ISSN :0377 - 6395
e- ISSN : 2651 - 4214

Veteriner
Hekimler
Dernegi
Dergisi

Journal of the Turkish Veterinary Medical Society

Cilt / Volume : 95 Sayi / Issue: 2 Yil / Year: 2024



Veteriner
Hekimler
Dernegi
Dergisi

Journal of the Turkish Veterinary Medical Society

Cilt/ Volume : 95 Sayi/Issue: 2 Yil / Year : 2024


Doğukan Özen
95

Doğukan Özen
2

Doğukan Özen
2024


Veteriner Hekimler Dernegdi Dergisi
Journal of the Turkish Veterinary Medical Society
Cilt / Volume:95 Sayi/ Issue: 2 Yil / Year: 2024
Alti ayda bir yayimlanir / Published bi-annually * Yayin Turl: Yerel Sureli Yayin

http://dergipark.org.tr/ivetheder
ISSN : 0377 -6395 e-ISSN: 2651-4214

Veteriner Hekimler Dernegi Adina Sahibi
/ on the behalf of Turkish Veterinary Medical Society, owner:
Dr. Giilay KABASAKAL ERTURK

Yazi isleri Miidirii
/ Managing Editor
Uzm. Vet. Hekim Elif CETIN
Ziya Gokalp Caddesi No: 16/7 Kizilay, Ankara

Editorler Kurulu / Editorial Board Danigma Kurulu (Advisory Board)*

Prof. Dr. Mustafa ARICAN, Selguk University, Turkiye

Prof. Dr. R. Tamay BASAGAC GUL, Ankara University, Turkiye

Prof. Dr. Hasan BATMAZ, Uludag University, Turkiye

Prof. Dr. Sacit BILGILI, Auburn University, USA

Prof. Dr. Serdar DIKER, Aydin Adnan Menderes University, Turkiye

Prof. Dr. Sandra GOERICKE - PESCH, Copenhagen University, Denmark
Prof. Dr. Jia-Qiang HE, Virginia Polytechnic Institute, USA

Prof. Dr. Aimuth EINSPANIER, Leipzig University, Germany

Prof. Dr. Murat FINDIK, Samsun Ondokuz Mayis University, Turkiye

Assoc. Prof. Dr. Dogukan OZEN
(Bas Editor / Editor-in-Chief)

Prof. Dr. M. Agah TEKINDAL
(Istatistik Editorii /Statistics Editor)

Assoc. Prof. Dr. M. Volkan YAPRAKGCI
(Dil Editora / English Language Editor)

- i Prof. Dr. Ahmet GUNER, Selcuk University, Turkiye
Dr.N YERLIKAYA
(Ertik E:irt.éru / Ethics Editor) Prof. Dr. Ana Maria Bravo Del MORAL, Compostela University, Spain
Prof. Dr. Aykut OZDARENDELI, Erciyes University, Turkiye
Assoc. Prof. Dr. Sena ARDICLI Prof. Dr. Calogero STELLETTA, Padova University, Italy
Assoc. Prof. Dr. Ahmet CEYLAN Prof. Dr. Tarkan SAHIN, Kafkas University, Turkiye
Assoc. Prof. Dr. M. Bahadlr_QEVRiMLi Prof. Dr. William W. THATCHER, Florida University, USA
Assoc. Prof. Dr. Koray TEKIN i ) ) )
Assoc. Prof. Dr. Caner BAKICI *Isimler soyadina gore alfabetik olarak siralanmistir / Names arranged alphabetically by last name

Dr. Zekeriya Safa INANC
(Alan Editorleri / Section Editors)

Hakemli Acik Erigimli Dergidir / Peer-Reviewed Open Access Journal

Bu dergi, EBSCOHost, CABI Full Text, CABI Abstracts, Citefactor, ULAKBIM-TR DIZIN, Tiirkiye Atif Dizini tarafindan indekslenmektedir.

(This journal is indexed by EBSCOHost, CABI Full Text, CABI Abstracts, Citefactor, ULAKBIM-TR DIZIN and Turkish Citation Index)

iletisim / Contact:

VETERINER HEKIMLER DERNEGI
Adres: Ziya Gokalp Caddesi No:16/7 Kizilay, Ankara * Tel: +90 312 431 62 74 « Faks: +90 31243579 14
e-ileti: vethekder@gmail.com « web adresi: www.vethekimder.org.tr

Dernegin Kurulug Tarihi: 6 Subat 1930
Derginin llk Yayin Tarihi: 1 Ekim 1930

Yayimlanma Tarihi / Publication Date: 15.06.2024

Published by Veteriner Hekimler Dernegi
All published content is licensed under a Creative Commons CC-BY-NC 4.0 international license.

Please visit the Journal's website for detailed information about ethical principles and publication policy

Veteriner Hekimler Dernedi tarafindan yayinlanmigstir
OPEN ACCESS Yayinlanan tiim igerik, Creative Commons CC-BY-NC 4.0 uluslararasi lisansi altinda lisanslanmstir. @ ® @
Etik ilkeler ve yayin politikasi hakkinda detayli bilgi igin liitfen Dergi web sitesini ziyaret ediniz. BY NC



Doğukan Özen
s

Doğukan Özen

Doğukan Özen
Published by Veteriner Hekimler Derneği
All published content is licensed under a Creative Commons CC-BY-NC 4.0 international license.
Please visit the Journal's website for detailed information about ethical principles and publication policy

Doğukan Özen

Doğukan Özen
Veteriner Hekimler Derneği tarafından yayınlanmıştır
Yayınlanan tüm içerik, Creative Commons CC-BY-NC 4.0 uluslararası lisansı altında lisanslanmıştır.
Etik ilkeler ve yayın politikası hakkında detaylı bilgi için lütfen Dergi web sitesini ziyaret ediniz.

Doğukan Özen

Doğukan Özen
2

Doğukan Özen

Doğukan Özen
Assoc. Prof. Dr. Sena ARDIÇLI
Assoc. Prof. Dr. Ahmet CEYLAN
Assoc. Prof. Dr. M. Bahadır ÇEVRİMLİ
Assoc. Prof. Dr. Koray TEKİN
Assoc. Prof. Dr. Caner BAKICI
Dr. Zekeriya Safa İNANÇ
(Alan Editörleri / Section Editors)

Doğukan Özen

Doğukan Özen
15.06.2024

Doğukan Özen

Doğukan Özen

Doğukan Özen
vethekder@gmail.com

Doğukan Özen
www.vethekimder.org.tr

Doğukan Özen

Doğukan Özen

Doğukan Özen

Doğukan Özen
95

Doğukan Özen
2024

Doğukan Özen
2

Doğukan Özen

Doğukan Özen
Prof. Dr. M. Agah TEKİNDAL
(İstatistik Editörü /Statistics Editor)

Doğukan Özen

Doğukan Özen
Uzm. Vet. Hekim Elif ÇETİN


Vet Hekim Der Derg 95 (2): 96-103, 2024

ISSN: 0377-6395

VETERINER HEKIMLER DERNEGi DERGISI e-ISSN: 2651-4214

Dergi ana sayfasi /Journal homepage:

JOURNAL OF THE TURKISH VETERINARY MEDICAL SOCIETY http://dergipark.org.tr/vetheder

4 10.33188/vetheder.1439194 Arastirma Makalesi / Research Article

3d printing of skull models in horse, cattle and pig

Orcun GUVENER ', Cagdas OTO***

! Ankara University Faculty of Veterinary Medicine, Department of Anatomy, 06070, Ankara, Tiirkiye
2 Medical Design, Research and Application Center, 06520, Ankara, Tiirkiye

0000-0001-7931-187X * ; 0000-0002-2727-3768"

MAKALE BiLGiSi/
ARTICLE INFORMATION:

Gelis / Received:
18 Subat 24
18 February 24

Revizyon/Revised:
29 Nisan 24
29 April 24

Kabul / Accepted:
03 Mayis 24
03 May 24

Anahtar Sézciikler:
3b baski
Anatomi
Kafatasi

Keywords:
3d printing
Anatomy

Cranium

©2024 The Authors.
Published by Veteriner
Hekimler Dernegi. This is
an open access article
under CC-BY-NC license.
(https://creativecommons.

org/licenses/by-nc/4.0)

ABSTRACT:

In this study, it was aimed to physically create skull models of large-sized animal sample horse, cattle and pig species
used in veterinary anatomy education with three-dimensional printing technology and to determine the suitability of these
models anatomically. The anatomical structures on the skull models obtained for this purpose were examined
comparatively and the advantages and disadvantages of the models in terms of their usability in education were revealed.
For the study, 3D reconstruction and segmentation processes were performed digitally on the cross-sectional images of
horse, cattle and pig skulls obtained by computed tomography scanning and printed. Anatomical structures were
comparatively analyzed on the produced 3d plastic replicas and organic skulls. Anatomical accuracy of the 3d models,
printing quality, printing errors, advantages and disadvantages were evaluated. Plastic models were found to be
approximately 45% lighter than organic models in horses, 55% lighter in cattle and 60% lighter in pigs. The weight
(g)/printing time (s) ratio was calculated as 11.8 for equine skull models, 12.7 for bovine models and 7.4 for porcine
models. It was determined that the anatomical accuracy of the models was at a high level, important anatomical structures
could be printed in accordance with the original skulls, and only some sutures between the skull bones and holes with a
diameter of less than 2 mm could not be clearly visualized due to scanning and printing quality. As a result, it was
determined that the plastic replicas obtained can be used in veterinary anatomy education in terms of anatomical accuracy,
as well as important advantages such as being lighter, more resistant to effects such as falling, impact, cleaning, easy
storage, low cost, reprinting when necessary and making corrections on the model.

At, sigwr ve domuz 3 boyutlu baski kafatasi modelleri

OzeT:

Bu calismada, veteriner anatomi egitiminde kullanilan biiyiik ciisseli hayvan ornegi olan at, sigir ve domuz tiirlerine ait
kafatast modellerinin ii¢ boyutlu baski teknolojisiyle fiziksel olarak olusturulmasi ve bu modellerin uygunlugunun
anatomik agidan belirlenmesi amaglandi. Bu amagla elde edilen kafatasi modelleri lizerindeki anatomik yapilar
karsilastirmal1 olarak incelenerek, modellerinin egitimde kullanilabilirligi yoniinden avantaj ve dezavantajlar1 ortaya
konuldu. Calisma i¢in bilgisayarli tomografi taramasi ile elde edilen at, sigir ve domuz kafataslarina ait kesit goriintiileri
iizerinden dijital ortamda 3b rekonstriiksiyon ve segmentasyon islemleri yapilarak baski alindi. Uretilen 3b plastik
replikalar ve organik kafataslar1 iizerinde karsilagtirmali olarak anatomik yapilar incelendi. 3b modellerin anatomik
uyumlulugu, baski kalitesi, baskida olusan hatalar, avantaj ve dezavantajlar degerlendirildi. Plastik modellerin organik
modellerden atta yaklasik %45, sigirda %55, domuzda %60 daha hafif oldugu goriildii. Agirlik (g)/baska siiresi (s) orani
at kafatas1 modellerinde 11,8; sigir modellerinde 12,7; domuz modellerinde 7,4 olarak hesaplandi. Modellerin anatomik
dogrulugunun yiiksek diizeyde oldugu, 6nemli anatomik yapilarin orjinal kafataslarina uygun bigimde basilabildigi,
sadece tarama ve baski kalitesine bagli olarak kafatasi kemikleri arasindaki bazi dikis izleri (suturalar) ile 2 mm’den
kiigtik ¢aptaki deliklerin net olarak goriintiilenemedigi tespit edildi. Sonug olarak, elde edilen plastik replikalarin hafif
olmasi, diisme, ¢arpma gibi etkilere karsi daha dayanikli olmasi, temizligi, kolay saklanabilir olmasi, diisiik maliyeti,
gerektiginde tekrar basilabilir ve model lizerinde diizeltmeler yapilabilir olmasi gibi dnemli avantajlar1 yaninda, anatomik
dogruluk agisindan da veteriner anatomi egitiminde kullanilabilir oldugu belirlendi.
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1. Introduction

Three-dimensional printing technology and printers are advanced technologies that have been widely used in
the medical field in recent years (1-3). The printing and modeling process is an additive manufacturing technology
based on the production of digitally created or computerized images with any three-dimensional scanner in layers with
special printers after CAD (computer assisted design) and CAM (computer assisted manufacturing) programs (4).
According to the printing material and technology used, there are 3 basic printer models; SLA (Stereolithography), SLS
(Selecetive laser sintering) and FDM (Fused deposition modeling). SLA printers use liquid resin as the material. With
the effect of laser and UV rays reflected on the liquid resin placed in the printer's tank, the liquid hardens and the desired
object is modeled. SLS printers work on the principle of modeling by hardening the powdered material with laser
beams. Although both methods provide the highest print quality, their use is limited due to their high costs. The most
commonly used printers are FDM printers that melt thermoplastic materials by heating and pour them onto the tray
layer by layer (4-6). The most intensive use of 3D printing technology in medicine is educational training and surgical
planning through anatomical models. In veterinary anatomy education, animal bone models obtained with 3D printing
have been used extensively in recent years (7-9). Apart from this, patient-specific orthosis and prosthesis production,
laboratory equipment production, controlled drug release systems and bioprinting, which have been developing in
recent years, are other areas where 3D printing technologies are used (4).

The basis of veterinary anatomy education is osteology. The cranium has the most complex anatomical
structure among the bones in the skeleton and the region with the highest variation among animals in comparative
anatomy education (10). The skull (cranium), which is shaped by a large number of flat bones that begin to fuse with
each other in the prenatal period, basically consists of 2 parts: the neurocranium surrounding the brain cavity and the
viscerocranium shaped by the facial bones. The cranium is a very complex anatomical structure with many intrusions,
protrusions, holes, notches, cavities etc., which has clinical importance due to its vital functions and vital structures on
it (11). For this reason, skulls and related organs of different animal species are studied in 3D and comparatively in
anatomy practice trainings (12-15).

The skulls used in veterinary anatomy practice education are obtained by cleaning the undamaged and
anatomically intact animal heads as a result of the maceration process (16). The source of bone material is primarily
necropsied animals, carcasses from slaughterhouses and donors. Due to urbanization, ungulate specimens are both few
in number and their anatomical structures are disrupted as their skulls are opened during necropsy. Cattle carcasses can
be obtained from slaughterhouses, but their cost is very high due to the edible material on the head. Pork is not widely
available in our country, so its supply is very limited. In addition, maceration methods to remove organic material are
laborious and time consuming. The chemicals used during maceration have harmful effects. These materials are
difficult to store and protect from rodents. Flat skull bones and anatomical structures on the skull are very sensitive to
impacts such as falls and bumps and break immediately. For all these reasons, it is very difficult to provide sufficient
number of horse, ox and pig skull models in veterinary anatomy practice education. At this point, it is important that
plastic-based skull models obtained by 3D printing can be used as an alternative educational material.

This study aims to determine the anatomical accuracy of the replica models to be obtained by computed
tomography scanning from horse, cattle and pig skulls used as large breed animal samples in veterinary anatomy
practice to determine the errors that may occur in pre-printing, printing and post-printing processes and to reveal the
advantages and disadvantages of the models. In addition, with the digital data to be created, material continuity will be
ensured by taking reprints when needed.

2. Material and Methods

Three adult horse, ox and pig skulls from the bone collection in the osteology laboratory of the Department of
Anatomy, Faculty of Veterinary Medicine, Ankara University, which are currently used as educational materials, were
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used as the data source for the models to be created in the study. Transverse, 1.5 mm thick, contiguous single slices
were obtained on a spiral, single-sliced CT scanner (Philips Picker PQ 2000) at a private animal hospital in Ankara,
Turkey. Scanning parameters of CT images were given in Table 1.

Table 1: CT scanning parameters
Tablo 1: CT tarama parametreleri

kV mA ST (mm) FOW
Horse 120 50 1.5 480x480
Cattle 120 65 1.5 480x480
Pig 120 65 1.5 480x480

kV; kilovolt power unit, mA; milliampere current unit, ST, slice thickness, FOW; field of view

The obtained DICOM images were prepared for printing using open source 3D design programs 3d slicer
(BWH), meshmixer (Autodesk) and cura (Ultimaker). CAD and CAM stages are given in Figure 1. From the created
digital 3D models (Figure 2), print models were prepared in the same size as the organic skulls with 15% filling. With
the software used, the anatomical accuracy of the printed replicas was increased by correcting the deficiencies,
fractures, cracks or distortions in the normal anatomical structure of the organic bones, especially in the teeth, fine
protrusions and surfaces, on the digital model. The finalized model with support structures was printed using an FDM
printer (anycubic, predator delta) and pla filament (esun pla 1.75 mm, white). The printer, filament and printing
parameters used are given in Table 2. After printing, the support material was removed and anatomical evaluation was
performed on the final cleaned skulls in comparison with organic skulls.

Table 2: 3d printing parameters
Tablo 2: 3d baski parametreleri

Print Infill Print Print Speed
temp. Rate Resolution
FDM 205 C %15 0.28mm 50mm/s

FDM; fused deposition modeling - additive manufacturing, C; degrees Celsius

Figure 1: 3d printing process (a) 3d reconstruction, (b) slicing, (¢) printings
Sekil 1: 3d basim islemi (a) 3d rekonstriiksiyon, (b) dilimleme, (c) baskilar
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Figure 2: 3d reconstruction models (a) ox, (b) horse, (¢) pig
Sekil 2: 3d rekonstriiksiyon modelleri (a) sigwr, (b) at, (c) domuz

3. Results

In the study, three-dimensional digital and physical printing models were made on CT cross-sectional images
of masserated horse, cattle and pig skulls. The weights and weight/printing time ratios of the replicas are given in table
3 in comparison with the real skulls. Plastic models were found to be approximately 45% lighter than organic models
in horse, 55% lighter in cattle and 60% lighter in pig. The weight (g)/pressure time (s) ratio was calculated as 11.8 in
horse skull models, 12.7 in cattle models and 7.4 in pig models.

In the anatomical evaluation, it was observed that the prominent anatomical structures such as nasal process,
orbit, chona, jugulary process, zygomatic arch in the skull of all three animal species had a great anatomical accuracy
in detail between replicas and organic models. Anatomical holes and notches larger than 2 mm in diameter could be
visualized easily on the exact position. However, for smaller holes, there was a loss of detail due to the thickness of the
nozzle tips on the devices used. Similarly, the details of bone joints and sutures, especially on the basal surface of the
skull, were lost due to the tresholding and smooting processes during digital modeling. The prominent anatomical
structures on the replicas are shown in Figures 3-5.

Table 3: Comparison of weight and weight/printing time ratio of the replicas
Tablo3: Modellerin agirlik ve agirlik/baskisiiresi oranlarinin karsilastirilmasi

HORSE(g) CATTLE(g) PIG(g)
Time 93.5 59.5 43
Weight /g 2064/1104 1672/760 816/320

r/g; replica - cadaver comparison, (g); gram
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Figure 3: Anatomical structures on the 3d skull replica of horse (A) obliq, (B) dorsal, (C) lateral, (D) ventral, 1.
Processus septalis, 2. Incisura nasoincisiva, 3. Orbita, 4. Margo interalveolaris, 5.Crista sagittalis externa, 6. Foramen
supraorbitale, 7. Foramen infraorbitale, 8. Processus jugularis, 9. Arcus zygomaticus, 10. Condylus occipitalis, 11.
Foramen lacerum, 12. Chona, 13. Alveoli dentes, 14. Foramen incisivum

Sekil 3: Atin 3b kafatas1 modelinde anatomik yapilar

Figure 4: Anatomical structures on the 3d skull replica of cattle (A) oblig, (B) dorsal, (C) lateral, (D) ventral, 1.
Processus septalis, 2. Incisura nasomaxillaris, 3. Orbita, 4. Arcus orbitalis, 5. Crista facialis, 6. Tuber faciale, 7.
Foramen infraorbitale, 8. Foramen supraorbitale et sulcus supraorbitalis, 9. Processus jugularis, 10. Arcus
zygomaticus, 11. Condylus occipitalis, 12. Bulla tympanica, 13. Chona, 14. Processus muscularis, 15. Fissura
incisiva, 16. Fissura palatinum.

Sekil 4: Sigirin 3b kafatast modelinde anatomik yapilar
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Figure 5: Anatomical structures on the 3d skull replica of pig (A) obliq, (B) dorsal, (C) lateral, (D) ventral, 1.
Processus septalis, 2. Incisura nasoincisiva, 3. Orbita, 4. Arcus zygomaticus, 5.Fossa temporalis, 6. Foramen
supraorbitale, 7. Foramen infraorbitale, 8. Processus jugularis, 9. Condylus occipitalis, 10. Bulla tympanica, 11.
Chona, 12. Dens caninus, 13. Fissura incisiva, 14. Fissura palatinum

Sekil 5: Dommuzun 3b kafatas: modeli tizerinde anatomik yapilar

4. Discussion and Conclusion

The quality of the models produced in our study depends primarily on high anatomical accuracy and then on
the practical usability of the models. From the scanning method to the type of material used, each stage of the printing
process affects the quality of the models to a certain extent. In this context ;

Surface scanning, microCT, CT, MRI and USG methods are used for 3D printing of bone tissues (4). Surface
scanners does not allow the printing of internal structures, MR and USG scans provide high resolution in soft tissues
rather than bone tissue imaging. Micro tomography provides the best detail, but the small volume of the tissues
examined limits the use of the method for anatomical modeling. For all these reasons, the best resolution images for
large volumes of bone tissues are obtained by computed tomography (17). In our study, modeling was performed on
cross-sectional images scanned with computed tomography to obtain the highest anatomical resolution.

Software that allows segmentation, mesh refinement and slicing stages are used in the digital creation of
three-dimensional models (18). In addition to very high-cost and high-precision software (e.g. Mimics), there are also
open source programs that can be accessed by everyone. In our study, 3D slicer, Meshmixer and Cura programs, also
used by Biicking et al (18), were used. It was seen that open source programs are sufficient in terms of anatomical
accuracy, accessibility, and ease of use and can be preferred for models to be used for educational training purposes.
In addition, it would be more appropriate to use professional software, printers, and materials with standardized
calibration, especially for surgical use, design of prosthesis/orthosis design, and printing of sensitive laboratory tools.

It was determined that the printing parameters (Table 2), which were specified by Comrie et al. (17); Bilal et
al. (19); Elizabeth et al. (20); and Sucuoglu et al. (21) which we used for the models obtained in our study, provided
sufficient robustness, dimensional consistency, visual aesthetics and anatomical detail in terms of wall thickness,
internal filling ratio and layer thickness of the models. The positioning of the digital model on the tray before printing
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and the creation of support tissues is one of the factors that directly affect the print quality. It was determined that the
best results in animal skull bones were obtained by placing the model in an upright position with the nuchal region
sitting on the base.

As a result, the advantages of skull models obtained by three-dimensional printing such as being lighter,
stronger, and less costly compared to organic bones, more suitable cleaning and storage conditions, being correctable
and reprintable when necessary, and having no known harmful effects on health are important in terms of ease of use
and preference. In addition, it has been determined that the printed models have high anatomical accuracy and most
of the important anatomical structures in the skull can be visualized. However, it was also observed that the sutures
between the bones could be lost during printing due to the thresholding process and the printing of holes and notches
under 2 mm in diameter due to the nozzle diameter of the printer. It is thought that the models can be used as an
example in theoretical and practical training of veterinary anatomy and that models with higher detail can be obtained
in the near future with the widespread use of technology and decreasing costs.
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Ozer

Gida sektoriinde tekil tiriinlerin fiyatlarinda ortaya ¢ikan beklenmedik sapmalar, ulusal ekonomiler tarafindan yakindan
izlenmektedir. S6z konusu tekil iiriinlerdeki fiyat artiglari, gida fiyatlarim ve beraberinde genel enflasyon seviyesi
iizerinde olumsuz etkiye neden olmaktadir.Tiirkiye’de son yillarda miinferit gida fiyatlar1 igerisinde 6zellikle sigir eti
fiyatlari; tiretici, tiiketici ve ekonomi yonetimi yoniinden tartismalarin odaginda olmustur. Kamu otoritesi, bir taraftan et
ithalat1 ile piyasada et arzin1 dengelemeye ¢alisirken, diger taraftan bu arz artisini et fiyatlarini baskilama araci olarak
kullanmis ve bu durum Tiiketici fiyat endeksi (TUFE) madde sepeti iizerinde fiyat baskisina neden olmustur. Arastirma
kapsaminda, et ithalati sonrasinda tekil olarak sigir eti eti fiyatlarinda ortaya ¢ikan diisiis ve bu durumun enflasyon
sepetinde neden oldugu baski seviyesi incelenmistir. Buna gore, 2010-2022 yillar1 arasinda sirasiyla %5.77, %3.90,
%6.05, %4.28, %4.59, %4.81, %6.04, %4.87, %3.28, %5.45, %4.92, %2.45 ve %2.70 seviyesinde fiyat baskisi tespit
edilmistir. Bunun sonucunda enflasyon 2010-2022 yillar1 arasinda %0.39, %0.42, %0.40, %0.33, %0.39, %0.44, %0.55,
%61, %0.69, %0.68, %0.75, %0.91, %1.78, seviyesinde diisiik seviyede gergeklesmistir. Diger deyisle, 2022 yilinda
%66.20 seviyesinde olmasi gereken TUFE, et ithalati araciligiyla %2.70 diizeyinde baskilanmis ve enflasyon %1.78
oraninda azalarak %64.42 diizeyinde gerceklesmistir. Bu arastirmanin odak noktasi, et ithalat1 ve enflasyon iliskisidir.
Aragtirma gelecekte hayvancilik sektoriinde uygulanacak politikalara ve yapisal reformlara 151k tutacaktir.

The impact of Tiirkiye's meat imports on inflation

ABSTRACT

In the food sector, unexpected deviations in individual food prices are closely monitored by national economies due to
their possible negative effects on inflation. In Tiirkiye, in recent years, within the individual food prices, especially beef
prices have been at the center of discussions in terms of producers, consumers and economic management. On the one
hand, the public authority has tried to balance the meat supply in the market through meat imports, on the other hand, it
has used this increase in supply as a means of suppressing meat prices and this situation has caused price pressure on the
Consumer price index (CPI) item basket. Within the scope of the research, the decline in beef meat prices following meat
imports and the level of pressure caused by this situation on the inflation basket are analyzed. Accordingly, price pressures
of 5.77%, 3.90%, 6.05%, 4.28%, 4.59%, 4.81%,6.04 %, 4.87%, 3.28%, 5.45%, 4.92%, 2.45% and 2.70% were determined
between 2010-2022, respectively. As a result, inflation was realized at low levels of 0.39%, 0.42%, 0.40%, 0.33%, 0.39%,
0.44%, 0.55%, 61%, 0.69%, 0.68%, 0.75%, 0.91%, 1.78%, between 2010 and 2022. In other words, the WPI, which
should have been 66.2% in 2022, was suppressed by 2.92% through meat imports and inflation decreased by 1.78% to
64.42%. The focus of this research is the relationship between meat imports and inflation. The research will provide
insights into the policies and structural reforms that should be implemented in the livestock sector in the future.
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1. Giris

Gida sektoriindeki fiyat risklerini yoneterek, fiyatlar genel seviyesinde istikrarin saglanmasi,
ekonomi yo6netiminin temel hedefleri arasindadir. Buna gore, tekil gida kalemleri fiyatlarinda,
beklenmedik sapmalarin etkileri engellenerek, bu {irlinlerin gida fiyat enflasyonu ve sonrasinda genel
enflasyon diizeyi iizerinde bilyiik soklara yol agma riski en aza indirilir. Literatiirde tekil gida enflasyonu
serilerinin, toplam enflasyon serisinde ortayan ¢ikardig: etkinin tespit edilmesine yonelik bir¢ok arastirma
bulunmaktadir (1-3).

Tekil tirlinler ve enflasyon arasinda varolan yiiksek korelasyon iliskisi uzun dénem kamu otorileri
ve politika yapicilarinin dikkatini gekmistir (4). Ozellikle et iiriinlerinde ortaya ¢ikan bir fiyat degisiminin,
oncelikle gida fiyat enflasyonunda ve sonrasinda fiyatlar genel diizeyine olan etkisi, ekonomi yonetiminin
enflasyonla miicadele programi ¢er¢evesinde yakindan takip edilmektedir.

Ekonomi yonetimleri, enflasyonla miicadele programlarini, tekil gida fiyatlarindaki degisim ile
birlikte bu degisime neden olan kiiresel fiyat artisi, spekiilatif faaliyetler, talep soklari, kurakliga bagh arz
soklari, pandemi ve tedarik zinciri kaynakli problemler ve tarimsal girdi fiyatlarindaki degisimler gibi
parametreleri dikkate alarak belirler (5). Buna gore ekonomi ydnetimi, enflasyon sorunu sézkonusu
oldugunda bir taraftan para politikasi, piyasa beklentileri, ddemeler dengesi gibi temel mekanizmalari
igletirken, diger taraftan tekil {irlinlere etki eden dogrudan ve dolayli unsurlar takip ederek, enflasyonla
miicadele politikasini yiiriitmektedir.

Tiirkiye’de kamu otoritesi, enflasyonla miicadele kapsaminda beklenmedik sapmalarin
yasanmamasi ve enflasyon {izerinde kontroliinii korumak i¢in, enflasyon sepeti igerisindeki bazi
maddelerin fiyatlariin kontroliinii, stratejik bir yaklasim olarak gormektedir. Bu nedenle 2023 yilinda
enflasyon hesaplanmasinda kullanilan 404 maddenin her biri stratejik éneme sahip olmakla birlikte,
ozellikle karkas fiyatlar1 kamuoyunda en ¢ok tartisilan maddelerden biri olmustur (6,7).

2010 yilh sonrasinda Tiirkiye’de kamu otoritesi bir taraftan et ithalati ile kirmizi et agigim
kapatarak, kirmizi ette arz ve talep dengesini saglamay1 hedeflerken, diger taraftan enflasyonla miicadele
politikasi kapsaminda, enflasyon sepetindeki giiglii nispi agirligi (2023 itibariyle %2.02) nedeniyle, sigir
eti fiyatlarini baskilayarak, enflasyonu oranini diisiirmede, et fiyatlarim etkili bir arac olarak kullanmaya
caligmistir. Ancak kamu otoritesinin, enflasyonla miicadele politikasi nedeniyle baskilanan karkas
fiyatlari, sigir besi isletmelerinin kar marjlarinda 6nemli kayiplara yol agmaktadir. Bu durum sonucunda,
s1g1r besi igletmeleri ekonomik yonden siirdiiriilebilirlik problemi gibi kronik problemlerle kars: karsiya
kalmaktadir (8).

Tiirkiye’de sigir besi isletmecileri, et ithalatinin yogun olarak basladigi 2010 yilinda en énemli
iic sorun olarak sirastyla kirmizi et sektdriinde sigir varhi@indaki azalig, besi materyali fiyatlarinin
yiiksekligi ve siit fiyatlarindaki diigiisii gerekce olarak bildirmistir. Bu {i¢ sorunun ¢oziimiinde et
ithalatinin rold uzun yillardir tartisilmaktadir (9).

Ozellikle 1985-2010 yillar1 arasinda besi materyali fiyatlarindaki reel artis nedeniyle et ithalati
kamu otoriteleri tarafindan giinii kurtarma araci olarak devamli giindemde tutulmustur (10).

Bu noktada, canli sigir ve sigir eti ithalatinin i¢ piyasadaki fiyatlart kismen etkiledigi, yillar
igerisinde d6viz kurundaki degisimin ithalatin maliyetine yansidig1 ve yem fiyatlarindaki artisin, sigir eti
iiretici fiyatlari {izerinde daha fazla baski olusturdugu bilinmesi ragmen et ithalati konusunda 1srarl bir
durus sergilenmistir. Bu durum sektorde Tiirkiye sigir besi isletmelerinin yatirim kararlarinda endise ve
tereddiite neden olarak bu sektorde liretim yapacak isletmeleri fiyat dengesizligi riski ile kars: karsiya
birakmistir (11,12).

Buna gore 6zellikle et ithalati kisa vadeli olarak fiyatlar1 diiiiriiyor goriinse de uzun vadeli olarak
sektdde neden oldugu olumsuz etkiler gézardi edilmemelidir (12).

2010-2019 yillar1 arasinda Tiirkiye’de et ithalat miktarindaki %1°lik bir artisin, kirmizi et
fiyatlarinda %0,28’lik bir azalmaya neden olmasi, et ithalatinin kirmizi et fiyatlarinda ortaya ¢ikardigi
degisimin, fiyatlar genel seviyesinde ortaya ¢ikaracagi muhtemel etkiyi akla getirmektedir (13).
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Buna gore yapilan arastirma kapsaminda, et ithalati sonrasinda tekil olarak sigir eti eti
fiyatlarinda ortaya ¢ikan diisiis ve bu durumun enflasyon sepetinde neden oldugu baski seviyesi
incelenecektir (7). Bu baglamda TUIK tarafindan kullanilan giincel enflasyon sepetine ek olarak, “et
ithalati olmasa sigir eti fiyatlart ne seviyede olurdu” diisiincesinden yola ¢ikarak deneysel sigir eti ve
deneysel enflasyon sepeti olusturulmustur. Arastirma sonucunda gerceklesen ve deneysel enflasyon
sepetleri arasindaki fark analiz edilerek karkas fiyat baskilamasi diizeyi tespit edilmistir. Literatiirde
deneysel enflasyon sepeti olusturma yontemi ile analiz yapan c¢aligmalar bulunmasina karsilik (14),
kirmizi et sektdrii yoniinden bu calisma 6zgilindiir. Arastirmanin gelecekte hayvancilik sektdriinde
uygulanacak politikalara ve yapisal reformlara 151k tutacag diisiiniilmektedir.

2. Gerec¢ ve Yontem

Arastirma kapsaminda éncelikle Tiiketici Fiyat Endeksi (TUFE) ve TUFE madde sepetinde yer
alan et ve et Uirlinlerinin degerlendirilmesi yapilacaktir.

Tiiketici Fiyat Endeksi (TUFE)

2023 yil1 itibariyle TUFE, 895 cesit iiriin ve 404 madde i¢in 27.411 isyeri ve 5.246 konuttan her
ay icin 564.710 fiyat verisi ile hesaplanmaktadir. Arastirma kapsaminda kirmiz et fiyat degisimlerinin
enflasyona olan etkisi incelendiginden bu maddelerin yer aldigi TUFE ile et ve et iiriinleri maddeleri
arastirmada kullamlmistir. TUFE 12 ana kategoriden olusmaktadir. Bu kategori Tablo 1°de verilmistir

(7).

Tablo 1: TUFE ana kategoriler
Table 1: CPI main categories

Ana kategoriler %
1 Gida ve Alkolsiiz icecekler 25.43
2 Alkollii icecekler ve Tiitiin 3.57
3 Giyim ve Ayakkabi 6.41
4 Konut 16.62
5 Ev Egyasi 8.67
6 Saghk 3.53
7 Ulastirma 15.08
8 Haberlesme 3.30
9 Eglence ve Kiiltiir 3.25
10 Egitim 1.67
11 Lokanta ve Oteller 7.82
12 Cesitli Mal ve Hizmetler 4.64
100.00

Tablo 1°de bu ana kategoriler igerisinde 1. Kategori olan Gida ve Alkolsiiz igecekler kategorisi
igerisinde bulunan et ve et iiriinleri maddesine ait detaylar Tablo 2°de verilmistir (7).
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Tablo 2: Et ve et iiriinleri fiyatlarinin TUFE’de agirliklar
Table 2: Weight of meat and meat product prices in CP

Madde kodu Madde listesi %

0112201 Dana Eti 2.0222
0112401 Kuzu Eti 0.7743
0112501 Tavuk Eti 1.0973
0112602 Diger etler ve yenilebilir sakatatlar 0.0594
0112701 Taze balik ve deniz iiriinleri 0.2612
0112702 Kurutulmus, Tuzlanmis veya tiitsiilenmis et 0.6205
Toplam 4.8349

Tablo 2 incelendiginde, 2023 yilinda enflasyon sepetinde et ve et lirlinlerinin dogrudan %4.83
etkisinin oldugu goriilmektedir. Ayrica et fiyatlarinin, Tablo 1 de 11 nolu Lokanta ve oteller gibi ana
kategorilere de dolayli etkisinin oldugu dikkate alindiginda karkas fiyatlari, enflasyonla miicadelede
o6nemli bir faktor olarak karsimiza ¢ikmaktadir.

TUIK madde sepetlerinin ve agirliklarinin giincellemesi, her yilin sonunda yapilmakta ve
zincirleme Laspeyres formiilii ile seri devam ettirilmektedir. Her y1l Aralik ayi itibari ile, yeni maddeler
endekse dahil edilmekte ya da 6nemini kaybeden maddeler endeksten ¢ikarilmakta ve yeni agirliklar
endeks hesabinda kullanilmaktadir. Cari fiyatlarin, “yeni fiyat referans donemi (Po)” olan bir dnceki
Aralik aymin fiyatlarina boliinmesiyle, endeks hesaplanmakta ve Aralik ay1 endeksi ile g¢arpilarak
zincirleme islemi yapilmaktadir (15).

I=w * (Pi/ Po)

I : endeks, Pi : cari ay fiyat1, w : agirlik, Po: temel y1l fiyati, It=wi * (Pit / PAralik(t-1)) * TAralik(t-1)
wi :yeni agirlik, t : zaman

Madde ¢esidi fiyatlar1 geometrik ortalama ile hesaplanmaktadir.

Arastirmada, et ithalatinin olmadig1 bir senaryoda, et talebini diisiirmek icin fiyatlarin nasil
degismesi gerektigi, et talep esnekligi kullanilarak hesaplanabilir. Buna gore arastirmada kullanilacak
Tiirkiye’de si8ir eti talep esnekligi lizerine literatiirde ¢aligmalar Tablo 3’°de verilmistir.

Tablo 3: Tiirkiye’de s1g1r eti talep esneklikleri
Table 3: Beef demand elasticities in Tiirkiye

Arastirma Arastirma bolgesi Arastirma Sigir eti talep Literatiir

no donemi esnekligi

1 Tiirkiye geneli 1970-1994 1.09 Ekinci (16)

2 Isparta 2003 0.20 Hatirli (17)

3 Tiirkiye geneli 2008 1.89 Akbay (18)

2 Bati Akdeniz Bolgesi 2006 0.68 Aktas ve hatirli (19)
3 Aydmn 2010 0.70 Demir (20)

4 Erzurum 2010 0.54 Kadanali (21)

Tablo 3°de s181r eti talep esnekligi lizerine bolgesel ¢aligmalar oldugu gibi Tiirkiye geneli tizerine
hesaplamalarin yapildigi arastirmalarda gosterilmistir.

Aragtirmada hesaplamada Tablo 3’te verilen sigir talep esnekliklerinden, Tiirkiye genelini
kapsayan bir ¢alisma olmasi, Tiiik verilerinin kullanilmig olmasi ve Tiirkiye genelinde yapilmis en giincel
arastirma olmasi nedeniyle Akbay(18)’1n hesapladig1 sigir eti talep esnekligi verisi ‘1.89” kullanilmistir.

Arastirma kapsaminda, 2010-2021 yillar1 arasinda, ¢eyrek frekansta TUIK sig1r eti fiyati ve talep
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verileri aracilifiyla, et ithalati ger¢eklesmedigi varsayimi altinda ortaya c¢ikacak fiyat degisimi
hesaplanarak, bunun enflasyon sepeti igerisinde goreli etkisi hesaplanmustir.

Buna gore arastirma yonteminde kullanilan sigir et talep esnekligi, piyasada fiyat degisimleri
sonucunda talep degisimlerini gozlemleyebilecegimiz bir parametre olmasimin yanisira, tersinden
inceldiginde s181r eti talep esnekligi, hangi fiyat diizeyinde talep ne olurdu sorusuna aciklik getirecek bir
parametre olmasindan kaynaklanmaktadir. Buna gore et ithalati gergeklestirilmeseydi sadece yurticinde
gerceklesen sigir eti liretimi dikkate alinarak ortaya c¢ikacak fiyat seviyesi sigir eti talep esnekligi
kullanilarak hesaplanmustir.

Soézkonuzu hesaplamada et ithalati olmasayd: et fiyatlarinda ortaya ¢ikacak degisimin TUFE
madde sepeti iizerindeki etkisi dikkate alinmaktadir. Tiirkiye’de TUIK tarafindan TUFE madde sepetinin
diizenli olarak giincellenmesi yapilmaktadir. Ancak arastirmada kapsaminda giincel 2023 yili madde
agirliklar1 ve madde sepeti gegmis donemler i¢inde kullanilarak bir hesaplama yapilmstir.

Arastirma verileri 2010 yilindan itibaren ¢alismaya dahil edilmistir. Bunun birinci nedeni, et
ithalatinin 2010 y1l1 ve sonrasinda baslamig olmast, ikinci nedeni ise 2010 y1li sonrasinda TUIK tarafindan
et liretim miktar1 hesaplamasinda metodolojik degisiklige gidilmesidir (22).

3. Bulgular

Arastirma kapsaminda Enflasyon politikas1 etki verileri Tablo 4’te verilmistir. Tablo 4’te
oncelikle ikinci siitunda Tiirkiye’de yillar itibariyle et iiretimi verileri, {iglincii siitunda ise 2010 yilinda,
Tiirkiye’de canli hayvan, et ve sakatat ithalatina izin verilmesi sonrasinda yillar itibariyle et ithalati
verileri gosterilmistir. Burada et iiretiminde diizenli bir artis olmakla birlikte, bu iiretim artiginda et
ithalatinin da 6nemli bir paya sahip oldugu goriilmektedir. Tablo 4’te Tiirkiye’de yillar itibariyle s6z
konusu et ithalat1 gergeklestirilmeseydi ortaya ¢ikacak arz ac¢ig1 dordiincii siitunda verilmistir. Buna gore
et ithalatinin maksimum seviyede oldugu 2018 yilinda Tiirkiye’de toplam arzin %34.37’si et ithalati
aracilifiyla tedarik edilmistir. Bu durum arz agigin1 kapatmakta et ithalatimn boyutunu gostermektedir.
Tablo 4’te besinci siitunda TUIK sigir eti fiyatlar1 yillar itibariyle verilmistir. Ancak et ithalat
gergeklestirilmedigi varsayimi altinda bu fiyatlarin ne yonde degisecegi fiyat esnekligi kullanilarak
hesaplanabilir. Buna gore sigir eti talep esnekligi sigir eti fiyatlarinda ortaya ¢ikan degisimin et talebinde
neden oldugu degisimi gosterdigi gibi, talep esnekligi formiilii tersinden incelendiginde, et ithalati
olmadig bir senoryada, piyasada karsilanmayan sigir eti talebinin sigir fiyatlarda neden olacagi degisimi
de gosterebilmektedir. Bu durum talep esnekligi mantiginin dogal bir sonucudur (23).

Tiirkiye’de sigir etinde talep esnekligi seviyesi 1.89’dir. Buna gore daha diisiik seviyede bir
titkketim ve bir denge noktasinin olugmasi i¢in fiyatlarin ne kadar yiikselmesi gerektigi hesaplanarak Tablo
4’te altinct siitlinda deneysel sigir eti fiyatlar1 hesaplanarak yillar itibariyle verilmistir. Bu durum et
ithalati olmadiginda, et fiyatlarindaki artisin boyutunu gostermektedir. Bir sonraki adimda Tiirkiye’de
TUIK madde sepetinde sigir eti fiyatlarnin agirligi %2.02 diizeyinde oldugu dikkate alinarak deneysel
sigir eti fiyatlar: araciligiyla enflasyon seviyesi yeniden hesaplanmistir (7,18).

Tablo 4’te sekizinci siitunda et ithalati gerceklestirilmedigi varsayimi altinda ortaya ¢ikacak
enflasyon seviyesi diger deyisle deneysel enflasyon seviyesi hesaplanmistir. Bir sonraki siitunda ise
gerceklesen enflasyon orani ile deneysel enflasyon arasindaki fark hesaplanarak F ile gdsterilmistir. Son
stitun olan onuncu siitunda ise F degerinin gerceklesen enflasyon seviyesi icindeki nispi agirligi
gosterilmistir.

Tablo 4’te verilen parametrelerden TUIK sigir eti fiyatlari, deneysel sigir eti fiyatlar, gergeklesen
enflasyon, deneysel enflasyon ve enflasyon baskisi verileri Sekil 1°de ‘Enflasyon politikasi etki verileri’
adi altinda sekil olarak gosterilmistir.
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Tablo 4: Enflasyon politikas: etki verileri

Table 4: Inflation policy impact data

Tarih Etiiretim [Etithalatt Arz acigi Sigir eti Deneysel (C)s (E)s D)e F= Gs=(F)*100
(ton) (ton); (%)2 fiyat1 (tI) si18ir eti fiyati Enflasyon Deneysel (E-D) /E
(th; (%) (TUFE) Enflasyon (%) (%) (%)
2010 647 067 63 637 -9.83 18.41 27.46 1.49 6.40 6.79 -0.39 -5.77
2011 710652 176 365 -24.82 18.54 41.55 2.24 10.45 10.87 -0.42 -3.90
2012 790034 180 811 -22.89 17.51 37.55 2.14 6.16 6.56 -0.40 -6.05
2013 798 784 61 124 -6.36 15.83 20.87 1.32 7.40 7.73 -0.33 -4.28
2014 815674 211933 -25.98 17.10 39.32 2.30 8.17 8.56 -0.39 -4.59
2015 862 098 66 635 -7.73 21.14 29.31 1.39 8.81 9.25 -0.44 -4.81
2016 956 180 150 253 -15.71 25.03 44.70 1.79 8.53 9.08 -0.55 -6.04
2017 1093 841 207248 -18.95 27.44 53.44 1.95 11.92 12.53 -0.61 -4.87
2018 1281234 440353 -34.37 28.76 78.18 2.72 20.3 20.99 -0.69 -3.28
2019 1330169 194264 -14.60 31.32 54.19 1.73 11.84 12.52 -0.68 -5.45
2020 1341446 118 186 -8.81 35.66 51.37 1.44 14.60 15.35 -0.75 -4.92
2021 1460 719 78 793 -5.39 43.52 55.26 1.27 36.08 36.99 -0.91 -2.45
2022 1572 747 38 401 -2.44 87.06 97.69 1.12 64.27 66.05 -1.78 -2.70

1 Damuzlik ve kasaplik toplam et ithalati verileridir.

2 Et ithalati olmadiginda ortaya ¢ikan arz kaybini yiizdesel olarak ifade eder. (Arz agigi=Toplam et ithalati/ Toplam et iiretim*100) seklinde formiile edilir

3 Deneysel s181r eti fiyat, et ithalatinin gerceklestirilmedigi senaryoda olas1 sigir eti fiyatini gostermektedir. Akbay ve ark (18) Fiyat talep esnekligi verileri(1.89) kullanilarak hesaplanmuistir.

4 C: Et ithalati olmasayd et fiyatlarinda ortaya cikacak oransal degisim= (s1g1r eti talep esnekligi=1.89) x Et ithalatinin toplam et iiretimi i¢indeki pay1
Et ithalatinin toplam et iiretimi icindeki pay: [(Et iiretim (ithalat hari¢) / Et tiretim (ithalat dahil) *100)]
5 E= TUFE (Tiiketici fiyat endeksi), Genel olarak ekonomide referans alinan enflasyon orani

6 D=Deneysel enflasyon: Et ithalati olmadiginda sigir eti fiyatlar1 ne olurdu sorusundan yola ¢ikarak bu senayo sonrasinda olusan enflasyon oranini gosterir. Diger deyisle enflasyonun
hesaplandig1 madde sepetinde, et ithalati olmasaydi ortaya ¢ikacak fiyat degisimini talep esnekligi kullanarak hesaplanmaktadir. Bunun sonucunda et ithalati ger¢eklesmedigi senaryoda
enflasyon seviyesindeki degisimin ne olacagi hesaplanir. Arastirmada ‘D’ ile gosterilmistir.

Deneysel sigir eti fiyat = [(TUIK Sigir eti fiyat1) x (C: Et ithalat1 olmasaydi et fiyatlarinda ortaya gikacak oransal degisim)]

Deneysel Enflasyon= [TUFE +((Deneysel sig1r eti fiyat) x (Dana eti fiyatlarimin TUFE madde sepetindeki agirh3i=%2.0222))]

Sigir eti fiyatlarinin enflasyon sepetine etkisi = [(Deneysel Enflasyon) X (Dana eti fiyatlarinin TUFE madde sepetindeki agirligi=%2.0222)]
7 F= Enflasyon- Deneysel Enflasyon farki, TUIK tarafindan hesaplanan gercek enflasyonun, et ithalatmin gerceklestirilmesi varsayimi altinda hesaplanan deneysel enflasyon seviyesindeki
farktir. Bu degisim gercekte ithalat araciligiyla gergeklesen baski seviyesidir. Arastirmada ‘F ile gosterilmistir.
8 G=Enflasyon baskisinin ger¢eklesen enflasyon igindeki yiizdesel degeri olarak tanimlanir. Baska ifadeyle Gergeklesen Enflasyon- Deneysel Enflasyon farkini gosteren F degerinin, gergeklesen enflasyon igerisindeki
yiizde cinsinden agirligidir. Aragtirmada ‘G’ ile gosterilmistir
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Sekil 1: Enflasyon politikasi etki verileri
Figure 1: Inflation policy impact data

Sekil 1’de kamu otoritesinin et ithalati aracilifiyla sigir eti fiyatlarinda ve buna bagh olarak enflasyon
seviyesine olan etkisi gosterilmistir. Ayrica et ithalat1 gerceklestirilmedigi senaryoda ortaya ¢ikan enflasyon seviyesi
de deneysel enflasyon grafigi ile verilmistir.

Arastirmada son olarak et ithalatinin gerceklestirilmesi ile enflasyon seviyesinde ortaya ¢ikan degisimin,
gergeklesen enflasyon seviyesi iginde nispi agirligi sekil yardimiyla Sekil 2°de gosterilmistir.

G=(F)*100/E Et ithalatinin neden oldugu fiyat baskisinin, enflasyon ic¢indeki agirlig1

_(1)22 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
-2.00
-3.00
-4.00
-5.00
-6.00

-7.00

Sekil 2: Et ithalatinin neden oldugu fiyat baskisinin, enflasyon i¢indeki agirlig1 nispi agirligini gosteren sekil
Figure 2: Relative weight of price pressure caused by meat imports in inflation

Sekil 2°de yillar itibariyle et ithalatinin neden oldugu fiyat diisiisiiniin, enflasyon seviyesi tizerindeki etkisi
goriilmektedir. Buna gore 2019 sonrasinda et ithalatinda ortaya ¢ikan diigiis ile birlikte et ithalatinin genel enflasyon
seviyesi iizerinde baski giicliniin azaldigt goriilmektedir. 2018 yilinda maksimum diizeye ¢ikan et ithalati, kamu
otoritesi et ithalat1 kisitlama karari ile 2018 sonrasinda diisiis trendine girmistir. Gergekte s6z konusu kisitlama, 2018
yil1 programina alinarak Resmi Gazete’nin 28 Ekim 2017 tarihli sayisinda yaymlanmakla birlikte, uygulama gecikmeli
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olarak 2019 y1l1 itibariyle uygulanmistir. Buna gore kisa vadeli bir ¢6ziim olan ithalat yerine, hayvan varlig: artirilarak
stirdiiriilebilir bir piyasada yapisi olusturmak esas alinmistir (24).

S6z konusu paradigma degisikligi sonrasinda et ithalatinda ortaya ¢ikan gerilemenin genel enflasyon seviyesi
iizerinde daha az baskiya neden oldugu goriilmektedir. Buna gore Sekil 2°de 2019 yili sonrasinda et ithalati ile piyasa
miidahalesi azalmistir.

4. Tartisma ve Sonuc¢

Sigir besi isletmeleri, son yillarda bir taraftan pandemi kosullarinin ortaya ¢ikardigi kisitlamalar, diger taraftan
enflasyonla miicadele kapsaminda, kamu otoritesinin karkas fiyat baskilama istegi ile sinirl bir koridorda faaliyetlerini
siirdiirmektedir (20).

Tiirkiye’de kamu otoritesi diisiik karkas fiyatlarina et ithalati ile zemin hazirlayarak bir taraftan tiiketiciye ucuz
et tilketim imkan1 sunarken, diger taraftan enflasyon seviyesinin et fiyatlari gibi tekil iiriinler araciligiyla yiikselmesine
engel olmaya yonelik kontrol mekanizmasini1 uygulamaktadir (9).

Tiirkiye’de enflasyon sepeti icerisinde et ve et iiriinlerinin %4,83, dana eti fiyatlarinin agirlig ise tek basina
%2.02 diizeyindedir. Bu durum kamu otoritesinin et fiyatlarina yapacagi miinferit miidahaleler sonrasinda, enflasyon
sepetinin %2.02 lik bolimiinde fiyat kontrolii saglama imkani1 vermektedir (7).

Enflasyon diizeyini kontrol etmekte, dncelikle fiyat kontrollerinin odak noktasinin ne olacagi tespit edilmelidir.
Literatiirde genel olarak gida iiriinlerinden siklikla, tahil fiyatlarinin enflasyon diizeyine olan etkisinin incelendigi
goriilmektedir (Boudt K 2022, Xie H 2017, Zhou, Z 2018). Cin'in tahil fiyat1 ile TUFE fiyat seviyesi arasinda uzun
donemli, pozitif bir korelasyon oldugunu ve bunun sonucunda tahil fiyatindaki her %1'lik artis i¢in TUFE’de %0,36
seviyesinde yukari yonlii degisim olacagini bildirmistir. Sen ve Bhattacharya (4) Hindistan kapsaminda yaptigt
calismada, gida fiyatlarinda %1 lik degisimin, TUFE’de %0,60 artisa neden oldugunu bildirmistir. Capehart ve
Richardson (28) Amerika Birlesik Devletleri kapsaminda gida iiriinleri enflasyonu i¢inde musir, soya ve bugday gibi
tekil diriinlerdeki fiyat degisimlerinin gida enflasyonun ortaya ¢ikmasinda temel sorunlardan biri oldugunu bildirmistir.
Arastirma kapsaminda ise 2010-2022 yillar1 arasinda et ithalat1 ve sonrasinda ortaya ¢ikan arz artis1 sonrasinda, sigir
eti fiyatlarinda ile ortaya ¢ikan fiyat azalisinin genel enflasyon iizerinde etkisi incelemistir.

Buna gore yillik frekansta et ithalati araciligiyla, 2010-2022 yillart arasinda sirastyla %5.77, %3.90, %6.05,
%4.28, %4.59, %4.81, %6.04, %4.87, %3.28, %5.45, %4.92, %2.45 ve %2.70 seviyesinde enflasyonun baskilandigi
tespit edilmistir. Diger deyisle gerceklesen enflasyon ve et ithalati olmasaydi ortaya ¢ikacak deneysel enflasyon
arasindaki farkin gerceklesen enflasyon igerisindeki yiizde cinsinden agirligidir. Bu baskilama sonucunda ise enflasyon
2010-2022 yillar1 arasinda sirastyla %0.39, %0.42, %0.40, %0.33, %0.39, %0.44, %0.55, %61, %0.69, %0.68, %0.75,
%0.91, %1.78, seviyesinde daha diisiik seviyede gerceklesmistir. Ornek vermek gerekirse, 2022 yilinda %66.20
seviyesinde olmasi gereken TUFE, et ithalat1 araciligtyla %2.70 oraninda baskilanarak enflasyon %1.78 diisiiriilmiis
ve yillik enflasyon %64.42 seviyesinde gerceklesmistir.

Aragtirmada kamu otoritesinin 13 yillik siirede her yil ortalama %0.98 seviyesinde, et ithalati araciligiyla
enflasyon oraninda azalisa neden oldugu tespit edilmistir. Diger deyisle et ithalati, her y1l yaklagik olarak enflasyon
seviyesinin %0,64 daha diisiik ger¢eklesmesine neden olmustur. Bu durum gida fiyat riskini yonetebilmenin kamu
otoriteleri yoniinden ni¢in bu kadar 6ncelikli ve dnemli oldugunu gostermektedir.

Aktag (13) 2010-2019 yillar1 arasinda Tiirkiye’de et ithalat miktarindaki %1°lik bir artigin, kirmizi et
fiyatlarinda %0,28’lik bir azalmaya neden oldugunu bildirmistir. Bu durum et ithalatinin dolayl1 olarak fiyatlar genel
seviyesinde ortaya c¢ikaracag degisimim gostergesidir.

Xiang (29) 2010-2018 yillari arasinda, et fiyatlariin Cin'de enflasyon diizeyine iizerine olan etkisini
esbiitiinlesme analizi ve Granger nedensellik testi ile TUFE ve UFE verileri araciligiyla incelemistir. Buna gore hem
Tiirkiye’de hem de Cin’de benzer sekilde et arzi ve fiyatinin belirlenmesinde kamu otoritesi et ithalat1 araciligiyla
piyasada arz agigini kapatmaktir. Arastirma kapsaminda, Tiirkiye’de 6zellikle sigir eti yoniinden, ithalat olmaksizin
kendi kendine yeten bir piyasa yapisina sahip olmadigi goriilmektedir. Kamu otoritesinin bir taraftan enflasyon
sarmalindan kurtulma ve enflasyonu diisiirme hedefi, diger taraftan tiiketicilerin ucuz sigir eti tilketim beklentileri ve
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son olarak sigir besi isletmelerinin ekonomik yoénden siirdiiriilebilirlik sorunlart ekseninde sorunlari ¢dzmeye
¢alismaktadir.

Arastirmada enflasyon seviyesinin 1limli enflasyon durumundan galopan enflasyona doniistigii 2021 ve
sonrasinda Tiirkiye’de et ithalatinin enflasyon seviyesini baskilama giiciiniin azaldig1 tespit edilmistir. 2010-2020
yillart arasinda ortalama %4.90 diizeyinde olan enflasyon baskilama orani, 2021 yilinda %2.45, 2022 yilinda ise %2.70
seviyesine gerilemistir. Burada bir taraftan 2019 ve sonrasinda et ithalatinda ortaya ¢ikan azalis, diger taraftan yiiksek
enflasyon diizeylerinde baskilama mekanizmasinin etki giiciiniin nispi olarak azalis1 buna neden olmustur.

Zhang ve ark., (30), Cin'de potansiyel et talebinde artis ve et arz acig1 beklentisi nedeniyle et ithalatinin
artacagini beklentisinin arttigim bildirmistir. Tiirkiye’de benzer sekilde 2010 yili sonrasinda baglayan et ithalati
kesintisiz olarak siirdiiriilmeye devam etmistir. Et ithalat1 ile sigir eti arz ve talep dengesi daha diisiik fiyat seviyesinde
dengeye gelmektedir.

Workman ve ark., (23), Amerika Birlesik Devletleri kapsaminda kirmizi et piyasasinda ‘Sigur yetistiricisinin
pazar konumunu iyilestirmek i¢in sigir sayisumin sumrlandiriimasini talep etmek dogru mu? sorusundan yola ¢ikarak
bir aragtirma yapmistir. Arastirma kapsaminda benzer sekilde, et ithalatinin olmadigi diger deyisle et arzinin
sinirlandirildigr bir senaryoda sézkonusu bir simirlandirmanin fiyat tizerindeki etkisi incelenmistir. Ancak arastirma
kapsaminda ise Workman ve ark., (23) farkli olarak bu fiyat degisiminin enflasyon iizerindeki etkisine odaklanilmistir.
(Workman ve ark., (23), sigir eti miktarindaki belirli bir azalmanin, sigir eti fiyatindaki artisla fazlasiyla telafi edilecegi
ve toplam sigir eti gelirinde artisa yol agacagini tespit etmistir. Ancak bu artisin enflasyon sepetinde ortaya ¢ikaracagi
degisim yerine si8ir besi isletmelerinin gelirlerinde ortaya ¢ikardigi degisime odaklanmistir.

Go6g ve Demir Ayvazoglu (31) arastirmasinda, ekonomi ydnetiminin et ithalati ile gerceklestirdigi diisiik karkas
fiyatlarina neden olan politikalarinin, sigir besi igletmelerinde ekonomik siirdiiriilebilirlik sorununu ortaya ¢ikardigim
bildirmistir. Ekonomi y0netiminin hayvancilik destekleri, 6zel kredi kolayliklar1 vb. politika araglaryla sigir besi
isletmelerinin gelir kaybin1 dengeleme c¢abasina ragmen bu stratejinin yapisal sorunlar 6teledigini ve problemleri
kroniklestirdigini bildirmistir.

Arastirmada et ithalati ile enflasyon seviyesinde bir diisiis ger¢eklesmesine ragmen bu olumlu etkiye karsilik,
sigir besi isletmelerinin ekonomik siirdiiriilebilirliklerinde ortaya ¢ikan diisiis sektérde birgok isletmeyi iiretimden
¢ekilmeye zorlamaktadir.

Aydin ve ark., (9) arastirmasinda, 2010 yilinda kasaplik hayvan ve kirmizi et ithalatinin devam etmesi
durumunda igletme sahiplerinin %87.8’inin iiretim faaliyetlerinden gekilecegi ya da olgegini azaltacagi yoniinde
olumsuz goriise sahip oldugunu bildirmistir. Cigek ve ark., (11) bu olumsuz durumun sonraki yillarda muhtemelen
devam edecegini, bunun nedeninin ise ithalatin et fiyatlarmin diisiiriilmesinde etkin ve kalic1 bir rol oynamadigini,
aksine besleme maliyetleri ile birlikte iiretici kararlarinda olumsuz bir etkiye sahip oldugunu bildirmistir.

Sentiirk B. (12) et ithalatinin yukarida s6zii edilen olumsuz etkisini ortadan kaldirmak i¢in ithalat
uygulamasimin kisa vadeli olmasi gerektigi ve yem fiyatlarinin yiiksek olmasi nedeniyle ithalat siirecinde girdi
desteklerinin devreye alinmasi gerektigini bildirmistir. Buradaki ¢alismalar et ithalatinin hayvancilik sektoriinde neden
oldugu olumsuz durumu ortaya koymaktadir. Ancak bu olumsuz duruma ragmen et ithalatinin enflasyonu
baskilamaktaki rolii tartisma konusudur.

Arastirmada Tiirkiye’de kamu otoritesinin enflasyonla miicadele stratejisi ekseninde, tekil gida enflasyonu
serilerinden sigir eti fiyatlarinin, et ithalati kullanilarak baskilanmasinin toplam enflasyon serisinde ortaya ¢ikardigi
etki diizeyi tespit edilmistir.

Bu incelemenin odak noktasi et ithalati ve enflasyon iligkisi olup, sigir eti fiyatlari, enflasyonla miicadelede
etkili bir yontem olarak kullanilabilir mi sorusudur. Ancak yapilan ¢alismada, et ithalati ile sigir eti fiyatlarinin
baskilanmasi, daha diisiik bir fiyat seviyesinde sigir eti fiyatlarmin dengeye gelmesini sagliyor goriinse de bunun
yapisal degisimleri goz ardi eden kisa siireli bir ¢oziim oldugu belirlenmistir. Kamu otoritesi et ithalati ile
stirdiiriilebilirligi tartismali bir modeli uygulamak yerine sektérde var olan yapisal problemlere odaklanmasi
gerekmektedir.
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ABSTRACT

The aim of this study is to examine the development of research articles on "gene expression and RNA-seq" in cattle
species in the Web of Science (WOS) database between 2010 and 2023 using bibliometric mapping methods. Initially,
500 articles were screened using relevant keywords, and 353 articles suitable for analysis were analyzed using the
Bibliometrix R package's shiny web application and some analyses were conducted using the VOSviewer application.
The conducted analyses included subheadings such as main data information, annual scientific production, countries, and
institution analysis, bibliographic coupling with sources, Bradford analysis, Lotka’s law analyasis, highly cited articles,
and most influential authors. According to the results obtained after the analysis, it was determined that the institution
conducting the most studies in the relevant field is "Universidade De Sao Paulo", the country with the most publications
is the USA, and the most published journal is "BMC Genomics". Keyword analysis revealed that the trending topics in
recent years are mastitis, dairy cattle farming, and heat stress. The studies were categorized into different clusters related
to the reproductive system, immune system and diseases, meat and dairy cattle production. It is recommended that
researchers planning to work in this research area on cattle species should design their research, determine the journal to
be published, or establish institutional connections by examining the reported study and planning accordingly.

Sugir tiiriinde gen ifadesi ve RNA-dizileme alaninda yapilan ¢calismalarin bibliyometrik
analizi

OZET

Bu ¢aligmanin amaci; Web of Science (WOS) veri tabaninda 2010-2023 yillar1 arasinda sigir tiriinde “gen ifadesi ve
RNA-dizileme” konusunun incelendigi arasgtirma makalelerinin bilimsel haritalama ydntemiyle gelisiminin
incelenmesidir. Bu hususta ilgili anahtar kelimeler kullanilarak ilk taramada 500 adet makale incelenmis ve analize uygun
353 makale Bibliometrix R paketinin Shiny web uygulamasi ve bazi analizler VOSviewer uygulamasi ile analiz
edilmistir. Yapilan analizler; ana veri bilgileri, yillik bilimsel iiretim, ilkeler ve kurum analizleri, kaynaklarla
bibliyografik eslestirme, Bradford analizi, Lotka kanunu analizi, en ¢ok alint1 yapilan makaleler ve en etkili yazarlar gibi
alt basliklar1 igermektedir. Analiz sonrasi elde edilen sonuglara gore ilgili alanda en ¢ok ¢aligsma yapan iligkili kurumun
“Universidade De Sao Paulo” oldugu, en ¢ok yaym yapan iilkenin ABD oldugu, en ¢ok yayin yapilan derginin “BMC
Genomics” oldugu belirlenmistir. Anahtar kelime analizine gore son yillarda 6ne ¢ikan konularin mastitis, siit sigircilig
ve 1s1 stresi konular1 oldugu belirlenmistir. Caligsmalarin reproduktif sistem, immun sistem ve hastaliklar, et ve siit s181r
tiretimi ile iligkili olmak tizere farkli kiimelere ayrildigi belirlenmistir. Sigir tiriinde bu arastirma alaninda ¢aligma
planlayacak arastirmacilarin aragtirmalarini tasarlama, yayinlanacag: dergiyi belirleme ya da kurumsal baglantilarin
kurulmasinda bildirilen ¢alismayi inceleyerek planlama yapmalar1 dnerilmektedir.

How to cite this article: Aksel EG, Cephe A, Ipekten F, Ertiirk Zararsiz G, Akgay A. Bibliometric analysis of studies on gene expression and RNA-seq in
cattle species. Vet Hekim Der Derg 95(2): 115-131, 2024. DOI: 10.33188/vetheder.1449573

* Corresponding Author e-mail address: gamzeilgar@erciyes.edu.tr


mailto:gamzeilgar@erciyes.edu.tr

116 Vet Hekim Der Derg 95(2): 115-131, 2024

1. Introduction

Bibliometric research is a valuable method for quantitatively and qualitatively analysing publications
covering a specific topic. This method was reported to help identify new and emerging research areas was widely used
in the field of medical research (1). The implementation of the Human Genome Project in the early 2000s marked a
turning point in molecular research, catalyzing exponential growth in studies focusing on DNA and RNA dynamics.
Technological advancements have revolutionized data acquisition, rendering it not only more cost-effective but also
enhancing data quality and accessibility. Identifying the studies conducted so far, particularly in the field of gene
expression and RNA-seq in cattle species, and determining the most cited publications, sources, and authors will be
crucial in guiding the planning of new research endeavors.

In the realm of gene expression and RNA sequencing in cattle species, numerous significant studies have
emerged. Among these pioneering works, the study conducted by Canovas et .al (2) stands out as it focused on SNP
determination using the cattle milk transcriptome technique via RNA-seq. Following this seminal research, Huang et
al. (3) delved into a transcriptomic analysis using RNA-seq in cattle embryos within the reproductive research area,
while Mamo et al. (4) shed light on identified the reciprocal conversation between conceptus and endometrium during
maternal recognition in cattle pregnancy through RNA-seq analysis. Additionally, McGettigan et al. (5) utilized RNA-
seq to compare gene expression patterns in reproductive organs of female cattle. Bahrami et al. (6) reported the
investigation of the miRNA-mRNA network during the folliculogenesis stage using a systems biology approach.
Wang et al. (7) reported a study examining the effect of lipopolysaccharide stimulation on the miRNA and mRNA
expression profile in cattle endometrial cells. Passaro et al. (8) reported another study investigating the transcriptomic
response of embryos at the blastocyst stage in cattle embryos. Prakash et al. (9) reported a comparative transcriptomic
analysis of spermatozoa from high and low-yielding hybrid bulls. Xu et al. (10) reported a study examining the
relationship between metabolic and endocrine disorders with bovine ovarian follicular cysts. In addition to studies
focusing on gene expression and reproductive mechanisms, research endeavors have also explored disease pathways
and immune responses in cattle. Notably, Nalpas et al. (11) investigated the response of bovine macrophages to
(Mycobacterium bovis), unveiling crucial insights through RNA-seq analysis; Liang et al. (12) conducted a
transcriptomic analysis revealing regional and temporal differences in the development of the mucosal immune system
in the small intestines of newborn calves; Pos§¢i¢ et al. (13) reported a study examining breed and adaptive response
at the transcriptome level in peripheral blood cells of cattle. Additionally, Barreto et al. (14) reported a comparative
transcriptomic analysis of bovine papillomatosis; Scott et al. (15) reported a study on full-blood transcriptomic
analysis in beef cattle, examining potential markers for resistance to respiratory diseases.

Some of the studies reported on the determination of developmental pathways of tissues such as muscle, fat,
liver, related to animal feeding in cattle farming include: He et al. (16) reported a study examining transcriptional
complexity in the Longissimus Dorsi muscle of cattle using the RNA-seq method; Sheng et al. (17) conducted a study
analyzing intramuscular, subcutaneous, and perirenal fat tissue in cattle using the RNA-seq method; Liu et al. (18)
investigated the transcriptome profile of muscle tissue in Angus and Luxi cattle; Tizioto et al. (19) reported a study
associated with different residual feed intake supplements in liver tissue of Nelore cattle; Keogh et al. (20) conducted
a study on limited and intermittent feeding in cattle using the RNA-seq method associated with insulin secretion and
signaling pathways; Weerp et al. (21) reported an RNA-seq analysis of cattle fat tissue in heifers fed diets differing in
energy and protein content. De Las Hera-Saldana et al. (22) reported a study on gene expression in the Longissimus
dorsi and semimembranosus muscles of Hanwoo cattle using the RNA-seq method; Wu et al. (23) determined changes
in gene expression associated with clinical ketosis in Holstein cows using RNA-seq analysis; Chen et al. (24)
conducted a study on identifying biomarker genes for feed efficiency in beef cattle using machine learning methods
applied to multi-tissue transcriptomic data; Li et al. (25) reported a study on transcriptional states and chromatin
accessibility during proliferation and myogenic differentiation of bovine myoblasts. Studies conducted in dairy cattle
farming include: Raven et al. (26) reported a study identifying 12 candidate genes associated with lactation volume,
composition, and calving interval in dairy cattle, by assigning sequence variants and gene expression profiles in a
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targeted manner. Yang et al. (27) reported a study identifying differentially expressed genes in milk fat globules
throughout lactation in dairy cattle. Ahmad et al. (28) reported a study demonstrating the genomic expression analysis
of circular RNAs in dairy cattle mammary epithelial cells, highlighting differences in milk synthesis.

The reviewed literature mostly comprises studies conducted in the fields of reproductive biology, the immune
system, dairy, and beef cattle farming. However, these studies represent only a subset of the researched field. Through
bibliometric analyses, important trends, publications, institutions, journals, and authors can be identified within the
examined research area, enabling the comprehensive evaluation of the development of this research area and
facilitating the planning of future studies. Especially with the aid of integrated software tools with Scopus and Web
of Science (WoS) databases, such analyses can be conducted. In the planned study, the aim is to identify gene
expression and RNA-seq studies in cattle species within the Web of Science (WoS) database from 2010 to 2023 and
to analyze these studies in terms of citation, country, author, institution, and keywords using bibliometric analyses.

2. Material and Methods

Determination of Data and bibliometric analysis

Ethics committee authorization is not required for this study. No funding was provided for the study. The
database searches were carried out using the Web of Science (WoS) database on 20 January, 2024. The search query
used to examine scientific publications is described as follows: (All Fields (AF)=("cattle" OR “cow” OR “bovine”)
AND AF=(“gene expression”) AND AF=("RNA-seq”)). In particular, all searches are planned in all fields columns.
It is planned in this way in order not to miss any article. The information about the selected literature was converted
into a Plain Text File (.txt). During the conversion process to txt. format, the complete record of each entry, and its
cited references were selected. This format was chosen because it includes full records and references to all features
reported in the articles. Therefore, no other features were left out. Comprehensive analyses including content
assessment, keyword examination, and research trends were performed using the bibliometrix package of R, version
4.1.4 (29), and VOSviewer software, version 1.6.20 (30). A total of 500 literature items on gene expression and RNA-
seq studies in cattle from 2010 to 2023 through the WoS search query. In determining the keywords, especially the
combination words that will cover the subject and that all articles can be identified should be determined correctly
with AND, OR, NOT conjunctions. Otherwise, some articles belonging to the field to be analysed bibliometrically
may be overlooked. In bibliometric analyses, at least the title and abstract parts of all articles should be examined
manually after a general article search with keywords. In particular, it can be determined that some keywords are not
directly related to the researched fields. This may change the results of the analysis. It is recommended that researchers
pay attention to these issues. Among these, all literature items were examined in terms of title and abstract content,
and items containing content related to "microbiological, RNA-seq, pig, human-derived, water buffalo, yak" were
excluded. This filtering resulted in 356 articles and early-access article. The bibliometrix package, then filtered
conference papers by year and language (English), resulting in a final set of 353 articles for analysis. The analyses
performed included subheadings such as main data information, annual scientific production, country, and institution
analysis, bibliographic coupling with sources, highly cited articles, most local cited references, and author production
of overtime and keyword analysis.

3. Results

Quantitative analysis of publication

After applying year, language and document type filters in the Biblometrix programme, 353 articles and early-
access articles from a total of 500 studies were included in the analysis (Table 1).
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Table 1: Main data information

Table 1: Temel veri bilgileri

Main Information About Data

Timespan 2010:2023
Sources (Journals, Books, etc) 122
Documents 353
Annual Growth Rate % 21,44
Document Average Age 5.18
Average citations per doc 18.73
References 17729
Document Contents

Keywords Plus (ID) 1444
Author's Keywords (DE) 879
Authors

Authors 2014
Authors of single-authored docs 2
Authors Collaboration

Single-authored docs 2
Co-Authors per Doc 7.98
International co-authorships % 39.66
Document Types

Article 312
Acrticle; early access 41

The graph of the annual increase in studies from 2010 to 2023 is shown in Figure 1. Until 2014, the number
of studies remained below 20, while in the following years an increase in these studies was observed. In particular
number of studies reached a high level in 2022.

Annual Scientific Production

Figure 1: Annual number of publications in gene expression and RNA-seq studies in cattle

Sekil 1: Sigirlarda gen ekspresyonu ve RNA-seq ¢alismalarina iliskin yulik yayin sayis
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Countries and institutions analysis

A total of 57 countries and 554 institutions were included in the research on RNA-seq and gene expression
in cattle. The top 10 countries showed a global distribution including Asia, America, Europe, and Australia. The
country with the highest number of publications was the USA (n=108), followed by China (n=104) and Brazil (n=39).
A country analysis of collaborative authorship was performed to demonstrate international collaborations. For each
country, the total strength and collaborative authorship connections with other countries were calculated. In the
network visualisation, the font size represents the frequency of collaboration, and each circle represents the country
of the author (Figure 2). The lines connecting the countries in the examined figure indicate the strength of the
collaboration, while the nodes represent the number of collaborations from each country. Countries shown in the same
colour represent a common area of research. The USA ranks first in the field of study with 108 publications and 88
total linkages.

belgium
japan
spain
beazil
india
southikorea > capada
peoples r china
denmark 'r@]d
australia 15@n
new zealand germany
akistan iy switzerland
? england
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Figure 2: Map visualization of countries on research of gene expression and RNA-seq studies in cattle

Sekil 2: Sigirlarda gen ekspresyonu ve RNA-seq ¢alismalar: arastirmalarina iliskin iilkelerin harita
gorsellestirilmesi

Taking into account the most relevant links identified by the authors of the respective articles, Universidade
De Sao Paulo leads with the highest number of articles (n=39), as shown in Figure 3. It is closely followed by
University College Dublin, with 38 articles, followed by INRAE with 26 articles. Figure 4 shows a three-domain
graph using the Sankey plot that describes the interaction between institutions, countries and journals. The height of
the nodes, shown as rectangles, corresponds to the frequency of a particular country, institution or journal within the
collaborative network. Meanwhile, the width of the lines connecting the nodes is directly proportional to the number
of links. The results show that America, Ireland, Brazil and China are the dominant countries.
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Most Relevant Affiliations
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Figure 3: Most relevant institutions
Sekil 3: En ilgili kurumlar
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Figure 4: Three-field plot showing the network between institutions (left), countries (middle), and journals (right)

Sekil 4: Kurumlar (solda), iilkeler (ortada) ve dergiler (sagda) arasindaki agi gosteren ii¢ alanli ¢izim
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Bibliographic Coupling with Sources

A total of 123 sources were generated from research articles using the full count method with a minimum
threshold of 5. Only 15 sources met this criterion. For each of the 15 sources, the total strength of bibliographic
coupling links with other sources was calculated (Table 3). The analysis revealed 105 links and a total link strength
of 10988, forming 3 clusters of 15 items. The first cluster contained 7 elements, the second 5 items, and the third 3
items. The source with the highest total link strength is "BMC Genomics", followed by "PL0S One".

Table 3: The topmost 5 strong bibliographic coupling with sources

Tablo 3: Kaynaklarla en giiclii 5 bibliyografik baglanti

Rank Sources Clusters Links Total link strength  Documents Citations
1 BMC Genomics 1 14 5253 57 1998
2 PLo0S One 2 14 2852 27 710
3 Frontiers in Genetics 1 14 2445 19 190
4 Scientific Reports 1 14 2351 17 279
5 Genes 1 14 1214 9 54

Among the top 10 journals, "BMC Genomics" stands out as the leading authoritative review journal in the
field of gene expression and RNA-seq studies, with the highest Journal Impact Factor (JIF) as shown in Table 4. The
latest recent impact factor for this journal: is 4.4, reflecting its importance at the academic forefront and providing
insight into potential future development directions. Figure 6: shows the top 10 most locally cited journals. According
to Table 4, it was determined that although the most articles were in BMC Genomics, PLoS One journal received also
the most local citations (Figure 5).

Table 4: Top 10 journals with the most papers.
Tablo 4: En ¢cok makale iceren ilk 10 dergi

Rank Journals Documents JIF Percentile JIF Quartile
1 BMC Genomics 57 78.1 Q1
2 PLoS One 27 65.1 Q2
3 Frontiers in Genetics 19 65.2 Q2
4 Scientific Reports 17 70.5 Q2
5 Animals 13 81.5 Q1
6 Biology of Reproduction 10 66.1 Q2
7 Genes 9 61.7 Q2
8 Animal Genetics 8 74.3 Q2
9 Frontiers in Veterinary Science 8 92.0 Q1
10 Frontiers in Cell and Developmental Biology 5 65.7 Q2

JIF: Journal Impact Factor
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Sekil 5: En ¢ok yerel alinti kaynagi
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Sekil 6: Bradford’s kanunu ile ¢ekirdek dergilerin belirlenmesi
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Figure 7: Lotka’s law analysis for author productivity
Sekil 7: Yazar tiretkenliginin Lotka kanununa gére analizi

Figure 6 shows the first academic articles related to the study area in the Bradford region, where the
distribution of articles across journals was examined. The journals in this central region are considered to the leading
publications in the field of cattle gene expression and RNA-seq and serve as the primary outlet for the majority of
articles related to this research. This graph is important for researchers trying to identify the most productive journals
in the field of cattle gene expression and RNA-seq. Accordingly, core journals; BMC genomics, PLoS One, Frontiers
in Genetics, Scientific Reports have been designated as journals. Figure 7 shows an analysis of the distribution of
authors across articles according to Lotka's law. The distribution was found to follow this law.

Highly Cited Articles, References and Author Production of Over Time

Table 5 shows the top 5 most cited research articles. Bogliotti et al. (2018) "Efficient derivation of stable
primed pluripotent embryonic stem cells from bovine blastocysts. " comes next. Published in 2018, this article has

collected 153 citations in 5 years.
The reference articles with the most local citations are reported in Figure 8.
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Table 5: The most global cited articles
Tablo 5: En yiiksek kiiresel atif alan makaleler

Total Normalized

Rank Title Paper Citations TC per Year TC

Efficient derivation of stable
1  primed pluripotent embryonic stem Bogliotti et al. (31) 153 21.86 6.59
cells from bovine blastocysts.
Transcriptional profiles of bovine
2 invivo pre-implantation Jiang et al. (32) 128 11.64 1.96
development.
Long non-coding RNA ADNCR
suppresses adipogenic
differentiation by targeting miR-
204.
Transcriptome microRNA profiling
of bovine mammary epithelial cells
challenged with Escherichia coli or
Staphylococcus aureus bacteria
reveals pathogen directed
microRNA expression profiles.
SNP discovery in the bovine milk
5  transcriptome using RNA-Seq Cénovas et al. (2) 119 7.93 1.29
technology.

Li etal. (33) 126 14.00 4.11

Jinetal. (34) 122 11.09 1.87

TC: Total citations

ROBINSOMN MD, 2010, BIOINFORMATICS, V26, P139, DOI 10.1093/BIOINFORMATI °

BEMNJAMINI Y, 1995, J R STAT SOC B, V57, P289, DOI 10,1111/).2517-6161. e

BOLGER AM, 2014, BIOINFORMATICS, W30, P2114, DOI 10.1093/BIOINFORMATIC @
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HUANG DW, 2009, NAT PROTOC, V4, P44, DOT 10.1038/NPROT, 2008,211 @
TRAPNELL C, 2012, NAT PROTOC, V7, P562, DOI 10.1038/NPROT.2012.016 @

KIM D, 2013, GENOME BICL, V14, DOI 10.1186/GB-2013-14-4-R36

TRAPNELL C, 2009, BIOINFORMATICS, V25, P1105, DOI 10.1093/BIOINFORMATI
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Figure 8: The most local cited references

Sekil 8: En yuksek yerel atif alan referanslar
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Authors' Production over Time
COUTINHO, LUZL. - (] 8 . ’ &
N Articles

BROWNE, JOKN &. - ¥ - "

LI, CONG-JUN - b - - . 5

LIV, GEORGEE. - . @ .

Author

TC per Year
ZAN, LINSEN - > ’ & . .

MEADE, KIERAN G. - > [ - - e 10

REGITANO, LUCIANAC. 4. - 3 & # r &

CESAR ALINES. M.~ 1)

MAGEE, DAVID A. - ) @ »

20
2014
2016
2018
2020
2022

Year

Figure 9: Production of the most productive authors over time

Sekil 9: En iiretken yazarlarin zaman i¢indeki tiretimi

Figure 9 shows, the most prolific authors in the field of gene expression and RNA-seq studies based on the
number of publications attributed to each author. The size of the circles in the visualisation indicates the number of
publications authored by an individual in a given year, while the density of the circles represents the number of
citations received by the author the same year. As both the number of publications and the number of citations increase,
the size and darkness of the circles increase proportionally. In particular, authors such as Li, CJ., Browne, JA. started
their work on the topic in 2012, while other prolific authors concentrated their efforts in the following years. Coutinho
LL continued their work until 2020 with a high number of articles in 2015 (Figure 9).

Keyword Analysis

Keyword analysis is essential for gaining insight into the key issues, focus areas and trends in a research area.
Such analysis allows researchers to quickly identify the most discussed topics and key concepts. The word cloud
highlights the most used keywords in the field, with terms such as "rna-seq”, “transcriptome", "gene-expression”,
"bovine" and "cattle™. This demonstrates the widespread use of rna-seq, and transcriptome data in the context of gene
expression studies in cattle. The results of trending topics and co-occurance keyword analyses based on author

keywords are reported in Figure 10 and Figure 11 respectively.
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Figure 10: Trend topics across years for gene-expression and RNA-seq studies in cattle

Sekil 10: Sigwrlarda gen ifadesi ve RNA dizisi ¢calismalart i¢in yillar icindeki trend konulart
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4, Discussion and Conclusion

Bibliometric analyses allow for the statistical analysis and interpretation of articles accumulated over time
and the summarisation of this information. While this analysis identifies potential research topics, trends and gaps in
the research area, it can also show the impact of existing reported publications in the relevant subject area in the
academic environment (35). In this study, research articles and early access articles published in the Web of Science
journal search index between 2010 and 2023 on gene expression and RNA-seq studies in cattle species were collected
and bibliometric analysis was performed. We used Bibliometrix and VOSviewer to understand the current literature
in the research area and provide a globally accessible summary of studies conducted until 1 January, 2024. When the
researches in the field of RNA-seq were examined in the Wos database, it was determined that there were a total of
58 publications between 2008-2010. However, it was determined that the first publications in RNA-seq and gene
expression screening in cattle species started in 2010. While publications have increased since this year, it is observed
that it has gained momentum since 2014. One of the main reasons for this is thought to be related to the references
(bioinformatics studies) in Figure 8, where ‘the most cited local references’ are reported. In addition to technological
developments in the field of RNA-seq, the development of bioinformatics algorithms in which differentiated gene
expression analyses are performed has paved the way for researchers to obtain more unbiased publication results and
indirectly suggests that publications may gain momentum.

In this study, 500 publications were identified from the WOS database between 2010 and 2023, and 353
articles were included in the analysis based on the content specified in the methods section. BMC Genomics, PL0S
One, Frontiers in Genetics, Scientific Reports, Animals are reported as the top five journals with the most publications
in this field. The fact that the determined journals are in Q1 and Q2 categories proves that the studies to be carried out
in this field are high-level scientific studies. The top 10 journals with the highest number of publications in the field
of gene expression and RNA-seq studies in cattle are as follows with WOS categories; Biotechnology & Applied
Microbiology, Genetics & Heredity, Multidisciplinary Sciences, Reproductive Biology, Agriculture, Dairy & Natural
Science, Veterinary Sciences, Agriculture, Dairy & Natural Science, Immunology. The reported research areas can be
defined as cross-sectional areas of gene expression and RNA-seq studies in cattle species. According to Bradford's
law, the top three journals with the most publications were "BMC Genomics”, "PL0S One", and Frontiers in Genetics",
while the three most cited journals were "PL0oS One", "BMC Genomics" and "Journal of Dairy Science". Bogliotti et
al., (30) were the most global cited authors in the related research field with 153 citations during the period analysed.
In addition, it was concluded that the studies reported to have received high citations close to 2010 were pioneering
due to the citations they received for the studies planned later.

The most productive authors over time were Coutinho LL, Li CJ, and Brown JA. It has been determined that
the studies in which Countinho LL has been involved, especially in muscle development, polymorphism, gene
expression (36), determination of variants on miRNA (37), transcriptional research on meat quality in different
experimental designs (38- 42) as well as studies on reproductive organs in different experimental designs (43-46). Li
CJ has been involved in studies in different perspectives ranging from transcriptomic profiling of organs in the
digestive system such as rumen (47), duodenum (48) and butyrate-treated cells (49) in cattle, fat tissue development
(50), epigenetic studies in which DNA methylation profiles (51) are monitored according to tissues and studies in
which regulatory variants are examined in multiple tissue atlases (52). Brown JA, on the other hand, has been involved
in reproductive studies and fertility genomics studies (53, 54) as well as some studies examining the responses in
peripheral blood cells of cattle affected with Mycobacterium avium and bovis (11, 55-57). It was determined that the
identified authors have been working and publishing in the relevant research field for many years. According to the
author keyword analysis, "rna-seq”, "transcriptome", "gene-expression”, "bovine" and "cattle" best represent the
studies. It is understood that the related words are in the front row because they are the basic words used by the authors
to identify the subject at first glance. Although USA, China and Brazil were in the top three of the countries where the
most articles were published, the most relevant affiliation institutes were Universidade De Sao Paulo from Brazil,
University College Dublin from England, and INRAE from France. It is expected that these results are obtained in
countries that are advanced in cattle breeding.
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According to the trend topic analysis, while microarray studies were emphasised in the first years, topics such
as Johne's disease, endometrium, macrophages, studies in 2015-2017, rna-seq, transcriptome studies in 2017-2018,
immune response, and beef cattle between 2018-2020 were the trend topic. As of 2020, heat stress, dairy cattle, and
mastitis are the trending topics. It is recommended that researchers design their research plans accordingly. It is
predicted that studies on heat stress will increase, especially in terms of examining the effects of global climate changes
on living things and taking the necessary measures. In addition, it is recommended that the studies to be planned
especially on herd and beef cattle in the global food crises that may arise due to global climate change should be
designed with this foresight in mind. In this regard, it may be recommended to perform transcriptomic analyses to
determine the breeds resistant to temperature stress in which different tissues and organs are examined. It may be
possible to determine up and down regulated gene expression, variants and molecular, biological and metabolic
pathways associated with the mechanism under investigation. It may be suggested to design both descriptive and
analytical comparisons of miRNA, IncRNA target mRNA interactions related to the mechanism to be investigated.

Seven different clusters were identified according to the results of keyword analysis in cattle species. These
clusters were; spermatozoa, miRNA, DNA methylation - on epigenetic development genetics, mastitis - on dairy
cattle, fat, muscle metabolism - on beef cattle, Johen's disease paratuberculosis - on immunity. In this regard, the
article provides general guidance to researchers. For topic-specific studies, RNA-seq keywords and keywords
observed as a result of cluster analysis can be used together to search the literature and determine the scope of the
topics. The methods, bioinformatics algorithms and results can be evaluated from the articles obtained. For example,
many researches can be designed at qualitative and quantitative levels of mRNA, miRNA, IncRNA with
transcriptomic information to be obtained from different tissues in different cattle breeds, different developmental
stages of the embryo, different disease patterns or different drug, feed, environment experimental designs.

This is the first planned bibliometric analysis in the field of gene expression and RNA-seq in bovine species.
The results obtained in about 13 years of Web of Science accumulation show that studies in this field will increase
every year. It may even be considered that the articles obtained are insufficient in terms of the scope of the subject of
interest. In this direction, the results of keyword and trending topic analysis can be used in line with the above-
mentioned recommendations in determining the field of study for new researchers, especially in the field of gene
expression and RNA-seq in bovine species. The high quality of the journals in which the planned studies can be
published can also provide motivation to the researchers. It can also make predictions about the quality of the studies
that researchers will carry out in this field and with which institutions and organizations they can carry out their
planned studies. Therefore, it is recommended that researchers plan their experimental designs in the field of gene
expression and RNA-seq in bovine species after reviewing the reported analyses.
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ABSTRACT

Dermatophytosis, a common fungal infection caused by dermatophytes, affects both cats and dogs and poses significant
importance to veterinary professionals and pet owners. In this study conducted in Ankara, it is aimed to investigate the
causative agents of dermatophytosis in domestic cats and dogs within the region by reviewing the reports of the samples
analyzed in Ankara University Veterinary Faculty Department of Microbiology Laboratory. Key findings from this
research revealed a significant prevalence of dermatophytosis in both feline and canine populations in the suspected cases
with positive culture results of 76% and 88% in cats and dogs, respectively. Seasonal changes were identified as one of
the most significant risk factors for dermatophytosis, with a higher culture positivity rate observed in samples analyzed
during the autumn season compared to other seasons. Alternaria spp in cats and Microsporum canis in dogs were the
most frequently isolated microorganisms. In conclusion, dermatophytosis continues to be a significant problem for pet
health in Ankara. These findings underline the importance of veterinarians utilizing diagnostic laboratory methods to

prevent, diagnose and treat dermatophytosis, thereby protecting animal health while reducing potential zoonotic risks.

Ankara'daki kedi ve kdpeklerden izole edilen dermatofitlerin epidemiyolojik analizi

OzeT

Dermatofitlerin neden oldugu yaygin bir mantar enfeksiyonu olan ve kedi ve kopekleri etkileyen dermatofitoz, veteriner
hekimler ve evcil hayvan sahipleri igin biiyiik 5nem tasir. Ankara'da yapilan bu ¢alismada, Ankara Universitesi Veteriner
Fakiiltesi Mikrobiyoloji Anabilim Dali Laboratuvari'nda analiz edilen numunelere ait raporlar incelenerek, bolgedeki
evcil kedi ve kopeklerde dermatofitozis etkenlerinin arastirtlmas: amaglandi. Bu arastirmada analiz edilen kedi ve kopek
orneklerinden sirasiyla %76 ve %88 pozitif kiiltiir sonuglar1 elde edilmesiyle hem kedi hem de képek popiilasyonlarinda
dermatofitosizin 6nemli bir prevalansinin oldugu ortaya konuldu. Mevsimsel degisikliklerin dermatofitoz igin en 6nemli
risk faktorlerinden biri oldugu, sonbahar mevsiminde analiz edilen 6rneklerde kiiltiir pozitifligi oraninin diger mevsimlere
gore daha yiiksek oldugu belirlendi. Kedilerde Alternaria spp ve kopeklerde Microsporum canis en sik izole edilen
mikroorganizmalardi. Sonug olarak dermatofitoz Ankara'da evcil hayvan sagligi agisindan 6nemli bir sorun olmaya
devam etmektedir. Bu bulgular, veteriner hekimlerin dermatofitozu Onlemek, teshis etmek ve tedavi etmek igin
laboratuvar teshis yontemlerinden yararlanarak hayvan sagligini korurken potansiyel zoonotik riskleri azaltmasinin

Onemini vurgulamaktadir.
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1. Introduction

Dermatophytosis, a non-fatal but significant cutaneous aftliction resulting from superficial fungal infections,
is a noteworthy concern in the realm of veterinary medicine, particularly when it comes to feline and canine populations.
This condition predominantly manifests in domestic animals, with dogs and cats exhibiting heightened susceptibility
to infections caused by various microorganisms, such as Microsporum spp, Trichophyton spp, Alternaria spp,
Aspergillus spp, Penicillium spp. and these animals serve as reservoirs for the fungal pathogens, perpetuating the cycle
of transmission (1,2).

The prominence of the disease arises from both its high contagiousness among animals and its potential
zoonotic transmission, emphasizing the need for a comprehensive understanding and effective management. Although
dermatophytes can also be isolated from asymptomatic animals (3); fungal species are more commonly isolated in
culture samples from animals with clinical signs compared to asymptomatics (4). The relationship between these
dermatophytes and their animal hosts underscores the importance of further research to elucidate the dynamics of this
interaction, facilitating the development of targeted preventive measures and therapeutic interventions. Because
dermatophytosis demands attention not only for its impact on animal health but also for its potential implications on
human health, necessitating a multidisciplinary approach for comprehensive disease management and prevention (4).

Dermatophytosis development is influenced by age, accompanying diseases, immune status, and
environmental factors (4,5). While well-cared pets typically exhibit localized lesions, animals with nutritional
deficiencies or in unhygienic environments may develop widespread disease with secondary bacterial infections (6).
This multifactorial perspective is crucial for effective disease management in diverse animal populations, emphasizing
the need for a holistic approach that considers various contributing factors. Therefore, careful monitoring becomes
imperative in environments such as shelters, group housing for animals, and facilities with multiple cats or dogs, as
they pose an increased risk for potential outbreaks of dermatophytosis (6,7). Although in most cases of dermatophytosis
the disease tends to heal spontaneously, it is important to shorten the duration of the infection, especially in cases where
microorganisms of zoonotic importance are identified (8).

In recent years, notable progress has been witnessed in the field of veterinary mycology, particularly regarding
the diagnosis and treatment of dermatophyte infections in dogs and cats. Despite these advancements, culture-based
microorganism identification remains the gold standard in laboratory methods for diagnosing dermatophytosis (5,9).
Despite the array of methods available for isolating dermatophytes, Sabouraud dextrose agar (SDA) stands out as one
of the most consistently recommended agars in prior studies (10,11).

Comprehensive investigations into dermatoses in cats and dogs have been conducted worldwide, providing
valuable insights into the prevalence and characteristics of these conditions. However, there remains a notable scarcity
of epidemiological analyses specific to Tiirkiye (12-14). Despite the wealth of global research, understanding the unique
regional patterns, risk factors, and prevalence rates of cat and dog dermatoses in Tiirkiye is crucial for tailoring effective
preventive and therapeutic strategies. Bridging this gap in epidemiological research in Tirkiye is essential for the
development of targeted veterinary interventions, fostering a more localized and contextually relevant approach to the
management of dermatoses in the country's feline and canine populations. This study aims to systematically evaluate
the microbiological analyzes of out-of-hospital samples referred from various clinics in Ankara region to obtain data
on the prevalence of dermatophytosis cases in cats and dogs.

2. Material and Methods

A retrospective analysis was conducted on case files comprising microbiological analysis findings from skin
swabs and hair samples taken from cats and dogs suspected of dermatophytosis. These samples were collected by
private veterinarians from veterinary clinics across the Ankara region. Subsequently, they were analyzed as out-of-
hospital specimens in the Microbiology Laboratory of Ankara University Faculty of Veterinary Medicine, Department
of Microbiology.
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The study encompassed an analysis of a comprehensive dataset consisting of 75 cat and 50 dog samples, all
collected and examined between October 2017 and December 2020. To ensure a holistic understanding of the factors
influencing dermatophytosis, critical parameters such as age, gender, environmental conditions, and the precise date of
sample collection were assessed.

Furthermore, to discern potential seasonal patterns in the prevalence of the disease, the dataset was
systematically categorized based on the four distinct seasons: spring (March-May), summer (June-August), autumn
(September-November), and winter (December-February).

For the laboratory analysis, the collected samples were placed in sterile petri dishes, further emphasizing the
commitment to maintaining a sterile environment throughout the procedure. To safeguard the integrity of the samples
and expedite the diagnostic process, all specimens were transported to laboratory within a strict timeframe of 24 hours
following collection. Only samples meeting these criteria were considered for inclusion in the study, thereby ensuring
the reliability and accuracy of the diagnostic analyses. This approach aimed to minimize potential contamination and
preserve the quality of the samples for subsequent laboratory investigations.

In the laboratory analysis, skin swap and hair samples were examined by following the routine procedures. In
summary, the samples placed on a slide and 10% KOH solution was dropped on them for direct microscopy. The
specimens were then covered with a coverslip, heated slightly from below, and then left at room temperature for half
to one hour. Spore and hyphae were searched under the microscope (15).

For the skin culture, the samples were placed on SDA surface containing antibiotics. The microorganisms were
cultured by embedding them in the medium with the help of a sterile scalpel and forceps. The skin culture was then
incubated at 25°C in an aerobic environment for four weeks. The media was checked daily to identify growth based on
macroscopic and microscopic characteristics. Macroscopic observations included colony growth, structure, and
pigmentation on the Petri dish, while microscopic identification was performed by examining fungal colony features
like hyphae, macroconidia, microconidia, and spore structures under a light microscope at 40X and 100X
magnifications (15).

3. Results

Out of the 75 cat and 50 dog cases examined in this study, a significant 76% of cats (57 out of 75) and 88% of
dogs (44 out of 50) showed positive cultures for dermatophytes. Among the feline cases with positive cultures, 33 were
female, while 24 were male. For dogs, there was an even distribution of positive cultures among both females and
males.

It was established that all sampled cats, whose specimens tested positive for dermatophytes, were exclusively
indoor-dwelling felines. Similarly, the dogs included in this study were predominantly indoor canines; however, they
were granted access to outdoor environments.

In the present study, the mean age+SD of the entire cat population was determined to be 4.5+3.3 years, and a
notable decrease was observed in culture-positive cats, where the value declined to 4.16+3.07 years. Similarly, in the
canine population, the overall mean age was 5.5+3.6 years, with a decrease to 5.41+3.62 years in culture-positive dogs.
Notably, culture-negative cats exhibited a mean age of 4.75+3.39 years, while culture-negative dogs displayed a slightly
higher mean age of 6.06+3.84 years. Our findings reveal a consistent trend across both feline and canine populations,
wherein the oldest individuals were consistently identified among those from which culture-negative samples were
obtained.

Upon scrutinizing the distribution of dermatophyte-positive samples across seasons, a discernible pattern
emerged, revealing that the highest rate of sample admissions occurred during autumn (Figure 1) for both cats (33.33%)
and dogs (45.45%). During our comprehensive 15-month study commencing in the autumn season, we observed an
elevated number of cases during this period. Notably, when we narrowed our investigation to a 12-month timeframe,
the seasonal distribution consistently exhibited the same characteristics, reaffirming the prominence of autumn in
influencing case numbers.
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Figure 1: Seasonal distribution (%) of cases in cats (A) and dogs (B)
Sekil 1: Kedilerde (A) ve képeklerde (B) vakalarin mevsimsel dagilimi (%)

Among the culture-positive cat samples, a noteworthy occurrence of multiple fungal growth was identified in
7 out of 57 samples. The predominant dermatophyte recovered from these feline samples was Alfernaria spp,
constituting 28.12% of the isolates. Following closely, Penicillium spp accounted for 26.56%, Aspergillus spp for
23.43%, and Microsporum spp for 17.18% of the fungal isolates. Additionally, Trichophyton spp, Mucor spp, and
Candida albicans were each isolated once, contributing to the overall diversity of fungal species detected.

Within the canine population, multiple fungal growth was identified in 4 out of 44 culture-positive samples.
The predominant dermatophyte retrieved from these dog samples was Microsporum canis (M. canis), constituting
29.16% of the isolates. Subsequently, Aspergillus spp accounted for 22.91%, Alternaria spp for 18.75%, Penicillium
spp for 16.66%, and Trichophyton spp for 12.5% of the fungal isolates. The information regarding the distribution of
dermatophytes were summarized in Figure 2.
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Figure 2: Distribution of isolated microorganisms in cats and dogs
Sekil 2: Kedilerde ve kopeklerde izole edilen mikroorganizmalarin dagilimi
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4. Discussion and Conclusion

The study results demonstrated a higher prevalence of dermatophytosis among suspected cases in dogs
compared to cats, exceeding the incidence reported in earlier studies where positive findings ranged from 14-37% (12,
16,17). These findings in the presented study could be attributed to the detailed examination of cases by veterinarians
prior to sample submission to laboratory, thereby assembling a case sample characterized by a heightened likelihood
of dermatophyte positivity. This underscores the crucial role of thorough clinical assessments in shaping the
composition of samples for diagnostic purposes and contributing to the observed prevalence of dermatophytosis.

In the present study, gender-based prevalence rates exhibited a notable similarity between males and females.
While some prior research has suggested a higher prevalence of dermatophytosis among males compared to females
(14,18), our findings are consistent with other studies that do not indicate a significant gender-based dominance in the
occurrence of dermatophytosis. (17, 19- 21). This concurrence underscores the complexity of gender-related patterns
in dermatophytosis prevalence and highlights the importance of considering multifactorial influences in future
investigations to comprehensively elucidate potential associations.

Despite the absence of evidence indicating an elevated risk of infection among older pets, it is noteworthy that
the susceptibility to dermatophytosis appears to increase during the early stages of life when the immune system is still
maturing (18, 22). Although this study did not specifically establish an average age below 1 year for the animals, the
observation that animals with negative culture results tended to have a higher average age implies a potential association
between age and the risk of dermatophytosis. This finding encourages further investigation of age-related dynamics as
potential risk factors for disease, highlighting the need for comprehensive studies to reveal the complex interplay
between age and susceptibility to dermatophyte infections.

Our investigation revealed a heightened risk of dermatophytosis during the autumn months in the Ankara
region, characterized by generally warm yet rainy conditions. This observation aligns with findings from other studies,
underscoring a consistent trend wherein the incidence of dermatophyte cases tends to surge in climates characterized
by increased humidity and warmth (8). Notably, the prevalence of dermatophytosis in cats peaks during the subsequent
winter months, following the autumn period. This temporal pattern may be attributed to heightened stress levels during
winter, as evidenced by the impact of seasonal variations on the circadian rhythms of cortisol and its receptors,
showcasing elevated amplitudes during winter. The shorter daylight hours in winter, coupled with shifts in
physiological activity, contribute to a more pronounced immune response to acute stress, potentially rendering cats
more susceptible to dermatophytosis during this season (23, 24). Further exploration of these seasonal dynamics is
warranted to elucidate the intricate interplay between environmental factors, stress, and the occurrence of dermatophyte
infections.

Previous studies indicate that Alternaria is the most common form of fungal disease sampled from
granulomatous nodular lesions (25,26). Alternaria, known as dematiaceous (pigment-producing) fungi, is soil
saprophyte that commonly cause sporadic infections causing non-healing wounds of the skin usually because of
traumatic implantation of fungus in subcutaneous tissues in animals and humans (27,28). In addition, Alternaria can
be found in humid places (29) and therefore indoor-only cats might have an increased risk of exposure to Alternaria,
which may, in turn, explain the high incidence of Alternaria positive cases in the presented study. Our findings
underscore the diverse fungal spectrum within the culture-positive cat samples, with Alternaria spp emerging as the
most prevalent. The identification of various dermatophytes further emphasizes the complexity of fungal colonization
in this population, laying the foundation for a comprehensive understanding of the specific fungal taxa involved and
their potential implications for feline health.

The most recovered fungus from dogs M. canis, confirming the results from past studies (8,12,30). One of the
findings in our study is that the incidence of M. canis was as 1 out of third samples determined to be like a study
conducted in Poland (30) but was lower when compared to research from Italy which revealed nearly up to 78% positive
results (18). Another study with a higher incidence was conducted in Tiirkiye with a rate of 57% positive samples (12).
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The variations in incidence observed between studies may be attributed to regional conditions and epidemiological
differences.

The fungal species identified in cats and dogs in the presented study have a high zoonotic potential and there
is an emerge of antifungal resistance (31,32). Therefore, making the correct diagnosis in animals with suspected
dermatophytosis is also of great importance for protecting human health as much as animal health under the umbrella
of One Health approach that considers the interconnectedness of human and animal health (33). Consequently, it is
important to expand epidemiological studies and conduct case-based evaluations for each patient in order to prevent
unnecessary and long-term drug use within the scope of veterinary practice and to prevent indirect side effects,
including increased antifungal resistance.

Conflict of Interest
We certify that there is no conflict of interest with any financial organization regarding the material discussed
in the manuscript.

Funding
This study is not funded.

Authors' Contributions
Motivation/Concept: Nevra KESKIN YILMAZ, Biilent BAS
Design: Nevra KESKIN YILMAZ, Biilent BAS
Control/Supervision: Biilent BAS
Data collection and/or processing: Biilent BAS
Analysis and Interpretation: Nevra KESKIN YILMAZ, Biilent BAS
Literature review: Nevra KESKIN YILMAZ
Writing the article: Nevra KESKIN YILMAZ
Critical review: Biilent BAS

Ethical Statement

This study was approved by Ankara University Animal Experiments Local Animal Ethics Committee
(Decision number: 2024-06-39).

References

1. Moskaluk AE, VandeWoude S. Current Topics in Dermatophyte Classification and Clinical
Diagnosis. Pathogens. 2022; 11(9): 957

2. Outerbridge CA. Mycologic disorders of the skin. Clin Tech Small Anim Pract. 2006; 21(3):128-34.

3. Santana AE, Taborda CP, Severo JS, Rittner GM, Muifioz JE, Larsson Jr CE, et al. Development of enzyme
immunoassays (ELISA and Western blot) for the serological diagnosis of dermatophytosis in symptomatic and
asymptomatic cats. Med Mycol J. 2018; 56(1): 95-102.

4. Moriello KA, Coyner K, Paterson S, Mignon B. Diagnosis and treatment of dermatophytosis in dogs and cats.
Clinical Consensus Guidelines of the World Association for Veterinary Dermatology. Vet Dermatol. 2017;
28(3): 266-e68.

5. Miller WH, Griffin CE, Campbell KL. Fungal and algal skin disease. Muller and Kirk’s Small Animal
Dermatology 7th edition. St Louis, MO: Elsevier, 2013; 223-283.

6. Frymus T, Gruffydd-Jones T, Pennisi MG, Addie D, Belak S, Boucraut-Baralon C, Egberink H, Hartmann K,
Hosie MJ, Lloret A, Lutz H. Dermatophytosis in cats: ABCD guidelines on prevention and management. J
Feline Med Surg 2013; 15(7): 598-604.



138

Vet Hekim Der Derg 95 (2): 132-139, 2024

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Newbury S, Moriello K, Coyner K, Trimmer A, Kunder D. Management of endemic Microsporum canis
dermatophytosis in an open admission shelter: a field study. J Feline Med Surg 2015;17(4): 342-7.

Moriello K. Dermatophytosis in cats and dogs: a practical guide to diagnosis and treatment. In Pract 2019;
41(4):138-47.

Robert R, Pihet M. Conventional methods for the diagnosis of dermatophytosis. Mycopathologia 2008; 166:
295-306.

Chermette R, Ferreiro L, Guillot J. Dermatophytoses in animals. Mycopathologia 2008; 166:385-405.
Debnath C, Mitra T, Kumar A, Samanta I. Detection of dermatophytes in healthy companion dogs and cats in
eastern India. Iran J Vet Res 2016; 17(1): 20.

Seker E, Dogan N. Isolation of dermatophytes from dogs and cats with suspected dermatophytosis in Western
Turkey. Prev Vet Med 2011; 98(1): 46-51.

Sigirc1 BD, Metiner K, Celik B, Kahraman BB, ikiz S, Bagcigil AF, et al. Dermatophytes isolated from dogs
and cats suspected dermatophytoses in Istanbul, Turkey within a 15-year-period: An updated report. Kocatepe
Vet J 2019;12(2):116-21.

Keskin Yilmaz N, Bas B. Superficial pyoderma in cats and dogs: A retrospective clinical study. Ankara Univ
Vet Fak Derg 2024; 71 (2): 207-213.

Babacan O, Bas B, Miistak HK, Sahan O, Tekin O, Torun E. Kedi ve kdpeklerden izole edilen dermatofit
etkenlerinin retrospektif degerlendirilmesi. J Etlik Vet Microbiol 2011;22(1): 23-6.

Paixdo GC, Sidrim JJ, Campos GM, Brilhante RS, Rocha MF. Dermatophytes and saprobe fungi isolated from
dogs and cats in the city of Fortaleza, Brazil. Arq Bras Med Vet Zootec 2001; 53: 568-73.

Brilhante RS, Cavalcante CS, Soares-Junior FA, Cordeiro RA, Sidrim JJ, Rocha MF. High rate of
Microsporum canis feline and canine dermatophytoses in Northeast Brazil: epidemiological and diagnostic
features. Mycopathologia 2003; 156:303-8.

Cafarchia C, Romito D, Sasanelli M, Lia R, Capelli G, Otranto D. The epidemiology of canine and feline
dermatophytoses in southern Italy. Mycoses 2004; 47(11-12): 508-13.

Kasmaei A, Salimi A, Helan JA, Asl SA, Katiraee F. Molecular study of feline dermatophytosis and Toll-like
receptor 2 and 4 gene expression in their lesions. Vet Med Sci 2023; 9(3): 1036-42.

Tel OY, Akan M. Kedi ve kopeklerden dermatofitlerin izolasyonu. Ankara Univ Vet Fak Derg 2008; 55:167-
171.

Murmu S, Debnath C, Pramanik AK, Mitra T, Jana S, Dey S, et al. Detection and characterization of zoonotic
dermatophytes from dogs and cats in and around Kolkata. Vet World 2015; 8(9): 1078.

Ilhan Z, Karaca M, Ekin IH, Solmaz H, Akkan HA, Tutuncu M. Detection of seasonal asymptomatic
dermatophytes in Van cats. Braz J Microbiol 2016; 47:225-30.

Iki T, Ahrens F, Pasche KH, Bartels A, Erhard MH. Relationships between scores of the feline temperament
profile and behavioural and adrenocortical responses to a mild stressor in cats. Appl Anim Behav Sci
2011;132(1-2): 71-80.

Pierre K, Schlesinger N, Androulakis IP. The role of the hypothalamic-pituitary-adrenal axis in modulating
seasonal changes in immunity. Physiol Genomics 2016; 48(10): 719-38.

Miller RI. Nodular granulomatous fungal skin diseases of cats in the United Kingdom: a retrospective
review. Vet Dermatol 2010; 21 (2). 130-135.

Bernhardt A, von Bomhard W, Antweiler E, Tintelnot K. Molecular identification of fungal pathogens in
nodular skin lesions of cats. Med Mycol 2015; 53(2):132-44.

Dye C, Johnson EM, Gruffydd-Jones TJ. Alternaria species infection in nine domestic cats. J Felin Med Surg
2009;11(4): 332-6.

LoulJ, FuL,Peng Y, Zhou L. Metabolites from Alternaria fungi and their bioactivities. Molecules 2013; 18(5):
5891-935



Vet Hekim Der Derg 95 (2): 132-139, 2024 139

29.

30.

31.

32.

33.

Abel-Fernandez E, Martinez MJ, Galan T, Pineda F. Going over Fungal Allergy: Alternaria alternata and Its
Allergens. J Fungi 2023; 9(5): 582.

Janczak D, Gorecki P, Maj AK. PCR-based methods in detection and identification of dermatophytes in dogs
and cats with suspected dermatophytosis in 2021 in Poland. Pol J Vet Sci 2023; 26(4): 629-634.
Silveira-Gomes F, Oliveira EF, Nepomuceno LB, Pimentel RF, Marques-da-Silva SH, Mesquita-da-Costa M.
Dermatophytosis diagnosed at the evandro chagas institute, Para, Brazil. Braz J Microbiol 2013; 44: 443-6.
Seyedmousavi S, Bosco SD, De Hoog S, Ebel F, Elad D, Gomes RR, et al. Fungal infections in animals: a
patchwork of different situations. Med Mycol J 2018; 56(suppl_1): S165-87.

Centers for Disease Control and Prevention (CDC) [Online]. One Health and Fungal Diseases. 2022 September
13 [Cited 2023 October 10]; Available from: URL: https://www.cdc.gov/fungal/fungal-one-health.html.


https://www.cdc.gov/fungal/fungal-one-health.html

Vet Hekim Der Derg 95 (2): 140-148, 2024

ISSN: 0377-6395
e-ISSN: 2651-4214

Dergi ana sayfasi /Journal homepage:
http://dergipark.org.tr/vetheder

VETERINER HEKIMLER DERNEGi DERGISI

JOURNAL OF THE TURKISH VETERINARY MEDICAL SOCIETY

4 10.33188/vetheder. 1455874 Arastirma Makalesi / Research Article

Retrospective evaluation of diseases in wild birds brought to Aksaray University
Veterinary Faculty Animal Hospital Surgery Clinics: 102 cases (2020-2023)
Fehmiye GUMUS "**, Nihan AVCI *, Deva Basak BOZTOK OZGERMEN "<, Mehmet SAGLAM **

! Aksaray Universitesi, Faculty of Veterinary Medicine, Department of Surgery, Aksaray, Tiirkiye
2 Siirt Universitesi, , Faculty of Veterinary Medicine, Department of Surgery,Siirt, Tiirkiye

0000-0003-1670-0709°; 0000-0001-6789-8474%; 0000-0001-7039-8956¢; 0000-0001-8934-8529¢

MAKALE BILGiSi/
ARTICLE INFORMATION:

Gelis / Received:
20 Mart 24
20 March 24

Revizyon/Revised:
05 Haziran 24
05 June 24

Kabul / Accepted:
07 Haziran 24
07 June 24

Anahtar Sozciikler
Kirik

Yumusak doku
zedelenmesi
Tedavi

Vahsi kuslar

Yara

Keywords:
Fracture

Soft tissue injuries
Treatment

Wild birds

Wound

©2024 The Authors.
Published by Veteriner
Hekimler Dernegi. This is
an open access article
under CC-BY-NC license.
(https://creativecommons.

org/licenses/by-nc/4.0)

ABSTRACT

This retrospective study aimed to evaluate surgical diseases in wild birds that were brought to Aksaray University
Veterinary Faculty Animal Hospital. A total of 102 wild birds with orthopedic and/or soft tissue diseases were included
in the study. The orthopedic diseases encountered were arthrosis (n=3), luxation (n=5), and fracture (n=38). The most
frequent type of fracture was ulna fractures (33.33%), followed by radius fractures (27.45%), metacarpus fractures
(9,80%), humerus fractures (9,80%), tibiotarsus fractures (9,80%), carpus (5,88%), and finally femur fractures (3.92%).
The fractures were treated using an '8'-shaped bandage (n=15), intramedullary pin and cerclage application (n=12), and
external fixator (n=1). In cases of infection, nerve damage, joint arthrosis, bone necrosis, and muscle macerations, wing
amputation (n=10) was performed. The most prevalent soft tissue diseases were wounds and injuries (n=45), followed by
general condition disorders (n=15), ophthalmological diseases (n=6), and neurological diseases (n=5) respectively.
Wounds were treated with sutures or wound dressings. Infectious ophthalmologic diseases and neurological diseases were
medically treated. All wild birds that are brought to a veterinary clinic should undergo a detailed physical and radiological
examination for an accurate diagnosis. In cases where emergency intervention is required, it is crucial to perform the
indicated treatment without delay and to maintain follow-up care. This will ensure that the birds can be safely returned to
their natural habitats.

Aksaray Universitesi Veteriner Fakiiltesi Hayvan Hastanesi Cerrahi Anabilim
Dalina getirilen yabani kuslarin retrospektif degerlendirilmesi:102 Olgu (2020-
2023)

Ozer

Bu retrospektif calismada Aksaray Universitesi Veteriner Fakiiltesi Hayvan Hastanesi’ne getirilen yabani kanathlarda
cerrahi hastaliklarin degerlendirilmesi amaglandi. Caligmaya ortopedik ve/veya yumusak doku hastalig1 olan toplam
102 yabani kus dahil edildi. En sik goriilen kirik tipi ulna kiriklarrydi (%33,33), bunu takiben radius kiriklar1 (%27,45),
metakarpus kiriklart (%9,80), humerus kiriklari (%9,80), tibiotarsus kiriklart (%9,80), carpus (%5,88) ve son olarak
femur kiriklar (%3,92) izledi. Kiriklar “8” seklinde bandaj (n=15), intramedullar pin ve serklaj olgusu (n=12) ve
eksternal fiksator (n=1) kullanilarak tedavi edildi. Enfeksiyon, sinir hasari, eklem artrozu, kemik nekrozu, ve kas
maserasyonlar1 durumlarinda kanat amputasyonu (n=10) uygulandi. En sik goriilen yumusak doku hastaliklar1 yara ve
yaralanmalar (n=45) olup, bunu sirasiyla genel durum bozukluklari (n=15), goz hastaliklar1 (n=6) ve norolojik
hastaliklar (n=5)takip etmistir. Yaralar dikis veya yara pansumaniyla tedavi edilmistir. Enfeksiy6z oftalmolojik
hastaliklar ve norolojik hastaliklar medikal olarak tedavi edildi. Bir veteriner klinigine getirilen tiim yabani kuslar,
dogru teshis i¢in ayrintili bir fiziksel ve radyolojik muayeneden gegirilmelidir. Acil miidahalenin gerekli oldugu
durumlarda, belirtilen tedavinin gecikmeden uygulanmasi ve takip bakiminin siirdiiriilmesi ¢ok 6nemlidir. Bu, kuslarin
dogal yagsam alanlarina giivenli bir sekilde geri donebilmelerini saglayacaktir
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1. Introduction

Turkey is a suitable country for many bird species to shelter and find nutrition due to its geographical location,
diverse climates, rich natural resources, and location on the migration route of birds (1,2). Approximately 465 bird
species have been observed in Turkey and a quarter of these bird species being non-breeding birds that migrate to
Turkey only in winter (3).

A study conducted in Aksaray Ihlara Valley in 2010-2011 examined 171 bird species. Of these, 60 were native,
77 migrated in summer, and 34 migrated in winter. According to international conservation criteria, three of these
species were vulnerable, four were threatened, and seven were near threatened (4).

The natural habitats of wild animals have been reduced and restricted due to rapid urbanization, technological
advances, poaching, and climate change. This situation poses a threat to the survival of animals (5). Wild birds are also
crucial for maintaining a healthy natural balance (6,2). As with other animals, surgical diseases in birds can be classified
into two groups: orthopedic and non-orthopedic diseases, such as soft tissue disorders and ophthalmic diseases. Avian
species are particularly sensitive and require careful management, including hospitalization, appropriate treatment,
post-operative care, and rehabilitation (7).

The objective of this study was to identify the diseases found in wild birds brought to the Aksaray University
Faculty of Veterinary Medicine Animal Hospital Department of Surgery Clinic between 2020 and 2023, and to
investigate the distribution of these diseases and to ensure that the results obtained provide information for future
studies. The survival rates and treatment outcomes of the animals were not included in the scope of the study.

2. Material and Methods

The study material consisted of a total of 102 wild birds of various species, breeds, and sexes, that were brought
to Aksaray University Veterinary Hospital, Department of Surgery, by the Directorate of Nature Conservation and
National Parks between 2020 and 2023. The study material consisted of 37 red hawks, 16 storks, 7 owls, 5 pelicans,
5 pigeons, 4 swifts, 2 sandpipers, 4 kestrels, 3 crows, 2 hawks, 2 falcons, 3 cuckoos, 2 flamingos, 3 goldfinches, 2 ibis,
3 gray herons, 1 raven and 1 skylark (Table 1).

Two groups of animal diseases were examined: orthopedic and non-orthopedic. Orthopedic conditions were
assessed as fractures, dislocations, and arthrosis. While non-orthopedic issues were categorized as soft tissue,
ophthalmologic, neurologic, and other diseases. After a routine physical examination, ophthalmologic, orthopedic, and
neurologic evaluations were conducted. Direct and indirect radiographic examinations were performed using the
Fujifilm Fer Prima T2 FVS-1000 X-ray machine. At least two-way radiographic images were obtained using 45-55 kV
1.3-5 mAs and archived.

Table 1: Distribution rates of bird species.
Tablo 1: Kusg tiirlerinin dagilimlart.

Bird species Number of cases (n) Ratio

Red Falcon 37 36.27%
Stork 16 15.69%
Owl 7 7%

Pelican 5 4.90%
Pigeon 5 4.90%
Kestrel 4 3.92%
Others 28 27.45%

Total 102 100%
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Following an orthopedic and radiographic examination, the diagnosis was made and the location of the
dislocation in the wing and extremity was determined. An analgesic, Butorphanol tartrate (Butomidor®, Richter
Pharma AG, Austria) 0.5 mg/kg, was administered intramuscularly before osteosynthesis. For anesthesia induction,
intramuscular administration of ketamine hydrochloride (Keta-Control®, Turkey) at a dose of 1.5-2 mg/kg and
medetomidine HCI (Domitor®, Zoetis, Finland) at a dose of 60-85 mg/kg was administered. Isoflurane (Forane, Abbott
Lab. UK) was used to maintain anesthesia during prolonged operations. Enrofloxacin (Baytril® 50 injectable; Bayer
Korea, Korea) was administered subcutaneously daily (15 mg/kg) during the postoperative period. The treatment
method was chosen according to the type of fracture.

3. Results

The study identified three orthopedic diseases: arthrosis (n=3), dislocation (n=5) and fracture (n=38). The
highest number of fractures by anatomical region was found in the ulna with a rate of 33.33%, while the rate of fractures
in the radius was 27.45% (Figure 1). Table 2 provides the number of fractures detected by anatomical region and the
proportions of fractures found in the bones.

Figure 1: Treatment of ulna fracture in a Red Hawk with an intramedullary pin
Sekil 1: Kizil sahindeki ulna kirigumin intramedullar pin ile sagaltimi

Management was based on whether the fractures were comminuted or non-comminuted, open, or closed. For
this purpose, an '8'-shaped bandage was used in 15 cases, while intramedullary pins and Cerclage wires were used in
12 cases and, rarely, external fixation was used in one case (n=1). In cases where there is infection accompanying
fractures, nerve damage, joint arthrosis, bone necrosis, and muscle maceration, wing amputation (n=10) was the

preferred treatment option.
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Table 2: Distribution rates of fractures based on their anatomical regions.
Tablo 2: Anatomik bolgelere gore kiriklarin dagilim oranlart.

Anatomical Region Number of Fractures Ratio
Humerus 5 9.80%
Radius 14 27.45%
Ulna 17 33.33%

Carpus 3 5.88%
Metacarpus 5 9.80%
Femur 2 3.92%
Tibiotarsus 5 9.80%
Total 51 100%

Table 3: Classification of other diseases in the birds.
Tablo 3: Kuslardaki diger hastaliklarin karsilastirilmast.

Number (n)
Blepharitis 2
Conjunctivitis 1
Ophthalmologic Diseases Nystagmus 1
w Hyphema 1
c% Microphthalmia 1
;5 Head Trauma 3
2| Neurological Diseases .
=) Paralysis 2
5 Wound 24
E Soft Tissue Diseases Soft Tissue Injury 19
© Bowel Perforation 2
Hemothorax
Gastric Dilation 1
General Condition Disorders
Hypothermia and Hypoglycemia 13

The most common soft tissue diseases were wounds (n=24), followed by soft tissue injuries (n=19), and
gastrointestinal tract perforations (n=2) (Figure 2). Fresh wounds without discharge or infection were treated with
sutures, while chronic and infected wounds were treated with wound dressings. For infections of chronic wounds, the
wound area was covered with 0.2% nitrofurazone soluble dressing (Furacin, Zentiva) and Centella Asiatica (1%
Madecassol pomade, Bayer). Gastrointestinal tract perforations were sutured with suitable suturing techniques.
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Figure 2: A case of intestinal perforation in a red hawk.
Sekil 2: Bir kizil sahinde kursak perforasyonu olgusu.

The study identified several ophthalmologic diseases, including blepharitis (n=2) and conjunctivitis (n=1) due
to infections, nystagmus (n=1) and hyphema (n=1) resulting from trauma, and congenital microphthalmia (n=1).
Treatment for blepharitis (n=2) and conjunctivitis (n=1) involved administering topical oxytetracycline hydrochloride
and polymyxin B (Terramycin eye ointment 5 mg/gr, Pfizer) and tobramycin (Tobrased 0.3% eye drop).
Dexamethasone (Onadron Simple 0.1%, I.E Ulugay) was administered to a bird with hyphema. The nystagmus (n=1)
recovered spontaneously after treatment for head trauma.

Figure 3: A Red Hawk presented with a case of hyphema in the eye following head trauma.

Sekil 3: Bir Kizil sahinde kafa travmasini sonucu gozde sekillenen hifema olgusu.
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Within the scope of neurological disorders, head trauma (n=3) and wing nerve injuries (n=2) were encountered.
Among ophthalmologic diseases, two cases of head trauma were accompanied by hyphema and nystagmus. Three cases
with head trauma were administered intravenous 20% mannitol, resulting in complete recovery for two cases and
unfortunately, one patient died. In two cases with paralysis, limb and wing amputation were performed.

One case of hemothorax and one case of gastric dilatation were detected, along with 13 cases of hypoglycemia
due to malnutrition, all of which are shown in Figure 4. Birds that were experiencing hypothermia and hypoglycemia
were transferred to the intensive care unit to regulate their body temperature and some were fed orally. Intravenous
5% dextrose was administered to the birds with poor general condition.

Figure 4: Image of an owl with hypothermic shock and
hypoglycemia.

Sekil 4: Hipotermik sok ve hipoglisemi gériilen bir baykusa ait
goriintii.

4. Discussion and Conclusion

In the study conducted by Sarierler and Kilig (8) at the Faculty of Veterinary Medicine of Aydin Adnan
Menderes University between 1999 and 2003, a total of 48 avians were recorded. Aslan et al (2) identified 26 wild
animals with wounds or fractures over two years. Pamuk et al (9) reported a total of 45 domestic and wild avians
recorded during their 8-year study at Afyon Kocatepe University Faculty of Veterinary Medicine. A 13-year
retrospective study conducted at Aydin Adnan Menderes University Faculty of Veterinary Medicine reported the
recording of 120 avians,85 cage birds, and 35 wild bird animals (3). The present study found that Salt Lake and
its surroundings, as well as Melendiz Stream located within the borders of Aksaray province, are home to hundreds
of bird species that provide shelter, wintering, and incubation opportunities. It is believed that the number of wild
birds brought to our veterinary hospital has reached 102 in just 3 years.

In a study conducted in Brazil, 413 wild birds were investigated by necropsy. Of the 413 cases most
common causes of death was metabolic/nutritional diseases (12.10%) followed by traumatic injuries (8.47%) and
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infectional diseases (19.11%) (16). In another study conducted in Toronto Wildlife Centre, Canada collision
injuries of Songbirds were investigated. A total of 563 birds with different species were evaluated from 2013 to
2016. Of these birds the most common injury was eye trauma (n=414) followed by head trauma (n=75), fractures
(n=69), soft tissue trauma (n=62), internal trauma (n=42), and others (n=136) (18). In our study, of the 102 birds
most common diseases were soft tissue diseases (46%) followed by orthopedic lesions (45.09%), general
condition disorders (12%), ophthalmologic diseases (5.88%) and neurological diseases (4.9%) respectively.

In a retrospective study on beak deformities in 26 birds, 5 of the cases were trauma-related beak fractures
of the wild birds (19). It was concluded that the hemostasis was very important in beak fractures. In cases that
hemostasis couldn’t be achieved quickly the mortality rate was high due to traumatic shock and hemorrhage. In
our study none of the birds had beak deformities. This may be due to the type of the trauma the bird was exposed.

In cases of bird injury, first aid and emergency intervention are crucial (10). Additionally, it is essential to
conduct a general examination of the injured bird and obtain anamnesis, if possible, regarding the cause of injury
and wound condition. Complicated fractures may lead to malnutrition, dehydration, and shock in a short time. To
prevent complications such as shock, emergency treatments should be administered, and fractures should be
temporarily stabilized. After the general condition has improved, osteosynthesis should be planned (11,10). In our
study, we regulated the general conditions of hypothermal shock and hypoglycemia due to malnutrition with
appropriate fluid treatments and drug administration, aiming to prevent dehydration and shock.

Akin et al. (3) found that orthopedic diseases were more prevalent than other diseases. Kibar and Bumin
(6) reported that wing fractures were the most common (80%). In studies conducted on wild birds, humerus,
radius, and ulna were the most frequently reported wing fractures (6,10,11). Aslan et al. (2) reported that fractures
of the wings occurred more frequently in the radius, ulna, humerus, and metacarpus, respectively. In the present
study, we found that 61.97% of the fractures occurred in the wing. Ulna fractures (33.33%) were more common
than radius fractures (27.45%). Based on the literature provided by Kurtdede (13), this study found that a common
clinical finding in cases of wing fractures is that the affected wing hangs downwards. A study was conducted on
119 wild birds of prey with femur fractures, and either conservative treatment (cage rest) or surgical repair was
performed. The healing rate for comminuted fractures was found to be 91%. The authors reported that surgical
complications occurred in 10 cases and led to euthanasia in 4cases (14). In the present study, we found that the
femur had the lowest fracture incidence rate at 3.92%.

Demir and Gerbaga Ozsemir studied trauma-related ocular and neurological diseases in 114 birds (17). Of
the 114 birds, 102 were wild birds and 12 were cage birds. 26.3% of the cases had ocular problems involved the
anterior segment (86.6%), posterior segment (13.3%) and both segments (3.3%). In 30 of the ophthalmologic
cases 12 had hyphema, 8 had periorbital swelling, 5 had corneal ulcer, 2 had corneal perforation, 4 had palpebral
laceration and 2 had cataract. In our study 6 bird had ocular disorders due to trauma. 2 birds had blepharitis and
one bird had conjunctivitis due to infections, one bird had nystagmus and one bird had hyphema, and one bird had
congenital microphthalmia. The previous studies (17) showed that the most common ocular disease of the birds
was hyphema. In contrast to Demir and Gerbaga Ozsemir’s results in our study the most common ocular disease
was blepharitis.

It is important to perform necessary interventions promptly following injury or fracture in wild birds.
Failure to do so may result in open fractures that can quickly become infected, reducing the likelihood of
successful treatment (15, 2).In our study, wing amputation was the first choice of treatment (n=10) in chronic
cases with delayed intervention in the presence of infection, nerve damage, joint arthrosis, the presence of bone
necrosis, and muscle maceration.

As a conclusion, all wild animals that have somehow ended up in human hands should be subjected to a
detailed physical examination, even if they appear intact at first sight. A rapid diagnosis should be made,
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preferably with the aid of a radiological examination. Especially in cases that require emergency intervention, it
is crucial to perform the indicated treatment without delay and to maintain follow-up care. In current conditions,
the advancement of technology and widespread communication have made it easier for veterinarians to access
wild animals. This enables correct diagnosis and treatment interventions to be administered, allowing the animals
to be returned to their habitats.
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ABSTRACT

The aim of this study was to examine the preen gland (uropygial gland) of Denizli rooster, an endemic species for Turkey, both
macroscopic and by magnetic resonance imaging and to present its histological formation. Five adult male subjects were used
for this study. Although some of the findings of the preen gland in Denizli rooster were quite similar to the previous studies on
the various avian species, widely branching secondary sinuses of the both two lobes of the gland were formed different from
those. It was observed that the sinuses of these two lobes were connected to each other by forming passageway at the isthmus
region of the gland. MR images showed bright white hyper-echoic features due to high fat secretion of the preen gland.
Therefore, it was determined that the preen gland could be easily isolated from the surrounding tissues. It was also observed in
the MR images that the gland in the Denizli cock has a pair of symmetrical bilateral lobes and is located on both sides. This
connection gave rise to thought that the problems occurred by the blockage of the one of the primary canals can be solved by
the compensation of another canal connected through this passageway. Thus, the secretion of the gland could be maintained

properly.

Denizli horozlarinda glandula uropygialis morfolojisinin arastirilmast: 3 Tesla MRG
ve histolojik inceleme

Ozer

Bu ¢alisma, Turkiye igin endemik bir tir olan Denizli horozunun preen bezini (glandula uropygialis) hem makroskopik
olarak hem de manyetik rezonans goriintiileme ile incelemek ve histolojik olusumunu sunmak amaciyla yapildi. Bes
yetiskin Denizli horozunun kullanildig1 ¢aligmamizin sonuglari, simdiye kadar bu konuda yapilan diger ¢aligmalarla
biiyiik oranda benzer olmasina karsilik, diger tiirlerden farkli olarak, her iki loba ait her yone dallanmis sekonder
sinuslarin, bezin istmus bolgesinde birbirine agilarak iki lobu birbirine baglayan gegis kanallari olugturdugu goézlendi.
MR goriintiilerinde preen bezinin yiiksek miktarda yag salgilamasina bagli olarak parlak beyaz hiper-ekoik ozellikler
goriildii. Bu sebeple preen bezinin gevre dokulardan kolayca izole edilebildigi belirlendi. Denizli horozundaki bezin bir
¢ift simetrik bilateral loba sahip oldugu ve her iki tarafta yer aldigt MR elde edilen goriintiilerinde de gozlendi. Loblar
aras1 gecis sayesinde, primer kanallardan birinin herhangi bir nedenle tikanmasi durumunda bezden disar1 salgi akiginin
devamliligimin saglanabildigi ve boylece tikanmaya bagli olumsuzluklarin engellenebildigi diistiniilmektedir.

How to cite this article: Batur B, Kutlu T, Bakic1 C, Altunay H, Yiicel Tenekeci G, Ekim O, Oto C. Exploring the morphology of the glandula
uropygialis in Denizli rooster: 3 tesla MRI and histological investigation. Vet Hekim Der Derg 95(2): 149-157, 2024. DOI: 10.33188/vetheder.1447907
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1. Introduction

The Denizli rooster, a prominent domestic breed in Turkey, holds a distinctive position among other breeds due to
its prolonged and continuous crowing, lasting approximately 20-25 seconds (1, 2). Renowned for its high-pitched,
deep, and bass crowing, the Denizli rooster's voice is unique (3). In addition to its distinctive vocalizations, the
Denizli rooster is admired for its aesthetically pleasing appearance, characterized by an almost black body color and
various types of fleshy combs atop their heads (4, 5).

The uropygial gland is mostly known as the sebaceous gland, rump gland or preen gland, a skin gland unique to
birds and not found in any other mammalian group. (6, 7, 8). It is always present in chickens and waterfowl.
However, it may be absent in some parrots (Amazon, Anodorhynchus and Cyanopsitta), pigeons, ostriches and their
relatives (ratites) and woodpeckers (9).

Morphological properties of the uropygial gland differ among the avian species and even individuals (10). In
chickens and roosters, it is a gland topographically located on the upper side of the caudal root, approximately
between the fourth caudal vertebra and the pygostylus, and can be seen with the naked eye (6, 9, 11, 12). The
secretion of the gland consists of a combination of cells, ester waxes, fatty acids, fat, and sudanophilic secretory
granules (13). It is reported that there are differences in gland mass relative to body mass due to different factors such
as seasonal variation, habitat, body mass, individual variation and gender. The chemical composition of the gland
secretion can vary depending on age, diet, sex and reproductive periods (14, 15).

Three main functions of this gland have been indicated by the researchers: Protects the keratin on the feathers
which is essential for thermoregulation and flying, provides water tightness by covering the feathers, defends against
pathogens and ectoparasites by protecting the microflora on the skin (6, 10, 12, 16). In addition, it has been reported
in studies that it may also play a role in the storage of vitamin D and allow this vitamin to be taken up by the beak
during grooming. The uropygial gland interferes in processes of sexual communication, via the production of
pheromones. Another function is that saving against predator deterrence (17). This secretion works as an origin of
chemo signals that evokes social and reproductive behaviors (11).

Preen gland generally consists of two lobes (10, 18). The appearance, size, and shape of the lobes vary between
species (6, 10, 19). There is no statistically significant difference between hens and roosters or between right and left
lobes in terms of morphometric parameters. Each lobe contains a special tissue that produces an oil-like secretion and
a sophisticated canal system that transfers this secretion from the gland to the skin and the feather (6, 10, 20). The
previous studies on the preen gland have indicated that it produces a holocrine secretion such in mammals and this
helps to store the secretion in the canals and to release it through a small papilla when required (10, 16, 20, 21). This
papilla is located right at the top of the tail (18, 20) and has a typical teat-like appearance (6). The papillar part
distinctly differs from the lobar part of the preen gland by an intermediary area composed of a firm connective tissue,
the isthmus region (22). Each lobe consists of a large number of follicles which are covered by secretory epithelium.
When the preen gland is stimulated by the friction of the beak, the follicles start to excrete the secretion through the
secondary sinuses and then the primary sinuses (6, 22). Each follicle can be observed in 4 different histological layers
(6, 10, 11, 22). The germinative layer, the intermediate layer, the secretory layer and the degenerative layer (6, 8, 10,
11, 22, 23).

However there have been several studies about the uropygial gland since the middle of the thirteenth century (10),
and the research which has been made by modern imaging techniques about this gland was very limited. In addition
to the MR imaging technique, because of having any destructive effect, it has been frequently used as a non-invasive
method (24). Especially tissues which have got high fat and water ratio can be readily visualized and quantified in
virtual slices made with T1-weighted magnetic resonance imaging, and then summed across slices to calculate body
composition (25). Besides it allows us to investigate the body part from a 3-dimensional capturing (26). It is a high
incidence of intracranial tissue accumulations in domestic ducks with feather crests and is monitored for diagnosis
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and management of liposarcomas (27, 28). It is used to image the normal anatomy of the brain and coelomic cavity of
domestic pigeons (Columba livia domestica) on the other hand is also used for the eye and orbit of a euthanized
screech owl (Otus asio) (29).

The aim of this study was to investigate the anatomical structures of the endemic Denizli rooster uropygial gland
by both macroscopic and magnetic resonance imaging and to reveal its detailed histological structure.

2. Material and Methods

Pedigree embryonated eggs were obtained from the Denizli Food, Agriculture, and Livestock Directorate.
The eggs were incubated in the hatchery of Ankara University, Faculty of Agriculture, Department of Animal
Husbandry. Uropygial gland samples used in the study were obtained from 5 adult healthy roosters. Ethical approval
(Decision No: 2012-24-139) was obtained from Ankara University Animal Experiments Local Ethics Committee.

Anesthesia was induced using a combination of xylazine, diazepam, and ketamine (30). The roosters were
set in “prone” position and were scanned T1 and T2-weighted in 3 Tesla magnetic resonance imaging device
(Siemens Magnetom, Germany). It was acquired in sagittal, transverse, and dorsal planes. In addition, 3-dimensional
reconstructions were made from MR images in an electronic setting. T1 — weighted images were acquired using 0.8
slice thickness with a repetition time (TR) of 1100 ms and an effective echotime (TE) of 16 ms. T2 — weighted
images were attained using 0.8 slice thickness with a repetition time (TR) of 8900 ms and an effective echotime (TE)
of 85 ms.

For anatomical evaluation, topographic features of the glandula uropygialis were analyzed in situ.
Macroscopic images of the glands were obtained from cadavers. The feather on the glandula uropygialis was
removed and the dissection stage was started. The glands were carefully dissected and removed from the body
without damaging the surrounding tissues. Images of the dissected glands were taken.

For the histological investigation, the uropygial gland was promptly excised and fixed in Bouin's fixative
(composed of picric acid, saturated formaldehyde, and acetic acid in a ratio of 15:5:1, v/v) for 12 hours.
Subsequently, a gradual dehydration process ensued, involving 1-hour incubations in 70%, 80%, 96%, and finally
absolute alcohol. To facilitate material softening, the samples were immersed in methyl benzoate for 24 hours.
Following this, the specimens underwent immersion in a benzene/paraplast (1:1) mixture and then in pure paraplast
for 6 hours within a vacuum oven, ultimately resulting in embedding in paraplast. The prepared blocks were
sectioned serially to a thickness of 5-6 um using a rotary microtome (Leica RM 2025, Germany). Crossmon's
Modified Triple stain (31) was applied to the sections for light microscopic (Leica DM 2500, Germany)
examinations.

3. Results

An anatomical examination revealed that the glandula uropygialis were prominently situated at
approximately the level of the fourth caudal vertebra in a dorso-median position (Figure 1). Dissecting and removing
the overlying skin exposed the lobus glandula uropygialis, symmetrically organized into two right and left lobes,
displaying a shiny appearance and light cream color (Figure 1). These lobes were discernibly separated by a
interlobar septum. Each lobe featured an individual ductus glandula uropygialis and was positioned within the papilla
uropygialis located caudally to the gland. These ducts, observed within the gland, were identified to open into the
papilla uropygialis, a singular median protrusion adorned with small hairs. Notably, the ventral surfaces of the lobes
appeared flatter than their dorsal counterparts. Importantly, the gland exhibited no structural connection with the
pygostylus muscles.
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Figure 2: Before (a) and after (b) dissection view of glandula uropygialis in Denizli rooster
Sekil 2: Denizli horozunda glandula uropygialis'in diseksiyon dncesi (a) ve sonrast (b) goriiniimii

Figure 2: a-T1-weighted sagittal image in denizli rooster. b-T2-weighted sagittal image in denizli rooster. A-preen
gland lobe. B-collecting duct.
Sekil 2: a-Denizli horozunda T1 agwrlikl sagittal goriintii: b-Denizli horozunda T2 agwrlikl sagittal goriintii. A-
lobus glandula uropygialis. B- ductus glandula uropygialis
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It was observed that anatomical details were visualized better in T1-weighted scans. The bib fabric was
placed on the stern below the tail feathers. MRI images showed bright white hyper-echoic features due to the high
amount of oil secretion of the preen gland. Therefore, it can be easily isolated from surrounding tissues. It was
understood that the gland in the Denizli rooster had a pair of symmetrical bilateral lobes and was located on both
sides. There is a channel for each lobe of the Denizli rooster. In transverse images, the width of the feather glands in
the rooster at its widest level was determined to be 13.5 mm in the Denizli rooster (Figure 2).

In histopathological examinations, no pathological changes were observed. The histological appearance of
the uropygial gland was identified. Accordingly, it was observed that the uropygial gland is surrounded by a wide
capsule externally. The capsule also extended in between the two lobes and formed the interlobar septum in there.
The thinner connective tissue prolongations arose from the outer capsule and the interlobar septum entered into the
gland and formed the interfollicular septa. Complex secondary sinuses with a branching structure were observed in
between the central cavity that stores the secretion, also termed as primary sinus, and the follicles. In the isthmus
region where the lobes come close together, it was determined that transition channels connecting the two lobes by
opening to each other in the isthmus region, shaped by branched secondary sinuses belonging to each lobe, were
formed (Figure 3).

Figure 3: The histological image of the uropygial gland of the Denizli rooster. Interlobar septum separating into
thinner connective tissue arms forming interfollicular septa (stars) entering into the gland, secondary sinuses (SS)
consisting of branching structures, gland lumens (L), and a transition channel (dashed line) connecting the two lobes at the
isthmus region of the secondary sinuses, stained using Crossmon's modified triple staining

Sekil 3: Denizli horozuna ait iiripygial bezin histolojik gériintiisii. Interlober septumdan ayrilarak daha ince
bagdoku kollarindan olusan interfolikiiler septumlar (yildizlar), Dalli budakli yapiya sahip bezlerden olusan sekonder
sinuslar (SS) ve bez liimenleri (L) ile sekonder sinuslarin istmus bélgesinde birbirine agilarak iki lobu birbirine baglayan
gecis kanal (kesik ¢izgi), Crossmon'in modifiye ii¢lii boyamasi
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4. Discussion and Conclusion

The insights derived from morphological and radiological imaging studies of the uropygial gland hold
significant importance in unraveling the gland's functions. The intricate structure of this avian gland necessitates
heightened scrutiny of both its secretory processes and the mechanisms involved in its excretion. The increasing
histological research on the preen gland not only enables us to observe the variations among the avian species but
also is very important to explain the basic relationship between the secretion function and preening.

Jacob et al. (6) demonstrated some of the morphological variations of the preen gland in different bird
species. However, the shape and the size of it vary up to the species, most of the researchers reported that the
uropygial gland generally has two lobes (10, 18, 23, 32, 33). In accordance with that the uropygial gland of Denizli
chicken was composed of two drop shaped lobes.

Many morphometric and macroanatomical studies have been performed on the glandula uropygialis (14, 34).
However, there is no study on the evaluation of the glandula uropygialis using magnetic resonance imaging.
Therefore, our study is the first study in this sense. Yilmaz et al. (19) in the morphometric study conducted in Assel
breed roosters, the lengths of the right and left lobes of the glandula uropygialis were 13.95 and 12.93 mm,
respectively. In our study, the width at the widest level of the feather glands in the rooster was determined as 13.5
mm in Denizli rooster in MR transverse images.

Previous studies stated that each lobe has its own primary sinus and a primary canal in connection with this
sinus (19, 33, 34). However, researchers have emphasized that the uropygial gland has two sinuses and two openings
basically, some exceptional species which have less or more openings were presented (6). It has been reported that
the preen gland in hoopoe (Upupa epops) has 3 lobes and excretes its secretion to one main papilla with a wide
opening (6, 12). On the other hand, the preen gland of European nightjar (Caprimulgus europaeus) has one lobe (6)
and kiwi (Apteryx haastii) has two lobed gland with 4 primary sinuses and 4 primary canals for each lobe. Similarly
to Kiwi there are 4 primary sinuses in New Zealand bellbird (Anthornis melanura). However, hihi (Notiomystis
cincta), tui (Prosthemadera novaeseelandiae) and saddleback (Philesturnus carunculatus) have 3 primary sinuses in
each lobe (16). Our study demonstrated that preen gland in Denizli rooster had two lobes and a single primary sinus
for each lobe. The primary sinuses were connected with the well-branched secondary sinuses and also opened out
through the primary canals in the papilla.

The papillae of the uropygial gland differ from species to species in birds. Besides, Jacob et al. (6) identified
different types of canals inside the papilla. In the compact type papillae, the connective tissue which is the
continuation of the interlobar septum surrounds the each canal inside the papilla and wherefore makes the lumen
diameter of the canals narrower. On the other hand the delicate type canals are void of this compact connective tissue
mentioned above and therefore the diameter of the lumen can be much wider (6). In our study, a condensed and wide
connective tissue had been observed around these two canals. And the canals were classified in compact type group.

Four main follicle layers have been emphasized in the previous researches. These are germinative layer at the
basal part of the follicles and then intermediate, secretory and finally, at the inner part, the degenerative layer,
respectively (6, 8, 10, 11, 16, 22, 23, 35). In our study, the follicle cell layers were similar to the other species
analysed.

In some of the species, the skin at the upper part of the preen gland contains melanin granules and this
induces a dappled appearance on the skin as result of pigmentation (6). However we didn’t observe such a
pigmentation on the Denizli rooster.

As a result, the histological features of the preen gland in Denizli rooster is quite similar to those in other
species. In addition it was observed that the well branched secondary sinuses of each lobe are connected to each other
at the isthmus region and form passageway between the two lobes of preen gland. It has been thought that the
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secretion of the gland could be maintained properly by this way and this probably helps to prevent the negative
effects of the mechanic obstruction. In addition to these, in the study conducted in Denizli cock, the glandula
uropygialis was visualised with magnetic resonance imaging for the first time and it was observed that the gland has a
pair of symmetrical bilateral lobes, located on both sides and there is a duct for each lobe of Denizli rooster. It is
thought that the presented data will be guiding for future studies of the glandula uropygialis with magnetic resonance
imaging and can be analysed with three-dimensional reconstructions in more comprehensive studies.

Acknowledgment
The authors would like to thank Prof. Dr. Ayhan Ozkul for on the biological behavior of the Denizli rooster
and for his support in obtaining the animals.

Conflict of Interest
The authors declared that there is no conflict of interest.

Funding
This research is not supported by any Project.

Authors' Contributions
Motivation / Concept: Cagdas Oto, Hikmet Altunay, Gdzde Yiicel Tenekeci
Design: Caner Bakici, Okan Ekim, Hikmet Altunay, Baris Batur
Control/Supervision: Gozde Ylcel Tenekeci, Cagdas Oto
Data Collection and / or Processing: Tuncer Kutlu, Caner Bakici, Hikmet Altunay
Analysis and / or Interpretation; Caner Bakici, Okan Ekim, Baris Batur
Literature Review: Barig Batur, Caner Bakici, Hikmet Altunay
Writing the Article: Baris Batur, Cagdas Oto, Hikmet Altunay, Gozde Yucel Tenekeci
Critical Review: Cagdas Oto, Hikmet Altunay, Gozde Yiicel Tenekeci

Ethical Approval
The present study was approved by the Ankara UniversityAnimal Experiments Local Ethics Committee
(Decision No: 2012-24-139, Ankara, Turkiye).

References

1. Denizli horozu [Online]. 2006 [cited 2024 Jan 13]; Available from: URL.: http://www.denizli.gov.tr/denizli-
horozu/

2. Ozdogan N, Giircan IS. Denizli ve gerze yerli tavuk irklarinda yumurta verimine ait bazi 6zellikler. Lalahan
Hayvancilik Arastirma Enstitiisii Dergisi 2006;46(2):13-21.

3. Tuncer PB, Kinet H, Ozdogan N, Demiral OO. Evaluation of some spermatological characteristics in denizli
Cocks. J Fac Vet Med Univ Erciyes 2006;3(1):37-42.

4. Demirsoy A. Yasamin temel kurallart omurgalilar/amniyota (siiriingenler, kuglar ve memeliler). 1st ed.
Ankara: Meteksan AS; 1992.

5. Keskin N, Ili P. Denizli horozu genital sistemi iizerinde histokimyasal arastirmalar. Atatiirk Universitesi Vet
Bil Derg 2011;6(3):231-237.

6. JacobJ, Ziswiler V. The uropygial gland. In; Farner DS, King JR, Parkes KC, editor. Avian biology: Volume
VI. 1st ed. New York: Academic Press; 1982. p. 199-324.


http://www.denizli.gov.tr/denizli-horozu/
http://www.denizli.gov.tr/denizli-horozu/

156

Vet Hekim Der Derg 95(2): 149-157, 2024

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Moyer BR, Rock AN, Clayton DH. Experimental test of the importance of preen oil in rock doves (Columba
livia). The Auk 2003;120:490-496.

Sadoon AH. Histological study of european starling uropygial gland (Sturnus vulgaris). International Journal
of Poultry Science 2011;10:662-664.

Cakir A, Bakici C, Batur B. Evcil Kanatli Hayvanlarin Anatomisi. 1st ed. Ankara: Ankara Nobel Tip
Kitabevleri; 2024.

Salibian A, Montalti D. Physiological and biochemical aspects of the avian uropygial gland. Braz J Biol
2019;69(2):437-446.

Harem IS, Kocak-Harem M, Turan-Kozlu T, Akaydin-Bozkurt Y, Karadag-San E, Altunay H. Histologic
structure of the uropygial gland of the osprey (Pandion haliaetus). Journal of Zoo and Wildlife Medicine
2010;41:148-151.

Martin-Vivaldi M, Ruiz-Rodriguez M, Soler JJ, Peralta-Sanchez JM, Méndez M, Valdivia E, Martin-Platero
AM, Martinez-Bueno M. Seasonal, sexual and developmental differences in hoopoe Upupa epops preen
gland morphology and secretions: evidence for a role of bacteria. Journal of Avian Biology 2009;40:191-
205.

Chen YH, Peh HC, Roan SW. Establishment of uropygial gland growth curves for white, three-way crossed
mule ducklings. Braz J Poultry Sci 2015;17:209-217.

Demircioglu I, Yilmaz B, Filikci K, Das A. A morphometric and histometric analysis of the effect of mint oil
(Mentha piperita) supplementation at different levels to quail (Coturnix coturnix Japonica) rations on
glandula uropygialis. F U Sag Bil Vet Derg 2019;33(3):185-189.

Yilmaz B, Yilmaz R. Peceli baykuslarda (Tyto alba) glandula uropygialis’in morfolojik ve histolojik analizi.
J Res Vet Med 2020;39(2):143-8.

Reynolds S. The anatomy and histomorphology of the uropygial gland in new zealand endemic species. New
Zealand; Massey University. A master thesis; 2013.

Moreno-Rueda G. Uropygial gland size correlates with feather holes, body condition and wingbar size in the
house sparrow Passer domesticus. J.Avian Biol 2010;41:229-236.

Stettenheim PR. The integumentary morphology of modern birds — an overview. American Zoology
2000;40:461-477.

Yilmaz B, Harem IS, Demircioglu I, Ozyigit G, Bozkaya F. Anatomic, morphometric and histological
features of Glandula uropygialis in Aseel roosters and hens. Eurasian Journal of Veterinary Sciences
2018;34(2):65-70.

King AS, McLelland J. Form and function in birds. 1st ed. London: Academic Press;1985.

Sara Q, Malentacchi C, Delfino C, Brunasso AMG, Delfino G. Adaptive evolution of secretory cell lines in
vertebrate skin. Caryologia 2006;59:187-206.

Lucas AM, Stettenheim PR. Avian anatomy: Integument Agriculture Handbook 362. 1st ed. Washington;
United States Department of Agriculture;1972.

Sawad AA. Morphological and histological study of uropygial gland in moorhen (Gallinula choropus).
International Journal of Poultry Science 2006;5:938-941.

Pepperberg IM, Howell KS, Banta PA, Patterson DK, Meister M. Measurement of grey parrot (Psittacus
erithacus) trachea via magnetic resonance imaging, dissection, and electron beam computed tomography.
Journal of Morphology 1998;238: 81-91.

Guglielmo CG, McGuire LP, Gerson AR, Seewagen CL. Simple, rapid and non-invasive measurment of fat,
lean and total water masses of live birds using quantitative magnetic resonance. J Ornithol 2011;152(1):75-
85.



Vet Hekim Der Derg 95(2): 149-157, 2024 157

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Vellema M, Verschueren J, Meir VV, Linden AV. A customizable 3-dimensional digital atlas of the canary
brain in multiple modalities. Neurolmage 2011;57:352-361.

Bartels T, Brinkmeier J, Portmann S, Baulain U, Zinke A, Junghanns MEK, Boos A, Wolf P, Kummerfeld
N. Magnetic resonance imaging of intracranial tissue accumulations in domestic ducks (Anas platyrhynchos
f.dom.) with feather crests. Vet Radiol Ultrasound 2001;42:254-258.

Graham JE, Werner JA, Lowestine LJ, Wallack ST, Tell LA. Periorbital liposarcoma in an african grey
parrot (Psittacus erithacus). Journal of Avian Medicine and Surgery 2003;17(3):147-153.

Reneerkens J, Versteegh MA, Schneider AM, Piersma T, Burtt EH. Seasonally changing preen-wax
composition: Red Knots (Calidris canutus) flexible defense against feather-degrading bacteria. The Auk
2008;125(2): 285-290.

Mostachio GQ, De - Oliveira LD, Carciofi AC, Vicente WR. The effects of anesthesia with a combination of
intramuscular xylazine - diazepam - ketamine on heart rate, respiratory rate and cloacal temperature in
roosters. Veterinary anaesthesia and analgesia 2008;35(3):232-236.

Crossmon GA. Modification of mallory's connective tissue stain with a discussion of principles involved.
Anat Rec 1937;69:33-8.

Balkaya H, Ozdemir D, Ozudogru Z, Kara H, Erbas E. A study on the anatomic and histological structures of
magpie (Pica pica) glandula uropygialis. Van Vet J 2016;27(1):21-4.

Stangier N, Sandhofer S, Mosig A, Distler C. The uropygial gland of the Great Cormorant (Phalacrocorax
carbo): I Morphology. Journal of Ornithology 2023;164:591-603.

Yilmaz B, Yilmaz R. Yesilbas Ordeklerde (Anas platyrhynchos) Glandula uropygialis’in makroanatomik ve
histolojik dzellikleri. Harran Univ Vet Fak Derg 2019;8(2):214-20.

Mobini B, Ziaii A. Comparative histological study of the preen of broiler and native chicken. Veterinary
Research Bulletin 2011;6:121-128.



Vet Hekim Der Derg 95 (2): 158-163, 2024

ISSN: 0377-6395
e-ISSN: 2651-4214

Dergi ana sayfasi /Journal homepage:
http://dergipark.org.tr/vetheder

VETERINER HEKIMLER DERNEGi DERGISI

JOURNAL OF THE TURKISH VETERINARY MEDICAL SOCIETY

4. 10.33188/vetheder.1407423 Olgu Sunumu / Case Report

A case report of vaginal fibromyoma in a bitch

Rabia Buse AKSU"", Bahar GEZER", Cagla Nur KUCUKBEKIR'‘, Mehmet Fatih OZBEZEK",
Zeynep GUNAY UCMAK?*, Ismail KIRSAN*, Aslihan BAYKAL?*¢, Merve YILMAZ?*", Damla HAKTANIR®,
Funda YILDIRIM?/, Baris HALAC**, Ayse Ilgin KEKEC*'

'fstanbul University-Cerrahpasa, Institute of Graduate Studies, Istanbul, Turkey

*[stanbul University-Cerrahpasa, Faculty of Veterinary Medicine, Department of Obstetrics and Gynecology, Istanbul, Turkey
3[stanbul University-Cerrahpasa, Faculty of Veterinary Medicine, Department of Pathology, Istanbul, Turkey

#Istanbul University—Cerrahpasa, Faculty of Veterinary Medicine, Department of Microbiology, Istanbul, Turkey

0000-0002-2572-4289;0000-0001-8410-893X°;:0000-0002-9687-1702¢;0009-0003-5375-8130 ;0000-0003-2530-1291¢;0000-0003-0780-0118':0000-0002-2107-1874%;
0000-0002-6985-9150";0000-0001-5171-1927':0000-0001-9755-8198 ;0000-0002-3067-9937¢:0000-0002-0821-8376'

MAKALE BILGiSi /

ARTICLE INFORMATION: ABSTRACT
Gelis / Received: A 5-year-old, intact female Caucasian Shepherd dog was brought to our clinic with complaints of ongoing vaginal
20 Aralik 23 bleeding, weakness, loss of appetite, and a vaginal mass for a month. According to the anamnesis, the vaginal mass had
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rapidly increased in size over the last month, and there was ulceration and bleeding on the mass. In the examination, it
was determined that the mass originated from the ventrolateral surface of the vagina, and an abscess-like structure was
also found cranially to this mass. The mucous membranes were light pink, the palpable lymph nodes were of average
size, the furs were matte, and the vaginal area was dirty with blood. The dog’s hemogram and biochemical test results

04 leén 24 were found to be within normal reference ranges; hence, it was decided to treat the dog surgically. The tissue obtained
04 April 24 after vaginal mass excision was examined microbiologically and histopathologically. The mass, initially thought to be an

abscess based on its smaller size and macroscopic examination, was determined to have a sterile content and to be an
Kabul / Accepted: inflammatory infiltration rather than an abscess. It was concluded that detailed clinical examination and histopathological
15 Mays 24 analysis can establish the diagnosis of all tumoral cases like this, and successful treatment can be achieved through
15 May 24 surgical intervention.

Anahtar Sozciikler: Bir képekte gorviilen vajinal fibromiyom olgusu

Fibromiyom
Kopek OZET
Vajina
5 yasinda disi, kisirlastirilmamis Kafkas ¢oban kdpegi 1 aydir devam eden vajinal kanama, halsizlik, istahsizlik ve vajinal

Keywords: kitle sikayeti ile klinigimize getirildi. Anamnezde vajinal kitlenin son 1 ayda hizla biiyudiigi, kitle {izerinde yara ve
Fibromyoma kanamalarin olustugu bilgisi alindi. Klinik muayenede kitlenin vajenin ventrolateral yiizeyinden koken aldigi ve bu
Do kitlenin kranialinde de apse benzeri bir yapinin oldugu tespit edildi. Mukozal membranlarin agik pembe renkte, palpe
v g. edilebilen lenf yumrularinin normal boyutlarda, titylerin mat, vajinal bolgenin kan ile bulasik oldugu goriildii. Hemogram

agina

ve biyokimyasal test sonuglarinin normal referans araliklarinda oldugu tespit edilen kdpegin cerrahi yolla tedavisine karar
verildi. Vajinal kitle ekstirpasyonu sonrasinda alinan doku mikrobiyolojik ve histopatolojik olarak incelendi. Fibromiyom
teshis edilen hastadaki daha kiigiik ve makroskobik bakida apse oldugu diisiiniilen kitlenin ise steril i¢erige sahip oldugu
ve apse degil yangili infiltrasyon oldugu belirlendi. Bunun gibi tiiméral olgularin detayli klinik muayene ve histopatolojik
analiz ile tanisinin konulabilecegi ve cerrahi miidahale ile de basariyla sagaltilabilecegi sonucuna varildi.
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1. Introduction

Tumours seen in the female reproductive system have two sources; one originates from the ovaries and the
other from the tubular genital tract (1-3). It is crucial to differentiate whether these neoplasms are benign or malignant
and distinguish them from other conditions, such as hyperplasia, granulation tissue, or abscesses, as it can alter the
treatment approach and prognosis (4). Tumours of the vagina and vulva are rare in dogs, accounting for about 2.5-3%
of all canine tumours. Among specific tumours in the reproductive region, the incidence of vaginal tumours is 41%,
and vulvar tumours stand at 34.2% (5,6). Approximately 70-80% of vaginal/vulvar tumours are benign. Leiomyoma,
fibropapilloma, fibroma, fibroleiomyoma, lipoma, peripheral nerve tumor, fibrous histiocytoma, melanoma, myxoma,
and myxofibroma are reported as benign vaginal/vulvar tumours (7). Leiomyoma, fibroma or fibroleiomyoma, and
TVT (transmissible venereal tumour) are the most commonly reported benign neoplasms of the canine reproductive
system (8). On the other hand, 27-30% of vaginal/vulvar tumours are malignant. The age at which these tumours occur
ranges from 2 to 18 years. There is no specific breed predisposition (9,10). Malignant tumours are more common in
large-breed dogs. Clinical signs associated with these tumours include perineal swelling, visible mass from the vulva,
vulvar discharge, dysuria, licking of the vulva, polyuria, and polydipsia (7). Diagnosis involves physical examination,
biopsy, vaginoscopy, and histopathological examination of the tissue for differential diagnosis. Surgery is an option for
the treatment of vaginal/vulvar tumours, followed by two doses of chemotherapy post-operation. The prognosis is
considered good for benign and non-metastatic cases (6,10,11). In the conducted studies (12), the numbers of estrogen,
progesterone, and epidermal growth factor receptors in vaginal tumours were evaluated, and based on these
assessments, the use of steroids as a treatment method has also been considered. This case discusses clinical approaches
taken for the diagnosis and treatment of vaginal abscesses and fibromyoma observed in an intact female dog.

2. Case Story

A 5-year-old, intact female Caucasian Shepherd dog was brought to the clinic with complaints of ongoing
vaginal bleeding, weakness, loss of appetite, and a vaginal mass for a month. According to the history, the vaginal mass
had rapidly increased in size over the last month, and there were reports of ulceration and bleeding on the mass. In the
examination, it was determined that the mass originated from the ventrolateral surface of the vagina, and an abscess-
like structure was also found cranially to this mass. The mucous membranes were light pink, the palpable lymph nodes
were of average size, the furs were matte, and the vaginal area was dirty with blood. Surgical intervention was decided
as a treatment. Before the surgery, a blood test was conducted to assess anesthesia risk. The hemogram and biochemical
test results were within normal reference ranges. The dog was administrated on isotonic saline solution (0.9% NaCl) at
a dose of 20 ml/kg/15 min via intravenous route before to the operation (Polifleks, Polifarma, Tiirkiye). As suggested
in the KIRSAN method, a mixture of 1 ml adrenaline (Adrenalin Codex 0.5 mg/1 ml, Galen Pharmaceuticals, Istanbul,
Tiirkiye) and 9 ml of saline (Polifleks, Polifarma, Tiirkiye) to be locally applied to the surgical area was cooled at +4°C
in a refrigerator for 30 minutes before the operation (13,14). For premedication, atropine sulfate (Teknovet Atropin,
Teknovet Pharmaceuticals, Istanbul, Tiirkiye) was administered subcutaneously at a dose of 0.02 mg/kg, and for
induction propofol (Propofol 200 mg/20 mL, Fresenius Kabi Pharmaceuticals, Istanbul, Tiirkiye) was given
intravenously at a dose of 6-8 mg/kg. After intubation, the anesthesia was maintained with isoflurane at a dose of 3.5-
4% (Isoflurane USP, Piramal Critical Care, USA) with 2-2.5% oxygen. The dog was positioned in a dorsoventral
Trendelenburg position, a cushion was placed transversely under the caudal abdomen near the pelvis, and the pelvic
region was elevated. The tail was secured to the dog's back after exposing the perineum. Aseptic and antiseptic
procedures were performed in the area. Urinary catheterization was applied to prevent urethral damage before the
surgery. Hemostatic forceps were attached dorsally, ventrally, and laterally to limit the section of the protruded vagina.
A diluted and cooled adrenaline mixture was injected into the submucosal and tissue depths along the incision
boundaries. The purpose was to constrict the vessels in the area with effect of both adrenaline and cold, thus preventing
bleeding. The cutting process commenced using an electrosurgical unit that combined cutting and coagulation (Blend-
2 mode) with an electrically activated blade electrode set at 80 watts. The mass was removed by dissecting deep into
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the dorsal, ventral, and lateral aspects. The wound edges were apposed and sutured with Connell sutures as described
in the KIRSAN method (13). Absorbable suture material (Monocryl No:0, Medeks, Istanbul, Tiirkiye) was used for all
sutures. The sample taken from the smaller mass was sent to the microbiology laboratory for identification of the
causative agent. The morbid substance delivered to the laboratory was first planted in nutrient broth and incubated in a
microaerobic environment at 37°C for 24 hours. Gram staining was performed on the liquid cultures obtained and no
bacterial growth was found as a result of gram staining. The liquid culture was transferred to Blood agar and incubated
at 37°C for 24 hours. As a result of microbiological examination, no agent growth was detected in the abscess content
and it was determined that the content was sterile. Also, extirpated vaginal masses were examined histopathologically.
Tissue samples obtained during the surgery were fixed in 10% formalin, underwent routine tissue processing, sections
were taken at 5 um thickness, and stained with hematoxylin-eosin stain. The tissue sections were stained using a
staining kit based on the principle of trichrome staining, specifically Masson-Trichrome Goldner (Katalog no. 04-
011802, Bio Optica, italya), to demonstrate the distribution of connective and muscle tissue. The preparations were
examined under a Nikon Eclipse Ci-L microscope, and digital micrographs were obtained using the Nikon DSQi2
camera system. All images were enhanced using Macromedia Fireworks 8 software with the same settings.
Macroscopically, the tumoural mass appeared as two parts, measuring 2.5 and 6 cm in diameter, firm and elastic in
consistency, nodular in form, with a pale-white cut surface and a slight hemorrhagic appearance near one area (Figure
1). In the microscopic examination of tissue sections, loose fibrous connective tissue covering wide areas (Figure 2.a)
and intermittently collagen-rich dense fibrous connective tissue (Figure 2.b) were observed, intertwined with benign-
appearing, highly cellular, with indistinct borders, eosinophilic cytoplasm, cigar-shaped nuclei (tapered ends), and
small nucleoli, monotonous spindle myocyte fascicles (Figure 2.c). Some sections exhibited ulceration on the surface,
while beneath the surface, areas of neutrophilic leukocyte infiltration, hemorrhage, vascularization, and fibrotic areas
were identified. Sections stained with the Masson-Trichrome kit highlighted the connective tissue in green and the
myocyte fascicles in red (Figure 2.d and 2.e). Based on the histopathological features exhibited by the lesion, it was
diagnosed as a fibromyoma, defined as a benign tumor of muscle and connective tissue.

Figure 1: The extirpated vaginal mass. Blue arrow: smaller mass, red arrow: vaginal tumor
Sekil 1: Ekstirpe edilen vajinal kitle. Mavi ok: kiigiik kitle, kwrmizi ok: vajinal tiimér
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Figure 2: (a) Irregular myocyte fascicles, stained darker pink, were observed within the loose edematous connective tissue, H&E
staining, Scale Bar: 100um. (b) Dense fibrous connective tissue composed of coarse irregular collagen and hyperchromatic nuclei
fibrocytes, H&E staining, Scale Bar: 70um. (¢) Within the background of young connective tissue characterized by lightly stained pink
collagen fibers and prominent nuclei fibroblasts, myocyte fascicles with eosinophilic cytoplasm and cigar-shaped nuclei were observed,
H&E staining, Scale Bar: 70um. (d) Myocyte fascicles stained in red were observed among coarse collagen fibers stained in green,
Masson-Trichrome staining, Scale Bar: 200pm. (e) Myocyte fascicles stained in red were observed among coarse collagen fibers stained
in green, Masson-Trichrome staining, Scale Bar: 90um

Sekil 2: (a) Olduk¢a gevsek odemli bag doku igerisinde daha koyu pembe boyanan diizensiz miyozit fasikiilleri, H&E boyamasi, Bar:
100um. (b) Kaba diizensiz kolajen ve hiperkromatik ince ¢ekirdekli fibrositlerden olusan siki fibroz bag doku, H&E boyamasi, Bar:
70um. (c¢) Daha agik pembe renkte boyanan hafif diizensiz kolajen iplikler ve iri ¢ekirdekleri goze ¢arpan fibroblastlarin olusturdugu
geng bag dokunun olusturdugu zeminde eozinofilik sitoplazmali, puro seklinde ¢ekirdege sahip miyosit fasikiilleri, H&E boyamasi, Bar:
70um. (d) Yesil renkte boyanan kaba kolajen iplikler arasinda kirmizi renkte boyanan miyozit fasikiilleri, Masson-Trichrome boyamast,
Bar: 200um. (e) Yesil renkte boyanan kaba kolajen iplikler arasinda kirmizi renkte boyanan miyozit fasikiilleri, Masson-Trichrome
boyamasi, Bar: 90um

The dog was fed with wet food to avoid the constipation for two days following the surgery. For one week, it
received injections of ceftriaxone (Equiceft, Tiim Ekip Ilag, Istanbul, Tiirkiye) at a dose of 30 mg/kg administered
intramuscularly. The suture line was cleaned daily with isotonic saline solution (0.9% NaCl, Polifleks, Polifarma,
Tiirkiye). Activity was restricted for three days, and cold compresses were applied to the area. The dog was in a good
health on the postoperative 10th day.

3. Discussion and Conclusion

Many pathologies such as congenital and acquired abnormalities, benign or malignant neoplasms, trauma, and
abscesses, among others, can affect the reproductive organs (vagina, vestibule, clitoris, and vulva) in dogs and cats,
leading to their illness. Most of these pathologies may develop due to genetic predisposition, aging, certain past
illnesses, or iatrogenic causes, obesity, hormonal medications, and whether the animal is sexually active (13). Contrary
to previous studies, in this case, the dog was not elderly, not obese, had not mated before, did not use hormonal
medication, and had no history of illness. However, it was presented with complaints of a vaginal mass, suggesting that
vaginal masses could occur independently of these symptoms. In the presented case of the Caucasian Shepherd Dog,
contrary to what the researchers' report (7) indicated about a higher prevalence of malignant tumours in large-breeds,
a benign vaginal tumour has been identified. Vaginal neoplasms can be confused with vaginal hyperplasia/prolapse
cases. Vaginal hyperplasia and prolapse present as lobulated and soft formations, whereas vaginal neoplasms are solid
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and firm nodules, often associated with the mucosa, which helps distinguish them from vaginal hyperplasia/prolapse.
Additionally, it should be differentiated from clinical conditions like clitoral hypertrophy, vaginal abscess, and
hematoma. Advanced investigations after the examination are necessary to differentiate vaginal hyperplasia/prolapse
from vaginal masses (15). Consistent with the researchers' report, in our case, the mass palpated on the ventrolateral
surface of the vagina was firm and lobulated. In the traditional surgical approach, horizontal U-shaped stitches are
placed at the base of the excised mass with absorbable sutures intertwined through each other. Then, the mass is resected
by electrocautery. The exposed fresh wound edges are apposed, preventing adhesions and septum formation on the
vaginal wall (13-15). In the KIRSAN method, traditional sutures used for ligature are either not used at all or used in
very few numbers. Therefore, reducing the risk of suture complications during and after surgery and lowering costs.
The KIRSAN method speeds up the patient's healing process, enhances its well-being, and involves minimal or no
bleeding during or after the operation. In the presented case, unlike the traditional treatment method, applying the
KIRSAN method, as in the researchers' report (13,16), shortened the anesthesia duration during the operation and
accelerated the recovery process. The most appropriate treatment for vaginal masses, regardless of whether they are
benign or malignant, is surgical intervention. Radiotherapy may be attempted for metastases of the mass in inaccessible
areas (1,2). Iatrogenic injury to the urethra or accidental injury to other perineal structures are possible surgical
complications. As reported by researchers (4), catheterization was performed in the presented case to prevent damage
to the urethra before the operation. Vaginal fibroids are typically described as tumours composed of regular smooth
muscle cells. Microscopic examination of these tumours reveals regular smooth muscle cells within a smooth and dense
collagen matrix. The cells often appear spindle-shaped or star-shaped and exhibit a regular structure (17). Such tumours
are generally considered benign or non-cancerous and rarely tend to become malignant. The histopathological structures
observed in the presented case are consistent with those of the researchers (17). It was concluded that tumor cases,
along with masses resembling abscesses macroscopically, can be diagnosed through detailed clinical examination and
histopathological analysis. Additionally, it was determined that these cases can be successfully treated with a novel
surgical intervention technique.
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Ozer

Parazitler ve konaklar1 evrimsel siiregte uzun yillardir birlikte var olmus ve birbirlerine karsi gesitli savunma
mekanizmalar1 gelistirmislerdir. Parazitin yerlestigi yere gore konakta davranis degisikligi meydana gelebilmektedir.
Davranis degisiklikleri, parazitin yasam dongiisiinii tamamlamasini kolaylastirarak enfeksiyon olusma sansini ve konaga
adaptasyonunu artirir. Bu durum konaklarda davranis, renk, morfoloji ve fizyoloji gibi pek ¢ok degisiklige sebep olur.
Ayrica saldirganlik, ¢iftlesme ve lireme, ebeveyn davranisi iizerine etkileri olmaktadir. Bu degisikliklerde noral, endokrin,
néromodiilatér, immunomodiilatdr gibi fizyolojik sistemlerin rolii biiyiiktiir. Davranis manipiilasyonlari, genellikle
indirekt yasam dongiisiine sahip parazitlerde gozlenmektedir ve bu parazitlerin en dnemlileri arasinda Dicrocoelium
dendriticum ve Toxoplasma gondii 6rnek olarak gosterilebilir. Son yillarda parazitle enfekte hayvanlardaki davranig
degisiklikleri, bilim diinyasininda da oldukga ilgi ¢ekici bir hal almig ve bu konuda bir¢ok ¢alisma yapilmistir. Bu
derlemede, konuyla iligkin yapilan ¢alismalar bir araya getirilmis ve drnekler ile parazitlerin bu davranis degisikliklerine

sebep olma mekanizmalar1 agiklanmaya galigiimistir.

Effects of parasites on host behavior

ABSTRACT

Parasites and their hosts have co-existed for many years in the evolutionary process and have developed various defence
mechanisms against each other. Behaviour changes may occur in the host depending on where the parasite settles.
Behaviour changes make it easier for the parasite to complete its life cycle, increasing the chance of infection and
adaptation to the host. This causes many changes in the host, such as behaviour, colour, morphology, and physiology. It
also affects aggression, mating and reproduction, and parental behaviour. Physiological systems such as neural, endocrine,
neuromodulator, and immunomodulatory systems play a significant role in these changes. Behavioural manipulations are
generally observed in parasites with indirect life cycles, and the most important of these parasites are Dicrocoelium
dendriticum and Toxoplasma gondii. In recent years, behavioural changes in parasite-infected animals have become very
interesting in the scientific world, and many studies have been conducted on this subject. In this review, the studies on
the subject are brought together, and the mechanisms of parasites causing these behavioural changes are tried to be

explained with examples.
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1. Giris

Parazitler ve konaklar arasinda ¢ok yakin bir iligki bulunmaktadir. Bu iki canl1 biitiin evrimsel siiregte birlikte
var olmusg ve birbirlerine karsi ¢esitli sekillerde miicadele etmislerdir. Bu siire¢ boyunca parazitler, konaklar1 bulmak
ve onlardan faydalanmak i¢in yeni yollar bulurken, konaklar ise immun yanit gelistirme, parazitten kacinma, viicuda
giren paraziti yok etmeye calisma veya yok edemedigi parazitle birlikte yasamayi1 6grenme gibi ¢esitli savunma
mekanizmalar1 gelistirmislerdir (1). Parazitler ve konaklan arasindaki fizyolojik etkilesimler, enfekte hayvanlarin
davraniglarinda siklikla degisikliklere neden olmaktadir. Parazitlerin neden oldugu bu davranis degisiklikleri parazitlere
cesitli faydalar saglamakta iken konaga zarar vermektedir. Parazitin konakta yaptig1 davranis degisiklikleri, konakta
enfeksiyon olugma ihtimalinin artmasina neden olmaktadir. Bu amagcla kullanilan mekanizmalar dogrudan ya da dolayli
olarak konagmn hayatta kalmasim ya da iliremesini de etkilemektedir. Boylece hem ekolojik hem de evrimsel olarak
konak ile parazit arasinda bir ¢ikar ¢atismasi iligkisi bulunmaktadir (2).

Son yillarda parazitlerle enfekte hayvanlardaki davranis degisiklikleri arastiricilarin ilgisini gekmeye baglamig
ve bu konuda bir¢ok ¢alisma yapilmistir Yapilan bu ¢alismalar ulusal ve uluslararasi yayinlanan dergilerden farkli
dizinlerde taranarak elde edilen veriler 1s18inda derlenmistir. Yapilmis olan bir¢ok ¢alismada Toxoplasma tiiriiniin
hayvanlarda ve insanlarda yaptig1 davranig degisikliklerine odaklanilmistir. Ancak bu derleme ile diger parazitlerin de
hayatta kalabilmek i¢in hayvanlarda neden oldugu davranis degisikliklerinin mekanizmasi agiklanmaya ¢aligilmustir.

2. Parazitlerin Yasam Déngiileri ile Hayvanlarda Meydana Gelen Davrams Degisikliklerinin iliskisi

Bir parazit yasam dongiisiinii tamamlarken arakonaga ihtiya¢ duymuyorsa bu tip gelisim direkt gelisim, bir
veya daha fazla arakonaga gereksinim duyuyorsa bu tip gelismeye indirekt gelisme denir. Konak davraniglarindaki
parazit kaynakli degisimlerin bir¢cogu indirekt yasam dongiisiine sahip parazitlerde gozlense de direkt yasam dongiisiine
sahip parazitlerde de rastlanmaktadir (2,3). Genel olarak parazit direkt yasam dongiisiine sahipse, hayatta kalmak ve
iiremek i¢in tilirler arasinda etkilesimi arttirir. Eger parazit indirekt yasam dongiisiine sahipse hayatta kalma ve lireme
sansin1 saldirganlik yoluyla arttirabilir. Bu durum, arakonaktaki sosyal davramslari etkilemektedir. Ornegin
Toxoplasma gondii ile enfekte rodentlerin kesfetme davraniglari ve saldirganliklar artar, son konak olan kediden daha
da az korkarlar. Eimeria vermiformis ve Trichinella spiralis ise hem direkt hem de indirekt yagam dongiisiine sahiptir.
Bu tip yasam dongiisiine sahip parazitler ise son konak tiirler arasinda sosyal etkilesimleri azaltirlar; ¢iinkii sosyal
olarak bir arada bulunan hayvan gruplann avciliga karsi daha etkili bir savunma gergeklestirmektedir. Enfekte
konaklarda, sosyal etkilesimler azaldik¢a av olma ihtimalleri de artacaktir (4).

3. Paraziter Kaynakh Etkiler

Parazitler konak davramslarini kendi ¢ikarlar i¢in degistirebilmektedir. Manipiilasyonun en klasik ornegi
Acanthocephala’lardir (3). Bu parazitler konaklarin viicut bosluklarinda enfektif hale gelir. Son konak olan omurgali
tarafindan agiz yoluyla alindiktan sonra bagirsakta yerlesim gosterir. Bu zamana kadar yaklasik 30 Acanthocephala
tiirliniin arakonaklarda davranis degisikligine neden oldugu goézlenmistir. Bu kimi zaman sosyal davramiglara etki
seklinde, kimi zaman ise konak fizyolojisini etkileyerek gerceklesmektedir (5). Bu durumla ilgili gesitli 6rnekler
degisimin mekanizmalarina girilmeden bu bdliimde basgliklar halinde anlatilacaktir.

Sosyal davramslarda paraziter etki

Konak ile parazitin birlikte evrimi sirasinda, konaklar enfeksiyondan kaginmak igin, parazitler ise konak
savunma mekanizmalarindan saklanmak igin gesitli mekanizmalar gelistirmislerdir (4).
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Cogu durumda, bu karst mekanizmalar enfekte ve duyarli canlilar arasinda iliskiyi artirmak i¢in konak
davraniginin manipiile edilmesini igerir (3). Parazitle enfekte olan konagin sosyal davraniglarinda olusan degisikliklerle
ilgili ¢ok sayida 6rnek vardir (Tablo 1).

Tablo 1: Sosyal davraniglarda enfeksiyon kaynakli degisimlerin 6rnekleri ve omurgalilarda bu etkilere aracilik eden
mekanizmalar (4,16,18,26,30,31,32)
Table 1: Examples of infection-induced changes in social behavior and the mechanisms mediating these effects in

vertebrates (4,16,18,26,30,31,32)

Konak Patojen Davranis etkileri Kaynak
Fare Eimeria vermiformis Seksiiel ilgi | (6)
Fare T. spiralis Baskinlik | @)

Ciftlesme davranis |

Sosyal kesif |
Fare Trypanasoma cruzi Sosyal statii | ®)
Fare Heligmosomoides polygyrus Saldirganlik | )
Itaat 1
Fare Schistosoma mansoni Ciftlesme davranisi | (10)
Fare (yalniz erkekler) Taenia crassiceps Ciftlesme davranisi | (11)
Fare Toxocara canis Saldirganlik | (12)
Sosyal kesif |

Savunma davranisi 1

Fare/sican Toxoplasma gondii Saldirganlik 1 Dominantlik 1 (13)
Sosyal kesif 1 Savunma davranisi
!
Sican Hymenolepis diminuta Yavrularin bakimi (14)
Sican Taenia taeniaeformis Ciftlesme davranisi| (15)
Ureme |

Orman Tavugu (Lagopus Trichostrongylus tenuis Bagisiklik | (16)
lagopus scoticus) Testesteron |
(valnizca erkekler)
Amerika Kerkenezi  Trichinella pseudospiralis Saldirganlik | 17)
(Falco sparverius) Ebeveyn bakimi |
Bayag kerkenez (Falco  Haemoproteus tinnunculi Enfekte erkek canlilarla ¢iftlesen (18)
tinnunculus) disilerde kulugka siiresi 1

yumurta biytkligi |
Adacayl tavugu P. pediocetti Ciftlesme davranigt | (19)
(Centrocercus
urophasianus)
Biiyiik bastankara Plasmodium spp. Ebeveyn davranist 1 (20)
(Parus major)
Kara sinekkapan Trypanosoma spp. Ureme alania geg gidis 1 21

(Ficedula hypoleuca)




Vet Hekim Der Derg 95 (2): 164-173, 2024

167

Kindira kamiscin Haemoproteus Otiis cesitliligi | (22)
(Acrocephalus Plasmodium spp. Ebeveyn davr. |

schoenobaenus) Trypanosoma

Kizil orman kusu Ascaridia galli Sosyal statii | (23)
(Gallus gallus) Ciftlesme sans1 |

Kir kirlangici Ornithonyssus bursa Otiis ve ¢iftlesme sans1 | (24)
(Hirundo rustica)

Kertenkele Plasmodium mexicanum Saldirganlik | Sosyallesme | (25)
(Sceloporus occidentalis) Dominantlik | Bolgecilik |

Kertenkele Malaria sp. Kur davranigt | (26)
(Sceloporus occidentalis)

(yalnizca erkekler)

Kirmiza benekli T. diemyctyli Ureme | (27)
semender

(Notophthalmus

viridescens)

Lepistes Gyrodactylus turnbulli Kur davranis1 | (28)
(Poecilia reticulata)

Uc dikenli balik Pomphorhynchus laevis Ebeveyn davranist | (29)
(Gasterosteus aculeatus)

Uc dikenli bahk Schistocephalus solidus Viicut agirligi | (30,31,32)

Avlanma riski 1
Enerji metabolizmasi |

(Gasterosteus aculeatus)

Viicut biiy. | (33)
Boynuz noktalar |
Sosyal statii |

At  Kkuyruklu geyik
(Odocoileus virginianus)

Fascioloides magna

1. Artis, |: Azalis

Parazitler, konaklar1 ile uyum igerisinde yagsamasi gereken canlilardir. Eger parazit, konaginin 6liimiine neden
olursa bu onun da Oliimii anlamina gelecektir. Parazitin ve konagin hayatta kalmasi ve liremesi igin davranig
degisikliginin olduguna dair gesitli hipotezler bulunmaktadir. Konaktaki davranistaki degisiklikleri, parazitin yasam
dongiisiine bagli olabilir. Arakonak kullanan parazitler, konaklarda iireme davranisinda artis gézlenmesine neden olur.
Cesitli aragtirmalar, parazitlerin yayilimini artirmak icin konagin sosyal davranisinda degisikliklerine neden
olabilecegini gostermektedir. Parazitler, merkezi sinir sistemi ve ndrokimyasal sistem {izerindeki etkileri ile konak
davranmisii degistirir (4). Ornegin, Toxocara canis ile enfekte farelerde saldirganlik azalir, savunma ve kagma davranisi
artar (34).

Uyumsal davranis etkileri

Enfekte bir hayvanin normal davranmasi beklenemez. Bu nedenle parazitle enfekte olan ve olmayan hayvanlar
arasinda davranig farkliliklar1 gézlenmektedir. Son 30 yildaki literatiirlerde parazitle enfekte hayvanlardaki davranis
degisiklikleri i¢in ii¢ alternatif diisiince 6ne siiriilmiistiir. ilk diisiinceye gore, parazitin neden oldugu etkiler, konagin
davranigini1 parazite yarar saglayacak sekilde degistirmektedir. Bu durum parazit genomunda konak manipiilasyonu
igin ilgili genlerin olabilecegini diisiindiirmektedir. Tkinci diisiinceye gore, meydana gelen degisiklikler konagin
enfeksiyona tepkisini igermekte, bu da enfeksiyonun ortadan kaldirilmasina ya da paraziter yan etkilerin azaltilmasina
yardimer olmaktadir. Ugiincii diisiinceye gore ise konak davramisindaki degisiklikler, patolojik durum kaynaklh
olabilecegi gibi tesadiifen veya bazi enfeksiyonlardan kaynakli olabilecegini de diisiindiirmektedir (35).

Bir trematod olan Podocotyloides stenometra'nin bulastig1 mercan polipleri uyumsal davranis degisikligine
ornek olarak verilebilir. Enfekte polipler parlak pembe renge doniigiir ve goriiniirliigiiniin artmasi, parazitin son
konaklari olan kelebek baliklar1 tarafindan yenmesine neden olur (36).
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Parazitlerin konaklardaki enerji metabolizmasina etkileri

Parazitler, yasamlan i¢in gerekli olan enerjiyi konaklarindan saglamaktadirlar. Parazitlerin konaktan elde
ettikleri enerji miktari konagin fizyolojisini bozacak diizeyde olursa, konak diisiik fiziksel performans gosterebilir veya
tam tersi daha aktif hale gelebilir ve yiyecek arama davranigini arttirabilir. Her iki davramstaki degisiklik de parazit
icin faydali olmaktadir (37). Parazitler, konaklarinin fiziksel aktivitelerini diisiirebilir ve bu durum konaklar1 avci
hayvanlar i¢in hedef haline getirebilir. Ornegin son konagin akcigerlerine yerlesim gosteren hidatik kistler, akciger
kapasitesini azaltmakta ve enfekte hayvanlarin kurtlara daha kolay av olmalarina neden olmaktadir (37, 38).

Son konagi kuslar, arakonagi ise baliklar olan Schistocephalus solidus cinsine ait parazit baliklarin viicut
bosluklarinda bulunurlar. Parazitin larva formu olan plerocercoidler ¢ok hizli biiyiime gostermektedir. Bu biiyliimeye
bagli olarak baliklarda viicut agirhg: diiger, enerji metabolizmasi bozulur ve oksijen ihtiyaci artar. Bu durum baliklarin
daha fazla yem tiiketimine sebep olur. Ancak yine de yiizme gibi giinliik aktivitelerini dahi kisitlayici bir hal alan enerji
eksikligi ve oksijen eksikligi nedeniyle su ylizeyine yakin ylizerler. Bunun sonucunda balik¢il kuslar tarafindan daha
¢abuk avlanabilmektedirler (30, 32, 39).

Biitiin bu 6rneklerden goriildiigii iizere parazitlerin konaklarinin besinlerine ortak olup, onlarin enerjilerini
azaltmalar1 konagin davranislarini etkilemektedir. Bu durum arakonagin ya da vektoriin son konakla temasini
artirmakla birlikte bazen de konag1 diger tehlike unsurlarina yaklagmasina neden olup risk altinda birakabilmektedir.

Parazitlerin konak morfolojisine etkileri

Bir trematod cinsi olan Leucochloridium spp. arakonak olarak salyangozlari kullanir. Parazit arakonakta
dokunaclarin (antenlerin) biiyiikliigiinii, seklini, rengini degistirir ve 1513a tepki olarak titresmesine neden olur. Bu
sayede parazit; arakonak olan salyangozlari son konak olan kuslar i¢in ¢ekici hale getirir ve avlanma ihtimalini artirir
(35, 40).

Yine bir trematod olan Diplostomum spathaceum’un metaserkerleri baliklarda goze yerleserek parazitik
katarakta neden olur (41, 42). Bu trematodla enfekte olan baliklar gérme kayiplarindan dolay1 beslenmek i¢in yiizeyde
daha fazla vakit ge¢irmeye baslarlar ve bu da onlar1 son konak avci kuslara daha goériiniir hale getirir (37).

Sacculina carcini, yengeclerde parazitlenen bir krustasea tiiriidiir. Bu parazit konagin iizerine yerlesir ve
yengecin androjenik bezini tahrip ederek konagin feminizasyonuna (disilik 6zellik kazanmasina) neden olur. Enfekte
olan yengegler yavru liretemezler ancak disi canlilar gibi davranirlar ve {izerlerinde tasidiklari krustesea yumurtalarini
kendi yumurtalan gibi korurlar. Sadece disilerin yaptig1 yumurtalar1 koruma i¢ giidiisii bu nedenle erkekler tarafindan
da yapilmis olur. Bu 6rnektende anlasilacag lizere organlar1 enfekte etmek de konagi manipiile etmenin etkili bir yolu
olabilir (37).

4. Parazitlerin Konak Davramislarindaki Etki Mekanizmasi

Parazitler; omurgali ve omurgasiz canlilarda davranislan etkileyen dort fizyolojik sistemi hedef alir. Bunlar
noral, endokrin, néromodiilator ve immunomodiilatér sistemlerdir. Bu sistemler norotransmitterler, hormonlar,
néromodiilatér, immunomodiilatér kimyasallar araciligiyla birbirine baglanir ve iletisim kurarlar. Direkt yasam
dongiisiine sahip olan parazitler, merkezi sinir sistemine zarar vererek konak manipiilasyonuna neden olurlar (37). Bu
konudaki bir¢ok 6rnek konak davranis degisikligine neden olan mekanizmalarin karmagik bir yapiya sahip oldugunu
gostermektedir. Parazitler, konaklarin beynini biitiinliyle kontrol etmemekte, sadece belirli davranislardan sorumlu
bolgeleri etkilemektedir (43).

Konak sinir sisteminde paraziter etki

Parazitlerin konaklarin davranislarini degistirmek i¢in pek ¢ok mekanizma kullanmaktadir. Toxoplasma gondii
ve Toxocara canis gibi birgok parazit, MSS’deki noronlari, sosyal davranislan etkileyecek sekilde enfekte edebilir.
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Ayni zamanda parazitler konaklarinin sosyal davraniglarini, MSS'nin immiinolojik tepkileri uyararak ve nérokimyasal
baglantiy1 degistirerek de yapabilmektedirler (4).

Normal sartlarda, parazitin arakonagi olan fare ve si¢anlarin kedi idrar1 ve kokusundan korkarak o bdlgeden
uzak durmalan beklenir. Beyinlerinde parazitin doku kistini tagiyan kronik toksoplazmozlu kemiricilerin, kedilerden
korkmamasindan kaynakli davranis degisikligi, bu hayvanlarin kediler tarafindan kolay avlanmalarini saglar. Kedi
idrarina karsi olusan dogal ve 6grenilmis korkuya bagli tepkilerin enfekte kemiricilerde azalmakla kalmadig, hatta bu
hayvanlarin kokuyu feromon olarak algiladiklan ve seksiiel olarak ilgilerinin arttig1 ortaya konulmustur (44).

Toxoplasma gondii gibi parazitler, MSS boyunca noronlari, glial hiicreleri ve endotel hiicrelerini enfekte eder
(45) ve beyindeki birka¢ ndrokimyasal yolu da degistirir (4). Enfekte farelerde norepinefrin konsantrasyonlari
azalirken, dopamin ve onun metaboliti olan homovanillik asitin (HVA) konsantrasyonlar1 artmaktadir. Bu
norokimyasal degisiklikler ve bunun yaninda beyinde olusan kistler, 7. gondii ile enfekte olmus kemirgenlerde
bildirilen saldirganligin ve kesfetme davranislarinin artmasinin nedeni olabilir (4, 45).

Parazitler konaklarinin iireme davraniglari iizerine de etkisi bulunmaktadir. Bu etkiyi direkt MSS {izerinden
degil, perifer dokulara etki ederek de yapabilirler. Bu dokularin perifer organlardan MSS'ye gonderilen kimyasal
sinyalleri degistirebildigi bilinmektedir. Ornegin Taenia crassiceps ve T. taeniaeformis, konakta testosteron salmimini
etkileyerek erkek farelerde lireme davranisini baskilamaktadir. Disi farelerde bulunan 6stodiol hormonu parazitin
gelisimini ve liremesini arttirir, bu nedenle disi fareler bu parazitlerden kaynaklanan enfeksiyonlara erkek farelerden
daha duyarlidir. Erkek farelerin 7. crassiceps veya T. taeniaeformis ile enfeksiyonu hem serum hem de testisteki
testosteron konsantrasyonlarini azaltir, dstradiol konsantrasyonlarini arttirir ve bu durum ¢iftlesme davranisini engeller.
Enfeksiyondan sonra erkek kemirgenlerde sekillenen endokrinolojik ve davranissal degisiklikler parazitlerin gelismesi
ve liremesi i¢in uygun ortam hazirlamaktadir (4, 46, 47).

Dicrocoelium dendriticum ile enfekte olmus karincalar c¢evrelerindeki en yakin bitkiye tirmanirlar ve
mandibulalar ile kendilerini bitkiye sabitlerler (48). Bu davranis, karincalarin bir ruminant tarafindan yenme olasiligim
arttirmakta ve bu sayede trematod yasam dongiisiinii tamamlamay1 garanti altina almaktadir (49). Birgok arastirici,
parazitlerin néromodiilatorler salgilayarak konagin davranigini parazitin yararina olacak sekilde degistirdigini
diisinmektedir (3, 49).

Manipiilatif protein yapilar iizerine yapilan caliymalar

Proteomik, genomik bilginin ¢evirisini arastirma yetenegi ile parazitlerin neden oldugu konak MSS'nin protein
ekspresyonundaki degisiklikleri incelemek i¢in bir yaklagim sunar (43).

Bu konuda yapilan oncii proteomik c¢alismalarinda artropod konak/parazit modelleri olusturularak
mekanizmalar ¢oziilmeye ¢alisilmigtir. Arastirmalarda manipiilatif siirece etkili olmayan proteinleri dislamak ve konak
davranig degisikligi ile potansiyel baglantili proteinleri bulmay1 kolaylastirmak i¢in bir¢ok islem gergeklestirilmistir
(43).

Calismalarin ¢ogunda Nematomorpha kokiinden kil kurtlar1 olan Spinochordodes tellinii ve Paragordius
tricuspidatus ile son konak olan cekirge tiirleri kullanilmigtir. Nematomorfalarin enfektif donemleri su kenarlarinda
bulunmaktadir. Bu formlar son konak ¢ekirgeler tarafindan su igme esnasinda yutulduktan sonra parazit hizla bilylime
gosterir (yaklasik 10-15 cm) ve neredeyse ¢ekirgenin biitiin viicut boslugunu doldurur. Parazit es bulup ciftlesebilmek
ve yasam dongiisiinii tamamlayabilmek i¢in konaktan ¢ikip suya donmek zorundadir. Parazit, bu asamada konak
iizerinde manipiilatif bir davranisa sebep olur; konagin bir su birikintisi aramasini ve bulunca da suya sigramasini saglar.
Konak suya diistiigiinde parazit, konak viicudundan disari ¢ikar ve ¢iftlesmek lizere esini arar. Suya diismek konagin
o6liimiine sebep olur. Eger cekirge balik ya da kurbaga gibi bir aver tarafindan yenirse parazit higbir zarar gérmeden
onlarin sindirim sisteminden ¢ikmakta ve yagam dongiisiinii devam ettirmektedir (50).

Vektorlerin davranislari da parazitlerin omurgali konaklarla kargilasma ihtimallerini artiracak sekilde manipiile
edilmektedir (43, 51). Bu davrams degisikligine neden olabilecek protein yapilar1 hakkinda incelemeler yapilmigtir.
Ornegin: (i) Anopheles gambiae-Plasmodium berghei (52); (ii) Glossina papalis gambiensis-Trypanosoma brucei
brucei (53). Bu calismalar parazitlerin vektorlerinin protein yapisinda bazi degisiklikler olabilecegini gostermistir.
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Degismis protein yapilarinin bazilar1 dipteralar arasinda da benzerdir (seker metabolizmasi, sinyal iletimi ve 1s1 soku
tepkisi gibi). Her iki parazitli vektoriin MSS’ine ait enerji metabolizmasinda degisiklik gdzlenmistir (52, 53). Bu
calismalarla P. berghei ve T.b. brucei’nin seker metabolizmalarim degistirebildigi goriilmiistiir.

5. Parazit-Konak Tliskisi

Konak manipiilasyonu, ilk olarak beslenme davranisi ile kendini gostermektedir. Bu davranis seklinde; son
konak arakonagi yiyerek arakonak igerisindeki parazitin larval dénemlerini alir. Manipiilasyon arakonagin davranigint
veya gorlinlimiini etkileyerek, arakonagin daha goriiniir olmasini saglamaktadir. Karmasik yasam dongiisiine sahip pek
cok trematod, sestod, nematod, acantocephala ve protozoa tiirlerinde bu manipiilasyon tipi gériilmektedir (35). Ornegin
bir tatli su amfipodu olan Gammarus roeseli, Polymorphus minutus ile enfekte oldugunda yer ¢ekimine karsit davranis
gosterir ve su yiizeyine yakin yiizer. Bu da onun son konak i¢in daha goriiniir olmasini saglar (54).

Konak manipiilasyonun yaygin olarak goriildiigii ikinci bulagsma yolu ise, konagin yasadig1 habitattan baska
habitata yayilmasidir. Burada parazit tarafindan yapilan manipiilasyon, konagin bazen kendisine hi¢ uygun olmayan
farkl1 bir habitata gitmesine neden olur. Bir¢ok trematod tiirii, arakonaklari olan salyangozlar1 enfektif dénemlerinin
yayilmasini saglamak i¢in uygun mikrohabitatlara gecmeleri i¢in uyarir (35).

Konak manipiilasyonun diizenli olarak goriildiigii tigiincii durum ise vektor kaynakli bulasmadir. En iyi bilinen
ornekleri; omurgalilar ile kan emici sinekler arasinda tasinan patojenleri igerir. Parazitin dogru konakla karsilagabilmesi
icin vektoriin miimkiin oldugu kadar ¢ok konaktan kan emmesi gerekmektedir. Bu durumda parazit, vektoriin kan emme
siiresini  kisaltarak ziyaret edilen konak sayisinin artmasini saglayabilir. Bu parazitlere 6rnek Trypanasoma,
Plasmodium ve filariyal nematodlan verebiliriz (35).

Konak fenotipinde meydana gelen farkliliklar, parazitlerin konakta neden oldugu biyokimyasal ve fizyolojik
degisiklikler sonucu meydana gelmektedir. Parazitlerin konak manipiilasyonu iizerine yapilan ¢aligmalarin ¢ogunda
sadece renk, morfoloji ve goriiniir davranis degisikligi iizerine odaklanilmistir. Cogu zaman manipiilasyonlar, kiigiik
farkliliklar yaratarak davrams degisikligine neden olur. Ornegin, manipiilasyon sonucu hayvamn belirli bir
mikrohabitatta geg¢irdigi zaman veya belirli bir davranisi gergeklestirme zamaninda azalma olabilir. Bu davrams
modellerinde meydana gelen degisiklikler, konagin farkli mikrohabitata dogru hareket etmesine, avcl hayvanlara karsi
savunmasiz kalmasina ya da parazitin bulasma sansini arttiracak davranislara neden olmaktadir (3, 35).

Konagin davranig degisikligi parazitin yagam dongiisiinii tamamlamak i¢in kullanilmaktadir. Eger bu yasam
dongiisii herhangi bir zorlukla karsilagmiyorsa parazitin konak davranigini degistirme ihtimali azalmaktadir.

6. Sonug

Parazitle enfekte olan hayvanlarda parazitlerden kaynaklanan birtakim davranis degisiklikleri olmaktadir. Bu
davranis degisiklikleri parazitlerin baska canlilara bulagsma ihtimalini arttirip parazitin yagam dongiisiini
tamamlamasini amaclamaktadir. Paraziter manipiilasyonlar, cogunlukla arakonak kullanilarak gergeklestirilir. Eger
parazitler bir arakonagi manipiile ediyorsa buradaki etkileri genellikle arakonagin parazite konaklik yapabilecek bir
baska canli tarafindan tiiketilmesini ve hizlica konaga gecis yapmasini amaglamaktadir. Konakta goriilen bu davranis
degisikliklerinin ¢ogu merkezi sinir sistemi kokenlidir. Bunun yaninda néromodiilatorler, hormonal sistem, sinir
sistemi ve enerji metabolizmasinda da degisiklikler goriillmektedir. Parazitler, eger yasam siklusunu tamamlarken
herhangi bir engelle karsilagsmiyorsa konak davranisini degistirme ihtimali azalir veya ortadan kalkar.

Cikar Catismas1 Beyam

Makalenin yazarlan arasinda bu derleme ¢aligmasi kapsaminda herhangi bir kisisel ve finansal ¢ikar ¢atismasi
bulunmamaktadir.
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Finansal Kaynak Beyam

Bu ¢aligma sirasinda, yapilan aragtirma konusu ile ilgili dogrudan baglantis1 bulunan herhangi bir ilag
firmasindan, tibbi alet, gere¢ ve malzeme saglayan ve/veya iireten bir firma veya herhangi bir ticari firmadan,
caligmanin degerlendirme siirecinde, ¢caligma ile ilgili verilecek karar1 olumsuz etkileyebilecek maddi ve/veya manevi
herhangi bir destek alinmamustir.

Yazar Katkis1 Beyam

Fikir/kavram: Elif Burcu GENCAY TOPCU, Cenk Soner BOLUKBAS
Kaynak taramasi: Elif Burcu GENCAY TOPCU, Cenk Soner BOLUKBAS
Makalenin yazimi: Elif Burcu GENCAY TOPCU
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VETERINER HEKIMLER DERNEGI DERGIiSi YAYIM KOSULLARI

1. Dergi, Veteriner Hekimler Derneginin yayin organi olup, yilda iki kez (Ocak ve Haziran) yayimlanir. Derginin
kisaltilmis resmi adi “Vet Hekim Der Derg”dir.

2. Derginin yaymm dili Tiirkge veya Ingilizce’dir.

3. Dergide, tamami daha dnce baska bir yerde yayimlanmamus giincel konulara iliskin 6zgiin bilimsel
arastirmalar, derlemeler, olgu sunumlar1 ve kisa bilimsel ¢aligmalar yayimlanir. Derleme niteligindeki
calismalar, ilgili bilim insanlarindan davet usulii ile talep edilir._

4. Dergide yayimlanmak iizere gonderilen makaleler Editorler Kurulunca degerlendirilerek konu ile ilgili
hakemlere gonderilir. Hakemlerin goriisii alindiktan sonra 6nerilen degisiklik ve diizeltmelerin yapilmasi i¢in
makale yazara/yazarlarina geri gonderilir; diizeltmeler yapildiktan sonra yayimlanir. Hakemlerin 6nerileri
disinda makalelerde sonradan ekleme ve ¢ikartma yapilamaz.

5. Dergide yayimlanmasi istenen yazilar uygun formata gore hazirlanmis "sablon"a gore diizenlenmelidir.
ilgili makale formatina gore hazirlanan sablonlar “https://dergipark.org.tr/tr/pub/vetheder” adresinden
indirilebilir. Yazar; Dergide yaymmlanmasi istenen yaziy1r ilgili sablonu kullanarak uygun formata
getirdikten sonra Dergipark sistemini kullanarak 1 Tam metin, 1 EK makale dosyasi ile 1 Etik Beyanname
formu, 1 Yayin Hakki Bilgilendirme ve Yazar Katki Beyanm olmak Uzere toplam 4 dosya yukleyecektir.
Belirtilen makale dosyalarimin sisteme ne sekilde yiiklenecegi ile ilgili bilgilere dergi web sitesi iizerinden
erisilebilir (https://dergipark.org.tr/tr/pub/vetheder/writing-rules).

6. Yazilarin tamamu, sekil ve tablolar dahil olmak iizere orijinal bilimsel aragtirmalarda ve derlemelerde 15, kisa
bilimsel ¢alismalarda 10, olgu sunumlarinda 8 sayfay1 gegmemelidir.

7. Makalenin bagligi kisa ve acik olmaly; ilk sdzctigiin baglangici biiyiik, digerleri kiigiik harflerle olacak sekilde,
yazilmalidir (“Ko6pek ve kedilerde uterus patolojileri” gibi). Varsa ¢aligmaya iligskin agiklama dipnot isareti ile
gosterilmelidir.

8. Yazarlyazarlarin, ad ve soyadlart makale bagliginin altina yazilmalidir; adresleri ve unvanlari ilk sayfada
dipnot seklinde belirtilmelidir. Yazarlarin ORCID numaralarini belirtmeleri zorunludur.

9. Ozet, makalenin 6nemli noktalarini igerecek tarzda kisa ve acik olmalidir. Tiirkce Ozet, en az 150, en fazla
250 s6zciik olmalidir. Anahtar sozciikler MeSH (Medical Subject Headings) terimlerine uygunluk agisindan
Tirkiye Bilim Terimleri'nden se¢ilmeli ve en az 3, en fazla 5 adet olacak sekilde alfabetik olarak siralanmalidur.
Yabanci dilde Ozet (Abstract), en az 200, en fazla 300 sézciik olmalidir. Yabanci dilde anahtar sézciikler MeSH
terimlerine uygun olmali ve en az 3, en fazla 5 adet olacak sekilde alfabetik olarak siralanmalidir. Anadili

Tirkce olmayan yazarlardan Tirkge 6zet istenmez.

10. Giris bolimiinde, ¢alisma ile dogrudan ilgili kisa literatiir bilgisi ve ¢alismanin orijinalligi ile ilgili bilgi
verildikten sonra, son paragrafta ¢calismanin amaci vurgulanmalidir. Bu bdliim 2 sayfay1 gegmemelidir.

11. Gereg ve Yontem, gereksiz ayrintiya girilmeden, 6z ve anlagilir bigimde yazilmahdir. Etik kurul izni gerekli
ise mutlak suretle belirtilmelidir. (Kurum, Tarih, say1 numarasi ile)

12. Bulgular boliimiinde, veriler kisa bir sekilde agiklanmalidir. Tablolarda verilen bulgularin metinde tekrarindan
kagimlmalidir. Istatistik analiz sonuglarmin gosteriminde P degerleri tam olarak raporlanmalidir. P degeri igin
virgiilden sonra 3 hane, tanimlayici istatistiklerin raporlanmasinda ise virgiilden sonra 2 hane yeterlidir. Anadili
Tiirkge olan makaleler igin ondalik ayraci olarak virgiil (,), Ingilizce olanlar i¢in ise nokta (.) kullanilmalidir.

13. Boliim bagliklari sola yasli bigimde, kalin yazi karakteri ile sézciiklerin ilk harfleri biiylik olacak sekilde
yazilmalidir. Ikinci derecedeki alt basliklar sola dayali olarak kalin yazi karakteri ile sadece ilk harf biiyiik olacak
sekilde kiiciik harflerle yazilmalidir. Ugiincii derecedeki basliklar ise paragraf basinda yer almali ve italik olarak
sadece ilk  harf biliyik olacak  sekilde kiigiik  harflerle  yazilmalidir  (Bkz.  Sablon).
14. Tablo ve sekil basliklari, Tiirkce ve yabanct dilde dergi formati dikkate alinarak yazilmalidir. Basliklarin
tabloyu yeterli diizeyde agiklayict olmasma o6zen gosterilmelidir. Tablolarda dikey ¢izgi kullanimindan
kacinilmalidir. Yatay cizgiler ise gerektiginde yalnizca tablonun ilk satir1 ve son satirindan sonra kullanilabilir.
15. Yazarlar her bir bilimsel kisaltmanin agilimimi metinde ilk gectigi yerde agiklamalidirlar. Latince cins ve tiir
isimleri italik yazi tipi ile yazilmalidir. Tiim Olcililer SI (Systeme Internationale)’ye gore verilmelidir.
16. Tarisma ve Sonug¢ boliimiinde, veriler literatiir bilgilerinin 1s18inda tartisilmali ve yorumlanmalidir.
17. Kaynakca gosteriminde Vancouver stili kullanilmalidir. Kaynakg¢a gdsterimi ile ilgili detaylara asagida yer
verilmistir. (Dergi yazim kurallar1 ile uyumlu Endnote stili, dergi web sitesinden indirilebilir)

Metninizde atifta bulunulan her eser, alinti sirasina gore atanan benzersiz bir numaraya sahip olmalidir.

Metin igerisinde ornek kaynak gosterimi: Metninizde bir esere birden fazla atif yapryorsaniz, ayni atif numarasi
kullanilmalidir. Numaray: parantez iginde yazabilirsiniz. Ayni ciimle i¢inde birkag¢ eserden alinti yapmak
istiyorsaniz, her eser i¢cin atif numarasini eklemeniz gerekecektir. Kapsayici sayilart baglamak icin kisa ¢izgi ve
sayilarin ardisik olmadigr durumlarda virgiil kullanilmalidir.

Asagida 6, 7, 8, 9, 13 ve 15 numarali eserlere metin i¢inde ayni yerde atifta bulunulan bir érnek verilmistir:


https://dergipark.org.tr/tr/download/journal-file/19771
https://dergipark.org.tr/tr/download/journal-file/19771

"Daha dnce yapilan ¢calismalarda (6-9,13,15), kanatlilarda prebiyotiklerin biiyiime performansina etkisine
iliskin bilgi verilmistir.”

Yazarin adint metninizde kullanabilirsiniz, ancak alinti numarasini da girmelisiniz.

Or. "Watkins ve ark. (2), yaptiklar: ¢alismada, FOS'un broilerlerde biiyiime performansina anlaml etkisi
oldugunu gostermigtir."”

Bazi kitaplar farkly yazarlar tarafindan yazilmis béliimler i¢erebilir. Boyle bir kitaptan esere atif yapilirken
kitabin editoriine degil, boliimii yazan yazara atifta bulunulmaldir.

Kaynaklar kisminda gosterim: Cok yazarli ¢calismalarda yazar adlarimin arasina sadece virgiil konulmalidir.
Kaynaklar atifin metin icerisindeki ilk yapildigi dizin dikkate alinarak siralanmali ve numaralandirilmalidir.
Kaynak yaziminda yazar adlart ve konu basligi normal yazi tipi ile yazilmalidir. Yazar Soyisimlerinin ilk harfi
biiyiik sonraki harfleri kiiciik, isimlerin ise yalnizca basharfleri arada nokta olmaksizin biiyiik harfle
vazilmalidir. Dergi adlarimin kisaltiimast kullanilmali ve dergilerin kisaltilmis adlarinda "Periodical Title
Abbreviations: By Abbreviation"in son baskisi esas alinmalidir. Dergi kisaltmasi i¢inde nokta
kullanilmamahdir. Kaynakta belirtilen yazar isimlerinin tamami verilmeli, yalnizca 6'dan fazla yazar varsa
sonraki yazarlar icin et al. veya ve ark. seklinde kisaltma kullanilmalidr.

Cesitli kaynak gosterimlerine drnekler

Eger kaynak, bilimsel bir dergide yaymlanmuis bir ¢calisma ise:

Kasperowicz A, Michalowski T. Assessment of the fructanolytic activities in the rumen bacterium Treponema
saccharophilum strain S. J Appl Microbiol 2002;92:140-146.

Christy RC, Thirunavukkarasu M. Emerging importance of animal health economics: A note. Turk J Vet Anim
Sci 2006;2(3):113-117.

Russell FD, Coppell AL, Davenport AP. In vitro enzymatic processing of radiolabelled big ET-1 in human
kidney as a food ingredient. Biochem Pharmacol 1998;55:697-701.

Kaynak, kitap ise:

Lodish H, Baltimore D, Berk A, Zipursky SL, Matsudaira P, Darnell J. Molecular cell biology. 3rd ed. New
York: Scientific American; 1995.

Fauci AS, Braunwald E, Isselbacher KJ, Wilson JD, Martin JB, Kasper DL, et al, editors. Harrison’s principles
of internal medicine. 14th ed. New York: McGraw Hill, Health Professions Division; 1998.

Kaynak kitaptan bir béltim ise:

Porter RJ, Meldrum BS. Antiepileptic drugs. In: Katzung BG, editor. Basic and clinical pharmacology. 6th ed.
Norwalk (CN): Appleton and Lange; 1995. p. 361-80.

Kaynak bir bildiri ise:

Kimura J, Shibasaki H, editors. Recent advances in clinical neurophysiology. Proceedings of the 10th
International Congress of EMG and Clinical Neurophysiology; 1995 Oct 15-19; Kyoto, Japan. Amsterdam:
Elsevier; 1996.

Kaynak internette yer aliyor ise erigim tarihi ile yazilmalidir:

Morse SS. Factors in the emergence of infectious disease. Emerg Infect Dis [serial online] 1995 Jan-Mar [cited
1999 Dec 25]; 1(1):[24 screens]. Available from:URL: http://www/cdc/gov/ncidoc/EID/eid.htm

Garfinkel PE, Lin E, Goering P. Should amenorrhoea be necessary for the diagnosis of anorexia nervosa? Br J
Psych [serial online] 1996 [cited 1999 Aug 17]; 168(4):500-6. Available from: URL:http://biomed.niss.ac.uk
National Organization for Rare Diseases [Online]. 1999 Aug 16 [cited 1999 Aug 21]; Available from:

URL :http://www.rarediseases.org/

18. Yazisma adresi, c¢alismada sablon igerisinde verilen kisimda yer almalidir. Cok yazarli calismalarda

yazarlardan sadece birinin adi, yazisma adresi olarak belirtilmelidir.
19. Veteriner Hekimler Dernegi Dergisinde yayimlanacak olan, hayvan deneylerine dayali bilimsel ¢alismalarda
"Etik Kurul Onay1 Almmugtir" ifadesi aranir.

20. Arastirmaya konu olan maddelerin ve tirlinlerin ticari adlari kullanilmamalidir.
21. Dergide yayinlanan her tiirlii makalede yer alan ifade veya goriislerin sorumlulugu yazarlarina aittir. Editorler,
Editor Kurulu ve yaymci bu tlir materyaller i¢in herhangi bir sorumluluk kabul etmemektedir.
22. Gonderilen makaleler gelis tarihine gore hakeme gonderilir ve yayin kurulunun aldig: kararla yayimlanir.

23. Makale Veteriner Hekimler Dernegi Dergisi tarafindan yayimlanmak iizere kabul edilirse, yazar(lar),
makalenin Creative Commons Attribution-NonCommercial 4.0 Uluslararasi Lisans1 (CC-BY-NC) kapsaminda
lisanslanacagini kabul eder.

*Yazarlar dergi etik ilke ve yayin politikasina iliskin bilgilere asagidaki baglantidan erigebilirler:
https://dergipark.org.tr/tr/pub/vetheder/policy

*Yazarlar Dergi ticret politikasina iliskin bilgilere agagidaki baglantidan erisebilirler:
https://dergipark.org.tr/tr/pub/vetheder/price-policy
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AUTHOR GUIDELINES / INSTRUCTIONS TO AUTHORS

1. Veteriner Hekimler Dernegi Dergisi (Journal of the Turkish Veterinary Medical Society) is published
biannually (January, June) and its abbreviation is “Vet Hekim Der Derg”.

2. The language of the journal is Turkish or English.

3. The journal publishes original scientific research, reviews, case studies, and short communication studies on
current issues not previously published anywhere else. Review studies are requested by invitation.

4. The Editorial Board decides whether to publish the paper, considering peer reviews, scientific significance, and
manuscript quality. Except for the referees' comments, the articles cannot be changed or deleted after acceptance.
5. Manuscripts should be prepared using the template given in the web page of the journal
(https://dergipark.org.tr/en/pub/vetheder/writing-rules) After preparing the manuscript according to the
template; the author(s) are expected to upload 4 documents via the Dergipark submission system (1 Full
text, 1 Additional manuscript file, 1 Ethical statement file, 1 Copyright Agreement and Authors’
Contribution file).

6. Manuscripts including figures and tables should not exceed 15 pages for original research articles and review
articles, 10 pages for short communications, and 8 pages for case reports.

7. Manuscript title should be short and clear; the first letter should be in capital letters and the rest in small
letters (e.g. “Uterine pathologies in cats and dogs”). If needed, the explanation regarding the study should be
indicated as footnotes.

8. Name and surnames of the authors should be written under the article title; their addresses, ORCIDs, and
titles must be placed on the first page as a footnote.

9. Abstract should be short, and plain and include the most important parts of the manuscript. The English
abstract must be at least 200, at most 300 words. At least 3, at most 5 English keywords should be selected in
accordance with MeSH and written alphabetically. Researchers whose native language is not Turkish do not
have to write an abstract in Turkish.

10. The introduction should include the literature reviews related to the study and the aim/s should be indicated
in the last paragraph. The introduction should not exceed 2 pages.

11. Material and methods should be written in a clear and understandable manner without any unnecessary
details. If ethical committee permission is required, it should be stated absolutely (with Institution, Date, issue
number).

12. In the results, the data should be shortly explained. Repetition of data given in tables should be avoided.P
values should be reported exactly in the display of statistical analysis results. 3 digits after the decimal point are
sufficient for the P value, and 2 digits after the decimal point are sufficient for reporting descriptive statistics.

For articles whose native language is Turkish, a comma (,) should be used as a decimal separator, and a dot (.)
should be used for English-language articles.

13. Titles must be centered and written boldly with the first letter of each word capitalized. Second-degree
subtitles must be left justified with only the first letter capitalized. Third-degree subtitles must be at the
beginning of the paragraph and written Italic with only the first letter capitalized.

14. Table and figure titles must be written both in Turkish and in English. Vertical lines should not be used in
the tables. If horizontal is needed, they may only be used under the first and last lines of the table.

15. Authors must place the extension of abbreviations in the first use of the text. Genus and species names in
Latin must be written in Italic. All measurements must be indicated according to Systeme Internationale (SI)
units.

16. In the discussion and conclusion, the data should be interpreted with other study results indicated in the
reference list.

17. Journal uses the Vancouver citation style. Details about how to cite a study are given at
https://dergipark.org.tr/en/pub/vetheder/writing-rules . You may also download the Endnote style appropriate for
this journal using the link above.

Example of Reference used in the text: Each piece of work that is cited in your text should have a unique number,
assigned in the order of citation. If, in your text, you cite a piece of work more than once, the same citation number
should be used. You can write the number in brackets. If you want to cite several pieces of work in the same
sentence, you will need to include the citation number for each piece of work. A hyphen should be used to link
numbers that are inclusive, and a comma used where numbers are not consecutive.

The following is an example where works 6, 7, 8, 9, 13, and 15 have been cited in the same place in the text.

"In previous studies (6-9,13,15) discussed the effect of prebiotics on growth performance in poultry."

You can use the author’s name in your text, but you must insert the citation number as well.

"Watkins et al. (2) showed in their study that FOS had a significant effect on growth performance in broilers."

If a work has more than one author and you want to cite author names in your text, use ‘et al.” after the first author.



https://dergipark.org.tr/en/pub/vetheder/writing-rules

Some books may contain chapters written by different authors. When citing work from such a book, the author
who wrote the chapter should be cited, not the editor of the book.

Representation in the references section: Only commas should be placed between the names of the authors in
studies with multiple authors. References should be listed and numbered, taking into account the index in which
the reference is first made in the text.

In reference writing, the names of the authors and the title of the subject should be written in normal font. The first
letter of the Author Surnames should be capitalized, the following letters should be written in lowercase, and only
the initials of the names should be written in capital letters without a dot in between. Abbreviations of journal
names should be used and the abbreviated names of journals should be based on the latest edition of "Periodical
Title Abbreviations: By Abbreviation. The period should not be used in the abbreviation of the journal. All the
names of the authors mentioned in the source should be given, only if there are more than 6 authors, et al. or et al.
abbreviation should be used.

Example of various references

If the reference is a Journal article:

Kasperowicz A, Michalowski T. Assessment of the fructanolytic activities in the rumen bacterium Treponema
saccharophilum strain S. J Appl Microbiol 2002;92:140-146.

Christy RC, Thirunavukkarasu M. Emerging importance of animal health economics: A note. Turk J Vet Anim
Sci 2006;2(3):113-117.

Russell FD, Coppell AL, Davenport AP. In vitro enzymatic processing of radiolabelled big ET-1 in human kidney
as a food ingredient. Biochem Pharmacol 1998;55:697-701.

If the reference is a book:

Lodish H, Baltimore D, Berk A, Zipursky SL, Matsudaira P, Darnell J. Molecular cell biology. 3rd ed. New York:
Scientific American; 1995.

Fauci AS, Braunwald E, Isselbacher KJ, Wilson JD, Martin JB, Kasper DL, et al, editors. Harrison’s principles of
internal medicine. 14th ed. New York: McGraw Hill, Health Professions Division; 1998.

If the reference is a book chapter:
Porter RJ, Meldrum BS. Antiepileptic drugs. In: Katzung BG, editor. Basic and clinical pharmacology. 6th ed.
Norwalk (CN): Appleton and Lange; 1995. p. 361-80.

If the reference is a conference paper:
Kimura J, Shibasaki H, editors. Recent advances in clinical neurophysiology. Proceedings of the 10th International
Congress of EMG and Clinical Neurophysiology; 1995 Oct 15-19; Kyoto, Japan. Amsterdam: Elsevier; 1996.

If the reference is electronic, it must be written together with the access date;

Morse SS. Factors in the emergence of infectious disease. Emerg Infect Dis [serial online] 1995 Jan-Mar [cited
1999 Dec 25]; 1(1):[24 screens]. Available from:URL: http://www/cdc/gov/ncidoc/EID/eid.htm

Garfinkel PE, Lin E, Goering P. Should amenorrhoea be necessary for the diagnosis of anorexia nervosa? Br J
Psych [serial online] 1996 [cited 1999 Aug 17]; 168(4):500-6. Available from: URL:http://biomed.niss.ac.uk
National Organization for Rare Diseases [Online]. 1999 Aug 16 [cited 1999 Aug 21]; Available from:
URL :http://www.rarediseases.org/

18. Address of correspondence should be given at the end of the research. In research with more than one author,
only the corresponding author’s name should be given as correspondence address.

19. Inresearches based on animal experiences that are to be published in the Journal of Turkish Veterinary Medical
Society should include an approval statement from the Ethical Committee. A copy of Ethical Committee’s
approval statement might be requested for accepted manuscripts at review stage.

20. The tradenames of products which are subjects of study should not be used.

21. Authors are fully responsible for the article published in the journal.

22. The articles received are subjected to review according to their arrival dates and are published consistent with
the decision of the Editorial Board. After the article is published, the rights of publication belong to the journal.
23. If the article is accepted for publication by the Journal of the Veterinary Medical Association, the author(s)
agrees that the article will be licensed under the Creative Commons Attribution-NonCommercial 4.0 International
License (CC-BY-NC).

*Authors can access to the ethical principles and publication policy of the journal using the link below:
https://dergipark.org.tr/en/pub/vetheder/policy

*Authors can access to price policy of the Journal using the link below:
https://dergipark.org.tr/en/pub/vetheder/price-policy
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YAYIN HAKKI BILGILENDIRME VE YAZAR KATKI BEYANI

Makale Baghgi

Asagida imzasi bulunan yazarlar, Veteriner Hekimler Dernegi
Dergisi'nin ve yayincinin yukarida adi gegen vyazinin
iceriginden sorumlu olmadigini kabul ederler.

Telif Hakki

Asagida imzasi bulunan yazarlar;
o Gonderilen yazinin (metin, tablolar, sekiller, gérseller
ve ilgili diger igerik dahil) orijinal oldugu ve kismen veya
tamamen daha 6nce yayinlanmamis oldugunu,
o Makalenin tamami veya bir kismi yayimlanmis ise,
Veteriner Hekimler Dernegi Dergisi'nde yayinlanmasi
icin tim izinlerin alinmig oldugunu, orijinal telif hakki
formu ve gerekli diger belgelerin de Veteriner Hekimler
Dernegi ve tim ilgililere iletilecegini kabul eder.
o Yazarlar, makalenin baskalarinin kisisel veya miilkiyet
haklarini ihlal etmedigini garanti eder ve bu yazinin
iceriginin sorumlulugunu ve ayrica yazi ile ilgili diger
tiim yasal sorumluluklari kabul eder.
o Bu formu imzalayan yazarlar, makalenin Veteriner
Hekimler Dernegi Dergisi tarafindan yayinlanmak tizere
kabul edilmesi halinde, ligiincl sahislarin paylasmasina
ve uyarlamasina izin veren Creative Commons Atif-
GayriTicari 4.0 Uluslararasi  Lisansi  (CC-BY-NC)
kapsaminda lisanslanacagini kabul ederler. Bu lisans ile
orijinal ¢alismaya uygun atifi vermek sartiyla, ¢alisma
materyali, yalnizca ticari olmayan amaglar igin
kullanilabilir.
Lisansla ilgili daha fazla ayrinti icin asagidaki erisim
baglantisini kullanabilirsiniz:
https://creativecommons.org/licenses/by-nc/4.0
o Yazarlar, telif hakki da dahil olmak Gzere makalenin
tiim patent ve diger miilkiyet haklarini elinde tutar.

Yazar Yazarlik Katkis imza

N o v s WwWDNEPRE

Yazarlik Katkisi

Veteriner Hekimler Dernegi Dergisi, ICMJE'nin asagidaki 4

kriteri iceren yazarlga iliskin tavsiyelerine bagli kalmaktadir:
i. Calisma konseptine veya tasarimina 6nemli katkilarda
bulunmak; veya galisma igin verilerin elde edilmesi,
analizi veya yorumlanmasinda gorev almak;
ii. Calismayi hazirlamak veya énemli entelektiel igerik
icin elestirel olarak gbzden gegirmek;
iii. Calismanin yayinlanacak versiyonunun nihai olarak
onaylanmasi;
iv. Calismanin herhangi bir bolimiinin dogrulugu veya
batinluga  ile ilgili  sorularin  uygun sekilde
sorusturulmasint  ve ¢ozilmesini  saglamak igin
galismanin tiim yénlerinden sorumlu olma hususunda
hem fikir olunmasi

Tum vyazarlar yukarida belirtilen ilk 3 kriterde belirtilen
kosullari yerine getirmelidir. Belirtilen kosullari yerine
getirmeyenler, makalenin "Tesekkur" bélimiinde
belirtilecektir.

Asagida imzasi bulunan yazarlar, yukarida belirtilen hikim
ve kosullara gore yazarlik igin uygun olduklarini onaylarlar.

Yazarlik Katki Tiirleri

Lutfen asagidaki tablonun "Katki Tard" bolimind
doldururken ilgili numarayi kullaniniz.

1. Fikir / Kavram; 2. Deney Tasarimi; 3. Denetleme/
Danismanlik; 4. Veri toplama ve/veya isleme; 5. Veri analizi
ve/veya yorum; 6. Kaynak taramasi; 7. Makalenin yazilmasi;
8. Elestirel inceleme

Bu form tiim vyazarlar tarafindan imzalanmali ve ilk
gonderim sirasinda diger makale dosyalariyla birlikte
sisteme yiiklenmelidir.
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