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Beef is an indispensable source of protein for humans. The production is increased in
recent years with the effect of increasing population. Besides of beef cattle breeds,
male calves of dairy breeding and combined productive animals are also been
fattened. The aim of the study investigate the carcass yield and characteristics of the
some beef cattles. In the study hot carcass weights, carcass characteristics and skin
weights of 588 male Holstein, Brown-Swiss, Simmental and Montbeliarde cattle
breeds raised in Amasya region were used. For this purpose, the hot carcass weight
data was taken at the slaughterhouse shortly after dressing and the weights of mince,
cubed meat, steak, tenderloin, ribeye at the chilled carcass and skin weights of the
beef cattle raised by the members of the Amasya Cattle Breeders Association were
investigated. Slaughtered animals were fed mainly concentrated feed with commercial
fattening feed. The hot carcass weights of slaughtered animals in Holstein, Brown-
Swiss, Simmental and Montbeliarde cattle breeds were 343.70+3.12 kg, 319.80+15.50
kg, 336.56+3.58 kg and 349.44+6.06 kg respectively. The hot carcass weights of the
animals according to age of 13-15 months, 16-18 months, 19-21 months, 22-24
months and +24 months were 316.44+8.20, 337.44+3.18, 342.00+3.62, 339.98+5.48
and 370.3549.11 kg respectively. While the effect of breed on hot carcass weight was
insignificant (p>0.05), the effect of age was significant (p<0.05). The breed and age
interaction were significant (p<0.05). The highest skin weight was determined in the
Simmental breed, and the lowest in the Holstein breed. While the effect of breed on
mince, cubed meat, steak, tenderloin fillet was insignificant (p>0.05) and it was
significant on ribeye (p<0.05). However, while the effect of age on mince, cubed meat,
steak, tenderloin was significant (p<0.05), it was not significant on ribeye (p>0.05).
As a result of the study, it was evaluated that different breeds reached their target
slaughter weights in different times, and that breeders determine the target slaughter
time according to carcass yield rather than age.
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INTRODUCTION

Animal originated food play a big role in human nutrition. They contain protein, vitamins and
minerals that are essential for human. The digestibility of these nutrients is also quite high (Ardicl,
2018). Animal foods include meat, milk and eggs. For the continuity of human life, the production of
animal foods must continue without interruption.

The male calves of dairy and combined yielded cows are also fattened besides of beef calves in
Tiirkiye. These breeds include Limousin, Charolais, Angus, Hereford, Holstein, Montofon, Simmental
and Montbeliard. Artificial insemination undoubtedly plays a major role in raising superior quality
breeding animals. In this way, breeding program has been successful throughout the country (Kayar and
Inal, 2019; Senyiiz et al., 2020; Kayar and Inal, 2022; Fidanci et al., 2022). Average beef carcass meat
has reached the average of developed countries in Tiirkiye. Average carcass weight ofcattle were 218.20
kg in the world, 267.90 kg in European countries, 284.50 kg in Tiirkiye and 311.40 kg in America (FAO,
2022).

In order to obtain optimum carcass yield in cattle, beef or combined yield animals must reach
sufficient maturity. Carcass yield varies depending on breed. Fattening period is between 15-18 months.
This period is suitable for economical meat production (Ergiin et al. 2020). However, this period may
take longer due to various reasons in terms of animal husbandry. Likewise, the carcass is expected to
have a certain weight in order to be evaluated economically. While the bone ratio is high in the carcasses
of animals that have not completed their maturation, the fat ratio increases in the carcasses of animals
that are subjected to excessive fattening. This situation affects the evaluation of the carcass. The skin,
another animal product obtained during slaughter, is varies depending on the breed and age of the
animal. In the literature, carcass weights were 251.1 - 320.0 kg in Holstein steers, 293.3 - 344.4 kg in
Simmental steers, 268.2 - 289.4 kg in Brown-Swiss steers, and 297.4 - 343.2 kg in Montbeliarde steers
(Alberti et al., 2008; Catikkas and Kog, 2017; Nikoloau et al., 2020; Sipahi et al., 2022).

Shredding of beef carcasses is generally done according to the valuable meat classification
(Alpan, 1972; Sariozkan et al. 2013). However, there is not much evaluation in terms of final consumer
use. In this study, hot carcass yields, carcass characteristics and skin weight were examined which
obtained from beef cattle slaughtered in the Amasya Region. The aim of the study investigate the carcass
yield and characteristics of the Holstein, Brown-Swiss, Simmental and Montbeliarde beef cattles.

MATERIAL AND METHOD

In the research data obtained from animals after slaughtering in the slaughterhouse in Amasya.
For this purpose, 588 male cattle were examined which slaughtered between 2018 and 2021. Amasya
Breeding Cattle Breeders Association (ABCBA) slaughter data was used. The breeds of the cattle were
Holstein (n = 268), Brown-Swiss (n = 18), Simmental (n = 231) and Montbeliarde (n = 71). The animals
were fattened to intensive in different enterprises and fed with concentrated feed based. The breed and
age information of the animals was checked from the Breeding Association records.

After the animals were slaughtered in the slaughterhouse, their hot carcass weight and skin
weights were determined via electronic scale (0.1 kg sensitivity) and recorded. After this stage, the
carcasses were kept in +4 C° cold storage for 24 hours and cooled to +4 C°. Chilled carcasses were
stripped from the bones and divided into minced, cubed meat, steak, tenderloin and ribeye in processing
plant of ABCBA according to the Alpan (1972). Each separated portion of meat was weighed and
recorded.
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The data were analyzed with Anova multivaried comparison test in the SPSS (2001) package
program, and in case of a difference between the groups, the Tukey test was applied. The significance
level was determined as 0.05.

RESULTS

The hot carcass weights and standard errors in the study were presented in Table 1. There were
no difference was between breeds in terms of hot carcass weight (p>0.05). The effect of breed was
significant in terms of skin weights (p<0.05). While the effect of breed was insignificant in terms of
minced, cubes meat, steak and tenderloin obtained by deboning after cooling the carcass (p>0.05), it
was significant in terms of ribeye (p<0.05). The hot carcass weights, skin weights, chilled carcass
weights of minced, cubes meat, steak, tenderloin and ribeye of the animals according to their slaughter
ages were given in Table 2. The hot carcass weight was significant according to slaughter ages (p<0.05).
Likewise, a significant difference was found between skin weights according to age (p<0.05). While
minced, cubed meat, steak and tenderloin obtained after deboning the chilled carcass was significant
according to age (p<0.05), ribeye was insignificant (p>0.05). Breed*age interaction was significant in
all parameters (p<0.05).
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Table 1. Carcass, skin and carcass charasteristic weights of cattle breeds.

Breed n Carcass Skin Weight  Mince Weight % Cubed % Steak % Tenderloin % Ribeye %

Weight (Kg) (Kg) (Kg) Meat Weight Weight Weight (Kg)

Weight (Kg) (Kg)
(Kg)
Holstein 268  343,70+3,12 42,70+0,42° 152,99+¢2,50 4451 73,41+3,37 21.36 8,00+0,14 2.33  3,99+0,06 1.16  9,33+0,122 2.72
Brown-Swiss 18 319,80+15,50 41,94+1,74° 168,10+¢0,40 52.56 59,16+2,96 18.50 7,55+0,60 2.36  4,09+0,44 1.28 7,68+0,72° 2.40
Simmental 231  336,56+3,58 46,81+0,44®  152,13+2,77 4520 77,85+2,64 23.13 8,50+0,13 2.53 4,15+0,07 1.23  8,95+0,142 2.66
Montbeliarde 71 349,4416,06 44,67+1,14%  157,38+4,90 45.04 74,42+7,94 21.30 8,28+0,42 2.37 4,25+0,14 1.22  9,00£0,292° 2.58
p 0.72 0.001 0.57 0.26 0.65 0.20 0.03
Table 2. Carcass, skin and carcass charasteristic weights of cattle breeds according to age.

Age (Month) n Carcass Skin Weight ~ Mince Weight % Cubed Meat % Steak % Tenderloin % Ribeye %

Weight (Kg) (Kg) (Kg) Weight (Kg) Weight Weight Weight

(Kg) (Kg) (Kg)

13-15 38  316,44+8,20°  40,78+1,67¢ 135,3617,48° 42.78 65,28+8,08° 20.63 7,07+045° 2.23 3,70#0,22> 1.17 8,33+0,54 2.63
16-18 176 337,44+3,18 43,50+0,48° 153,47+2,88%° 4548 64,84+4,86° 19.22 7,76+0,15®® 2.30 3,92+0,08%° 1.16 9,19+0,14 2.72
19-21 175 342,00+3,62°  43,86+0,73* 160,22+2,602  46.85 77,88+3,62% 2277 8,29+0,18% 2.42  4,12+0,08%* 1.21  9,28+0,17 271
22-24 83  339,98+5,48° 46,47+0,57%° 155,90+4,36%° 45.86 66,84+2,88%° 19.66 8,45+0,232 2.49  4,18+0,123° 1.23  9,36+0,25 2.75
24+ 66  370,35+9,112  46,89+0,73% 157,565,713 4254 82,83+3,88% 22.37 8,26+0,20*® 2.23  4,26+0,10° 1.15 9,24+0,23 2.50
p 0.001 0.001 0.03 0.01 0.01 0.02 0.15
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DISCUSSION

In the study, it was observed that the carcass weights of Holstein, Brown-Swiss, Simmental and
Montbeliarde were similar. In studies conducted on the Holstein breed, hot carcass weight was reported
by Alberti et al., (2008) as 320.0 kg; by Golebiewski and Brzozowski (2011) as 293.7 kg; by Catikkas
and Kog (2017) as 304.36 kg; by Nikolaou et al., (2020) as 251.1 kg and Sipahi et al., (2022) as 264.9
kg. The values in the current study were higher than the literature. However, it was lower than reported
by Kim et al., (2021) (442.9 kg). Hot carcass weight value in the Brown-Swiss was higher than
determined by Alpan (1972), Kiz1l and Aydogan (2014), Catikkas and Kog¢ (2017), Pmarbas1 and
Yazgan (2020) and Sipahi et al., (2022). The data obtained in the current study on the Simmental breed
were higher than those Catikkas and Kog (2017), Duru and Sak (2017), Nikolaou et al., (2020), Gao et
al., (2022) and Sipahi et al., (2022) and similar with Alberti et al., (2008) and Pinarbasi and Yazgan
(2020), lower than those reported by Kizil and Aydogan (2014), Senyiiz et al., (2020) and Ates and
Akbas (2022). The value obtained in the Montbeliarde breed was higher than reported by Sipahi et al.,
(2022), similar with by Nikolaou et al., (2020) and Golebiewski and Brzozowski (2011), it was lower
than the values reported by Chladek, and ZiZlavsky (2004) and Chladek, and ZiZlavsky (2005). It is
thought that the difference in hot carcass weights is related to slaughter age and feeding management. It
is also important in genetic structure. In fact, it is known that some genes play an important role in
parameters that directly affect carcass yield, fat storage, body weight, and body length in cattle (Das,
2016).

The highest hot carcass weights were obtained from +24 months of age animals. The lowest hot
carcass weight was at the age of 13-15 months of age of animals. The values obtained in the current
study were, regardless of race, higher than Alberti et al., (2013), Duru and Sak (2017), Ozdemir and
Yanar (2021) and Sipahi et al., (2022) according to slaughter age. Also similar with Alberti ve ark.
(2008) and lower than those of Chladek and Zizlavsky (2004), Chladek and Zizlavsky (2005) and Kim
et al., (2021). The optimum slaughter age was 18 months for beef cattles (Ergiin et al., 2020). The
findings obtained in the study was resemble with the literature. Carcass yield was low at the slaughter
time before the optimum slaughter age, and higher after slaughtering. This situation was expected.
However, considering the amount of consumed feed for the carcass yield, it didnot appear to be an
advantageous situation. Because, although feed and dry matter consumption increased with age in beef
cattle, live weight does not increase at the same rate (Hayirli, 2022).

There was a significant difference between breeds in terms of skin weight. The highest skin
weight was 46.81+£0.44 kg in the Simmental, and the lowest was 41.94+1.74 kg in the Brown-Swiss. In
the literature, the skin weights reported by Alpan (1972) and Duru and Sak (2017) in Brown-Swiss,
Holstein and Simmental were lower than the current study, while the values reported by Kizil and
Aydogan (2014) and Ates and Akbas (2022) were higher. When compared to skin weights obtained in
the study were lower in Brown-Swiss and Holstein breeds than the beef cattles, Simmental and
Montbeliarde were similar with the Limousin, Charolais, Angus and Hereford (Kayar and Inal, 2022).
In cattle, skin weight was directly proportional to body surface area and therefore live weight. It is
thought that the difference in skin weights was due to the live weights of the animals at slaughter.

There was no difference between breeds in terms of minced, cubed meat, steak and tenderloin
weights. However, ribeye weight was higher in the Holstein than the Brown-Swiss. Depending on the
age of cattles, the situation was the opposite. While minced, cubes, steak and tenderloin weights were
significant in depending on the age, but it was similar in terms of ribeye weight. There are not many
studies on the evaluation of meat. In the literature (Alpan, 1972; Arpacik, 1978), the weight of tenderloin
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and steak was lower than the current study, and the minced weight was higher. In a study conducted on
the Zavot cattle (Sari6zkan et al., 2013), tenderloin values was similar with the study, but steak and
tenderloin values were higher. Especially the rate of valuable meats, the effect of breed and age is
important.

CONCLUSION

As a result, the fattening performance of the male steers of the combined breeds was above
world standards in the study. The Montbeliarde has the potential to be higher in terms of carcass weights
between the breeds. In terms of slaughter age, although the carcass weights of animals slaughtered over
24 months were higher, it was observed that the carcass weights of animals slaughtered at 19-21 months
of age were at ideal weights. As a result of the study, it was concluded that breeders determine the
slaughter time when they reached the target carcass weight, regardless of breed and age of cattle.
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INTRODUCTION

Storks are members of the family Ciconiidae, which is part of the order Ciconiiformes, which
comprises several families. This family contains 19 species of storks divided into six genera, many of
which are migratory. The white stork (Ciconia ciconia Linnaeus, 1758), which is a Palearctic migrant
(Girisgin et al., 2017), is a carnivore that consumes small animals, birds, amphibians, fish, and insects.
The white stork lives in agricultural areas and is mostly associated with wetlands (Tylkowska et al.,
2019). The black stork (Ciconia nigra Linnaeus, 1758), an endangered species of migratory waterbird
(Karaska et al., 2002; Konigova et al., 2015), feeds on frogs, salamanders, amphibians, fish, and
mollusks found in swamps and slow-moving waters (Merino et al., 2001; Liptovszky et al., 2012). This
species is one of the protected animals in our nation. Free-ranging birds play a vital role in maintaining
a healthy and balanced ecosystem (Nasiri et al., 2019). Birds in zoological collections frequently carry
various gastrointestinal parasites (Penczykowski et al., 2016; Moreno Manas et al., 2019). Because high
levels of stress occasionally weaken the host's immune response and confinement increases the risk of
inter- and intraspecific transmission, these parasites frequently cause disease in confined birds (Carrera-
Jativa et al., 2020).

Numerous pathogenic parasites negatively impact humans, domestic animals, captive birds, and
wildlife (including fish, birds, terrestrial mammals, and aquatic mammals) (Otegbade and Morenikeji,
2014). Both wild and domesticated birds are commonly infected by a variety of intestinal parasites that
can be found in a variety of geological settings and climatic conditions, including protozoans,
trematodes, cestodes, acanthocephalans, and nematodes. Because most birds serve as primary and/or
secondary hosts for some parasites, this has an impact on the health of both animals and people (Girisgin
et al.,2017; Nalubamba et al., 2015; Chaudhary and Pandey, 2020).

Helminths are classified as trematodes (flukes), cestodes (tapeworms), and nematodes
(roundworms) (Muller, 2009). Cathaemasia hians, which became a Cathaemasiidae trematode, is a
known parasite of storks (Ciconiformes). However, these species is rarely reported in Europe
(Liptovszky et al., 2012). The gastrointestinal tracts of the white stork (Ciconia ciconia) and the black
stork (Ciconia nigra) both have typical parasites of the Cathaemasia genus (K6nigova et al., 2015). Such
trematodes have the ability to cause permanent changes in the gastrointestinal system tissues of their
target hosts. Physiological digestion is directly affected by severe trematode infections. Therefore,
histopathological changes are crucial for the digestive system of bird hosts. There are few studies
describing how parasite infection causes histopathological abnormalities in the gastrointestinal system
of wild birds. Additionally, wild birds can typically be captured at varied post-mortem times, which
makes it difficult to perform specific histopathological analyses of organs (Kdnigova et al., 2015). An
in-depth and precise diagnosis is made possible by histopathological examination of organs or tissues.
An understanding of pathogen interactions and their effects on the host organism can be gained by
histopathological analysis (Soltysiak et al., 2014). Histopathological changes occurring during certain
parasite invasions are critical for differential diagnosis and frequently confirm the presence of parasitic
infections. The objective of this study was to reveal the presence and histological findings of digestive
system parasites in storks as well as the histopathological changes caused by C. hians isolated from
storks.
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MATERIALS AND METHODS

In this study, a total of four storks were used: an adult black stork and three adult white storks
brought to the Pathology Department of the Veterinary Faculty, Hatay Mustafa Kemal University, for
necropsy between 2016 and 2021. All storks were necropsied, and their digestive systems were
examined macroscopically and histopathologically. After fixation of tissues (especially digestive system
tissues) received from all storks in 10% buffered formalin solution. The samples were routinely treated
and embedded in paraffin. Sections were cut to 5 um thickness and stained with hematoxylin-eosin (HE)
(Luna, 1968; Dértbudak et al., 2019; Colcimen et al.,2020) and examined under a light microscope.
During systemic necropsy, 32 adult trematodes were collected from the oesophagus, and 34 nematodes
were collected from the abdominal and thorax cavities of the black stork, particularly the air sacs.
However, macroscopically, parasites were not observed in white storks. Trematodes and nematodes
were fixed in 70% alcohol. Species of parasites were determined by Isik et al. (Isik et al., 2017) in the
Department of Parasitology, Faculty of Veterinary Medicine, Selcuk University. However, the lesions
and histopathological changes in the gastrointestinal tissues of infected storks were the focus of this
investigation.

RESULTS

The nematodes found in the air sacs and abdominal and thoracic cavities during necropsy were
D. ciconiae (Figure 1A), whereas the trematodes found along the oesophagus were C. hians (Figure 1C).
Numerous whitish-colored nodules of hard consistency were observed in the serosa of the intestines of
black stork. Other than the intestine, no other internal organs were found to have pathological lesions
during necropsy (Figure 1B). The species of trematodes observed in the oesophagus were determined to
be Cathaemasia hians by parasitological examination (Figure 1D).

Histopathologically, in the intestines of the black stork, degeneration, necrosis, and
desquamation of the epithelium were observed, as were heterophil granulocyte and mononuclear cell
infiltration in the propria, as well as various parasite formations and parasite eggs in both the intestinal
lumen and the propria (Figure 2A-B). The ulcerated area formed because of the trematode passage into
the muscular layer from the intestinal mucosa and was regenerated with connective tissue (Figure 2C).
The parasites were particularly found in the muscular layer. Furthermore, parasite eggs were detected in
the propria (Figure 2D). It was observed that the nodules observed macroscopically contained adult
parasites and their eggs under the microscope (Figure 2E-F). No parasitic infections were observed in
the oesophagus and proventriculus of white storks (Figure 3A). The proventriculus of the black stork
showed epithelial degeneration, necrosis, desquamation, and mild mononuclear cell infiltration (Figure
3B). Degeneration, necrosis, and desquamation were observed in the intestinal epithelium of white
storks, as well as mild cell infiltration and fibrosis in the propria (Figure 3C-D). Histopathologically,
neither adult parasites nor parasite eggs were found in the white storks.
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Figure 1. Macroscobic and parasitic examination. A) Dicheilonema ciconiae in the air sacs and thoracic
cavity (arrows). B) Nodules in the intestines (arrow). C) Adult Cathaemasia hians in the oesophagus
(arrow heads). D) C. hians through an optical stereoscope.
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Figure 2. Microscobic findings of black stork. A) Adult trematodes and parasite eggs (arrows) in the
intestinal lumen. B) Degeneration and desquamation in the epithelium, heterophil granulocyte and
mononuclear cell infiltration, and parasite (arrows) in the propria. C) Regeneration with fibrosis in the
mucosa and adult trematodes in the muscular layer. D) Ulcers and severity of adult and eggs of
trematodes. E) Adult C. hians that caused nodules in the muscular layer. F) Adult Cathaemasia hians,
HE.
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... - . S A ,
Figure 3. Microscobic findings of white storks. A) No trematode in the oesophagus. B) Degeneration
and desquamation in the epithelial layer of the proventriculus. C-D) Only, degeneration, necrosis, and
desquamation in the intestine and no parasites. HE.

DISCUSSION

This study focuses on adult Cathaemasia hians infection in a specific bird host, the black stork,
and the histopathological changes in the infected bird's intestinal tissues. To the best of our knowledge,
there are few studies on both stork and digestive system histopathology. There is a study of
histopathological changes in the upper gastrointestinal system in Slovakia (Konigova et al., 2015) and
a study of histopathological changes in the intestine of white storks in Poland (Michalczyk et al., 2020).
Moreover, infection with C. hians has been described in injured adult black storks and later in juvenile
nesting storks (Ciconia nigra) in Spain (Merino et al., 2001). C. hians was found in a black stork after
colliding with electric cables in southern Portugal (Ramilo et al., 2021). Eight species of helminths,
Stephanoprora (Monilifer) spinulosa, Dictymetra discoidea, Schistocephalus solidus, Echinoparyphium
sp., Chaunocephalus ferox, Tylodelphys clavata, T. excavata, and Syncuaria ciconiae, have been
detected in white storks in Tiirkiye (Girisgin et al.,2017). The species identification of internal parasites
seen in black stork in Tiirkiye was made for the first time by Isik et al. (Isik et al., 2017). However, to
the best of our knowledge, this is the first study conducted on the histopathological findings of parasites
in the intestine of storks in Tiirkiye.

White storks primarily feed in permanent pastures (Carrascal et al., 1993), with arthropods and
earthworms (Alonso et al., 1991), furthermore, they now feed in garbage dumps near cities. On the other
hand, the endangered black stork has maintained its feeding habits based on amphibia and fish, which
are the most common intermediate hosts of C. hians (Merino et al., 2001). As the researchers stated, the
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difference in trematodes obsrved in white and black storks may be related to their dietary choices. This
would explain the severe nodules caused by C. hians in the intestine of the black stork. In addition,
dietary differences may explain differences in prevalence of bird species.

Cathaemasia hians, became a Cathaemasiidae trematode, a well-known species that has
members of the Ciconiidae family as definitive hosts and is commonly found in the oral cavity and
occasionally in the oesophagus of these birds (Merino et al., 2001; Liptovszky et al., 2012; Ramilo et
al., 2021). In the present study, macroscopically, C. hians was not observed in the digestive systems of
white storks, whereas this trematode was found only in the oesophagus of black storks. Contrary to what
the researchers reported, it was not observed in the oral cavity. Despite the presence of C. hians in the
oesophagus, no change in the oesophageal tissue was observed histopathologically. It was considered
that this trematode's main affinity is for the intestines. C. hians can cause irreversible changes in the
digestive tracts of definitive hosts. Massive infections by this parasite can result in serious health
problems when combined with cachexia or lowered host immunity (Koénigova et al., 2015). C. hians
infections of storks have also been reported to be lethal (Sitko and Heneberg, 2015). Some researchers
have reported that nodules in the intestinal walls of post-mortem storks were detected, indicating the
presence of C. hians (Merino et al., 2001; Michalczyk et al., 2020). Furthermore, Michalczyk et al.
(Michalczyk et al., 2020) have indicated that no other pathological changes or internal parasites were
found except for nodular enteritis. In this study, the storks were brought in dead and without injury.
While the cause of death in black storks was thought to be parasites, the cause of death in white storks
had not been found. Similar to the researcher’s findings, there were numerous nodules in the serosa of
the intestines and histopathologically visible ulcers caused by parasites in the intestines. In addition,
trematodes were observed in the muscular layer of the intestines. Similarly, no other pathological
changes were found in the intestine, except for nodular enteritis.

Dicheilonema ciconiae (Nematoda, Diplotriaenoidea) is a helminth found in birds' respiratory
systems that parasitizes fish-eating birds (Syrota et al., 2016). D. ciconiae can be divided into two groups
according to its localization type. The first group comprises parasites of organs related to the external
environment that parasitize the eyes, nasal cavities, and air sacs. The second group consists of nematodes
that parasitize organs that are not associated with the external environment, such as the abdominal and
thoracic cavities, subcutaneous cellular tissue, muscles, joint sac, blood, and lymphatic systems
(Saparov et al., 2013). D. ciconiae was observed in the thorax and abdominal cavity particularly in the
air sacs. It is thought that it passes through the air sacs into the thorax and abdominal cavity. As stated
by the researchers, it belongs to the first group and has been regarded as a parasite of organs associated
with the external environment.

CONCLUSION

In this study, it was the first time that histopathological changes in the digestive system of storks
in Tiirkiye were defined. Despite the modest number of instances in this study, it was believed that it
would be more suitable to report this study, which studies alterations in the digestive systems, as a
research paper because stork deaths were uncommon. The presence of trematode eggs and adults in the
lumen and tissues of the stork's intestine was associated with a severe nodular inflammatory response.
In the case of severe infection by parasites, tissue damage and inflammation lead to malnutrition and
reduced body weight. Even severe infections can leave the host vulnerable and cause death. However,
it remained unclear which parasite was the cause of death in this study, particularly in the afflicted black
stork. Other infectious or poisonous factors were assumed to be the causes of death in white storks.

15



Research and Practice in Veterinary and Animal Science (REPVAS)

Acknowledgements

We wish to thank Nermin Isik et al. for providing the optical stereoscope picture of the parasite. Research
permission was obtained from the Ministry of Agriculture and Forestry, General Directorate of Nature
Conservation and National Parks (No: 11402716).

Ethical Approval

This study is not subject to the permission of HADYEK in accordance with the “Regulation on Working
Procedures and Principles of Animal Experiments Ethics Committees” 8 (k). The data, information, and
documents presented in this study were obtained within the framework of academic and ethical rules.

Conflict of Interest
None. All authors contributed to the study conception and design. Material preparation, data collection
and analysis were performed by Ozgiir Kanat.

REFERENCES

Alonso J.C., Alonso J.A., Carrascal L.M. (1991). Habitat selection by foraging white storks, Ciconia
ciconia, during the breeding season. Canadian Journal of Zoology, 69(7): 1957-1962.

Carrascal L.M., Bautista L.M., Lazaro E. (1993). Geographical variation in the density of the white stork
Ciconia ciconia in Spain: influence of habitat structure and climate. Biological Conservation, 65(1):
83-87.

Carrera-Jativa P.D., Morgan E.R., Barrows M., Jimenez-Uzcategui G., Tituana J.R.A. (2020). Free-
ranging avifauna as a source of generalist parasites for captive birds in zoological settings: An
overview of parasite records and potential for cross-transmission. Journal of Advanced Veterinary
and Animal Research, 7(3): 482-500. http://doi.org/10.5455/javar.2020.g445

Chaudhary B., &Pandey D.P. (2020). Snapshot view of intestinal parasites in wild birds of Chitwan
District, the Southcentral Lowlands of Nepal. Research Journal of Parasitology, 15: 1-8.
https://doi.org/10.3923/jp.2020.1.8

Colcimen N., Arihan O., Gumusok S., Kilic C.S. (2020). Effect of The Opopanax Hispidus Plant's Aerial
Parts Extract on Mice Ovary. Selcuk Medical Journal, 36(1): 44-47.

Dortbudak M.Y., Saglam Y.S., Dortbudak M.B. (2019). Sariprenses baliginda (Labidochromis
caeruleus) Yogun parazit enfestasyonuna bagli  bagirsak  hasarimin  histopatolojik
incelenmesi. Harran Universitesi Veteriner Fakiiltesi Dergisi, 8(1): 52-56.

Girisgin A.O., Birlik S., Senlik B., Yildirimhan H.S. (2017). Intestinal helminths of the white stork
(Ciconia ciconia Linnaeus 1758) from an inter-route site in Turkey. Acta Veterinaria Hungarica,
65(2): 221-233. https://doi.org/10.1556/004.2017.022

Isik N., Kanat O., Ceylan O., Zerek A., Giiclii F. (2017). Bir kara leylekte (Ciconia nigra) rastlanan iki
helmint tiirli: Cathaemasia hians (Trematod, Cathaemasiidae) ve Dicheilonema ciconiae (Nematod,
Diplotriaenoidea). 20. Ulusal Parazitoloji Kongresi (Uluslararasi Katilimli), 25-29 Eyliil 2017,
Eskisehir, 613.

Karaska D. (2002). Bocian cierny (Ciconia nigra). In: Danko S., Darolova A., Kristin A. (editors)
Rozsirenie vtakov na Slovensku, Bratislava, Slovakia, 688.

Konigova A., Hrckova G., Molnar L., Major P., Varady M. (2015). Cathaemasia hians infection in
Black stork in Slovakia: morphological and histopathological study. Helminthologia, 52(4): 316-322.

16



Histopathological Investigation of Gastrointestinal System Parasites in Storks: Cathaemasia Hians

https://doi.org/10.1515/helmin-2015-0050

Liptovszky M., Majoros G., Perge E. (2012). Cathaemasia hians in a Black Stork (Ciconia nigra) in
Hungary. Journal of Wildlife Diseases, 48(3): 809-811.

Luna L.G. (1968). Routine staining procedures. In: Manual of histologic staining methods of the Armed
Forces Institute of Pathology, McGraw-Hill Book Co NY, USA, pp. 33-46.

Merino S., Martinez J., Lanzarot P., Cano L.S., Fernandez-Garcia M., Rodriguez-Caabeiro F. (2001).
Cathaemasia hians (Trematoda: Cathaemasiidae) infecting black stork nestlings (Ciconia nigra) from
central Spain. Avian Pathology, 30(5): 559-561. https://doi.org/10.1080/03079450120078761

Michalczyk M., Sokol R., Gesek M., Maczynski M., Bedzlowicz D. (2020). Internal parasites and
associated histopathological changes in deceased white storks from Poland. Belgian Journal of
Zoology, 150: 71-80. https://doi.org/10.26496/bjz.2020.74

Moreno Manas E., Gonzalvez Juan M., Ruiz De Ybanez Carnero M.D.R., et al. (2019). Survey of
husbandry practices for bovidae in zoos: the importance of parasite management for reintroduction
programmes. Veterinary Record, 184(9): 282. https://doi.org/10.1136/vr.104985

Muller M.G. (2009). Parasitic diseases. In: Practical handbook of falcon husbandry and medicine, Nova
Science Publishers, New York, pp. 191-222.

Nalubamba K.S., Bwalya E.C., Mudenda N.B., Munangandu H.M., Munyeme M., Squarre D. (2015).
Prevalence and burden of gastrointestinal helminths in wild and domestic guineafowls (Numida
meleagris) in the Southern Province of Zambia. Asian Pacific Journal of Tropical Biomedicine, 5(8):
663-670. http://dx.doi.org/10.1016/j.apjtb.2015.04.009

Nasiri V., Jameie F., Paykari H., Mazhari N., Soltani S., Pashaei M. (2019). Survey of gastrointestinal
parasitic infection in Captive Wild Animals of a Central Zoological Garden in Iran. Journal of
Veterinary Science and Research, 1: 78-91. https://doi.org/10.36811/jvsr.2019.110009

Otegbade A.&Morenikeji O. (2014). Gastrointestinal parasites of birds in zoological gardens in South-
West Nigeria. Tropical Biomedicine, 31(1): 54-62.

Penczykowski R.M., Laine A.L., Koskella B. (2016). Understanding the ecology and evolution of host-
parasite  interactions  across  scales.  Evolutionary  Applications, 9(1):  37-52.
https://doi.org/10.1111/eva.12294

Ramilo D.W., Caetano |., Brazio E., et al. (2021). Presence of one ecto- and two endoparasite species
of the black stork (Ciconia nigra) in Portugal. BMC Veterinary Research, 17: 21.
https://doi.org/10.1186/s12917-020-02724-6

Saparov K., Akramova F., Azimov D., Golovanov V., Kuchboev A. (2013). Biodiversity of filariae
(Nematoda: Filariata), parasites of birds in Uzbekistan. Turkish Journal Zoology, 37(6): 746-752.
https://doi.org/10.3906/200-1106-3

Sitko J.&Heneberg P. (2015). Composition, structure and pattern of helminth assemblages associated
with central European storks (Ciconiidae). Parasitology International, 64: 130-134.
http://dx.doi.org/10.1016/j.parint.2014.11.004

Soltysiak Z., Rokicki J., Kantyka M. (2014). Histopathological diagnosis in parasitic diseases. Annals
of Parasitology, 60(2): 127-131.

Syrota Y.Y., Kuzmin Y.l., Lyaskivskiy V.N., Kobylinsky V.V., Vasylkivska I.B. (2016). First Record
of Dicheilonema Ciconiae (Nematoda, Diplotriaenoidea) From Ciconia Nigra (Aves, Ciconiidae) in
Ukraine. Vestnik zoologii, 50(4): 379-382. https://doi.org/10.1515/vz00-2016-0044

17



Research and Practice in Veterinary and Animal Science (REPVAS)

Tylkowska A., Stapf-Skiba A., Rzad 1., Jezewski W. (2019). Helminths of white stork Ciconia ciconia
(L., 1758) in north-eastern Poland. Annals of Parasitology, 65, Supplement 1, 45-46.

18



NEU

P RESS

Vol: 1 No: 1 Year: 2024

REPVAS

RESEARCH & PRACTICE in VETERINARY & ANIMAL SCIENCE

Research Article

Assessment of Role of Epizootic Hemorrhagic Disease Virus in
Abortion in Cattle and Small Ruminants in Turkiye

Murat SEVIK

Necmettin Erbakan University, Faculty of Veterinary Medicine, Department of Virology, Eregli-Konya, Tiirkiye

https://orcid.org/0000-0002-9604-3341

Article Info

ABSTRACT

Article History

Received: 21.11.2023
Accepted: 05.01.2024
Published: 31.01.2024

Keywords:

Epizootic Hemorrhagic
Disease Virus,
Abortion,

Cattle,

Sheep,

Goats.

Corresponding Author:
Murat SEVIK,

murat.sevik@erbakan.edu.tr

Epizootic hemorrhagic disease (EHD) is a vector-borne viral disease of ruminants that
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restrictions. Furthermore, epizootic hemorrhagic disease virus (EHDV) can cause
abortion. However, role of EHDV in abortion in cattle and small ruminants remains
uncertain. Therefore, this research aimed to assess the frequency of EHDV in aborted
foetuses. In this research, a total of 2029 aborted foetuses (from 553 cattle, 1388
sheep, and 88 goats) were collected from different herds and flocks in the Aegean,
Mediterranean and Central Anatolian regions of Tiirkiye during the period of 2012
and 2017. A real-time reverse transcription polymerase chain reaction (RT-PCR)
assay was used to detect EHDV specific RNA in aborted foetuses. EHDV specific
RNA was not detected within aborted foetuses. The results of the study suggest that
EHDV does not play a role in abortion in cattle and small ruminants in the studied
regions of Tirkiye. Further research is needed to determine the role of EHDV in
abortion in domestic ruminants.
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INTRODUCTION

Epizootic hemorrhagic disease (EHD), included in the notifiable diseases list of the World
Organization for Animal Health (WOAH), is a vector-borne viral disease of domestic and wild
ruminants, including cattle, sheep, goats, bison, mountain goats, elk, pronghorn antelope, and white-
tailed and black-tailed deer (Nol et al., 2010; Favero et al., 2013; WOAH, 2021; Roug et al., 2022;
Jiménez-Cabello et al., 2023).

Although EHD causes high mortality in white-tailed deer (Odocoileus virginianus), cattle can
suffer severe disease from epizootic hemorrhagic disease virus (EHDV) infection depending on virus
serotype, virulence of the strain, and host-immune status (EFSA, 2009). Sheep and goats can also be
infected with EHDV, yet they do not present clinical symptoms of the disease (Mahmoud et al., 2021;
Duan et al., 2022). The morbidity and mortality rates can reach 90% in white tailed deer; however,
morbidity rates in cattle range from 1 to 18%, and mortality rate is lower than 1% (Yadin et al., 2008;
Temizel et al., 2009).

The infectious agent, EHDV, is a non-enveloped segmented double-stranded RNA virus of the
genus Orbivirus within the family Sedoreoviridae, along with African horse sickness virus and
bluetongue virus (Mertens et al., 2005). It has four nonstructural proteins (NS1, NS2, NS3/NS3a, and
NS4) and seven different structural proteins (VP1-VP7) (Anthony et al., 2009). Up to now, eight EHDV
serotypes and two new putative serotypes have been identified based on cross neutralization tests and
genetic analyses of the segment 2 nucleotide sequences of the virus (WOAH, 2021; Thabet et al, 2023).
The EHDV serotypes are mainly transmitted by biological vectors, usually biting midges of the genus
Culicoides, especially C. obsoletus, C. oxystoma, C. imicola, C. mohave, C. brevitarsis, and C.
sonorensis (McGregor et al., 2019; Mendiola et al., 2019; McGregor et al., 2022; Mendiola et al., 2022;
Jiménez-Cabello et al., 2023).

EHDV infection was first reported in white-tailed deer in 1955 in the United States of America
(Shope et al., 1955). After that time, EHD has been reported in South and North America, Asia, the
Middle East, Africa, and Tiirkiye (Temizel et al., 2009; Ruder et al., 2017; Qi et al., 2019; Noronha et
al., 2021). In Tiirkiye, EHDV outbreaks caused by serotype 6 in cattle were observed in 2007 (Temizel
et al., 2009). Furthermore, EHDV was detected in sheep in Tiirkiye (Yavru et al., 2014). A previous
serological study also reported presence of EHDV specific antibodies in cattle and Gazella subgutturosa
in Tirkiye (Albayrak et al., 2010).

The major clinical signs of the disease in white-tailed deer are fever, excessive salivation,
swelling of the tongue, neck and head, lameness, oral ulcerative lesions, serosal haemorrhages, and
sudden death (Nol et al., 2010), whereas oral ulcerations, excessive ocular and nasal secretion, swelling
of the tongue, lameness, and reduced milk production are the clinical signs mostly observed in other
infected ruminants (Yadin et al., 2008; Temizel et al., 2009; Savini et al., 2011; Maclachlan et al., 2015).
It has been also reported that EHDV can cause abortion in ruminants (Ohashi et al., 1999; Golender et
al., 2019). EHDV related abortion in cattle was reported in few studies (Golender et al., 2017; Golender
et al., 2021). However, the role of EHDV in abortion in cattle and small ruminants remains uncertain.
Therefore, this research aimed to assess the frequency of EHDV in aborted foetuses.
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MATERIALS AND METHODS
Field Samples

In this study, a total of 2029 aborted foetuses (from 553 cattle, 1388 sheep, and 88 goats), from
different herds and flocks in the Mediterranean region (Isparta, Burdur, and Antalya Provinces), Aegean
region (Afyonkarahisar Province) and Central Anatolian region (Nigde, Aksaray, Karaman, and Konya
Provinces), were submitted during the period of 2012 and 2017 for detection of abortifacient infectious
agents to the Konya Veterinary Control Institute, were included in this study.

At necropsy, foetal tissues were collected from each foetus separately under aseptic conditions
to prevent the contamination. Samples from each animal were placed into separate sterile labelled tube
and were kept at -85°C until RNA extraction.

RNA Extraction from Aborted Foetuses

Foetal tissues of each foetus, weighing 20-30 mg, were placed into 2.0 ml sterile microcentrifuge
tubes containing RNase and DNase free water, and were homogenized using the TissueRuptor (Qiagen,
Germany). RNA was extracted from homogenates (200 pl) of foetal tissues with QIAamp Cador
Pathogen Mini Kit (Qiagen, Germany), using the protocol described by manufacturer. To verify the
absence of contamination, RNase and DNase free water was used during RNA extraction.

Detection of EHDV in Foetal Tissues Using Real-time RT-PCR Assay

Firstly, the extracted RNA was denatured for 5 min at 95°C, and then used for real-time RT-
PCR assay. The PCR reaction mix was prepared with a RealTime ready RNA Virus Master kit (Roche
Diagnostics, Indiana, USA) in a final volume of 25 pl, containing 0.12 uM of forward primer, 0.8 pM
of reverse primer, 0.2 uM of probe, and 3.4 ul of sample RNA. The primers and probe used in this study
are shown in Table 1. Amplification of the assay was performed using the LightCycler 2.0 Instrument
(Roche Diagnostics, Indiana, USA) with the following amplification conditions: 50 °C for 8 min, 95 °C
for 30 sec, and 45 cycles of 95 °C for 1 sec, 60 °C for 20 sec, and 72 °C for 1 sec. In this study, samples
with cycle threshold (Ct) values < 35 were considered as positive (Maan et al., 2017).

Table 1. Primers and probe sequences used in real-time RT-PCR assay in this study

Primer Sequence (5°-3°) Genomic  Reference
target

EHDV-15-32 F ATGTCAGCTGCGGTYTTG Seg-9 Maan et al.

EHDV-112-85R TCCCAATCAACTAARTGRATYTGVATCT Seg-9 (2017)

EHDV-69-48 P CCTCGGTCGAACGTTGGATCAC Seg-9

EHDV RNA obtained from the Central Veterinary Control and Research Institute (Etlik,
Ankara, Tiirkiye) was used as positive control, whereas RNase and DNase free water was used as
negative control in real-time RT-PCR assay.

RESULTS
EHDV RNA Detection in Foetal Tissues

In the present study, 127, 87, 74, 69, 81, and 115 aborted bovine foetuses were examined in
2012,2013, 2014, 2015, 2016, and 2017, respectively. The ages of the foetuses range from 2 to 6 months.
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All tested aborted bovine foetuses were found EHDV-negative by real-time RT-PCR, and samples had
Ct values ranging between 42.01 and 44.35.

In this study, 198, 217, 336, 383, 157, 97 aborted ovine foetuses were examined in 2012, 2013,
2014, 2015, 2016, and 2017, respectively. The ages of the foetuses range from 1 to 5 months. All tested
aborted ovine foetuses were found EHDV-negative by real-time RT-PCR, and samples had Ct values
ranging between 41.90 and 43.89.

In the current study, 3, 4, 4, 36, 27, 14 aborted caprine foetuses were examined in 2012, 2013,
2014, 2015, 2016, and 2017, respectively. The ages of the foetuses range from 1 to 5 months. All tested
aborted caprine foetuses were found EHDV-negative by real-time RT-PCR, and samples had Ct values
ranging between 41.79 and 44.19.

DISCUSSION

Abortions in cattle and small ruminants cause significant economic losses in the livestock
industry. Mostly infectious agents (viruses, bacteria, fungi, and protozoa) cause abortion in domestic
ruminants. Among the infectious agents, viruses play an important role in the occurrence of abortion
and congenital malformations (Golender et al., 2017; Maclachlan and Osburn, 2017; Sick et al., 2019).
Mostly, pestiviruses (border disease virus and bovine viral diarrhoea virus), bovine herpesvirus type 1,
bluetongue virus, akabane virus, and Schmallenberg virus are responsible for abortions and congenital
malformations in domestic ruminants (Inaba et al., 1975; Nettleton, 1990; Osburn, 1994; Graham, 2013;
Endalew et al., 2019; Sevik, 2021). Furthermore, some of the EHDV field strains can also induce
abortion in pregnant ruminants without clinical signs (Golender et al., 2021). The role of EHDV in
abortion is still unknown. Therefore, in this research, role of EHDV in abortion cases was investigated.
To the best of my knowledge, this study is the longest research that assessed role of the EHDV in
abortion cases of cattle and small ruminants.

Virus isolation is a gold standard method for EHDV detection, yet it is expensive and time
consuming (WOAH, 2021). Molecular diagnostic methods can detect viral nucleic acids in a short time
with high sensitivity and specificity (Aslanlar et al., 2023; Gorkem et al., 2020; Guclu and Ayan, 2023;
Karaselek et al., 2023; Sahin et al., 2023). Furthermore, it has been reported that real time RT-PCR has
high specificity and sensitivity for detection of EHDV RNA than other diagnostic methods (Viarouge
et al., 2015). Therefore, in this research real time RT-PCR was used for detection of EHDV in aborted
foetuses.

Until now, eight EHDV serotypes and two new putative serotypes have been identified (WOAH,
2021; Thabet et al., 2023). EHDV serotype 1 has been reported in North America, Australia, China,
Egypt, Nigeria, Ecuador and Israel, serotype 2 in North America, Australia, Japan and Oman, serotype
4 in Nigeria, serotype 5 in Australia, Japan, China, Sudan, serotype 6 in North America, Australia,
China, Morocco, Algeria, Libya, Tiirkiye, Tunisia, Oman, Sudan, French Guiana, Trinidad and Israel,
serotype 7 in Australia, Japan, China, French Guiana and Israel, and serotype 8 in Italy (Ahmed et al.,
2019; Yang et al., 2020; Lorusso et al., 2022; Jiménez-Cabello et al., 2023).

In this study, EHDV was not detected in the samples tested. This situation can be explained by
the geographical locations of the samples used in this study. To date, only EHDV serotype 6 has been
detected in Tiirkiye, and EHDV outbreaks were observed in cattle in Mugla Province and in sheep in
Aydin Province (Temizel et al., 2009; Yavru et al., 2014). These provinces are located in western part
of the Tiirkiye, which are suitable for reproduction of Culicoides spp. which are the primary vector of
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EHDV. However, in this study, except Antalya Province, other provinces do not have suitable conditions
for reproduction of Culicoides spp.

In this study, EHDV RNA was not detected in aborted foetuses. Previous studies carried out by
Golender and Bumbarov (2019), Kamomae et al. (2018) in Israel and Japan respectively did not find
EHDV in aborted foetuses. However, different studies from Israel reported that they detected EHDV in
aborted foetuses with the detection rates ranged from 22.4 to 36.7%. (Golender et al., 2017; Golender et
al., 2021). This difference in results of studies may be related to the immune status of sampled animals,
the differences in farm management, the sampling strategies, and the serotype of virus. It has been
reported that strains of serotype 2 and serotype 6 of EHDV can cause abortion (Ohashi et al., 1999;
Golender et al., 2017). Besides, Golender et al. (2017) and Golender et al. (2021) found EHDV specific
RNA only in aborted cattle foetuses, and similar to the results of this study, they could not detect the
virus in aborted sheep and goats. It seems that EHDV causes abortion in cattle.

CONCLUSION

The results of the research suggest that EHDV does not play a role in abortion in cattle and small
ruminants in studied regions of Tiirkiye. EHD mostly exists in tropical and temperate regions which
support vector populations. However, genetic evolution of the virus and climate change increase the risk
of introduction of the EHDV in new regions (Jiménez-Cabello et al., 2023). Additional research is
needed to determine the role of EHDV in abortion in domestic ruminants.
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INTRODUCTION

Animal protein sources are of great importance for human health (Aktan and Ucar, 2022).
Adequate and balanced nutrition is very important for optimal health (Alkan et al., 2019). People need
to consume animal protein daily to maintain a healthy and balanced diet. A significant portion of animal
proteins consumed by humans are provided by ruminant animals, and sheep have an important place
among them (Olmez et al., 2023). Sheep attract more attention because of shorter gestation period,
higher twinning rate, and lesser slaughter age as well as comprise of better roughage utilization capacity
than that of cattle. The survival of each lamb born in sheep farming also affects animal welfare, farm
economy and the country's economy. (Cannas et al., 2019).

The first secretion produced by the mammary glands immediately after birth is called colostrum
(Pattinson et al., 1995). Colostrum is a thick substance rich in nutrients that is secreted during the first
72 h after birth (Todaro et al., 2023). Colostrum is very different from normal milk in terms of color
and composition (Y1lmaz and Kasike1, 2013). The most important of these differences is the very high
concentration of immunoglobulins in the colostrum, which boost the immune system of lambs. In
addition, the level of casein, fat, protein, and vitamins (A, Bi2, D and E) is higher in colostrum, but it is
poorer in terms of lactose. Proteins, growth factors, immunoglobulins (e.g. 1gG, IgM and IgE),
hormones, cytokines, lactoferrin, interleukins, nucleosides and nucleotides which are important for the
health of lambs are the main bioactive components of colostrum. The ratio of these components in the
colostrum is higher in the first few hours after lambing (Todaro et al., 2023).

Colostrum contributes to the development of the gastrointestinal tract by providing passive
immunity for newborns. It also affects the endocrine and metabolic systems and serves as an energy
source to protect newborn animals from hypothermia. (Rauprich et al., 2000). It also has a laxative
effect, helping to remove the meconium from the intestines (Pattinson et al., 1995). It contains a trypsin
inhibitor that prevents immunoglobulins, which are important for passive immunity, from being digested
in the intestine (Yilmaz and Kasik¢i, 2013; Kacar and Batmaz, 2023). Transferrin and lactoferrin
contained in colostrum prevent the growth of some pathogenic bacteria by binding iron and thus prevent
the development of diarrhea. (Selk, 1998). Colostrum performs these functions with the support of
cellular (leukocytes, lymphocytes, macrophages, and natural killer cells) and humoral
(immunoglobulins, lactoferrin, lysozymes and complements) mechanisms (Yilmaz and Kasikei, 2013).
Sheep colostrum also contains insulin (INS), insulin-like growth factor | (IGF-1), prolactin (PRL),
growth hormone (GH), thyroxine (T4) and triiodothyronine (T3) (Canapana and Baunarucker, 1995;
Kagar and Batmaz, 2023).

In particular, IgG found in the colostrum plays a key role in preventing passive transfer failure
that may occur in newborns. In the early hours of life after birth, the intestines of hewborn mammals
allow large molecular structures of 1gG to pass into the circulatory system. However, this feature
disappears after few hours of birth (Tsioulpas et al., 2007; Stelwagen et al., 2009; Ayta¢ and Yazici;
2020). Since colostrum IgG concentration and intestinal IgG permeability reduce quickly in the first 24
hours after birth, it is vital for newborn animals to consume adequate quantity and quality of colostrum
without delay (Moore et al., 2005). Due to the structure of the placenta in ruminant animals, the transfer
of immunoglobulin from mother to offspring is not carried out during pregnancy. Neonatal lambs and
kids are born hypogammaglobulinemic and require colostrum containing immunoglobulin for
immunological protection after birth (Dwyer et al., 2016). It is the most sensitive and dynamic period
of life for all newborns after the transition from the intrauterine environment to the extra uterine
environment (Tokan and Gegkil, 2019; Altay, 2021). In order to ensure passive immunity, it is of great
importance that newborn lambs consume sufficient amount and high-quality colostrum in the first hours
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after birth. (Martins and Oliveira., 2020).

The quality of colostrum is very important for the profitableness of livestock enterprises as it
affects the viability of newborns (Belkasmi et al., 2022). Colostrum quality is influenced by many
factors such as the animal's age, breed, pre-pregnancy nutrition level, length of drying period, dystocia,
size and behavioral factors (Sireli, 2017). Accurate measurement of colostrum IgG level is essential to
provide colostrum containing sufficient levels of immunoglobulin to newborn in animal farms for the
continuation of a healthy generation (Baltrukova et al., 2019). Additionally, for high-quality colostrum,
it is recommended that the total number of bacteria and coliforms in the colostrum must be <100,000
cfu/ml and <10,000 cfu/ml respectively (Lago et al., 2018). Colostrum IgG level can be determined by
various methods. These methods; radial immunodiffusion (RID), hydrometer, refractometer, first
milking weight, colostrum color, high performance liquid chromatography (HPLC), electrophoresis
(Gapper et al., 2007; Rivero et al., 2012).

The purpose of this study was to compare color and Brix values with optical refractometer in
colostrum samples collected at different times after birth from four different sheep breeds such as
Awassi, Morkaraman, Akkaraman and Tuj, and to evaluate the effectiveness of Brix refractometers in
sheep colostrum.

MATERIAL AND METHOD
Animal Materials and Experimental Groups

In this study, 28 sheeps obtained from a production farm (Awassi, Morkaraman and Tuj)
affiliated with Ataturk University Food and Livestock Application and Research Center and a sheep
farm (Akkaraman) in Erzurum, Tiirkiye, were used as experimental animals. The study was conducted
in Erzurum province in northeastern Turkey during winter. Straw was used as litter material in the
paddocks. Sheeps were selected by considering that they were healthy as well as their live weights, and
body condition scores were also similar. The animals used in the study were included in the experiment
considering that they were 2 or older. In addition, it was also ensured that all the animals used in the
study were multiparous and gave birth to single offspring at each birth. Since the colostrum
characteristics of the breeds were examined in the study, sheep of different breeds were placed in
different paddocks. The study was conducted in 4 groups according to their breed, and with an equal
number of sheep (7 per group) in each group. In the experimental trial, animals were fed with same diet
(Table 1).

The animals in the experiment were given water, meadow grass and alfalfa grass ad libitum and
were also fed 500 g of sheep milk feed. During the study, the feeding program implemented by the farm
was applied to the animals, and no different feeding program was applied. Crude protein, crude ash and
ether extract analyzes of the feeds used in the study were performed according to AOAC's Weende
Analysis System (AOAC, 2005). NDF and ADF analysis of feeds was performed according to VVan Soest
and Robertson (1985) and Goering and Van Soest (1970). The current study was conducted with the
guidelines and permission of Ataturk University Animal Experiments Local Ethics Committee,
Erzurum, Turkey (E-36643897-000-2300020138).
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Table 1. Nutrient composition (%)

Nutrient composition %
Dry matter (%) 88
Crude protein (%) 14.4
Ether extract (%) 60
Acid detergent fiber (ADF) (%) 254
Neutral detergent fiber (NDF) (%) 38.9

Collection of colostrum and milk samples

All the colostrum samples were collected by the same person. After lambing the colostrum
samples were collected into falcon tubes every 12 h for the first 3 days and on the 7th day (mature milk),
a total of 7 samples were collected from each animal (Table 2). During colostrum samples collection,
the colostrum (50 ml) that came after milking the udder several times was collected into sterile sample
containers. The collected colostrum samples were brought to the laboratory in a cold chain and stored
at -20°C until further analysis (Abdel-Salam et al., 2019). A backup copy (50 ml) of each colostrum
sample was stored in another deep freezer (at -20°C) until the analyzes were completed.

Table 2. Days and times to collect colostrum samples
1" hour 12" hour 24" hour 36" hour 48"hour 60"hour Day 7 (mature

Breed

(TO) (T1) (T2) (T3) (T4) (T5) milk sample-T6)
Tuj X X X X X X X
Awassi X X X X X X X
Morkaraman X X X X X X X
Akkaraman X X X X X X X

Brix refractometer analysis

Total protein concentration in the colostrum was determined at room temperature using a
commercially available optical Brix refractometer (ATC Colostrum Refractometer S1310). Calibration
and sample readings of the refractometer used during the study were performed in accordance with the
manufacturer's instructions. (Santiago et al., 2020). The brix percentage of the refractometer used varied
between 0-30. All the colostrum samples were allowed to reach room temperature before refractometer
analysis. The samples that reached room temperature were mixed homogeneously with a vortex and
then measured with a refractometer and the results were recorded. The Brix refractometer analysis of all
the colostrum samples was performed by a single person.

Color Analysis

The color scoring was performed as described by Prom et al., (2022) using a scale of 1 to 4; 1
point was almost white (the color of milk) and 4 points were the color of orange juice.

Statistical analysis

Statistical analysis was performed using SPSS Statistics 20 (Statistical Package for the Social
Sciences; SPSS Inc., Chicago/IL, USA). Pearson probability value (P value) was calculated using the
One-Way ANOVA test to compare the data obtained from the study. A P value of less than 0.05 was
considered statistically significant. The data obtained as a result of color scoring were subjected to
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Kruskal-Wallis and Friedman tests.
RESULTS

In this study, the brix values and color scores of colostrum samples taken from different breeds
of sheep at different times were examined. The brix values of colostrum are presented in Table 3, and
the results obtained from color scoring are presented in Table 4.

Table 3. Change in colostrum Brix values (%) according to time after lambing

TO T1 T2 T3 T4 T5 T6
Tuj 24.8+1.02%0 21.241.09® 16.9+1.05 15.9+0.46 13.9+0.61 14.4+0.52 13.8+0.292
Awassi 26.8+1.122 22.7+1.78% 18.5+1.34 16.9+1.19 14.4+0.67 12.5+0.56 11.8+0.55°

Morkaraman 23.0£2.01% 17.9£1.0°  15.840.57 15.2+0.65 14.7+0.62 13.6+0.62 12.5+0.43%
Akkaraman  28.3+£0.9°  24.3£1.02° 19.0£1.27 18.0+0.63 16.1+0.41 15.4+0.34 12.3+0.34%®

a-b: Means with different superscripts in the same column indicate significant differences
(p<0.05).

Table 4. Change in colostrum color scores according to time after lambing

TO T1 T2 T3 T4 T5 T6
Tuj 3(2-3) 2(2-3° 2(1-2° 1(1-2° 1(1-)* 1(12° 1(1-)*
Awassi 3 (3-4) 3(2-3° 3(1-3°  2(1-4) 2(1-3)® 2(13) 1(1-2®

Morkaraman 3 (2-3) 3(1-3)° 2(13  2(13)" 2(1-2” 2(1-2)° 1@
Akkaraman 3 (2-4) 3(2-4)  2(14) 212" 212 2(1-2)° 212

a-b: Means with different superscripts in the same column indicate significant differences
(p<0.05). * The same line shows the difference in color scoring according to time within the group
regardless of breed (p<0.05). The values in parentheses indicate the smallest and largest values obtained
in the measurements made on the relevant samples.

DISCUSSION

In this study, the changes in colostrum quality of different breed sheep over time were evaluated
according to Brix values and color scoring, it was found that colostrum quality was affected by breed
and milking time. Also, the brix values of colostrums at TO and T1 milking were higher in the
Akkaraman breed than in the Morkaraman breed. In addition, the comparison of the brix values of the
samples collected that had turned into milk after one week of birth, showed that the samples taken from
the Tuj breed had a higher brix value than those from the Awassi breed. As a result of the analysis of
the data obtained, it was determined that there was a significant difference in color between the first
colostrum samples taken after lambing (T0) and the samples taken on the 7th day (T6). In the
comparisons made at the breed level, it was observed that the lowest quality was obtained in the Tuj
breed sheep in the colostrum samples (T4) at the 5th milking (score 1) and that there was no significant
difference between the other breeds. In the 7th sample (T6) taken at the end of the experiment, it was
found that the colostrum with the highest score was from the Akkaraman breed, and the colostrum with
the lowest score was from the Tuj and Morkaraman breeds.

In the literature review, it was observed that studies on determining the colostrum quality
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focused mostly on dairy cows. In addition, the number of studies on the evaluation of colostrum quality
in different sheep breeds using brix refractometer is limited (Castro et al., 2018; Santiago et al., 2020;
Kessler et al., 2021; Agenbag et al., 2023). Therefore, this study was conducted to compare the
colostrum qualities of four different domestic sheep breeds using Brix refractometers.

The high brix value in colostrum is directly related to the colostrum total protein content (1gG)
(Kessler et al., 2021). In a study conducted by Agenbag et al., (2023) on South Australian Merino sheep,
it was determined that the brix values were lower than those obtained from this study. In this study,
brix % ranged from 21.6 to 44.7% at O hours postpartum, 15.1 to 45.3% at 4 hours, and 12.0 to 40.4%
at 24 hours. However, the results obtained from this study were similar to those obtained by Kessler et
al., (2021). Kessler et al., (2021) reported that in their study of increasing samples from their study
comparing 10 different sheep and 10 different goat colostrums (Kessler et al., 2019), the brix % ranged
between 15.4-40.0. Kessler et al., (2019) also stated that colostrum quality varies depending on breed.
In a study conducted by Santiago et al., (2020) on Santa Inés sheep, both colostrum quality and total
serum protein levels of lambs were measured using a Brix refractometer. In this study, colostrum
samples were collected at 6, 12, 24 and 48 hours after lambing and brix values were recorded. The
results obtained were reported to be over 20% of the brix value in the first 24 hours. It was found that at
the 48th hour after lambing, the brix value decreased to 15%. In addition, the ability to detect total serum
protein levels with brix refractometers is another indication that brix refractometers are useful.

No studies have been conducted yet on the visual color scoring of colostrum samples in sheep.
However, in a study conducted on Valle del Belice sheep (Todaro et al., 2023), colostrum color analysis
was performed with the help of “Chroma Meter”. In this study, we tried to reveal the correlations
between colostrum composition and color. In a study conducted to determine the effectiveness of -
carotene supplementation on colostrum in cattle during pregnancy, a color scoring system similar to that
in our study was developed (Prom et al., 2022). According to the study results, it was reported that as
the color score increased, the brix value also increased. In our study, it was observed that the color score
decreased as the brix value decreased over time. It was determined that the color score decreased with
time after lambing and that this decrease was statistically significant. Additionally, it was observed that
the colostrum samples taken from the Tuj breed were of lower quality than the T4 samples. In T6
samples, it was determined that the highest color score was in the Akkaraman breed.

CONCLUSION

In this study, it was determined that breed and the time elapsed after lambing were effective in
improving the colostrum quality in sheep. It was thought that the difference between the obtained brix
values and rank scores may be due to the colostrum IgG content. Brix refractometers used in the study
is a useful, cheap and easy method that can be easily used by sheep breeders. Owing to the use of this
method in sheep farming, lamb deaths due to consumption of poor quality colostrum can be prevented.
Studies on colostrum quality in the literature have focused on dairy cows, and studies on sheep have
been limited. Studies on the subject in sheep will make valuable contributions to the knowledge gap in
the literature.
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INTRODUCTION

It is known that the domestication of gray wolves produced the ancestors of the first dogs
capable of herd protection (Galibert, 2011). Kangal shepherd dog breed is intensively preferred for both
herd protection and guard duties in Turkey as in many countries around the world (Kockaya, 2019).
Kangal shepherd dogs have a genotype and specific phenotypic characteristics unique to Turkey
(Erdogan et al, 2013). It is reported to be the only dog breed that is durable enough to withstand harsh
climatic conditions in nature, has highly developed herd protection and management abilities, and can
even neutralize wolves attacking the herd (Ozbeyaz, 1994). Kangal shepherd dogs have a characteristic
appearance with lioness-like body lines, a black mask around the mouth and eyes, and a tail curled up
and forward (Yilmaz, 2007).

Hematological values are an important source of information about physiological and
physiopathological parameters of animals (Barger, 2003). Complete blood cell count (CBC) is a
powerful diagnostic tool (Dixon, 1997). When CBC is fully and appropriately evaluated, it allows a
diagnosis to be made or a differential diagnosis list to be created (DeNicola, 2011). Reference values
for animal species are important in this assessment (Etim et al, 2014). It has been stated in different
studies that characteristics such as lifestyle, gender, age and climate may cause differences in
hematological parameters (Connolly et al, 2020; Olayemi & Ighagbon, 2011). It is known that Kangal
shepherd dogs are used as working dogs for herd protection and are raised as breeding dogs in various
dog farms (Ozbeyaz, 1994).

It is thought that increased intraspecies homogeneity, the presence of specific behavioral
patterns and similarity of lifestyles may lead to increased interspecies genetic differences and variation
in hematological reference values within species (Alilovic et al, 2022). It is thought that dogs used in
herd management and guarding, such as Kangal shepherd dogs, may have hematologic differences
compared to small breed dogs and domestic animals due to different lifestyles (Gavazza et al, 2012; Lee
et al, 2020). Breed appears to be an important factor for the appropriateness of population-specific
reference ranges and should be considered when performing health examinations including hematologic
and biochemical parameters. It is thought that gender factor may also be an important variable in intra-
breed evaluations.

This study was carried out to evaluate the effects of gender on hematologic parameters in
kangals bred in farms and to establish reference values for complete blood count evaluation of kangal
shepherd dogs.

MATERIALS AND METHODS
Animals

The scope of the study consisted of a total of 38 dogs, 20 healthy and adult dogs older than 6
months and younger than 6 years of age, 20 mother dogs and 17 breeding dogs, which were bred in the
Anatolian Shepherd Dogs & Kangal Farm in Kangal farm in Eldivan District of Cankir1 province. After
the anamnesis of the dogs were taken, physical examinations were completed and those who were
determined to be healthy were included in the study.

Blood samples

In order to eliminate the changes that may be caused by stress in the dogs included in the study,
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the dogs were taken to the areas where they normally lived with people they knew and trusted. The dogs
were allowed to get used to and trust them to researchers before blood sampling and spent 20 minutes
in the cage. During this period, anamnesis was obtained from the animal caregiver and a physical
examination was performed. After the physical examination was completed, blood was collected
aseptically from V. cephalica into tubes containing K2 EDTA as anticoagulant and blood was counted
in a fully automatic blood counting device (Abacus Junior Vet5). With this blood count, 22 different
values measured with the device at one time were obtained. These are respectively; White blood cells
(WBC), Lymphocytes (LYM), Monocytes (MON), Neutrophils (Neu), Eosinophils (EOS), Lymphocyte
percentage (LYM%), Monocyte percentage (MO%), Neutrophils percentage (NE%), Eosinophils
percentage (EO%), Basophils percentage (BA%), Red Blood Cell (RBC), Hemoglobin (HGB),
Haematocrit (HCT), Mean Corpuscular Volume (MCV), Mean corpuscular hemoglobin (MCH), Mean
corpuscular hemoglobin concentration (MCHC), Red cell distribution width (RDW), Platelets (PLT),
Platelet-crit (PCT), Mean platelet volume (MPV), Platelet distribution width (PDW).

Statistics

Descriptive statistics of the data were calculated and Arithmetic Mean, Standard Error, Standard
Deviation, Median, Minimum and Maximum values were calculated and presented in a table. Parametric
assumptions were tested by Shapiro-Wilk Test and Levene's Test. Since MON, NEU, MO%, RDWc,
PLT, PCT variables did not meet the parametric assumptions, Mann-Whitney U test was performed for
differences between gender groups. Since the other variables met the parametric assumptions, Student's
T test was performed for the differences between gender groups. The analysis was performed at 0.05
significance level. IBM SPSS 23.0 statistical package program was used for all statistical analyses.

RESULTS

This study focused on the effect of gender on complete blood count values in healthy Kangal
shepherd dogs. The hematologic values obtained from the dogs included in the study are given in Table
1. When hematologic parameters were compared between female and male Kangal shepherd dogs, it
was observed that mean platelet volume (MPV) value was statistically significantly higher in females
than males (p<0.05). The mean RBC, HBG and HCT values were higher in males, but no statistically
significant result was determined (p>0.05). The data we obtained were compared with the cbc reference
values of dogs. In the comparison, it was determined that RBC, HBG, HCT, PDW parameters of male
dogs and WBC, EOS, HGB, PCT and PDW parameters of female dogs were outside the reference range
(Table 1).

DISCUSSION

CBC is one of the most basic hematologic diagnostic methods used by clinicians (Dixon, 1997).
When evaluated appropriately, it provides important information about the health status of the animal,
definitive diagnosis of diseases and preparation of a differential diagnosis list (DeNicola, 2011). It is
important to know the specific reference values for species in the evaluation of complete blood count
(Etim et al, 2014). Today, the breeding of pure breeds within species and the awareness of breeders
about the importance of preserving the genotypes of breeds have led to an increase in genetically
determined differences between breeds. It is thought to have breed-specific hematological values due to
the creation of homogeneous populations in terms of phenotype, genotype and behavioral characteristics
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Table 1. The effect of gender on total blood count results in Kangal shepherd dogs.

GENDER
Male Female P

Parameters Units x SE 5 Mean Minimum Maximum X SE 5 Mean Minimum Maximum

WEC x 10°L 15,89 0.81 334 16,67 10.85 2132 17,89 1,12 5.00 17.00 10,83 30,24 0,169
LYM x 10°L 3.37 052 2,16 230 0,63 7.09 3.21 035 1,55 3.24 1,02 3,59 0,799
*MON x 10°/L 0,67 0.00 0,36 0,54 0,13 1,61 0.89 0.13 0.57 0,78 0,26 240 0,175
*NEU x10°L 11,27 0.66 27 10,98 6,50 16,69 12.81 0.87 3.0 12,80 6,60 2376 0,180
EOS x 10°L 0,48 0.06 0,23 0,52 0,09 1,01 0.66 0.10 043 0,33 0,19 1,72 0,124
BAS x 10°L 0,10 0.02 0,08 0,08 0,01 0,29 0.14 0.02 0.10 0,12 0,03 0,45 0,145
LY% %% 206 29 12,0 172 53 42.6 18.4 1.8 83 18,6 5.0 351 0,531
*MO% %% 43 0,5 22 4.0 0.8 0.8 3,0 0,5 23 5.1 15 92 0,329
NE% %% 715 28 11,7 711 48.6 87,7 71,7 23 10,3 71,2 336 84.8 0,965
EO% %% 3.1 0,3 13 32 0.6 5.2 41 0.6 28 33 1.1 11.8 0,160
BA% % 0.6 0,1 0.3 0.5 0.1 15 0.8 0,1 0.4 0.8 0.2 15 0,198
RBC x 1%L 884 0.25 1.04 8,90 6,77 10,49 8.39 0.31 137 833 6,21 10,42 0,271
HGB g/dl 20,1 0,7 2.7 202 15,1 239 193 0.8 3.6 188 143 245 0454
HCT %% 55,30 231 9.50 3841 2843 65,68 34.54 205 9.15 35,19 41.67 67,93 0,806
MCV L, 64.5 0,7 2.6 64,5 59.0 70.0 65,0 0.6 2.7 65,0 60,0 71.0 0,618
MCH pe 22,70 0,15 0,60 2275 21,70 2400 23,06 023 1,02 22,80 21,00 25,70 0,221
MCHC g/dl 350 0,5 2.0 348 30,6 386 353 0,3 12 350 336 382 0,552
*RDW %% 17.1 0.2 1,0 170 150 10.4 16,8 0,1 0.6 16,5 16,0 18.1 0,433
*PLT x 10°L 220 35 140 185 31 534 246 23 102 247 37 443 0,152
*PCT %% 0,25 0.04 0,17 0,20 0,03 0,65 146 1.19 531 0,27 0,03 24,00 0,161
MPV L. 10,3 0.2 0.8 103 04 119 11,0 0.2 1,1 11,0 80 13.1 0,023
PDW %% 30.8 0.8 3.1 40,5 302 438 414 0,3 L3 416 392 44.0 0,054

& Arithmetic mean, SE: Standard Error, S: Standard Deviation, *: Variables for which Mann-Whitney U test was performed.
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within pure breeds and the production of strong breeders in this direction (Alilovic et al, 2022). It should
also be kept in mind that breeds can be affected by various variables such as age, gender, lifestyle and
geographic location (Gavazza et al, 2012; Lee et al, 2020). It is important to consider the physiological
differences between genders. In this study, we evaluated the effects of gender on complete blood count
in kangal shepherd dogs.

Mean platelet volume (MPV), which represents the average platelet size, is a routinely studied
parameter (Bommer et al, 2008). Several studies have been conducted on the diagnostic value of MPV
in dogs. It was reported that MPV increased significantly in experimentally induced endotoxemia in
dogs (Yilmaz et al, 2008). It was also reported that MPV increased in dogs with babesiosis (Zvorc et al,
2010). Schneider and Mischke (2016) and Nikolic et al. (2022) reported that gender affected the MPV
parameter statistically significantly (p<0.05) in healthy dogs in accordance with our study. However,
while higher MPV values were determined in male dogs compared to female dogs in the reported
studies, a statistically significant higher value was determined in females in our study. However, in
contrast to these studies, Bommer et al (2008) reported that gender had no significant effect on MPV in
a study with 80 control and 159 thrombocytopenic dogs. In our study, although MPV was statistically
significant, no significant results were observed in PLT, PCT and PDW parameters (Table 1). It is
thought that interpreting only MPV for platelet size and distribution may be misleading by the authors.

Kockaya et al. (2021) investigated the effects of gender and age on hematologic parameters in
Kangal shepherd dogs and reported that there was no significant relationship between sex, age and age-
sex relationship in hematologic parameters, which is partially consistent with our study. In accordance
to our study, it was reported that MPV in adult Kangal shepherd dogs was higher in females, but gender
was not statistically significant (Kockaya et al, 2021). It is thought that the increase in the number of
samples in our study was effective in the emergence of a statistically significant expression.

According to the similar study conducted by Kockaya et al. (2021) in Kangal shepherd dogs,
when the CBC parameters were compared on the basis of gender with our study, it was determined that
RBC, HGB, MCHC, RDW, MPV and PDW parameters were higher in both male and female Kangal
dogs and PCT parameter was higher only in female Kangal dogs. It is thought that this situation may be
related to complete blood count device.

CONCLUSION

The Kangal shepherd dog is a working dog native to Turkey with a very high herding ability.
Hematologic data may vary in various situations. This study investigated the effects of gender on CBC.
The results showed that gender had no statistically significant effect, except for the MPV parameter.
More studies are needed to better understand the physiology and physiopathology of Kangal shepherd
dogs. Further comprehensive and different studies may help veterinarians to avoid misinterpretation of
laboratory results in the diagnostic process, prognosis and therapeutic monitoring.
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INTRODUCTION

As in all experimental research sciences, statistical methods are used to analyse study results in
the field of veterinary science. Statistics in general terms; production, consumption, population, health,
education, agriculture, traffic, etc. in subjects, it is based on collections of data showing facts and the
evaluation of these data. It is interpreted by determining whether the study results cause a significant
change or how effective it is as a result of a statistical evaluation. However, the decisions and comments
made in scientific studies where results are obtained using any statistical methods are shaped by the
results obtained as a result of the study. Therefore, whether a decision is correct or not depends not only
on the use of statistics, but also on whether the statistical method used was chosen correctly and how
accurately the analysis was performed. For this reason, it is extremely important to evaluate scientific
articles in terms of statistical use (Bayir and Tekin, 2022).

Veterinary science is mostly based on experimental studies. Statistical analysis is definitely
required to determine the result of the experiment performed. Although there are no comparative
statistics in most other sciences, it is possible to explain the results of the study using descriptive
statistical methods. On the basis of these explanations which depends on the results of the study, it is
accepted by the researchers. In veterinary science, however, research is supported by both descriptive
and comparative analyses.

Statistics provide objectivity. When evaluating living things with the same characteristics in two
different environments, statistics reveal the difference of the environment on the living thing.
Conversely, in the case of different living things in the same environment or experiment, it reveals the
difference of a living being. If it is the same living being and in the same environment, differences that
are outside the researcher's control arise. It is necessary to repeat the study to minimise these errors.
Thanks to these repetitions and safe analyses, statistical programs also provide us. In order to obtain
unbiased estimates of treatment averages and trial error, the chance of one treatment falling into any
trial unit must be equal to the chance of falling into another trial unit. In a well-designed experiment, it
is necessary to look for features in which there is no simple, systematic error, the degree of certainty is
high, and the range of validity of the results is wide (Efe et al., 2000).

The accuracy of statistical estimates depends on the accuracy of the figures analyzed in one
place and the experimental design chosen, while the accuracy of the figures depends on the honesty of
the researcher and the sensitivity he shows in his work. In this case, a researcher should definitely consult
a statistician or a person who knows the subject if he does not have enough information to set up an
experiment suitable for his purpose before setting up the experiment and obtaining the figures (Kayaalp
and Sahinler, 1996). Otherwise, consultation after obtaining the figures often does not provide any
benefit. This is because no statistical method can literally eliminate the errors that are made In setting
up the experiment. As a result, the analyses performed are scientifically incorrect or inaccurate, and the
person who is consulted later becomes a partner in the scientific error made. Therefore, a researcher
should consider the following issues before starting his scientific research (Bek and Efe, 1988).

1. Accurately describing the problem that is the subject of research,

2. The purpose of the study should be clearly defined,

3. To organize the problem that is the subject of the study within the framework of criticism
by discussing with experts,

4. Determination of the treatments to be used in the solution of the problem that is the subject
of the study,

5. The best representation of the trial material for the population,
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6. Choosing a trial plan that is suitable for the purpose,

7. Determination of the number of repetitions of the experimental units to be observed,

8. The place, time, manner in which the measurements were made, etc. deciding what to do,

9. Performing statistical analysis and determining the way the results are summarized,

10. Establishment of the experiment in the light of the above mentioned,

11. Analysis after obtaining the data and interpretation of the results,

12. The result of the research should be reported clearly and clearly. Providing the necessary
conditions at each of these stages will increase the scientific value of the study.

Group Comparison Tests

It is used in simple experiments where two different treatments are applied, or two different
groups are compared. The hypotheses put forward in the experiment are tested using T or Z distributions
depending on the number of data. A hypothesis is defined as claims or statements that are put forward
about one or more populations from a statistical point of view and are possible to be true or false. When
making a decision about a population, because of the population size, we have to conduct our test based
on the limited amount of information provided by a sample. In order for a scientist to objective, he or
she must test the claim or hypothesis put forward on the basis of evidence. For this purpose, while the
"comparison of the average of two groups"” method is used when comparing two different treatments, if
there is a relationship between the trial units in the groups, then the "Paired Comparison Method" should
be used (Akar and Sahinler, 1993).

The Method of Analysis of Variance

Analysis of variance is a statistical approach that uses whether there is a difference between the
means of two different groups by using variance. Many researchers in veterinary medicine use this
method. Although there are different methods used to compare the two groups (Z or T test), the most
common one is the F test, i.e. Analysis of Variance (ANOVA, Analysis of Variance) (Ervural, 2020). If
the number of groups to be compared is more than two, or if there are interactions between treatments,
the method of variance analysis should be used.

There are some issues that should be taken into account when applying the variance analysis
method. In short, they are as follows.

- Before performing a variance analysis test, variance homogeneity tests such as Fmax, Cochran,
Bartlett belonging to the groups should be performed.

- If there is no homogeneity between the variances of the groups as a result of the test performed,
variance analysis should be applied after converting the data with the relevant transformations (such as
Logarithmic, Square Dec, Angle transformation). If the validity of the assumptions cannot be ensured
by transformations, non-parametric statistical techniques should be used.

- At the beginning of the experiment, an appropriate mathematical model should be selected
depending on the purpose and conditions. Otherwise, the whole experiment will be wrong.

If the effects of variables that can only be measured are investigated in the analysis, multiple
regression analysis is performed, and covariance analysis is performed if the effects of independent
variables that can be measured and unmeasured are investigated. In addition, the effect of variables that
can also be measured by multiple regression analysis and those that cannot be measured on the
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dependent variable is included in the analysis by introducing the unmeasured variable as a “dummy”
variable (Biytikoztirk, 1997; Nie, 1976). In single-factor variance analysis, there is an independent
variable and a dependent variable. In the two-factor variance analysis, there are two independent
variables and one dependent variable. The main purpose here is to investigate the joint effect of the
independent variables on dependent variables. In addition, the means of each independent variable and
its corresponding group are compared according to the dependent variable, and it is investigated whether
the difference between the means is significant according to their meaning Deciency.

By using the variance analysis tables in veterinary medicine, the variance elements used in the
estimation of genetic parameters in animal breeding can also be estimated. In addition to using variance
analysis tables to estimate variance elements, "Constrained Maximum Likelihood Method (REML)",
"Maximum Likelihood Method (ML)", "Quadratic Deviation-Free Prediction Method with Minimum
Variance (MIVQUE)" are also used (Kayaalp and Bek, 1994).

Nonparametric Statistics

If the assumptions of the variance analysis are not met, or if the variances between the groups
are heterogeneous after the transformation is applied to the data, then the statistics to be applied are non-
parametric statistics (Gamgam and Altunkaynak, 2008). If the variances between the groups are
heterogeneous again, then the statistics to be applied are non-parametric statistics.

Non-parametric statistics can be used for the specified situations in veterinary medicine, as well
as for various survey studies. For example, if it is desired to investigate whether there is a Deciency
between calf deaths in livestock and the drugs used on the mother, the Chi Square test statistic or the
Median test can be used. In addition, there are many non-parametric statistics used in veterinary
medicine (such as the Kruskal Wallis Test, Mann Whitney U Test, Fridman Test, Spermann's Rank
Correlation Test). It can also make use of these statistics in the analysis of the results evaluated by
coding.

Kruskal Wallis One-Way Variance Analysis is the most widely used test for the null hypothesis,
which claims that “more than two independent samples were drawn from the same main masses” and is
a good alternative to one-way variance analysis. The alternative hypothesis is that “The median of at
least one main mass is different from that of the other main masses” (Ruxton-Beauchamp 2008, Karagoz
et al., 2009).

Mann-Whitney U Test; This test is a non-parametric alternative to the t-test applied for
independent samples. instead of comparing the averages of two groups as in the t-test, the Mann-
Whitney U test compares the medians of the groups. It converts the values of continuous variables into
sequential within two groups. Thus, it evaluates whether the ranking between the two groups is different
or not space. Since the values are transformed into a sequential form, the actual distributions of the
values are not important (Kalayci et al. 2006). The data must be at least on the ordinal scale. The null
hypothesis takes the form of “the samples were taken from the same main audience or the main
audiences from which the samples were taken are not different from each other”.

The Friedman test is a nonparametric alternative to two-way analysis of variance. Data obtained
by sequential, score or interval scale for k transactions from a group is used to test the effects of
transactions. Ranking points are used instead of actual observations. The null hypothesis is “transactions

have no effect”, while the alternative hypothesis is “transactions have different effects” (Ozdamar, 2004;
Keller-Warrack, 2003).
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The Spearman rank correlation coefficient test determines the relationship and the degree of the
relationship. This test is a nonparametric alternative of pearson correlation coefficient. The data should
be obtained independently, randomly and with at least an ordinal scale. The null hypothesis is “Events
are independent of each other, they do not affect each other, there is no relationship between them”,
while the alternative hypothesis is “Events are not independent of each other space Decently, they affect
each other, there is a relationship between them”.

Multiple Comparison Tests

Multiple comparison tests are complementary techniques for analysis of variance. In this case,
the validity of these tests depends on the validity and accuracy of the analysis of variance, in which the
population means, and error variances used as test parameters are obtained. If a statistical difference has
been found between the groups SpaceDecently as a result of the F test carried out together with the
analysis of variance, one of the tests such as Lsd, Duncan, Snk, Tukey, Dunnet, Scheffe is used to reveal
the difference between these groups.

The Least Significant Difference Method (LSD)

The Least Significant Difference Method (LSD), proposed by Fisher (1935), is used to make all
possible binary comparisons between group means when the control hypothesis is rejected as a result of
analysis variance. The Least Significant Difference Method (LSD) is used to make all possible binary
comparisons between group averages. It is the most widely used method among multiple comparison
methods, the easiest to use, but the least reliable. It checks the error per comparison (Diizgiines et al.,
1987; Milliken and Johnson, 1992; Soysal, 2000; Kesici and Kocabas, 2007; Montgomery 2008;
Senoglu and Acitas 2010).

The Duncan Method

Another method proposed to make all possible binary comparisons between group means is the
multiple range test (multiple range test), proposed by Duncan (1955). The Duncan method takes into
account the position of the means in the order according to their sizes when comparing the group means
(Diizgiines et al., 1987; Milliken and Johnson, 1992; Soysal, 2000; Kesici and Kocabas 2007
Montgomery, 2008; Senoglu and Acitag 2010).

Student Newman Keuls Method (SNK)

The SNK method checks the error per comparison when comparing neighboring groups. As the
groups Decouple from each other and the difference between the largest group average and the smallest
group average is compared, the trial head checks the error. For this reason, the error per trial is checked
in the SNK test (Zar, 1999; Ozdamar 2004).

The Tukey Method

The method proposed by Tukey (1949) and called by his own name is based on a binary
comparison of trial averages, as in the Duncan method. The Tukey method is based on Studentized range
Statistics (Range Statistics) (Diizgiines et al., 1987; Milliken and Johnson, 1992; Kesici and Kocabas,
2007; Montgomery, 2008; Senoglu and Acitas, 2010; Geng and Soysal, 2018).
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The Dunnet Method

It is a method used to compare the average of the treatment groups with a control group. The
aim is to compare the means of the control group and the other groups. The Dunnet method, unlike other
multiple comparison tests, can also be used in the analysis of variance even if the Ho hypothesis has not
been rejected (Zar, 1999; Ozdamar, 2004).

The Scheffe Method

The method is used by Scheffe (1953) to test not only a small number of pre-planned linear
connections, but also all possible connections (Zar, 1999; Kuehl, 2000; Montgomery, 2008; Geng and
Soysal, 2018).

However, here it is useful not to use the LSD test when the number of groups is more than four.
Because in this test, since the error per trial is not constant and changes with the number of treatments,
even if the p value is taken as 0.05 when the number of groups is more than four, this is not really the p
value. If small differences between groups are important for the researcher, the DUNCAN test, whose
error is fixed per experiment, can be used to better decipher this. Researchers often prefer the DUNCAN
test, which significantly Decouples a larger number of average differences relative to the SNK and
TUKEY tests, which are slightly stricter tests, since they want to find, not find, a difference between the
tested treatment averages.

Regression and Correlation Analysis

If range is the subject of two variables with a cause and effect relationship, then regression and
correlation analysis, which will reveal the form and amount of this relationship, finds an application
area.

In agriculture for example, there are cause-and-effect relationships between plot size and parcel
yield, animal age and milk yield, plant height and yield, amount of fertilizer per Decare and yield. In
these types of relationships, future outcomes can be predicted using prediction equations derived from
a given set of available data (such as the prediction of lactation curves and growth curves in cattle)
(Kayaalp and Bek, 1991; Efe, 1992).

Of course, the validity and correct choice of the regression model used when predicting the
result are also important here. Whether this model fits well or not, and whether the assumptions made
for the applied regression analysis method used hold for the data we are using, should also be checked
by various statistical methods (Akar and Sahinler, 1993;1994). If not, it is always possible to enter some
numbers into the computer and get some numerical results as a result. But this does not mean that that
analysis is valid.

CONCLUSION

This study consists of a review of statistical methods used in veterinary science. The testing
methods used in veterinary sciences are not limited and are being supported by new methods every day.
As in all sciences, the importance of statistics in veterinary science is increasing day by day. It
strengthens the accuracy of the statistical data and increases the reliability of scientific results. Before
making statistics, it should definitely be decided by consulting a good statistician with which data, which
results will be examined, and which test methods will be used. If this is not paid attention to, an incorrect
test method or data pattern leads us to the wrong one.
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Citation: Kayikei, C., Keles, O. F., Kuscu, Y., Ekici, S. N., & Cigek, H. A. (2024). A case of proliferative and necrotizing
otitis externa in a Scottish fold shorthair cat. Research and Practice in Veterinary and Animal Science (REPVAS), 1(1), 51-56.
https://doi.org/10.69990/repvas.2024.1.1.7

“This article is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License
BY NC (CC BY-NC4.0)”



https://orcid.org/0000-0001-7343-1045
https://orcid.org/0000-0002-7869-5311
https://orcid.org/0000-0002-7802-5481
https://orcid.org/0009-0004-0158-5650
https://orcid.org/0009-0002-5154-7498
https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0001-7343-1045
https://orcid.org/0000-0002-7869-5311
https://orcid.org/0000-0002-7802-5481
https://orcid.org/0009-0004-0158-5650
https://orcid.org/0009-0002-5154-7498

Research and Practice in Veterinary and Animal Science (REPVAS)

INTRODUCTION

Proliferative necrotic otitis externa (PNOE) is a very rare skin disease of unknown etiology
affecting the vertical ear canal and the concave surface of the auricle, which may be accompanied by
secondary yeast or bacterial infections (Mauldin et al., 2007; Borio et al., 2012; Momota et al., 2016).
Plaque like lesions appear between 2 and 6 months of age in affected animals (Mauldin et al., 2007).
Lesions may regress spontaneously within 12 to 24 months (Gross et al., 2008). The presence of
scattered apoptotic keratinocytes within the highly hyperplastic epidermis and superficial follicular
epithelium is the most prominent feature on histopathological examination. Luminal folliculitis is also
frequent manifestation. Superficial and luminal pustulation and eosinophilic micro-abscesses of the
epidermis have rarely been documented. (Vidémont and Pin, 2010). Amorphous debris, inflammatory
cells and cocci can be found in the smear prepared from the exudate (Momota et al., 2016). The
pathogenesis of the disease is still under investigation (Vidémont and Pin, 2010). Immunosuppressant
drugs such as tacrolimus suppress inflammatory cells including T cells and inhibit Kkeratinocyte
hyperplasia by increasing cytokine production (Sanders et al., 2002). Alternatives to tacrolimus include
clobetasol propionate cream and local injection of methylprednisolone acetate into the lesion (Momota
et al., 2016). This disease, typically seen in kittens, should be considered among the differential
diagnoses for bilateral otitis externa in young cats (Borio et al., 2012).

In this case report, the clinical symptoms, pathological findings and treatment approach of
PNOE are aimed to present.

CASE HISTORY

Patient was presented to Van Yuzuncu Yil University, Animal hospital, Surgery department
with the complaints of epiphora for 6 months and formation of fragile growths on the inner surface of
the auricle for the last 1 month. The animal was an 8-month-old, unspayed female Scottish fold shorthair
cat weighing 2.9 kg, with a white coat, never been in heat. According to the anamnesis, the cat had no
previous allergic reaction to any substance and was fed with generic, pellet cat food by the owner. At
least three times a week paste treats and wet food products were giving the cat. The lesions were first
noticed by the owner as black dots like earwax and progressed rapidly and soon covered the entire inner
surface of the auricle (Figure 1-A). During this process, owner observed loss of appetite and weakness.
The cat had been treated for 21 days with a topical ear cleanser and an ear pomade containing neomycin,
nystatin, triamcinolone acetonide, and permethrin, but no improvement in lesions was observed.

Clinical examination revealed that the lymph nodes were of normal size. Body temperature,
heart rate, respiratory rate, and CRT were in normal range. It was observed that there were fragile,
papillomatous and exudative growths on the concave surface of the pinna, and these growths continued
until the entrance of the vertical ear canal. The external ear canal was partially filled with caseous
purulent exudate, and when palpation was applied, the caseous contents came out. Otoscopic evaluation
was not possible during the initial examination due to the lesions occluded the ear canal. Wood's lamp
examination was negative for fungal infection.

Sampling was performed under anesthesia (0.1 mg/kg butorphanol, 0.04 mg/kg medetomidine,
1.5 mg/kg ketamine IM) for histopathological examination. In view of the clinical presentation, the
diagnosis of proliferative necrotic otitis externa was established, and a methylprednisolone SC injection
of 3 mg/kg was administered into the auricle during the same anesthetic session. Owner was advised to

clean auricals with Crystalin® containing hypochlorous acid and then to apply thin layer of mixture of
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Tacrolin® pomade and Furacin® pomade on the concave surface of the auricle 2 times. Systemically,

Synulox® was prescribed for 7 days. Elizabeth collar was recommended to be used. It was recommended

to switch from generic cat food to hypoallergenic commercial food and to reduce the frequency of wet
food and treats for the diet.

For the complaint of epiphora, the obstruction of the nasolacrimal ducts was checked, and it was
found normal. Conjunctivae were inflamed and there was serous discharge in the eyes. Tobradex® eye
drops were prescribed every 4 hours for the first three days and every 6 hours for the following days.

Processing of samples

Specimens were processed routinely for fixation in 10% neutral buffered formalin, sectioning
at 5 um and staining with haematoxylin and eosin. In addition, Gram and PAS staining was carried out
on the skin biopsies from extra-auricular lesions.

1‘& ¥ " X 1‘/
Figure 1. A) Proliferative formations in the inner surface of the pinna at the first evaluation. B) View
of the inner pinna at two months after the initial treatment.

RESULTS AND DISCUSSION

Histopatologically, there were the small erosions and ulcers in the epidermis, and markedly
acanthotic appearance in the epidermis and external root sheaths. The accumulations of cell debris were
also observed on the acanthotic epidermis. Hyperplastic follicular external root sheath contained brightly
eosinophilic and necrotic keratinocytes. In addition, the exocytosis of neutrophilic and lymphocytic cells
from the dermis into the hyperplastic follicular external root sheath and numerous mitotic figures in
keratinocytes of hyperplastic follicular sheaths noted. The inflammatory cell infiltrates consisted of
plasma cells, lymphocytes, mast cells and neutrophils were observed in the dermis (Figure 2. A B C).
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Figure 2. Feline proliferative and necrotizing otitis externa in a k
formations.

(A) Shows the light brown to dark erythematous vegetative plague with adherent keratinous
debris lining the inner part of the pinna and the canal (*). There are also small erosions or ulcers on the
inner part of the auricle.

(B) Showing markedly acanthotic appearance the epidermis (arrowheads) and external root
sheaths (arrows). Accumulation of cell debris (*) is observed on the acanthotic epidermis. (C) Higher
magnification of the acanthotic root sheath between the arrows in picture B. Showing brightly
eosinophilic and necrotic keratinocytes (parakeratotic hyperkeratosis) (*) the exocytosis of neutrophilic
and lymphocytic cells from the dermis into the hyperplastic follicular outer root sheath (arrows).

At the first control, after the 1 week of initial treatment, it was determined that the discharge
from the ear canal had stopped and the proliferative lesions on the concave surface of the auricle had
regressed. It was also learned that the pomades caused itching in the ears. The appetite was increased.
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Hemogram and biochemistry values of the blood samples were found to be normal.

Two weeks after the first examination, the use of Furacin® pomade was discontinued because

the exudation and secondary infection in the lesions disappeared. During the follow-up visits of one-
week intervals, the lesions gradually regressed, and the general condition improved. About one month
after the first visit, 99% of the lesions had disappeared and otoscopic examination showed no growths

in the ear canal. Tacrolin® pomade and Crystalin® spray were recommended for 2 more weeks. After 2
months, it was determined that minimal sequelae (blackheads) remained on the auricle (Figure 2).

Plasma cell pododermatitis, papilloma virus, and fungal infections are important in the
differential diagnosis of the disease. Papillomavirus (PV) is a causative agent of hyperplastic growths
in cats (Munday and Thomson, 2021). Progression of the PV-associated lesions suggest a cause, such
as stress, and it should be kept in mind that glucocorticoids may trigger virus expression and enhance
the development of use-associated lesions. Since exposure to PV or other viral agents causes increased
sensitization, topical and oral glucocorticoid use is generally contraindicated (Nagata and Rosenkrantz,
2013).

In our case, both topical application of tacrolimus pomade and local prednisolone injections
were performed. In contrast, a very rapid regression of the lesions was observed.

Plasma cell pododermatitis is a disease of uncertain etiology that causes lesions in the ears and
pulvinus and usually responds to immunomodulatory treatment (Brosseau, 2022).

In our case, although there were lesions in the ears, there were no lesions in the pulvinus, and it
responded to treatment based on the principle of immunosuppression.

Wood's lamp is a source of long wave ultraviolet light and has diagnostic utility in detecting
fluorescence in skin and hair, a characteristic of some dermatophytes in infected skin and hair that is
invisible to the naked eye (Al Aboud and Gossman, 2022). It is differentiated from fungal infection by
the fact that the lesions were confined to the ear and the Wood's lamp test was negative.

It has been noted that the main diagnostic microscopic lesions of proliferative otitis externa are
characterized by papillomatous hyperplasia and follicular epidermal hyperplasia with hyperkeratosis
and parakeratotic hyperkeratosis of the epidermis, necrotic neutrophilic crusting covering the epidermal
surface and obstructing the hair follicle ducts. It was also reported that single cell necrosis/apoptosis in
different layers of the epidermis, marked lymphocytic exocytosis and satellitosis of dead keratinocytes.
In addition, it has been noted that in the dermis, depending on the duration of inflammation,
inflammatory cell infiltrates typically consist of plasma cells, lymphocytes, mast cells and neutrophils
(Mauldin et al., 2007; Brian & Bradley, 2015; Momota et al., 2016; Panzuti et al., 2021). The
histopathological findings of presented herein was very similar for those described by Mauldin et al.,
2007; Momota et al., 2017; Panzuti et al., 2021. However, inflammatory cell infiltrations in the dermis
were differently observed to consist of lymphocytes and neutrophils. Based on these characteristic
histopathological findings, presented herein a diagnosis of proliferative and necrotizing otitis was made.

In conclusion, despite the unknown etiology of PNOE, the response of the disease to
immunosuppressive therapy is quite remarkable. This situation contributes to both the diagnosis and
treatment of the disease.
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