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Abstract: The gastrointestinal system of mammals exhibits interspecific variability both physically and functionally. The
diversity in the gastrointestinal system reflects unique and functional traits among vertebrate animals. Lectin histo-
chemistry is a method that uses lectins to identify and attach to glycosidic linkages in polysaccharides, glycoproteins,
and glycolipids. This particular binding enables the identification of complex structures by determining terminal sugars,
hence elucidating physiological or pathological alterations in cells, intercellular relationships, and intracellular transport
mechanisms. The present study aimed to identify and illustrate the distribution and density of glycans throughout the
gastrointestinal system of the New Zealand White rabbit, spanning from the stomach to the rectum, utilizing lectin histo-
chemistry. Paraffin sections of Bouin-fixed rat tissues were taken 5-um thick and were examined for the binding of lec-
tins specific to GalNAc (HPA), Gal (PNA), GIcNAc (WGA), and mannose and/or glucose (Con A) using the lectin histo-
chemical method. The lectin binding patterns in the stomach both the small and large intestines exhibited alterations,
signifying a diverse composition of carbohydrates. The data indicate that mucin glycosylation differs across various
anatomical locations and likely represents a responsive mechanism tailored to local physiological requirements.
Keywords: Gastrointestinal system, intestine, lectin histochemistry, rabbit, stomach.

Yeni Zelanda Beyaz Tavsaninin Gastrointestinal Sistemindeki Seker Kalintilarinin Lektin Bazli Histokimyasal
Analizi

Oz: Memelilerin gastrointestinal sistemi hem fiziksel hem de islevsel olarak tiirler arasi degiskenlik gdsterir. Gastroin-
testinal sistemdeki cesitlilik, omurgali hayvanlar arasinda benzersiz mimari ve iglevsel 6zellikleri yansitir. Lektin his-
tokimyasi, lektinleri kullanarak polisakkaritler, glikoproteinler ve glikolipidlerdeki glikozidik baglantilari tanimlayan ve
bunlara baglanan bir yontemdir. Bu 6zel baglanma, terminal sekerleri belirleyerek karmasik yapilarin tanimlanmasini
saglar ve bdylece hucrelerdeki fizyolojik veya patolojik degisiklikleri, hlicreler arasi iligkileri ve hiicre ici tasima mekaniz-
malarini agiklar. Mevcut calisma, lektin histokimyasini kullanarak Yeni Zelanda Beyaz tavsaninin mideden rektuma
kadar uzanan gastrointestinal sistemi boyunca glikanlarin dagilimini ve yogunlugunu tanimlamayi ve goéstermeyi
amagclamaktadir. Bouin fiksasyonlu sigan dokularinin parafin kesitleri 5 pm kalinhginda alindi ve lektin histokimyasal
yontemi kullanilarak GalNAc (HPA), Gal (PNA), GIcNAc (WGA) ve mannoz ve/veya glikoza (Con A) 6zgu lektinlerin
baglanmas! acgisindan incelendi. Midedeki ve hem ince hem de kalin bagirsaklardaki lektin baglanma desenleri, kar-
bonhidratlarin gesitli bir bilesimini gdsteren degisiklikler gosterdi. Veriler, musin glikozilasyonunun gesitli anatomik ko-
numlarda farklilik gésterdigini ve muhtemelen yerel fizyolojik gereksinimlere gore uyarlanmis bir yanit mekanizmasini
temsil ettigini gostermektedir.

Anahtar kelimeler: Bagirsak, gastrointestinal sistem, lektin histokimyasi, mide, tavsan.

Introduction ferences, the Gl tract throughout all mammalian spe-

) ) cies is, by its function, continuously exposed to me-
The gastrointestinal (Gl) system of mammals reveals chanical and chemical insults caused by ingested
interspecific diversity physically and functionally, al- foods. In addition, the release of various digestive
beit numerous striking similarities. This diversity in enzymes, bile acids, and hydrochloric acid into the
the Gl system represents distinct structural and func- gastrointestinal environment creates an environment
tional ~characteristics among vertebrate ~species in need of protection for the epithelium, which is re-
(Treuting et al., 2018). Despite these observable dif- sponsible for many vital functions (Bansil and Turner,

2006). The epithelial surface of the Gl tract is protect-
ed against abrasion, bacteria, parasitic infections,

Gelig Tarihi/Submission Date :14.01.2025

Kabul Tarihi/Accepted Date  : 22.04.2025 and noxious chemicals by a mucus coating com-
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Rabbit digestive tract lectin histochemistry...

Gl mucins are chiefly produced by goblet cells. Mu-
cins in membrane-bound and soluble-secreted forms
are glycoproteins consisting predominantly of O-
linked oligosaccharides (Bansil and Turner, 2006).
Their functional tasks include lubricating and protect-
ing the epithelial cells from mechanical, physical, and
chemical abrasions. They also provide suitable ana-
tomical sites for attachment and entry of pathogenic
organisms into the underlying epithelium (Robbe et
al., 2004; Kim and Ho, 2010). Therefore, detachment
of this layer renders the Gl tract more vulnerable to
pathogen invasion. In this context, information ob-
tained from commonly used laboratory animals, in-
cluding mice, rats, and rabbits, is of the utmost im-
portance for further understanding the structure and
function of the human Gl tract and its associated pa-
thologies (Oglesbee and Lord, 2020). Therefore, a
deeper understanding of glycohistochemical differ-
ences between the Gl tract of various animal species
may help us choose the proper animal model for
providing valuable insights into glycohistochemical
characterization of the human Gl tract in health and
disease.

Many GI diseases have been reported that may re-
sult from aberrant protein glycosylation (Reily et al.,
2019; Verhelst et al., 2020; Morosi et al., 2021). The
Gl tract produces many glycoconjugates that may
vary by species, sex, gender, anatomical region, cell
type, functional status, and pathological scenario
(Schumacher et al., 2004; Kudelka et al., 2020).
Therefore, studying changes in glycoconjugate com-
position would help further understand their functional
and pathological importance throughout the Gl tract.
Lectin histochemistry is a valuable means to identify
differences between glycosylation patterns of glyco-
proteins (Corfield, 2017). While previous studies have
indicated that lectin binding specificity mostly indi-
cates the respective monosaccharide binding prefer-
ence, the lectins used are likely to recognize differ-
ent, more complex structures present in the se-
quence (Brooks, 2024). Recent bioinformatics studies
have revealed that the majority of plant lectin se-
quences encode chimerolectins composed of more
than one protein domain. In fact, these analyses
showed that many lectins are multidomain proteins in
which one lectin domain binds to one or more protein
domains that serve another function (De Coninck and
Van Damme, 2021). Therefore, lectin histochemistry
studies are valuable for disease diagnostics and
comparative purposes. These studies can detect
variations between normal and pathologic conditions
of given tissues, between different regions in the
same organ, or between homologous areas of speci-
mens of different ages, sexes, or species.

Several studies have reported the distribution of sug-
ar residues in vertebrate Gl tracts (Galotta et al.,
2009; Boonzaier et al., 2013; Scillitani and Mentino,
2015; Tano De La Hoz et al., 2016; Gomez-Santos et
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al., 2017). However, the literature review reveals only
patchy evidence of glycan expression in the New
Zealand White rabbit Gl tract (Galotta et al., 2009;
Zanuzzi et al., 2010). Therefore, we aimed to show
the distribution of glycans in the Gl tract of the New
Zealand White rabbit from the stomach to the rectum
and whether there are density differences using lectin
histochemistry and image analysis.

Material and Methods
Animals

In this study, the gastrointestinal tract from the stom-
ach to the rectum of ten adult male New Zealand
rabbits with a weight range of 4-5 kg purchased from
a local rabbit breeder in Isparta, Turkiye, were used
as material. The Ethical Board of Experimental Ani-
mal Production and Experimental Research Labora-
tory at Siileyman Demirel University (SDU-HUDAL
B.30.2.SDU.0.05.06.00-186) provided approval for
this study.

Tissue Processing

Samples of the gastrointestinal tract were collected
from anesthetized animals using ketamine/xylazine
(80/12 mg/kg; Alfasan/Bayer). After anaesthetizing,
the abdominal cavities of the animals were opened.
Samples harvested from the stomach, small, and
large intestines were fixed in Bouin’s solution for 15
h, dehydrated in a sequence of increasing ethanol
concentrations, cleaned in xylene, and embedded in
paraffin. Sections of 5-7 uym in thickness were cut and
mounted on albumin-coated slides.

Lectin Histochemistry

Lectin histochemistry was employed to demonstrate
the distribution and density of glycans in the gastroin-
testinal tract regions of the New Zealand White rab-
bit. Following this protocol, the sections were rinsed
in distilled water subsequent to dewaxing in xylene
and rehydrating in decreasing concentrations of etha-
nol. The sections were immersed in 0.3% H,0, (v/v)
100% methanol at room temperature for ten minutes
to inhibit endogenous peroxidase activity. Following
rinsing in distilled water and washing in 0.01 M PBS
(Phosphate Buffered Saline) (pH 7.2) with 1% BSA
(Bovine Serum Albumin), the sections were treated
for 30 minutes at room temperature with a panel of
Horseradish Peroxidase (HRP)-conjugated lectins
and subsequently washed in PBS (Cinar et al.,,
2016). Table 1 lists the HRP-conjugated lectins uti-
lized in this study, along with their binding specifici-
ties and optimal concentrations. The sections were
exposed to DAB (3,3-diaminobenzidine tetrahydro-
chloride) to visualize the lectin binding sites at room
temperature for 10 minutes. Sections were counter-
stained in Mayer's Haematoxylin. Then, the sections
were rinsed in distilled water, dehydrated in increas-
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ing concentrations of alcohol, cleaned in xylene, per-
manently mounted with Entellan, examined under a
light microscope (Olympus, CX 41), and photo-
graphed using DP72 digital camera (Olympus, Tokyo,
Japan) mounted on the microscope. Control sections
were immersed in PBS without the lectins for 30
minutes at room temperature, after which the same
procedure was followed.

Seval TURK

opposite pattern of staining was seen in the pyloric
gland region. The surface mucous cells and some
gastric pits were negative, while cells in the glands
were intensely stained (Figure 1B). The cardiac
glands showed a strong positive reaction to PNA in
the different regions of the gastric mucosa. PNA re-
action was confined to the surface mucous cells and
the lower portions of the cardiac gland regions

Table 1. Lectins used in the study and their binding specificity

Source of abbrevia- Oligosaccharide specificity Dilution = Company Catalog
lectin tion no.
Helix HPA GalNAca(1,3)GalNAc>GalB(1,3)GalNAc 10 yg/ml Sigma L6387
pomatia

Arachis PNA GalB(1,3)GalNAc>GalB(1,4)GIcNAc>Gal 25 yg/ml Sigma L7759
hypogaea

Canavalia Con A a-D-Man 50 pg/ml Sigma L6397
ensiformis

Triticum WGA GlIcNAc(B1,4GIcNAc)1-2> BGIcNAc 20 pg/ml  Sigma L3892
vulgaris >Neub5Ac

Evaluation of the Staining

Staining in each experiment was evaluated by at
least two independent observers from three histologi-
cal sections from each sample and scored according
to their intensity as (+++) strong reaction, (++) moder-
ate reaction, (+) weak reaction, and (-) negative
(Manning et al., 2004).

Results

(Figure 1C). A comparable distribution of PNA lectin
binding sites was seen in the pyloric gland region
(Figure 1D).

Conversely, Con-A displayed a moderate reaction in
the cardiac, fundic, and pyloric gland regions (Figure
2A-C). WGA exhibited greater intensity of binding
pattern in the fundic gland region, with a more pro-
nounced positive reaction in the higher sections of

Table 2. Reaction of lectins with sugar residues in gastrointestinal tract regions of New Zealand White rabbits at

different intensities

HPA PNA Con A WGA
Cardia +++ +++ I+ et
Fundus +++ +++ ++ it
Pylorus +++ +++ ++ i+
Duodenum +++ - ++ -t
Jejunum +++ - T+ et
lleum +++ ++ + ++/+++
Proximal Colon +++ -+ o+ it
Distal Colon ++ J+ . -
Caecum - -+ ++ —+
Rectum + -+ + St

The results of lectin histochemistry indicated that
lectins reacted with sugar residues in the gastrointes-
tinal tract areas of the New Zealand White rabbit at
varying intensities. Table 2 summarizes our main
findings.

Stomach

The upper region of the cardiac and fundic glands
showed a stronger positive reaction to HPA. This
positive reaction was observed in the surface mucous
cells, gastric pits, and gastric glands (Figure 1A). The

the glands compared to their bases. The mucus re-
leased over the gastric mucosa had a substantial
positive reaction to WGA in the cardiac, fundic, and
pyloric gland regions. This strong reaction was seen
in the surface mucous cells, stomach pits, and gastric
glands (Figure 2D-F).
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Figure 1. Lectin-binding sites of cardia, fundic, and
pylorus regions. A. Cardia, Lectin HPA, Scale bar:
100 um; B. Pylorus, Lectin HPA, Scale bar: 100 ym;
C. Cardia and D. Fundus Lectin PNA, Scale bar: 100
pm.

Figure 2. Lectin-binding sites of cardia, fundic, and
pylorus regions. A. Cardia, Lectin Con A, Scale bar:
100 pm; B. Fundus, Lectin Con A, Scale bar: 100 pm;
C. Pylorus, Lectin Con A, Scale bar: 50 uym; D. Car-
dia, Lectin WGA, Scale bar: 100 ym; E. Fundus, Lec-
tin WGA, Scale bar: 100 um; F. Pylorus, Lectin WGA,
Scale bar: 100 pm.

Small and Large Intestine

A strong reaction to HPA was observed in the brush
border, villi, and Brunner's glands within the duode-
num (Figure 3a.A). HPA exhibited enhanced binding
to the jejunal epithelium, but cells within the
Lieberkiuhn crypts displayed intense staining (Figure
3a.B). HPA labeling exhibited increased reactivity in
the brush border of the crypts, villi, and Lieberkiihn
glands in the ileum (Figure 3a.C). In the proximal
colon, HPA binding was observed throughout the
whole crypts (Figure 3b.A). Conversely, in the distal
colon, only the cells of the few Lieberkiihn glands at
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Figure 3a. HPA-binding sites of the smal
regions. A. Duodenum, Scale bar: 200 pm.
B. Jejunum, Scale bar: 200 um. C. lleum. Scale bar:
100 pm.
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the lower portion of the crypts exhibited a moderate
reactivity to HPA (Figure 3b.B). HPA did not react
with all regions of the caecum (Figure 3b.C). HPA
exhibited a pronounced reaction with the brush bor-
der and the Lieberkiihn glands in the rectum (Figure
3b.D).
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Figure 3b. HPA-binding sites of the small and large
intestine regions. D. Proximal colon, Scale bar: 200
pum. E. Distal Colon, Scale bar: 100 ym. F. Caecum,
Scale bar: 50 ym. G. Rectum. Scale bar: 100 pm.

The binding of Con A to the brush border of the duo-
denum and jejunum crypts and villi was stronger than
that observed in the ileum while exhibiting weak reac-
tivity in the upper regions of Brunner's gland. Goblet
cells predominantly exhibited no reaction in the small
intestines (Figure 4A-C). The proximal (Figure 4D),
distal (Figure 4E), and caecal (Figure 4F) epithelia
exhibited moderate Con A lectin binding, although
certain cells within the Lieberkiihn glands displayed
weak staining.
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Figure 4. Con A-binding profile of the small and large
intestine regions. A. Duodenum, Scale bar: 100 ym.,
B. Jejunum, Scale bar: 100 pm., C. lleum, Scale bar:
100 um., D. Proximal colon, Scale bar: 100 uym., E.
Distal Colon, Scale bar: 100 uym., F. Caecum, Scale
bar: 50 pym.

WGA exhibited considerable intensity of binding in
the duodenum and jejunum, but cells in the ileum had
lower staining (Figure 5a). WGA labeling was pro-
nounced in the brush borders of the large intestine
(Figure 5b). WGA exhibited a pronounced reaction in
both the proximal and distal colon and a mild reaction
with the Lieberkiihn glands in the rectum (Figure
5b.D).

Flgure 5a. WGA-binding profile of the smaII mtestlne
regions. A. Duodenum, Scale bar: 50 ym., B. Jeju-
num, Scale bar: 100 ym., C. lleum, Scale bar: 100

Figure 5b. WGA-blndlng profile of the large intestine
regions. D. Proximal colon, Scale bar: 50 ym., E.
Distal Colon, Scale bar: 200 uym., F. Caecum, Scale
bar: 50 ym., G. Rectum, Scale bar: 50 pm.
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PNA exhibited no reaction in the duodenum and jeju-
num, whereas a moderate reaction was noted in the
ileal epithelial cells and brush border (Figure 6 A-B).
The signals of both PNA-lectins were markedly weak
in the crypts and the brush edge (Figure 6 C-D). PNA
staining was very weak at both the crypts and brush
border in the large intestine (Figure 6 C-D).

Figure 6. PNA-binding profile of the small and large
intestine regions. A. Jejnum, Scala Bar: 50 ym, B.
lleum, Scala Bar: 50 ym, C. Proximal colon, Scale
bar: 100 um, D. Distal Colon, Scale bar: 100 ym.

Discussion

Certain proteins facilitate biological recognition, bind-
ing, and attachment to particular targets. This binding
is highly specific to sugar residues and depends
mostly on the ability to bind to surface sugars found
in the animal, mainly human, digestive tract. Upon
binding to specific targets, lectins can induce aggluti-
nation of fetal or neoplastic cells, promote lympho-
cyte proliferation, and impede tumor growth both in
vivo and in vitro (Ghasempour and Freeman, 2023).
Lectins are a widely used method to identify specific
glycan motifs and determine their tissue and cellular
localization in histochemical studies, providing im-
portant information about glycan diversity and their
specific roles (Akimoto and Kawakami, 2014; Gomez-
Santos et al., 2017; Sugahara et al., 2017; Tano de la
Hoz et al., 2017; Ghasempour and Freeman, 2023).
Many studies indicate that lectins attach to the gly-
coconjugates of the gastrointestinal structures in
mammalian species, facilitating the comparison of
intra- and inter-species variations in glycoconjugate
distribution (Scillitani and Mentino, 2015; Strobel et
al., 2015).

The lectin histochemistry approach, employed to map
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out tissue glycosylation, has been extremely helpful
in uncovering modifications in cellular glycosylation
linked to cancer progression and metastasis. It has
enabled the development of glycosylated biomarkers
that may predict prognosis, and improve early diag-
nosis and screening efforts. This method is particular-
ly effective for analyzing gastrointestinal carbohy-
drate changes in animal models designed to under-
stand the pathogenesis of human colorectal diseases
such as carcinoma and inflammatory bowel disease
(Sharma and Schumacher, 2001; Enomoto et al.,
2024). Prior research has indicated that the charac-
teristics and prevalence of terminal sugars on cell
surface glycoconjugates are altered in cancer cells
within human colon adenocarcinoma (Arab et al.,
2013; Strobel et al., 2015).

The constant exposure of intestinal epithelium to die-
tary constituents, local microbiota, and diverse micro-
organisms complicates the assessment of each com-
ponent's involvement in both healthy and pathological
conditions. Moreover, as many of these factors work
synergistically, alterations in intestinal carbohydrate
composition rely on multiple variables (Zanuzzi et al.,
2010). The digestive system of rodents has a crucial
ecological and physiological role, particularly due to
its adaptability to various conditions and the histologi-
cal structure of the colon depending on water and
carbohydrate absorption (Moghaddam et al., 2009).
Tano de la Hoz et al. (2017) asserted that observable
variations in lectin (Con A, WGA, DBA, SBA, PNA,
and UEA-I) histochemistry in the rodent colon may
result from the interaction between mucins and bac-
teria traversing the colonic groove.

Strobel et al. (2015) evidenced the existence of Glc-
NAc on the mucosal surface, chief cells, neck cells,
and parietal cells via WGA lectin binding models in
the digestive system of bats. Their study on bats re-
vealed that GalNAc was present in the glycocalyx of
enterocytes in the small intestine, whereas similar
cells were absent in the large intestine. WGA exhibit-
ed considerable reactivity in the duodenum, jejunum,
and large intestine, while WGA labeling was less
pronounced in the ileum. HPA exhibited pronounced
reactivity in the small and large intestine regions,
except the caecum. In cancer cells, cell surface ter-
minal sugars and extracellular matrix glycoconjugates
appear to be extensively modified. Studies showed
that the positivity of glycoconjugates containing Gal-
Nac and GlcNac increased for different grades of
neoplasia in colon adenocarcinoma (Arab et al.,
2013).

A moderate PNA binding pattern was observed in the
epithelial and mucous neck cells of the pyloric stom-
ach region in Rhinella icterica (Machado-Santos et
al., 2014). We observed a strong reaction to PNA in
the same region. Another study indicated that the
surface mucosal cells of the cardia, gastric pits, and
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gastric gland areas in monkeys exhibited a pro-
nounced positive reactivity to WGA. The positive re-
action to WGA was observed in the fundic gland re-
gion, confined to the upper part of the glands and
absent from their bases. The surface mucosal cells in
the pyloric region and gastric pits exhibited negativity,
although certain cells in the body and the base of the
glands demonstrated mild staining. The same re-
searchers indicated that the surface mucosal epitheli-
um and foveolar epithelium in the cardiac, fundic, and
pyloric gland regions had a negative reaction to Con-
A, whereas the body and base of the glands demon-
strated a substantial positive reactivity to Con-A
(Fayed et al., 2010). We found moderate Con-A
staining in the cardiac, fundic, and pyloric gland are-
as.

A study indicates that alterations in particular lectins
and specific regions of the small intestine (PNA in the
duodenum and jejunum and WGA in the jejunum)
were primarily observed during Solanum glaucophyl-
lum intoxication (Zanuzzi et al., 2010). In parallel with
these findings, our study revealed that PNA did not
exhibit reactivity in the duodenum, whereas WGA
lectin labeling demonstrated a strong reaction in the
jejunum. Another study indicated that Con-A and
PNA labeling was moderate to strong in the jejunum
and ileum of Lagostomus maximus, but WGA label-
ing was more pronounced in the jejunum compared
to the ileum (Tano De La Hoz et al., 2016). Galotta et
al. (2009) investigated the binding patterns of some
lectins in the intestines of horses, pigs, and rabbits.
Con A yielded negative results in the jejunum and
ileum across all three species. WGA lectin binding
was seen in the jejunum and ileum of all three spe-
cies. PNA lectin binding was not present in the jeju-
num and ileum of pigs and rabbits, whereas it was
detected at considerable levels in the same regions
of horses. Furthermore, Con A binding was absent in
the colons of horses, pigs, and rabbits, and exhibited
minimal reactivity in the rectum. However, PNA ex-
hibited no reactivity in the colon and rectum of all
examined species (Galotta et al., 2009). Conversely,
in our study, Con A showed reactivity in both the
small and large intestines. PNA exhibited no reaction
in the duodenum and jejunum, while a moderate re-
action was noted in the epithelial cells and brush bor-
der of the ileum. PNA labeling was markedly weak in
the crypts and brush border of the large intestine.

Normal gastrointestinal lectin histochemistry has
shown that lectins can be used as reliable markers
not only for cell identification but also for the search
for similar glycans with subtle differences in sugar
sequences. In conclusion, this study demonstrates
that lectin binding patterns across the rabbit gastroin-
testinal tract reveal different compositions of carbohy-
drates. The observations indicate that mucin glyco-
sylation differs among various anatomical locations,
possibly forming a responsive system tailored to local
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physiological needs. This data may also aid in estab-
lishing a comprehensive histochemical framework to
serve as a comparative baseline for future research
focused on the dietary physiology of this species.
Additional investigations into the alterations in glycan
expression in diseased situations may clarify their
biological roles and functional importance.
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Abstract: The objective was to determine the distribution of future carrier preferences of Istanbul University-
Cerrahpasa Veterinary Faculty students and the factors affecting this distribution. Data were collected via face-to-face
questionnaires from 327 and 347 students who were in their 3rd, 4th, and 5th year and who responded to the survey in
2015 and 2021. The questionnaire consists of two parts: in the first part, students' gender, class, place of birth, grade
point averages and income levels of their families. In the second part, the field they want to work in after graduation,
their expectations regarding working conditions, and their monthly income were questioned. Gender has a highly signif-
icant effect on students' career choices in both years (P<0.001). While the first choice of female students in both years
was the companion animal clinic, the first choice of male students was the farm animal practice in 2015 and the com-
panion animal clinic in 2021. Monthly family income significantly affected student career choices in 2015 while not in
2021. It is seen that 39.4% of the students whose monthly family income is below 685 USD preferred farm animal prac-
tice. In comparison, 51.1% of students whose family income is 1601-2050 USD prefer to work in companion animal
clinics. The study’s findings of the study highlight the importance of gender, hometown and monthly family income con-
siderations in shaping the career plans of veterinary students. There was also an apparent decrease in preference for
farm animal practice and an increase in companion animal practice.

Keywords: Career choices, education, professional expectations, undergraduate, veterinary student

Veteriner Fakiiltesi Ogrencilerinin Mezuniyet Sonrasi Kariyer Planlari ve Galisma Kosullarina iligkin Beklentileri
Oz: Calismanin amaci, istanbul Universitesi-Cerrahpasa Veteriner Fakiiltesi 6grencilerinin gelecekteki meslek tercihlerinin
dagihmini ve bu dagihmi etkileyen faktorleri belirlemektir. Veriler, 2015 ve 2021 yillarinda ankete yanit veren 3., 4. ve 5.
sinifta okuyan 327 ve 347 6grenciden yuz yize anket yoluyla toplanmistir. Anket iki bolimden olusmaktadir: Birinci bo-
limde 6grencilerin cinsiyeti, sinifi, dogum yeri, not ortalamalari ve ailelerinin gelir diizeyleri; ikinci bolimde ise veteriner
hekim olarak aylik gelir beklentileri, mezuniyetten sonra galismak istedikleri alan ve galisma kosullarina iliskin beklentileri
sorgulanmistir. Cinsiyetin her iki yilda da 6grencilerin kariyer tercihleri izerine oldukga anlamli bir etkisi oldugu tespit edil-
mistir (P<0.001). Kiz dgrencilerin her iki yilda da ilk tercihleri kiiclik hayvan hayvan klinidi iken, erkek égrencilerin ilk tercihi
2015 yilinda ciftlik hayvani pratigi, 2021 yilinda ise kiguk hayvan klinigi olmustur. Aylik aile geliri 6grencilerin kariyer se-
gimlerini 2015 yilinda 6nemli élglide etkilerken 2021 yilinda etkilememigtir. Aylik aile geliri 685 ABD dolarinin altinda olan
dgrencilerin %39.4'Unun ciftlik hayvani pratigini tercih ettigi gérilmektedir. Aile geliri 1601-2050 ABD dolari olan égrencile-
rin %51.1'i kigik hayvan kliniklerinde galismayi tercih etmektedir. Calisma bulgulari, veterinerlik 6grencilerinin kariyer
planlarini sekillendirmede cinsiyet, dogum yeri ve aylik aile geliri etkilerinin dnemini vurgulamaktadir. Ciftlik hayvani pratigi-
ne olan tercihte belirgin bir azalma ve kigik hayvan pratiginde ise artis oldugu da gorilmustur.

Anahtar kelimeler: Kariyer tercihi, egitim, lisans, mesleki beklenti, veteriner fakiltesi 6grencisi

Introduction

Several scientific studies have investigated the fac-
tors affecting the working area preferences of veteri-
nary students and their expectations regarding work-
ing conditions. Demographic factors such as age,
gender, and prior experience significantly affect ca-
reer choices and attitudes toward different veterinary
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fields. Background experience before admission to
veterinary school and personal interests strongly in-
fluence the choice between small-animal practice,
large-animal practice, research, and other specializa-
tions. People who experience interacting with animals
during their childhood display long-term preferences
and attitudes towards animals in the later stages of
their lives (Serpell, 2004). Veterinary students are
among the representatives of this idea (Serpell,
2005). Studies show that most veterinarian candi-
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dates prefer the profession with a pre-existing inter-
est and love for animals (Heath et al., 1996). It is
reported that veterinarians who prefer companion
animal clinics after graduation adopt animals in the
early stages of their lives, and female veterinarians
prefer farm animal practice less than men (Kinnison
and May, 2013; Serpell, 2005). Veterinarians work in
many different areas, especially in farm animal prac-
tice, companion animal clinics, food hygiene and
safety, pharmaceutical and feed industries. The de-
mand for veterinarians depends on various factors
such as the prevalence of livestock farming, rates of
pet ownership, and the level of development of the
food, feed and pharmaceutical industries.

This study aimed to determine the distribution of fu-
ture carrier preferences among Istanbul University-
Cerrahpasa Veterinary Faculty students and the fac-
tors affecting this distribution. Knowledge of which
fields veterinary medicine graduates would prefer to
work in can contribute significantly to the planning of
veterinary faculty education and to taking action to
include graduates in practice areas that are less pre-
ferred. In addition, this study tested the hypothesis
that the Turkish economic crisis and the pandemic
impacted students' career choices and monthly in-
come expectations. In this context, the survey results
of 2015 and 2021 were compared.

Material and Methods

The Istanbul University-Cerrahpasa ethics committee
approved the study's appropriateness (Approval num-
ber: 2021/304).

Questionnaire and Participants

In this study 327 and 347 students in their 3rd, 4th,
and 5th year at Istanbul University-Cerrahpasa, the
Faculty of Veterinary Medicine, responded to the
survey in 2015 and 2021, respectively. No sampling
was conducted within the scope of the study. All 3rd,
4th, and 5th-year students at the current IUC Faculty
of Veterinary Medicine were invited to participate in
this study. The data of the students who volunteered
to participate in the study are presented in the article.
The study conducted in 2015 was repeated in 2021
to reveal the post-graduation career preferences of
IUC Faculty of Veterinary Medicine students and
whether the factors affecting these preferences have
changed after the pandemic and economic crisis.
Within the scope of the study, a 10-question survey
was conducted to determine the distribution of carrier
choices of veterinary students and the factors affect-
ing this distribution. The questionnaire consisted of
two parts. In the first part, participants were asked to
give demographic information such as gender, class,
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hometown, grade points average (GPA), and family
income. In the second part, students' career choices
after graduation (farm animal practice, companion
animal clinic, equine practice, poultry practice, feed
industry, food hygiene and safety, pharmaceutical
industry, public employee, academia), their monthly
income expectations as a veterinarian, and their ex-
pectations regarding working conditions were ques-
tioned. The minimum wage was used to create
monthly income expectation ranges. The monthly
income expectation range was asked in TL to the
students, and to compare income expectation in dif-
ferent time periods, it was converted to USD using
the Central Bank of Turkiye exchange rate for the
relevant period. Students’ monthly income expecta-
tion range were <1140 USD, 1141 — 1370 USD, 1371
- 1600 USD, 1601 - 1830 USD,1831 - 2050 USD, and
>2050 USD. During the data editing, students' GPA
information was transformed into the following four
categories: i. <2, ii. 2.00-2.49, iii. 2.50-2.99, iv. >3.00.
Hometown data consists of metropolis, city, and rural/
village. Students were informed about the question-
naire, and participation in the study was voluntary.
The questions about the identity information of the
students were not included in the questionnaire.

Statistical Analyses

The study considered the student's daily working
hours expectation, working time expectation, income
expectation and career preference as dependent
variables. The independent samples chi-square test
of association was used to compare the subgroups of
the student's gender, class, hometown, GPA and
monthly family income, and year factors in terms of
dependent variables. In case of statistical signifi-
cance, pairwise chi-square or Fisher's exact test was
applied to determine which subgroup differences
were significant. The significance for averages with
more than 3 letters was expressed in the tables by
placing a hyphen between the first and last letters.
The statistical significance level was determined as
P<0.05. To summarize the data, n (%) was used. All
analyses were performed with the Jamovi 2.3.28 pro-
gram (The Jamovi Project, 2025).

Results

Table 1 presents the demographic information of the
respondents and percentages of students in each sub-
group. Demographic information of respondents
shows that most of the participants in 2015 and 2021
were male (57.80% and 51.9%). Approximately 92%
of participants in both years came from metropolises
and cities, while %7 of them came from rural areas.
While the monthly income of the families of 44% of the
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students who participated in the survey conducted in
2015 was below 1141 USD, it is seen that this propor-
tion increased to 67.7% in 2021.

The effects of respondents’ gender, class, hometown,
GPA, and family income on the students’ expectation
of daily working time as a veterinarian are represented
in Table 2. Gender has a significant effect on expecta-
tion of daily working time in 2021, while monthly family
income has a significant effect in 2015 (P<0.05). In
2021, whereas 69.7% of female students preferred an
8 h working in a day, 60.7% of male students preferred
it. Moreover, 21.9% of male students preferred 8-12 h
working in a day, while 11.5% of female students pre-
ferred it. On the other hand, the year generally effects
on expectations of daily working time. The percentage
of students preferring less than 8 h, and 8-12 h work-
ing a day in 2015 and 2021 decreased from 25.7%
and 18.3% to 18.1 and 16.9%, respectively. In con-
trast, the students’ 8 h working a day preference in-
creased in 2021 compared to 2015.

Preferences for the time periods in which students
want to work during the day are shown in Table 3. The
results point out that gender, GPA, and monthly family
income affect students’ preferences for the working
time period. Moreover, the effect of the year on the
expectation of daily working period was also found
significant. It is seen that the daytime preferences of
students decreased from 76.8% to 57.3%, while “no

Table 1. Demographic information of respondents

Hulya YALCINTAN

matter” preferences increased from 17.1% to 41.2% in
2021 compared to 2015.

The effects of respondents’ gender, class, hometown,
GPA, and family income on their income expectations
in 2015 and 2021 are given in Tables 4 and 5. The
results indicate that monthly family income can affect
students’ income expectations in 2015 and 2021,
moreover gender and class also affect it in 2021.

The influence of respondents’ gender, class,
hometown, GPA, and family income on the career
choices of veterinary students in 2015 and 2021 are
represented in Tables 6 and 7. Considering the overall
evaluation, while the career choices of the students in
2015 are listed as companion animal clinic, farm ani-
mal practice, food hygiene and safety, and public em-
ployee, those in 2021 are listed as companion animal
clinic, academia, farm animal practice, and food hy-
giene and safety. Moreover, the effects of respond-
ents’ gender, hometown, GPA, and monthly family
income on their career choices were significantly im-
portant in both years. In addition, Table 8 represents P
-values for the year effect regarding monthly income
expectation and students' career choices.

2015 2021
Items Frequency Percentage Frequency Percentage
n % n %
Gender
Male 189 57.80 180 51.9
Female 138 42.20 167 48.1
Class
3 110 33.64 101 29.1
4 117 35.78 85 24.5
5 100 30.58 161 46.4
Hometown
Metropolis 187 57.19 222 64.0
City 115 35.17 98 28.2
Rural/village 24 7.34 27 7.8
GPA
<2 32 9.79 3 0.9
2.00-2.49 152 46.48 58 16.7
2.50-2.99 79 24.16 94 27.1
> 3.00 64 19.57 192 55.3
Monthly family income
(USD)*
<685 35 10.70 108 31.1
685 - 1140 109 33.33 127 36.6
1141 - 1600 99 30.28 59 17
1601 - 2050 45 13.76 16 4.6
> 2050 39 11.93 37 10.7
TOTAL 327 100.00 347 100.00

*USD exchange rate calculations were made based on 2.19 for 2015 and 8.30 for 2021.
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Table 8. P-values for year effect regarding monthly income expectation and career choice of the students.

ltems Monthly income expectation Student's Career Choice
of the student
Gender
Male <0.001 0.003
Female <0.001 0.001
Class
3 <0.001 0.002
4 <0.001 0.028
5 <0.001 0.034
Hometown
Metropolis <0.001 <0.001
City <0.001 0.438
Rural/village 0.054 0177
GPA
<2 0.588 0.002
2.00-2.49 <0.001 0.011
2.50-2.99 <0.001 0.710
> 3.00 <0.001 0.001
Monthly family income (USD)
<685 <0.001 0.047
685 - 1140 <0.001 <0.001
1141 - 1600 <0.001 0.047
1601 - 2050 0.074 0.155
> 2050 0.004 0.363
Overall <0.001 <0.001

*USD exchange rate calculations were made based on 2.19 for 2015 and 8.30 for 2021.
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Discussion

This study was conducted to determine the career
plans of veterinary faculty students after graduation
and their expectations regarding working conditions
Twenty-five percent of the students who participated in
the survey in 2015 and 15.3% of the students who
participated in the survey in 2021 came from high-
income families with a monthly income of $ 1601 or
more. On the other hand, the percentage of students
from lower-income families (below $685 per month)
increased from 10.7% to 31.1%, depending on the
year. The highly possible reason for this was the eco-
nomic crisis in Turkiye in 2021. The dollar exchange
rate, which was 2.34 TL in January 2015, became 7.38
TL as of January 2021 and 13.30 TL in December
2021.

According to the results of the study, it is seen that
more than half of the participants expected to work 8
hours a day, but it is a remarkable result that those
who expected to work more than 8 hours were 16-
18%. The effect of the year on daily working hours
expectation was found to be significant. One of the
striking findings is that while the desire to work among
students with low family income (below $1600 per
month) was low in 2015 (<8 h), the desire to work in
the same group increased in 2021. Similarly, regarding
the working period, while a significant portion of the
participants (76%) preferred day-time in 2015, it is
observed that this selectivity of the participants de-
creased in 2021. In addition, both genders were more
flexible in terms of working time expectations in 2021.

Monthly family income significantly affected student’s
monthly income expectations in both years. However,
it is noteworthy that students with low-income families
also have low monthly earning expectations. On the
other hand, while the percentage of participants with
an income expectation of 1600 USD and below was
47.7% in 2015, the percentage of the same income
expectation increased to 70% in 2021. Students with
high-income families have a monthly earning expecta-
tion of 1831 USD and above, regardless of the year.
Gender has a highly significant effect on the monthly
income expectations of students in 2021, it was not
important in 2015. With the economic crisis, the
monthly income expectations of female students de-
creased by 1601 USD. The Presidency of the Republic
of Turkey Human Resources Office reported that
33.8% of newly graduated veterinarians received mini-
mum wage in their first job (UNI-VERI, 2024). In a
study conducted with veterinarians in Turkey (Balaban
and Gilnes, 2023), the differences in future expecta-
tions between male and female veterinarians were
found to be insignificant.

Gender has a highly significant effect on the career
choices of students in both years. Most of the female
participants preferred companion animal clinic and
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public employee while male counterparts preferred
farm animal practice and companion animal clinic in
2015. In 2021, female participants' career prefer-
ences included companion animal clinic first, and
academia second. In male participants' career prefer-
ences, companion animal clinic ranked first in 2021,
and farm animal practice ranked second. Lofstedt
(2003) attributes the decline in veterinary graduates’
participation in food animal practice to the high pro-
portion of women graduating from veterinary schools.
Wise and Gonzales (2002) reported that 56% of fe-
male graduates of American veterinary colleges in
2001 preferred companion animal clinics, while 4%
preferred large animal practice. Moreover, 40% of
male graduates of American veterinary colleges in
2001 preferred companion animal clinics, while 13%
preferred large animal practice. Moreover, Kinnison
and May (2013) showed that females' percentages
were significantly lower than males' in choosing farm
animals and equine practice. Serpell (2005) also re-
ported employment preferences were strongly affect-
ed by gender, mostly a significant male gender bias
toward food-animal practice. Another noteworthy
point is that while 21.4% of students chose farm ani-
mal practice in 2015, this rate dropped dramatically to
11.8% in 2021. In recent years, it has been observed
in other countries that veterinary faculty graduates
have moved away from farm animal practice (Cornish
et al., 2016; Kinnison and May, 2013).

Student’ hometown was significant effect on their ca-
reer choices in 2015 and 2021. While the first prefer-
ence of the students coming from rural/village areas
is the farm animal practice (52.2%), followed by pub-
lic employees (17.4%) and academia (13%) in 2015.
Most of the students coming from metropolis and
cities preferred working in companion animal clinics
30.8% and 23.9%, respectively. This result may be
due to the previous experiences of the students com-
ing from the village, especially their experiences with
farm animals. Similarly, Kinnison and May (2013)
pointed out that individuals from urban areas were
likelier to choose companion animal practice, while
those from rural preferred farm animal practice. Heat
(2007) reported that veterinarians who grew up with
animals on farms were more likely to work with cattle
and sheep after graduation compared to other stu-
dents from different backgrounds. Jelinski et al.
(2008) reported that colleges that accept more stu-
dents from rural areas produce more FAR (food ani-
mal-related) participants after graduation. Moreover,
they also report that students whose parents or
grandparents dealt with farm animals preferred FAR
practice more. In 2021, the number of students who
want to work with farm animals has generally de-
creased. On the other hand, most of the students
coming from the rural/village areas (27.5%) still pre-
ferred this area. It is also seen that the number of
students who want to work with companion animals

83



Carrier plans of veterinary faculty students...

has increased regardless of hometown compared to
2015. Similarly, Dernat and Siméone (2019) reported
that French veterinarian students' choice to work with
farm animals decreases yearly. Payne et al. (2022)
reported that the most common factors influencing
undergraduates’ attitudes toward farm animal prac-
tice work were clinical and preclinical extramural
studies and working conditions (species of animal,
hours, working outside, salary and variety).

Monthly family income significantly affected student
career choices in 2015 while it's not in 2021. It is
seen that 39.4% of the students whose monthly fami-
ly income is below 685 USD preferred farm animal
practice while 51.1% of students whose family in-
come is 1601-2050 USD preferred companion animal
clinics. On the other hand, students from high-income
families did not prefer public employee and poultry
practice in both years.

Conclusion

The findings of the study highlight the importance of
gender, hometown and monthly family income con-
siderations in shaping the career plans of veterinary
students. The most striking result of the study is that,
regardless of the year, students from low-income fami-
lies (<1601 USD) have lower expectations of both
working hours and monthly income. On the other hand,
students from high-income families (= 1601 USD) tend
to work harder and earn more. There was also a clear
decrease in preference for farm animal practice and an
increase in companion animal practice. This decrease
in farm animal practices may have negative effects on
the country's future animal husbandry. To prevent this,
special arrangements should be made in veterinary
faculties so that students’ interest in farm animal prac-
tices can be maintained. More positive farm animal
clinical experiences should be provided to veterinary
students.
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Oz: Gida isletmelerindeki galisanlarin yanlis ve yetersiz uygulamalari gida kaynakli hastaliklarin olugsmasina yol agabil-
mekte, ciddi ekonomik kayiplar s6z konusu olabilmektedir. Bu galigmada Kayseri Talas’ta bulunan gida isletmelerindeki
calisanlarin gida guvenligi bilgi ve uygulamalarinin ve el hijyen durumlarinin degerlendiriimesi amaglanmistir. Toplam
25 igletme 2023-2024 tarihleri arasinda ziyaret edilerek gida ile temas halinde bulunan personelin ellerinden érnekler
alinmistir. Ayrica ¢calisma kapsaminda isletmelerde, gida c¢alisanlarinin hijyen bilgileri ve tutumlarini degerlendirmek
amaciyla gézlem ve anket uygulamasi yapilmistir. Ellerden alinan orneklerin mikrobiyolojik analizleri bakteriyel kiltir
yontemiyle yapilmistir. El 6rnekleri Escherichia coli, Staphylococcus aureus, total koliform ve Enterobacteriaceae agi-
sindan incelenmistir. Calisanlarina ait el orneklerinin %74.1'inde Enterobacteriaceae, %18.5’inde total koliform, %
14.8'inde E. coli ve %40.7’sinde S. aureus varli§i tespit edilmistir. Hedef degerlerin (<2.5 kob/cm?) (izerinde olan oran-
lar deg@erlendirildiginde; drneklerin %66.6’sinda Enterobacteriaceae, %11.1’inde koliform bakteri, %14.8'inde E. coli, %
25.8'inde S. aureus sayilarinin hedef degerlerin tUzerinde oldugu belirlenmistir. Ayrica isletmelerdeki dograma tahtalari
ve bicak ylzeylerinden de 6érnekler alinarak Aerob Mezofil Bakteri (AMB) agisindan analiz edilmis, bigak érneklerinin %
45.8'inde et dograma tahtasi érneklerinin ise %66.6’sinda 210° kob/g seviyelerinde AMB tespit edilmistir. Yapilan an-
ketler, gida calisanlarinin gida guvenligi bilgi duzeylerinin yiiksek olarak degerlendirilebilecek bir diuzeyde (%71.46)
oldugunu ortaya koymustur. Sonug olarak gida givenligi bilgi skorlarinin yiksek ¢gikmasina karsin, gida galisanlarinin
el érneklerindeki patojen mikroorganizma kontaminasyon yiizdelerinin ylksek oldugu belirlenmistir. Gida satis yerlerin-
deki galisanlara surekli ve etkin bir egitim programinin planlanmasi ve denetim faaliyetlerinin siklastiriimasi gerektigi
kanaatine variimigtir.

Anahtar kelimeler: El hijyeni, gida ¢alisani, gida guvenligi, indikator bakteri

Hand Hygiene Status, Food Safety Knowledge and Practices of Food Handlers in Kayseri, Talas
Abstract: Incorrect and inadequate practices of food handlers in food businesses can cause foodborne diseases and
serious economic losses. This study aimed to evaluate the food safety knowledge and practices and hand hygiene
status of food handlers in food businesses located in Kayseri Talas. A total of 25 businesses were visited between
2023-2024, and samples were taken from the hands of personnel in contact with food. In addition, observations and
surveys were conducted at the point of sale to evaluate the hygiene knowledge and attitudes of food handlers. Microbi-
ological analyses were performed by traditional methods regarding Escherichia coli (E. coli), Staphylococcus aureus
(S. aureus), total coliform, and Enterobacteriaceae. Enterobacteriaceae was detected in 74.1% of the hand samples of
the food handlers, total coliform in 18.5%, E. coliin 14.8%, and S. aureus in 40.7%. Regarding the contamination rates
above the limit values (<2.5 cfu/cmz) were 66.6% of the samples for Enterobacteriaceae, 11.1% for coliform bacteria,
14.8% for E. coli, and 25.8% for S. aureus in respectively. In addition, samples were taken from the cutting board and
knife surfaces in the food selling points and analyzed for Aerobic Mesophilic Bacteria (AMB). AMB was detected at
levels of 2102 cfu/g in 45.8% of the knife samples and 66.6% of the cutting board samples. Food safety knowledge
assessment surveys revealed a relatively high score (71.46%) among food handlers. As a result, despite high scores in
food safety knowledge, pathogen contamination percentages in food handlers' hands were found to be high. It was
concluded that continuous and effective training and control programs should be strictly implemented for workers in
food selling points.

Keywords: Hand hygiene, food handlers, food safety, indicator bacteria
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Getachew, 2010; Akabanda ve ark., 2017). Gida is-
letme sayilarinda goérilen hizh artis, gidalarin uygun-
suz ortamlarda islenmesine, gida hazirlama ortamla-
rinda siklikla yeterli dizeyde bilgi ve becerisi olma-
yan kisilerin ¢alistinimasina, dolayisiyla gida guvenli-
gi konusunda 6zensiz yaklasimlara sebebiyet ver-
mekte, bu durum da birgok llkede giderek yayginlas-
maktadir (WHO, 2002; 2008).

Gida c¢aliganlarinin gida guvenligi agisindan hijyen ve
sanitasyon dizenlemelerine uymasi; gida kaynakl
hastaliklarin engellenmesi veya minimize edilmesi
anlaminda temel bir adim olarak nitelendiriimektedir.
Yapilan gesitli calismalarda gida ¢alisanlarinin mes-
leki bilgi dizeyleri ylksek bulunmasina karsin birgcok
gida zehirlenmesi vakalarinda gida kontaminasyonla-
rinin gida ¢alisanlarindan kaynaklandidi belirtiimekte-
dir (Ehiri ve Morris, 1996; Howes ve ark., 1996; Greig
ve ark., 2007). Bu nedenle ¢aligan personelin bilgi
dizeyi, gida hazirlanma sekilleri ve ortamlarinin ge-
nel kosullar ile ilgili farkli bolgelerde cgesitli calismalar
yuratilmistir (Ansari-Lari ve ark., 2010; Seaman,
2010; Martins ve ark., 2012). Yapilan bu galismalarin
tuminde igletmedeki calisanlarin hangi konularda
bilgi eksikligi yasadiklari belirlenerek, eksik olan ko-
nularda verilen egitimlerle ilgili degerlendirmeler ya-
pilmig ve gida uretiminin guvenli bir sekilde surduru-
lebilmesi igin s6z konusu egitimlerin de sirekli olarak
tekrarlanmasi gerektigi vurgulanmistir. 2008 yili igeri-
sinde Avrupa Birligi (AB) llkelerinde 5332 kisinin gida
yoluyla zehirlendidi, bu vakalar neticesinde 45622
kisinin asgari duzeyde etkilendigi, 6230 kisinin hasta-
nede kontrol altinda bekletildigi ve 32 kisinin ise 6ldi-
gu The European Food Safety Authority (EFSA,
2010)’nin yayimladigi raporda belirtiimistir. S6z konu-
su raporda gida zehirlenmesine sebebiyet veren en
Oonemli faktorlerin basinda gidalarin uygun olmayan
sekilde hazirlanmasi, yetersiz isi islemi, kontamine
¢ig bilesenlerin kullaniimasi, depolama esnasinda
yanlis 1sI zaman parametrelerinin uygulanmasi ve
enfekte gida calisanlarinin sayilabilecedi bildiriimek-
tedir (Angelillo ve ark., 2000; Rippel, 2002; Yapp ve
ark., 2006). Temel olarak bu etkenler calisanlarin
yetersiz hijyen uygulamalar ve hijyen bilinci eksikligi
ile iligkilendiriimekte ve igletmelerdeki ¢alisanlarin gida
guvenligi agisindan 6nemli bir risk faktort olusturdu-
gunu gostermektedir.

Avrupa Birliginin 852/2004 diizenlemesinde gida isgi-
lerinin gida hijyeni ve genel hijyen konularinda egitil-
meleri yasal bir zorunluluk olarak yer almaktadir. S6z
konusu regulasyonda gida ile temas halinde bulunan
calisanlarin hizmet verdikleri alanlara goére egitilerek
yetkilendirilmesi gerekmektedir. Gida ¢alisanlarinin
hijyen uygulamalarina iligkin bilgi ve davraniglarinin
ivilestirilmesi gerektigi ingiltere, Polonya, Slovenya ve
Tarkiye’'de yapilan gesitli galismalarda da vurgulan-
maktadir (Walker ve ark., 2003; Bas ve ark., 2006;
Gomes-Neves 2007; Jevsnik ve ark., 2008).

Bu calismanin amaci g¢alisma bdlgesinde yer alan
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gida igletmelerindeki gida calisanlarinin gida hijyen
bilgi, tutum ve uygulamalarinin degerlendirilerek konu
hakkinda temel bir veri olusumuna katki saglamak,
uygulamalardaki aksakliklarin giderilimesi ve gerekli
onlemlerin alinmasi igin atilacak adimlarin belirlen-
mesine 6nculik etmektir.

Gereg ve Yontem

Sunulan calisma Erciyes Universitesi Klinik Aragtir-
malar Etik Kurulu’'nun 20.12.2023 tarih ve 2023/821
karar numarali onayi ile gergeklestirilmistir. 2023-
2024 tarihleri arasinda Kayseri Talas’'ta 25 gida satis
yeri (kasap, sarkditeri, market) rastgele ziyaret edile-
rek, galisan elleri ve gida temas yulizey érnekleri top-
lanmigtir. Toplam 27 gida calisan el 6rnegi, 24 kes-
me tahtasi ylzeyi ve 24 bigcak ylzey 6rnegi analiz
edilmistir. El numuneleri Enterobactericeae, total koli-
form, E. coli ve S. aureus agisindan, bigak ve kesme
tahtas| yuzey numuneleri ise AMB bakimindan de-
gerlendirilmigtir.

Ellerin érneklenmesi

Gida satigl yapan igletme galisanlarinin elleri Entero-
bactericeae total koliform, E. coli ve S. aureus agisin-
dan analiz edilmigtir. Gida hazirlama sireglerinde
gOrev alan personelin bagparmak ve isaret parmakla-
rinin érneklenmesi amaciyla icerisinde selektif agar
olan RODAC petri kaplari kullaniimigtir. Personeller-
den alinan el érnekleri, habersizce ziyaret edilen is-
letmelerde, gcalisanlarin eldivensiz ellerinden, el yika-
ma islemi gergeklestiriimeden alinmistir. Bu iglemler
mesai saatleri igerisinde, 10:00-13:00 saatleri arasin-
da gerceklestiriimistir. Bu ama¢ dogrultusunda isaret
parmagi érneklemek igin S. aureus tespitinde kullani-
lan iginde Baird-Parker Agar (Oxoid CM 0275) bulu-
nan RODAC petrileri tercih edilmistir. S6z konusu
petrilerde cevresinde beyaz halelere sahip siyah ko-
lonilerin varligi tipik S. aureus g0Ostergesi olarak de-
gerlendirilmis olup ve bu kolonilerin dogrulugu koagu-
laz testi (Oxoid, Staphytect test kit) ile teyit edilmigtir.
Calisanlarin basparmaklarindaki Enterobacteriaceae,
total koliform ve E. coli turlerinin belirlenmesi icin de
icerisinde Chromocult coliform Agar (Merck 1.10426)
bulunan RODAC petrileri kullaniimistir (Lues ve Van
Tonder, 2007). 37°C sicaklikta 24 saat suresince
petriler inkubasyona birakilmigtir. inkiibasyon sonun-
da tipik somon-kirmizi renkli kolonilerin varhgi koli-
form grubu bakterileri, koyu mavi-mor menekse ren-
gindeki koloniler E. coli, renksiz koloniler ise Entero-
bacteriaceae olarak degerlendirilmistir (Naratama ve
ark., 2020). Koliform grubu icin Moore ve Griffith
(2002), E.coli igin Legnani ve ark., (2004) tarafindan
kullanilan degerler bu galismada referans olarak alin-
mistir. Calisma kapsaminda incelenmis olan mikroor-
ganizma turlerinin inklibasyon parametreleri Tablo 1’
de sunulmustur.
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Tablo 1. Mikrobiyolojik analizlerde kullanilan besiyeri ve inklibasyon dereceleri

Inkiibasyon
Mikroorganizma Za(r:)an Isi (°C) Koloni Morfolojisi Besiyeri
. . Chromocult Coliform Agar
Enterobacteriaceae 24 35-37 Saydam (renksiz) (Merck, 1.10426)
Toplam koliform 24 35-37 Somon-kirmizi Chro(r"{]/lc;(;gll(t C1301I|(1;ir2n%)Agar
. . Chromocult Coliform Agar
E. coli 24 35-37 Koyu mavi-mor menekse (Merck, 1.10426)
Baird- Parker Medium (Oxoid™)
S. aureus 24-48 35-37 Beyaz haleli siyah Egg Yolk-Tellurite
Emulsion (Oxoid™)
Aerob mezofil genel 48-72 3141 Plate Count Agar

canli

(PCA, Ox0idTM)

Yiizeylerin 6rneklenmesi

Et kesme tahtasi yuizeyleri ve eti kesmek icin kullani-
lan bigcak sapi yuzeylerini érneklemek amaciyla 15
cm? ic alana sahip steril bir gerceve ile belirlenen
alandan swaplar ile érnekler alinmistir. Swap 6rnek-
leri Aerob Mezofil Bakteri (AMB) sayimi igin kullanildi.
Steril pamuklu swaplar (T56-A, Technical Service
Consultants Ltd.), icerisinde %0.05 sodyum tiyosulfat
olan maksimum geri kazanim sulandirma (MRD,
maximum recovery diluent OXOID CM733) ajaniyla
islatiimis ve daha sonra et kesme tahtasi ylizeyi ve
bicak ylzeyine 3'er defa farkli yonlerde surllerek
AMB sayimi igin &rneklemeler tamamlanmistir.
Swaplar her islemin tamamlanma silireci sonunda
MRD igeren tlpler igerisine konulmus (Redmond ve
ark., 2004; Cordoba ve ark., 1999) ve tlpler soguk
zincir altinda laboratuvara ulastiriimistir. Steril pep-
tonlu su kullanilarak seri dilisyonlar hazirlanmis ve
Plate Count Agar (PCA, OxoidTM) besi yerine ekim-
ler yapilmigtir. EKim yapilan numuneler 24-48 saat
31+£1°C sicaklikta inkibe edilmistir (Aulia ve ark.,
2024).

Anket uygulamasi

Gida personelinin hijyen bilgi ve tutumlarini degerlen-
dirmek amaciyla gbézlem ve anket uygulamasi yapil-
mistir. Calismaya Kayseri ili Talas ilgesinde faaliyet
gOsteren 25 satig yeri dahil edilmigtir. Gida satisi
yapilan isletmelerde mikrobiyel kalitede etkili olabile-
cek tim kriterler; isletme yapisi, gida ¢alisanlarinin
bilgi diizeyleri ve hijyen uygulama goézlemleri olmak
Uzere U¢ ana baglik altinda degerlendirilmistir. Anket
formlarinin uygulanmasi igin secilen igletmeler ile
Onceden baglantiya gecilmis ve gerekli izinler alin-
mistir. Isletmelerde mikrobiyel kaliteyle ilgili risk fak-
torlerini degerlendirmek amaciyla 27 soruluk anket
uygulamasi yapilmigtir. Mikrobiyolojik analizler igin el
ve ylizeylerden 6rnek toplama iglemi yapilirken anket
uygulamasi da es zamanli olarak gergeklestirilmistir.
Anket sorularina verilen dogru cevap ylzdeleri belir-
lenmistir. Ek olarak, isletme ortami ve cgalisanlarin
fiziki durumlarinin degerlendiriimesi icin dizenlenmis

olan kontrol listeleri ve gida calisanlarinin demografik
yapilarini tespit etmek amaciyla olusturulan formlar
anket esnasinda dolduruldu. Calisma sonucunda
anket verileri ile mikrobiyolojik parametreler arasinda-
ki iliski degerlendirilmistir.

Istatiksel analiz

G-Power 3.1.9.7 programi kullanilarak érneklem bu-
yUkligu belirlenmistir. Gaven arali§i %95 (anlamhhk
dizeyi alfa= 0.05), etki buyikligu d=0.8 olarak alin-
mis olup, 0.80’lik gu¢ i¢in 6érneklem grubu 27 kisi ola-
rak alinmigtir. Daha sonraki islemler icin eksik ve
hatali bilgiler veri girisi sirasinda belirlenmis olup,
hatali giris sayisinin en dislk seviyede tutulmasi
saglanmistir. Anket verileri dogrultusunda, mikrobiyal
kalitede etkili olan risk faktorleri nitel ve nicelik baki-
mindan gruplanip mikrobiyolojik kalite sonuglari ile
birlestirilmis, istatistiksel dagihmlari ve 6zet istatistik-
sel yapilari ortaya ¢ikarilmigtir. Anket verileri ve mik-
robiyolojik kalite sonuglarindan hazirlanarak olugturu-
lan veri kutigu Gzerinde temel istatistik yontemler ve
lojistik regresyon analizi uygulanarak, risk faktorleri-
nin etkileri hesaplanmistir. Verilerin betimsel analizi
kapsaminda, mevcut frekans yuzdeleri ve dagilimlari
hesaplanmistir. Mikroorganizmalarin rastlanma duru-
mu ile hijyen algisi arasindaki iligkiler ise bagimsiz
orneklemler icin uygulanan t-testi ile degerlendirilmis-
tir. Analizlerde anlamhlik diizeyi 0.05 olarak belirlen-
migtir. Tim istatistiksel islemler SPSS 26.0 Windows
paket programi kullanilarak gerceklestirilmistir.

Bulgular

Gida caligsanlarina uygulanan anketler neticesinde
gida glvenligi bilgi degerlendirme skoru ortalama %
71.46 olarak olgulmustir (Tablo 2). Gida personelleri-
nin el hijyeni ile ilgili mikrobiyolojik analiz verileri Tab-
lo 3’ te, bicak ve kesme tahtasi yuzey &érneklerinin
mikrobiyolojik sonuglari Tablo 4’te belirtiimistir. Kay-
seri Talas’ ta faaliyet gésteren gida igletme personel-
lerinin demografik 6zellikleri Tablo 5'te 6zetlenmis
olup cahliganlarin igyeri ortaminda gdézlemlenmesi
sonucunda belirlenen davraniglarina yodnelik gida
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glvenligi bilesenleri de Tablo 6'da belirtilmistir. Ayri-
ca, mikroorganizmalarin rastlanma durumu ile hijyen
algisi arasindaki anlamli iligskiler bulunmamistir
(p>0.05)

Tablo 2. Kayseri Talas'ta gida ¢alisanlarinin gida giivenligi bilgisi (Catar ve Yildirim, 2020; Yildirim ve ark.,
2020)

ANKET SORULARI CEVAP %
1 Burun akintili veya oksiiren personelin, gida temasindan uzaklastiriimasi gerekmez. 85.19
2 Ellerinde yara veya kesik bulunan gida personeli gidaya dokunmadan énce mutlaka eldiven giymelidir. 100
3 Cig Uranler ile pismis Urlnler ayni alanda karisik sekilde muhafaza edilebilir. 81.48
4 Personelin el hijyeni durumunun gida kaynakli hastaliklara sebep olabilecegini disuniyorum. 96.3
5 Kesim tahtasi ve bigaklarin temizlidi insana hastalik bulasmasinda etkili olabilir. 85.19
6 Saglikli gida ¢alisanlarinin deri, burun ve agizlarinda da mikroorganizmalar bulunur. 59.26
7 Mikroorganizma bulagmis olan bir gidada renk, gérunim ve tat agisindan her zaman degisiklik gérinur. 11.11
8 Deride bir kesik ve yaralanma oldugunda gidaya dokunulmamasi gerekir. 88.88
9 Saglikli yetiskinler ve risk grubu (gocuklar, hamile kadinlar, yaslilar) gida kaynakli hastaliklar agisindan 33.33
esit risk altindadir.
10  Cig hayvansal gida (Tavuk eti, sidir eti...) ile tiketime hazir (rus salatasi, patlican salatasi, ezme...) 81.48
meze tarzi gidalar bir arada muhafaza edilebilir.
11 Buzdolabinda mikroorganizma tremez. 55.55
12 Marketlerde ¢ig et (sidir eti, tavuk eti, balik) tartip hazirlayan kisilerle meze hazirlayip tartan kisiler mim- 74.07
kiinse farkli kisiler olmalidir.
13  Arada sirada sagima veya burnuma dokunmakla gidayi kontamine edecegimi diiglinmuyorum. 70.37
14  Gida ile bulagabilen tasiyici hastaligim olup olmadigini 6grenmek igin belirli periyotlarda muayene olma- 92.59
lyim.
16  Bakteriler gida kaynakl hastaliklarin olusumundaki en 6nemli etmendir. 92.59
16  Gida personelinin saat, yiizik gibi takilar takmasi gidalara hastalik etkeni bulasmasinda g¢ok etkili degil- 59.26
dir.
17  Paraya dokunduktan sonra elimi yilkamam gerektigini diistinmuyorum. 85.19
18  Gida personelinin elinde yiiziinde yaralar olmasi gida giivenligi agisindan ¢ok énemli degildir. 74.07
19  Capraz bulasma, mikroorganizma bulunan bir gidadaki mikroplari, saticinin ellerinden veya kesim mal- 81.48
zemeleri vasitasiyla diger gidalara bulagtirmasidir.
20 Temizlikte kullanilan kimyasallar gidalarin bulundugu yerden ayri bélimlerde saklanmalidir. 96.3
21 Dondurulan gidalarda mikroorganizma kalmaz olur. 55.55
22  Bir gida g¢alisani gida lzerine 6ksurdiiglinde veya hapsirdiginda hangi tiir mikroorganizma gidalara
bulasabilir?
*E. coli *Staphylococcus aureus 18.52

*Salmonella *Listeria monocytogenes

23 Tuvalet ihtiyacindan sonra elini yikamayan personel, gidaya ne tlr mikroorganizmalari bulastirabilir?
*E. coli *Staphylococcus aureus 40.74
*Salmonella *Listeria monocytogenes

24  Gida zehirlenmesi agisindan hangi gida daha risklidir?
*Ekmek  *Corba 92.59
*Cig Tavuk *Peynir

25  Mikroorganizmalar hangi sicakliklarda hizla biyuyebilir ve ¢cogalabilir?
*0 -4°C
*5 - 65°C 55.55
*72°C ve uzeri

26  Ayni kosullarda muhafaza edildiginde hangi gida daha gabuk bozulur?

*Sigireti *Kiyma 70.37
*Yumurta *Ekmek
27  Gida zehirlenmesinin en sik gorilen belirtileri nelerdir? 92.59

Gida glivenligi bilgi degerlendirme skoru %71.46
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Tablo 3. Gida ¢alisanlarinin el hijyen profilleri

Emrah CAN

Mikroorganizma N Pozitif 6rnek sayisi (%) Hedefi asan 6rnek sayisi (%)
Enterobacteriaceae™ 27 20 (74.1) 18 (66.6)=2.5 kob/cm?
Koliform 27 5(18.5) 3 (11.1)22.5 kob/cm?
E. coli 27 4 (14.8) 4 (14.8)22.5 kob/cm?
S. aureus™ 27 11 (40.7) 7 (25.9)22.5 kob/cm?

N: Farkli isletmelerdeki toplam el 6rnegdi sayisi, *: Hedef deger yok

Tablo 4. Bigak ve ylzey drneklerinin mikrobiyolojik analiz sonugclari

3

Ornek Analiz Edilen Ornek Sayisi N AMB 210 b
Bigak 24 11 45.8
Kesme Tahtasi Ylzeyi 24 16 66.6
N: pozitif 6rnek sayisi, b: pozitif érnek yiizdesi
Tablo 5. Kayseri Talas'ta gida ¢alisanlarinin demografik 6zellikleri

GIDA CALISANI NITELIKLERI SAYI %
CINSIYET

Erkek 27 100
Kadin 0 0
YAS

18-25 5 18.5
26-35 8 29.6
36-45 9 33.3
46-55 1 3.7
>55 4 14.9
EGITIM

ilkdgretim 4 14.9
Ortadgretim 15 55.5
Universite 8 29.6
DENEYIM (YIL)

0-10 10 37
11-25 13 48.1
>25 4 14.9
POZISYON

Calisan 8 29.6
isletme Sahibi 19 70.4
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Tablo 6. Gida guvenligi bilesenleri
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GIDA GUVENLIGI BILESENLERI SAYI %
1 Personelde taki var mi? 4 14.8
2  Calisanlar eldiven vb. kullanmakta mi? 22 81.5
3 Calisanlar 6nluk giyiyor mu? 22 81.5
4  Bone takmis mi? 2 7.4
5 Sakal, bryik var mi? 22 81.5
6  Calisma ortaminda gesme bulunuyor mu? 27 100
7 Elinde, ylziinde yara var mi? 1 3.7
8  Agiz, burun veya g6z akintisi var mi? 0 0
9  Havalandirma yeterli mi? 27 100
10 Kapi ve pencerede sinek, bocek vb. zararllarin girisini engelleyecek tedbirler yeterli mi? 0 0
11 Zemin ve duvar temiz mi? 24 88.9
12 Tezgahin yakinlarinda el yikamak icin cesme lavabo var mi? 22 81.5

Tartisma ve Sonug

The Food and Drug Administiration (FDA) isletmeler-
de gida hazirlamada goérev alan personelin neden
oldugu gida kaynakl hastalik vakalarinin énemli bir
sorun haline geldigini belirtmektedir. Bu sorunla basa
cikmak i¢in ciddi énlemlerin gerekliligini vurgulayan
FDA, calisanlarin giday! kontamine etmesine neden
olan faktorleri siralamakta ve bu kontaminasyonun

Onlenmesi veya minimum dizeye indirilmesi icin ali-
nabilecek Onlemlerin etkinligini degderlendirmektedir.
Bu kapsamda Ug¢ temel konuya dikkat cekmektedir; i)
enfeksiyon gegiren gida personellerin gida hazirlama
ortamlarindan uzaklastiriimasi, ii) gida ile temas ha-
linde bulunan personellerin ellerindeki patojen sayila-
rinin azaltilmasi iii) ellerin gidayla temasini engelle-
mek igin bariyer kullanimi (FDA, 2019).

Bu arastirma calismasinda, gida isletmesindeki per-
sonellerin gida guvenligi konusundaki sorulara dogru
cevap skorunun ylksek sayilabilecek bir diizeyde (%
71.46) oldugu gozlenmistir. Ote yandan gida giivenli-
gi bilgi duzeylerinin olglilmesine yonelik yapilan bu
ankete goOre bazi sorulara verilen yanlis cevaplar
neticesinde; hangi tir mikroorganizmalarin gidaya ne
sekilde bulasmis olabilecegi, hastallk olusumunda
risk grubunda yer alan bireylerin (cocuklar, hamile
kadinlar, tedavi goérenler, kronik hastaligi olanlar ve
yaslilar) daha buyik risk altinda oldugu ve kontamine
gidalarin fiziksel agidan herhangi bir degisiklige ugra-
mayabilecegdi konularinin yeterince bilinmedigi ortaya
konmustur. El érneklerinden elde edilen verilerin bilgi
dizeylerindeki yuksek skor oraniyla paralellik goster-
medigi saptanmistir. Benzer bir ¢alismada Roman-
ya'da gida calisanlarina ait hijyen bilgilerinin belirlen-
mesi Uzerine yapilan bir arastirmada calisanlarin %
63.2’sinin hijyen konusunda yeterli bilgiye sahip oldu-
gu ve hijyen bilgisinin ¢aliganlarin egitim diizeyi ile
pozitif korelasyon gosterdigi ortaya konmustur. Ayni
zamanda sz konusu galisma sonucunda mikrobiyo-
lojik riskler, capraz kontaminasyonlar ve i1si kontrolleri
konusunda gida calisanlarinin etkin bir sekilde sirekli

91

egitime tabi tutulmasi gerektigi belirlenmistir (Jianu
ve Chis, 2012).

Calismamiza katihm gosteren gida personellerinin
tamaminin erkek oldugu (%100), ¢ogunlugunun (%
70.4) isletme sahibi oldudu, %81.5'inin 25 yasindan
blylk oldugu yapilan oranlamalarla belirlenmigtir.
Egitim dlzeyleri yoninden incelendiginde; gida cali-
sanlarinin %70.4’Gnuln yalnizca zorunlu egitimi (ilk ve
ortadgrenim) tamamladigi tespit edilmistir. S6z konu-
su personellerin mesleki deneyim surelerine bakildi-
ginda yiksek orana sahip %63’lik boliminin 10
ylldan fazla deneyime sahip oldugu anlagiimistir.
Malezya'nin Kuala Pilah kentinde 64 restoran galisa-
ni Gzerinde yapilan bir arastirmada personellerin gida
hijyeni ile ilgili bilgi dizey ve uygulamalarinin belirgin
bir sekilde yuksek oldugu belirlenmis, bilgi ve uygu-
lama konularinda elde edilen bu yuksek skorlar ile
calisanlarin egitim duzeyleri birlikte degerlendirildigin-
de pozitif bir korelasyon goézlemlendigi belirtilmistir.
Buna karsin galisanlarin yiuksek duzeydeki bilgilerine
ragmen, calisma ortaminda personelin taki kullanimi
ve gidalarin uygun sartlarda depolanmasi konusunda
yeterli derecede duyarlilik gdstermedikleri vurgulan-
mistir (Abdul-Mubtalip ve ark., 2012).

Toplam aerob mezofil bakteri, E.coli, Enterobacteria-
ceae, koliform ve S. aureus hijyen uygulamalarinda
indikatdr mikroorganizmalar olarak nitelendiriimekte-
dir (Alves ve ark., 2021). Gida temas yuzeylerinde ve
gidalarda total koliform ve E. coli varhigi, hijyen konu-
suna ydnelik sorunlarin ve bagirsak kdkenli kontami-
nasyonlarin olduguna isaret etmektedir. Ortamda
o6nemli dizeyde bagirsak kdkenli patojen varhigi, total
koliform ve E.coli sayilarinin yiikselmesine sebep
olmaktadir (Barros ve ark., 2007). Stafilokoklarin
siklikla ellerde, deri ve ylzeylerde bulundugu bildiril-
mekle birlikte ana kaynak olarak burun igi gosteril-
mektedir (Gelatti ve ark., 2009). S. aureus potansiyel
olarak kuru ortamlarda hayatta kalabilen direngli bir
patojen olarak rapor edilmektedir (Chaibenjawong ve
Foster, 2011).



Erciyes Univ Vet Fak Derg 2025; 22(2): 86-94

Bir gram insan digkisinda E. coli, Shigella spp. ve
Salmonella spp. dahil 10* ile 10" bakteriyel ajan,
noroviris ve Hepatit A virlsu de dahil olmak Uzere
10""dan fazla enfeksiyéz viral partikiil bulunabilmek-
tedir. Insan derisinde de digski kontaminasyonuna
sikhikla rastlanabilecegi ve temas yoluyla gidalara
¢apraz kontaminasyonunun s6z konusu olabilecegi
belirtimektedir (Lee ve ark., 2010). Ozellikle hijyen
bilinci veya egitimi olmayan gida ¢alisanlarinin, tike-
time hazir gidalari hazirlama esnasinda bakteri veya
virusleri gidaya ve cevresel ylzeylere aktarabilecegi
vurgulanmaktadir (Pickering ve ark., 2010). Yapilan
bir calismada, gida iscilerinin sebep oldudu salginla-
rin %40’ 1inin el temasindan kaynaklandidi bunlardan
da %14’ Gniin kontamine kulplara temas yoluyla orta-
ya ¢iktigi bulunmustur (Todd ve ark., 2009). Gida
kaynakli patojenlerin cogunlukla ellerde ve temas
yuzeylerinde uzun sire hayatta kaldigi dolayisiyla el
temas ylzeylerinin (bigak kulplari, kapi kollari vs.) de
gizli bir kontaminasyon kaynagi olarak kapsamli bir
yonetim gerektirdigi belirtiimektedir. Calismamizda,
gida calisanlarin ellerinin %74.1’ inde Enterobacteria-
ceae belirlenirken S. auerus, E. coli ve total koliform
grubu bakteriler 6rneklerin sirasiyla %40.7, %18.5 ve
%14.8’'inde tespit edilmistir. Yapilan diger bir cals-
mada, gida g¢alisanlarinin parmaklarinda yapilan 6r-
neklemede parmaklardan %32’sinde koliform varligi-
nin limit degerlerin Gzerinde bulundugu, benzer sekil-
de sadece bir personelde E. coli varliinin mevcut
limitlerin Gzerinde oldugu, parmaklarin %44’Gndn
Enterobacteriaceae kontaminasyonuna isaret ettigi
raporlanmistir (Lues ve Van Tonder, 2007).

Toplumda mikroorganizmalarin bulagsmasini engelle-
mek icin el hijyeninin saglanmasi en etkili édnlemdir.
Enfeksiyon kontrolindeki diger faktorler (gevresel
hijyen, personel sayisi ve egitim dlzeyi) yetersiz ol-
dugunda, enfeksiyonu azaltmak igin tek basina el
hijyeninin yeterli olma olasiligr dustktur. Kilturel ve
sosyal ihtiyaglarin, el hijyeni farkindaligiyla siki bir
baglantisi oldugu ifade edilmektedir. Ozellikle gelis-
mekte olan Ulkelerde el yikama aligkanliklarini artir-
maya yonelik daha fazla engelin bulundugu vurgulan-
maktadir. Dolayisiyla el yikama aligkanliklarina yone-
lik galismalarin egditim duzeyleri farkli olan ulkeler
arasinda farkli bir bakis agisiyla ele alinmasi gerekti-
gi vurgulanmistir (Juuma, 2005). Dogru el yikama
uygulamalarn sonucunda, el kontaminasyon dizeyi-
nin 6nemli derecede azaldigi, ayrica eldiven kullani-
minin kontaminasyon riskini azaltabilecegi kayit alti-
na alinmistir (Montville ve ark., 2010). Calismamiz
kapsaminda isletmenin fiziksel yapisi ve personeller
ile ilgili gida guvenligi bilesenleri konusunda yapilan
incelemelerde; gida caligsanlarinin is kiyafeti giyme,
eldiven takma, is esnasinda taki kullanma gibi konu-
larda kurallara uydugu ancak bone takma konusunda
bunun aksine sadece %7.4’lik kisminin bone taktigi
gorilmiistiir. isletme yéniinden bakildiginda yeterli
havalandirma ortaminin saglanabildigi, el yikama
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lavabolarinin var oldugu (%81.5) tespit edilmis olup
buna karsin igletme igerisine sinek, bocek gibi zararli-
larin girisini engelleyecek sekilde hicbir isletmede
herhangi bir 6nlem alinmadigi da belirlenmistir.

Bakteri transferinin siklikla hazirliklarin yapilmasi
esnasinda; gida galisanlarinin ellerinden mutfak yi-
zeylerinin kontaminasyonu yoluyla sekillendigi belirtil-
mektedir (Chen ve ark., 2001). Yapilan bir galismada,
dogdal kontamine ¢ig gidalarin yanhs uygulamalar
sonucu gida hazirlama esnasinda temas ylzeylerini
ve tuketime hazir gidalarn kontamine ettigine isaret
edilmekte, capraz kontaminasyon vakalarinin yeterin-
ce temizlenmemis kesim tahtalari (%58) ve bigak
yuzeylerinden (%46) kaynaklandigi vurgulanmaktadir
(Redmond ve ark., 2004). Giney Afrika’ da yapilan
bir calismada, ylzeylerdeki 6rneklerin analizi sonu-
cunda kasik ylzeylerinde (5.1 log kob/g) yiksek du-
zeyde AMB varhdi saptandigi, dilimleme tahtasi yU-
zeylerinde koliform (4 log kob/g) tespit edildigi rapor-
lanmistir (Christison ve ark., 2008). Calismamizda
kesme tahtasi yuzey orneklerinin %66.6° sinda ve
bigak &rneklerinin %45.8'inde AMB 210° kob/g dii-
zeylerinde tespit edilmis olmasi, isletmelerde temizlik
uygulama prosedirlerine uyulmadigini ortaya koy-
maktadir.

Calismamiz kapsaminda belirlenen igletmelerdeki
gida personellerinin el érnekleri ve gida temas yiizey-
leri bazi patojen ve indikatér mikroorganizmalarla
kontamine bulunmustur. Gida guvenligi kapsaminda
bilgi dizeyi degerlendirme veri analizinde yiksek
skorlar elde edilmis olsa da el ve ylzey dérneklerinde
tespiti yapilan patojen kontaminasyon oranlari bize iyi
hijyen uygulamalarinin eksikligini, personellerin hij-
yen uygulamalarinda yetersiz oldugunu gostermekte-
dir. Dolayisiyla yalnizca gida guivenligi ile ilgili egitim-
leri saglamak yeterli olmadigi, uygulamalardaki basa-
risizlik kaynaklarinin da belirlenerek ¢ézimlenmesi
gerektigi ortaya cikmistir. Toplum saghginin korun-
masi agisindan kritik 6neme sahip meslek gruplarin-
dan olan gida ¢alisanlarinin siki bir egitimden gegiri-
lerek calismaya baglamalarinin saglanmasi, egitimle-
rin surekliliginin garanti altina alinmasi, gida Uretim
yerlerinin siki ve periyodik denetimlere tabi tutulmasi,
hijyen konusundaki yetersiz bilgi ve uygulamalarin
duizeltiimesi konulari bu ¢alismanin dikkate alinmasi
gereken ciktilari arasinda yer almaktadir.
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Abstract: Various traumatic lesions are encountered in the extremities of dogs. For surgeons, familiarity with relevant
surface landmarks is a prerequisite for the successful selection of incision sites in choosing the most suitable location
for access to organs and vessels. This study aimed to reveal in detail the topographic and clinical anatomy of the ex-
tremities in dogs. In this study, the extremities of dogs were approached topographically, the layers were photographed
and the anatomical structures seen in the region were named. In addition, selection sites for clinical approaches were
determined and correlations of the sites with each other were examined using palpable bone points. In conclusion, this
study conducted in dogs not only contributed to adding colourful and fresh operation photographs to the literature but
also revealed new and simple techniques for some of the anaesthesia applied to the nerve space. Additionally, osteo-
metric analyses using a different technique revealed a positive correlation between regions. It has been concluded that
some measurements between externally palpable points on a live dog can be used to calculate other lengths.
Keywords: Clinical anatomy, dog, extremity, morphometric analysis, topographic anatomy.

Kopeklerde Ekstremitelerin Topografik ve Klinik Yeni Yaklagimlari ve Korelasyonlari

Oz: Kopeklerin ekstremitelerinde gesitli travmatik lezyonlar goriilmektedir. Cerrahlar igin, organlara ve damarlara erigim
icin en uygun lokasyonu segerken, ilgili ylzey isaretlerine asinalik, kesi yerlerinin basarili bir sekilde segilmesi igin 6n
kosuldur. Bu calisma, kopeklerde ekstremitelerin topografik ve klinik anatomisini ayrintili olarak ortaya koymayi
amaclamigtir. Bu ¢alismada, kdpeklerin ekstremitelerine topografik olarak yaklasiimig, katmanlar fotograflanmis ve
bolgede gorllen anatomik yapilar isimlendirilmigtir. Ayrica, klinik yaklagimlar igin segim bdlgeleri belirlenmis ve bdlge-
lerin birbirleriyle korelasyonlari, elle muayene edilebilen kemik noktalari kullanilarak incelenmistir. Sonug olarak, ko-
peklerde yapilan bu galisma, literatire renkli ve taze operasyon fotograflari eklenmesine katkida bulunmakla kalmamis,
ayni zamanda sinir bosluguna uygulanan bazi anesteziler igin yeni ve basit teknikler ortaya koymustur. Ayrica, farkl bir
teknik kullanilarak yapilan osteometrik analizler, bdlgeler arasinda pozitif bir korelasyon oldugunu ortaya koymustur.
Canli bir kdpekte disaridan elle muayene edilebilen noktalar arasindaki bazi él¢timlerin, diger uzunluklari hesaplamak
icin kullanilabileceg@i sonucuna variimistir.

Anahtar kelimeler: Ekstremite, klinik anatomi, kdpek, morfometrik analiz, topografik anatomi.

Introduction

It is a basic clinical skill to be able to detect structures
under the skin by referring to the characteristics of
bone prominences, which are the most palpable
structures (Standring, 2012). Since the surgical ap-
proach preferred in surgical interventions on bones or
joints must preserve both anatomical and functional
integrity, it is important to have information about the
course of large vessels and nerves in the region
(Dyce et al., 2010). For surgeons, familiarity with rele-
vant surface landmarks is a prerequisite for the suc-
cessful selection of incision sites in choosing the
most appropriate location for access to organs and
vessels (Standring, 2012).

Gelis Tarihi/Submission Date :06.03.2025
Kabul Tarihi/Accepted Date  : 14.05.2025

*This study is summarized from the thesis project coded TDK-2016-
6714 supported by Erciyes University Scientific Research Projects
Unit.

Various traumatic lesions are encountered in the ex-
tremities of dogs. The most common of these lesions
are fracture cases (Suer and Saglam, 2006). The
skeletal system is seen as a place where most of the
parameters such as shape, height, length and size
are easily accessible. As a result, bones are one of
the body structures used for the characterization of
different animal species, including humans (Salami et
al., 2011). Osteometric analyses of long bones are
widely used to determine changes in the size and
morphology of dogs (Alpak et al., 2004).

This study aimed to detail the topographic and clinical
anatomy of the extremities in dogs, in particular the
anesthesia landmarks for some nerve extensions and
the correlation between bone lengths using palpable
bone landmarks.
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Materials and Methods
Animals

This study was conducted with 10 dog cadavers who
died at Erciyes University Veterinary Faculty Animal
Hospital. There was no discrimination based on gen-
der, race or age for the cadavers used. These cadav-
ers were used in accordance with the ph. 2 of article
8/k, of the Erciyes University Animal Experiments
Local Ethics Committee Directive.

Photography and Image Editing

SAMSUNG NX300 digital camera was used to photo-
graph the findings. The photography process was
done by photographing topographical layers from the
surface to the deep. Portable Photoshop CS2 V.9.0.2
was used to name the anatomical structures.

Measurements and Statistical Analyses

The distances between palpable bone landmarks of
the fore- and hind limbs were measured between
each other on cadavers. These measurements were
made with a digital caliper with 0-100 mm sensitivity.
The conformity of the data to a normal distribution
was assessed using the Shapiro-Wilk test and histo-
gram plots. Spearman’s Rho correlation coefficient
was used to evaluate the statistical significance of
relationships between continuous numerical varia-
bles. All analyses were conducted using R Studio
(Version 2021.09.1 Build 372 — ©2009-2021 RStu-
dio, PBC). A significance level of P<0.05 was consid-
ered statistically significant. The distances between
the points were named with letters. These measure

ments were shown on the skeleton and schematized
(Table 1).
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The use of anatomical terms in the text is based on
Nomina Anatomica Veterinaria. (N.A.V., 2012)

Results

For measurements, landmarks that were suitable for
palpation on a living animal and that would not
change depending on the animal's leg posture and
flexion-extension angles of the joints were selected.
Thus, the accuracy and standardization of the meas-
urements were ensured.

The values of the measured landmarks are indicated
in Table 2. According to the correlation analysis per-
formed with the obtained values, significant correla-
tions were found between many values (Table 3).

When Table 3 was examined, it was determined that
the distance between the trochanter major and tuber
ischiadicum (g) in the hind limb did not have a signifi-
cant correlation with all other measurements
(P>0.05). In all other measurements, it was deter-
mined that there was mostly a highly significant cor-
relation (P<0.01) between the measurements of the
same animal.

In this study, the selection sites for anesthesia of
some of the extremity nerves in dogs that can be
used practically in the clinic were examined and
some methods were reported for the first time.

Table 1. Lettering and schematic representation of measurements.

Letter Starting Point End Point

Forelimb a Cartilage scapula Acromion

b Tuber olecrani Lateral border caput radii

c Lateral border  Proc. styloideus lateralis

caput radii

d Tuber olecrani Proc. styloideus lateralis

e Tuberculum majus Epicondylus lateralis
Hindlimb f Trochanter major Patella

g Trochanter major Tuber ischiadicum

h Patella Malleolus lateralis

j Tuberositas tibiae Malleolus lateralis
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Tablo 2. Measurements of palpable bony landmarks

imdat ORHAN

MEASUREMENTS OF PALPABLE BONY LANDMARKS (cm)

Proximal point  Distal point n1 n2 n3 n4 n5 n6 n7 n8 n9 n10
a gj‘;”agosca‘ Acromion 13 17 16 16 16 74 62 9 9 14
. Lateral border
a b  Tuber olecrani caout radii 5 6 5 5 55 2.3 2 5 5 5.3
put radii
E Lateral border  Proc. styloi
s ¢ oordbore OC-SVOr 15 25 17 18 185 85 84 14 137 15
5 caput radii deus lateralis
(18 .
d Tuberolecrani OG-SO 4z o2 ot o4 225 10 97 16 162 16
deus lateralis
Tuberculum Epicondylus
€ maius atoralls 145 22 17 19 175 7 67 9 9.3 11
Trochanter
' major Patella 165 22 19 21 195 106 11 14 14 18
g 9 luerischiadi- 4 6 45 4 4 25 23 45 45 5
S
£ h Paela :V'a"e".'”s 21 28 23 24 25 104 97 137 136 22
ateralis
j o gosrositas malleolus 18 24 19 20 20 7 67 105 106 19
Table 3. Correlation analysis between bony landmarks.
Landmarks a b c d e f g h
b 0.877*
0.002
c 0.979** 0.913**
p<0.001 0.001
d 0.983** 0.917** 0.979**
p<0.001 0,001 p<0.001
e 0.911** 0.803** 0.900** 0.895**
0.001 0.009 0.001 0.001
f 0.966** 0.843** 0.962** 0.950** 0.929**
p<0.001 0.004 p<0.001  p<0.001 p<0.001
g 0.617 0.718* 0.552 0.58 0.5 0.537
0.077 0.029 0.123 0.101 0.17 0.136
h 0.962** 0.840** 0.967** 0.937** 0.917** 0.996** 0.535
p<0.001 0.005 p<0.001 p<0.001 0.001 p<0.001 0.138
i 0.812** 0.761* 0.812** 0.819** 0.937** 0.807** 0.416 0.795*
0.008 0.017 0.008 0.007 p<0.001 0.009 0.266 0.01

**A very high level of correlation was found (P<0.01).

* A high level of correlation was found (P<0.05).
r: Correlation percentage
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Nerve Blocks of the Forelimb

1. N. suprascapularis: In the craniolateral approach
to the region of art. humeri, the n. suprascapularis
was seen just below the acromion after the tendon of
the m. infraspinatus was cut and removed. Under this
nerve, the joint capsule of the art. humeri was detect-
ed (Figure 1). N. suprascapularis block can be per-
formed just distal to the acromion.
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2. N. radialis: N. radialis, passing from the medial to
the lateral side of the leg, was exposed after the dis-
section of the cranial edge of the m. triceps brachii
caput laterale in the lateral approach to the brachial
region. It was determined that n. radialis was divided
into branches at the lower Y4 of the distance between
the art. humeri and the lateral edge of the caput radii
(Figure 2). N. radialis block can be performed at the
level of the lower 1/3 of the distance between the
tuberculum majus of the humerus and the epicondy-
lus lateralis of the humerus.

Figure 1. Appearance of the n. suprascapularis after
the tendon of the m. infraspinatus is cut and removed
(left front leg). 1. N. suprascapularis, 2. Acromion, 3.
Joint capsule
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Figure 2. N. radialis (left front leg) after dissection of
the lateral head of m. triceps brachii. 1. M. brachialis,
2. Superficial rami of n. radialis, 3. Lateral head of m.
triceps brachii, 4. Profundus ramus of n. radialis.
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3. N. medianus: In the region antebrachii mediale, it
was observed that the n. medianus, passing under
the muscles, descended distally from the groove be-
tween the radius and ulna together with the a. and v.
medianus. N. medianus block can be performed by
injection into the sulcus radioulnaris, which can be
felt by palpation, at the level of the middle of the
length of the radius (Figure 3).

imdat ORHAN

4. N. ulnaris: The block of the n. ulnaris, which pass-
es close to the caudal border in the median cubital
region, can be performed subcutaneously from the
cranial 1/3 of the distance between the epicondylus
medialis of the humerus and the fuber olecrani
(Figure 4).

Figure 3. Regio antebrachii medialis (left front leg).
U: Ulna, R: Radius, *: a. mediana, n. medianus, v.
mediana

Fig. 4. Medial approach to the regio cubiti (left front
leg). 1. Epicondylus medialis, 2. N. ulnaris, 3. Tendo
of the m. biceps brachii , 4. V. mediana, 5. A. media-
na and n. medianus, 6. Lateral-medialis ramus of the
superficial ramus of the v. cephalica-n. radialis 7. V.
brachialis, 8. V. mediana cubiti.
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Nerve Blocks of the Hind Limb

1. N. ischiadicus: In the coxal articular region, n.
ischiadicus was identified descending distally in a
curved manner just behind the frochanter major. N.
ischiadicus block can be performed through the pal-
pable fossa just caudomedial to the frochanter major
(Figure 5).
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2. N. tibialis: N. tibialis block located in the regio
cruris can be performed from both lateral and medial
approaches. N. tibialis can be felt with mediolateral
palpation under the skin between the fendo calcane-
us communis and the tendons just cranial to it. N.
tibialis block can be performed here within the middle
1/3 of the length of the tibia (Figure 6).

Figure 5. Regio art. coxae, lateral approach (left
hindlimb). 1. M. tensor fascia latae, 2. M. gluteus me-
dius, 3. M. gluteus profundus, 4. N. ischiadicus, 5. N.
gluteus cranialis, 6. Trochanter major.
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Figure 6. Lateral approach to the regio cruris (left
hind leg). T: Tendo calcaneus communis, *: n. tibialis
and v. saphena medialis, Nerve held with retractor: n.
fibularis superficialis.

Discussion and Conclusion

As a result of the literature review, techniques includ-
ing the caput, corpus and distal ends of the bones,
their diameters and the ratios of substantia compacta
and substantia spongiosa were used in all osteomet-
ric studies performed on bones (Berteaux and Guin-
tard, 1995; Onar and Kahvecioglu, 1999; Steyn and
iscan, 1999; Alpak et al., 2004; Akman et al., 2006;
Taser et al., 2009; Salami et al., 2011; Pazvant and
Kahvecioglu, 2013; Onar et al., 2015; Pazvant et al.,
2015). In our study, since the extremities were ap-
proached topographically, it was not possible to
reach all the measurable structures of the bones. In
addition, following the main concept of the study, it
was deemed appropriate to approach the bones from
a topographic perspective. For this purpose, meas-
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urements were made using externally palpable bone
points on regions of the extremities. This method is
thought to be more practical as it can also be per-
formed on live animals. While taking the measure-
ments, measurements were made only at the points
specified in Table 1 to ensure that the extension or
flexion of the joints did not affect the measurements
taken. Such a measurement technique was not found
in the literature searches. The fact that these meas-
urements can be performed on live animals distin-
guishes our study from other morphometric studies.

In the sources reporting that the course of the n. su-
prascapularis in the scapular region passes distally to
the acromion and heads upwards, the block of this
nerve is not described (Caliglar et al., 1998; Dursun,
2008; Tobias and Johnston, 2012). In this study, it
was determined that the course of the nerve was the
same as in the literature. In order to complete the
deficiency in the literature, it was determined that the
distal part of the acromion was suitable for the block
of this nerve.

In the literature, there is no mention of n. ulnaris
block located in the median cubital region (Dursun,
2008; Done et al., 2009; Evans and Lahunta, 2010).
As a contribution to literature, we determined that n.
ulnaris block can be performed at the cranial 1/3 of
the distance between the epicondylus medialis of the
humerus and the tuber olecrani.

In the literature, it was reported that point for n. medi-
anus block is slightly behind the medial aspect of the
art. cubiti and it can be done by taking the pulse from
the a. mediana for nerve block (Caliglar et al., 1998;
Dursun, 2008; Koénig and Liebich, 2014). In our study,
it was determined that n. medianus block can also be
performed from the radioulnar groove in the medial
antebrachial region, which is not stated in the litera-
ture.

Dursun (2008) reported the point for n. ulnaris block
as the middle of the ulnar groove between m. exten-
sor carpi ulnaris and m. flexor carpi ulnaris. Contrary
to literature information, it is thought that it would be
more appropriate to perform n. ulnaris block in the
upper 1/3 of the length of the ulna rather than in the
middle of the ulnar groove. The reason for this is that
the ulnar groove, which can be palpated more clearly
in the upper 1/3, decreases in depth as it descends
distally.

In an ultrasound-assisted study conducted on dogs
regarding the block of the n. ischiadicus passing
through the coxal articular region, Campoy et al.
(2010) detected the nerve passing through the region
with the help of a probe placed between the tuber
ischiadicum and trochanter major and then blocked
the nerve by entering it from the caudal part of the leg
in the direction of the m. semimembranosus with a

imdat ORHAN

needle. Mahler and Adogwa (2008), in a study con-
ducted on dogs, blocked the n. ischiadicus by enter-
ing the needle from the middle of a line drawn be-
tween the spina iliaca dorsalis and the tuber ischiadi-
cum; a line parallel to the median line dorsal to this
line; and a perpendicular connecting these two lines,
with one corner being the tuber ischiadicum. Different
from the literature, a third and very simple method
was found in our study. The palpable depression
caudomedial to the trochanter major was determined
as the blockage point of the n. ischiadicus.

According to Dursun (2008), the n. tibialis passing
through the regio cruris anesthesia can be performed
from here located in the groove between the tendo
calcaneus communis and m. flexor hallucis longus. In
our study, n. tibialis can be anaesthetized by palpat-
ing it under the skin, both laterally and medially, with-
in the middle 1/3 of the length of the tibia, between
the tendo calcaneus communis and the tendons in
front of it. This method is considered to be both clear-
er in terms of description and easier to apply in dogs.

Alpak et al. (2004) determined that there was a corre-
lation between the long bones and the cranium in
their morphometric study between some measure-
ments of the cranium and long bones in dogs. How-
ever, they did not evaluate the correlation between
long bones. In our study, correlations between bones
were calculated based on palpable bone points and
significant positive correlations were found.

This study, which found that the distance between
reference points that can be easily measured by pal-
pation in a living animal has significant positive corre-
lations that can be used clinically in many ways, is
thought to offer a more practical method compared to
other studies in the literature.

In conclusion, this study performed on the extremities
of dogs has not only contributed to the addition of
colorful and fresh operation photographs to the litera-
ture but also revealed new and simple techniques for
some of the anesthesia applied to the nerves. In ad-
dition, it is thought that the osteometric analyses and
measurement techniques used can be easily applied
to live animals and will form the basis for new studies
in this field. It has been concluded that some meas-
urements between externally palpable points on a
live dog can be used to calculate other lengths.
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Abstract: Mastitis is a disease that causes significant economic losses in dairy farms and is caused by many microor-
ganisms and physical trauma. In this study, it was aimed to detect subclinical mastitis (SCM) using the California Masti-
tis Test (CMT) and bacteriological analysis in dairy cattle and to determine the antibiotic susceptibilities of the obtained
isolates. For this purpose, a total of 400 milk samples from 100 cattle were screened with CMT. The CMT-positive
samples were subjected to bacteriological analysis. The samples were inoculated onto 7% sheep blood agar and incu-
bated at 37°C for 24-96 h in aerobic/microaerobic/anaerobic atmospheres. Colonies grown were evaluated. The identi-
fication of the obtained isolates was performed by phenotypic tests, MALDI-TOF MS, and 16S rRNA gene sequencing.
The susceptibilities of the isolates to nine antibiotics were determined by the disk diffusion method. The prevalence of
SCM was detected as 25.75% (103/400) for the CMT results. In the bacteriological analysis, 74 (71.8%) of 103 milk
samples from 60 CMT-positive animals were detected as positive, and 75 isolates were obtained. The most frequently
defined bacteria were coagulase-negative Staphylococcus (n=25), Staphylococcus aureus (n=17), and Trueperella
pyogenes (n=8). The highest antibiotic resistance among all isolates was detected to gentamicin (48%) and tetracy-
cline (32%), while Staphylococcus spp. isolates were determined to be highest penicillin (45.2%) and gentamicin
(38.1%). In conclusion, the current study revealed that there may be a need for dairy farms in this region to develop
useful strategies for the treatment/control of SCM, considering the pathogenic bacteria and high antibiotic resistance.

Keywords: Antibiotic susceptibility testing, bacteriological analysis, MALDI-TOF MS, sequencing, subclinical mastitis

Kayseri’deki Siit Sigirlarinda Subklinik Mastitis: Bakteriyolojik Analiz ve Antibiyotik Duyarhliklar
Oz: Mastitis, sit sigirciligi ciftliklerinde &nemli ekonomik kayiplara yol agan ve birgok mikroorganizma ve fiziksel
travmanin neden oldugu bir hastalktir. Bu ¢alismada, sit sigirlarinda subklinik mastitisin (SKM), California Mastitis
Test (CMT) ve bakteriyolojik analiz kullanilarak tespit edilmesi ve elde edilen izolatlarin antibiyotik duyarliliklarinin belir-
lenmesi amaglandi. Bu amagla, 100 sigirdan alinan toplam 400 sit 6érnegi, CMT ile tarandi. CMT -pozitif 6rnekler bak-
teriyolojik analize tabi tutuldu. Orneklerden %7’lik koyun kanli agarlara ekim yapildi ve besiyerleri 37°C'de, 24-96 saat,
aerobik/mikroaerobik/anaerobik atmosferlerde inklibe edildi. Besiyerlerinde Ureyen koloniler degerlendirildi. Elde edilen
izolatlarin tanimlanmas: fenotipik testler, MALDI-TOF MS ve 16S rRNA sekans analizi ile gergeklestirildi. izolatlarin
dokuz antibiyotige duyarhliklar, disk difizyon yéntemi ile belirlendi. CMT sonuglarina gére, SKM prevalansi %25.75
(103/400) olarak saptandi. Bakteriyolojik analizde, 60 CMT pozitif hayvana ait 103 sit 6rneginin 74'U0 (%71.8) pozitif
olarak saptandi ve 75 izolat elde edildi. En sik tanimlanan bakteriler koagulaz negatif Staphylococcus (n=25), Staphy-
lococcus aureus (n=17) ve Trueperella pyogenes (n=8) idi. Tim izolatlar arasinda en ylksek antibiyotik direnci gen-
tamisin (%48) ve tetrasikline (%32) kars! tespit edilirken, Staphylococcus spp. izolatlari arasinda en yiksek penisilin (%
45.2) ve gentamisine (%38.1) karsi saptandi. Sonug olarak, bu ¢alisma, patojen bakteriler ve ylksek antibiyotik direnci
g6z 6ninde bulunduruldugunda, bolgedeki st giftliklerinin SKM'nin tedavisi/kontroll igin yararli stratejiler gelistirmel-
erine ihtiyag olabilecegdini ortaya koymaktadir.
Anahtar kelimeler: Antibiyotik duyarlilik testi, bakteriyolojik analiz, dizileme, MALDI-TOF MS, subklinik mastitis

Introduction ations in the gland tissue and glandular secretions

o i ) . (Kour et al., 2023). It is one of the most important
Mastitis is defined as the inflammation of the mam- diseases seen in dairy cattle worldwide and is also
mary glands and causes physical and chemical alter- responsible for huge financial problems, such as

treatment costs and losses in milk production/quality
(Tommasoni et al., 2023).
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dination Unit of Erciyes University, Kayseri, Turkiye (Project No: THD
-2024-13751).
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titis (CM) and subclinical mastitis (SCM) (Cao et al.,
2023). Clinical mastitis shows several symptoms,
such as red-swollen udder, fever, and milk clots, and
subdivides into peracute, acute, and subacute based
on the inflammation degree (Cheng and Han, 2020).
Subclinical mastitis diagnosis is more difficult accord-
ing to CM, and dairy cattle with SCM might be over-
looked since the animals may not present any clinical
signs. In addition, SCM increases the somatic
(inflammatory) cell count (SCC) in milk and leads to
prolonged losses in milk performance, physiological
changes, and rises in the therapy cost (Tommasoni
et al., 2023; Michira et al., 2023; Cao et al., 2023).
The California Mastitis Test (CMT) is a practical, in-
expensive, and cowlside test that indirectly deter-
mines SCC in milk in SCM. When the SCC in milk
increases, the CMT score also increases proportion-
ally. This is associated with the probability and sever-
ity of intramammary infection (Alkan et al., 2014).

Mastitis is a disease with multi-etiological features,
but many cases are of bacterial origin worldwide. A
wide range of bacteria are responsible for bovine
mastitis cases. The species primarily isolated in most
cases of mastitis are Staphylococcus aureus, Strep-
tococcus spp. (Str. agalactiae, Str. dysgalactiae and
Str. uberis), Escherichia coli, Klebsiella pneumoniae
and Mycoplasmopsis bovis (Kasa et al., 2020; Huma
et al., 2022; Kour et al., 2023; Rifatbegovi¢ et al.,
2024). On the other hand, the bacteria show differ-
ences in relative prevalence between several geogra-
phies (regions/countries). Therefore, the identification
of common bacteria is important for the diagnosis of
mastitis, appropriate treatment, inhibition of recurrent
infections, and successful mastitis control programs
(Al-Harbi et al., 2021; Rifatbegovi¢ et al., 2024).

The prevention and control programs for mastitis are
generally based on antibiotic therapy. However, anti-
microbial resistance (AMR) is a rising concern global-
ly because of the extensive empirical use of antimi-
crobials (Cheng et al., 2019; Al-Harbi et al., 2021). In
recent years, the resistance to various antimicrobials
(penicillin, amoxicillin, tetracycline, amikacin, gen-
tamicin, erythromycin, piperacillin, ceftazidime,
cefquinome, tigecycline, colistin, vancomycin, etc.)
has been observed to increase. Furthermore, the
drug residue is another threat (Campos et al., 2022).
Therefore, the performance of the antibacterial sus-
ceptibility test is important to provide the selection of
the most appropriate therapy approach in mastitis
cases (Cheng et al., 2019; Al-Harbi et al., 2021).

In the present study, we aimed to determine SCM
using CMT and bacteriological analysis in four dairy
farms and to evaluate the antibiotic susceptibilities of
the recovered isolates.
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Material and Methods
Milk Samples

The present study analyzed 400 milk samples from
100 dairy cattle during routine CMT screenings to
diagnose SCM in 4 dairy farms (25 animals from
each) in Kayseri province of Turkiye. CMT-positive
milk samples were collected in sterile falcon tubes,
transported under cold conditions to Erciyes Universi-
ty, Faculty of Veterinary Medicine, Microbiology La-
boratory, and subjected to bacteriological analysis.

California Mastitis Test

The SCM was detected using the CMT and carried
out in line with the method previously reported by
Bastan (2013). The first two/three streams of milk
were discarded, and approximately 2-3 ml of milk
samples were milked from each quarter into four
cups of the CMT paddle. Afterwards, an equal
amount of CMT solution was added to each cup of
the CMT paddle, including milk. The solution was
provided to interact with the milk by mixing lightly for
15 seconds. The obtained CMT results based on gel
formation were categorized as 0 and trace (negative),
trace, 1 (weak positive), 2 (evident positive), and 3
(strong positive). Zero and trace of CMT scores were
accepted as negative, but 1, 2, and 3 of CMT scores
were evaluated as positive for SCM.

Bacteriological Analysis

Ten pL of the milk samples for bacteriological analy-
sis were inoculated on 7% sheep blood agar (Neogen
NCM2013A, USA), and the plates were incubated at
37°C in aerobic (for 24-48 h), microaerobic (for 48-72
h) and anaerobic (for 72-96 h) atmospheres. At the
end of the incubation period, the colonies grown on
the media were evaluated, and the pure cultures
were obtained on 7% sheep blood agar.

The identification of the recovered isolates was per-
formed by phenotypic tests, Matrix-assisted laser
desorption/ionization time-of-flight mass spectrometry
(MALDI-TOF MS), and molecular analysis. In the
phenotypic identification, Gram staining, motility test,
and biochemical tests were used. For MALDI-TOF
MS analysis, the sample preparation of the whole cell
was done as described by Dieckmann et al. (2008).
In addition, Ultraflex Il MALDI-TOF/TOF mass spec-
trometer (Bruker Daltonics, USA) equipped with an all
-solid-state SmartBeam™ laser (Nd: YAG laser), op-
erated at 100 Hz in the positive linear mode (100 ns,
25 kV, and 2.2-20 kDa) under the control of the Flex
Control software version 3.0 (Bruker Daltonics), was
used to determine all mass spectra. According to the
manufacturer’s specified criteria, the score results of
22.00, 1.70-1.99, and <1.70 were assigned as the
correct species, low consistency, and no consistency,
respectively (Sogawa et al., 2011).
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The molecular analysis (16S rRNA gene sequencing)
was performed for the identification of the isolates not
identified via MALDI-TOF MS. DNA extraction from
the recovered isolates was carried out with the classi-
cal single-cell lysis buffer (SCLB) protocol (Olah et
al., 2006). The universal 27F and 1492R primers
were used for amplification and sequence analysis of
a near-complete (1465 bp) portion of the 16S rRNA
gene region (Lane, 1991). The obtained chromato-
grams as a result of sequence analysis were evaluat-
ed using Finch TV (version V1.4) and aligned. It was
identified in the BLAST (Basic Local Alignment
Search Tool) rRNA/ITS database of the National
Center for Biotechnology Information (NCBI) and
deposited in the National Institutes of Health (NIH)
GenBank the 16S rRNA gene sequence results.

Emre KARAKAYA

Results
The Results of CMT

The 103 udder lobes belonging to 60 dairy cattle
were found to be positive for SCM. The prevalence of
SCM was detected to be 25.75% (103/400). Accord-
ing to CMT results, there are no significant differ-
ences between the rates of mastitis in farms
(P=0.365) (Table 1).

The Bacteriological Analysis Results

The rate of 71.8% of milk samples (74/103) belonging
to 52 dairy cattle (52/60) were found to be positive.
There are no significant differences between the
rates of mastitis in farms in the bacteriological analy-
sis results (P=0.344) (Table 1).

Table 1. The detailed results of the California Mastitis Test and the bacteriological analysis

Dairy CMT Bacteriological analysis
Farm No. of dairy cattle Positive result No. of milk samples Positive result
screening n (%) taken n (%)

A 25 13 (52) 23 15 (65.2)

B 25 17 (68) 32 23 (71.8)

C 25 18 (72) 26 22 (84.6)

D 25 12 (48) 22 14 (58.3)
Total 100 60 (60) 103 74 (71.8)

P=0.365 P=0.344

n (%): Number (percentage) of CMT-positive dairy cattle, and number (percentage) of positive milk samples (in

the result of bacteriological analysis)
Antibiotic Susceptibility Testing

The susceptibilities to ampicillin (AM, 10 pg), amoxi-
cillin/clavulanic acid (AMC, 30 pg), cefotaxime (CTX,
30 pg), ciprofloxacin (CIP, 10 ug), erythromycin (E,
15 pg), gentamicin (CN, 10 pg), penicillin (P, 10 ug),
tetracycline (TE, 30 pg) and trimethoprim/
sulfamethoxazole (SXT, 25ug) (Bioanalyse, Tirkiye)
of the isolates were determined by the disk diffusion
method (Bauer et al., 1966). E. coli ATCC 25922 was
used as the standard control strain. The results were
interpreted according to the breakpoints specified in
the European Committee on Antimicrobial Suscepti-
bility Testing (EUCAST, 2025) guidelines.

Statistical Analysis

The SCM prevalence was calculated according to
CMT results in milk samples collected within the
scope of the study. Prevalence data were represent-
ed by n (%). The chi-square test was used to analyze
the statistical significance of differences in mastitis
diagnosis according to the farms where milk samples
were collected for CMT and the bacteriological analy-
sis and the significance level was determined as P <
0.05. Statistical analyses were performed with the
SPSS 30.01 package program.

A total of 75 isolates (2 isolates from one milk sam-
ple) were obtained (Table 2). As a result of phenotyp-
ic tests, 61 and 14 of the 75 isolates were defined as
Gram-positive and Gram-negative bacteria. Six iso-
lates were positive in the motility test. In addition, 17,
58, and 4 of the isolates were coagulase-positive,
catalase-positive, and oxidase-positive, respectively.
In the MALDI-TOF MS analysis, two and 66 of 75
isolates were identified at the genus Ilevel
(Psychrobacter sp.) and the species level, respective-
ly, but the remaining 7 isolates were not identified at
the genus/species level. 16S rRNA gene sequencing
was performed to identify 9 isolates (including two
isolates identified at the genus level by MALDI-TOF
MS). Five and 4 isolates were identified at the genus
level (3 Staphylococcus sp. and 2 Acinetobacter sp.)
and the species level (2 Psychrobacter pulmonis, 1
Staphylococcus borealis and 1 Streptococcus pluran-
imalium), respectively. The data of the 16S rRNA
gene sequence of 9 isolates were deposited in Gen-
Bank under accession numbers from PQ870726 to
PQ870734.

The most frequently identified genera at the genus
level within 75 isolates were Staphylococcus (42/75),
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Trueperella (8/75), Escherichia (5/75), and Aerococ-
cus (5/75). The most identified Staphylococcus spe-
cies at the species level were S. aureus (n=17), S.
haemolyticus (n=13), S. epidermidis (n=4) and S.
chromogenes (n=4), while the other most frequently
identified species were Trueperella pyogenes (n=8),
Escherichia coli (n=5), and Aerococcus viridans
(n=5). In addition, two isolates recovered from one
milk sample were defined as T. pyogenes and S.
aureus. The distribution of the bacteria is presented
in Table 2.

Erciyes Univ Vet Fak Derg 2025; 22(2): 103-111

20%, 16%, and 8% of 25 coagulase-negative Staphy-
lococcus (CNS) isolates were found to be resistant to
P, AM, SXT, CN, CTX, and E, respectively. The CN,
SXT, and TE resistance rate of 8 T. pyogenes iso-
lates was 62.5%. While the highest antibiotic re-
sistance in 5 E. coli isolates was observed to CN
(60%), AM (40%), and AMC (40%), the resistance in
5 A. viridans isolates was determined to CIP (100%)
and CN (80%). In addition, T. pyogenes and S. aure-
us isolates recovered from one udder lobe were de-
tected to be resistant to CN but susceptible to AM,

Table 2. The distribution of the recovered bacteria from milk samples

. No. of the Percentage GenBa_nk
Genus Species isolates (n) (%) Accession
Number
S. aureus 17 23 -
S. haemolyticus 13 17.3 -
S. chromogenes 4 5.3 -
S. epidermidis 4 5.3 -
Staphylococeus CNS S. borealis 1 13 PQ870733
PQ870727
Staphylococcus sp. 3 4 PQ870730
PQ870731
Trueperella T. pyogenes 8 10.7 -
Escherichia E. coli 5 6.7 -
Aerococcus A. viridans 5 6.7 -
A. baumannii 1 1.3 -
Acinetobacter A. johnsonii 1 1.3 -
Acinetobacter sp. 2 2.7 PQ870728
PQ870732
S. agalactiae 1 1.3 -
Streptococcus S. uberis 1 1.3 -
S. pluranimalium 1 1.3 PQ870726
. PQ870729
Psychrobacter P. pulmonis 2 2.7 PQ870734
Corynebacterium C. pseudotuberculosis 1 1.3
Arcanobacterium A. pluranimalium 1 1.3
Lactococcus L. lactis 1 1.3
Pasteurella P. multocida 1 1.3
Pseudomonas P. aeruginosa 1 1.3
Klebsiella K. oxytoca 1 1.3

n: No. of the isolates, %: Percentage of the isolates, CNS:

The Results of the Antibiotic Susceptibility Test-

ing

In the test, 48%, 32%, 30.6%, 26.7%, 22.7%, 17.6%,
14.7%, 9.3%, and 5.3% of the isolates were found to
be resistant to CN, TE, P, AM, SXT, E, CIP, CTX,
and AMC, respectively. The antibiotic resistance in
42 Staphylococcus spp. isolates was mostly detected
to P (45.2%), CN (38.1%), and AM (35.7%). Of the
17 S. aureus isolates, 70.6%, 64.7%, 17.6%, 17.6%,
11.8%, 5.9%, and 5.9% were resistant to TE, CN, P,
AM, E, AMC, and SXT, respectively. 64%, 48%, 24%,
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AMC, CIP, CTX, and P. The detailed antibiotic sus-
ceptibility test results belonging to all isolates (n=75)
are given in Table 3.
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Discussion and Conclusion

Mastitis, one of the leading diseases affecting milk
capacity in dairy cattle, causes significant economic
losses in dairy cattle farms in Turkiye and around the
world (Tel et al., 2009; Tommasoni et al., 2023). CMT
is an inexpensive, practical, and reliable test used to
detect SCM cases in dairy cattle. The bacteriological
analysis is performed to detect and identify bacteria
that lead to SCM. As a result of the analysis, many
bacteria, primarily Staphylococcus spp. are obtained
in SCM cases (Tel et al., 2009). In the current study,
75 isolates were obtained as a result of bacteriologi-
cal analysis of the milk samples from dairy cattle de-
tected SCM after screening with CMT, and the most
frequently identified species were S. aureus (23%),
S. haemolyticus (17.3%), and T. pyogenes (10.7%).
In the studies conducted in Turkiye, Tel et al. (2009)
detected the most S. aureus (32.5%), CNS (27.5%),
and Streptococcus spp. (8.9%) in the result of bacte-
riological analysis of 332 milk samples from cattle
with SCM. Buyukcangaz et al. (2012) reported that
the highest rates of S. aureus (31.45%), CNS
(23.88%), and Streptococcus spp. (26.36%) were
isolated and identified from 480 milk samples. Alkan
et al. (2014) defined frequently S. aureus (20/34) and
Bacillus spp. (7/34) in 109 CMT-positive/negative
milk samples. Ozavcl et al. (2017) noted that it was
mostly identified Aeromonas hydrophila (17.24%),
Corynebacterium spp. (13.79%), Lactobacillus spp.
(12.06%), E. coli (10.34%), Shigella sp. (10.34%),
CNS (10.34%), and S. aureus (4.59%) from 238 milk
samples. Kenar et al. (2019) obtained E. coli (13/61),
S. epidermidis (8/61), S. haemolyticus (5/61), and S.
aureus (4/61) as the most dominant species from 61
milk samples. Kahya Demirbilek (2020) detected the
most frequent Streptococcus spp. (28.5%), S. aureus
(23.1%), CNS (11.5%), and E. coli (11.5%) from 394
milk samples. Kurt and Eski (2021) analyzed 103 milk
samples and determined that E. coli (19.9%), S. au-
reus (13.7%), and Mycoplasma bovis (8.2%) were
the dominant species. Delikanli Kiyak et al. (2024)
reported that it was identified E. coli (26.10%), S.
aureus (21.29%), Str. agalactiae (20.08%), and S.
epidermidis (12.05%) in the analysis of the milk sam-
ples. In the studies conducted worldwide, Barreiro et
al. (2010) noted that it was obtained 33 isolates from
milk samples from cattle with SCM, and 42.4%,
30.3%, and 27.3% of them were identified as S. aure-
us, Str. agalactiae and CNS, respectively. Persson et
al. (2011) reported that the most common species
identified in 583 milk samples were S. aureus (19%),
CNS (16%), and Str. dysgalactiae (9%). Dieser et al.
(2014) detected mostly CNS (52.1%) and S. aureus
(21.3%) in 1201 milk samples. Abed et al. (2021)
defined the most frequently E. coli (49.8%), S. aureus
(44.9%), Streptococcus spp. (44.1%) and non-aureus
staphylococci (37.1%) in 488 milk samples. Al-Harbi
et al. (2021) announced that it was identified com-
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monly non-aureus staphylococci (10%), Str. uberis
(7%), and S. aureus (5%) in milk samples. Chung et
al. (2021) determined by a majority of CNS (44.7%),
Bacillus spp. (30.3%), and S. aureus (20.45%) in 132
milk samples. Huma et al. (2022) identified the most
S. aureus (34.45%), E. coli (21.36%), and CNS
(13.54%) in 235 milk samples. Michira et al. (2023)
declared that it was defined frequently CNS (40.1%),
S. aureus (15.8%), and Micrococcus spp. (10.4%) in
milk samples. Cao et al. (2023) noted that the most
common isolates from 208 milk samples were K.
pneumoniae (15.35%), E. coli (13.70%), and P. aeru-
ginosa (12.33%). Rifatbegovi¢ et al. (2024) obtained
the highest S. aureus (17.1%), CNS (17.1%), Str.
uberis (12.2%), Streptococcus spp. (12.2%), and T.
pyogenes (9.8%) from 111 milk samples. In the ma-
jority of the studies mentioned above, S. aureus and
non-aureus staphylococci were the most commonly
identified bacteria in dairy cattle with SCM, which is
consistent with our study's results. It is thought that
minor differences in the distribution of the most fre-
quently identified species may be due to geography,
nutrition, farm management, hygienic conditions,
milking practices, and isolation/identification methods
(Kasa et al., 2020).

Antibiotic treatment is an important therapy for the
prevention and control of mastitis cases. On the other
hand, the extensive empirical use of antibiotics is
known to be the primary cause of AMR (Abed et al.,
2021). There are many studies on determining the
antibiotics to be used in the treatment of SCM cases,
and the antibiotic resistance profiles show differences
in these studies. The resistance rates of S. aureus
isolates recovered from dairy cattle with SCM in Tu-
rkiye to AM, AMC, CIP, CN, CTX, E, P, SXT, and TE
ranged between 10.5%-77.3%, 10%-66.5%, 0%-
50%, 0%-59.5%, 2.9%-25%, 0%-63%, 0%-75.8%,
3.6%-12.6%, and 17.9%-23.3%, respectively (Tel et
al., 2009; Ozavci et al., 2017; Gulmez Saglam et al.,
2018; Kenar et al.,, 2019; Kahya Demirbilek, 2020;
Gokdag and Ciftci, 2021; Tavsanli and Cibik, 2022). It
is observed that the resistance rates of S. aureus
isolates worldwide to AM, AMC, CIP, CN, CTX, E, P,
SXT, and TE varied between 45.7%-96%, 0%-78%,
0%-16%, 0%-32.1%, 0%-46%, 0%-44.6%, 4%-
92.7%, 0%-26%, and 0%-18.6%, respectively
(Persson et al., 2011; Xu et al.,, 2015; Ren et al.,
2020; Abed et al., 2021; Al-Harbi et al., 2021; Chung
et al., 2021; Michira et al., 2023; Silva et al., 2023;
Rodriguez et al., 2023; Haq et al., 2024). In our
study, it is detected that 70.6%, 64.7%, 17.6%,
17.6%, 11.8%, 5.9%, and 5.9% of the 17 S. aureus
isolates were resistant to TE, CN, P, AM, E, AMC,
and SXT, respectively (Table 3). TE and CN re-
sistance rates in S. aureus isolates are higher than
the antibiotic resistance rates mentioned above.

Of the CNS or non-aureus staphylococci isolates
obtained from dairy cattle with SCM in Turkiye, the
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resistance rates against AM, AMC, CIP, CN, CTX, E,
P, SXT, and TE were found to vary between 8.5%-
58%, 8.6%-89%, 0%-56%, 0%-66.2%, 2.9%-47.4%,
5.6%-46.8%, 11.4%-55.3%, 2.8%-6.4%, and 0%-
40.4%, respectively (Tel et al., 2009; Buyukcangaz et
al., 2012; Ozavci et al., 2017; Gulmez Saglam et al.,
2018; Kenar et al.,, 2019; Kahya Demirbilek, 2020;
Gokdag and Ciftci, 2021). It was determined that the
resistance rates of CNS or non-aureus staphylococci
isolates worldwide to AM, AMC, CIP, CN, CTX, E, P,
SXT, and TE ranged between 27%-90%, 0%-76%,
0%-12%, 0%-18%, 0%-42%, 2%-49%, 12%-86.8%,
0%-16.1%, and 1%-39.5%, respectively (Botrel et al.,
2010; Persson et al., 2011; Xu et al., 2015; Phophi et
al., 2019; Abed et al., 2021; Al-Harbi et al., 2021;
Chung et al., 2021; Michira et al., 2023; Rodriguez et
al.,, 2023). In the present study, it determined that
64%, 48%, 24%, 20%, 16%, and 8% of 25 CNS iso-
lates were resistant to P, AM, SXT, CN, CTX, and E,
respectively (Table 3). The resistance rate of SXT in
CNS isolates was detected to be higher than those
mentioned above. It is thought that these differences
in antibiotic resistance profiles of both S. aureus and
CNS isolates in our study may be related to geo-
graphic location, climate, population characteristics,
nutrition, hygienic conditions, study design, the num-
ber of isolates, etc. (Haq et al., 2024).

In conclusion, the subclinical mastitis rate in dairy
cattle in Kayseri province of Turkiye, for the CMT
results was detected to be 25.75%, and 71.8% posi-
tivity (74/103) was detected as a result of bacteriolog-
ical analysis. The most commonly identified genus
and species among the recovered 75 isolates were
Staphylococcus (56%) and S. aureus (22.7%), re-
spectively. The gentamicin (48%) and tetracycline
(32%) resistance were detected at a high rate in the
75 isolates analyzed according to the antibiotic sus-
ceptibility testing results. Due to antibiotic resistance,
it is thought that it may be appropriate to take various
precautions to prevent the emergence/spread of the
resistance in dairy cattle farms in the region. In addi-
tion, the present study showed that there may be a
need for dairy farms in this region to develop useful
strategies for the treatment/control of SCM, according
to the recovered bacteria from SCM cases and antibi-
otic resistance profiles.
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Abstract: The study was planned to determine the slaughter and carcass characteristics of the kids of Manavli goats
raised only/purely under breeder conditions in Denizli province. A total of 12 male kids at live weight of 34-36 kg at five
months of age were slaughtered. In the study, hot dressing percentage based on pre-slaughter liveweight was 41.37%.
While the cross-sectional area of the M. longissimus dorsi (MLD) was found to be 12.46 cm?, the back fat thickness fat
value was determined to be 0.74 mm. In the study, the carcass length, rump circumference, rump width, chest circum-
ference, and chest width were 75.15 cm, 54.80 cm, 18.52 cm, 71 cm, and 18.91 cm, respectively. Additionally, the
percentages of valuable carcass parts, such as the shoulder, ribs, and long leg, were determined to be 20.75%,
26.09%, and 31.97%, respectively. The study is the first research to examine the slaughter and carcass characteristics
of male kids of Manavli goats, which are a native genetic resource raised under local breeder condition and not yet
sufficiently defined. It was thought that obtained results from this study will be a database for the following studies.
Keywords: Carcass, kid, Manavli, slaughtering

Manavh Olarak Adlandirilan Kegilerin Erkek Oglaklarinin Kesim ve Karkas Ozellikleri

Oz: Bu galisma Denizli ilinde halk elinde saf olarak yetistirilen, Manavl kegilerinin erkek oglaklarinin kesim ve karkas
ozelliklerini belirlemek igin yapilmistir. Calismada 34-36 kg arasinda kesim éncesi canli agirliga ulasan 5 aylik yastaki
12 erkek oglak kesime sevk edilmistir. Calismada kesim oncesi canli agirliga gére hesaplanan sicak karkas randimani
degeri %41.37 olarak belirlenmistir. Yine, M. longissimus dorsi (MLD) alani 12.46 cm? olarak bulunurken; kabuk yagi
kalinhgi ise 0.74 mm olarak belirlenmigstir. Karkas 6lgilerinden karkas uzunlugu, sagri gevresi, sagri genisligi, gogus
cevresi ve gogus genisligi degerlerinin sirasiyla 75.15 cm, 54.80 cm, 18.52 cm, 71 cm ve 18.91 cm oldudu gérilmis-
tir. llaveten galisma kapsaminda 6n kol, kaburga ve uzun but gibi 6nemli karkas pargalarinin yiizdece oranlari sirasiy-
la %20.75, %26.09 ve %31.97 olarak belirlenmistir. Calisma halk elinde yetistirilen ve henuz yeterince tanimlanmamig
yerli bir gen kaynagi olan Manavli olarak adlandirilan kegilerinin erkek oglaklarinin kesim ve karkas 6zelliklerine iliskin
ilk arastirma niteligindedir. Calisma sonuglarinin ileride yapilacak aragtirmalar bir veri tabani olusturacagi diiglinilmek-
tedir.

Anahtar kelimeler: Karkas, kesim, Manavli, oglak

Introduction in its surrounding geography more efficiently com-

pared to other types of livestock farming, with rela-
The selection of animals for farming is influenced not  tjvely lower costs. Furthermore, the ability of goats to
only by factors such as regional conditions but also produce products by utilizing feed resources that are
by the type of product intended to be obtained and not sufficiently exploited by other livestock species
targeted. In this regard, farming activities can be car- increases the significance of goat farming (Celik and
ried out based on the desired products, such as Olfaz, 2017). Goat farming is practiced not only for
meat, milk, or mohair (Ceyhan et al., 2015). milk production but also for meat yields. It has been

noted that goat meat is less watery and leaner com-
pared to sheep carcasses, which could be important
factors in consumer preferences (Webb et al., 2005).

Goat farming, which is primarily preferred by those
living in rural areas, can utilize the natural resources

In Turkiye, sheep and goat breeding, especially goat

Gelis Tarihi/Submission Date : 17.02.2025 breeding, is carried out in small and irregularly struc-
Kabul Tarihi/Accepted Date - 03.06.2025 tured family enterprises. Goat farming, which holds a
*This study was prepared from the first author's Master thesis and pr'Ylleged p0§|t|0n _Wlthln small livestock farmlng, IS
was supported financially by the Burdur Mehmet Akif Ersoy Universi- mainly practiced in forested and border regions
ty Scientific Research Projects Commission, Project No: 0930-YL-23. (DeIIaI and Erkus 2000)_ The total number of farm
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animals in Turkiye has surpassed 70 million, with
goats constituting approximately 15% of this figure.
The Mediterranean, Southeastern Anatolia, and Ae-
gean regions are the primary geographical areas for
goat populations (TUIK, 2024).

The fact that the Turkish Hair goats, which have such
a large population in different geographical regions,
possess various types and varieties, requires the
identification of their distinct characteristics. Addition-
ally, it should be considered that, previously referred
to collectively as Turkish Hair goats, there may be
animals with different structural characteristics in
terms of both morphological and physiological breed
traits. Although there has been a significant increase
in studies aimed at identifying all possible varieties
and the potential emergence of new breeds from
native goat genetic resources in Turkiye, it can still be
said that there are not enough. For this purpose, the
Manavli goat genotype, which has never been previ-
ously introduced to the scientific community, is be-
lieved to have been raised for many years in certain
areas of Western Anatolia. This genotype, named
after the Manavli Nomads, is claimed to have high
birth weight, rapid growth capacity, and a large body
structure (Akbas et al., 2023). The purpose of this
study was to detect slaughter and carcass traits of
Manavli male kids raised under breeder conditions.

Material and Methods
Animals and Data Collection

In order to reveal the fattening, slaughter and carcass
characteristics, single male kids were purchased from
the breeders in Denizli province (latitude 39°20" and
40°30° N, longitude 26°30" and 28°30" E) that were
born in March, 2024. Male single kids, were num-
bered with ear tags, were kept with their mothers at
morning and night until the suckling period ended
(approximately 75-90 days of age) under breeder
conditions. No different management procedure was
applied to the flocks during the experimental periods
of the study. In the study, among 60 male kids,
whose live weight values were determined at 30-day
intervals from birth to 5 months of age, a total of 12
male kids that first reached a pre-slaughter live
weight of 34-36 kg were transported to a commercial
slaughterhouse in the province of Burdur without
causing unnecessary distress on them by ensuring
the welfare conditions. On the day of slaughter, their
pre-slaughter live weights were recorded after they
were deprived of food (for 12 h) but allowed free ac-
cess to water. After the preslaughter live weights of
kids were detected, slaughter characteristics such as
skin, feet, head and red organs (lungs and trachea,
liver, heart, spleen) were recorded using a scale with
50-g precision. Then the hot carcass weights were
detected. The hot carcasses were chilled for 24 h at
4°C and re-weighed. Hot and cold carcass dressing
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percentages were calculated based on live weight
before the slaughter. Additionally, chilling lost value
was determined between the differences of hot and
cold carcass weights. Some of carcass measure-
ments such as the carcass length, the rump circum-
ference, rump width, chest circumference and chest
width were carried out by using a measuring stick
and measuring tape. Then carcasses were split into
two equal part. The left side was separated into five
joints as described by Colomer-Rocher et al. (1987)
(Figure 1), they were weighed. Percentages of the
valuable carcass parts were calculated based on cold
carcass weight.

Figure 1. Scheme for jointing the left side of a goat
carcass
I: Shoulder, II: Long leg, llI: Ribs, IV: Flank, V: Neck

A digital plot was used in order to detect the fat thick-
ness. Additionally, the M. Longissimus dorsi (MLD)
area was detected by using drawing software as stat-
ed by Akbas (2013). A digital caliper with asensitivity
of 0.01 mm, an accuracy of +0.01 mm (<100 mm)
and a repeatability of 0.01 mm. was also used in or-
der to determine the backfat thickness.

The study was approved by the Burdur Mehmet Akif
Ersoy University Local Ethics Committee on Animal
Experiments (29.03.2023, resolution number: 1036).

Minitab (2019) statistical software packaged was
used for examining the data. An intense descriptive
statistical analysis was applied on the data with the
means and standart errors of means. The coefficient
of variances was presented to indicate the reliability
of the data in the study. Additionally, Pearson correla-
tion coefficients were calculated to determine the
relationship between some of the slaughter and car-
cass characteristics examined from the data obtained
in the study.

Results

Slaughter and carcass characteristics of Manavli
male kids and relations between some of them were
presented in Tables 1-4. The average preslaughter
weights of Manavli male kids were found to be 35.22
kg. The hot carcass weight was determined to be
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14.57 kg, with a dressing percentage of 41.37%. In
the study, the average cold carcass weight was found
to be 14.34 kg, with a chilling loss of 1.58%, and a
cold dressing percentage of 40.72%. Additionally, the
M. longissimus dorsi (MLD) area was found to be
12.46 cm? and the back fat thickness was deter-
mined to be 0.74 mm. The study also showed that
the carcass length, rump circumference, rump width,
chest circumference, and chest width were 75.15 cm,
54.80 cm, 18.52 cm, 71 cm, and 18.91 cm, respec-
tively.

Aykut Asim AKBAS

Phenotypic correlation coefficients (r) between some
carcass traits were presented in Table 3. High posi-
tive correlations were calculated between the rele-
vant feature (P<0.05-0.001). While the highest posi-
tive correlation coefficient (0.922) was between
slaughter weight and M. Longissimus dorsi area, a
relatively low correlation coefficient (0.645) was de-
termined between back fat thickness and cold car-
cass weight compared to other characteristics.

Table 1. Certain slaughter and carcass characteristics of Manavl male kids (xX+S%)

Traits Values CV%
Slaughter weight (kg) 35.22+1.45 7.49
Hot carcass weight (kg) 14.57+0.68 9.61
Dressing percentage, % 41.37+0.25 8.25
Head weight (g) 2029.06+19.57 7.40

4 Feet weight (g) 1203.44+21.23 9.17
Skin weight (g) 2687.92+20.29 9.13
Lungs and trachea weight (g) 521.10+£19.45 8.12
Heart weight (g) 146.05+4.29 10.16
Liver weight (g) 688.06+10.05 8.15
Spleen weight (g) 70.02+0.45 9.25
Full stomach weight (g) 4529.30+51.01 10.11
Full intestine weight (g) 2492.44+23.79 9.48
Internal fat weight (g) 159.51+3.25 9.17

X : Mean S :Standart error of mean  CV: Coefficient of variance

Table 2. Certain cold carcass characteristics of Manavli male kids ( * + S )

Traits Vaues CV%
Cold carcass weight (kg) 14.34+0.50 9.49
Chilling loss (%) 1.58+0.07 7.23
Dressing percentage, % 40.72+0.38 8.05
Left half of carcass weight (kg) 7.29+0.31 9.07
Shoulder weight (g) 1513.03+43.11 9.22
Flank weight (g) 695.13+25.39 9.56
Neck weight (g) 786.05+43.27 8.19
Ribs weight (g) 1946.28+54.11 10.31

Sirloin weight (g) 1510.63+26.06 9.75
Loin weight (g) 436.11+£38.01 9.78

Long leg weight (g) 2331.19+£72.05 8.39
Back fat thickness (mm) 0.74+0.07 9.40
M. Longissimus dorsi area (cm?) 12.46+0.47 8.24
Carcass length (cm) 75.15+0.90 8.03
Rump circumference (cm) 54.80+0.63 9.15
Rump width (cm) 18.52+0.47 8.79
Chest circumference (cm) 71.00+0.81 9.18
Chest width (cm) 18.91+0.70 9.27

X :Mean Sg: Standart error of mean

CV: Coefficient of variance
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Table 3. Phenotypic correlation coefficients (r) between some carcass traits

Traits Slaughter MLD area Back fat thickness  Hot carcass
weight (kg) (cm?) (mm) weight (kg)

MLD area (cm?) 0.922***

Back fat thickness (mm) 0.856** 0.654*

Hot carcass weight (kg) 0.830** 0.757* 0.719*

Cold carcass weight (kg) 0.820** 0.790** 0.645* 0.987***

*: P<0.05, **: P<0.01, ***: P<0.001

When examining Table 4, which presents the propor
tions of certain slaughtering characteristics in male
kids of the Manavli goat, the percentages of the
head, legs, skin, lungs and trachea, full stomach, full
intestines, and omental and mesenteric fat were
found to be 5.76%, 3.41%, 7.62%, 1.48%, 12.85%,
7.02%, and 0.45%, respectively. Additionally, the
percentage proportions of valuable carcass parts,
such as the shoulder, ribs, and long leg, were deter-
mined to be 20.75%, 26.69%, and 31.97%, respec-
tively.

MLD: Musculus Longissimus dorsi

Studies on determining the meat production of sheep
and goat farming are generally based on the princi-
ples of assessing the growth characteristics of the
offspring, establishing suitable feeding models, and
subsequently determining the carcass characteristics
of the animals. The dressing percentage value, which
is influenced by numerous factors related to the ani-
mal and its care and nutrition generally increases
with the rise in pre-slaughter live weight (Warmington
and Kirton, 1990).

Table 4. Percentages of the valuable parts and slaughtering characteristics in Manavli male kids (x+S3)

Traits Values CV%
Percentages (%) relative to cold carcass weight
Shoulder 20.7510.44 8.41
Flank 9.54+0.16 7.27
Neck 10.78+0.11 8.13
Ribs 26.6910.62 9.74
Sirloin 20.71£0.16 9.19
Loin 5.98+0.04 9.27
Long Leg 31.97+0.41 7.39
Percentages (%) relative to slaughter weight
Head 5.76+0.11 9.85
4 Feet 3.41+0.12 10.01
Skin 7.62+0.23 9.46
Lungs and Trachea 1.48+0.07 9.17
Heart 0.42+0.03 8.70
Liver 1.96+0.04 8.64
Spleen 0.20+0.02 9.37
Full stomach 12.8540.25 8.86
Full intestine 7.02+0.11 9.10
Internal Fat 0.45+0.06 8.40

X : Mean Sx: Standart error of mean
Discussion and Conclusion

The coefficient of variation, which is one of the most
appropriate prevalence measures for comparing data
series with different means in terms of variation, is
below 10 percent, indicating that the data are very
homogeneous (Tekin, 2010). In the study, lots of co-
efficient of variance (%91.66, 44/48) values for
slaughter and carcass traits presented in tables were
under %10. This situation shows that the data pre-
sented are quite homogeneous, based on the slaugh-
tering and data collection procedures carried out un-
der controlled conditions.
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CV: Coefficient of variance

In the study, hot and cold dressing percentage values
were detected as 41.37% and 40.72%, respectively.
These values are higher than those reported by
Godkdal (2013) for Alpine x Hair goat (F1), Saanen x
Hair goat (F1) crosses, and male Turkish Hair goat
kids; however, they are compatible with the values
stated by Oral Toplu et al. (2010) for male Turkish
Hair goat kids under breeder conditions. Although
there are studies (Koyuncu et al., 2007; Atay et al.,
2011; Yilmaz et al., 2010) reporting relatively higher
values than those detected for male Turkish Hair goat
kids, Akbas and Saatci (2016) and Elmaz et al.
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(2017) reported higher yield values for male Honamli
goat kids. It is stated that dressing percentages in
goats can vary between 35% and 53% due to the
influence of various factors (Warmington and Kirton,
1990). The relatively low percentages observed in
this study, which are affected by breeder conditions,
suggest that positive differences and higher values
could be achieved in the aforementioned values for
the Manavli goat through studies conducted under
more controlled conditions, where the animals' fatten-
ing performance is also considered, using different
experimental designs.

Since the hot, cold carcass weights and MLD area
which are economically important, they were tried to
be estimated like the growth characteristics. So,
slaughter weight is one of the main factor for hot and
cold carcass weights and MLD cross sectional area.
In the study, strong positive correlations were deter-
mined between pre-slaughter live weight and both hot
and cold carcass weights, with correlation coefficients
of 0.830 and 0.820, respectively. Similarly, Stanford
et al. (1995), in their study on Alpine goats using ul-
trasound to assess certain carcass traits, and Rah-
man (2007), who investigated Bengal goats divided
into three different groups, reported a correlation co-
efficient of 0.85 between live weight and hot carcass
weight. In the present study, high and positive pheno-
typic correlation coefficient (0.922) were defined be-
tween slaughter weight and MLD area. It is known
that there is a relationship between MLD and the
amount of quality meat in the carcass. MLD is affect-
ed by factors such as cross-sectional area, genotype,
applied fattening method, and slaughter live weight
(Daskiran et al., 2010).

As subcutaneous fat increases, the amount of water
lost by evaporation from the carcass surface de-
creases, thus reducing chilling loss (Dhanda et al.,
2003). The back fat thickness value (0,74 mm), which
is one of the important criteria determining the fat-
ness levels of the carcasses, was higher than Kosum
et al. (2003), Yiimaz et al. (2010), and Ozcan et al.
(2010), reports. Contry to this, Gl (2004) and Koyun-
cu et al. (2007) reported higher values than the cur-
rent study. The higher back fack thickness might be
associated with the fact that the lower chilling loses
for Manavli kids.

In the study, MLD area value were defined as 12.46
cm? for Manavli male kids. It is relatively in parallel
with the values reported by Akbas and Saatci (2016)
for Honaml x Hair goat crossbred kids. However, it is
higher than the values reported by Aktas et al. (2015)
for Honamli breed kids. Furthermore, it is higher than
the values reported by Akman et al. (1991) and Erol
(2015) for Ankara goat kids with pre-slaughter live
weights around 30-31 kg. Therefore, it was thought
that the differences on MLD value was associated
with slaughter live weight of kids.

Aykut Asim AKBAS

Carcass measurements can be influenced by factors
such as breed, gender, slaughter age, live weight at
slaughter, and feeding conditions (Erol, 2015). When
the carcass measurements in this study are generally
examined, various researchers (Cameron et al.,
2001; Dhanda et al., 2003; Kosum et al., 2003;
Gokdal, 2013) reported higher values than the cur-
rent study. They are generally consistent with the
values reported by Akbas and Saatci (2016) and
Elmaz et al. (2017) for male Honamli goat kids. Vari-
ation in the values reported on carcass measure-
ments within the literature is likely attributable to dif-
ferences in rates of growth, slaughter age and
slaughter weight and also feeding system.

When considering the percentages of significant car-
cass parts for consumption, the determined values
for the shoulder (20.75%), ribs (26.69%), and long
leg (31.97%) were found to be lower than the values
reported by Akbas and Saatci (2016) and Aktas et al.
(2015) for the long leg percentage in Honamli male
kids. Additionally, Kosum et al. (2003), Pena et al.
(2007), Bonvillani et al. (2010), and Daskiran et al.
(2010) reported higher values than these values.
However, they were in parallel with the values report-
ed by Kor et al. (2011) and Atay et al. (2011). These
differences among the studies may be due to slaugh-
ter weight and rearing conditions.

The value for the percentage of the head (5.76%)
determined in this study is relatively lower compared
to the values reported by Atay et al. (2011). It is re-
ported that as the pre-slaughter live weight of the kids
increases, the head ratio in the carcass will decrease
relatively (Erol, 2015). Therefore, it is thought that the
differences observed for the values specified in the
study may be due to different pre-slaughter live
weights. Additionally, the skin percentage (7.62%) is
consistent with the values reported by Koyuncu et al.
(2007) for Turkish Hair goats at various slaughter
weights, as well as by Ozcan et al. (2010) for
Saanen, Gokgeada, and Maltiz kids. However, it is
lower than the values reported by Akbas and Saatci
(2016) and Elmaz (2017) for Honamli kids, and by
Erol (2015) for Ankara goat kids. Especially the differ-
ences between skin percentages might be associated
with the less intense and less long hair production of
Manavli kids.

In the study, it has been observed that the average
slaughter weight values of male Manavli goat kids
are higher than those of many local goat breeds, par-
ticularly the Turkish Hair goat for the 150" day of
age. Furthermore, in terms of carcass measure-
ments, positive differences were found in Manavli
goat kids compared to the reports on Turkish Hair
goats in the literature. This study is important be-
cause it is the first to reveal the potential of Manavli
goat kids, a native genetic resource that is raised
under local breeder condution and has not yet been
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sufficiently studied from a scientific perspective, in
terms of their carcass characteristics. It is believed
that the results obtained from this study could make a
positive contribution to biodiversity and the produc-
tion spectrum.
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Abstract: Ascariasis is a commonly encountered parasitic infection in dogs that can lead to gastrointestinal damage
and systemic inflammatory responses. However, studies evaluating the role of inflammatory biomarkers in the diagno-
sis of ascariasis remain limited. The aim of this study was to evaluate the association between ascariasis and the lev-
els of inflammatory biomarkers, specifically serum neopterin and procalcitonin, in dogs. The study included 15 puppies
aged between 1 and 6 months, diagnosed with ascariasis, and 10 clinically healthy control dogs. All animals were of
different breeds and included both males and females. A single blood sample was collected from both infected and
healthy animals. The samples were centrifuged at 3000 rpm for 10 minutes to separate the serum. The analysis re-
vealed that serum neopterin (5.06+0.50 nmol/L) and procalcitonin (68.47+2.86 pg/mL) levels in the infected dogs were
significantly higher (P<0.05) than those observed in healthy controls (neopterin: 3.67+0.26 nmol/L; procalcitonin:
57.42+3.91 pg/mL). The study concludes that gastrointestinal damage caused by ascariasis is associated with in-
creased serum levels of neopterin and procalcitonin. These biomarkers may have clinical value in supporting the differ-
ential diagnosis of parasitic infections associated with inflammatory responses in dogs, and they may contribute to the
early detection and monitoring of disease severity. Further studies with larger sample sizes and a broader panel of
inflammatory markers are warranted to validate these findings and to better elucidate the role of neopterin and procalici-
tonin in the immunopathogenesis of canine ascariasis.

Keywords: Ascarid, dog, neopterin, procalcitonin

Askariazisli Kopeklerde Serum Neopterin ve Prokalsitonin Diizeylerinin Degerlendirilmesi

Oz: Askariazis, kdpeklerde yaygin olarak gérillen paraziter bir enfeksiyondur ve gastrointestinal hasara ile sistemik
inflamatuar yanitlara yol agabilir. Ancak, askariazis tanisinda inflamatuar biyobelirteclerin rolinu degerlendiren
calismalar sinirhdir. Bu galismanin amaci, képeklerde askariazis ile inflamatuar biyobelirte¢ diizeyleri 6zellikle serum
neopterin ve prokalsitonin arasindaki iliskiyi degerlendirmektir. Calismaya, askariazis tanisi konulan 1 ila 6 aylik yas
araliginda 15 yavru kdpek ile klinik olarak saglkl 10 kontrol képegdi dahil edilmistir. Tim hayvanlar farkli irklardan olup
hem erkek hem de disi hayvanlar calismaya dahil edilmistir. Hem enfekte hem de saglikli hayvanlardan tek seferlik kan
ornekleri alinmistir. Serum Ornekleri elde etmek amaciyla kan 6rnekleri 3000 devirde 10 dakika santriflij edilmigtir.
Gergeklestirilen analizler sonucunda, hastalikli kopeklerdeki neopterin (5.06+0.50 nmol/L) ve prokalsitonin (68.47+2.86
pg/mL) seviyelerinin, saglikli kdpeklerde belirlenen neopterin (3.67+0.26 nmol/L) ve prokalsitonin (57.42+3.91 pg/mL)
seviyelerine kiyasla istatistiksel olarak anlamli diizeyde yulksek oldugu (P<0.05) tespit edilmistir. Calisma, askariazisin
neden oldugu gastrointestinal hasarin artmis serum neopterin ve prokalsitonin dizeyleri ile iligkili oldugunu ortaya ko-
ymaktadir. Bu biyobelirtegler, 6zellikle kdpeklerde inflamatuar yanitla iligkili paraziter enfeksiyonlarin ayirici tanisinda
klinik olarak destekleyici tani deg@eri tasiyabilir ve hastaligin erken tespiti ile siddetinin izlenmesine katki saglayabilir. Bu
bulgularin dogrulanmasi ve neopterin ile prokalsitoninin kdpeklerde askariazisin imminopatogenezindeki roliiniin daha
iyi aydinlatilmasi igin daha genis orneklem bulyukliklerine ve daha kapsamli bir inflamatuar belirte¢ paneline sahip
galismalara ihityag vardir.

Anahtar kelimeler: Askarid, kdpek, neopterin, prokalsitonin

Introduction resistant to disinfectants and can survive for months

o ) or even years both inside the host and in the external
Ascariasis is one of the most prevalent zoonotic para- environment under suitable conditions (McTier et al.,
sitic diseases worldwide (Macpherson, 2013). The 2000; Tinar et al; 2006; Macpherson, 2013; Sezer et
causative agents of this disease, which is commonly al., 2024). The transmission routes of the disease
observed in dogs, are Toxocara canis and Toxascaris vary depending on the species. While T. leonina is
leonina. These gastrointestinal nematodes are highly transmitted solely through oral ingestion (Parsons,

1987; Rostami et al., 2020), T. canis can infect hosts
) - . ] through oral, galactogenic, and transplacental routes
Ejgi,?gﬁ;ﬁ”gg;gﬁ%g;te 33518213832 (Robertson and Thompson, 2002; Romasanta et al.,
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2004; Rostami et al., 2020). Infected puppies play a
crucial role in disease transmission by shedding mil-
lions of eggs into the environment through their feces
(Schnieder et al., 2011; ESCCAP, 2024). These par-
asites induce various hematological, biochemical,
and pathological alterations in the host (Cansiz,
2015). Given their persistence in the environment
and the high egg-shedding capacity of infected pup-
pies, understanding the epidemiology and transmis-
sion dynamics of T. canis and T. leonina is essential
for effective control and prevention strategies.

Ascariasis is more commonly observed in dogs aged
0-6 months (Overgaauw and Knapen, 2013). Studies
have shown that the disease does not exhibit breed
predisposition or gender differences (Gingrich et al.,
2010). The clinical signs can vary depending on the
age of the infected animal, the intensity, location, and
developmental stage of the parasite. However, the
disease is primarily characterized by gastrointestinal
symptoms such as enteritis, vomiting, growth retarda-
tion, abdominal distension (bloating), constipation,
and mechanical obstruction in the intestines (Epe,
2009; Atasoy et al., 2015; Corda et al., 2019).

Neopterin (Np), a pteridine derivative, was first identi-
fied in bee larvae in 1963 and subsequently isolated
from human urine by Sakurai and Goto in 1967. Syn-
thesized predominantly by monocytes, macrophages,
and T lymphocytes upon stimulation by interferon-
gamma (IFN-y), Np serves as a sensitive marker of
cellular immune activation. Although other cell types-
such as renal epithelial cells, fibroblasts, and vascu-
lar smooth muscle cells-can also produce Np in re-
sponse to stimuli involving guanosine triphosphate
(GTP), its release during immunological processes
primarily reflects IFN-y-mediated activation of mono-
nuclear phagocytes, particularly during infectious
diseases, oxidative stress, and systemic immune
responses (Berdowska and Zwirska-Korczala, 2001,
Miao et al.,, 2018; Univar and Aslanhan, 2019;
Akylz, 2020; Akyliz et al., 2022). The secretion of Np
typically precedes the peak proliferation of T lympho-
cytes and the emergence of specific antibody re-
sponses, making it a valuable early indicator of Type
1 T helper (Th1)-type immune activity. Elevated se-
rum Np levels have been associated with various
pathological conditions, including infections, malig-
nancies, autoimmune disorders, and organ transplant
rejection (Eisenhut, 2013). In particular, parasitic dis-
eases such as toxocariasis have been shown to trig-
ger significant increases in circulating Np, likely re-
flecting the activation of IFN-y-esponsive macrophag-
es during tissue invasion by migrating larvae
(Koztowska-Murawska and Obuchowicz, 2008; Bati
et al., 2023). Supporting this interpretation, Basbug et
al. (2020) reported markedly elevated Np concentra-
tions in animals with systemic inflammatory response
syndrome (SIRS), reinforcing its potential as a bi-
omarker of early and robust immune system activa-
tion.

Procalcitonin (Pct) is a small peptide, weighing 13
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kDa and consisting of 116 amino acids, produced by
the parafollicular cells of the thyroid gland (Matur et
al.,, 2021). However, it can also be synthesized by
extrathyroidal organs such as the pancreas, liver,
spleen, adrenal glands, lungs, kidneys, brain, spinal
cord, testes, stomach, small intestines, colon, ab-
dominal adipose tissue, and white blood cells (Muller
et al., 2000). The release of procalcitonin is regulated
by proinflammatory cytokines and may vary depend-
ing on the severity of inflammation (Gurbiz and Ulu-
tas, 2017). Yilmaz et al. (2008) reported an increase
in serum Pct levels in dogs following endotoxin ad-
ministration. Similarly Dézen (2018) reported elevat-
ed plasma Pct levels in dogs with acute diarrhea
compared to the control group.

Materials and Methods

This study was conducted with the approval of the
Kafkas University Animal Experiments Local Ethics
Committee (decision dated 25.10.2022, number KAU
-HADYEK/2022-173) to ensure compliance with ethi-
cal standards. Additionally, blood samples were ob-
tained following the recommended "standard sample
collection procedure," ensuring that animals were
neither stressed nor harmed in any way. All proce-
dures involving animals complied with institutional
guidelines and national regulations on animal wel-
fare.

Animal Material

The material of this study consisted of dogs aged 1-6
months, of different breeds and sexes, brought to the
Internal Medicine Department of the Faculty of Veteri-
nary Medicine at Kafkas University. The study groups
included 15 dogs diagnosed with ascariasis (Group
1), which were examined through physical examina-
tion, and 10 healthy dogs (Group Il) without any signs
of illness.

Clinical Examination

After determining that the relevant pathogens were
negative using the rapid test kit (CPV/CCV/Giardia
Ag Rapid Test Kit, Anigen, South Korea), fecal sam-
ples were collected from the dogs suspected of asca-
riasis for examination purposes. The collected sam-
ples were placed on a slide, diluted with 1-2 drops of
physiological saline, and homogenized. A coverslip
was then applied, and microscopic examination was
performed (Yilmaz et al., 2017). For animals with a
definitive diagnosis, pyrantel pamoate was adminis-
tered at a dose of 10 mg/kg for treatment.

Blood Sample Collection

Blood samples were collected in a single draw from
the V. cephalica antebrachii using an appropriate
holder and a sterile holder needle (Vacuette®,
Greiner Bio-One GmbH, Austria) into serum tubes
and EDTA blood tubes (BD Vacutainer®, BD, UK).
To obtain serum, the blood samples were centrifuged
at 3000 rpm for 10 minutes (Hettich Rotina 380R®,
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Hettich, Germany). The serum samples to be used
for ELISA measurements were stored at -20°C until
the analysis was performed.

Complete Blood Count Analyzes

For CBC, blood samples were collected in EDTA
tubes, and the following values were recorded using
a VG-MS4e® analyzer (Melet Schloesing, France):
total leukocyte count (WBC x103%uL), erythrocyte
count (RBC x108pL), hematocrit percentage (HCT
%) and hemoglobin concentration (HGB g/dL).

Neopterin and Procalcitonin Analyzes

Serum Pct and Np concentrations were determined
using dog-specific commercial ELISA kits (Canine
Neopterin ELISA Kit®, Canine Procalcitonin ELISA
Kit®, BT Lab, Shanghai Korain Biotech Co, China).
The ELISA tests were performed according to the
manufacturer's instructions, and optical densities
were measured at a wavelength of 450 nm using an
ELISA microplate reader (Epoch®, Biotek, USA).
Neopterin and procalcitonin values were calculated
through regression analysis.
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opterin and pulse values did not follow a normal dis-
tribution, group comparisons for these parameters
were conducted using the Mann-Whitney U test. All
statistical analyses were performed using SPSS soft-
ware (Version 20.0, IBM Corp., Armonk, NY, USA). A
significance level of P < 0.05 was considered statisti-
cally significant. All parameter values are presented
as mean = standard error of the mean (SEM).

Results

In the clinical examinations of the dogs included in
the study, diarrhea, vomiting, abdominal distension
and tension, anorexia, coat condition deterioration,
halitosis were observed. Dehydration was assessed
based on sunken eyes and reduced skin elasticity,
while anemia was suspected in animals exhibiting
pale or whitish mucous membranes. Clinical exami-
nations were performed on the dogs in the patient
group before treatment, and their body temperature,
respiratory rate per minute, and heart rate per minute
were statistically evaluated (Table 1).

Table 1. Mean and standard error values of the vital signs of dogs in the ascariasis and control groups.

Vital Parameters Patient Group Control Group P Value
(n=15) (n=10)

Pulse Rate (per minute) 113.46+4.84 108.60+3.15 P>0.05

Respiratory Rate (per minute) 30.40+1.79 29.60+1.07 P>0.05

Body Temperature (°C) 38.46+0.18 38.16+0.07 P>0.05

Table 1. Mean and standard error values of the vital signs of dogs in the ascariasis and control groups.

Statistical Analysis

The sample size was determined based on an effect
size of 1.67 reported in a previous study by Atasoy et
al. (2015), with a statistical power of 95% and a sig-
nificance level of 5%. An a priori power analysis was
conducted using G*Power® software (Version 3.1.9.4,
Franz Faul, Universitat Kiel, Germany) for a one-
tailed independent samples t-test. The analysis indi-
cated that a minimum total sample size of 18 subjects
(9 per group) would be sufficient to detect a statisti-
cally significant difference between the groups. The
normality of the data was assessed using the Shapiro
-Wilk test. Since the distributions of procalcitonin,

The vital signs of dogs with ascariasis were com-
pared with the control group, and it was determined
that the obtained results were not statistically signifi-
cant (P>0.05).

Hematological assessments revealed no statistically
significant difference in white blood cell (WBC)
counts between the patient and control groups
(P>0.05). In contrast, red blood cell (RBC) count,
hematocrit (HCT), and hemoglobin (HGB) levels were
significantly lower in dogs with ascariasis compared
to healthy controls (P<0.001) (Table 2).

Table 2. Mean and standard error values of hematologic parameters in dogs with ascariasis and the control

group

Vital Parameters Patient Group Control Group P Value
(n=15) (n=10)

WBC (x10°/uL) 4.21+1.12 6.42 £ 0.55 P>0.05

RBC (x10%/uL) 4.91+0.51 9.59+0.16 P<0.001

HCT (%) 31.19+2.07 63.85 + 1.44 P<0.001

HGB (g/dL) 10.71+0.80 15.19+£0.37 P<0.001

Statistical difference between patient and control groups (P<0.05)

temperature, and respiratory rate values were normal
within the groups, comparisons were performed using
the independent samples t-test. In contrast, as ne-
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Serum Np and Pct levels were examined in dogs with
ascariasis and in the control group. The analyses
revealed that the Np and Pct levels in the affected
group were significantly higher compared to the con-
trol group (P<0.05). The results are presented in Ta-
ble 3.
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anemia (McCown and Specht, 2011). In Toxocara
canis infections, internal hemorrhages caused by
larval migration through the liver and intestinal muco-
sa further exacerbate this condition by significantly
reducing RBC counts (Schnieder et al., 2011).
Cansiz (2015) also reported a marked decline in RBC

Table 3. Mean and standard error values of neopterin and procalcitonin in dogs with ascariasis and the control

group
Biomarkers Patient Group Control Group P Value
(n=15) (n=10)
Neopterin (nmol/L) 5.06+0.50 3.67+0.26 P<0.05
Procalcitonin (ng/L) 68.47+2.86 57.42+3.91 P<0.05

Statistical difference between patient and control groups (P<0.05)

Discussion and Conclusion

Studies on ascariasis in dogs have reported that the
disease does not show breed predisposition and is
most commonly observed in dogs aged 0-6 months
(Gingrich et al., 2010; Overgaauw and Knapen,
2013). In accordance with the literature, our study
group consisted of dogs aged 0—6 months, represent-
ing different breeds and both sexes.

In dogs with ascariasis, gastrointestinal symptoms
such as vomiting, growth retardation, abdominal dis-
tension, constipation, and, in severe cases, intestinal
obstruction may be observed (Epe, 2009; Atasoy et
al., 2015). Clinical examinations of the dogs included
in our study revealed diarrhea, vomiting, growth retar-
dation, abdominal distension and tension, anemia,
anorexia, deterioration of coat quality, halitosis, and
dehydration. These clinical findings are consistent
with previous reports describing systemic effects and
gastrointestinal manifestations of ascariasis in dogs
(Altug et al., 2007; Cansiz, 2015; Corda et al., 2019).
Specifically, halitosis and coat condition deterioration
have also been noted in naturally infected puppies
(Corda et al., 2019), and signs such as dehydration,
anorexia, and anemia have been previously reported
in association with parasitic gastrointestinal infections
(Altug et al., 2007; Cansiz, 2015).

Cansiz (2015) reported that body temperature, pulse,
and respiratory rates might not show statistically sig-
nificant differences in cases of ascariasis. This varia-
bility was attributed to individual differences among
infected animals, as these parameters could increase
in some animals, decrease in others, or remain within
normal limits, resulting in an overall average that falls
within the reference range. Similarly, in the current
study, vital parameters such as body temperature,
pulse rate, and respiratory rate did not differ signifi-
cantly between infected dogs and healthy controls,
confirming that ascariasis may present without clear
alterations in these clinical parameters.

Iron deficiency is a well-documented complication of
intestinal parasitic infections in young animals, fre-
quently resulting in decreased serum iron, transferrin
saturation, HGB, and HCT levels, and ultimately lead-
ing to the development of microcytic-hypochromic
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levels in cases of severe infestation. Similarly, Altug
et al. (2007) observed statistically significant decreas-
es in HCT and HGB levels in dogs with ascariasis
and suggested that these findings might be attributed
to iron deficiency secondary to malabsorption. In the
present study, consistent with previous findings, sta-
tistically significant reductions in RBC, HCT, and
HGB levels were identified in puppies with ascariasis
(P<0.001). These hematological changes are likely
associated with mucosal damage in the gastrointesti-
nal tract, chronic blood loss, and malabsorption.

The use of more reliable biomarkers for evaluating
the prognosis and diagnosis of diseases has been
increasingly adopted in both human and veterinary
medicine. Biomarkers are fundamental molecules
that fluctuate under physiological and pathological
conditions, playing a crucial role in disease assess-
ment (De Loor et al., 2013; Kése and Maden, 2013).
The objective of this study was to investigate serum
neopterin and procalcitonin levels in dogs with ascari-
asis and to evaluate the diagnostic significance of
these biomarkers in the disease.

In the present study, serum Np levels were found to
be significantly elevated in dogs naturally infected
with Toxocara canis compared to healthy controls.
This finding supports the hypothesis that T. canis
infection elicits a strong cellular immune response,
likely driven by immunopathological processes asso-
ciated with the larval migratory phase. As larvae mi-
grate through hepatic and gastrointestinal tissues,
they induce mechanical damage and trigger local
inflammation, hemorrhage, and cytokine release,
particularly interferon-gamma (IFN-y), which is a key
inducer of neopterin synthesis. The elevated Np lev-
els observed in our study are therefore consistent
with IFN-y-mediated activation of mononuclear phag-
ocytes in response to larval tissue invasion.

Previous studies have demonstrated that T. canis
infection is characterized by marked eosinophilic and
monocytic infiltration, especially during the tissue-
migratory phase (Salem et al., 2015). Given that Np
secretion typically precedes peak T lymphocyte prolif-
eration and antibody production, it serves as an early
marker of Th1-type immune activation during parasit-
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ic infections. Our findings align with earlier reports of
elevated Np levels in other parasitic diseases
(Koztowska-Murawska and Obuchowicz, 2008; Bati
et al., 2023), supporting the notion that Np can func-
tion as a valuable biomarker of early and active im-
mune responses during helminthic infections.

Additionally, the significantly higher Np concentra-
tions found in infected dogs mirror findings in animals
with systemic inflammatory response syndrome
(Basbug et al., 2020), reinforcing the link between
tissue damage, immune activation, and Np elevation.
Taken together, these results suggest that serum Np
may serve not only as a marker of general immune
activation but also as a specific indicator of immuno-
pathological changes occurring during larval migra-
tion in canine ascariasis.

Procalcitonin is an acute-phase reactant that increas-
es particularly in response to bacterial sepsis and
systemic infections. This increase has been attributed
to the host immune system's response to endotoxins
and proinflammatory cytokines, including interleukin-
6 (IL-6), interleukin-18 (IL-1B), and tumor necrosis
factor-alpha (TNF-a), which stimulate PCT synthesis
in various extrathyroidal tissues such as the lungs,
liver, and leukocytes (Panico and Nylen, 2013; Duru,
2014; Hacimustafaoglu, 2017). These studies high-
light that PCT levels correlate with the severity of
infection and inflammatory burden, and may exceed
other conventional markers such as C-reactive pro-
tein in both sensitivity and prognostic value. Conse-
quently, it has been reported that Pct levels rise sig-
nificantly in severe infection cases (Balci et al., 2003;
Kdse et al., 2013; Dézen, 2018).

Ascarids are significant parasitic pathogens that
cause enteritis in dogs (Willard, 2013). These para-
sites typically reside in the small intestine and induce
a variety of pathophysiological effects. The inflamma-
tory response, mediated by lymphocytes, plasma
cells, and phagocytic cells within the intestinal layers,
leads to lymphocytic infiltration accompanied by de-
generative changes in the mucosal glands and the
smooth muscle layer of the intestinal wall. This in-
flammatory process results in villus atrophy, hyper-
plasia, and shedding of intestinal epithelial cells
(Majeed Alnassiri, 2023). The destructive effects
within the gastrointestinal tract facilitate the transloca-
tion of pathogenic microorganisms and their toxins
from the gut flora into the systemic circulation, there-
by predisposing the host to sepsis (Singer et al.,
2016). Sepsis is one of the primary triggers for pro-
calcitonin (Pct) release. During this process, Pct pro-
duction occurs not only from monocytes but also from
parenchymal tissues such as the lungs, liver, and
intestines (Goggs et al., 2018). In the present study,
consistent with the aforementioned literature, it is
considered that intestinal damage caused by ascarid
infestation promotes secondary bacterial invasion,
leading to sepsis, which in turn results in increased
serum Pct concentrations.
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Our study has several limitations. First, the limited
sample size reduces the statistical power and gener-
alizability of the findings. Second, key proinflammato-
ry cytokines such as IL-6, IL-1B3, and TNF-a—which
are essential for evaluating systemic inflammation
and immune response-were not measured. The ab-
sence of these markers limits the interpretation of
elevated Pct and Np levels and prevents definitive
conclusions about the presence of inflammation or
activation of the immune system in dogs with ascaria-
sis. Although Np is known to be secreted by activated
macrophages during Th1-type immune responses,
the lack of complementary cytokine data hampers a
clear understanding of the immune profile in these
animals. These limitations will be addressed in future
studies to achieve more accurate and meaningful
results.

In conclusion, this study demonstrated that serum
neopterin and procalcitonin levels are elevated in
dogs with ascariasis, suggesting that these bi-
omarkers may have potential diagnostic utility for the
disease. The findings support the role of immune
response and inflammatory processes in the patho-
genesis of ascariasis, as previously reported in stud-
ies demonstrating hematological, immunological, and
inflammatory alterations in parasitic infections such
as toxocariasis (Altug et al., 2007; Basbug et al.,
2020; Sezer et al., 2024). These results highlight the
need for further research to comprehensively evalu-
ate the diagnostic and prognostic value of these bi-
omarkers in parasitic diseases of veterinary im-
portance.

References

Akyuz E, Merhan O, Aydin U, Sezer M, Kuru M,
Karakurt E, Yildiz U, Bozukluhan K, Bati YU,
Yildiz A, Gokce G. Neopterin, procalcitonin, total
sialic acid, paraoxonase-1 and selected haemato-
logical indices in calves with aspiration pneumo-
nia. Acta Vet Brno 2022; 91(2): 115-24.

Akyiiz E. Investigations on Neopterin, Procalcitonin,
Clinical Biochemistry and Hematology in Neonatal
Sepsis Suspicious Calves. Doktora tezi, Kafkas
Univ Sag Bil Enst, Kars 2020; s. 1-2.

Altug N, Yiksek N, Goéz Y, Agaoglu TZ. Dogal aska-
ridiozisli yavru kopeklerde hematolojik bulgular,
lenfosit alt tipleri ve serum immunglobulin kon-
santrasyonlari. YYU Vet Fak Derg 2007; 18(1): 13-
8.

Atasoy N, Mustafa D, Bekir O. Changes that take
place in some biochemical parameters (ALT, LDH,
total protein, albumin, cholesterol, triglyceride,
glucose) in dogs with ascariasis. YYU Vet Fak
Derg 2015; 16(1-2): 53-7.

Balci C, Sungurtekin H, Girses E, Sungurtekin U,
Kaptanoglu B. Usefulness of procalcitonin for diag-
nosis of sepsis in the intensive care unit. Crit Care

123



Neopterin and procalcitonin levels in dogs with ascariasis...

2003; 7(1): 85-90.

Basbug O, Aydogdu U, Agaoglu ZT. Neopterin and
soluble urokinase type plasminogen activator re-
ceptor as biomarkers in dogs with systemic inflam-
matory response syndrome. J Hellenic Vet Med
Soc 2020; 71(1): 1945-52.

Bati YU, Merhan O, Aydin N, Akyiz E, Sezer M,
Emre Erkili¢ E, Vatansever Z, Kirmizigil AH. Sar-
coptes canis’le dogal enfeste kopeklerde serum
neopterin ve prokalsitonin seviyeleri. Vet Sci Pract
2023; 18(1): 31-4.

Berdowska A, Zwirska-Korczala K. Neopterin meas-
urement in clinical diagnosis. J Clin Pharm Ther
2001; 26(5): 319-29.

Cansiz F. Digkilarinda Askarit Yumurtasi Gérillen ve
Gorilmeyen Yavru Koépeklerin Kan Serumlarinda
Fe ve Vitamin B12 Duzeylerinin Kargilastiriimasi.
Yilksek Lisans Tezi, Ankara Univ Sa§ Bil Enst,
Ankara 2015; s.1-2.

Corda A, Tamponi C, Meloni R, Varcasia A,
Parpaglia M, Gomez-Ochoa P, Scala A. Ultraso-
nography for early diagnosis of Toxocara canis
infection in puppies. Parasitol Res 2019; 118(3):
873-80.

De Loor J, Daminet S, Smets P, Maddens B, Meyer
E. Urinary biomarkers for acute kidney injury in
dogs. J Vet Intern Med 2013; 27(5): 998-1010.

Dozen A. Akut ishalli Képeklerde Plazma Prokalsi-
tonin  Konsantrasyonunun  Degerlendiriimesi.
Yiiksek Lisans Tezi, ADU Sag Bil Enst, Aydin
2018; s. 1-2.

Duru S. Pnémoni ve biyobelirtegler. Glinc. G6gis
Hast. Ser 2014; 2(1): 78-85.

Eisenhut M. Neopterin in diagnosis and monitoring of
infectious diseases. J Biomarkers 2013; (2013):
196432.

Epe C. Intestinal nematodes: biology and control. Vet
Clin North Am Small Anim Pract 2009; 39(6): 1091
-107.

ESCCAP. European Scientific Counsel Companion

Animal Parasites. Guidelines. https://
www.esccap.org/guidelines/. Erisim tarihi:
15.01.2024.

Gingrich EN, Scorza AV, Clifford EL, Olea-Popelka
FJ, Lappin MR. Intestinal parasites of dogs on the
Galapagos Islands. Vet Parasitol 2010; 169(3-4):
404-7.

Goggs R, Milloway M, Troia R, Giunti M. Plasma pro-
calcitonin concentrations are increased in dogs
with sepsis. Vet Rec Open 2018; 5(1): e000255.

Glrblz H, Ulutag P. Procalcitonin is not a marker of

124

Erciyes Univ Vet Fak Derg 2025; 22(2): 119-125

sterile inflammation in dogs after ovariohysterecto-
my. Acta Vet 2017; 67(1): 131-6.

Hacimustafaoglu M. Akut faz belirteci olarak prokalsi-
tonin. J Pediatr Inf 2017; 11(4): 196-7.

Kozlowska-Murawska J, Obuchowicz AK. Clinical
usefulness of neopterin. Wiad Lek 2008; 61(10-
12): 269-72.

Kése B, Ozcan N, Kaymak C, Basar H, Kotanoglu M,
Ozcan A, Baltaci B. Septik ve non-septik hasta
takibinde kullanilan skorlama sistemleri, prokalsi-
tonin dlzeyleri ve kan gazi parametrelerinin deger-
lendirilmesi. Turkiye Klinikleri J Anest Reanim
2013; 11(3): 137-42.

Kése Si, Maden M. Biyobelirtegler ve klinik
kullanimlari. Dicle Univ Vet Fak Derg 2013; 2(1): 1
-8.

Macpherson CN. Dog zoonoses and human health: a
global perspective. CAB Mini Rev 2013; 8(2): 1-2.

Majeed Alnassiri SH. Histological assessment for the
effect of Toxocara spp. on the intestine of stray
dogs and cats (comparative study). J Res Appl Sci
Biotechnol 2023; 2(6): 10-13. https://
doi.org/10.55544/jrasb.2.6.2

Matur E, Dokuzeyliil B, Mukaddes O, Handan G, Mu-
rat A, Erman O, Songiil E, Ulker C. Can procalci-
tonin be used as a clinical biomarker during bacte-
rial, viral and parasitic infections in dogs? Jpn J
Vet Res 2021; 69(1): 5-17.

McCown JL, Specht AJ. Iron homeostasis and disor-
ders in dogs and cats: a review. J Am Anim Hosp
Assoc 2011; 47: 151-60.

McTier TL, Siedek EM, Clemence RB, Wren JA,
Bowman DD, Hellmann K, Holbert MS, Murphy
MG, Young DR, Cruthers LR, Smith DG, Shanks
DJ, Rowan TG, Jernigan AD. Efficacy of
selamectin against experimentally induced and
naturally acquired ascarid (Toxocara canis and
Toxascaris leonina) infections in dogs. Vet Parasi-
tol 2000; 91(3-4): 333-45.

Miao S, Shen P, Zhang Q, Wang H, Shen J, Wang G,
Lv D. Neopterin and mini-mental state examination
scores, two independent risk factors for postopera-
tive delirium in elderly patients with open ab-
dominal surgery. J Can Res Ther 2018; 14(6):
1234-38.

Muller B, Becker KL, Schachinger H, Rickenbacher
PR, Huber PR, Zimmerli W, Ritz R. Calcitonin pre-
cursors are reliable markers of sepsis in a medical
intensive care unit. Crit Care Med 2000; 28(4): 977
-83.

Overgaauw PAM, Van Knapen F. Veterinary and
public health aspects of Toxocara canis. Vet Para-
sitol 2013; 193(4): 398-403.



Erciyes Univ Vet Fak Derg 2025; 22(2): 119-125

Panico C, Nylen E. Procalcitonin beyond the acute
phase: novel biomediator properties? BMC Med
2013; 11(1): 189.

Parsons JC. Ascarid infections of cats and dogs. Vet
Clin North Am Small Anim Pract 1987; 17(16):
1307-39.

Robertson ID, Thompson RC. Enteric parasitic zoon-
oses of domesticated dogs and cats. Microbes
Infect 2002; 4(8): 867-73.

Romasanta A, Paz-Silva A, Sanchez-Andrade R,
Suarez JL, Panadero R, Arias M, Pedreira J, Diaz
P, Diez-Banos P, Morrondo P. Antibody-mediated
response in dogs experimentally infected with Tox-
ocara canis: effect of procodazole. Helminthologia
2004; 41(1): 3-7.

Rostami A, Riahi SM, Fallah Omrani V, Wang T, Hof-
mann A, Mirzapour A, Foroutan M, Fakhri Y, Mac-
pherson C, Gasser RB. Global prevalence esti-
mates of Toxascaris leonina infection in dogs and
cats. Pathogens 2020; 9(6): 503.

Salem NY, Farag HS, EI-Nabi MR. Hemato-
biochemical and mineral status in dogs with inter-
mittent diarrhea and unthriftiness. Res J Vet Pract
2015; 3(4): 83-8.

Sezer M, Akyiiz E, Bati Y, Merhan O, Olmez N, Kir-
mizigll A. Evaluation of serum soluble urokinase
plasminogen activator receptor, lipopolysaccharide
binding protein, ceruloplasmin and haptoglobin
levels in dogs with symptoms of diarrhea infected
with Toxocara canis. FU Vet J Health Sci 2024; 38
(1): 47-52.

Singer M, Deutschman CS, Seymour CW, Shankar-
Hari M, Annane D, Bauer M. The third international
consensus definitions for sepsis and septic shock
(sepsis-3). JAMA 2016; 315(8): 801-10.

Tinar R, Umur $, Kéroglu E, Guglu F, Ayaz E, Senlik
B, Muz MN. Helmintoloji. Tinar R. (ed.). In: Helmin-
toloji. First Edition. Ankara: Nobel Yayin Dagitim
2006; pp. 375-80.

Uniivar S, Aslanhan H. Clinical significance of in-
creased serum neopterin in chronic kidney failure
as a biomarker of cell-mediated immunity. J Med
Biochem 2019; 38(1): 1-5.

Willard MD. Diarrhea. Nelson RW, Couto CG. eds. In:
Small Animal Internal Medicine. St. Louis: Else-
vier, 2014; pp. 376-80.

Yilmaz AB, Orung Kiling O, Géz Y, Denizhan V. Van
ilinde digki muayenesine gére sokak kdpeklerinde
g6rilen mide-bagirsak parazitleri. Mus Alparslan
Univ Fen Bil Derg 2017; 5(2): 425-9.

Yiimaz Z, licol YO, Ulus IH. Endotoxin increases
plasma leptin and ghrelin levels in dogs. Crit Care
Med 2008; 36(3): 828-33.

Yusuf Umut BATI

125






ERCIYES UNIVERSITESI VETERINER FAKULTESI DERGISI
Journal of Faculty of Veterinary Medicine, Erciyes University
Arastirma Makalesi / Research Article

22(2), 126-132, 2025
DOI: 10.32707/ercivet. 1683708

Tiirkiye’de Koyun ve Kegilerde Haemonchus contortus (H. contortus) Kaynakh Uretim Kayiplarinin
Monte Carlo Simiilasyon Modeliyle Tahmin Edilmesi

Mehmet KUCUKOFLAZ"?, Umut Kamil DANACI*®, Savas SARIOZKAN?®

'Kafkas Umversﬁesn Veteriner Fakiiltesi Hayvan Sagligi Ekonomisi ve isletmeciligi Anabilim Dali, Kars-TURKIYE
Eruyes Universitesi, Saglik Bilimleri Enstitiisii Zootekni Anabilim Dali, Kayseri-TURKIYE
3Erciyes Universitesi, Veteriner Fakiiltesi Hayvan Sagllgl Ekonomisi ve isletmeciligi Anabilim Dali, Kayseri-TURKIYE
ORCID No: *0000-0003-3256-4735; °0009-0001-1152-178X; °0000-0003-2491-5152

Sorumlu yazar: Mehmet KUCUKOFLAZ, E-posta: mehmetoflaz38@gmail.com

Atif yapmak igin: Kiigiikoflaz M, Danaci UK, Sariézkan S. Tirkiye'de koyun ve kegilerde Haemonchus contortus (H.
contortus) kaynakl Uretim kayiplarinin Monte Carlo simllasyon modeliyle tahmin edilmesi. Erciyes Univ Vet Fak Derg
2025; 22(2):126-132
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verileri g6z 6niine alinmis ve 2025 yilindaki giincel fiyatlarla Gretim kayiplari hesaplanmistir. Koyun ve kegilerde H.
contortus kaynakli Uretim kayiplarini tahmin etmek icin Monte Carlo similasyon yontemi kullaniimistir. Koyun ve
kecilerde H. contortus’un prevalans deg@eri sirasiyla %29.5 ve %34.8 olarak hesaplanmistir. Mevcut calismada
hastaligin maliyetinin hesaplanmasinda uretim kayiplari (et, sit, sakatat ve yln/tiftik) dikkate alinmigtir. Calisma
bulgularina gore, H. contortus kaynakli hayvan basina kayip koyunlarda 215.47 TL (5.67 $), kegilerde 209.47 TL (5.51
$) olarak tahmin edilmistir. Enfekte hayvan basina kayip koyunlarda 705.35 TL (18.56 $) ve kegilerde 538.20 TL (14.16
$) hesaplanmistir. H. contortus’un ulusal diizeyde koyun ve kegilerde meydana getirdigi yillik toplam kayip miktari 6.60
milyar TL (173.7 milyon $) bulunmustur. Sonug olarak, Tirkiye’de koyun ve kegilerde H. contortus’un oldukga yaygin
goruldigu, ciddi ekonomik kayiplara neden oldugu hesaplanmistir. Paraziter hastaliklara karsi Ureticilerin
bilinglendiriimesi ile birlikte hem Uretici hem de karar vericiler tarafindan kontrol/eradikasyon stratejilerinin olusturulmasi
gerekmektedir. BOylece hayvan hastaliklari azaltilip, hayvan refahi artirilirken, kigukbas hayvanciigin da ekonomik
surddrulebilirligi saglanabilir.

Anahtar kelimeler: Ekonomik kayip, Haemonchus contortus, kegi, koyun, tretim

Estimation of Production Losses due to Haemonchus contortus (H. contortus) in Sheep and Goats in Tiirkiye
using Monte Carlo Simulation Model

Abstract: This study aimed to estimate the production losses caused by H. contortus in sheep and goats in Tirkiye
using a Monte Carlo simulation model. For this purpose, previously published prevalence values were considered, and
production losses were calculated with current prices in 2025 year. Monte Carlo simulation model was used to estimate
the production cost due to H. contortus in sheep and goats. The prevalence of H. contortus was calculated as 29.5% in
sheep and 34.8% in goats. In production cost calculations, meat losses, milk losses, offal losses and wool/mohair loss-
es were considered. As a result, the average loss per animal due to H. contortus was estimated at 215.47 TL ($ 5.67)
for sheep and 209.47 TL ($ 5.51) for goats. The loss per infected animal was calculated at 705.35 TL ($ 18.56) for
sheep and 538.20 TL ($ 14.16) for goats. The total annual national economic loss caused by H. contortus in sheep and
goats was found to be 6.60 billion TL (173.7 million $). In conclusion, H. contortus is highly prevalent among sheep and
goats in Turkiye and causes substantial economic losses. Raising awareness among livestock producers and develop-
ing control/eradication strategies by both producers and policymakers are necessary. In this way, animal diseases can
be reduced, animal welfare can be improved, and the economic sustainability of small ruminant farming can be en-
sured.

Keywords: Economic loss, goat, Haemonchus contortus, production, sheep

Girig

Turkiye’de kugukbas hayvancilik, Ulkenin sahip
oldugu genis mera alanlari sayesinde et, sut, yun ve
tifik gibi degerli hayvansal Urinlerin Uretiminde
onemli bir yere sahiptir (Semerci ve Celik, 2016). Bu
hayvancilik alt sektéru kirsal nufus igin énemli bir
gecim kaynagi olmakla birlikte, verimliligi birgok faktér
tarafindan sinirlandirmaktadir. Bu faktorlerden biri de
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paraziter enfeksiyonlardir. Hayvanlarda yaygin olarak
gorlilen paraziter hastaliklar, hayvan refahini
dislirmenin yaninda igletmelerde 6nemli ekonomik
kayiplara yol acarak karli ve surdurdlebilir
hayvancihigin Onunde onemli bir engel
olusturmaktadir (Adduci ve ark., 2022). Gevis getiren
hayvanlarin gastrointestinal nematodu (GIN) olan H.
contortus’'un Turkiye genelinde 06zellikle meraya
dayali beslenen koyun ve kegilerde yaygin olarak
gorildiga farkli gahgmalarla ortaya konulmustur
(Onder ve ark., 2016; Sahin ve ark., 2021). Bu
calismalar incelendiginde  Tirkiye'de  hastalik
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prevalansinin koyunlarda %8-54 araliginda (ortalama
%30), kecilerde ise biraz daha yuksek %12-70
araliginda (ortalama %35) oldugu anlagiimaktadir.
Yurt disinda yapilan c¢alsmalarda (Tony, 2007;
Abosse ve ark., 2022) da koyunlara gore kegilerde
prevalansin daha yiksek oldugu bildirilmigtir.

Hemonkozis hastaligina neden olan H. contortus’un
prevalansi Endonezya’da %89.4 (Widiarso ve ark.,
2018); Togo'da %82 (Bonfoh ve ark., 1995);
Ruanda’da %75.7 (Mushonga ve ark., 2018); Cin'de
%72 (Wei ve ark., 2025); Isvigre'de %77, Italya'da %
73, Irlanda'da %4 (Rinaldi ve ark., 2015); Etiyopya %
71 (Mengist ve ark., 2014); Gambia’da %67 (Fritsche
ve ark., 1993); Pakistan'da %56-61 (Chaudary ve
ark., 2007); Benin  Cumbhuriyetinde  %55.6
(Attindehou ve ark., 2012); Bulgaristan'da %33
(Zurliiski  ve Rusev, 1990); Kamerun’da %31
(Ngambia Funkeu ve ark., 2000) bildirilmistir.

Halk arasinda “berber diregi kurdu” veya “tel kurdu”
olarak da bilinen H. contortus, oldukga patojenik bir
parazit olup, abomasuma yerlesir ve kan emerek
beslenir. Istahsizlik, anemi, ishal, gelisme geriligi,
fertilite bozukluklari, et, sut, yin kaybi yaninda tedavi
edilmezse O6limlere kadar varan kayiplara neden
olabilir (Onder ve ark., 2016). llave olarak bu
enfeksiyonun neden oldudu kronik enerji ve protein
kaybi nedeniyle hayvanlarda yun/tiftik kalitesi ile
veriminin azaldi§i bilinmektedir. Ayrica kuguk
ruminantlarda goérilen H. contortus enfeksiyonu etkin
sekilde kontrol altina alinmadiginda, hayvan
refahindaki azalma, verim kayiplari ve artan mortalite
oranlari, sadece isletmelerin karini degil, ayni
zamanda ulusal duzeyde kirmizi et ve sit Uretimini
de tehdit eder hale gelebilir (Adduci ve ark., 2022).
Bu durum, ulusal gida arz guvenligini olumsuz
etkileyerek Ulkenin (6zellikle kirmizi et ithalat
rakamlarinin yukselmesi sonucu) disa bagimliligini
artirabilir.

Turkiye’de hayvanlarda bazi paraziter hastaliklara
bagli kayip hesaplamalari/tahminleri yapilmis olsa da
(Demir ve ark., 2014; Saribzkan ve Kugikoflaz,
2022), bu alanda literatiire katki saglamak igin H.
contortus enfeksiyonuna bagh kayiplarin da Monte
Carlo similasyon modeli ile hesaplanmasinin gerekli
oldugu disunulmektedir. Bu dustinceden hareketle
mevcut galismada, kullanilan Monte Carlo
similasyonu  belirsizlikleri/varyasyonlari  dikkate
alarak stokastik (olasilikl) yaklasim iceren daha
hassas ve gercekgi kayip tahmini yapilmasina olanak
sunmaktadir. Boylece yapilan bu kayip tahminleri,
Uretici ve sektdér paydaslarina, mevcut parazit
enfeksiyonuna  karsi  uygulanabilecek  kontrol
stratejilerinin olusturulmasi icin yol goésterici nitelik
tasimakta ve kaynak tahsisinde &nceliklerin
belirlenmesinde karar destegi saglamaktadir.

Bu bilgiler 1siginda, mevcut ¢alismada Tirkiye’de
koyun ve kecilerde H. contortus’a bagl olusan uretim
kayiplarinin similasyon yoluyla tahmin edilmesi
amaglanmistir.
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Materyal ve Metod

Hayvan hastaliklarinin igletme dizeyinde olusturdugu
maliyet genel olarak asagidaki formdlle hesaplanir
(Sariozkan ve Yalgin, 2011; Kiglkoflaz ve
Saridzkan, 2023);

Hastalik maliyeti=Kayiplar+Kontrol harcamalari

Burada hastalik kaynakl kayiplar; canh agirlik, sut,
yun/tiftik, sakatat (abomasum) ve varsa Olimler
nedeniyle olugsan kayiplar olarak 6zetlenebilir. Kontrol
harcamalari ise hastalik icin yapilan asi/ilag gibi
koruyucu onlemleri kapsamaktadir. Tarkiye
sartlarinda hastallk kaynakli 6lim oranlarn ve
koruyucu hekimlik uygulamalari resmi duzeyde ve
saha calismasina dayali olarak bilinmediginden
hesaplamalarda dikkate alinamamistir. Dolayisiyla
mevcut calismada hastaligin maliyeti olarak uretim
kayiplari (et, sit, sakatat ve yun/tiftik) hesaplanmistir.
Hastallk kaynakli kayiplar; i) hayvan basina, ii)
enfekte hayvan basina ve iii) toplam ulusal kayiplar
seklinde 3 dlizeyde hesaplanmigtir (1 ABD $ = 38 TL;
15.04.2025). Yapilan bazi c¢alismalarda enfekte
hayvanlarda protein ve yag orani gibi sit kalitesinin
degistigi (Rinaldi ve ark., 2007), bazilarinda ise
degismedidi (Hoste ve Chartier, 1993) yoninde
bulgularin olmasi, bu konuda netligin olusmadigini
gosterdiginden, mevcut calismada st kalitesi ile ilgili
bir galigma/hesaplama yapilmamistir.

Hayvan sagligi ekonomisi perspektifinden hastalik
kaynakli  kayiplarin tahmininde statik, dinamik,
deterministik, stokastik, optimizasyon ve simulasyon
modelleri mevcuttur. Ozellikle mevcut calismada
oldugu gibi farkli olasiliklarin ve belirsizliklerin/
varyasyonlarin oldugu durumlarda dinamik-stokastik
similasyon modelleri uygulanmaktadir. Nitekim bu
calismada da mevsimlere, illere/bdlgelere ve hayvan
tirine gore (koyun-kegi) farkh prevalanslar bildirildigi
icin H. contortus’'un kayip miktarinin tahmininde
stokastik yaklasim olan Monte Carlo simiilasyonu
tercih  edilmistir. Calismada belirsizlik iceren
paremetreler icin stokastik modelleme tercih edilmis
ve bu baglamda ilgili degiskenlerin minimum, mod ve
maksimum dederlerine dayali olarak triangular
(ugcgen) dagihm kullanilmistir. Ozellikle prevalans
orani, et, st ve yun/tiftk kaybi gibi parametreler
triangular (iggen) dagilim ile modellenmistir. Hayvan
sayllari, Urtn (et, st, yapagu/tiftik vb.) fiyatlari, Gretim
verileri gibi sabit ve resmi/guvenilir kaynaklardan elde
edilen degiskenler deterministik (sabit) degerler
olarak modele dahil edilmigtir. Model, Python 3.13
programlama dili kullanilarak geligtiriimis ve her bir
senaryo igin 10000 iterasyon uygulanmistir.
Arastirmada beklenen (ortalama) kayiplarin yaninda
similasyon yardimiyla iyimser (en duislik) ve
kétimser (en yuksek) senaryolarin gerceklesmesi
halinde olusacak toplam kayip miktarlari da
hesaplanmigtir.

Turkiye’de koyun ve kegilerde H. contortus kaynakli
Uretim kayiplarinin  hesaplanmasinda kullanilan
teknik ve ekonomik gbstergeler Tablo 1'de
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sunulmustur.

Tablo 1. Turkiye’de koyun ve kecilerde H. contortus kaynakl Uretim kayiplarinin hesaplanmasindaki kullanilan
teknik ve finansal gostergeler

Gostergeler Deger Kaynak/Agiklama

1. Teknik gostergeler

Toplam koyun sayisi (bas) 42060470 TUIK, 2023

Sagilan koyun sayisi 19836985 TUIK, 2023

Kesilen koyun sayisi 25437813 TUIK, 2023

Koyun prevalans (%) 29.5 *

Ortalama karkas agirhgi (kg/bas) 22

Karkas agirhginda azalma (kg) 1.3 Albers ve ark., 1989; Mwangi ve
ark., 2023

Ortalama siit verimi (kg/yil) 77

Siit veriminde azalma (kg) 3.85 Hoste ve Chartier, 1993

Toplam kegi sayisi (bas) 10302940

Sagilan kegi sayisi 5471086

Kesilen kegi sayisi 6753478

Kegi prevalans (%) 34.8 >

Ortalama karkas agirligi (kg/bas) 19

Karkas agirhginda azalma (kg) 1.1 Albers ve ark., 1989; Mwangi ve
ark., 2023

Ortalama siit verimi (kg/yl) 105

St veriminde azalma (kg) 5.25 Hoste ve Chartier, 1993

Yun/tiftik veriminde azalma (kg) 0.1 Waller ve ark., 2006

2. Finansal gostergeler

Koyun eti fiyati (TL/kg) 400 UKON, 2025

Kegi eti fiyati (TL/kg) 350 UKON, 2025

Koyun siitii fiyati (TL/kg) 35 DKKYB, 2025

Kegi siiti fiyati (TL/kg) 25 DKKYB, 2025

Sakatat fiyati (TL/adet) 50 DKKYB, 2025

Yiin fiyati (TL/kg) 15 DKKYB, 2025

Tiftik fiyati (TL/kg) 10 DKKYB, 2025

1$=238TL (15.04.2025): * Vural ve ark., 1975; Zeybek, 1980; Celep, 1987; Vurusaner, 1995; Gii¢lii ve ark., 1996; Umur, 1997; Oncel, 2000; Tinar ve ark.,2005; Umur ve Yukari, 2005; Cengiz ve
Deger, 2009; Onder ve ark., 2016.
**Umur, 1991; Akkaya, 1992; Cantoray ve ark., 1992; Cetindag ve, Biyiklioglu, 1997; Dilgin, 1999; Tinar ve ark.,2005; Altas ve ark., 2009.

Turkiye’de koyun ve kegilerde H. contortus kaynakh Uretim kayiplarinin hesaplanmasinda kullanilan yéntemler
Tablo 2’de verilmistir.

Tablo 2. Uretim kayiplarinin hesabinda kullanilan yéntemler

Kayip kalemi Hesaplama yontemleri

Et kaybi Kesilen koyun/kegi sayisi x koyun/kegi prevalans orani x karkas agirhginda azalma x
koyun/kegi eti fiyati

Siit kaybi Sagilan koyun/kegi sayisi x koyun/kegi prevalans % siit veriminde azalma x koyun/kegi siitu
fiyati

Sakatat kaybi Kesilen koyun/kegi sayisi x koyun/kegi prevalans x sakatat fiyat

Yun/tiftik kaybi  Sagilan koyun/keci sayisi x koyun/kegi prevalans x yunftiftik azalma x yun/tiftik fiyati
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Bulgular

Turkiye’de koyun ve kegilerde H. contortus kaynakli
hayvan basina dretim kayiplari  Sekil 1'de
sunulmustur.

Monte Carlo Simii
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Sekil 1. Hayvan basina Uretim kayiplari

H. contortus kaynakli hayvan basina kayiplar koyun
ve kegilerde sirasiyla ortalama 215.47 TL (5.67 $; %
95 Cl, 105.07-332.80 TL) ve 209.47 TL (5.51 $; %95
Cl, 106.37-329.58 TL) olarak hesaplanmistir (Sekil

1),

Enfekte hayvan basina Uretim kaybi Sekil 2’'de
verilmigtir.
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Sekil 2. Enfekte hayvan basina kayiplar
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Enfekte hayvan basina kayiplar incelendiginde,
koyunlarda ortalama 705.35 TL (18.56 $; %95 Cl,
613.12-798.55 TL), kecilerde ise ortalama 538.20 TL
(14.16  $; %95 Cl, 443.33-629.78 TL) kayip
hesaplanmistir (Sekil 2).

Turkiye’de ulusal dizeyde koyun ve kegilerde H.
contortus kaynakl toplam dretim kayiplarn Sekil 3'te
sunulmustur.

Monte Carlo Simiilasyonu - Haemonchus Contortus Kaynakh Toplam Ekonomik Kayip
y
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Sekil 3. Koyun ve kegilerde H. contortus kaynakli
toplam Uretim kayiplari

Turkiye’de koyun ve kecgilerde H. contortus kaynakli
yillik toplam ekonomik kayip 6.60 milyar TL (173.7
milyon $; %95 Cl, 3.85-9.54 milyar TL) olarak
hesaplanmistir (Sekil 3). H. contortus kaynakli toplam
Uretim kayiplarinin  koyun ve kegilerde dagilimi
sirasiyla 5.25 milyar $ ve 1.35 milyar $ olarak
hesaplanmigtir. Uretim kayiplari igerisinde ise en
ylksek payi %69.2-76.8 ile et kayiplari olusturmustur.
Bunu sirasiyla sut (%15.6-20.8), sakatat (%7.4-9.8)
ve yunltiftik (%0.2) kayiplari takip etmistir.

Tartisma ve Sonug

Turkiye, genis mera alanlarindan dolayi uzun yillardir
kiiglikbag hayvanciigin yaygin olarak yapildidi
Ulkelerden biridir (Ginli ve Mat, 2021). Ancak
kiglukbas hayvan yetistiricileri, meraya dayali
beslenme sonucunda gastrointestinal nematod (GIN)
olan ve kendilerini ciddi ekonomik kayiplara ugratan
H. contortus enfeksiyonlari ile karsilasmaktadir.
Hastalik, 6zellikle gelismekte olan ulkelerde hayvan
saghgi hizmetlerinin sinirl olmasi nedeniyle buyuk
tehdit olusturmaktadir. Bu parazitin neden oldugu
canli agirlik kaybi, diuslik sut ve yapagu/tiftik verimi,
tedavi ve kontrol maliyetleri ile artan 6lim oranlari,
kugukbas hayvancilikta ciddi ekonomik kayiplara yol
acmakta, Ureticilerin karliligini dogrudan
etkilemektedir (Terrill ve ark., 2012). Ayrica H.
contortus, vyerlestigi doku itibariyle yodresel yemek
olarak yapilan Sirdan i¢in kullanilan abomasumun
atilmasi neticesinde hammadde temininde zorluga da
neden olmaktadir.

Mevcut calismada enfekte koyunlarda meydana
gelen kayip miktari (705.35 TL), kasaplik bir koyunun
ticari degerinin (22 x 400 = 8800 TL) %S&8'ine,
kecilerde %8.1’ine ulasmaktadir. Benzer sekilde,
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Sackett ve ark. (2006) Avustralya’da koyunlarda GIN
ticari degerin %8.7’si kadar kayip olusturdugunu
bildirmistir. Koyun ve kecilerde H.contortus'a bagl
meydana gelen toplam ekonomik kayip miktari 6.60
milyar TL (173.7 milyon $) olarak hesaplanmistir.
Toplam kaybin %79.5'i koyun, geri kalan %20.5’i kegi
kaynakli olugsmaktadir. Hesaplanan toplam kayip
miktari, 89.4 milyar $ olan Turkiye'nin toplam yillik
tarimsal Gretim degderinin 0.2’sine ve 32.7 milyar $
olan hayvansal uretim degerinin ise yaklasik 0.5'ine
denk gelmektedir (FAO, 2025). Farkli lilkelerde de H.
contortus kaynakli kayip hesaplamalari yapilmis olup,
Pakistan-Faisalabad’da koyun ve kegi kaynakh yillik
112000 $ Uretim kaybi hesaplanmistir (Igbal ve ark.,
1993). Yine Pakistan’da hastalik kaynakli dlimlere
bagli olarak 3.2 milyon $ kayip oldugu bildirilmistir
(Qamar ve ark., 2011). Avustralya’da koyunlarda
yillik kayip miktari 369 milyon $ olarak bildirilmistir
(Sackett ve ark., 2006). Turkiye'de H. contortus
kaynakli ekonomik kayiplarin yiiksek ¢ikmasinda
koyun ve kegi varliginin ¢oklugu, ekstansif Uretim
yapisinin agir basmasi, prevalansin yuksekligi,
parazit ve ilag kullanimi hakkinda yetistirici biling
dizeyinin dugukligu, yillardir siregelen antiparaziter
ilaglara karg! direng gelisimi etkili olabilir (Bauri ve
ark., 2015; Oliveira Santos ve ark., 2019).

Daha 6nce yapilan calismalarda (Rinaldi ve ark.,
2007) mide-bagirsak nematodlarina kargl uygulanan
dogru ve uygun dozda antelmintik tedavisinin oldukg¢a
basarili sonuglar verdigi belirlenmistir. Adduci ve ark.
(2022) tarafindan yapilan calismada mRNA tabanli
asllarinin  kullanilmasinin  gerektigi  bildirilmistir.
Glney Amerika'da bitkisel temelli antiparaziterler
(Papaya, A. indica gibi) kullanilarak parazit yuki
azaltilmigtir (Bauri ve ark., 2015). Avustralya’da ise
parazit direncini izleyen sirveyans sistemleri ile
kontrol stratejileri etkin bicimde uygulanmaya
calisilmistir (Terrill ve ark., 2012). Tirkiye’de de bu
sekilde yapilacak yerel kosullara uygun miicadele
programlari ile hastalik prevalansinin ve kayip
oranlarinin azaltilabilecegi dusunilmektedir. Aksi
takdirde H. contortus'un neden oldugu Uretim
kayiplari yalnizca dogrudan et, sut ve diger
hayvansal Uriinlerin azalmasiyla sinirli kalmayip,
uretim maliyetlerinin artmasina, pazar arzinin
azalmasina neden olabilir. Ozellikle kigik olgekli
Ureticiler acgisindan maliyetlerin artmasi, gelirin
azalmasi uretimden ¢ekilme gibi sonuclar dogurabilir.
Bu durumda, ayni zamanda hayvansal Uretimde
dalgalanmaya yol acarak gida guvencesini tehdit
edebilir.

Sonug olarak, Turkiye’de hayvansal uretim igerisinde
koyun-kegi yetigtiriciligi énemli bir yer tutmaktadir.
$Soyle ki, toplam kirmizi et dretiminin yaklasik %30'u
ve sut dretiminin  %7’si  koyun-kegilerden
saglanmaktadir (FAO, 2025). Bu oranlar Tirkiye'de
koyun-kegi yetistiriciliginin vazgecilmez ve iyi bir
alternatif dretim alani oldugunu gostermektedir.
Dolayisiyla H. contortus enfeksiyonlari gibi paraziter
hastaliklar nedeniyle olugan kayiplari azaltabilmek ve
hayvansal Uretimde surddrilebilirligi saglayabilmek
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icin, gerek isletme gerekse ulusal dizeyde ciddi
kontrol ve eradikasyon programlari (sirii ydnetiminde
hijyenin  artinimasi, direngc gelisimini  izleyen
strveyans c¢alismalarinin yapilmasi ve biyolojik,
bitkisel, genetik direng vb alternatif mucadele
yontemlerinin arastiriimasi gibi) olusturmak
gerekmektedir. Ozellikle Ureticilerin hastalik kaynakli
kayip miktarinin baydklaga konusunda
bilgilendirilmeleri, Bakanlik yetkililerinin de paraziter
hastaliklar hakkinda biling/farkindalik olusturacak
egitim-yayim faaliyetlerine 0Oncelik vermeleri ve
politika gelistirmeleri kayiplarin azaltimasinda fayda
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SON KONTROL LISTESI

Makalenizi géndermeden 6nce litfen bu bélimdeki maddelerle karsilastirma yapiniz ve eksiklikleri

gideriniz.

Eksiksiz doldurulmus ve butlin yazarlarca imzalanmis “Telif Hakki Devri Formu”
(http://ercvet.gmail.com adresinden ulasabilirsiniz) makale ile birlikte génderildi.

Metnin tamamu ¢ift aralikli (5 mm) yazildi (Ozetler, tablolar, sekil alt yazilari, kaynaklar v.d. dahil).
Her bir kenarda 2,5 cm bosluk birakildi.

Yazilar 10 punto (Arial) ile yazildi.

Satir numaralari verildi.

Kapak sayfasinda, makalenin basligi (sadece yazim dilindeki) koyu (bold) yazildi, kisa baglik
eklendi.

Kapak sayfasinda, yazar isimleri agik olarak yazildi (kisaltma yok).
Kapak sayfasina dipnot (varsa) eklendi.

Turkge baslk yazildi.

Tarkce 6zet yazildi.
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Sekillerin orijinal halleri eklendi.
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Sekil boyutlar min.=8x20; max.=16x20 cm.
Metin iginde tablolar ardigik numaralandi.
Tablo boyutlari min.=8x20 cm; max.=16x20 cm.
Sekil ve tablolarin metin iginde gelmesi istenilen yer belirtildi.
Sekiller listesi ayri bir sayfa olarak hazirlandi.
Her sekil ayri sayfaya yerlestirildi.

Tablolar listesi ayri bir sayfa olarak hazirlandi.
Her tablo ayri sayfaya yerlestirildi.

Kaynaklar yazim kurallarina uygun yazildi.

Yazisma adresi verildi.
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Margins have been 2,5 cm each side.
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