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Abstract: There are many bacterial agents that cause respiratory diseases in dogs. Bacterial bronchopneumonia
is a lung disease caused by bacteria in the lower respiratory tract and lung parenchyma. In this study, it was
aimed to determine Mycoplasma spp., Streptococcus spp., Bordetella bronchiseptica, Klebsiella spp., in dogs with
bronchopneumonia by Real-time PCR and to compare the histopathological findings determined according to
the agents. The material of the study was paraffin blocks of lung tissue taken from 37 dogs that died for different
reasons and were diagnosed with bronchopneumonia during microscopic examination. Microscopically, edema
in the alveolar lumens, shedding of the alveolar epithelium, shedding of the bronch and bronchial epithelium
and bronchiectasis, mononuclear cell infiltration (MCI) and Polymorphonuclear leukocytes (PMNL) infiltration in
the bronchial lumens, peribronchiolar MCl infiltration, Bacterial clusters localized to the bronch epithelium, PMNL
infiltration in the interstitium, multifocal necrosis areas, bleeding and pleuritis were observed. Real-time PCR analysis
revealed Bordetella bronchiseptica in 18 (48.64%) cases, Mycoplasma spp. in 9 (24.32%) cases, Streptococcus spp. in
10 (27.02%) cases, and Klebsiella spp. in 2 (5.4%) cases. In conclusion, this study showed that the causative agent
can be determined in bacterial bronchopneumonias of dogs with Real-time PCR even in tissues without culture
opportunity. In addition, this study indicates that polymicrobial lower respiratory tract infections can also be seen in
dogs and reveals that more than one bacterial species should be investigated for diagnosis.

Keywords: Bronchopneumonia, Dog, Pathology, Real-time PCR

Bronkopnoémonili kopeklerde Mycoplasma spp., Streptococcus spp., Bordetella
bronchiseptica, Klebsiella spp. 'nin Real-time PCR ve patolojik yontemler ile teshisi

Ozet: Kdpeklerde solunumyolu hastaliklarina sebep olan cok sayida bakteriyel etken vardir. Bakteriyel bronkopnémoni,
alt solunum yollarinda ve akciger parankiminde bakterilerin neden oldugu akciger hastaligidir. Bu calismada
bronkopndmonili kdpeklerde Mycoplasma spp., Streptococcus spp., Bordetella bronchiseptica, Klebsiella spp.'nin
Real-time PCR ile belirlenmesi ve etkenlere gére belirlenen histopatolojik bulgularin karsilastiriimasi amacglanmustir.
Calismanin materyalini farkli sebeplerden dolayr élen ve mikroskobik muayenede bronkopndmoni belirlenen
37 adet kopekten alinan akciger dokusuna ait parafin bloklar olusturdu. Mikroskobik olarak alveol limenlerinde
o6dem, alveol epitellerinde dokiilme, brons ve bronsiol epitellerinde dékiilme ve bronsektazi, bronsiol l[imenlerinde
monontkleer hiicre (MNH) ve Polimorfontkleer I6kosit (PMNL) infiltrasyonu, peribronsioler MNH infiltrasyonu,
brons epitellerine lokalize olmus bakteri kiimeleri, intersitisyumda PMNL infiltrasyonu, multifokal nekroz alanlari,
kanama ve pldritis rastlandi. Real-time PCR incelemesinde 18 (%48.64) olguda Bordetella bronchiseptica, 9 (%24.32)
olguda Mycoplasma spp., 10 (%27.02) olguda Streptococcus spp., 2 (%5.4) olguda Klebsiella spp. saptandi. Sonug
olarak bu calisma, Real-time PCR ile kopeklerin bakteriyel bronkopnémonilerinde kultir imkani olmayan dokularda
bile etkenin belirlenebilecegini gdstermistir. Ayrica kdpeklerde polimikrobiyal alt solunum yolu enfeksiyonlarinin da
gorilebilecegine isaret ederek teshis icin birden fazla bakteri tirtintin arastiriimasi gerektigini ortaya koymaktadir.

Anahtar kelimeler: Bronkopndmoni, Képek, Patoloji, Real-time PCR
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Akcakavak G et al. Diagnosis of bacterial agents in dogs with bronchopneumonia by Real-time PCR and pathological methods

Introduction

There are many bacterial agents that cause respira-
tory diseases in dogs. Bacterial bronchopneumonia
is a lung disease caused by bacteria in the lower re-
spiratory tract and lung parenchyma (Proulx et al.,
2014). Bacterial bronchopneumonia is among the
most commonly diagnosed diseases in dogs with
acute or chronic respiratory disease. Young animals
are particularly susceptible to the development of
bacterial pneumonia due to their sensitive immune
systems. Chemotherapy and immunosuppressive
drugs also increase the risk of bacterial pneumonia
(Dear, 2020).

Mycoplasmas, belonging to the class Mol-
licutes, are the smallest free-living microorganisms
capable of self-replication. In addition, they are dif-
ficult to grow in microbiological culture media and
grow slowly. Most mycoplasma species are impor-
tant pathogens for animals and cause diseases such
as pneumonia, conjunctivitis, arthritis and mastitis
(McAuliffe et al., 2003). Mycoplasmas are thought
to be part of the normal bacterial flora found in the
upper respiratory tract of dogs (Rosendal, 1982).
From dogs with respiratory tract disease, Mycoplas-
ma bovigenitalium, M. canis, M. cynos, M. edwardii,
M. feliminutum, M. gateae and M. spumans were iso-
lated (Armstrong et al., 1972; Rosendal, 1978).

Streptococcus species are gram-positive cocci
that often appear in pairs or chains on cytological
preparations and histological sections (Facklam,
2002). In general, a-hemolytic and y-hemolytic
streptococci are normally found in the upper re-
spiratory tract, intestine, lower urinary tract, and
genital tract. Typically, B-hemolytic Streptococcus
species are pathogenic (Quinn et al.,, 1999; Lamm et
al., 2010). Streptococcus infection in dogs has been
associated with abortion, pneumonia, septicemia,
endocarditis, lower urinary tract infections, arthritis
and meningoencephalitis (Vaissaire et al., 1991; Ra-
daelli and Platt 2002; Seguin et al., 2003; O'neill et
al., 2006; Sykes et al., 2006; Pesavento et al., 2008).
Pulmonary Streptococcus infection presents as
bronchopneumonia or hemorrhagic form (Chalker
et al,, 2003; Buonavoglia and Martella 2007, Kim et
al., 2007; Pesavento et al., 2008).

Bordetella bronchiseptica is a gram negative,
non-spore, pleomorphic and aerobic coccobacillus
that causes infectious respiratory disease syndrome
or kennel cough disease in dogs (Ford, 2006). Ca-
nine infectious tracheobronchitis, caused by Borde-
tella bronchiseptica, is a highly contagious respira-
tory disease that affects dogs of all ages. Bordetella

bronchiseptica can cause tracheobronchitis alone
as well as with canine parainfluenza virus or ca-
nine adenovirus. In puppies, death occurs due to
severe disease (Ellis et al., 2001; Taha-Abdelaziz et
al., 2016). In Bordetella bronchiseptica infections,
macroscopically, the lesions are usually in the cra-
nial and middle lung lobes. There may be leakage of
foamy, mucoid or purulent contents in the trachea
and bronchi. Histologically, cilia-associated Borde-
tella bronchiseptica localizes to the bronchi and is
rarely found in medium or large bronchioles. Cilia-
associated bacteria appear on the apical surface of
the bronchial epithelium as short bacilli that mingle
with or obscure the cilia. Basophilic staining of agent
creates a contrasting appearance with eosinophilic
cilia (Taha-Abdelaziz et al., 2016).

Klebsiella pneumoniae, belonging to the En-
terobacteriaceae family, is a bacterium commonly
found in the gastrointestinal tract of healthy hu-
mans and animals (Ulstad et al., 2016; Marques et al.,
2019). Klebsiella pneumoniae colonizes the mucosal
surfaces of mammals and can also be found in the
environment in shallow water, food, and soil (Jouini
et al,, 2015; Ulstad et al., 2016; Navon-Venezia et al.,
2017). In pets, Klebsiella spp. can cause serious in-
fections such as respiratory and urinary tract infec-
tions. Klebsiella pneumoniae has been isolated from
many canine infections and causes pyometra, cys-
titis, prostatitis, pneumonia, meningoencephalitis,
enteritis, mastitis, neonatal septicemia, hepatic ab-
scesses, and otitis externa (Songer and Post 2004).

Today, the incidence of bacterial bronchopneu-
monia in pet animals is increasing day by day and
regional studies are carried out to determine the
etiological agent. In this study, it was aimed to de-
termine Mycoplasma spp., Streptococcus spp., Bor-
detella bronchiseptica, Klebsiella spp. in dogs with
bronchopneumonia by Real-time PCR and to com-
pare the histopathological findings determined ac-
cording to the agents.

Materials and Methods

Animal material and microscopic examination

The material of the study consisted of paraffin
blocks of the lungs, which were taken from 37 dogs
that died due to different reasons and were brought
to Selcuk University Faculty of Veterinary Medicine
Department of Pathology for pathological diagno-
sis, and bronchopneumonia was detected in micro-
scopic examination. From the lung samples taken,
17 of the dogs with bronchopneumonia determined
microscopically belonged to male and 20 of them
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belonged to female dogs. It was determined that
19 of these lungs belonged to dogs less than one
year old, eight of them were between one and five
years old, and ten of them belonged to dogs older
than five years. Of the dogs examined in the study,
22 were shelter dogs, 10 were stray dogs brought
by municipal authorities or animal lovers, and five
were owned dogs.

Lung samples were fixed in neutral formal-
dehyde for 24-48 hours, and then routine tissue
follow-up was performed. Afterwards, paraffin was
embedded and paraffin blocks were obtained. 5 um
sections were taken from paraffin blocks to slides
and stained with Hematoxylin-Eosin (H-E). In addi-
tion, sections taken from paraffin blocks on slides
were stained with MacCallum Goodpasteur (MCQ)
staining method (Luna, 1968). Sections were viewed
under a light microscope (Olympus BX51, Tokyo,
Japan) and photographed (Olympus EP50, Tokyo,
Japan).

Table 1. Primer sequences used in the study

Real-time PCR Analysis

For DNA isolation, 3-5 sections of 5 pym thickness
were taken from paraffin blocks to slides. The sec-
tions taken were placed in a chalet with xylene add-
ed and the tissues were immersed in xylene, and
they were kept in an oven at 55 °C for one hour
and the paraffin was melted. Tissues were scraped
from the slide and taken into Eppendorf tubes. Ep-
pendorf tubes were vortexed by adding 96% etha-
nol, and then centrifuged and the supernatant was
discarded. Eppendorf tubes were kept in an oven
at 37°C for 10 minutes to completely remove the
alcohol from the tissues. DNA isolation from par-
affin blocks was performed using the commercial
isolation kit (QlAamp® DNA FFPE Tissue Kit, Cat.
No: 56404) according to the manufacturer’s instruc-
tions. Isolated DNAs were stored at -20°C for use in
Real-time PCR analysis. DNA copies of Mycoplasma
spp.. Streptococcus spp., Bordetella bronchiseptica
and Klebsiella spp. were searched with the QIAGEN
Rotor Gene Q Real-time PCR device, using the prim-
ers prepared by a private company in accordance
with the manufacturer’s instructions. Deionized wa-
ter was used as negative control. Primer sequences
used in Real-time PCR analysis are given in Table 1.

SPECIES PRIMARY SEQUENCES

F: 5'-GGTACAAAGAGACGCAATA-3'

Mycoplasma spp.

(Hulse et al., 2018)

R: 5'-GCGATTACTAGCGATTCC-3'

F: 5'-AGAGTTTGATCCTGGCTCAG-3'
R: 5'-ACGGCTACCTTGTTACGACTT-3'

Streptococcus spp.

(Greisen et al., 1994)

F: 5'-CCCCCGCACATTTCCGAACTTC-3'
R: 5'-AGGCTCCCAAGAGAGAAAGGCTT-3'

Bordetella bronchiseptica

(Schulz et al., 2014)

F: 5'-GGTGCTCTTTACATCATTGC-3'

Klebsiella spp.

(Aher et al.,, 2012)

R: 5'-GCA ATG GCC ATT TGC GTT AG-3'

F: Forward, R: Reverse

Results

The agents amplified by Real-time PCR from the
lungs with bronchopneumonia microscopically and
the determination of these agents according to age
and gender are given in Table 2.

Although bronchopneumonia was determined
microscopically in the analyses performed with Re-
al-time PCR, amplification could not be obtained
with the primers used in five lung tissues.

The agent with the lowest Cycle Threshold (CT)
value was accepted as the agent causing broncho-

pneumonia in dogs whose amplification was deter-
mined with primer sequences belonging to more
than one agent in Real-time PCR analysis. The gram
staining results of the samples prepared from paraf-
fin blocks of the lungs in which bronchopneumonia
was detected, and DNA copies of Mycoplasma spp.,
Streptococcus spp., Bordetella bronchiseptica and
Klebsiella spp. in these tissues by Real-time PCR,
and CT values are given in Table 3.

The macroscopic findings in the records of the
lungs examined in the study are given in Table 4.
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Table 2. Determination of Mycoplasma spp., Streptococcus spp., Bordetella bronchiseptica and Klebsiella spp. in lung tissues
with bronchopneumonia by Real-time PCR according to age and gender

SPECIES N (37) MALE FEMALE < 1AGE 1-5 YAS AGE > 5 AGE
Mycoplasma spp. 5 2 3 = 1 4
Streptococcus spp. 5 4 1 1 2 2
Bordetella bronchiseptica 13 5 8 6 4 3
Klebsiella spp. 2 - 2 2 - -
Mycoplasma spp.
+ 2 1 1 2 = =

Streptococcus spp.
Mycoplasma spp.
+

Bordetella bronchiseptica
Bordetella bronchiseptica
+ 3 2 1 3 = =
Streptococcus spp.
Samples for which no
agents were isolated by 5 2 3 3 1 1
Real-time PCR

Table 3. Gram staining results of samples prepared from paraffin blocks of lungs with bronchopneumonia, detection of DNA
copies of Mycoplasma spp., Streptococcus spp., Bordetella bronchiseptica and Klebsiella spp. in these tissues by Real-time PCR
and CT values.

CT VALUES DETERMINED BY REAL-TIME PCR

NO GRAM STAIN
Mycoplasma spp. Streptococcus spp. Bordetella bronchiseptica Klebsiella spp.

1 Gram Negative 26
2* -

3 = 29

4 Gram Negative 30
5 = 27

6 - 31

7 = 28
8 Gram Negative 32
9 Gram Negative 28
10 - 33

11 Gram Negative 27
12 - 30 35

13 = 33
14* -

15 = 34
16 - 30
17 = 32
18 - 33

19 Gram Negative 31 28
20 Gram Positive 28

21 = 28 30
22 Gram Negative 29
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NO GRAM STAIN CT VALUES DETERMINED BY REAL-TIME PCR
Mycoplasma spp. Streptococcus spp. Bordetella bronchiseptica Klebsiella spp.

23 — 27

24 Gram Negative 31 27

25 = 30

26 - 34 29

27 = 34

28* -

29 - 32

30 - 34

31 - 29 34

32* -

33 Gram Negative 30 28

34 - 35

35+ _

36 - 26

37 Gram Negative 32

Total 11 9 10 18 2
*Samples whose amplification could not be determined by the primers used in the study
Table 4. Macroscopic findings in the records of lungs with bronchopneumonia
SPECIES
MACROSCOPIC FINDINGS
Mycoplasma spp. * Streptococcus spp. * Bordetella bronchiseptica * Klebsiella spp.

l’:z :T:c;?;sectlonal is flooded 8/8 2/5 1717 12
;szrr;);oc:cnhtient in the trachea 7/8 2/5 1717 12
Bleeding areas 3/8 5/5 6/17 -
Fluid in the chest cavity 2/8 4/5 10/17 1/2

* The agent with a lower CT value in polymicrobial cases was accepted as the agent causing bronchopneumonia.

Microscopically, mononuclear cell infiltration
(MCI), epithelial shedding (Figure 1-A) and bronchi-
ectasis were observed in the bronchi, bronchioles
and alveolar lumens in seven of the lungs with My-
coplasma spp. In seven of these lungs, MCl located
around the bronchi and bronchioles were noted.
Pleuritis was detected in all of the lungs. Polymor-
phonuclear leukocyte (PMNL) infiltration, multifocal
necrosis and bleeding areas were detected in one
dog. Bacterial clusters were not found in the micro-
scopic examinations of the lungs with Mycoplasma

spp.

Microscopically, PMNL infiltration was ob-
served in the lumen of the bronchi, bronchioles and
the interstitium of the lung in all Bordetella bronchi-
septica positive lungs. In addition, shedding was ob-
served in the bronchi, bronchioles and alveolar epi-
thelium. In ten of these lungs, edema in the alveoli
(Figure 1-B), areas of multifocal necrosis scattered
in the lung parenchyma, pleuritis and bacterial clus-
ters localized to the bronchial and bronchiole epi-
thelium (Figure 1-C) were noted. MCl in four dogs
and bleeding areas in three dogs were determined.
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Bleeding areas and hyperemia (Figure 1-D)
were seen microscopically in the lungs with Strep-
tococcus spp. In four of these lungs, the lumen of
the bronchi and bronchioles was found to be filled
with exudate mostly composed of neutrophils and
erythrocytes. In addition, shedding was detected in
the bronchi and bronchiole epithelium. Multifocal
areas of necrosis, MCl, and pleuritis were detected
in one dog, scattered throughout the lung paren-
chyma. In addition, coccoid bacteria clusters local-
ized to the periphery of necrosis areas were noted
in this sample.

In two dogs with Klebsiella spp., PMNL infiltra-
tion and shedding of bronchial, bronchiole and al-
veolar epithelium were observed microscopically in
the bronchi and bronchiole lumens and the intersti-
tium of the lung (Figure 1-E). In one of these dogs,
areas of multifocal necrosis scattered throughout
the lung parenchyma were detected.

Microscopic findings in the lungs according
to the agents determined by Real-time PCR in the
study are given in Table 5.

Table 5. Microscopic findings in the lungs according to the agents determined by Real-time PCR in the study

MICROSCOPIC FINDINGS

SPECIES

Mycoplasma spp. * Streptococcus spp. * Bordetella bronchiseptica * Klebsiella spp.

PMNL infiltration in bronchiole

lumens e
MCI in bronchiole lumens 7/8
Bronchial and bronchiolar

epithelial shedding and 7/8
bronchiectasis

Edema in alveolar lumens 3/8
Shgddlpg of alveolar 7/8
epithelium

PMNL infiltration in the 1/8
interstitium

Peribronchiolar MCl infiltration 7/8
Multifocal areas of necrosis 1/8
Bleeding 1/8
Pleuritis 8/8

Clusters of bacteria localized
to the bronchial epithelium

4/5 1717 2/2
1/5 4/17 -
4/5 1717 2/2
3/5 10/17 -
4/5 1717 2/2
4/5 1717 2/2
1/5 4/17 -
1/5 10/17 172
5/5 3/17 -
1/5 10/17 -
1/5 10/17 -

* The agent with a lower CT value in polymicrobial cases was accepted as the agent causing bronchopneumonia.
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St

Figure 1. Histopathological findings. A: Epithelial shedding with mononuclear cell infiltration in the bron-
chiole (arrowheads) and alveolar lumens (arrows) in the lung determined as Mycoplasma spp., by Real- time
PCR, x400, H-E, B: Alveolar edema (arrows) in the lung determined by Bordetella bronchiseptica, x400, H-E,
C: Bacterial clusters (arrows) localized to bronchial epithelium in the lung, x1000, MCG, D: Bleeding and
hyperemia areas (arrows) in the lung determined by Streptococcus spp., x400, H-E, E: Shedding of alveolar
epithelium and alveolar macrophages (arrows) in the lung determined by Klebsiella spp, x400, H-E.
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Discussion and Conclusion

Bronchopneumonia seen in dogs is one of the im-
portant diseases encountered in the clinic and bac-
terial-based infectious agents have an important
place among the causes of bronchopneumonia.
With this study, the role of Mycoplasma spp., Strep-
tococcus spp., Bordetella bronchiseptica and Klebsi-
ella spp. in bacterial bronchopneumonias of dogs
in our region was revealed by Real-time PCR and
pathological methods.

Diagnosis of bacterial pneumonia in dogs is
based on the identification of the agent by bacte-
riological culture. Culture for aerobic bacteria and
Mycoplasma spp. is generally not available for diag-
nosis. Most of the time, contaminations formed dur-
ing the collection and transport of the samples to
the laboratory and the use of empirical antibiotics
reduce the success of the culture method. In these
cases, methods based on amplification of the ge-
nomic DNA of the bacteria are an important option
to determine the appropriate antimicrobial therapy.

In recent years, Real-time PCR has become
an important diagnostic method in the field of
veterinary medicine due to its rapid results, abil-
ity to detect microorganisms such as Mycoplasma
spp., which are difficult to detect with conventional
methods, and high sensitivity (Yoldas et al., 2009;
Tuzcu et al., 2012; Tuzcu et al,, 2021; Tuzcu et al,
2022; Akcakavak et al.,, 2023; Tuzcu et al, 2023). In
this study, agents such as Mycoplasma spp., Strepto-
coccus spp., Bordetella bronchiseptica and Klebsiella
spp., which are paraffin blocks of canine lungs with
bronchopneumonia, were determined by Real-time
PCR and their pathological findings were compared.

Dear (2020), based on literature data in a study
in which he examined pneumonia in cats and dogs
(Foster et al., 2004; Radhakrishnan et al., 2007; John-
son et al, 2013; Proulx et al, 2014) reported that
22-71% of pneumonias in dogs were associated
with Bordetella bronchiseptica, 2-25% with Kleb-
siella pneumoniae, 30-70% with Mycoplasma spp.,
and 6-21% with Streptococcus spp. Maden et al.
(2000) in a study with 31 dogs reported that 24%
Bordetella bronchiseptica, 4% Streptococcus spp. and
4% Klebsiella spp. were isolated from the culture of
bronchoalveolar lavage fluid. In a study conducted
by Sayin et al. (2016) with 196 samples in the Konya
region, they reported that Bordetella bronchiseptica
was isolated at a rate of 48.7% by PCR and standard
microbiological methods. In this study, the data we
obtained with Real-time PCR was 48.64% for Borde-
tella bronchiseptica, 5.4% for Klebsiella spp., 24.32%

for Mycoplasma spp., and 27.02% for Streptococcus
spp. It has been determined that the rates found are
similar to the literature data. However, in the study
of Maden et al. (2000), the reason for the lower rate
of Streptococcus spp. isolating from this study may
be related to the sampling method.

In adult dogs with respiratory tract infections,
polymicrobial infections were detected in seven
dogs in this study, as reported in previous studies
(Lamm et al., 2010; Dear, 2020). It is a remarkable re-
sult that polymicrobial infections with Streptococcus
spp., Mycoplasma spp. and Bordetella bronchiseptica
were determined in dogs younger than one year old
in this study.

Jameson et al. (1995), in their study in which they
examined 93 dogs with bacterial pneumonia from
which transtracheal aspiration samples were taken,
reported that only Mycoplasma spp. was isolated in
seven dogs according to the Mycoplasma spp. cul-
ture results, while another bacterium was found to-
gether with Mycoplasma spp. in 58 dogs. They also
reported that the majority of dogs with Mycoplasma
spp. were older than five years and there was no
gender difference in dogs with Mycoplasma spp. In
this study, Mycoplasma spp. was determined in nine
dogs and genomic DNAs of Streptococcus spp. and
Bordetella bronchiseptica were amplified as well as
Mycoplasma spp. in two of these dogs. The majority
of dogs identified only with Mycoplasma spp. were
older than five years, which is similar to the findings
of Jameson et al. (1995).

In a study conducted by Kirchner et al. (1990),
Mycoplasma spp. was isolated in five laboratory
dogs that showed clinical signs of respiratory dis-
tress, chronic cough and respiratory tract disease
and identified macroscopic pneumonia lesion dur-
ing thoracic surgery. They reported that they detect-
ed bronchiectasis, purulent bronchiolitis, bronchial
and bronchiolar epithelial hyperplasia and chronic
nonsuppurative peribronchiolitis in these dogs his-
topathologically. In the present study, mononuclear
cell infiltration in the lumens of bronchi and bron-
chioles determined microscopically, shedding and
bronchiectasis in the bronchial epithelium, and
mononuclear cell infiltrations around the bronchi
and bronchioles were detected. Our findings are
similar to those reported by Kirchner et al. (1990).

In this study, genomic DNA of Bordetella bron-
chiseptica was amplified in 18 of the lung samples
analyzed by Real-time PCR. In only 10 of these cases,
bacterial ciliary adhesion was detected histopatho-
logically in the lungs, similar to the literature (Taha-
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Abdelaziz et al., 2016). The fact that the genomic
DNAs of Bordetella bronchiseptica were amplified
by Real-time PCR in cases where bacteria could not
be detected in the cilia microscopically in this study
reveals that the diagnosis should be confirmed by
PCR and immunohistochemistry.

In the tissues in which Bordetella bronchiseptica
was detected, findings such as PMNL infiltration in
the bronchi and bronchiole lumens and interstitium
of the lung, shedding in the bronchi, bronchioles
and alveolar epithelium, edema in the alveoli, multi-
focal necrosis areas scattered in the lung parenchy-
ma, pleuritis were found to be compatible with the
literature (Ellis et al., 2001; Chambers et al., 2019).
However, the fact that the severity of the findings
determined in each dog is different indicates that
it may be related to the immunity of the dogs, their
housing patterns and the genetic difference of the
agent.

In a retrospective study by Lamm et al. (2010) in
which they examined 393 dogs, they associated 24
of the cases with bronchopneumonia with Strepto-
coccus infection. In these cases, histopathologically,
a large number of neutrophils and bacterial colonies
were detected in the lumens of the bronchi, bron-
chioles and alveoli. They also reported that necrotic
cells and fibrin formation were observed with neu-
trophils in severe cases. In the microscopic exami-
nation of the lungs of two dogs with hemorrhagic
form, they reported that the alveolar lumens were
filled with an exudate mixed with erythrocytes, neu-
trophils and fibrin. The findings in our study were
found to be similar to the literature.

The conclusions of Chambers et al. (2019) that
Bordetella bronchiseptica may cause secondary in-
fections by causing ciliostasis of respiratory epitheli-
al cells and the finding of Streptococcus spp. in three
dogs with Bordetella bronchiseptica in this study are
parallel.

Klebsiella spp. is found in the gastrointestinal
tract of healthy animals and can cause pneumonia
in dogs with low immunity (Roberts et al., 2000; Uls-
tad et al., 2016; Marques et al., 2019; Carvalho et al.,
2020). In the present study, Klebsiella spp. was de-
tected in two dogs less than one year old with bron-
chopneumonia. This suggests that the age range of
Klebsiella spp. identified animals may be related to
insufficient breast milk intake.

In conclusion, this study showed that the caus-
ative agent can be determined in bacterial bron-
chopneumonias of dogs with Real-time PCR even in
tissues without culture opportunity. In addition, this

study indicates that polymicrobial lower respiratory
tract infections can also be seen in dogs and reveals
that more than one bacterial species should be in-
vestigated for diagnosis.
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Abstract: It is important for public health to monitor infectious agents in domestic animals. This study aimed to
detect of bacterial and fungal agents in the skin of various domestic animals. A total of 263 skin samples were
collected during 2021-2023 from 147 cats, 102 dogs, 10 cows, 3 rabbits, and 1 iguana. Bacteriological examination
indicated that 37.6% of the samples were positive. S. pseudintermedius (35.4%) was the dominant bacteria in all
isolates, followed by P aeruginosa (23.2%). S. aureus was isolated from one rabbit sample and P. aeruginosa was
isolated from one iguana sample. These findings add to the limited number of studies on these species. As a result
of mycological examinations, 61.6% of all samples were identified as positive by cultural examination. Saprophytes
were found in 41.1% of all samples, specifically A. niger (30.6%), Penicillium spp. (28.7%), A. fumigatus (16.7%),
Alternaria spp. (15.7%), Mucor spp. (4.6%), and A. flavus (3.7%). The high prevalence of saprophytes was correlated
with environmental contamination. Dermatophytes were isolated in 20.5% of all samples. M. canis was the dominant
dermatophyte (64.8%), followed by T. mentagrophytes (31.5%) and M. ferrugineum (3.7%). The higher prevalence of
dermatophytosis in spring (51.9%), was associated with rainy seasonal conditions in Turkey.

Keywords: dermatophytosis, M. ferrugineum, pyoderma, saprophyte, S. pseudintermedius.

Farkh evcil hayvanlarin derisindeki bakteri ve mantar etkenlerinin tespiti

Ozet: Evcil hayvanlarda enfeksiyéz etkenlerin izlenmesi halk saghigi acisindan énemlidir. Bu calisma, farkli evcil
hayvanlarin derisindeki bakteri ve mantar etkenlerini saptamayr amaglamisti. Bu ama¢ dogrultusunda, 2021-
2023 doneminde 147 kedi, 102 kdpek, 10 inek, 3 tavsan ve 1 iguanadan olmak Uzere toplam 263 adet deri
numunesi toplandi. Bakteriyolojik inceleme, numunelerin %37,6'sinin pozitif oldugunu gosterdi. Tum izolatlar
arasinda S. pseudintermedius (%35,4) baskin bakteri iken, takiben P. aeruginosa (%23,2) izole edildi. Bir adet tavsan
numunesinden S. aureus ve bir adet iguana numunesinden P ageruginosa izole edildi. Bu bulgular, bu turleri ele
almis sinirli sayidaki literattire katkida bulunmaktadir. Yapilan mikolojik incelemeler sonucunda, tim numunelerin
%61,6's1 kiiltlirel inceleme ile pozitif tespit edildi. Tim numunelerin %41,1'inde saprofit etken, A. niger (%30,6),
Penicillium spp. (%28,7), A. fumigatus (%16,7), Alternaria spp. (%15.7), Mucor spp. (%4,6) ve A. flavus (%3,7), saptandi.
Saprofitlerin ylksek prevalansi, cevresel kontaminasyon ile iliskilendirildi. Tim numunelerin %20,5'inde dermatofit
izole edildi. Baskin dermatofit M. canis (%64,8) iken, takiben T mentagrophytes (%31,5) ve M. ferrugineum (%3,7)
izole edildi. ilkbaharda dermatofitoz prevalansinin daha yiiksek olmasi (%51,9), Tiirkiye'deki yagisl mevsim kosullari
ile iliskilendirildi.

Anahtar kelimeler: dermatofitozis, M. ferrugineum, piyoderma, saprofit, S. pseudintermedius.

Introduction

Dermatophytosis is the most frequent dermato-
logical infection of keratinized tissues in animals
worldwide (Nweze 2011). This infection is caused
by Microsporum, Trichophyton, and Epidermophyton
genera, which can use host keratin as a nutritional
substrate. The most common observed dermato-
phytes are Microsporum canis (M. canis), Micros-
porum gypseum (M. gypseum) and Trichophyton
mentagrophytes (T. mentagrophytes) responsible for
more than 95% of all dermatophytosis in domestic
animals (Roshanzamir et al. 2016).

Humans can be directly infected with dermato-
phytes through close contact with infected domes-
tic animals (Nweze 2011), which are considered the
main reservoir for dermatophytes (Seker and Dogan
2011). Many studies have demonstrated that der-
matophytes are transmitted from domestic animals
to humans and dermatophytosis is common among
patients in contact with domestic animals (Ben-Zi-
ony and Arzi 2000; Murmu et al. 2015; Maraki and
Mavromanolaki 2016). Therefore, monitoring of
dermatophytosis in domestic animals is critical to
control infections and reduce transmission to hu-
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mans (Roshanzamir et al. 2016). In addition, der-
matophytes accompany various saprophytic fungi,
such as Aspergillus spp., Penicillium spp., and Alter-
naria spp., while saprophytes mainly cause infec-
tions in immunosuppressive hosts (Ben-Ziony and
Arzi 2000; Moosavi et al. 2019). Due to their infec-
tious potential, it is important for public health to
monitor of saprophytes like dermatophytes in do-
mestic animals.

In addition to fungal agents, bacterial agents
are frequently isolated from skin infections in do-
mestic animals. Staphylococcus pseudintermedius
(S. pseudintermedius) is the bacterium most fre-
quently isolated from pyoderma in cats, dogs, and
humans and is even considered the primary cause
of pyoderma in companion animals (Somayaiji et al.
2016; Mustak et al. 2019). Pseudomonas aeruginosa
(P aeruginosa) is another common opportunistic
pathogen in animal and human skin (Hillier et al.
2006; Petersen et al. 2002). Following these bacteria,
Staphylococcus aureus (S. aureus), Staphylococcus in-
termedius (S. intermedius), Staphylococcus simulans
(S. simulans), Streptococcus spp. and Escherichia
coli (E. coli), etc. are rarely isolated from skin infec-
tions (Hanselman et al. 2009; Moon et al. 2022). As
with dermatophyte and saprophyte epidemiology,
pathogenic bacteria may be transmitted to humans
through direct contact with infected domestic ani-
mals (Moon et al. 2022).

Accordingly, the present study aimed to deter-
mine the factors that may pose risks of transmis-
sion to humans by detecting bacterial and fungal
agents in the skin of various domestic animals, dur-
ing 2021-2023.

Materials and Methods

Sample collection

The samples were analyzed at Ankara University,
Faculty of Veterinary Medicine, Department of Mi-
crobiology, in 2021-2023. The sampling period
was divided into 4 seasons: autumn (September-
November), winter (December-February), spring
(March-May) and summer (June-August). A total
of 263 swap samples were obtained from the skin
of cats (n=147), dogs (n=102), cows (n=10), rabbits
(n=3), and iguana (n=1) that had not been treated
with any antibacterial or antifungal drugs. Prior to
sampling, the infection site was sterilized with 70%
alcohol. The samples were collected according to
the Kirk and Bister scraping procedure using sterile
scalpels, petri dishes, and tweezers (Bister and Ford

1995) before being aseptically stored at +4°C until
the analyses.

Bacteriological examination

Each sample was inoculated on 5% sheep blood
agar plate. The plates were incubated at 37°C for
24-48 h under aerobic conditions. All colonies were
identified using standard bacteriological methods
(Markey et al. 2013). Following Gram staining, the
isolates were identified using catalase, oxidase,
oxidation-fermentation, coagulase, citrate, DN-
ase, indole, hemolysis, motility, nitrate, novobiocin
(5 pg/disc), polymixin-B (300 U/disc), Voges-Pros-
kauer, and urease tests. The isolates were cultured
on Eosin Methylene Blue (EMB) Agar, MacConkey
Agar (MCA), Mannitol Salt Agar (MSA), and Triple
Sugar Iron (TSI) Agar (Oxoid, UK). Discrimination of
S. pseudintermedius and S. intermedius species was
performed by sequencing of the RNA polymerase
B (rpoB) gene, as recommended by the Clinical and
Laboratory Standards Institute (CLSI) (CLSI 2008).
Polymerase chain reaction (PCR) and sequencing
were performed using 31F and 830R primers (Dran-
court et al. 2004). PCR mix consisted of 2.5 pL of
10xbuffer, 0.5 uL 10 mM dNTPs (Thermo Fisher Sci-
entific, USA), 3 uL MgCI2 (Thermo Fisher Scientific,
USA), 1 uL of each 10 mM primer, 0.2 pL Taq poly-
merase (2U/ uL; Thermo Fisher Scientific, USA), and
2 pL template DNA. The mix increased to total 25 pL
volume with PCR-grade water. PCR was run under
the following conditions: pre-denaturation at 94°C
for 3 min, 30 cycles of 94°C for 1 min, 58°C for 30 s,
72°C for 1 min, and final extension at 72°C for 7 min.
Amplicons were purified with Exosap-IT (Thermo
Fisher Scientific, USA). BigDye Terminator v3.1 Cycle
Sequencing Kit (Applied Biosystems, USA) was used
for sequencing, while Sephadex (Oxoid, UK) gel fil-
tration was used for purification. Sequencing was
performed on an ABI 3500 genetic analyzer system
(Applied Biosystems, USA). The obtained sequenc-
es were analyzed by CLC Main Workbench version
8.1.0 software (Qiagen, USA).

Mycological examination

The samples were investigated by direct microsco-
py and cultural examination. Direct microscopy was
performed using a sterile lancet, lam, and 10% solu-
tion of potassium hydroxide (KOH). All preparations
were examined under a light microscope at 40x
maghnification to detect fungal components, such
as hyphae, spore, and conidia. Cultural examina-
tion was conducted using Sabouraud Dextrose Agar
(SDA) supplemented with 0.05 mg/ml chloramphen-
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icol (Oxoid, UK). The plates were incubated at 25°C
for 15 days under aerobic conditions. The fungal
colonies were examined with both macroscopically
and microscopically. Macroscopic examination was
conducted to detect cultural features, while micro-
scopic examination was performed by lactophenol
cotton blue staining (Merck, Germany) under a light
microscope at 40x magnification to identify fungal
components. The fungal isolates were identified ac-
cording to the guide of Larone (Walsh et al. 2006).
The urease test was also used to identify of T men-
tagrophytes.

Table 1. Bacterial isolation prevalence by host

Results

Bacteriological examination

Overall, 37.6% (99/263) of the samples were posi-
tive for bacterial agents. The highest prevalences
were in the cat and dog: 36.1% (53/147) and 43.1%
(44/102), respectively. No bacteria were isolated
from the cow samples (Table 1).

No. of isolates (%)

Isolation Cat Dog Cow Rabbit Iguana Total
Negative samples 94 (63.9) 58 (56.9) 10 (100.0) 2 (66.7) 0 164 (62.4)
Positive samples 53 (36.1) 44 (43.1) 0 1(33.3) 1(100.0) 99 (37.6)
Total 147 (100.0) 102 (100.0) 10 (100.0) 3 (100.0) 1 (100.0) 263 (100.0)

S. pseudintermedius (35.4%, 35/99) was the domi-
nant bacteria in all isolates, followed by P aerugi-
nosa (23.2%, 23/99). The dominant Gram-positive

Table 2. Distribution of bacterial agents by host

and Gram-negative bacteria were the same in cats
and dogs (Table 2).

No. of isolates (%)

Bacteria Cat Dog Cow Rabbit Iguana Total

S. pseudintermedius 19 (35.8) 16 (36.4) 0 0 0 35 (35.4)
S. aureus 11 (20.8) 3(6.8) 0 1(100.0) 0 15 (15.2)
S. intermedius 4 (7.5) 7 (15.9) 0 0 0 11 (11.1)
S. epidermidis 3(5.7) 1(2.3) 0 0 0 4 (4.0)
Streptococcus spp. 0 2 (4.5) 0 0 0 2 (2.0)
E. coli 3(5.7) 4(9.1) 0 0 0 7(7.7)

P aeruginosa 12 (22.6) 10 (22.7) 0 0 1(100.0) 23 (23.2)
P.mirabilis 1(1.9) 1(2.3) 0 0 0 2 (2.0)
Total 53 (100.0) 44 (100.0) 0 1 (100.0) 1 (100.0) 99 (100.0)

Mycological examination

None of the samples tested by direct microscopy
were positive for fungal agents. In contrast, 61.6%
(162/263) of all samples tested by cultural exami-
nation were positive for fungal agents, while 38.4%
(101/263) were negative. Dermatophytes (M. canis,

M. ferrugineum, and T. mentagrophytes) and sapro-
phytes (A. flavus, A. fumigatus, A. niger, Alternaria
spp., Mucor spp., and Penicillium spp.) were detected
in 20.5% (54/263) and 41.1% (108/263) of all sam-
ples, respectively (Table 3).
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Table 3. Fungal isolation prevalence by host

No. of isolates (%)

Isolation Cat Dog Cow Rabbit Iguana Total
Dermatophytes 33 (22.4) 19 (18.6) 2 (20.0) 0 0 54 (20.5)
Saprophytes 64 (43.5) 42 (41.2) 2 (20.0) 0 0 108 (41.1)
Negative 50 (34.0) 41 (40.2) 6 (60.0) 3(100.0) 1 (100.0) 101 (38.4)
Total 147 (100.0) 102 (100.0) 10 (100.0) 3 (100.0) 1 (100.0) 263 (100.0)

A wide spectrum of nine different fungal agents
were detected. Regarding the dominant agents,
64.8% (35/54) of the dermatophytes were M. canis,

while 30.6% (33/108) of the saprophytes were A. ni-
ger (Table 4).

Table 4. Distribution of dermatophytes and saprophytes by host

No. of isolates (%)

Fungal agents Cat Dog Cow Total
M. canis 21 (63.6) 14 (73.7) 0 35 (64.8)
T mentagrophytes 10 (30.3) 5(26.3) 2 (100.0) 17 (31.5)
M. ferrugineum 2 (6.1) 0 0 2 (3.7)
Total Dermatophytes 33 (100.0) 19 (100.0) 2 (100.0) 54 (100.0)
A. niger 15 (23.4) 18 (42.9) 0 33 (30.6)
A. fumigatus 7 (10.9) 11 (26.2) 0 18 (16.7)
A. flavus 4 (6.3) 0 0 4 (3.7)
Penicillium spp. 21 (32.8) 8 (19.0) 2 (100.0) 31 (28.7)
Alternaria spp. 12 (18.8) 5(11.9) 0 17 (15.7)
Mucor spp. 5(7.8) 0 0 5(4.6)
Total Saprophytes 64 (100.0) 42 (100.0) 2 (100.0) 108 (100.0)

Dermatophytes were most frequently isolated
(51.9%) during spring (Figure 1), specifically 54.5%
in cats, 42.1% in dogs, and 100.0% in cows.

9.3%

= Spring
= Summer
519% @ Autumn

Winter

Figure 1. Distribution of dermatophytes by season

Discussion and Conclusion

According to the ‘One Heath’ concept, animal health,
public health, and the environment should be eval-
uated together to obtain optimal results (Atusing-
wize et al. 2020). Domestic animals are important
sources in the transmission of zoonoses to humans.
Therefore, it is important for public health to moni-
tor infectious agents in domestic animals (Moon et
al. 2022). In this study, we detected the bacterial and
fungal agents in skin of various domestic animals to
evaluate the risk of transmission to humans.

Regarding bacteria, S. pseudintermedius was
35.4% of all bacterial isolates, and was the domi-
nant agent in cats and dogs. S. pseudintermedius
is defined as an opportunistic pathogen that is the
primary cause of pyoderma in dogs (Markey et al.
2013; Nomoto et al. 2020). Moreover, it is common-
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ly associated with pyoderma in humans (Somayaji
et al. 2016). The transmission of S. pseudinterme-
dius from dog to human was reported by Somayaji
et al. (2016) and Nomoto et al. (2020). Somayaji et
al. (2016) reported that the majority of human S.
pseudintermedius clinical cases (91.7%) were caused
by contact with dogs, and concluded that dogs are
an important reservoir for transmission of S. pseud-
intermedius. Similar to our study, Ma et al. (2020)
reported that S. pseudintermedius was the dominant
agent (46.2%) in dogs, and second-most dominant
agent (8.8%) in cats. Moon et al. (2022) also report-
ed that S. pseudintermedius (12.5%) was one of the
dominant agents in cats.

In our study, P aeruginosa (23.2%) was the
dominant Gram-negative bacteria in all isolates,
which confirms previous findings regarding the high
prevalence of this agent. For example, Petersen et
al. (2002) reported that P. aeruginosa was the only
agent isolated in 33.1% of dog skin samples while
Hillier et al. (2006) found that 30% sampled of dogs
had pseudomonal pyoderma. Nocera et al. (2021)
reported that P aeruginosa accounted for 36% of
the Gram-negative bacteria isolated from the skin
of cats and dogs.

We also isolated S. aureus from one rabbit
sample and P geruginosa from one iguana sample.
White et al. (2002) also reported that S. aureus was
the most common secondary infectious agent iso-
lated from rabbits, as well as T mentagrophytes.
They concluded that asymptomatic rabbits infected
with dermatophytes, especially from pet stores, may
pose risks to the health of other animals and hu-
mans. In contrast, we did not detect any dermato-
phytes in the rabbits in the present study. On the
other hand, our isolation of P. aeruginosa from the
iguana sample, is important because it is a domi-
nant bacterial agent with zoonotic potential in cold-
blooded animals. There have been few reports of
bacteriological analysis of skin in iguanas. In a case
report, Supic et al. (2021) described a fatal P. aeru-
ginosa infection in a case of extensive dermatitis in
an iguana. Hence, our finding adds to the limited
number of studies on this species. Apart from S.
pseudintermedius and P aeruginosa, we isolated S.
aureus (15.2%), S. intermedius (11.1%), S. epidermi-
dis (4.0%), Streptococcus spp. (2.0%), E. coli (7.1%)
and Proteus mirabilis (2.0%) from all samples. This
finding is not unexpected given that previous stud-
ies also isolated these agents from skin infections
of domestic animals (Chaudhary et al. 2019; Li et al.
2021; Nocera et al. 2021).

Our mycological analyses indicated that 20.5%
of all samples were positive for dermatophytes. Pre-
vious studies have shown that dermatophyte prev-
alence varies widely (Maraki and Mavromanolaki
2016). For example, Moosavi et al. (2019) reported
14.5% prevalence in cats; Dworecka-Kaszak et al.
(2020) reported 23.5% prevalence in various domes-
tic animals; and Roshanzamir et al. (2016) reported
56% prevalence in cats and dogs. In our study, der-
matophytes were more prevalent in cats (22.4%)
than in dogs (18.6%), which is similar to previous
studies. For example, Cafarchia et al. (2004) report-
ed 28.2% and 20.5% positivity in cats and dogs, re-
spectively; Seker and Dogan (2011) reported 20.1%
and 18.7% positivity in cats and dogs, respectively;
and Murmu et al. (2015) reported 55.5% and 37.8%
positivity in cats and dogs, respectively.

At 64.8%, M. canis was the most prevalent der-
matophyte. This finding is important, given that M.
canis is also the dominant dermatophyte in humans
(Aneke et al. 2022). Similarly, Cafarchia et al. (2004)
reported that M. canis (77.7%) was the dominant der-
matophyte in domestic animals. The second-most
dominant dermatophyte isolated in our study was
T. mentagrophytes (31.5%). Similarly, Nweze (2011)
found that M. canis (37.4%) was the dominant der-
matophyte in domestic animals, followed by T men-
tagrophytes (22.9%). Seker and Dogan (2011) found
that M. canis (57.1%) was the dominant dermato-
phyte in domestic animals, followed by T mentag-
rophytes (20.0%). Murmu et al. (2015) reported that
M. canis (60.0%) and T. mentagrophytes (15.8%) were
the dominant dermatophytes in cats, dogs, and hu-
mans, while Dworecka-Kaszak et al. (2020) reported
that they were also dominant (59.25% and 40.7%,
respectively) in domestic animals. Consistent with
these studies, our findings are important because
M. canis and T. mentagrophytes are also responsible
for dermatophytosis in humans.

Regarding other species, Moosavi et al. (2019)
reported that T verrucosum (86.66%) was the domi-
nant dermatophyte, while Roshanzamir et al. (2016)
reported that M. gypseum (27.5%) was dominant in
cats and dogs. However, we did not isolate either
species. On the other hand, we detected M. ferru-
gineum in 6.1% of cat samples. This finding is not
surprising as the species is phylogenetically related
to M. canis. Rezaei-Matehkolaei et al. (2012) noted
that M. ferrugineum is rarely isolated in routine anal-
ysis due to its limited endemicity.

While we isolated T. mentagrophytes from cow
samples, we did not isolate any bacteria. Dermato-
phytosis is an important risk for animal health due
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to its high morbidity. In addition, infected cows can
be reservoirs for humans and healthy animals (Pap-
ini et al. 2009). Various reports indicate that cows
can spread infection and human dermatophytosis
among workers on infected farms (Ming et al. 2006;
Papini et al. 2009). Our finding is in line with those
of Ranganathan et al. (1998), Yildirim et al. (2010),
and Nweze (2011) in terms of isolating of T mentag-
rophytes from cows. Dalis et al. (2018) and Moham-
madifard et al. (2022) also found that T. mentagro-
phytes is one of the most common isolated derma-
tophytes from cows.

Considering saprophyte and dermatophyte
isolation together, we detected saprophytes (41.1%)
more frequently than dermatophytes (20.5%). High
saprophytes prevalence is correlated with soil con-
tamination. Such environmental contamination is
considered an effective factor in isolating sapro-
phytes (Moosavi et al. 2019; Dworecka-Kaszak et
al. 2020). In our study, the detected saprophytes
included Aspergillus spp. (50.9%), Penicillium spp
(28.7%), Alternaria spp. (15.7%), and Mucor spp.
(7.8%). Moosavi et al. (2019) reported that all cat
samples were positive (100.0%) for saprophytes.
Consistent with our findings, the dominant agents
in their study were Aspergillus spp. (18.4%) followed
by Alternaria spp. (17.4%), and Penicillium spp.
(12.0%).

Research has produced different findings re-
garding the correlation between season and der-
matophytosis prevalence in domestic animals. We
correlated the high prevalence in samples collected
during spring (51.9%) with rainy seasonal conditions
in Turkey. Similarly, Murmu et al. (2015) found that
the highest prevalence of dermatophytosis (74.5%)
in cats and dogs was correlated with the rainy sea-
son, while Sahan Yapicier et al. (2017) also reported
that dermatophytosis in both cats (57.1%) and dogs
(86.9%) was more common in the spring.
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Abstract: This study measured the percentage of thermotolerant Campylobacters (C. jejuni and C. coli) from
samples obtained from a turkey slaughterhouse in Turkey and investigated their antimicrobial resistance to selected
antimicrobials by disc diffusion method. Of 28 samples analyzed, 75% were positive for Campylobacter. Positivity
in turkey cecum samples was 28.5% for C. coli and 71.4% for C. jejuni. Very high antimicrobial resistance rates were
detected for ciprofloxacin and nalidixic acid while resistance to tetracycline was 100% for C. jejuni strains. No isolates
showed multidrug resistance, or resistance to gentamicin or erythromycin. These results can provide information
about the status of C. coli and C. jejuni resistant to fluoroquinolones, macrolides, aminoglycosides and tetracycline
isolated from food animals in Turkey.

Keywords: antimicrobial resistance, Campylobacter, Tirkiye

Bir mezbahada hindilerden izole edilen Campylobacter jejuni
ve Campylobacter coli'nin antimikrobiyallere direnci

Ozet: Bu calismada, Tiirkiye'deki bir hindi mezbahasindan alinan numunelerde termofilik Campylobacter'lerin (C.
Jejunive C. coli) ylzdesi 6lctlmus ve disk difiizyon ydntemiyle secilen antimikrobiyallere karsi direncleri arastiriimistir.
Analiz edilen 28 6rnegin %75'i Campylobacter yoniinden pozitifti. Hindi sekum 6rneklerinde %28,5 C. coli, %71,4 C.
Jejuni belirlendi. Siprofloksasin ve nalidiksik asite karsi ylksek oranda antimikrobiyal direng tespit edilirken, C. jejuni
suslarinda tetrasiklin direnci %100 olarak tespit edildi. Hicbir izolatta ¢oklu ilag direnci, gentamisin veya eritromisine
direng saptanmadi. Bu sonuglar, Tirkiye'de gida amagl kullanilan hayvanlardan izole edilen C. coli ve C. jejuni'nin

florokinolonlara, makrolidlere, aminoglikozidlere ve tetrasikline diren¢ durumu hakkinda bilgi saglamaktadir.

Anahtar kelimeler: antimikrobiyel direng, Campylobacter, Tlrkiye

Introduction

The most commonly reported foodborne gastro-
intestinal infection in humans has been Campylo-
bacteriosis since 2007 (EFSA, 2022). The majority of
Campylobacteriosis cases are caused by Campylo-
bacter jejuni and Campylobacter coli, which cause
acute gastroenteritis (Tauxe, 1992; Gillespie et al.,
2002; Giacomelli et al., 2014) and, rarely, bacteremia,
hepatitis, pancreatitis, and Guillain-Barre syndrome
in humans (Butzler, 2004; Louwen et al., 2012). The
main reservoir of these Campylobacter species is do-
mestic poultry. Campylobacters colonize the cecum
of chickens and turkeys (Beery et al.,, 1988; Sylte et
al., 2018; Sylte et al., 2019). Although Campylobacter
infection often causes gastroenteritis in humans,
birds are usually asymptomatic (Wagenaar et al.,
2013). Campylobacters are shed in large numbers in
poultry feces, which is a major transmission vehicle

for Campylobacter (Herman et al., 2003). In addition
to contaminated food, environmental exposure and
direct contact with poultry are associated with in-
fection (Domingues et al., 2012).

Severe and prolonged campylobacteriosis can
be treated with antibiotics, with macrolides being
the preferred primary antibiotics, although fluo-
roquinolones, tetracyclines, and gentamycin are
also recommended (Aarestrup and Engberg, 2001;
Moore et al., 2006; Aarestrup et al., 2008). In serious
cases, aminoglycosides are also considered (Aar-
estrup and Engberg, 2001; Aarestrup et al., 2008;
Blaser and Engberg, 2008). However, increased rate
of resistance to these antibiotics is a significant pub-
lic health concern (Blaser and Engberg, 2008), with
a report from the Centers for Disease Control and
Prevention (CDC) listing drug-resistant Campylo-
bacter under “microorganisms with a threat level of
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serious” (Shen et al., 2018). Furthermore, multidrug-
resistant strains of C. jejuni and C. coli from vari-
ous sources and human infections have also been
described (Payot et al., 2004; Luangtongkum et al.,
2009; Wieczorek and Osek, 2013; Haldenby et al.,
2020). Therefore, especially in the European Union,
controlling and monitoring antibiotic resistance in
zoonotic pathogens has become mandatory (EFSA,
2020).

In Turkey, no studies have reported the antimicrobial
profile of C. jejuni and C. coli strains isolated
from turkeys. Therefore, we used phenotypic
methods to investigate the resistance of isolates to
fluoroquinolones, macrolides, aminoglycosides and
tetracycline.

Materials and methods

Campylobacter jejuni and Campylobacter coli
isolates

In the current study, 28 turkey cecum samples were
analyzed, obtained from slaughterhouses which
send samples to our laboratory.

Bacterial culture and DNA extraction

Bacteria isolation was performed according to the
ISO 10272-1 (2017) guideline (ISO, 2017).

DNA extraction was performed from bacte-
rial culture on blood agar plates using High Pure
PCR Template Preparation Kits (Roche Diagnostics
GmbH, Germany) in accordance with manufacturer’s
instructions.

qPCR Analysis

After cultivation of the bacteria, the plates contai-
ning the colonies were stored at 4°C prior to testing
their identity with gPCR, which was performed first
to determine whether the recovered colonies were
C. jejuni or C. coli using the Campylobacter coli-jeju-
ni-lari DNA Test Kit (BioCheck, USA). The qPCR as-
say was performed using a Rotor-Gene Q (Qiagen
Sciences, Germantown, MD) instrument. The qPCR
conditions were as follows: 95°C for 3 min followed
by 40 cycles at 95°C for 15 s, 60°C for 60 s. Ampli-
fication of targets was observed in the FAM, Texas
red, Cy-5, and HEX channels for C. jejuni, C. coli, C.
lari, and internal control, respectively.

A total of 12.5 pL of Mastermix (Bioeksen R&D
Technologies Ltd, Turkey), 7.5 uL primer/probe mix
with internal control, and 5 pL of template nucleic
acid were used.

Antimicrobial susceptibility testing

The antibiotic susceptibilities of the C. jejuni and C.
coli isolates to gentamicin (CN, 10 pg), erythromycin
(EM, 15 pg), nalidixic acid (NA, 30 ug), enrofloxacin
(EF, 5 pg), ciprofloxacin (Cl, 5 pg), and tetracycline
(TE, 30 pg) were determined using the disk diffusion
test (Bauer et al., 1966). The test results were evalu-
ated using the criteria published by the Clinical and
Laboratory Standards Institute (CLSI) (CLSI, 2022).
Briefly, 0.5 McFarland of the bacterial cultures was
prepared then inoculated on Mueller Hinton agar
(MHA) (Merck, Germany) supplemented with 5%
defibrinated sheep blood. The strains were consi-
dered multidrug resistant showing resistance to th-
ree or more antimicrobial classes (Giacomelli et al.,
2014). The reference strains ATCC 33291 and ATCC
33559 were used as test controls for C. jejuni and C.
coli, respectively.

Results

Identification of Campylobacter jejuni and
Campylobacter coli isolates

Campylobacter spp. were isolated from the cecum
samples of all 28 turkeys. The samples revealed
that 21 birds were Campylobacter positive. Of the
21 Campylobacter isolates, 6 (28.5%) isolates were
identified as C. coli and 15 (71.4%) as C. jejuni.

All isolates were also identified using gPCR. The
results confirmed the gPCR data, recognizing 15
strains as C. jejuni and 6 strains as C. coli.

Antimicrobial resistance of isolates

Table, which presents the number of isolates
showing susceptibility to each antimicrobial drug,
shows firstly that all the investigated strains were
susceptible to erythromycin and gentamicin, where-
as all the strains were resistant to ciprofloxacin and
nalidixic acid. Secondly, all C. jejuni isolates were re-
sistant to tetracycline, whereas only 16% of C. coli
isolates were. Thirdly, all C. coli and 93% C. jejuni
isolates were resistant to enrofloxacin. Finally, none
of the strains showed multidrug resistance to three
or more classes of antimicrobial drugs.
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Table. Results of antimicrobial susceptibility testing of Campylobacter jejuni and Campylobacter coli isolated from turkeys

C. jejuni C. coli
(no. of isolates/total) (no. of isolates/total)
Antimicrobial drugs S / R S / R
Erythromycin 15/15 0/15 0/15 6/6 0/6 0/6
Gentamicin 15/15 0/15 0/15 6/6 0/6 0/6
Nalidixic acid 0/15 0/15 15/15 0/6 0/6 6/6
Enrofloxacin 1/15 0/15 14/15 0/6 0/6 6/6
Ciprofloxacin 0/15 0/15 15/15 0/6 0/6 6/6
Tetracycline 0/15 0/15 15/15 5/6 0/6 1/6

Discussion and Conclusion

This study investigated the presence in turkey ce-
cum samples from a slaughterhouse in Turkey of
microbial resistance in thermotolerant Campyloba-
cter. Domestic poultry are frequently infected with
this species, primarily C. jejuni and C. coli (Sahin et
al., 2002; Corry and Atabay, 2001), with C. jejuni be-
ing generally the most prevalent species of thermo-
tolerant Campylobacter isolated from poultry (Ross-
ler et al,, 2019). In the present study, C. jejuni (15/21)
was more prevalent than C. coli (6/21) in turkey
cecum samples. Similar results have been reported
from Turkey and other countries, where C. jejuni was
the predominant Campylobacter species in broiler
intestinal tracts, poultry meats, and at the end of
slaughter lines (Yucel and Erguler, 2008; Bostan et
al., 2009; Giacomelli et al., 2014; Ozbey and Tasdemi,
2014; Schreyer et al.,, 2022).

The development of antimicrobial resistance
in thermotolerant Campylobacter, possibly due to
widespread and overuse of antibiotics in animal
husbandry, is a matter of great concern (Tadesse et
al, 2011; Haldenby et al., 2020). Regardless of the
source of Campylobacter spp., previous studies have
shown that C. coli isolates have a higher prevalen-
ce of antimicrobial resistance to most antimicrobi-
als than C. jejuni (Signorini et al., 2018; Schreyer
et al, 2022). In the present study, C. jejuni and C.
coli isolates were equally resistant to nalidixic acid
and ciprofloxacin. However, C. jejuni isolates were
more resistant to tetracycline, whereas C. coli isola-
tes were more resistant to enrofloxacin (Table).

In Turkey, ciprofloxacin resistance has been re-
ported in 25% (Yucel and Erguler, 2008) and 74.2%
(Cokal et al., 2009) of C. jejuni isolates, and in 65.5%
(Cokal et al, 2009) and 78.1% (Savasan et al., 2004)
of C. coliisolates. According to the EFSA and CDC re-

port for 2019-2020, high resistance rates to ciprof-
loxacin of C. jejuni and C. coli (52.4-80.0%) isolated
from different sources presented (EFSA, 2002). We
found almost 100% ciprofloxacin resistance in both
C. jejuni and C. coli, which is one of the highest per-
centages reported in Turkey or Europe.

We also found 100% resistance to nalidixic acid
in both C. jejuni and C. coli isolates. Other studies
in various countries have also reported high levels
of resistance of Campylobacter isolates to fluoroqu-
inolones (Maesaar et al., 2016; Raeisi et al., 2017). In
addition, EFSA reported that nalidixic acid resistance
is common among Campylobacter isolates in many
European Union countries (EFSA, 2023).

Previous studies of tetracycline resistance in C.
Jejuni and C. coli isolates from broilers in Turkey have
reported prevalences of 42%-76.3% (Yildirim et al.,
2005; Cokal et al., 2009) and 58.1%-55.2% (Yildirim
et al.,, 2005; Cokal et al., 2009), although Erdeger and
Diker (1995) found lower resistance rates of 15.3%
and 24.2% for C. jejuni and C. coli, respectively. They
also found tetracycline resistance rates in C. jejuni
and C. coli of 100% and 16%, respectively.

All the Campylobacter isolates in the present
study were susceptible to erythromycin and gen-
tamicin, probably because these antimicrobials are
not used in Turkish poultry production. Other stu-
dies have reported similar results in Turkey and ot-
her countries (Yucel and Erguler, 2008; Abay et al.,
2014; Giacomelli et al,, 2014; Raeisi et al., 2017; Woz-
niak-Biel et al., 2018; Schreyer et al., 2022), with all
isolates being susceptible to gentamicin and fewer
than 5% of strains being resistant to erythromycin.

Several studies have reported multidrug resis-
tance in Campylobacter species (Qin et al., 2023).
Zhao et al. (2016) identified 13 multidrug resistance
profiles in C. jejuni and C. coli isolates from different
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types of samples (e.g., humans, chicken and turkey),
while Schreyer et al. (2022) reported multidrug re-
sistance in 72% of C. coli isolates and 69% of C. je-
Jjuni isolates. In the present study, however, we did
not find multidrug resistance in C. coli and C. jejuni
isolates from turkey samples.

Although the samples size was limited and
obtained from a single slaughterhouse, this study
showed that the sampled slaughter process line is
often contaminated with thermotolerant Campylo-
bacter. This represents a risk of infection to humans
through inappropriate preparation of poultry meat.
Our finding of high resistance rates to fluoroqui-
nolones is also alarming because they are used for
treating campylobacteriosis in human medicine. In
addition, given our finding of a high prevalence of
tetracycline resistance in C. jejuni, it is also essential
to monitor for tetracycline-resistant C. coli becau-
se tetracycline is a second-line therapeutic agent in
therapy of human campylobacteriosis. Since macro-
lides are not used in veterinary medicine in Turkey,
we found very low resistance rates to these antibio-
tics. In short, to decrease antibiotic resistance preva-
lence in Turkey, it is essential to monitor antimicro-
bial resistance in Campylobacter species and ensure
appropriate use of antimicrobials in animal-food
production.
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Abstract: This study was aimed to evaluate the seroprevalence and risk factors of the infection of Toxoplasma
gondii in cats kept in Animal Shelter and Rehabilitation Center of Erzurum Municipality in Erzurum that collected
from stray. Total 70 blood samples were collected from apparently healthy cats and diseased cats such as diarrhea,
and ocular and nasal discharge. Sera samples were stored in screw-capped sterile tubes at — 20 °C until analysis. In
sera samples, IgG antibodies against T. gondii were analyzed by Sabin-Feldman Dye test. Of 70 cats, 25 (35.7%) was
negative and 45 (64.3%) positive for T gondii infection. An important association was not found between young and
adult, female and male, and apparently healthy and diseased cats with T. gondii seropositivity. In this study, T gondii
seroprevalence was determined at high rates in cats kept in shelter in Erzurum province of Turkey. The prevention
measures against T gondii infection in cats should be implemented for animal and public health concerns.

Keywords: Toxoplasma gondi, risk factors, seroprevalence, cat

Tiirkiye'nin Erzurum ilinde barinak kedilerinde Toxoplasma
gondii enfeksiyonu icin seroprevalans ve risk faktorleri

Ozet: Bu calismada Erzurum ilinde sokaktan toplanan Erzurum Biiyiiksehir Belediye'sine ait Hayvan Bakimevi ve
Rehabilitasyon Merkezi'nde bakilan kedilerde Toxoplasma gondii enfeksiyonunun seroprevalansi ve risk faktorlerinin
arastinlmasi amaclandi. ishal ve géz ve burun akintisi gibi hastalikli kediler ve gériintste saglkl kedilerden toplam
70 kan 6rnegi toplandi. Serum &rnekleri vida kapakl steril tlplerde analize kadar -20 °C'de saklandi. Serum
orneklerinde T gondii'ye karsi IgG antikorlari Sabin-Feldman Dye testi ile analiz edildi. T gondii enfeksiyonu igin
70 kedinin 25'i (%35,7) negatif ve 45'i (%64,3) pozitif idi. T gondii seropozitifligiyle genc ve eriskin, disi ve erkek ve
gériiniste saglikli ve hasta kediler arasinda énemli bir iliski belirlenmedi. Bu calismada Tiirkiye'nin Erzurum ili'nde
barinakta bakilan kedilerde T. gondii seroprevalansi yiiksek oranlarda belirlendi. Kedilerde T gondii enfeksiyonuna
karsi korunma &nlemlerinin hayvan ve halk sagligi sorunlari bakimindan uygulanmasi gerekmektedir.

Anahtar kelimeler: Toxoplasma gondii, risk faktorleri, seroprevalans, kedi

Introduction

Toxoplasmosis is a protozoan disease occurring in
animals and humans all over the world. Toxoplasma
(T) gondii is a coccidian parasite that can infect al-
most all animals. Oocysts are shed in cat feces. Oo-
cysts are sporulated 1-5 days after they are shed
with feces (Datz and Evason 2020). They can survive
in the environment for months or even years. The
soil contamination with oocysts indicates ongoing
contamination (Awobode et al., 2020).

Toxoplasmosis is widespread throughout the
world, is more common in temperate and tropical
climates and less common in dry and cold climates

(Datz and Evason 2020). Cats infected with T. gon-
dii are likely to have lifelong tissue cysts. Therefore,
the presence of serum antibodies is likely to indicate
the current infection. Since the risk of exposure in-
creases over time, the increase in seroprevalence is
correlated with advancing age (Lappin 2014).

Common clinical findings are anorexia, weak-
ness, fever, respiratory distress, diarrhea, gastritis
and neurological disorders (Lappin 2014; Datz and
Evason 2020). In addition, lethal toxoplasmosis oc-
curs when the liver, lung, central nervous system
and pancreatic tissues are affected (Lappin 2014).

Yazisma adresi / Correspondence: Basak Hanedan, Atattirk University Campus Veterinary Faculty, Yakutiye, Erzurum, Tiirkiye

e-mail: basak.hanedan@atauni.edu.tr

ORCID IDs of the authors: '0000-0003-3873-0124 «20000-0002-6524-3260 +30000-0003-1061-8421 «*0000-0002-8680-5402

+50000-0002-3814-3539


mailto:basak.hanedan@atauni.edu.tr
https://doi.org/10.35864/evmd.1359291
https://doi.org/10.35864/evmd.1274672
https://doi.org/10.35864/evmd.1359291
https://orcid.org/0000-0003-3873-0124
https://orcid.org/0000-0002-6524-3260
https://orcid.org/0000-0003-1061-8421
https://orcid.org/0000-0002-8680-5402
https://orcid.org/0000-0002-3814-3539

152

Hanedan B et al. Feline Toxoplasma infection seroprevalence and risk factors

Toxoplasmosis in humans is caused by expo-
sure to the contaminated meat or infected cat fe-
ces (Dijurkovic-Djakovic et al., 2019), as well as by
drinking contaminated water, eating fruits and veg-
etables contaminated with spore-forming oocysts
(Dubey 2009). Especially, the feces of infected cats
are an important source of contamination (Mon-
tazeri et al., 2020). After transplacental infection in
humans, it poses a significant risk in the fetuses and
immunocompromised patients. Most people be-
come infected by eating spore-forming oocysts or
tissue cysts or transplacentally (Lappin 2014).

T gondii seroprevalence was reported to be
5.6%-6.7% in shelter cats in different years in Japan
(Oi et al, 2015), 64.48% in stray cats in Iran (Tehrani-
Sharif et al.,, 2015), 19.2% in shelter cats in Scotland
(Bennett et al., 2011), 44.1% in cats with free-roam-
ing and indoor in Kars, Turkey (Erkili¢ et al., 2016),
41.0% in pet cats in Norway (Saevik et al, 2015),
52.8% in stray cats in Ankara, Turkey (Ozkan et al.,
2008), 76.4% in stray cats in Nigde (Karatepe et al.,
2008), 32.11% in domestic and feral cats in South
Africa (Tagwireyi et al., 2019), 14.1% in stray cats in
Korea (Par et al., 2020), 86.7% in stray cats in Nigeria
(Awobode et al., 2020), and 35% and %59 in domes-
tic and feral cats globally, respectively (Montazeri et
al., 2020).

An important risk factor in cats is hunting be-
havior and ingestion of prey. Eating raw or under-
cooked meat is also a common mode of transmis-
sion. Seroprevalence is higher in adult cats, in free-
roaming cats, and in shelter cats (Datz and Evason
2020).

Exposure to cats and litter boxes is thought to
be an important risk factor for humans (Datz and
Evason 2020). Since cats are in close contact with
humans, cats are potential sources of T. gondii (Oi
et al., 2015). Toxoplasmosis is a zoonotic parasitic
disease that is common in animals and humans
around the world (Bilgili and Hanedan 2019). It has
been reported that more than 1 billion people in
the world are infected with T. gondii (Hoffmann et
al., 2012). Therefore, in order to protect human and
animal health, there is a need to know the current
situation of toxoplasmosis in cats in our country and
to implement ways to prevent this disease.

In Turkey, less studies on the seroprevalence of
T gondii in cats are carried out and one study on
risk factors is observed (Ylicesan et al., 2019). In this
study, it was aimed to investigate the seropreva-
lence and risk factors of T gondii infection in shelter
cats in Erzurum, Turkey.

Materials and methods

Animal material

This study was funded by Atattrk University Scientific
Research Projects Coordination Unit on 30.09.2021
with the code TKP-2021-9600. In addition, this study
was approved by Atatlrk University Animal Experi-
ments Local Ethics Committee (27.05.2021/119).
In this study, blood samples were collected from
70 cats living in Animal Shelter and Rehabilitation
Center of Erzurum Municipality in Erzurum, Turkey,
were centrifuged, and sera samples were stored in
screw-capped sterile tubes at -20°C until analysis.
In the sera samples, 1gG antibodies against T. gondii
were analyzed by Sabin-Feldman Dye test. Young or
adult, gender, breed, feeding regimens, place where
they were brought, and apparently healthy or dis-
eased conditions for each animal were noted. They
were crossbreed and stray cats.

Sabin-Feldman Dye test

The seropositivity of T gondii in cats was analyzed
by the Sabin-Feldman Dye Test (SFDT) (Sabin and
Feldman 1948; Katsube et al,, 1972). In the analysis,
the dilutions of positive and negative controls and
the test sera were performed using 0.9% saline in a
4-fold serial dilutions (1:4-1:1,024). After diluted, 25
ul was transferred to a tube and an equal volume
of activator serum rich in C2, C3, C4 and properdin
was added. After 48 hours, tachyzoites (creating a
density of approximately 25 tachyzoites per 400x
microscope field) were added to each tube. The in-
cubation of tubes were carried out at 37°C for 50
min. Afterwards, an additional 10 min incubation at
37°C was performed in the presence of 25 pl of al-
kaline methylene blue (pH 11). After incubation, 20
ul of each sample was examined at a 40x objective.
If more than 50% of the observed T. gondii tachyzo-
ites remained unstained, dilutions were considered
positive.

Statistical analysis

Frequency analyzes related to the seropositivity
status of cats were calculated. Chi-square indepen-
dence test was used to investigate the association
between risk factors and seropositivity status.

Results

Of 70 cats, 25 (35.7%) were negative and 45 (64.3%)
were positive for T gondii seropositivity. The frequen-
cy and percentage distributions of cats according to
T. gondii seropositivity titers are given in Table 1.
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The associations between cats’ T. gondii sero-
positivity status and risk factors were given in Table

Table 1. Frequency and percentage distributions of cats ac-
cording to T gondii seropositivity titers

2. Cats were classified according to age as young Titer Frequency Percent (%)
and adult. Of the youngs, 19 were positive, 14 were
. .. 1/16 35 50
negative, and 26 of the adult cats were positive
and 11 were negative. 21 of the female cats were 1/64 7 10
positive, 14 were negative. 24 of the male cats were 1/256 3 43
positive and 11 were negative. Of the ill cats, 20 .
were positive and 11 were negative, and 25 of the Negative 25 357
apparently healthy cats were positive and 14 were
negative. It was determined that there was no sig-
nificant relationship between T. gondii seropositivity
and age, gender and health status.
Table 2. Results of associations between T. gondii seropositivity and risk factors
Variable Category Positive Negative Total Prevalence (%)
Age Young 19 14 33 57.6
9 Adult 26 11 37 703
P = 0.26; df = 1; chisquare value = 1.224
Gender Female 21 14 35 60.0
Male 24 11 35 68.6
P = 045; df = 1; chi square value = 0.560
Apparently healthy 25 14 39 64.1
Status of health i 20 11 31 645

P =0.97; df = 1; chisquare value = 0.001

Discussion and Conclusion

This study was first on T gondii seropositivity and
risk factors in shelter cats in Erzurum, Turkey. The
seroprevalence of T gondii in shelter cats in Er-
zurum, Turkey was determined to be 64.3%. The
seroprevalence rate in shelter cats in this study was
higher than 44.1% in cats with outdoor access in
Kars city (Erkili¢ et al., 2016), 52.8% in stray cats in
Ankara city (Ozkan et al., 2008), 42-48% in 1021 ap-
parently healthy stray cats and 37.84% in stray cats
in izmir city (Can et al., 2014; Karakavuk et al., 2021),
but was lower than 76.4% in stray cats in Nigde city
(Karatepe et al., 2008).

In the studies investigating the seropositivity of
T. gondii in cats around the world, the seropreva-
lences of infection have been reported to be 64.48%
in stray cats in Iran (Tehrani-Sharif et al.,, 2015), 86.7%
in stray cats in Nigeria (Awobode et al.,, 2020), 82%
in feral cats in Qatar (Boughattas et al,, 2017), 57.1%
in shelter cats in Estonia (Must et al., 2015), 22.3% in
stray cats in Greece (Kokkinaki et al., 2023), 20.9%
in stray cats in China (Xia et al., 2022), and 14.1%
in stray cats in Korea (Park et al., 2020). In addition,
globally, the seroprevalence of T gondii has been

determined to be 4.8% to 97.4% in domestic cats
(Jittapalapong et al., 2010; Al-Kappany et al., 2010).

Accordingly, T. gondii seropositivity is appeared
to be high in stray cats in Turkey and in many coun-
tries in the world. In this study, when the positivity
titers of infected cats were examined, it was deter-
mined that there were 35 cats with 1/16 titer, 7 cats
with 1/64 titer and 3 cats with 1/256 titer. High-titer
antibody responses do not always require cats to
have been recently infected (Afonso et al.,, 2007).

Cat species are highly susceptible to T. gondii
infection and a single tissue cyst bradyzoite can
cause infection (Dubey 2009). Raw or undercooked
food and hunting rodents and birds are the impor-
tant risk factors (Saevik et al., 2015).

In this study, no significant association was
found between T. gondii seropositivity and gender
in cats consistent with the study by Boughattas et
al. (2017) in stray cats in Qatar However, Saevik et al.
(2015) have reported a significant association with
seropositivity in male cats compared to female cats.
Finding different results between infection positivity
and gender in different studies may be due to the
geographical region studied, study population, and
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statistical methods (Jittapalapong et al., 2007; Sae-
vik et al,, 2015), as well as male cats hunting more
and exposure to infection more (Afonso et al., 2007).

In this study, no significant association was
found between T. gondii infection positivity and age
consistent with the study implemented in stray cats
by Matsuu et al. (2017) in Japan. However, in other
studies, it has been reported that infection positivity
increases significantly in adult cats (Tehrani-Sharif et
al, 2015; Must et al., 2015; Bawm et al., 2020). In
this study no significance between age and sero-
positivity might be attributed to similar exposure of
T gondii via ingesting oocysts and/or tissue cysts in
youngs and adults living outdoors or IgG positivity
of T gondii in youngs until 12 weeks of age might
be derived from colostral IgG transfer (Gauss et al.,
2003; Kokkinaki et al., 2023) or transplacental infec-
tion (Xia et al.,, 2022).

It can be expected that aging, free-roaming
and hunting behavior in cats would increase in-
fection rates. Similarly, Brennan et al. (2020) have
found the risk factors for T. gondii infection in cats
as older than 1 year, eating raw meat, and hunting
behaviors. Eating cystic meat containing T gondii
bradyzoites causes an increase in the infection rates
(Salman et al., 2018).

In this study, no significant association was
found between the health status of cats and T. gon-
dii positivity. Consistent with this study, Saevik et
al. (2015) have reported that they do not detect a
significant relationship between T. gondii positivity
and health status in cats. The rates of seropositivity
prevalence in apparently healthy and diseased cats
(diarrhea and/or respiratory problems) were highly
increased as 64.1% and 64.5%, respectively.

As the infected cats shed T gondii oocysts with
feces, they cause contamination of soil and water
and health problems in animals and humans (Bawm
etal, 2020). Cats develop antibodies against T. gondii
1-2 weeks after infection (Dubey and Lappin 2012).
Therefore, it is important to investigate the pres-
ence of T gondii in feces, body fluids, tissue samples
and antibodies in serum together in the evaluation
of T gondii infections in cats. Investigation of T gon-
dii oocysts in the feces of cats with high-sensitivity
techniques such as PCR, colorimetric loop-mediated
isothermal magnification analysis (Karakavuk et al.,
2022) and making the necessary treatments of posi-
tive cases are important in protecting other verte-
brate animals and humans against T. gondii infec-
tions.

In this study, T gondii seroprevalence was de-
termined at high levels in cats living in shelter in Er-
zurum, Turkey. This suggests that the distribution
of T gondii oocysts is prevalent in the environment.
The prevention measures against T. gondii infection
in cats should be implemented.
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Abstract: Three types of imported ltalian cheeses (mozzarella, Parmigiano, and robiola) were evaluated for
microbiological qualities in this study with the methods offered by ISO. The existence of S. aureus, L. monocytogenes,
Coliform bacteria, E. coli, C. perfringens, Salmonella, Yeast, Mold, and Staphylococcal enterotoxins was investigated
in 120 (40 each) samples. L. monocytogenes and Salmonella were not detected. The VIDAS SET2 technique searched
Staphylococcal enterotoxins, and no toxin was spotted. The count of S. aureus, Coliform bacteria, E. coli, C. perfringens,
Yeast, and Mold was found under the toleration limits in all 120 samples (P<0.001). The use of good quality raw
materials, low bacterial load at the beginning of production and respect for the principles of good manufacturing
practices are known as essential steps to obtain quality products in every respect. The samples we analysed in our
study were found to be valuable in terms of public health.

Keywords: Food-borne Pathogens, Mozzarella, Parmigiano, Public Health, Robiola

Tiirkiye'de perakende olarak satisa sunulan bazi el yapimi italyan
peynirlerinin mikrobiyolojik kalitesinin belirlenmesi

Ozet: Bu calismada, llkemizde satisa sunulan ve en ¢ok tiiketilen (g tip italyan peynirinin (mozzarella, Parmesan
ve robiola) mikrobiyolojik kalitesi ISO (International Organization for Standardization) tarafindan belirlenmis
standartlarla degerlendirilmistir. Her biri 40'ar adet olmak lzere toplam 120 drnekte S. aureus, L. monocytogenes,
Koliform bakterileri, E. coli, C. perfringens, Salmonella, Maya, Kuf ve Stafilokokal enterotoksinlerin varligi arastiriimistir.
Yapilan analizler sonucunda, numunelerde L. monocytogenes ve Salmonella tespit edilmemistir. Stafilokokal
enterotoksinler, VIDAS SET2 teknigi arastiriimis ve benzer sekilde toksin varligi tespit edilememistir. 120 6rnegin
tamaminda ise S. aureus, Koliform bakterileri, E. coli, C. perfringens, Maya ve KUf sayilari yasal tolerans sinirlarinin
altinda bulunmustur (P<0,001). Kaliteli hammadde kullanimi, Gretimin baslangicinda disik bakteri yiku ve iyi Gretim
uygulamalari ilkelerine uyulmasi, her agidan kaliteli Griin elde etmenin vazgegilmez adimlari olarak bilinmektedir.
Calismamizda analiz ettigimiz 6rneklerin halk saghgr agisindan risk olusturmadigi ve hijyenik olarak degerli oldugu
gorilmastar.

Anahtar kelimeler: Gida Kaynakli Patojenler, Halk Sagligi, Mozarella, Parmesan, Robiola

Introduction

Cheese is defined as a dairy-based fermented food
and is known as a highly nutritious dairy product
with thousands of varieties according to the region
of production, production technique, type of milk,
ethnic and social characteristics. At the same time,
another reason for this variousness has been re-
ported as having different physical, chemical, and
sensory qualities thanks to the rich bacterial flora
it contains. This rich bacterial flora is a significant
supporter of the scented sensory attributes of the
various cheese types owing to their complicated
interaction with milk proteins, carbohydrates and
fats that mainly appear in an essential technologi-

cal procedure in cheese production, understood as
“ripening” (Forde ve Fitzgerald, 2000; Gulhan, 2023a;
Khattab et al., 2019).

Ripening is known as one of the critical stages
in cheese production technology in terms of provid-
ing variety and developing various savours. At this
stage, cheese types with different textural properties
are obtained thanks to the flavouring substances
produced as a result of the biochemical and micro-
biological reactions carried out by the starter cul-
tures (Akarca et al., 2015; Fox, McSweeney and Paul,
1998; Gulhan, 2023b). Briefly, it has been reported
that macromolecules in milk are fragmented by the
proteolytic and lipolytic enzymes contained by the
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starter bacteria, and aromatic components mate-
rialise after these enzymatic reactions (Forde and
Fitzgerald, 2000). The outline of some cheese kinds
and their associated microbial flora is displayed in
Table 1 (Khattab et al., 2019).

Table 1. Different cheese types, their microflora, and aromat-
ic properties (Khattab et al., 2019)

Sensory

Cheese Kind Starter Cultures Characteristics

Streptococcus cremoris

Camembert Penicillium camemberti Mushroomy, soft
Geotrichum candidum
Streptococcus cremoris

Roquefort Penicillium roqueforti Pepery

Mozzarella  Streptococcus cremoris Delicate

Provolone  Streptococcus thermophilus  Smoky

Feta Lactococcus lactls_ Light colour
Enterococcus faecium

Cheddar Streptococcus cremoris Sharp

Streptococcus thermophilus

It has been reported that significant economic
losses result from microbial contamination of foods.
Similarly, milk and dairy products are known as a
good breeding environment for bacteria, thanks to
the macromolecules they contain. For this reason,
the usage of quality raw materials, hygienic milk-
ing, production, transportation, and storage condi-
tions are among the critical aspects affecting milk
and dairy products’ microbial quality and shelf life
(Losito et al., 2014; Ruegg, 2003).

The European authorities license traditional
dairy productions of the European countries by
giving the 'Protected Designation of Origin’ (PDO)
status, which fixes the requisites of genuineness
for products from specified geographical provinces
(Giammanco et al.,, 2011).

The Mediterranean coast and its surroundings
are known as a region rich in biodiversity. The di-
versity of animal and plant resources and cultural
richness have also been positively reflected in the
variety of foods produced in the territory. For this
reason, the Mediterranean region is known as a
wealthy area, especially regarding dairy product
multiplicity. Italy has a significant place in terms of
cheese culture and variousness in the Mediterra-
nean region (Di Trana et al.,, 2022).

Mozzarella is white, unripened, soft, elastic, and
smooth textured cheese in the “pasta filata” family.
Thanks to its melting and elastic characteristics, it is
highly preferred in pizza recipes. Both bovine and
buffalo milk can be used to produce mozzarella. The
physical and sensory quality of Mozzarella cheeses

produced from either bovine or buffalo milk looked
similar. However, it was determined that mozzarella
cheeses produced from buffalo milk contain more
fat, protein, and mineral essences than mozzarella
derived from bovine's milk (Jana, 2001; Jana and
Tagalpallewar, 2017).

Parmigiano-Reggiano is a hard and cooked
cheese with a high level of proteolytic ripening,
which began to be produced approximately 2000
years ago in Parma, Italy (Erbay et al., 2017). It is an
additive-free and nutritious cheese in thermophilic
cultures used during its production and has a long
ripening period of about 12 months (Tedeschi et al.,
2022).

Roccaverano is a commune in the province of
Asti, located in northwest Italy. Moreover, it has
been reported that many important cheese variet-
ies, especially Robiola, emerged in this environment.
This PDO-type fresh cheese has five days of the rip-
ening period, produced from Roccaverano-originat-
ed raw goat, sheep, and cow kinds of milk. However,
it has been reported that it is obligatory not to use
thermalization and to use 50 percent goat’'s milk
to adhere to traditional methods in the production
process of Robiola cheese (Biolcati et al.,, 2019; Biol-
cati et al.,, 2021).

Since the Anatolian region is wealthy in cheese
diversity, it is also known as the land where these
products are consumed in elevated quantities. For
this reason, it is essential to determine the micro-
biological quality of imported cheeses that have
just joined our country’s market. This study aimed
to analyse the PDO-type ltalian cheeses marketed in
our country regarding critical foodborne pathogens.

Material and Method
Material

This study examined a total of 120 PDO-type lItal-
ian kinds of cheese (40 mozzarellas, 40 Parmigiano,
and 40 Robiola) with different lot numbers between
January 2022 — September 2022. The existence of S.
aureus, L. monocytogenes, Coliform bacteria, E. coli,
C. perfringens, Salmonella, Yeast, Mold, and Staphy-
lococcal enterotoxins was analysed to understand
the microbiological quality of samples. After the
samples were purchased from different sales points,
they were carried to the laboratory under the cold
chain and analysed instantly.

Method

In this investigation, the identification methods
suggested by ISO for determining foodborne bac-
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teria were used as a reference. For this attempt, ISO
6888-1, ISO 11290-1, ISO 4832, ISO 7937, ISO 6579,
ISO 21527 and VIDAS® Staphylococcal Enterotoxins
(SET2) techniques were used for the detection of S.
aureus, L. monocytogenes, Coliform bacteria, E. coli,
C. perfringens, Salmonella, Yeast, Mold, and Staphy-
lococcal enterotoxins, respectively (ISO 2004, 2006,
2008, 2017a, 2017b, 2021). For the analyses of Coli-
form bacteria, E. coli, S. aureus, C. perfringens, Yeast,
and Mold, 10 grams of each sample were diluted in
90 ml Maximum Recovery Diluent (Merck 112535)
under aseptic conditions then homogenized with a
stomacher (Interscience Bagmixer 400) for 1 minute
and the mixture was plated on to bacteria/patho-
gen specific media or enrichment. For Salmonella
spp. and L. monocytogenes analysis, 25 grams of
each sample were weighed and inoculated on spe-
cific selective media or enrichment, adhering to the
methods recommended by ISO. Identification of
pathogen suspected colonies were done with spe-
cific biochemical tests. Finally, all inoculated media/
enrichment were incubated at the specific tempera-
tures advised in ISO methods. Furthermore, eventu-
ally for the detection of Staphylococcal enterotoxins,

VIDAS SET2 (rapid automated detection of Staphy-
lococcal Enterotoxins) strips were used according to
the manufacturer’'s recommendations.

Results

The present study examined 120 PDO-type Ital-
ian kinds of cheese (40 mozzarella, 40 parmigiano,
and 40 robiola) with different lot numbers between
January 2022 - 2023. S. aureus, L. monocytogenes,
Coliform bacteria, E. coli, C. perfringens, Salmonella,
Yeast, Mold, and Staphylococcal enterotoxins were
determined in the samples with ISO and VIDAS-
based methods. In our research, the analyses were
repeated twice, and the average of the results was
taken as the basis. The results obtained were evalu-
ated within the limits of PDO and the Turkish Food
Codex (TFC, 2011). Study findings are presented in
Table 2. According to the data we obtained from
the study, none of the analysed samples exceeded
the legal limits. In other words, imported ltalian
cheeses in Turkey which we examined in our study
were found to be both hygienic and safe in terms of
food-borne pathogens and public health.

Table 2. Microbiological quality of Artisanal Italian Cheese Samples

S. aureus Staphylococcal L. mono- Coliform E. coli Salmonella

Chese Type p phyloco i Bacteria . C. perfringens Yeast Mold
(cfu/g) Enterotoxins cytogenes (MPN) (MPN) spp-

(Mn.c’jé?re”a <10x10" ND ND  %<36 %<3  <10x10’ ND  <1.0x102 <1.0x102
Parmigiano
Reggiano <1.0x10" ND ND Xx<36 x<3 <1.0x10" ND <1.0x10> <1.0x10?
(n: 40)
Robiola di
Roccaverano  <1.0x10’ ND ND Xx<36 x<3 <1.0x10" ND <1.0x10> <1.0x10?
(n: 40)
Discussion tively (Mohamed et al,, 2019). In another study, the

This study displayed that the microbiological prop-
erties of imported Italian cheese in the Turkish
market were quite good. The results of our study
showed that the hygienic quality of the samples
we examined was high and did not pose any risk to
public health.

Contamination levels of mozzarella samples are
widely ranged. In research conducted in Egypt, 120
soft cheese samples (Kareish and Mozzarella) were
investigated in terms of the presence of Staphylo-
coccus aureus, coliforms, E. coli, mould, and yeast.
The study's data showed that the prevalence of
Staphylococcus aureus, coliforms, E. coli, mould, and
yeast was 23%, 40%, 16.6%, 14%, and 10%, respec-

presence of coliforms, Staphylococcus aureus, Sal-
monella spp., and Listeria monocytogenes were in-
vestigated in mozzarella cheese samples. According
to the research data, 12.5%, 10%, 2.5%, and 2.5%
of samples harbour coliforms, Staphylococcus au-
reus, Salmonella spp., and Listeria monocytogenes,
respectively (Marinheiro et al., 2015). Similarly, Gar-
baj et al. (2007) studied coliforms, Salmonella spp.,
and Staphylococcus aureus in traditionally made and
imported mozzarella cheese in Tripoli city. As a re-
sult of the study, it was determined that the samples
produced by the traditional method included higher
rates of coliforms, Salmonella spp., and Staphylococ-
cus aureus than the imported ones. In addition, it
was specified that the imported samples had 13%
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coliform and 26% Staphylococcus aureus. However,
similarly to our work Salmonella spp. Was not de-
tected in samples. A study conducted for the mi-
crobiological evaluation of mozzarella cheeses sold
in Cameroon was aimed to determine the levels of
coliform bacteria, S. aureus, and E. coli. According
to the study results, different coliform levels, S. au-
reus, and E. coli were detected in mozzarella cheese
samples. However, it has been documented that the
determined values are below the permitted limita-
tions (Belli et al., 2013). The fact that the findings
acquired with the research were more elevated than
the findings of our study can be attributed to the
low hygienic conditions and the usage of different
technologies in the dairy production process, and
other inefficient conditions during storage and at
sale points. Furthermore, climate conditions, trans-
port temperature, and staying time of cheese on
market shelves can be thought that they are ef-
fective in growing the bacterial load. Tirloni et al.
(2014) investigated the presence of Enterobacteri-
aceae, E. coli, Coagulase positive S. aureus, yeasts,
and moulds in Italian cheeses such as Crescenza,
Robiola, Primo sale, Formaggella, Mozzarella, and
Burrata. According to their study data, the level of
Enterobacteriaceae, E. coli, Coagulase positive S.
aureus, yeasts, and moulds in Robiola was 5.9-7.1,
2.7-7.0, 2.6-5.5, 43-7.4, and <2.0 cfu/g respective-
ly. Similarly, the level of Enterobacteriaceae, E. coli,
Coagulase positive S. aureus, yeasts, and moulds in
mozzarella was detected at 3.2-6.0, 2.0-6.0, <2.0-
3.0, <2.0-4.7, and <2.0 cfu/g respectively. Oksiiz et
al. (2004) found Coliform group bacteria and E. coli
in white pickled cheese <4 cfu/g. The similarity of
the study results can be attributed to the suppres-
sive effect of the high acidity of cheeses on bacteria.
However, in another study, L. monocytogenes was
detected in 11% of some dairy products in Turkey
(Kevenk and Koluman, 2022). Alike, L. monocyto-
genes was found in 8.1% of traditionally produced
cheese types in the Black Sea Region of Turkey
(Kevenk and Terzi Gulel, 2016). This situation may
be attributed to L. monocytogenes, an acid-resistant
agent that can survive in severe conditions such as
acidic environments or lower temperatures. Future
studies are planned to reveal the hygienic quality of
different imported foods.

Conclusion

With the rapid increase in the circulation of com-
munication, transportation, knowledge, and people
in the world, the interest in different cultures is in-
creasing at the same rate. The sense of curiosity that

arises primarily in the cultural field brings an interest
in various types of foods.

It is a fact that should be noted that we live
in a world where favorite foodstuffs from different
countries can be found even in very distant coun-
tries. While this situation has good aspects, it can
also have adverse effects that may threaten public
health due to low quality. Although the regulations
of importing countries protect public health, food-
borne infections and intoxications cannot be con-
trolled entirely.

For this purpose, the imported and most con-
sumed lItalian cheeses in Turkey were analyzed, and
their hygienic quality was tried to be determined in
our investigation.

In a world that shrinks in parallel with the de-
veloping technology within the scope of safe food
concept from farm to fork, studies like this need to
be increased not to raise the rate of food-borne
infections and intoxications and to protect public
health better.

Ethical Statement: This study does not present any
ethical concerns.
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Abstract: In this study, it was aimed to investigate the effects of red lighting on blood and milk melatonin (MLT)
levels, and milk quality. The experiment was carried out on 6 lactating Holstein Dairy cows, which were being reared
at the Hiimeyra Ozgen Research and Application Farm, affiliated to Selcuk University Faculty of Veterinary Medicine.
After a control period of 15 days in which night lighting was not applied (control group), night lighting was provided
by LED bulbs emitting red light with a wavelength of 652 nm during the following 15-day trial period (experimental
group). On days 5th, 10th and 15th days of the control and experimental groups, milk and blood samples were taken
at the 06:00 am and at 06:00 pm.Serum and milk melatonin concentrations in the morning of the control, on days
5th, 10th and 15th; were 8.64+1.4, 7.02+0.97, 8.71+2.3, and 5.01+0.92, 5.23+0.35 , 3.93+0.81pg/ml, respectively
while control evening group were respectively 8.59+1.8,7.53+2.14,8.35+0.94, 6.91+1.73, 6.8+1.27. It was obtained
as 3.67+0.97 pg/ml. Serum and milk melatonin levels in the trial morning group were 10.93+2.06, respectively, on
the same days; 15.37+2.6; 11.25+1.71 and 2.97+0.64; 5.7+1.06; While it was measured as 3.33+0.73 pg/ml, it was
14.83+3.11 in the trial evening group; 14.5+3.57; 12.95+4.09 and 4.42+0.61; 2.51+0.56; It was obtained as 2.48+0.79
pg/ml. As a result, it was observed that serum and milk melatonin levels and milk parameters were not adversely
affected in the use of red LED lamps (652 nm) at night for 12h, it was thought that there was no inconvenience in
using them in indoor shelter lighting at night.

Keywords: Darkness, Holstein, Melatonin, Milk quality, Red light

Holstayn ineklerde kirmizi isikla gece aydinlatmasinin
melatonin ve siit kalite parametrelerine etkileri

Ozet: Bu calismada kirmizi i1sikla aydinlatmanin, kan-siit melatonin diizeyleri ile siit kalitesi izerine etkilerinin
arastinlmasi amaclandi. Deneme Selcuk Universitesi Veteriner Fakdiltesi'ne bagl Himeyra Ozgen Arastirma ve
Uygulama Ciftliginde yetistiriimekte olan laktasyondaki 6 Holstayn irki sagmal inek lGizerinde gerceklestirildi.
Hayvanlarda 15 giin, gece aydinlatmasi uygulanmayan kontrol déneminden sonra (kontrol grubu) 15 giin
boyunca gece aydinlatmasi (deneme grubu) 652 nm dalga boylu kirmizi isik yayan LED ampdllerle saglandi.
Calisma boyunca 5., 10., ve 15. glinlerde, 06:00 ve 18:00'da kan ve st 6rnekleri alindi. Kontrol sabah grubunda
serum ve stt MLT duzeyleri, 5., 10., 15. gunlerde, sirasiyla 8,64+1,4; 7,02+0,97; 8,71+2,3 ve 501+0,92; 5,23+0,35;
3,93+0,81 pg/ml olarak bulunurken, kontrol aksam grubunda, 8,59+1,8;7,53+2,14; 8,35+0,94 ve 6,91+1,73; 6,8+ 1,27;
3,67+0,97 pg/ml olarak hesaplandi. Deneme sabah grubunda serum ve siit MLT dizeyleri, ayni glinlerde, sirasiyla
10,93£2,06; 15,37+2,6; 11,25+1,71 ve 2,97+0,64; 5,7+1,06; 3,33+0,73 pg/ml olarak hesaplanirken, deneme aksam
grubunda 14,83+3,11; 14,5+3,57; 12,95+4,09 ve 4,42+0,61; 2,51+0,56; 2,48+0,79 pg/ml olarak hesaplandi. Serum ve
sut MLT dizeyleri, sit somatik hicre sayisl, st kalite parametrelerinden iletkenlik disinda gruplar arasinda veya grup
icinde herhangi bir istatistiki fark belirlenmedi. Sonug olarak, kirmizi LED ampuller ile gece aydinlatiimasinin (652
nm) 12 saat boyunca kullaniminda serum ve siit melatonin diizeyleri ile siit parametrelerinin olumsuz etkilenmedigi
gorildigunden gece barinak ici aydinlatmalarda kullanilmasinda bir sakinca olmadigi distnuldu.

Anahtar kelimeler: Holstayn, Karanlik, Kirmizi 1sik, Melatonin, Stt kalitesi

Introduction conditions for the farm staff (Belyaev and Gor-
Proper lighting of animal farms is important for bunova 1973; Késeman and Seker 2019). Today,
both animal welfare and safe, healthy working it is tried to provide advantages such as energy
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saving and more efficiency by adjusting the illu-
mination times in livestock farms. It was reported
in studies that cows prefer a light environment
over dark. Probably, the better lightning and vi-
sual contact between cows contribute for social
hierarchy build-up and prevention of traumatism.
This has LED researchers and agricultural equip-
ment manufacturers to develop and apply tech-
nologies for the best possible lighting, thereby
providing optimal growing conditions. (Penev et
al. 2014). For this purpose, breeders use red light,
known as ‘invisible light’ for cattle at night, for
night illumination (Bunu 2019; Olsson 2020). LEDs
reduce consumption of electricity for illumination in
dairy barns and require less maintenance compared
with several other types of light fixtures available
for animal houses, which makes them increasingly
popular. The use of LEDs also entails better control
of light intensity as the diodes can be dimmed, as
well as better control of the light spectrum as there
are many different color types available. Artificial
light supplements daylight, when daylight is avail-
able, and provides adequate levels of illuminance
during the rest of the day to allow a daylight-like
environment of 16h per 24h for lactating cows (AS-
ABE 2014).

The retina contains 2 types of photoreceptors
called cones and rods. Photoreceptors in the reti-
na are stimulated by light. Like most mammals, are
dichromats and have short-wavelength-sensitive (S-
cones) and medium- to long-wavelength-sensitive
cones (ML-cones) (Penev et al. 2014; Lindkvist et al.
2021). Melatonin (MLT) is a neuromodulatory hor-
mone synthesized from the pineal gland. In both
the pineal gland and ocular tissue, MLT synthe-
sis and release parallels the circadian rhythm in
relation to dark and light intensity. Retinal cells,
which are hyperpolarized in the light, suppress
MLT synthesis, while they depolarize in the dark
and initiate synthesis in the pineal gland. The
excitation threshold is light energy with a wave-
length of about 482 nm (Ostrin 2019). The wave-
length, intensity, and duration of light affect MLT
biosynthesis. A light intensity of 5-10 Ix in cattle is
considered the threshold at which MLT synthesis
is inhibited (Muthuramalingam et al. 2006; Dahl
2010). Short wavelength lights suppress MLT syn-
thesis due to their high energies (Cajochen et al.
2005; Asher et al. 2015; Arnao and Ruiz 2018).
Melatonin is amphilic, meaning it can diffuse
freely across biological membranes (Simonneaux
and Ribelayga 2003; Yu et al. 2016) into the circu-
latory system and from the bloodstream to milk

(Vanecek 1998; Castro et al. 2011). Photoperiod
application is important for milk production and
health of dairy cattle (Dahl and Petitclerc 2003;
Dahl et al. 2012; Crawford et al. 2015). Photope-
riod feeding is also important in lactating dairy
cows for increased milk yield (Peters and Tucker
1978; Dahl and Petitclerc 2003).

Melatonin released by dark stimuli induces re-
laxation and sleep in mammals. Therefore, there is
some concern that the presence of light at night
may interfere with rest in cows (Lawson and Kenne-
dy 2001; Muthuramalingam et al. 2006). In a study
by Lawson and Kennedy (2001) it was shown that
MLT levels decreased in heifers under night-time
lighting of 50 Ix and higher intensity. On the other
hand, it was noted that after 2h of 50 Ix illumination,
the suppression of MLT release disappeared. Muth-
uramalingam et al. (2006) suggest that it may be ap-
propriate to use 10 Ix and lower intensity light in ar-
eas where it is recommended to be dark. In a human
study on MLT secretion with blue and red light, it
was stated that blue light (479 nm) suppressed MLT
release, while red light (627 nm) had no effect. In
general, light intensity is an important parameter in
measuring the suppression level of MLT, and as the
brightness of the light stimulus increases, the sup-
pression power increases (Papamichael et al. 2012).

In this study, since there were not enough sat-
isfactory studies on the effects of night lighting with
red light on blood-milk MLT levels and milk quality
parameters in Holstein dairy cows, it was aimed to
determine blood-milk MLT levels and milk quality
parameters in Holstein dairy cows exposed to red
light (with a wavelength of 652 nm and 50,267 Ix)
for 15 days.

Material and Methods

Animal and Feed Materials

Approval for the study was obtained from the Sel-
cuk University Faculty of Veterinary Medicine Local
Ethics Committee for Animal Experiments (dated
16.01.2020 and decision no:2020/02).

The study was carried out in a Research and Ap-
plication Farm (Location: 38° 02" 18" K, 32°30" 15"
D) after a 5-day acclimation phase, for a total of 30
days (3 July - 2 August) with 15 days of dark and ex-
perimental groups. In the research, 6 Holstein cows
were selected and the experiment was started. In
the selection, animals aged between 3 and 9 years
and with close milk yield levels were preferred (Table

1).
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Table 1 Age and lactation days of the selected animals CHEMICAL ANALYSIS
Ai?::gleﬁo Lac;:tion Age Averaﬁe Milk Yield Natural Drv matter
y g/day y
1 95 9 21,61+0,60 Dry Matter.% 96,44 96,44
7 60 8 28,26+0,26 Crude Ash.% 6,76 7,01
8 249 7 24,31+£0,70 Crude oil % 1,53 1,58
13 58 3 26,03+0,46 Crude Cellulose.% 36,23 37,57
14 48 7 22,45+0,53 Crude Protein.% 6,39 6,63
16 149 4 23,73+0,59 ME, kcal/kg 1544 1601
Average 109,8 6,33 24,40 +0,91

During the experiment, the feeding program of
the enterprise was applied. No changes were made
to concentrate and roughage contents throughout
the experiment. The roughage and concentrate feed
ingredients and the feeding schedule are presented
in (Tables 2, 3 and 4). Feeding was given ad libitum
as a mixture of roughage and concentrated feed.
The yield share as concentrated feed was given indi-
vidually by the automatic voluntary milking system
(VMS) in front of the animals during their milking.

Table 2. Mixture ratios of coarse and concentrated feed.
Ration (%)

Feed ingredient Amount in (kg)

Straw 3,0 15
Clover 3,5 17,5
Corn Silage 6,0 30
Bran 0,5 2,5
Milk Feed 5,5 27,5
Cottonseed Meal 0,5 2,5
Beet Pulp 1,0 5
Vit Min Premix 0,005 0,02
Salt 0,005 0,02
Total 20.01 %100

Table 3. Roughage physical and chemical analysis results.
PHYSICAL ANALYSIS

Table 4. Physical and Chemical Analysis Results of Concen-
trate (Pellet) Feed.

PHYSICAL ANALYSIS

Name Pellet Feed
Appearance Normal
Amount 3 Kg
Where it Came From Farm
Arrived Date 09.09.2020
Packaging Shape Plastic Bag
Colour Normal
Smell Normal
Foreign Matter No
CHEMICAL ANALYSIS

Natural Dry matter
Dry Matter.% 91,15 91,15
Crude Ash.% 6,32 6,94
Crude oil % 1,48 1,62
Crude Cellulose.% 8,11 8,89
Crude Protein.% 16,33 17,92
ME, kcal/kg 2564 2813

Before starting the experiment, the animals
were subjected to the acclimatization period 5-days
before sampling by continuing the lighting program
applied by the enterprise for the dark period. No
changes in feed or worker were made until the end
of the experiment. No application was carried out
except for routine applications. No ration changes
were applied during the study. On the days of blood
and milk sampling, samples were taken from the
roughage and concentrated feed ingredients in ac-
cordance with the procedures and content analyses
were performed (Tables 2, 3 and 4).

Milk Sampling Periods

This study was conducted in two stages. Five days
before the start of the experiment and the 5-days

Name Tmr
Amount 3 Kg
Where it Came From Farm
Arrived Date 09.09.2020
Packaging Shape Plastic Bag
Appearance Normal
Colour Normal
Smell Normal
Foreign Matter No
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between the dark and light periods were defined
as the acclimatization period. In order to form the
control group (Stage 1), milk samples from 6 cows
were collected from the right fore udder on the 5th,
10th and 15th days of the study, at the end of the
night (6.00 a.m.) and at the end of the day (06.00
p.m.). Before the light application, light sources
were mounted in the facility and, the same animals
were subjected to a 5-day acclimation period. For
the purpose of the experimental group (Stage 2),
100 ml were collected from the right anterior nipple
at the end of the night (06:00 am) and at the end
of the day (06:00 pm) on days 5th, 10th and 15th
days of the study. In addition, blood was taken from
the coccygeal vein before the morning and evening
milking of the animals during 1st and 2nd stages.
The sera of the blood samples taken were separated.

Determination of Somatic Cell Counts (SCC):

In order to determine the SCC ethyl alcohol and
acetonitrile were mixed in a bottle and kept in a
water bath set at 60-70°C for a while, after adding
methylene blue and mixing well, it was kept at
4°C overnight. It was then used by filtration after
adding glacial acetic acid. After the milk samples
brought to the laboratory, they were homog-
enized by keeping them in a shaking water bath
set at 50-60°C for 30 minutes, 0.05 ml then milk
sample was spread on an area of 100 mm? on a
clean slide. After the prepared preparations were
air-dried, they were covered with SCC paint solu-
tion to cover them completely and painted for 10
minutes. The stained preparations were washed,
dried, and examined under the microscope with
an immersion objective by dripping cedar oil.

The average number of cells in a microscope
field was determined by counting the cells with
clear nuclei in 100 microscope fields in the prepara-
tions with more cells and 20 in the preparations with
few cells and SCC in 1 ml of milk was determined
(Anonymous 1981).

Milk Content Analysis

Fat, dry matter, protein, lactose, density, freezing
point and conductivity analyses in milk were per-
formed by infrared analysis method (combined by
® Mayasan Biotech) using MILKANA® Express Plus

device. Milk protein, fat, dry matter and lactose were
measured using a Milko Scan FT device (Produced
for Turkey with Serial No. 2008 Part No: 701028),
based on Fourier transform infrared spectrum anal-
ysis.

Light Application

LED bulbs and carrier armature (1800 rotatable 50
Watt SMD Led Projector luminaire slim case) were
used in the preparation of the light fixtures. SMD
Powerled (6040 —F2525 A2) with a cooled 50 watt
red light was mounted in bulb cases. Wavelength
measurements of the light source were carried out
with the aid of an electron microscope spectropho-
tometer (LED) Ocean Optics/Qe 65000, and the dis-
tance between the fiber tip and the led lamp was
10-15 cm. The wavelength of the light was calcu-
lated as approximately 652 nm (Figure 1).

The light fixtures, which were measured, were
mounted in suitable places in the barn, where light
insulation (the windows of which were covered with
aluminum foil) was made, by the electric technicians
working in the farm. After assembly and during the
trial periods, light intensities were measured at the
animal eye and the feeder levels. While the lighting
program applied to the farm was continued to be
applied to the selected animals during the control
(dark, 1st stage) period of the experiment, blood and
milk samples were collected on the 5th, 10th, and
15th days of the night, after the 5-day adaptation
period. In the red light application, which is the main
application of the experiment, after this period, the
light mechanism was started, and the second stage
of the experiment was started after the 5-day adap-
tation period. During this period, the animals were
exposed to red light for 12h (between 06.00 pm and
06:00 am) after 06.00 pm, while they were exposed
to daylight during the day. As in the control period,
milk and blood samples were collected from the
same animals on days5th, 10th and 15th days, twice,
in the morning and evening, in accordance with the
specified protocol. Light measurements were made
and recorded during the periods when the samples
of the dark and red light illumination phases were
collected. The light intensity was measured with the
help of the ILT 1700 radiometer at the eye level of
the animals and the intensity of the light intensity
was calculated as 4.67 x 10.76 fc (=~50,267 Ix).
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Figure 1. Wavelength of the red LED bulb light used in the experiment.

Temperature and Humidity Measurements

The light quantity and spectral compositions were
measured using a calibrated handheld fiber-optic
spectrometer (IL 1700 Research Radiometer). In
addition, measurements of humidity, (Trotec Heat
humidity meter BC 06) and air flow rate (Air Veloc-
ity Meter Trotec BA 06) were carried out. In addi-
tion, values such as altitude, humidity, day length
and moon position of the location of the enterprise
were obtained from the Regional Directorate of
Meteorology. The average air temperature for July,
the period of the research, was 25.51 °C (max 36.16-
min 11,5 °C), and the monthly precipitation was 0.6
mm. For the beginning of August, the average air
temperature was 23.79 °C (max 36.43-min 8.31 °C),
monthly rainfall was recorded as 12.8 mm. The ani-
mals were housed in the barn (22+2°C and 55+5%
humidity) with an automatic fan with temperature
and humidity control inside the barn.

Analysis of Milk and Serum Melatonin Levels

Collected milk samples were brought to the bio-
chemistry laboratory in the cold chain and stored at
-20°C until use. Analysis of milk MLT levels was per-
formed with the human direct saliva MLT ELISA kit
(RE54041, IBL International, Germany) modified for
cow’s milk by Kollmann et al. (2008) and Milagres
et al. (2014). Milk samples were analyzed according

to the kit procedure (Milagres et al. 2014). Before
sampling, milk samples were diluted 4 times. Serum
was applied directly to the kit procedure. The levels
are given as pg/ml.

Statistical Analysis

IBM SPSS 25 package program was used for statisti-
cal analysis of the data. The Kolmogorov-Smirnova
test was used to determine whether the data showed
a normal distribution. Since the data did not con-
form to normal distribution, after Kruskal Wallis test
for nonparametric analysis of variance, Mann-Whit-
ney U test was used for pairwise comparisons and
the Dunnett test was used for multiple comparisons
to determine the differences in the groups. Spear-
man'’s test was used to evaluate the relationship be-
tween blood and milk MLT concentration (night and
day milk average), SCC and milk nutrient content
levels (dry matter, fat, protein, density, conductivity,
lactose) in each group and the relationship between
milking time and blood milk in each group.

Results

The serum and milk MLT levels and SCC findings of
the data obtained in the study are given in Table 5,
and data on milk content parameters are given in
Table 6.
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Table 5. Serum and milk MLT levels (pg/ml) and milk SCC levels (Mean +SE)

MORNING EVENING
n=6 CONTROL TRIAL P CONTROL TRIAL P
Serum MLT 5. glin 8,64+1,4 10,93+2,06 0,699 8,59+1,8 14,83+3,11 0,310
Serum MLT 10. gtin 7,02+0,97 15,37+2,6 0,090 7,53+2,14 14,50+3,57 0,310
Serum MLT 15. gtin 8,71+2,3 11,25+1,71 0,310 8,35+0,94 12,95+4,09 0,589
p 0,697 0,322 0,947 0,891
Milk MLT 5. glin 5,01+0,92 2,97+0,64 0,180 6,91+1,73 4,42+0,61 0,093
Milk MLT 10. gtin 5,23+0,35 5,7+1,06 0,240 6,80+1,27 2,51+0,56 0,004
Milk MLT 15. gtin 3,93+0,81 3,33+0,73 0,394 3,67+0,97 2,48+0,79 0,394
p 0,359 0,139 0,113 0,118
scc* 5. glin 37,32+5,63 91,23+37,82 0,180 111,96+82,21 140,99+34,40 0,180
scc* 10.glin  62,20+23,82 99,52+35,19 0,485 62,2+14,00 248,81+146,78 0,589
scc* 15.gtn  91,23+28,49 161,72+92,82 0,818  140,99+101,51 157,58+117,87 0,818
p 0,147 0,845 0,452 0,584

(*preces x 1000).

Table 6. Milk parameters (Mean +SE) in all experimental groups.

MORNING EVENING
CONTROL TRIAL P CONTROL TRIAL P
% DEN 5. gln 27,22+1,92 29,58+0,38 0,520 24,22+2,85 27,38+1,37 0,589
% DEN 10. glin 28,63+1,32 30,17+0,55 0,589 23,78+2,98 24,28+1,74 0,937
% DEN 15. glin 25,66+4,51 30,32+0,16 0818 27,85+1,10 28,62+0,90 0,589
p 0,645 0,345 0,554 0,075
% FAT 5.gln 3,30+1,62 1,38+0,32 0,630 2,28+0,50 3,13+1,20 0,937
% FAT 10. glin 1,55+0,53 0,93+0,23 0,485 542+1,48 527+1,43 0,937
% FAT 15. glin 1,10+£0,51 0,55+0,18 0,937 3,01£1,11 1,86+0,69 0,370
p 0431 0,076 0,359 0,108
% FP 5.gln 53,53£1,02 54,53+0,35 0,699 46,97+4,39 53,58+0,53 0,370
% FP 10. glin 53,05£1,53 54,82+1,01 0,485 52,00+2,45 51,95+0,65 0,485
% FP 15. glin 54,62+0,70 54,38+0,36 0818 54,02+0,79 53,67+0,61 0818
p 0,875 0470 0,402 0,144
% LAC 5.gln 4,35+0,11 4,47+0,03 0,699 3,81+0,37 4,36+0,06 0,485
% LAC 10. glin 4,36+0,13 4,50+0,07 0,485 4,10+0,30 4,16+0,09 0,485
% LAC 15. glin 4,52+0,07 4,48+0,02 0,699 4,41+0,06 4,39+0,06 0,937
p 0,778 0,443 0,548 0,125
% PROT 5. glin 2,96+0,05 3,01+0,02 0,748 2,60+0,24 2,97+0,02 0,394
% PROT 10. glin 2,94+0,08 3,02+0,05 0,485 2,85+0,18 2,88+0,03 0,240
% PROT 15. glin 3,03+0,05 3,00+0,02 0818 3,0£0,04 2,96+0,03 0,589
p 0,719 0,450 0,321 0,115
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MORNING EVENING
CONTROL TRIAL P CONTROL TRIAL P
% SNF 5.gln 7,90+0,16 8,07+0,05 0,631 6,91+0,66 7,91£0,10 0,394
% SNF 10. glin 7,87+0,22 8,11£0,13 0,485 7,50+0,52 7,6+0,13 0,485
% SNF 15. glin 8,17+0,14 8,06+0,05 0,699 7,99+0,11 7,93+0,09 0,589
p 0,781 0, 475 0436 0,119
Z mS/cm 5.gln 4,53+0,19 513+0,10 0,015 4,79+0,15b 519+0,17 0,240
ZmS/cm 10. glin 4,99+0,21 517+0,06 0,589 5,04+0,18a 5,18+0,10 0,485
Z mS/cm 15. glin 4,78+0,13 518+0,15 0,093 5,27+0,05a 5,25+0,11 0,699
p 0,082 0,890 0,030* 0,932

* The difference at the P<0.05 level is significant. DEN: Density 1.0260 g/cm3 - 1.0330 g/cm3 (+0.0005g/cm3) FP: Freezing Point %
(-1°C) = 0°C (£0.015°C) , SNF: Oil-free dry substance 6%—12% (+0.2%) FAT: oil 0.5%-9% (+0.1%). Z: Conductivity:2 mS/cm — 20 mS/cm
(£1%) (18°C).

Correlation tables between the relevant param- 8 for the 10th day and Table 9 for the 15th day in the
eters are presented in Table 7 for the 5th day, Table  experimental and control groups.

Table 7. Correlations between control and trial day 5 morning and evening milk MLT and milk quality parameters.

CONTROL TRIAL
24‘,";,’,’,‘23 Slewrﬁ" ’,\V’,,‘L”T( FAT SN DEN  PROT FP LAC z scc
Serum MLT 1 060 089 031 049 020 031 031 000 044
Serum MLT 1 064 089  -043 -08F 032 043 060 026 -081
Milk MLT 0,41 1 043 08 -094° 078 -08 -08 035 009
Milk MLT 0,03 1 052 006 046 001 006 023 070 087
FAT 037 014 1 020 037 014 020 020 043 079
FAT 094 026 1 077 099" 070 077 -08° 026  -078
SNF 003 012  -054 1 094" 099" 100  100°  -032 009
SNF 014 049 043 1 084 099" 100" 094" 014 032
DEN 014 029 089 083" 1 093" 094" 094" 023  -0,09
DEN 031 054  -060 094 1 078 084 090 023 072
PROT 003 025 029 091" 068 1 099" 099" 022 004
PROT 014  -049  -043 100" 094 1 099" 090 009 028
FP 006 009 049  099%  081* 0,93 1 100 -032 0,09
FP 014 049 043  1,00% 094 1,00 1 094" 014 032
LAC 003 012  -054 100 083  091* 0,99 1 032 009
LAC 014  -049  -043  100% 094  100% 1,00 1 0,31 041
z 003 026 037 037 049 026 049 037 1 -0,85°
z 003 054  -009 043 037 043 043 043 1 035
scc -088* 030 029 029 029 040 030 029 010 1
scc 051 078 034 007 007 007 007 007  -068 1

*P<0.05 correlations mean significant, **P<0.01 level correlations mean important. (The correlation coefficients in bold (r) belong to
the Evening group, and the italics belong to the Experimental group).
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Table 8. Correlations between control and trial day 10 morning and evening milk MLT and milk quality parameters.

CONTROL TRIAL

m ‘::ii:g S;"L’;” pIZ’L”; FAT SNF DEN PROT FP LAC Z scc
Serum MLT 1 0,60 0,89 -0,31 -0,49 -0,20 -0,31 -0,31 0,00 0,44
Serum MLT 1 099"  -0,12 0,41 0,12 0,32 0,41 0,41 0,35 0,36
Milk MLT -0,15 1 043 083  -094"  -078  -08%  -083% 035 0,09
Milk MLT 0,09 1 -0,14 0,43 0,14 0,26 0,43 0,43 0,31 0,44
FAT 0,26 -0,09 1 -0,20 -0,37 -0,14 -0,20 -0,20 -0,43 0,79
FAT 0,66 0,60 1 094" -100°  -077  -094"  -094"  -014 -0,03
SNF -0,18 0,56 -0,46 1 094" 099" 100" 100"  -032 0,09
SNF -0,54 -0,03 -0,77 1 0,94" 0,83" 1,00 1,00 0,31 0,03
DEN -0,22 0,50 0,72 0,94* 1 093" 094" 094"  -023 -0,09
DEN -0,37 026 -0,83*  0,94* 1 0,77 094" 094" 0,14 0,03
PROT -0,17 0,57 040  099** 092 1 099" 099"  -022 0,04
PROT -0,54 -0,03 2077 1,004 0,94* 1 0,83 0,83 0,26 -0,37
FP -0,17 0,47 039  099*  090*  099* 1 1,00 -032 0,09
FP -0,54 -0,03 20,77 1,004 0,94**  1,00%* 1 1,00” 0,31 0,03
LAC -0,18 0,56 050 0,99%*  096*  099%  0,98* 1 -0,32 0,09
LAC -0,54 -0,03 20,77 1,00 094* 1,00  1,00* 1 0,31 0,03
z -0,71 0,13 0,10 -0,13 -0,08 -0,14 -0,15 -0,13 1 -0,85°
z -0,43 -0,14 -0,77 089*  094*  089*  089*  089* 1 -0,30
scc -0,11 -0,40 -0,36 -0,59 -0,28 -0,64 -0,64 -0,55 0,33 1
sccC 0,39 0,33 082*  -0,88*  -088*  -0,88*  -088*  -088*  -0,70 1

* P<0.05 correlations mean significant, **P<0.01 level correlations mean important.

Table 9. Correlations between control and trial day 15 morning and evening milk MLT and milk quality parameters.

CONTROL TRIAL
2{,‘;::‘;,‘,‘ 3 Si,,’f;q I/Zﬁ FAT SNF DEN  PROT FP LAC z scc
Serum MLT 1 020 049 071 032 071 071 067 014 0,00
Serum MLT 1 0,06 026  -031 037 014 014 037 003 0,12
Milk MLT 0,26 1 0,20 0,20 0,20 0,20 0,20 009 054 041
Milk MLT 0,93% 1 0,41 0,64 052 084 084 052 038 072
FAT 066 0,14 1 0,61 0,00 0,61 0,61 059 049 001
FAT 070  -083* 1 060 077 049  -049 077  -08F 062
SNF 014 037 0,14 1 075 100 100" 099" 009  -055
SNF 0,23 043  -003 1 094" 094" 094" 094" 043  -093"
DEN 064 006 006 0,58 1 0,75 075 076 029 072
DEN 0,52 077  -060 077 1 083 08 1000 066  -093"
PROT 012 046 012 099 059 1 100" 099" 009  -055
PROT 0,29 0,37 014 094 060 1 100 08 037  -093"
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CONTROL TRIAL
2"‘, Z::‘ii:g 5‘;;2‘;” ’;Zﬁ FAT SNF DEN  PROT FP LAC z scc
FP -0,26 049 0,09 0,94** 0,64 0,93** 1 0,99" -0,09 -0,55
FP 0,12 0,37 -0,09 0,94** 0,83* 0,83* 1 0,83 0,37 -0,93"
LAC -0,14 0,37 0,14 1,00** 0,58 0,97** 0,94** 1 0,06 -0,60
LAC 0,12 0,37 -0,09 0,94** 0,83* 0,83* 1,00%* 1 0,66 -0,93"
YA -0,49 0,26 0,31 -0,20 -0,06 -0,23 0,09 -0,20 1 -0,32
z 0,58 0,31 0,09 0,09 -0,14 0,37 -0,14 -0,14 1 -0,62
ScC -0,06 -0,46 -0,55 -0,55 0,24 -0,53 -0,46 -0,55 -0,12 1
SccC -0,03 -0,27 -0,03 -0,94** -0,70 -0,82* -0,88* -0,88* 0,15 1

*P<0.05 correlations mean significant, **P<0.01 level correlations mean important.

On the 5th day of the study, serum MLT and FAT
were positively high in the evening group (r=+0.89,
p<0.05), serum MLT and DEN (r=-0.84, p<0.05) and
SCC (r=-0.81, p<0.05) a negative high correlation
was detected. There was no significant relationship
between milk MLT and milk parameters in the control
group (P>0.05). Significant between SNF (r=-0.83,
p<0.05) and LAC (r=-0.83, p<0.05), DEN (r=-0.94,
p<0.05) in the trial morning group with milk MLT
(<0.01), very significant negative associations were
observed between a very significant positive cor-
relation (r=+0.94) was found between serum MLT
and FAT in the trial evening group. It was observed
that there was a high positive (r=+0.87, p<0.05)
correlation between milk MLT and SCC in the trial
evening group. When the correlations in terms of
SCC were examined, no significant relationship was
detected in the control evening group, while there
was a highly negative (r=-0.88, p<0.05) relationship
with serum MLT in the morning group. In the experi-
mental groups, there was a high negative correla-
tion (r=-0.85, p<0.05) with only conductivity (Z) in
the morning group (Table 7).

A significantly high correlation was detected
between serum MLT and milk MLT in the evening
in the control group on the 10th day of the study
(r=0.99, P<0.05). In terms of milk quality character-
istics, a high positive (r=0.89, p<0.05) correlation
was determined between morning serum MLT and
FAT in the morning and evening groups on the 10th
day of the trial. No significant relationships could
be determined with serum MLT in terms of other
characteristics. Significant correlations were found
between milk MLT and SNF, DEN, FP, and LAC in
the morning control group (p<0.05). There was no
significant correlation between the control evening
milk MLT and any of the features (p>0.05). In the

control evening, positive (r=0.82) relationships be-
tween FAT, which is between SCC and milk compo-
nents, and negative (r=-0.88) relationships between
SNF, DEN, PROT, FP and LAC were determined. It
was calculated that there was only a negative sig-
nificant correlation (r=-0.85) between SCC and Zara
in the trial morning group. On the 10th day of the
study, very high positive correlations were observed
between the control SNF and DEN parameters and
PROT, FP, LAC, Z, provided that they were similar
in the morning and evening groups. In the same
groups, very high positive correlations were ob-
served between PROT and FP, LAC and Z (Table 8).

On the 15th day of the study, a very high positive
correlation was detected between serum MLT and
milk MLT levels in the trial evening group (r=+0.93
p<0.01). There was a significant negative correla-
tion between milk MLT and FAT in the trial evening
group (r=-0.83, p<0.05). On the 15th day in the con-
trol group, significant negative correlations (p<0.05)
were observed between SCC and SNF and between
SCC and PROT, FP and LAC. It was revealed that
there were very high negative relationships(r=-0.93
p<0.01) between SCC and SNF, DEN, PROT, LAC,
and FP in the red light trial groups (Table 9).

Discussion

Currently, it is thought that different light applica-
tions in livestock farms may be beneficial in terms of
animal productivity. By adjusting the light and dark
times, it is tried to provide advantages such as ener-
gy saving and more efficiency. The eyes of all mam-
mals contain light-sensitive rods that allow vision in
the dark and cones that allow us to see shapes and
colors in daylight. Cow eyes are large and contain
a high amount of rods, which may facilitate vision
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at low light intensities (Phillips et al. 2000). Today, it
is not known exactly how well cattle can see in the
dark, and there is no complete information about
the color discrimination in cattle. All primates are
trichromatic and have three types of cones, while
the mullein has only two types of cones and is di-
chromatic. For this reason, it is thought that cattle
cannot distinguish between green and red (Sjaastad
et al. 2003). At night, breeders use red light, known
as "invisible light” for cattle. This suggests that red
light is useful for night-time lighting. Thus, the farm-
ers think that they will not disturb the animals when
they control them at night (Olsson 2020). In our
study, no significant changes were observed in the
milk and serum MLT levels and SCC in the control
and light trial groups, which is consistent with the
finding that red light is beneficial in night lighting.

Light is the most important factor affecting the
synthesis and release of the MLT hormone, which
is an indole compound and synthesized from the
amino acid tryptophan. The secretion of melatonin
by pineal gland cells depends on the sensitivity of
pinealocytes to light. As a result of this sensitiv-
ity, the inhibition caused by light disappears in the
dark and MLT secretion by melanocytes increases.
Whether the environment is light or dark, in oth-
er words, day and night, is the main factor in MLT
synthesis and release (Ozgiiner et al. 1995). Melato-
nin secretion reaches its highest level, especially at
around 23.00-05.00 at night. The level of MLT in the
cell and in the blood increases 3-10 times compared
to that in the daytime. While the blood concentra-
tion of melatonin in humans is approximately 0-20
pg/dl during the daytime, it rises to 50-200 pg/dI at
night (Claustrat et al. 2005). Also, MLT biosynthesis
is sensitive to the wavelength of light. Synthesis is
suppressed by short light wavelengths (Cajochen et
al. 2005; Asher and Corsi 2015). In general, light in-
tensity is an important parameter for measuring the
suppression level of MLT, and as the brightness of
the light stimulus increases, the suppression power
also increases (Ozcelik et al. 2013). In a study on MLT
secretion with blue and red light in humans, it was
stated that blue light (479 nm) suppressed MLT se-
cretion, while red light (627 nm) had no effect. In
another study conducted in humans, it was reported
that MLT secretion was suppressed by exposure to
short-wavelength light (446-477 nm) (Brainard et
al. 2001). It has been shown that light in the short-
wavelength spectrum (465-485 nm) suppresses MLT
production in mammals (Lockley et al. 2003; Main-
ster, 2006; Brainard et al. 2008). On the other hand,
it is known that the effects of light on MLT synthesis

and release are not similar among different species.
For example, it has been reported that light applica-
tion at a wavelength of 640 nm in hamsters inhibits
MLT secretion from the pineal gland, MLT suppres-
sion occurs at 460 nm in humans, and serum MLT
levels decrease slightly at 630 and 700 nm (Hani-
fin et al. 2006). In this study, it was determined that
50 Ix red light at wavelength 652 nm at the animal
eye level, applied for 15-days, did not significantly
change serum MLT levels in milk cows compared to
dark application. This is important in terms of show-
ing that MLT synthesis does not decrease in farms
that will be illuminated at night with red light.

The presence and levels (5-25 pg/ml) of the
MLT hormone, which is photoperiodically synthe-
sized from the pineal gland, in human, cow, and
goat milk have been demonstrated (Eriksson et al.
1998; Valtonen et al. 2003; Castro et al. 2011). Milk
MLT levels in cows have been reported at different
levels by different researchers: Milk MLT levels in
Ayrshire cows are 7+2 pg/ml, (Erikkson et al. 1998),
in dry period Holstein-Friesian cows 5.4 pg/ml in
February, 11 in August 8 pg/ml (Schaper et al. 2015)
and 2.9+0.6 pg/ml in dairy cows in June (Castro et
al. 2011). Milk MLT levels in the study (in the range
of 3.93-5.23 pg/ml) were slightly lower than the lev-
els reported by Erikkson et al. (1998) and Schaper
et al. (2015) and slightly higher than the levels re-
ported by Castro et al. (2011) was determined as.
Serum MLT levels obtained in the morning and eve-
ning hours in the control group were 7.02 pg/ml
in the control group, close to Erikkson et al. (1998)
and slightly higher 8.71 pg/ml in the evening group.
In the red light experimental groups, it was in the
range of 7.53-8.59 pg/ml.

The concentration of MLT in milk follows a diur-
nal course in parallel with the serum concentration.
The highest concentration is at night and the low-
est at noon. For this reason, milk expressed at night
(between 2 and 4 at night) contains higher MLT than
milk expressed during the day (Milagres et al. 2014).
In the study, no difference was observed in terms
of MLT levels between blood and milk samples tak-
en around 06.00 a.m. and blood and milk samples
taken around 06.00 p.m. This may be related to the
short half-life of the MLT hormone. The half-life of
melatonin in the blood is approximately 40 minutes
(Cevik and Yurdaydin 1998). It has been reported
that the release of MLT, which has a special circadian
rhythm, starts to increase at 09.00-10.00 p.m. hours
in the evening, reaches a maximum level at 02.00-
04.00 a.m. hours, starts to decrease at 05.00-07.00
a.m. in the morning and decreases to basal levels
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after 07:00 a.m. (Claustrat et al. 2005; Castro et al.
2011). The pineal gland synthesizes approximately
80% of the amount of MLT in the bloodstream. On
the other hand, MLT synthesis is not limited to the
pineal gland. The presence of hydroxyindole-O-
methyltransferase (HIOMT), known to be involved in
the synthesis of melatonin, in organs other than the
pineal gland suggests that MLT synthesis also oc-
curs outside the pineal gland. It has been reported
that some cells in the Harder gland, lacrimal gland,
retina, erythrocytes, platelets and gastrointestinal
tract synthesize MLT (Cardinali and Pévet 1998).
There are no literature data on MLT secretion from
the mammary gland. Although there is information
that milk and serum MLT levels follow a parallel
course (Milagres et al. 2014), it is reported that this
parallelism changes according to the lactation and
non-lactation periods of animals. While milk MLT
levels were 7+2 pg/ml during the lactation period
in Ayrshire cows, it was 151 pg/ml at night and
did not show any correlation with serum MLT levels
(7+£2 pg/ml during the day, 27+7 pg/ml at night),
milk and serum MLT levels changed in parallel in
the non-lactation period (Erikkson et al. 1998). This
study was conducted on Holstein cows that were
on the 110th day of lactation on average. The fact
that the milk MLT level did not change at the same
rate as serum MLT is consistent with the study of
Erikkson et al. (1998). On the other hand, it differs
from the studies of Vanecek (1998) and Castro et
al. (2011) who suggested that there is a relationship
between blood and milk melatonin concentrations.
In addition, it was observed that milk MLT levels de-
creased on the days 5th, 10th and 15th days fol-
lowing the red light application, and the statistical
difference was detected on the 10th day. Statisti-
cally significant correlations between milk and se-
rum MLT levels were detected only at day 15 in the
control and on day 10 of the trial. In the light of
these findings, it can be thought that milk MLT lev-
els respond to red light application differently from
serum MLT levels, serum and milk MLT levels do not
always follow a parallel pattern, and there may be
other mechanisms controlling milk MLT levels.

It is thought that there are some relationships
between milk production, milk contentand MLT. MLT
applied externally (implanted) to dairy cows grazing
in the pasture by Auldist et al. (2007) decreased milk
yield, decreased milk lactose levels, and increased
fat, protein and casein levels. Externally applied MLT
implant in Holstein cows decreased the number of
milk somatic cells and also increased serum albumin
alaninetransferase and lactatedehydrogenase levels

while decreasing cortisol levels (Yang et al. 2017).
In his study, it was noted that after MLT adminis-
tration, the concentration of IgG and IgM increased
transiently, followed by a significant decrease in
white blood cells and lymphocytes. In conclusion,
MLT treatment improved immune activity in cows,
reduced SCC, and improved milk quality.

Milk fat is a complex mixture of different types
of fat, which is the body’'s main source of energy.
As the milk fat content increases, the quality of the
milk improves (Romero Velarde et al. 2019). Molik
et al. (2011) showed that MLT application and ex-
posure to short day photoperiod in different sea-
sons in sheep had significant effects on protein, fat,
and lactose levels and fatty acid content of sheep
milk (P<0.01). In this study, a high positive correla-
tion (r=+0.94, p<0.01) was observed between se-
rum MLT and milk fat levels in the control group on
the 5th day. In addition, high positive correlations
(r=+0.89, p<0.05) were determined between morn-
ing and evening serum MLT and milk fat levels in the
5th day red light group. This correlation between
serum MLT and milk fat levels was not detected in
the control group, although the red light was also
seen on the 10th day. It can be thought that the
fat content in milk is positively affected by light ap-
plication. On the other hand, endogenous MLT and
exogenous MLT may have different interactions with
milk parameters, and the dose of MLT is one of the
issues that may be important in this interaction.

In their study on cow’s milk, they found the re-
lationship between milk fat (%) and milk SCC and
milk protein (%) levels as r=0.37 and r=0.63, re-
spectively. Similarly, in this study, correlations were
calculated as r=0.60 between evening milk SCC and
milk fat in the experimental group on the 15th day,
and r=0.61 between milk fat and milk protein levels
in the morning group. The correlation between milk
fat and milk SCC was slightly higher than that obser-
vet in this study (r=0.62) (Ikonen et al. 2004). In both
studies, correlations were not found to be statisti-
cally significant (P>0.05). It was determined that the
correlation level, which was r=-0.81 p<0.05 on the
5th day in the evening of the experimental group,
was r=+0.36 on the 10th day and r=+0.12 on the
15th day, and may have changed by being affected
by red light. SCC with serum MLT was calculated as
r=+0.87 (p<0.05) on the 5th day, r=+0.44 on the
10th day and r=-0.72 on the 15th day. This trend of
change in serum MLT levels can be considered as
an important finding in terms of preventing mastitis
formation and improving milk quality.
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On the 10th day of the study, a negative cor-
relation (r=-0.81, p<0.05) was determined between
evening serum MLT levels and milk SCC in the con-
trol group. In addition, a negative correlation was
determined between serum MLT levels and milk
SCC in the 10th day of red light application (r=-0.81,
p<0.05). Yang et al. (2017) as reported, it is thought
that this negative correlation between MLT and SCC
obtained in our study may be important in prevent-
ing mastitis. The fact that serum and milk MLT levels
did not decrease statistically can be considered as
an important finding in our study, although a night-
time illumination of 50 Ix was used with red light.

Conclusion and Recommendations

As a result of the data obtained in the study, it was
observed that serum and milk MLT levels and milk
parameters were not adversely affected by 15-day-
old red LED bulbs (652 nm) and night (12 h) illumi-
nation in Holstein dairy cows.

In this study, in which we tried to measure the
effect of red light, no statistical difference was found
in terms of serum MLT, milk MLT and milk SCC mea-
sured in the morning control and morning trial
groups (P>0.05). In the evening control and evening
trial groups, a statistical difference was obtained for
the same values on the 10th day of only the milk
MLT group (P=0.004).

When the correlations of milk components
were examined, it was determined that FAT and SCC
were affected more in red light groups than in the
control group. No significant changes were detect-
ed between serum MLT, milk MLT and milk param-
eters in the day,morning and evening samples. Only
a very high positive correlation was determined be-
tween serum MLT and milk MLT at day 15. In ad-
dition, a strong positive correlation was observed
between serum MLT and FAT in the morning and
evening, while a negative correlation was found be-
tween MLT and DEN.

It was observed that 12h of illumination with
red LED bulbs did not have any negative effect on
milk parameters. As it can be understood from the
relations between milk MLT levels and milk SCC
on the 5th, 10th and 15th days of the study, it can
be argued that red LED bulbs can be used in night
lighting for quality milk production without causing
any serious problems.

As a result, suitable red light applications in
compulsory night lighting will make it possible to
obtain rich quality milk without causing significant
decreases in MLT levels. It can be claimed that light-

ing with a wavelength of 652 nm for 12h can be
used in night-time shelter lighting without causing
significant decreases in blood MLT levels, as in the
dark.
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Silybum marianum’un broyler bobreginde methomyl hasarina
karsi etkilerinin patolojik ve biyokimyasal olarak arastiriimasi
Bahadir Kiling" ©, Ertan Orug?
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Ozet: Bu calismada broylerlerde Methomyl toksikasyonuna bagli olusan bobrek hasarina karsi Silybum marianum
tohumu tozunun koruyucu/énleyici ya da iyilestirici etkilerinin arastirilmasi amaglanmistir. 28 gtin olarak planlanlanan
calismada Konrol grubu (KONT), Methomyl grubu (MET), Silybum marianum tohumu tozu grubu (SMT) ve
Methomyl+Silybum marianum tohumu tozu grubu (MET+SMT) olmak Uzere her birisinde 32 hayvan bulunan 4
farkli grup olusturuldu. Methomyl 20 ppm, Silybum marianum tohumu tozu ise 10 gr/kg olarak yemlere ilave edildi.
Deneme siresince haftalik olarak her bir gruptan 8 hayvanin nekropsileri yapilarak biyokimyasal ve histopatolojik
incelemeler icin 6rnekler alindi. Biyokimyasal incelemeler icin alinan serum &rneklerinden total protein, kreatinin
ve Urik asit parametrelerin ol¢imleri yapildi. Histopatolojik incelemelerde ise bdbreklerde hiperemi, tubulus
epitellerinde dejenerasyon ve nekroz, Bowman kapsiliinde kalinlasma, intertubuler alanda kanama ve yangisal
hiicre infiltrasyonu, tubulus bazal membranlarinda kalinlasma bulgulari degerlendirildi. Calismada her hafta kan
serumlarinda yapilan analizlerde kreatinin, Urik asit ve total protein degerleri KONT ve SMT gruplarinda benzer
bulunurken, MET gruplarinda, KONT ve SMT gruplarina kiyasla istatistiksel olarak ylksek saptanmistir. MET+SMT
grubunda ise ilgili parametrelerin degerleri MET grubuna gére disiik oldugu gorilmustir. Methomyl verilen tim
gruplarda, bobrek dokularinda 14'tncl gin dlgimlerde belirginlesen, 21 ve 28'inci glinlerde zamana bagli olarak
siddeti artan hasar meydana gelmistir. Koruyucu/iyilestirici amagla verilen Silybum marianum‘un ise biyokimyasal ve
histopatolojik diizeyde hasarlari azalttigi gézlemlenmistir.

Anahtar kelimeler: Biyokimya, Bobrek, Histopatoloji, Methomyl, Silybum marianum

Pathological and biochemical investigation of the effects of Silybum
marianum against methomyl damage in broiler kidney

Abstract: The aim of this study was to investigate the protective/preventive or ameliorative effects of Silybum
marianum seed powder against kidney damage caused by Methomyl toxicity in broilers. In the 28-day study, 4 different
groups of 32 animals each were formed as Control group (CONT), Methomyl group (MET), Silybum marianum seed
powder group (SMT) and Methomyl+Silybum marianum seed powder group (MET+SMT). Methomyl 20 ppm and
Silybum marianum seed powder 10 g/kg were added to the feed. During the experiment, 8 animals from each group
were necropsied weekly and samples were taken for biochemical and histopathological examinations. Total protein,
creatinine and uric acid parameters were measured from serum samples taken for biochemical examinations. In
histopathological examinations, renal hyperemia, degeneration and necrosis of tubular epithelium, thickening of
Bowman'’s capsule, hemorrhage and inflammatory cell infiltration in the intertubular area, and thickening of tubular
basement membranes were evaluated. In the study, creatinine, uric acid and total protein values were found to be
similar in the KONT and SMT groups, but statistically higher in the MET group compared to the KONT and SMT
groups. In the MET+SMT group, the values of the related parameters were lower than in the MET group. In all
methomyl-treated groups, damage to the kidney tissues became evident in the measurements on the 14th day
and increased in severity on the 21st and 28th days in a time-dependent manner. Silybum marianum given for
protective/healing purposes was observed to reduce the damage at biochemical and histopathological levels.

Keywords: Biochemistry, Histopathology, Kidney, Methomyl, Silybum marianum

Giris Methomyl nefrotoksisitesinde histopatolojik
Methomyl'in, memelilere, kuslara ve cevreye karsi  olarak, glomerillerde atrofi, tibullerde dilatasyon,
son derece ylksek kalinti toksisitesi nedeniyle bir-  epitelde vakuoler dejenerasyon ile deskuamasyon,
cok Avrupa Ulkesinde ve Tirkiye'de Methomyl kul-  ayrica intertibuler alanda édem, renal kan dama-
lanimi yasaklanmistir (Boucaud-Maitre ve ark 2019, rinda tromboz, yangisal hiicre infiltrasyonu, peri-
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ve ark 2017, Sakr ve ark 2018). Methomyl ile iligkili
dejeneratif degisiklikler ve nefritik hasar, methomy!
kaynakli oksidatif strese, lipid peroksidasyonuna,
sonucta ortaya ¢ikan serbest radikal birikimine ve
antioksidan sistemin bozulmasiyla iligkili oldugu bil-
dirilmektedir (El-Demerdash ve ark 2013). Hucresel
vakuolasyon olusumu hiicre hasarini sinirlamaya ca-
lisan adaptif bir fizyolojik yanit olarak degerlendi-
rilirken yangisal reaksiyon ise, dokularin methomyl
tarafindan uygulanan oksidatif stres kaynakli yara-
lanmaya karsi bir savunma tepkisi olarak kabul edilir
(Sakr ve ark 2018). Methomyl, memelilerde asetilko-
linesteraz aktivitesini dnemli 6l¢lide inhibe eder (Lin
ve ark 2020).

Deve dikeni antik ¢caglardan beri bilinmektedir.
Anavatani Akdeniz bdlgesi olup, Avrupa ve Kuzey
Amerika boyunca, Ulkemizde ise en fazla Ege ve
Marmara bolgelerinde yayilis gostermektedir (Eren
ve Sevgi 2020). Tohumlarinda ¢ok fazla miktarda sil-
ymarin bulundurur. iceriginde kimyasal bilesenleri
olarak silymarin; izosilibin, silibin, silidianin silikristin
ve dehidrosilibin izomerlerinden meydana gelmek-
tedir (Ding ve ark 2001). Silybum marianum L, yak-
lastk % 70-80 arasinda silymarin flavonolignanslari,
% 20-30'luk miktari ise cogunlugunu polimerik ve
okside polifenolik igeriklerin meydana getirdigi ve
kimyasal olarak belirlenememis tlrevleri icermek-
tedir (Sanchez-Sampedro ve ark 2007). Silybum
marianum tohumlari % 1-5 oraninda silymarin icer-
mektedir. Tohumlarindan Uretilen ekstraktlarinda
%70-80 oraninda silymarin vardir. Silybum maria-
num bitkisinin yapraklarinda, ciceklerinde ve kokle-
rinde silymarin etkeni bulunmaz (Celik ve Kan 2013).
Silymarinde bulunan esas etkili madde silibindir
(Gubukgu ve ark 2002).

Silymarin, ¢coklu in vitro ve hayvan calismalarin-
da antifibrotik, antioksidatif ve antiinflamatuar etki-
ler gostermistir (Cai ve ark 2015).

Bu calismada broylerlerde methomyl! toksikas-
yonuna bagl olusan bodbrek hasarina karsi Silybum
marianum tohumu tozunun koruyucu/6nleyici ya da
iyilestirici etkilerinin arastiriimasi amaglanmistir.

Gereg ve Yontem

Methomyl ve Silybum marianum Tohumu Tozu

Galismada ticari olarak temin edilen Methomyl
(®Coupon 90 SP) ve Silybum marianum tohumu
tozu kullanilmistir. Ticari eldede edilen Silybum
marianum Tohumu Tozunda HPLC cihazi ile yapi-
lan analizlerde % 1,8 silymarin igerigi belirlenmistir.
Calismada MET gruplarina verilen standart broiler
yemlerine 20 ppm methomyl, SMT gruplarina ise kg

basina 10 gr. Silybum marianum tohumu tozu katil-
mistir. Her grup icin ayri ayri olmak tzere Methomyl
ve Silybum marianum tohumu tozu iceren broiler
yemleri, 6zel bir yem fabrikasinda mikser ile homo-
jenize edilerek hazirlamis ve hazirlanan homojenize
yemler sizdirmaz 6zellikteki kraft torbalara konula-
rak muhafaza edilmistir.

Deney Hayvanlari ve Gruplar

Galisma, Veteriner Kontrol Merkez Arastirma Ensti-
tlst Madarligu Yerel Etik Kurul (Karar No:2021/07)
izni ile gerceklestirildi.

Calismada 6zel bir damizlik isletmesinden te-
min edilen 128 adet 7 gunlik broiler civciv (Ross
308) kullanildi. Deneme ortamina alinan civcivler
adaptasyon amaciyla 7 giin kontrolli bakim ve bes-
lenmeye alindi. Boylelikle civcivler 14 ginlik yas-
tan itibaren denemeye hazir hale getirildi. Deneme
amaciyla asagidaki gruplar olusturuldu.

1. Kontrol Grubu (KONT, n=32): Bu grup icerisinde-
ki broilerlere 28 glin boyunca standart broiler besle-
me yemi ve igme suyu ad libitum olarak verildi.

2. Methomyl Grubu (MET, n=32): Bu grup icerisin-
deki broilerlere 28 glin boyunca her giin 20 ppm
Methomyl iceren standart broiler yemi ve icme suyu
adlibitum olarak verildi.

3. SMT Grubu (SMT, n=32): Bu grup icerisindeki
broilerlere 28 gin boyunca her giin 10 g/kg Sily-
bum marianum Tohumu Tozu iceren standart broiler
yemi ve igme suyu adlibitum olarak verildi.

4. MET+SMT Grubu (MET+SMT, n=32): Bu grup
icerisindeki broilerlere 28 glin boyunca her giin 20
ppm Methomyl + 10 gr/kg Silybum marianum tohu-
mu tozu iceren standart broiler yemi ve icme suyu
adlibitum olarak verildi.

Deneme sliresince tiim broilerler icin bir saat
karanlik ve 23 saat aydinlik olacak sekilde aydinlat-
ma programi uygulandi. Calismada KONT grubunda
6'nci, SMT grubunda 4'ncli ve MET+SMT grubun-
da 5'nci glinlerde birer, MET grubunda ise 10, 16 ve
25'inci glinlerde olmak Uzere Ug deney hayvani 6l
bulundugu icin istatiksel olarak degerlendirilmemistir.

Biyokimya ve histopatoloji 6rneklerinin
hazirlanmasi

Deneme siiresince her bir gruba ait broilerlerden 7
glin arayla 7, 14 ve 21'inci glinlerde 8'er broiler rast-
gele secilerek dekapitasyon yontemiyle dtenazi uy-
gulandi. 28'inci giinde ise gruplarda kalan diger hay-
vanlara (KONT, SMT ve MET+SMT gruplarindan 7,
MET grubundan 5 hayvan) sistemik nekropsi yapildi.
Biyokimyasal analiz amaciyla deney hayvanlarindan
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intrakardiyak yolla alinan kan drnekleri 4000 devirde
25 dakika santrifiij sonrasi elde edilen serum 6rnek-
leri ependorf tlplere alinarak -80°C'de saklandi.

Biyokimyasal olciimlerde serum numunelerin-
de total protein, kreatinin, Urik asit (Triolab - Anka-
ra) kolorometrik metotla Beckman Coulter marka
AU640 model otoanalizorde Improgen marka sivi
reaktif ticari kit kullanilarak (Tablo 1) yapilmustir.

Tablo 1. Biyokimyasal analizler icin kullanilan ticari kit listesi.

Reaktif Lot No Marka

Urik Asit 25042 Improgen, (Tirkiye)
Total Protein 21528 Improgen, (Turkiye)
Kreatinin 21422 Improgen, (Turkiye)

Sistemik nekropsi sirasinda ise bdbrek doku-
suna ait makroskobik bulgular kaydedilerek fikzas-
yon amaciyla %10’'luk tamponlu formalin sollisyonu
icerisinde muhafaza edildi. Histopatolojik inceleme
amaciyla alinan bdbrek dokusu &6rneklerinden ru-
tin histopatoloji preparati hazirlama prosedirini
takiben parafin bloklar hazirlandi ve mikrotom (Le-
ica RM 2125 RT) ile 5um kalinliginda kesitler alind.
Tim kesitler HE boyama protokolline uygun sekil-
de boyandi (Luna, 1968). Histopatolojik bulgulari
degerlendirmek amaciyla Meyerholz ve ark (2019)
tarafindan bildirilen yontem modifiye edilerek skor-
lama yapildi. Bu amacla X20 objektif altinda 9 alan
incelendi ve Tablo 2'e gore skorland.

Tablo 2. Histopatolojik skorlama tablosu.

Skor Tanimlama

0 Histopatolojik bulguya rastlanmadi

Histopatolojik bulgu kesitin 1/3'tnde (1-3 mikrosko-
bik alanda) gorulda.

Histopatolojik bulgu kesitin 2/3'linde (4-6 mikrosko-
bik alanda) gorulda.

Histopatolojik bulgu kesitin 3/3'Unde (7-9 mikrosko-
bik alanda) gorulda.

1

2

3

Histopatolojik olarak bdbreklerde hiperemi, ka-
nama, dejenerasyon, nekroz, proteindz sivi birikimi,
bazal membranlarda kalinlasma, yangisal hiicre in-
filtrasyonu degerlendirildi. Her bir deneme grubun-
dan 7, 14, 2%'inci ginlerde rastgele alinan sekizer
ve 28'inci glinde geride kalan KONT, SMT ve MET-
SMT grubundan 7, MET grubundan ise 5 hayvana ait
bdbrek drnekleri histopatolojik olarak degerlendiril-
di. Histopatolojik skorlarin karsilastiriimasi toplam
skorlar Gzerinden yapildi. Bu amacla bobrek kesitle-
rinde hiperemi, tubulus epitellerinde dejenerasyon
ve nekroz, Bowman kapsulinde kalinlasma, intertu-
buler alanda kanama ve yangisal hiicre infiltrasyonu,

tubulus bazal membranlarinda kalinlasma bulgulari
degerlendirildi.

istatistiksel Analizler

Elde edilen verilerin istatistiksel analizinde IBM SPSS
(25.0) bilgisayar yazilimi kullanildi. Verilerin dagilim-
lari Brown-Forsythe ve Bartlett's test kullanilarak test
edilmistir. Grup kiyaslamalari icin veriler icin One-
Way ANOVA Post Hoc Tukey testi uygulanarak harf-
lendirilmistir. Histopatolojik skor verileri Mann-W-
hitney U testi ile analiz edilmistir. Test sonuglari
P<0.05'e gore anlamli kabul edilmistir. Sonuglar Me-
an=SE olarak verilmistir.

Bulgular

Makroskobik Bulgular

GCalismanin 7 ve 14'Unct glnlerinde nekropsileri
yapilan MET. KONT, SMT ve MET+SMT grubu bro-
ilerlerin bobrek dokularinda makroskobik bulguya
rastlanmadi (Sekil 1b). Calismanin 21'inci glniinde
nekropsi yapilan MET grubuna ait bdbreklerde dort,
MET+SMT grubuna ait bobreklerde ise bir solgunluk
ve siskinlik oldugu gorildu (Sekil 1a). Yirmi sekizin-
ci giinde yapilan incelemede ise MET grubuna ait
bodbreklerde (¢ solgunluk ve iki siskinlik gozlendi.
Yirmi sekizinci glinde ayrica MET+SMT grubuna ait
bdbreklerde bir solgunluk ve bir siskinlik tespit edil-
di. Makroskobik bulgular ve deneme hayvanlarinda
gorulme sayilari Tablo 3'te sunulmustur.

Tablo 3. Makroskobik bulgular ve deneme hayvanlarinda go-
rilme sayilari.

Bobrek
Solgunluk Siskinlik
KONT = =
MET - -
SMT = =
MET+SMT - -
KONT = =
MET - -
SMT = =
MET+SMT - -
KONT = =
MET 4 4
SMT = =
MET+SMT 1 1
KONT - -
MET 3 2
SMT - -
MET+SMT 1 1

Nekropsi
glinii

Gruplar

14

21

28
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Sekil 1. a) MET grubuna ait bir bébrekte 21'inci glinde solgun ve siskin gérinim (oklar).
b) MET-SMT grubuna ait bir bobrekte7'nci glinde normal goérinim.

Mikroskobik Bulgular

Galismada histopatolojik olarak bdbreklerde hipe-
remi, kanama, dejenerasyon, nekroz, proteindz sivi
birikimi, bazal membranlarda kalinlasma, yangisal
hiicre infiltrasyonu degerlendirildi (Sekil 2). Bob-
rek dokusundaki histopatolojik degisiklik skorlarin
toplamlarina bakildiginda KONT, SMT ve MET+SMT
kendi gruplari arasinda istatistiki olarak degisik-
lik (P>0,05) bulunmamistir. MET grubunda 21'inci
glinde en siddetli hasar oldugu, 28'inci gliinde sid-
detli (P<0,001), 14'Uncu glinde daha hafif siddette
hasarli oldugu (P<0,05) ve 7'inci glinde ise anlam-

siz (P>0,05) olarak bulunmustur. MET+SMT gru-
bunda 28'inci glindeki sonuglari MET grubundan
disik, KONT ve SMT gruplarindan ytksek oldugu
(P<0,001), 21'inci giin sonuglarina bakildiginda ise
MET+SMT grubunun MET grubundan distk, KONT
ve SMT gruplari ile istatistiksel olarak ayni oldu-
gu gorildi. 14'Unct gin sonuglarina bakildiginda
MET+SMT grubunun MET grubundan distk, KONT
ve SMT gruplarindan ytiksek oldugu (P<0,05) tespit
edilmistir.

Bobreklerde gorilen histopatolojik bulgulara
ait istatistiksel karsilastirma Tablo 4'de sunulmustur.

Tablo 4. Bobreklerde gorilen histopatolojik bulgularin istatistiksel karsilastiriimasi

Gruplar
Giinler oS
KONT SMT MET MET-SMT P DEGERI
7 0,37+0,26 0,25+0,25 1,87+0,74c 0,87+0,64 P>0,05
14 0,00+0,00B 0,37+0,37B 4,00+1,40cA 2,62+1,52AB P<0,05
21 0,50+0,37B 0,37+0,26B 8,75+2,24aA 3,37+1,52B P<0,001
28 0,71+0,35C 0,28+0,28C 14,00+1,22bA 6,57+2,08B P<0,001
P Degeri P>0,05 P>0,05 a,b,c:P<0,001 P>0,05

abe: sttundaki farkhhiklari, ~BC: Satirdaki farkliliklari ifade etmektedir.

.A Sty 'hAQf

LA
. Yoy v
Wevg- 2 de 10E

Sekil 2. a) MET grubuna ait bir bobrekte glomerulonefritis. Hiicre proliferayonu ve kalinlasmaya bagl
Bowman bosluklari daralmis veya kapanmis (oklar). b) Tubulus epitelinde dejenerasyon (siyah oklar) ve tu-
bulus limenlerinde proteindz sivi birikimleri (beyaz oklar). H-E. Orijinal Blyitme 200X
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Biyokimyasal analizler

Tdm gruplardan elde edilen serum total protein, trik
asit ve kreatinin dizeyleri istatistiki karsilastirilmasi

yapilmis olup tablo 4, 5 ve 6'da sunulmustur. Grup-
larin haftalik degisimleri ve ait oldugu parametrenin
aciklamalari ayrica sekil 3, 4 ve 5'te verilmistir.

Tablo 4. Kreatinin diizeyinin haftalara gore degisiminin istatistik sonugclari.

KREATININ (mg/dL) Haftalar

Gruplar 1.Hafta 2. Hafta 3. Hafta 4. Hafta P Degeri
KONT 0,325+0,12 0,337£0,20 0,362+0,10 0,328+0,21 P>0,05
MET 0,900+0,27 0,362+0,09% 0,750+0,50 1,700+0,20% P<0,01
SMT 0,550+0,14 0,275+0,16* 0,250+0,16 0,342+0,11* P<0,05
MET+SMT 0,312+0,13 0,400£0,16 0,737+0,16%* 1,128+0,18%* P<0,001

$ = P<0,05, $$=P<0,01, $$$ = P<0,001 degerlerini ifade etmektedir.

L

1,8

1,6
1,4
1,2

Haftalar

= KONT Sekil 3. Kreatinin dlzeyinin haftalara
= MET gére degisimi. istatistiksel farkliliklar
= SMT anlamlilik derecesine gore a, b, c olarak
B MET+SMT harflendirilmistir.

Kreatinin diizeyinin 2'nci, 3'linci ve 4'Gnci haf-
talardaki KONT grubu ile SMT gruplari arasinda ista-
tistiksel olarak fark bulunmamisken (P>0,05), 1'inci
haftada fark anlamli bulunmustur (P<0,05). KONT
gruplari ile MET gruplari karsilastirildiginda 1'inci ve
3. haftada (P<0,05) anlamli diizeyde, 4'lincii haftada

ise (P<0,001) diizeyinde ¢ok énemli fark gorulirken,
2'nci haftada fark bulunamamistir (P>0,05). MET
grubu ile MET+SMT grubunun, 2'nci ve 3'linci haf-
talardaki istatiksel olarak karsilastirildiginda fark bu-
lunamazken, 1'inci haftada (P<0,01), 4'Ginci haftada
ise (P<0,05) diizeyinde anlamli olarak fark bulundu.

Tablo 5. Urik asit diizeyinin haftalara gére degisiminin istatistiki olarak sonuclari.

URIK ASIT (mg/mL) Haftalar

Gruplar 1.Hafta 2. Hafta 3. Hafta 4. Hafta P Degeri
KONT 2,58+0,70 2,56+0,53 3,21+0,65 2,87+0,50 P>0,05
MET 4,87+0,44 4,76+0,50 518+£1,23 4,66+0,87 P>0,05
SMT 3,52+0,35 2,9+0,47¢ 3,33+0,36 2,37+0,52¢ P<0,05
MET+SMT 3,72+0,20 3,33+0,50 3,58+0,56 3,94+0,59 P>0,05

$ = P<0,05 degerini ifade etmektedir.
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Haftalar

= KONT Sekil 4. Urik asit dizeyinin haftalara
mMEL gore degisiminin grafik olarak sonuglari.
= SMT istatistiksel farkliliklar anlamlilik derece-
mMET+sMT | Sine gore a, b, c olarak harflendirilmistir.

Urik asit diizeyinin 2'nci, 3'inct ve 4'linci haf-
tadaki KONT grubu ile SMT grubu arasinda ista-
tistiksel olarak fark bulunmamisken 1’inci haftada
anlamli fark bulunmustur (P<0,05). KONT grubu ile
MET grubu karsilastirildiginda 1inci, 2'inci ve 3'Gncii
haftada (P<0,01) dlzeyinde 6nemli, 2'nci haftadaki
(P<0,001) duzeyinde ¢ok 6nemli fark bulunurken,
3'inct ve 4'Unci haftada ise fark bulunmamistir
(P>0,05). MET grubu ile MET+SMT grubunun 1'inci,
2'nci ve 3'lincl haftalar istatiksel olarak karsilastiril-
diginda P<0,05 diizeyinde anlamli olarak fark bulu-

nurken, 4'Ginct haftada anlamli olarak fark bulun-
mamistir (P>0,05).

Haftalara gore serum Urik asit diizeyi degisim-
leri KONT, MET ve MET+SMT gruplarinin ayni grup
icerisindeki 1'inci hafta sonuclan ile karsilastirildi-
ginda 2'nci, 3'incl ve 4'linct haftalarda istatistiksel
olarak fark (P>0,05) bulunamamistir. SMT grubunda
ise 1'inci haftaya gore 2'nci haftada anlamli (P<0,05)
ve 4'lnct haftada da istatistiksel olarak onemli
(P<0,01) farkhhk bulunmustur.

Tablo 6. Total Protein diizeyinin haftalara gore degisiminin istatistiki olarak sonuglari.

TOTAL PROTEIN (mg/mL) Haftalar

Gruplar 1.Hafta 2. Hafta 3. Hafta 4. Hafta P Degeri
KONT 3,25+0,22 2,98+0,28 3,4+0,37 2,82+0,39¢ P<0,05
MET 3,72+0,37 4,01+0,22 4,51+0,27% 4,30+0,45 P<0,01
SMT 2,78+0,22 2,93+0,27 3,5+0,52¢ 3,24+0,35 P<0,05
MET+SMT 2,85+0,26 3,63+0,22% 3,15+0,27 3,80+0,16%%¢ P<0,01

$ = P<0,05, $$= P<0,01, $$$ = P<0,001 degerlerini ifade etmektedir.

5,8
5,4

5
46 3
4,2
3,8
3,4

3 -t
2,6 -
2,2
1,8 -
1,4 -

1 !

1.Hafta

2. Hafta 3. Hafta 4. Hafta

Haftalar

= KONT Sekil 5. Total Protein diizeyinin haftalara
= MET gore degisiminin grafik olarak sonuglari.
u SMT istatistiksel farkliliklar anlamlilik derece-
EMET+sMT | Sine gore a, b, c olarak harflendirilmistir.
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Total Protein dlizeyinin 2'nci, 3'inct ve 4'Unci
haftalardaki KONT gruplari ile SMT gruplari arasin-
da istatistiksel olarak fark bulunmamisken (P>0,05),
T'inci haftada anlamli fark bulunmustur (P<0,05).
KONT gruplari ile MET gruplar karsilastinldiginda
1'inci, 2'nci, 3'Uncl ve 4'GncU haftalarda istatistik-
sel olarak (P<0,01) degerinde 6nemli derecede fark
bulunmustur. MET gruplari ile MET+SMT grup-
larinin 4'Ginci haftada istatiksel fark bulunamaz-
ken (P>0,05), 1'inci ve 2'nci haftadaki total prote-
in dlzeylerinin istatiksel olarak karsilastirildiginda
(P<0,05) degerinde anlamli, 3'Unct haftadaki du-
zeylerinin ise (P<0,01) degerinde 6nemli oldugu bu-
lunmustur.

Haftalara gore serum total protein diizeyi de-
gisimleri KONT grubunda 1'inci diger haftalar kar-
silastinldiginda 4'Gnct haftada istatistiksel olarak
anlamli (P<0,05) dusls bulunmustur. MET grubunda
1'inci haftaya gore yapilan kiyaslamada istatistiksel
olarak 3'linct haftada (P<0,01) cok 6nemli diizeyde
fark bulunmustur. SMT grubunda 1'inci haftaya gore
yapilan kiyaslamada istatistiksel olarak 3'incii hafta-
da (P<0,05) anlamli diizeyde farklilik tespit edilmis-
tir. MET+SMT grubunda 1'inci haftaya gore kiyaslan-
diklarinda istatistiksel olarak 2'nci haftada (P<0,01)
dizeyinde 6nemli, 4'tincl haftada ise (P<0,001) de-
gerinde ¢ok dnemli olarak sonug bulunmustur.

Tartisma

Karbamatlar karbamik asit tlrevleri olup pestisit,
herbisit ve fungusit olarak kullanilirlar (Shalaby ve
ark 2010). Methomyl [IUPAC: S- Metil N-( Metilkar-
bamoiloksi) tiyoasetimidat], bir mono-metil-karba-
mat olup pestisit olarak kullanilmaktadir. Methomy!
ayrica gida maddelerinde kirletici olarak buluna-
bilen kalintilardan birisidir (Makrides ve ark 2005).
Pestisitler serbest radikallerin aciga ¢ikmasina ne-
den olarak ya da serbest radikalleri stpuren anti-
oksidan sistemlerde degisiklikler yaparak oksidatif
stresi indukleyebilir (Banerjee ve ark 2001). Devedi-
keni olarak da bilinen Silybum marianum bitkisinin
tohumlarinda bol miktarda bir flavonoid bilesigi
olan silymarin etken maddesi mevcuttur (Kocaman
ve Dabak 2015). Yapilan arastirmalarda Silymarinin
antioksidan, antiviral, antiapoptotik, antienflamatu-
ar, antikarsinojenik, antianjiojenik ve antifibrotik et-
kileri ortaya konulmustur (Gir ve Aktas 2022).

Calismada, broiler civcilerde Methomyl'in béb-
rek dokusundaki toksik sonuclari ile Silybum ma-
rianum tohumu tozunun nefroprotektif etkilerinin
histopatolojik ve biyokimyasal yontemlerle arastiril-
masi amaclanmistir.

Methomyl ile iliskili dejeneratif degisiklikler
ve nefritik hasar, Methomyl kaynakli oksidatif stre-
se, lipid peroksidasyonuna ve sonugta ortaya ¢ikan
serbest radikal birikimine ve antioksidan sistemin
bozulmasiyla iliskilidir (El-Demerdash ve ark 2013).
Calismamizda KONT ve SMT gruplarinin bébrek
histopatolojik skorlari karsilastirildiginda tim hafta-
larda benzer sonuclar olmakla birlikte MET grubun-
da yuksek skorlar alinmis MET+SMT grubunda ise
ylksek diizeydeki hasarlarin azalmis oldugu dikkati
cekmistir. Sentiirk ve ark (2010) tarafindan yapilan
bir calismada silymarinin bobrek dokuda oksidatif
stresi azaltici etkisi oldugunu belirtmektedir. Bu so-
nu¢ SMT'nin oksidatif stresi diislrerek nefritik hasari
azalttig yorumlanabilir.

Djeffal ve ark (2015) Methomyl ile muamele edi-
len sicanlarda, KONT grubu sicanlarina gére énemli
Olclide daha yiiksek Ure ve kreatinin seviyeleri tespit
etmislerdir. Yine yapilan diger bir calismada Sakr ve
ark (2018), Methomyl uygulamasi sonucu, kreatinin
seviyesinde anlamli (P<0.001) artis belirlemistir. Yap-
mis oldugumuz calismada da kreatinin seviyesinin
KONT grubuna gére MET grubunda uygulamaya
bagh olarak yaklasik 5 kat artmis olmasi Djeffal ve
ark (2015)'nin calismasi ile uyumlu bulunmustur.
MET+SMT grubunda ise kreatinin seviyesinde azal-
ma olmasi silymarinin bdbreklerdeki hasarin azal-
masina katki saglamis olabilecegini distindirmdas,
teyit amaciyla buna 6zel bir calisma yapilmasinin
faydali olacagi sonucuna varilmistir.

Bobrekler, yiiksek kan hacmi ve ¢oziinen mad-
delerin konsantre edilmesiyle birlikte cevresel kir-
leticiler tarafindan toksik saldiriya karsi duyarhdir.
Deneysel olarak rasyona thiram ve klorpirifos ilave
edilen deneysel calismalarda bobrek tubiler epitel
hiicresinde dejenerasyon ve nekroz gortlmdstur
(Subapriya ve ark 2007, Krishnakumar ve Visvanat-
han 2014). MET ile deney hayvanlarinda yapilan
diger calismalarda, bdbregin tubulus epitel hiicre-
lerinde dejeneratif degisiklik, intertubuler alanda
fokal yangisal hiicre infiltrasyonu ve konjesyon be-
lirlenmistir (EI-Demerdash ve ark 2013, Mansour ve
ark 2015, Aslanturk ve Kalender 2021). Calismamizda
Methomy! toksikasyonuna maruz kalan broilerlerin
bobrek dokusunda tubul epitelinde dejenerasyon
ve nekroz, Bowman bazal membraninda kalinlasma,
intertubuler alanda kanama ve yangisal hiicre infilt-
rasyonu tespit edilmistir. Bu histopatolojik bulgular
Methomyl'in broilerlerin bébrek dokusunda nefro-
toksik etki gosterdigi bilgisini desteklemektedir. Ce-
cen ve ark (2011)'nin Doksorubisin ile toksikasyon
yapilan hayvanlarda bobrek dokusunun histopato-
lojik incelemesinde belirgin ttbuler dejenerasyon
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ve nekroz dahil énemli renal lezyonlar g&zlenmis
ve Silymarin tedavisinin bu histopatolojik bulgulari
azalttigi belirtilmistir. Yapilan ¢alismamizda da, MET
grubunda, KONT grubuna gore tubulus epitellerin-
de nekroz ve Bowman bazal membraninda kalinlas-
ma artarken, MET+SMT grubunda ise SMT ve KONT
grubuna benzer oldugu gortlmustir. Ayrica MET
grubunda intertubuler yangisal hiicre infiltrasyonu
ve kanamanin MET-SMT grubuna gore fazla oldu-
Ju tespit edilmistir. Bu bulgular degerlendirildigin-
de Methomyl'in nefrotoksik etkisine karsi, Silymarin
bdbrek dokusunda iyilestirici etki gostermistir.

Sonug

Sonug olarak Methomy! verilen grupta bdbreklerde
olusan histopatolojik degisikliklerinin siddetinin za-
mana bagl olarak da artis gdsterdigi, Methomylin
ozellikle 4'lncl haftada bobrek dokularinda dnemli
dlizeyde hasar meydana getirdigi gortlmus, koru-
yucu/iyilestirici amacgla verilen Silybum marianum’un
tum haftalarda biyokimyasal ve histopatolojik di-
zeyde hasarlar azalttigi gézlemlenmistir. Calismada
biyokimyasal veriler degerlendirildiginde; Kreatinin,
Urik asit ve Total protein degerleri de MET+SMT
grubunda MET grubuna oranla daha distk seviye-
de gozlenmistir. Elde edilen bulgular dogrultusunda,
broylerlerde Methomyl maruziyetine bagli bobrek-
lerde olusabilecek toksik hasarin, hasarin yeni yapi-
lacak rasyon calismalari dogrultusunda Silybum ma-
rianum Tohumu Tozu ilave edilerek azaltilabilecegi
Onerilmistir.

Etik kurul kararn: Veteriner Kontrol Merkez Aras-
tirma Enstitisti Madurlagu Yerel Etik Kurulunun
05.05.2021 tarih ve 2021/7 sayili karari ile calismanin
yapilmasi uygun gorilmustdr.
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Broyler rasyonlarinda prebiyotik ve organik asit kullaniminin
performans ve bazi kan parametreleri lizerine etkilerinin belirlenmesi
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Ozet: Bu calismada broyler karma yemlerine prebiyotik, organik asit ve prebiyotik- organik asit kombinasyonunun ilavesinin
performans, karkas agirligi ve bazi kan parametreleri lizerine etkilerinin belirlenmesi amaglanmistir. Calismada 160 adet
guinliik (Ross PM3) erkek broyler civciv kullaniimistir. Kontrol grubu ve 3 deneme grubu olmak tizere 4 grup olusturulmustur.
Her grup 40 hayvan icermektedir. Bu gruplar da 4 alt grup olacak sekilde dizayn edilmistir. Her alt grupta da 10’ar adet civciv
bulunmaktadir. Deney gruplari, prebiyotik (100 mg/kg) grubu, organik asit (3,0 g/kg) grubu ve prebiyotik (100 mg/kg)- organik
asit (3,0 g /kg) grubu olarak dizayn edildi. Deneme 42 giin strdii. Deneme siresince hayvanlarin canli agirhklari, canh agirhk
artiglari, yem tiketimleri ve yemden yararlanma oranlari haftalik olarak hesaplandi. Calismanin 42. gliniinde her alt gruptan
2’ser adet olmak Uzere rastgele segilen 32 adet broyler karkas agirligi ve kan parametrelerinin belirlenmesinde kullanildi.
Kesilen hayvanlarin sicak ve soguk karkas, karaciger, kalp, dalak, taslik, bezli mide ve Bursa fabricius agirliklari ile bagirsak
uzunluklari belirlendi. Kan serumlarinda LDL kolesterol, total kolesterol, glukoz, trigliserit, HDL kolesterol, total protein ve
albimin dizeylerinin tayini gergeklestirildi. Calisma sonunda, deneme gruplarinda canl agirliklar ve canh agirlik artislari kontrol
grubuna gore daha ylksek (P<0.05), yem tiiketimi prebiyotik grubunda daha yuksek (P<0.05), fakat yemden yararlanma orani
prebiyotik-organik asit grubunda en distik olarak belirlendi (P<0.00). Deneme gruplari arasinda, LDL kolesterol, total kolesterol,
trigliserid, total protein, albimin ve HDL kolesterol seviyesinde anlamli farklar vardi (P<0.05). Serum glikoz degerleri kontrol
grubu ve deney grubunda benzerdi (P>0.05). Kontrol ve deney gruplari arasinda karaciger, kalp, dalak ve Bursa fabricius agirlik
ortalamalari yoninden anlamli fark belirlenmedi (P>0.05). Ancak, taslk ve bezli mide agirliklari ve barsak uzunluklari gruplara
gore anlamli olarak farkliydi (P<0.05). Biyokimyasal ve performans parametrelerine bakilarak kanatlilarda yem katki maddesi
olarak prebiyotik, organik asit ve prebiyotik-organik asit kombinasyonlari yemlere katilabilir. Ancak bunlarin antibiyotiklere
alternatif olarak kullanilabilecekleri hususunda daha fazla ve detayli ¢alismalara ihtiyag vardir.

Anahtar kelimeler: Broyler, kan parametreleri, organik asit, performans, prebiyotik

Determination of the effects of prebiotic and organic acid use on
performance and some blood parameters in broiler rations

Abstract: In this study, it was aimed to determine the effects of adding prebiotic, organic acid and prebiotic-
organic acid combination to broiler mixed feeds on performance, carcass weight and some blood parameters.
160 day-old (Ross PM3) male broiler chicks were used in the study. Four groups were formed as control group
and 3 experimental groups. Each group contains 40 animals. These groups were designed as 4 subgroups. There
are 10 chicks in each subgroup. Experimental groups, prebiotic (100 mg/kg) group, organic acid (3,0 g/kg) group
and prebiotic (100 mg/kg)- organic acid (3,0 g) /kg) group. The trial lasted 42 days. During the experiment, the
live weights, live weight gains, feed consumption and feed conversion ratios of the animals were calculated on a
weekly basis. On the 42nd day of the study, 32 randomly selected broiler carcasses, 2 from each subgroup, were
used to determine the weight and blood parameters. The weights of hot and cold carcasses, liver, heart, spleen,
gizzard-covered stomach and Bursa fabricius, and the lengths of intestine of slaughtered animals were determined.
Blood samples were analyzed for the determination of LDL cholesterol, total cholesterol, glucose, triglyceride, HDL
cholesterol, total protein and albumin levels in blood sera. At the end of the study, the live weights and live weight
gains in the experimental groups were higher than those of control group (P<0.05), the feed consumption was
higher in the prebiotic group (P<0.05), but feed conversion ratio was the lowest in the prebiotic-organic acid group
(P<0.00). Among the experimental groups, there were significant differences in LDL cholesterol, total cholesterol,
triglyceride, total protein, albumin and HDL cholesterol levels (P<0.05). The values of blood sera glucose were similar
in the control group and experimental groups (P>0.05). There was no significant difference between the control
and experimental groups in terms of liver, heart, spleen and Bursa fabricius weight averages (P>0.05). However,
the weights of the gizzard and glandular stomachs, and the lengths of the intestines were significantly diferent
according to the groups (P<0.05). Considering the biochemical and performance parameters, prebiotic, organic acid
and prebiotic-organic acid combinations can be added to the feeds as feed additives in poultry. However, there is a
need for more and detailed studies on whether they can be used as an alternative to antibiotics.

Keywords: Blood parameters, broiler, organic acid, performance, prebiotic
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Giris

Ulkemizin niifusu hizh bir sekilde cogalmakta, co-
galan nufus karsisinda tabi kaynaklarimiz ihtiyag-
larimizi istenilen dizeyde karsilayamamaktadir. Bu
ylzden yeterli, etkili ve saglkl beslenme bir sorun
haline gelmistir. Yeterli, etkili ve saglikli beslenmeyi
saglamak icin biyolojik agidan ylksek sindirilebilir
degerlilige sahip besinlerin yeteri kadar tiketilmesi
gerekmektedir. Bu nedenle yeterli, etkili ve saghk-
Il beslenmede hayvansal kdkenli besin maddele-
ri tercih edilmelidir (Yenilmez 2006; Yuzbasi 2012;
Cosar ve Karsli 2020). Hayvansal kokenli proteine
ihtiyaci olan Ulkelerde kirmizi et gibi beyaz et de
son derece 6nemlidir. Tavuk etinin farkh tarzlarda
tuketime sunulmasi, hazmi ve sindirimi kolay olma-
sl nedeniyle beyaz et oldukca ragbet gérmektedir.
Kanatli hayvanlar yiksek reme glcline sahiptirler
ve kanatli hayvanlarin blylimesi ve gelismesi hizli-
dir. Tabi olarak kanatlilarin beslenmesi bu manada
ucuz ve kolaydir (Senkdyli 1991; Turkoglu ve ark
1997; Erensayin 2001; Yizbasi 2012; Cosar ve Karsli
2020). Kanatl broyler isletmelerinde amag hayvan
basina en az maliyetle en ylksek verimi elde ede-
bilmektir (Senkoyli 1991; Tirkoglu ve ark 1997;
Yenilmez 2006; Cosar ve Karsh 2020). Broylerlerin
hizli blytumesi, yemi etkili bir sekilde tiketmesi ve
saglikli olmasi mide bagirsak sisteminin aktivitesiy-
le birebir iligkilidir (Alp ve Kahraman 1996). Sindirim
ve solunum sistemi hastaliklarinin énlenmesi basta
olmak Uzere; sindirim sistemindeki patojen mikro-
organizmalarin Uremesini durdurmak ve 6nlemek
amacityla hayvan yemlerine katilan antibiyotikler,
bagirsaklardaki patojen bakterilerin yani sira viicut
icin yararli olan mikroorganizmalarin cogalmasini da
dnlemektedirler (Asan ve Ozcan 2006). Ayrica pa-
tojen bakteriler, antibiyotiklerin yemlerde koruyucu
amag i¢in kullanilmalarina bagli olarak zamanla bu
antibiyotiklere karsi diren¢ kazanmaktadirlar (Alp ve
Kahraman 1996; Asan ve Ozcan 2006). Antibiyotikle-
rin yem katki maddesi amaciyla 2006'dan beri ciftlik
hayvanlarinda yemlere katilmasi Avrupa Birligi (AB)
ulkelerinde ve Ulkemizde tamamen yasaklanmistir
(Bugdayci 2008; Soganci 2018). Bunun sonucu ola-
rak da bilim adamlari antibiyotige alternatif olarak
dogal kokenli yem katki maddelerini arastirmaya
baslamislardir (Soganci 2018). Antibiyotiklere karsi
alternatif yem katkisi olarak probiyotik, prebiyotik,
organik asit ve esansiyel yaglar gelistirilmistir (Nir ve
Senkoyli 2000; Bugdayci 2008; Soganci 2018). Pre-
biyotikler konakginin ince barsagindaki enzimlerden
etkilenmeyen ve konakgl icin faydali olan laktobasil-
lus ve bifidobakterium gibi bir ya da birka¢ probi-
yotik bakterinin cogalmasini saglayan, insan ve hay-

van saghg icin faydali olan dogal ya da yapay besin
maddeleridir (Manning ve Gibson 2004; Asan ve
Ozcan 2006; Ozden 2010; Soganci 2018). Yapilan bir
arastirmada, prebiyotiklerin insan gidasina ve hay-
van yemine ilave edilmesiyle diskida probiyotik bak-
terilerden bifidobakteriumun sayisinin arttigi, buna
karsilik konakgl icin patojen olan bakterilerin sayi-
sinda kayda deger azalma oldugu tespit edilmistir
(Santos ve ark 2005; Soganci 2018). Organik asitler
dogadaki bitki ve hayvan gibi bircok organizmadan
saf bir sekilde temin edilmektedir. Her bir organik
asitin kendine has bir antimikrobiyel etki alani mev-
cuttur. Laktik asitin (LA) bakteriler Gzerine olan etkisi
daha gucluyken, salisilik asit (SA) antifungal 6zellige
sahip olup mantarlar lzerine daha etkilidir ve kuf
olusumunu engeller. Organik asitlerden propiyonik
asit (PA) ve formik asitin (FA) antimikrobiyel spek-
turumu ise daha genis olup, hem bakterilere hem
de maya ve funguslara etki edebilmektedir (Dibner
ve Buttin 2002; Kamaci ve Senkdyli 2007). Kanatli
hayvanlar igin toksik etki olusturmadan broyler ras-
yonlarinda rahatlikla kullanilabilen organik asitler,
hayvanlarin yemden yararlanma oranini ve glnlik
canli agirhk artisini pozitif olarak etkilemektedir. Bu-
nun yaninda antimikrobiyel etkileri sayesinde pa-
tojen bakteri, maya ve mantarlarin kontroliinde de
gorev alirlar. Broylerlerin yemine takviye edilen or-
ganik asitler, hayvanin kursaginda pH'yi disurir (Nir
ve Senkoyli 2000; Kamaci ve Senkdyli 2007). Broy-
lerlerin yemine yaklasik %1 miktarinda ilave edilen
propiyonik asit ve formik asit kombinasyonu, genis
antimikrobiyel spekturuma sahip olduklari icin mik-
rofloradaki patojen bakteri, maya ve funguslarin ko-
londa Uremesini ve ¢cogalmasini dnler; mukozaya tu-
tunmasini zorlastirir (Dibner ve Buttin 2002; Kamaci
ve Senkdyll 2007). Cabuk ve ark’nin (2006) yaptig
bir arastirmada, kanath hayvanlarin yemine prebiyo-
tik takviyesinin biyime ve gelisme gibi performans-
larina olumlu katki yapmadigini ancak hayvanlarin
canh agirligina olumlu katki sagladigi bildirilmistir.
Bildircinlarda rasyona prebiyotik ilavesinin hem bii-
ylimeyi ve gelismeyi hem de dalak, B. fabricus ve
timus organ agirliklarinda ¢ok iyi artisa neden oldu-
gunu bildiren calismalar mevcuttur (Soganci 2018).
Broyler ve bildircin rasyonlarina prebiyotik ilavesi ile
yapilan baska calismalarda da elde edilen sonuclarin
ayni oldugu soéylenmektedir (Keser ve ark 2011; Tu-
fan ve ark 2015). Broyler rasyonuna prebiyotik ilavesi
ile yapilan baska arastirmalarda serum HDL koles-
torol diizeylerinin yiiksek oldugu buna karsilik LDL
kolestorol diizeylerinin disik oldugu durumlar da
vardir (Sayed ve ark 2015; Li ve ark 2016). Tufan ve
Arslan (2012) ise broyler rasyonuna prebiyotik ilave-
si ile yaptiklar calismada kan serumunda hem HDL
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kolestorol dlizeyinin hem de LDL kolestorol diizeyi-
nin dustigund tespit etmigslerdir. Broyler rasyonuna
mannan olgosakkarit (MOS) ilave edilerek yapilan
calismada, performansin ve serum trigliserit sevi-
yesinin etkilenmedigi, dustik dozdaki MOS'lerin (%
0,05) serum kolesterol seviyesini distrdigu, ylksek
dozdaki MOS'lerin (% 0,10 ve 0,15) ise serum koles-
terol seviyesini artirdigi ifade edilmistir (Yalginkaya
ve ark 2008). Broyler rasyonuna MOS ve OZn ilave
edilerek yapilan baska bir calismada, blylime per-
formansinin etkilenmedigi, bazi serum parametrele-
rinin ise degistigi, MOS ve organik ¢inko grubunda
bakir seviyesinin diger gruplara gére daha yiksek
oldugu ortaya konulmustur (Yalginkaya ve ark 2012).

Bu calismada bu bilgiler 1s1§inda, broyler ras-
yonlarinda prebiyotik, organik asit ve prebiyotik- or-
ganik asit kombinasyonu kullaniminin performans
ve bazi kan parametreleri tzerine etkilerinin belir-
lenmesi ve elde edilecek bulgular sonucunda yeme
prebiyotik ve organik asit eklenmesinin faydali olup
olmayacag arastirilacaktir.

Tablo 1. Etlik civciv ve pili¢ rasyonlarinin bilesimi (%).

Materyal ve Metot
Materyal

GCalismada glinliik 160 adet (Ross PM3) erkek broy-
ler civciv kullanilmistir. Her bir grup 40 hayvandan
olusacak sekilde 1 adet kontrol grubu ve 3 adet de-
neme grubu olmak Uzere toplam 4 gruba ayriimistir.
Bu gruplar da kendi icinde 10'ar adet broyler civciv-
den olusan 4 alt grup olacak sekilde dizayin edil-
mistir. Arastirma gruplari; I- Kontrol grubu, II- Prebi-
yotik grubu, lI- Organik asit grubu, IV- Prebiyotik-
Organik asit grubu olacak sekilde tanzim edilmistir.
GCalismada kullanilan ginlik civcivler ticari damizlik
isletmesinin kuluckahanesinden alinip arastirma k-
mesine getirilmis ve teker teker tartilmak suretiyle
kiimeslere yerlestirilmistir. Deneme calismasi 42 giin
sirmustlir. Denemenin ilk iki haftalik déneminde
civcivlere, %23,5 HP ve 3100 kcal/kg ME iceren te-
mel broyler civciv rasyonu; 15. glinden 42. gliniin
sonuna kadar ise % 22 HP ve 3200 kcal/kg ME iceren
temel broyler pili¢ rasyonu verilmistir (Tablo 1). Kont-
rol grubuna sadece temel rasyon verilmistir. Dene-
me gruplarindan 1. gruba temel rasyon + prebiyotik
(100 mg/kg), 2. gruba temel rasyon + organik asit
(3.0 g/kg) ve 3. gruba temel rasyon + prebiyotik (100
mg/kg), + organik asit (3,0 g/kg) tozlari verilmistir. Bu
calisma, Etlik VKMAEM'in Hayvan Deneyleri Yerel Etik
Kurulu'nun 2021/21 sayili karari ile onaylanmustir.

Yemler
(DSA Agrifood Product Inc. Bakonyem

Broyler Civciv Rasyonu

Broyler Pilic Rasyonu

Kirikkale/ Ankara) (0- 14giin) (15- 42giin)
Misir 40,00 42,50
Bugday 9,50 10,00
Soya kuspesi 25,00 23,00
Tam yagli soya 15,00 15,00
Balik unu 3,30 1,30
Bitkisel yag 3,90 4,90
Kiregtas! 1,50 1,50
DCP 1,00 1,00

Tuz 0,25 0,25
Vitamin + Mineral premiksi* 0,35 0,35
DL-Methionin 0,20 0,20
Hesapla bulunan

HP, % 23,50 22,00
ME, kcal/kg 3100 3200

Ca, % 0,89 0,88

P % 0,60 0,58
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*Rovimix 124-F(Roche): 2,5 kg’inda 15000 000 IU Vitamin A, 1 500 000 IU Vitamin D3, 50 000
Vitamin E, 5000 mg Vitamin K3, 3 000 mg Vitamin B1, 6 000 mg Vitamin B2, 25 000 mg Niasin,
12 000mg Kalsiyum- D Pantotenat, S000mg Vitamin B6, 30mg Vitamin B12, 1 000 mg Folik asit,
125 mg D- Biotin, 300 000 L-Lysin igexir. Remineral 1 (Roche): 1 kg’mda 80 000 mg Manganez, 30

000 mg Demir, 60 000 mg Cinko, 5 000 mg Bakir, 500 mg Kobalt, 2 000 mg Iyot, 235 680 mg

Kalsiyum Karbonat igerir.

Arastirma rasyonunda prebiyotik olarak inulin
ve FOS takviye edici gida, organik asit olarak da pro-
piyonik asitin kalsiyum tuzu kullanilmistir.

Metot

GCalismamiz yerde kiimeste yapilmistir. Kimes althigi
olarak da odun talasi kullanilmistir. 42 glinlik dene-
me slresince, broylerlerin gunlik tiketebilecekleri
miktardaki yem ve su hayvanlara ad-libitum olarak
verilmistir. Civcivlere ilk 3 glin boyunca, tepsi sek-
lindeki civciv yemlikleri ve suluklari ile daha sonra
ise, degisik hacim ve buyuklikteki (3 kg, 5 kg, 10 kg,
15 kg'lik) suluk ve yemlikler ile su ve yem verilmistir.
Kimesin sicakhgi civcivler kiimese konmadan 1 giin
oncesinde isitilarak 34°C'ye ayarlanmistir. Kimes si-
cakhgr ilk hafta 34°C olup, ilk haftadan sonra sicaklik
her hafta yaklasik 2,5-3°C dusurtlerek 20°C'ye sabit-
lenmistir. Arastirmada kiimesin aydinlatiimasi 24 saat
esasina gore programlanmistir. Aydinlatma gtindiiz
pencerelerden gelen gilin 151g1 aracihgr ile saglanmis,
geceleri ise lambalarla yapilmistir. Deneme siiresin-
ce tim gruplarin canh agirliklari (CA), canli agirlk ar-
tislart (CAA), yem tuketimleri (YT) ve yemden yarar-
lanma oranlari (YYO) haftalik olarak hesaplanmistir.
Denemenin 42. gliniinde tiim broylerler tartilmistir.
Her gruptan rastgele 8 erkek broyler olmak Uzere
toplam 32 broyler kesilmistir. Kesimden 6nce broy-
lerler 12 saat a¢ birakilmistir. Kesimden sonra broy-
lerlerin tlyleri elle yolunduktan sonra intertarsal ek-
lemden ayaklari ayrilmistir. Ardindan i¢ organlari ta-
mamen ¢ikarilan hayvanlar hassas terazide tartilarak
sicak karkas agirliklari (SKA) belirlenmistir. Karkaslar,
soguk karkas tartimlari yapilmak amaciyla, soguk
hava dolabina konulmustur. Burada +4°C'de 18 saat
bekletildikten sonra soguk karkas agirliklari (SKA)
tartilarak tespit edilmistir. Kesilen broylerlerin i¢ or-
ganlarindan karaciger, dalak, kalp, taslk, bezli mide
ve Bursa fabricius'lari da hassas terazi ile tartilarak
agirliklar belirlenmistir. Ayrica bagirsaklarin uzun-
luklari da tespit edilmistir. Arastirmanin sonunda 12
saat a¢ birakilan broylerlerden her gruptan 8'er adet
hayvanin kanat alti venasindan (Vena subcutenea ul-
naris) toplam 32 adet kan ornekleri antikoagulantsiz
tiplere alinmistir. Alinan 32 adet kan 6rnegi 3000
rpm’de 10 dakika santrifiij edilerek ependorf tiiple-

re serumlari ayrilmistir. Serumlar analiz yapilincaya
kadar -20°C'lik derin dondurucuda saklanmistir. Kan
serumlarinda LDL kolesterol, total kolesterol, glikoz,
trigliserit, HDL kolesterol, total protein ve albumin
degerleri otoanalizér cihazi (Mindray BS-400, Cin)
ile kolorimetrik yontemlerle calisan ticari kitler (Rel
assay, Gaziantep, Turkiye) kullanilarak ¢ift okuma ya-
pilarak tespit edilmistir. Calismadaki gruplardan elde
edilen verilerin istatistiki analizleri ile gruplara ait or-
talama degerler arasinda fark bulunup bulunmadi-
g1 tek yonlu varyans analizi (One-Way ANOVA) ile
hesaplanmistir. Gruplar arasi farkliliklarin tespitinde
Duncan Coklu Karsilastirma testinden yararlaniimis-
tir (Duncan 1955). Bulgulara ait verilerin istatistiki
analizleri SPSS paket programi (SPSS 20.0 evaluation
version for Windows, Trial Version) kullanilarak ya-
pilmistir. Sonuclar ise elde edilen verilerin ortalama
degerleri ve ortalama degerlere ait standart hata (X
+ SX) seklinde ifade edilmistir.

Bulgular

Yapilan calismada kullanilan temel rasyonlarin ham
besin madde miktarlari ile metabolize olabilir enerji
degerleri Tablo 2'de verilmistir.

Tablo 2. Rasyonlarin ham besin madde miktarlari ve metabo-
lize olabilir enerji (kcal/kg) degerleri.

Etlik civciv yemi Etlik pili¢ yemi

Kuru Madde (%) 90,30 91,05
Hamprotein (%) 23,50 22,10
Hamyag (%) 4,80 5,90
Hamsellloz (%) 3,35 3,45
Hamkdl (%) 5,50 5,15
Metabolize olabilir 3115 3218

enerji (kcal/kq)

Ortalama Canli Agirliklar (CA)

GCalismada kullanilan 4 gruba ait haftalik ortalama
canli agirliklari (CA) tablo 3'te verilmistir. Tabloya
gore calismanin ilk gininde civciv agirliklar dik-
kate alinarak gruplar arasinda homojen bir dagilim
saglanmaya calisilmisti. Bu nedenle de civcivlerin
baslagic CAlar bakimindan istatistiki fark bulun-
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mamistir. Sunulan calismada, 1. haftada ortalama
CA degerleri deneme gruplarinda kontrol grubuna
gore 6nemli dlctide yiksek (P<0,05), deneme grup-
larinin kendi aralarinda ise ortalama CA degerlerinin
benzer oldugu gortlmustir (P>0,05). Ortalama CA
degerleri 2. ve 3. haftalarda kontrol grubu ile de-
neme gruplari arasinda benzer olup, dnemli bir fark
bulunmadigi (P>0,05), 4. haftada 2. deneme grubu
olan organik asit grubu ile 3. deneme grubu olan
prebiyotik- organik asit grubu arasinda énemli bir

Tablo 3. Gruplarin haftalik ortalama canli agirliklar, gr (x + Sx).

fark oldugu (P<0,05), 5. ve 6. haftalarda ise kontrol
grubu ile deneme gruplari arasinda benzer oldugu
go6zlemlenmistir (P>0,05). Denemenin sonunda tim
gruplarin ortalama CA siralamalari rakamsal olarak
ise sOyledir: 1. Organik asit grubu: 3331,67 g, 2. Pre-
biyotik- Organik asit grubu: 3304,54 g, 3. Prebiyo-
tik grubu: 3264,66 g ve 4. Kontrol grubu: 3248,01
gramdir. Kontrol grubuna gore prebiyotik grubunda
% 0,51, prebiyotik- organik asit grubunda % 1,74 ve
organik asit grubunda % 2,58 oraninda daha fazla
CAA saglamistir.

Yas (Hafta) Kontrol Prebiyotik Organik Asit Prebiyotik-Organik Asit P Degeri
BCA 41,15+0,41 41,37+0,40 40,68+0,31 40,675+0,57 0,60
1 167,55 + 3,39 177,3252 + 2,68 179,200° + 3,21 177,512 + 2,38 0,02
2 477,33 £ 9,70 506,48+ 11,35 497,30 + 9,76 495,00 + 8,00 0,20
3 1007,35+ 17,64 1034,08 + 20,94 1034,68 + 17,39 988,75 + 15,06 0,20
4 1644,73%° + 26,78 1631,08% + 33,79 1698,382 £31,29 1571,75° + 36,83 0,11
5 2408,13+42,85 2440,58+47,35 2506,43+38,73 2424,05+49,35 0,46
6 3248,01+24,18 3264,66+29,57 3331,67+35,44 3304,54+50,29 0,05

* Ayni satirdaki farkl harf tasiyan ortalamalar arasinda énemli farklilik bulunmaktadir (P<0,05).

Ortalama Canli Agirlik Artislari (CAA)

GCalismada kullanilan 4 gruba ait haftalik ortala-
ma canl agirhk artislari (CAA) tablo4'te verilmis-
tir. Tabloya gore 1. haftada ortalama CAAI kontrol
grubunda deneme gruplarina goére 6nemli olclide
distk iken (P<0,05), sonraki haftalarda ise kont-
rol grubu ile deneme gruplar arasinda dnemli bir
fark bulunmamaktadir (P>0,05). Alti hafta boyunca
gruplarin ortalama CAAInda 3. deneme grubu olan
prebiyotik- organik asit grubu ile 2. deneme grubu
olan organik asit grubu benzer olup, bu iki grup ile

kontrol grubu arasinda énemli bir fark bulunmakta-
dir (P<0,05). Calismanin sonunda tiim gruplarin or-
talama CAA siralamalari rakamsal olarak ise soyledir:
1. Prebiyotik- Organik asit grubunda: 3313,78 g, 2.
Organik asit grubunda: 3303,94 g, 3. Prebiyotik gru-
bunda: 3246,30 g ve 4. Kontrol grubunda: 3206,18
gramdir. Kontrol grubuna goére prebiyotik grubunda:
% 1,25, organik asit grubunda: % 3,05 ve prebiyotik-
organik asit grubunda: % 3,36 oraninda daha fazla
CAA degeri saglamistir.

Tablo 4. Gruplarin haftalik ortalama canli agirlik artiglari, gr (x + Sx).

Yas (Hafta) Kontrol Prebiyotik Organik Asit Prebiyotik-Organik Asit P Degeri
1 126,4°+ 3,31 135,95 + 2,66 138,512+ 3,21 136,83+ 2,45 0,02
2 309,77 +9,93 329,15+ 11,17 318,10+ 10,66 317,48 £ 8,42 0,60
3 530,03+ 17,59 527,6+ 22,99 537,38+ 21,24 493,75 + 16,42 0,41
4 637,38+ 33,34 623,50+ 40,16 676,70+ 27,94 583 + 33,23 0,46
5 763,40£45,89 809,50+48,27 808,05+44,66 852,30£64,75 0,64
6 839,88+49,37 824,08+49,94 825,24+56,45 880,49162,00 0,64
0-6 3206,18° + 24,22 3246,30% + 32,83 3303,942 + 33,14 3313,78% + 50,29 0,05

* Ayni satirdaki farkli harf tasiyan ortalamalar arasinda énemli farklihk bulunmaktadir (P<0,05).
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Ortalama Yem Tiiketimleri (YT)

Calismada kullanilan 4 gruba ait haftalik ortalama
yem tiketimleri (YT) tablo 5'te verilmistir. Tabloya
gore calismada en yiksek YT'nin 1., 3., 4. ve 5. haf-
talarda 1. deneme grubu olan prebiyotik grubunda,
2. haftada 3. deneme grubu olan prebiyotik- orga-
nik asit grubunda. 6. haftada ise 2. deneme grubu
olan organik asit grubunda oldugu gorilmektedir.
Calismada 1. haftada ortalama en yiksek YT'nin
prebiyotik grubunda (P>0,05), en duslk ise kont-
rol grubunda oldugu tespit edilmis olup (P<0,05),
diger iki deneme grubu arasinda onemli bir fark
bulunmamaktadir (P>0,05). ikinci haftada ortala-
ma YT'i 3. deneme grubu olan prebiyotik- organik
asit grubunda daha yuksektir (P>0,05). 3. deneme
grubu olan prebiyotik- organik asit grubu ile kontrol
grubu ve diger deneme gruplari arasinda dnemli bir
fark bulunmaktadir (P<0,05). Uclincii haftada 1. de-

neme grubu olan prebiyotik grubunun YT'i yiksek
olup (P<0,05), ortalama YT'i bakimindan prebiyotik
grubu ile kontrol grubu ve diger deneme gruplari
arasinda 6nemli bir fark bulunmaktadir (P<0,05).
Dordiinct haftada 1. deneme grubu olan prebi-
yotik grubu ile 2. deneme grubu olan organik asit
grubunun YT'leri diger gruplara gore énemli dere-
cede yiiksek bulunmustur (P<0,05). Besinci haftada
ortalama YT'i prebiyotik grubunda diger gruplara
oranla 6nemli derece yiiksek oldugu gorilmektedir
(P<0,05). Altinci haftada ise ortalama YT'i organik
asit grubunda oldukca yuksektir (P<0,05). Deneme
sliresince en yiiksek ortalama YT'nin prebiyotik gru-
bunda oldugu, bu grubu kontrol grubu ile organik
asit grubunun izledigi ve en dusik YT'nin ise 3. de-
neme grubu olan prebiyotik- organik asit grubunda
oldugu tespit edilmistir (P<0,00).

Tablo 5. Gruplarin haftalik ortalama yem tiiketimleri, gr (x £ SX).

Yas (Hafta) Kontrol Prebiyotik Organik Asit Prebiyotik-Organik Asit P Degeri
1 175,26+ 0,54 227,712 £ 0,91 200,62° + 0,66 202,17°+ 1,6 0,00
2 516,84° + 3,54 511,88° £ 3,7 478,85t 0,45 539,992 + 0,46 0,00
3 814,54°+ 5,83 843,422 + 3,18 720,79 + 2,76 717,04¢ £ 2,87 0,00
4 842,19° + 6,59 985,052+ 0,09 968,352 + 8,44 830,55° + 7,35 0,00
5 1181,90°+ 1,61 1316,52°+ 14,81 1208,90°+ 11,13 1098,27 <+ 8,52 0,00
6 1535,77<+ 1,96 1572,30°+ 2,02 1578,852 + 1,99 1568,95°+ 2,84 0,00
0-6 5066,51+ 15,24 5456,90°+ 13,41 5156,37°+ 22,19 4956,999+ 20,48 0,00

* Ayni satirdaki farkli harf tasiyan ortalamalar arasinda énemli farklihk bulunmaktadir (P<0,05).

Yemden Yararlanma Oranlari (YYO)

GCalismada kullanilan 4 gruba ait haftalik ortalama
yemden yararlanma oranlari (YYO) tablo 6'da veril-
mistir. Tablo 6'ya gore calismanin ilk 3 haftasinda en
iyi YYO'nun 2. deneme grubu olan organik asit gru-
bunda (P<0,00), 4. haftadan sonra ve tUm deneme
suresi dikkate alindiginda ise en iyi YYO'nun 3. dene-

me grubu olan prebiyotik- organik asit grubunda ol-
dugu (P<0,00) ve bu grup ile diger gruplar arasinda
onemli bir fark bulundugu gorilmektedir (P<0,00).
Galismanin sonunda ortalama YYO'lari sirasiyla ra-
kamsal olarak soyledir: 1. Prebiyotik- Organik asit
grubu: 1,52, 2. Kontrol grubu: 1,58, 3. Organik asit
grubu grubu: 1,58 ve 4. Prebiyotik grubu: 1,71'tir.

Tablo 6. Gruplarin haftalik yemden yararlanma oranlari, kg yem/ kg canh agirlik artisi, (x + SX).

Yas (Hafta) Kontrol Prebiyotik

1

1,4675°+ 0,01

1,8380°+ 0,01

2 1,6450° + 0,02 1,5719¢x 0,015
3 1,5382°+ 0,01 1,6547°+ 0,00
4 1,3479+ 0,01 1,6218°+ 0,01
5 1,5874° + 0,03 1,7244°+ 0,01
6 1,8962°+ 0,01 1,95812+ 0,00
0-6 1,58°+ 0,02 1,712+ 0,00

Organik Asit Prebiyotik-Organik Asit P Degeri
1,4483¢ + 0,00 1,5289°+ 0,01 0,00
1,5052¢ + 0,00 1,7478°+ 0,01 0,00
1,4580¢ + 0,01 1,5359°+ 0,01 0,00
1,5040° + 0,02 1,34671<% 0,02 0,00
1,5538° + 0,03 1,3965¢+ 0,01 0,00
1,9349° + 0,01 1,7195%+ 0,01 0,00
1,58°+ 0,01 1,52¢+ 0,01 0,00

* Ayni satirdaki farkli harf tasiyan ortalamalar arasinda 6nemli farklilik bulunmaktadir (P<0,05).
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Karkas Verimi, i¢ Organ Agirliklari ve Bagirsak
Uzunlugu

Calismadaki broylerlere ait karkas verim 6zellikleri,
ic organ agirliklari ve bagirsak uzunluklari tablo 7'de
verilmistir. Tabloya gore rastgele segilen broylerden
en iyi ortalama CA'nin, 3. deneme grubu olan prebi-
yotik- organik asit grubu ile 2. deneme grubu olan
organik asit grubunda oldugu gortlmustir (P<0,01).
Ortalama CAda prebiyotik- organik asit grubu ile
organik asit grubu benzer (P>0,05) iken, CAda bu
gruplar ile kontrol grubu arasinda énemli bir fark or-
taya ¢tkmistir (P<0,01). En iyi ortalama sicak ve soguk
karkas agirliklarinin 3. deneme grubu olan prebiyo-
tik- organik asit grubunda oldugu gorilmektedir
(P<0,00). 3. deneme grubu olan prebiyotik- organik
asit grubu ile kontrol grubu ve prebiyotik grubu ara-
sinda dnemli bir fark bulunmaktadir (P<0,00). En iyi
ortalama sicak ve soguk karkas randimanlari kontrol
grubu ile 3. deneme grubu olan prebiyotik- organik
asit grubunda oldugu gorilmektedir (P<0,01). Bu
gruplar ile diger iki deneme grubu arasindaki fark

ise onemli bulunmustur (P<0,01). Karaciger, kalp,
dalak ve Bursa fabricius'a ait ortalama agirliklarda
kontrol grubu ile deneme gruplari arasinda énemli
bir fark bulunmamaktadir (P>0,05). Tashk ve bezsel
midenin ortalama agirliklarinda prebiyotik grubu ile
kontrol grubu arasinda dnemli bir fark bulunmakta-
dir (P<0,05). Bagirsaklarin ortalama uzunluklarinda
3. deneme grubu olan prebiyotik- organik asit gru-
bu ile kontrol grubu arasinda énemli bir fark bu-
lunmaktadir (P<0,05). En iyi ortalama CA (3537,75
g), sicak KA1 (2716,26 g), sicak KR'I (% 76,31), soguk
KA'I (2690,56 g), soguk KR'1 (% 75,61) ve kalp agirligi
(70,93 g) ile 3. deneme grubu olan prebiyotik- or-
ganik asit grubunda elde edilmistir. Kalp ve dalagin
ortalama agirliklari hemen hemen tiim gruplarda
aynidir. Taglik ve Bezli Midenin ortalama agirligi en
iyi 59,18 g ile prebiyotik grubunda bulunmustur. B.
Fabricius'un en iyi ortalama agirhid 6,3 g ile orga-
nik asit grubunda elde edilmistir. Ortalama bagirsak
uzunlugu 233,88 cm ile 3. deneme grubu olan pre-
biyotik- organik asit grubunda bulunmustur.

Tablo 7. Karkas verim 6zellikleri, i¢ organ agirliklari, bagirsak uzunluklar (x + SX).

Parametreler Kontrol Prebiyotik Organik Asit  Prebiyotik-Organik Asit P Degeri
Canli Agirlik, gr 3254,38°+ 45,18 3403,38%+ 42,24 3450,13°+ 42,96 3537,75°+ 70,58 0,01
Sicak Karkas Agirhidi, gr 2469,25°+ 32,15 2507,18°+ 35,36 2585,26%+ 45,26 2716,26°+ 62,49 0,00
Sicak Karkas Randimani, % 75,902+0,70 73,90°+0,60 74,12°+0,55 76,31°+0,44 0,01
Soguk Karkas Agirligi, gr 244525+ 31,84 2484,18°+ 35,87 2561,62°°+ 44,85 2690,56°+61,46 0,00
Soguk Karkas Randimani, % 75,162+0,69 73,22°+0,61 73,44°£0,56 75,612+0,44 0,01
Karaciger Agirhgi, gr 65,86+ 3,14 69,87+1,78 69,56+2,52 70,93+2,81 0,55
Kalp Agirligi, gr 15,68+0,68 15,06+0,40 15+0,68 15,12+0,73 0,86
Dalak Agirlik, gr 3,68+0,35 3,56+0,39 3,62+0,52 3,68+0,41 0,99
Taslik ve Bezli Mide, gr 53,05°+1,07 59,182%£1,78 58,5%+1,95 57,31%+2,37 0,11
B. Fabricius Agirhg, gr 6,21+0,34 5,88+0,23 6,3+0,51 5,33+0,33 0,27
Bagirsak Uzunlugu, cm 227,75°+1,80 232,25%+1,79 23320+1,51 233,88:+2,22 0,11

* Ayni satirdaki farkl harf tasiyan ortalamalar arasinda énemli farklilik bulunmaktadir (P<0,05).

Kan Serumu Parametreleri

Calismadaki tim gruplara ait kan serumlarinin bazi
parametrelerini gosteren sonuglar tablo 8'de veril-
mistir. Ortalama LDL kolesterol degeri 20,5 mg/ dl
ile 28,5 mg/ dl arasinda degismekte olup, 28,5 mg/
dlile en yliksek organik asit grubunda iken 20,5 mg/
dl ile en dislk prebiyotik grubunda bulunmustur
(P<0,04). Ortalama total kolesterol degeri, 103,13
mg/dl ile 116,25 mg/dl arasinda degismekte olup,
103,13 mg/dl ile en disiik yine prebiyotik grubunda
tespit edilmistir (P<0,04). Gruplarin ortalama serum
glikoz degerleri 222,00 mg/dl ile 242,38 mg/d| ara-

sinda olup, gruplarin ortalama serum glikoz degerle-
ri arasinda énemli bir fark saptanmamistir (P>0,05).
Ortalama trigliserit degeri, 63,75 mg/dlile 127,5 mg/
dl arasinda olup, 127,5 mg/dl ile en yiksek organik
asit grubunda iken 63,75 mg/dl ile en duslk kontrol
grubunda bulunmustur (P<0,00). Ortalama serum
HDL kolesterol degeri 128,23 mg/dl ile 357,03 mg/
dl arasinda olup, 3. deneme grubu olan prebiyotik-
organik asit ile organik asit grublarinda, kontrol ve
prebiyotik grublarina oranla 6nemli diizeyde yulksek
oldugu tespit edilmistir (P<0,00). Serum total prote-
in degeri 3,38 g/dl ile 3,94 g/dl| arasinda olup, total
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protein degeri acisindan yalnizca kontrol grubu ile
prebiyotik grubu arasinda 6nemli bir fark bulun-
maktadir (P<0,02). Ortalama albimin degeri, 1,37
g/dl ile 1,54 g/dl arasinda degismekte olup, orta-
lama alblimin degeri 1,54 g/dl ile en yiiksek kontrol

Tablo 8. Gruplardaki bazi kan serumu parametreleri, (x £ Sx)

grubunda iken 1,37 g/dl ile en distik prebiyotik gru-
bunda godzlemlenmistir (P<0,03). Ortalama alblimin
degeri kontrol grubu ile 3. deneme grubu olan pre-
biyotik- organik asit grubunda benzerdir (P>0,05).

Parametreler Kontrol Prebiyotik Organik Asit Prebiyotik-Organik Asit P Degeri
LDL Kolesterol (mg/dl) 24,002°+2,13 20,50°+1,08 28,50°+2,60 23,25%+1,11 0,04
Total Kolesterol (mg/dl) 114,132£3,13 103,13+4,88 116,252+£3,18 116,252+2,87 0,04
Glikoz (mg/dl) 222,00+£10,43 242,38+11,66 222,00+9,37 241,13+5,43 0,25
Trigliserit (mg/dl) 63,75°16,23 89,635¢+13,36 127,50°£8,02 112,63%+10,79 0,00
HDL Kolesterol (mg/dl) 128,23+28,21 133,35+22,59 322,23°+39,35 357,03°+40,35 0,00
Total protein (g/dl) 3,9421£0,14 3,38°+0,1 3,67%+0,12 3,66%+0,11 0,02
Albimin (g/dl) 1,54°+0,036 1,37°+0,041 1,46*°+0,031 1,49°+0,045 0,03

* Ayni satirdaki farkl harf tasiyan ortalamalar arasinda 6nemli farklilik bulunmaktadir (P<0,05).

Tartisma ve Sonug

Ulkemiz insanlarinda yeterli, etkili ve saglikli bes-
lenmeyi saglamak icin biyolojik acidan yiksek sin-
dirilebilir degerlilige sahip besinlerin yeteri kadar
tlketilmesi gerekmektedir. Bunun icin de gunlik
beslenmede hayvansal kdkenli besin maddeleri ter-
cih edilmelidir (Yizbasi 2012; Cosar ve Karsli 2020).
Hayvansal kokenli proteine ihtiyaci olan Ulkelerde
kirmizi et gibi beyaz et de son derece dnemlidir. Ta-
vuk etinin farkli tarzlarda tiiketime sunulmasi, hazmi
ve sindirimi kolay olmasi nedeniyle beyaz et oldukca
ragbet gormektedir. Kanath hayvanlar yiiksek tGreme
glicline sahiptirler ve kanatli hayvanlarin blyimesi
ve gelismesi hizlidir. Tabi olarak kanatlilarin beslen-
mesi bu manada ucuz ve kolaydir (Senkdyli 1991;
Turkoglu ve ark 1997; Erensayin 2001; Yiizbasi 2012;
Cosar ve Karsli 2020). Kanatl broyler isletmelerin-
de amac¢ hayvan basina en az maliyetle en yiksek
verimi elde edebilmektir (Senkdyli 1991; Turkoglu
ve ark 1997; Yenilmez 2006; Cosar ve Karsh 2020).
Uretimi ve verimi artirmada yem katki maddeleri ise
onemli bir paya sahiptir. Bunun Uzerine yem katkisi
olarak probiyotik, prebiyotik, organik asit ve esan-
siyel yaglar gelistirilmistir (Nir ve Senkoyli 2000;
Bugdayci 2008; Soganci 2018). Her gin bu alanda
yeni arayis ve calismalar yapilmaktadir. Ancak heniiz
istenilen sonuca ulasilamamistir. Gelecekte broyler
rasyonlarinda intlin, FOS, MOS ve KOS gibi prebiyo-
tiklerin kullaniminin ve uygulama dozlarinin tespiti
icin cok fazla calisma yapilmasinin gerekli oldugu
ifade edilmistir (Yalginkaya, Gingor, Basalan ve Er-
dem, 2008; Leblebicier ve Aydogan, 2018). Bu calis-
mada da broyler rasyonlarinda prebiyotik, organik

asit ve prebiyotik- organik asit kombinasyonlarinin
kullanimiyla performans ve bazi kan parametreleri
Uzerine olan etkileri arastiriimistir.

Ortalama Canhi Agirliklar (CA) ve Canli Agirhik
Artislan (CAA)

Broyler yemlerinde, antibiyotiklere ihtiya¢ duymak-
sizin, uygun doz ve miktarda prebiyotik kullanmanin
biyutme faktorl olarak yem katki maddesi olabi-
lecegi aciklanmistir (Huang 2005a; Soganci 2018).
Sunulan c¢alisma boyunca gruplar arasinda hafta-
lara gore istatistiksel farkhhklar olugsa da, deneme
sonu canli agiliklar, agirhk degisimi, canh agirlik ar-
tis degerleri istatistiksel olarak benzer bulunmustur
(P>0,05). Ancak temel rasyona prebiyotik, organik
asit ve prebiyotik- organik asit kombinasyonun ila-
ve edilmesi canli agiliklar ve canl agirlik artis de-
gerlerinde azda olsa olumlu ydnde katki sagladigini
gostermektedir. Prebiyotikler ile ilgili olarak yapilan
benzer bir calismada, kanatli hayvanlarin yemine
MOS ilavesinin hayvanlarin performanlarina olumlu
katki yaptigi bildirilmistir (Evrensel 2009; Kahraman
ve ark 2009). Evrensel (2009) tarafindan broyler ras-
yonuna prebiyotik ve organik asit kombinasyonu
ilave edilerek yapilan bir calismada, en iyi CA'nin
2576,43 gr ile prebiyotik- organik asit kombinasyo-
nu iceren rasyonla beslenen deneme grubunda elde
edildigi ortaya konulmustur. Bizim calismamizda da
en iyi CA'llar 3331,67 g ile oaganik asit (deneme gru-
bu-2) ve 3304,54 g ile prebiyotik- organik asit (de-
neme grubu-3) kombinasyonu iceren rasyonla bes-
lenen deneme gruplarinda elde edilmistir. Soganci
(2018) ise broylerlerde farkli dozlarda prebiyotik ile
yaptigi benzer bir calismada, donem stiresince 100
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mg ve 150 mg prebiyotik ihtiva eden denemelerde
YYO'nun daha fazla oldugunu, broylerlerde prebiyo-
tik CAA ve YYO'ya olumlu katki sagladigini, broyler
yemine 100 mg prebiyotik ilavesinin metabolik faa-
liyetler ve CAA konusunda antibiyotiklere es deger
olabilecegini agiklamistir. Bu bulgular bizim calis-
mamizi desteklemektedir. Cabuk ve ark'nin (2006)
yaptigi benzer bir arastirmada, kanatl hayvanlarin
yemine prebiyotik takviyesinin biylime ve gelisme
gibi performanslarina olumlu katki yapmadigini
ancak hayvanlarin canli agirligina olumlu katki sag-
ladigi bildirilmistir. Benzer baska bir arastirmada
Chen ve ark (2005a), dogal hindiba kaynakl oligo-
fruktoz ve inulinin yeme % 1 oranlarinda ilavesiyle
yumurtaci tavuklarda yumurta verimine olan etkisini
tespit etmeye calismiglardir. Kontrol grubu dikka-
te alindiginda haftalik yumurta Gretiminin % 13,35
ve % 10,73 oranlarinda arttigi, yumurta agirliginin
uygulama boyunca korundugu, bagirsak uzunlukla-
rinin arttigr ve yemin etkin bir sekilde kullanildigy,
ancak yumurta albliminde kalite bakimindan her
hangi bir degisiklik olmadig tespit edilmistir. Kirk-
pinar ve ark (1999), yaptiklari diger bir arastirmada,
broyler rasyonuna yem katki maddesi olarak organik
asit kombinasyonu (LA, FA, PA, SA ve FAin tuzlar)
ile probiyotik (Aspergillus spp.) ilave ederek perfor-
mans kriterlerine olan etkiyi bulmaya calismislardir.
Calisma bitiminde rasyona organik asit kombinasyo-
nu ve probiyotik ilavesinin CA'ya pozitif katki sagla-
digi bildirilmistir. Yusrizal ve Chen (2003) tarafindan
broyler rasyonuna prebiyotik (oligofruktoz) ilave
ederek yapilan bir arastirmada ise CA ve YYO'larinin
erkek hayvanlarda degismedigi ancak disi hayvan-
larda % 9 ile % 10 oranlarinda olumlu katki sagladigi
bildirilmistir. Bazi arastirmalarda ise damizlik ve etlik
broylerlerde, yeme MOS ilavesinin hayvanlarin per-
formanlarina olumlu katki yapmadigi bildirilmistir
(Kahraman 1999; Shashidhara ve Devegovvda 2003;
Oztiirk ve Yildinm 2005). Yukaridaki arastirmalarda
elde edilen ¢cogu bulgular mevcut calisma ile ben-
zerdir. Bununla birlikte bazi degisik bulgularin elde
edilmesinin hayvanlarin irki, cinsiyeti, verim yoni
ve katki maddelerinin dozlarindaki farkliliklardan
kaynaklandigi seklinde distnulmektedir. Benzer bir
calismada Huang ve ark (2005b), broyler yemlerine
farkli dozlarda (50 mg, 100 mg ve 150 mg) prebiyo-
tik ilave ederek yaptiklari bir arastirmanin sonunda,
100 mg prebiyotik ilave edilen grupta CAA'I oldugu-
nu, ancak 50 mg ve 150 mg prebiyotik ilave edilen
gruplarda ise CAA'Inda her hangi bir fark olmadigini
ifade etmistir. 100 mg prebiyotik ilave edilen grup-
ta CAAI olmasi mevcut ¢alismanin bulgularini des-
teklemektedir. Broylerlerde rasyona prebiyotik ilave
edilmesinin CAA'na ve yem tiiketimine olumlu yon-

de katki sagladigi baska calismalarda da belirtilmistir
(Huang ve ark 2005b; Li ve ark 2007; Khambualai ve
ark 2009; Swiatkiewicz ve ark 2014; Soganci 2018).
Etlik pilic rasyonuna 7. ile 30. giin arasinda degisik
miktarlarda (1, 3, 5 g/kg) Bio-Mos takviye edilerek
yapilan arastirmada ise, Bio-Mos takviyesi yapilan
tim gruplarda CAA yéniinden olumlu sonug alindigi
bildirilmistir (lji ve Tivey 1998; Evrensel 2009). Bizim
calismamizdaki CAAyi desteklemektedir. Diger bir
calismada Mathis ve ark (2005), nekrotik enteritis
enfeksiyonuna sahip broyler civcivlerin rasyonuna
organik asit ilave ederek organik asitlerin etkinligini
arastirmislardir. Bu arastiricilar arastirma bitiminde
organik asit ilave edilen deneme gruplarinda kont-
role nazaran CAAnin % 29, YYO'nun % 8 artmis
oldugunu ve N. enteritis'e bagl olimlerin de % 43
azaldigini bildirmislerdir. Benzer calismada Chen ve
Chen (2003a) ise dogal bir prebiyotik olan ve hindi-
badan ele edilen indlinin etlik piliclerde blyime, ge-
lisme ve performansina olan etkisini arastirmislardir.
Bu arastirmacilar arastirrma sonucunda CAA, YYO,
karkas agirhgina, karkas randimanina ve bagirsak
uzunluguna olumlu katki sagladigini belirtmislerdir.
Bizim c¢alismamizda da bu performanslari iceren en
iyi deneme grubu prebiyetik — organik asit grubu ol-
mustur. Khambualai ve ark (2008), broylerlerde farkli
oranlarda (% 0,01, % 0,03, % 0,06) prebiyotik ilave-
siyle yaptiklari bir calismada, disik dozda prebiyo-
tik kullanmanin kanda yag diizeyini degistirmedigini
ancak canli agirlik artisi ve yemden yararlanma orani
gibi performans kriterlerinin daha iyi olabilecegi-
ni beyan etmistirler. Hadorn ve ark (2000), broyler
rasyonuna degisik oranlarda (% 0,03, % 0,06 ve %
0,09) organik asit takviyesi ile yaptidi bir calismada,
CA, CAA, YT, YYO ve 6lim oranlari (O0) yéniinden
bitlin ortalama degerlerin birbirlerinin benzeri ol-
dugunu belirtmektedirler. Bu galismada elde edilen
sonuclar ile yapilan diger calismalar arasinda genel
olarak bazi farklliklarin olmasi, muhtemelen arastir-
malarda kullanilan hayvanlara ait faktorler (yas, irk,
cinsiyet, genotip ve verim yonu), yeme ait faktorler
(yemin bileseni ve kullanilan prebiyotik, organik asit
ve prebiyotik- organik asit kombinasyonlarinin dozu,
miktari ve uygulama yontemi) ile kiimes sartlari gibi
cevresel faktorlerden kaynaklanmis olabilecegi du-
siintlmektedir.

Ortalama Yem Tiiketimleri (YT)

GCalisma boyunca gruplarin haftalik YT degerleri
farklilik gostermistir. Deneme siiresince en ylksek
ortalama YT'nin prebiyotik grubunda oldugu, bu
grubu kontrol grubu ile organik asit grubunun izle-
digi ve en distk YT'nin ise prebiyotik- organik asit
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grubunda oldugu tespit edilmistir (P<0,00). Broyler
rasyonuna yem katki maddesi olarak organik asit
ilave ederek yapilan benzer bir arastirmada, kullani-
lan organik asit kombinasyonu (formik asit ve propi-
onik asit) mide barsak mikroflorasini diizene sokarak
YT'nin azalmasina sebep oldugu agiklanmistir (Kirk-
pinar ve ark 1999; Ceylan ve ark 2003a; Mathis ve ark
2005). Bu arastirma CAA ve YYO bakimindan mevcut
calismanin bulgularini desteklemektedir. Broylerler-
de rasyona degisik oranlarda prebiyotik ilave edil-
mesinin CAAInda ve YT'de oldugu gibi YYO'ya da
olumlu yonde katki sagladigini bildiren baska calis-
malar da bulunmaktadir (Huang ve ark 2005b; Li ve
ark 2007; Swiatkiewicz ve ark 2014; Soganci 2018).
Ayni konuda yapilan baska bir arastirmada, yu-
murtaci tavuklarda propiyonik asitin kalsiyum tuz-
larinin yeme eklenmesiyle yumurta performansinin
(YYO'nun iyilesmesi, YT'nin diismesi ve yumurta ve-
riminin (YV) artmasi gibi) iyilestigi agiklanmistir (Da-
hiya ve ark 2016; Dama ve Kaya 2018). Ceylan ve ark
(2003b) broyler rasyonuna yem katkisi olarak antibi-
yotik, probiyotik ve organik asit kombinasyonu ilave
ederek yaptiklar baska bir arastirmada, CA, CAA, YT,
OO0, KR ve YYO'ya olan etkiyi bulmaya calismislardir.
Arastirma bitiminde bahsedilen performans kriter-
lerinde oldukga fazla degisiklikler gézlemlemislerdir.
Yukaridaki arastirmalarda elde edilen cogu bulgular
mevcut calisma ile benzerdir. Bununla birlikte bazi
degisik bulgularin elde edilmesinin hayvanlarin irki,
cinsiyeti, verim yonl, ¢evre sartlari, beslenme alis-
kanlklari ve katki maddelerinin dozlarindaki farkli-
liklardan kaynaklanabilecegi seklinde distntlmek-
tedir.

Yemden Yararlanma Oranlar (YYO)

Bazal rasyona prebiyotik- organik asit kombinasyo-
nunun ilave edilmesi ortalama YYO'ya olumlu yonde
katki sagladigini gostermektedir. Buna gore ortala-
ma yemden yararlanma oranlari prebiyotik- organik
asit grubunda 1,52, kontrol grubunda 1,58, organik
asit grubunda 1,58 ve prebiyotik grubunda 1,71
olarak bulunmustur. Bozkurt ve ark (2005), yaptik-
lari benzer bir arastirmada, broyler rasyonuna yem
katki maddesi olarak organik asit, prebiyotik ve pro-
biyotikleri yalniz ve birlikte ilave ederek CA, CAA ve
YYQ'ya olan etkiyi bulmaya calismislardir. Arastirma
bitiminde probiyotik ve prebiyotik kombinasyonun
bulundugu deneme grubunda kontrole nazaran
YYQO'ya olan katkisinin ¢ok fazla oldugu bildirilmistir.
inlin prebiyotigi ile yapilan benzer arastirmalarin
kanatlilarda mide barsak sistemini diizene koydugu,
yumurta Uretimini artirdidi, yumurta kabugu kalite-
sini iyilestirdigi, yemin etkinligini artirdigi ve saghga

olumlu etki yaptigini géstermektedir (Asan ve Oz-
can 2006). Yumurtaci tavuklarda propiyonik asitin
yemlere ilave edilmesi ile ilgili olarak yapilan baska
bir calismada, propiyonik asitin YV ve YYO gibi kri-
terlerin iyilesmesine olumlu katki sagladigi, bunun
sebebinin ise propiyonik asitin hayvanlarin mide
barsak mikroflorasini diizene sokarak besin madde-
lerinin daha etkin bir sekilde kullanilmasina imkan
tanididi olarak belirtilmistir (Haque 2009; Dama ve
Kaya 2018). Bu arastirmalar mevcut calismada elde
ettigimiz bulgulari desteklemektedir. Broylerler-
de rasyona degisik oranlarda prebiyotik ilave edil-
mesinin CAAInda ve YT'de oldugu gibi YYO'ya da
olumlu yonde katki sagladigini bildiren calismalar
bulunmaktadir (Huang ve ark 2005b; Li ve ark 2007;
Swiatkiewicz ve ark 2014; Soganci 2018). Broyler ras-
yonuna yem katki maddesi olarak organik asit ilave
ederek yapilan baska bir calismada, organik asit ilave
edilen deneme grubunda CAA, YYO gibi performans
kriterlerinin oldukca iyi oldugu bildirilmistir (Kamaci
ve Senkdyli 2007). Shi- Bin ve Hong (2012) ise or-
deklerde rasyona degisik oranlarda (0,3 gr, 0,6 gr ve
1,2 gr) prebiyotik ilavesi yapmislar, prebiyotik ilavesi
arttikca yemden yararlanma oraninin iyilestigini gor-
musglerdir. Bu calismalarda elde edilen bulgular ile
mevcut calismada elde ettigimiz bulgular benzerdir.
Ceylan ve ark’'nin (2003a) yaptigi benzer bir ¢alisma-
da, broyler rasyonuna yem katkisi olarak probiyotik,
prebiyotik ve humarik asit kombinasyonunu ilave
ederek CA, CAA ve YYO'ya olan etkiyi bulmaya calis-
mislar, yem katkisi olarak kullanilan probiyotik, pre-
biyotik ve humarik asit kombinasyonunun deneme
gruplarinda kontrole nazaran YYQO'ya olan katkisinin
cok fazla oldugunu bildirmislerdir. Bu arastirmada
elde edilen bulgular da ¢alismamizla uyumludur. Ye-
silbag ve Colpan (2006) da konuyla ilgili yaptiklari
benzer bir calismada, degisik oranlardaki (% 0,5, %
1 ve % 1,5) PA, FA ve bunlarin tuzlarindan olusan or-
ganik asit kombinasyonunun kontrol grubuna gore
YV'yi artiriken YYO'yu tim dozlarda azalttigini be-
lirtmiglerdir. Farkli sonuglarin bulunmasinin sebebi-
nin organik asitlerin farkli dozlarda kullaniimasinin
olabilecegi seklinde agiklanabilinir.

Karkas Verimi, i¢ Organ Agirliklan ve Bagirsak
Uzunlugu

Galismada en iyi ortalama sicak ve soguk KA'lari-
nin prebiyotik- organik asit grubunda (P<0,00), en
yuksek sicak ve soguk KR'larinin ise kontrol grubu
ile prebiyotik- organik asit grubunda oldugu tespit
edilmistir (P<0,01). Temel rasyona prebiyotik- orga-
nik asit kombinasyonunun ilave edilmesinin sicak ve
soguk KA'na ve sicak ve soguk KR'na olumlu yonde
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katki sagladigi gdzlemlenmistir. Temel rasyona pre-
biyotik ile prebiyotik- organik asit kombinasyonunun
ilave edilmesi karaciger, kalp, dalak ve Bursa fabri-
cius'un ortalama agirliklarini etkilemedigi (P>0,05),
ancak taslk ve bezsel midenin ortalama agirhgini ve
bagirsaklarin ortalama uzunlugunu artirarak olumlu
yonde katki sagladigi gérilmektedir (P<0,05). Bayir-
bag (2007) tarafindan broyler rasyonuna prebiyotik
ilavesi ile yapilan bir arastirmada, kontrole gore pre-
biyotik grubunun SKR'sinin énemli olctde yiksek
bulundugu bildirilmistir. Benzer bir ¢alismada So-
ganci (2018) broylerlerde rasyona prebiyotik ilavesi
ile yaptigi calismada, karaciger, kalp ve tashk agirlk-
larinda gruplar arasinda her hangi bir fark olmadi-
gini tespit etmistir. Baska bir calismada Khambulalai
ve ark (2008) de broylerlerde rasyona prebiyotik ila-
vesinin karaciger, kalp ve tashk agirliklarinda gruplar
arasinda bir fark olmadigini belirtmislerdir. Bu aras-
tirmalar mevcut calismada elde ettigimiz bulgulari
desteklemektedir. Bir diger arastirmada Tufan ve
Arslan (2012), broylerlerde rasyona degisik oranlar-
da (50 mg ve 100 mg) prebiyotik ilavesinin kontrol
grubuna gore kalp ve taslk agirliklarinda gruplar
arasinda bir fark olmadigini ancak karaciger agirli-
ginda disuklik oldugunu rapor etmislerdir. Swiat-
kiewicz ve ark (2014), yaptigi benzer arastirmada
karaciger ve tashk agirliginda gruplar arasinda her
hangi bir fark olmadigini belirtmiglerdir. Zhou ve ark
(2009) de broylerlerde rasyona prebiyotik ilavesi ile
yaptigi arastirmada dalak ve B. fabricus'un agirligi ile
organ agirliklarinda gruplar arasinda her hangi bir
etkinin olmadigini bildirmislerdir. Deng ve ark (2008)
ise broylerlerde rasyona 100 mg prebiyotik ilavesi ile
yaptigi calismada deneme gruplarinda B. fabricus ve
timus organ agirliklarinda ciddi bir artis elde ettik-
lerini ifade etmislerdir. Wang ve ark (2003) da baska
bir calismada broylerlerde rasyona % 0,1 oraninda
prebiyotik ilavesinin dalak, B. fabricus ve timus or-
gan agirliklarinda iyi bir artis oldugunu agiklamiglar-
dir. Bildircinlarda rasyona prebiyotik ilavesinin hem
blylumeyi ve gelismeyi hem de dalak, B. fabricus ve
timus organ agirliklarinda ¢ok iyi artisa neden oldu-
gunu bildiren calismalar mevcuttur (Soganci 2018).
Bu aratirmalarda performans kriterleri bakimindan
elde edilen bulgular bizim ¢alismamizla uyumludur.
Tufan ve Arslan (2012), broylerlerde rasyona 100 mg
prebiyotik ilavesi ile yaptigi diger bir calismada pre-
biyotik ilavesi yapilan grubun bagirsak uzunlugunda
diger gruplara gore anlamh bir sekilde uzunluk elde
edildigini aciklamiglardir. Broyler rasyonuna yem
katki maddesi olarak organik asit ve probiyotik ilave
ederek yapilan bir calismada ise organik asit ve pro-
biyotik kombinasyonu ilave edilen deneme grubun-
da 6n midenin cok gelistigi, ancak karaciger, dalak,

kalp, B. fabricius gibi i¢ organ agirliklarinda bir de-
gisikligin olmadigr bildirilmistir (Kamaci ve Senkoy-
[G 2007). Bu calismalar da mevcut arastirmada elde
ettigimiz bulgulari desteklemektedir. Benzer bir ¢a-
lismada Zhou ve ark (2009) broyler yemlerine farkli
dozlarda (14 mg ve 28 mg) prebiyotik ile avilamisin
(44 mq) antibiyotigi katilan 5 haftalik bir calismada
ic organ agirliklarini incelemiglerdir. Bu arastirmada
hayvanlarin dalak ve Bursa fabricius'larin agirlikla-
rinda kontrol grubu ile deneme gruplar arasinda
her hangi bir fark olmadigini belirtmislerdir. Broyler
rasyonuna yem katki maddesi olarak organik asit ve
probiyotik kombinasyonu ilave edilerek yapilan bas-
ka arastirmada da ayni sonuglarin elde edildigi acik-
lanmaktadir (Loddi ve ark 2000; Denli ve ark 2003;
Khurana 2005). Diger bir arastirmada ise broylerler-
de temel rasyona I. deneme grubunda 50- 80 mg
klortetrasiklin antibiyotigi, Il. deneme grubunda 100
mg prebiyotik ilave edilen ve kontrol grubunun ise
sadece temel rasyonla beslendigi 6 haftalik bir si-
rede i¢ organ agirliklarini incelemislerdir. Arastirma-
daki hayvanlarin dalak, timus ve Bursa fabricius’larin
agirliklarinin kotrol grubuna gdre deneme grupla-
rinda agirliklarin yiksek olmasi nedeniyle belirgin
bir fark oldugu belirtilmistir (Soganci 2018). Benzer
bir arastirmada da broyler rasyonuna % 0,1 oranin-
da prebiyotik ilave edilerek yapilan calismada dalak,
timus ve Bursa fabricius'larin agirliklarinda kotrol
grubuna nazaran deneme gruplarinda agirliklarin
fazla olmasina bagli olarak bariz bir fark oldugu bil-
dirilmistir (Wang ve ark 2003; Soganci 2018). Bu ¢a-
lismalarda bazi bulgularin benzer bazi bulgularin da
farkli olmasinin sebebinin hayvanin irki, kullanilan
yem katki maddelerinin ve dozlarinin farkli olmasin-
dan kaynaklanabilecegi seklinde diistintiimektedir.

Kan Serumu Parametreleri

Sunulan calismada temel rasyona prebiyotik ilave
edilmesi total protein (P<0,02) ve albiimin (P<0,03)
seviyelerinin dismesine neden olmustur. Yumurtaci-
larda rasyona degisik oranlarda (100 mg ve 200 mg)
prebiyotik ilavesi ile yapilan arastirmada serum TP
ve albimin dizeylerinin degismedigi gosterilmistir
(Yan ve ark 2010; Soganci 2018). Diger yandan temel
rasyona prebiyotik ilave edilmesi LDL kolesterol
(P<0,04) ve total kolesterol (P<0,04) seviyelerini di-
strerek olumlu yonde katki sagladigi gorilmektedir.
Temel rasyona prebiyotik ile prebiyotik- organik asit
kombinasyonunun ilave edilmesi kan serumu glikoz
seviyesini etkilemezken (P>0,05), ortalama trigliserit
ve HDL kolesterol seviyelerini atirmistir (P<0,00).
Yuksek yogunluklu lipoprotein ya da high density
lipoprotein (HDL) kolesterol, kanda ytiksek miktar-
da bulunan kolesterol doku ve damarlardan karaci-
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Jere taslyarak kolesteroliin kandaki miktarini dusi-
rir. Kolesteroliin kanda ylksek diizeyde bulunmasi
kalp ve kan damarlarini olumsuz etkiler. Bu nedenle
HDL kolesterol kandaki fazla kolesteroli uzaklastir-
digi icin iyi kolesterol olarak bilinir (Anonim, 2023).
Calismamizda HDL kolesterol degerinin deneme
gruplarinda ytksek olmasi sagliga olumlu katki sag-
ladigini gostermektedir. Farkli dozlarda propiyonik
asit ilave edilen yemlerle beslenen hayvan deneme-
lerinde kan serumunda glikoz, kalsiyum duzeyleri,
alkalin fosfataz, alanin aminotransferaz aktiviteleri
degismezken, kan yaglar, fosfor seviyeleri ve aspar-
tat aminotransferaz aktivitesinin degistigi bildiril-
mistir (Dama ve Kaya 2018). Ur Rehman ve ark (2016)
yaptigi bir arastirmada broyler rasyonlarina artirilan
dozda organik asit (AA) takviyelerinin serumu kalsi-
yum, fosfor, TP ve globulin seviyelerinde artan bir
degisiklik oldugunu ancak diger kan serumu bile-
senlerinde her hangi bir degisikligin olmadigini be-
yan etmislerdir. Kaya ve ark (2007) tarafindan broy-
ler rasyonuna organik asit ilave edilerek yapilan bas-
ka bir calismada ise, kan serumu bilesenlerinden TR,
TG ve TK dizeylerine bakildiginda deneme grupla-
rinda istatistiksel her hangi bir degisikligin olmadigi
gorulmustir. Mevcut calisma ile bu arastirmalarda
¢ogu bulgularin benzer bazi bulgularin da farkl ol-
masinin sebebinin kullanilan yem katki maddeleri ve
dozlari ile beslenme aliskanliklarinin farkli olmasin-
dan kaynaklanabilecedi seklinde aciklanabilinir.
Broylerlerde prebiyotik ile yapilan baska calismalar-
da, prebiyotik ile yemlenen broylerlerde kontrole
gore serum HDL kolesterol degeri ¢ok fazla tespit
edilmistir (Razdan 1997; Soganci 2018). Mevcut ¢a-
isma ile uyumludur. Broylerlerin yemlerine farkli
dozlarda (0, 50 mg, 100 mg) prebiyotik katilan ben-
zer baska bir calismada, donem siresince kan seru-
mu bilesenleri arastiriimistir. Kirk iki glin stiren aras-
tirmada, 100 mg prebiyotik ilave edilen deneme
grubunda TG diizeyi ¢ok diisiik bulunmustur. Bu ¢a-
ismada diger deneme gruplariyla mukayese edildi-
ginde kan serumu TP, TK ve HDL kolesterol degerle-
ri de ytksek bulunmustur. Elli mg ve 100 mg prebi-
yotik ilave edilen deneme gruplarinda kontrole gore
LDL degerinin ise cok distk oldugu belirtilmistir (Li
ve ark 2007; Soganci 2018). HDL ve LDL kolesterol
degerleri hari¢ diger kan serumu parametreleri yu-
karida bahsedilen nedenlerle mevcut calismadan
ayrismistir. Mevcut calismada temel rasyona prebi-
yotik ilave edilmesinin LDL kolesterol ve total koles-
terol seviyelerini disurerek olumlu yonde katki sag-
ladig, total protein ve albUmin seviyelerinin diisme-
sine neden oldugu gorilmektedir. Diger bir calisma-
da ise Keser ve ark (2011), broyler yemlerine % 0,025
oraninda prebiyotik ilavesiyle beslenen hayvanlarda,

kontrol grubuna gore prebiyotik ilave edilmis gru-
bun mukayesesinde LDL kolesterol diizeyinin dustu-
gl ancak diger kan serumu bilesenlerinde; TK, HDL
kolesterol, VLDL kolesterol, TG, TP, glikoz diizeyinde
her hangi bir degisikligin olmadigini tespit etmisler-
dir. Broylerlerde rasyona degisik oranlarda (50 mg
ve 100 mg) prebiyotik ilavesi ile yapilan baska bir
arastirmada ise kan serumu TP diizeyinin yikseldigi
ifade edilmistir (Li ve ark 2007; Soganci 2018). So-
ganci (2018), broylerlerde rasyona farkl dozlarda
(50 mg, 100 mg ve 200 mg) prebiyotik ilavesi ile
yaptigi bir calismada, deneme gruplari ile kontrol
grubu arasinda kan serumu TG dizeyi bakimindan
anlaml bir farkin oldugunu, 50 mg prebiyotik ilavesi
yapilan grubun serum TG diizeyinin daha dusuk bu-
lundugunu, diger deneme gruplarinin TG diizeyleri-
nin ise ylksek oldugunu ortaya koymuslardir. Yem
katki maddelerinin farkli dozlarinin bu arastirmada
sonucu etkiledigi gortlmektedir. Broylerlerde rasyo-
na kitosan ve KOS ilavesi ile serum trigliserit diizeyi-
nin distigunil bildiren arastirmalar mevcut iken (Li
ve ark 2007; Zhou ve ark 2009; Tufan ve Arslan 2012;
Sayed ve ark 2015; Li ve ark 2016), rasyona prebiyo-
tik (kitosan) ve prebiyotik (KOS) ilavesi ile serum
trigliserit diizeyinde her hangi degisiklik olmadigini
belirten arastirmalar da vardir (Kobayashi 2006a;
Khambualai ve ark 2008; Keser ve ark 2011; Nueng-
jamnong ve Angkanaporn 2017). Yine Soganci
(2018), broyler rasyonuna degisik oranlarda (50 mg,
100 mg, 150 mg) prebiyotik ilavesi ile yaptigi calis-
masinda, kontrol grubu ile deneme gruplari arasin-
da serum glikoz degeri agisindan 6énemli bir degisik-
lik olmadigini agiklamistir. Broyler ve bildircin ras-
yonlarina prebiyotik ilavesi ile yapilan baska calis-
malarda da elde edilen sonuglarin ayni oldugu soy-
lenmektedir (Keser ve ark 2011; Tufan ve ark 2015).
Bu arastirmalar mevcut ¢alisma bulgularini destekle-
mektedir. Broyler rasyonuna mannan olgosakkarit
(MOS) ilave edilerek yapilan ¢alismada, performan-
sin ve serum trigliserit seviyesinin etkilenmedigi, du-
stk dozdaki MOS'lerin (% 0,05) serum kolesterol
seviyesini dustrdigu, yiksek dozdaki MOS'lerin (%
0,10 ve 0,15) ise serum kolesterol seviyesini artirdigi
ifade edilmistir (Yalginkaya ve ark 2008). Broyler ras-
yonuna MOS ve OZn ilave edilerek yapilan baska bir
calismada, blyime performansinin etkilenmedigi,
bazi serum parametrelerinin ise degistigi, MOS ve
organik ¢inko grubunda bakir seviyesinin diger
gruplara gore daha yiksek oldugu ortaya konul-
mustur (Yalginkaya ve ark 2012). Yalginkaya ve ark
(2012) prebiyotik takviyesinin mineral emilimini ar-
tirdigini, MOS ilave edilmesinin serum bakir diizeyini
ylkselttigini tespit emislerdir. Mevcut calisma ile bu
arastirmalarda bazi bulgularin benzer bazi bulgula-
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rin da farkl olmasinin sebebinin hayvanin irki, cinsi-
yeti, cevre sartlari, kullanilan yem katki maddeleri ve
dozlari ile beslenme aliskanliklarinin farkli olmasin-
dan kaynaklanabilecegi seklinde distnilmektedir.
Broyler rasyonuna 100 ppm seviyesinde MOS ve
KOS ilave edilerek yapilan bir calismada, serum bakir
(Cu) diizeyinin kontrol grubuna gore yiiksek oldugu
bildirilmistir (Leblebicier ve Aydogan 2018). Broyler
rasyonuna degisik oranlarda (50 mg, 100 mg) prebi-
yotik (KOS) ilavesi ile yapilan diger bir arastirmada
serum TK dlzeyinin dustigu belirtilmistir (Tufan ve
Arslan 2012). Ayni sonug prebiyotik (kitosan) ilavesi
ile yapilan baska bir arastirmada da bulunmustur
(Sayed ve ark 2015; Li ve ark 2016). Broyler rasyonu-
na degisik oranlarda (14 mg, 28 mg) prebiyotik ila-
vesi yapilan baska bir calismada, 28 mg prebiyotik
ilavesi yapilan grupta serum HDL kolesterol diizey-
lerinin ¢ok iyi oldugu, ancak LDL kolesterol diizeyle-
ri bakimindan gruplar arasinda hig bir fark olamadigi
da aciklanmistir (Zhou ve ark 2009). Bu ¢alismadaki
HDL kolesterol seviyesi mevcut ¢alismadaki bulgular
ile uyumludur. Broyler rasyonuna prebiyotik ilavesi
ile yapilan baska benzer arastirmalarda serum HDL
kolesterol diizeylerinin yiiksek oldugu buna karsilik
LDL kolesterol diizeylerinin distk oldugu durumlar
da vardir (Sayed ve ark 2015; Li ve ark 2016). Tufan
ve Arslan (2012) ise broyler rasyonuna prebiyotik
ilavesi ile yaptiklari ¢alismada kan serumunda hem
HDL kolesterol diizeyinin hem de LDL kolesterol di-
zeyinin dlstiguna tespit etmislerdir. Mevcut calis-
madaki prebiyotik grubunda da HDL kolesterol ve
LDL kolestrol seviyelerinin dustk oldugu gortlmek-
tedir. Prebiyotiklerin, karacigerde yag sentezini ya-
vaglattigl, hiper instlinemiyi engelleyerek kalp da-
mar hastaliklarini énledigi bildirilmistir (Roberfroid
1999; Yabanci 2010). Prebiyotiklerin, yag sentezini
disurict ozelligi sayesinde karacigerde yag sente-
zini azaltarak serum trigliserit seveyesini dislrdtgu
de rapor edilmistir (Delzenne ve Kok 1999; Yabanci
2010). Amerikan Diyabetik Dernegi (ADD) tarafin-
dan diyabet hastaliginda prebiyotiklerin (indlinin)
yagin ve sekerin yerine gecerek yag metabolizmasi-
na ait bozukluklari giderebilecegi belirtilmistir (ADD
1996; Yabanci 2010). Prebiyotikler, glikoz metaboliz-
masini dlzenleyerek glisemileri iyilestirici etki yap-
maktadir. Bagirsaklarda glukagon benzeri peptid-1
gibi incretin hormonuna benzer gorev yapan pep-
tidlerin salgilanmasina sebep olmaktadir. Bunun so-
nucu olarak da prebiyotiklerin karacigerde insiilin
direncini regtle ettigi bildirilmistir (Delzenne ve ark
2013; Simsek ve Bilgili 2014). Prebiyotiklerin kolonda
fermantasyonu sonucu acida ¢ikan kisa zincirli yag

asitlerinin (AA, PA, BA, LA) laktobasillus ve bifido-
bakterium gibi probiyotik bakterileri aktive ettigi, bu
bakterilerin de hidroksi-metil-glutaril coA rediktaz
enzimi Ureterek kan kolesterol seviyesini dustirdigi
ispatlanmistir (inang ve ark 2005).

Bu calismada elde edilen bulgular isiginda
Ozetle su sonuclar elde edilmistir: Temel rasyona
prebiyotik, organik asit ve prebiyotik- organik asit
kombinasyonun ilave edilmesi CA, CAA, sicak ve so-
guk KA ile sicak ve soguk KR'ina olumlu yonde katki
sagladigr gorilmustir. Arastirma siresince kontrol
grubuna gore deneme gruplarinin CA ve CAAlarinin
ytksek oldugu, en ylksek yem tiiketiminin prebiyo-
tik grubunda, en distk yem tiketiminin ise prebiyo-
tik- organik asit grubunda oldugu gozlemlenmistir.
Temel rasyona prebiyotik- organik asit kombinasyo-
nunun ilave edilmesi ortalama yemden yararlanma
oranina olumlu yonde katki sagladigini gostermek-
tedir. Calismamizin sonunda tiim gruplarin ortalama
yemden yararlanma orani 1,6 olarak bulunmustur.
Yani 1 kg CAA'I icin 1,6 kg yem tlketilmistir. Temel
rasyona prebiyotik ilave edilmesi serum LDL koleste-
rol ve total kolesterol seviyelerini dislirerek olumlu
yonde katki sagladigi gorilmektedir. Ayrica temel
rasyona prebiyotik ilave edilmesi serum total prote-
in ve alblmin seviyelerinin distiginu gdstermekte-
dir. Temel rasyona prebiyotik ile prebiyotik- organik
asit kombinasyonunun ilave edilmesi karaciger, kalp,
dalak ve Bursa fabricius'un ortalama agirliklarini et-
kilemedigi ancak taslik ve bezsel midenin ortalama
agirhgini ve bagirsaklarin ortalama uzunlugunu ar-
tirarak olumlu yonde katki sagladigi gézlemlenmis-
tir. Temel rasyona prebiyotik ile prebiyotik- organik
asit kombinasyonunun ilave edilmesinin serum gli-
koz seviyesinde dnemli bir fark olusturmadigi, fakat
serum trigliserit ve HDL kolesterol seviyelerini kont-
rol grubuna gore yukselttigi gorilmustir. Deneme
gruplarinda HDL kolesterol degerinin yiiksek olmasi
saglga olumlu ydnde katki sagladigini gostermek-
tedir. Bu veriler dogrultusunda broyler rasyonlarinda
prebiyotik, organik asit ve prebiyotik- organik asit
kombinasyonu kullaniminin performans ve bazi kan
parametreleri Uzerine olumlu katki sagladigi goral-
mektedir.

Sonug olarak, performans ve bazi kan paramet-
relerine bakilarak prebiyotik, organik asit ve prebi-
yotik-organik asit kombinasyonlarinin broylerlerde
yem katki maddesi olarak yemlere ilavesinin faydali
olacagi dustintlmektedir. Ancak bunlarin antibiyo-
tiklere alternatif olarak kullanilabilecekleri hususun-
da daha fazla ve detayli calismalara ihtiyac vardir.
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Kanatlilarda kronik solunum yolu hastaliginin (CRD) serolojik tanisi igin
in-House Enzyme- Linked Immunosorbent Assay (ELISA) gelistirilmesi
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Ozet: Tavuklarin (st solunum yollarinda Mycoplasma gallisepticum (MG)'un olusturdugu kronik solunum sistemi
hastaligi (CRD), diinyanin bircok ilkesinde kanatli sagligi ve hayvansal Uretim tzerinde bulytk etkileri olan, ciddi
ekonomik kayiplara sebebiyet veren bulasici bir infeksiyondur. Hem hastaligin teshisinde hem de antikor titresinin
belirlenmesinde yaygin olarak kullanilan Enzyme-Linked Immunosorbent Assay (ELISA) sensitivite ve spesifitesi
ylksek olan bir testtir. Bu calismada, CRD infeksiyonuna karsi gelisen antikorlari saptamak icin farkl suslarin antijen
olarak kullanildigi “in house” bir ELISA prototipi gelistirilmesi amaclanmistir. Bu amacla 1 standart sus (MG S6), 1 asl
susu (MG 6/85) ve 3 saha susu (MG HMA 9, MG HMA 79, MG HMA 120) olmak lzere 5 sus ile hazirlanan ELISA'larin
referans serumlar (125 gercek pozitif ve 44 gercek negatif) kullanilarak duyarliligr ve 6zgullugu saptanmistir. Buna
gore MG 6/85, MG HMA 9, MG HMA 79, MG HMA 120 ve MG S6 suslarindan hazirlanan ELISA'larin duyarhhgi sirasi
ile % 92, %94, %95, % 96,8 ve % 92 olarak belirlenmistir.. Testlerin 6zgulliga ayni sira ile % 95,6 %95,6, %95,6, %96,7
ve % 93,6 olarak hesaplanmistir. Ozgiilligii ve duyarliigi digerlerine gére daha yiiksek olan MG HMA 120 susundan
hazirlanan ELISA prototipi ticari Gretim igin secilmistir. M. gallisepticum ile infekte bir siiriden alinan 35 serumun MG
HMA 120 ELISA ile test edilmesi sonucunda serumlarin 28'i pozitif, 5'i stipheli ve 2'si negatif olarak saptanmistir. Optik
Dansite (OD) degerlerine bagli olarak ayni serumlarin ticari MG ELISA ile test edilmesi ile alinan sonuglar yerli MG
HMA 120 ELISA ile alinan sonuclar ile karsilastinlmistir. iki kit arasinda yiiksek bir korelasyon katsayisi bulunmustur
(Pearson'’s korelasyon katsayisi (r)=0,78, p=0,01). Bu calismada yerli bir sustan yeni gelistirilen in house ELISA' nin M.
gallisepticum’un neden oldugu CRD vakalarinda gtivenle kullanilabilecegi, ticari muadillerine gére benzer 6zgullik
ve duyarlilik gdsterdigi ve saha kullanimi icin pratik ve ucuz bir alternatif oldugu gdsterilmistir.

Anahtar kelimeler: CRD, CLAT, in house ELISA, Mycoplasma gallisepticum, Serolojik tan.

Preparation of in House Enzyme-Linked Immunosorbent Assay (ELISA) for
serologic diagnosis of chronic respiratory disease (CRD) in poultry

Abstract: Chronic respiratory disease (CRD)significant, caused by Mycoplasma gallisepticum (MG) in the upper
respiratory tract of chickens, is a contagious infection that causes severe economic losses in many countries of the
world, greatly impacting poultry health and animal production. Enzyme-linked immunosorbent Assay (ELISA) has
high sensitivity and specificity which is widely used for both diagnosis of the disease and antibody titer determination.
This study aimed to develop an “in-house” ELISA prototype in which different strains are used as antigens to detect
antibodies to CRD infection. For this purpose, the sensitivity and specificity of ELISAs prepared with a total of 5
strains, including one standard strain (MG S6), one vaccine strain (MG 6/85 and 3 field strains (MG HMA 9, MG
HMA 79, MG HMA 120), were determined using 125 true positive and 44 true negative reference sera. Sensitivity
rates were found as 92%, 94%, 95%, 96.8% and 92%, respectively. Specificities were found as 95.6%, 95.6%,95.6%,
96.7% and 93.6%, respectively. According to the results, MG HMA 120 local strain based in-house ELISA was chosen
for commercial production for a later stage. A total of 35 sera from the M. gallisepticum infected flock were tested
by commercial ELISA and our in-house MG HMA120 ELISA for comparison based on OD values. 28 out of 35 were
found positive, five suspected and two negative by using MG HMA 120 ELISA. A high correlation coefficient (r)=0.78,
p=0.01) was determined between commercial and in-house ELISA. It was concluded that newly developed in-house
ELISA using local whole cell antigen could be used safely, giving similar sensitivity and specificity to commercial
ELISA kit, for serologic diagnosis of M. gallisepticum infections. It is a practical and cheap alternative for field use.

Keywords: CRD, in-house ELISA, Mycoplasma gallisepticum, RSAT, Serologic diagnosis.
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kisi istihdam edilmektedir. Uretici ciftci, sektorle ilgili
esnaf, yem, ilag, yan sanayi, nakliye, pazarlama dahil
sektdrden elde edilen gelirle hayatini siirdiren kisi
sayisi yaklasik 2,4 milyondur (Koca 2017).

Kronik solunum sistemi hastaligi (CRD), tavuk-
larin Ust solunum yollarinda Mycoplasma gallisep-
ticum (MG)'un neden oldugu bir hastaliktir. MG,
Mollicutes sinifi, Mycoplasmatales takimi ve Mycop-
lasmataceae ailesi, Mycoplasma cinsinde yer alir.
Kanath hayvanlarda hastaliga neden olan en 6nem-
li mikoplazma turleri MG ve M. synovia (MS)'dir. M.
meleagridis ve M. iowae etkenleri de kanatlilarda
hastalik yapsa da MG patojenik mikoplazmalar igin-
de en 6nemlisi olarak kabul edilmekte ve dlnyanin
bircok ulkesinde gorilen kanatli saghgini yakindan
ilgilendiren ve hayvansal Uretim Uzerine basta yemin
ete donlsimdiiny, karkas kalitesini ve yumurta ve-
rimini dislrerek énemli ekonomik kayiplara neden
olan bulasici bir infeksiyondur (WOAH 2021).

Kanatli hayvanlarda infeksiyondan dolayi
komplike vakalarda 6lim oraninda ciddi artislar, ilag
ve tedavi masraflari, broilerlerde karkas agirliginin
dismesi, yliksek iskarta orani, damizlik ve yumurta-
ci strdlerde yumurta veriminde ve yem tiiketiminde
diisme, yumurta kabuk kalitesinde bozulma, yumur-
ta Uretiminde azalma, kulucka verimliliginde azalma,
artirnlmis biyoguvenlik énlemleri ve asilama masraf-
larinda artis gozlenir (Esendal 2002). Ayrica, diger
infeksiyonlar, yerlesim vyeri, kalabalik ortam, zayif
hijyen ve infeksiyoz bursal hastalik (IBD), infeksiydz
bronsitis (IB), infeksiydz laringotraheitis (ILT) asilama
programlari kayiplari arttirabilir. Broylerlerde ekono-
mik kayiplar canli agirlik artisinda azalma (%20-30),
yemden yararlanmada dusls (%10-20), mortalite
(%10-20) ve karkas kaybi (%10-20) oldugu bildiril-
mistir (Ozdemir 2013).

MG hindilerde infeksiyoz sinuzitis nedenidir. MS
infeksiyonlar genellikle tavuklarda subklinik Gst so-
lunum yolu infeksiyonlar seklinde gdziikir (Sway-
ne 2013). CRD, Uluslararasi Salgin Hastalklar Ofisi
(WOAH)'de yer alan bir infeksiyondur. Klinik olarak
CRD infeksiyonlarinda, konjuktivitis, nazal akinti, so-
lunum gucligu oksiruk, hapsirma, tracheal sesler,
g6z ve burun akintisi gorilmektedir (WOAH 2021).
Nekropside, sinus, trachea, bronslar, akciger ve hava
keselerinde kataral eksudat, hava keselerinde opak-
lasma, hava keseleri ve oviduktta kazedz eksudat,
perikarditis, perihepatitis, salpingitis bulunur.

infeksiyonun yayginligi lkelere gére fark-
hhik gostermektedir. ABD'de yumurtaci surilerin
%50'den fazlasinin infekte oldugu ve MG'nin yu-
murtacilarda endemik oldugu bildirilmistir (Evans ve
ark. 2005). Asya'da yapilan calismalarda MG preva-

lansi %17,2-%79,0 (Sato 1996), iran'da %10 (Haghig-
hi-Khoshkhoo ve ark. 2011), Misir'da %33,3 (Osman
ve ark. 2009) olarak bildirilmistir. Kapetanov ve ark.
(2010), Sirbistan'daki 77 strlinin MG seroprevalan-
sinin 2000 yilinda %9,01 ve 2009 yilinda %11,59 ol-
dugunu ve MG prevalansinin arttigini bildirmislerdir.

Turkiye'de tavuklarda mikoplazma yayginhg ile
ilgili yapilan calismalarda Akan ve ark. (2008), sero-
lojik ve molekiler inceleme sonucunda 43 broyler
damizlik isletmesinin % 16,3'ini MG pozitif, %20
.9 MS pozitif olarak saptamislardir. Ozdemir (2013),
Konya ve cevresindeki yumurtaci tavuk isletmelerin-
de solunum sistemi problemi olan ya da enfeksiyo-
nu gecirmis 33 striden 192 tavuga ait solunum sis-
temi organlarini immunoperoksidaz ile incelemis ve
20 (%60,6) kimeste MG tespit etmistir. Turkiye'nin
batisinda bulunan 3 ildeki 60 kiimesten toplanan
1060 kan 6rneginin ELISA ile taranmasinda %39,5
MG ve %67,9 MS seropozitifligi bulunmustur (Oz-
glin ve Tirkyllmaz 2016).

Kanatlilarda CRD kontrollu ve 6nlenmesi etkili,
spesifik, duyarli ve ucuz tani yontemlerine baghdir.
MG infeksiyonunda gorilen solunum sistemine ait
klinik belirtiler diger solunum sistemi hastaliklary-
la karisabildiginden dolayl, ginimuizde teshiste,
kaltar, serolojik testler ve molekiler metodlar (po-
limeraz zincir reaksiyonu-PCR, Real-Time PZR ve
nested PZR, loop-mediated isothermal amplifica-
tion-LAMP) kullanilmaktadir. Kiltirin sensitivitesi
besiyerine ve numunenin alim zamanina gore degis-
mektedir. Kiltlr ile sonug alinmasi ard arda pasajlar
gerektirdiginden 3-4 hafta gibi uzun siire almakta-
dir. Ayrica uzmanlk gerektirmesi ve kullanilan anti-
biyotiklerin mikoplazmalarin tGremesini baskilamasi
da kiltirin bir diger dezavantajidir. Etkenin varligini
tespit etmek icin kullanilan PZR temelli molekiiler
metotlar daha fazla sarf malzeme gerektirmekte ve
Ozel ekipmanlara ihtiyac duymakta, dolayisiyla daha
yuksek maliyet gerektirmektedir. Serolojik test ola-
rak cabuk lam aglitinasyon testi (CLAT), hemaglu-
tinasyon inhibisyon (HI) ve ELISA en ¢ok kullanilan
testlerdir (Kleven 2008; WOAH 2021). CLAT suri
bazinda kullanilan cabuk bir tarama testidir ve MG
infeksiyonunu diger ELISA ve HI testlerine gore daha
erken saptasa da yanlis pozitif reaksiyonlara egilim-
li bir testtir. Farkli kaynaklardan ve farkh serilerdeki
antijenlerin sensitivite ve spesifitede farkli sonuclar
verdigi bildirilmektedir (Kleven 1998). MG major
membran proteinlerindeki farkliligin sus varyasyo-
nuna neden oldugu ve bunun da heterolog susla-
ra karsi gelisen antikor yanitinin zayif olmasina yol
actigr bildirilmistir (Noormohammadi ve ark. 2002).
ELISA yiksek 6zglnlik ve duyarlihga sahip, hizl,
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ekonomik ve c¢ok sayida serumun test edilmesine
olanak saglayan, gelismis ve gelismekte olan lke-
lerde yaygin kullanim alani bulan bir testtir (Miao
ve ark. 2000; Peng ve ark. 2022). Serolojik testlerde
otolog antijenlerin kullanimi, anti-Mycoplasma an-
tikorlarini test eden serolojik testlerin duyarlihgini
artiracaktir (Noormohammadive ark. 2002; Hosseini
ve ark. 2018). Bu nedenle de MG ve MS teshisi icin
ticari ELISA kitleri mevcut olsa da ELISAda antijen
olarak yerel sus kulaniminin testin duyarlihgini arti-
racagi disiintlmektedir.

Bu calismada, CRD infeksiyonuna karsi gelisen
antikorlari saptamak igin farkh suslarin antijen olarak
kullanildigi “in house” bir ELISA prototipi gelistiril-
mesi ve sonuclarin mevcut ticari kitle karsilastirilarak
kullanilabilirliginin belirlenmesi amacglanmistir.

Gereg ve Yontem

Standart sus

ELISA pleytlerini kaplamak icin antijen hazirlanma-
sinda kullanilan M. gallisepticum S6 susu Pendik Ve-
teriner Kontrol Enstitlisi, WOAH Mycoplasma Refe-
rens Laboratuvari, Pendik, istanbul'dan temin edildi.

Asi susu
Antijen olarak kullanilan M. gallisepticum 6/85 asl

susu ise MSD Hayvan Sagligi (ABD)'ndan temin edil-
di.

Saha sugslari

Calismada Harran Universitesi Veteriner Fakiiltesi
Mikrobiyoloji Ana Bilim Dali kultlr koleksiyonunda
bulunan ve HMA olarak kodlanan 3 adet saha susu
(MG HMA 9, MG HMA 79 ve MG HMA 120) ELISA
pleytlerini kaplamak igin antijen hazirlanmasinda
kullanildi.

Kontrol ve saha serum o6rnekleri: Testin duyarlilik
ve 6zgilliginin saptanmasinda, Harran Universi-
tesi Veteriner Fakiltesi Mikrobiyoloji Ana Bilim Dall
Laboratuvari serum koleksiyonunda bulunan CRD
yoninden pozitif olduklari PZR ve kdltir ile dog-
rulanmis 125 gercek pozitif serum ve bu hastalik
yoninden gercek negatif olan 44 kontrol serumu
kullanildi. Ayrica hazirlanan ELISA prototipinin ticari
kitle karsilastiriimasi icin infekte oldugu teyit edilen
bir stirliden teshis amaciyla génderilen 35 adet saha
serum ornegdi kullanildi.

immiinolojik test prosediirleri

Cabuk lam agliitinasyon testi: Ticari olarak Pendik
Veteriner Kontrol Enstitlisinden temin edildi. Testin
uygulanisinda oda isisina getirilen antijen ve serum

orneklerinden birer damla temiz bir pleyt Uzerinde
karistirildi. iki dakika icerisinde olusan agliitinasyon
test sonucu agisindan pozitif olarak degerlendirildi.

in house ELISA icin antijen hazirlamada
kullanilacak suslarin kiiltiirii

Etken izolasyonu, Uluslararasi Hayvan Saghg Or-
glitd (WOAH) Manuel'de belirtilen yontemlere gore
yapildi. Frey Mycoplasma Broth Base (Himedia, Hin-
distan) dretici firmanin protokolli dogrultusunda
hazirlandiktan sonra otoklavda 121°C'de 15 dk steril
edildi. Besiyeri, 50-55°C sogutulduktan sonra steril
sartlar altinda besiyerine Mycoplasma Supplement
G (Oxoid, Amerika Birlesik Devletleri) ve son kon-
santrasyonu %20 olacak sekilde at serumu (Hime-
dia, Hindistan) ilave edilerek hazirlandi. Steril cam
tlplere (her biri 5 ml) aktarilan Frey’s sivi besiyerle-
rine, Harran Universitesi Veteriner Fakiiltesi Mikro-
biyoloji Ana Bilim Dali Laboratuvari sus bankasinda
bulunan M. gallisepticum saha izolatlari (MG HMA
9, MG HMA 79, MG HMA 120), standart M. galli-
septicum S6 susu ve M. gallisepticum 6/85 asi susu
ekildikten sonra 37°C'de mikroaerobik sartlarda (%5
CO,) 72 saat inkibasyona birakildi.

in house ELISA antijeninin hazirlanmasi

Antijen hazirlamak icin, ilk olarak her sus igin 1 m| M.
gallisepticum kultird, 10 ml Frey's besi yerine ekle-
nerek (1:10 oraninda) 37°C'de (%5 CO,) 72 saat ink(-
basyona birakildi. Ayni prosedir 100 ml sivi besi yeri
(1:10 oran) ve daha sonra 1000 ml Frey's sivi besi yeri
(1:10 orani) elde etmek icin uygulanarak alt kdlttrd
saglandi. Ureyen kiiltiir (1000 ml) daha sonra 4°C'de
12,000 g'de 30 dakika santriflj edildi Stpernatant
atildiktan sonra pelet, 3 kez 150 ml steril phospha-
te-buffered saline-PBS (Bioshop, Kanada) ile yikan-
diktan sonra 4°C'de 18.000 g'de 30 dakika santrif(ij
edildi. Elde edilen pelet PBS icinde slspanse edil-
di ve olusan bakteriyel stispansiyon ELISA solid faz
antijeni olarak kullanilmak tzere -20°C ye kaldirildi.
(Frey ve ark. 1968; WOAH 2021).

in house ELISA

Kaplama antijenlerinin ve kontrol serumlarinin farkli
dilisyonlari ile yapilan checkerboard analizi sonra-
sinda, pozitif ve negatif kontrol serumlari arasindaki
en bulyuk farkin oldugu antijen dilisyonu pleytlerin
kaplanmasinda kullanildi. Kaplama sollisyonu olarak
karbonat-bikarbonat buffer (pH 9,6) kullanildi. An-
tijen kaplama dilisyonu, 96 gozli pleytin (NUNC,
269620, Denmark) her kuyucuguna 100ul olarak ko-
nuldu. Pleytler +4°C de bir gece bekletildikten son-
ra, 3 kez yikandi ve ardindan baglanmanin olmadigi
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yerleri bloklamak icin %5 suttozu (Merck, Almanya),
%0,05 Tween (Merck, Almanya) iceren PBS (BLOT-
TO) sollisyonu pleytleri bloklamak Gzere kullanildi.
Oda isisinda 2 saat bloklamadan sonra pleytler bir
kez yikandi ve pozitif ve negatif kontrol ve test se-
rumlarinin BLOTTO iginde 1/100°IUk diltisyonu farkli
g0zlere100 pl olarak konuldu. Oda isisinda 1 saat in-
kiibasyonu takiben pleytler t¢ kez yikandi ve yikama
isleminin ardindan HRPO ile isaretli Anti-Chicken IgY
yine BLOTTO icinde daha 6nceden checkerboard ile
saptanan uygun diliisyonda hazirlanarak her kuyu-
cuga 100 pl eklenip karanhk ortamda etlivde (37°C)
yarim saat inklibe edildi ve 4 kez yikamanin ardin-
dan pleytlerin her géziine 100 pl substrat (0.1 M sit-
rat tamponu (Merck, Almanya) (pH 5,5) icinde 2 ug
ortho-phenylenediamine (Sigma, Amerika Birlesik
Devletleri) ve %0,03 H,0, ilave edildi. Pleytler oda
isisinda 10-15 dakika bekletildikten sonra reaksiyo-
nu durdurmak icin her kuyucuga 100 ul 4 N H,SO,
(Tekkim, Turkiye) ilave edilerek pleytler otomatik
ELISA okuyucusu (VERSAmax 3.13/B2573, Amerika
Birlesik Devletleri) ile 490 nm'de absorbans degerle-
ri okundu. Negatif serum OD’lerinin ortalamasina 3
standart deviasyon (SD) eklenerek ELISA esik degeri
olarak belirlendi. Bu esik degerinin Ustlinde bulunan
serumlar hastalik antikorlarini taglyan pozitif serum-
lar olarak belirlendi.

in house ELISA tekniginde sensitivite ve
spesifitenin belirlenmesi

Harran Universitesi Veteriner Fakiiltesi Mikrobiyoloji
Ana Bilim Dali Laboratuvari serum koleksiyonunda
bulunan CRD yéniinden pozitif olduklari PCR ve kl-
tir ile dogrulanmis 125 gercek pozitif serum ve bu
hastalik yoniinden negatif olan 44 kontrol serumu
farkli antijenlerle hazirlanmis ELISA'larin duyarlilik ve

0zgulliginin saptanmasinda kullanildi. Duyarlilik
ve 0zgilligin hesaplanmasinda asagidaki formiller
kullanildi.

Duyarlilik; (Gergek Pozitif Sayisi) / (Gercek Pozitif Sa-
yisi+Yanlis Negatif Sayisi) X 100

Ozguillik; (Gercek Negatif Sayisi) / (Gercek Negatif
Sayisi+Yanlis Pozitif Sayisi) X 100

Ticari ELISA: Gelistirilen test kitinin sensitivite ve
spesifitesini karsilastirmak igin ticari olarak satin ali-
nan ELISA kiti (BioChek MG ELISA kit, ingiltere), kitin
prospektiistiinde belirtilen talimatlara gére uygulandi.

istatiksel Analiz

Ticari ve homemade ELISAnin OD degerlerinin kar-
silastinlmasi Pearson’s correlation katsayisi (coeffi-
cient) (r) ile hesaplandi. Hesaplamalarda IBM SPSS
istatistik programi (versiyon 16) istatiksel hesapla-
malar igin kullanildi (IBM Corp. 2020).

Bulgular

Cabuk Lam aglitinasyon testi ile 125 gercek pozitif
referans serumun 107'si (%85,6) pozitif, 18'i (%14,4)
negatif olarak degerlendirildi. Ger¢ek negatif olarak
kullanilan 44 serumun timu negatif olarak saptandi.

Bu calismada, 1 referens, 1 asi ve 3 yerel saha
sus olmak lzere toplam 5 ayri MG susundan hazirla-
nan tiim hdcre antijeni ile kaplanan 5 ayri in-house
ELISA prototipinin duyarlhk ve 6zgulligd, 125 ger-
cek pozitif ve 44 gercek negatif serum ile test edildi.

Alinan sonuglara gére MG 6/85, MG HMA 9,
MG HMA 79, MG HMA 120 ve MG S6 suslarindan
hazirlanan ELISA prototiplerinin duyarliligi sirasi ile
%92, %94, %95, %96,8 ve %92 olarak hesaplandi
(Tablo-1).

Tablo 1. Gercek pozitif serumlarin farkli MG suslari ile ELISA ve duyarlilik sonuclari

Toplam gergek
pozitif serum sayisi

Farkh suslarla uygulanan ELISA sonuclarina gore pozitif ¢cikan serum sayilar

125 MG 6/85 MG HMA 9 MG HMA 79 MG HMA 120 MG S6
114 117 119 121 114
% Sensitivite 92 94 95 96,8 92

Elde edilen verilere gére MG 6/85, MG HMA 9,
MG HMA 79, MG HMA 120 ve MG S6 suslarindan

hazirlanan ELISA prototiplerinin 6zgilligi %95,6,
9%95,6, %95,6, %96,7 ve %93,6 olarak belirlendi (Tab-
lo-2).

Tablo 2. Gergek negatif serumlarin farkli MG suslari ile ELISA ve 6zgullik sonuglari

Toplam gercek
negatif sayisi

Farkli suslarla uygulanan ELISA sonuclarina gore negatif ¢cikan serum sayilar

” MG 6/85 MG HMA 9 MG HMA 79 MG HMA 120 MG S6
42 42 42 43 41
% Spesifite 95,6 95,6 95,6 96,7 93,6
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ELISA icin kullanilan 5 farkli sustan hazirlanmis
antijenlerle pozitif ve negatif referans serumlardan
elde edilmis pozitiflik ve negatiflik sayilari ile sen-

sitivite ve spesifite oranlari grafik olarak Sekil-1'de
verilmistir.
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Bu sonuclara gore in-house ELISA icin MG HMA
120 yerel saha susu ile ELISA denemelerine devam
edilmesine karar verildi.

Toplam gergek pozitif serum sayisi : 125

Toplam gergek negatif serum sayisi: 44
e . ¥ MG 6/85

MG HMA 9

B MGHMA 79

[l MG HMA 120
MG S6

41

42 a2 42 a3

Suslara gore gtkan Pozitif serum sayis

Sensitivite (%)

Suglara gore gikan Negatif serum sayist

92 94 95 96.8 92

Spesifite (%) S5,6 95,6

95.6 96.7 93.6

Sekil 1. Farkli MG suslarindan hazirlanan ELISA ile kontrol serumlarinin sonuclari ve sensitivite ve spesifite

yluzdeleri.

Tablo 3. Cabuk lam aglitinasyon ile MG HMA 120 ELISA'nin
karsilastiriimasi

Serolojik test (n=125) Pozitif (%) Negatif (%)
Cabuk Lam aglutinasyon testi 107 (85,6) 18 (14,4)
ELISA MG HMA120 121 (96,8) 4 (3,2)

Gergek pozitif serumlarin CLAT ile %85,6 MG
HMA 120 ELISA ile %96,8 oraninda pozitif sonug
verdigi belirlendi (Tablo-3). Bu susla hazirlanan ELI-
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r\\\‘ 2 in-House ELISA

SA prototipini test etmek icin M. gallisepticum ile in-
fekte oldugu belirlenen bir stiriden alinan 35 serum
kullanildi ve %80 pozitif, %14,7 slipheli, %5,7 negatif
olarak degerlendirildi (Tablo-4).

Tablo 4. in-House MG HMA 120 ELISA ile pozitif siirii serum-
larina ait sonuclar

Serolojik test

(n=35) Pozitif (%) Siipheli (%) Negatif (%)

ELISA MG HMA120 28 (80) 5(14,3) 2(57)

Ticari ELISA

Sekil 2. in-House ELISA ile ve Ticari ELISA ile test serumlarinin sonuglari
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infekte siiriiden elde edilen bu 35 serum ayni
zamanda ticari ELISA kiti ile de test edildi ve sonuc-
lari karsilastinldi (Sekil-2).

Pearson'’s korelasyon katsayisi r=0,78 (p=0,01)
olarak hesaplandi ve iki ELISA sonuclari arasinda
dogru yonliu yuksek bir uyum oldugu belirlendi
(Tablo-5).

Tablo 5. Pearson Korelasyon katsayisi (Pearson correlation
coefficient kullanarak in-House ELISA ve ticari ELISA arasin-
daki karsilastirma

Ticari in-House
ELISA ELISA
Pearson korelasyon 1 0,78
Ticari ELISA Sigificance (2 tailed) 0,010
N 35 35
Pearson korelasyon 0,78 1
in-House ELISA Sigificance (2 tailed) 0,010
N 35 35

Tartisma ve Sonug

MG ozellikle tavuk ve hindilerde kronik solunum
yolu hastaligina et ve yumurta tretiminde kayipla-
ra neden olan énemli bir ajandir. Bu hastalikta klinik
semptomlarin gozlendigi vakalari tespit etmek kolay
olmasina ragmen, subklinik vakalarda, bu vakalarin
goruldigu kimeslerin izlenmesinde serolojik tek-
niklerden siklikla faydalanilmaktadir (Esendal 2002).
Mikoplazmosis gibi vertikal bulasan hastaliklarda,
damizliklarin ve bunlarin civcivlerinin peryodik ola-
rak izlenmesi, tlkede infeksiyonun durumu hakkin-
da fikir vermesi agisindan ¢ok dnemlidir ve bdylece
sektdr de hastalik hakkinda bilgi sahibi olur.

Hastaligin serolojik teshisinde ¢abuk lam agli-
tinasyon, hemaglitinasyon inhibisyon ve ELISA en
siklikla kullanilan serolojik testlerdir (WOAH 2021).

Ali ve ark. (2017), farkl yaslarda ve farkli popu-
lasyon hacmine sahip 12 farkli isletmeden toplanan
563 tavuk serum 6rneginde CLAT ile %56,13, ELISA
ile %64,47 seroprevalans saptadiklarini bildirmistir.
Malik ve ark. (2019) Pakistan'da asilanmamis broy-
ler sirulerinde MG seroprevalansini arastirdiklari
calismada IgM antikorlarini saptayan CLAT tekni-
ginin enfeksiyonun sadece baslangi¢ asamasiyla
sinirliyken, ELISA daha spesifik bulunmus ve IgG
antikorlarini saptayarak yanls pozitif sonuglar or-
tadan kaldirdigi bildirilmistir. Osman ve ark. (2009)
4 haftalik tavuk serumlarinda CLAT ile %48,7, ELISA
ile %60 pozitiflik saptarlarken 14 haftalik yumurta-
cllarda CLAT ile %69,9 ve ELISA ile %58.9 oraninda

pozitiflik belirlemislerdir. Bu calismada da CLAT ile
125 gercek pozitif serumun 107'si (%85,6) pozitif
bulunurken, MG HMA 120 ELISA 121'ini (%96,8) po-
zitif bulmustur. ELISA ile CLAT'a gore daha ylksek
oranlarda pozitiflik saptanmasi arastiricinin bildirim-
leri ile uyumludur. Osman ve ark. (2009)'nin 14 haf-
talik grupta seropozitifligin CLAT'da ELISA'ya gore
ylksek olmasinin nedeni kanatlinin yasi ile yalanci
pozitifligin daha fazla gorilebilmesi ve dolayisi ile
arastiricilarin calismalarinda belirttigi Gzere CLAT'In
duslk spesifitesine bagli olabilir.

Wanasawaeng ve ark. (2015), Tayland'dan izole
edilmis yerel bir sus ile MG'a karsi olusan antikorlari
saptamak amaciyla ELISA ve CLAT gelistirmek igin
yaptiklari calismada in-house ELISA ve ticari ELISA
sonuclarini karsilastirmislar sensitivitesini %67, spe-
sifitesini %95 olarak saptamislardir. Calismada solu-
num problemi bulunan ve CLAT pozitif bulunan 10
kiimesten alinan 15'er serum test edilerek yerel sus-
la hazirlanan in-house ELISA'nin uluslararasi pazarda
bulunan benzeri ticari kitlere gére uygulanabilir ol-
dugunu bildirmisler ve bunun nedeninin saha susu
ile hazirlanan ELISA'nin ticari muadillerine yakin bir
spesifite gostermesi oldugunu belirtmislerdir. Raso-
ol ve ark. (2017), 47 serum ile test ettikleri lokal bir
susdan hazirlanmis olan antijenle kapli ELISA ile %
89,13, ticari ELISA ile % 80,43 oraninda pozitiflik bul-
mugslar ve aradaki farkin anlamli oldugunu (p<0.05)
bildirmislerdir. Elyazeed ve ark. (2020), tam hiicre
ve sonike hiicre antijenleri ile hazirladiklari iki farkl
in-house ELISA sonuglarini ticari bir ELISA kiti sonug-
lari ile karsilastirmislar Pearson’s korelasyon katsayi-
larini sirasiyla (r)=0,80, p=0,009 ve (r)=0,79, p=0,011
olarak hesaplamislardir. Elde ettikleri bu yiksek
korelasyonu gosteren degerler sonucunda her iki
in-house ELISA tekniginin de kullanilabilir oldugu-
nu belirtmislerdir. Bu calismada, yapilan testlerle
secilen yerel MG HMA 120 olarak kodlanmis MG
susundan elde edilen tiim hicre antijeni ile hazirla-
nan in-house ELISA prototipi ile test edilen infekte
bir strlye ait 35 serum 6rnegi ayni zamanda ticari
bir kitle de test edilerek sonuglar karsilastiriimistir.
Sonuglar iki kit arasindaki korelasyon katsayisinin
yuksek oldugunu ortaya koymustur (Pearson'’s kore-
lasyon katsayisi (r)=0,78, p=0,01). Bu durum, yerli bir
sustan gelistirilen in house ELISA'nin MG'un neden
oldugu CRD vakalarinda glivenle kullanilabilecek,
ticari muadillerine gore benzer 6zgillik ve duyar-
ihk gosteren, ucuz ve ekonomik bir test oldugunu
distndirdd. Noormohammadi ve ark. (2002), sero-
lojik testlerde yerel suslardan hazirlanan antijenlerin
kullaniminin mycoplasma antikorlarini tespit etmeyi
hedef alan testlerin duyarlihdini artiracagini bildir-
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mektedir. Calismada elde edilen bulgular da arasti-
ricilarin (Noormohammadi ve ark. 2002; Rasool ve
ark. 2017; Elyazeed ve ark. 2020) bulgulari ile uyum
gOstermektedir.

Sonug olarak, kanatli sektoriinde 6nemli kayip-
lar olusturan ve siki kontrol altinda tutulmasi gere-
ken CRD varliginin belirlenmesi icin, yerel bir izolat
ile hazirlanan in-house ELISA tekniginin daha yuk-
sek sensitivite ve spesifite ile ticari ithal kitlerden ¢ok
daha ucuz olacak sekilde kullanilabilecegi, bdylece
enfeksiyonun yayillmasini dnlemek icin enfekte su-
rtlerin dogru ve zamaninda teshis edilerek kontrol
programlarinda basariyi artiracagi kanisina varildi.

Deney hayvanlan kullanimi etik kurulu ve diger
etik kurul kararlari ve izinler: Bu arastirma icin etik
kurulu izni alinmasina gerek yoktur. Ayrica yazarlar
Arastirma ve Yayin Etigine uyuldugunu beyan etmis-
lerdir.

Tesekkiirler: Makale XV. Ulusal (uluslararasi katilim-
h) Veteriner Mikrobiyoloji Kongresi'inde (22-26 Ekim
2022 Sanliurfa-Turkiye) s6zli olarak sunulmustur.
Pendik Veteriner Kontrol Enstitlisti, WOAH Mycop-
lasma Referens Laboratuvari ve MSD Hayvan Sagh-
gi'na tesekkilr ederiz.

Maddi destek ve cikar iliskisi: Harran Universitesi
Bilimsel Arastirma Koordinasyon Kurulu Baskanhgi
tarafindan 21304 proje numarasi ile desteklenmistir.
Yazarlarin beyan edecek cikar catismasi yoktur.
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Case Report
Olgu Sunumu

Multietiological abortion due to Brucella melitensis
and Chlamydia abortus in a sheep fetus

ibrahim Deniz" ©, Ertan Orug?
"Konya Veterinary Control Institute Directorate, Bacteriology Laboratory, Konya, Tiirkiye
2Selcuk University, Faculty of Veterinary Medicine, Department of Pathology, Konya, Tiirkiye
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Abstract: In this case report, multietiological abortion due to Brucella melitensis (B. melitensis) and Chlamydia
abortus (C. abortus) agents defined in sheep abortion. Agents, was defined in sheep abortion, fetus of which was
submitted to Konya Veterinary Control Institute (KVCI) from a sheep farm in Nigde province Brucella spp. presence
was determined by bacterial isolation method and confirmed by slide agglutination test with monospecific A and
M sera. C. abortus was detected by real-time PCR and immunohistochemistry (IHC) methods. In histopathological
examinations, hyperemia, haemorrhage and bronchopneumoniawere observedin the lung; degeneration and necrosis
of heart muscle cells were observed in the heart; hyperemia, haemorrhage, oedema, necrosis and mononuclear cell
infiltrations were observed in the placenta. In this case report, it was emphasized that multietiological abortions
involving more than one factor should be taken into consideration, as well as an etiological agent in the fight against
sheep abortions, In this context, It would be appropriate to use multidisciplinary diagnostic methods to determine
the abortion factors, thus contributing to the prevention of abortions, which is still an essential problem in sheep
breeding.

Keywords: Brucella melitensis, Chlamydia abortus, histopathology, immunohistochemistry, multietiological
abortion, PCR.

Bir koyun fetusunda Brucella melitensis ve Chlamydia
abortus nedeniyle olusan multietiyolojik abort

Ozet: Bu olgu raporunda, Konya Veteriner Kontrol Enstitiisii MidUrligiine (KVKEM) 2021 yilinda, Nigde ilindeki bir
koyun isletmesinden gdnderilen koyun abort olgusunda Brucella melitensis (B. melitensis) ve Chlamydia abortus
(C. abortus) etkenlerine bagl multietiyolojik abort tanimlandi. Brucella spp. varligi bakteriyel izolasyon yontemi ile
belirlendi ve monospesifik A ve M serumlari ile yapilan lam aglutinasyon testi ile dogrulandi. C. abortus ise real time
PZR ve immunohistokimya (iIHK) yéntemleri ile tespit edildi. Histopatolojik incelemelerde ise akcigerde; hiperemi,
kanama ve bronkopndmoni; Kalpte kalp kasi hiicrelerinde dejenerasyon ve nekroz ile plasentada hiperemi, kanama,
6dem, nekroz ve mononiikleer hiicre infiltrasyonlari dikkati ¢ekti. Bu olgu raporunun, koyun abortlari ile miicadelede
tek bir etiyolojik ajanin yaninda birden fazla etkenin karistigi multietiyolojik abortlarin da dikkate alinmasi gerektigi,
abort etkenlerini belirlemek icin de multidisipliner teshis ydntemlerinin kullanilmasinin uygun olacagini belirtmek
ve bdylelikle koyun yetistiriciliginde halen dnemli bir sorun olan abortlarin dnlenmesine katki saglamasi acisindan
yayimlanmasi uygun bulunmustur.

Anahtar kelimeler: Brucella melitensis, Chlamydia abortus, histopatoloji, immunohistokimya, multietiyolojik abort,
PZR.

Introduction infectious causes (Brom et al. 2012). Non-infectious

To maintain profitability in small cattle breeding, itis  causes include care and nutritional disorders, envi-

aimed to have at least one offspring per year. Abor-
tion is one of the most important factors that nega-
tively affect this aim and cause significant economic
losses in ovine breeding (Wu et al. 2014). The fact
that the abortion rate is more than 5% in a flock
reveals the necessity of significant measures (Ay
2017). Abortion factors that can occur at any stage
of pregnancy are classified as infectious and non-

ronmental conditions, and misuse of hormones and
drugs (Ay 2017). Among the infectious causes that
play a much more significant role in the aetiology
of abortion there are bacterial, viral, parasitic, and
fungal factors. Despite the different prevalences
between countries, the most important infectious
abortion factors in sheep in Turkiye are Brucella
melitensis, Campylobacter fetus subsp. fetus, Chla-
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mydia abortus, Salmonella abortusovis, Akabane vi-
rus, Border Disease virus (BDV), Blue Tongue Virus,
Toxoplasma gondii, Coxiella burnetii, and Neospora
caninum. Some of these pathogens are zoonotic
agents that cause abortion and stillbirth, not only
in domestic animals but also in humans (Gulaydin
et al. 2023).

In addition to abortions caused by an etiologi-
cal agent, sometimes abortions caused by more than
one factor can be seen (Gulaydin et al. 2023). De
Angelis et al. (2022) detected a co-infection caused
by Listeria monocytogenes and Toxoplasma gondii in
abortion and lamb deaths in a flock of sheep. Ramo
et al. (2022) reported abortions with other abortion
factors accompanying Coxiella burnetii in small ru-
minant flocks. In the reports prepared in Turkiye, Se-
vik et al. (2017a) revealed co-infection of Peste des
Petits Ruminants Virus (PPR) and Brucella melitensis
in an aborted sheep fetus, and in another report (Se-
vik et al. 2017b) co-infection of Border Disease Virus
(BDV) and Brucella melitensis in a sheep abortion.

The aim of this case report was to describe a
multietiological abortion case due to B. melitensis
and C. abortus detected in a sheep and to draw at-
tention to multietiological abortions in the abortion
struggle.

Materials and Methods

The sample selection

Aborted fetus and fetal placenta were brought to
KVCl in 2021 from a sheep herd in Nigde province.
According to the information given by the herd
owner, it was stated that abortions occurred in the
enterprise, especially in the last period of preg-
nancy. A systemic necropsy was performed on the
aborted fetus, and gastric contents, lung, heart, and
placenta samples were taken for laboratory studies.

Bacteriological examination

Stomach contents were inoculated into blood agar
(CM0271) in which Brucella selective supplement
(Oxoid, SRO083A) was added. It was then incubated
at37°Cand 10% CO, in an oven for 8-10 days (Woah
2022a). Gram staining was performed on the colo-
nies observed because of incubation, and they were
classified according to their morphological charac-
teristics at the genus level. Results were confirmed
by a slide agglutination test with monospecific A
and M antisera (A+M Positive Control Antiserum,
Pendik Veterinary Control Institute Directorate, Is-
tanbul). A Vitek 2 device was used to determine the
isolate at the species level.

DNA extraction and real-time PCR analysis

Lung, heart, and placental tissues were frozen at
-20°C after necropsy. Then, the frozen tissues were
cut into small pieces and placed in an Eppendorf
tube containing 450 ul of ultrapure water (Lonza,
Belgium). Then, the tissues were fragmented with
the help of a tissue shredding device (Qiagene,
Germany). Eppendorf tubes with fragmented tissue
were centrifuged at 5.000 rpm for 4-5 min. DNA ex-
traction was performed from the supernatant part in
an automatic extraction device (QlAcube, Qiagene,
Germany) in accordance with the kit protocol (In-
diSpin Pathogen Kit, Indical Bioscience, Germany).

Real-time PCR was performed on a Qiagen Ro-
tor-Gene Q (Qiagen, Germany) device. Analysis was
performed according to modified company pro-
tocols using the primer-probe set (Pantchev et al.
2009) and LightCycler 480 Probe Master Kit (Roche,
USA) targeting the ompA gene indicated in Table 1.

Procedures performed for differential diagnosis

Brucella spp. in order to reveal the presence of other
aerobic and microaerophilic bacterial abortion fac-
tors (Campylobacter spp., Salmonella spp., Listeria
spp.) other than stomach contents, lung, heart, and
placenta samples were cultured (Aydin et al. 2007;
Dhama et al. 2015; Woah 2022b). Molecular tests
were applied to investigate the presence of Aka-
bane, Border disease, and Blue tongue virus as well
as PPRV, Neospora caninum, and Toxoplasma gondii
(Muller et al. 1996; Akashi et al. 1999; Costa et al.
2000; Vil¢ek and Paton 2000; Hofmann et al. 2008;
Li et al. 2016).

Histopathological examination

Necropsy of the sheep fetus was performed and tis-
sue samples were collected, fixed in 10% buffered
formalin solution, embedded in paraffin, sectioned
at 5 pm and stained routinely with Hematoxylin-Eo-
sin (H-E). All sections of the tissues were examined
under a light microscope, and pathomorphological
changes were determined according to the organs.

Immunohistochemical examination

Sections of 4-5 um thickness were taken from the
paraffin tissue blocks on polylysine slides (Isotherm,
Turkiye). After this stage, staining was performed
automatically on the Ventana Benchmark XT device
with the biotin-free indirect IHC staining method in
accordance with the kit procedure (ultraVIEW Uni-

versal DAB Detection Kit, USA). Mouse mono-
clonal antibody specific to the Chlamydiaceae fam-
ily (Progen Biotechnic GmbH, Germany) was used
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as an antibody in IHC staining. Mayer's hematoxylin
included in the kit was used for background stain-
ing. All tissue sections were examined under a light
microscope. Positive control preparations obtained
from the pathology laboratory of the Faculty of Vet-
erinary Medicine, University of Zurich, were used
as IHC positive controls. Accordingly, cellular-as-
sociated granular or homogeneous brown staining
on a blue background, sometimes in the nucleus,
in the cytoplasm and sometimes in both areas, was
considered positive. PBS-treated preparations were
used as negative controls instead of antibodies.

Results

Gross pathology

Necropsy of the aborted fetus revealed macroscop-
ic autolysis of the brain, liver and intestines. Apart

from this, during necropsy, subcutaneous oedema
and watery or bloody contents in the abdominal
and thoracic cavities were observed. Necrosis was
found mainly in the cotyledons and the intercoty-
ledonous region in the placental tissue of the fetus.

Bacteriological isolation

In this case, Brucella spp. was isolated. The result
was confirmed by a slide agglutination test with
monospecific A and M antisera (A+M Positive Con-
trol Antiserum, Pendik Veterinary Control Institute
Directorate, Istanbul). The isolate was determined to
be Brucella melitensis on the Vitek 2 device.

Real-time PCR analysis

C. abortus DNA was detected in PCR performed us-
ing the extract prepared from fetal tissues (Table 1).

Table 1. Primer-probe sets used in real-time PCR (Pantchev et al. 2009).

Primary / Probe Name

Primer and Probe (FAM/TAMRA) Index 5'-3’

Amplicon Size (bp)

F: (5" - GCAACTGACACTAAGTCGGCTACA - 39

C. abortion

R: (5" - ACAAGCATGTTCAATCGATAAGAGA - 3) 82

P:(FAM - AAATACCACGAATGGCAAGTTGGTTTAGCG - TAMRA)

Figure 1. A) Lung. Dilated and hyperemic vessels (black arrow) and perivascular oedema (white arrow), H-E,
100X. B) Heart. Degenerative and necrotic areas (arrows), H-E, 200X., C) Placenta. Severe hyperemia (black
arrow), necrosis (*), and a trophoblast with inclusion body (white arrow) H-E, 100X. D) Placenta. Necrotic

areas (*) and granulocytes (white arrows), H-E, 200X.
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Differential diagnosis for other abortion agents:

As a result of bacteriological culture and molecular
analysis, Campylobacter spp., Salmonella spp., Lis-
teria spp., Akabane virus, Border disease virus, Blue-
tongue virus, PPRV, Neospora caninum, and Toxo-
plasma gondii were found negative.

Histopathology

The fetal lung showed catarrhal or mucopurulent
bronchopneumonia with varying degrees of hy-
peremia, oedema and desquamation of bronchial/
bronchiolar epithelium. The heart showed myocar-
ditis with degeneration and necrosis of varying se-
verity in the heart muscle cells, hyperemia, haem-
orrhage and mononuclear cell infiltration in inter-
stitial areas. The placenta showed acute placentitis

dominated by granulocytes and chronic placentitis
dominated by mononuclear cells, including necro-
sis, hyperemia, oedema and haemorrhage of vary-
ing severity. Histopathological findings of the lung,
heart and placenta are presented in Figure 1.

Immunohistochemistry

In IHC staining of aborted fetus lung, heart, and pla-
centa, Chlamydia spp. immunopositivity was found.
Localization of Chlamydial antigen was determined
in alveolar and peribronchiolar macrophages in the
lung, inflammatory infiltration in the interstitial area
of the heart, and trophoblasts in the placenta. Fig-
ures of positive staining for Chlamydial antigen are
presented in Figure 2.
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Figure 2. Immunopositive staining of Chlamydia spp. in alveolar macrophages of the lung (A), in inflamma-

tory cells of the heart (B) and trophoblasts in the placenta (C and D). Original magnifications: A, B, D=400X,

C=200X, Indirect IHC staining.

Discussion and conclusion

B. melitensis is one of the most common causes of
sheep abortions in Turkiye (Sakmanoglu et al. 2021;

Gulaydin et al. 2023). Although studies on C. abor-
tus are fewer compared to B. melitensis, C. abortus
is also one of the essential abortion factors in Tir-
kiye (Malal and Turkyilmaz 2021; Yeni 2022). Due to
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the inability to obtain healthy offspring, abortions
continue despite strict vaccination programs in Tar-
kiye as well as all over the world and cause severe
economic losses by disrupting sustainable livestock
breeding. This suggests that multietiological abor-
tions are more than predicted, and abortions be-
long to a single etiologic agent. As a matter of fact,
as mentioned in the introduction, abortion cases in
which different etiologic agents are seen together
have been reported recently (Sevik et al. 2017a; Se-
vik et al. 2017b; De Angelis et al. 2022; Ramo et al.
2022).

In this case report, a multietiological abortion
caused by B. melitensis and C. abortus was described
in a sheep abortion.

When the studies on sheep abortions in Tir-
kiye were examined, no multietiological abortion
case was reported together with B. melitensis and
C. abortus. In the studies carried out worldwide Hai-
lat et al. (2018), both B. melitensis and C. abortus
positivity were reported in 5 placenta samples in
the study performed by IHC and PCR on placenta
samples of small ruminants. The histopathologi-
cal findings obtained in this case were found to be
compatible with previous data (Yesilmen et al. 2018;
Westermann et al. 2021; Filikci 2022; Kanat 2022). In
addition, experimental and field studies were con-
ducted in terms of Chlamydial antigen localization
in IHC staining (Maley et al. 2009; Longbottom et al.
2013; Livingstone et al. 2017).

In line with the studies and our report pre-
sented, it should not be overlooked that pets are
not constantly exposed to a single abortion factor
and that different etiological agents may play a role
together and lead to multietiological abortions.
Therefore, in the diagnosis of abortion cases, it is
thought that a multidisciplinary approach in terms
of multiple factors rather than an etiologic agent is
essential in diagnosis. Knowing this situation and
making a complete diagnosis will ensure that more
perfect protection measures are taken in terms of
human and animal health.

In this case, B. melitensis was diagnosed by bac-
teriological isolation, and C. abortus was diagnosed
by real-time PCR and IHC methods. For this reason,
it would be helpful to test many factors with multi-
disciplinary diagnostic methods in an abortion case.

In conclusion, a multiethological abortion case
due to B. melitensis and C. abortus in sheep abor-
tions was described for the first time in Tirkiye,
and it was evaluated that similar abortion patterns
should be considered in the fight for abortion. Con-

sidering that these infectious agents are also es-
sential zoonoses, it was concluded that it would be
appropriate to focus on them seriously and to in-
vestigate the agents one by one with more compre-
hensive diagnostic methods without depending on
limited methods in laboratory diagnosis.
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Ozet: Yarasalar bécek popiilasyonlarinin dengelenmesi, bitkilerin tozlasmasi ve tohumlarin yayilmasi gibi énemli
ekolojik katkilari bulunan, cok farkli habitatlarda yasayabilen ve rodentlerden sonra Memeliler sinifinin en fazla
cesitlilik gosteren takimidir. Yarasalar vicut buyukliklerine oranla oldukga uzun yasamalari, uzak mesafelere
ucabilme ve go¢ etme yetenekleri, tineme, sosyal organizasyon, hibernasyon, termoregilasyon, ekolokasyon,
torpor ve kuvvetli bagisiklik sistemi mekanizmalari sonucu zoonotik viral hastaliklar da dahil olmak lizere pek ¢ok
mikroorganizma icin rezervuar konaktir. Viruslarin pek cogunun dogal yasam déngusiinde yer alan ve biinyelerinde
zengin bir virus cesitliligine sahip olan yarasalardan insanlara viruslarin bulagsmasi, dogrudan veya yabani ve ciftlik
hayvanlari ara konakhgiyla olmaktadir. Yarasalarin eskiden beri Rhabdoviridae ailesinden kuduz lyssavirusu ve
diger kuduz-iliskili lyssaviruslari tasidiklar bilgisine ek olarak, Coronaviridae ailesinden SARS-CoV ve MERS-CoV,
Filoviridae ailesinden Ebola ve Marburg viruslar ile Paramyxoviridae ailesinden Nipah ve Hendra viruslar gibi dnemli
viral zoonoz etkenlerin de dogal tasiyicilari olduklari tespit edilmistir. Bu derlemede yarasalarin diger hayvan tirleri
ile karsilastinldiginda tir basina daha ytiksek oranda zoonotik viruslari tasimalarina katkida bulunan cesitli faktorler
ve 6nemli bazi yarasa kaynakli zoonotik viral hastaliklar hakkinda genel bilgi verilmesi amaclanmistir.

Anahtar kelimeler: Yarasa, yarasa biyolojisi, yarasa kaynakl viruslar, yarasa kaynakli zoonotik viruslar, yarasa
kaynakli zoonotik viral hastaliklar.

Bat-borne zoonotic viruses

Abstract: Bats are the most diverse order of Mammalia class after rodents, having important ecological contributions
such as stabilization of insect populations, pollination of plants and dispersal of seeds, and can live in very
different habitats. Bats are reservoir hosts for many microorganisms, including zoonotic viral diseases, as a result
of their relatively long lifespan, ability to fly long distances and migrate, roost, social organization, hibernation,
thermoregulation, echolocation, torpor, and strong immune system mechanisms. The transmission of viruses from
bats which have a rich virus diversity in their body and most of them take place in their natural life cycle, to human
occurs directly or through the intermediate host of wild and farm animals. In addition to the information that bats
have been carrying Lyssavirus rabies and other rabies-related lyssaviruses from the Rhabdoviridae family, which has
been known for a long time, it has been determined that they are also natural carriers of important viral zoonotic
agents such as SARS-CoV and MERS-CoV from the Coronaviridae family, Ebola and Marburg viruses from the
Filoviridae family and Nipah and Hendra viruses from the Paramyxoviridae family. In this review, it is aimed to give
general information about various factors that contribute to the fact that bats carry a higher rate of zoonotic viruses
per species compared to other animal species and some important bat-borne zoonotic viral diseases.

Keywords: Bat, bat biology, bat-borne viruses, bat-borne zoonotic viruses, bat-borne zoonotic viral diseases.

Giris
Yarasalar, Memeli (Mammalia) sinifinin Chiroptera
takimi icinde yer almakta ve yaklasik 1400 tir ile
kemirgenlerden (Rodentia) sonra diinyada cogra-
fi olarak yaygin en dnemli ve cesitli canli grubunu
olusturmaktadir (Wilson ve Reeder 2005; Calisher
ve ark. 2006). Chiroptera adi Yunanca kdkenli olup
“el kanat” anlamina gelmektedir (Woo ve Lau 2019).
Memeli sinifi icinde gercek ucus Ozelligi gdsteren
tek grup olan yarasalar, kutuplar ve bazi izole ada-

lar hari¢ ¢ok genis cografik yayillim gosteren ve ¢ok
farkli ekosistemlerde yasayabilme 6zelligine sahip
canlilardir (Kunz ve Fenton 2003). Beslenme acisin-
dan bircok yarasa turl boceklerle ve bazilari mey-
velerle beslenirken, daha azi kan emicidir (Rodhain
2015). Ulkemizde simdiye kadar biri meyve ve 38'i
bocekle beslenen toplam 39 yarasa turlne ait kayit
verilmistir (Yorulmaz ve ark. 2018). insanlarin yasam
alanlarinda ya da insana yakin alanlarda beslenme
ve tlineme Ozellikleri gdsteren yarasa tirleri bulun-
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makla birlikte, insanla dogrudan temasi olan canlilar
degillerdir (Kunz ve Fenton 2003). Yarasalar yaklasik
52,5 milyon yildir var olan canhlardir (Clyde ve ark.
2001) ve bu uzun siirecin dogal rezervuarlari olarak
yarasalari kullanan viruslara, yarasalar ile birlikte ge-
lisme ve degisme olanagini saglamis oldugu belirtil-
mektedir (Dobson 2005).

Yarasalar kuduz lyssavirusu ve kuduz-iliskili lys-
saviruslar hari¢ genellikle klinik belirti gdstermeden
viruslarin dogal rezervuarligini yapmaktadirlar (Mo-
ratelli ve Calisher 2015). Viral enfeksiyonlarin cogu
yarasalarda asemptomatik seyretmektedir (Rodhain,
2015). Viruslarin yarasalardan ugamayan canl tirle-
rine bulagsmasi, dolayl olarak yarasalardan fomitlere
veya ylzeylere sagilan serbest virus parcaciklari ve vi-
rus yUkli aerosolize yarasa idrari veya diskisi yoluyla
gerceklesmektedir (Plowright ve ark. 2015). Konta-
mine olmus habitatlarin duyarl konaklar tarafindan
kullanilmasi yoluyla sekillenen cevresel bulasma ya
da dolayli bulasma, yaban hayati hastaliklarinin ana
mekanizmasi olarak tarif edilmektedir (Fogarty ve
ark. 2008; Piercy ve ark. 2010). Viruslar yerylziinde
hemen hemen tim canli tirlerinde bulunmakla bir-
likte, yarasalarin diger hayvan tirleri ile karsilastiril-
diginda viruslar agisindan daha fazla dogal rezervuar
olduklari ve tirr basina daha ylksek oranda zoonotik
viruslari tasidiklari ve bu duruma katkida bulunan
cesitli faktorler (Sekil1) bulundugu belirtiimektedir
(Luis ve ark. 2013, Olival ve ark. 2017). Bu faktorlerin
basinda, yarasalarin ayni boyuttaki diger memelilere
kiyasla on kat daha ytksek olan son derece uzun bir
yasam suresine sahip olmalari gelmektedir (Salmon
ve ark. 2009). Yarasalarin uzun yasam siresine sahip
olmalari, rezervuar olduklari viruslar icin strdurile-
bilir persiste virus replikasyonu ve hayatta kalmalari
icin istikrarli bir ortam saglamaktadir. Ayrica uzun
hayat siresine sahip olmalari, birka¢ nesil boyunca
coklu yatay ve dikey bulasma yolu ile poptilasyonda
zaman iginde viruslarin devamliligina olanak sagla-
maktadir (Olival ve ark. 2017).

Yarasalar, ugma yetenegine adapte olmus tek
memeli takimidir ve bu sayede yiyecek arama veya
gocgleri esnasinda uzun mesafeler boyunca hareket
edebilmektedirler (Richter ve Cumming 2006). Yara-
salarin kanatlarinda parmak benzeri uzun kemikler
vardir ve bu nedenle kuslarin kanatlarina gore daha
fazla manevra kabiliyetine sahiptirler ancak kuslarin
aksine cok fazla kaldirma gugleri yoktur. Ayrica ge-
celeri aktif olmalari, kuslarla dogrudan rekabetten
kaginmalarina yardimci olmaktadir. Ugma yetened;,
yarasalari tohumlarin ve polenlerin oldugu gibi vi-
ruslarin yayilmasi icin de 6nemli araglar haline ge-
tirmektedir (Woo ve Lau 2019). Uzun mesafe ucus

yetenegine sahip olmalarindan dolayi diger hayvan
tlrleri ile temaslarinin artmasinin da viruslarin ge-
nis cografi bolgelere yayilmasi acisindan tiirler arasi
virus bulagma potansiyelini artirdigi belirtilmektedir
(Wang ve ark. 2011). Ayrica kiresel isinmanin da ya-
rasa turlerinin cografik dagihiminda ve hastaliklarin
yeni alanlara girmesi acisindan degisikliklere sebep
olacagi tahmin edilmektedir (Sherwin ve ark. 2013;
Hayes ve Piaggio 2018).

Yarasalarin tiinek segimleri yarasa tirleri ara-
sinda buyuk farkliliklar gdstermektedir. Magaralar,
yariklar, yuvalar, agaclar ve diger bitkiler gibi dogal
olusumlar yaninda binalar ve menfezler gibi insan
yapimi yapilarda da tlneyebilmektedirler. Tinek
secimi tlrlere, mevsime ve yarasalarin cinsiyetine
gore degisiklik gostermektedir. Yarasalar dinlenme
ve uyku esnasinda ¢ogunlukla bas asagi pozisyon-
da bulunmaktadirlar. Yarasalarin genellikle koloniler
olarak bilinen ylzlerce ila binlerce bireyden olusan
gruplar halinde yasamalari, viruslarin tir ici bulas-
masini kolaylastirmaktadir. Yil boyunca ayni maga-
rada tlineyen ve sirl halinde yasayan yarasalarda
ciftlesme veya tikrik, kan, diski ve idrar gibi vicut
sivilari yolu ile birbirine temas sebebiyle viruslarin
ayni yarasa turl icinde veya tlrler arasinda bulas-
ma orani da ylkselmektedir. Yarasalarin insan yapi-
mi yapilari kullanmasi sonucu ise, virusla kontamine
diskilari yoluyla insanlarla temas ve insanlarin yara-
sa kaynakl viruslara maruz kalma riski artmaktadir
(Chege ve ark. 2015; Luis ve ark. 2015; Woo ve Lau
2019).

Yarasalar, diger memelilere kiyasla benzer ba-
gisikhk organlari, dokulari, hiicreleri ve immiinoglo-
bulin turlerine sahip olmakla beraber bazi benzer-
siz farkliliklarla hem dogustan gelen bir bagisiklik
hem de edinsel bagisiklik yaniti gostermektedir
(Schountz ve ark. 2017). Yarasa genom verilerinin,
mitokondriyal DNA'nin hasar ve onarim yollarinin
evrimi ile zamanlamasi ortlisen sekilde yarasalarda
ucus evrimini gosterdigi belirtilmektedir (Zhang ve
ark. 2013; O’'Shea ve ark. 2014). Bunun sonucun-
da diger hiperaktif memelilere kiyasla daha yiksek
metabolik hiza ve buna bagl olarak daha yuksek
vicut isisina sahip olduklari bildirilmektedir. Yara-
salarin, yarasa kaynakli viruslar igin bir kontrol me-
kanizmasi olarak tipik immun aracili atesli tepkiye
benzer sekilde ytksek viicut isisina karsi daha tole-
ransli davranabilecekleri 6nerilmektedir (O’'Shea ve
ark. 2014). Filoviruslar icin geliskili bulgular olmakla
birlikte, deneysel olarak kanitlanmamis bu hipoteze
gore yarasa kaynakli viruslarin yiksek vicut isisina
karsi daha toleransli olabilecegi ve bu sebeple in-
sanlar gibi dogal olmayan konakgcilara bulastiklari
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zaman bu canlilarda ¢cok daha virulent tablolar olus-
turabilecekleri bildirilmistir (Miller ve ark. 2016). Bazi
calismalar, yarasalarda tip | interferon sisteminin
strekli olarak eksprese edilmesi sonucu viral rep-
likasyonu kontrol eden ekstra bagisiklik genlerinin
dizenlendigini bildirmektedir (Zhou ve ark. 2016).
Ayrica, yarasalarda insanlar icin bildirilmis olan bir-
lestirici immunglobulin segmentleri ¢cesitliliginin bes
kat daha fazla oldugu ve bu sayede bircok farkli an-
tikor molekdlinin ortaya ¢ikmasi ilen yarasalarin
enfeksiyonlara karsi daha gugclu tepkiler verdikleri
belirtiimektedir (Schountz ve ark. 2017). Buna kar-
silik Rousettus aegyptiacus meyve yarasanin genom
analizinin yapildigi baska bir calismada, yarasalarin
ve diger memelilerin antiviral mekanizmalari ara-
sinda ¢ok dnemli farklar oldugu ve yarasalarda viral
enfeksiyonu kontrol etme yeteneginin gelismis im-
mun savunma yerine gelismis enfeksiyon toleransi
ile iliskili oldugu bildirilmektedir (Pavlovich ve ark.
2018). Bu hipotezi destekleyen baska bir ¢calismanin
sonuclarina gore de; dogal yollardan Marburg virus
bulasmis olan enfekte R. aegyptiacus yarasalarinda
uzamis bir inkubasyon suresi gorildigid (Amman

ve ark. 2015; Schuh ve ark. 2017), enfekte yarasa-
larin viremik kalarak virusun tamamen temizlenme-
sinden 6nce (¢ haftaya kadar uzayan stirede virusu
sacabildikleri ve uzayan enfeksiyona ragmen yiksek
diizeyde enfekte dokularinda bile sinirli inflamasyon
gosterdikleri belirtiimektedir (Towner ve ark. 2009;
Jones ve ark. 2015).

Tim yarasalarda gorilmemekle birlikte ba-
zilarinda ekolokasyon yeteneg@i bulundugu ve bu
yarasalarin dillerini tiklatarak ylksek frekansli ses
dalgalan Urettikleri (Nowak ve ark. 1994), bu esna-
da hapsirma ile orofarengeal sivi, mukus veya tik-
riik damlaciklarinin disari sacilmasi sonucu viruslarin
potansiyel yayilma mekanizmasina katkida bulun-
duklar bildirilmektedir (Calisher ve ark. 2006). Eko-
lokasyon, yarasalarin karanlik yerlerde ugmasini da
saglayan bir 6zelliktir (Woo ve Lau 2019).

Hibernasyon ve torpor 6zelligi bulunan bazi
yarasalarda ise azalan metabolik ve imminolojik
aktiviteye bagli olarak viral persistens ve bunu izle-
yen viral reaktivasyon tespit edildigi belirtiimektedir
(Gerow ve ark. 2019).

D

Sekil 1. Yarasalarin ugma yeteneklerine bagh olarak, blinyelerindeki viruslari diger canli tlrlerine bulasti-
rabilmesini (A, B) ve uzak mesafelere tasiyabilmesini (B), ekolokasyon yeteneklerine bagl olarak virus par-
tiktllerini sacabilmesini (C), yil boyunca farkli mevsimlerde (D, E) ayni magarada yasamalari, hibernasyon
ve torpor sonucu viruslarin ayni yarasa turd icinde veya tirler arasinda bulasabilmesini gosteren illUstratif

gorseller (Gonzalez ve Banerjee 2022)
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Yarasa kaynakh viruslar

Yarasalarin 200'den fazla (Moratelli ve Calisher 2015;
Letko ve ark. 2020) ve Baltimore siniflandirma sis-
temine gore siniflandiriimis olan her tir genomik
yaplya ve replikasyon stratejisine sahip viruslari
biinyelerinde barindirdiklar bildirilmistir (Hayman
2016). Bu viruslarin cogunlugunu, daha ytksek ge-
netik degiskenlige sahip ve degisen cevresel kosul-
lara uyum saglamada daha yetenekli olan RNA
viruslar olusturmaktadir (Hayman ve ark. 2013; Mo-
ratelli ve Calisher 2015). Yarasa viruslari cogu muh-
temel konakglya 6zgli asemptomatik, daha azi ise
zoonotik potansiyele sahip viruslardir (Letko ve ark.
2020) ilerleyen siirecte yarasa kaynakli viruslardan
kaynaklanan hastalik salginlari ile daha fazla karsila-
silacagi 6ngoriilmektedir (Wang ve Anderson 2019).
insanlarin dogaya miidahalesi sonucu meydana
gelen ekolojik degisiklikler ile yarasalar arasindaki
etkilesimler hakkinda daha iyi bilgi sahibi olunmasi
icin yarasa popdulasyonlarininin ve tasidiklari virusla-
rin dikkatle takip edilmesi gerektigi, bdylece yarasa
kaynakli viral hastaliklarin ortaya ¢ikma mekanizma-
larinin anlasiimasi, dngdrilmesi ve belki de cikislari-
nin 6nlenmesinin mimkin olabilecegi belirtilmek-
tedir (Rodhain 2015).

Baltimore siniflandirma sistemine gore yara-
salarda tespit edilmis olan virus aileleri: Grup | ¢ift
iplikcikli DNA virus ailelerinden; Adenoviridae, Her-
pesviridae, Papillomaviridae, Polyomaviridae ve Pox-
viridae, Grup Il tek iplikcikli DNA virus ailelerinden;
Anelloviridae, Circoviridae ve Parvoviridae, Grup
Il cift iplikgikli RNA virus ailelerinden; Reoviridae,
Grup IV pozitif polariteli tek iplikcikli RNA virus ai-
lelerinden Astroviridae, Caliciviridae, Coronaviridae,
Flaviviridae, Hepeviridae, Picornaviridae ve Togaviri-
dae, Grup V negatif polariteli tek iplikgikli RNA virus
ailelerinden; Bornaviridae, Filoviridae, Orthomyxo-
viridae, Paramyxoviridae ve Rhabdoviridae, Grup VI
DNA aracili replike olan tek iplikgikli RNA virus aile-
lerinden; Retroviridae ve Grup VII RNA aracih replike
olan cift iplikgikli DNA virus ailelerinden Hepadnavi-
ridae olarak bildirilmistir (Hayman 2016).

Yarasa kaynakh zoonotik viruslar

Yarasa viruslarinin kesfi yarasalarda kuduz virusu-
nun bulunmasiyla baslamistir. Etken; RNA'll viruslar
olan Mononegavirales takimi, Rhabdoviridae ailesi,
Alpharhabdovirinae alt ailesi, Lyssavirus cinsinde
yer almaktadir Lyssaviruslar, kuduz virusu (RABV;
Lyssavirus rabies) ve 16 adet kuduz-iliskili lyssavirus
turlerini kapsamaktadir. Lyssaviruslar, memelilerde
tedavisi bulunmayan akut progresif ensefalomiye-
lite neden olmakta ve insanlar dahil duyarli diger

memeliler arasinda dogrudan isiriklar, cizikler veya
enfekte tlkrik ile mukoza zarlarinin kontaminasyo-
nu yoluyla bulasmaktadirlar. Yarasalar cogu kuduz-i-
liskili lyssavirus icin baslica rezervuar konakg iken,
kuduz virusunun (RABV) dogada dolasimi sadece
etoburlar (Carnivora takimi) ve yarasalar tarafindan
saglanmaktadir (Calisher 2015; Anonim 2023a). Yak-
lasik iki bin yildir kuduz hastaliginin insanlara sadece
kuduz kopegdin isirmasiyla bulastigi distnilmekte
iken yirminci ylzyihn baglarinda kdpek kuduzunun
etkili ydbntemlerle kontrol altina alinmasindan sonra
vahsi yasam turlerinin, ozellikle de etoburlarin ku-
duzun dogal vektorleri olduklari belirlenmistir. On
altinci yiizyilda, Karayipler'deki ilk ispanyol kasifler
yaptiklari gézlemler sonucunda yarasalarin kuduzla
iligkili ilk yaban hayati tlrleri oldugunu kesfetmis-
lerdir (Greenhall 1993). On sekizinci ylzyilda kan
emen yarasalar vampir yarasa olarak adlandiriimis-
tir ve bundan iki yiiz yil sonra da Trinidad ve Giiney
Amerika'da gorilen Desmodus rotundus tiiri vampir
yarasalarda kuduzun ilk bilimsel tanimlamasi yapil-
mistir (Pawan 1936). Yarasa isingi ile diger canlilara
yarasa viruslarinin bulasmasi sadece kuduz virusu
icin gosterilmistir fakat kasitli bir temas olusmadik-
ca yarasa tirleri genellikle insanlari 1sirmamaktadir
(Joffrin ve ark. 2018). Kuduz virusunun ilk izolasyo-
nu 1931'de yapilmistir (Pawan 1936). Daha sonra,
meyve yiyen yarasalar ve paralitik kuduz arasindaki
baglanti kurulmustur (Pawan 1948). Bu calismalar,
kuduz virusu ve yarasa iliskisi arastirmalarini ileriye
tasimistir (Calisher 2015).

Mononegavirales takiminda yer alan bir baska
virus ailesi olan Filoviridae ailesinde bulunan Ebo-
la virusu hastaligi etkeni Orthoebolavirus (6 tir) ve
Marburg virusu hastaligi etkeni Orthomarburgvirus
(1 tur) cinsleri, insanlarda ve primatlarda siddetli
ve ¢cogu zaman 6lduriici hemorajik ates ile seyre-
den hastaliklardan sorumlu olan viruslardir (Olival
ve Hayman 2014; Anonim 2023b). Marburg virusu
hastaligi yuksek derecede virulent ve %88'e va-
ran 6lim oraniyla oldukga 6ldlrtcl bir hastaliktir.
1967'de Almanya'da Marburg ve Frankfurt'ta, Sirbis-
tan'da ise Belgrad'da ayni anda meydana gelen iki
biyuk salgin, hastaligin ilk kez taninmasina neden
olmus ve salgin laboratuvar ¢alismasinda kullanilan
Uganda'dan ithal edilmis Afrika yesil maymunlari
ile iliskilendirilmistir (Anonim 2023c). Marburg vi-
rusu ile enfekte olan bir¢ok insanin hasta olmadan
once Rousettus aegyptiacus tirl meyve yarasalari-
nin magaralarina girdikleri ve yarasalar veya onlarin
sekresyonlari ile dizenli temasta olduklari bildiril-
mistir (Adjemian ve ark. 2011). 1976 yilinda Kuzey
Demokratik Kongo Cumhuriyeti'nde, benzer 6zellik-
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ler gdsteren fakat immunolojik olarak farklilk sergi-
leyen Ebola virusu bildirilmistir (Beer ve ark. 1999).
Meyve ve bdcekle beslenen yarasa tirleri Marburg
virusu ve Ebola virusu i¢in dogal konaklardir. Bu vi-
ruslar, cogunlukla virus tasityan insanlarin kan ve
diski gibi vicut sivilari ve 6l yarasalar ile temas so-
nucu insanlara ge¢mektedir. Ayrica hastalik tasiyan
maymunlardan da insanlara gecis olabilmektedir.
Epidemiler ise genellikle insandan insana virus bu-
lasmasi ile sekillenmektedir (Olival ve Hayman 2014;
Leendertz ve ark. 2016). Ebola hastaliginda ilk olarak
aniden yiikselen ates, yorgunluk, kas agrisi, bas agri-
sl ve bogaz agrisi gorilmekte ve daha sonra kusma,
ishal, doklntq, i¢ ve dis kanamalar klinik tabloya ka-
tilmaktadir (Anonim 2023d). Yarasalarin avlaniimasi
ve protein kaynagi olarak tiiketilmesi &zellikle Ebola
virus icin potansiyel enfeksiyon kaynagi olarak isa-
ret edilmistir. 1976 yilindaki ilk olasi insan vakasinin,
avcilardan alinan taze yarasa etinin tliketimi sonucu
oldugu bildirilmistir (Leroy ve ark. 2009).

Mononegavirales takiminda yer alan diger bir
virus ailesi olan Paramyxoviridae ailesi de Henipa-
virus cinsinde yer alan Nipah virusu (Henipavirus
nipahense) ve Hendra virusu (Henipavirus hendraen-
se) da insanlarda ciddi ve potansiyel olarak 6limcil
hastaliklara neden olmaktadir. Pteropus cinsi yarasa-
lar, Nipah ve Hendra viruslarinin genel rezervuar ko-
naklari olarak tanimlanmistir (Clayton ve ark. 2013;
Anonim 2023b). ilk olarak 1998'de Malezya'da ortaya
¢tkmis olan Nipah virusu domuzlarda solunum yolu
hastaliklarina ve ensefalit salginina neden olmustur.
Siddetli atesli ensefalit ile iliskili Nipah virusunun,
meyve agaclar bulunan ticari domuz ciftliklerinde,
bu meyvelerle beslenen yarasalarin virusu meyvele-
re bulastirmasi ve bu meyvelerin domuz agillarina
diserek domuzlar tarafindan tiketilmesi ile domuz-
larda enfeksiyon olusturdugu, domuzlar aracihg
ile de virusun enfekte hayvanlarla yakin temas ha-
lindeki insanlara bulastigi belirlenmistir (Pulliam ve
ark. 2012). Banglades'teki ve Hindistan'daki diger iki
salginda ise bir ara konakgi hayvan tanimlanmamis-
tir. Bulasmanin meyve yarasalarinin tikrigu ve id-
rari ile kontamine olmus hurma agaci meyvelerinin
tlketilmesi ile yarasadan insana ve insandan insana
oldugu dusunllmektedir (Clayton ve ark. 2013; Luby
ve ark. 2006). Hendra virusu ise insanlar ve atlarda
olimcdl solunum yolu hastaligina neden olmakta-
dir (Plowright ve ark. 2011). Avustralya'da gorilmus
olan salginlarda atlar ara konaktir ve virus buytk
olasilikla enfekte yarasa idrari, tikrigl ve diskisi ile
kontamine yem, mera veya su alimi yoluyla atlara
bulasmaktadir. Atlardan insanlara, hasta hayvanlarla
yakin temas olmasi durumunda bulasma meydana

gelmektedir. Bugline kadar, insandan insana bulas-
ma bildirilmemistir (Clayton ve ark. 2013).

Koronaviruslar (CoV), hayvanlarda veya insan-
larda solunum, sindirim ve sinir sistemlerinde ve ka-
racierde hastaliga neden olabilen blyuk bir virus
grubudur (Decaro ve Buonavoglia 2008). RNA ge-
nomuna sahip CoV'lar; Nidovirales takimi, Cornido-
virinaea alt takimi iginde bulunan Coronaviridae ai-
lesi, Orthocoronavirinae alt ailesinde yer almaktadir
CoV'lar filogenetik olarak Alpha, Beta, Delta ve Gam-
ma olmak Uzere dort cinse ayrilmaktadir (Anonim
2023b). Bilinen yedi insan CoV'undan HCoV-229E
ve HCoV-NL63 Alpha-CoV cinsinde, HCoV-OC43,
HCoV-HKU1, SARS-CoV, MERS-CoV ve SARS-CoV-2
ise Beta-CoV cinsinde yer almaktadir. Yarasalardan,
insanlardan, kuslardan ve diger omurgali canlilardan
elde edilmis tamamlanmis CoV genom dizilerinin
filogenetik analizleri, yarasalarin butiin CoV dalla-
rinin koken aldigi rezervuar konaklar olabilecegini
gostermistir (Vijaykrishna ve ark. 2007; Woo ve ark.
2009). Koronaviruslar tirler arasi bulagsmada yiiksek
bir potansiyele sahiptir ve mutasyona duyarl gene-
tik yapilar sebebiyle kolayca yeni alt tipleri ortaya
ctkmakta, yeni ortaya ¢ikan CoV'lar da tirler arasi
gegis yaparak hayvanlardan insanlara bulagsmakta ve
yayllmaktadir (Decaro ve Buonavoglia 2008). Yirmi
birinci ylzyilda ortaya ¢ikan ve insanlarda beklen-
medik salginlara neden olan SARS-CoV ve MERS-
CoV'un yarasalardan kdken aldiklar tespit edilmistir
(Hu ve ark. 2015). Subat 2003'te Cin'de tanimlanmis
olan SARS-CoV, 4 ay icinde 27 farkli Ulkede tespit
edilmistir (Weinstein 2004). SARS-CoV olgusunda,
Nalburunlu yarasalar arasinda sirklle olan virusla
enfekte misk kedilerinin virusun ¢cogaldigi ara konak
olabilecekleri bildirilmistir (Hu ve ark. 2017). Cin'de
bulunan cesitli Rhinolophidae ailesindeki yarasa tiir-
lerinin genetik olarak cesitli SARS-benzeri-CoV'la-
ri barindirdiklari ve hiicreye giris icin SARS-CoV ile
ayni reseptord kullanabildikleri tespit edilmistir (Ge
ve ark. 2013). ilk olarak 2012 yilinda Arap Yarimada-
si'nda bildirilen MERS ise giinimize kadar 27 tlke-
de gorilmustir (Chafekar ve Fielding 2018). Diinya
capinda pek ¢ok yarasa turtinde bazilari MERS-CoV
ile filogenetik olarak ayni, bazilari da benzer cesit-
li koronaviruslar kesfedilmistir (Yang ve ark. 2014).
Ara konaklarin yarasalardan insanlara koronavirus-
larin iletiimesinde ve ortaya ¢ikmasinda dnemli bir
rol oynadigina inaniimaktadir (Hu ve ark. 2015).
MERS-CoV salgininda oldugu gibi, viruslarin insan-
lara bulasmadan o6nce ciftlik hayvanlari arasinda
uzun sire belirti vermeden sirkiilasyonu mimkin
olabilmektedir. MERS-benzeri-CoV'larin, virusun in-
sanlarda tespitinden Once rezervuar konak olarak
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¢ol develerinde 30 yildan daha uzun bir sire sirkiile
olmus olabilecegi belirtilmistir (Miller ve ark. 2014).
Lama ve yaban domuzu gibi diger hayvanlarin da
MERS-CoV enfeksiyonuna duyarli olmasi MERS-CoV
icin daha genis bir konak spektrumunu akla getir-
mektedir (Joffrin ve ark. 2018). VYarasalarda ayrica,
insan HCoV-229E ve HCoV-NL63 ile genetik olarak
iliskili olan koronaviruslar da bulunmustur (Hu ve
ark. 2015).

Yarasa iliskili DNA'll viruslara Herpesviridae ve
Adenoviridae ailelerine dahil tirler 6rnek olarak gds-
terilebilir. Yarasa herpesviruslari zoonotik 6zellikte
olmamasina ragmen Myotis yarasa hiicre hattindan
izole edilen bir gammaherpesvirusun insan koken-
li hicre hatlarinda UGreme gdsterdigi bildirilmistir
(Shabman ve ark. 2016). Yarasa adenovirUslerinin ise
kurumus diski materyalinden aerosol yolla potansi-
yel olarak bulasabildigi belirtiimis olmakla birlikte,
insanlar icin potansiyel zoonotik riski duisik gorul-
mektedir (Benkd ve ark. 2014).

Sonug

Ozellikle gectigimiz ylzyll boyunca sanayilesmede
yasanan hizli gelismeler ile birlikte diinyadaki insan
nufusunun hizla artmasi, beslenme ve barinma ko-
nusundaki ihtiyaclari beraberinde getirmis ve gin
gectikce de daha ¢ok getirmektedir. Buna bagh ola-
rak kentlesme, yogun tarim uygulamalari, ormanla-
rin tahribati, eskiden girilmeyen yaban hayat bolge-
lerine giris, yaban hayvanlari ile temasin artmasi ve
iklim degisikligi gibi cesitli faktdrler nedeniyle bilinen
ve bilinmeyen patojenlerin tirler arasinda bulasma
riski, insan ve hayvan popdlasyonlari icin hastaliklar
acisindan tehdit haline gelmistir. Bu durum zoonotik
hastaliklarin sayisinda ve gorilme sikliginda da ar-
tisa sebep olmustur. Kiiresellesen ulasim ile birlikte
diinyada birbirinden uzak cografyalar arasinda yer
degistirmenin kolaylasmasi da hastaliklarin kisa su-
rede farkl kitalar ve Ulkeler arasinda yayilmasini ko-
laylastiran ve salginlarin hatta pandemilerin gorilme
olasiligini artiran bir diger faktdrdir. Bu faktorlerin
sonucu olarak ¢ok eski zamanlardan beri cogu zo-
onotik hastaligin etkeni olarak dnemini korumakta
olan ve halk sagligi acisindan yiksek diizeyde 6nem
arz eden viral hastaliklara da giin gectikge yenileri
eklenmis ve eklenmektedir. Diger memeli takimlari-
na ait olan viruslara gére daha buyuk bir virus gesit-
liligine sahip olan yarasalar ise hem sebep olduklar
hem de gelecekte sebep olabilecekleri cesitli viral
zoonotik hastaliklar agisindan Tek Saglik yaklasimi
cercevesinde global olarak ¢ok farkli meslek gruplari
tarafindan yogun olarak arastirilmaktadir.

Maddi destek ve cikar iliskisi: Calismayr maddi
olarak destekleyen kisi/kurulus yoktur ve yazarin
herhangi bir ¢ikara dayali iliskisi yoktur.
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