye'de de giin gectikge
artmaktadir. Ozellikle fareler, deney hayvani popiilasyonunda biiyiik ¢ogunlugu
olusturmaktadir. Laboratuvar hayvanlarmin viral hastaliklari, laboratuvarlar igin bilylik
onem arz etmektedir. Bu derleme deney hayvanlarinda goriilen viral hastaliklar hakkinda
literatiir eksikligi olmasi sebebiyle, Tarim Bakanligi “Deneysel ve Diger Bilimsel Amaglar
I¢in Kullamlan Hayvanlarin Refah ve Korunmasma Dair Yonetmeligin Uygulama Talimat:”

baz alinarak hazirlanmustir.
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The use of laboratory animals is also increasing by time in Turkey as well as all over the world. In particular, mice constitute the vast majority in the
experimental animal population, and viral diseases are of great importance for laboratories. This review is based on the Ministry of Agriculture's
"Implementation Regulation on the Welfare and Protection of Animals Used for Experimental and Other Scientific Purposes" because of the lack of

literature on viral diseases in experimental animals.

Key words: Viral Diseases, Mice, Rat, Rabbit

Giris

Laboratuvar arastirmalarinda istenilen sonuca daha
giivenilir bir yoldan ulagmak i¢in in vivo yontemlere
olan yonelim giderek artis gostermektedir. In vivo
yontemler igerisinde ise laboratuvar hayvanlari,
giivenilir olan se¢eneklerden biridir.

Laboratuvar hayvanlarinda, deneysel enfeksiyonlarla
yapilan c¢aligsmalar, 6zellikle insan hastaliklar:
arastirmalart i¢in son derece dnemli bir yer tutmaktadir.
Deneysel enfeksiyonlarin disinda laboratuvar
hayvanlarinda, virus, bakteri, parazit, mantar gibi gesitli
etkenlerin neden oldugu yaygin goriilen hastaliklar
mevcuttur.

Bu derleme, laboratuvar hayvanlarinda (fare, sigan ve
tavsanlarda) goriilen, dnemli viral hastaliklar hakkinda
bilgi vermek amaciyla hazirlanmigtir.

Farelerde Goriilen Viral Hastahklar;
Mousepox

Etken, Poxviridae familyasinda, Orthopox genusunda
yer alan ve zarfli bir DNA virusu olan
Ectromeliavirustur (ECTV) (Esteban ve Buller, 2005).

Fareler dogal konakc¢idir. Siganlarda sadece deneysel
enfeksiyon sekillenmektedir. Hastaligin bulagsmasinda
baslica deri abrazyonu ve direkt temas etkilidir. Ancak
virus solunum sekresyonlar1, idrar ve digki ile de
yaytlmaktadir (MacLachlan ve Dubovi, 2016). Hassas
tirlerde, semptomlar enfeksiyondan sonra 7-11 giin
icinde goriilmektedir ve virus 3 hafta boyunca gaita ile
sagilmaktadir (Criver, 2009).

C57BL/6 ve AKR olarak adlandirilan direngli fare
tiplerinde klinik semptomlar goriilmez ve virus
sacilimindan 6nce iyilesme goriilmektedir (MacLachlan
ve Dubovi, 2016). A, CBA, C3H, BALB/c ve DBA/2
gibi duyarli tiplerin enfeksiyonunda mortalite orani
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%80-90’dir ve olim birka¢ saat icinde, klinik belirti
goriilmeden gergeklesmektedir. Hassas tiplerde, 6lim
kisa siirede gergeklestigi i¢in virus sagilimi sinirlidir
(Criver, 2009; MacLachlan ve Dubovi, 2016). Yari
hassas tipler, generalize enfeksiyon ger¢irirler. Ani 6lim
veya hizli iyilesme goriilmedigi i¢in virusu diger
hayvanlara yayabilirler. Bu tip farelerde klinik semptom
olarak dalak, karaciger, lenfoid dokularda multifokal
nekroz, tiim viicutta deri dokintiisli, konjiktivit, agir
enfeksiyonlarda uzuvlar ve kuyrukta nekroz
sekillenmektedir (Fox ve ark. 2015; MacLachlan ve
Dubovi, 2016).

Enfekte hayvanlarda, histolojik olarak epitel
hiicrelerinde intrastoplazmik eozinofilik inkliizyon
cisimcikleri goriilmesi, hastaligin tanisinda yardimci
olmaktadir. Ancak serolojik olarak ELISA (Enzyme
Linked Immunosorbent Assay) ve IFA (immun Floresan
Testi) testleri daha giivenilir sonu¢ vermektedir. Deri
lezyonlarindan alinan orneklerden yapilan PCR
(Polimeraz Zincir Reaksiyonu) testi de dogrulama igin
kullanilabilmektedir (Fox ve ark. 2015).

Lenfositik Koriomenengitis Virus (LCMYV)

Lenfositik Koriomenengitis Virus (LCMYV),
Arenaviridae familyasinda Mammarenavirus genusunda
yer alan zarfli bir RNA virusudur (Criver, 2009).

Virusun ana konakg¢ist Mus musculus tiirii farelerdir ve
zoonozdur. Virus oOzellikle Mus musculus ve Mus
domesticus tiirii ev fareleriyle tiim diinyaya yayilmistir.
Vahsi farelerde persiste anne farelerden vertikal
bulagma, yeni persiste hayvanlarin meydana gelmesine
ve virusun devamliliginin saglanmasina sebep
olmaktadir. Dogal yolla enfekte olmus vahsi farelerde
herhangi bir klinik semptom olugmamaktadir. Persiste
hayvanlar dmiir boyu tastyici olurlar ve virusu tiikiiriik,
idrar, gaita ve burun sekresyonlariyla sacarlar (Bonthius,
2012). Persiste hayvanlarda yasla beraber immuntolere
durumu kaybolur ve ‘gec hastalik’ denilen kilo kaybi ve
oliim sekillenir. Bu farelerde lezyon olarak karakteristik
lenfositik koriyomeningitis ve bobreklerde, karacigerde,
akcigerlerde lenfosit infiltrasyonlar, immun kompleks
glomerulonefritis ve vasculitis goriilmektedir (Criver,
2009).

Minute Virus (MVM)

Minute virus, Parvoviridae familyasinda, zarfsiz bir
DNA virusudur (Criver, 2009). Virusun dogal
konakgilart laboratuvar fareleri ve vahsi farelerdir. Virus
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idrar, gaita, oranazal sekresyonlarla ve kontamine
biyolojik materyaller ile sagilmaktadir. Virusun ¢evresel
faktorlere karsi direngli olmasi, bulagma ihtimalini de
arttirmaktadir. Dogal yolla enfekte olan hayvanlarda
hastalik subklinik seyreder. Baz1 yenidoganlar, deneysel
enfeksiyonlara kars1 duyarlidir ve klinik olarak &liimciil
renal ve/veya intestinal kanamalar goriilmektedir. Ancak
bu belirtiler dogal enfeksiyonlarda rapor edilmemistir
(Fox ve ark. 2015). MVM persiste enfeksiyon
olusturmamaktadir. immun yeterliligi olan bir hayvanda
4 haftadan daha kisa bir siirede organizmadan elemine
edilmektedir (Criver, 2009). Virusta vertikal bulasma
rapor edilmemistir (Fox ve ark. 2015).

Adenovirus Enfeksiyonu (MAV)

Adenovirus, Adenoviridae familyasindan zarfsiz bir
DNA virusudur. Laboratuvar farelerinde ve vahsi
farelerde (Mus musculus) Mastadenovirus cinsinde iki
tip virus gorilmektedir: Murine Mastadenovirus A
(MAV-1 ya da FL) ve Murine Mastadenovirus B
(MAV-2 ya da K87). iki tip de fare bobrek hiicre
kiiltiiriinde ireyebilmektedir ancak antijenik olarak
farklhidir. (Fox ve ark. 2015). Onceki ¢alismalar, immun
yeterliligi olan farelerin her yasta MAV-1 ile enfekte
olabilecegini gostermistir. Ancak morbidite ve mortalite
ozellikle yeni dogan ve emen hayvanlarda gorilmiistiir.
MAV-1’¢ karsi direng, fareler 14-27 giinliik olana kadar
hizli bir gekilde artis gostermektedir (Guida ve ark.
1995).

Basta MAV-1 olmak {izere virusun fare kolonilerindeki
prevelans: diisiiktiir. Ancak yeni doganlarin MAV-1 ile
deneysel enfeksiyonlarinda biiylimede durma, letarji ve
10 giin icinde olim gibi ciddi klinik tablolar
gorililmektedir. Yetigkin immun yeterliligi olan farelerin
deneysel enfeksiyonlarinda fareler persiste enfekte
kalabilmekte ve uzun siire virusu idrariyla
sacabilmektedir. Yetiskin farelerin MAV-2 ile deneysel
enfeksiyonunda, virus yine klinik belirti gostermeden
persiste kalarak 3 hafta kadar gaitada bulunabilir (Fox
ve ark. 2015). Yetiskin C57BL/6 ve SJL/J tip fareler
MAV-1’e karst duyarli olup ndrolojik semptomlar
gosterirken, BLAB/c tip fareler yiiksek doz deneysel
enfeksiyon disinda herhangi bir semptom gostermezler
(DORA, 2013).Virusa kars1 tek yonlii bir ¢apraz koruma
olusmaktadir. MAV-1 antikoru MAV-2’ye karsi da
korurken MAV-2 antikoru MAV-1’e karsi
korumamaktadir. Bu yiizden serolojik testlerde kombine
antijen kullanilmalidir. (DORA, 2013).
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Fare Sitomegalovirus (MCMYV)

Fare sitomegalovirusu (MCMYV), Herpesviridae
ailesinde yer alan zarfli bir DNA virusudur (Krmpotic
ve ark. 2003). Virusun dogal yolla enfeksiyonu nadir
olarak goriilmektedir. Virus horizontal olarak, enfekte
hayvanm tiikiiriik, gbzyas1 ve idrartyla temas yolu ile
bulasir. Vertikal bulagsma dogal enfeksiyonlarda
goriilmezken deneysel olarak gergeklesebilmektedir.
Immun yeterliligi olan hayvanlarda hastalik
asemptomatiktir ve persiste enfeksiyon olusturur. Virus
epiteliyal ve endoteliyal hiicreler, miyositler, kahverengi
yag hiicreleri, fibrositler, makrofajlar ve kemik iligi
hiicreleri gibi cesitli birgok hiicrede replike olur ve
latent olarak kalir(Krmpotic ve ark. 2003). Virusun
enfekte ettigi dokularda, basta servikal tiikiiriik bezleri
olmak {izere, karakteristik megalositik degisiklikler;
eozinofilik intraniikleer ve/veya intrastoplazmik
inkliizyon cisimleri goriilebilmektedir (Fox ve ark.
2015). Immunsupresif hayvanlarda hastalik, organlarda
yiiksek virus replikasyonu ve nekroza neden olmasindan
dolay1 yiiksek mortaliteye sahiptir (Krmpotic ve ark.
2003).

Fare Hepatitisvirus (MHV)

MHV’nin etkeni Coronaviridae ailesi iiyesi bir RNA
virusu olan Murine Coronavirustur. Hastalik oldukca
bulasicidir ve baslica aerosol, direkt temas, fomitler ve
deneysel olarak da transplant tumorlerle ve
transplesental pasajlarla bulasmaktadir (Baker, 1998).
MHV, organ tropizmlerine gdre iki biyotip
barindirmaktadir; politropik ve enterotropik sus
(Compton ve ark. 2004).
burun mukozasina yerlesir, akcigerlere iner ve kan

Politropik MHV susu, once

yoluyla coklu organ enfeksiyonu ve ndronlar boyunca
ilerleyerek de MSS’yi enfekte etmektedir. Enterotropik
MHYV susu, burun mukozasi veya barsaklara yerlesebilir
ancak baglica barsaklar, abdominal lenf nodiilleri,
karaciger ve bazi durumlarda MSS’yi enfekte eder
(Baker, 1998). immun yeterliligi olan farelerde hastalik
asemptomatiktir. Siit emen yavrularin enterotropik
MHV susu ile enfeksiyonu, istahsizlik, ishal,
dehidrasyon ve genellikle 6liimle sonuglanir. Uretilen
kolonilerde, yenidoganlar arasindaki enterotropik susun
enfeksiyonu %100 olimle sonuglanmaktadir (Fox ve
ark. 2015). Enterotropik susla enfeksiyon lezyonlar
barsak epiteliyle smirli kalmaktadir. Barsak epitel
hiicrelerinde lizis, ince barsagin sonundaki vililerde
atrofi ve sinsityal hiicreler goriilmektedir. Politropik
suslar bircok organda replike olma yetenegine sahip
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oldugu icin, immun yetersiz hayvanin politropik susla
enfeksiyonu da ciddi lezyonlara yok ag¢maktadir.
Karaciger, dalak, lenf nodiilleri ve kemik iliginde
sinsityal hiicreler ve nekroz gortilmektedir. Eger enfekte
hayvan yeni dogan ise benzer lezyonlar beyinde de
goriilmektedir (Criver, 2013). Immun yeterli fareler 30
glin icinde hastalifi elemine edebilirler. Yavrular da
bagisik annelerden emilen siit ile korunabilmektedirler
(Fox ve ark. 2015).

Fare Rotavirusu (EDIM)

EDIM virusu, Reoviridae familyasindan Rotavirus A
grubundan zarfsiz bir RNA virusudur (DORA, 2013).
Hastalik, karakterinden dolayr yeni dogan farelerin
epizootik diyaresi olarak bilinir (Baker, 1998). EDIM
virusu, oldiiriicii degildir ancak oldukca bulasicidir ve
oral fekal, direkt temas ve hava ile bulasir (Baker,
1998). Klinik olarak sulu, sart renkli diski, letarji ve
sigkin abdomen, dogumdan 2 haftaliga kadar olan
farelerde goriiliir (Baker, 1998). 2 haftaliktan biiyiik
farelerde klinik bulgulara rastlanmamistir. Virus barsak
villus epitellerinde vakuollere ve piknotik hiicre
olusumuna yol agmaktadir. Bu da maladsorbsiyon ve
osmotik diyareye sebep olmaktadir(Fox ve ark. 2015).
Diyare tablosu yaklagik 9 giin sonra bitmektedir fakat
virus sagilimi 2 hafta kadar devam etmektedir (Barthold,
1985). EDIM virusu, hizli bir iyilesme tablosu
gosterdigi icin, koloni iiretiminde 4-6 haftalik bir
bekleyis, hastaliktan kurtulmada etkili olacaktir. Diizenli
serolojik kontroller ve bilinen hayvanlarm alinmasi
hastaliktan korunmada yeterlidir (Fox ve ark 2015).

Reovirus Tip 3 (MRV-3)

Reovirus tip 3, Reoviridae familyasindan Orthoreovirus
genusunda zarfsiz bir RNA virusudur (Baker, 1998).
MRV-3, Reovirus serotipleri arasinda laboratuvar
rodentlerinde en sik gdriilen serotiptir. Bulagma fekal
oral ve direkt temasla olur. Hastaligin yetiskin farelerde
dogal enfeksiyonu asemptomatiktir. Fare tiirline baglt
bir duyarlilik bildirilmemistir. 2 haftalik yasa kadar olan
ve hastaligi daha o6nce gecirmemis olan fare
kolonilerinde klinik semptomlar gdzlenir. Virusun
yenidoganlarda oral inokulasyonundan sonra virus kan,
lenf ve sinir sistemi yoluyla tiim viicuda yayilir. 10-12
giinliik bir inkiibasyondan sonra semptomlar gériilmeye
baslar (Percy ve Barthold, 2013). Klinik olarak, sarilik,
zayiflama, abdominal gerginlik, yagli diskilamadan
dolay1 yagli ve mat tily goriintiisii ve oSliimden 6nce
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tremor, inkoordinasyon ve paraliz goézlenmektedir.
Sarilik goriintiisii ayaklar, kuyruk ve burundan
goriilebilir Iyilesen hayvanlarda gegici dorsal alopesi
goriilmektedir (Fox ve ark. 2015).

Sendai Virus (SV)

Sendai virus, Paramixoviridae familyasi, Respirovirus
genusu ve parainfulenza tip 1 grubunda bulunan bir
RNA virusudur (Baker, 1998). SV ¢ok bulasicidir ve
solunum sekresyonlariyla direkt temas ve aerosol yolla
yayilmaktadir (Fox ve ark. 2015). DBA/2 fare susu, yeni
doganlar ve yash fareler duyarliyken, C57Bl/6 fare
susu, immun yeterli yetigkin fareler direnglidir ve
hastaligr subklinik olarak gecirirler (Barthold ve ark.
2016). Etkilenen farelerde kaba kil oOrtiisii, gozlerde
kabuklanma, dis gicirdatma, dispne, kilo kaybi,
genclerde 6liim, hamilelerde gebeligin uzamasi ve fotal
rezorpsiyon goriilebilmektedir (Baker, 1998; Fox ve ark.
2015). SV, alveolar tip 2 hiicreleri basta olmak {izere,
respiratorik epitel hiicrelerinde iiremektedir.
Histopatolojik olarak karakteristik bronkointerstisyel
pnomoni gelismektedir ve bu, multifokal adenomatoz
degisikliklere, skuamdz metaplazilere, ciddi vakalarda
da organize alveolitislere neden olabilmektedir (Fox ve
ark. 2015). SV enfeksiyonu immun yeterli farelerde
asemptomatiktir. Siit emen fareler de enfeksiyonu
gecirmis annelerden maternal antikorlarla korunurlar
(MachLachlan ve Dubovi, 2016).

Ensefalomiyelitis virus (TMEV)

TMEV, Picornaviridae familyasinda Cardiovirus
genusunda yer alan zarfsiz bir RNA virusudur (Masseli
ve ark. 2005). Virus oral fekal yolla bulasir ve semptom
gostermeden barsaklarda cogalirlar (Masseli ve ark.
2005). Dogal enfeksiyonlarin ¢ogu asemptomatiktir.
Fareler deneysel enfeksiyonlarla ¢oklu skleroz (MS) i¢gin
model olarak kullanilmaktadir. TMEV merkezi sinir
sisteminde hastalik olusturabilmesine gore iki alt gruba,
GDVII ve TO, ayrilmistir. GDVII, fareler i¢in oldukga
norovirulenttir ve 1-2 hafta i¢inde 6liime neden olur.
TO, akut fazda enfeksiyondan 1 hafta sonra
polioensefalomiyelitise, kronik fazda enfeksiyondan 1
ay sonra demiyelinizasyona neden olmaktadir (Tsunoda
ve Fujinami, 2010). Klinik semptom olarak karakterstik
on ve ayaklarda paraliz goriiliir. Bazi fareler
iyilesebilmektedir ancak ilerleyen zamanlarda genel
olarak gida ve su aliminda problem yasanmasindan
dolay1 oliim gerceklesmektedir. Paralitik sendromu
atlatan hayvanlarda da kronik demiyelinasyon fazi
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yiirliste bozuklukla kendini gostermektedir (Fox ve ark.
2015).

Sicanlarda Géoriilen Viral Hastahklar
Kilham Sican Virusu (KRV)

KRV, Parvoviridae ailesi, zarfsiz bir DNA virusudur
(National Research Counsil, 1991).
diski, idrar, nazal akintilar, siit ve kontamine fomitlerle

Bulagma, enfekte

gergeklesir (Baker, 1998). Enfekte yeni doganlarda
virusun 14 haftaya kadar persiste kalabildigi
bildirilmistir. ~ Vertikal bulasma da yapilan deneylerle
1970). Dogal

enfeksiyonlarda klinik semptomlar nadir goriiliir ancak

gosterilmistir (Novotny ve Hetrick,

13 giinliik hamile hayvanlarda klinik semptomlar rapor
edilmistir. Bu semptomlar, yavrularda fotal rezorpsiyon
alanlari, ataksi, serebellar hipoplazi ve bir¢cok yavruda
yiiriiylis bozuklugu olarak bildirilmistir. KRV nin, aktif
olarak prolifere olan hiicrelerin bulundugu dokulara
tropizmi vardir ve bu yiizden klinik semptomlar ve
patolojik lezyonlar daha c¢ok fetiislarda ve yeni
doganlarda goriiliir (National Research Counsil, 1991).
Lezyonlar MSS, gastrointestinal sistem ve reproriiktif
sistem organlar1 da olmak {izere bir¢cok organda goriiliir.
Ozellikle karacigerde fokal nekrozlar, hemoroji ve
hiperplazi goriilmektedir (Baker, 1998). Deneysel
enfeksiyonlarda siganlarda yiiksek doz virus
inokulasyonlarinda, serebellar hipoplazi, hemarojik
ensefalopati ve hepatitis goriilmektedir. Ayrica Suriye
hamsterlerinde de serebellar hipoplazi, mongolizm ve
periodontal hastaliklar goriilmektedir (National
Research Counsil, 1991).

Toolan H-1 Virusu

Toolan H-1 virusu, Parvoviridae familyasindan zarfsiz
bir DNA virusudur. Virusun dogal konakgilar1 vahsi ve
laboratuvar siganlaridir. Bulasma idrar, diski, nasal
sekresyonlar ve siit ile gerceklesir. Calismalar daha ¢ok
KRV iistinde yapildig1 ig¢in H-1 virusu hakkinda
bilinenler siirlidir. H-1 virusu da KRV gibi ¢ogalmaya
meyilli doku hiicrelerinde replike olmaktadir. Dogal
enfeksiyonda herhangi bir klinik semptom rapor
edilmemistir. Ancak si¢an ve hamsterlerin fétal ve yeni
doganlarin deneysel enfeksiyonlarinda, cerebellar
hipoplazi, mongolizm, kemik ve dis problemleri, ¢oklu
organ malformasyonlar1 rapor edilmistir (National
Research Counsil, 1991).
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Sican Coronavirus (SDAV)

Sialodacryoadenitis virus (SDAV), Coronaviridae
familyasi, Betacoronavirus genusundan zarfli bir RNA
virusudur (Baker, 1998). SDAV enfeksiyonu &liimctil
degildir ancak laboratuvar siganlari arasinda yiiksek
derecede bulasicidir. Enfekte hayvanlar virusu bir
haftaya kadar sacarlar. Bulagma direkt temas, aerosol ve
fomitler araciligiyla gergeklesir. Hastalik biitiin yas
grubundaki siganlar1 enfekte edebilir ancak siit emen ve
gen¢ hayvanlar daha duyarlidir (Henry J ve ark. 2013).
Virusun tiikiiriik bezleri, lakrimal bezler ve respiratorik
mukozaya tropizmi vardir. Klinik semptomlar gegicidir.
Servikal ddem, hapsirma, fotofobi, konjuktivitis, nazal
ve okuler akinti, korneada iilser ve keratitis goriilen
klinik semptomlardir (Henry ve ark, 2013). Semptomlar
biitlin enfekte hayvanlarda goriilmeyebilir, hafif veya
agir seydebilir. Hastalig1 gegirmis hayvanda semptomlar
gbzlenmez ancak virus sagilmaya devam eder (Henry ve
ark. 2013).

Tavsanlarda Goriilen Viral Hastahklar
Tavsanlarin Hemorojik Sendrom Virusu (RHDYV)

RHDYV, Caliciviridae familyasindan, Lagovirus
genusundan zarfsiz bir RNA virusudur (Abrantes ve ark.
2012). RHDV, Avrupa vahsi tavsanlarinda (Oryctolagus
cuniculus) ve onun evcillestirilmis soyu olan Lepus
europaeus tavsanlarinda ciddi enfeksiyon
1993). Bulagma
direkt temas, fomitler ve enfekte hayvanin sekret ve

olugturmaktadir (Mitro ve Krauss,

ekskretleriyle gerceklesir. Klinik olarak 3 safha vardir.
Akut formda tavsanlar herhangi bir semptom
gostermeden enfeksyondan 12-36 saat sonra Oliirler.
Subakut formda hafif semptomlar goriiliir ve ¢ogu
hayvan hastalig1 atlatir. Kronik formun goriilme yiizdesi
diistiktiir ve tavsanlarda agir bir sarilik, anoreksi ve
letarji tablosu goriiliir. Bu hayvanlar genellikle
enfeksiyondan 1-2 hafta sonra oliirler. Kurtulan
hayvanlarda yiiksek bir antikor titresi olusur (Abrantes
ve ark. 2012). Virusun ana hedefi baslica karaciger,
dalak ve akcigerlerdir. Histopatolojik olarak karacigerde
akut hepatik nekroz, splenomegali, bir ¢ok organda ve
ozellikle akciger, kalp, boreklerde yaygin intravaskiiler
koagiilasyona bagli hemoroji ve konjesyon
goriilir(Baker, 1998; (Abrantes ve ark. 2012). Kan
degerlerinde de lenfopeni, trombositopeni ve pihtilasma
siiresinde uzama gibi degisiklikler gerceklesir (Baker,
1998).
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Myxomatozis

Myxoma virus, Poxviridae familyasindan, Leporipox
genusunda bir DNA virusudur. Myxoma virusun dogal
izolatlari, Avrupa tavsanlari i¢in Sliimciildiir. Sacilim
sivrisinek, pire gibi kan emici artropod vektorlerle olur.
Virus karakteristik olarak yiiz, kafada sisme ve mukoid
(Kerr ve Best, 1998).
Klinik semptomlar virus susuna ve konakgiya gore

kutan6z tiimorlere neden olur

degisiklik gostermektedir. California gibi virulent suglar
tavsanda ani 6liime sebep olmaktadir. Klinik olarak g6z
kapaklarinda, nasal, genital ve oral deliklerin etrafinda
konjuktivitis, 6dem ve inflamasyon sekillenmektedir.
Generalize enfeksiyondan dolay1 patolojik degisiklikler
birgok organda goriilebilmektedir. Akciger, karaciger,
dalak, bobrek, lenf nodiilleri ve testiste dejenerasyon ve
nekrozla takip eden hemorajiler goriiliir (Baker,1998).

Laboratuvar tavsanlarina, tavsan fibroma virus, atteniie
myxoma virus ve atteniie campelpox virus suslari
asilariyla koruma saglanabilir (MacLachlan ve Dubovi,
2016).

Tavsan Rotavirus

Rotavirus, Reoviridae familyas1 liyesi bir RNA
virusudur. Enfeksiyon, vahsi ve laboratuvar
tavsanlarinda siklikla goriilmektedir (Baker, 1998).
Virus oral fekal yolla bulasmaktadir oldukga bulagicidir.
Enfekte hayvanlar agir miikoz veya sulu ishal, anoreksi
ve dehidrasyon gozlenir. Hastalik 8-12 giinliik
tavsanlarda %100 e kadar mortalite gostermektedir.
Klinik belirti gdsteren tavsanlar 1-2 giin sonra 6lim
goriiliir. Enfeksiyonlar genellikle diyareye sebep olan
bakterilerle beraber ger¢eklesmektedir (Manning ve ark.
2014). Sadece virusa bagli enfeksiyonlarin daha hafif
gecirildigi gézlemlenmistir.  Patolojik olarak kolonda
konjesyon, gerginlik ve hemoroji, fluid dolu sekum
goriilmektedir (Baker, 1998).

Sonug¢

Bilimsel ¢aligmalarda deney hayvanlari 6nemli bir yer
tutmaktadir. Caligmalarin giivenilirliginde de ozellikle
deney hayvanlarimin bakteri, mantar ve viral hastaliklar
agisindan ari olmasi aranmaktadir. Bu derlemede
laboratuvar hayvanlarinda goériillen onemli viral
hastaliklara dikkat c¢ekilmesi amaclanarak giincel
bilgiler sunulmustur.
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Ozet

Reverz genetik, genom ftizerindeki dizilerin fonksiyonlarini belirlemeye yonelik girisimlere
imkan taniyan gii¢lii sistemlerden olugmaktadir. Viriislerin kolay manipiile edilebilir yapisi
ve hizli fenotipik karakter sergileme 6zelligi viriis reverz genetigi alanindaki gelismeleri de
beraberinde getirmistir. Viriis reverz genetigi, Ozellikle dinamik yapisiyla mutasyon
olusturmaya miisait, yiiksek patojenik RNA virtisleri hakkindaki bilinmezliklerin ortaya
¢ikarilmasinda 6nemli gorevler listlenmektedir. Bu gorevlerin basinda viral patogenez ve
viriilens faktorlerin belirlenmesi sonrasinda ise yliksek immunojenik, non-patojenik -iyi
viriis- iretme girisimleri gelmektedir. Bu derlemede reverz genetik sistemler sistemleri ve

mevcut gelismeler hakkinda bilgi verilmektedir.

Reverse Genetics of Viruses

Abstract

*Corresponding Author’s E-Mail: habayli@firat.edu.tr

Received 2 July 2018
Received in revised form 2 August 2018
Accepted 4 August 2018

Anahtar kelimeler:
Enfeksiydz klon, kurtarma sistemleri, reverz
aenetik, viriis

Cite this article: Abayli H (2019) Virislerin
Reverz Genetidi. Turk Vet J, 1(2):90-100.

Reverse genetics are powerful systems that allow for attempts to determine the functions of sequences on genetic material. Easier manipulation of
viruses and rapid phenotypic characterization have led to advances in the field of virus reverse genetics. Virus reverse genetics play an important role in
the detection of obscurity about high pathogenic RNA viruses, which are suitable for mutation with its dynamic structure.The most important of these
roles are the high immunogenic, non-pathogenic-good virus-producing interventions after viral pathogenesis and virulence factors are determined. In
this review, information about reverse genetic systems and current developments is presented.
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Giris

Gen ve fonksiyonu arasindaki iligkiyi tanimlamaya
yonelik geleneksel yaklagimlar dogal veya yapay
mutantlardan biyolojik bozuklugu gosterenlerin ayirt
edilerek gen diizeyinde (haritalama gibi yontemler ile)
incelenmesi iizerine kurulmustur. Klasik genetik veya
forward genetik olarak adlandirilan bu yaklasimda
baslangic materyali mutant fenotiptir dolayisiyla elde
edilecek bilginin akis yonii fenotipten genotipe dogru
olmaktadir. Klasik genetikte oldugu gibi rastgele ortaya
¢tkmis bir mutant {izerinde c¢alisgarak o geni veya
sifreledigi proteini bulmak yerine, ¢caligmaya ilgilenilen
fakat islevi bilinmeyen, klonlanmis bir genle
baslanabilmekte ve bu geni bozma girisiminde
bulunarak genin iglevi analiz edilmeye g¢aligilmaktadir.
Geleneksel arastirma yoniiniin tersine yapilan (genden >
fenotipe) ve baglangi¢ materyali gen olan bu yaklagima
reverz genetik (ters genetik) ad1 verilmektedir (Sortle ve

ark., 1981, Temizkan G, 2013, Griffiths ve ark., 2004,
Jason, 2009).

Viroloji alaninda reverz genetik, ilgili tiim viral dizilerin
cDNA’lar seklinde klonlanmasi, modifikasyonu ve
kiiltiir ortaminda ya da organizma {zerinde
fonksiyonlarinin incelenmesi manasinda
kullanilmaktadir. Degistirilen dizilerle birlikte sil bastan
iiretilen enfeksiyoz virlisin kiiltiir ortamindan izole
edilmesi veya kurtarilmasina ithafen bazi aragtirmacilar
reverz genetik terimi yerine, kurtarma sistemi (rescue
system-recovery system) terimini kullanmay1 tercih
etmektedir (Neumann ve ark., 2002).

Viriislerin nispeten kiiglik genoma sahip olmalart ve
hiicre igerisinde kisa siirede ¢ogalabilmelerinden dolay1
ilgili gen fenotipi hizla belirlenebilmektedir. Reverz
genetigin gelismesi Ozellikle viroloji alaninda devrim
yaratmigtir. Virlis ateniiasyonu, konak o6zgiilliigliniin
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degistirilmesi, replikasyon defektli virlislerin {iretimi,
yeni as1 stratejilerinin gelistirilmesi, viral gen ve
dizilerin fonksiyonlarinin belirlenmesinde yaygin olarak
kullanilmaktadir (Sola ve ark., 2003).

DNA genomuna sahip viriisler, tam uzunlukta DNA
klonlar1 olusturularak homolog rekombinasyon
teknolojileri ile genetik olarak degistirilenlerin ilkini
teskil etmektedir. Modifiye edilmis DNA genomundan
tiretilen ilk rekombinant soy SV40 virisiidiir (Goff &
Berg, 1976). Bircok DNA viriisii gibi SV40’1n genomu
da oOkaryotik promotorler igerdiginden tek basina
infeksiyozdiir. Konak hiicrenin replikasyon ve
transkripsiyon mekanizmasin1 kullanarak ¢ekirdekte
transkribe ve replike olmaktadir (Barbanti-Brodano ve
ark., 1970, Buchman ve ark., 1981). DNA viriislerin
genomlar1 klonlama veya direk olarak maniplasyon i¢in
olduk¢a biyiiktir, bu viriisler i¢in homolog
rekombinasyon yaklasimi daha uygundur. Herpes, pox
ve adenoviriislerde uygulanan bu yaklasimda viral
dizilerle gevrili rekombinant DNA, vahsi tip viriise ait
tam viral DNA ile birlikte hiicreye aktarilmaktadir
(transfeksiyon).Vahsi tip ve rekombinant viriis
karisiminda rekombinant viris ortamdan
kurtarilmaktadir (Jones & Shenk, 1978, Mackett ve ark.,
1982, Post & Roizman, 1981).

RNA virlis reverz genetigin ge¢misi 1978’lere
dayanmaktadir. Tam uzunluktaki Qbeta bakteriyofaj
genomunun cDNA bi¢ciminde plazmide aktarilarak
E.coli’ye transforme edilmesi sonrasinda plak olusumu
gozlenmistir (Taniguchi ve ark., 1978). Racaniello ve
Baltimore (1981), viral RNA genomunu cDNA
yapisinda plazmide klonlayarak hiicre kiiltiir ortaminda
polioviriisii liretmeyi bagarmustir. Sonraki yillarda T3
veya T7 RNA polimeraz sistemi kullanilarak bir¢ok (+)
ssRNA viriise (alfavirlis, picornavirils, flaviviriis) ait
sentetik RNA transkriptleri sentezlenmis ve bu
transkriptlerin hiicreye aktarimi ile viriis iiretimi
gerceklestirilmistir (Boyer & Haenni, 1994).

Negatif anlamli RNA virlis genomlar: hiicre
transkripsiyon ve translasyon mekanizmasi tarafindan
taninmamaktadir (Friedman ve ark., 1981). Dolayisiyla
bu virisler ihtiya¢ duyduklar1 yapilart virion igerisinde
RNP kompleks (RNA, NP ve replikasyon proteinleri)
biciminde bulundurarak pozitif anlamli viriislerden
farkli bir strateji gelistirmislerdir. Bu kompleks negatif
anlamli viriislerin minimal replikasyon {nitesini tegkil
etmektedir (Conzelman, 1998, Bridgen & Eliot, 1996).
Bu biyolojik gereksinimlerden dolayr reverz genetik
sistemleri (-) RNA wvirlislerine daha geg
uyarlanabilmistir. Klonlanmis c¢DNA’dan tiimiiyle

Abayli H, 2019/ Turk Vet J 1(2) : 90-100

kurtarilan ilk segmentsiz (-) RNA viriisii kuduz viriisii
(1994) olurken ilk segmentli (-) RNA virlisii ise
Bunyamwera viriis (3 segmentli) (1996) olmustur.
Ardindan birnaviriis ve influenza gibi bir¢ok viriise
benzer sistemler uygulanmis ve enfeksiydz viriis tiretimi
gerceklesmistir (Mundt & Vakharia, 1996, Fodor ve
ark., 1999, Neuman ve ark., 1999, Schnell ve ark., 1994,
Collins ve ark., 1995).

Rekombinant Enfeksiyoz Viriis Uretimi

T7 Polimeraz sistemi/Stoplazmada Transkripsiyon:
Poztif anlamli RNA viriisleri konak hiicrenin
translasyon mekanizmasi tarafindan taninmasi
dolayisiyla kendi proteinlerini hiicrede sentezleterek
replike olabilmektedir (Neumann ve ark., 2002). Viral
mRNA’larin hiicreye transfeksiyonu bu viriislerin
kurtarilmasi i¢in yeterli olsa da viral genomun genetik
olarak maniple edilebilmesi i¢cin VRNA’'nin cDNA
klonuna doniistiiriilmesi gerekmektedir. ¢cDNA’dan
vRNA’lar1 ve proteinleri iiretmek i¢in viral dizilerin ya
hiicre igerisinde mevcut olmasi ya da bir promotor
kontroliinde plazmide klonlanarak hiicreye
transfeksiyonu gerekmektedir (Bayou, 2017). RNA
viriis reverz genetik c¢alismalarinda en sik kullanilan
trankripsiyon sistemi viral RNA’nin sitoplazmik
trankripsiyonuna izin veren T7 RNA polimeraz aracili
sistemlerdir. Hiicre ortammda T7 RNA polimeraz,
transfekte edilen plazmidden veya polimeraz proteini
ekprese eden yardimci viriislerden temin
edilebilmektedir (Racaniello & Baltimore, 1981, Boyer
& Haenni, 1994, Palese ve ark., 1996). Vaccinia viriise
dayali yardimci viriis sistemi (vIF7-3) ¢ok etkili
transkripsiyon verimlili§ine sahiptir. Ancak hiicrelerde
sitopatik etkiler olusturarak kurtarma verimliligini
diistirebilmektedir. Ayrica enfekte hiicrelere cytosine
beta arabinoside (Ara-C) ve/veya rifampicin antiviral
bilesenlerin ilavesiyle vaccinia viriis replikasyonu
kontrol altinda tutulmalidir (Elroy-Stein & Moss, 1989).
T7 RNA polimeraz eksprese eden kalici hiicre hatlarin
tiretimi ile bu sorun ortadan kalkmistir (Radecke ve ark.,
1995, Buchholz ve ark., 1999). SARS coronaviriis gibi
biiyiik genoma sahip RNA viriislerde rekombinant viriis
tiretimi igin kullanilan ek bir platform bakteriyel yapay
kromozom (BAC)’dur. Bu yapilar, biiyiik DNA/RNA
fragmentlerin eklenmesine izin veren T7 promotorlii, E.
Coli’den tiiretilen tek kopyali F plazmidleridir. BAC
yapilart DNA viriislerin kurtarilmasinda uzun siiredir
kullanilmaktadir. Bu yapilarin genetik dayanikliligi
RNA viriislerde de kullanimina yol agmistir (Almazan
ve ark., 2013, DeDiego ve ark., 2007, Balint ve ark.,
2012). Biitiin pozitif anlamli RNA viriisleri tek genom

91



segmentinden olusur ve viral RNA hem genom
replikasyonuna sablon gorevi goriir hem de mRNA
olarak gorev yapmaktadir. Bu sebeple uygun hiicresel
veya viral promotor kontroli altindaki viral cDNA’y1
iceren tek bir plazmid pozitif anlamli RNA viriisleri
reverz genetigi i¢in yeterlidir (Pushko ve ark., 2016,
Stobart & Moore, 2014).

Negatif anlamli viral RNA genomuna ait genetik kodlar
tasiyan c¢cDNA klonlarindan virlisiin kurtarilmast tek
basina miimkiin degildir. Bu viriislere ait reverz genetik
sistemleri genellikle viral RNA polimerazin
taniyabilecegi yardimeci yapilarin ve genomik
replikasyonu baglatmak i¢in diger esansiyel proteinlerin
kullanimini gerektirmektedir (Bucholz ve ark., 1993,
Friedman ve ark., 1981, Storey ve ark., 1984). ilk
kurtarma sistemleri, T7 polimeraz ile yapay iiretilen
vRNA’nin piirifiye RNP kompleks proteinleri ile in vitro
bir araya getirilerek kompleksin olusturulmasi ve vahsi
tip viriisle enfekte hiicrelere transfeksiyonuyla
gergeklestirmislerdir. Buna ragmen basarili sonuglar
alinarak yapay RNP kompleksini igeren rekombinant
viriis iiretimi olusturabilmislerdir (Luytjes ve ark.,
1989). Pattnaik ve Wertz (1991) VSV viral proteinlerin
tamamint ekspresyon plazmidlerinden sagladigi bir
minireplikon sistemini kurmay1 basarmigtir. Bunun i¢in
4 veya 5 plazmidin kotransfeksiyonuna gereksinim
duyulmaktadir. Bu plazmidlerden biri (-)vRNA’y1
kodlayan antigenomik (+)cDNA’nin 5’ ucuna T7
polimeraz promotor dizisi, 3’ucuna da ribozim dizisinin
eklenmesiyle olusturulmustur. Gorevli diger plazmidler
viral replikasyon proteinlerin ekspresyonu icin
gereklidir. Bu plazmidlerin T7 polimeraz iireten
hiicrelere kotransfeksiyonu riboniikleoprotein kompleks
olusumu ve sonrasinda enfeksiydz viriisiin kurtarilmasi
ile sonuglanmaktadir. Farkli yaklagimlarla edinilen
deneyimler RNA bagimli RNA polimeraz (L),
niikleoprotein (N) ve fosfoproteinin (P) rhabdovirus ve
paramyxovirlis (pneumovirinae i¢in ek olarak M2-1)
genom replikasyonlar1 i¢in yeterli oldugunu
gostermigtir. Filoviridae ailesindeki Marburg virus i¢in
L, NP ve VP35 (fosfoproteine esdeger) minimal
replikasyon {initesini olustururken (Miihlberger ve ark.,
1998), Ebola viriiste ise bunlara ilaveten VP30
proteinine ihtiya¢c duyulmaktadir (Miihlberger ve ark.,
1999). Aksine biinyaviriis veya arenaviriislerde ise
transkripsiyon ve replikasyon i¢in L ve NP yeterlidir
(Dunn ve ark., 1995, Lee ve ark., 2000). T7 polimeraz
sistemi sitoplazmada transkribe olan HeV, NiV, MeV,
SeV, RabV, Ebola, Marburg, Newcastle, HPIV-3
(Sekil-1) , RSV, VSV, LCMV gibi (-)RNA viriislerini
kurtarmak igin sikga tercih edilmektedir. Daha iyi sonug
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alindigr icin elde edilen cDNA’larin antigenom
oryantasyonu ile plazmide yerlestirilmesi seklinde
sistem modifiye edilmistir (Schnell ve ark., 1994). Eger
T7 polimeraz sistemi ¢ekirdek lokalizasyon sinyalleri ile
kombine edilirse ¢ekirdekte replike olan influenza
viriislerin kurtarilmasi da miimkiin olabilmektedir (de
Wit ve ark., 2007). Polimeraz-I (Pol-I) enzimine dayali
sistemlerin aksine T7 polimeraz sistemlerin dezavantaji
elde edilen transkriptlerin 5° ve 3’ uglarmna viriiste
bulunmayan GGG kalintisinin eklenmesidir. Bu
kalintilar etkili sekilde riboniikleoprotein kompleksi
olusumuna miidahalede etmektedir. Dolayisiyla
transkripsiyon esnasinda eklenen nonviral niikleotitlerin
otokatalitik ribozimlerle kesimine ihtiyag duyulmustur.
Le Mercier ve ark (2002) ¢ekic bas ribozim kullanarak
tam 5’ u¢ olusturmada basarili olmustur. Ayrica tam 3’
ug tretmek i¢in HDV ribozim eklentisi kullanilmis ve
100 kat daha etkili kurtarma saglanmistir.

Pol-I ve Pol-I/lIl sistemi/Cekirdekte Transkripsiyon:
RNA polimeraz I enzimi (Pol-I), 5* cap ve 3’ poliA
yapilarindan yoksun ribozomal RNA’y1 sentezlemekle
gorevli cekirdekeik enzimidir (Hoffmann ve ark., 2000).
Pol-1 dayali virlis kurtarma sistemleri Uukuniemi,
Influenza, Thogoto, Borna disease, kizamik ve Ebola
virlislerine basgarili sekilde uygulanmis olsa da
¢ekirdekte replike olan RNA viriisleri i¢in daha g¢ok
uygunluk gostermektedir. Influenza viriis ve
bornaviriisler hiicre cekirdeginde c¢ogalmaktadir.
Influenza viriisler transkripsiyonel faaliyet icin viral
genomik RNA, NP ve viral RNA polimerazdan (PBI1,
PB2 ve PA) ibaret fonksiyonel olarak aktif viral RNP
kompleksine ihtiya¢ duymaktadir (Lamb & Krug, 2001,
de la Torre, 2001). ilk influenza viriis kurtarma
girisimleri in vitro bir araya getirilen tek bir RNP
kompleksinin yardimei influenza viriisle enfekte
hiicreye transfekte edilmesine dayanmaktadir (Luytjes
ve ark., 1989). ikinci bir uygulama olarak yardimci
viriisle enfekte hiicrelerde tek influenza viriis
segmentine ait VRNA kodlayan ¢cDNA’nin pol I
prométor ve terminator dizileri arasina yerlestirilerek
hiicreye transfekte edilmesi ile basarilmistir. Ancak bu
sistemlerde enfektif rekombinant viriislerin ortamdan
izolasyonu zordur ve antikor aracili kisitlama, 1s1
duyarliligt veya ilag direnci gibi giiclii seleksiyon
sistemlerine ihtiya¢ vardir (Barclay & Palese., 1995,
Enami ve ark., 1991, Castrucci & Kawaoka, 1995,
Neumann & Kawaoka, 2004).

RNA polimeraz II (Pol-II) enzimi, mRNA’nn ve kiigiik
cekirdek RNA’larinin transkripsiyonundan sorumlu esas
Okaryotik hiicre trankriptazidir. Influenza viriis kurtarma
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Sekil 1. Segmentsiz negatif anlamlt HPIV3 RNA viriistiniin T7 RNA polimeraz sistemi ile kurtarilmasi. 1) T7
polimeraz eksprese eden vaccinia virlis vIF7-3 ile hiicrelerin enfekte edilmesi. 2) T7 RNA polimeraz promotor
kontrolii altinda genomik RNA’y1 sentezleyen plazmidin NP, L ve P proteini eksprese eden plazmidlerle
kotransfeksiyonu. 3) gRNA’nin NP ile kapsitlenmesi 4) RNP kompleks olusumu. 5) Viral replikasyonun uyarimi ve 6)
enfektif virionun olusumu (Jason, 2009)
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Sekil 2. Sekiz, ii¢c ve tek plazmidden olusan influenzaviriis reverz genetik sistemleri. a) Sekiz plazmid igeren reverz
genetik sistemi. Sekiz viral segmentten birini kodlayan cDNA insan pol-I promotdrii ile fare pol-I terminatdrii arasina
yerlestirilmistir. Pol-I kaseti daha sonra hCMV pol-II promotérii ve poliadenilasyon sinyaline tutturulmustur. b) Ug
plazmid igeren reverz genetik sistemi. Plazmidlerden biri sekiz viral segmentin tamaminin cDNA’sini1 igermekte ve
Pol-I promotdr ve terminatdr dizilere yerlestirilmistir. Diger plazmid PB2, PB1 ve PA kodlayan cDNA’larin mRNA’ya
transkripsiyonun saglayan pol-II kasetinden olusmaktadir. Uglincii plazmid ise NP’nin pol-II trankripsiyon iinitesini
tagimaktadir. ¢) Tek plazmid sistemi. Tek bir ekspresyon plazmidine sekiz viral segment i¢in sekiz pol-I-II kasetinden
olugmaktadir (Ye ve ark., 2014)
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sistemlerinde RNA pol II sitomegaloviris
promotdrlerinden viral mRNA transkripsiyonunu
baslatmak i¢in faydalanilmaktadir (Hoffmann ve ark.,
2000).

Influenza A viriisiin tiimiiyle klonlanmis cDNA’dan
kurtarma girisiminde, her bir segmente ait vVRNA’lar1
kodlayacak cDNA’nin Pol-I promotdr ve terminator
dizileri iceren plazmide aktarilmasi gerekmektedir.
flaveten NP ve ii¢ polimeraz alt {initesine (PB1, PB2 ve
PA) ait mRNA’lan iiretmek i¢in de cDNA yapisindaki
genetik kodlarmn Pol-II promotér ve poliA dizileri
tasiyan plazmidlere aktarilmasi gerekmektedir. Boylece
toplamda 12 plazmide gereksinim duyulmaktadir
(Neumann ve ark., 1999).

Hoffmann ve ark (2000) influenza A segmentlerini ¢ift
yonli olarak (ambisens) transkripsiyon iiniteleri
icerisine klonlayarak yenilik¢i bir yaklasim
gelisgtirmigtir. RNA Pol-I ve Pol-II sisteminin ayni
plazmidde yer aldigi bu sistem RNA Pol-I/Il olarak
tanimlanmakta ve RNA pol-I sisteminin modifiye
edilmis halini temsil etmektedir. Influenzaviriis viral
RNA’lar1 kodlayan cDNA’lar 5’ uctaki RNA polimeraz I
promotorii ile 3’ugtaki polimeraz I terminatdrii arasina
negatif oryantasyonla, RNA polimeraz II promotorii ile
poliadenilasyon bdlgesi arasina pozitif oryantasyonla
klonlanmustir. Iki transkripsiyon {initesinin oryantasyonu
tek cDNA sablonundan RNA pol-I enzimi ile negatif
anlamli vVRNA sentezine, RNA pol-II enzimi ile pozitif
anlamlit mRNA iiretimine izin vermektedir. Bu yaklasim
ile 12 olan plazmid ihtiyac1 8’e diigmistiir. Plazmid
sayisinin azalmasi yiiksek seviyede transfeksiyon
etkinligi i¢in daha elverigli olmustur. Son olarak, 8 viral
RNA’nin tek bir plazmidden kodlanmasi gibi farkli
yaklagimlar denenmis ve transfekte hiicrelerde
enfeksiydz virlis iiretimi gergeklesmistir (Sekil 2)
(Neumann ve ark., 2005, Zhang ve ark., 2009).

Ozellikle segmentli genoma sahip viriislerde birden
fazla klonun ayni hiicreye transfekte edilmesi
gerekmektedir. Ancak bu, daha iyi transfeksiyon ajani
(nontoksik) ve transfekte edilebilir hiicre hatti
kullanimiyla mimkiin olabilmektedir. Bazi
arastirmacilar, yiksek seviyede rekombinant viriis
iiretimini yiiksek etkinlik gosteren elektroporasyon
metoduyla karsilamistir (Surman ve ark., 2007).
Nucleofector™, primer ve embriyonik hiicrelerin
cekirdegine direk olarak DNA ve RNA aktarimini
saglayabilmektedir (www.lonza.com). HEK 293 gibi
hiicre hatlar1 yiiksek transfeksiyon etkinligine sahiptir.
Hiicre hatti secimi transfeksiyon etkinligi yan1 sira
virlisiin ¢ogalma gostermesiyle de yakindan iliskilidir.
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Viriilens Genlerin Belirlenmesi ve As1 Uretimi

Gegmisteki yiiksek basartya ragmen inaktivasyon ya da
pasajlama ile (forward genetik) atenliasyon gibi
geleneksel yaklasimlar, rasyonel hedefli mutasyonlardan
(reverz genetik) elde edilen as1 adaylarindan daha az
etkili olabilmektedir (Stobart & Moore, 2014).

Reverz genetik, viral genler {izerinde hedeflenilen
degisikliklerin yapilmasina ve degisen genlerle birlikte
virtisiin kurtarilmasina imkan tanimaktadir. En 6nemlisi
de RNA viriislerinde bu degisikliklerin basarilabilmis
olmasidir. Gen veya viral diziler lizerinde degisiklikler
yapilarak o genin fonksiyonu arastirtlabilmektedir (Sola
ve ark., 2003). Paramyxoviriislerde aksesuar proteinlerin
interferon karsit1 aktiviteye sahip oldugu ve patojenitede
onemli rol oynadig1 gosterilmistir. Aksesuar proteinleri
kodlayan genlerin susturulmasi pratik bir yontemdir ve
bu proteinlerin eksikliginde de viriis yiiksek seviyede
¢ogalmaya devam etmektedir (Goodbourn ve ark., 2000,
Gotoh ve ark., 2002, Poole ve ark., 2002, Child ve ark.,
2007, Andrejeva ve ark., 2004). Rekombinant Newcastle
virlisiin aksesuar proteinlerden V proteini disiik
seviyede eksprese etmesi immunojenik ve dusiik
patojeniteli as1 adayinin ortaya g¢ikmasii saglamistir
(Mebatsion ve ark., 2001). Benzer sekilde V geni
icermeyen HPIV2 ve C geni icermeyen HPIV-1’in in
vivo ortamda dnemli sekilde ateniie oldugu goriilmiistiir
(Bartlett ve ark., 2008, Schaap-Nutt ve ark., 2010). T7
polimeraz dayali reverz genetik sistemleri ile iiretilen
HeV ve NiV’iin patojenite ¢aligmalarinda aksesuar V, W
veya C geni eksikliginde replikasyonun devam ettigi,
baskilanmalar1 durumunda ise virlisiin ateniie hale
gectigi goriilmistiir (Yoneda ve ark., 2010, Andrejeva ve
ark., 2004). T7 ve Pol-1 dayali reverz genetik sistemiyle
uretilen rekombinant EBOV’e ait VP24, VP35, NP ve G
proteinin patojenitede Onemli rol aldig1 ortaya
konmustur (Halfmann ve ark., 2008, Halfmann ve ark.,
2009, Ebihara ve ark., 2006).

Isiya duyarli mutasyonlar olusturularak viris
atenilasyonun saglanmast as1 dretiminde farkli bir
yontemdir. Interferon karsitt NS geni ¢ikarilmis ve 1s1ya
duyarli mutasyonlarla ateniie edilmis rekombinant
respiratorik sinsityal virlis (RSV) iyi bir as1 aday1 olarak
karsimiza ¢ikmaktadir (Luongo ve ark., 2013, Bossert
ve ark., 2003).

Ateniie asilarin hazirlanmasinda mevcut bir baska
yaklasim kodon deoptimizasyonudur. Bu yaklasimda
gen lizerinde tiire 6zgil olarak sik bulunan kodonlar daha
az varlik gosteren kodonlarla degistirilmektedir. Vahsi
tip ile ayn1 amino asit dizisinin sentezlenmesi, immun
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yanitin degigsmemesi, ateniiasyon kaybmin miimkiin
olmamas1 ve diger ateniiasyon metodlar: ile kombine
edilebilmesi gibi bazi avantajlari mevcuttur. Bu
yontemle poliovirlis asist hazirlanmis ve ateniiasyon
farelerde ispat edilmistir (Burns ve ark., 2006, Mueller
ve ark., 20006).

Negatif anlamli segmentsiz viriislerde 5’ uca yakin
genler daha az transkripsiyona ugramakta ve bu
genlerden protein sentezi daha diisiik miktarda
yapilmaktadir. Dolayisiyla bir genin farkli bir bolgeye
tasinmas1 protein ekspresyon seviyesini degistirerek
viral replikasyonu ve viriilensi azaltabilmektedir. Or:
VSV N geninin genomdaki ilk pozisyonundan asag1 akis
(downstream) yoniinde kaydirilmasi ile rekombinant
VSV’nin in vitro ¢ogalmasinin ve patojenitesinin
azaldig1 bildirilmistir. Benzer bir uygulama kuduz P
protein geni i¢in denenmis ve basarili olunmustur. Bu
mutantlarda genlerin tekrar yer degistirme ihtimali
bulunmadigindan ¢ok istikrarlt atentiasyon fenotipi
olusturmaktadir (Flanagan ve ark., 2001, 2003, Wertz ve
ark., 1998).

Reverz genetik sistemlerin kullanimina yonelik bir diger
yaklagim replikasyon defektli viriislerin iiretilmesidir.
Bu virtislerin replikasyonu engelleyici bir veya birkag
geni cikarilmakta ve eksik genler stabil hiicre
hatlarindan karsilanmaktadir. BSL-4 seviyesinde
calisma gerektiren EBOV gibi yiiksek patojenik
viriislerin daha diisiik giivenlik seviyesinde
calisilmasina izin vermektedir. Replikasyon defektli
viriisler kiiltiir ortaminda ¢ogalma gosterirken in vivo
cogalma gostermezler boylece asi adayr olarak gorev
gorebilmektedir. Yapilan c¢aligmalarda transkripsiyon
icin esansiyel VP30 geni ¢ikarilmis replikasyon kusurlu
EBOV fare ve kobaylarda koruyucu yanit ortaya
koymustur. EBOV c¢alismalart da VP30 proteini
cksprese eden kalict transfekte hiicre hatlarinda
gergeklestirilmistir. (Halfmann ve ark., 2008,
Miihlberger ve ark., 1998, Miihlberger ve ark., 1999,
Watt ve ark., 2014, Wenigenrath ve ark., 2010) Yine T7
polimeraz dayali reverz genetik sistemlerinde M ve P
geni bulunmayan kuduz viriisii tiretilmistir. Bu genlerin
yerine G geni iki kez kodlanmustir. Insan disindaki
primatlarda ndtralizan antikor yanit uyaran bu virlis
laboratuvar ortamimnda M ve P proteini eksprese eden
hiicre hatlarinda g¢ogaltilmaktadir. Bu tiir asilarda
reversiyon riski s6z konusu degildir (Cenna ve ark.,
2009).

Influenza viriisiin konak hiicreye tutunmasinda terminal
sialik asitle etkilesen ve flizyonla RNP’lerin salinimini
saglayan HA glikoproteini reverz genetik ¢alismalari ile
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iyl karakterize edilmis virlilens faktorlerinden biridir
(Wiley & Skehel, 1987, Han ve ark., 2001). Etkili bir
fiizyon i¢in HA’nin HA1 ve HA2 alt {initeye boliinmiis
olmasi gerekmektedir (Bertram ve ark., 2010).Viral
replikasyon igin 6nem arz eden bu islem konak hiicresi
tarafindan {iretilen enzimlerle saglanmaktadir. Insan
mevsimsel gribi ve diisiik patojeniteli kanathi gribi
virtislerinde boliinme tekli arjinin kalintisinda meydana
gelmektedir (Bertram ve ark., 2010, Bottcher ve ark.,
2006). Bu sebeple bu viriisler bu bazik kalintiy1 taniyan
enzimin bulundugu konak dokularinda sinirli olarak
kalmaktadir (Bertram ve ark., 2010, Zhirnov ve ark.,
2002) Yiksek virtilensli alt tiplerin HA proteininde
birden fazla bazik aminoasit kalintilari ve bolinme
bolgeleri bulunmustur (Horimoto ve ark., 1995, Senne
ve ark., 1996). H5SN2’deki bu bolgelerin tavuklardaki
viral patogeneze etkisi reverz genetikle ile ¢alisiimigtir.
Bu ¢alismada HA proteininde bazik aminoasit kalinti
sayisinin dortten daha fazla oldugu virtislerde letalitenin
arttig1 ve virlisiin ndronlarla beyine ve kan ile sistemik
organlara yayildigi gorilmistiir (Hatta ve ark., 2001,
Schrauwen ve ark., 2012, Suguitan ve ark., 2012)
Influenza viriisler mevsimsel as1 uygulamasini
gerektirmektedir ve uygun formiilasyonun belirlenmesi,
gelisimi ve uygulanmasi biraz zaman almaktadir.
Reverse genetik teknolojisindeki yeni gelismeler,
kurtarma ve iretime ayrilan zamani aylardan haftalara
diisiirmektedir. Dormitzer ve ark. (2013), 5 giin gibi kisa
stire igerisinde reverse genetik teknolojisi ile yeni HA ve
NA dizilerinden rekombinant influenzaviriis iiretmeyi
basarmistir. Bu teknoloji canli influenza as1 adaylarinin
iretiminde kullanilan reassortant viriislerin
olusturulmasinda da kullanilabilmektedir. Boylece
donor tohum viriisiin (A/Ann Arbor/6/60 (H2N2)) 6 gen
segmentini igeren ve mevsimsel gribe ait HA ve NA
ylizey proteinlerini igeren asilar hizla
hazirlanabilmektedir.

Influenza A viriis viral NS1 proteinlerin eksilmesi veya
silinmesi ile tamami ateniie edilebilmektedir. Bu
rekombinant influenza viriislerin fare, at, domuz, kus ve
makaklarda burun i¢i asilama sonrasinda koruyucu
immun yanitt 6nemli bir bigimde uyarabilmektedir. Bu
nedenle harika bir as1 aday1 olarak nitelendirilmektedir.
Influenza B viriisii i¢in de ayni denemeler sonrasinda
benzer sonuglar alinmistir (Steel ve ark., 2009, Richt &
Garcia-Sastre, 2009).

Kanatl influenza viriis alt tiplerinden H5SN1 ve HON2
pandemik potansiyele sahiptir. Fakat HS5N1 inaktif
asilar1 edinsel yanmit smirli sekilde ortaya c¢ikmakta ve
canlt asilar ise sirkiile HSNI1 ile as1 susu arasindaki
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reassortment ihtimali endise yaratmaktadir (Perez ve
ark., 2003, Perez & Garcia-Sastre, 2013). Bu endiseleri
ortadan kaldirmak i¢in HSN1 ve HON2’ye kars1 bivalan
canlt influenza asis1 viral genom diizenlemesi yapilarak
iretilmistir. Bu amagla ¢ekirdek transfer proteini (NEP)
HON2 viriisiin NS viral segmentinden c¢ikarilmis ve
PBIl’in sonuna eklenmistir. H9N2’nin ¢ikarilan NEP
geni lokasyonuna ise HS5N1 virlisin HA geni
yerlestirilmigtir. HSN1 virlis HA geni tasiyan yeniden
diizenlenmis HIN2 viriisii H5SN1 c¢elincina karsi tam
koruma saglamistir. Son olarak modifiye M ve/veya NS
segmentlerini i¢eren rekombinant influenza A HINI1
viriisti tiretimi gergeklestirilmistir (Pena ve ark., 2013).

Inflenza viriis HA geni antijenik drift ve shifte olduk¢a
duyarhidir. Bu fiiniversal bir agi gelistirme durumunu
olumsuz etkilemektedir. influenza viriis M2 proteine
kars1 birgok tiirde koruyucu yanit ortaya ¢ikmistir. Bu
protein ile tniversal bir ast hedeflenebilmektedir
(Nogales ve ark., 2016).

Umut vaat eden bir diger yaklagim vahsi tip viriise
morfolojik olarak benzerlik gosteren yiiksek
immunojeniteli virlis benzeri partikiillerin (VLP)
hazirlanmasidir. VLP’ler viral genom igermediklerinden
dolay1 giivenli oldugu ve giiclii edinsel yaniti ortaya
cikardigr kabul edilmektedir. VLP’lerin iiretiminde
influenza viriisler i¢in tek basina HA ve NA proteini
yeterli olmasina ragmen yaygin olarak HA, NA ve
MUI’in ekspresyonu ile olusturulmaktadir (Treanor ve
ark., 2007, Chen ve ark., 2007). Pushko ve ark. (2011)
pandemik alt tip VLP (H5N1, H7N2 ve H2N3) ve
mevsimsel VLP’nin (HIN1, H3N2 ve B) ferretlerde
notralizan antikor iiretimini uyardig1 ve g¢elinca karsi
koruma sagladigint gostermistir.

Rapértor Gen Ile Viral Dongii Ve Patogenezin Daha
Iyi Anlasilmasi

Reverz genetik caligmalarinda kullanilan raportdr genler
lusiferaz, chloramphenicol acetiyl transferase (CAT) ve
ultrviole 151k altinda florosan 1s1ma yapan green
fluorescent protein (GFP)’dir. Viral genomlarin modiiler
yapisi, rapdrtdr genlerin aktarimini kolaylastirarak virtis
reverz genetigindeki ilerlemelere hiz kazandirmistir.
Raportor genlerle desteklenmis minigenom deneyleri,
tim virlis kurtarma girisimi dncesinde sistemin durumu
hakkinda arastirmaciya bilgi vermektedir (Fearns &
Collins, 1999, Gauliard ve ark., 2006).

Raportor genlerin viral genlerle ayni oryantasyonda
klonlanmas1 ve tranlasyondan Once transkripsiyona
ugramalart gerekmektedir. Lusiferaz veya CAT gibi
nicel rapdrtér genlerin tercih edilmesi halinde
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replikasyon proteinlerini kodlayan plazmidlerin miktari
ve oranlar1 optimize edilebilmektedir. Eger GFP gibi
nitel raportor gen tercih edilirse transfekte veya enfekte
hiicreleri gorsellestirmek miimkiin hale gelmektedir.
Raportor genler ile rekombinant viriisiin organizmadaki
dagilimi, molekiiler ve hiicresel seviyedeki tropizmi,
patogenezi, immun yanitt1 kontrol eden hiicresel
proteinlerle etkilesimi degerlendirilebilmektedir.
Transkripsiyon baglama-durma sinyallerini i¢eren genler
aras1 bolgelerin fonksiyon ve karakteristikleri, promotor
bolge yapilar1 ve ek niikleotitlerin promotor faaliyetini
daha yiiksek seviyeye ¢ikarip ¢ikarmadigini veya
bunlarin replikasyona tizerindeki etkileri raportor genler
ile ortaya c¢ikarilabilmektedir. Ayrica genomun
replikasyonu, transkripsiyonu, kapsidasyonu ve virion
morfogenezi igin gerekli trans-acting protein ve cis-
acting yapilarin yerlesim ve smirlar1 da raportor genler
yardimiyla belirlenebilmektedir (Bridgen & Elliott,
1996, Jackson ve ark., 2011, Stobart & Moore, 2014,
Kelly & Strick, 2000, Wickersham ve ark., 2013).

Antiviral Uygulamalar

Viral replikasyonun o6l¢imi antivirallerin in vitro
taramasi agisindan 6nem arz etmektedir. Luciferaz veya
asetil transferazlar gibi raportdr gen tasiyan tam
uzunluktaki klon sistemleri veya yasam dongi
modellemeleri replikasyonun o6lglimii ve potansiyel
antivirallerin belirlenmesine izin vermektedir.
Laboratuvar ortaminda test edilen ve viral ¢cogalmay1
durduran antiviraller viral enfeksyonlarin tedavisi adina
umut vaat edici olmustur (Jason, 2009, Pegoraro &
Bavari, 2012). Gen terapisi ve viral hastaliklarin tedavisi
noktasinda bagvurulan uygulamalardan bir digeri
hiicrede hedef bolgelere yonelik interferens RNA’larmn
(RNAi) sentezletilmesidir. Dogal hiicre savunmasinin
taklit edildigi bu uygulamada hedef genlerin
transkripsiyonu esnasinda olusan mRNA’lar ile
tasarlanan komplementer RNA’larin dsRNA olusturmasi
beklenmektedir. Bdylece mRNA yapilari ribozomlara
ulasamayacak ve hiicresel dicer molekiil kompleksleri
ile 22 niikletotitlik parcalara dilimlenerek etkisiz hale
getirilecektir. Influenza virlise karsi profilaktik etki
amaciyla enfeksiyondan dnce veya enfeksiyonun erken
doneminde interfere RNA’larin yeterli konsantrasyonda
inhalasyon yoluyla verilerek enfeksiyon bertaraf
edilebilme yetisine sahip oldugu goriilmiistiir. Benzer
sonucun Hepatitis C viriisii ile enfekte olmus hastalara
interfere RNA’larin transfekte edilmesi sonucunda
ulagildig bildirilmektedir. Ebola virus ve hepatit B viriis
calisilan diger virlisler arasindadir (Tan & Yin, 2004,
Levanova & Poranen, 2018).
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Sonug olarak reverz genetik, tibbi ve ekonomik agidan
onemli virlisleri incelemek icin kullanilabilecek
giivenilir bir laboratuvar yontemi haline gelmistir. Viriis
yasam dongiisii, viriisiin kurgulanmasi, viral proteinlerin
patojenlikteki rolii ve viral proteinlerin konake¢i hiicre
immiin yanit bilesenleri ile etkilesimi i¢in giiglii bir arag
saglamaktadir. Reverz genetik sisteminin gelistirilmesi
RNA ve DNA viriis genomunda tasarlanmis mutasyon
olusturma, niikleotit dizisi ekleme ve ¢ikarma
uygulanmalarimi miimkiin kilarak viroloji alaninda
devrim yaratmistir. Bu sistem viriis ateniiasyonu, konak
Ozgiilliigiiniin  degistirilmesi ve replikasyon defektli
virlislerin iretiminde, niikleotit dizilerin yap1 ve
fonksiyonlarinin belirlenmesinde yaygin olarak
kullanilmaktadir Yiiksek patojenik viriislerin daha diigiik
glivenlik seviyesinde calisilmasina izin veren defektif,
florasan veya liiminesen raportdr genleri barindiran
rekombinant formlar1 antiviral ajanlarin veya nétralizan
antikorlarin test edilmesine imkan tanimaktadir. Tek
dongiilii viriisler antiviral ve NA’larin belirlenmesinde
vahsi virlislerin yerini tutan harika bir alternatiftir.
Ayrica gilivenli, immunojenik ve koruyucu as1 ve/veya
as1 vektorleri i¢in harika bir se¢enek sunmaktadir.
Giintimiizde, reverz genetik, viral genomlari manipiile
ederek bilinmezliklerin ortaya ¢ikarilmast veya -iyi
viriis- Uretiminde rutin olarak kullanilmaktadir.
Gelecekte viriis evrimi ile ortaya ¢ikacak yeni, yliksek
patojenik ajanlarin irdelenmesi ve bu ajanlara yonelik
koruyucu tedbirlerin hizla alinmasinda reverz
genetikgilere biiylik sorumluluklar diismektedir.

Kaynaklar

Almazan F, DeDiego ML, Sola I, Zuniga S, Nieto-Torres JL,
Marquez-Jurado S, Andres G, Enjuanes L (2013) Engineering
a replication-competent, propagation-defective middle east
respiratory syndrome coronavirus as a vaccine candidate.

mBio 4:e00650—-e00613. https://doi.org/10.1128/mBio.
00650-13.

Andrejeva J, Childs KS, Young DF, Carlos TS, Stock N,
Goodbourn S, Randall RE (2004) The V proteins of
paramyxoviruses bind the IFN-inducible RNA helicase,
mda-5, and inhibit its activation of the IFN-beta promoter.
Proc Natl Acad Sci U S A 101:17264-17269. https://doi.org/
10.1073/pnas.0407639101.

Balint A, Farsang A, Zadori Z, Hornyak A, Dencso L,
Almazan F, Enjuanes L, Belak S (2012) Molecular
characterization of feline infectious peritonitis virus strain
DF-2 and studies of the role of ORF3abc in viral cell tropism.

J Virol 86:6258—6267. https://doi.org/10.1128/JV1.00189-12.

Barbanti-Brodano G, Swetly P, Koprowski H (1970) Early
events in the infection of permissive cells with simian virus
40: adsorption, penetration, and uncoating. J Virol 6:78-86.

Barclay WS, Palese P (1995) Influenza B viruses with site-
specific mutations introduced into the HA gene. J Virol
69:1275-1279.

Abayli H, 2019/ Turk Vet J 1(2) : 90-100

Bartlett EJ, Cruz, AM, Esker J, Castano A, Schomacker H,
Surman SR, Hennessey M, Boonyaratanakornkit J, Pickles RJ,
Collins PL, Murhpy BR, Schmidt AC (2008) Human
parainfluenza virus type 1C proteins are nonessential proteins
that inhibit the host interferon and apoptotic responses and are
required for efficient replication in nonhuman primates. J Virol

82:8965-8977. https://doi.org/10.1128/JVI1.00853-08.

Bayou K. (2017) Current techniques and applications of
reverse genetics: an overview. International Journal of
Genetics 7:31-37. https://doi.org/1 29/idosi.ijg.2017.31.37.

Bertram S, Glowacka 1, Steffen I, Kithl A, Pohlmann S
(2010) Novel insights into proteolytic cleavage of influenza
virus hemagglutinin. Rev Med Virol 20:298-310. https:/
doi.org/10.1002/rmv.657.

Bossert B, Marozin S, Conzelmann KK (2003) Nonstructural
proteins NS1 and NS2 of bovine respiratory syncytial virus
block activation of interferon regulatory factor 3. J Virol

77:8661-8668. https//doi.org/10.1128/JVI.
1 1- 2003.

Boyer JC, Haenni AL (1994) Infectious transcripts and cDNA
clones of RNA viruses. Virology 198:415-426. https://doi.org/
10.1006/viro.1994.1053

Bottcher E, Matrosovich T, Beyerle M, Klenk HD, Garten W,
Matrosovich M. (2006) Proteolytic activation of influenza
viruses by serine proteases TMPRSS2 and HAT from human

airway epithelium. J Virol 80:9896-9898. https://dx.doi.org/
10.1128%2FJVI1.01118-06

Bridgen A, Elliott R M (1996) Rescue of a segmented
negative-strand RNA virus entirely from cloned
complementary DNAs. Proc Natl Acad Sci U S A 93:15400—

15404. https://doi.org/10.1 it 26.15400.

Buchholz CJ, Spehner D, Drillien R, Neubert WJ, Homann
HE (1993) The conserved N-terminal region of Sendai virus
nucleocapsid protein NP is required for nucleocapsid
assembly. J Virol 67:5803-5812. https://doi.org/0022-538X/
93/105803-10$02.00/0

Buchholz UJ, Finke S, Conzelmann KK (1999) Generation of
bovine respiratory syncytial virus (BRSV) from cDNA: BRSV
NS2 is not essential for virus replication in tissue culture, and
the human RSV leader region acts as a functional BRSV
genome promoter. J Virol 73:251-259.

Buchman AR, Burnett L, Berg P (1981) DNA tumor viruses.
In: Weiss RA, Teich NM, Varmus HF, Coffin JM. (eds) The
Molecular Biology of Tumor Viruses, 2nd edn. Cold Spring
Harbor Press, New York, pp 799-841.

Burns CC, Shaw J, Campagnoli R, Jorba J, Vincent A, Quay J,
Kew O (2006) Modulation of poliovirus replicative fitness in
hela cells by deoptimization of synonymous codon usage in
the capsid region. J Virol 80:3259-3272. https://doi.org/
10.1128/JV1.80.7.3259-3272.2006

Castrucci MR, Kawaoka Y (1995) Reverse genetics system
for generation of an influenza A virus mutant containing a
deletion of the carboxyl-terminal residue of M2 protein. J
Virol 69:2725-2728.

Cenna J, Hunter M, Tan GS, Papaneri AB, Ribka EP, Schnell
MJ, Marx PA, McGettigan JP (2009) Replication-deficient
rabies virus-based vaccines are safe and immunogenic in mice
and nonhuman primates. J Infect Dis 200:1251-1260. https:/
dx.doi.org/10.1086%2F605949.

Chen BJ, Leser GP, Morita E, Lamb RA (2007) Influenza

virus hemagglutinin and neuraminidase, but not the matrix

protein, are required for assembly and budding of plasmid-

derived virus-like particles. J Virol 81:7111-7123. https:/
Lorg/10.112 I 1-07.

97


https://doi.org/10.1128/JVI.00853-08
https://doi.org/10.5829/idosi.ijg.2017.31.37
https://doi.org/10.1002/rmv.657
https://doi.org/10.1002/rmv.657
http://doi.org/10.1128/JVI.77.16.8661-8668.2003
http://doi.org/10.1128/JVI.77.16.8661-8668.2003
https://doi.org/10.1006/viro.1994.1053
https://doi.org/10.1006/viro.1994.1053
https://dx.doi.org/10.1128%2FJVI.01118-06
https://dx.doi.org/10.1128%2FJVI.01118-06
https://doi.org/10.1073/pnas.93.26.15400
https://doi.org/0022-538X/93/105803-10$02.00/0
https://doi.org/0022-538X/93/105803-10$02.00/0
https://doi.org/10.1128/JVI.80.7.3259-3272.2006
https://doi.org/10.1128/JVI.80.7.3259-3272.2006
https://dx.doi.org/10.1086%2F605949
https://dx.doi.org/10.1086%2F605949
https://doi.org/10.1128/JVI.00361-07
https://doi.org/10.1128/JVI.00361-07
https://doi.org/10.1128/mBio.00650-13
https://doi.org/10.1128/mBio.00650-13
https://doi.org/10.1073/pnas.0407639101
https://doi.org/10.1073/pnas.0407639101
https://doi.org/10.1128/JVI.00189-12
https://doi.org/10.1128/JVI.00853-08
https://doi.org/10.5829/idosi.ijg.2017.31.37
https://doi.org/10.1002/rmv.657
https://doi.org/10.1002/rmv.657
http://doi.org/10.1128/JVI.77.16.8661-8668.2003
http://doi.org/10.1128/JVI.77.16.8661-8668.2003
https://doi.org/10.1006/viro.1994.1053
https://doi.org/10.1006/viro.1994.1053
https://dx.doi.org/10.1128%2FJVI.01118-06
https://dx.doi.org/10.1128%2FJVI.01118-06
https://doi.org/10.1073/pnas.93.26.15400
https://doi.org/0022-538X/93/105803-10$02.00/0
https://doi.org/0022-538X/93/105803-10$02.00/0
https://doi.org/10.1128/JVI.80.7.3259-3272.2006
https://doi.org/10.1128/JVI.80.7.3259-3272.2006
https://dx.doi.org/10.1086%2F605949
https://dx.doi.org/10.1086%2F605949
https://doi.org/10.1128/JVI.00361-07
https://doi.org/10.1128/JVI.00361-07
https://doi.org/10.1128/mBio.00650-13
https://doi.org/10.1128/mBio.00650-13
https://doi.org/10.1073/pnas.0407639101
https://doi.org/10.1073/pnas.0407639101
https://doi.org/10.1128/JVI.00189-12

Childs K, Stock N, Ross C, Andrejeva J, Hilton L, Skinner M,
Randall R, Goodbourn S (2007) mda-5, but not RIG-I, is a
common target for paramyxovirus V proteins. Virology

359:190-200. https://doi.org/10.1016/1.virol.2006.09.023.

Collins PL, Hill MG, Camargo E, Grosfeld H, Chanock RM,
Murphy BR (1995) Production of infectious human respiratory
syncytial virus from cloned cDNA confirms an essential role
for the transcription elongation factor from the 5’ proximal
open reading frame of the M2 mRNA in gene expression and
provides a capability for vaccine development. Proc Natl Acad

Sci U S A 92:11563-11567. https://doi.org/10.1073/pnas.
92.25.11563.

Conzelmann KK (1998) Nonsegmented negative-strand RNA
viruses: genetics and manipulation of viral genomes. Annu

Rev Genet 32:123-162. https://doi.org/10.1146/annurev.genet.
32.1.123.

de la Torre JC (2001) Bornaviridae. In: DM Knipe, PM
Howley (eds) Fields Virology, 4th edn. Lippincott, Williams &
Wilkins, Philadelphia, pp 1669-1678.

de Wit E, Spronken MI, Vervaet G, Rimmelzwaan GF,
Osterhaus AD, Fouchier RA (2007) A reverse-genetics system
for Influenza A virus using T7 RNA polymerase. J] Gen Virol

88:1281-1287. https://doi.org/10.1099/vir.0.82452-0.

DeDiego ML, Alvarez E, Almazan F, Rejas MT, Lamirande E,
Roberts A, Shieh WIJ, Zaki SR, Subbarao K, Enjuanes L
(2007) A severe acute respiratory syndrome coronavirus that
lacks the E gene is attenuated in vitro and in vivo. J Virol

81:1701-1713. https://doi.org/10.1128/JV1.01467-06.

Dormitzer PR, Suphaphiphat P, Gibson DG, Wentworth DE,
Stockwell TB, Algire MA, Alperovich N, Barro M, Brown
DM, Craig S, Dattilo BM, Denisova EA, De Souza I,
Eickmann M, Dugan VG, Ferrari A, Gomila RC, Han L, Judge
C, Mane S, Matrosovich M, Merryman C, Palladino G, Palmer
GA, Spencer T, Strecker T, Trusheim H, Uhlendorff J, Wen Y,
Yee AC, Zaveri J, Zhou B, Becker S, Donabedian A, Mason
PW, Glass JI, Rappuoli R, Venter JC (2013) Synthetic
generation of influenza vaccine viruses for rapid response to

pandemics. Sci Transl Med 5:185ra68. https://doi.org/10.1126/
scitranslmed.3006368.

Dunn EF, Pritlove DC, Jin H, Elliott RM (1995) Transcription

of a recombinant bunyavirus RNA template by transiently

expressed bunyavirus proteins. Virology 211:133-143. https:/
i.org/10.1 iro.1 1386.

Ebihara H, Takada A, Kobasa D, Jones S, Neumann G,
Theriault S, Bray M, Feldmann H, Kawaoka Y (2006)
Molecular determinants of Ebola virus virulence in mice.

PLoS Pathog 2006:2:¢73. https://doi.org/10.1371/journal.ppat.
0020073.

Elroy-Stein O, Moss, B (1990) Cytoplasmic expression
system based on constitutive synthesis of bacteriophage T7
RNA polymerase in mammalian cells. Proc Natl Acad Sci U S
A 87:6743-6747.

Enami M, Sharma G, Benham C, Palese P (1991) An
influenza virus containing nine different RNA segments
Virology 185:291-298. h : i.or

Fearns R, Collins PL (1999) Role of the M2-1 transcription
antitermination protein of respiratory syncytial virus in
sequential transcription. J Virol 73:5852-5864.

Ferko B, Stasakova J, Romanova J, Kittel C, Sereinig S,
Katinger H, Egorov A (2004) Immunogenicity and protection
efficacy of replication-deficient influenza A viruses with
altered NS1 genes. J Virol 78:13037-13045. https://doi.org/
10.112 1.78.23.1 -13045.2004.

Abayli H, 2019/ Turk Vet J 1(2) : 90-100

Flanagan EB, Schoeb TR, Wertz GW (2003) Vesicular
stomatitis viruses with rearranged genomes have altered
invasiveness and neuropathogene31s in mice. J Virol 77:5740-
5748. h : X i.org/10.1128%2FJVI
77.10.5740-5748.2003.

Flanagan EB, Zamparo JM, Ball LA, Rodriguez LL, Wertz
GW (2001). Rearrangement of the genes of vesicular
stomatitis virus eliminates clinical disease in the natural host:
new strategy for vaccine development. J Virol 75:6107-6114.
i.org/10.112 1.75.13.6107-6114.2001.

Fodor E, Devenish L, Engelhardt OG, Palese P, Brownlee
GG, Garcia- Sastre A (1999) Rescue of influenza A virus from
recombinant DNA. Journal of Virology 73:9679-9682.

Friedman H, Macarak EJ, MacGregor RR, Wolfe J, Kefalides
NA (1981) Virus infection of endothelial cells. J Infect Dis

143:266-273. https://doi.org/10.1 infdis/143.2.266.

Gauliard N, Billecocq A, Flick R, Bouloy M (2006) Rift
Valley fever virus noncoding regions of L, M and S segments
regulate RNA synthesis. Virology 351:170-179. https://
doi.org/10.1016/j.virol.2006.03.018.

Goff SP and Berg P (1976) Construction of hybrid viruses
containing SV40 and lambda phage DNA segments and their
propagation in cultured monkey cells. Cell 9:695-705.

Goodbourn S, Didcock L, Randall RE (2000) Interferons: cell
signalling, immune modulation, antiviral response and virus
countermeasures. J Gen Virol 81:2341-2364. https:/doi.org/

Gotoh B, Komatsu T, Takeuchi K, Yokoo J (2002)
Paramyxovirus strategies for evading the interferon response.

Rev Med Virol 12:337-357. https://doi.org/10.1002/rmv.357.

Griffiths JFA, Wessler SR, Levontin RC, Gelbart WM, Suzuki
DT, Miller JH (2004) Introduction to Genetic Analysis.
Freeman, W. H. & Company, Los Angeles.

Halfmann P, Ebihara H, Marzi A, Hatta Y, Watanabe S,
Suresh M, Neumann G, Feldmann H, Kawaoka Y (2009)
Replication deficient ebolavirus as a vaccine candidate. J Virol

83:3810-3815. https://doi.org/10.1128/JV1.00074-09.

Halfmann P, Kim JH, Ebihara H, Noda T, Neumann G,
Feldmann H, Kawaoka Y (2008) Generation of biologically
contained Ebola viruses. Proc Natl Acad Sci U S A 105:1129—

1133. https://doi.org/10.1073/pnas.0708057105.

Han X, Bushweller JH, Cafiso DS, Tamm LK (2001)
Membrane structure and fusion-triggering conformational
change of the fusion domain from influenza hemagglutinin.

Nat Struct Biol 8:715-720. https://doi.org/10.1038/90434.

Hatta M, Gao P, Halfmann P, Kawaoka Y (2001) Molecular
basis for high virulence of Hong Kong HS5NI1 influenza A

viruses. Science 293:1840-1842. https://doi.org/10.1126/
ience.1062882.

Hoffmann E, Neumann G, Kawaoka Y, Hobom G, Webster
RG (2000) A DNA transfection system for generation of
influenza A virus from eight plasmids. Proc Natl Acad Sci U S

A 97:6108-6113. https://doi.org/10.1073/pnas. 100133697,

Horimoto T, Rivera E, Pearson J, Senne D, Krauss S,

Kawaoka Y, Webster RG (1995) Origin and molecular changes

associated with emergence of a highly pathogenic HS5N2

influenza virus in Mexico. Virology 213:223-230. https:/
i.org/10.1 iro.1 1562.

Jackson D, Elderfield RA, Barclay WS (2011) Molecular
studies of influenza B virus in the reverse genetics era. J Gen

Virol 92:1-17. https://doi.org/10.1099/vir.0.026187-0.

98


https://dx.doi.org/10.1128%2FJVI.77.10.5740-5748.2003
https://dx.doi.org/10.1128%2FJVI.77.10.5740-5748.2003
https://doi.org/10.1128/JVI.75.13.6107-6114.2001
https://doi.org/10.1093/infdis/143.2.266
https://doi.org/10.1016/j.virol.2006.03.018
https://doi.org/10.1016/j.virol.2006.03.018
https://doi.org/10.1099/0022-1317-81-10-2341
https://doi.org/10.1099/0022-1317-81-10-2341
https://doi.org/10.1002/rmv.357
https://doi.org/10.1128/JVI.00074-09
https://doi.org/10.1073/pnas.0708057105
https://doi.org/10.1038/90434
https://doi.org/10.1126/science.1062882
https://doi.org/10.1126/science.1062882
https://doi.org/10.1073/pnas.100133697
https://doi.org/10.1006/viro.1995.1562
https://doi.org/10.1006/viro.1995.1562
https://doi.org/10.1099/vir.0.026187-0
https://doi.org/10.1016/j.virol.2006.09.023
https://doi.org/10.1073/pnas.92.25.11563
https://doi.org/10.1073/pnas.92.25.11563
https://doi.org/10.1146/annurev.genet.32.1.123
https://doi.org/10.1146/annurev.genet.32.1.123
https://doi.org/10.1099/vir.0.82452-0
https://doi.org/10.1128/JVI.01467-06
https://doi.org/10.1126/scitranslmed.3006368
https://doi.org/10.1126/scitranslmed.3006368
https://doi.org/10.1006/viro.1995.1386
https://doi.org/10.1006/viro.1995.1386
https://doi.org/10.1371/journal.ppat.0020073
https://doi.org/10.1371/journal.ppat.0020073
https://doi.org/10.1016/0042-6822(91)90776-8
https://doi.org/10.1016/0042-6822(91)90776-8
https://doi.org/10.1128/JVI.78.23.13037-13045.2004
https://doi.org/10.1128/JVI.78.23.13037-13045.2004
https://doi.org/10.1016/j.virol.2006.09.023
https://doi.org/10.1073/pnas.92.25.11563
https://doi.org/10.1073/pnas.92.25.11563
https://doi.org/10.1146/annurev.genet.32.1.123
https://doi.org/10.1146/annurev.genet.32.1.123
https://doi.org/10.1099/vir.0.82452-0
https://doi.org/10.1128/JVI.01467-06
https://doi.org/10.1126/scitranslmed.3006368
https://doi.org/10.1126/scitranslmed.3006368
https://doi.org/10.1006/viro.1995.1386
https://doi.org/10.1006/viro.1995.1386
https://doi.org/10.1371/journal.ppat.0020073
https://doi.org/10.1371/journal.ppat.0020073
https://doi.org/10.1016/0042-6822(91)90776-8
https://doi.org/10.1016/0042-6822(91)90776-8
https://doi.org/10.1128/JVI.78.23.13037-13045.2004
https://doi.org/10.1128/JVI.78.23.13037-13045.2004
https://dx.doi.org/10.1128%2FJVI.77.10.5740-5748.2003
https://dx.doi.org/10.1128%2FJVI.77.10.5740-5748.2003
https://doi.org/10.1128/JVI.75.13.6107-6114.2001
https://doi.org/10.1093/infdis/143.2.266
https://doi.org/10.1016/j.virol.2006.03.018
https://doi.org/10.1016/j.virol.2006.03.018
https://doi.org/10.1099/0022-1317-81-10-2341
https://doi.org/10.1099/0022-1317-81-10-2341
https://doi.org/10.1002/rmv.357
https://doi.org/10.1128/JVI.00074-09
https://doi.org/10.1073/pnas.0708057105
https://doi.org/10.1038/90434
https://doi.org/10.1126/science.1062882
https://doi.org/10.1126/science.1062882
https://doi.org/10.1073/pnas.100133697
https://doi.org/10.1006/viro.1995.1562
https://doi.org/10.1006/viro.1995.1562
https://doi.org/10.1099/vir.0.026187-0

Jason PR (2009) The Use of Reverse genetics to glone and
rescue infectious, recombinant human parainfluenza type 3
viruses. All Graduate Theses and Dissertations. 467.

Jones N, Shenk T (1978) Isolation of deletion and substitution
mutants of adenovirus type 5. Cell 13:181-188. https://doi.org/

10.1016/0092-8674(79)90275-7.

Kelly RM, Strick PL (2000) Rabies as a transneuronal tracer
of circuits in the central nervous system. J Neurosci Methods

103:63-71. https://doi.org/10.1016/S0165-0270(00)00296-X.

Lamb RA, Krug RM (2001) Orthomyxoviridae: The Viruses
and Their Replication. In: Knipe DM, Howley PM, Griftin DE
(eds) Fields Virology, 4th edn. Lippincott, Williams &
Wilkins, Philadelphia, 1487-1531.

Le Mercier P, Jacob Y, Tanner K, Tordo N (2002) A novel
expression cassette of lyssa viruss hows that the distantly
related Mokola virus can rescue a defective rabies virus

genome. J Virol 76:2024-2027. https://dx.doi.org/
10.1128%2FJV1.76.4.2024-2027.2002.

Lee KJ, Novella IS, Teng MN, Oldstone MB, de la Torre JC
(2000) NP and L proteins of lymphocytic choriomeningitis
virus (LCMV) are sufficient for efficient transcription and
replication of LCMV genomic RNA analogs. J Virol
74:3470-3477. https//doi.org/ 10.1128/JVI.
74.8.3470-3477.2000.

Levanova A, Poranen MM (2018) RNA Interference as a
Prospective Tool for the Control of Human Viral Infections.

Front Microbiol 9:2151. https//doi.org/10.3389/fmich.
2018.02151.

Luongo C, Winter CC, Collins PL, Buchholz UJ (2013)
Respiratory syncytial virus modified by deletions of the NS2
gene and amino acid S1313 of the L polymerase protein is a
temperature-sensitive, live-attenuated vaccine candidate that is
phenotypically stable at physiological temperature. J Virol
87:1985-1996. h Lorg/10.112

Luytjes W, Krystal M, Enami M, Pavin JD, Palese P (1989)
Amplification, expression, and packaging of foreign gene by
influenzavirus. Cell 59:1107-1113. https://doi.org/
10.1016/0092-8674(89)90766-6.

Mackett M, Smith GL, Moss B (1982) Vaccinia virus: a
selectable eukaryotic cloning and expression vector. Proc Natl

Acad Sci U S A 79:7415-7419. https://doi.org/10.1073/pnas.
79.23.7415.

Mebatsion T, Verstegen S, De Vaan LTC, Romer-Oberdorfer
A, Schrier CC (2001) A Recombinant Newcastle Disease Virus
with Low-Level V Protein Expression Is Immunogenic and
Lacks Pathogenicity for Chicken Embryos. J Virol

75:420-428. https://dx.doi.org/10.1128%2FJV]I
75.1.420-428.2001.

Mueller S, Papamichail D, Coleman JR, Skiena S, Wimmer E
(2006) Reduction of the rate of poliovirus protein synthesis
through large-scale codon deoptimization causes attenuation of
viral virulence by lowering specific infectivity. J Virol
80:9687-9696. https://dx.doi.org/10.1128%2FJVI.00738-06.

Mundt E, Vakharia VN (1996) Synthetic transcripts of
double-stranded Birnavirus genome are infectious. Proc Natl

Acad Sci U S A 93:11131-11136. https://doi.org/10.1073/pnas.
9320.11131.

Miihlberger E, Loétfering B, Klenk HD, Becker S (1998)
Three of the four nucleocapsid proteins of Marburg virus, NP,
VP35, and L, are sufficient to mediate replication and
transcription of Marburg virus-specific monocistronic
minigenomes J Virol 72:8756-8764.

Abayli H, 2019/ Turk Vet J 1(2) : 90-100

Miihlberger E, Weik M, Volchkov VE, Klenk HD, Becker S
(1999) Comparison of the Transcription and Replication
Strategies of Marburg Virus and Ebola Virus by Using
Artificial Replication Systems J Virol 73:2333-2342.

Neumann G, Fujii K, Kino Y, Kawaoka Y (2005) An
improved reverse genetics system for influenza A virus
generation and its implications for vaccine production. Proc
Natl Acad Sci U S A 102:16825-16829. https://dx.doi.org/
10.1073%2Fpnas.0505587102.

Neumann G, Kawaoka Y (2004) Reverse genetics systems for
the generation of segmented negative-sense RNA viruses
entirely from cloned ¢cDNA. Curr Top Microbiol Immunol
283:43-60.

Neumann G, Watanabe T, Ito H, Watanabe S, Goto H, Gao P,
Hughes M, Perez DR, Donis R, Hoffmann E, Hobom G,
Kawaoka Y (1999) Generation of influenza A viruses entirely
from cloned cDNAs. Proc Natl Acad Sci U S A 96:9345-9350.
Neumann G, Whitt MA, Kawaoka Y (2002) A decade after
the generation of a negative-sense RNA virus from cloned
cDNA-what have we learned? J Gen Virol 83:2635-2662.
https://doi.org/10.1099/0022-1317-83-11-2635.

Nogales A, DeDiego ML, Topham DJ, Martinez-Sobrido L
(2016) Rearrangement of influenza virus spliced segments for
the development of live-attenuated vaccines. J Virol
90:6291-6302. https://doi.org/10.1128/TV1.00410-16.

Palese P, Zheng H, Engelhardt OG, Pleschka S, Garcia-Sastre
A (1996) Negative-strand RNA viruses: genetic engineering
and applications. Proc Natl Acad Sci U S A 93:11354-11358.
https://doi.org/10.1073/pnas.93.21.11354.

Pattnaik AK, Wertz GW (1990) Replication and amplification
of defective interfering particle RNAs of vesicular stomatitis
virus in cells expressing viral protein from vectors containing
cloned cDNAs. J Virol 64:2948-2957.

Pegoraro G, Bavari S, Panchal RG (2012) Shedding light on
filovirus infection with high-content imaging. Viruses

4:1354-1371. https://doi.org/10.3390/v4081354.

Pena L, Sutton T, Chockalingam A, Kumar S, Angel M, Shao
H, Chen H, Li,W, Perez DR (2013) Influenza viruses with
rearranged genomes as live-attenuated vaccines. J Virol

87:5118-5127. https://dx.doi.org/10.1128%2FIVI.02490-12.

Perez DR, Garcia-Sastre A (2013) H5N1, a wealth of
knowledge to 1mprove pandemlc preparedness Virus Res
178:1-2.

Perez DR, Lim W, Seiler JP, Yi G, Peiris M, Shortridge KF,
Webster RG (2003) Role of quail in the interspecies
transmission of H9 influenza A viruses: Molecular changes on
HA that correspond to adaptation from ducks to chickens.

JVirol 77:3148-3156. https://doi.org/10.1128/JV]
77.5.3148-3156.2003.

Poole E, He B, Lamb RA, Randall RE, Goodbourn S (2002)
The V proteins of simian virus 5 and other paramyxoviruses
inhibit induction of interferon-beta.Virology 303:33—46.
hitps//doi 0.1006/vir0.2002. 1737,

Post LE, Roizman B (1981). A generalized technique for

deletion of specific genes in large genomes: alpha gene 22 of
herpes simplex virus 1 is not essential for growth. Cell

25:227-232. https://doi.org/10.1016/0092-8674(81)90247-6.

Pushko P, Lukashevich IS, Weaver SC, Tretyakova I, (2016)
DNA-launched live-attenuated vaccines for biodefense
applications. Expert Rev Vaccines 15:1223-1234. https:/

doi.org/10.1080/14760584.2016.1175943.

99


https://dx.doi.org/10.1073%252Fpnas.0505587102
https://dx.doi.org/10.1073%252Fpnas.0505587102
https://doi.org/10.1073/pnas.96.16.9345
https://doi.org/10.1099/0022-1317-83-11-2635
https://doi.org/10.1128/JVI.00410-16
https://doi.org/10.1073/pnas.93.21.11354
https://doi.org/10.3390/v4081354
https://dx.doi.org/10.1128%2FJVI.02490-12
https://dx.doi.org/10.1016%2Fj.virusres.2013.11.001
https://doi.org/10.1128/JVI.77.5.3148-3156.2003
https://doi.org/10.1128/JVI.77.5.3148-3156.2003
https://doi.org/10.1006/viro.2002.1737
https://doi.org/10.1016/0092-8674(81)90247-6
https://doi.org/10.1080/14760584.2016.1175943
https://doi.org/10.1080/14760584.2016.1175943
https://doi.org/10.1016/0092-8674(79)90275-7
https://doi.org/10.1016/0092-8674(79)90275-7
https://doi.org/10.1016/S0165-0270(00)00296-X
https://dx.doi.org/10.1128%2FJVI.76.4.2024-2027.2002
https://dx.doi.org/10.1128%2FJVI.76.4.2024-2027.2002
http://doi.org/10.3389/fmicb.2018.02151
http://doi.org/10.3389/fmicb.2018.02151
https://doi.org/10.1128/JVI.02769-12
https://doi.org/10.1016/0092-8674(89)90766-6
https://doi.org/10.1016/0092-8674(89)90766-6
https://doi.org/10.1073/pnas.79.23.7415
https://doi.org/10.1073/pnas.79.23.7415
https://dx.doi.org/10.1128%2FJVI.75.1.420-428.2001
https://dx.doi.org/10.1128%2FJVI.75.1.420-428.2001
https://dx.doi.org/10.1128%252FJVI.00738-06
https://doi.org/10.1073/pnas.93.20.11131
https://doi.org/10.1073/pnas.93.20.11131
https://dx.doi.org/10.1073%252Fpnas.0505587102
https://dx.doi.org/10.1073%252Fpnas.0505587102
https://doi.org/10.1073/pnas.96.16.9345
https://doi.org/10.1099/0022-1317-83-11-2635
https://doi.org/10.1128/JVI.00410-16
https://doi.org/10.1073/pnas.93.21.11354
https://doi.org/10.3390/v4081354
https://dx.doi.org/10.1128%2FJVI.02490-12
https://dx.doi.org/10.1016%2Fj.virusres.2013.11.001
https://doi.org/10.1128/JVI.77.5.3148-3156.2003
https://doi.org/10.1128/JVI.77.5.3148-3156.2003
https://doi.org/10.1006/viro.2002.1737
https://doi.org/10.1016/0092-8674(81)90247-6
https://doi.org/10.1080/14760584.2016.1175943
https://doi.org/10.1080/14760584.2016.1175943
https://doi.org/10.1016/0092-8674(79)90275-7
https://doi.org/10.1016/0092-8674(79)90275-7
https://doi.org/10.1016/S0165-0270(00)00296-X
https://dx.doi.org/10.1128%2FJVI.76.4.2024-2027.2002
https://dx.doi.org/10.1128%2FJVI.76.4.2024-2027.2002
http://doi.org/10.3389/fmicb.2018.02151
http://doi.org/10.3389/fmicb.2018.02151
https://doi.org/10.1128/JVI.02769-12
https://doi.org/10.1016/0092-8674(89)90766-6
https://doi.org/10.1016/0092-8674(89)90766-6
https://doi.org/10.1073/pnas.79.23.7415
https://doi.org/10.1073/pnas.79.23.7415
https://dx.doi.org/10.1128%2FJVI.75.1.420-428.2001
https://dx.doi.org/10.1128%2FJVI.75.1.420-428.2001
https://dx.doi.org/10.1128%252FJVI.00738-06
https://doi.org/10.1073/pnas.93.20.11131
https://doi.org/10.1073/pnas.93.20.11131

Pushko P, Pearce MB, Ahmad A, Tretyakova I, Smith G,
Belser JA, Tumpey TM (2011) Influenza virus-like particle
can accommodate multiple subtypes of hemagglutinin and
protect from multlple 1nﬂuenza types and subtypes Vaccine
29:5911-5918.

Racaniello VR, Baltimore D (1981) Molecular cloning of
poliovirus cDNA and determination of the complete nucleotide
sequence of the viral genome. Proc Natl Acad Sci U S A
78:4887—-4891. https://doi.org/10.1073/pnas.78.8.4887.

Radecke F, Spielhofer P, Schneider H, Kaelin K, Huber M,
Dotsch C, Christiansen G, Billeter MA (1995) Rescue of
measles viruses from cloned DNA. EMBO J 14:5773-5784.
https://doi.org/10.1002/j.1460-2 1 266.X.

Richt JA, Garcia-Sastre A (2009) Attenuated influenza virus
vaccines with modified NS1 proteins. Curr Top Microbiol
Immunol 333:177-195. h : i.or

Schaap-Nutt A, D’Angelo C, Scull MA, Amaro-Carambot E,
Nishio M, Pickles JP, Collins PL, Murphy BR, Schmidt AC
(2010) Human parainfluenza virus type 2V protein inhibits
interferon production and signaling and is required for
replication in non-human primates. Virology 397:285-298.
https://doi.org/10.1016/j.virol.2009.11.018.

Schnell MJ, Mebatsion T, Conzelmann KK (1994) Infectious
rabies viruses from cloned cDNA. EMBO J 13:4195-4203.

Schrauwen EJ, Herfst S, Leijten LM, van Run P, Bestebroer
TM, Linster M, Bodewes R, Kreijtz JH, Rimmelzwaan GF,
Osterhaus AD, Fouchier RA, Kuiken T, van Riel D (2012) The
multibasic cleavage site in HSN1 virus is critical for systemic
spread along the olfactory and hematogenous routes in ferrets.
J Virol 86:3975-3984. h Lorg/10.112

Senne DA, Panigrahy B, Kawaoka Y, Pearson JE, Siiss J,
Lipkind M, Kida H, Webster RG (1996) Survey of the
hemagglutinin (HA) cleavage site sequence of H5 and H7
avian influenza viruses: amino acid sequence at the HA
cleavage site as a marker of pathogenicity potential. Avian Dis

40:425-437. http://dx.doi.org/10.2307/1592241.

Shortle D, DiMaio D, Nathans D. Directed Mutagenesis
(1981) Annu Rev Genet 15:265-294. Doi: 10.1146/annurev.ge.
15.120181.001405.

Sola I, Alonso S, Zuiliga S, Balasch M, Plana-duran J,
Enjuanes L (2003) Engineepg the transmissible gastroenteritis
virus genome as an expression vector inducing lactogenic

immunity. J Virol 77: 4357-4369. https://doi.org/10.1128/IVI.
17.1.4357-4369.2003.

Steel J, Lowen AC, Pena L, Angel M, Solorzano A, Albrecht
R, Perez DR, Garcia-Sastre A, Palese P (2009) Live attenuated
influenza viruses containing NSI1 truncations as vaccine
candidates against HSN1 highly pathogenic avian influenza. J

Virol 83:1742—-1753. https://doi.org/10.1128/JV1.01920-08.

Stobart CC, Moore ML (2014) RNA virus reverse genetics
and vaccine design. Viruses 6:2531-2550. https://doi.org/
10.3390/v6072531.

Storey D, Dimock K, Kang CY (1984). Structural
characterization of virion proteins and genomic RNA of
human parainfluenza virus 3. J Virol 52:761-766.

Suguitan AL, Matsuoka Y, Lau YF, Santos CP, Vogel L,
Cheng LI, Orandle M, Subbarao K (2012) The multibasic
cleavage site of the hemagglutinin of highly pathogenic A/
Vietnam/1203/2004 (H5N1) avian influenza virus acts as a
virulence factor in a host-specific manner in mammals. J Virol
86:2706-2714. https://doi.org/10.1128/JVI.05546-11.

Abayli H, 2019/ Turk Vet J 1(2) : 90-100

Tan FL, Ym JQ (2004) RNAi, a new therapeutic strategy
against viral infection. Cell Res 14:460-466. https://doi.org/

10.1038/s].¢r.7290248.

Taniguchi T, Palmieri M, Weissmann C (1978) QB DNA-
containing hybrid plasmids giving rise to QB phage formation
in the bacterial host. Nature 274:223-228. http://dx.doi.org/
10.1038/274223a0.

Temizkan G. Molekiiler Genetik (2013) Nobel, Istanbul.

Treanor JJ, Schiff GM, Hayden FG, Brady RC, Hay CM,
Meyer AL, Holden-Wiltse J, Liang H, Gilbert A, Cox M
(2007) Safety and immunogenicity of a baculovirus-expressed
hemagglutinin influenza vaccine: A randomized controlled

trial. JAMA 297:1577-1582. https://doi.org/10.1001/jama.
297.14.1577.

Watt A, Moukambi F, Banadyga L, Banadyga L, Groseth A,
Callison J, Herwig A, Ebihara H, Feldmann H, Hoenen T
(2014) A novel lifecycle modeling system for Ebola virus
shows a genome length-dependent role of VP24 on virus
infectivity. J Virol 88:10511-10524. https://doi.org/ 10.1128/
JVL.01272-14.

Wenigenrath J, Kolesnikova L, Hoenen T, Mittler E, Becker
S (2010) Establishment and application of an infectious virus-
like particle system for Marburg virus. J Gen Virol

91:1325-34. https://doi.org/10.1099/vir.0.018226-0.

Wertz GW, Perepelitsa VP, Ball LA (1998) Gene
rearrangement attenuates expression and lethality of a
nonsegmented negative strand RNA virus. Proc Natl Acad Sci

U S A 95:3501-3506. https://doi.org/10.1073/pnas.95.7.3501.

Whelan SP, Barr JN, Wertz GW (2004) Transcription and
replication of nonsegmented negative-strand RNA viruses.
Curr Top Microbiol Immunol 283:61-119. http://dx.doi.org/

Wickersham IR, Sullivan HA, Seung HS (2013) Axonal and
subcellular labelling using modified rabies viral vectors. Nat
Commun 4:2332. https://doi.org/10.1038/ncomms3332.

Wiley DC, Skehel JJ (1987) The structure and function of the
hemagglutinin membrane glycoprotein of influenza virus.
Annu Rev Biochem 56:365-394. https://doi.org/10.1146/
annurev.bi.56.070187.002053.

www.lonza.com. Erigim tarihi: 01.08.2019

Ye S, Evans JG, Stambas J (2014) Influenza reverse genetics:
dissecting immunity and pathogenesis. Expert Rev Mol Med

16:¢2. https://doi.org/10.1017/erm.2014.4.

Yoneda M, Guillaume V, Sato H, Fujita K, Georges-Courbot
MC, Ikeda F, Omi M, Muto-Terao Y, Wild TF, Kai C (2010)
The nonstructural proteins of Nipah virus play a key role in
pathogemclty in experimentally infected animals. Plos One

5:¢12709. https://doi.org/10.1371/journal.pone.0012709.

Zhang X, Kong W, Ashraf S, Roy C (2009) A one-plasmid
system to generate mfluenza virus in cultured chicken cells for
potential use in influenza vaccine. J Virol 83:9296-9303.
https://doi.org/10.1128/JVI.00781-09.

Zhirnov OP, Ikizler MR, Wright PF (2002) Cleavage of
influenza a virus hemagglutinin in human respiratory
epithelium is cell associated and sensitive to exogenous
antiproteases. J Virol 76:8682-8689. https://doi.org/10.1128/
JV1.76.17.8682-8689.2002.

100


https://doi.org/10.1038/sj.cr.7290248
https://doi.org/10.1038/sj.cr.7290248
http://dx.doi.org/10.1038/274223a0
http://dx.doi.org/10.1038/274223a0
https://doi.org/10.1001/jama.297.14.1577
https://doi.org/10.1001/jama.297.14.1577
https://doi.org/10.1099/vir.0.018226-0
https://doi.org/10.1073/pnas.95.7.3501
http://dx.doi.org/10.1007/978-3-662-06099-5_3
http://dx.doi.org/10.1007/978-3-662-06099-5_3
https://doi.org/10.1038/ncomms3332
https://doi.org/10.1146/annurev.bi.56.070187.002053
https://doi.org/10.1146/annurev.bi.56.070187.002053
http://lonza.com
https://doi.org/10.1017/erm.2014.4
https://doi.org/10.1371/journal.pone.0012709
https://doi.org/10.1128/JVI.00781-09
https://doi.org/10.1016/j.vaccine.2011.06.068
https://doi.org/10.1073/pnas.78.8.4887
https://doi.org/10.1002/j.1460-2075.1995.tb00266.x
https://doi.org/10.1007/978-3-540-92165-3_9
https://doi.org/10.1007/978-3-540-92165-3_9
https://doi.org/10.1016/j.virol.2009.11.018
https://doi.org/10.1128/JVI.06828-11
http://dx.doi.org/10.2307/1592241
https://doi.org/10.1128/JVI.77.7.4357-4369.2003
https://doi.org/10.1128/JVI.77.7.4357-4369.2003
https://doi.org/10.1128/JVI.01920-08
https://doi.org/10.3390/v6072531
https://doi.org/10.3390/v6072531
https://doi.org/10.1128/JVI.05546-11
https://doi.org/10.1038/sj.cr.7290248
https://doi.org/10.1038/sj.cr.7290248
http://dx.doi.org/10.1038/274223a0
http://dx.doi.org/10.1038/274223a0
https://doi.org/10.1001/jama.297.14.1577
https://doi.org/10.1001/jama.297.14.1577
https://doi.org/10.1099/vir.0.018226-0
https://doi.org/10.1073/pnas.95.7.3501
http://dx.doi.org/10.1007/978-3-662-06099-5_3
http://dx.doi.org/10.1007/978-3-662-06099-5_3
https://doi.org/10.1038/ncomms3332
https://doi.org/10.1146/annurev.bi.56.070187.002053
https://doi.org/10.1146/annurev.bi.56.070187.002053
http://lonza.com
https://doi.org/10.1017/erm.2014.4
https://doi.org/10.1371/journal.pone.0012709
https://doi.org/10.1128/JVI.00781-09
https://doi.org/10.1016/j.vaccine.2011.06.068
https://doi.org/10.1073/pnas.78.8.4887
https://doi.org/10.1002/j.1460-2075.1995.tb00266.x
https://doi.org/10.1007/978-3-540-92165-3_9
https://doi.org/10.1007/978-3-540-92165-3_9
https://doi.org/10.1016/j.virol.2009.11.018
https://doi.org/10.1128/JVI.06828-11
http://dx.doi.org/10.2307/1592241
https://doi.org/10.1128/JVI.77.7.4357-4369.2003
https://doi.org/10.1128/JVI.77.7.4357-4369.2003
https://doi.org/10.1128/JVI.01920-08
https://doi.org/10.3390/v6072531
https://doi.org/10.3390/v6072531
https://doi.org/10.1128/JVI.05546-11

Karakurt et al., 2019 / Turk Vet J 1(2) : 101-105

TURKISH VETERINARY JOURNAL

Case Report

- Metastatic Osteosarcoma in a Kangal Breed Dog

- -
l Emin Karakurt'™, Enver Beytut', Bagak Kurt?, Hilmi Nuhoglu', Serpil Dag', Ugur Yildiz2
I IDepartment of Pathology, Faculty of Veterinary Medicine, Kafkas University, Kars, Turkey

l

2Department of Surgery, Faculty of Veterinary Medicine, Kafkas University, Kars, Turkey

*Corresponding Author’s E-Mail: mehmeteminkarakurt@hotmail.com

Abstract

In our study, we aimed to evaluate findings of osteosarcoma detected in a Kangal breed dog Received 21 June 2019

for the histopathological and radiographic aspects. The material of the study consisted of a Received in revised form 21 July 2019
male, 8 years old Kangal breed dog with a weight of 50 kg. There was no information about Accepted 4 August 2019

the history of the patient who was brought to the Surgical Clinic of the Faculty of Veterinary

Medicine of Kafkas University with complaints of swelling in the left anterior extremity,

lameness and respiratory weakness. Clinical examination revealed that the general condition Key words:

of the patient was poor and there was a hard and painful swelling at the carpal joint level. Dog, histopathology, metastasis, osteosarcoma,

Euthanasia was performed due to old age, poor condition and suspicious prognosis. Then,
systemic necropsy was performed. After routine tissue follow-up procedures, 5 pm thick
sections were taken from paraffin blocks for Hematoxylin Eosin staining. Sections were
examined under light microscope to determine the histopathologic changes. Based on
radiographic and histopathologic findings of the tumors in the left anterior extremity and
metastatic foci in the lung, osteosarcoma was diagnosed.

radiography.
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Kangal Irki Bir Képekte Metastatik Osteosarkom
Ozet

Bu galismamizda, Kangal irki bir kdpekte saptanan osteosarkom vakasinin histopatolojik ve radyografik acidan degerlendirilmesi amaglanmigtir.
Calismanin materyalini 8 yasinda erkek 50 kg adirliginda Kangal irki bir kopek olugturdu. Sol én ekstremitede sislik, topallik ve solunum giicligi
sikayetleri ile Kafkas Universitesi Veteriner Fakiiltesi Cerrahi Klinigi'ne getirilen hastanin gecmisine iliskin bilgi edinilemedi. Klinik muayenede hastanin
genel durumunun bozuk oldugu, karpal eklem seviyesinde, sert ve agrili bir sisligin bulundugu belirlendi. Hastanin yasl olmasi, genel durum
bozuklugu ve prognozun kuskulu gériilmesi (zerine Gtenazisi yapildi. Takibinde sistemik nekropsisi gerceklestirildi. Rutin doku takip islemlerinin
ardindan hazirlanan parafin bloklardan, Hematoksilen Eozin boyamasi igin 5 um kalinhiginda kesitler alindi. Histopatolojik dedgisikliklerin belirlenmesi
amaciyla kesitler isik mikroskobunda incelendi. Elde edilen radyografik ve histopatolojik bulgular isiginda sol 6n ekstremitedeki tiimoral kitle ve
akcigerdeki metastatik odaklara osteosarkom tanisi konuldu.

Anahtar sézciikler: Histopatoloji, kopek, metastaz, osteosarkom, radyografi.

Introduction

Osteosarcoma, the most common primary bone tumor of
the appendicular skeleton in dogs (85 %), originates
from mesenchyme (McNeill et al. 2007; Cristo et al.
2017; Murphy et al. 2017). This tumor, which accounts
for approximately 70 % in cats of primary bone tumors,
is rare in other animals (Kutsal et al. 2003; Gebhard et
al. 2016; Thompson & Dittmer 2017). Osteosarcoma is
formed especially in long bones such as radius,
humerus, tibia and femur and more common in the
anterior limbs (Sarierler et al. 2003; Erer & Kiran 2009;
Altug & Deveci 2016). In rare cases, osteosarcomas are

observed in the ribs and skull bones (Erer et al. 1998).
Osteosarcomas are osteolytic, osteoblastic and mixed
according to their radiographic appearance (Erer et al.
1998; Aydogan & Metin 2013); microscopically can be
classified as osteoblastic, chondroblastic, fibroblastic,
telangiectatic, and giant cell types depending on their
matrix appearance in domestic animals (Boerman et al.
2012; Farjanikish et al. 2018). These tumors are locally
aggressive and rapidly spread (McNeill et al. 2007,
Sennazli et al. 2013). Osteosarcomas, which are highly
metastatic, have a high recurrence rate and long-term
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survival rates of this tumor are low (Gebhard et al. 2016,
Leonardo et al. 2018; Withers et al. 2019). Cases
originating from long bones in dogs usually metastasize
to organs such as the lung, regional lymph nodes, liver
and kidney (Kutsal et al. 2003; Murphy et al. 2017). It
has rarely been reported to metastasize to the central
nervous system, especially to the brain tissue (Pazzi et
al. 2013; Cristo et al. 2017). It breaks down normal
bones and metastasizes to the lung at a rate of 75% as a
result of disease progression (Bastan 2013), and it is
thought that this rate will increase to 100 % if dogs are
death (Milli & Haziroglu 1997). Pulmonary metastases
are similar to the primary tumor foci (Erer et al. 1998).
Risk factors of this tumor were determined as age, race,
body weight and sterilization status. (Tez et al. 2019).
Osteosarcoma is more common in large breed dogs such
as Ireland Setter, St. Bernard, Great Dane, Boxer and
German Shepherd (Cristo et al. 2017; Murphy et al.
2017; Thompson & Dittmer 2017). There are some
literature data indicating that some dog breeds such as
Greyhound and Rottweiler are more prone to
osteosarcoma (McNeill et al. 2007; Cristo et al. 2017).
Male dogs are more sensitive than female dogs
(Thompson & Dittmer 2017). The age of occurrence of
the tumor is between 1 and 15 years of age (average 7.5)
(Kutsal et al. 2003; Erer & Kiran 2009). Although the
etiology of osteosarcoma has not been fully established
in dogs; it is thought that metal implants used in fracture
treatment, ionizing radiation and chronic osteomyelitis
play a major role in the development of the tumor
(Sarterler et al. 2003). Age progression and sterilization
in dogs are the most important factors that increase the
risk of osteosarcoma (Bastan 2013, Tez et al. 2019).
Pathologic fractures, painful swelling and lameness are
observed clinically in osteosarcoma (Kutsal et al. 2003;
Altug & Deveci 2016; Thompson & Dittmer 2017).

In our study, we aimed to evaluate a case of osteoblastic
osteosarcoma with lung metastasis in a Kangal breed
dog with histopathological and radiographic parameters.

Case Report

The material of the study consisted of a male, 8 years
old Kangal breed dog with a weight of 50 kg. There was
no information about the history of the patient who was
brought to the Surgical Clinic of the Faculty of
Veterinary Medicine of Kafkas University with
complaints of swelling in the left anterior extremity,
lameness and respiratory weakness. Clinical
examination revealed that the general condition of the
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patient was poor and there was a hard and painful
swelling at the carpal joint level. Euthanasia was
performed due to old age, poor condition and suspicious
prognosis. Subsequently, systemic necropsy was
performed. Some of the tissue samples taken from the
animal were fixed in decalcified solution and another
part was fixed in buffered formaldehyde solution. From
the paraffin blocks prepared following routine tissue
procedures, 5 pm-thick sections were obtained for
Hematoxylin-Eosin staining. To determine the
histopathological changes, the sections were examined
by light microscope.

On the radiological examination, osteolysis including
the carpal joint and distal condensation starting from 1/2
part of the radius were determined. We observed that
degeneration, which started as diaphyseal osteophytic
growths in the bone cortex, extended into the soft tissue
by the destruction of the cortex in the metaphyseal and
epiphysical region. We noted that it continued as a
lesion that forming severe periosteal reaction without
borders. Due to the specific localization of the lesion,
we suspected that the mass could be a bone tumor
(Figure la). Thoracic radiography was performed to
investigate the presence of metastasis. Peribronchiolar
thickening and increased opacity were observed in the
lungs. In addition suspicious radiopaque foci were
detected in some areas (Figure 1b).

In the necropsy, hard body growths surrounded by
connective tissue which 13*15*%16 cm in size were
observed at the level of the left carpal joint, including
the distal parts of the radius and ulna (Figure 2a). The
surface of this mass was yellowish white, and
connective tissue and bone growth were observed in
some places (Figure 2b). In addition, we detected a large
number of solid nodular areas which in size ranging
from 1 to 3 mm in the lung and we thought that they
were metastatic foci (Figure 2c). Black areas were
observed in the medial portion of the bronchiolar lymph
node. Significant growth was detected in the right and
left prescapular lymph nodes.

In the histopathological examination of the tumoral
mass, we observed atypical osteoblasts with
hyperchromasic nuclei, trabecular matrix formations,
whorling structures formed by fibrosis and fibroblasts
and osteoid areas (Figure 3a). Additionally large and
small metastatic foci were detected in the lung tissue.
Metastatic foci were similar to the primary tumoral mass
(Figure 3b).
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Figure 1. A) Radiographic appearance of the lesion in the left anterior limb, B)Thoracic radiography, suspicious
radiopaque foci in the lung.

Figure 2. A) Swelling in the left anterior extremity, B) Macroscopic appearance of the tumor; The surface of this
mass was yellowish white and connective tissue and bone growth were observed in some places, C) Lung metastasis;
a large number of solid nodular areas with diameters ranging from 1 to 3 mm.

Figure 3. A) Trabecular matrix formations (T), whorling structures formed by fibrosis and fibroblasts (*), osteoid
(arrowhead), H&E, Bar= 200 um, B) Metastatic areas (arrows) in lung, H&E, Bar= 500 pm.
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Discussion and Conclusion

Osteosarcomas are frequently observed in large breeds
of dogs such as Ireland Sets, St. Bernard, Great Dane,
Boxer, German Shepherd, Doberman, Pinscher, Golden
Retriever, Rottweiler and Greyhounds (McNeill et al.
2007; Cristo et al. 2017; Murphy et al. 2017; Thompson
& Dittmer 2017). This tumor is more common in male
dogs than female dogs (Kutsal et al. 2003). The most
common age range of this tumor from 1 to 15 years
(Erer & Kiran 2009; Thompson & Dittmer 2017). In this
study, similar to literature data (Kutsal et al. 2003;
Giines et al. 2009; Erer & Kiran 2009) osteosarcoma
was observed in a male, 8 years old Kangal breed dog
with a weight of 50 kg. Osteosarcomas are formed
especially in metaphyseal region of the long bones such
as distal radius, proximal humerus, proximal or distal
tibia and distal femur and it is more common in the
anterior limbs (Sarterler et al. 2003; Hoenerhoff et al.
2004; Erer & Kiran 2009; Altug & Deveci 2016). The
recurrence rate of osteosarcoma is quite high, the
prognosis is very poor; and less than 20 % of the
affected dogs do not live for more than 2 years (Wilson
et al. 2008, Leonardo et al. 2018, Withers et al. 2019).
Amputation and chemotherapy are the most commonly
used treatment modalities (Farese et al. 2004). The rate
of metastasis of osteosarcoma to the lung is 75% and it
is thought that this rate will increase to 100 % if the
dogs are death (Milli & Haziroglu 1997; Bastan 2013).
Pulmonary metastases show a similarity to the primary
tumor foci from which they originate (Erer & Kiran
2009). Osteosarcomas microscopically can be classified
as osteoblastic, chondroblastic, fibroblastic,
telangiectatic, and giant cell types depending on their
matrix appearance in domestic animals (Boerman et al.
2012; Farjanikish et al. 2018). In our study, parallel to
previous works (Kutsal et al. 2003; Erer & Kiran 2009;
Altug & Deveci 2016), we detected the tumoral mass at
the level of the left carpal joint, including the distal parts
of the radius and ulna. In addition we observed
metastatic areas in the lungs, which we believe were
originated from the primary tumor focus of varying
sizes, large and small solid consistency. In the
histopathological examination of the tumoral mass
atypical malign osteoblasts with hyperchromasic nuclei
and matrix formed trabecular structures, swirl structures
fibrocytes and fibroblast infiltrations and irregular
osteoid islands were observed similar to literature data
(Thompson & Dittmer 2017). Additionally large and
small metastatic foci were detected in the lung tissue.
Metastatic foci were similar to the primary tumoral

mass.
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In conclusion, we diagnosed osteoblastic osteosarcoma
in the tumor mass taken from the left anterior extremity
and metastatic areas of the lung based on the light of
radiographic and histopathological findings. In the
literature search, we observed that there are very few
cases of osteosarcoma detected in Kangal breed dog
(Erer et al. 1998) and we thought that the findings in
our will contribute to the literature data in the context of
native breeds.
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Abstract

A 3-year-old Lutino Cockatiel (Nymphicus hollandicus) of unknown sex was referred to the
clinics of our faculty for ocular examination due to lack of the upper and lower eyelids of
the right eye since birth has been reported in this study. After anamnesis and detailed ocular
examination (ocular ultrasound), congenital cryptophthalmos was diagnosed and the right
palpebral fissure of the bird was corrected by a successful surgical procedure. This report
provides the clinical features and surgical management of the variant of cryptophthalmos in

birds.
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Bir Sultan Papaganinda (Nymphicus hollandicus) Tek Tarafli Kongenital Crypthophthalmosun Cerrahi Diizeltilmesi Olgusu

Ozet

Bu calismada, fakiiltemiz kliniklerine dogdugundan beri sag alt ve ist g6z kapaklarinin olmadigi sikéyeti ile géz muayenesi icin sevk edilen, cinsiyeti

bilinmeyen, 3 yasl, bir sultan papagani rapor edilmistir. Alinan anamnez ve yapilan aynntili gz muayenesi (okiiler ultrasonografi) sonrast kongenital

kriptoftalmus tanisi konulmus ve kusun sag gdz palpebral fissiru basanli bir cerrahi islem ile dizeltilmistir. Bu rapor kriptoftalmusun kuglardaki

gérindmiindn klinik 6zellikleri ve cerrahi tedavisi hakkinda bilgi saglamaktadir.

Anahtar sézciikler: Atrezia, gz kapadi, kongenital, kriptoftalmus, sultan papagani

Introduction

Cryptophthalmos was first described by Zehender and
Manz in 1872 (Buyukmihci ve ark., 1990, Cook, 2007).
It is a rare anomaly characterized by an uninterrupted
continuity of the skin covering the eyeball (Doneley,
2016, Gupta & Saxena, 1962). It is also known as eyelid
atresia which can occur after trauma or inflammation
and is more commonly seen in cockatiels (Mitchell &
Tully, 2016). The eyelid aperture is either missing or too
small (Buyukmihci ve ark., 1990). Sometimes only a
few areas of cornea may be visible (Doneley, 2016). It
can be congenital developmental anomaly or secondary
to an injury such as self-trauma or infectious disease
such as chlamydial infection, poxvirus conjunctivitis
(Gupta & Sen, 1990, Gupta ve ark., 1990). This

condition is mostly bilateral, unilateral form being very
rare (Buyukmihci ve ark., 1990).

It is classified into two types; complete and
incomplete.The complete variety presents with the
absence of the palpebral fissure, the eyelid skin
completely covers the orbit. The incomplete variety
presents with narrowing of the palpebral fissure. While
complete eyelid atresia is the total fusion of the eyelid
margins, incomplete one is the condition of a part of the
eyelid margins (Cook, 2007).

In the previous studies, different abnormalities of eyelid
have been reported. This condition is confused with
other eyelid anomalies such as ankyloblepharon,
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symblepharon, blepharophimosis (Buyukmihci ve ark.,
1990, Cook, 2007, Rival, 2015).

The aim of this study was to show that surgical
treatment that was previously reported to be
unsuccessful may be an effective treatment procedure
according to the results of this case.

Case Report

A 3-year-old Lutino Cockatiel was presented for
ophthalmologic examination of persistent fusion of the
upper and lower eyelids of the right eye since birth
(Figure 1). On physical examination, the bird was bright
and alert. It was in a good body condition, weighted 85
grams and had no other anomalies present. Both eyes
were evaluated using direct ophthalmoscopy and
ultrasonography. On ophthalmologic examination
revealed the right eyelids had a too small palpebral
fissure which was displaced medially from its normal
location. The left eye was seen well, the right globe
could not be evaluated because of the eyelid skin which
is continuous over the globe and incomplete
cryptophthalmos was diagnosed. But ultrasonographic
examination revealed the right globe was in normal
structure meaning that the globe size was normal in both
eyes (Figure 2A-B). Diagnosis of congenital
cryptophthalmos was made according to the anamnesis
given by the owners and it was decided to be
reconstructed with surgical technique of the right eyelid
palpebral fissure. General anesthesia was induced by
administration of isoflurane 2% concentration with
modified glove mask. The bird was placed in dorsal
recumbency, the head was turned laterally to expose the
right eye and ocular surface was cleaned with a dilute
solution of 0.05% betadine. Except the operation area,
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Figure 1. 3-year-old, unknown sex Lution Cockatiel
with congenital cryptophthalmos. Bird had only a small
opening on the right palpebral fissure.

the bird was covered with a sterile cloth. After the eyelid
was cleaned with 0.9% sterile isotonic, the skin covering
the right globe was incised by sharp dissection of full
thickness to create the palpebral fissure. Ophthalmic
microsurgical instruments were used to minimize
surgical trauma. The surgical incision was performed
from the medial palpebral fissure to the adhered lateral
area using iris scissors and minimal bleeding was

Figure 2. Ultrasonographic findings of left eye (A) and right eye (B). Both the left and right globes were evaluated in
normal size and structure in ultrasonographic examination.
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occurred with sterile swabs compression (Figure 3).
Examination under anesthesia confirmed the
preoperative ultrasonographic findings in the right eye
which was normal size. No corneal or nictitans
adhesions were observed. The right eye had normal
pupillary and menace response. The eyelids mobility
appeared to be normal after the incision. Suture was not
applied to prevent the possibility of regional
deterioration of the eyelid structure after the
conjunctival mucosa adhered to the thin eyelid skin.
Surgical correction was performed successfully. The
bird regained a normal appearance Postoperatively,
0.3% tobramisin ve 0.1% dexamethasone (Tobradex ®,
Alcon laboratory, Turkey) eye drops (three times daily)
and fusidic acid (Fucithalmic®, Abdi Ibrahim, Turkey)
eye ointment (two times daily) were instilled for 2
weeks. Recheck was performed at first, second and
fourth weeks. The palpebral fissure narrowed lightly 2
weeks after the surgery but never returned to its
preoperative appearance (Figure 4,5).

Figure 4. Apperance of the right eye 2 weeks after
surgery. Palpebral fissure appeared to narrowed slightly.
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Figure 5: The frontal view of the bird in the fourth
week.

Discussion

Anomalies of the eyelid in birds may occur due to
congenital or secondary etiologies (Cook, 2007, Gupta
& Saxena, 1962). In cockatiels, palpebral fissure lesions
may develop owing to such causes as cryptophthalmos,
ankyloblepharon, symblepharon and blepharophimosis
(Cook, 2007, Rival, 2015). Although there are some
similarities between them, cryptophthalmos is a
congenital anomaly of the eye and there is no indication
of a ciliary margin having formed, ankyloblepharon is
usually secondary and there is a fusion of the upper and
lower eyelids (Doneley, 2016, Rival, 2015, Subramanian
ve ark., 2013). The term ‘symblepharon’refers to
multiple permanent adhesion between eyelid and globe
due to the conjunctival inflammation (Pinard et al.,
2006, Rival, 2015). The term ‘blepharophimosis’ refers
to narrowing of palpebral fissure without eyelid fusion
(Rival 2015).

Normally, in the neonatal periods such as a few weeks
after birth for some species such as feline, canine and
parrot, the eyelid margins usually remain fused
(Doneley, 2016). In Cockatiel, complete separation is
occured within 10-12 days (Doneley, 2016, Gupta &
Saxena, 1962). Rarely, eyelid margins may not be
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completely separated during this process and this may
result in palpebral congenital anomalies. These are one
of the difficult problems encountered by surgeons.
Cryptophthalmos from these animals has been reported
in cockatiels by Buyukmihci et al. (1990).This is a very
serious, congenital condition which has been reported in
a dog and eyelids do not form, skin is continuous over
the eye region (Gupta & Sen, 1990). In humans this
condition is called by various authors, as
cryptopthalmos syndrome or Fraser syndrome which is
usually associated with multiple developmental defects
such as nose and ear deformities, cleft palate, cleft lip,
ankyloglossia, variations of the hairline, malformations
of the teeth, hypertelorism, lacrimal duct defect,
laryngeal atresia, renal anomaly, umbilical hernia,
meningo-encephalocele, total or partial syndactyly, and
incomplete development of the genitalia (Buyukmihci et
al., 1990). However, at this reported case, lesion was
not associated with other systemic anomalies and the
exact etiologies of this condition was unknown. It is
usually may present at birth as a result of abnormal
embryogenesis. A study has been reported that the
eyelid and palpebral fissure are induced by the contact
of the optic vesicle with the surface ectoderm (Williams,
2012, Willis & Wilkie, 1999). If a problem develops in
this contact, eyelid or palpebral fissure anomalies may
occur. In this reported case, the bird was diagnosed to
have congenital, unilateral cryptophthalmos due to the
no history of illness or trauma (Williams 2012).

To our knowledge, this is the first reported case of a

congenital cryptophthalmos with a successful surgical
outcome in a Cockatiel although surgical procedures
have been reported as unsuccessful according to
previous reports in such clinical cases ( Gupta & Sen,
1962, Rival, 2015). In previous studies, it has been
reported that the skin covered the globes again and
returned to the preoperative condition in about 1 month
(Gupta & Saxena, 1962, Buyukmihei et al., 1990). But
in this case we had a positive outcome from the surgical
operation and the medical treatment which was
administered postoperatively. Within two months, the
skin did not return to its former state.
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Dergi hakkinda

Turkish Veterinary Journal (Turk Vet J), Sivas Cumhuriyet Universitesi, Veteriner Fakdltesi tarafindan
yayimlanan, uluslararasi, hakemli bilimsel bir dergidir. Turkish Veterinary Journal (Turk Vet J), Tirkce veya
ingilizce olarak, temel bilimler, klinik ve klinik dncesi bilimler, zootekni, hayvan besleme ile gida hijyeni ve
teknolojisi alanlarinda makaleleri (arastirma makalesi, kisa bildiri, editére mektup, derleme ve vaka takdimi
turlerinde) yayimlar.

Dergiye, ulusal ya da uluslararasi ilgi ve uygulama iciren ve yeni bilgiler barindiran makaleler sunulabilir.
Yayinlanacak makalelerin, daha &nceden yayimlanmamis ve arastirma sonuglarina dayali olmasi
gerekmektedir (derleme makaleleri harig). Yazarlar, yayinda sunduklari verilerin dogrulugunu kabul edip
sorumlulugunu aldiklarinin bilincinde olmahdir.

Makale hazirlama

1. Sayfa ayarlan

Sayfa kenar bosluklari her yonder 2,5 cm olarak ayarlanmalidir. Yiklenilen word processor dosyasinin
dogal formatta olmasina dikkat edilmeli ve metin tek kolon halinde hazirlanmalidir. Makale yayima
hazirlanirken ¢cogu formatlama kodlar silinecek veya degistirileceginden metnin sayfa dizeni mimkin
oldugunca basit tutulmalidir. Makale hazirlanirken &zellikle, kullanilan word programinin otomatik kelime
dizeltme fonksiyonu kapatilarak hazirlanmali ve satir sonlarinda kelimelerin tirelenerek bdlinmesine izin
verilmemelidir. Makalede koyu, Us, indis, italik vs. karakterler kullanilabilir. Tablolar hazirlanirken, her bir
tablo icin tek tip ve en az satir sekillendirmesi kullaniimali ilave formatlardan kacmilmalidir. Tablonun
kolonlarina metin yerlestirirken bosluk yerine tab tusu kullanilarak yerlestirilmelidir. Makale icerisine
gdmilmis olsun veya olmasin tablo, figlir ve grafiklerin ayri ayr kaynak dosya olarak eklenmesi
gerekmektedir. Makalenin giris béliminden baglayarak satir numaralar eklenmesi gerekmektedir.

2. Baslk sayfasi
Baslik sayfasinda makalenin adi, yazarlarin ad ve adresileri, kisa baslik (running head) ile sorumlu yazarin e-
posta adresi verilmelidir.

Makalenin kisa ismi 60 karakterden (bosluklar hari¢) uzun olmamalidir. Makalenin uzun isminin yeterince
kisa oldugu durumlarda uzun ve kisa isimler ayni olabilir.

Makalenin bashidi kisa fakat makalede sunulan caligmalari tam anlamiyla yansitan nitelikte olmalidir.
Genellikle basliklar bilgi icermektense isaret edici olmalidir. Makalenin sonucundan ziyade makalenin ana
konusunu belirtmelidir.

Yazarlarin isimleri tam olarak verilmeli, yalniz bas harfleri verilmemelidir. Yazarlarin akademik dereceleri de
kullanilmamalidir. Makalede birden fazla kurumdan yazar bulunmasi halinde Arap rakamlari ile yazar
adinin sonuna Us seklinde numaralandirilarak yazarin kurumu belirtilmelidir. Adresler de ayni sekilde Ussel
olarak belirtilmelidir.



3. Ozet

Dergiye sunulan tim makalelerin 6zet bolimi olmalidir. Siklikla yalniz 6zet ¢ogu platformda gorindr
oldugundan, ézet referanslar verilmeden, kesin ve anlasilir bir dille sunulmalidir. Ozet calismanin amacin,
caligilan tirleri, gere¢ ve yontemleri, yeni teori ve terminolojileri ve sonug kisimlarini icerecek sekilde
yazilmalidir. Ozete tablo, sekil, grafik, referans ve makalede yer almayan bir bilgi eklenmemelidir. Ozette
mUmkin oldugu kadar kisaltmalardan kaginilmamalidir.

Ozet hem Tirkce hem de ingilizce basilacaktir. Dolayisi ile baslik ve anahtar kelimeler de diger dile
cevrilmelidir. Ozet 200 kelimeyi asmamalidir. En fazla 6 anahtar kelime &zetin akabinde verilmelidir.

4. Girig

Girig boliminde (makale bashgi eklenmeden, yeni sayfadan baslayarak) problemin tanimindan baslayip
eski caligmalarin bulgularini ve sonuclarini ifade ederek mevcut calismanin yapilis gayesi net bir bicimde
vurgulanmalidir.

5. Gereg ve Yontemler

Yéntemler bagka arastirmacilar tarafindan tekrarlanacagindan ya da sinanacagindan gereg ve yontemler
net bir bicimde tarif edilmelidir. Bilindik Yontemler ya da testler Basitce ismen ifade edilebilir ya da atif
yapilarak belirtilebilir. Kaynak belirtilerek ifade edilen kimyasal proseddrlerle ilgili olarak yéntemin temel
prensipleri kisaca aciklanmalidir.

6. Bulgular ve Tartisma

Bulgular ve tartisma istenirse ayri basliklar halinde ya da tek baslk altinda da verilebilir. Giris kisminda
deginilerek yontemlerde ifade edilen galismalarin sonuglari bulgular kisminda net bir dille aciklanmali ve
tartisma kisminda ise bu bulgular yorumlanmalidir. Bulgular Onceki calismalarla iligkilendirilmeli, uyusan
ve uyusmayan sonuglar tartigiimalidir. Calisma sonuclarinin pratikteki dnemi ve gelecekteki calismalara 6n
agma potansiyeli ifade edilmelidir. Deneylerin ve arastirmanin sonuglarina dayanarak bilimsel yorumlar ve
acgiklamalar yapiimahdir.

7. Sonug
Sonug kismi bulgular ve tartisma ya da tartigma bdéliminden ayri bir bolim olarak calismanin temel
sonuglarinin ifade edildigi kisa bir bélim olarak hazirlanmalidir.

8. Kaynaklar

Yiksek gecerliligi olan kaynaklar kaynak gosterilmelidir. Kaynak olarak dergi makalesi, kitap, kitap bdlim,
tez, ya da c¢evrimici kaynaklar kullanilabildigi gibi yayimlanmamis bilgi de verilebilir. Bu durumda kisisel
iletisim ya da yayimlanmamis bulgu ifadesi parantez icinde belirtilerek kaynaklar kisminda tekrardan bu
bilgiye yer verilmez. Yazarlar, kaynaklarin tam ve dogrulugundan emin olmak zorundadir. Ozet veya sonug
kisminda kaynak verilmemelidir.

Turkish Veterinary Journal, metin igerisinde yazar/larin soyadini takiben yayimlanma yilinin oldugu isim-yil
sistemini (Harvard system) kullanmaktadir. Yazar sayisi 3 veya daha fazla oldugu durumlarda ilk yazarin soy
adini takiben “ve ark.,” ifadesi ve yil verilmelidir. Altini ¢cizme yada italik yapilmamalidir. Parantez icerisinde
kaynagin kullanimiile ilgili asagidaki 6rneklere goz atiniz:

Ciimle icerisinde yazarin adinin yer almasi durumunda:

Jones (2004), cocuklarin yeme aliskanliklar hakkinda detayl bir calisma yapmustir.
Yazarin parantez icerisinde verilmesi durumunda:

Calismada (Jones, 2004) cocuklarin yeme aligkanliklari arastirilmistir.



Not: Eger yazar/larin adini metin icerisinde vermiyorsaniz cimle sonunda parantez icerisinde yazar
soyadi, yil olarak veriniz.
Yazar ve yilin ciimle icerisinde verilmesi durumunda:
2004 yilinda Jones, cocuklarin yeme aligkanliklari hakkinda detayh bir calisma yapmistir.
Not: Yukaridaki 6rnekte, yazar adi ve yili metin icerisinde kullanildigindan ayrica metin icerisinde
parantezle atif yapilmasina gerek yoktur.
iki yazar olmasi durumunda:
Calhoun ve Keller (1997) gelir temelli siralamalarin gelismisligin tek gdstergesi olmadigini belirtmistir.
Gelir temelli siralamalar 6nemli olmakla beraber gelismisligin tek gostergesi olmadig belirtilmistir
(Calhoun & Keller, 1997).
Not: Atif yapilan kaynagin yazarlarini metin igerisinde verirken “ve” parantez icerisinde verirken “&”
kullaniimalidir.
Ug ve daha fazla yazar olmasi durumunda:
Gelir temelli siralamalar 6nemli olmakla beraber gelismisligin tek géstergesi olmadigi belirtilmistir
(Calhoun ve ark., 1997).
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Auf yapilan yazar ve yilin ayni oldugu durumlarda hem metinde hemde kaynaklar kisminda yildan sonra
kicuk harfle “....1997a ve/veya ....1997b" seklinde belirtilmelidir.

Yayim iicreti:
Turkish Veterinary Journal makale yayimlama Ucreti almamaktadir.

insan ve hayvan haklan belgeleri:

Calismalarda canli insan ve/veya hayvan kullanilmasi durumunda yazarlar kullandiklari yéntemlerin ulusal
ve/veya uluslararasi ilgili mevzuatlara uygunlugunu belgelendirmek zorundadir. Calismada hayvan
deneyleri yapilmigsa, makale gdnderirken ilgili kurullardan aldiklar izin belgelerini mutlaka eklemeleri
gerekmektedir.

Etik Kurallar

Bir yazarin adinin makalede yer almasi, rapor edilen arastirmayi, arastirmanin sonuglarini ve
sorumluluklarini kabul ettigi anlamina gelir. Sorumlu yazar, tim yazarlarin makalenin yazimini sunuldugu
haliyle kabul edip onayladigini ve yazarlarin makaledeki hangi isleri Gstlendiklerini belgelemelidir.

Link1: Etik Kurallar
Link2: Cikar Catismas! Belgesi
Link3: Telif Hakki Devri Formu
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Etik Kurallar

Tim yazarlar adina ifade ederim ki Turkish Veterinary Journal’a sunmus oldugumuz makalemiz:

Title of the manuscript

1) Tamami ya da bir kismi herhangi bir yerde yayimlanmamistir;

2) Sunulan makale an itibari ile baska bir dergide yayimlanmak tzere degerlendiriimemektedir;

3) Makalenin hazirlanmasinda tam yazarlar aktif roller almiglar ve katkida bulunduklari konularda
sorumlulugu kabul etmislerdir.

"Ghost-writing” kabul edilemez. Yukarda belirtilen yazarlardan bagka hi¢ kimse makalenin yazimi ve
revizyonu agamalarina istirak etmemistir. Yazarlarin disinda makaleye kismi katkilari olanlarin isimleri
tesekkir kisminda zikredilmistir.

Makale yazimi ve/veya etik kurallarla ilgili sorularinizi makaleyi sunmadan evvel Editér masasina
turkvetj@cumhuriyet.edu.tr adresinden ulastirabilirsiniz.

* * * * *

Lutfen her yazarin SOYADI'n1 uygun kisimlara yaziniz.
Caligma tasarimi ve ana fikir:

Verilerin elde edilmesi:

Verilerin analizi:

Makalenin hazirlanmast:

Kritik revizyon:

Sorumlu yazarin imzasi
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Ethical Statement

| testify on behalf of all co-authors that our article submitted to Turkish Veterinary Journal:

Title of the manuscript

1) this material has not been published in whole or in part elsewhere;

2) the manuscript is not currently being considered for publication in another journal;

3) all authors have been personally and actively involved in substantive work leading to the
manuscript, and will hold themselves jointly and individually responsible for its content.

Ghost-writing is NOT acceptable. No one, other than the authors listed below, should have contributed
substantially to the writing and revising of the manuscript. Contributors who do not meet the criteria for

authorship should be listed in the acknowledgment.

If you have any question about this, contact that editorial office before submitting your manuscript at
turkvetj@cumhuriyet.edu.tr

* * * * *

Please type each author’'s LAST NAME next to the appropriate category.
Study conception and design:

Acquisition of data:

Analysis and interpretation of data:

Drafting of manuscript:

Critical revision:

Corresponding author’s signature
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Cikar Catismasi Belgesi

Makalenin bashgi

Asagdida isimleri listelenen yazarlarin makalede sunulan veriler ve/veya makalenin konusu ile ilgili olarak
herhangi bir organizasyon veya olusum ile finansal (harg, egitim édemesi, konusmaci birolarina istirak,
yelik, calisanlk, danismanlik, hisse senedi sahipligi veya diger hissedarlik isleri, uzman danigmanlik isleri,
patent-lisans isleri gibi) ya da finansal olmayan (kisisel ya da mesleki iliski, bagliliklar, inanglar veya diger
birliktelikler gibi) herhangi bir ¢cikar iligkisi yoktur.

Yazarlarin adlan:

Asadida isimleri listelenen yazarlarin makalede sunulan veriler ve/veya makalenin konusu ile ilgili olarak
asadidaki organizasyon ve/veya olusumlarla finansal ve/veya finansal olmayan cikar iligkileri vardir. Litfen
cikar iligkilerini ayri bir sayfada belirterek belgeye ekleyiniz.

Yazarlarin adlarn:

Bu belge yukarda belirtilen ifadelerin dogrulugunu kayit altina almak igin tim yazarlar tarafindan
imzalanmustir. (Yazar sayisi 10 kisinin Uzerinde oldugu durumlarda sayfanin fotokopileri kullanilabilir.):

Yazar Adi Soyadi (el yazisi ile) imza Tarih
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Conflicts of Interest Statement

Title of the manuscript

" "
©000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

The authors whose names are listed immediately below certify that they have NO affiliations with or
involvement in any organization or entity with any financial interest (such as honoraria; educational grants;
participation in speakers’ bureaus; membership, employment, consultancies, stock ownership, or other
equity interest; and expert testimony or patent-licensing arrangements), or non-financial interest (such as
personal or professional relationships, affiliations, knowledge or beliefs) in the subject matter or materials
discussed in this manuscript.

Author names:

The authors whose names are listed immediately below report the following details of affiliation or
involvement in an organization or entity with a financial or non-financial interest in the subject matter or
materials discussed in this manuscript. Please specify the nature of the conflict on a separate sheet of
paper if the space below is inadequate.

Author names:

This statement is signed by all the authors to indicate agreement that the above information is true and
cor- rect (a photocopy of this form may be used if there are more than 10 authors):

Author’s name (typed) Author’s signature Date
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Telif Hakki Devri Formu

Makalenin Adr:

Sorumlu yazarin adi, soyadi
Adresi

TC Kimlik No

Telefon

E-posta

Cep telefonu

Sorumlu yazar olarak tim yazarlar adina:

a) sunulan makalenin yazar(lar)in orijinal ¢calismasi oldugunu;

b) tim yazarlarin bu calismaya bireysel olarak katilmis olduklarini ve bu ¢alisma icin her tirli sorumlulugu
aldiklarini;

c) sunulan makalenin tim yazarlarindan makaleyle ilgili tim mali haklari Turkish Veterinary Journal'a
devretme ve formda yer alan taahhltlerde bulunma hususunda yetki aldigimi, bu nedenle dogmus
veya dogabilecek tim uyusmazliklardan sorumlu olacagimi;

d) tim yazarlarin sunulan makalenin son halini gérduklerini ve onayladiklarini;

e) tim yazarlarla ilgili e-mail ve posta adreslerinin Turkish Veterinary Journal Makale Génderme ve
Degerlendirme Sistemi'ne dogru girildigini;

f) makalenin baska bir yerde basiimadigini veya basiimak icin sunulmadigini;

g) makalede bulunan metnin, sekillerin ve dokiimanlarin diger sahislara ait olan Telif Haklarini ihlal
etmedigini;

h) sunulan makale Gzerindeki mali haklarini, 6zellikle isleme, cogaltma, temsil, basim, yayim, dagitim ve
internet yoluyla iletim de dahil olmak tizere her tirlii umuma iletim haklarini Turkish Veterinary Journal
yetkili makamlarinca sinirsiz olarak kullanilmak Gizere Turkish Veterinary Journal’a devretmeyi kabul ve
taahhut ederim.

Buna ragmen yazar(lar)in veya varsa yazar(lar)in igvereninin
a) patent haklari;
b) yazar(lar)in gelecekte kitaplarinda veya diger ¢alismalarinda makalenin timini Gcret 6demeksizin

kullanma hakki;
c) makaleyi satmamak kosuluyla kendi amaclari icin cogaltma hakki gibi fikri mulkiyet haklar sakhdhr.
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Bununla beraber yazar(lar) makaleyi codaltma, postayla veya elektronik yolla dagitma hakkina sahiptir.
Makalenin herhangi bir b&liminin baska bir yayinda kullanilmasina Turkish Veterinary Journal'e atifta
bulunulmasi sartiyla izin verilir. Atif yapilirken Dergi Adi, Makale Adi, Yazar(lar)in Adi, Soyadi, Cilt No, Say!

No ve Yil verilmelidir.

Sorumlu yazar olarak, telif hakki ihlali nedeniyle lclincl sahislarca istenecek hak talebi veya acilacak
davalarda ‘Turkish Veterinary Journal ve Editorlerinin’ hicbir sorumlulugunun olmadigini, tim
sorumlulugun Sorumlu yazar olarak bana ait oldugunu taahhit ederim. Ayrica makalede higbir su¢ unsuru
veya kanuna aykiri ifade bulunmadigini, arastirma yapilirken kanuna aykir herhangi bir malzeme ve
yontem kullanmadigimi, calisma ile ilgili tim yasal izinleri aldigimi ve etik kurallara uygun hareket ettigimi

taahhUt ederim.

Sorumlu Yazarin Adi Soyadi:

imza
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Copyright Release Form

Title of the manuscript

Corresponding author’s name :
Address

ID Number
Telephone
E-mail

Mobile phone

“Turkish authors must supply their ID card number; foreign authors must supply their passport number (or,
if not available, driving license number, ID card number, etc.).”

On behalf of all authors, as the corresponding author of the manuscript, | warrant that

a) the manuscript submitted is my/our own original work;

b) all authors participated in the work in a substantive way and are prepared to take public responsibility
for the work;

c) | was authorised by all authors to transfer all royalties related with the manuscript and to enter into a
binding contract with Turkish Veterinary Journal as detailed in this Copyright Release Form, and | will
be responsible in the event of all disputes that have occurred and that may occur,

d) all authors have seen and approved the manuscript as submitted,;

e) e-mail and street addresses of all authors have been entered into the Turkish Veterinary Journal
Manuscript Submission and Evaluation System correctly,

f) the manuscript has not been published and is not being submitted or considered for publication
elsewhere;

g) the text, illustrations, and any other materials included in the manuscript do not infringe upon any
existing copyright or other rights of anyone.

h) Itransfer all financial rights, especially processing, reproduction, representation, printing, distribution,
and online transmittal, to Turkish Veterinary Journal with no limitation whatsoever,

Notwithstanding the above, the Contributor(s) or, if applicable the Contributor’s Employer, retain(s) all
proprietary rights other than copyright, such as

a) patentrights;
b) to use, free of charge, all parts of this article for the author’s future works in books, lectures, classroom
teaching, or oral presentations;
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c) the right to reproduce the article for their own purposes provided the copies are not offered for sale.

However, reproduction, posting, transmission or other distribution or use of the article or any material
contained therein, in any medium as permitted hereunder, requires a citation to the Journal and
appropriate credit to Turkish Veterinary Journal as publisher, suitable in form and content as follows: Title
of article, author(s), journal title and volume/issue, year.

As the corresponding author, | also warrant that “Turkish Veterinary Journal and the Journal Editors” will
not be held liable against all copyright claims of any third party or in lawsuits that may be filed in the
future, and that | will be the only person who will be liable in such cases. | also warrant that the article
contains no libellous or unlawful statements, I/we did not use any unlawful method or material during the
research, I/we obtained all legal permissions pertaining to the research, and I/we adhered to ethical
principles during the research.

.

Corresponding Author’s Full Name :

.o

Signature
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