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Abstract

An adult yellow-legged gull (Larus michahellis) of unknown sex was evaluated with history of
motor vehicle trauma and unable to fly. The patient, that on first examination showed no clinical
sign, was diagnosed on second day with scapulohumeral luxation and avulsion fracture via 3-
dimensional computed tomography. Computed tomography (CT) is a noninvasive, well-
recognized diagnostic procedure in avian medicine. This is the first case report to describe use
of computed tomography to diagnosis scapulohumeral luxation and avulsion fracture in a yellow-

legged gull (Larus michahellis).
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Bir Giimiis Martida (Larus michahellis) Skapulohumeral Luksasyon ve Avulsiyon Kiriginin U Boyutlu Bilgisayarli Tomografi ile

Tanisi

0zet

Cinsiyeti bilinmeyen yetiskin bir giimiis mart:, araba ¢arpmas: sonucu u¢camama anamneziyle degerlendirildi. Ilk muayenesinde klinik
bulgu goriilmeyen hastada, ikinci giin 3 boyutlu bilgisayarli tomografi ile skapulohumeral luksasyon ve avulziiyon kirigr tanisi koyuldu.
Bilgisayarli tomografi kanatli hekimliginde bilinen, noninvaziv bir prosediirdiir. Bu, bir giimiis martida (Larus michahellis)

skapulohumeral luksasyon ve avulziiyon kirginin bilgisayarli tomografi ile tanisimin sunuldugu ilk olgu raporudur.

Anahtar kelimeler: Kus, bilgisayarli tomografi, luksasyon, omuz kemeri

Introduction

Pectoral girdle consists of the clavicle, coracoid, and
scapula, all of which articulate proximally and form
the triosseal foramen. Distally, the scapula and
coracoid also form the glenoid cavity (Beaufrere,
2009). Pectoral girdle injuries commonly occur
when birds crash into solid objects, such as walls,
windows, or cars (Scheelings, 2014). These injuries
are presented commonly coracoid fractures,
scapulohumeral  luxations, clavicle fractures
(Azmanis et al., 2014; Scheelings, 2014). Luxation
or dislocation is the abnormal displacement of a
bone from a joint. A partial dislocation is called
subluxation (Azmanis et al., 2014). Luxations are
usually suspected based on the history and clinical
signs and diagnosed following an orthopedic and
neurologic examination and radiographic evaluation
(Whitehead and Parker, 2015).

The radiographic assessment of the pectoral girdle is
hindered by the superimposition of the wing
musculature. There is superimposition of the
coracoid and scapula in the VD projection of the
pectoral girdle (Krautwald Junghanns et al., 2011).
In a previous study, H view was used for the
assessment of raptors suspected to have fractures of
the thoracic girdle (Visser et al., 2015). Computed
tomography and magnetic resonance imaging have
been used in some avian cases (Gumpenberger and
Scope 2012; Fraga Manteiga et al., 2013; Whitehead
and Parker, 2015; Beaufrere et al., 2019) and may be
useful in specific luxations (e.g. coracoid
subluxation, coxofemoral, spinal, palatofacial
bones, shoulder joint). With CT examination,
reconstructions and measurements of the organs and
structures of the bird in different planes, as well as
3-dimensional models can be produced and
evaluated in a computer environment (Krautwald
Junghanns et al., 2011). The purpose of this case
report is to identify the scapulohumeral luxation and
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avulsion fracture of the humerus in the yellow-
legged gull (Larus michahellis), which is diagnosed
by three-dimensional computed tomography.

Case Presentation

In this study, an adult yellow-legged gull (Larus
michahellis) of unknown gender which could not fly
due to vehicle trauma experienced 1 hour before
being presented to our clinic was evaluated.

On presentation, the bird was alert and responsive.
The bird was in good body condition (body score
3/5) at 820 g body weight and no observed external
bleeding. Radiograph of the whole body was taken
to investigate whether there was any traumatic
pathology in internal organs. No other abnormalities
were detected. The bird hospitalized during one day
and fed with fish and chicken meat. On the
following day, the patient was re-evaluated and
observed left wing drooping. The wing tip was
pinched to evaluate the withdrawal reflex making of
any conscious perception of pain and evaluated
positively and decided to perform a CT scan to
assess the left shoulder.

Before, scanning the bird was sedated with
medetomidine hydrochloride 100 ng/kg
intravenously (Domitor®, Zoetis, UK). The patient
was placed symmetrically in dorsal recumbency. A
CT scan (2 mm) was completed with a 63 CT
scanner  (Schimadzu® Computed Tomograph
System, Japan). After scanning the patient recovered
uneventfully from sedation. Then, the images were
converted to virtual 3-dimensional forms via OsiriX
DICOM software program.

Evaluation of the CT images revealed luxation of the
left scapulohumeral joint (part of the scapula,
coracoid, humerus complex) (Fig. 1). Left humerus
displaced completely craniodorsally with avulsion
fracture in tuberculum mediale however observed
no abnormality on clavicle, coracoid, and scapula.

The patient treated conservatively with analgesia
and cage rest with simply bandaging. The bird was
confined to a 130x120 cm cage for 3 weeks.
Meloxicam 1 mg/kg, PO, g 12 h (Metacam,
Boehringer Ingelheim Medicine Inc., Germany) was
used for analgesia for 2 weeks. After 3 weeks of
convalescence, the bird was evaluated for flying and
it was observed that the bird able to perch by a
bounce of about one meter however could not rise
by flapping. Therefore it was not released back to
nature because of an inability to fly appropriately.
The bird was placed in a fishing shelter to spend the
rest of its life.

Figure 1. Reconstructed 3-D images of the pectoral girdle
of the yellow-legged gull. Figure 1A: Cranial view of
pectoral girdle, craniodorsal luxation of the left humerus
and displacement of crista pectoralis (white arrow).
Figure 1B: Caudal view of pectoral girdle. Figure 1C:
Lateral view of pectoral girdle. Figure 1D: Avulsion
fracture in tuberculum mediale and bony fragment (red
arrows). a) scapula, b) clavicle, c) coracoid.

Discussion

As previously mentioned, conventional radiography
is the most common method of a diagnostic
evaluation for the avian shoulder joints; however,
there are significant limitations such as
superimposition (Krautwald-Junghanns et al., 2011,
Whitehead and Parker, 2015). CT eliminates this
disadvantage.

In comparison to conventional radiography, CT is
the ideal modality for bone lesions, and also
provides improved differentiation of soft tissue and
fluid (Whitehead and Parker, 2015). Computed
tomography is being more commonly incorporated
into the diagnostic plan for case studies in avian
medicine. As such, CT has recently been
demonstrated to diagnose coxofemoral luxations in
mute swan and luxations of palatofacial bones in a
parrot (Gumpenberger and Scope, 2012; Beaufrere
et al., 2019). In recently, new reconstruction
software programs allow images to be converted to
virtual 3-dimensional forms and providing a detailed
examination of structures in avian medicine
(Whitehead and Parker, 2015; Beaufrere et al.,
2019). This study demonstrates the advantage of CT
for evaluating the pectoral girdle and importance
early diagnosis of shoulder injury.

The thoracic girdle is composed of the clavicle,
coracoid, and scapula. These bones form a triosseal



canal where the tendon of the m. supracoracoideus
lifts the wing (Beaufrere, 2009). Rupture of the
tendon of the supracoracoideus muscle, leads to
dorsally luxation of the humeral head (Orosz et al.,
1992). According to a study that performed a
supracoracoideus tenotomy in cockatiels and
pigeons, did not observed a significant wing droop
in birds (Degernes and Feduccia, 2001). This,
similar to our study, makes clinical diagnosis
difficult and requires advanced imaging techniques.

The scapulohumeral joint is generally described as a
stable joint due to the supporting musculature and
the coracohumeral ligaments (Orosz et al., 1992).
Luxation rarely occurs, but when it happens, the
prognosis is poor. The diagnosis and treatment of
luxations within 24 hours can improve prognosis
(Azmanis et al., 2014).

To our knowledge, this is the first report of diagnosis
of shoulder luxation with avulsion fracture via 3-
dimensional CT in a yellow-legged gull. Both
conventional radiography and CT are useful in the
diagnosis of pathology in avian medicine but CT has
many advantages, as mentioned above. We
recommend a detailed CT evaluation of the skeletal
system for a traumatic avian patient include a
complete assessment of bones.

Conflict of interest: The authors do not have any
conflict of interest.
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Ozet

Feline Enfeksiyodz peritonitis (FIP) kedilerde coronaviruslarin sebep oldugu bir enfeksiyondur.
Virusun iki serotipi iki biyotipi tammlanmstir. Diinya ¢apinda baskin olan serotipi FCoV-1
dir. FIP tum dunyadaki kedilerde goriilen enterik coronavirusdaki spesifik mutasyonlarla
ortaya cikar. Kalabalik ortamlarda barindirilan hayvanlarda hastaligin goriilme riski artar.
Efliziv formun tanis1 non efiiziv forma gore daha kolaydir ancak yine de hastaligin kesin teshisi

zordur. Etkili antiviral galigmalar1 hala devam etmektedir.
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Overview and Antiviral Approaches of Feline Infectious Peritonitis

Abstract

Feline Infectious peritonitis (FIP) is an infectious disease of cats caused by one of the coronaviruses. There are two serotypes of this
virus as well as two biotypes have been identified until now, however, the dominant worldwide serotype is FCoV-1. The emergence
of this FIP virus occured as result of a specific mutation in the enteric coronavirus that was seen in cats around the globe. The risk
of this disease increases in animals housed in crowded environments. Even though the FIP effusive form is easier to diagnose than
the non-effusive form, but the exact diagnosis of the disease is still difficult. Effective antiviral studies are still ongoing for this disease.

Key Words: Feline infectious peritonitis, diagnosis, antiviral Approach

Giris

Kedilerin  enfeksiyéz peritonitisi  ilk olarak
1960’larda kedilerin sistemik oliimciil bir hastaligi
olarak tammmlanmustir. Coronaviridae ailesinde
Alphacoronavirus genusu icinde smiflandirilan
virus i¢in iki farkli serotip tanimlanmistir. Serotip I
yaygin olarak gorilirken serotip Il daha nadir
goralur ( MacLachlan ve Dubovi, 2017).

Bu siniflandirmadan ayr1 olarak, Feline Coronavirus
(FCoV) iki biyotipe ayrilir. Bunlar; diisiik patojenik
kedi enterik coronavirusu (FECV: diisiik viriilensli
FCoV) ve yiiksek patojenik FIP (Feline Infeksiyoz
Peritonitis) virusudur (FIPV: yuksek virtlensli
FCoV) (Pedersen, 2014) Tum dinyadaki kedilerde,
onemli  bir patojen olan  kedi enterik
coronavirusundaki (FECV) spesifik mutasyonlar ile
ortaya ¢ikan FIPV, 9 haftaliktan 16 ayliga kadar olan
kalabalik kedi populasyonlari arasinda (barmaklarda
yasayan ya da serbest dolasan) yaygmn olarak
bildirilmistir ~ (Pedersen, 2004; 2008; 2009).
FECV’ye ilk maruz kalma ile hastaligin Klinik
belirtileri arasindaki siire 2-3 haftadan, birkac aya
kadar uzayabilir. Bu periyotta hastalik subklinikten

Klinik duruma ilerler. Subklinik enfeksiyonlar
genellikle mezenterik lenf diiglimleri ile sinirhidir.
(Pedersen ve Black, 1983; Legendre ve Bartges,
2009; Pedersen, 2009). Ancak FIPV’de kedilerin
belirgin iyilesme gosterdigi nadir durumlar olsa da
klinik belirtiler aylar, hatta yillar sonra da devam
edebilir. Klinik belirtiler ile 6liim arasindaki hastalik
seyri degiskendir ancak genellikle genc kedilerde bu
suire daha kisadir.

Bu derleme, FIPV enfeksiyonlar1 ve kullanilan
antiviraller hakkindaki bilgilerin guincellenmesi
derlenmesi amaci ile hazirlanmistir. FIPV’ nin nasil
bulastig1 konusu hala tam olarak bilinmemektedir.
Bircok kedide FCoV hastalik olusturmadan
enterositlerde bulunur. Bu kediler diski ile virusu
yayarak diger kedileri enfekte ederler. Virus, kediler
arasinda digki ve salyanin oral veya nazal yolla
alinmasi ile bulasir. Enfekte kedilerde virus yayilimi
2 ay kadar devam eder. Hemcinsleriyle kalabalik ve
ayni ortamda bulunan neredeyse tiim kediler FCoV
ile enfekte olurlar. FCoV partikilleri agizdan
alindiktan 24 saat sonra tonsiller ve ince bagirsaga
ulagmaktadir. Bu kediler yaklasik 1 hafta iginde
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seropozitif tespit edilirler. Enfekte kediler 2 giin de
diski ile etkeni yaymaya baglarlar (Aytug, 2008).
Hastalik karakteristik olarak efliziv (1slak) ve non
efliziv (kuru) olmak iizere iki formda goriiliir. Tlk
klinik bulgular anoreksi, kronik ates, halsizlik ve
kilo kaybi ile kendini gosterir. Efiiziv formda bu
belirtilere ek olarak karmn boslugunda viskoz bir sivi
birikimi gorulur. Eftiziv olmayan form da ise okiiler,
norolojik  belirtiler ~ ve  bazi  organlarda
piyograntlomatdz inflamasyon odaklar1 gordlr
(MacLachlan ve Dubovi, 2017).

Laboratuvar Tam

FIPV tamsi oncelikle kedilerin yasi, orijini, klinik
bulgular1 ve fiziksel muayenesi géz 6niine alinarak
yapilir. Kalici fakat dalgali bir ates gosteren,
kalabalik ortamlardan alinan 4-36 aylik kediler
FIPV i¢in siiphelidir. Abdominal eflizyon, pleural
eflzyonlu  dispne, sarihik, hiperbiluribindri,
bobreklerde ve/veya mezenterik lenf yumrularinda
belirgin Kkitleler, Uveitis beyin veya omurilikte
norolojik bulgularin timii FIPV’ nin efiiziv veya
efliziv olmayan formlar1 ile iliskilidir (Pedersen,
2014). Periton boslugunda karakteristik altin renkli
sivinin varhi@i FIPV’ nin 1slak formunun belirgin
tanisal dzelliklerinden biridir. FIPV efiizyonlar1 orta
derecede bulanik, viskoz (yumurta aki kivaminda)
yiiksek proteinli ve berraktir. Genellikle bir serum
tiipiine yerlestirildiginde kismi pihtt olustururlar (
Zoia ve ark., 2009). FIPV eflizyonlarinin igerigi;
makrofajlar, nétrofiller ve  diisiik  lenfosit
proliferasyonu da dahil olmak Uzere ¢ok sayida
hicre icerir (500-5000/uL) (Pedersen, 2014).

Tanida kullanilan klasik testler: Bu testler tam kan
sayimmi (CBC), total serum proteini, alblimin ve
globiilin seviyeleri, A/G oranlarin igerir. Tam kan
sayiminda genelikle I6kositozis ve lenfositopeni
gorlilmektedir. Artan serum proteini ile diisiik A/G
oranlar1 yaygin olarak goriilmektedir(Addie ve ark.,
2009; Pedersen, 2009; Drechsler ve ark., 2011).

Taylor ve ark., (2010), Bristol Universitesinde
yaptiklar1 bir ¢alismada, kedilerden alinan tim
serum protein elektroforez (SPE) sonuglarini
retrospektif olarak degerlendirmisler ve 155
olgunun 136’sinda (%87.7) anormal serum protein
elektroforezi profilleri gorduklerini ve en fazla
artistn - gama  globilin  degerlerinde  oldugunu
bildirmislerdir.

Rivalta Testi FIPV ’nin teshisinde uzun slredir
kullamlmaktadir. Test, zayif asetik asit soliisyonu
iceren bir tupe birka¢ damla torasik eflizyon
stvisinin konulmasint igerir. Rivalta testi %91

duyarliliga, %58’lik pozitif ongoru degerine sahiptir
(Fischer ve ark., 2012).

Okuler FIPV genellikle tveitis ile kendini gosterir.
Idiopatik  Gveitisli  kedilerde  kan/serumda
mikrobiyal nukleik asitler, antijenler veya herhangi
bir etkene kars1 antikor nadiren bildirilirken, enfekte
kedilerde serumdaki feline coronavirus >1:6400
titresi yalnizca FIPV’ 1i kedilerde tespit edilmistir.
FIPV’ li kedilerde, humor akuozusun, baskin olarak
nétrofil, lenfosit ve plazma hucreleri igerdigi
bildirilmistir (Pedersen, 2014).

Feline Coronavirus antikor titreleri ile iligkili temel
problem, birbiriyle hemen hemen ayni1 olan FECV
ve FIPV’ lerin indirekt immunofloresan testinde
aynt antikor tepkileri uyandirmasidir. Saglikli
kedilerde 1:600 antikor titresi varken titre >1:3200
oldugunda FIPV’ yi diisiindiiriir (Hartmann ve ark.,
2003). <1: 100 titrelerine sahip saglikli kediler
nadiren diskilarina FECV sagarken, 1:400 titrelerine
sahip kedilerin diskilar1 kedi coronavirusu igin
genellikle pozitiftir (Pedersen ve ark., 2008).

Tamda kullanilabilecek bir diger parametre a-1 Asit
glikoprotein (AGP)’ dir. AGP enfeksiyonlarda ve
yangisal durumlarda ortaya ¢ikan akut faz
proteinidir ve FIPV’ ye spesifik bir parametre
degildir. Ozellikle Avrupa’da FIPV teshisinde
siklikla kullanilmaktadir. Duthie ve ark.,(1997)
serumdaki normal AGP dizeylerinin > 1.5 g/L
oldugunu bildirmiglerdir. FIPV’ i kedilerde
plazmadaki AGP dizeyleri 1500 pg/ml olarak tespit
edilmistir (Aytug, 2008).

FIPV’ nin postmortem ve histopatolojik bulgular ile
Klinik ve histolojik bulgular1 genellikle benzerdir.
Hastalikli  dokularin  yeterli  histopatolojik
incelemesini igeren kapsamli bir nekropsi, taniy1
dogrulamak i¢in dogru bir yol olabilir. Ancak bu
yontemlerle her zaman kesin taniya
varilamamaktadir (Pedersen., 2014).

FIPV’ in kesin tanisinin konulabilmesi i¢in klinik
bulgularin ve enfekte dokulardaki viral RNA’min
immunohistokimya yada  Polimeraz  Zincir
Reaksiyonu (PCR) ile tespitinin birlikte yapilmasi
gerekmektedir.

PCR Tabanl Testler: Viral niikleik asidin tespitine
dayanan testler neredeyse 20 yildir FIPV’ nin teshis
edilmesine yardimci olmak icin kullanilmigtir (Li ve
Scott, 1994). PCR, kedi coronaviruslari i¢in digkida
veya dokularda viral RNA’nin saflastirilmas: ile
baglar ve  RNA tamamlayict DNA’ya (CDNA)
kopyalanir. Sonrasinda ise feline coronavirusun
spesifik sekansim kodlayan kiiciik bir DNA bdlgesi
binlerce kez gogaltilir ve iiriin jel elektroforezinde
tek bir bant olarak tamimlanur.



Arastirmacilar PCR’ nin duyarliligini artirmak igin
cesitli iyilestirmeler Uzerinde ¢alismiglar Nested
PCR gibi daha hassas bir nukleik asit tespit
yontemiyle az miktarda kedi coronavirus RNA’sin1
tespit edebilmislerdir. Nested PCR birinci agamada
viral cDNA’nin daha bliyuk bir pargasinin
cogaltilarak bu PCR iirlinliniin saflastirildigi, daha
sonra ikinci bir reaksiyon ile bu buyiik amplifiye
DNA’dan daha kuglk bir par¢anin biiyttiildigi
>%90 duyarliliga sahip bir yontemdir (Gamble ve
ark., 1997).

Nested PCR ¢ok hassas olmasina ragmen DNA’ nin
PCR drinleri ile kontamine olabilmesi nedeniyle
yanlis  pozitif reaksiyonlar  olusabilmektedir.
Kontaminasyon probleminden kurtulmak icin ise
Gergek Zamanli PCR (Real Time) tercih edilmeye
baslanmustir. Birgok arastirma ile bu yontemin hem
deneysel hem de dogal enfekte kedilerde FCoV
tespitinde kullanilabilecek oldukga duyarli, yari
kantitatif ve spesifik bir yontem oldugu bildirilmistir
(Pedersen ve ark., 2008; Pedersen ve ark., 2009;
Pedersen ve ark., 2012; Kipar ve ark., 2010; Vogel
veark., 2010; An veark., 2011; Addie ve ark., 2012;
Amer ve ark., 2012; Wang ve ark., 2013).

Gercek zamanli PCR diskida ve hastalikli
dokularda/eflizyonlarda  coronavirus RNA’sin1
saptamanin hassas bir yoludur. Bununla birlikte,
nikleik asit varliginin belirlendigi testlerin hastalikli
dokularda FIPV varhigim1 dogrulamakta sadece
%80-90 oraminda basarili oldugu saptanmustir
(Sharif ve ark., 2010).

FECV RNA’ sinin FIPV RNA’sindan ayirt edilmesi
gerektigi oldukca erken fark edilmistir (Herrewegh
ve ark., 1995). FECV’ lerin sadece bagirsakta
bulunan ve dokularda ¢ogalmayan bir formda
bulundugu teorisine dayanarak sadece dokularda
cogalan FCoV’ lerin tespiti igin bir test
gelistirilmistir. Bu testin daha 6nce FIPV pozitif
oldugu kanitlanmis Kedilerin %93’tinii dogru bir
sekilde teshis ettigi iddia edilmistir (Simons ve ark.,
2005). Ancak ayni prosedirl kullanan ikinci bir
calismada ozellikle saglikli 6-12 yas araligindaki
kedilerin %54’  pozitif olarak tespit edilmistir
(Can-Sahna ve ark., 2007 ).

FECV ve FIPV enfeksiyonlarimin ayrimi, FIPV’ ye
0zgli mutasyonlar1 tanimlayan testler tasarlanarak
yapilabilir. FIPV’ ye 6zgli mutasyonlarin spike veya
ylizey proteininin fuzyon proteini bolgesi icindeki
iki nukleotid degiskeni ile olustugu saptanmustir
(Change ve ark., 2010). Bu mutasyonlardan
herhangi birinin hastalikli dokularda tespit edilen
FIPV’ lerin >% 98’ inde meydana geldigi ancak
mutasyonlarin  kanda saptanabilir ~ seviyelerde
bulunup bulunmadigina dair herhangi veri olmadigi,

ayrica mutasyonlarin abortif veya subklinik
enfeksiyonlar1 olan kedilerde de bulunabilecegi
ifade edilmistir (Porter ve ark., 2014 ).

Immunohistokimyasal Boyama Yontemi: Hastalikli
dokularin  immunohistokimya veya sivilarn
immunofloresan yada immunoperoksidaz
yontemleriyle incelenmesinin Gergek Zamanli PCR
kadar guvenilir olabilecegi ancak bu testlerin
dogrulugunun, kullanilan reaktiflerin  kalitesi,
orneklenen dokular ve incelemeyi yapan uzmanin
uzmanligi ile sinirli oldugu ayrica FIPV siipheli
kedilerin efiizyonlarmin genellikle preperatlara
yapisan ¢ok sayida virus pozitif makrofaj igerdigi,
ancak tespitte spesifik olmayan pozitif boyamalarin
olabilecegi ortaya konulmustur (Pedersen, 2014).

Listler ve ark. (2013), postmortem ve antemortem
feline  coronavirus  enfeksiyonlarinda  direkt
immunofloresandan elde edilen sonuglar1 abdominal
veya torasik efiizyonlu 17 kedi ile karsilastirmus,
yapilan histopatolojik incelemede 10/17 vaka da
FIPV’ yi dogrulamustir. FIPV’li 7/17 vakanin 5’
inde direkt immunofloresan testi negatif, 2 sinde ise
pozitif oldugunu belirleyerek immunohistokimya
testinin duyarlih@in1 %100, 6zgiilligiini ise %71.4
olarak hesaplamuslardir.

Guncel antiviral ila¢ yaklasimlari

FIPV’ |i kedileri tedavi etmek icin diger viral
enfeksiyonlarda da (Insan immun yetmezlik virusu
tip 1, hepatit B ve C) kullanilan viral replikasyonu
inhibe eden ilaglar kullanmilmaktadir. ikinci bir
tedavi segenegi, interferon gibi maddelerle
inflamatuar yaniti engellemektir. interferon nadiren
bagimsiz olarak c¢alisirken genellikle spesifik
antiviral ilaglar ile birlestirildiginde (ribavirin,
tenofovir, entecavir) basarili olmustur. Ugiincii bir
tedavi yaklasimi ise enfeksiyonun Ustesinden
gelebilecegi Umidiyle spesifik olarak bagisiklik
sistemini  uyarmaktir.  Bazen bu  tedavi
seceneklerinin  biri veya birkag1 birlestirilerek
kullanlir (Hartmann ve Ritz, 2008).

Antiviral ilaclar iki tiptedir. Birinci tip antiviral
ilaclar, viruslarin replikasyonda kullandigi hiicre
mekanizmasini hedeflerken, digeri viral enfeksiyon
ve replikasyon mekanizmasina 6zgi bazi aktiviteleri
hedefler. En basarili antiviral tedaviler enfeksiyon
ve replikasyonda 6nemli surecleri diizenleyen, viral
genomun belirli bolgelerini hedef alan ilaclar ile
yapilmaktadir (Pedersen,2014).

Sitma tedavisinde kullanilan klorokin’ in, in vitro
sartlarda FIPV replikasyonunu inhibe ettigi ve
antienflamatuar Ozelliklere sahip oldugu
gosterilmistir. Yapilan deneysel enfeksiyonlarda



klorokin ile tedavi edilen gruplarda, tedavi
edilmeyen gruplara gore Klinik belirtiler azalmig
olmasina ragmen bu gruptaki kedilerde alanin
aminotransferaz ~ seviyeleri artmustir, bu da
istenmeyen bir toksik etki oldugunu gostermistir
(Takona ve ark.,, 2013). Siklosporin A’nin
anticoronavirus  aktivitesine  sahip  oldugu
gosterilmistir. Siklosporin A’min hiicre kiltirinde
kedi coronavirus replikasyonunu inhibe etme
kabiliyeti dogrulanmis ancak in vivo olarak test
edilmemistir (Tanaka ve ark., 2013).

Pfefflerle ve ark. (2011), bir dizi immunofilinlerin
coronavirus yapisal olmayan protein 1 (NS1) ile
gliclii bir sekilde etkilesime girdigini ve siklosporin
A gibi siklofilin inhibitorlerinin insan, kedi ve
kanatli dahil olmak (zere tlim coronaviruslarin
replikasyonunu bloke ettigini gostermistir. Klorokin
ve siklosporin gibi antiviral ajanlarla ilgili problem
ise, hiicresel ve viral aktivitelerin ortak yollarindan

gecmeleridir. Coronaviruslar kendi
replikasyonlarmi  kolaylastirmak i¢in  normal
hicresel yollar1 kullanmaktadirlar. Klorokin ve
siklosporin  gibi bilesikler antiviral etkilerini

gosterirken, konak¢iya ve virusa ait mekanizmalari
ayrrmazlar. Ornegin; in vivo klorokin antiviral
aktivitesi in vitro aktiviteden daha diisiiktiir ve
konakgida toksik etkiler olusturmustur (Takona ve
ark., 2013).

Galanthus Nivalis Agglutinin ve Nelfinavir’in
Sinerjistik Antiviral Etkisi: Hseih ve ark. (2010)
Felis catus tam fetis-4 (fcwf-4) hicre kiltirinde
lokal bir kedi coronavirus susuna karst 16 bilesigin
antiviral etkinliklerini inceledikleri ¢alismalarinda
GNA(Galanthus nivalis agglutinin) ve nelfinavir ile
tedavi edilen gruplarin tedavi edilmemis gruplarla
karsilastirmasini yapmislar ve bu bilesiklerin FCoV
enfeksiyonunun neden oldugu sitopatik efekt (CPE)
odaklarinin  olusumunu O6nemli 6lglide inhibe
ettigini, hatta GNA’ nin, etkisinin nelfinavirden
daha fazla oldugunu ortaya koymuslardir.

Bir baska calismada ise GNA ve nelfinavirin
antiviral etkilerinin konsantrasyona bagli olup
olmadigin1  belirlemek  igin  dort  farkh
konsantrasyonda (0.48, 0.24, 0.12, 0.06 uM ve 9.41,
4.70, 2.35 ve 1.17 uM) nelfinavir ve GNA test
edilmis ve 9.41uM nelfinavirin CPE olusumunu
onemli Ol¢iide engelledigi, buna karsilik GNA’ nin
dort konsantrasyonunun da gucli inhibitor
aktiviteler gosterdigi ortaya konulmustur (Hseih ve
ark., 2010). Ayrica nelfinavir ve GNA’ nin diisiik
konsantrasyonlar, FCoV ile enfekte edilmis
hucreler Uzerinde test edilmis ve viral replikasyonun
inhibe edilmesinde etkili olduklar1 kanitlanmistir.
Nelfinavir, gicli in vivo aktiviteye sahip HIV-1
proteaz inhibitortdur, ilag gtivenlidir ve HIV (insan

Bagisiklik Yetmezligi Virusu) ile enfekte hastalarda
yaygin sekilde kullanilir (Lewis ve ark., 1997).
Nelfinavir icin bilinen yan etki daha 6nce HIV
hastalarinda gozlendigi gibi hafif ishaldir, ancak
GNA i¢in yan etki bildirilmemistir (Kaldor ve ark.,
1997). In vitro yapilan bir baska calisma GNA’ nin
FCoV 1 ve II serotiplerini giiglii bir sekilde inhibe
ettigini gostermistir (Van der Meer ve ark., 2007a).
Bununla birlikte her iki madde ayni anda enfekte
hiicreye eklendiginde sinerjik bir antiviral etki
gozlenmistir (Hsieh ve ark., 2010). Hiicre canlilig1
testleri GNA’nin, fcwf-4 hiicreleri ile nelfinavirden
daha genis bir konsantrasyon araliginda giivenli bir

sekilde kullanilabilecegini gostermistir.
Nelfinavirin daha yuksek konsantrasyonlarda
antiviral  aktivitesi,  bilesigin  sitotoksisitesi

nedeniyle daha fazla test edilememistir. (Hseih ve
ark., 2010). Sonuclar bu iki ajanin kombine
kullanimimin erken tanida FIPV” |i kedilerin tedavisi
icin potansiyel bir terapi oldugunu gostermektedir.
(Hseih ve ark., 2010).

Kolesterol Transport inhibitori U18666A mn
Antiviral Etkisi: FCoV’ un viral replikasyon
periyodu kolesterol ile yakindan iliskilidir. Ayrica
plazma membran kolesteroliindeki artisin tip |
FCoV enfeksiyonunu arttirdign  dogrulanmustir
(Takano ve ark., 2016). Bu bulgular, hiicre
membram  kolesterolinin  tip I FCoV
enfeksiyonunda 6nemli  bir rol oynadigim
gostermektedir. Son ¢alismalar, hiicre i¢i kolesterol
sentezi ve transport inhibitorlerinin  virus
replikasyonunu azaltma potansiyelinde oldugunu
gostermistir.

U18666A, kolesterol biyosentezini ve hicre ici
transportunu bozan bir katyonik amfifilik (hem
hidrofilik hem de hidrofobik 6zellik tagiyan) (CAD)
ilagtir  (Cenedella,2009). Kolesterol tasiyicist
Niemann-Pick tip C* in (NPC1) bir inhibitoriidiir.
U18666A, NPC’ i baglar ve islevini engeller,
Oksidoskualen siklazi baskilayarak hicre igi
kolesterol biyosentezini inhibe eder (Cenedella ve
ark., 2004). U18666A ayrica Niemann-Pick tip C1
fonksiyonunu bozarak lizozomlardan kolesterol
salimmini inhibe eder (Ko ve ark., 2001).

U18666A ile tedavi tip | FCoV enfeksiyonunu
onemli ol¢iide inhibe etmistir ancak tip II FCoV
enfeksiyonu lizerinde  o6nemli bir  etki
gosterememigtir. FCoV  enfeksiyonu  (zerinde
U18666A’ nin etkilerini daha fazla belirleyebilmek
icin FCoV viral proteinlerinin  ekspresyonu
arastirilmigtir. U18666A ile muamele edilen fcwf-4
hiicrelerinde tip I FCoV ‘ nin N protein seviyeleri
spesifik olarak azalmstir. Tip I FCoV’ nin aksine
U18666A ile muamele edilen fcwf-4 hiicrelerinde
tip I1 FCoV’ nin N protein seviyeleri degismemistir
7



(Takano ve ark., 2017). 2mM veya daha yuksek
U18666A ile Onceden islem gormiis hiicrelerin
kiiltiir siipernatantinda FCoV virus titresinin 6nemli
Olglide azaldign ancak tip 1l FCoV titresinin
etkilenmedigi bildirilmistir. Bir Histon deasetilaz
inhibitéri (HDAC) olan Vorinostat U18666A ile
muamele edilmis fcwf-4 hiicrelerine eklendiginde
kolesterol birikimi azalmistir. Vorinostat tip | FCoV
replikasyonunu 6nemli dl¢lide azaltmistir (Takano
ve ark., 2017).

U18666A, hiicre icinde kolesterol birikimini
indiiklemis ve tip I FCoV replikasyonunu inhibe
etmistir. Tip | FCoV’ nin aksine U18666A nin tip Il
FCoV replikasyonuna karsi hicbir inhibitor
aktivitesi  kaydedilmemistir. Tip | FCoV
replikasyonu plazma membran kolesteroliine
baglidir ancak tip Il FCoV replikasyonu bagl
degildir (Takano ve ark., 2016).

Itrakonazoliin Tip | Kedi Coronavirus
Enfeksiyonuna Kars1 Antiviral Etkisi: Bir azol
antifungal olarak siniflandirilan itrakonazoliin (ICZ)
(Saag ve ark., 1988), diisiik toksisiteye sahip oldugu
ve immun sistemi baskilanmig hastalarda mantar
enfeksiyonlarin1 tedavi etmek igin kullanildig:
bildirilmistir (McKinsey ve ark., 1999).

ICZ’nin fcwf-4 hicrelerinde FCoV enfeksiyonuna
kars1 etkisi arastirilmustir. Fewf-4 hiicreleri 24 saat
boyunca 37 OC de belirtilen konsantrasyonlarda
(MOI 0.01) ICZ igeren ortamlarda kiiltiire edilmis
ve Kkuiltlr siipernatantlar1 enfeksiyondan 48 saat
sonra toplanip Vvirus titresi titrasyon tahlili ile
belirlenmigstir. ICZ ile muamele edilen tip I FCoV
enfeksiyonunda plak olusumu doza bagh bir sekilde
azalmistir (Takano ve ark., 2019).

ICZ’ nin FCoV enfeksiyonu iizerindeki etkilerini
daha iyi degerlendirmek icin viral proteinlerin
ekspresyonuda arastirilmustir.  1CZ ile muamele
edilen fcwf-4 hicrelerinde tip | FCoV” nin N protein
seviyeleri, spesifik olarak azalmistir. Tip I FCoV’
nin aksine, ICZ ile muamele edilen fcwf-4
hicrelerinde tip 11 FCoV N protein seviyelerinde bir
degisiklik gozlenmemistir (Takano ve ark., 2019).

ICZ tip I FCoV enfeksiyonunu inhibe etmistir. Ote
yandan ICZ tip Il FCoV enfeksiyonunu
etkilememistir. Bu durum ICZ’ nin antiviral
etkilerinin FCoV serotipine bagli olarak farklilik
gosterdigini ortaya koymustur. FIPV’ |i kedilerin
%70-901 tip I FCoV ile enfekte oldugundan ICZ
kullaniminin bir anti-FIPV ajani olarak kullanilmasi
makul olabilir. ICZ* nin erken donemde yuksek
dozda uygulanmasi FIPV’ ye kars1 antiviral etkiler
gosterebilir (Addie ve ark.,2003). Son zamanlarda,
ICZ’ nin lizozomda NPC1’ e etki ederek kolesterol
birikimini indiikledigi bildirilmistir. Bu rapora

dayanarak, ICZ, U18666A ile aym mekanizma yolu
ile tip I FCoV replikasyonunu inhibe edebilir
(Takano ve ark., 2019).

Kedi TNF-alfa Monoklonal Antikorunun Terap6tik
Etkisi: Tumor nekroz faktorl alfa (TNF-a) hiicre
yuzeyi TNF reseptorlerine baglanan ve gesitli
fizyolojik aktiviteleri indikleyen bir sitokindir
(Vandenabeele., 1995; Reinhard., 1997).
Makrofajlarda/monositlerdeki virus replikasyonu
TNF-a iiretimini indiikler ve iiretilen TNF-o FIPV
patojenitesini arttirir (Takano ve ark, 2007a; Takano
ve ark., 2007b).

TNF-a. monoklonal antikorunun (mAb) terdpatik
etkisini aragtirmak i¢in yapilan bir ¢alismada 6 adet
SPF  kedi kullanilarak 2 deney  grubu
olusturulmustur. FIP79-1146 susu kedilere deri
altindan uygulanmis ve asilamadan 2 hafta sonra
gruplardan birine (grup A) plasebo PBS, digerine
(grup B) anti TNF-a mAb 2-4 intravendz olarak
uygulanmustir (Doki ve ark., 2016).

FIPV gelisen kedilerde plazma a-1 asit glikoprotein
(AGP) ve vaskuler endotel biytime faktort (VEGF)
seviyelerinde artislar sekillenmistir (Duthie ve ark.,
1997).

FIPV inokulasyonundan 14 giin sonra (mAb 2-4
uygulamasindan 0 gin sonra) A ve B gruplari
arasinda AGP ve VEGF seviyelerinde anlamli bir
fark goriilmemistir, bununla birlikte bu seviyeler
FIPV inokulasyonundan 21 giin sonra (mAb 2-4
uygulamasindan 7 gin sonra) B grubunda A
grubundan anlamli derecede diisiik ¢cikmistir. FIPV
inokulasyonu ve mAb 2-4 uygulamasindan sonra
notrofil sayisindaki degisiklikler arastirilmug; A
grubunda FIPV asilamadan sonra nétrofillerin orani
artmis ve yliksek seviyede kalmistir. Buna karsilik
B grubundaki 2 kedide nétrofil orani, FIPV ile
asilamadan 14 giin sonra artmig ve daha sonra mAb
2-4 uygulamasindan 7 giin sonra stabil kalmistir.
FIPV inokulasyonu ve mAb 2-4 uygulamasindan
sonra periferik lenfosit sayilarindaki degisiklikler
arastirtlmis  ve  periferik  lenfositler  virus
inokulasyonundan 7 gun sonra bitin kedilerde
belirgin sekilde azalmistir. Ancak B grubundaki 2
kedide mAb 2-4 uygulamasindan 21 gin sonra
lenfositler artmaya baglamistir. Buna karsilik FIPV
gelisen A grubundaki kedilerde periferik lenfosit
sayilart disik kalmistir. Yardimer T lenfosit alt
gruplarindan CD4+ ve sitotoksit T lenfosit alt
gruplarindan CD8+ T lenfositleri FIPV gelisen A ve
B gruplarindaki kedilerde virus inokulasyonundan 7
giin sonra belirgin sekilde azalmigtir. Bu sayilar A
grubundaki tiim kedilerde siirekli azalmigtir. Ancak
B grubundaki kedilerde mADb 2-4 uygulamasindan



sonra virus Oncesi asilama seviyelerine geri
donmiistiir (Doki ve ark., 2016).

FIPV inokulasyonundan sonra vicut
agirhiklarindaki degisikliklerde Olciilmiis; A grubu
ve B grubundan bir kedide FIPV gelisiminden sonra
vicut agirliklari belirgin sekilde azalmis buna karsin
mAb 2-4 uygulanan kedilerin ikisinde viicut
agirhiklarinda artig gézlenmistir. Her iki grupta da
FIPV inokulasyonundan 15 giin sonra Klinik
belirtiler (istahsizlik halsizlik) gozlenmis ancak
mAb uygulamasindan sonra B grubunda iyilesme
saglanmistir.

MADb 2-4 ile tedavi edilen 3 kedinin 2’sinde FIPV
icin ilerleme 6nlenmis plasebo kontrol grubundaki 3
kedide de FIPV gelismistir. MAb 2-4 ile muamele
edilen kedilerde antikor ve lenfosit sayis1 ve plazma
VEGF seviyeleri diizelmistir. MAb 2-4 FIPV’ i
kedilerin yasam slresini ve yasam Kkalitesini
iyilestirmistir. Bununla birlikte mAb 2-4 uygulanan
kedilerden birinde FIP gelismistir. Bu nedenle
FIPV’ye karsi terapOtik bir ilag  olarak
uygulanabilirligini belirlemek icin  baska
aragtirmalar da gereklidir (Doki ve ark., 2016).

3C Benzeri Proteaz Inhibitérlerinin FIPV
Tedavisindeki Etkinligi: Coronavirus 3C benzeri
proteaz (3CL) kimotripsin benzeri bir sistein
proteazi olarak smmflandirilir. Coronavirus 3CL
proteaz sirasiyla nhorovirus ve picornaviruslarin 3CL
veya 3C proteazlariyla yapisal ve fonksiyonel olarak
ortak Ozellikler paylasan sistein proteazidir.
Kimotripsin benzeri kivrimlara ve korunmus aktif
bolgelere sahiptir.

Viral replikasyonda 6nemli rol oynar ve antiviral
ilaclarin gelisimi i¢in iyi bir hedeftir (Kim ve ark.,
2013). 3C benzeri proteazlarin antiviral etkinligini
arastirmak icin Amerika’da yapilan bir calismada,
3C benzeri proteazlar1 hedefleyen peptidil
bilesikleri  sentezlenmis ve  bunlarm  Kkedi
coronaviruslarina karsi etkinligi degerlendirilmistir
(Kim ve ark., 2012). Calismaya ABD’nin ¢esitli
bolgelerinden farkli yaglarda 20 kedi dahil edilmis,
3CL proteaz inhibitoérit GC376, 15 mg/kg dozda deri
altindan uygulanmistir. Denemedeki ilk 5 kedi 2
hafta boyunca tedavi edilmistir. Tiim kedilerde hizli
bir iyilesme gozlenmis ve tedavi durdurulmustur.
Olumlu yanita ragmen hastalik belirtileri 2 haftalik
tedavi sona erdikten sonra tekrarlamigtir. Deneye
giren yeni kediler daha sonra 3 veya 4 hafta sire ile
tedavi edilmistir. Kedilerden birinde norolojik
belirtiler gorulurken bir tanesinde de abdominal
lezyonlarda nilkslere rastlanmustir. Primer ve
sekonder tedavilerden 12 hafta sonra klinik
enfeksiyon belirtileri bulunmayan ve laboratuvar
bulgular1 normal olan kedilerde tedavi

durdurulmustur. Minimum tedavi siiresinin 12 hafta
olmasi1 gerektigi belirlenmistir. Tedavinin ilk 1-4
haftasinda 19/20 kedide carpict ve ilerleyici bir
iyilesme gozlenmistir. FIPV’ li gen¢ kedilerde
rastlanan bir bulgu olan sarilik, 2 hafta veya biraz
daha uzun bir siirede yavas yavas azalmistir. Tiim
yavrular antiviral tedavi sirasinda ve sonrasinda
sabit bir sekilde kilo almis ve viral RNA seviyeleri
bir kedi hari¢ digerlerinde tedavi oncesi degerlere
kiyasla 2 hafta icinde 1.567.463 kat azalmustir.
Calismadaki 20  kedinin 13’4 hastaligin
tekrarlanmasina yenik diismiis, bu kedilerin 8’inde
ciddi nérolojik bulgular, 5° inde abdominal hastalik
niksleri goriilmistiir (Pedersen ve ark., 2018).

GC376 tedavi caligmasinda en az 12 hafta boyunca
stirekli tedavi edilen 20 kedinin 7’sinde tedavinin
kesilmesinden sonra 12 haftadan fazla bir siirede
hastalik remisyonuna dayanarak potansiyel tedavi
basarili olarak kategorize edilmistir. Uzun sireli
hayatta kalan kedilerin 6’sinda CBC, hematokrit ve
total protein seviyelerinde tedavinin baslangicinda
anormal degerler gorulirken tedaviden sonra
tamamen normal seviyelerine donmiistiir (Pedersen
ve ark., 2018).

NuUkleozid  Analogu GS-441524’iin  FIPV
Tedavisindeki Etkinligi: GS-441524, bir adenin C-
niikleozid riboz analogu ve gii¢lii antiviral aktivitesi
olan ki¢ik bir molekuldir (Cho ve ark., 2012). Bu
analoglar, alternatif bir substrat ve viral RNA’ya
bagli RNA polimerazin RNA zinciri sonlandiricisi
olarak gorev yaparlar (Murphy ve ark., 2018).

GS-441524 gibi kiigiik molekiillii ilaglar yaklasik 1
nm boyutundadir, hiicrelere kolayca girebilir ve ana
hedef molekuller ile etkilesime girebilir, virus
tarafindan kodlanan ¢ogaltma islemlerine dogrudan
midahale ederler (Murphy BG ve ark., 2018; Kim
ve ark., 2016).

Pedersen ve ark. (2019) dogal olarak olusan FIPV
enfeksiyonunda GS-441524 tedavisi icin 31 kedi
Uzerinde c¢alisgma yapmustir. GS-441524 igin
baglangic dozaj rejimi, daha onceki doku kiiltiirii
deneyleri ve farmakokinetik ¢alismalara dayanarak
2 mg/kg SC ¢24h olarak belirlenmistir. Asgari
tedavi siiresi dogal olarak olusan FIPV’ ye karsi
3CL proteaz inhibitérii GC376 ile olan deneyimlere
dayanarak 12 hafta olarak belirlenmistir (Pedersen.,
2018).

Calismanin ilerleyen asamalarinda, tedavinin
uzatilmasi gereken durumlarda veya hastalik tekrari
oldugunda dozaj 2.0 ila 4.0 mg/kg arasinda artmustir.
Tedaviye alinan hayvanlar her 12 saatte bir vicut
1s181, istah, aktivite, idrara c¢ikma ve digskilama
acisindan izlenmistir. Ayrica hematokrit, total
protein, bilirubin, beyaz kan hiicre sayisim



degerlendirmek igin 1-3 gun araliklarla kanlari
almmugtir. 31 kedinin 26’sinda efektif FIPV, 5’inde
efektif olmayan FIPV tespit edilmistir. Bes kedi agir
klinik bulgular nedeniyle tedavinin baglangicindan
sonraki 2-5 giin iginde 6tenazi edilmistir. En az on
iki hafta stre ile tedavi edilen 26 kedinin klinik
bulgularinda belirgin degisiklikler gozlenmistir.
Ates 12-36 saat iginde diizelmis, istahta, aktivite
seviyelerinde ve kilo aliminda belirgin bir artigla
beraber abdominal efiizyonlar tedaviden sonraki 10-
14 giin i¢inde hizla kaybolmustur (Pedersen ve ark.,
2019). Reziduel dispne ve torasik eflizyon tedaviye
hizla yanit vermis ve 7 giin sonra kaybolmustur.
Sarilik 2-4 hafta icinde yavas yavas ¢oziilmiistiir. En
az 12 hafta kesintisiz primer tedaviyi tamamlayan
26 kediden 18’inde daha fazla tedaviye gerek
kalmamustir. Bununla birlikte tedavilerine gegici
olarak ara verilen diger 8 kedide hastalik niiksleri
goriilmiistiir. Bu kedilerde GS-441524 dozu 2.0
mg/kg’dan 4.0 mg/kg’ a kadar ¢ikartilmistir. 8
kedide ylksek dozaj rejimine iyi cevap vermistir. 12
hafta boyunca tedavi edilen 26 kedinin serumundaki
albimin  seviyeleri  tedavinin  baslangicinda
genellikle diisiik gézlenmistir. Daha sonraki siiregte
albiimin seviyeleri yavag yavas artmis ve 8 haftada
normal seviyelere ulasmustir (Pedersen ve ark.,
2019). GS-441524’0in toplam 12-30 hafta boyunca
uygulanan tedavisi son derece guvenli sonuclar
vermistir. Tedavi edilen kedilerin CBC degerlerinde
uzun vadeli bir anormallik godzlenmemistir.
Karaciger ve bobrek fonksiyonlari, amilaz/lipaz
seviyeleri tedavi sirasinda ve sonrasinda normal
seviyelerde bulunmustur (Pedersen ve ark., 2019).

GS-441524, GC376’dan sonra son iki-ii¢ yil i¢inde
FIPV’ |i kedilerin tedavisi igin degerlendirilecek
olan ikinci antiviral ilagtir (Pedersen ve ark., 2018;
Murpy ve ark., 2018; Kim ve ark., 2016). Bu iki ilag,
viral RNA transkripsiyonunu sonlandirarak veya
viral poliproteinlerin bélinmesini bloke ederek viral
replikasyonu bloke eder (De Clercq ve ark., 2016).
Her iki ilacta oldukga glvenli gorinmektedir ancak
GC376 yavru kedilerde kalici diglerin geligimini
engellemistir (Pedersen ve ark., 2018).

Sonu¢ olarak GS-441524 ile tedavi edilen 31
kediden elde edilen sonuclar beklentileri agmistir ve
FIPV’ nin niikleozid analoglar1 kullanilarak tedavi

edilebilir bir hastalik oldugunu gostermistir
(Pedersen ve ark., 2019).

Sonug

Feline Enfeksiyoz Peritonitis hakkinda genel
bilgiler, tam yontemleri ve antiviral yaklagimlar
hakkinda bilgilendirme yapilmistir. Kesin tani icin
birden fazla klinik parametre ile birlikte laboratuvar

parametrelerinin birlikte degerlendirilmesi
gerekmektedir. Hastaligin teshisinde post mortem
muayene ile histopatopatolojik bulgular birlikte
degerlendirilmeli ve teshis laboratuvar bulgular ile
desteklenmelidir. FIP  mortalitesi yuksek bir
hastaliktir. Su ana kadar yapilan antiviral ¢aligmalar
umut vericidir. En umut veren tedavi caligmalar
arasinda viral replikasyonu hedef alan antiviral ilag
denemeleri yer almaktadir.
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Abstract

The aim of this study was to determine the type of lesions in birds referred to the clinic with
the complaint of beak deformity, the potential presence of the lesions among the bird species,
and the possible causes of the lesions and to report what treatment should be applied. Twenty-
six individuals from several bird species with broken beaks and abnormal beak deformities
were presented to our clinics. Different forms of beak deformities were observed, and the
causes of some of the lesions were determined as unknown. Beak lesions in wild birds were
mostly traumatic fractures, whereas cage birds had parasitic infections and abnormal beak
elongation due to nutritional disorders. Treatment protocols appropriate for each case,
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severities of the lesions, underlying causes, and species of the birds were determined. 20.

Retrospective Study of Beak Deformities in Birds

Ozet

Bu ¢alismanin amaci, gaga deformitesi sikayeti ile klinige sevk edilen kugslarda lezyon tiplerini, kus tiirleri arasinda lezyonlarin olast
varligimi ve nedenlerini belirlemek ve hangi tedavinin yapilmas: gerektigini bildirmektir. Gagasinda kurik ve anormal gaga
deformiteleri olan ¢esitli kus tirlerinden 26 hasta klinigimize getirildi. Farkli sekillerde gaga deformiteleri goriildii ve bazi
lezyonlarin nedenlerinin bilinmedigi belirtildi. Yabani kanathilardaki gaga lezyonlarimin ¢ogunlukla travmatik kiriklar, kafes
kuslarinda ise parazitik enfeksiyonlar ve beslenme bozukluklarindan dolayr anormal gaga uzamasi seklinde oldugu belirlendi. Gaga
bélgesine, lezyonun ciddiyetine, altta yatan nedene ve kus tipine uygun tedavi protokolleri belirlendi.

Key Words: Gaga, kus, deformite, kurik, tedavi.

Introduction

The beak replaces lips and teeth for birds and forms
the entrance to the oral cavity (Gelis, 2006). An
avian beak consists of living and nonliving tissues
like a nail and continues to grow throughout the life
of the animal. The beak is formed by the maxillary
and mandibular jaw bones which are covered with a
light keratin sheath called rhamphotheca (Soons et
al., 2010; Worell, 2013). The maxillary
rhamphotheca is also called rhinotheca, and the
mandibular rhamphotheca is also known as
gnathotheca (Worell, 2013).There are many blood
vessels and nerve endings in the proximal part of the
beak, which makes it very sensitive to bleeding and
cause severe pain when injured unlike the apex of
the beak (Worell, 2013). Birds use their beaks to
prey, groom, eat, construct a nest (wild birds), hold

on to perches, stay in balance during movement, and
defend themselves. This structure tends to grow
constantly. Depending on the species, a bird's beak
grows from one to three inches (1 inch=25.4mm) per
year and is eroded by various environmental
interactions such as eating, rubbing, and scraping on
hard objects (Worell, 2013). However, in case of
beak fractures or deformations all these activities are
affected, resulting in the bird’s overall health and
nutritional status impairments and even death (Jones
et al., 2015). Avian beak deformities may be either
congenital or result from (Speer and Powers, 2016)
genetic mutations, traumatic injuries, infectious
diseases (viral, bacterial or parasitic), nutritional
deficiencies and imbalances (e.g., hypovitaminosis
A), neoplasia, problems during incubation, and the
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inadequate wearing of the rhinotheca (Altan et al.,
2016, Purificacao, 2019).

The aim of this study was to undertake a long-term
retrospective analysis of the causes and the findings
of beak deformity of birds that were brought to
Istanbul University Veterinary Faculty clinics for
clinical evaluation and treatmentbetween 2017 and
2019.

Material and Method
Material

The materials of the study were consisted of 26
birds, i.e, one African gray parrots, one Conure
parrot, one Amazon parrot, two Sultan parrots, 13
Budgerigars, two Canaries, and five wild Songbirds
(Hoopoe, Finch, Shepherd, Pigeon, and Sparrow),
which were brought to our clinics with beak
fractures and deformities. The ages of all the birds
were determined to be adult. Sex determination
could not be as certained in any of the birds.

Method

The examined patients were evaluated under the
headings of traumatic beak fractures and abnormal
elongation in beak and deformities. Information
concerning the cause of the lesions, feeding and
accommodation of the bird was obtained from the
owners of the patients. Beak fractures were
classified as simple fractures, depressive fractures,
fractures with bone defects, and avulsion fractures
according to their severity. For every patient with
traumatic beak fractures, bleeding control,
supportive and analgesic therapy and oral feeding
were undertaken. Considering the patients' blood
loss, lactated Ringer's solution (subcutaneous 4060
ml / kg / day) was given in a warm tub in a quiet
place. After general condition stabilization, the
wound area was carefully cleaned with isotonic, a
vitamin-supported liquid feeding protocol was
established, and the appropriate treatment method
was selected for the patient. According to the
condition of the fracture the treatment methods like
reshaping or adhering the broken part of the beak
were applied. Acrylic-based odorless adhesives
were used to bond the beak fracture. A multivitamin
complex was given daily in the drinking water (5
ml/100 ml water, Avisol Plus, Biyoteknik, Istanbul,
Turkey) to support healthy beak elongation.

Abnormal elongation and deformities in beak were
noted to be due to abrasion deficiency,
knemidocoptes mites, nutritional deficiency, and
chronic sinusitis. For the knemidocoptes in
treatment, the ivermectin solution diluted 1:1 with

isotonic was applied topically twice in three weeks

until the crusts disappeared. In nutritional
deficiencies, balanced commercial foods and
multivitamin  complex containing biotin are

recommended, while silymarin (Milk Thistle,
Solgar, USA) 100 mg/kg PO was prescribed for
patients with hepatomegaly.

An  empirically  broad-spectrum  antibiotic
doxycycline (0.28 mg/mL) was applied to a patient
with chronic sinusitis who had received amoxicillin
(20 mg / kg PO) with drinking water (Medicamox
oral suspantion, Medicavet, Istanbul, Turkey) for
four weeks before being brought to our clinic. In
cases where the upper beak was prolonged due to the
lack of wear, only reshaping was applied using a
small-edged Dremel for parrots, and clippers for
budgerigars and canaries. In two budgerigars with
beak deformity due to tumoral formations, only
supportive treatment and reshaping were applied
because the owners did not accept a biopsy
procedure.

Results

This study consisted of a total of 26 bird cases (21
cages and five wild) brought to the clinical
examination with the complaint of beak problems
between 2017 and 2019. The clinical examination
revealed traumatic beak fracture in nine birds,
abnormal elongation in 15 and tumoral reasoned
beak problems in two. The etiology of diseases was
identified as malnutrition in three birds,
knemidocoptes mites in six, trauma in nine, chronic
sinusitis in one, and tumor in two. In the remaining
five patients, the underlying causes could not be
determined. Traumatic beak fractures were detected
in all the wild birds (5/5) and 19.04% (4/21) of the
cage birds, with abnormal elongation in the beak
being71.4% (15/21) in cage birds. Abnormal
elongation was detected in the upper beak in 11 birds
and both in the lower beak and upper beak in four
birds. The cause of abnormal beak elongation was
malnutrition in three of 15 cage birds (one
budgerigar, two African gray parrots (Figure 1),
knemidocoptes in six (budgerigars) (Figure 2),
chronic sinusitis (Figure 3) in one (cockatiel), and
unknown in five (one budgerigar, two canaries, one
cockatiel, and one amazon parrot). According to the
traumatic beak fractures classification of Speer et al.
(2016), the patients in the current study were
grouped into simple fractures (3/9), depressed
fractures (3/9), avulsion fractures (2/9) (Figure 4)
and fractures with bone defects (1/9). Six cases with
abnormal beak elongation were only reshaped, six
were given an antiparasitic application and
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reshaped, two were given nutritional support and
reshaped, and one was given sinusitis treatment. Of
the 15 cage bird cases, only one case died and the
remaining patients fully recovered. In the treatment
of fractures, three cases were treated by adhesion to
the broken beak and all patients showed
improvement. Six cases were treated with self-
releasing and reshaping, and after observing that
there were no feeding problems due to the beak,
three of the wild bird patients were released to
nature, but three patients (two wild birds) died on the
same day. As a result of the treatments applied while
six patients died 20 patients recovered. Detailed
information about the species distributions, diseases
and treatments applied are presented in Table 1.

Figure 1. Case 9 (A)Double-layered upper beak (white
arrow), but normal occlusion. (B) The same bird in A,
after trimming of upper beak.

(2 .“i ,:,._‘:t,i,r
Figure 2. Case 4 Note the scaly surface of the upper
beak,cere and periorbital area.

Figure 4. Case 5, Traumatic avulsion of the maxillary
beak in a budgerigar due to crow attack. A) The
appearance of the wound on the cere. B) One month later,
granulation tissue in the upper beak. Dullness and
irregularity in the feathers of the bird that cannot preening
and trimming with the help of the beak C) the part of the
beak that grows back is smooth and healthy, and it has
returned to its former form.



Tablo 1: Distribution of bird species and disease

Case Bird Maxillary Mandibul  Scissor Maxillar ~ Mandibul Etiology =~ Result  Treatment
no beak ar beak beak y beak ar beak
overgrowth overgtowt fracture fracture
1 Yellow-naped X X unknown  recove Reshaped
amazon red
(Amazona
auropalliata)
2 Budgerigar X knemidoco recove  Antiparasiti
(Melopsittacus ptes red ¢, reshaped
undulatus)

3 Sun conure X trauma recove fixed with

(Aratinga red adhesive
solstitialis)

4 Budgerigar X knemidoco recove  Antiparasiti

(Melopsittacus ptes red ¢, reshaped
undulatus)

5 Budgerigar X trauma recove  fixed with

(Melopsittacus red adhesive /
undulatus) supportive

6 Budgerigar X trauma ex supportive

(Melopsittacus
undulatus)
7 Budgerigar X knemidoco recove  Antiparasiti
(Melopsittacus ptes red ¢, reshaped
undulatus)

8 Cockatiel X cronic ex Supportive,
(Nymphicus sinusitis antibiotic
hollandicus)

9 African grey X nutritional  recove  Supportive,

parrot disorder red reshaped
(Psittacus
erithacus)
10 Budgerigar X X knemidoco recove  Antiparasiti
(Melopsittacus ptes red ¢, reshaped
undulatus)

11 Budgerigar X knemidoco recove  Antiparasiti

(Melopsittacus ptes red ¢, reshaped
undulatus)

12 Budgerigar X knemidoco recove  Antiparasiti

(Melopsittacus ptes red ¢, reshaped
undulatus)

13 Budgerigar X nutritional  recove  Supportive,

(Melopsittacus disorder red reshaped
undulatus)

14 Budgerigar tumor ex supportive

(Melopsittacus
undulatus)
15 Budgerigar tumor ex supportive
(Melopsittacus
undulatus)

16 Cockatiel X unknown  recove reshaped
(Nymphicus red
hollandicus)

17 Budgerigar X trauma recove fixed with

(Melopsittacus red adhesive
undulatus)

18 Budgerigar X unknown  recove reshaped

(Melopsittacus red
undulatus)

19 African grey X nutritional  recove reshaped

parrot disorder red
(Psittacus
erithacus)

20 Domestic X trauma ex conservative

pigeon
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(Columba
liviadomestica)

21 House sparrow
(Passer

domesticus)

22 Europian
nightjar

(Caprimulgus
europaeus)

23 Hoopoe

(Upupa epops)
24 Common
chaffinch
(Fringilla
coelebs)

25 Canary X X
(Serinus
canaria)

26 Canary X X
(Serinus
canaria)

Discussion

The beak of a bird, also known as ‘rostrum’, is used
for feeding, defense, climbing, mating, regulating
body temperatures and finding and building nests.
This structure differs in each bird species according
to the environment and type of food. The beak has
been shaped in a way to facilitate the feeding process
of the animal (Gelis, 2006). While the beak, is
usually covered with hard keratin and constitutes
only the tip of the waterfowl, while the entire beak
is relatively soft (Gelis, 2006).Psittacines have a
prokinetic maxilla, a very strong beak that allows
them to move their mandible and their maxilla
independently (Gelis, 2006). In this way, the
opening of the beak allows the development of the
ability to place the food in the beak, as well as the
cracking of seeds and nuts, and stretching and shock
absorption, as well as other behaviors, such as
pecking (Gelis, 2006).

Avian beaks can be directly or indirectly affected by
many congenital or acquired factors.

Congenital deformities occur mostly in waterfowl
and poultry, which are seen in the White Peking
ducks in the form of short-maxilla shape and
curvature changes, such as microchrome syndrome
or 'scissors-beak' and prognatism that cause beak-
specific malocclusion (Gelis, 2006). Scissor beak
deformity is characterized by the lateral deviation of
the premaxilla/maxilla and rhinotheca to the right or
left. Irregular wear due to lateral beak deformity
gradually worsens the beak and creates a scissor
effect. These lesions are common developmental
beak disorders in parrots, especially in young
cockatoo and macaw, but it can also affect pigeon
and other predatory species (Speer and Powers,
2016). The causes of both conditions are not fully

X trauma ex supportive
X trauma recove  conservative
red
X trauma recove  supportive
red
X X trauma recove  conservative
red
unknown  recove reshaped
red
unknown  recove reshaped
red

known. However, possible causes may include
genetic and malnutrition, vitamin and/or mineral
imbalances, insufficient or excessive dietary protein
during development, infectious diseases, and
sinusitis infections (Gelis, 2006). Scissor beak
deformity can generally be corrected. Both upper
and lower beaks can be reshaped with a rotary tool
or nail clipper. Since the beak grows continuously,
repeated reshaping needs to be taken overtime
depending on the severity of the deformation.
Acquired deformities can develop secondary to
musculoskeletal components or any disease that
damages rhamphotheca. It is a consequence of the
abnormal development of musculoskeletal beak
structures during the bird's development, and its
etiology is not fully understood, but is thought to be
complex, variable, and multifactorial (Speer and
Powers, 2016). They can be broadly classified as
traumas (damage to the germinal layers of the beak),
nutrition deficiencies (embryonic deficiencies of
biotin, folic acid or pantothenic acid), diseases
(overgrowth of the beak associated with liver
disease), and infections (viral, bacterial, parasitic or
fungal) (Gartrell et al., 2003). Beak problems can be
easily visible, but the underlying cause maybe
hidden. In this study, five of the cases brought with
the complaint of beak problems were wild birds, and
all of the lesions were traumatic while 21 cases were
cage birds and excessive beak growth was in 15
cases, trauma-induced fractures in four, and
neoplasia in two. It was determined that excessive
growth in the beak was caused by chronic sinusitis
in one case, lack of balanced nutrition in three cases,
and parasitic infection in six, and the cause could not
be determined in five cases. Scissors beak
deformity, known as excessive beak elongation
among Amazon parrots, was encountered in one
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case and the beak reshaping process was applied. No
evidence of mandibular prognhathism was found in
any of the birds in this study.

Many beak deformities are caused simply by
nutritional deficiencies, especially methionine,
pantothenic acid, riboflavin (B2 vitamin), D
vitamin, biotin, and calcium. If these are absent from
the bird’s diet; then, proper beak development does
not occur, and the beak tends to bend and soften. For
example, malnutrition and vitamin A deficiency
cause significant beak deformities in the chicks of
the hand-fed African gray parrot (Psittacus
erithacus). Nutrition with high fat content can cause
liver disease, obesity, and scaly beaks in birds.
Furthermore, liver disease can lead to the disruption
of amino acid metabolism (effective in keratin
formation), metabolic bone disease, abnormal bone
growth, and potentially developmental beak
deformities. Patients diagnosed with liver disease
(x-ray and biochemistry profile) and malnutrition
have rhinothecal overgrowth characterized by
intraluminal bleeding. Timely treatment can rapidly
eliminate defects. In addition, diet regulation,
feeding the bird with a suitable diet, and beak
correction often eliminate these symptoms over time
(Gelis, 2006; Speer and Powers, 2016). In our study,
beak elongation due to malnutrition was observed in
two African gray parrots and one budgerigar, and the
beak was reshaped.

The traumatic lesion is one of the most common
cause of the beak diseases. Trauma occurs when
birds hit hard objects, such as windows and cars or
fall from the roost, are attacked by the cage mate or
other animals, or get stuck between the cage bars.
Since beak sharpening is limited, the traumatic
injuries of this organ are more common in captive
predators. These injuries can cause beak cracks,
severe wounds, fractures of the rostral part of
rhinotheca, partial or total avulsion of the beak.
Traumatic beak avulsion is somewhat more
common in psittacine birds and waterfowl. In
psittacine birds, injury is almost always caused by
the attack of another psittacine bird (Speer and
Powers, 2016). Acute traumatic beak injuries are a
matter of emergency in birds, as they cause severe
bleeding and provide easy access for different
pathogens (Crosta, 2002). Therefore, in case of
trauma, urgent intervention is needed, including
stopping bleeding, providing fluid therapy, and
reducing shock, providing analgesia, and preventing
infection. In this process, necessary nutritional
support should be provided for the patient to protect
the beak from further damage and allow it to grow
again (Wheler, 2002). Depending on the affected
area, the degree of damage, type of bird, and feeding

pattern, the preferred method of repairing the beak
varies. Avulsions occurring in a distal third of the
beak have a possibility of regeneration in short-
beaked birds (such as budgerigars), or in some
parrots, they can be adapted with appropriate wound
care, supportive care, and analgesia treatment
without the requirement of surgical intervention.
Periodic gnathotheca restorative procedures may be
required on the opposite side of the affected beak
due to insufficient Kkeratin wear. Surgical
intervention is required in other species, such as
ostriches (Struthio camelus), in which beak growth
stops in adulthood, or bird species such as
Ramphastidae and storks, which may have difficulty
in self-feeding (Crosta, 2002). In these birds, the
beak prosthesis should be placed surgically. Acrylic
prostheses can be used temporarily to provide beak
function and appearance until new keratin growth
occurs.

However, in permanent injuries, since these
prosthetic beaks perform poorly, they need to be
remodeled, replaced every three to six months or
reapplied regularly. Rhamphothecal fractures can be
stabilized with tissue adhesives, such as
cyanoacrylate. More serious fractures may require
surgery by  remodeling techniques  with
intramedullary pins, Kirshner wires, sutures, epoxy,
or acrylic adhesive resins, depending on the type of
bird andlocation of the injury or fracture. Some
affected birds require assisted feeding, and even an
esophagostomy tube during the initial healing period
(Speer and Powers, 2016). In this study, traumatic
beak fractures were detected in nine of the 26 cases,
five of which were wild birds and four were cage
birds. The fractures were classified as simple in
three of nine birds, depressed in three, avulsion in
two, and bone defect in one. All the beak lesions in
the wild birds were traumatic fractures. It was
learned from the pet owners that the beak fractures
of the cage birds developed after hitting hard objects
or being attacked by another bird. In the treatment
of fractures, three cases were treated with broken
beak and six with self-releasing and reshaping.
Three cases had been attack by another bird. Three
birds died shortly after the same initial treatment
was applied. In our study, failure to achieve
hemostasis in one patient (Case 6) was considered
as the most important factor that resulted in the
patient's condition becoming critical. Prosthesis was
not considered, as it was a member of cases 5 and 17
psittasis and adapted to self-feeding in a short time
(within five days). The areas with avulsion were left
to heal in case 5 without surgical intervention.
Vitamin support and regular wound care were
provided to achieve healthy beak growth. A
previous study showed that in the case of beak

18



damage, biotin (50 ug/kg daily for two to three
months) could increase regrowth rates by oral
administration (Wheler, 2002). Therefore, to
achieve this in the current study, a multivitamin
containing biotin was selected for the treatment of
cases 5 and 17. In another study, a captured adult
female American Kestrel with missing maxilla, was
compared with other captured adult female
American Kestrel. The results revealed that the
furcular fat and pectoral muscle score were similar
but the mass was 100 g, which was lighter than that
of the other females (ko and Dusek, 2011). In our
cases, since the manual feeding of soft food is
sufficient to meet the bird's metabolic energy
demands, no dramatic weight loss was observed in
these lesions seen in cage birds.

A number of neoplasms related to the beak have
been identified. As with other parts of the body,
neoplasms can develop in beak in varying shapes
and sizes. These lesions appear in the form of
erosion, discoloration, and swelling. They cause the
beak and surrounding tissue to deteriorate. These
lesions have been rarely reported in birds such as
budgerigars, other psychotic and Passerine.
Fibrosarcoma, squamous cell carcinomas, and
malignant melanomas are the most common
neoplasms of the beak. According to their location
and time of detection, they can be surgically
removed (Worell, 2013). Surgical amputation may
be indicated in aggressive neoplasms of beak tissue
(Speer and Powers, 2016). In our study, very large
beak tumors were found in two budgerigars, but
since the owners did not accept biopsy, the tumor
type was not determined, and the patients were only
given supportive treatment.

Rhinitis and chronic sinusitis have been associated
with permanent defects in the adjacent germinative
layers of the upper beak or rhinotheca (Raidal and
Butler, 2001). Antibiogram tests provide broad
diagnostic value to identify some bacterial and/or
fungal pathogens, specific antibiotics that can be
used (Speer and Powers, 2016). If an antibiogram is
not possible or if drug selection must be
administered before test results are known, then,
historical data can be used to select an empirical
drug (Flammer, 2006). In case 8, the malformation
on the cere and beak was so severe that the
applicability of treatment was unlikely to save the
patient, and the bird died as expected in the
following days.

Many bacterial, viral (psittacine beak and feather
disease, bird pox), parasitic (facial mites) and fungal
pathogens can directly infect bird beaks, causing
secondary problems in the beak or infect another
part of the bird's body. Of these, knemidocoptes,

which is a latent infection until stress factors occur.
Knemidocoptes are mites that affect unfeathered
skin in birds, causing proliferative, spongy like
typical lesions and thickening of the skin, and if the
mites are not identified and eliminated, the damage
can be potentially life-threatening (Toparlak et al.,
1999). The mites not only affect the beak, but also
the bruise, periorbital area and feet around the
nostrils and legs. Mites penetrate the hair follicles,
skin folds, and epidermis, causing sac-like cavities
and producing secondary sacs in the commissure of
the beak. Skin and rhamphotheca can cause
hyperkeratotic and pitted or honeycomb appearance.
This may cause hyperkeratotic or honeycomb
appearance on the skin and rhamphotheca Advanced
lesions can cause severe disruption of
rhamphotheca. In chronic and advanced cases, the
germinal layer of the rhinothecal and gnathotheca
epithelium, rhamphotheca is disrupted and
permanent beak deformities occur. Mites burrowing
into the germinal layer of the beak can damage
growth, especially in the upper beak (Abou-Alsoud
and Karrouf, 2016). This infection is common in
small songbirds and psittacine birds, such as
budgerigars, kakarikis, and Neophema. Budgerigars
of all ages can be affected, but the disease is most
common in young birds and young adults. Diagnosis
is made by the direct visualization of the skin and
microscopic  examination or  rhamphothecal
scraping. Avermectins, such as ivermectin and
moxidectin, are often recommended for the common
treatment of knemidocoptes spp., often at seven-day
to 10-day intervals. Ivermectin can be administered
orally or topically to the lesions. In a study, one and
two spot-on applications of moxidectin were found
to be similarly effective (Toparlak et al., 1999).
Weekly topical application of 0.05 mL of 1 mg/mL
solution was effective in eliminating mites in
budgerigars within two weeks. Systemic treatment
is recommended for birds with severe or general
infections. This condition was observed in six
budgerigars in our study. In some of the cases, it was
seen that the disease progressed rapidly, since a
wrong diagnosis was made and the patient was not
treated earlier. However, ivermectin treatment was
successfully administered, and beak elongation was
corrected without malformation.

Conclusion

At the beginning of the most common beak diseases
in cage birds, knemidocoptes parasite infections
caused beak elongation and trauma beak fractures.
According to the affected species, beak elongations
were more common in budgerigars, and the reason
for this was due to knemidocoptes parasite infection
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and topical ivermectin application was very
successful. In wild birds, the most common trauma
beak fractures were seen. In beak fractures, it was
observed that the emergency intervention
hemostasis was very important and the mortality
rate was high in birds due to the fact that both
traumatic shock and hemostasis could not be
achieved in a short time after trauma. African gray
parrots were also found to have excessive beak
elongation due to malnutrition.
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Ozet

Bu calismada; Cerrahi klinigine getirilen buzagilarda tespit edilen cerrahi hastaliklarin genel
olarak bir retrospektif degerlendirilmesi yapildi. Caligma materyalini yaslar1 1 giin ile 7 ay
arasinda degisen farkl irk ve cinsiyette toplam 350 adet buzag: olusturdu. Hastalar irklara gore
degerlendirildiginde Simmental 179 adet (%51.14), Montofon 151 adet (%43.14), yerli 8 adet
(%2.29), Holstein 6 adet (%1.71), Sarole 4 adet (%1.14) ve diger irk buzagilar 2 adet (%0.58)
olarak tespit edildi. Vakalarm 227’sini (%64.86) erkek, 123’iinii (%35.14) ise disi buzagilar
olusturdu. Toplam 350 vaka cerrahi hastaliklar yoniinden degerlendirildiginde gobek bolgesi
lezyonuna sahip buzagilar (omfalitis, omfaloflebitis, omfaloarteritis, hernia umbilikalis, gdbek
apsesi, urakus fistli, evantratio umbilikalis) 100 adet (%28.57), artritis 80 adet (%22.86), kirik
olgulart 54 adet (%15.43), iskelet sistemi (kemik, bag, kas, tendo) doku travmasi 33 adet
(%9.43), kongenital intestinal anomali 32 adet (%9.14), arqure-bouleture 16 adet (%4.57),
angular deformite 7 adet (%2), idrar yolu problemi 7 adet (%2), luksasyon 5 adet (%1.43),
parapleji 4 adet (%1.14), bursitis 3 adet (%0.86), prolapsus rekti 2 adet (%0.57), kist dermoid 2
adet (%0.57), palatosizis 2 adet (%0.57) ve diger hastaliklar 3 adet (%0.86) olarak tespit edildi.
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Evaluation of Surgical Diseases Detected in Calves: A Retrospective Study of 350 Cases
Abstract

In this study; a general evaluation of surgical diseases detected in calves brought to the surgery clinic was made. A total of 350 calves
of different breed, gender and aged between 1 day and 7 months, formed the study material. The cases according to breeds were
evaluated Simmental 179 (%51.14), Montofon 151 (%43.14), Domestic breeds 8 (%2.29), Holstein 6 (%1.71), Charole 4 (%1.14) and
other calves 2 (% 0.58). Of the cases that came to the clinic, 227 (%64.86) male and 123 (%35.14) female calves were constituted. When
a total of 350 cases were evaluated in terms of surgical diseases, calves with umbilical lesions (omphalitis, omphalophlebitis,
omphaloarteritis, hernia umbilicalis, umbilical abscess, uracus fistula, evantratio umbilicalis) 100 (%28.57), arthritis 80 (%22.86),
fracture cases 54 (%15.43), skeletal system (bone, ligament, muscle, tendo) tissue trauma 33 (%9.43), congenital intestinal anomaly 32
(%9.14), arqure-bouleture 16 (%4.57), angular deformity 7 (%2), urinary tract problems 7 (%2), luxation 5 (%1.43), paraplegia 4
(%21.14), bursitis 3 (%0.86), prolapse recti 2 (%0.57), cyst dermoid 2 (%0.57) palatoschisis, 2 (%0.57) and 3 other diseases (%0.86).As
a result, when an evaluation was made in terms of diseases, umbilical region lesions, arthritis, fracture cases, skeletal system (bone,
ligament, muscle, tendo) tissue trauma, intestinal anomaly and arqure bouleture cases were determined as the most common diseases
in calves.
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Giris

Ulkemizde biiyiikbas hayvancilik sektoriiniin en

onemli problemlerinden biri yuksek oranda
karsilasilan buzagi kayplaridir. Buzagi
hastaliklarinin  neden oldugu kayiplar; tedavi

masraflar1 ve performans iizerindeki uzun dénem
etkileri nedeniyle sigircilik isletmelerinin ekonomisi
acisindan buylk bir etkiye sahiptir. Diinya
genelinde dogum sonrasi buzagi 6lim oranlar
%8,7-67 arasinda degisiklik gostermektedir.

Yapilan bir prevalans ¢alismasinda buzagi kayip
oranlarmin Italya’da %25, Ingiltere’de %2,47 ile
%7,42 aras1 oldugu belirtilmistir (De Amicis, 2017).
Ulkemizde buzagi O6lum oranlar1 bolge ve
isletmelere goOre farklihlk gOstermekle beraber
ortalama %10-15 arasindadir. Tirkiye istatistik
kurumu 2020 verilerine gore tlkemizde mevcut sigir
varhg 18.426.219 bas olarak bildirilmistir (TUIK,
2020). Bu rakamlarin 1/3 Unil damizlik disi oldugu
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varsayilldiginda yaklagik 6.142.073 adet yavru
dogmaktadir. Basit bir matematikle %15 buzagi
kayb1 yasanan Ulkemizde 2020 yili icgin yaklasik
921.311 buzag kaybi gorilmiistiir. Yapilan bir
aragtirmada, buzag Olim oram %20 olan bir
isletmenin karlilik seviyesinde %38 oraninda bir
azalma oldugu bildirilmektedir (PMC US, 2002).
Bu bilgiler 1g1ginda buzagi kayiplari ciddi ekonomik
zararlara yol agmaktadir.

Buzagilarda ciddi ekonomik kayiplara neden olan
hastaliklar arasinda goObek bolgesi lezyonlari,
artritis, kongenital anomaliler (Belge ve ark., 2000;
Ganga ve ark., 2011; Goodarzi ve ark., 2015) ve
ekstremite kiriklar1 6nemli yer tutmaktadir (Arican
ve ark., 2014).

Neonatal buzagilarda siklikla karsilagilan omfalitis,
omfaloflebitis, omfaloarteritis, urakus fistuld, hernia
umbilikalis, gobek apsesi, evantratio umbilikalis
olgular1 gbbek lezyonlar1 olarak belirtilmektedir
(Ganga ve ark., 2011; Farman ve ark., 2018; Tan ve
Yayla, 2018).

Yeni dogan buzagilarda siklikla karsilasilan bir
diger hastalik olan artrit; eklem bdlgesinde farkli
derecelerde ates, agri, siskinlik ve topallik
semptomu gosteren eklem bilesenlerinin yaygin bir
hastaligi olarak tamimlanir (Goodarzi ve ark., 2015;
Jesse ve ark., 2017).

Intestinal ~atresia; bagirsak duvarmin  gelisim
anomalisine bagli olarak bagirsak limeninin kismi
veya tam kapali olmasina ya da bagirsak liimeninin
bir kisminin tamamen yoklugu olarak tanimlanir
(Azzzz ve ark, 2010). Intestinal atresialar
buzagilarda 6nemli ekonomik kayiplara yol agmasi
ve genetik olarak yeni nesillere aktarilmasi
nedeniyle buyik onem tasimaktadirlar (Belge ve
ark., 2000)

Buzagilarda uzun ekstremite kiriklar1 siklikla
sekillenmektedir (Arican ve ark., 2014). Sekillenen
kiriklar icerisinde en fazla karsilagilan kiriklar
sirastyla metakarpus ve metatarsus, femur, tibia,
radius ve ulna, vertebra ve humerus kiriklaridir.
Pelvis, kosta, mandibula ve phalanxlarda olusan
kiriklar nadir olarak goriilmektedir (Gorgiil ve ark.,
2004; Arican ve ark., 2014; El-Shafaey ve ark.,
2014).

Sunulan bu ¢aligmada, 2017-2020 yillar1 arasinda
cesitli sikayetler ile hayvan hastanesi cerrahi
klinigine getirilen buzagi vakalarmin
degerlendirilmesi yapilarak, elde edilen verilerin
ileride yapilacak caligmalara ve sahada c¢alisan
meslektaglarimiza yardimei olmasi amaglanmusgtir.

Materyal ve Metot

Caligma materyalini Ocak 2017- Ocak 2020 yillart
arasinda Sivas Cumhuriyet Universitesi Veteriner
Fakiiltesi Hayvan Hastanesi Cerrahi klinigine ¢esitli
sikayetler ile getirilen farkli yas, ik ve cinsiyette
toplam 350 adet buzagi olusturdu. Hasta
sahiplerinden hastaliklarin olusumu hakkinda bilgi
alimarak elde edilen klinik bulgulara gore buzagi
hakkindaki diger bilgiler ile beraber kayit altina
alind1.

Bulgular

Cerrahi hastaliklar yoniinden buzagilar wrklara gore
degerlendirildiginde Simmental irk1 buzagilar 179
adet (%51,14), Montofon 1rki buzagilar 151 adet
(%43,14), yerli ik buzagilar 8 adet (%2,29),
Holstein 1rk1 buzagilar 6 adet (%1,71), Sarole irki
buzagilar 4 adet (%]1,14) ve diger ik buzagilar 2
adet (%0,58) olarak tespit edildi. Cerrahi
hastaliklarin 1rklara gore dagilmi Tablo 1°de
verilmistir.

Cerrahi hastaliklar yoniinden buzagilarin 227’sini
(%64,86) erkek, 123’int (%35,14) ise disi buzagilar
olusturdu.

Toplam 350 adet buzag icerisinde cerrahi
hastaliklar yoéniinden g6bek bdlgesi lezyonuna
sahip  buzagilar  (omfalitis,  omfaloflebitis,
omfaloarteritis, hernia umbilikalis, gobek apsesi,
urakus fistilt, evantratio umbilikalis) 100 adet
(%28,57), artrit 80 adet (%22,86), kirik olgular1 54
adet (%15,43), iskelet sistemi (kemik, bag, Kas,
tendo) doku travmasi 33 adet (%9,43), kongenital
intestinal anomali 32 adet (%9,14), arqure-
bouleture 16 adet (%4,57), angular deformite 7 adet
(%2), idrar yolu problemi 7 adet (%2), luksasyon 5
adet (%1,43), parapleji 4 adet (%1,14), bursitis 3
adet (%0,86), prolapsus rekti 2 adet (%0,57), kist
dermoid 2 adet (%0,57), palatosiz 2 adet (%0,57) ve
diger hastaliklar 3 adet (%0,86) olarak tespit edildi.
Cerrahi hastaliklarin yillara gore dagilimi Tablo
2’de verilmistir.

Buzagilarda gorilen cerrahi hastaliklarin yillara
gore dagilimi incelendiginde 2017 yilinda 124 adet
(9%35,43), 2018 yilinda 102 adet (%29,14), 2019
yilinda ise 124 adet (%35,43) olarak belirlendi.

Cerrahi hastaliklar yonunden buzagilarda en sik
karsilasilan hastalik ilk siwrada gobek bdlgesi
lezyonlar1 olup bunu artrit, iskelet sistemi (kas,
tendo, doku) lezyonlari, kirtk ve argure-bouleture
izlemektedir.
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Tablol. Cerrahi Hastaliklarm Irklara Gore Dagilinu

Hastaliklar Simmental Montofon Yerli Holstein Sarole  Diger  Toplam
Gobek Bolgesi Lezyon 54 39 2 2 2 1 100
Aurtrit 38 37 3 1 1 80
Kirik 34 18 1 1 54
Iskelet Sistemi Hast. 17 14 1 1 33
(Tendo, Kas, Bag Doku)

Intestinal Anomali 15 16 1 32
Arqure-Bouleture 6 10 16
Angular Deformite 4 3 7
Idrar Yolu Problemi 4 3 7
Luksasyon 3 1 1 5
Parapleji 2 2 4
Bursitis 1 1 1 3
Prolapsus Rekti 2 2
Kist Dermoid 2 2
Palatosiz 1 1 2
Diger Hastaliklar 3 3
Toplam 179 151 8 6 4 2 350

Tablo 2. Cerrahi Hastaliklarin yillara gore dagilimi

Yillar Adet (n) Oran (%)
Ocak 2017-Ocak 2018 124 %35.43
Ocak 2018- Ocak 2019 102 %29.14
Ocak 2019- Ocak 2020 124 %35.43
Toplam 350 %100
Tartisma ve Sonug

Gobek lezyonlar1  (omfalitis, omfaloflebitis,

omfaloarteritis, urakus fisttll, hernia umbilikalis,
gobek apsesi, evantratio umbilikalis) sindirim
sistemi ve solunum sistemi hastaliklarindan sonra en
stk gorilen Gglncl  hastalik olarak ifade
edilmektedir (Guerri ve ark., 2020). Yeni dogan
buzagilarda cerrahi hastaliklar1 yoninden énemli bir
yere sahip olan gobek bdolgesi enfeksiyonlari ve
komplikasyonlar1 neonatal buzagilarin yaklagik
%1,3 ile %29,9’unda gorilmektedir (Wieland ve
ark., 2016). Isler ve ark. (2015) yaptiklar1 bir
calismada  Kliniklere gelen hasta sayilarim
incelediklerinde hastalarin gogunlugunu buzagilarin
olusturdugunu ve bu buzagilarda da gobek
lezyonlar1 ve eklem hastaliklariin yiiksek oranda
goriildiigiinii bildirmislerdir. Pamuk ve ark. (2009)
yaptiklar1 retrospektif ¢alismada buzagilarda ilk
sirayt  gobek  bolgesi  lezyonlarmin  aldigini
bildirmislerdir. Yapilan bu ¢alismada gobek bolgesi

lezyonlarmin goériilme sikligi %28,57 olarak tespit
edilmis olup ¢alismamizda gdébek bolgesi

lezyonlarimin buzagilarda en sik gorilen hastalik
olmasi literatir  bilgileri  dogrulamakta ve
arastirmacilarin ¢alismalarina paralellik
gostermektedir.

Artritis, yeni dogan buzagilari sik sik etkileyen ¢ok
yaygin bir eklem yangisidir (Jackson, 1999; Bumin
ve ark., 2001). Ozellikle gen¢ hayvanlarda artrit

olgular;; dogumdan sonra alinmasi gereken
kolostrumun alimamamasi veya az miktarda
alinmasi, dogumun hemen sonrasinda gobek

bakiminin yapilmamasi veya hijyenik olarak dizgin
yapilamamas:t  neticesinde  gdbek  kordonu
lezyonlarinin bir komplikasyonu olarak hastalik
etkenlerinin eklemlere yerlesmesi sonucu ortaya
cikabilir (Jackson, 1999; Bumin ve ark., 2001).
Sunulan bu c¢aligmada artrit olgularimin goébek
lezyonlarindan sonra en sik goriilen hastalik olmasi
(80 adet, %22,86) yeni dogan buzagilarda gdobek
kordonu bakimmin hijyenik olarak yeterince
yapilmadigin1 gostermekte ve literatlr bilgileri
desteklemektedir.

Buzagilarda uzun ekstremite kiriklarma siklikla
karsilasilmaktadir (Arican ve ark., 2014). Kirik
olgular1 Ozellikle dogum esnasinda anne pelvis
kanalinin dar olmasi nedeni ile hayvan sahiplerinin
giic doguma yardim amagli uyguladiklar1 islemlerin
bilingsiz, yanlis yapilmasi ve dogumda asir1 glc
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uygulanmasi sonucu meydana gelmektedir (Nuss ve
ark., 2011). Yapilan bu g¢alismada kirik olgular
gobek lezyonlar1 ve artritten sonra en sik goriilen
hastalik olarak tespit edilmis olup (54 adet, %15,43)
yeni dogan buzagilarda kirik sekillenmesinde bag
aktorlerin bilingsiz hayvan sahipleri oldugunu
dogrulamaktadir.

Gi¢ dogum esnasinda 0Ozellikle buzagilarin dar
pelvis kanalinda sikisip dakikalarca bu kanalda

kalmasi, buzagmin  bacaklarina dogumu
kolaylagtirmak ig¢in  naylon benzeri iplerin
baglanarak ve  buzagiya normal  dogum

pozisyonunun aksine yanlig rotasyon yaptirilarak
cekilmesi gibi islemler neticesinde buzagilarda kirtk
sekillenmeyebilir.  Fakat  buzagilarda iskelet
sisteminin kas, tendo, sinir ve bag dokusunda ¢esitli
lezyonlarm  sekillenmesine, hayvanin  gugsiz
kalmasina ve hatta buzagmin ginlerce ayaga
kalkamamasina sebep olabilir. Calismamizda yeni
dogan buzagilarda kemik ve iskelet sistemi doku
travmasinin 33 adet (%9.43) gibi yuksek oranda
belirlenmesi goriislerimizi destekler niteliktedir.

Bagirsak lumeninin kismi veya tam kapali olmasi ya
da bagirsak limeninin bir kismmin tamamen
yoklugu olarak tanimlanan intestinal atresia olgulari
onemli ekonomik kayiplara yol agmasi ve genetik
olarak yeni nesillere aktarilmasi nedeniyle biiyiik
Oonem tasimaktadirlar (Aziz1 ve ark., 2010; Goksel
ve Saritas, 2016). Bu c¢alismada da klinigimize
getirilen buzagilarin 32’sinde (%9,14) intestinal
atresia belirlenmis olup gerek sayr yonlnden
gerekse oran yonlnden incelendiginde ¢alismaya
dahil edilen hastaliklar arasinda intestinal atresia
olgularmin en sik gorilen hastaliklardan biri
oldugunu ve literatir bilgiler dogrultusunda
hastaligin 6nemini bir kez daha vurgulamaktadir.

Tendo Kkontraktiline bagl olarak ayak eklemleri
seviyesinde gortlen 6n bacaklarda arqure ve arka

bacaklarda ise bouleture kas-iskelet sistemi
anomalilerinde en ¢ok gorilen  ekstremite
hastaliklarindan ~ biri  oldugu  belirtilmektedir

(Gengcelep ve ark., 2017). Caligmamizda 16 adet
(%4.57) buzagida arqur-bouletur tespit edilmis olup
calismamizdaki ekstremite hastaliklarina
bakildiginda literatlr  bilgiyi dogruladigi
gorulmektedir.

Calismamizda; beslenme hatasina bagli oldugunu
diistindiigiimiiz idrar yolu problemi (Sekil 1a), yine
yiiksek bir ihtimalle giic doguma yanlis miidahale
sonucu sekillenen luksasyon ve parapleji, angular
deformite, bursitis, prolapsus rekti (Sekil 1b), kist
dermoid, palatosiz (Sekil 1c) ve diger
hastaliklarinda yeni dogan buzagilarda cok sik

olmasa da goriilebilecegini belirtmemizde yarar
olacagini diisiinmekteyiz.

Sonu¢  olarak  hastaliklar  yoniinden  bir
degerlendirme yapildiginda sirasiyla gdbek bolgesi
lezyonlar1 (Sekil 1d), artrit (Sekil 1e), kirik olgulari,
iskelet sistemi (kemik, bag, kas, tendo) doku
travmalari, intestinal anomali ve arqure-bouleture
(Sekil 1f) olgular1 buzagilarda en ¢ok gorulen
hastaliklardir. Bu nedenle Ulkemizde hayvan

sektoriniin en 6nemli problemlerinden biri olan
yiuksek oranda buzagi kayiplarimin koruyucu
hekimligin tegvik edilerek yetistiricilerin egitilmesi
ile Oniine gecilebilecegi, boylece hem bolge hem de
Ulke hayvanciligina katki saglanacagi kanaatine
varildi

Sekil 1. Buzagilarda goriilen cerrahi hastaliklar, a: Idrar
yolu problemi, b: Prolapsus rekti, c: Palatosiz, d: Gébek
bolgesi apsesi, e: Artrit, f: Arqure
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Abstract

In this study, a case of pulmonary aspergillosis was described in a 20-day-old suckling lamb.
Lamb suffering from high fever, anorexia, weakness and balance disorder was brought to the
Department of Pathology of Kafkas University Faculty of Veterinary Medicine for necropsy.
According to the anamnesis obtained from the animal owner, an intense and random drug
treatment was administered to the animal. Following the systemic necropsy of the animal,
various tissue samples were taken from for histopathological and microbiological analysis. On
macroscopic examination, a yellowish-white colored focus in a diameter of 2x2 mm was
detected in only one area of the animal's lung. Histopathological examinations revealed a
granuloma in the lung. In the center of this granuloma, in addition to severe necrosis, neutrophils
and fungal hyphae were detected. In the PAS staining of the lung tissue, it was noted that these
hyphae took the stain and gave a positive reaction in terms of fungus. Ziehl-Neelsen staining of
the lung and liver tissues revealed that these tissues were negative for tuberculosis. As a result
of histopathological and microbiological analysis, this case, which is rarely seen in dairy lambs,
was diagnosed as pulmonary aspergillosis.

20 Giinliik Emziren Kuzuda Bir Pulmoner Aspergilloz Olgusu
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Bu ¢alismada 20 giinliik bir siit kuzusunda pulmoner aspergillozis vakas: tanimlanmistir. Yiiksek ates, istahsizlik, halsizlik ve denge
problemleri yasayan kuzu nekropsisi yapilmak iizere Kafkas Universitesi Veteriner Fakiiltesi Patoloji Anabilim Dali’na getirildi.
Hayvan sahibinden alinan anamnez bilgilerine gore hayvana yogun ve gelisigiizel bir sekilde ila¢ tedavisi yapildig: kaydedildi.

Ardindan hayvanin sistemik nekropsisi yapildi. Histopatolojik ve mikrobiyolojik incelemeler icin hayvandan cesitli doku ornekieri

alindi. Makroskobik muayenede hayvanin akcigerinde sadece bir alanda 2*2 mm ¢apinda sarimtirak beyaz renkli bir odak tespit edildi.
Histopatolojik incelemelerde, akcigerde granulom yapisi saptandi. Bu granulomun merkezinde ise siddetli nekrozun yani sira
nétrofiller ve mantar hifalarinin varligi tespit edildi. Akciger dokusunun PAS boyamasinda bu hifalarin pozitif reaksiyon verdigi ve
boya aldig: kaydedildi. Akciger ve karaciger dokularimin Ziehl-Neelsen boyamalarinda bu dokularin tiiberkiiloz yoniinden negatif
oldugu tespit edildi. Histopatolojik ve mikrobiyolojik incelemeler sonucunda siit kuzularinda olduk¢a nadir olarak goriilen bu vakaya

pulmoner aspergillozis fanis: konuldu.

Key Words: Aspergillus spp., pulmoner aspergillozis, szt kuzusu

Introduction

Aspergillosis is a systemic, invasive and

common problem in veterinary medicine and

opportunistic infection caused by fungi belonging to
the Aspergillus genus in animals and humans.
Aspergillus  fumigatus,  Aspergillus  flavus,
Aspergillus nidulans and Aspergillus niger are
among the most common and pathogenic species in
this genus (Cafarchia et al., 2012). Aspergillosis
causes many pathological changes in humans,
especially in the respiratory system. It is also a

poultry are particularly affected by this infection
(Sahin et al., 1997; Latif et al., 2015). In addition to
poultry, there are some literatures showing that this
disease can be seen in dogs, cats, horses and marine
mammals (Savelieff et al., 2018). In ruminants,
Aspergillus species are considered to be the cause of
pneumonia, mastitis, gastroenteritis and placentitis
(do Carmo et al., 2014).
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In this study, it was aimed to evaluate pulmonary
aspergillosis infection, which was detected and
rarely observed in a 20-day old lamb, by
histopathological and microbiological methods.

Case History

The study material was a 20-day-old suckling lamb
who had high fever, anorexia, weakness and balance
disorder in Susuz District of Kars Province in May
2019 and was brought to the Department of
Pathology of the Faculty of Veterinary Medicine of
Kafkas University as dead for systemic necropsy.
According to the anamnesis obtained from the
animal owner, it was recorded that the animal was
intensely and indiscriminately supplemented with
antibiotics containing amoxicillin, enroflaxacin,
oxytetraxacin and vitamin B12 and Selenium-
Vitamin E combination. It was found out that
Theranecron and Meloxicam were used for
papillomatous growths detected in the oral cavity of
the animal. Systemic necropsy of the animal was
then performed. Rib traces were found in the lung of
the animal on macroscopic examination. A
yellowish-white colored focus in a diameter of 2x2
mm was detected in an area in the lung. In addition,
papillomatous growths were observed on the lips of
the animal. One or two small gray areas with a
diameter of 1x3 mm were found in the liver. Since
the areas in the lung and liver do not have a specific
appearance, they were not photographed by us.
Numerous large and small calcified white areas
were detected in skeletal muscles in the armpit, tail,
and gluteal regions. No pathological finding was
observed in internal organs such as stomach and
intestine.

Various tissue samples (lung, liver, etc.) taken from
the animal were fixed with 10% buffered
formaldehyde solution. Paraffin blocks prepared
after routine tissue follow-up procedures were cut in
5 micron thickness and stained with Hematoxylin-
Eosin (H&E), Periodic Acid Shift (PAS) and Ziehl-
Neelsen (ZN). Sections were examined under a light
microscope and photographed to determine
histopathological changes. Intense hyperemia in the
lung and a well-circumscribed granuloma structure
in a single area were detected (Fig. 1A and Fig. 1B).
In the center of this granuloma, intense neutrophil
infiltration and fungal hyphae were observed as well
as severe necrosis (Fig. 1C and Fig. 1D).
Granulomatous lesions were determined in the lung
and liver tissue, whereas in the PAS staining (Fig.
1E and Fig. 1F), it was noted that the hyphae gave a
positive reaction and stained. In the oral mass,
fibrosis and inflammatory infiltration were observed
in the dermis. (Fig. 2A). Papillomatous growths and
severe necrosis were also detected in the mass (Fig.
2B). Hydropic degeneration and pustule formations

in the papillomatous area were also revealed (Fig.
2C). Severe calcification and fibrosis were observed
in skeletal muscles (Fig 3A and Fig. 3B). A single
granulomatous area was detected in the subcapsular
area of the liver (Fig. 4A). Histoytic cells, giant cells
and calcifications were noted in this area (Fig. 4B
and Fig. 4C). On the other hand, liver tissue gave
negative results in terms of PAS staining. Ziehl-
Neelsen staining of the lung and liver tissues
revealed that these tissues were negative for
tuberculosis. For microbiological analysis of the
fungal agents, the tissue samples were plated on
Sabouraud Dextrose Agara (SDA) plates and left to
incubation for 5 days at 24°C under aerobic
conditions. The agent identification was performed
according to typical macroscopic and microscopic
morphologies and reproductive characteristics of
fungi (Swatek et al., 1985; Sahin et al., 1997). In this
study, fungal colonies with typical blue-green
powdery upper morphology and pale yellow back
lower morphology formed by the tissue samples
cultured on SDA were defined as A. fumigatus. The
ethics committee report of this study was obtained
from Kafkas University Animal Experimentals
Local Ethics Committee (Authorization number:
KAU-HADYEK-2020/165).Cerrahi  hastaliklarin
yillara gore dagilimi Tablo 2°de verilmistir.

g

Figure 1. A) Granuloma, lung, H&E, bar = 500 um. B)
Granuloma with a higher magnification, H&E, bar: 200
um. C) The center of the granuloma, severe necrosis and
hyphae, H&E, bar = 50 um. D) Hyphae and neutrophils,
H&E, bar = 20 um. E) Hyphae, PAS staining, bar = 20
um. F) Hyphae, PAS staining, bar = 10 um.

- S —

Lo s & el )
Figure 2. A) Oral mass, fibrosis and inflammatory
infiltration in the dermis, H&E, bar = 200 um. B)
Papillomatous growths and severe necrosis, H&E, bar =
500 um. C) Hydropic degeneration and pustule
formations in the papillomatous area, H&E, bar = 100

pm.
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Flgure 3. A) Skeletal muscle, severe calcrfrcatlon and
fibrosis, H&E, bar = 200 pm. B) Skeletal muscle at a
higher magnification, severe calcification and fibrosis,
H&E, bar = 100 um.

Flgure 4 A) Srngle granulomatous structure in the
subcapsular area of the liver, H&E, bar = 100 um. B)
Granulomatous area, histoytic cells and calcifications,
H&E, bar = 50 um. C) Granulomatous area, giant cell and
pigments, H&E, bar = 50 um.

Discussion

Aspergillus species are saprophytic filamentous
fungi that have the potential to infect many living
hosts, including plants, insects, birds and mammals,
and live in agricultural land, humid environments
and soils (Amchentsev et al., 2008; Seyedmousavi
et al., 2015). Although there are more than 300
known species in the Aspergillus genus, infections
in animals are mainly caused by A. fumigatus and
rarely by a few other species (Seyedmousavi et al.,
2018). (Swatek et al., 1985; Sahin et al., 1997).
Aspergillus species play a role as opportunistic
pathogens in immunocompromised or malformed
animals. Suppression of the host's immune system
or taking excessive amount of spore are the most
important factors in the formation of the disease
(Aslan et al., 2015). We think that the age of the
lamb in our study is very young and the animal
owner used a large number of drugs randomly and
without the advice of a veterinarian may have
weakened the animal's immune system and these
factors may play an important role in the formation
of the infection (Ozsoy and Haziroglu, 2009).
Macroscopic and histopathological findings of
samples taken from skeletal muscles in the armpit,
tail and gluteal regions also support our argument

that the infection is formed as a result of
unconscious drug administration. We believe that
dystrophic calcification in the muscles occurs as a
result of necrosis due to intense and random drug use
(Ozemre et al., 2016).

In veterinary sciences, aspergillosis is reported in
dogs, horses, cattle and dolphins. Unlike the
immunocompromised mammals, poultry show
greater sensitivity to A. fumigatus (Sahin et al.,
1997; Tell et al., 2005). In ruminants, Aspergillus
species are considered to be the cause of pneumonia,
mastitis, gastroenteritis and placentitis (do Carmo et
al., 2014). There are few literatures reporting
pulmonary aspergillosis in suckling lambs and sheep
(Austwick et al., 1960; Gracey and Baxter, 1961;
Fragner et al., 1970; Young, 1970; Ohshima et al.,
1976; Chihaya et al., 1980; Pérez et al., 1998; Pérez
et al., 1999). Fungal infections in sheep are mainly
caused by Aspergillus spp. or zygomycetes.
Systemic mycoses often affect several organs, such
as the lungs, mammary glands, or forestomach, and
multifocal pyogranulomatous inflammation is
observed in these organs (Dagleish et al., 2010).
Various researchers have identified a large necrotic
area in the middle of these multifocal
pyogranulomatous nodules and that this necrotic
area is surrounded by neutrophils. They
demonstrated the presence of mononuclear cells and
a small number of giant cells in the further outer
layer of neutrophils (Chihaya et al., 1980; Pérez et
al., 1998; Pérez et al., 1999). The macroscopic and
microscopic findings of this study were consistent
with previous literature data (Chihaya et al., 1980;
Pérez et al., 1998; Pérez et al., 1999; Dagleish et al.,
2010). Although the general appearance, size, Y-
shaped branching structure and septa of the
filaments indicate the characteristic morphology of
Aspergillus in histological sections stained with
Hematoxylin-Eosin, special staining techniques
such as PAS and Grocott's methenamine silver
(GMS) staining are used in the diagnosis of these
hyphae (Fragner et al., 1970; Chihaya et al., 1980;
Dagleish et al., 2010). In our study, only
granulomatous lesions were observed in the lung
and liver tissue, whereas in the PAS staining, we
observed that the hyphae gave a positive reaction
and stained in accordance with the literature data
(Fragner et al., 1970; Chihaya et al., 1980; Pérez et
al., 1998; Pérez et al., 1999).

In conclusion, there are few studies reporting
Aspergillosis infection in sheep and lambs,
especially from the lungs (Austwick et al., 1960;
Gracey and Baxter, 1961; Fragner et al., 1970;
Young, 1970; Ohshima et al., 1976; Chihaya et al.,
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1980; Pérez et al., 1998; Pérez et al., 1999). It is
quite remarkable that the lamb, which is the material
of our study, was 20 days old and it is thought that
the findings obtained may contribute to the
literature. In line with the findings of the study, it
was concluded that the formation of pulmonary
aspergillosis infection in a lamb at such a young age
may have been caused by the suppression of the
animal's immune system by the intensive and
indiscriminate drugs the animal owner had taken. It
was concluded that suppression of the immune
system also plays a major role in the emergence of
infection. Therefore, based on these data, the
importance of the use of medicines in the conscious
and under the supervision of a physician becomes
Clear.
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Testis ekzokrin ve endokrin fonksiyonlar1 sayesinde hem spermatoozon iretimi, hem de

testosteron hormonu salgilanmasindan sorumludur. Dogumdan o6nce karm boslugunda ieccczi“)’teedd%mj;hzggfl
bulunan testisler deney hayvanlarinda genellikle dogum sonrasi scrotum adi verilen keseye Published 03 September 2021
inerler. Rat ve farelerde ise testisler yasamlar1 boyunca karin boslugu ile scrotum arasinda yer
degistirirler. Scrotum fare ve ratlarda preputium ve anus arasinda bulunurken, tavsanda iki
bacak arasinda ve penisin iki yaninda, kobayda ise tavsandaki yerine benzer sekilde ancak
daha 6nde bulunur. Histolojik olarak baktigimizda en dista tunica albuginea tabakasi bulunur
ve bu tabaka merkeze dogru yaptigi duvar yapilar (septula testis) ile testisi lopguklara ayirir.
Bu lopguklar tubuli seminiferi ad1 verilen kivrimli kanallar ve bu kanallari arasini dolduran

gevsek bag dokudan (interstitium) olusmaktadir. Tubuli seminiferi’ler i¢ kismu destek Anahtar Kelimeler:
fonksiyonlarini yerine getiren Sertoli hiicreleri ile spermatogenetik hiicrelerin olusturdugu Anatomi, deney hayvanz, embriyoloji,
germinal epitel ile kaplidir. Interstitial doku ise barmdirdigi Leydig hiicreleri sayesinde fonksiyon, testis

androjen tiretiminden sorumludur. Primitif bir gem hiicresi olan spermatogonium’un olgun bir
spermatozoon’a doniismesi Spermatogenesis ve Spermiogenesis asamalarindan olusur.
Spermatogenesis Mitoz ve Mayoz evrelerinden olusur ve bu agama sonunda spermatid ortaya
¢ikar. Spermiogenesis asamasinda ise spermatid’ler golgi, cap, akrozom ve matiirasyon
fazlarindan gegerek olgun spermatozoon olarak tubuli seminiferi limenine salinirlar. Testisin
fonksiyonlar1 ve deney hayvanlarinda testislerin ozelliklerinin anlagilmasinin bu alanda

calisma yapacak aragtirmacilar igin faydali olacagini diigiinmekteyiz.edildi. Cite this article: Tirkmenoglu |,
Abacioglu S (2021 Deney Hayvanlarinda

Testis’in  Fonksiyonel ~Anatomisi Ve

Sonug olarak hastaliklar yoniinden bir degerlendirme yapildiginda sirasiyla gobek bolgesi Embriyolojish Tork Vet J, 3(1):26.33.

lezyonlari, artrit, kirik olgulari, iskelet sistemi (kemik, bag, kas, tendo) doku travmalari,
intestinal anomali ve arqure-bouleture olgular1 buzagilarda en ¢ok goriilen hastaliklar olarak
belirlendi.

Functional Anatomy and Embryology of Testis in Experimental Animals

Abstract

The testis performs exocrine and endocrine functions. Testicles found in the abdominal cavity before birth, usually descend into the
sac called the scrotum after birth in experimental animals. In rats and mice, testicles move between the abdominal cavity and scrotum
throughout their lives. It is located between the preputium and anus in mice and rats, between the two legs and on both sides of the
penis of the rabbit. In the guinea pig, its location is similar to the rabbit but more in front. Histologically, there is the outer tunica
albuginea layer and this layer separates the testicle into lobules. These lobules consist of curved canals called tubuli seminiferous and
loose connective tissue (interstitium) filling between these canals. The inner part of Tubuli seminiferous is covered with germinal
epithelium formed by Sertoli cells that perform support functions and spermatogenetic cells. Interstitial tissue is responsible for
androgen production by the Leydig cells. The transformation of spermatogonium consists of the stages of Spermatogenesis and
Spermiogenesis. At the end of spermiogenesis phase, spermatids are released into the lumen of the tubuli seminiferous as mature
spermatozoa. We think that understanding the testes of experimental animals will be useful for researchers who will work in this field.

Key Words: Anatomy, experimental animal, embryology, function, testis

Giris (Kelch ve ark., 1973; Jewett ve ark., 1983). Bunlarin

. . da hiicre iiretme 6zelliginden dolayi sitojenik
Erkek iireme organi olan testisler, ekzokrin ve yaminda htcre iretme ozetliginden dolayl Sto]

endokrin  fonksiyonlart bir arada barmndirir.
Spermatozoon (erkek iireme hiicresi) iireterek
ekzokrin, leydig hiicreleri sayesinde testosteron

salgilayarak endokrin fonksiyonunu yerine getirir Testisler fare, rat, tavsan ve kobayda oval sekilde
olup; tavsanda yanlardan basik, kobayda dolgun,

fare ve ratta ise yuvarlaga daha yakin sekildedir

Testisin fonksiyonel anatomisi
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(Gren, 1966; Cooper ve Schiller, 1976; McLaughlin
ve Chiasson, 1990). Eriskin farelerde ve ratlarda
dogumda karin boslugunda bulunan testisler,
dogumdan 4-6 hafta sonra scrotal keseye iner.
Scrotum preputium ile anus arasinda bulunur.
Farelerde ve ratlarda canalis inguinalis yasam boyu
acik oldugundan testisler genellikle geriye ¢ekilmis
durumda, viicut boslugunun gerisinde ve idrar
kesesinin iki yaninda bulunurlar. Hava sicakligi,
hayvanin yatis pozisyonu ve cinsel islev durumuna
gore abdominal, inguinal ya da scrotal bolgede
bulunabilmektedir (Gren, 1963; Gren, 1966;
Chiasson, 1994). Tavsanlarda testis dogumdan 10-
12 hafta sonra penis’in cranialinde yer alan
scrotum’a iner. Scrotum iki bacak arasinda ve
penis’in iki yaninda bulunur ve testisin uzun ekseni
viicudun eksenine gore hafif ¢aprazdir (McLaughlin
ve Chiasson, 1990). Kobaylarda testis iki bacak
arasinda, penis’in craniolateral’inde ve tavsana gore
daha cranial’de bulunur (Cooper ve Schiller, 1976).

Testis anatomik olarak iki yiiz ve iki kenara sahiptir.
Yiizlerden disa bakan facies lateralis, ice bakan ise
facies medialis adim alir. Kenarlarindan serbest
olarak bulunan ve disbiikey olaninin adi margo liber
iken epididymis’in corpus’unun yapistigi kenarinin
adi margo epididymalis’dir. Testis’in iki ucu
bulunur. Bunlardan cauda epididymis’e temas eden
ucuna extremitas caudata ve caput epididymis’e
temas ucuna extremitas capitata ad1 verilir (Dursun,
2005; Konig ve Liebich, 2018). Testis agirhigr ile
viicut agirligi arasinda oran bulunmaktadir. Testis
agirligr ile viicut agirligi orami tavsanda 1/1700,
insanda 1/1500, sicanda 1/100°diir. Testis agirligi
gelisim donemi, 1rk, tiir ve mevsim gibi etkenlere
gore degisiklik gosterir. Testis agirligi yaklasik
olarak si¢anlarda 3-5 ¢, tavsanlarda 8-10 ¢
arasimdadir (Kalkan, 2001; Ogbuewu ve ark., 2009).

Testis, aorta abdominalis’den koken alan arteria
testicularis  tarafindan  beslenmektir.  Arteria
testicularis canalis inguinalis’e girdikten sonra
funiculus spermaticus igerisinde kivrimli seyreder.
Arteria testicularis, rami ductus deferentis ve rami
epididymales kollarim1 verdikten sonra tunica
albugineadan gecer ve tunica vasculosa’da dagilir.
Testis’in toplardamari vena testicularis’tir. Testis ve
epididymis’den gelen toplardamarlarin meydana
getirdigi plexus pampiniformis’ten ¢ikan damarlar
birleserek V. testicularis’i meydana getirir. V.
testicularis funiculus spermaticus igerisinde a.
testicularis ile arteriovendz anastamoz sekillendirir
ve viicut bosluguna gecerek vena cavae caudalis’e
acilir (Dursun, 2005; Konig ve Liebich, 2018).

Testis’in lenf damarlar1 Inn. lumbales aortici ve Inn.
iliaci mediales’e dokiulir. Lenf sivis1  testis
hormonlarmi da ihtiva eder. Testis’in sempatik
lifleri plexus mesentricus caudalis ve plexus

pelvinus’dan, parasempatik lifleri n. vagus ve plexus
pelvinus’tan gelmektedir (Konig ve Liebich, 2018).

Descensus testis

Testisler viicut sicakliinda endokrin faaliyetlerini
sirdiirebilir ~ ancak  ekzokrin  faaliyetlerini
(spermatozoon iiretimi) viicut sicakligindan birkag
derece diisiik sicaklikta siirdiirebilmektedir (Lin ve
ark, 2021). Bu nedenle testisler ve epididymis
ozellesmis bir kese seklindeki scrotum’a yerlesmis
ve funiculus spermaticus ile asilmustir. Testisler
embriyonun gelisim déneminin baginda abdomende
bulunurken, sonrasinda karin duvarmnin arka-yan
duvarindan asagiya dogru inerek scrotum’a yerlesir.
Testis’in  karin  boslugundan inerek scrotuma
yerlestigi bu olaylar dizisine descensus testis adi
verilir (Wheater ve ark., 1987; Tsunenari ve Kast,
1992; Coven, 1994).

Testis’in scrotuma yerlesmesinde fibroz bir kordon
yapisindaki gubernaculum testis vasitasiyla olur.
Fotiista testisin alt ucuna baglanan Gubernaculum,
canalis inguinalis’ten geger Ve scrotum’a yapisir. Bu
sayede testis’in scrotum’a inerken yonlenmesini
saglar. Zamanla fotiis gelisir ve biyiir, ancak
gubernaculum ayn1 oranda biyiiyemez hatta
testosteron etkisiyle kisalir ve descensus testis
gerceklesir (Wensing, 1986; George ve Peterson,
1988). Descensus testis postnatal olarak siganlarda
30-40. ginlerde, tavsanlarda 6. haftada gergeklesir
(Wheater ve ark., 1987; Tsunenari ve Kast, 1992;
Coven, 1994). Sican, fare ve yaban tavsani gibi bazi
kemirgenlerde testis inaktif oldugu donemlerde
karin bosluguna cekilebilmektedir (Simeunovic ve
ark, 2000). Testis’in scrotuma yerlesmesinde fibroz
bir kordon yapisindaki gubernaculum testis
vasitasiyla olur. Fotiista testisin alt ucuna baglanan
Gubernaculum, canalis inguinalis’ten gecer Ve
scrotum’a yapisir. Bu sayede testis’in scrotum’a
inerken yonlenmesini saglar. Zamanla fotiis gelisir
ve biylir, ancak gubernaculum ayni1 oranda
biiyliyemez hatta testosteron etkisiyle kisalir ve
descensus testis gerceklesir (Wensing, 1986; George
ve Peterson, 1988). Descensus testis postnatal olarak
sicanlarda 30-40. giinlerde, tavsanlarda 6. haftada
gerceklesir (Wheater ve ark., 1987; Tsunenari ve
Kast, 1992; Co6ven, 1994). Sican, fare ve yaban
tavsani gibi bazi kemirgenlerde testis inaktif oldugu
donemlerde karin bosluguna c¢ekilebilmektedir
(Simeunovic ve ark, 2000).

Testis’in katmanlar: (Tunica testis)

Testis’in etrafin1 saran katmanlara Tunica testis adi
verilmektedir. Scrotum adi verilen en dis katmani
ince bir deri katmani olup, ter ve yag bezleri igerir.

27



Testis ve epididymis’i scrotum’un i¢inde bulunur.
Scrotum hayvan tiirlerine gore farkli yerlesimdedir.
Testisler cogu memelide scrotal kese iginde ve
septum scroti adi verilen bir ara duvarla birinden
ayrilirken, tavsanlardada scrotum penisin her iki
yaninda iki ayr1 kese seklinde, siganda ise daha
caudal’de bulunur (Andrews, 1940; Holtz ve Foote,
1978).

Scrotum’un altinda diiz kas yapisinda olan tunica
dartos bulunmaktadir. Tunica dartos kasildiginda
testisi viicuda yaklastirarak testis’in  viicut
sicakligindan faydalanmasini, dolayisiyla testis’in
termoregiilasyonununu ~ ve  spermatogenesis’in
yliriitiilmesini saglar (Maloney ve ark, 2005; Konig
ve Liebich, 2018).

Tunica dartos’un altinda karin  kaslarindan
m.obliquus externus abdominis’in aponeurozu
tarafindan olusturulan fascia spermatica externa
bulunur. Fascia spermatica externa’nin altindaki
katman fascia cremasterica ve m. cremaster m.
obliquus internus abdominis’in  fasciasindan
olusmaktadir. Fascia cremaster’den sonra gelen
katman olan fascia spermatica interna karin
duvarindaki fascia transversalis tarafindan olusturur
(Craigie, 1948; Konig ve Liebich, 2018).

Fascia transversalis’ten sonra gelen katman olan
tunica vaginalis periton’un devami niteligindedir ve
ser6z yapidadir. Bu tabakanin fascia spermatica
interna’ya sikica yapisan lamina parietalis ve tunica
albuginea’ya yapisan lamina visceralis olmak iizere
iki yaprag: vardir (Craigie, 1948; Konig ve Liebich,
2018).

Testis’in en i¢ katmani, fibroz yapida olan ve testis
yiizeyini sikica saran tunica albuginea’dir. Tunica
albuginea testis merkezine septula testis ad1 verilen
bag dokudan bdlmeler uzatir ve bu sayede testis
parengimi piramit seklinde lopguklara ayrilir.
Septula testis’in uzantilar1 testis merkezinde bir
araya gelerek mediastinum testis‘i olusturur
(Martinez-Berganza ve ark. 1998; Ko6nig ve Liebich,
2018).

Testis parensimi

Testis parensimi en distan tunica albuginea tabakasi
ile sikica sarilmis ve septula testis vasitasiyla
piramidal lopguklara ayrilir. Testis lopguklar
icerisinde tubuli seminiferi adi verilen kivrimh
kanallar ve bu kanallarin arasinda bulunan
interstitium’dan  (gevsek bag doku) bulunur.
Interstitium bol miktarda sinir, kan ve lenf damarlari
ile interstitiel hiicreleri (leydig hiicreleri) igerir.
Tubuli seminiferi‘ler erkek tireme hiicreleri olan
spermatozoon‘lar1 iiretirir. Interstitial hiicreler ise
testis androjenlerini salgilamakla gorevlidir (Morton

ve ark., 1986; Junqueira ve Carneiro, 2003; Konig
ve Liebich, 2018).

Tubuli seminiferi

Testis lopguklar1 2-5 adet kadar kor ugla baglayan
kanalciklar1 igerir. Tunica albuginea’dan baslayan
ve testis’in merkezine dogru giden bu kivrimli
kanallar tubuli seminiferi contorti adini alir ve her
bir testiste 250-1000 adet bulunur. Bu kanalciklarin
duvarlar1 karmasik yapida ¢ok katli epitel hiicreden
olugmaktadir (Junqueira ve Carneiro, 2003; Konig
ve Liebich, 2018).

Testis’in merkezine ilerledikge bu kanalciklarin
lumenleri  daralarak  kivrimlarin1 ~ kaybederek
diizlesir ve tubuli seminiferi recti adumu alirlar.
Tubuli seminiferi recti’ler ise testis’in merkezindeki
mediastinum  testis’e  acilir. Mediastinum’da
birbirleri ile anastomozlasan tubuli seminiferi
recti’ler rete testis adi verilen ag1 olustururlar. Rete
testis’ten ductuli efferentes testis adi verilen
kanalciklar ayrilir ve tunica albuginea’y1 gecerek
epididymis’e ag¢ilir. (Junqueira ve Carneiro, 2003)

Tubuli seminiferi’lerin i¢ kismi germinal epitel ile
kaplidir. Bu epitel katmanda sertoli ve
spermatogenik hiicreler bulunmaktadir. Kanal
duvarinin diginda fibréz yapidaki bazal membran
olan tunica propria ile kemirgenlerde tek kattan
olusan kasilabilir peritubuler myoid hiicre tabakasi
yer alir. Myoid hiicreler hareketsiz olan
spermatozoonlarin  rete testis’e ilerletilmesine
yardimc1 olur (Perey ve ark., 1961; Junqueira ve
Carneiro, 2003).

Destek hiicreleri olarak gorev yapan Sertoli
hiicreleri, lateral ve apikal uzantilari sayesinde
spermatogenik hiicreleri ¢epegevre sarar. Isik
mikroskobu  ile  bakildiginda  sertoli  ve
spermatogenik hiicrelerin smurlar1  tam olarak
ayrilamaz.  Sertoli  hiicreleri  olgunlagsmamus
spermatozoon’larin destek, korunma ve beslenme
gorevlerini yerine getirir. Bununla birlikte esey
hiicrelerinden dejenere olanlar1 ya da olgunlasan
hiicrelerin atiklarim1 fagosite eder, aktin aracili
kasilmalar1 ile erigkin spermatozoon’larin liimene
salmmmina  saglar, sekresyonlar1  sayesinde
spermatozoon’larin taginmasina yardimci olur ve
kan-testis bariyerini olusturur. Bu fonksiyonlarinin
yaninda sertoli hiicrelerinin 6strojen salgiladigi da
bildirilmistir.  (Junqueira ve Carneiro, 2003;
Bremner ve ark, 1994).

Kan — Testis Bariyeri

Sertoli hiicrelerinin alt-yan yiizlerinde siki iliskiler
ile birbirlerine baglanmasi sonucu olusan ve bazi
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molekiillerin gecisini engelleyen bu yapisina kan-
testis bariyeri denir. Sertoli hiicreleri birbirleri ile
baglanirken tubuli seminiferi; bazal kompartiman ve
adliiminal kompartiman olmak iizere iki bolgeye
ayrilir. Bazal kompartiman en erken asamadaki esey
hiicrelerini, adliiminal kompartiman ise gelismis
esey hiicrelerini barindirir. Bu iki bolge diger
bolgelerden  fiziksel ve  fizyolojik  olarak
ayrilmislardir (Dym ve Fawecett, 1970; Junqueira ve
Carneiro, 2003).

Normalde biiyiikk molekiiller testis kilcallarindan
disar1 cikabilir ve biiylik molekiiller adliiminal
kompartimanda spermatogenik hiicrelere zarar
verebilir. Yine aymi sekilde spermatozoon’larin
testis doku araligina ge¢mesi de siddetli immun
reaksiyonlara neden olabilir. Kan-Testis Bariyeri bu
gecislerin sinirlanmasini saglar (Levy ve ark., 1999;
Junqueira ve Carneiro, 2003). Kan-testis bariyerinin
olusumuna sadece sertoli hiicreleri katilmaz.
Olduke¢a kompleks yapida bir immun bariyer olan
kan-testis bariyeri sadece adliiminal kompartimanda
degil tiim testis dokusunda immun-segici bir doku
olarak gorev yapmaktadir (Mital ve ark., 2011).

Interstisyel Doku

Interstisyel doku, tubuli seminiferi’ler arasinda
gevsek bag doku yapisinda bir dokudur. Bol
miktarda sinir, kan ve lenf damarlar, leydig
hiicreleri ve serbest hiicreler (fibroblastlar,
makrofajlar, lenfositler, mast hiicreleri) igerir.
Interstisyel doku androjen iiretimi agisindan nemli
rol oynar ve bunu Leydig hiicreleri sayesinde yapar.
Ozellikle rodent’lerde interstisyel dokuda lenfoid
sinuzoid aglar1 yogun miktarda bulunmaktadir
(Jungueira ve Carneiro, 2003; Kus ve ark., 2008).

Androjen iiretiminden sorumlu olan Leydig
hiicreleri yuvarlak veya poligonal sekle sahip olup,
cekirdekleri biiyiikk ve yuvarlak olup hiicrenin
merkezi disinda yer alir. Leydig hiicreleri tek
baglarina ya da kiimeler halinde, genellikler kilcal
damar yakinlarinda bulunurlar (Junqueira ve
Carneiro, 2003; Akosman, 2009; Kénig ve Liebich,
2018). Hipofiz 6n lobundan salgilanan LH (Erkekte:
Interstitial Cell Stimulating Hormone = ICSH)
tarafindan stimule edilen Leydig hiicreleri androjen
(testosteron) tlireterek testisin endokrin gorevlerini
yerine getirirler. Salgiladiklar1 testosteron cinsel
bezlerin gelisimi, sekonder seks karakterlerinin
olusumu ve spermatogenesis’ten sorumludur.
Ureme islevlerinin yaninda anabolik etki gostererek
(biytime hormonu ve tiroid bezi hormonlar: ile
birlikte) gelisme donemi kemik ve kas gelisiminde
onemli rol oynar. (Papadopoulos ve ark., 1990;
Konig ve Liebich, 2018).

Testisin Embriyolojisi

Embriyo cinsiyeti, fertilizasyon sirasinda sperm
hiicresinin yeni organizmaya aktaracagi X ya da Y
genine bagl olarak belirlenir. Ancak gonadlarin
morfolojik olarak farklilasmalar1 insanlarda 7.
haftadan sonra goriiliirken, fare ve ratlarda 10-13.
giinden sonra, tavsanlarda ise 24. giinden sonra
goriiliir. Y kromozonu {izerinde bulunan SRY (sex
determining region of the Y chromosone) geninin
kodladigi TDF (testis determining factor) olarak
adlandirilan protein ise cinsiyet ayrimi ve testisin
farklilasmasindan sorumludur (Nielsen ve Torday,
1983; Satoh, 1985; Karl ve Capel, 1998; Levine ve
ark, 2000).

Urogenital sistem embriyonun dorsal viicut duvari
boyunca yerlesen ara (intermedier) mezodermden
farklilagir. Aortun iki yaninda uzanan bu mezoderm
kabartisina Plica urogenitalis denir. Gonadlar ise bu
kabartinin medial tarafindaki plica genitalis’ten
gelisir (Sadler, 2005). Plica genitalis’i orten epitel
tabakasina epitelium germinativum adi verilir. Bu
epitelin altindaki mezengimin yogunlagmasiyla
mezensim ¢ekirdegi olusur. Epitelin ve mezensimin
icerisinde “primordiyal germ hiicreleri” bulunur. Bu
ilkel cinsiyet hicreleri vitellus kesesi duvarinin
endoderminden  kéken  alir  ve ileride
spermatogonium Yya da oogonium’yr olusturur
(Sadler, 2005; Karl ve Capel, 1998; Levine, 2000).
Bu primordiyal germ hiicreleri vitellus kesesinin
extra-embriyonik bolgelerinden, dorsal
mesenterium boyunca go¢ ederek primitif gonadlara
ulagir ve ratlarda embriyonal 10-11. giinlerde genital
sirtlara yerlesir (Jost ve ark., 1981; Gingsburg ve
ark., 1990). Primordiyal germ hiicrelerinin primidif
gonadlara goglerinden hemen Once ya da gogleri
esnasinda, mezensim icerisinde diizensiz sekilde
primidif cinsiyet kordonlar1 gelismeye baslar. Bu
evredeki  gonadlar  farklilagmis  gonadlardir
(Tevosian ve ark., 2002). Buradan sonra potansiyel
olarak testis ya da ovaryum olarak gelisimine devam
eden biyopotansiyel gonad embriyonal 12. giinde
sekillenir (Jost ve ark., 1981).

Embriyo genetik olarak erkek ise primordiyal germ
hiicreleri XY cinsiyet kromozomunu tasir. Y
kromozomu farklilasmis gonadin medullasi iizerine
testis belirleyici etki gosterir. Bu sirada cinsiyet
belirleme faktorii olan SRY geni eksprese olur ve bu
genin  kodladigi  TDF  sayesinde  cinsiyet
farklilasmasi ratlarda embriyonal 12.5’uncu giinde
ve farelerde 10.5 ile 12.5’uncu giinlerde baslar
(Koopman ve ark., 1990). Daha sonra ise ratlarda
12.5. ve 13. ve farelerde 14.5. giin sonunda destek
prekiirsor hiicrelerin ¢ogalmasi ile Sertoli hiicreleri
olusur. Sertoli hiicre prekiirsorleri primordiyal germ
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hiicreleri ile bir araya toplanarak seminifer
kordonlarin olusumunu organize eder (Karl ve
Capel, 1998, Vergouwen ve ark., 1991). Testis
kordonlarindan daha sonra tubuli seminiferi
contorti, tubuli seminiferi recti ve rete testis gelisir.
Embriyonal 15. giinde epitelyum germinativum
altindaki mezensgim tabakasindan kdken alan tunica
albuginea testis kordonlarinin yiizeyle iliskisini
keser ve septula testisleri olusturarak lobuluslarin
ayrilmasini saglar. Ayrica rete testis taslaklari
arasinda artan bag doku medastinum testis’in
olugmasini saglar. (Sadler, 2005). Embriyonal 17.
giinde ise mezensimal interstitial hiicrelerden kdken
alan ve daha sonra testosterone iiretiminden sorumlu
olacak Leydig hiicreleri ortaya g¢ikar (Kerr ve Knell,
1988; Merchant-Larios ve Moreno-Mendoza, 1998;
Nishimo ve ark., 2001).

Spermatogenesis

Primitif bir germ hiicresi olan spermatogonium’un
spermatid’e doniigsmesi asamasidir.
Spermatogenesis’de Sertoli ve Leydig hiicrelerinin
de rolii vardir. Sertoli hiicreleri gelismekte olan
spermatogonium’lar i¢in destek ve besleme gorevini
sirdiiriken, Leydig hiicreleri LH (Erkekte:
Interstitial Cell Stimulating Hormone = ICSH)
etkisiyle testosteron iireterek spermatogenesis’in
devami saglar (Junqueira ve Carneiro, 2003).

Mitoz evresi

Spermatogonium’lar bazal laminanin {istiinde yer
alan kiiciik hiicrelerdir. Cinsel olgunluk ¢aginda
mitoz  bolinmeye baglayarak yeni hiicreler
olustururlar. Diploid germ hiicreleri (2n) olan
spermatogonium’lar ardi ardina mitotik boliinmeler
gegirerek yine diploid germ hiicreleri olarak kalir
(Jungueira ve Carneiro, 2003).

Spermatogonium’lar A tipi (A1,A2,A3,A4) ve B tipi
olmak iizere iki gruba ayrlir. A tipi
spermatogonium’lar oval ¢ekirdekli olup, biiyiik
cogunlugu mitotik bolinme ile intermediate
spermatogonium’lar1, kalan kisim ise yine A tipi
spermatogonium’lar1  olusturur. Intermediate
spermatogonium’lar ise B tipi spermatogonium’lari
Olusturur. B tipi spermatogonium’lar daha biiyiik
hiicreler olup bazal membrandan liimene ilerlemeye
baglar. Bu hiicreler mitotik boliinme ile primer
spermatosit’leri olusturur (Junqueira ve Carneiro,
2003). Primer spermatosit’ler farelerde 40, ratlarda
tiirlere gore 38 — 42 arasinda, tavsanda 44, kobayda
64 kromozomlu en biiyiik hiicrelerdir (Beatty ve
Fischberg, 1951; Venge, 1956; Baydemir, 2011;
Romanenko ve ark., 2015). Olusumlarinin ardindan
mayoz bolinmenin profaz sathasina girerler. Bu

safha uzun siirdiigi icin bu hiicreler tubuli
seminiferi contorti epitelinin ortasinda cok sayida
gortliir (Junqueira ve Carneiro, 2003).

Farelerde spermatogonium’larin 4 farkli tipinden
sOz edilir. Bunlar; farklilasmamus tip-A: A single
(As) ve A aligned (Aal); farklilagmis tip-A: Al, A2,
A3, A4; intermediate spermatogonia: In ve tip-
B’dir. Ratlar ve tavsanlar i¢in 3 farkhi
spermatogonium  tipinden  (tip-A, tip-B ve
intermediate spermatogonium) bahsedilir (Hess,
1990; Swierstra ve Foote, 1993).

Mayoz evresi

Mitoz  boliinmeler sonucu  olusan  primer
spermatosit’ler  birinci  mayoz  boéliinmenin
baglamasindan o6nce adliiminal kompartimana

mayoz boliinmenin profaz
Bu safha 22 giin kadar

gecererek  birinci
safhasina girerler.

stirdiigiinden kesitlerde  genelde  goriilen
spermatositlerin ~ ¢ogunlugu  bu  donemde
gbzlemlenir (Junqueira ve Carneiro, 2003;

Wheather, 1987).

Birinci mayoz bolinmenin  tamamlanmasindan
sonra sekonder spermatosit’ler olusur. Bunlar
primer spermatosit’lerden daha kiigiiktir ve
kromozom sayilar1 yartya (23 kromozom) inmistir.
Birinci mayoz bdlinmenin ardindan sekunder
spermatosit’ler hemen ikinci mayoz béliinmeye
gecer. Ancak bu siire¢ ¢ok kisa stirdiigi igin
kesitlerde  genelde  sekunder  spermatositler
goriilmez. Ikinci mayoz boliinmenin ardindan da
artik spermatid’ler meydana gelerek spermiogenesis
evresi baslamistir. Mayoz boliinmeler sonucu her
primer spermatositten 4 adet spermatid meydana
gelir (Franca ve ark., 1998; Junqueira ve Carneiro,
2003).

Spermiogenesis

Bu asama olgun olmayan spermatid’lerin, erkek
DNA’sim1 ovuma aktarabilmek i¢in son derece
Ozellesmis, olgun spermatozoon’lara dontistigii
agsamadir. Tubulus seminiferi’lerde baglayan bu
asama epididymis’te tamamlanir (Junqueira ve
Carneiro, 2003).

Spermatid, seminifer tiibiillerde artik liimene dogru
yerleserek kiiclik boyutlari, yogunlagsmis kromatin
bolgeleri igeren c¢ekirdekleri ile ayirt edilir.
Spermatid;  Sertoli  hiicrelerinin  sitoplazmik
oyuklarina yerlesmis halde bulunan erken
spermatid’ler ve Sertoli hiicrelerinin  apikal
stoplazmalarindaki ~ oyuklara  yerlesen  geg
spermatidler olmak {tizere iki tip olarak goriiliir.
Hiicre boliinmesi gergeklesmeyen bu evrede
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spermatid’ler, Golgi fazi, cap fazi, akrozomal faz ve
matiirasyon fazindan gecerek olgun spermatozoon’a
doniisiir (Junqueira ve Carneiro, 2003; Menissier de
Murcia ve ark, 2003; Winstall ve ark, 1999; Kraus
ve Lis, 2003).

Golgi fazinda; spermatid’lerin Golgi kompleksinde
P.A.S. pozitif graniillerin birikimi ile karakterizedir.
Bu proakrozomal graniiller birleserek tek bir
akrozomal graniil olusturur. Bu birlesimler geng
spermatid nucleus’unun anterior boliimiine yakin
bulunur. Flagella da bu fazda olusmaya baglar
(Bailie, 1964; Jungueira ve Carneiro, 2003).

Cap fazinda; akrozomal vezikiiliin sekli degiserek
gekirdek On yarmmumi saran akrozomal bashigi
olusturur (Junqueira ve Carneiro, 2003).

Akrozomal fazda; spermatid o6n kutbu bazal
laminaya bakacak sekilde daha derin olarak Sertoli
hiicrelerine gomiilir ve flagella limene dogru
gelisim gosterir. Cekirdek ve 6n kisimdaki akrozom
hiicre membranina iyice yaklagirken, hiicre
stoplazmasi da arka kutba dogru yer degistirir. Faz
sonunda akrozom ¢ekirdegin st 1/3’lik kismini
orter (Russell ve Brinster, 1996; Junqueira ve
Carneiro, 2003; Hess, 1990).

Matiirasyon ~ fazinda;  spermatid  sitoplazma
fazlaligindan kurtularak olgun spermatozoon olarak
ltimene salinir. Geriye kalan sitoplazma atiklari ise
Sertoli hiicreleri tarafindan fagosite edilir (Junqueira
ve Carneiro, 2003).

Sonug¢

Glinimiizde deney hayvanlar1 ile olusturulan
modeller sayesinde elde edilen bilimsel veriler
hayvan ve insan klinigine uyarlanabilmesi agisindan
biiyiik onem tasur. Testis ekzokrin ve endokrin
fonksiyonlari bir arada barindirmasi agisindan erkek
hayvanlarda hem ireme ile ilgili hem de
metabolizma ile ilgili fonksiyonlara sahiptir. Gerek
erkek lireme sistemini gerekse erkek ilireme sistemi
kaynakli metabolizma bozukluklarini anlayabilmek
icin testisin embriyolojisi ve fonksiyonel anatomisi
hakkinda bilgi sahibi olmak gerekir. Bu
derlememizin deney hayvanlar1 {izerinde testis ile
ilgili calisma yapacak aragtirmacilari
bilgilendirmesi  agisindan  faydali  olacagini
diisiinmekteyiz.
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