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Original Article
Ozgiin Aragtirma

A comparative histopathological evaluation of
acute toxicities associated with Scillaren-A, corn
cob powder and their combinations in rats

Sedat Sevin' ©, Mehmet Eray Alcigir’ ©, Mustafa Ozkurt® ©, Zekeriya Yurdabakan*©,
Omer Yalcin® ©, Ender Yarsan®

"6 Ankara University, Veterinary Faculty, Department of Pharmacology and Toxicology, Ankara, Tiirkiye.
2 Kirikkale University, Veterinary Faculty, Department of Pathology, Kirikkale, Tiirkiye.
35 Almer Pharmaceutical Food, Agriculture, Livestock, Veterinary, Consultancy, Industry Trade Limited Company, Ankara, Tiirkiye.
4Kahramanmaras Siitcii imam University, Faculty of Agriculture, Department of Zootechnics, Kahramanmaras, Tiirkiye.

Gelis Tarihi / Received: 04.01.2021, Kabul Tarihi / Accepted: 01.09.2021

Abstract: The purpose of the study was to comparatively evaluate the efficacy of Scillaren-A in rats. A total of 32
female Wistar albino rats were used to develop acute toxicity for 48 h. The rats were randomly divided into four
groups including n=8 / each group (G.I-G.IV). Toxicity groups (G.|, G.II, and G.lll) and control group (G.IV) were
established. The experimental groups were intoxicated with scillaren A, corn cob powder, and their combinations,
respectively. The rats in the control group were remained intoxicated and fed with standard pellets. The experiment
was ended 48 hours after the intoxication. Histopathological findings in vital organs (liver, kidney, lung, heart, brain)
and then other organs (intestine, spleen) were evaluated. Tissues were fixed in 10% buffered formalin (pH=7.2) and
embedded in paraffin. The histopathologic findings were evaluated on the standard H&E stained sections. The major
histopathological changes, vascular changes including hyperemia and haemorrhagia, alterative changes including
degeneration and necrosis, inflammation, some regenerative and reparative changes including hyperplasia and
fibrosis in organs were scored. It is believed that both formulations can be effective on death later on, be utilized as
a rodenticide without environmental toxic effect, and be consumed rapidly by rats due to their attractive chemical
traits.

Keywords: Corn cob powder, histopathology, intoxication, rat, Scillaren-A

Ratlarda Scillaren-A, misir kocani tozu ve kombinasyonlari ile iliskili
akut toksisitelerin karsilastirmali histopatolojik degerlendirilmesi

Ozet: Calismanin amaci Scillaren-A'nin ratlarda etkinligini karsilastirmali olarak degerlendirmekti. Kirk sekiz saat
boyunca akut toksisite gelistirmk icin toplam 32 disi Wistar albino rat kullanildi. Ratlar rastgele dort gruba ayrildi (her
grupta n=8 / G.I-G.IV). Toksisite gruplari (G.I, G.Il ve G.III) ve kontrol grubu (G.IV) olusturuldu. Deney gruplari sirasiyla
scillaren A, misir kocani tozu ve bunlarin kombinasyonu ile zehirlendi. Kontrol grubundaki ratlar zehirlenmedi ve
standart peletler ile beslendi. Toksikasyondan 48 saat sonra deney sonlandirildi. Yasamsal organlarda (karaciger,
bodbrek, akciger, kalp, beyin) ve ardindan diger organlarda (bagirsak, dalak) histopatolojik bulgular degerlendirildi.
Dokular %10’'luk tamponlu formalin (pH=7.2) icinde tespit edildi ve parafine gémildl. Histopatolojik bulgular
standart H&E boyali kesitlerde degerlendirildi. Organlardaki 6nemli histopatolojik degisiklikler, hiperemi ve
hemorajiyi iceren vaskdiler degisiklikler, dejenerasyon ve nekrozu iceren alteratif degisiklikler, yangi, hiperplazi ve
fibrozis gibi bazi rejeneratif ve reperatif degisiklikler skorlandi. Her iki formilasyonun da ilerleyen zamanda 6lim
gelismesinde etkili olabilecegine, cevresel toksik etkisi olmaksizin bir rodentisit olarak kullanilabilecegine ve cekici
kimyasal 6zellikleri nedeniyle ratlar tarafindan hizla tiiketilebilecegine inanilmaktadir.

Anahtar kelimeler: Histopatoloji, misir kogani tozu, rat, Scillaren-A, toksikasyon

Introduction tifungal (Mahlo et al. 2016), antiparasitic (Tutun et

Medicinal plants have been used to cure health dis-
orders and to prevent diseases (Aktas et al. 2020).
They have been shown to exert various biological
activities including anti-cancer (Bilir et al. 2018; Alp
et al. 2019), antimicrobial (Keyvan et al. 2019), an-

al. 2019), antioxidant (Kasote et al. 2015), and anti-
hyperlipidemic (Sikarwar et al. 2014) properties. To-
day, various products are used to combat rodents.
These products are mostly chemical, but there are
also vegetable-based ones. For this purpose, one
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of the most widely used products nationally and
internationally is the products obtained from corn
cob powder. The rodenticidal activity of corn cob
powder has been studied on both rats and mice
and found useful in different countries on an inter-
national scale (Perry 2013; Jacob and Buckle 2018).

Urginea (Scilla) Maritima or squill, which is also
known as sea onion, is located in the coastal Medi-
terranean area. It is obtained in powder form from
the Liliaceae plant Urginea (Scilla) Maritima. It is an
onion-like plant. Squill bulb extracts and dried pow-
ders have been used for the control of rodents since
the 13th century. Although red squill has many al-
kaloids, scilliroside is the most toxic among others
which provides rodenticidal activity. In particular, its
bulbs have an anticoagulant activity and this chemi-
cal has a characteristic place among modern anti-
coagulant rodenticides (Gentry 1987; Gupta 2018).
Some glycoside substances in squill bulbs; proscil-
laridin A, scillaren A, scilliroside, gammabufotalin,
and scillirosidin were extracted. Among them, scil-
liroside toxicity is the most effective compared to
others (Verbiscar et al. 1986a; Verbiscar et al. 1987b).
For example, intake of Urginea (Scilla) Maritima at
high doses or for a prolonged period is cardiotoxic
or emetic. Scilliroside is inefficiently absorbed from
the gastrointestinal tract and any remaining amount
can be excreted via the urine. Due to a highly tox-
ic bufadienolide glycoside, the red squill bulb can
also cause a central nervous system failure. Thus, it
causes convulsions and death as well as cardiovas-
cular collapse (Tobyn et al. 2010).

Unfortunately, there are limited experimental
studies regarding squilla glycosides, even though
their active compounds have been well document-
ed in numerous sources. According to the literature,
Scillaren-A toxicants, red squill powder can contain
up to 28% scilliroside, and baits usually have 0.01-
0.7% of the toxicant (Gratz 1973). In an experimen-
tal study, approximately 0.8 mg/kg LD50 dosage
of Scilliroside was found lethal (Brooks and Htun
1980). Another experimental study reported that
the oral LD50 of Scilliroside was 0.7 mg/kg in male
rats, 0.43 mg/kg in female rats, and 0.35 mg/kg in
mice (Bayazit and Konar 2010). Thus, Scillaren-A is a
highly toxic chemical and is used effectively against
Norway rats, black rats, house mice, long-tailed field
mice, and field voles (The Pestisit Manual 1983).

The product to be prepared as a part of the
study will be composed of corn cob powder and
active ingredients obtained from the squill plant to
support it. One of the most important disadvantages
of corn cob powder used as a rodenticide is its

high effectivity dose which provides active struggle
with rodents. The priority approach that reveals
the originality of the study starts at this point. The
mechanism of action of neither corn cob powder
nor squill glycosides for rats and mice has been
fully elucidated. Various opinions were put forward
and got accepted. In this study, the purpose was
to comparatively evaluate the toxicity efficacy of
Scillaren-A in rats. Thus, effective doses on the
vital organs and the efficiency of different created
formulations have been evaluated individually and
collectively. It is believed that this study is the first
comparative documentation on this topic based on
literature knowledge.

Material and Method

Plant Material and Preparation of Ethanol Extract

U. Maritima (L.) Baker is grown mostly in the Aegean
and Mediterranean regions of Turkey (Tanker and
Tosun 1979). The leaves and tubers of U. Maritima
(L.) Baker were collected from nature in Demirciler
(Antalya, Manavgat, Turkey; Lat/Long 36.791924;
31.509417) in 2019 and cleaned from residual com-
posts. The tubers were used directly in the extraction
process after the bulbs are cut and finely crushed in
the grinding machine (Spice Herb Grinder IC-25B).

Urginea Maritima (L) Baker plant's tubers
were ground mechanically with a machine (YOKES,
VBR-6000, Multi-Purpose Disperser). Following the
grinding process, 2.4 kg for every 4 kg tubers were
added to the scilla paste. Urginea Maritima (L.) Baker
- magnesium sulfate paste was further diluted by 15
L of Ethanol (Merck) and blended by a high-speed
blender with a maceration derivative system. To
ensure total extraction, the paste was washed with
5 L of Ethanol before sieving. The added Ethanol
(Merck) was evaporated by a Rotary evaporator and
1000ml of the concentrated sample was obtained.
The concentrated paste was coagulated by lead ac-
etate at pH values below 6.8 and the existing lead
acetate was absorbed by 10% sodium sulfate, and
sieved again. The sample was lastly washed with
Chloroform (Merck) to separate fat and then ana-
lyzed by column chromatography (Zhao et al 2013;
Xu et al 2019).

Preparation of pellet feeds containing corn cob
powder and Scillaren-A

50 gram of 50% corn cob powder, 1 gram of 5.5%
Scillaren-A extract, and 49 gram of feed mixture
(peanut butter, gluten, cornmeal, wheat flour,
sunflower) were mixed to obtain the pellet. The
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mixture was processed through the pellet machine
(Levent Makine) with sieves by forcing it to pass
through the sieve by traveling on the weight. The
high-speed mixer was run at 4000 rpm (Ujvary 2010).

Analysis of Scillaren-A by LC-MS / MS

Scillaren-A chemical detected by LC-MS / MS device
in Akdeniz University Food Safety and Agricultural
Research Centre was verified with NIST and Wiley
libraries. LC-MS / MS System: Thermo Scientific Ac-
cela UHPLC- TSQ Quantum Access Max, Column:
Hypersil GOLD RP C18 (1.9 um), 50x2.1 mm, Col-
umn oven temperature: 40°C, Injection volume:
5 L, Capillary temperature: 270°C, Evaporation
temperature: 50°C, Auxiliary gas pressure (Arb): 20,
Sheath gas pressure (Arb): 50, Spray Voltage (V): £
3500 (Balasoiu et al 2013; Yadav 2020).

Experiment Protocol

Approval for the study was granted by the Local
Ethics Committee, Turkey. The experimental ani-
mals were fed and sheltered in the Laboratory Ani-
mal Unit of Hiseyin Aytemiz Experimental Research
and Application Center, Kirikkale University. A to-
tal of 32 adult female rats, each weighing 300-350
g, were kept in appropriate-sized cages at room
temperature with 55% humidity, in a 12-hour day-
night cycle and they were fed ad-libitum with stan-
dard pellet feed. Before the intoxication, all group
animals were starved for 24 hours. The rats were
randomly divided into four groups. Each group in-
cluded 8 rats. The Group | (G.I) animals was admin-
istered with 4 ml Scillaren (Urginea (Scilla) Maritima
(L) extract) via gavage. The Group Il (G.ll) animals
were fed with corn cob silkpowder (25 g for each
animal in the group) that was added to the pressed
standard pellet and dissolved in 10 ml corn oil. The
Group Il (G.I) animal was first administered with 4
ml Scillaren extract via gavage and corn cob pow-
der (25 g for each animal in the group). The Group
IV (G.IV) animals were selected as control and fed
with a standard pellet. They were not intoxicated
by any toxic substance. After 48 hours, all animals
in every group were euthanized one by one within
the euthanasia chamber. Each rat was sedated with
xylazine (10 mg/kg BW, IM) and allowed 2 mins for
acclimation of 100% carbon dioxide gas infusion.

Postmortem examination

The routine necropsy procedure was performed. Or-
gans of all animals in each group were evaluated
properly based on general macroscopical criteria
of necropsy. The tissue samples (liver, kidney, lung,
heart, central nervous system parts, spleen, and in-
testine) were fixed in 10% buffered formalin. The
routine tissue process was followed up using an au-
tomatic tissue processor (Leica TP-1020) and tissues
were embedded in paraffin (Shandon). Thereafter,
paraffin blocks were cut at 5 um and stained ac-
cordingly to the hematoxylin-eosin (H&E) staining
procedure (Luna 1968).

Histopathological examination

The lesions were examined and scored in terms of
hyperemia, hemorrhage, degeneration-necrose,
and inflammatory cell infiltration.

Results
Scillaren-A quantity analysis

Urginea (Scilla) Maritima was extracted with ethyl
alcohol containing 0.145 mg/kg amount of Scillar-
en-A.

Necropsy findings

In G.I, the small intestine was hyperemic in appear-
ance (n=3). The large intestine was enlarged in a few
animals (n=3). The liver and spleen as well as lungs
were congested (n=4). The heart was stiffed in ap-
pearance. The central nervous system was edema-
tous and swollen. In G.lI, the intestines and stomach
were enlarged in two animals. In addition to the kid-
ney, the liver and spleen were hyperemic and swol-
len as in the previous group. The heart and central
nervous system were the same in appearance in all
animals. In Glll, the large intestine was enlarged, the
mucosa of the small intestine was hyperemic partly.
The stomach was normal and filled with pellet con-
tents. The liver and spleen were congested in a few
cases. The lungs and kidneys were hyperemic. The
hearts and central nervous system were edematous
and swollen. In G.IV or control group, there were no
meaningful pathological changes in organs (Figure
1.
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Figure 1. Macroscopical findings in experimental groups. (a) Group | animals, Scillaren extract via gavage,
(b) Group Il animals pressed powder of corn cob silk, (c) Group Ill animals, dough ball prepared from
Scillaren extract and corn cob powder (d) Group IV animals, selected as control.

Histopathological results

Liver: In G.I, the sinusoids were filled with erythro-
cytes and the central vein was enlarged. Some of
the remark cords were dissociated (n=4). There were
many parenchymal degenerations in hepatocytes at
the periphery of lobes (n=6). The severe changes in-
cluded both nuclei and cytoplasm of some hepato-
cytes. In G.II, the aforementioned findings with ve-
nous congestion were not common at each lobe of
the animal (n=5). In G.llI, the congestion has spread
to all lobules (n=7). Additionally, there was neutro-
phil leucocyte infiltration in a few areas in the ex-
perimental group. In contrast to the experimental
group, in G.IV, there was no meaningful finding.

Kidney: In G.|, the cortical tubules were lined with
degenerated epithelial cells in some areas (n=6). In
G.Il and G.llI, the findings were such in case (n=7).
But, the distribution of degenerated areas was fewer
compared to other groups in G.II. In addition, the

capillaries were hyperemic in these groups (n=8). In
G.lV, there was no conspicuous finding.

Heart: In G.|, loss of striates, karyolytic changes as
well as vascular changes related to parenchymal dege-
nerations in cardiomyocytes were disseminated (n=7).
In Gll, these degenerative changes were observed
focally in a few cardiomyocytes (n=8), although they
were present in Gl animals (n=7) as much as in Gl
animals. In G.IV, there was no pathological change.

Lungs: In G.I-II-1lI, the arterioles and interalveolar capil-
laries were filled and enlarged with erythrocytes as well
as focal hemorrhagic foci (n=8 approximately at each
group). In some cases, in these groups (n=5), edema
was accompanied by hyperemia. In contrast to this, the
vessels were normal in appearance in controls.

Spleen: In G.I and G|, intrafollicular hemorrhage was
observed disseminated (n=6). But, in other groups
including the control group animals, there were not any
meaningful changes in the tissue. Additionally, follicle
hyperplasia was seen in a few areas in groups (n=3).
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Intestine: In G.I and G.lI, the capillaries were hype-
remic in propria mucosa and submucosa (n=7). In
G.lll, degenerative and necrotic changes were en-
countered in the crypt and apical parts of the villus
epithelium of the intestine, and hyperemic changes
in the previous group (n=7). In G.IV, there were not
any findings. Additionally, there were a few neut-
rophil leucocytes and lymphocytes infiltration in
propria in some areas of experimental groups and
control group animals.

Central Nervous System: In all groups, hippocam-
pal neurons and Purkinje cells were degenerated or
necrotic in appearance (n=8, approximately every
group). However, such changes were fewer in G.llI
(n=5). And also, no lesion except hyperemia was ob-
served in the control group or G.IV.

The findings were illustrated in Figures 2 to 5
and Table 1.

Figure 2. G.I. Focal hemorrhage, hyperemia, and degeneration-necrosis in cardiomyocytes. Degeneration
and necrosis in the heart (a), focal haemorrhagia in the lung (b), degeneration and necrosis in Purkinje cell
in the cerebellum (c), neuronal degeneration (d), degeneration in hepatocytes and hyperemia (e), hyperemia
in the kidney (f), normal in appearance of the spleen (g), intestinal hyperemia (h), x 100, Haematoxylin-Eosin
staining.
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Figure 3. G.Jl. Disseminate hemorrhage, hyperemia, and degeneration and necrosis. Diffuse degeneration
and necrosis in cardiomyocytes (a), diffusive hemorrhage and hyperemia in the lung (b), normal in appe-
arance of the brain (c), degeneration and necrosis in the cerebellum (d), degeneration in hepatocyte and
hyperemia in the liver (e), hyperemia in the kidney (f), diffuse hemorrhage in the spleen (g), intestinal hype-
remia (h), x 100, Haematoxylin-Eosin staining.
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Figure 4. G.lll. Disseminate hemorrhage, hyperemia, and degeneration and necrosis. Degeneration and
necrosis in cardiomyocytes of almost all fields (a), diffusive hemorrhage and hyperemia in the lung (b), de-
generation and necrosis in neurons of the cerebellum (c) and Purkinje cells of the cerebellum (d), degene-
ration in hepatocyte and hyperemia in the liver (e), severe hyperemia in the kidney (f), diffuse hemorrhage
in the spleen (g), intestinal necrosis (h), x 100, Haematoxylin-Eosin staining.
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Figure 5. G.IV. No conspicuous pathological changes, heart (a), lung (b), cerebrum (c), cerebellum (d), liver
(e), kidney (f), spleen (g), intestine (h), x 100, Haematoxylin-Eosin staining.
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Table 1. Scoring of Histopathological Findings in Organs According to Experiment Groups.

Hyperemia  Haemorrhagia Degneer:::;as::on- Inflammation  Hyplerplasia Fibrosis
+++ G(I) ++ (GI) ++ G(l) - (Gl - G() - G(l)
L ++ G(Il) ++ G(Il) ++ G(I) - G(I - G(I) - G(IN)
ver +++ G(II) +++ G(II) +++ G(Il) - G(ly - G(Iln) - G(l)
-G(IV) - G(Iv) -G(IV) - G(Iv) - G(Iv) - G(Iv)
++ G() + (Gl ++ G(l) - (Gl) - G(l) - G(l)
) +++ G(I) ++ G(Il) +++ G(I) - G(IN) - G(IN) - G(I)
Kidney
++ G(Il) +++ G(Il) ++ G(Il) -G(I) - G(liy - G(I)
- G(IV) - G(IV) -G(IV) - G(IV) - G(IV) - G(IV)
++ G() +++ (GI) ++ G(l) - G(l) - G(l) - G(l)
Heart +++ G(I) +++ G(I) +++ G(I) -G(I1) - G(IN) - G(I)
ear ++ G(Ill) +++ G(IlI) ++ G(IlI) - Gl el - Gl
- G(IV) - G(IV) -G(IV) - G(IV) - G(IV) - G(IV)
++ G(I) + (Gl + G(I) - (Gl - G(l) - G()
++ G(Il) + G(I) + G(I) -G(Il) - G(I) - G(I)
Lungs
+++ G(II) ++ G(Il) + G(Il) - G(Iln) - G(Iln) - G
- G(IV) - G(IV) -G(IV) - G(IV) - G(IV) - G(Iv)
++ G(I) ++(Gl) ++ G(I) - (Gl - G(l) - G()
+++ G(II) + G(I) +++ G(I) - G(I) - G(I) - G(IN)
Spleen
++ G(Il) ++ G(Il ++ G(Il - G(Iy - G(Iln) - G(Il
- G(IV) - G(Iv) - G(IV) - G(IV) - G(IV) - G(Iv)
++ G() - (Gl) ++ G(I) - (Gl - G(l) - G(l)
. +++ G(I) - G(I) +++ G(I) - G(I - G(I) - G(IN
Intestine
++ G(Il - G(ly ++ G(Il - G(Ily - G(ln) - G(Il
- G(IV) - G(IV) -G(IV) - G(Iv) - G(Iv) - G(Iv)
++ G(I) - (G ++ G(I) - (Gl - G(l) - G(l)
Central +++ G(Il) - G(I) +++ G(I) - G(Ih - G(I - G(IN
Nervous
System ++ G(II - G(liy +++ G(Il) - G(Il - G(Ily - G(ly
+ G(IV) - G(IV) -G(IV) - G(IV) - G(IV) - G(IV)

Discussion and Conclusion

In this study, a more effective rodenticide was de-
veloped by joining the structure of the corn cob
powder of the active ingredient of Scillaren-A, whi-
ch participates in the heterosite structures of the
Urginae Maritima (L.) plant that is nationally and
naturally grown for rodenticide use. The results
obtained with this study are original for the usage
of two different rodenticides together. This double
rodenticide usage was seen to provide a multiple
organ failure when compared to the sole usage of
each rodenticide. In particular, it was encountered
with these destructive effects in some of the vital
organs such as the liver, kidney, and heart.

Corn cob powder is normally used for rats (Rat-
tus norvegicus) at doses of 50-100 mg/kg. In most
cases, corn cob powder is not efficient due to high
dose requirement, therefore a more effective orga-
nic method is required. The addition of Scillaren-A
to the rodent substance is important for improving
combat effectiveness in this sense.

On the other side, Urginea Maritima (L.), or squ-
ill plant grows on sandy, rocky, and stony areas. Ur-
ginea Maritima, with an average weight of up to 2.5
kg, has been reported to have an active ingredient
ratio of 0.4% to 0.5% (Verbiscar 1986b). This means
that approximately 12-13 g of active ingredient can
be extracted from an adult onion plant. This value
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means approximately 500-700 Rattus norvegicus
deaths in intravenous use (Brooks and Htun 1980).

It is aimed to lower the active substance dose
to be given to mice/rats orally compared to the cur-
rently used rodenticides. On the other hand, it is
known that many active substances used as pestici-
des today may also have a repellent effect on living
creatures. In addition, it is seen that long-term use
of pesticides causes resistance between generati-
ons. In Rattus norvegicus, the central olfactory unit
can adapt to different odorents. In this study, it was
observed that the mixture prepared with Scillaren-A
and pure corn cob powder did not show any repel-
lent effect and was consumed with great appetite.
With ByPass Proteins, which will be included in the
rodenticide structure, the livings'/alive death that
occurs between a few hours and 2 days under nor-
mal conditions will be extended to a period of 2-10
days. By this, the death of the animal in the places
such as granary, field, or home interiors where the
direct application is made will be prevented at the
maximum level.

Among the histopathological changes in this
group of animals, the presence of more severe and
widespread bleeding, widespread necrosis and de-
generations in cells in the heart muscle, edema re-
lated to general circulatory failure, and hyperemia
have been observed. In addition, more common
necrotic changes have been observed in the intes-
tines of several animals and it has been concluded
that this may be documented for toxicity. As a ge-
neral picture, it was observed that the findings were
similar to the corn-cob silk formulation and gave
close results to the commercial formulation.

Different degrees of lesions were formed in the
organs of all intoxicated groups. It is understood
from the rapid development of deaths that the most
severe findings were obtained with a ready-made
commercial formulation. However, the administra-
tion of powder of corn cob powder and scillaren,
which has a stronger effect than the corn corb silk
formulation, seems to cause widespread damage
to the organs. It was noticed that although organ
damage occurred in the mentioned regions, it was
mainly effective in hepatocytes, kidney tubules, and
the heart muscle. Therefore, the disorder in the ge-
neral circulation fails in the liver and kidney functi-
ons. Also, it causes slow death in the other affected
organs such as the lung and brain. Both rodenti-
cide formulations can create a more harmful effe-
ct in multiple organs at the same period. For this
reason, by combining different aromatic properties
and adding attractive odor and taste additives, both

rodenticides might be an effective formulation after
careful calculations to increase the relative amount
of scillaren extract and to maintain the amount of
toxic substance per animal.
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Abstract: Malignant catarrhal fever (MCF) is a fatal disease of ruminants and has a worldwide distribution. The MCF
virus (MCFV) group has currently known to contain 10 members. Ovine gammaherpesvirus 2 (OvHV-2) is one of the
members of MCFV group and has economically importance in cattle. Sheep is the reservoir host of OvHV-2 while
domestic goat is naturally susceptible species, although infection is generally asymptomatic in goat. In this study,
the presence of OvHV-2 was investigated in sheep and goats by hemi-nested PCR in Aegean Region of west Turkey.
Total of 138 sheep and goat samples which consist of 73 whole blood, 39 internal organs and 26 aborted fetuses
were investigated. Thirty-seven blood samples, four fetal samples, and seven internal organ samples were found to
be OVHV-2 positive. While 47 of the total sheep samples were found to be positive, only one goat sample was found
positive. Similarly, previous studies have shown that prevalence of OvHV-2 in goats lower than sheep.

Key words: Goat, malignant catarrhal fever (MCF), ovine gammaherpesvirus 2 (OvHV-2), sheep

Tiirkiye'nin batisindaki kiiclikbas hayvanlarda OvHV-2 virusunun arastirilmasi

Ozet: Malignant Katharal Fever (MCF) 8liimcil bir gevis getiren hastaligidir ve diinya capinda bir dagilima sahiptir.
MCEF virusu (MCFV) grubunun su anda 10 Uye icerdigi bilinmektedir. Ovine gamaherpesvirus-2 (OvHV-2), MCFV
grubunun Uyelerinden biridir ve sigirlarda ekonomik olarak dneme sahiptir. Koyunlar, OvHV-2'nin rezervuar konagidir
ve keciler ise dogal olarak duyarli tlrdir, ancak enfeksiyon genellikle kegilerde asemptomatiktir. Bu calismada,
OvHV-2'nin Tirkiye'nin batisinda yer alan Ege Bolgesindeki koyun ve kecilerdeki varligi hemi-nested PCR ydntemi ile
arastinlmistir. Yetmis t¢ tam kan, otuz dokuz i¢ organ ve yirmi alt abort fetlisten olusan toplam yiiz otuz sekiz koyun
ve keci 6rnegi incelendi. Otuz yedi kan ornegi, dort abort fotus ve yedi i¢ organ 6rnegi OvHV-2 virusu yontinden
pozitif bulunmustur. Toplam koyun &rneklerinin kirk yedisi pozitif olarak bulunurken sadece bir keci 6rnegi pozitif
bulunmustur. Onceki calismalar ile benzer olarak kecilerde OvHV-2 prevalansinin koyunlardan daha diisiik oldugunu

gorilmustar.

Anahtar kelimeler: Keci, koyun, malignant kataral fever (MCF), Ovine gammaherpesvirus 2 (OvHV-2)

Introduction

Malignant catarrhal fever is a letal disease in cat-
tle, water buffalo, American bison, and other wild
ruminants (Russell et al. 2009; Stahel et al. 2013). It
is characterized by lymphoid cell accumulations in
non-lymphoid organs, lymphocytic hyperplasia in
lymphoid organs and vasculitis (Anonymous, 2018).
The typical clinical findings of the disease are severe
nasal discharge and fever (O'Toole et al. 2002). In
addition, inflammation, erosion and mucopurulent
exudation (in upper respiratory tract, oral mucosa
and eyes), swollen nodules, lameness and neurolog-
ical findings can be observed (Li et al. 2005).

The MCF virus (MCFV) group is currently known
to contain 10 members. Six of these (AIHV-1, AIHV-
2, OvHV-2, CpHV-2, MCFV-WTD and Ibex-MCF)
cause naturally disease in susceptible species while

one of these (HipHV-1) cause disease experimen-
tally in rabbits and others viruses (Gemsbok-MCFV,
Muskox-MCFV, Aoudad-MCFV) are yet to be asso-
ciated with disease (Li et al. 2014). All members of
the MCFV group belong to the genus Macavirus,
sub-family Gammaherpesvirinae, family Herpesviri-
dae (ICTV 2020). Herpesviruses are enveloped, 120-
250 nm with icosahedral symmetry. The genome
consists of double-stranded, linear DNA 180 kb
long (Knowles 2011). The OvHV-2 genome consists
of 130,930 bp, with a G+C-rich. The genome have
73 ORFs and 62 of them demonstrate homology
with other gammaherpesviruses (Hart et al. 2007).

OvHV-2 and AIHV-1 are reported to be the ma-
jor causing agents of the disease that cause more
significant economic loss in ruminants (Stahel et al.
2013). Although AIHV-1 does not cause disease in
its natural host, the African antelopes, it causes dis-
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ease in cattle in Africa and various ruminant species
in zoos all over the world (Horner and Tham 2003).
OvHV-2 is widespread in the sheep populations
around the world and causes sheep-associated
malignant catarrhal fever (SA-MCF) in some rumi-
nants (Cunha et al. 2012; O'Toole and Li 2014). It is
reported that the infection is generally subclinical
in sheep, which are the reservoir host for OvHV-2.
However, MCF-like clinical symptoms such as fe-
ver and nasal discharge were reported to occur in
sheep exposed to a high dose of OvHV-2 via aerosol
route (Li et al. 2005; Sood et al. 2013; O'Toole and Li
2014). Domestic goat is one of the naturally suscep-
tible species for OvHV-2. Infection in goats is gen-
erally asymptomatic, but OvHV-2 induced MCF like
lesions have been reported (Jacobbsen et al. 2007;
O'Toole and Li 2014).

Although malignant catarrhal fever caused by
OvHV-2 is reported to be sporadic in cattle and oth-
er species, it may cause outbreaks when cattle are
husbandried with other species susceptible to MCF
or somehow in contact (Li et al. 2000; Schultheiss
et al. 2000; Brenner et al. 2002; Otter et al. 2002;
Twomey et al. 2002; Li et al. 2008; Neimanis et al.
2009; Vinod Kumar et al. 2014). MCF cases caused
by SA-MCF have been reported in several regions in
Europe, Canada, North and South Africa, Asia, and
Middle East (Brenner et al. 2002; Benazzi et al. 2004;
Neimanis et al. 2009; Gelaye et al. 2013; Vinod Ku-
mar et al. 2014).

In this study, the presence of DNA of OvHV-2
was investigated by hemi-nested PCR in sheep and
goat raised in the Aegean region of Turkey.

Materials and Methods

Samples and Preparation

The samples used in the study were randomly se-
lected from the routine diagnostic materials sent
to the Virology department of izmir / Bornova Vet-
erinary Control Institute. A total of 138 sheep and
goat samples consist of 73 whole blood, 39 internal
organs and 26 aborted fetus were collected from
19 different goat and sheep herds from 7 provinc-
es of the Aegean region located in west of Turkey.
Distribution of the samples as provinces are shown
in Table 1. Whole blood samples were used directly.
The internal organ and fetus samples were homog-
enized in PBS (1/10 v/v) then homegenate was cen-
trifuged at 3000 rpm and 15 min and supernatants

were used for DNA extraction. In fetus samples, if
internal organs available, same protocol as adult
animals were used whereas whole fetus was used
in cases of early abortion in which internal organs
were not developed.

DNA extraction and Hemi-nested PCR

Commercial kit (DNeasy Blood and Tissue Kit, Qia-
gen, Germany) was used for DNA extraction and ex-
traction was carried out according to the manufac-
turer’s instructions.

DNA amplification was carried out by
hemi-nested PCR protocol targeting the DNA pol-
ymerase gene described previously (Flach et al.
2002). For the first and second amplification POL1:
5'-GGC (CT) CA (CT) AA (CT) CT ATG CTA CTC CAC-3
‘and POL2: 5'-ATT (AG) TC CAC AAACTG TTT TGT-3/,
POL2 and OHVPol: 5'-AAA AAC TCA GGG CCA TTC
TG-3' primer sets were used, respectively. The ex-
pected amplicon length for the first and second PCR
products were 386 bp and 172 bp, respectively. PCR
reaction was carried out by using a commercial kit
(Fast cycling PCR kit, Qiagen, Germany). The reac-
tion mixture contained 10 pl Fast PCR Mastermix, 5
ul DNA template, 3 ul H,O and 1 pl (10 uM) of each
primer. For the first run thermocycle profile was; ini-
tial denaturation at 95°C 15 min, following 25 cycles
of DNA denaturation at 94°C for 1 min, primer an-
nealing at 60°C for 1 min, primer extension at 72 °C
for 1 min and final extension step at 72°C for 10 min.
The conditions of the second run were the same as
the first run but were performed in 30 cycles instead
of 25 cycles. Final PCR products were analyzed by
in 1.5 % agarose (containing ethidium bromide)
gel electrophoresis and visualised under UV light
source. Positive and negative controls were used in
each PCR analysis.

Results

In this study, a total of 138 samples were examined
and 48 samples were found positive. According to
sample type, 37 of 73 (51%) blood samples, 4 of 26
(15%) fetal samples, and 7 of 39 (18%) internal or-
gan samples were found to be positive. Consistent
with the literature, it was observed that the rate of
OvVHV-2 virus in sheep is higher than in goats. Figure
1 shows the PCR visualization.

Distribution of the samples and PCR results as
provinces are sum up in Table 1.
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First Run

Second Run

Figure 1. PCR result image. bp: base pair, M lane:100-bp ladder; 1: negative control, 2: positive control,

3: organ samples; 4,5: whole blood samples; 6: fetus.

Table 1. Distribution of samples by provinces

Whole blood Internal organ Aborted fetus

Sheep Goat Sheep Goat Sheep Goat Total POSitiZe

Provinces P N P N P N P N P N P N Rate %
izmir 1 6 0 1 2 10 8 2 7 1 2 40 15
Aydin 7 5 - - 0 3 - - 0 2 - - 17 41
Denizli 0 1 - - 1 0 - - 0 1 0 1 4 0
Kutahya 1 1 - - 2 1 0 2 1 1 0 1 10 40
Manisa 7 3 0 5 1 0 - - 0 2 0 1 19 42
Mugla 21 6 0 8 1 3 0 2 - - 0 2 43 51
Usak - - - - 0 3 - - 0 2 - - 5 0
Total 37 22 0 14 7 20 0 12 3 15 1 7 138 34

P: positive N:negative, -: not sampled

Discussion and Conclusion

SA-MCF is the most common form of the disease
and leads to outbreaks with high mortality rates in
cattle kept together with sheep all over the world
(O'Toole et al. 2002; Schultheiss et al. 2000; Otter et
al. 2002; Twomey et al. 2002; Li et al. 2008).

The presence of MCF in Turkey have been se-
verely reported as follows; Yazici et al. (2006) report-
ed that antibodies were not present in the blood
serum of the 150 randomly selected apparently
healthy sheep in the Samsun province while anti-
bodies were present in the blood serum samples of
18 of the 29 apparently healthy cattle (62%). Yesil-
bag (2007) reported that seroprevalence was 97.5%,
96%, 15%, respectively in sheep, goat and cattle in

Marmara Region. Yildirim et al. (2012) detected DNA
of OvHV-2 in 2 samples in 7 nasal and 9 conjunctival
swab samples collected from sheep.

In this study, the presence of OvHV-2 was in-
vestigated in the whole blood, internal organ and
aborted fetus samples from seven provinces situat-
ed in the Aegean Region. In goat, all of 14 whole
blood and 12 internal organ samples were found
negative while OvHV-2 virus DNA was detected in
just one of 8 fetus samples. In sheep, OvHV-2 virus
DNA was detected in 37 of the whole blood samples
(62.7%), 7 of the internal organ samples (25.9%), 3
of the fetus samples(16.6%), and 45.1% of all sheep
samples. Similarly, previous studies have showed
that prevalence of OvHV-2 in goats lower than
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sheep (Wiyono 1999; Banumathi et al. 2008; Khud-
hair et al. 2020).

It is reported that OvHV-2 transmission is gen-
erally horizontal way, while vertical transmission is
rarely. Disease-free herds could be created by sepa-
rating the lambs at the proper time (at 2.5 months)
but adult sheep are as susceptible to the disease as
lambs (Li et al. 1998, 2000). Although nasal secre-
tion is reported to be the major route of transmis-
sion, a study found that the agent is present in 27
different organs and tissues including the genitalia,
which suggests that the agent may be transmitted
through other routes as well (Li et al. 2001; Hissy
et al. 2002; Li et al. 2004,). Headley et al. (2015) re-
ported transplacental transmission in cattle. Dashty
(2015) identified the OvHV-2 virus in cattle uterus
and foetal placenta and reported that transuterine
transmission may be occurred. Although the OvHV-
2 DNA could not be identified in the uterus of the
sheep, detection of the viral DNA in the placental
epithelium, stromal fibroblasts, and vascular en-
dothelial cells indicates that could be possible in-
trauterine fetal infection. Li et al. (1998) found no
DNA or antibodies in 4 fetus samples collected from
OvHV-2 positive sheep in last 5 days of the preg-
nancy, and no antibodies in the 118 serum samples
collected from the lambs of OvHV-2 positive sheep
before presuckling lambs. However, in two (twins)
out of 77 lambs, the OvHV-2 virus was detected in
the peripheral blood leukocyte (PBL) samples using
the PCR technique. In this study, four aborted sam-
ples found to be positive.

Prevalence of MCF-antibodies in goats in the
Marmara region, which is bordering to the Aege-
an region, was reported 96% (Yesilbag 2007). In our
study all whole blood and internal organ samples
obtained from goats were found to be negative for
DNA of OvHV-2. When we compare these two stud-
ies, it is thought that the differences in results may
be due to the methods used.

In conclusion, the fact that the OvHV-2 virus
was detection in sheep is 45% in the Aegean region
shows that more extensive investigation of the virus
presence in sheep and cattle population in the re-
gion, is needed In addition, detection of the virus
in 4 (s-3, g-1) aborted fetuses shows that detailed
studies are needed regarding the transplacental
transmission of the OvHV-2 virus in sheep and goat.
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Abstract: Complete genome analyses of SARS CoV-2 isolated from three Turkish patients are compared with
other complete genome sequences in the world. In this study, especially the sequence data from animals were
also involved in the evaluation. When the genetic data collected from animal and human COVID-19 cases were
analyzed, it was evaluated that some recent nucleotide changes in human cases were similar to those of some
animal COVID-19 cases. It is recommended that nucleotide or protein changes in human cases in SARS CoV-2 be
followed and compared with large-scale studies in animals.

Keywords: SARS CoV-2, Turkey, Animal, COVID-19, Veterinary

SARS CoV-2 izolasyonu ve insan hayvan vakalarinin degerlendirilmesi

Ozet: Uc hastadan izole edilen SARS CoV-2'nin tam genom analizleri diinyadaki diger tam genom dizileriyle
karsilastiriimistir. Bu calismada &zellikle hayvanlardan alinan dizilim verileri de degerlendirmeye dahil edilmistir.
Hayvan ve insan COVID-19 vakalarindan toplanan genetik veriler analiz edildiginde, insan vakalarinda yakin
zamanda meydana gelen bazi nikleotid degisikliklerinin bazi hayvan COVID-19 vakalarindakine benzer oldugu
degerlendirildi. SARS CoV-2'de insan vakalarindaki nlkleotid veya protein degisikliklerinin hayvanlarda yapilacak

[}

genis capli calismalarla takip edilerek karsilastirilmasi dnerilmektedir.
Anahtar kelimeler: SARS CoV-2, Tirkiye, COVID-19, Hayvan, Veteriner

Introduction

The COVID-19 outbreak has now reached over 510
million confirmed cases and 6,2 million confirmed
deaths worldwide since 2019 (WHO 2022) .

Coronaviruses belong to the Orthocoronavirinae
subfamily of the Coronaviridae family in the order
Nidovirales (Gorbalenya et al. 2020). There are
four genera in the subfamily: Alphacoronavirus,
Betacoronavirus, Gammacoronavirus and
Deltacoronavirus.  Severe  Acute  Respiratory
Syndrome Coronavirus (SARS-CoV) and Middle East
Respiratory Syndrome Coronavirus (MERS-CoV) are
important human pathogens in betacoronaviruses
(Park 2020). According to genome sequencing,
SARS-CoV-2 is a new member of betacoronaviruses
(Zhu et al. 2020).

The symptoms of COVID-19 are like respiratory
illnesses caused by respiratoric viruses such as other
coronaviruses and influenza viruses. So, these dis-

eases are mostly confused with each other. While
the most common symptoms of COVID-19 are fe-
ver, dry cough, tiredness, diarrhea, muscle or body
aches and pains, conjunctivitis, loss of taste or smell,
and headache, more serious symptoms are difficulty
in breathing or shortness of breath, chest pain or
pressure, inability to wake up or stay awake, bluish
lips or face (Rabaan et al. 2020; CDC 2020).

After the first SARS CoV-2 cases, researchers
started to investigate SARS CoV-2 to find out its
source. To date, there is not enough evidence about
the source of SARS CoV-2. On the other hand, ge-
netic sequence data of Rhinolophus (horseshoe bat)
and pangolin coronaviruses are closely related to
SARS CoV-2 in human cases. Scientists are carrying
out studies about SARS CoV-2 to find the original
route of transmission to humans (OIE 2021; Lam et
al. 2020).
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According to the World Organisation for Animal
Health (OIE 2020) ferrets, American mink (Neovi-
son vison), racoon dogs (Nyctereutes procyonoides),
domestic cats, large cats (tigers, lions and puma),
Egyptian fruit bats (Rousettus aegyptiacus) and
Golden Syrian hamsters (Mesocricetus auratus) could
transmit SARS CoV-2 between their populations.
Only American minks could transmit SARS CoV-2 to
humans (OIE 2020). Ferrets, American minks, dogs,
domestic and large cats could show clinical signs. A
lot of countries have been affected by the morbidity
and mortality of SARS CoV-2 disease in mink farms.
SARS CoV-2 incubation period and symptoms seem
similar in animals and humans but more studies re-
quired to clarify (OIE 2021; OIE 2020)

Transgenic mice, Rhesus macaques, juvenile
cats, ferrets and rabbits show similar SARS CoV-2
lesions or histopathological findings like humans
such as interstitial pneumonia, inflammatory cell in-
filtration around the bronchioles and blood vessels,
massive lesions in the nasal and tracheal mucosa
epithelia and lungs (OIE 2020; Cohen 2020; Schlot-
tau et al. 2020).

SARS CoV-2 infected people should stay in
quarantine during their illness to prevent the trans-
mission to other people. Similarly, people should
implement the same restriction conditions for mam-
malian animals, including pets (OIE 2020; OIE 2021).

SARS CoV-2 complete genome analyses iso-
lated from three Turkish patients are compared to
other complete genome sequences from around
the world. In this study, the sequence data from an-
imals, in particular, were evaluated. When genetic
data from animal and human COVID-19 cases was
analyzed, it was discovered that some recent nucle-
otide changes in human cases were similar to those
in animal COVID-19 cases.

Material and Method

Real Time RT-PCR

For the isolation of SARS CoV-2, RNA extraction
(QlAamp cador Pathogen Mini Kit) was performed
from the swab samples collected from the respira-
tory tract of eight people treated with the diagnosis
of SARS CoV-2 in 29 Mayis State Hospital affiliat-
ed to the Ministry of Health of Turkey. SARS CoV-2
test was performed by Real Time RT-PCR method
on Biorad CFX-96 device using primary sequences
recommended by the World Health Organization

(Corman et al. 2020) and QuantiNova Pathogen + IC
Kit (Qiagen, Hilden, Germany). Only three samples
were found positive in the tests. Positive samples
were cultivated into Vero E6 cell culture using the
adsorption method.

Virus Culture

Vero E6 cells seeded in 25 cm? cell culture flasks
were cultured in Dulbecco’s modified Eagle medium
(DMEM,; Sigma, United States). Samples were filtrat-
ed from 0.22 um syringe filters (Merck, Germany)
every time before inoculating to cell culture and in-
cubated for 1 h at 37 °C and 5% CO,. The inoculum
was then removed and replaced with fresh DMEM.
After incubation, cells were observed every day for
the presence of a cytopathic effect (CPE) under the
microscope, and culture supernatants were harvest-
ed, aliquoted, and stored at -80°C.

Afterwards, inoculation and nucleic acid ex-
traction procedures were applied to the cell culture
again. Real Time RT-PCR test was applied to the ex-
tractions as stated above. In this way, 3-5 passages
were made and the samples that were cultivated
each time were confirmed to be positive. Samples
with codes ETLKVET1, ETLKVET2 and ETLKVET3 were
isolated. It was transferred to the next stage for full
genome analysis.

MinlON Sequencing

Sequencing steps and Bioinformatic data were pre-
pared by a company named Nucleus Genetics (iz-
mir, Turkey). Library preparation for the MinlON
sequencing was performed using the Ligation Se-
quencing kit SQK-LSK109 and Natives Barcoding
based on the manufacturer’s instructions and mod-
ifications.

MinION Bioinformatics Workflow

nCoV-19 Genome Analyzer was used for SARS CoV-
2 genome analyzing. Selected reads were mapped
against SARS-CoV-2 reference (NC_045512) using
Minimap2 (v2.9) (Li 2018). SAMtools (v1.9) were
used to sort the aligned BAM files to obtain cov-
erage data and a consensus sequence. Alignment
statistics were also calculated with SAMtools.

Phylogenetic analyses

In order to perform whole genome analysis, 126 full
genome data of SARS CoV-2 were acquired from
GSIAD and GenBank. While selecting human sam-
ples, priority was given to having samples from
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every continent and the countries that have most
cases in the continents. All full genome SARS CoV-2
data we encounter in animals in two databases were
selected. Our three samples (ETLKVET1, ETLKVET2
and ETLKVET3) were added to these samples.

Total of 129 full genome SARS CoV-2 sequences
were aligned using the ClustalW (Larkin et al. 2007)
algorithm.

Phylogenetic analysis was performed based
on the maximum likelihood (ML) criteria by using
MEGA X (Kumar et al. 2018), MrBayes (Ronquist
and Huelsenbeck 2003), RAXxML (Stamatakis 2014),
iQ-TREE (Nguyen et al. 2015), PHYLIP (Felsenstein
2005) and PAUP 4.0 (Swofford 2003) programs and
the accuracies of the trees were checked. Similar
trees were acquired in all the programs used.

Subsequent models were developed that incor-
porate differences for all relative rates to the gener-
al time reversible gamma model (GTR+G model). By
GTR + G method, 1000 bootstrap was made to find
the most suitable tree in MEGAX, RAXML, PAUP 4.0
and |Q-TREE programs.

In the MrBayes program, using by the GTR +
G method with Markov chain Monte Carlo (MCMC)
analysis, the most suitable tree was found by per-
forming bootstrap in 2 different channels until the
cluster value was below 0.001. 14 million MCMC
chain iterations were sampled every 100 genera-
tions, corresponding to 22 000 trees for SARS CoV-
2 spike nucleotide analyses. 5 million MCMC chain
iterations were sampled every 100 generations, cor-
responding to 50 000 trees for SARS CoV-2 full ge-
nome nucleotide analyses. In MCMC analyses, the
mixture of samples was controlled with Tracer 1.3
(Rambaut et al. 2018).

The data from the programs were arranged us-
ing Figtree 1.4.3 (Rambaut 2009) and Dendroscope
3 (Huson and Scornavacca 2012) softwares.

Results

Virus growth was observed in three of the eight
specimens inoculated in cell culture. It was checked
daily in terms of CPE.

PHYLIP, MEGA X, RaXML, MrBayes, PAUP
4.0a168, IQTREE programs were used to verify the
reliability of phylogenetic trees. Since the results ac-
quired in all programs were close to each other, the
trees were interpreted to be reliable.

Nucleotide and amino acid changes were exam-
ined by downloading the SARS CoV-2 full genome
data acquired from animals and randomly selected
people from each continent in GenBank and GSIAD.

Nucleotide and amino acid changes (Orf, Spike)
varied by 1-0.5%.

Full genome analysis

When the tree created using the full genome was
examined, it was seen that although most of SARS
CoV-2 sequences acquired from animals formed a
group, some of them were intertwined with those
obtained from humans (Figure 1).

It was seen that our ETLKVET2 coded sample
was in the same branch with Turkey ACUTG-2, Saudi
Arabia 29903 and Saudi Arabia KAUST samples.

When ETLKVET1 and ETLKVET3 were evaluated
in general, it was seen that they were closely related
to SARS CoV-2 detected in many countries.

Comparing the data acquired from animals and
humans, it was seen that USA feline MT425184 de-
tected in cats in USA and MT259226 detected in hu-
man in China were in the same branch.

KUMCO1 detected in human in South Ko-
rea and those detected in Panthera leo in USA
(MT704312, MT704311, MT704310, MT747978, NY
041520, MT425183) are in the same branch with the
coded sequence as MT215193 detected in dog in
Hong Kong. However, sequences detected from ca-
nine and feline species were also found in the same
branch (Figure 1).

The mutated SARS CoV-2 detected in Eng-
land in December 2020 are in the same branch
with sequences detected in Felis catus (MT709104,
MT709105) in France, sequences detected in many
minks in Denmark and GLAB-cov217 identified from
Turkey. These mutated SARS CoV-2 were detected
in minks between May and November and it was
detected before human cases.

Although SARS CoV-2 sequences found in mink
in the Netherlands formed a group within them-
selves, Tygerberg 07 2020 and Nigeria ED32 CV164
sequences acquired from people from South Africa
and Nigeria also joined this group.

The sequences detected in Panthera tigris in
USA (tiger NY P3, MT704314, MT704315, MT704316,
tiger NY 4, MT704317, MT704313, MT365033), and
sequences detected in humans and named as Aus-
tralia VIC1658, New Zealand 29782 and Georgia Tb
7856 were detected in the same branch (Figure 1).
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Figure 1. Phylogenetic analysis of full genome of SARS CoV-2. Blue coloured branches indicated SARS CoV-
2 sequences from animals and colourless branches indicated SARS CoV-2 sequences from humans. Genetic

clades of SARS CoV-2 were shown on the branches

Trees were also created for protein-coding re-
gions. Other than spike, no significant difference
was found. The tree created for the spike is present-
ed in detail due to its roles in antibody response
and virus entry into the cell (Figure 2). In trees made
of both full genome and spike protein, SARS CoV-2
detected in human, canine, mink, leopard, tiger and
mouse, except for SARS CoV-2 detected in bats and
pangolins in Wuhan, were found in a single main
branch. The findings acquired from this tree are as
follows;

Turkey ETLKVET1 and ETLKVET2 (April 2020)
sequences were closely related to Denmark mink
MT919536 (June 2020) and Belgium Felis catus
MT747438 (March 2020) sequences. ETLKVET3 was
first found close to Ukraine 203100352 and then to
SARS CoV-2 detections in many countries.

It was seen that human samples with codes
Gambia NPHL 2374 (May 2020), USA WT UW 535
(June 2020), New Zealand 29782 (May 2020) and
Georgia 7856 (May 2020) were closely related to
the canine Hong Kong 29764 (March 2020), USA
Panthera Tigris MT704313 and MT365033 (April
2020), Denmark mink MT919535 (June 2020) and
MT99531, and France Felis catus MT709105 (May
2020). It was seen that these tree branches have
close relationship with SARS CoV-2 sequences ac-
quired from animals (mink DK AL3, Felis catus FRA
and tiger NY 040420). Again, in another branch,
Belgium cat MG0320 (2020 March), France Felis ca-
tus MT709104 (May 2020) seemed closely related
to Saudi Arabia 29903 (May 2020), China Zhejiang
SX0715 (July 2020) and Turkey KOU MG (May 2020).

USA Panthera Tigris MT704317 (April 2020) and
France cat Env Di 483064 (May 2020) with USA Tx
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HMO0306 (March 2020), Uganda UG019 (April 2020),
Wales PHWC 36C94 (April 2020) and ltalian env
LOM INMI HSacco (April 2020) seemed to be closely
related.

It was seen that the genetic data detected in
the canine (MT215193) at the beginning of the ep-
idemic in Hong Kong and in China were also close
to each other.

England ALDP C4812B coded sequence which
was first detected in the UK in December 2020 was
in the same branch with tiger USA NY (April 2020)
and Panthera tigris MT704316 (April 2020). Exami-
nation results of the tree obtained in terms of spike
protein were also evaluated in this way.

In the table obtained from the nucleotide
changes (Table 1), it is seen that the sequences be-
longing to animals form 3 groups different from
those of humans. These are formed by the sam-
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ples of Georgia, Australia, New Zealand along with
minks, Panthera leo and Panthera tigris.

Although many nucleotide changes are seen in
different samples in the genetic sequence of SARS
CoV-2, most of them do not change the amino acid
synthesis.

Among the sequences evaluated, there are 7
amino acid changes seen only in mink. Likewise,
only 7 amino acid changes were seen in Panthera
leo group different from the others. There are hu-
man data available from three other countries with
Pantera tigris. In this group, 2 amino acid changes
were also observed. Unlike other groups, the chang-
es seen in animals here were also detected in hu-
mans.

The data obtained from animals in trees are
marked in red and it is seen that these are concen-
trated on certain branches.
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Figure 2. Phylogenetic analysis of full length Spike gene of SARS CoV-2. Blue coloured branches indicated
SARS CoV-2 sequences from animals and colourless branches indicated SARS CoV-2 sequences from hu-

mans

Etlik Vet Mikrobiyol Derg,

https://vetkontrol.tarimorman.gov.tr/merkez

Cilt 33, Sayt 1, 2022, 17-25



22 Hacioglu S et al. Isolation of SARS CoV-2 and evaluation of human-animal cases
Panthera
Region/ Mink samples | Panthera tigris*”j * | Human+ England
Nucleotide Aminocid | C-043512 (N:34) leo* | G€OT9id | ppimapsss | ALDP
Australia, C4812B
number New zeland
nuc | aa | nuc | aa n |nuc| aa |nuc| aa | nuc | aa | nuc | aa
241 = C T 26 T T
514 - T C 8
913 @ T
1059 ORF1A/ 265 G T |
1380 ORF1A/372 C V 11
1478 ORF1A/405 G A 3
1605-1606-1607 ORF1A/447-448 | ATG | ND | XXX | XX 8
3037 - @ T 26 @ T T
3251 ORF1A/996 G D T Y 4
3267 ORF1A/1001 @ T T |
4206 ORF1A/1314 C A T Vv
5388 ORF1A/1708 @ A A
5986 @ T
6954 ORF1A/2230 T | C T
7843 C T
8266 @ T
10829 A G 5
11083 G T
12795 G A 13
13768 ORF1A/4502 A M G \Y
14274 G A 11
14408 ORF1A/4715 @ P L 26 T L T P
14676 @ T
14805 @ T
15279 @ T
15656 ORF1A/5131 C T T | 15
15869 ORF1A/5202 A H T L
16176 T @
17247 T @
17410 ORF1A/5716 @ R T @ 8
17639 ORF1A/5792 @ S T L
18171 @ T
22344 S/261 G A D 4
22920 S/453 A Y F 18
23063 S/501 A N T Y
23064 S/501 A N C T 2
23075 S/505 T Y C H
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Panthera
Region/ Mink samples | Panthera tigris*”j * | Human+ England
Nucleotide Aminocid | C-043512 (N:34) leo* | G€OT9id | ppimapsss | ALDP
Australia, C4812B
number New zeland
nuc | aa | nuc | aa n [nuc| aa |nuc| aa | nuc| aa | nuc | aa
23271 S/570 C A A D
23400 S/613 G |R(@
23403 S/614 A D G G 26 G G G G
23429-23430 S/623 GC AT 1G)
AC | T
23604 S/681 C P A H
23709 S/716 C T I
24506 S/982 T S G A
24862 A G 178
24914 S/1118 G D C H
25563 ORF3A/ 57 G Q Th H
25936 ORF3A/182 C H T Y 19
26144 ORF3A/251 G G T \Y
27972 C T
28048 G
28111 A G
28280-81-82 N/3 GAT | D CTA L
28881-28882-28883 N/203-204 GGG | RG |AACY| KR 15 | GGG AAC | KR | AAC | KR
28915 T
28977 N/235 C S T F
29685 T C 5

Table 1. Nucleotide and amino acid substations in the selected SARS CoV-2 sequences. (a southafrica464118;

b ETLKVET2+ TUR ACUTG-2 + SaudiArabia_ MADINAH1060+ Saudi_Arabia JEDDAH722;
SouthKorea_ KUMCO01_2020;

MT215193_1_canine_HKG_20-02756_2020_ canine;

¢ 215193 gb_
¢ gb_MT709105_1_

Felis_catus_FRA_Env-Di_2; gb_MT709104_1_Felis_catus_FRA_Env-Ba_2; gb_MT270814_1_canine_HKG_20-
03695_2020; canine_Hong_1_29764_Kong_20_03695_2020_EPI_ISL_450403_2020_03)

Discussion and Conclusion

Due to the rapid circulation of SARS CoV-2 in the
world, similar SARS CoV-2 sequences can be found
in many countries. Therefore, more data from differ-
ent species are needed to confirm the origin studies
of the SARS CoV-2. The proximity and relationship
of SARS CoV-2 circulating between humans and
those circulating in animals may also shed light on
the future risks of the SARS CoV-2.

Sequences belonging to full genome data of
ETLKVET1, ETLKVET2 and ETLKVET3 were generally
found to be close to sequences in other countries.
The data obtained here also show that the SARS

CoV-2 is spreading rapidly to all countries (Adam et
al. 2020; Lemieux et al. 2020).

Since there are similar changes in different liv-
ing species at different times, it seems that SARS
CoV-2 can circulate in different species without seri-
ous mutation (OIE 2021; El Masry et al. 2020).

When the nucleotide and amino acid sequenc-
es of our 3 samples were compared with other SARS
CoV-2 samples results, it was observed that there
were changes in amino acid sequence of ETLKVET?2
(ORF3A/ 57, ORF1A/5809, ORF1A/5584). When
looking at its place in phylogenetic trees, it can be
evaluated that it is close to the sequences acquired
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from Georgia, New Zealand, Australia and Saudi
Arabia, Panthera tigris, minks and cats.

When the genetic evaluations on SARS CoV-2
are examined, it is seen that there are many differ-
ent classifications (Rambaut et al. 2020). Different
criteria were evaluated in these classifications and
the reliability of the obtained trees was verified with
different programs. Since SARS CoV-2 detected in
human, canine, mink, leopard, tiger and mouse are
found in a single main branch except in bats and
pangolins in Wuhan, it is seen that a single genetic
type circulates by infecting different species all over
the world. It is seen in the data that SARS CoV-2
can circulate in more than one species without seri-
ous mutations. However, when the SARS CoV-2 ge-
netic data used in these studies are examined, it is
seen that there are small nucleotide and amino acid
changes. These nucleotide and amino acid changes
(in ORF and Spike proteins) vary by 1-0.5%.

According to the phylogenetic tree data ob-
tained, SARS CoV-2 originates from a branch con-
taining pangolins and RaT13 bat. These findings are
consistent with the data described before (Li et al.
2020; Andersen et al. 2020; El Masry et al. 2020).

Although many nucleotide changes are seen
in different samples in the genetic sequence of the
SARS CoV-2, most of them do not change the ami-
no acid synthesis (Handrick et al. 2020; Gunadi et
al. 2020). Therefore, some nucleotide changes may
not directly affect the pathogenicity of SARS CoV-2,
however, after evaluating where these proteins play
arole in SARS CoV-2 with amino acid changes, defi-
nite conclusions can be reached.

SARS CoV-2 detections in carnivores in the USA
and in people from different countries indicates that
they have common mutations. Similar changes seen
in these animals in the USA were found in humans
in the following months. It is recommended to in-
vestigate in which organisms SARS CoV-2 survives
in nature, its reservoirs or winter mechanism in the
following days.

In addition to England, the sequences (Tyger-
berg, 464118) obtained from South Africa in April
2020 are similar with the sequences acquired from
many minks (in April-November 2020).

SARS CoV-2 detected in Turkey is intertwined
with other countries, which shows how fast SARS
CoV-2 can spread in the globalizing world. For this
reason, countries must act jointly by preparing a
common strategy in the fight against human or an-
imal diseases in the future.

This publication reviews SARS CoV-2 genet-
ic data from animals and humans. It has been ob-
served that the genetic data obtained from many
animals form a common branch and some of them
are located in these branches together with ob-
tained from humans.

In conclusion, it is thought that it will be fast-
er to illuminate the dark points about the spread
or treatment of diseases by jointly conducting dis-
ease studies in humans and animals within the One
Health approach.
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Abstract: This study aimed to compare the protective effects of separate and combined use of silymarin and boric
acid against myocardial infarction induced by isoproterenol. Distilled water was given orally by gavage to the Gl
and Gll groups for fourteen days. The GllI group was received silymarin (100 mg/kg), while the GIV group was given
boric acid (100 mg/kg) for 14 days. In the last group, both silymarin and boric acid were given orally (gavage) for
fourteen days. On the thirteenth and fourteenth days of the study, while isotonic water was applied to the Gl group,
isoproterenol (85 mg/kg) was applied to the other groups subcutaneously. Plasma ALT, AST, Ca, CK, CHO, TP, Ing
P, IL-6, IL-12, PAL-1, and sPLA2 parameters were evaluated. Histopathological examination was performed on the
heart, lung, liver, kidney, spleen, cerebrum, and cerebellum tissues taken from mice. The CK level was found to be
significantly lower in the Glll and GV groups compared to the Gll group (P<0.05). As a result, the increases shown in
the plasma AST and CK activities caused due to the myocardial damage induced by isoproterenol were decreased in
the silymarin and boric acid applied groups. Therefore it was thought that silymarin and boric acid may contribute
to protection against myocardial infarction.

Keywords: Boric acid, Creatinine kinase, Isoproteranol, Myocardial infarction, Silymarin.

Farelerde izoproterenol ile indiiklenmis miyokard infarktiisiine
karsi silimarin ve borik asidin koruyucu etkisi

Ozet: Bu calismada izoproterenol ile olusturulan miyokard infarktiisiine karsi silimarin ve borik asidin ayri ve kombine
kullanimlarinin koruyucu etkilerinin karsilastiriimasi amaglanmistir. Gl ve Gll gruplarina on dért giin boyunca gavaj
ile oral yolla distile su verildi. On dért gin boyunca; Glll grubuna silimarin (100 mg/kg) verilirken GIV grubuna
borik asit (100 mg/kg) verildi. Son gruba ise hem silimarin hem de borik asit on dort giin boyunca oral yolla (gavaj)
verildi. Calismanin on Uglncl ve on dérdiinci giini intraperitoneal yolla; Gl grubuna izotonik uygulanirken, diger
gruplara subkutan izoproteranol (85 mg/kg) uygulandi. Plazmadan; ALT, AST, Ca, CK, CHO, TP, Ing P, IL-6, IL-12,
PAL-1 ve sPLA2 parametreleri dederlendirildi. Farelerden alinan kalp, akciger, karaciger, bobrek, dalak, cerebrum ve
cerebellum dokularinda histopatolojik inceleme yapildi. CK diizeyi Gll grubuna goére GlIl grubunda anlaml dizeyde
azaldigi bulundu (P<0.05). Sonug olarak isoproterenolun sebep oldugu miyokardiyal hasar sonucunda AST ve CK
diizeylerinde artislarina karsi silimarin ve borik asit uygulanan gruplarda azalmalar goriildi. Bu 6zelliklerinden dolayi,
silimarin ve borik asitin; miyokard enfarkttis durumlarina karsi korumaya katki saglayabilecegi dustinilmektedir.

Anahtar kelimeler: Borik asit, izoproteranol, Kreatin kinaz, Miyokard enfraktiisi, Silimarin

Introduction

Myocardial infarction is one of the most important
causes of death among cardiovascular diseases
(Pollard 2000). Generally, the cause of myocardial
infarction is the cessation or reduction of blood flow
as a result of occlusion of the vessels in a certain
part of the heart resulting in necrosis in the cells (Lu

et al. 2015, Saleh and Ambrose 2018). Many factors
such as genetics, obesity, diabetes, and irregular nu-
trition trigger this disease (Lu et al. 2015).

Silymarin has been long used in traditional medi-
cine, and extracted from the plant Silybum maria-
num (L) Gaertn. It consists of many flavonolignans
such as silybin A-B, and has multiple effects such
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as anti-inflammatory and antioxidant (Chambers et
al. 2017, MacDonald-Ramos et al. 2021). Although
silymarin has been investigated in organ toxicity
such as cardiotoxicity and hepatotoxicity, there is
not enough data on its effectiveness. For this rea-
son, it is necessary to obtain data with a large scale
of studies (Vahabzadeh et al. 2018).

Boron is an important element present in soil,
rock, drinking water and plants, and is generally
found in the body as boric acid (Murray 1998,
Devirian and Volpe 2003, Uluisik et al. 2018,
Karimkhani et al. 2020). Boron affects the activity
of many metabolic enzymes and cell membranes in
humans and animals, and in case of its deficiency,
many negative conditions such as a decrease in
steroid hormone level and brain functions, growth
and development disorders can occur (Devirian and
Volpe 2003, Uluisik et al. 2018). In general, although
the effects of boron on animals and humans are
limited, new studies should be conducted to clarify
its positive or negative effects (Uluisik et al. 2018).

Myocardial infarction cases, which areincreasing
worldwide due to clinical complications, are one of
the most important global health problems. Medical
difficulties in the treatment of these myocardial
infarction cases have led to new searches. For this
reason, the demands for preventive or curative
herbal medicines and/or supplements containing
elements are increasing. In this study, the protective
effects of silymarin and/or boric acid against
isoproterenol-induced myocardial infarction were
investigated.

Material and Method

Animal experimental protocol

Fifty male Balb/c mice (6-8 weeks old) with an av-
erage weight of 305 g were used in the study.
Animals were randomly selected and divided into 5
groups of 10 Balb/c mice each. The first group (Gl)
was the control group and received sterile distilled
water orally via gavage for fourteen days, and phys-
iological isotonic saline was administered subcuta-
neously in the same amount on the 13th and 14th
days of the study. The second group (Gll) received
sterile distilled water for 14 days via gavage. The
third group (Glll) was given silymarin (100 mg/kg,
Sigma, Germany) via gavage for 14 days (Papack-
ova et al. 2018). The fourth group (GIV) was given
boric acid (100 mg/kg, Merck, Germany) orally for
14 days by gavage (Karimkhani et al. 2020). The last
group (GV) was given oral silymarin (100 mg/kg)
and boric acid (100 mg/kg) for fourteen days. Ex-

cept for the first group, all groups received 85 mg/
kg isoproterenol subcutaneously on the thirteenth
and fourteenth days (Zhou and Ma 2020). Blood was
collected from mice under anesthesia [xylazine 10
mg/kg ip. (Xylazinbio 2% ®, Bioveta, Czech Repub-
lic), ketamine 90 mg/kg ip. (Vetaketam®, Vetagro,
Poland)] 24 hours after isoproterenol administra-
tion. After blood collection, animals were sacrificed,
hearts were taken, and histopathological examina-
tions were made.

Sample collection and biochemical analysis

The blood taken from Balb/c mice was centrifuged
at 3000 rpm for 10 minutes at +4C° and their plas-
ma was separated. Plasma alanine aminotransferase
(ALT) and aspartate transaminase (AST) activities,
creatine kinase (CK), calcium (Ca), cholesterol (CHO),
inorganic phosphate (Ing P) (Teco diagnostic, USA),
and total protein (TP) (Spinreact, Spain) levels were
determined in a spectrophotometer device (Thermo
Scientific Multiskan Go, Finland) with commercial
test kits.

ELISA measurements

Plasma interleukin-6 (IL-6) levels were determined
by a commercially available ELISA kit (FineTest,
China). The sensitivity of the assay was defined as
2.813 pg/ml and the detection range was between
4.68-300 pg/ml. The coefficient of variation (CV) for
the intraassay and interassay were <8% and <10%,
respectively. The plasma levels of interleukin-12
(IL-12) were also detected by ELISA kit (FineTest,
China). The analytical sensitivity of the kit was less
than 9.375 pg/ml. The detection range was between
15.625-1000 pg/ml. The intraassay and interassay
coefficients of variation were less than 8% and 10%,
respectively. The plasminogen activator inhibitor 1
(PAI-1) levels were also detected by a commercially
available ELISA kit (FineTest, China). The sensitivity
of the assay was 0.938 ng/ml, and the intraassay and
interassay CV values were <8% and <10%, respec-
tively. The ELISA kit used for the detection of secre-
tory phospholipase A2 (sPLA2) was purchased from
Bioassay Technology Laboratory (Shanghai, China)
and the sensitivity was 0.25 ng/ml. The intraassay
and inter-assay CV values were <8% and <10%, re-
spectively. Results are expressed according to the
A, values obtained from plasma samples using the

450 V-
calibration curve.

Histopathological Examination

Cardiac and other aforementioned organs samples
were immediately fixed in 10 % formalin solution
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(pH 7.4-7.6) after necropsy. The tissue samples were
fixed for 48 h. After fixation, the tissues were treat-
ed with graded alcohol and xylol series and blocked
in paraffin at an automatic tissue processor (Leica
TP1020, Germany). Sections of 5 um thickness were
cut from the paraffin blocks (Leica 11EG50H, Ger-
many). The sections were placed on slides, deparaf-
finated in xylene, and rehydrated using decreasing
concentrations of ethanol. One set of slides was he-
matoxylin and eosin (H&E)-stained for the routine
histopathological setting (Luna, 1968). The glass
slides were evaluated under a digital optical light
microscope and images were taken with a camera
attachment (Olympus BX51 digital microscope, Ja-
pan). For scoring histopathological findings, each
tissue section including several organs was ob-
tained by counting 10 fields at 400x magnification
(10 HPF).

Lesion scoring and Statistical analysis

For scoring histopathological findings, each tissue
section including several organs were obtained by
counting 10 fields at 400x magnification (10 HPFs).
Lesions were scored semiquantitatively as (0): no le-
sion, (1): a few lesion, (2): mild, (3): low moderate, (4):

moderate, (5): high moderate, (6): strong. Biochem-
ical data were given as mean t SE. As the groups
showed parametric distribution, OneWay ANOVA
was performed, and the Tukey test (post hoc) was
used to check the significance of the difference be-
tween groups. A value of P < 0.05 was considered
significant in the tests performed.

Results
Biochemical Findings

Plasma biochemical parameters of the control and
treatment groups were given in Table 1. There was
no statistical difference between the groups in
terms of ALT, Ca, CHO, Ing P, and TP parameters
(P>0.05). AST activity was found to be significantly
lower in the other groups compared to the Gll group
(P<0.01). The CK level was found to be significantly
decreased in the GlIl and GV groups compared to
the GII group (P<0.05). The plasma cytokine levels
of the control and treatment groups were given in
Table 2. There was no statistical difference between
the groups in terms of IL-6, IL-12, PAI-1, and sPLA2
parameters (P>0.05).

Table 1. The plasma biochemical parameter levels in control and treated groups (n=10).

Parameters Gl Gll Glil GIV GV

ALT (U/L) 30.22+0.89 35.23+4.50 30.18+0.76 30.8+1.15 30.64+1.06
AST (U/L) 42.38+2.42° 71.81+12.13° 39.19+1.30° 37.21+1.42° 38.36+1.63°
CK (U/L) 61.61+£13.59% 87.95+16.672 40.99+4.29° 59.51+5.322 47.32+5.63°
Ca (mg/dl) 7.23+£0.04 7.12+0.05 7.20£0.06 7.16£0.05 7.08+0.05
CHO (mg/dl) 106.00+3.22 123.40+9.10 111.60+2.60 115.80+3.30 109.00+2.60
Ing P (mg/dl) 7.10+0.28 6.48+0.25 6.61£0.45 7.21+0.51 6.78+0.38
TP (mg/dl) 3.49+0.09 3.57+0.04 3.32+0.14 3.49+0.08 3.43+0.04

ab: The difference between values with different letters on the same line is significant. (P<0.05; P<0.01).

Table 2. The cytokine levels in control and treated groups (n=10).

Parameters Gl Gll Glll GIV GV
IL-6 (pg/ml) 0.99+0.11 1.02+0.25 1.09+0.24 1.03+0.14 1.03+0.11
IL-12 (pg/ml) 26.20+5.06 23.31+£2.11 22.78+1.78 23.47+1.26 23.36+1.91
PAI-1 (ng/ml) 3247+1.24 33.18+2.44 34.04+5.24 35.61+5.14 33.33%6.35

sPLA2 (ng/ml) 1.68+0.88 2.77+2.39 1.92+1.01 1.63+0.22 1.55+0.59

The difference between values with different letters on the same line is significant. (P<0.05)

Macroscopic Findings

The cardiac appearance was covered with some
pale foci in experimental groups although there
were no findings in heart of the Gl group. Lungs
were hyperemic and edematous in appearance in

the experimental groups. In the Gl group, only eu-
thanasia-associated artifacts were observed. Livers,
kidneys, and spleens were congested and covered
with pale areas in experimental groups in spite of no
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lesion in the GI group. In the central nervous system
(CNS), no visible findings were seen in all groups.

Histopathological Findings
Heart

In the Gl group, there were no findings in heart mus-
cles. In only isoproterenol incude GlI group, loss of
sitration, cytoplasmic shrinkage as well as karyopy-
knosis, karyolysis, and other degenerative findings
were evidently seen in many areas. In the Glll group
and GIV group, karyopyknosis, karyolysis, and cyto-
plasmic shrinkage were observed in cardiomyocytes
in a few areas. In the GV group, the findings were
only localized individually in some cardiomyocytes
despite not being distinctive lesions. Histopatho-
logical images of the heart tissue of the control and
treatment groups are given in Figure 1.

Lung

In the GI group, any findings including degenera-
tion in the alveolar epithelium, vascular congestion,
and edema were not observed. In the GIl group,
moderate hyperemia and edema were common in
many areas. In the GlIl group, these vascular chang-
es were diminished in spite of being milder degree.
Edema was also milder in some areas. There were
degenerations in the alveolar epithelium of a few
areas. In the GIV group, interalveolar capillary ves-
sels and veins were filled in some areas as being the
previous group. Additionally, edema was observed
in the alveolar lumina. There were degenerations in
only a few areas. In the GV group, there were only
a few degeneration alveolar epithelium as well as
hyperemia was limited in a few areas. Lung tissue
histopathological images of the control and treat-
ment groups were given in Figure 1.

Liver

In the GI group, there were no conspicuous findings
at neither hepatocytes nor biliary duct or vessels. In
other experimental groups, the general changes be-
longed to acute cell swelling-vacuolar degeneration
and necrosis in hepatocytes. The affected cells had
swollen/pyknotic nuclei and clear vacuoles of differ-
ent sizes. Some necrotic cells lost their nuclei and
their cytoplasms were dense pink colored. Addi-
tionally, sinusoids and central veins were hyperemic
in appearance. In Gl group animals, both degen-
eration at alveolar epitheliums of some areas and
vascular congestion were founded at some areas in
this manner. Such kind of findings and degenera-
tions were observed in lesser areas in the Glll group
and in only a few areas in the GIV group. In the GV
group, there were a few degenerative changes at

hepatocytes were present as many as in the Gl
group. Histopathological images of the liver tissue
of the control and treatment groups are given in
Figure 2.

Kidney

In the Gl group, there were no conspicuous findings
in terms of degeneration (acute cell swelling and
vacuolar degeneration) in tubule epitheliums and/
or hypercellularization in glomeruli. In the Gll group,
severe changes including degeneration were com-
mon in spite of the previous experimental group.
Karyopyknosis, karyolysis, and shrinkage cytoplasms
or small vacuoles in cytoplasms were seen in tubule
epitheliums. Some glomerules showed hypercellu-
larity. In the Glll group, tubular degeneration and
glomerular hypercellularization as well as milder
vascular congestion were seen in many areas. In GIV
and GV groups, such kind of milder degenerative
changes were seen in only some tubules as well as
milder vascular congestion in vessels. Histopatho-
logical images of kidney tissue in the control and
treatment groups were given in Figure 2.

Spleen

In the GI group, neither hemorrhage nor follicle hy-
perplasia was observed. Thus, there was not any dis-
tinctive lesion in the red and white pulp in control
animals. In the remaining groups, the main findings
were hyperemia, free erythrocytes at the periphery
of the follicle. These findings were relatively more
increased in Gll group. There were follicle hyperpla-
sia and hemorrhage in some areas in this group. In
the GlII group, the lesions were encountered in only
a few areas. In GIV group, moderate follicle hyper-
plasia and milder hemorrhage were observed. In GV
group, there were milder follicular hyperplasia apart
from only a few areas. Other vascular findings were
not attended as being previous groups. Histopatho-
logical images of spleen tissue in the control and
treatment groups were given in Figure 3.

Central Nervous System

In Gl group, no findings were encountered in both
cerebrum and cerebellum. In experimental group,
degenerations (karyopyknosis and cytoplasmic
shrinkage in general) were clearly and severely ob-
served in neurons of brain cortex and in purkinje
cells of cerebellum in Gll group. In Glll group, altera-
tive lesions were seen similarly to previous group at
whole cerebrum; but it was observed in only a few-
er area. However, they were encountered at lesser
fields in brain cortex despite not being common in
cerebellum. In GIV group, there was milder degen-
eration in only a few areas similar to previous group.

Etlik Vet Mikrobiyol Derg,

https://vetkontrol.tarimorman.gov.tr/merkez

Cilt 33, Sayt 1, 2022, 26-33



30 Sahin Y et al. Protective effect of silymarin and boric acid against isoproterenol-induced myocardial infarction in mice

In GV group, the findings were not common in every  of the cerebrum and cerebellum tissue of the con-
area of brain. But, when compared between boric  trol and treatment groups are given in Figure 3.
acid and other experimental groups, degenerations  Mean scores of the histopathological findings of the
were more diminished in neurons and purkinje cells  groups were given in Table 3.

accordingly to Gll group. Histopathological images
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Figure 1. Paranchyme degeneration in cardiac muscles (arrows, x200, H&E staining). There is not any lesion
in cardiomyocytes in Gl group. There is degeneration in some areas of Gll group. There is degeneration in a
few areas of Glll group. There is degeneration in only a few areas of GIV group. There is no distinctive lesion
in cardiomyocytes of GV group. Paranchyme degeneration in alveolar epitheliums (arrows, x200, H&E stain-
ing). There is not any lesion in paranchyme in Gl group. There is degeneration in alveol at some areas and
moderate vascular congestion as well as edema of Gll group. There are degeneration in a few areas, mild-
erm vascular congestion and edema of GllI group. There is degeneration in only a few areas, milder vascular
congestion and edema of GIV group. There are only a few degenerative alveolar epitheliums of GV group.
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Figure 2. Acute cell swelling and vacuolar degeneration in hepatocytes (arrows, x200, H&E staining). There
is not any lesion in hepatocyte in Gl group. There is degeneration in alveol at some areas and moderate
vascular congestion of Gll group. There is degeneration in a few areas of Glll group. There is degeneration
in only a few areas, milder vascular congestion and edema of GIV group, There are only a few degenerative
hepatocyte of GV group. Acute cell swelling and vacuolar degeneration in renal tubules (arrows, x200, H&E
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staining). There is not any lesion in tubule epitheliums in Gl group. There is severe degeneration in tubule
epithelium of Gl group. There is moderate degeneration in a few areas, milderm vascular congestion of Glll
group. There is milder degeneration in only a few areas, milder vascular congestion of GIV group. There are
only a few degenerative tubule epitheliums in GV group.

Figure 3. Hemorrhage (arrows) and follicle hyperplasia (asterix) in spleen (x200, H&E staining). There is not
any lesion in red and white pulp in Gl group. There are follicle hyperplasia and hemorrhage at some areas
of Gl group. There are lesions in only a few areas of Glll group. Moderate follicle hyperplasia and milder
hemorrhage of GIVgroup. There is milder follicle hyperplasia at only a few areas of GV group. Acute cell
swelling in cerebrum and cerebellum ( x200, H&E). There is not any lesion i neurons in both cerebrum (A)
and cerebellum (B) of Gl group. There is severe degeneration in neurons of cerebrum (A) and Purkinje cells
of cerebellum (B) at some areas of Gll group. There is degeneration of neurons in cerebrum (A) and purkinje
cells of cerebellum (B) at a few areas of GllI group. GIV: There is milder degeneration in only a few areas of
cerebrum (A) and cerebellum (B), GIV group. There are only a few degenerative neurons (A) and purkinje
cells (B) of GV group.

Table 3. Mean score * standard deviation (SD) of Discussion and Conclusion
histopathological changes at various organs.

Herbal products, which are used alternatively in the

Parameters Gl Gll Gl GIV GV . . .
treatment of various diseases, can be also used in
Heart 0 4 3 2 2 the treatment of cardiovascular diseases (Shaito et
Lung 0 4 3 3 > al. 2020). Especially due to the serious side effects of
drugs used for the treatment of cardiovascular dis-
Liver 0 6 4 3 2 eases, interest in alternative products is increasing
Kidney 0 5 4 1 0 (Liu and Huang 2016). For this reason, the increase
in the demand for herbal medicinal products, caus-
Spleen 0 4 2 2 ! es new products to be launched around the world.
Cerebrum 0 6 3 2 1 Although the rate of use of supplements increases,
Cerebellum 0 5 3 5 1 there is not enough information about the effects,

contraindications, and side effects of these products
The mean scores have been presented 0 to 6. Scores has shown  (Ekor 2014).

number of degeneration and necrosis in organs at high power Lo . . .
fielded microscopy. Acute myocardial infarction is a cardiovascular

disease that can result in death. The use of isoprote-
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renol provides a reliable non-invasive model to exa-
mine changes in the body during acute myocardial
infarction in terms of histopathological and bioche-
mical changes (Pérez-Cao et al. 1994, Karthick et al.
2006). Isoproterenol, a synthetic catecholamine and
B-adrenergic agonist, causes significant disruption
of the myocardial membrane and production of re-
active oxygen species (ROS), which causes necrosis
of the heart muscle (Mukherjee et al. 2010, Lalitha
et al. 2013). Oxidative stress and inflammation play
a central role in the pathogenesis of myocardial in-
farction (Neri et al. 2015). Excess ROS damages car-
diomyocytes worsen their contractile function and
increased capillary leakage that causes cardiac pat-
hology (Sugamura and Keaney, 2011). In such ca-
ses, cardiac enzymes such as CK, ALT, AST, and LDH,
which are defined as biochemical markers for myo-
cardial damage, can be found in the blood, and the
enzyme levels in the blood were increased (Mathew
et al. 1985, Karthick et al. 2006, Priscilla and Prince
2009, Mert et al. 2018).

Although there were numerical differences in
inflammatory cytokines (IL-6, IL-12) and cardiovas-
cular markers (PAI-1 and sPLA-2) among the trial
groups, these differences were not statistically sig-
nificant. According to the biochemical parameters,
histopathological findings are mostly concentrated
in the heart and accordingly the liver, brain and ce-
rebellum, kidney, and spleen. Low CK levels showing
directly cardiac alterations showed most prominent
at Glll and GV groups. At this point, the values are
found coherently to previous literatures to be rela-
ted to acute cardiac failure (Devrim et al. 2017, Mert
et al. 2018, Zhou and Ma 2020). Elevated AST and
CK levels in GIl group are related to disruption of
histoarchitecture and alterations in cardiomyocytes
as well as other tissues. Boric acid, solely, administ-
ration and boric acid and silymarin co-administrati-
on have been shown great parallelism in especially
heart and other organs. Silymarin administration,
solely, has not been preventive effective against
degeneration and other vascular changes as much
as it has been considered in heart, lung, liver. It is
concluded that boric acid might be potentfull for
prevention of lesions; however, it is though that its
combined effect with silymarin is more elevated.

Various studies have been conducted to inves-
tigate the therapeutic roles of different applicati-
ons against myocardial damage caused by isopro-
terenol. In a study evaluating the protective effect
of rutin, a bioflavonoid, in isoproterenol-induced
myocardial infarction, it was reported that serum
CK, LDH, AST and ALT activity in the isoproterenol

group increased significantly compared to the cont-
rol group, and the enzyme levels that had increased
with routine application decreased (Karthick et al.
2006).

In addition, it was shown that the enzymatic ac-
tivity in the heart of the isoproterenol-treated expe-
rimental group was significantly reduced compared
to the control group. This has been associated with
the fact that isoproterenol causes complex bioche-
mical and structural changes that lead to cell dama-
ge and necrosis by depleting the energy reserve of
heart muscle cells (Rona 1985, Karthick et al. 2006).

In a study by Nivethetha et al. (2009), the pro-
tective effect of M. calabra plant extract against the
cardiotoxic effects of isoproterenol was investigated
and an increase in serum AST values was reported
in the isoproterenol group compared to the control
group. Devrim et al. (2017) also examined the pro-
tective effects of periostin against the cardiotoxic
effect of isoproterenol in their study on rats and re-
ported that periostin application caused a decrease
in CK, AST, ALT and LDH levels, which were increased
with isoproterenol application. Similarly, Mert et al.
(2018) reported that AST, CK and LDH levels were
higher in rats with myocardial damage caused by
isoproterenol compared to other groups, and kefir
used for protective purposes significantly reduced
the toxic effects of isoproterenol and caused a dec-
rease in enzyme levels. In these studies, they repor-
ted that isoproterenol application induced AST, ALT
and CK levels, possibly due to the increase in the
activities of innervated lysosomal enzymes (Abbas
2016, Devrim et al. 2017, Mert et al. 2018).

In this study, the increase in AST and CK enz-
yme levels after isoproterenol application is com-
patible with the studies of Abbas 2016, Devrim et
al. 2017 and Mert et al. 2018. The decrease in AST
and CK enzyme levels in the treatment groups af-
ter isoproterenol application is thought to be due
to the decrease in the activities of lysosomal enzy-
mes. Significant increases in plasma CK level, which
is used as a sensitive biomarker especially in skeletal
muscle and myocardium injuries, have also been re-
ported in other studies in rats administered isopro-
terenol (Tiwari et al. 2009, De Sanchez et al. 2012,
Mert et al. 2018) and this is in agreement with the
data of this study.

Various studies have revealed that substances
with antioxidant activity may be important for the-
rapeutic use in preventing expected heart damage,
and may reduce the incidence and mortality from
heart disease (McCullough et al. 2012). The increase
in AST and CK levels as a result of myocardial dama-

Etlik Vet Mikrobiyol Derg,

https://vetkontrol.tarimorman.gov.tr/merkez

Cilt 33, Sayt 1, 2022, 26-33



Sahin Y et al. Protective effect of silymarin and boric acid against isoproterenol-induced myocardial infarction in mice 33

ge induced by isoproterenol (the strongest sympat-
homimetic drug that affects beta-adrenergic recep-
tors) improved by silymarin and boric acid, whose
therapeutic effectiveness was evaluated within the
scope of the study, therefore it can be suggested
that the silymarin and boric acid have positive effe-
cts against excessive increases in enzyme levels. It is
thought that it may contribute to protection against
myocardial infarction conditions.

Ethical Statement: The study was carried out af-
ter the animal experiment approval of the Kirikka-
le University Local Ethics Committee (Decision no:
2021/03 - 10).
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Abstract: Tick-borne encephalitis (TBE) is an endemic viral zoonotic disease in many regions of Eurasia. In this
study, whole blood, serum samples and the hard ticks collected from a variety of ruminant species (cattle, goat
and sheep) in the middle Black Sea region of Turkey were investigated for the presence of RNA and IgG antibodies
against Tick-borne encephalitis virus (TBEV). No TBEV genomic RNA was found in 2625 tick and 708 blood samples.
However, serological examination for anti-TBEV antibodies revealed that TBEV IgG antibody was found as follow:
cattle 61 of 198 (30.8%), goat 7 of 115 (6.1%) and sheep 15 of 147 (10.2%), and confirmed by an enzyme-linked
immunosorbent assay (ELISA). Positivity rates for the provinces were as follows: Samsun 12.7%, Sivas 35.2% and
Tokat 13.2%. This information supports previous findings of TBEV in ticks in Turkey and may be of relevance for
public health considerations (in respect to vaccination recommendations for those exposed).

Keywords: Domestic animals, Real time RT-PCR, Seroprevalence, Tick, Tick-borne encephalitis virus

Tiirkiye'nin kuzeyinde Tick-borne ensefalitis viriisiiniin
serolojik ve molekiiler arastirmasi

Ozet: Kene kaynakli ensefalit (TBE), Avrasya’nin birgok bdlgesinde endemik viral zoonotik bir hastaliktir. Bu calismada,
Tarkiye'nin Orta Karadeniz bolgesinde cesitli ruminant tirlerinden (sigir, kegi ve koyun) toplanan tam kan, serum
ornekleri ve sert kenelerde Tick-borne ensefalitis virusuna karsi RNA ve IgG antikorlarinin varligi arastirildi. 2625 kene
ve 708 kan orneginde TBEV genomik RNA bulunamadi. Bununla birlikte, anti-TBEV antikorlari icin yapilan serolojik
inceleme, TBEV IgG antikorunun: 198 sigirdan 61'i (%30.8), 115 keciden 7'si (%6.1) ve 147 koyundan 15'i (%10.2)
ELISA yéntemiyle pozitif bulunmustur. iller icin pozitiflik oranlar su sekildedir: Samsun %12,7, Sivas %35,2 ve Tokat
%13,2. Bu calisma, Tlrkiye'deki kenelerde TBEV'nin dnceki bulgularini desteklemektedir ve halk sagligi acisindan
(maruz kalanlara yonelik asi 6nerileri acisindan) dnem arzetmektedir.

Anahtar kelimeler: Evcil hayvanlar, Kene, Real time RT-PCR, Seroprevelans, Tick-borne ensefalitis virlisu

Introduction et al., 2003b; Suss 2011; Kovalev and Mukhacheva,
2017; Dai et al., 2018). This disease in humans ranges
from asymptomatic to severe infection in the central
nervous system (Kaiser, 2012). The fatality rate of
the European and Siberian are approximately 1%-—
3%, while the fatality rate of the Far Eastern subtype
might be reached at 20%—40% (Gritsun et al., 2003a;
Dorrbecker et al., 2010). In Turkey, only the European
subtype is found. However, no outbreaks have been
reported until now (Karan et al., 2014; Whitby et al.,
1993).

The life cycle of the TBEV in nature includes
transovarial and transstadial transmission among
ticks and a tick-vertebrate host cycle involving
wild and domestic animals. TBEV causes infections
in humans, horses and dogs as well (Weissenbock
et al, 1998; Klaus et al., 2013; Paulsen et al., 2019,
2020). Ticks are very important to the ecology of

Tick-borne encephalitis virus (TBEV) is one of the
vector-borne viruses that belong to the Flavivi-
rus genus in the Flaviviridae family (Suss, 2011).
It is transmitted to humans either by bites of Ixo-
did ticks, by ingestion of non-pasteurized milk or
milk-products (milk from goats and sheep rather
than from cows), or by contact with blood or tissues
from TBE patients or viremic livestock (Gritsun et al.,
2003a; Lindquist and Vapalahti, 2008; Holzmann et
al,, 2009; Kerlik et al., 2018; Ruzek et al., 2019).

TBEV is found in a wide area covering northern
Asia and Europe. It has been classified into five main
subtypes, the European subtype (transmitted by
Ixodes ricinus), the Far Eastern, the Siberian subtype
(both transmitted by /. persulcatus), the Baikalian and
the Himalayan subtypes (Ecker et al., 1999; Gritsun
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TBEV. The biological role of the ticks is remarkable,
not only as virus vectors but also as reservoirs of
the virus. However, there is little information about
tick species diversity or tick vector capacity in the
endemic regions of Turkey. Ixodes ricinus ticks are
mainly distributed in Northern Turkey. It is likely that
the high rainfall and the intensive forest in this area
may contribute to this observation (41°25'21"N;
36°57'38"E). Data available on TBEV infection in
Turkey, which shares similar climatic and ecologi-
cal conditions with the endemic regions, is limited
(Aydin and Bakirci, 2007; Paulsen et al., 2019, 2020;
Suss, 2011). Although studies have found that ve-
ctor tick (/xodes ricinus) is distributed in Northern
Turkey, the number of human cases of TBE in Turkey
has been low since the first case occurred in 1968
(Serter,1968). There are no clinical reports in terms
of TBEV in humans in Turkey so far (Ergunay et al.,
2011; Yilmaz et al., 2019).To date, there is no eviden-
ce of the presence of TBEV in ticks in Turkey (Karan
et al., 2014).

With this study, we aimed to determine the
prevalence of TBEV among ticks and animals in
Northern Turkey, as they are the main organisms
involved in the virus life cycle, and also this study
was performed to investigate the seroprevalence of
anti-TBEV antibodies in domestic ruminants of three
provinces of Turkey.

Material and Methods

Tick processing whole blood and serum samples

A total of 2625 ticks and 708 whole blood samples
were collected between March and July of 2017 from
93 cattle (99 pools, 183 ticks in total), 106 goats (124
pools, 408 ticks in total) and 509 sheep (556 pools,
2034 ticks in total), grazing in the middle Black Sea
region of Turkey. The ticks were collected directly
from the animals. After identification using standard
keys, ticks were stored at —80°C until testing for the
presence of viral RNA (Aktas and Vatansever, 2014).
They were pooled according to size and pools ran-

ged from one to 10 ticks. They were placed in 2 ml
of PBS diluent with MagNA Lyser Green Beads (Roc-
he, Mannheim, Germany). Pools were homogenized
at 3000 g for 3 min by MagNa Lyser (Roche, Mann-
heim, Germany). Homogenates were centrifuged in
eppendorf tubes at 12 000 g for 3 min to remove
the suspended solids, without removing the beads.
The supernatants were used for the RNA extraction.
At the same time, 460 serum samples were collec-
ted from cattle, goats and sheep in the same region
(Table 3).

RNA extraction, TagMan based real-time RT-
PCR and enzyme-linked immunosorbent assay
(ELISA)

Viral RNA extraction was performed from 200 pl of
tick pool supernatant and whole blood samples by
using the High Pure Viral Nucleic Acid Kit (Roche,
Mannheim, Germany) according to the manufac-
turer’s instructions and stored at —20°C. The Tag-
Man primers and probe were described previously
(Schwaiger and Cassinotti, 2003) (Table 1). The re-
al-time RT-PCR (rRT-PCR) was performed with the
iTag™ Universal Probes One-Step Kit (Biorad, Ca-
lifornia, USA) by using 5 pl of RNA combined with
10 pmol of each primer and 10 pmol of the FAM-
and TAMRA-labelled probe in a 25 pl total reaction
volume according to the manufacturer’s protocol
with the following cycling times and temperatures:
1 cycle of 50°C for 10 min and 95°C for 3 min and
40 cycles of 95°C for 5 s, 60°C for 15 s. The rate of
TagMan assay positivity was calculated by using the
99.9% confidence level settings in the CFX Conne-
ct Optic Module Maestro Software (Biorad, Singa-
pore, Singapore). Positive control plasmid of TBEV
was kindly provided by Prof. Dr. Manfred Weidmann
(Institute for Virology of the University of Gottingen,
Germany). The presence of specific IgG antibodies
against TBEV was investigated by a commercial ELI-
SA kit (Test Line, Brno, Czech Republic). The sensi-
tivity and specificity of the IgG ELISA for TBEV are
95.7% (data obtained from Test Line).

Table 1. The primers and probe used in the rRT-PCR assay against TBEV (Schwaiger & Cassinotti, 2003).

Primers and Probe Sequence (5'-3')

Genome position

F-TBE 1 5'-GGG CGG TTC TTG TTC TCC-3'
F-TBE 2 5'- ACA CAT CAC CTC CTT GTC AGA CT-3'
F-TBE probe 5'FAM-TGA GCC ACC ATC ACC CAG ACA CA-TAMRA3'

11054-11071
11099-11121
11073-11095

Etlik Vet Mikrobiyol Derg,

https://vetkontrol.tarimorman.gov.tr/merkez

Cilt 33, Sayt 1, 2022, 34-39



36 Asal G et al. Presences of tick-borne encephalitis virus in Turkey

Results
Tick species and distribution

A total of 2625 adult ticks were collected from cattle
(99 pools, 183 ticks in total), goat (124 pools, 408 ti-
cksin total) and sheep (556 pools, 2034 ticks in total),
in the middle Black Sea region of Turkey (Samsun,
Sivas, Tokat) (Fig. 1). The numbers and distribution
of tick species according to the collection points on
farms are documented in Table 2. Eight tick species
were identified and the most abundant were Hae-
maphysalis sulcata 32.4% (850/2625), Rhipicephalus
turanicus 27.2% (715/2625), Dermacentor margina-
tus 16.6% (437/2625) and Hyalomma marginatum

13.3% (349/2625). Rhipicephalus bursa represen-
ted 6.1% (160/2625) of the total number of ticks.
Haemaphysalis punctata, Hyalomma detritum and
Ixodes ricinus were less common and represented
3.2% (85/2625), 0.6% (16/2625) and 0.5 (13/2625)
of the tick population, respectively. Ixodes ricinus
was mainly found in Samsun province, which lies in
the coastal area of the surveyed region. Dermacen-
tor marginatus, Rhipicephalus bursa and R. turanicus
were found in all provinces in the surveyed region.
Hyalomma detritum was found in only one locati-
on (Tokat). Hyalomma marginatum, Haemaphysalis
punctata and Haemaphysalis sulcata were found in
only two localities (Sivas and Tokat).
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Figure 1. Areas where ticks and samples were collected for Tick-borne encephalitis virus
Table 2. Distribution of tick samples collected by host and provinces.
Provinces Samsun Sivas Tokat Total
Ticks Cattle Goat Sheep Total Cattle Goat Sheep Total Cattle Goat Sheep Total Cattle Goat Sheep
Rhipicephalus turanicus 39 101 140 12 150 407 569 1 5 6 52 150 513
Rhipicephalus bursa 4 18 22 47 66 113 1 19 5 25 5 66 89
Dermacentor marginatus 2 2 13 340 353 7 75 82 = 20 417
Ixodes ricinus 11 1 12 1 1 11 1 1
Hyalomma marginatum 23 5 37 65 80 47 157 284 103 52 194
Haemaphysalis punctata 5 8 13 6 66 72 - 11 74
Haemaphysalis sulcata 1 1 103 746 849 - 104 746
Hyalomma detritum 12 4 16 12 4 -
Total 176 1114 1335 183 408 2034
Total tick samples: 183+408+2034: 2625
Etlik Vet Mikrobiyol Derg, https://vetkontrol.tarimorman.gov.tr/merkez Cilt 33, Sayt 1, 2022, 34-39



Asal G et al. Presences of tick-borne encephalitis virus in Turkey 37

TBEV nucleic acid and antibody detection

A total of 779 tick pools (2625 adult ticks), 708 who-
le blood samples were tested by rRT-PCR for TBEV.
No TBEV genomic RNA was detected in tick pools
and whole blood samples. Serological examination
of serum samples for anti-TBEV infection revealed

that TBE IgG antibody was present in 61 of 198
(30.8%), 7 of 115 (6.1%) and 15 of 147 (10.2%) cattle,
goat and sheep, respectively (Table 3). The provinci-
al distribution of chosen serum samples in this study
was as follows: Samsun 12.7% (21/165), Sivas 35.2%
(37/105) and Tokat 13.2% (25/190).

Table 3. Seroprevalence of IgG antibodies against TBEV collected from domestic animals in Northern Turkey.

Cattle (%) Goat (%) Sheep (%) Total
Samsun 20/85 (23.5) 0/38 (0) 1/42 (2.4) 21/165 (12.7)
Sivas 24/50 (48) 13/55 (23.6) 37/105 (35.2)
Tokat 17/63 (27) 7/77(9.1) 1/50 (2) 25/190(13.2)
Total 61/198 (30.8) 7/115 (6.1) 15/147 (10.2) 83/460 (18.04)

Discussion and Conclusion

The presented study is aimed to compare the pre-
sence of TBEV in various domestic animals in Turkey.
We identified TBEV antibodies in cattle, goats and
sheep. The majority of the positive serum samples
collected from cattle included in this study origi-
nated from inland Turkey. This is in the area where
human Crimean-Congo Hemorrhagic Fever (CCHF)
cases have been reported in Turkey, which is trans-
mitted by ticks (Bakir et al., 2005). TBEV positive
samples were furthermore detected in the counties
of Samsun and Tokat, which are also endemic for ti-
ck-borne human cases. This result supports previous
findings of TBE antibodies in human blood donors
(Ergunay et al,, 2007, 2011). The presence of TBE an-
tibodies in domestic animals (sheep) has only been
studied in Turkey in the early 1970s. This study from
1971 detected a seroprevalence of 1.3% in sheep
sera in southern Turkey (Radda, 1971). In the present
study, a total of 460 serum samples was analyzed.
The seropositivity rate in cattle (30.8%) was found
to be higher than the rate in sheep (10.2%) and
goats (6.1%). The previous study from 1971 seems
to be based on animals taken almost exclusively
from non-endemic areas, which might help expla-
in the low prevalence found in that study (Radda,
1971). Antibodies are detectable in ruminants even
28 months after infection (Balogh et al., 2012; Kla-
us et al, 2014). The antibody response seems to
vary between species, and it is unclear if all animals
exposed to the virus develop an immune response
(Klaus et al.,, 2010, 2012; Paulsen et al., 2020). While
the age of the animals and their entry into new are-
as may affect the results of the study, adult animals
using the same pasture in more than one season

were used in this study. TBEV specific antibodies
were detected in all three provinces of our study in
the North of Turkey.

Seroprevalence studies on TBE in domestic
animals in Europe have demonstrated that animals
may serve as useful sentinels for the detection of
TBEV risk areas (Klaus et al., 2010, 2012; Rieille et
al., 2017; Salat et al,, 2017; Paulsen et al,, 2020). A
few human seroprevalences were reported in diffe-
rent regions in Turkey concerning IgG antibodies to
TBEV, and overall seroprevalence was found to be
between 1.1% and 10.5% (Ergunay et al., 2007, 2011;
Uyar et al., 2007; Esen et al., 2008; Inci et al., 2016;
Yilmaz et al, 2019;). While TBEV antibodies were
detected in 1% in Central Anatolia and 0.3% in the
Marmara region, no antibodies were detected in ot-
her regions (Blacksea, Aegean, Eastern Anatolia, and
Southeastern Anatolia regions) (Uyar et al., 2007).
In addition, Ergunay et al. (2007) detected 10.5%
TBEV seropositivity in the Southeast Anatolia regi-
on. The only animal seroprevalence data on TBEV
come from the Mediterranean region (Hatay provin-
ce-southern border) of Turkey. A study from 1971
detected a seroprevalence of 1.3% in sheep sera in
southern Turkey (Radda, 1971).

Contrary to our research, Juceviciene et al.
(2005) found that the rate of seropositivity in sheep
in Lithuania was higher than in cattle and goats. It is
thought that the difference between these two stu-
dies may occur for two reasons. First, it is thought
that ovine breeders in our country are more consci-
ous in the fight against ticks, and the second is that
small ruminant herds are grazed in high areas where
the humidity and temperature are low in the sum-
mer months when ticks are active. It is very difficult
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to compare studies that have differences in content
(methods, species, sample size and time, geography
etc).

Since there is no vaccination program against
TBEV in Turkey, it is thought that the source of
detected seropositivity is natural infection. The
results of serological assays may indicate that the
virus is circulating in this area. These results pose a
greater risk for people living or visiting the region. In
this study, we found no relationship between TBEV
RNA in ticks and TBE IgG in serum. The difference
may be caused by sampling time and size as
mentioned above.

Turkey's tick fauna has been shown to include
about 32 species and Ixodes spp. have been
detected mostly in Northern Turkey, where the
amount of rainfall during the year is the highest and
intensive forests are the predominant vegetation.
Nevertheless, in addition to the Black Sea region, 1.
ricinus activity has been shown to be present in the
Mediterranean, Aegean and east/southeast Anatolia
(Aydin and Bakirci, 2007). Although TBEV has been
detected and characterized in sheep, it has not yet
been detected in ticks in Turkey.

This study was carried out in Samsun, Sivas and
Tokat provinces in the Black Sea Region, which are
suitable for the life cycle of Lricinus. It is estimated
that the reason TBEV RNA could not be detected as
a result of the study may be due to the low num-
ber of tick species that are the main vector (I.ricinus)
of TBEV among the tick species collected from ani-
mals in these provinces. Although more lricinus ti-
cks were collected in the study of Karan et al. (2014)
could not detect TBEV RNA. This situation can be
interpreted as that the tick species in our study area
are not infected with TBEV.

More seroprevalence studies in domestic ani-
mal populations with huge geographical coverage
and greater sample size should be carried out. Furt-
hermore, a seroprevalence study on people working
in close contact with these animals could provide
important epidemiological data for risk evaluation,
as they could have been exposed to ticks.

This study put forth the first comprehensive
screening of domestic ruminant species in Northern
Turkey in terms of TBE antibodies and provides
updated information on the distribution of TBEV.
This study supports previous findings, which
indicates that TBEV is distributed in Turkey, more
widely than suggested by human TBE cases. The

results obtained from this study contain important
findings in terms of public health.
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Abstract: This study was carried out in the Beyodlu region, where the daily food consumer population is high
and the most visited by local and foreign tourists in Istanbul. The aim of the study was to determine the hygienic
conditions of the personnel and restaurants. 100 Restaurants were checked twice with the pre-prepared check-
lists and scored. In each control, 4 surfaces and equipments, 4 personnels and 1 air sample were taken. 5 water
sample was taken to determine the microbiological status of the water. Hygienic conditions of the restaurants were
determined by microbiological analysis of the samples. As a result of the checks made with the prepared form
according to national and international good hygiene practices forms, restaurants were found to be 75% proper
in terms of general hygiene conditions, storage hygiene, production hygiene, personnel hygiene and personnel
training criterias. The samples taken for the surfaces and equipment hygiene were found improper as 7.5% for E. coli,
23.7% for coliform and 10.9% for aerobic mesophilic bacteria. In terms of personnel hygiene, samples were found
improper as 9.6% for E.coli, 17.7% for coliform and 22.5% for S.auerus. Air hygiene samples were found proper as
92.5%. All 5 water samples analyses resulted properly. All total polar compounds measurements made on frying oils
have been appropriately concluded.

It was determined that food safety management systems are not used in the restaurants and the basic contamination
factor was personnel who has inadequate hygiene knowledge and the restaurants that don’t have effective cleaning
and disinfection plans.

Keywords: Food Safety, Hygiene, Public Health, Restaurants

istanbul Beyoglu ilgesi toplu tiiketim yerlerinin gida
giivenligi ve hijyen kriterleri yoniinden incelenmesi

Ozet: Bu calisma, istanbul'da giinliik gida tiiketen niifusun yogun oldugu ve yerli ve yabanai turistlerin en cok
ziyaret ettigi Beyoglu bolgesinde gerceklestirildi. Calismanin amaci, personel ve restoranlarin hijyen kosullarinin
belirlenmesidir. 100 Restoran, dnceden hazirlanmis kontrol listeleri ile iki kez kontrol edilerek puanlandi. Her
kontrolde 4 yiizey ve ekipman, 4 personel ve 1 hava numunesi alindi. Suyun mikrobiyolojik durumunu belirlemek
icin 5 adet su numunesi alindi. Orneklerin mikrobiyolojik analizleri yapilarak restoranlarin hijyenik kosullari belirlendi.
Ulusal ve uluslararasi iyi hijyen uygulama rehberlerine uygun olarak hazirlanan form ile yapilan kontroller sonucunda
restoranlarin genel hijyen kosullari, depo hijyeni, Gretim hijyeni, personel hijyeni ve personel egitim kriterleri acisindan
%75 uygun oldugu tespit edildi. Yiizey ve ekipman hijyeni icin alinan 6rnekler E. coli i¢in %7,5, koliform igin %23,7 ve
aerobik mezofilik bakteriler icin %10,9 olarak uygunsuz olarak bulundu. Personel hijyeni acisindan numuneler E.coli
icin %9,6, koliform icin %17,7 ve S.auerus icin %22,5 olarak uygunsuz bulundu. Hava hijyeni 6rnekleri %92,5 olarak
uygun bulundu. 5 Su numunesinde yapilan analizler ve tim kizartma yaglarinda yapilan polar madde ol¢imleri
uygun olarak sonuglandi. Restoranlarda gida glvenligi yonetim sistemlerinin kullaniimadigi belirlendi. Temel
kontaminasyon faktorleri ise yetersiz hijyen bilgisine sahip personel ve restoranlarin etkin temizlik ve dezenfeksiyon
plani olmamasi olarak belirlendi.

Anahtar kelimeler: Gida Guvenligi, Halk Saghg:, Hijyen, Toplu Tuketim

Introduction of the home. This type of consumption habit cre-

People’s food consumption habits are changing due  ates new risks and threatens public health (Sezgin
to reasons such as industrialization and taking place  and Ozkaya, 2014). Insufficient hygienic conditions
more effectively in business life. Especially in coun- in the food process until consumption and the
tries that have completed industrialization, more  possible contaminations cause hazards (Fidan and
than half of the population eat 1 meal a day out Agaoglu 2004).
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The food safety process starts from farms or
fields and continues until the ultimate consumer.
The selection of raw material, processing, storage
and distribution constitute the steps of this process.
An unsufficient point can lead to food poisonings
and outbreak in this food safety approach, which is
also accepted in the EU and in the USA. Food-borne
disease rates in industrialized countries are up to
30 %, according to WHO reports (Giray and Soysal,
2007; Lazou et al. 2012). The increasing of the pop-
ulation and the food demand cause the rising of the
concerns related to food safety, especially in big
cities. Changes on food consumption habits, new
technologies in food processing, environmenteal
pollution and illegal production lead to consist risks
on food safety (McCarthy et al. 2007; Erkmen 2010).

Food-borne diseases are also an important
reason for slowing the economic growth of coun-
tries and appear in both developed and develop-
ing countries, but developing countries deal with
rougher circumstances. They impose an economic
and social burden on society in developed coun-
tries. There are 76 million food-borne disease cases,
which 325.000 are inpatient treatment, occur every
year in the USA and the annual number of deaths
was reported as 5.000. Approximate cost is $ 152
billion per year. Foodborne disease are one of the
major reasons of infant mortality all over the world,
and considered that approximately 1.9 million chil-
dren die from diarrhea due to food-borne diseases
each year (Mead et al. 1999; WHO 2002, 2015).

There are 1499 restaurants in the Beyoglu dis-
trict of Istanbul which is frequently visited by local
and foreign tourists (FSIS, 2018). The main con-
tamination factors are staff, raw materials, surfaces,
equipment, water and especially the cross contami-
nations that might occur during the pre-service step
in such operations (Bas 2004; Ugur et al. 2001).

Restaurants have to complete pre-requisite
programs before the implementation of food safety
systems, such as HACCP. These programs include;
features of operation, processing area and layout,
waste management, equipment suitability, cleaning
and disinfection, pest control, personnel training
and hygiene, reprocessing, recalling, storage and
distribution and the traceability of products. (Ariosti
2016)

This study was carried out in the Beyoglu re-
gion where one of the most visited districts in Istan-
bul, to research the hygiene level of restaurants and
aimed the protection of consumer and public health

through the detection of the possible hazards in the
operations.

Materials and Methods

Material: 100 restaurants, that have at least 4 or
more employees, were selected in the Beyoglu
district. Sampling were completed in 2016. Swabs
were taken as 4 employees, 4 contact surfaces and
equipment and 1 air sample was taken from each
restaurant. Every restaurant was visited twice. The
total number of swab samples from employees,
surfaces and equipment is 1800. Water hygienic
measurement were performed with 5 samples,
cause of using city water in any restaurant. The
total polar compounds of frying oil is monitored by
taking 25 oil samples from restaurants. All samples
were stored 4°C, and transported to laboratory
within 2 hours to be analyzed on the same day.
The restaurants were inspected with pre-prepared
checklist.

Microbiological Analysis of Personnel, Surface
and Equipment Samples: Samples from personnel,
surfaces and equipment (work surfaces, cutting
board, knife, clean plate) were taken in accordance
with the double swab (wet-dry swab) technique
and ISO standards (ISO, 2018). Equipment and
surface samples were taken 25 cm’ of material and
employees’ samples were taken from hand and
fingers. The swabs were broken and put into test
tubes (Anon. 1987; ISO 2018). Tubes were mixed
and prepared with saline solution to passage
of the microorganisms in proper dilution. Total
mesophilic aerobic bacteria isolated and counted
by using Plate Count Agar (PCA; Oxoid CM0463),
incubated at 37° C for 48 hours (ISO 2018, 2013).
E.coli isolation and counting were performed by
using Tryptone Bile X-glucuronide Agar (TBX, Oxoid
CMO0945), incubated at 30° C for 4 hours, and then
at 44° C for 18 hours. The bluish-green colonies
were considered positive (ISO 2001, 2018). S. aureus
isolated and counted by using of Baird Parker Agar
(BPA; Oxoid CM1127) with egg yolk and potassium
telluride. Typical and atypical colonies were isolated
at 37°C after 48 hours. Catalase and coagulase tests
were performed on suspicious colonies by using
Brain Heart Infusion Agar (BHIB-Oxoid CM225) (ISO
1999, 2018). Coliform bacteria isolated and counted
by using Violet Red Bile Lactose Agar (VRB; Oxoid
CMO0968), after 24 hours incubation at 37°C, colonies
were formed reddish zone, have 1-2 mm diameter
areas. Suspecious colonies were incubated at 37° C
for 24 hours by using Brilliant Green Bile Lactose
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Broth (BGLB, Merk 1.05454) and the gas production
was commented as positive (ISO 2018, 2006).

The reference values were determined from
other similar studies in literature, due to the lack of
common international reference for the microbio-
logical criterias.

* Clearly defined surfaces (cfu / cm’): TMAB <10,
coliform: 0, E. coli: 0

* Surface and equipment in use (cfu / cm’):
TMAB <1.000, coliform <10, E.coli: 0

* Hand of personnel (cfu / cm?): coliform <10,
E.coli: O, S.aureus: 0 (Aksu and Kaya 1999; Aycicek et
al. 2006; Little and Sagoo 2009).

Water Samples: 5 water samples were taken from
the kitchens of restaurants, which use the city water.
Water samples were collected in 250 ml sterile con-
tainers (TSE 2006). Colonies were analyzed by mem-
brane filtration technique using Brilliance E. coli /
Coliform Selective Medium (BES; Oxoid CM1046)
in accordance with standards (ISO 2014). Entero-
coccus analysis were performed by using Slanetz
Bartley Agar (SBA; Oxoid CM0377) by membrane
filtration (TSE 2002). 100 ml of filtered water incu-
bated 24 hours for E. coli / coliform and 48 hours for
enterococcus at 37°C. The results were interpreted
in accordance with “Regulation on Water for Human
Consumption” (Anon. 2013c¢).

Air Samples: The petri dish was opened in the area
of production and the classical method was used,
for the detection of molds and yeasts in the air (Pitt
and Hocking 1999, Co6l and Aksu 2007). The petri
dish was opened in the kitchen and waited for 15
minutes, the petri was covered and the samples were
brought to the laboratory to incubate. Dichloran
Rose Bengal Chloramphenicol (DRBC: Oxoid
CMO0727) agar was used to detect yeast mold in the

air and colonies formed in petri dishes after 5 days
at 25°C. The colony number was calculated by taking
averages of 2 visits. Results were converted to cfu/
m’ unit by Omelinasky Formula. N = 5a x 104 (bt) -1
N = cfu/m? (colony forming in 1 m’), a = number of
colonies counted in petri dish, b = petri zone as cm’,
t = waiting time in minutes (Awad and Mawla 2012).
As a result of analysis findings, the recommended
number of molds and yeasts, isolated from the 65
cm’ petri dishes, after 15 minutes, was determined
as <18 cfu / petri dish.

Detection of Polar Compounds in Frying Oils: To-
tal polar compounds measurement was performed
with calibrated Testo-270 Frying Oil Tester (Testo
Inc. Germany). The interpreting of the results were
carried out within the legal limits (Anon. 2012).

Hygiene Scoring of Restaurants: The hygiene scor-
ing process was carried out using the criterias stated
in the control forms. The scoring was calculated by
averaging of each the 2 visits to the restaurants. The
form was prepared previously and had 5 basic top-
ics (Anon. 2011, Anon. 2013a, Anon. 2013b). These
were General Hygiene Status, Storage Hygiene, Pro-
duction Hygiene, Personnel Hygiene and Personnel
Training sections. A control form includes 36 ques-
tions and scored out of 100 points. The total scoring
was interpreted as table 1.

Table 1. Hygiene Scoring Table

Scoring Explanation Point
A Very Good 90-100
B Good 70-89
C Average 50-69
D Unsufficient 40-49
E Bad 0-39
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Findings

Table 2. General Hygiene Results

A- General Hygiene Criterias

Number of the
Establishments

Number of
the Proper

Rate of Proper
Establishments

Establishments

Is there technical staff who is responsible of food safety?

! Is there external technical support? [C¢ 22 22
i ?
> Is a.Food Safety Management System implemented? 100 15 15
Which?
Fllors, walls, ceilings in production and storage areas; It
3 must be robust, easily cleanable, waterproof and made 100 77 77
from suitable materials.
Precautions should be taken against the risk of breakage
4 of the windows, dirt accumulation and insect entry 100 80 80
should be prevented.
Hygienic mats should be used in the area where the
5 toilets are and toilet doors shouldn’t be open into the 100 89 89
production area.
6 Must have adequate and clean dressing area 100 81 81
7 Regular pest control must be made and recorded 100 94 94
The food must be regularly monitored and recorded at
8 . 100 42 42
the acceptance, storage and processing stages.
Rate of Total Proper Establishments 100 62,5
Table 3. Storage Hygiene Results
Number of
. . Number of the Rate of Proper
B- Storage Hygiene Criterias Establishments the P roper Establishments
Establishments
9 Cleanlng materials must be stored in different areas 100 74 74
of the kitchen.
There should be refrigerators with suitable capacity
10 and temperature records should be monitored 100 69 69
Food storages must be done according to proper
11 storage conditions and capacity. Temperatures 100 76 76
should be monitored.
12 Stoarge must be higher than floor level and storage 100 81 81
material should be easy to clean.
13 Thg inside of the storage should be checked for 100 18 18
moisture
Rate of Total Proper Establishments 200 63,6
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Table 4. Production Hygiene Results

C- Production Hygiene Criterias

Number of the

Number of the Rate of Proper

Establishments Proper Establishment Establishments

14 All surfaces must be easy to clean, robust and hygienic. 100 82 82
15 T.here must be hot water, soap and drying material in the 100 25 25
sinks
16 Eqmyalent illumination to t.he daylight must be provided, 100 88 88
caution must be taken against breakage.
17 Ensure adequate ventilation. 100 77 77
18 Sufﬁaent dishwashing area or dishwasher must be 100 95 95
available.
19 Waste should be removed quickly or stored separately. 100 75 75
20 The garbagg bins must be constructed to prevent 100 76 76
contamination.
21 Raw and cooked food must be stored in different places. 100 84 84
2 Thg preparation dates of risky food in storage must be 100 37 37
written on them.
23 Self—serylce_products must be protected against external 100 86 86
contamination.
24 Vegetables (fruit, vegetables, etc.) must be processed in 100 82 82
separate areas.
25 All equipments must be in compliance with regulations, 100 9% 9
not rusty, broken, or unsuitable.
26 Thg pa;kaglng mat.erlal must.be in compllance with the 100 94 94
legislation and avoid contamination during storage.
>7 All equipments should be used for food processing and 100 100 100
storage.
28 The mstal!atpn of.thg equipment and machinery must 100 7 7
allow hygienic activities.
29 Cro;s—contammahon cause of equipments should be 100 98 98
avoided.
30 Frying oil must be checked. 25 25 100
31 The water must have drinkable properties. 100 100 100
Rate of Total Proper Establishments 100 80,1
Table 5. Personnel Hygiene Criterias
D- Personnel Hvaiene Criterias Number of the Number of the Rate of Proper
y9 Establishments Proper Establishment Establishments
32 Clean clothes, gloves, mask, bone for production must 100 65 65
be used
33 Personnel must obey the hyglene criterias and the hands 100 65 65
should be washed accordingly.
There must be no wounds on the hands during
34 production and accessories such as jewelry, watches 100 67 67
should not be used
Rate of Total Proper Establishments 100 65,6
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Table 6. Personnel Training Criterias

Number of the Number of the Rate of Proper

E- Personnel Training Criterias Establishments Proper Establishment Establishments

All personnels must be trained in basic hygiene and

= continuous on-the-job training 1L ge 28
36 Personnel must have food allergen knowledge, and 100 12 12
warn consumers
Rate of Total Proper Establishments 100 19

Table 7. General Hygiene Scoring Table

Number of Establishments

Score Range of Points and Rates Average Point
A 90-100 12 (%12) 93
B 70-89 64 (%64) 76
C 50-69 22 (%22) 65
D 40-49 2 (%2) 48
E 0-39 0 0
Total 100 75
Table 8. Polar Compounds Measurement
. Number Range of Polar  Average Number of Restaurants Suitability with
Frying Number of P I hich h I lati %Pol
oil Restaurants o Compounds Polar which has Po ar Regulations (%Polar
Sample Measurement Compounds Measurement Device Compounds <25)
Total 25 25 7-21 16.0 17 25 (%100)

Table 9. Air Hygiene Samples

Number of Mold-Yeast Detected  Average Mold- LR CEEG [5G e ARE? ST ST

Air . Range Rates
Samples (n) Samples and Rates Yeast (cfu/petri) (cfu/petri) (< 18 cfu/petri)
Total 200 150 (%75) 12.6 0-101 185 (%92.5)
Table 10. Equipments and Surface Samples
Food Contact Number of Criterias and Eligibility Rates Proper Samples
Surfaces and Samples E.coli Coliform TMAB
Equipments (n) Number Rate (%) Number Rate (%) Number Rate (%) Number Rate (%)
Cutting Board 200 190 95 142 72 149 74.5 124 62
Work Surfaces 200 176 88 158 79 196 98 141 70.5
Knives 200 185 925 134 67 192 96 121 60.5
Plates 200 189 94.5 177 88.5 176 88 168 84
Total 800 740 925 611 76.3 713 89.1 554 69.2

Table 11. Water Samples

Criterias and Eligibility Rates
Number of Proper Samples
Water Samples E. coli Enterococcus Coliform

(n)

Number Rate (%) Number Rate (%) Number Rate (%) Number Rate (%)

Total 5 5 100 5 100 5 100 5 100
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Table 12. Personnel Hand Samples

Criterias and Propriety Rates

Number of Proper Samples
Personnel Samples E.coli Coliform S.aureus
n
) Number Rate (%) Number Rate (%) Number Rate (%) Number Rate (%)
Total 800 723 90.4 658 82.3 620 77.5 570 71.2

Discussion and Conclusion

Inspection with check-list resulted as; 62.5% proper
for general hygiene conditions, 63.6% for storage
hygiene conditions, 80.1% for production hygiene
conditions, 65.6% for personnel hygiene and 19%
for personnel training. Restaurants were found
good in terms of production hygiene, poor in ter-
ms of personnel training, and moderate in terms
of other criterias. Only 15% of restaurants use food
safety management systems effectively and the te-
chnical staff is inadequate. Lack of efficient tracea-
bility systems for raw materials and final products
cause a significant risk for food safety. Insufficient
control of moisture in food storage is considered a
negative feature for storage hygiene. The steps of
preparing and freezing animal-originated food are
considered high risk in restaurants. In terms of per-
sonal hygiene, the hand washing procedures were
defined not so well in restaurants and cautions we-
ren't taken against using of jewelery and acceso-
ries. Personnel dressing procesedures are interpre-
ted poorly. Training of employees were found poor
and the allergen knowledge of employees prove
that clearly. In a study conducted by Kothe et all.
(2016) among street vendors, the conditions and
cleanliness of personnel clothes were found as %60
inappropriate, and maintenance of preparared food
at temperature above 60° or below 5° was found
%50 inappropriate. Ratnasari et al. (2018) revealed
the presence of food components and cooked foo-
ds under inadequate storage conditions was asso-
ciated with a high rate of E.coli contamination. In
the same study, employees in food businesses were
found to be inadequate in terms of food processing
knowledge by 17.6% and by 66.7% in terms of per-
sonal hygiene. Liu et al. (2015) found the employees
had food hygiene knowledge at the rate of 54.4%,
and the 4.09% of the workers answered "always”
the question about mixing of raw and cooked food
containers in the Guandong region of China. Lee at
al. (2017) revelaed that although it was determined
that 61.7% of the food workers had good food hy-
giene knowledge, the samples taken from their han-
ds were determined high for total aerobic bacterial

load at university canteen in Kuala Lumpur. In the
study conducted by Yoshimoto and Zapechelnyuk
(2019) in the United Kingdom, was found that there
is a negative correlation between the food quality
and hygiene conditions, the production and proces-
sing conditions are insufficient in restaurants with
world-renowned quality awards.

The highest microbiological risk was detected
on knives and cutting boards. Legnani et al. (2003)
determined E. coli as 16.7% and TMAB as 6.7% on
the working surfaces. Dimen et al. (2009) stated
proper surface samples in terms of TMAB as 83.5%,
coliform as 91% and E.coli as 89%. Rodionava et
al. (2018) determined (6.4+1.1)x10? cfu/cm? micro-
organisms in one hour on washing tables in meat
processing enterprises. In the study conducted by
90 restaurants, it was revealed that meat processing
benches and knives in kitchens are the most conta-
minated areas in terms of total coliform bacteria at
all hours of the day (Lopasovsky et al., 2021).

The 800 samples collected from employees in
the kitchen were found proper 77.5% for S. aureus,
82.3% for coliform bacteria, 90.4% for E.coli and
71.2% for all three (Table 12). Lack of a regular hand
washing procedure, hygienic drying materials and
continuous hot water supply are interpreted as main
reasons. In the study of Civan (1993), personal hand
hygiene was founded as 32% proper. Konecka-Mat-
yjec et al. (2012) found that 97.2% proper for the
coliform and 98% proper for S.aureus on personnel.
Fidan and Agaoglu (2012) found that E.coli positivity
rate was 70% in the hands of restaurant employee
in Agr province. In the study of Akarca et al. (2015)
that was conducted in dairies in Afyon, the emplo-
yee' hand hygine results were concluded as; E.coli as
0.67%. Aydin et al. (2007) identified coagulase-po-
sitive S.aureus in 38.7% of personal hands samples
in the production and 34% in the service. Temelli et
al. (2005) found that E.coli was 37.5% on butchers’
hands, 28.5% on dairy farmers, and 40% coagula-
se-positive staphylococcus on butchers’ and dairy
farmer’s hands. Paul et al. (2021) found between
6.0x10" — 1.5%x102 cfu/cm? microorganisms in food
handling surfaces of local restaurants in Bangla-
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desh. Yentir — Doni et al. (2019) isolated S. pyoge-
nes as 22 (35.5%) of 62 throat swabs in their study in
university canteen. In the study conducted by 220
food workers, bacteria isolated at a rate of 62.2% in
the samples taken from the nails of the workers, and
46% of them were S. aureus and 29.2% were E.coli.
S.aureus was detected in 65.4% of nasal swabs and
Shigella boydii was detected in 0.9% of rectal swabs
(Nasrolahei et al., 2017). Yap et al. (2019) found in
sushi restaurants, 21.7% positive for S.aureus in fo-
ods and 30% on the hands of employees, and this
rate decreased to 0 by changing gloves and hand
washing. Getie et al. (2019) made isolation from
samples taken from the hands of food workers as
10.1% Shigella spp, 1.9% E.coli O157:H7 and 1.2%
Salmonella spp.

200 air samples taken from production areas of
the restaurants were resulted in 92.5% proper for
mold and yeast isolation. The average number of
colonies was found as 12.6 cfu/petri dish and the
colony range was found between 0-158 (Table 9).
The study of Dilger (2004), detected 1-9.8 cfu/petri
dish mold-yeast in meat-processing area of super-
markets. Kang and Frank (1989) suggest that the
amount of mold-yeast that should be <430 m’,

All of the 5 samples taken to specify the micro-
biological properties of the city water that used in
all the restaurants, have been concluded in accor-
dance with the legal regulations (Table 11). Any en-
terococcus, coliform and E.coli have not been isola-
ted (Anon. 2013c). Regular control of the city water
reduces the risk of contamination to the minimum
level.

25 of the 100 controlled restaurants had acti-
vely frying operation. All of the polar compounds
measurements made in these restaurants were pro-
per (Table 8). Measures have been assessed within
the legal limits (Anon. 2012). Polar compounds me-
asurement range was found between 7-21 and an
average of 16 was found. Restaurants have their
own device to make measurements and have self-li-
mits that are lower than the legal limits. Hampikyan
et al. (2011). found polar compounds between 1,5
and 40 and polar compounds measurement results
showed that 68% of the restaurants are under the
legal limits.

All the results show the inadequate and need
to be improved sections of the restaurants. All res-
taurants need good hygiene practices and beyond
that a food safety system, such as HACCP. Main
pre-requisite problems still constitute difficulty to
improve restaurant and personal hygiene standar-

ds. Internal or external audits play an important role
and lack of such private or official controls lead bre-
aking of the food safety chain.

Use of laboratory animals Ethics Committee and
other decisions of Ethics Committee and Permis-
sions: Ethical committee permission was not obta-
ined due to lack of study on experimental animals.
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Investigation of mecA, vanA and pvl genes in Staphylococcus aureus
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Abstract: This study aimed to isolate the Staphylococcus aureus from bovine mastitis, investigate the presence of
mecA, vanA, and pvl genes in isolated strains, and determine the resistance of S. aureus strains to some antibiotics
commonly used in the veterinary field. In the study, 602 mammary quarter milk samples from 170 lactating cows
in 40 different small-scale dairy farms in the central towns and villages of Afyonkarahisar were used. After CMT
scoring, milk samples were collected aseptically from each mammary quarter. In the study, a total of 23 (3.8%) S.
aureus strains were isolated from 602 mammary quarter milk samples by using a commercial identification kit. The
mecA, vanA, and pvl genes were not detected in any of the strains. The phenotypic resistance of all S. aureus strains
to 12 antibiotics was determined by using the Kirby-Bauer disc diffusion method. The highest resistance in strains
was against penicillin G (52.2%), followed by oxacillin (21.7%), erythromycin (21.7%), and amoxicillin+clavulanic acid
(17.4%). In conclusion, it was noted that S. aureus is not a prevalent pathogen in the etiology of bovine mastitis for
small-scale farms where sampling was done.

Keywords: Mastitis, methicillin resistance, Panton-Valentine leukocidin, S. aureus, vancomycin resistance

Kiiciik olcekli siit isletmelerinde sigir mastitislerinden izole edilen
Staphylococcus aureus suslarinda mecA, vanA ve pvl genlerinin arastiriimasi

Ozet: Bu calismada sigir mastitislerinden Staphylococcus aureus'un izolasyonu, izole edilen suslarda mecA, vanA
ve pvl genlerinin varh@inin arastirilmasi ve S. aureus suslarinin veteriner sahada yaygin olarak kullanilan bazi
antibiyotiklere direngliliklerinin belirlenmesi amaclandi. Calismada, Afyonkarahisarin merkez kasaba ve koylerindeki
40 farkh kiicuik 6lgekli stt isletmesinde bulunan 170 laktasyondaki inege ait 602 meme lobu sit 6rnegi kullanildi. CMT
skorlamasinin ardindan, her bir meme lobundan aseptik olarak stit 6rnekleri toplandi. Calismada, ticari identifikasyon
kiti kullanilarak 602 meme lobu siit 6rneginden toplam 23 (%3,8) S. aureus susu izole edildi. Suslarin higbirinde
mecA, vanA ve pvl genleri belirlenmedi. Tum S. aureus suslarinin 12 antibiyotige karsi fenotipik direnglilikleri Kirby-
Bauer disk diftizyon yontemi kullanilarak belirlendi. Suslardaki en yiksek direng orani penisilin G'ye (%52,2) karsi
iken, bunu oksasilin (%21,7), eritromisin (%21,7) ve amoksisilin+klavulanik aside (%17,4) karsi direng oranlari izledi.
Sonug olarak, S. aureus'un 6rneklemenin yapildigi kiigiik 6lgekli isletmeler icin sigir mastitislerinin etiyolojisinde
yaygin bir patojen olmadigi belirlendi.

Anahtar kelimeler: Mastitis, metisilin direnci, Panton-Valentine I6kosidin, S. aureus, vankomisin direnci

Introduction

Mastitis is a multifactorial disease that affects the
quality and quantity of milk and causes great eco-
nomic losses in the dairy industry. Although many
microorganisms are effective in the etiology of
mastitis, Staphylococcus aureus (S. aureus) has been
reported to be a common agent among bacterial
mastitis pathogens by several researchers (Tenha-
gen et al. 2006; Igbinosa et al. 2016; Guimaraes et
al. 2017; Shrestha et al. 2021). Beta-lactam group
antibiotics are commonly preferred in the treatment
and prevention of mastitis. Methicillin resistance

in S. aureus is based on the synthesis of penicillin-
binding protein 2a (PBP2a), a new penicillin-binding
protein (PBP) with a low affinity for B-lactam group
antibiotics. This resistance encoded by the mecA
gene is considered an indicator of general resis-
tance to B-lactams (Igbinosa et al. 2016; Foster 2017;
Kakoullis et al. 2021). Vancomycin is a glycopeptide
antibiotic frequently preferred for the treatment of
methicillin-resistant S. aureus (MRSA) infections in
humans. After the first MRSA strain with reduced
susceptibility to vancomycin was reported from Ja-
pan in 1997 (Hiramatsu et al. 1997), vancomycin-re-
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sistant S. aureus (VRSA) strains were reported from
hospitalized patients in many countries (Sievert et
al. 2008; Hasan et al. 2016; Cong et al. 2020; Wu
et al. 2021). However, the reports available on the
detection of VRSA by using molecular methods in
S. aureus strains isolated from animals, particularly
animals with mastitis, are limited (Pehlivanoglu and
Yardimci 2012; Bhattacharyya et al. 2016).

In various studies on the epidemiology and
pathogenesis of MRSA infections, it is emphasized
that Panton-Valentine leukocidin (PVL) toxin encod-
ed by the [ukS-PV and lukF-PV genes is a potential
virulence factor for community-acquired methicil-
lin-resistant S. aureus (CA-MRSA) infections (Lina
et al. 1999; Papanikolaou et al. 2018; Darboe et al.
2019; Amin et al. 2020; Dulger et al. 2020). Recently,
with the increase in the isolation of MRSA strains
from animals, an increase in studies investigating
the presence of PVL toxin in these strains isolated
from animals is also noteworthy (Paji¢ et al. 2014;
Gezgen and Seker 2016; Hoque et al. 2018; Algam-
mal et al. 2020).

Although studies investigating the prevalence
of mecA and partially pvl genes in mastitis-causing
S. aureus strains from different countries have been
reported, investigations that genotypically deter-
mine vancomycin-resistance in these strains are lim-
ited. We aimed to isolate the S. aureus from bovine
mastitis in smallholder dairy farms, investigate the
presence of mecA, vanA and, pvl genes in isolated
species and determine the antibiotic resistance of
strains to some antibiotics commonly used in the
veterinary field.

Materials and Methods

Milk samples and S. aureus identification: A
total of 602 mammary quarter milk samples were
collected from 170 lactating cows on 40 different
smallholder dairy farms located in the central towns
and villages of Afyonkarahisar. No antibiotics had
been applied to the animals in the previous three
months. Before the sampling, the California mastitis
test (CMT) was applied for each mammary quarter
according to the method described by Schalm et al.
(1971). Afterward, the teat ends were cleaned with
70% alcohol, dried and the first streams of foremilk
were discharged. Ten milliliters of milk were collect-
ed aseptically from each quarter into sterile tubes
and immediately transported to the laboratory in
a cool box on ice. Ten pL of each milk sample was
inoculated onto Columbia blood agar, containing
7% of sheep blood and incubated under aerobic

conditions for 24-48 h at 37°C. The intramammary
infection levels for milk samples (>500 cfu/mL) were
determined according to the method of the Nation-
al Mastitis Council (Hogan 1999). After each differ-
ent colony was examined macroscopically (colony
morphology, hemolysis, pigment production) and
microscopically (Gram staining), and then oxidase,
catalase, slide and tube coagulase, and anaerobic
fermentation of glucose and mannitol tests were
performed for suspected colonies (Holt et al. 2000).
The certain identification of isolates was achieved
using Crystal™ Identification Systems Gram-Positive
ID kit (Becton, Dickinson and Company, NJ, USA).
In all tests, methicillin-resistant S. aureus (MRSA)
ATCC® 33591 and methicillin-sensitive S. aureus
(MSSA) ATCC® 25923 were used as control strains
(Oxoid Microbiology Products, Hampshire, UK).

Detection of 16S rDNA, mecA, vanA, and pvl
genes in S. aureus strains by PCR: MRSA ATCC®
33591, S. aureus ATCC 49775 (pvl gene positive),
E. faecium ATCC 51559 (vanA gene positive), and
MSSA ATCC® 25923 were used as control strains
(Oxoid Microbiology Products, Hampshire, UK) for
PCR analysis. DNA extractions of all control strains
except for E. faecium ATCC 51559 and test strains
were performed using the boiling method (Gezgen
and Seker 2016). DNA was extracted from E. faecium
ATCC 51559 using a genomic DNA purification kit as
described by the manufacturer (Thermo Scientific,
Lithuania). For the detection of 16S rDNA, mecA,
vanA, and pvl genes, the primers described by
Strommenger et al. (2003), Choi et al. (2003), Dut-
ka-Malen et al. (1995), and Lina et al. (1999) were
used, respectively. While the PCR protocols previ-
ously described by Gezgen and Seker (2016) for 16S
rDNA, mecA, and pvl genes were used, the protocol
recommended by Dutka-Malen et al. (1995) for the
vanA gene was applied.

Antibiotic Susceptibility Test: The antibiotic resis-
tances of all strains determined to be S. aureus for
12 antimicrobial agents were tested using the Kirby-
Bauer disc diffusion method in accordance with the
Clinical and Laboratory Standards Institute (CLSI)
(CLSI, 2007, 2012, 2013, 2016, 2017). The tested
antibiotics were amoxicillin/clavulanic acid (30ug),
enrofloxacin (5ug), cefoxitin (30ug), oxacillin (1ug),
cephalothin (30ug), rifampicin (5ug), gentamicin
(10ug), erythromycin (15ug), penicillin G (10U), tet-
racycline (30ug), trimethoprim/sulfamethoxazole
(25pug), and vancomycin (30upg). Positive (MRSA
ATCC® 33591) and negative (MSSA ATCC® 25923)
control strains were used for all applications.
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Results

Isolation and identification findings: A total of
23 (3.8%) S. aureus strains were identified from 602
mammary quarter milk samples (355 CMT positive,
181 CMT negative, and 66 CMT suspected) belong
to 170 cows by using Crystal™ Identification Systems
Gram-Positive ID kit. The distribution of S. aureus
strains according to CMT scores is shown in Table 1.

Detection of 16S rDNA, mecA, vanA, and pvl
genes: According to PCR results, while all of the 23
S. aureus strains identified by commercial identifica-
tion kit harbored the 16S rDNA gene, none of the
strains carried the mecA gene (Figure 1). The vanA

M 1 - =+

2 3 4 5 6 7 8

— N _— e — — e — -l'_-—ﬂ l

and pvl genes were also determined in none of the
strains.

Table 1. The distribution of S. aureus strains according to
CMT scores.

S. aureus (n=23)

CMT Score (n)

n %
+1(163) 3 1.8
+2 (146) 13 8.9
+3 (46) 4 8.7
Negative (181) 3 1.6

Suspected (66) - -

* 9 10 11 12 13 14 1516 17 M

Figure 1. PCR findings. M: DNA ladder (100 bp); -: mecA negative control strain (MSSA ATCC® 25923); +:
mecA positive control strain (MRSA ATCC® 33591); *: sterile distilled water; lanes 1-17: 16S rDNA positive,

mecA negative S. aureus test strains

Antibiotic susceptibility test findings: In tested
strains, the highest resistance rate was against peni-
cillin G (52.2%; n=12), followed by oxacillin (21.7%;
n=5), erythromycin (21.7%; n=5), and amoxicillin/

Table 2. The antibiotic resistances of S. aureus strains.

clavulanic acid (17.4%; n=4). It was determined that
the isolates showed a sensitivity of 95.7% against
enrofloxacin and gentamicin (Table 2).

S. aureus (n=23)

Antibiotic R | S
n % n % n %

Amoxicillin/clavulanic acid (30ug) 4 174 - 0 19 82.6
Enrofloxacin (5ug) 1 43 - 0 22 95.7
Cephalothin (30ug) 3 13.0 1 43 19 82.7
Rifampicin (5ug) 3 13.0 - 0 20 87.0
Gentamicin (10ug) 1 4.3 = 0 22 95.7
Erythromycin (5ug) 5 217 12 522 6 26.1
Penicillin G (10U) 12 52.2 - 0 11 47.8
Tetracycline (30pg) 2 8.7 1 43 20 87.0
Trimethoprim/sulfamethoxazole (25ug) 3 13.0 = 0 20 87.0
Vancomycin (30pug) 3 13.0 - 0 20 87.0
Oxacillin (1ug) 5 21.7 - 0 18 783

Cefoxitin (30ug) 2 8.7 2 8.7 19 82.6

R: Resistant; I: Intermediate; S: Susceptible
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Discussion and Conclusion

The present study investigated the role of S. aureus
on bovine mastitis in small-scale dairy farms and the
presence of mecA, vanA, and pvl genes in the iso-
lated strains.

The importance of S. aureus has been empha-
sized to be the most common pathogen in the eti-
ology of mastitis caused by Staphylococcus species
by several researchers, but the isolation data of this
agent obtained from CMT positive bovine mastitic
milk samples have shown a wide variation (between
2.6% and 52.2%) according to countries (Gezgen
and Seker 2016; Igbinosa et al. 2016; Guimaraes et
al. 2017; Hoque et al. 2018; Algammal et al. 2020;
Balemi et al. 2021; Shrestha et al. 2021). In our study,
a total of 23 (3.8%) S. aureus strains were isolated
from 602 mammary quarter milk samples belonging
to 170 cows. Compared with the other researcher’s
results, the low isolation rate of S. aureus was re-
markable for us. It was thought that environmen-
tal and management conditions, dairy farm type,
the number of samples, isolation methods, and
geographical variations may be effective on this
discrepancy. Also, when we conferred with the vet-
erinarians working in the sampling area and animal
owners, they emphasized that mastitis vaccines for
S. aureus have been included in the field applications
for a long time. It was concluded that this applica-
tion may also explain the low isolation rate obtained
in this study. The CMT is known as an economical
test that allows the approximate estimation of the
somatic cell count (SCC) in milk for the diagnosis
of subclinical mastitis. Although it is accepted as a
general opinion that animals with a positive reac-
tion to CMT should be approached with suspicion,
it is emphasized that CMT negative animals should
not be considered free from mastitis agents (Bhutto
et al. 2012; Gezgen and Seker 2016). In the present
study, unlike other studies, we isolated the S. aureus
from both CMT positive (5.6%) and CMT negative
(1.6%) milk samples. However, the isolation rate of
S. aureus from CMT positive and negative mammary
quarters was lower than the isolation rates reported
in similar studies. The fact that this study focused
only on S. aureus isolation, while other studies in-
cluded both S. aureus and other Staphylococci, may
be effective on this difference. In addition, the low
number of strains obtained from our study may be
another reason affecting this difference.

In various studies, the prevalence of mecA gene
in S. aureus strains isolated from cows with mastitis
has been reported to be between 0% and % 47 (Pu
etal. 2014; Wang et al. 2015; Gezgen and Seker 2016;

Hoque et al. 2018; Algammal et al. 2020; Shrestha et
al. 2021). In the present study, the mecA gene was
determined in none of the 23 S. aureus strains. It
was considered this result may be associated with
the low number of isolated strains in our study. In
this study, phenotypic resistance to methicillin was
also investigated by Kirby-Bauer disc diffusion test
using oxacillin and cefoxitin antibiotic discs. The re-
sistance to oxacillin and cefoxitin was found to be
21.7% (n=5) and 8.7% (n=2), respectively. However,
it was remarkable that no mecA gene was found in
any of these phenotypically resistant strains. This
finding supported the view that phenotypic resis-
tance alone is not sufficient to determine methicillin
resistance and the phenotypically methicillin-resis-
tant strains should be also confirmed genotypically
for the mecA gene (Wang et al. 2015).

While studies on the prevalence of VRSA in hu-
mans are widespread, investigations on the detec-
tion of vancomycin resistance genes by using mo-
lecular methods in S. aureus strains isolated from
animals, particularly animals with mastitis, are lim-
ited (Pehlivanoglu and Yardimci 2012; Bhattacharyya
et al. 2016). Bhattacharyya et al. (2016) found phe-
notypic resistance to vancomycin in seven of 274 S.
aureus strains isolated from the milk of sheep and
cows with mastitis in West Bengal, India, but the
vanA resistance gene was detected in none of the
strains. Pehlivanoglu and Yardimci (2012) from Tur-
key reported the vanA gene was not found in any of
the 65 S. aureus strains isolated from bovine mas-
titic milk samples. Similarly, in our study, while 23 §.
aureus strains were phenotypically resistant to van-
comycin, none of these strains harbored the vanA
gene. As suggested in the current resistance crite-
ria of CLSI (2017), it was thought that phenotypic
resistance determined in strains may not always be
evidence of the presence of vancomycin resistance
in the strain, and therefore, phenotypic resistance
should be confirmed by the presence of vancomy-
cin resistance genes.

The prevalence of the pvl gene encoding the
Panton-Valentine leukocidin toxin has been re-
ported to vary between 0% and 56% in S. aureus
isolates isolated from cows with mastitis (Zecconi
et al. 2006; Turkyilmaz et al. 2010; Paji¢ et al. 2014;
Gezgen and Seker 2016; Hoque et al. 2018; Algam-
mal et al. 2020). Similar to findings of researchers
from Turkey (Tlrkyilmaz et al. 2010; Gezgen and
Seker 2016), none of 23 S. aureus strains harbored
the pvl gene in the present study. Some authors em-
phasized the presence of pvl toxin gene are gener-
ally related to MRSA strains and this gene is more
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prevalent in human clinical S. aureus strains (Lina
et al. 1999; Darboe et al. 2019; Amin et al. 2020).
This result obtained in our study may be related to
the low number of isolated strains and the absence
of mecA gene in the strains. In addition, it can be
thought that PVL may not play an active role in the
pathogenesis of mastitis in terms of the sampling
area and sampled animals in this study.

Bacterial mastitis is among the diseases in
which antibiotics are most frequently used in the
veterinary field. Therefore, studies investigating the
antibiotic resistance profiles of S. aureus isolated
from the milk of animals with mastitis are quite
common. Although antibiotic resistance rates ob-
tained from these studies have shown differences,
it is reported the most common phenotypic resis-
tance profiles in the strains are against penicillin
G (Tel et al. 2012; Szweda et al. 2014; Wang et al.
2015), ampicillin (Szweda et al. 2014; Shrestha et al.
2021), trimethoprim+sulfamethoxazole (Wang et
al., 2015), erythromycin (Wang et al,, 2015; Shrestha
et al. 2021), clindamycin (Tel et al. 2012; Wang et
al. 2015), and gentamicin (Wang et al. 2015; Elias
et al. 2020; Shrestha et al. 2021). We investigated
the antibiotic resistance of 23 S. aureus strains us-
ing the Kirby-Bauer disc diffusion test. According to
test results, the highest resistance rate was against
penicillin G (52.2%; n=12), followed by erythromycin
(21.7%; n=5), oxacillin (21.7%; n=5), and amoxicillin/
clavulanic acid (17.4%; n=4) (Table 2). However, the
mecA gene was not determined in the strains show-
ing phenotypic resistance to oxacillin and cefoxitin.
When compared with the data of other research-
ers, it was thought that the discrepancy in resistance
rates may be related to the number of strains tested,
differences in the origin of the strains, and regional
differences in the preference of antibiotics used in
the treatment of mastitis.

As a result, it was noted that S. aureus was not
a dominant pathogen in the etiology of bovine
mastitis for the small-scale dairy farms sampled in
Afyonkarahisar. In the emergence of this result, it
was thought that the inclusion of mastitis vaccines
against S. aureus among ruminant vaccinations in
recent years may be effective. In the present study,
the isolation of S. aureus was achieved from both
CMT positive and CMT negative quarter milk sam-
ples. In this context, it was thought that perform-
ing microbiological identification as well as CMT
applications in the diagnosis of subclinical mastitis
cases may give more accurate results. Considering
that there is a positive relationship between the
use of non-specific antibiotics and the increase in

resistance in bacteria, it is important to select an-
tibiotics according to the agent identification and
antibiotic sensitivity test results. However, it should
not be ignored that phenotypic resistance alone is
not sufficient to determine resistance to methicillin
and vancomycin.

Funding: This study was financially supported by
the Afyon Kocatepe University Scientific Research
Projects Coordination Unit (Grand number 17.SAG.
BIL.07) and was summarized from the master thesis
of the first author.

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

Ethical Statement: This study is not subject to the
permission of HADYEK in accordance with Article 8
(k) of the “Regulation on Working Procedures and
Principles of Animal Experiments Ethics Commit-

tees”.

References

Algammal AM, Enany ME, El-Tarabili RM, Ghobashy MOI, Helmy YA.
(2020) Prevalence, antimicrobial resistance profiles, virulence
and enterotoxins-determinant genes of MRSA isolated from
subclinical bovine mastitis in Egypt. Pathogens. 9, 362. DOI:
10.3390/pathogens9050362

Amin DHM, Guler E, Baddal B. (2020) Prevalence of Panton-Valentine
leukocidin in methicillin-resistant Staphylococcus aureus clinical
isolates at a university hospital in Northern Cyprus: a pilot study.
BMC Res Notes. 13, 490. DOI: 10.1186/s13104-020-05339-0

Balemi A, Gumi B, Amenu K, Girma S, Gebru M, Tekle M, Rius AA,
D’Souza DH, Agga GE, Kerro Dego O. (2021) Prevalence of mastitis
and antibiotic resistance of bacterial isolates from CMT positive
milk samples obtained from dairy cows, camels, and goats in two
pastoral districts in Southern Ethiopia. Animals (Basel). 11, 1530.
DOI: 10.3390/ani11061530

Bhattacharyya D, Banerjee J, Bandyopadhyay S, Mondal B, Nanda PK,
Samanta |, Mahanti A, Das AK, Das G, Dandapat P, Bandyopadhyay
S. (2016) First report vancomycin resistant Staphylococcus aureus
in bovine and caprine milk. Microb Drug Resist. 22: 675-681. DOI:
10.1089/mdr.2015.0330

Bhutto AL, Murray RD, Woldehiwet Z. (2012) California mastitis test
scores as indicators of subclinical intra-mammary infections at
the end of lactation in dairy cows. Res Vet Sci. 92, 13-17. DOI:
10.1016/j.rvsc.2010.10.006

Choi SM, Kim SH, Kim HJ, Lee DG, Choi JH, Yoo JH, Kang JH, Shin WS,
Kang MW. (2003) Multiplex PCR for detection of genes encoding
aminoglycoside modifying enzymes and methicillin resistance
among Staphylococcus species. J Korean Med Sci. 18, 631-636.
DOI: 10.3346/jkms.2003.18.5.631

Clinical and Laboratory Standards Institute (CLSI) (2007) Performance
standards for antimicrobial susceptibility testing; 17th
informational supplement. CLSI Document M100-S17. Wayne,
PA.

Clinical and Laboratory Standards Institute (CLSI) (2012) Performance
standards for antimicrobial susceptibility testing; twenty-second
informational supplement. CLSI Document M100-S22. Wayne,
PA.

Clinical and Laboratory Standards Institute (CLSI) (2013) Performance
standard for antimicrobial susceptibility testing; twenty-third
informational supplement. CLSI Document M100-S23. Wayne,
PA.

Etlik Vet Mikrobiyol Derg,

https://vetkontrol.tarimorman.gov.tr/merkez

Cilt 33, Sayt 1, 2022, 50-55



Yilmaz M and Seker E. mecA, vanA and pvl genes in Staphylococcus aureus isolated from bovine mastitis 55

Clinical and Laboratory Standards Institute (CLSI) (2016) Performance
standards for antimicrobial susceptibility testing; twenty. CLSI
Document M100-S26. Wayne, PA.

Clinical and Laboratory Standards Institute (CLSI) (2017) Performance
standards for antimicrobial susceptibility testing; twenty. CLSI
Document M100-S27. Wayne, PA.

Cong Y, Yang S, Rao X (2020) Vancomycin resistant Staphylococcus
aureus infections: A review of case updating and clinical features.
J Adv Res. 21, 169-176. DOI: 10.1016/j.jare.2019.10.005

Darboe S, Dobreniecki S, Jarju S, Jallow M, Mohammed NI, Wathuo
M, Ceesay B, Tweed S, Basu Roy R, Okomo U, Kwambana-Adams
B, Antonio M, Bradbury RS, de Silva TI, Forrest K, Roca A, Lawal
BJ, Nwakanma D, Secka O. (2019) Prevalence of Panton-Valentine
Leukocidin (PVL) and antimicrobial resistance in community-
acquired clinical Staphylococcus aureus in an Urban Gambian
Hospital: A 11-year period retrospective pilot study. Front Cell
Infect Microbiol. 9, 170. DOI: 10.3389/fcimb.2019.00170

Dutka-Malen S, Evers S, Courvalin P. (1995) Detection of glycopeptide
resistance genotypes and identification to the species level of
clinically relevant Enterococci by PCR. J Clin Microbiol. 33, 24-27
(Erratum 33:1434). DOI: 10.1128/jcm.33.5.1434-1434.1995.

Dilger D, Ekici S, Albuz O, Pakdemirli A. (2020). Investigation of nasal
Staphylococcus aureus carriage in hospital employees and rapid
detection of PVL and mecA genes by RT-PCR. Etlik Vet Mikrobiyol
Derg. 31, 47-51. DOI: 10.35864/evmd.731631

Elias L, Balasubramanyam AS, Ayshpur OY, Mushtuk IU, Sheremet NO,
Gumeniuk VV, Musser JMB, Rogovskyy AS. (2020) Antimicrobial
susceptibility of Staphylococcus aureus, Streptococcus agalactiae,
and Escherichia coli isolated from mastitic dairy cattle in Ukraine.
Antibiotics. 9, 469. DOI:10.3390/antibiotics9080469

Foster TJ. (2017). Antibiotic resistance in Staphylococcus aureus.
Current status and future prospects. FEMS Microbiol Rev. 41,
430-449. DOI: 10.1093/femsre/fux007

Gezgen C, Seker E. (2016) Investigation of methicillin resistance
and Panton-Valentine leukocidin in staphylococci isolated from
bovine mastitis. Acta Sci Vet. 44, 1373. DOI: 10.22456/1679-
9216.81080

Guimardes FF, Manzi MP, Joaquim SF, Richini-Pereira VB, Langoni H.
(2017) Outbreak of methicillin-resistant Staphylococcus aureus
(MRSA)-associated mastitis in a closed dairy herd. J Dairy Sci.
100, 726-730. DOI: 10.3168/jds.2016-11700

Hasan R, Acharjee M, Noor R. (2016) Prevalence of vancomycin
resistant Staphylococcus aureus (VRSA) in methicillin resistant S.
aureus (MRSA) strains isolated from burn wound infections. Tzu
Chi Med J. 28, 49-53. DOI: 10.1016/j.tcm;j.2016.03.002

Hiramatsu K, Hanaki H, Ino T, Yabuta K, Oguri T, Tenover FC. (1997)
Methicillin-resistant Staphylococcus aureus clinical strain with
reduced vancomycin susceptibility. J Antimicrob Chemother. 40,
135-146. DOI: 10.1093/jac/40.1.135

Hogan JS. (1999) Laboratory handbook on bovine mastitis. Revised
edition. Madison, WI: National Mastitis Council Inc., p. 222.

Holt JG, Krieg NR, Sneath PHA, Staley JT, Williams ST. (2000) Bergey's
Manual of Determinative Bacteriology. Philadelphia: Lippincott
Williams and Wilkins, p. 787.

Hoque MN, Das ZC, Rahman ANMA, Haider MG, Islam MA. (2018)
Molecular characterization of Staphylococcus aureus strains in
bovine mastitis milk in Bangladesh. Int J Vet Sci Med. 6, 53-60.
DOI: 10.1016/j.ijvsm.2018.03.008

Igbinosa EO, Beshiru A, Akporehe LU, Ogofure AG. (2016) Detection of
methicillin-resistant Staphylococci isolated from food producing
animals: A public health implication. Vet Sci. 3, 14. DOI: 10.3390/
vetsci3030014.

Kakoullis L, Papachristodoulou E, Chra P, Panos G. (2021) Mechanisms
of antibiotic resistance in important Gram-positive and Gram-
negative pathogens and novel antibiotic solutions. Antibiotics.
10, 415. DOI: 10.3390/antibiotics10040415

Lina G, Piemont Y, Godail-Gamot F, Bes M, Peter M, Gauduchon V,
Vandenesch F, Etienne J. (1999) Involvement of Panton-Valentine

leukocidin-producing Staphylococcus aureus in primary skin
infections and pneumonia. Clin Infect Dis. 29, 1128-1132. DOI:
10.1086/313461.

Paji¢ MJ, Rasi¢ ZB, Velebit BM, Bobos F, Mihajlovi¢-Ukropina MM,
Radinovi¢ MZ, Galfi AL, Petkovi¢ JM, Trojacanec SI. (2014) The
prevalence of methicillin resistance and Panton-Valentine
leukocidin synthesis genes in Staphylococcus aureus isolates of
bovine and human origin. Vet Arhiv. 84, 205-214.

Papanikolaou A, Kotsifas K, Balis E. (2018) Community acquired
pneumonia due to Panton-Valentine leukocidin producing
methicillin resistant Staphylococcus aureus in Greece. Med Res
Arch. 6, 1-10.

Pehlivanoglu F, Yardimci H. (2012) Detection of methicillin and
vancomycin resistance in Staphylococcus strains isolated from
bovine milk samples with mastitis. Kafkas Univ Vet Fak Derg. 18:
849-855.

PuW, Su, LiJ, Li C, Yang Z, Deng H, Ni C. (2014) High incidence of
oxacillin-susceptible mecA-positive Staphylococcus aureus (OS-
MRSA) associated with bovine mastitis in China. PLoS One. 9,
€88134. DOI: 10.1371/journal.pone.0088134

Schalm OW, Carroll EJ, Jain NC. (1971) Bovine mastitis. Philadelphia:
Lea&Febiger, pp. 136-157.

Shrestha A, Bhattarai RK, Luitel H, Karki S, Basnet HB. (2021) Prevalence
of methicillin-resistant Staphylococcus aureus and pattern of
antimicrobial resistance in mastitis milk of cattle in Chitwan,
Nepal. BMC Vet Res. 17, 239. DOI: 10.1186/s12917-021-02942-6

Sievert DM, Rudrik JT, Patel JB, McDonald LC, Wilkins MJ, Hageman
JC. (2008) Vancomycin-resistant Staphylococcus aureus in the
United States, 2002-2006. Clin Infect Dis. 46, 668-674. DOI:
10.1086/527392

Strommenger B, Kettlitz C, Werner G, Witte W. (2003) Multiplex
PCR assay for simultaneous detection of nine clinically relevant
antibiotic resistance genes in Staphylococcus aureus. J Clin
Microbiol. 41, 4089-4094. DOI: 10.1128/JCM.41.9.4089-4094.2003

Szweda P, Schielmann M, Frankowska A, Kot B, Zalewska M. (2014)
Antibiotic resistance in Staphylococcus aureus strains isolated
from cows with mastitis in Eastern Poland and analysis of
susceptibility of resistant strains to alternative nonantibiotic
agents: lysostaphin, nisin and polymyxin B. J Vet Med Sci. 76, 355-
362. DOI: 10.1292/jvms.13-0177

Tel OY, Bayraktar M, Keskin O. (2012) Investigation of antibiotic
resistance among Staphylococcus aureus strains of human and
bovine origin. Ankara Univ Vet Fak Derg. 59, 191-196. DOI:
10.1501/Vetfak_0000002524

Tenhagen B-A, Koster G, Wallmann J, Heuwieser W. (2006) Prevalence
of mastitis pathogens and their resistance against antimicrobial
agents in dairy cows in Brandenburg, Germany. J Dairy Sci. 89,
2542-2551. DOI: 10.3168/jds.S0022-0302(06)72330-X

Turkyllmaz S, Tekbiyik S, Oryasin E, Bozdogan B. (2010) Molecular
epidemiology and antimicrobial resistance mechanisms of
methicillin-resistant Staphylococcus aureus isolated from bovine
milk. Zoonoses Public Health. 57, 197-203. DOI: 10.1111/j.1863-
2378.2009.01257.x

Wang D, Wang Z, Yan Z, Wu J, Ali T, Li J, Lv Y, Han B. (2015) Bovine
mastitis Staphylococcus aureus: Antibiotic susceptibility profile,
resistance genes and molecular typing of methicillin-resistant
and methicillin-sensitive strains in China. Infect Genet Evol. 31,
9-16. DOI: 10.1016/j.meegid.2014.12.039

Wu Q, Sabokroo N, Wang Y, Hashemian M, Karamollahi S, Kouhsari E
(2021) Systematic review and meta-analysis of the epidemiology
of vancomycin-resistance  Staphylococcus aureus isolates.
Antimicrob Resist Infect Control. 10, 101. DOI: 10.1186/s13756-
021-00967-y

Zecconi A, Cesaris L, Liandris E, Dapréd V, Piccinini R. (2006) Role
of several Staphylococcus aureus virulence factors on the
inflammatory response in bovine mammary gland. Microb
Pathog. 40, 177-183. DOI: 10.1016/j.micpath.2006.01.001

Etlik Vet Mikrobiyol Derg,

https://vetkontrol.tarimorman.gov.tr/merkez

Cilt 33, Sayt 1, 2022, 50-55



Etlik Vet Mikrobiyol Derg, 2022; 33 (1): 56-62
doi: https://doi.org/10.35864/evmd.1087584

Agents isolated from horses with respiratory system infection signs
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Abstract: In this study, it was aimed to isolate the agents and to determine the antibiotic susceptibility of the agents
by taking nasal swabs from horses with respiratory system problems. Nasal swab samples were taken from 30 horses
of different age groups with respiratory system symptoms in South Marmara Region. The samples were cultured
on Blood agar, MacConkey agar, Mycoplasma agar and, Sabouraud Dextrose agar. Colony morphology, gram
staining and biochemical tests were performed for identification. Disk diffusion method was used to determine the
antimicrobial susceptibility of the agents. Ten different microorganism species were isolated from nasal swabs taken
from horses of different ages with respiratory system problems. As a result of the biochemical tests, 9 Streptococcus
zooepidemicus (27.27%), 4 Staphylococcus aureus (12.12%), 4 Coagulase-negative staphylococci (CoNS) (12.12%),
4 Klebsiella pneumoniae (12.12%), 3 Pasteurella spp. (9.09%), 2 Streptococcus pyogenes (6.06%), 2 Bacillus spp.
(6.06%), 2 Corynebacterium spp. (6.06%), 2 Candida spp. (6.06%) and 1 Rhodococcus equi (3.03%) were identified.
The most Streptococcus zooepidemicus (27.27%) and the least Rhodococcus equi (3.03%) were identified from nasal
swab samples. The most sensitive antibiotic of the isolates was Amoxicillin / clavulanic acid (96.87%), and the most
resistant was Penicillin-G (18.75%).

Keywords: Antibiogram test, bacteria, fungi, horse, nasal swab, respiratory diseases

Solunum sistemi infeksiyon semptomlu atlardan izole edilen etkenler

Ozet: Bu calismada solunum sistemi sorunu olan atlardan nasal svaplar alinarak etkenlerin izolasyonu ve antibiyotik
duyarhliklarinin belirlenmesi amaclanmistir. Gliney Marmara Bolgesi‘nde solunum sistemi semptomlari olan farkli
yas gruplarindaki 30 attan nasal svap ornekleri alindi. Ornekler Blood agar, MacConkey agar, Mycoplasma agar
ve Sabouraud Dextrose agarda kiiltiire edildi. identifikasyon icin koloni morfolojisi incelemesi, gram boyama ve
biyokimyasal testler yapildi. Etkenlerin antimikrobiyal duyarliliklarini belirlemek icin disk diflizyon yontemi kullanildi.
Solunum sistemi sorunlari olan farkli yaslardaki atlardan alinan nasal svaplardan 10 farkli mikroorganizma tiiri izole
edildi. Biyokimyasal testler sonucunda 9 Streptococcus zooepidemicus (%27,27), 4 Staphylococcus aureus (%12,12),
4 Koagilaz negatif stafilokok (KNS) (%12,12), 4 Klebsiella pneumoniae (%12,12), 3 Pasteurella spp. (%9.09), 2
Streptococcus pyogenes (%6.06), 2 Bacillus spp. (%6.06), 2 Corynebacterium spp. (%6.06), 2 Candida spp. (%6.06) ve
1 Rhodococcus equi (%3.03) tespit edildi. Nasal svap orneklerinden en fazla Streptococcus zooepidemicus (%27.27)
ve en az Rhodococcus equi (%3.03) izole edildi. izolatlarin en duyarli oldugu antibiyotik Amoksisilin/klavulanik asit
(%96.87), en direncli oldugu ise Penisilin-G (%18.75) idi.

Anahtar Kelimeler: Antibiogram test, bacteria, fungi, horse, nasal swab, respiratory diseases

Introduction croflora that can grow further when stored or used
as feed or bedding (Carvallo et al. 2017). In addi-
tion, respiratory system infections are an important
cause of death in foals (Vitale et al. 2019). Generally,
viral and bacterial upper respiratory tract infections
occur in foals aged 1, inflammatory respiratory tract
disease and pleuropneumonia occur in race horses
aged 2 or more. Respiratory tract neoplasms gener-
ally occur in horses 5 years and older (Ainsworth et

Respiratory problems are among the most impor-
tant disorders that limit the athletic performance of
horses. For this reason, early detection of respira-
tory problems, adequate and appropriate treatment
is very important, especially in race horses, to maxi-
mize the chances of recovery, to reduce economic
losses and performance losses (Van Erck-Wester-
gren et al. 2013). Infectious agents cause clinical and

subclinical respiratory problems in horses. Environ-
mental factors play a very important role in the de-
velopment of respiratory diseases. Horses housed
indoors are exposed to high levels of organic dust,
including bacteria and fungi. Materials such as straw
and straw naturally contain an important native mi-

al. 2010).

Respiratory infection causes significant eco-
nomic losses, especially for young performance
horses (Dyson et al. 2008). Infectious diseases af-
fecting the upper and lower respiratory tract of
horses are common (Gilkerson et al. 2015). These
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are usually associated with pathogenic bacterial in-
vasions (Reuss and Giguere 2015), viral infections
(Singh et al. 2018), and rarely fungal agents (Stewart
and Cuming 2015). In respiratory system infections
in horses; Rhodococcus equi (R. equi), Streptococcus
equi subsp. equi (S. equi subsp. equi), Streptococcus
equi subsp. zooepidemicus (S. equi subsp. zooepi-
demicus), Staphylococcus aureus (S. aureus), Strep-
tococcus pneumoniae (S. pneumoniae), Pasteurella
spp., Actinobacillus spp., Escherichia coli (E. coli),
Klebsiella pneumoniae (K. pneumoniae), Bordetella
bronchiseptica (B. bronchiseptica) and Mycoplasma
spp. (Chapman et al. 2000; Christley et al. 2001;
Wood et al 2005; Couetil et al 2016; Kasap et al
2018; Pusterla et al 2020; Nehal et al. 2021) isolated.
S. equi subsp. zooepidemicus is a normal commensal
of healthy horses. However, it is an important op-
portunistic pathogen in respiratory tract infections
in foals and horses due to exercise, temperature,
transport or viral infections (Velineni et al. 2014).

Viral pathogens such as Equine herpes virus
(EHV), Equine Influenza (El), Equine Viral Arteritis
(EVA) and Equine Rhinovirus A (ERAV) and B (ERBV)
(Ainsworth and Cheetham 2010, Laing et al 2020)
and fungal pathogens such as Blastomyces spp., His-
toplasma spp., Cryptococcus spp., Coccidioides spp.
and Candida spp. are also important for the respi-
ratory system (Cordeiro et al. 2013; Stewart and Cu-
ming 2015). These agents may cause infection alone
or may cause mixed infection (Kulkarni et al. 2019).

Although clinical findings show differences,
exercise intolerance, cough, runny nose, fever, res-
piratory problems, increased respiratory effort, ge-
neral depression, anorexia, lethargy and weight loss
can be observed (Couetil et al. 2016).

Pneumonia cases in adult horses mostly deve-
lop as a result of bacteria aspirated from the en-
vironment, nose or oropharynx reaching the lower
respiratory tract and suppression of pulmonary
defense mechanisms. Numerous opportunistic pat-
hogens have been isolated in cases of pneumonia
in horses, and mixed aerobic and anaerobic bacteria
are present in many cases (Reuss and Giguere 2015).
In race horses, pneumonia most commonly occurs
in association with aerobic bacteria that form one or
more microflora of the upper respiratory tract mu-
cosa (Chapman et al. 2000). Opportunistic respira-
tory pathogens frequently isolated in cases of pneu-
monia are Streptococcus equi subsp. zooepidemicus,
Pasteurella spp. and Bordetella bronchiseptica, but
Pseudomonas aeruginosa and Escherichia coli are
also commonly detected in respiratory tract samp-
les (Fonseca et al 2020).

Although some fungal species are accepted
as primary agents of respiratory tract infections in
many mammals and the nasal cavity is important
for the colonization of fungal species, research on
mycotic agents in respiratory infections of horses is
limited. Candida spp., as an opportunistic pathogen,
causes many infections in adult horses and foals (Ri-
ley et al. 1992; Reilly and Palmer 1994; Stewart and
Cuming 2015, Dauvillier atl al 2018).

Cytological examination of respiratory tract
samples and bacterial culture are useful and reliable
methods for diagnosing these infections, determi-
ning their etiology and determining the appropriate
antibiotic treatment (Sweeney et al. 2005; Reuss and
Giguere 2015). It is important to correctly identify
and diagnose bacterial respiratory tract infections.
Because correct and effective treatment can be
performed by using antimicrobials suitable for the
agents isolated and identified according to the la-
boratory results (Wilson 2001; Morley et al. 2005;
Bowen 2013).

In cases where respiratory system infections are
suspected in horses, agent isolation and antibiog-
ram tests are generally not used. Empirical therapy
is usually initiated when a bacterial infection is sus-
pected (Christley et al. 2000). Empirical treatment
may cause deterioration of prognosis, increase in
clinical findings and antibiotic resistance. It is very
important to perform antibiogram tests in respira-
tory system infections of horses in order to obtain
more successful results from the treatment. Proper
selection of antibiotics; It shortens the treatment
time and provides a good prognosis. It also reduces
the cost of treatment and prevents antibiotic resis-
tance that will occur as a result of unnecessary an-
tibiotic use.

The aim of this study is to isolate bacterial and
fungal agents from nasal swabs taken from horses
showing signs of respiratory system infection and to
determine the antibiogram sensitivity of the isola-
ted bacterial agents.

Material and Methods

Samples

Thirty nasal swab samples were taken from 30 race
horses aged 3 months to 4 years with clinical findin-
gs such as nasal discharge, anorexia and cough. Na-
sal swabs were advanced deeply (> 30 cm) into the
ventral nasal concha. Swabs were placed into a se-
mi-solid Amies transport medium. Swabs were de-
livered to the laboratory by providing a cold chain.
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Bacteriological examination

Nasal swaps were incubated in nutrient broth (Oxo-
id, CM0001B) at 37°C for 8-12 hours under aero-
bic conditions (Broux et al. 2016; Espindola et al.
2022). Blood Agar No.2 with 5% defibrinated sheep
blood (Oxoid, CM0271), MacConkey Agar (Oxoid,
CMO0007), Mycoplasma Agar (Oxoid, CM0401) were
used for bacterial isolations. Samples were incuba-
ted at 37°C for 1-5 days under microaerophilic and
aerobic conditions. Growing colonies were exami-
ned according to colony morphology and hemoly-
sis characteristics. In addition, Gram staining was
performed and evaluated according to their stai-
ning properties and microscopic morphology. Pure
cultures were prepared and identified by routine
biochemical tests. Biochemical tests for oxidation/
fermentation, coagulase, catalase, cytochrome oxi-
dase, urease and indole production were applied
for identification. Bile solubility and optochin sus-
ceptibility tests were performed to identify S. pneu-
moniae. Trehalose and Sorbitol utilization tests were
performed to distinguish among S. equi and S. zo-
oepidemicus. Colonies suspected to be R. equi were
subcultured and identified by colony morphology,
Gram stain, biochemical tests and CAMP test. Bacte-
rial identification was performed using standard API
20E (REF 20160), API20 NE (REF 20050), API Staph
(REF 20500), API Strep (REF 20600), APl Coryne kits
(REF 20600) (BioMerieux).

Fungal examination

All samples were cultured on Sabouraud dextrose
agar with Chloramphenicol (Oxoid, CM41). It was
incubated at 25°C for 2-4 weeks. In addition, Brain
heart infusion agar (Oxoid, CM1136B) containing
0.05 mg/ml of Chloramphenicol (Oxoid, SR0078)
and Cycloheximide (1%) (Oxoid, SR0222C) was used.
Cultures were incubated at 37°C for 2-4 weeks and
examined every 3 days for the presence of fungal
organisms.

Fungal colonies were evaluated according to
their macroscopic properties. The shape, texture
and color of fungal colonies in SDA and BHIA were
examined In addition, the microscopic properties
of were stained with lactophenol cotton blue.
Fungal colonies were identified according to their
macroscopic and microscopic features.

Antibiogram test

Kirby-Bauer Disk Diffusion were used to determine
antibacterial susceptibility. It was performed on
Mueller-Hinton agar using the standard disk
diffusion method, equivalent to the 0.5 McFarland
turbidity standard. Testing and evaluation were done

according to the recommendations of the Clinical
Laboratory Standards Institute (CLSI) (Anonymous
2002; CLSI 2017).

Commercially available antibiotic discs (Oxo-
id) were used in the study. These discs; Gentamicin
(10mpg), Cephazolin (30 mpg), Erythromycin (10
mug), Oxytetracycline (30 mug), Streptomycin (10
mug), Amoxycilin / Clavulanic acid (30 mpg), En-
rofloxacin (5 mpg), Penicillin-G (10 U), Ampicillin /
Sulbactam (30 mug) and Trimethoprim / Sulfamet-
hoxazole (25 mug).

All collected clinical samples were inoculated
into the brain hearth infusion broth and incubated
at 37°C until the turbidity reached the 0.5 McFar-
lands standard. The inoculum was spread over the
entire surface of the medium of Mueller-Hilton agar
with a drigalski spatula and left for 10-15 minutes.
Antibiotic discs were placed under aseptic conditi-
ons using sterile forceps. Plates were then incubated
at 37°C for 14-18 hours. After incubation, inhibition
zone diameters were measured in millimeters and
standard zone diameters were compared with the
standards specified by the “Clinical and Laboratory
Standards Institute (CLSI)” and evaluated as “sus-
ceptible” or "resistant” according to results.

Results
Bacterial isolation and identification

As a result of the examination performed from na-
sal swabs taken from 30 horses between 3 months
and 4 years of age, showing signs of nasal discharge
and cough, 9 different bacterial species and 1 yeast
species were isolated (Table 1). Two different bac-
teria were isolated as mixed culture from two na-
sal swabs, and one species of bacteria was isolated
from 28 as pure culture.

Table 1. Bacterial and fungal species isolated from nasal
swabs

Microorganism .Number of
isolates (%)
S. equi subsp. zooepidemicus 9 (26.47)
Coagulase-negative staphylococci (CoNS) 5(14.70)
S. aureus 4 (11.76)
Klebsiella pneumoniae 4 (11.76)
Pasteurella spp. 3(8.82)
Bacillus spp. 2 (5.88)
S. pyogenes 2 (5.88)
Corynebacterium spp. 2 (5.88)
R. equi 1(2.94)
Candida spp. 2 (5.88)
Total 34 (100)
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The distribution of isolated factors according to
age groups is presented in Table 2.

R. equi was isolated from a 4 month old foal.
Fifteen different agents were isolated from the fo-
als in the 3-12 months age group, and 18 different
agents were isolated from the horses and foals in
the 2-4 age group. More species of bacteria have
been isolated from horses and foals over 2 years of
age. Candida spp. was isolated from animals aged
2-4 years.

The distribution of isolated agents by age
groups is presented in Table 2.

Table 2. Distribution of isolated agents by age groups.

Age Number of

Antibiogram test

Amoxycilin / Clavulanic acid and Ampicillin / Sulba-
ctam were determined as the antibiotics to which
the agents were most sensitive, Penicillin-G was the
antibiotic to which the isolated agents were most
resistant. The results are shown in Table 3.

Streptococcus spp. was found to be highly
sensitive to Amoxycilin / Clavulanic acid (30 mpg),
Ampicillin / Sulbactam (30 mug) and Trimethoprim
/ Sulfamethoxazole (25 mug). Staphylococcus spp.
was more sensitive to Amoxycilin / Clavulanic acid
(30 mpg), Ampicillin / Sulbactam (30 mug) and En-
rofloxacin (5 mug).Other isolated agents were ge-
nerally susceptible to Amoxycilin / Clavulanic acid
and Ampicillin / Sulbactam. The results are shown

Groups Species isolates Total in Table 4.
S. equi subsp. zooepidemicus 2
3.6 S. aureus 1 Table 3. Antibiotic sensitivity/resistance of agents
months C0agulase-negative Staphylococci 2 7 Antibiotic Sensitivity (%) Resistance (%)
Pasteurella spp. 1 —
R. equi 1 Amoxycilin/ 96.87 312
< b — 5 Clavulanic acid ’ ’
. equi subsp. zooepidemicus o
S. aureus 1 éthE)lcmm/ 93.75 6.25
6-12 Coagulase-negative Staphylococci 3 9 u actam )
months Klebsiella pneumoniae 1 Trimethoprim/ 87.50 12.50
Bacillus spp. 1 Sulfamethoxazole : ’
Corynebacterium spp. 1 Enrofloksasin 84.37 15.62
S. equi subsp. zooepidemicus 5 Oxytetracycline 8437 15.62
S. aureus 2 ;
Klebsiella pneumoniae 3 Cephazolin 65.62 34.37
2-4  Pasteurella spp. 2 18 Gentamisin 53.12 46.87
years Bacillus spp. 1 .
S. pyogenes 2 Erythromycin 37.50 62.50
Corynebacterium spp. 1 Streptomycin 34.37 65.62
Candida spp. 2 .
ep Penisilin-G 18.75 81.25
Table 4. Antibiotic susceptibility of isolated bacterial strains
Antibioti Sen_s itivity-S / S. equi S. Coagtflase Klebsiella  Pasteurella Bacillus S. Corynebacterium .
ntibiotic Resistance R subsp. negative . R. equi
%) zooepidemicus aureus Staphylococci pneumoniae spp. spp. pyogenes spp.
Gentamisin S/R 66.66/33.33 25/75 80/20 50/50 66.66/33.33 50/50 0/100 50/50 0/100
Cephazolin S/R 44.44/55.55 75/25 100/0 75/25 33.33/66.66 100/0  0/100 100/0 100/0
Erythromycin S/R 11.11/88.88  50/50 80/20 25/75 33.33/66.66 50/50 0/100 100/0 0/100
Oxytetracycline  S/R 77.77/22.22  75/25 100/0 75/25 100/0 50/50 100/0 100/0 100/0
Streptomycin S/R 2222 /77.77  25/75 60/40 25/75 33.33/66.66 50/50 50/50 50/50 0/100
Amoxycilin/
Clavulanic acid S/R 88.88/11.11 100/0 100/0 100/0 100/0 100/0  100/0 100/0 100/0
Enrofloksasin S/R 66.66/33.33 100/0 100/0 75/25 100/0 100/0  50/50 100/0 100/0
Penisilin-G S/R 0/100 25/75 20/80 25/75 33.33/66.66 50/50 0/100 50/50 0/100
Ampicillin/
Sulbactam S/R 88.88/11.11 100/0 100/0 100/0 100/0 100/0  50/50 100/0 100/0
Trimethoprim/ ¢ 88.88/11.11  75/25 100/0 75/25 100/0 100/0  100/0  50/50 100/0

Sulfamethoxazole
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Discussion and conclusion

Respiratory diseases have been reported to be
among the most common diseases in horse bre-
eding in countries around the world (Sharma et al
2017; Kasap et al 2018; Vitale et al 2019). In particu-
lar, unsuitable shelter conditions, crowded environ-
ments and unfavorable climatic conditions increase
the exposure of horses to different respiratory pat-
hogens (Wood et al 2005).

S. zooepidemicus, S. aureus, S. pneumoniae, Pas-
teurella spp., Actinobacillus spp., E. coli, K. pneumo-
nia, B. bronchiseptica and Enterobacter spp. are the
most isolated bacterial respiratory pathogens from
horses. Str. zooepidemicus is the most frequently
isolated bacteria (Chapman et al 2000; Bianchi et al
2018; Kasap at al 2018; Preziuso et al 2019; Bianc-
hi et al 2020). In a study conducted by Broux et al
(2016), nasal swaps taken from 103 horses showing
signs of respiratory system infection were found to
be 30% S. equi subsp. zooepidemicus has been iso-
lated (Broux et al. 2016). In a study of racehorses
with pleuropneumonia, bronchopneumonia, embo-
lic pneumonia and pleuritis, S. equi subsp. zooepide-
micus 72%, Pasteurella spp. 5%, Klebsiella spp. and
Staphylococcus spp. 4% were isolated. (Carvallo et al.
2017). In nasopharyngeal swabs taken from horses
with acute respiratory problems, 45.7% coagulase
negative Staphylococcus spp., 18.5% S. equi subsp.
zooepidemicus and 3.3% coagulase positive Staphy-
lococcus spp. were isolated (Carman et al. 1997). S.
equi subsp. zooepidemicus is an opportunistic pat-
hogen of the upper respiratory tract. (Christley et
al 2001; Pusterla et al 2020 ). In another study, R.
equi was isolated in 10 of nasal swap samples taken
from 1010 horses (Gressler et al 2018). In a study
conducted by Fonseca et al (2020), the highest
rate of isolated S. zooepidemicus was 22.9%. Other
agents isolated from the upper respiratory tract of
horses were found as S. equi (14.1%), E coli (17.5%),
coagulase-negative staphylococci (17.3%), respecti-
vely. Bianchi et al. (2018) examined 50 lungs with
bronchopneumonia and identified S. zooepidemicus
in 21 of them. S. zooepidemicus (27.4%) and E. coli
(15.6%) were isolated primarily from racehorses with
lower respiratory tract disorders (Kasap et al. 2018).
In our study, S. zooepidemicus was the agent with
the highest rate with 27.27%, and then, coagulase
negative Staphylococcus spp., Klebsiella spp. and S.
aureus were isolated in 12.12%.

The agents and isolation rates in our study were
similar to those in other studies. R. equi is one of
the most important causes of pneumonia in foals

between 1 and 6 months of age. R. equi infection is
usually characterized by an acute respiratory prob-
lem in foals followed by death within a few hours or
days. Therefore, accurate and early diagnosis of R.
equi infection is important. In a study conducted in
northern Brazil, R. equi was detected in all cases of
pyogranulomatous pneumonia in young foals. (Bi-
anci et al. 2020).

In a study, it was reported that Candida spp.
was isolated from 35 nasal swabs from 97 horses
(Cordeiro et al. 2013). Penicillium spp. (53%), Asper-
gillus spp. (34%), Rhizomucor spp. (5%), and Candida
spp. (5%) were isolated from horses with respiratory
infection (Dauvillier et al. 2019). In this study, only
2 Candida spp. (6.06%) were isolated. It has been
reported that fungal spores in stored hay, which are
used as feed and bedding in respiratory system in-
fections, may cause mycotic respiratory infections in
horses by alveolar inhalation. Fungal agents in the
respiratory system can have infective, toxic, allergic
or a combination of all three effects (Dauvillier et al.
2019).

In a study examining the antibacterial suscepti-
bilities of agents isolated in respiratory system infe-
ctions in horses, it was reported that Staphylococcus
spp. was sensitive to Ceftifour, Enrofloxacin, Genta-
micin and Tetracyclines at a rate of 81.5% to 97.5%,
and to Penicillin at a lower rate (57.1%). Streptococ-
cus spp. isolated in the study was found to be sus-
ceptible to Ceftifour, Enrofloxacin, Gentamicin and
Penicillin at a rate of 80% -97% and Tetracycline at a
rate of 59% (Toombs-Ruane et al. 2015). In a study,
R. equi was found to be sensitive to streptomycin,
erythromycin, neomycin, norfloxacin, amoxicillin
and sulfadiazine. It was determined that the isolated
Staphylococcus species were sensitive to ampicil-
lin, amoxicillin, neomycin, doxycycline, gentamicin,
oxytetracycline erythromycin and streactomycin
(Sharma et al., 2017). In another study, all isolates
of B-hemolytic, group C Streptococci were found
susceptible to Ceftiofur and Erythromycin, but es-
pecially lower respiratory tract sample isolates were
found resistant to Tetracycline (S. equi subsp. zoo-
epidemicus more than 90% and S. equi subsp. equi
66.7%) (Fonseca et al. 2020). It was determined that
all S. zooepidemicus (100%) were susceptible to ce-
fotaxime, meropenem and doxycycline.

In our study, similar results were obtained with
other studies. Our isolates were highly susceptible
to Amoxycilin / Clavulanic acid, Ampicillin / Sulbac-
tam, Trimethoprim / Sulfamethoxazole, Enrofloxacin
and Oxytetracycline. Tetracyclines are recommen-
ded as alternative agents for the treatment of upper
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respiratory tract infections in horses (British Equine
Veterinary 2016). In this study, we found oxytetra-
cycline effective.

The use of antibiotics for the treatment of res-
piratory infections in horses remains controversial.
Studies on effective and correct use of antibiotics in
respiratory system infections of horses are not suf-
ficient. There is a need for prospective studies that
monitor horses with and without antibiotic therapy.
Antibiotic resistance is quite common in bacterial
agents of infectious respiratory infections in horses.
In addition, it can have serious effects such as hig-
her morbidity and mortality due to treatment failure
and increase treatment costs. In recent years, empi-
rical and inexpensive antibiotic application studies
in respiratory system infections in horses have led
to the development of resistance against the antibi-
otics used, prolonging the treatment and increasing
the cost. In order to prevent these negative results,
it will be more appropriate to isolate your agent and
perform an antibiogram test.

Respiratory system infections cause serious
performance losses especially in race horses. The
causative agents of infection should be identified
correctly. In addition, accurate and effective antibio-
tics should be determined for the agent isolated by
antibiotic susceptibility tests. Incorrect and ineffe-
ctive antibiotic administration adversely affects the
prognosis of infection in horses and causes perfor-
mance losses. In addition, it causes the progression
of the infection and prolongation of the treatment
period by causing antibiotic resistance. By taking a
nasal swab, rapid agent identification can be done
without causing pain to the animal and without the
need for anesthesia.

Financial Resource: During this study, any pharma-
ceutical company that has a direct connection with
the subject of the research, a company that provides
and/or produces medical instruments, equipment
and materials, or any commercial company, or any
moral support.

Ethical statement: This study is not subject to HA-
DYEK permission according to Article 8 (k) of the
“Regulation on the Working Procedures and Prin-
ciples of Animal Experiments Ethical Committees”.
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Diivelerde vajinal akintilarin bakteriyolojik degerlendirilmesi
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Ozet: ineklerde reprodiiktif bozukluklar, tireme verimliliginin azalmasinin ana belirleyici faktériidir. Diinyada
oldugu gibi Ulkemizde de sit Gretimindeki ekonomik kayiplarin en 6nemli nedeni Greme sistemi enfeksiyonlaridir.
Enfeksiyon kaynakl infertilitenin buyik bir bélimine bakteriyel etkenler neden olur. Bu ¢alisma, 56 adet Holstein
irki diivede 3 grup halinde yurattlmastir. Grup I; bulanik ve irinli cara akintisi olan 12 (%21.4) diive, Grup II; repeat
breeder (dol tutmayan) 9 (%16,1) diive, Grup Ill; normal cara akintisi gériilen tohumlama yapilmamis 35 (% 62,5)
diveden olusmaktadir. Calisma gruplarinda divelerin vajinasinda kolonize olan bakterileri tespit etmek ve baskin
bakteri gruplarinda antibiyotik duyarliligini belirlemek amaclanmaktadir. Calisma gruplarina dahil diivelerin vajinal
akintilardan 82 bakteri tespit edilmistir. Yirmialti (%31,7) Escherichia col (E. coli), 10 (%12.2) Staphylococcus aureus
(S. aureus), 9 (% 11.1) Streptococcus uberis (S. uberis), 7 (%8,5) Staphylococcus epidermidis (S. epidermidis), 5 (%6,1)
Stenotrophomonas maltophilia (S. maltophilia) ve 10 (% 30,4) farkl bakteri izole edilmistir. ineklerde infertiliteye
neden olan, E. coli, S. aureus, S. uberis, S. epidermidis ve S. maltophilia etkenlerine karsi 8 antibiyotigin duyarlilig
antibiyogramla incelenmistir. Sonug olarak, divelerden izole edilen bakteriler gruplar arasinda farklilik gosterse de
en baskin etkenin Escherichia coli oldugu ve Escherichia coli'ye karsi gentamisin ve seftiofur'un %100 etki gosterdigi
belirlenmistir.

Anahtar kelimeler: Antibiyogram, Bakteri, Dive, Reprodiiktif bozukluk.

Bacteriological evaluation of vaginal discharges in heifers

Abstract: Reproductive disorders in cows are the main determinant of reduced reproductive efficiency. Reproductive
system infections are the most important cause of economic losses in milk production in our country as in the world.
Bacterial agents are responsible for most of the infection-induced infertility. This study was carried out in 3 groups
of 56 Holstein heifers. The groups as follows; Group 1: 12 (21.4%) heifers with turbid and purulent cherries, Group
lI: repeat breeder (non-breeding) 9 (16.1%) heifers, Group IlI; 35 inseminated (62.5%) heifers with normal chervil
discharge. It is aimed to detect the bacteria colonized the vagina of heifers in the study groups and to determine
the antibiotic susceptibility in the dominant bacterial groups. Eighty-two bacteria were determined from the vaginal
discharges of the heifers included in the study groups. Twenty-six (31.7%) Escherichia coli, 10 (12.2%) Staphylococcus
aureus, 9 (11.1%) Streptococcus uberis, 7 (8.5%) Staphylococcus epidermidis, 5 (6.1%) Stenotrophomonas maltophilia,
and 10 (30.4%) different bacteria were isolated. Susceptibility of 8 antibiotics against Escherchia coli, Staphylococcus
aureus, Streptococcus uberis, Staphylococcus epidermidis and Stenotrophomonas maltophilia causing fertility in cows,
were examined by antibiogram. As a result, although the bacteria isolated from heifers differed among the groups,
it was determined that Escherichia coli was the most dominant bacteria and gentamicin and ceftiofur exhibited 100%
antibacterial effect against Escherichia coli.

Keywords: Antibiogram, Bacteria, Heifer, Reproductive disorder.

Giris
bik ve zorunlu anaerobik mikroorganizmalarin bir

Ureme sistemi problemleri ve infertilite, siit inegi - : ] Sl
kombinasyonundan olusan dengeli ve dinamik bir

yetistiriciliginin ekonomik kayip olusturan problem-

lerinin basinda gelmektedir (LeBlanc ve ark., 2002;
Amiridis ve ark., 2003). Ureme sistemi mikrobiyal
kompozisyonunun Ureme sisteminin sagligi ve in-
fertiliteyle iligkisi oldugu bildirilmistir (Penna ve ark.,
2013). Saglikh ineklerin vajinal mukozasina kolonize
olan yerel mikrobiyota; Gram pozitif koklar, basiller,
Enterobacteriaceae dahil aerobik, fakiltatif anaero-

ekosistemdir.

Bu mikrobiyotayi olusturan sistem; fizyolojik,
immunolojik, beslenme, hormonal degisim ve te-
davi gibi faktorlerle degisebilmektedir (Nader ve
Otero, 2009). Bu degisimlere bagh olarak, patojenik
bakterilerin, Greme sistemi enfeksiyonlarinin patoje-
nezinde de roll bircok calismada ortaya konmustur

Yazisma adresi / Correspondence: Elcin Giinaydin, Kastamonu Universitesi, Veteriner Fakiiltesi, Mikrobiyoloji Anabilim Dali,

Kastamonu, Tiirkiye

e-posta: elcingunaydin@kastamonu.edu.tr

ORCID IDs of the authors: "0000-0002-5247-7578 «20000-0003-4331-9698


https://doi.org/10.35864/evmd.1071307
https://orcid.org/0000-0002-5247-7578
https://orcid.org/0000-0003-4331-9698

64 Glinaydwn E ve Goncagiil G. Diivelerde vajinal akintilarin bakteriyolojik degerlendirilmesi

(Sheldon ve ark., 2002; Sheldon ve Dobson, 2004;
Williams ve ark., 2005; Santos ve ark., 2010). Patoje-
nik bakteriler, 6zellikle anovulasyona aracilik ederek,
gelismekte olan oositlerin déllenmesini dnlemekte
veya normal gelismeyi engelleyerek dogurganli-
g1 olumsuz etkilemektedirler (Gilbert, 2019). Hatta
gorunilste saglikli cinsel organi olan, ¢ veya daha
fazla tohumlamada gebe kalamayan ancak normal
kizginlk déngleri sergileyen (Repeat Breeder) bir
divede bile spesifik olmayan enfeksiyoz ajanlar ta-
rafindan olusturulan enfeksiyon kaynakli Greme sis-
temi sorunlari olusabilemektedir (Sharma ve ark.,
1988; Singh ve ark., 1996; Arun ve Umesh, 2009;
Bhat ve ark., 2014 ). Etiyolojik olarak multifaktoriyel
etiyolojisi olan repeat breeder olgularinda patojenik
veya non-patojenik bakteriler; 6zellikle uterus yan-
gilanmalarina buna bagli olarak endometriumda
histolojik degisikliklere, yumurta kanalinin tikanma-
sina neden olmaktadir. Béylece spermatozoonun ta-
sinmasinda olumsuzluklar olusmakta veya spermin
bakteriyel toksinlerle dlimiyle fertilizasyon etkilen-
mektedir (ElI-Khadrawy ve ark., 2011; Bhat ve ark.,
2014). Yerel mikrobiyotanin cogalmasindan kaynak-
lanan bolgesel eritem, prulent vajinal akintiile Greme
sisteminin homeostazinin bozulmasi sonucu tdreme
performansinin blylk olctide azaldigi belirtilmistir
(Sheldon ve ark., 2006; Martins ve ark., 2009).

Vajinal mikrobiyal kompozisyon, hem hayvan-
larda hem de kadinlarda Greme sistemi saghgi ve
dogurganlikla iliskilendirilip, genis capta calisiimis-
tir (Vitali ve ark., 2012; Penna ark., 2013; Lorenzen
ve ark., 2015). infertilitenin etiyolojik ajanlari olarak
bakterilerin dnemi bilinmektedir. Normalde saglikli
ineklerin vajinasinda bakteri florasi vardir ancak bak-
teri poptlasyonu savunma mekanizmasi tarafindan
sinirlar icinde tutulur. Ureme sistemi icerisinde en
yaygin izole edilen bakteriler koliform grubu 6zel-
likle E. coli, Gram pozitif koklar, esas olarak Stap-
hylococcus spp. ve Streptococcus spp.’ dir (Sargison
ve ark., 2007). Bu ajanlar vajina ve serviksten veya
kan dolasimiyla uterusa ulasarak enfeksiyon kaynagi
olabilirler (Sheldon ve Owens, 2018; Helfrich ve ark.,
2020).

Bu calismanin amaci, Greme problemi olan ve
saglikli diivelerin vajinal akintilarinda bakteriyel po-
pulasyondaki degisiklikleri belirlemek ve izole edilen
dominant bakteri gruplarinda antibiyotik duyarliligi-
ni belirlemektir.

Gere¢ Yontem
Calisma gruplan

Bu calismada, Orta Karadeniz Bblgesi'nde 56 Hols-
tein irki diive klinik gézlemler sonrasinda gruplara
ayrilarak incelenmistir. Grup1; bulanik ve irinli cara
akintisi olan 12 diive (%21,4), Grup 2; repeat breeder
9 (%16,1) diive, Grup 3; normal cara akintisi gorilen
tohumlama yapilmamis 35 (% 62,5) diive olmak lize-
re 3 calisma grubu olusturuldu.

Vajinal Ornekleme

Divelerden 6rnekleme yapilmadan 6nce, kontami-
nasyonu engellemek igin kuyruk yukari kaldirhp,
dis genital bdlgede vulva dudaklari ve rima vulva
benzalkonyum hidrokloriir (Zefirolum®, Kimpa, is-
tanbul) ile temizlendi. Ardindan steril bir havlu ile
kurulandi. Sonra aralanan vulva dudaklari arasindan
ayni kisi tarafindan vajinanin arka kismindan steril
striintd ile 6rnekler alindi. Alinan siriintl 6rnekleri
Fluid Thioglycollate Medium (BBL; 221196) bulunan
tlpler icerisine alinarak soguk kosullar altinda labo-
ratuvara ulastirildi.

Bakteriyolojik Muayene

Fluid Thioglycollate Medium (BBL; 221196) icerisin-
de bulunan suriinti 6rnekleri 37°C'de 24 saat inkiibe
edildi. Daha sonra EMB agarda (Eosin-Methylenb-
lue-Laktoz-Sakaroz, BBL; 221355) ve kanl agarda
(BBL; 297876) izolasyon calismasi gerceklestirildi.
Genel bakteriyolojik incelemeler igin, agarlar aerobik
kosullarda, 37°C'de 24 saat inkiibe edildi. Ureyen ko-
loniler, koloni morfolojisi ve Gram boyama 6zellikle-
rine gore degerlendirildi. Bakteriyel izolasyon calis-
malari sonucunda elde edilen saf kiltirlerin iden-
tifikasyonu, BBL kristal (Becton-Dickinson, Sparks,
USA) Gram pozitif ve Gram negatif ID sistem kitleri
ve bilgisayar programi kullanilarak gerceklestirildi.

Antibiyotik Duyarlilik Testi

Antimikrobiyal duyarlilik, Mueller Hinton Agar kul-
lanilarak, disk diflizyon yontemiyle test edildi. Anti-
biyogramda kullanilan antibiyotik diskleri; penicillin
(P) (10U; Oxoid), eritromisin (E) (30pg; Oxoid), amok-
sisilin/klavulonikasit (AMC) (30pug, Oxoid), gentami-
sin (CN) (10ug; Oxoid), tetrasiklin (TE) (30ug; Oxoid),
seftiofur (EFT) (30pug; Oxoid), enrofloksasin (ENR)
(5ug; Oxoid), sulfometoksazol/trimetoprim (SXT)
(25 pg; Oxoid)dir. Antibiyotik duyarlilik testi, her bir
bakteri icin, Mueller Hinton agar (Oxoid®; 0337) be-
siyeri ylizeyine 0,5 McFarland diizeyinde bakteri sls-
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pansiyonu yayildiktan sonra ilgili 8 antibiyotik diski 2
petri kabina paylastirilarak disk diffiizyon yontemiy-
le gergeklestirildi. Bu calismada test edilen suslar,
inhibisyon zon ¢apina gore direngli (R) , orta duyarli
(I) ve duyarli(S) olarak kaydedildi (CLSI, 2015).

Bulgular

GCalisma gruplarindan Grup1-3'de toplanan &rnek-
lerden bakteri izolasyonu su sekildedir: Bulanik ve
irinli cara akintisi olan 12 (Grup ) diivenin tamamin-
da E. coli (%100), 6 dlivede S. uberis (%50), 8 divede
S. aureus (%66.66), 2 dlivede S. maltophilia (%16,66)
izole edildi. Bu grupta yer alan 12 dive igerisinde
mix kulttr seklinde Acinetobacter iwoffii, (A. iwoffii),
Klebsiella oxytoca (K. oxytoca), Pasteurella multocida
(P multocida), S. epidermidis, Pseudomonas aerugi-
nosa (P aeruginosa) izole edildi.

Repeat breeder 9 (Grup Il) diivenin, 8'sinde E.
coli (%88,88), 5'inde S. epidermidis (%55,55), 4'linde
S. maltophilia (%44,44) izole edildi. Dokuz repeat
breeder diiveden Ustte bulunan etkenlerle birlikte
miks kiltlr olarak, 3'Unde S. uberis, K. oxytoca, P,
multocida (%33,33), 2'sinde S. aureus, A. iwoffii, Cor-
ynebacterium pseudomonastuberculosis (C. pseudo-
monastuberculosis), Corynebacterium bovis (C. bovis)
(%22,22) izole edildi.

Tablo 1. Duvelerin vajinasinda kolonize olan bakteriler.

Normal cara akintisi goérilen tohumlama ya-
piimamisg 35 (Grup Ill) divenin ise; 6'sinda E. coli
(%17,14), 4'inde Bacillus megaterium (B. megateri-
um), 2'sinde Morganella morganii (M. morganii) ve
Sphingomonas paucimobilis (S. paucimobilis) 1'inde
ise S. epidermidis izole edildi.

Calismaya dahil edilen gruplardan alinan nu-
munelerde, Grup | ve Grup II'nin %100’'inde, Grup
IlI'te ise, 12 divede %34,28 bakteriyolojik tGreme
saptandi. Tim gruplarda izole edilen bakteriler Tab-
lo 1'de listelendi.

Antimikrobiyal duyarlilik testi sonucunda, S.
aureus'ta test edilen 8 antibiyotikten penisilin ve
tetrasikline karsi goze carpan bir direng (%100) sap-
tandi (Tablo 2). Calismamizda dominant izolat olarak
saptanan E. coli'nin (%31,7) test edilen antibiyotik-
lere karsi duyarllik profili; gentamisin ve seftiofur
(%100), amoksisilin/klavulonikasit (%96,2), eritro-
misin, enrofloksasin ve sulfometoksazol/trimetop-
rim (%92,31), tetrasiklin (% 88,46) olarak belirlendi.
S. uberis izolatlan penisiline, amoksisilin/klavuloni-
kasite, seftiofura ve sulfometoksazol/trimetoprime
(%100) duyarh bulundu. S. epidermidis izolatlarinin
sadece seftiofura direngli, diger 7 antibiyotikten
4'ine %100 duyarli oldugu belirlendi. S. maltophilia
izolatlarinin ise test edilen 8 antibiyotikten hicbirine
duyarli olmadigi saptandi (Tablo 2).

Bakteriler

izolasyon sayisi izolasyon orani (%)

Escherichia coli

Streptococcus uberis
Staphylococcus aureus
Acinetobacter Iwoffii

Klebsiella oxytoca
Stenotrophomonas maltophilia
Corynebacterium pseudomonastuberculosis
Bacillus megaterium
Morganella morganii
Pasteurella multocida
Staphylococcus epidermidis
Corynebacterium bovis
Pseudomonas aeruginosa
Sphingomonas paucimobilis

TOPLAM

26 31,7
9 11,1

-
o

12,2
3,7
49
73
2,4
49
2,4
49
8,5
2,4

N NN DA DO W

1 1.2
2 24
82 100
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Tablo 2. Antibiyogram sonuglari.

izole Edilen Bakteri isimleri ve ANTIBIYOTIK
Sayisi P E AMC CN TE EFT ENR  SXT
+ 24 25 26 23 26 24 24
E.coli (n=26) ¥ 4 2 1 3 2 2
o 22
+ 8 10 10 7 9
Staphylococcus aureus (n=10) ¥ 2 10 3 1
(S] 10 10
+ 9 9 2 9 8 9
Streptococcus uberis (n=9) ¥ 2 1 3 1
© 7 8 4
+ 7 6 7 7 7 4 6
Staphylococcus epidermidis (n=7) ¥ 1 7 2 1
] 1
+ 4 3 1 4 3
Stenotrophomonas maltophilia (n=5) ¥ 1 2 3 2 1 5 1
© 1 3 4 1 1

+ Duyarli, ¥: Orta Duyarl, ©: Direncli, P: Penisillin E: Eritromisin AMC: Amoksisilin/Klavulonikasit, CN: Gentamisin, TE: Tetrasiklin,
EFT: Seftiofur, ENR: Enrofloksasin, SXT: Sulfometoksazol/Trimetoprim

Tartisma ve Sonug

Son yillarda, kalttur temelli calismalarla saglikli ve
metritisli ineklerin uterus mikrobiyotasinin ayrin-
till olarak tanimlandigi calismalar mevcut olsa da
vajinal akintilarinda inflamasyon derecesine gore
farklihk olan ineklerin vajinal mikrobiyota konsorsi-
yumuyla ilgili cok az ¢alismaya rastlanmistir. Bildigi-
miz kadariyla, ostrus ile senkronize edilmis inekler-
de bakteriyel vajinal topluluklarin kompozisyonunu
analiz etmek igin kiltirden bagimsiz teknikleri kul-
lanan mevcut hicbir calisma bulunmamaktadir (San-
tos ve ark., 2011; Machado ve ark., 2012; Wang ve
ark., 2013; Wang ve ark., 2016). Gliniimuzde repro-
diktif hastaliklarin mikrobiyal popdlasyonla ilgili ol-
dugdu, kolonize olan mikrobiyotanin normal sartlar-
da zararsiz olmasina karsin, travma veya es zamanli
enfeksiyonlarla, mikrobiyotanin ¢ogalmasi hatta
potansiyel patojenlere déniismesi s6z konusudur
(Martins ve ark., 2009). ineklerin tireme kanalinda
yasayan aerobik, fakultatif-anaerobik ve anaerobik
mikroorganizmalarin, Ureme fonksiyonuna etkileri
hakkinda bilgi yeterli degildir (Otero ve ark., 2000).
Calisma gruplarimizi iceren diivelerde bakteri izolas-
yonu ve izolasyon sikligiyla ilgili ilkemizde yapilan

herhangi bir ¢alismaya rastlanmamistir. Calismamiz
ile 3 farkli grupta yer alan divelerin vajinal mikrobi-
yotasinin ana bilesenleri ortaya konulmustur.

Reprodiiktif kanal bakteriyolojisi Gzerine yapil-
mis diger calismalara benzer sekilde bizim calisma
gruplarimizda da izole edilen dominat bakteri E.coli
bulunmustur (Otero ve ark., 2000; Williams ve ark.,
2005; LeBlanc ve ark., 2011; Sharma ve ark., 2017). E.
coli saglikl diivelerde tGreme sisteminin normal mik-
robiyotas! icinde tanimlansa da, bircok calismada
endometritisin olusumunda rol aldigi bildirilmistir
(Silva ve ark., 2009; Bicalho ve ark., 2010; Sheldon ve
ark., 2010; Kasse” ve ark., 2016). Ozellikle E. coli'nin
pap, sfa, hlyA, cnF1 ve fim gibi Gropatojenik viriilans
faktorleri ile Urogenital sistemin epitel hiicrelerine
adheze olmasi, biofilm olusumu, flagella aracili ha-
reketliligi, ekzotoksinleri gibi dnemli virulens faktor-
lerinden dolay! Greme sistemi enfeksiyon kaynagdi
oldugu bildirilmistir (Chen ve ark., 2003; Williams
ve ark. 2005; Arora, 2007; Sheldon ve ark., 2010;
Sheldon, 2015). Ayni zamanda fimH geni E.coli'nin
ineklerde genital bdlgeye adhezyonunu saglayarak
uterus enfeksiyonlarinin daha siddetli seyretmesine
yol agmaktadir. fimH geninin, konakgi dokularin epi-
tel hiicrelerine adhezyon, istila ve biyofilm olusumu
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ile iliskili bir Tip 1 pili oldugu vurgulanmistir (Bien ve
ark., 2012; de Cassia ve ark., 2019). Calismamizda da
vajinal flora icerisinde belirledigimiz E.coli’nin, dive-
lerde dogum sonrasi uterus enfeksiyonuna kaynak
olusturabilecegi sonucuna varilmistir (Wang ve ark.,
2013). Gilbert ve ark. (2005) yaptiklari calismada,
Urogenital sitemde E.coli varliginin, sit ineklerinde
gebe kalamama, tohumlama sayisinin artmasi ve
metritis gibi Ureme yetersizligi arasinda bir baglant
oldugunu vurgulamiglardir.

Bazi arastirmacilarin ¢alismalarinda ortaya koy-
dugu gibi S. aureus’un da tGreme sistemi enfeksiyon-
larinda baskin patojenler arasinda yer aldigi bildiril-
mektedir (Foldi ve ark., 2006; Williams ve ark., 2007;
Galvao, 2018). Calismamizda da S.aureus'un (%12,2)
tim gruplarda E.coliden sonra ikinci baskin izolat
oldugu belirlendi. S. aureus, kan dolasimi enfeksi-
yonlari, pnémoni ve cerrahi alan enfeksiyonlari dahil
olmak Uzere saglik hizmetiyle iliskili enfeksiyonlarin
baslica ajanidir. Mukoza epitel ylizeylerine kolonize
olmasi nedeniyle konagin endojen florasinin pato-
jen kaynagi olarak da bildirilmektedir (Ringberg ve
ark., 2006; Beigi ve Hanrahan, 2007; Anderson ve
ark., 2013). ineklerin vaginal mikrobiyotasi (zeri-
ne yapilan benzer calismalarda da Staphylococcus
spp'nin yaygin oldugu rapor edilmistir (Rocha ve
ark., 2004; Gani ve ark., 2008). Gani ve ark. (2008)
yaptiklari arastirmada, 6zellikle ineklerin vajinal mik-
robiyotasiyla iliskili olarak uterus enfeksiyonlarinda
da Staphylococcus spp. ve E. coli'yi predominant et-
kenler olarak bulmus ve bu etkenlerin uterus enfek-
siyonuyla iliskilerinin oldugunu vurgulamislardir.

Vulva ve vajina mukozasindaki baskin entero-
bakteriler gastrointestinal sistem kdkenlidir ve do-
kular icine enflamatuvar hicrelerin hareketine ve
enfeksiyoz slreclere neden olan invazif 6zelliklere
sahiptirler. Bunlar disinda, vulva ve vajina mukoza-
sinda S. aureus’'un yaygin mevcudiyeti muhtemelen
deri ve mukoz membran mikroflorasinin bir Uyesi
olmasi kaynakhdir (Silva ve ark., 2011).

Husted (2005), sigir vajinitisine neden olan bak-
terilerin yani sira klinik olarak saglikli sigir vajina-
sindan izole edilen bakterilerin belirlenmesi lizerine
yaptigi calismada, vajinitis bulgusu saptananlarda
%4, vajinitis olmayanlarda ise %2 oraninda S. uberis
izole ettigini bildirmistir. Arastirmamizda ayni etken,
sirastyla Grup | ve Grup IlI'de sirasiyla %50 ve %33
oranlarinda tespit edilirken, Grup lll'de ise hig izole
edilmemistir. Genital sistem problemli sigir vakalari
Uzerine yapilmis calismada, S. uberis'in sigir geni-
tal yolunda 6zellikle vajina ve serviksin daha derin
kismina kolonize oldugunu bildirmislerdir (Khan,
2002). Etken, siklikla ve fazla sayida S. uberis mas-

titisin meydana geldigi donem olan dogumdan he-
men &nce ve dogumdan hemen sonra izole edilmis-
tir (Reinoso ve ark., 2011; Pérez -lbarreche ve ark.,
2021).

Manickam ve ark. (2019) saglikli gorinen ko-
yunlarin vajina svaplarindna ikinci domainant bak-
teri olarak S. epidermidis (%52,63) izole etmislerdir.
Yine Al-Zubaidi (2015) yaptigi calismada, ineklerin
genital sisteminin farkl bolgelerinde bakteri dagili-
mini incelediginde vajinadan izole edilen 19 bakteri-
nin, %15,79'unun S. epidermidis oldugunu rapor et-
mistir. Calismamizda gruplar arasinda S. epidermidis
en fazla repeat breeder (Grup Il)'dan izole edilmistir.
Mastitiste izole edilen en yaygin koagilaz nega-
tif stafilokok turlerinden olan S. epidermidis firsat-
¢I mikroflora igerisinde yer almaktadir (Taponen ve
ark., 2006).

Son 20 yilda, ciddi firsatci enfeksiyonlara neden
olan bir bakteri de S. maltophilia olarak 6ne ¢cikmistir
(Enoch ve ark., 2007; Looney ve ark., 2009). Hayvan
kaynakh S. maltophilia hakkindaki literatlrler insan
kaynakl olanlara gore ¢cok daha azdir. Cliinkl hay-
vanlarda nadiren dnemli bir patojen olarak bildiril-
mistir (Johnson ve ark., 2003). Calismamizda Grup |
ve Grup Il de sirasiyla, %16,66 ve % 44,44 oraninda
izole edilmistir. S. maltophilia izolasyonu, bakterinin
izolasyon basarisini arttiran segici besiyeri olmadigi
icin, rutin veteriner tani laboratuvarlarinda muhte-
melen teshisinin yapilmasinda yetersiz kalindigi 6n
gorulmektedir (Kerr ve ark., 1996). Bottone ve ark.
(1994), S. maltophilia’'nin virulens Ozellikleri olan
DNase, RNase, fibrinolisin, lipazlar, hyaluronidaz,
proteaz ve elastaz gibi bazi ekstraselliler enzim-
lerin enfeksiyon olusumunda etkin oldugunu sa-
vunmuglardir. Bir diger patojenite faktord, sentetik
materyale yapisabilme yetenegidir. Bu yetenegi ile
biyofilm olusturur. Béylece konak immun defansina
ve farkli antimikrobiyal ajanlara karsi dogal olarak
korunmaktadir (Bottone ve ark., 1986; Jucker ve ark.,
1996; Dignani ve ark., 2003; De Oliveira-Garcia ve
ark., 2003; Di Bonaventura ve ark., 2004).

Galismamizda sekiz farkli antimikrobiyal ajana
karsi disk diflizyon yontemiyle antimikrobiyal du-
yarlihk ve direng kaliplari incelenmistir. Seftiofur du-
yarlihgi; E.coli, S. aureus, S. uberis, S. epidermidis'te
%100, S. maltophilia'da ise %80 oraninda saptan-
mustir. Drillich ve ark. (2001)'nin yaptiklari calismada,
E. colide seftiofur duyarliigini calismamiza benzer
olarak %100 bulurken, ayni izolatin tetrasikline du-
yarlihgini ise %50 olarak rapor etmislerdir. Bu ¢alis-
mada ise tetrasiklin duyarliligi E. coli'de %88,46 gibi
oldukga yiksek oranda bulunmustur. Ukrayna'da
Elias ve ark. (2020)'nin yaptiklari ¢alismada seftiofur
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duyarliigi E.coli ve S. aureus izolatlarinda sirasiyla,
%22 ve %17 bulunmustur. Genis spektrumlu sefa-
losporinlerin bélgesel olarak sinirsiz kullanimi ile bu
durum aciklanmistir (Ali ve ark., 2017; lakovlieva ve
Bahlai, 2019).

Yapilan calismalarda tetrasiklinin E.coli ve S. au-
reus Uzerinde duyarliliginin calismamiza benzer ola-
rak %50 Uzerinde oldugunu rapor edilmistir (Drillich
ve ark., 2001; Berhilevych ve ark., 2017; Elias ve ark.,
2020). E. coli izolatlarinda tetrasiklin ve analoglarina
karsi yaygin diren¢ mekanizmasi, akis pompasi isle-
minden sorumlu proteinin sentezini kodlayan tetA
geni sebeplidir (Ozgumus ve ark., 2007; Raheel ve
ark., 2020).

Moges ve ark. (2013)'nin yaptigi calismada, S.
aureus ve E.coli'nin gentamisin duyarlihdi degerlen-
dirildiginde, calismamizla ayni oranda (%100) S. au-
reus’'un gentamisine duyarlilik gosterdigi, E. coli'nin
ise %60 oraninda gentamisin duyarlhdi sergileme-
siyle bizim calismamizdaki orandan (%100) disuk
oldugu gozlemlenmistir.

Sonug olarak, ¢alismamizda yer alan tim grup-
larda oldugu gibi, Grogenital sistem bakteriyolojisi
Uzerine yapilan calismalarda da, bakteri izolatlari
ve oranlari degismekle birlikte enterik orijinli E.co-
li'nin dominant izolat oldugu gorilmektedir. Ayni
zamanda, etkili antimikrobiyal ajanlar, bakterilerin
antibiyotiklere karsi gelistirdikleri direng nedeniy-
le farkliliklar gostermektedir. Arastirmamizda tim
gruplarda vajinal akintidan alinan érneklerde tespit
edilen izolatlarin genital sistem enfeksiyonuna yol
acabilecek izolatlar olmalari nedeniyle bu izolatlara
dogru antimikrobiyal ajanlarin segimi ile uterus en-
feksiyonlarinin daha etkin bir sekilde engellenerek,
ekonomik kayiplarin éniine gecilebilecegi dustince-
sindeyiz.

Deney hayvanlar kullanimi etik kurulu ve diger
etik kurul kararlan ve izinler:15.02.2014 Tarih ve
28914 Sayih Resmi Gazete'de yayinlanan “Hayvan
Deneyleri Etik Kurullarinin Calisma Usul ve Esaslari-
na Dair Yonetmelik” ‘in 8. maddesinin k fikrasi geregi
;diski veya altlik toplama 6rnegi, striintd ile ornek
alma, Hayvan Deneyleri Yerel Etik Kurulunun(HAY-

DEK) iznine tabi degildir.

Kaynaklar

Al-Zubaidi SF. (2015) Antibiotic susceptibility of bacteria isolated
from the genital system of cows in Al-Hilla, Iraq. Malays J Vet
Res.6 (1), 53-59.

Ali T, Rahman SU, Zhang L, Shahid M, Han D, Gao J, Zhang S,
Ruegg PL, Saddique U, Han B. (2017) Characteristics and
genetic diversity of multi-drug resistant extended-spectrum

beta-lactamase (ESBL)-producing Escherichia coli isolated
from bovine mastitis. Oncotarget. 8, 90144-90163.

Amiridis GS, Fthenakis GC, Dafopoulos J, Papanikolaou T,
Mavrogianni VS. (2003) Use of cefquinome for prevention
and treatment of bovine endometritis. J Vet Pharmacol Ther.
26(5), 387-390.

Anderson MJ, Scholz MT, Parks PJ, Peterson ML. (2013) Ex vivo
porcine vaginal mucosal model of infection for determining
effectiveness and toxicity of antiseptics. J Appl Microbiol.
115(3), 679-688.

Arora N. (2007) Role of uropathogenic virulence factors in
the pathogenesis of E. coli-induced cystic endometrial
hyperplasia/pyometra complex in the bitch. PhD thesis,
University of Melbourne, Australia.

Arun K, Umesh S. (2009) Fertility status of Hariana cows. Indian
Vet J. 86(8), 807-809.

Beigi R, Hanrahan J. (2007) Staphylococcus aureus and MRSA
colonization rates among gravidas admitted to labor and
delivery: a pilot study. Infect Dis Obstet Gynecol. 2007, 70876.

Berhilevych OM, Kasianchuk VV, Kukhtyn MD, Lotskin IM,
Garkavenko TO, Shubin PA. (2017) Characteristics of antibiotic
sensitivity of Staphylococcus aureus isolated from dairy farms
in Ukraine. Regul Mech Biosyst. 8(4), 559-563.

Bhat FA, Bhattacharyya HK, Syed Akram Hussain SA. (2014) White
side test: a simple and rapid test for evaluation of nonspecific
bacterial genital infections of repeat breeding cattle. Vet Res
Forum. 5, 177-180.

Bicalho RC, Machado VS, Bicalho MLS, Gilbert RO, Teixeira AGV,
Caixeta LS, Pereira RV V. (2010) Molecular and epidemiological
characterization of bovine intrauterine Escherichia coli. J
Dairy Sci. 93(12), 5818-5830.

Bien J, Sokolova O, Bozko P (2012) Role of uropathogenic
Escherichia coli virulence factors in development of urinary
tract infection and kidney damage. Int J Nephrol. 2012,
681473.

Bottone EJ, Pere AA, Gordon RE, Qureshi MN. (1994) Differential
binding capacity and internalisation of bacterial substrates as
factors in growth rate of Acanthamoeba spp. J Med Microbiol.
40(2), 148-154.

Bottone EJ, Reitano M, Janda JM, Troy K, Cuttner J. (1986)
Pseudomonas maltophilia exoenzyme activity as correlate
in pathogenesis of ecthyma gangrenosum. J Clin Microbiol.
24(6), 995-997.

Chen YM, Wright PJ, Lee CS, Browning GF. (2003) Uropathogenic
virulence factors in isolates of Escherichia coli from clinical
cases of canine pyometra and feces of healthy bitches. Vet
Microbiol. 94(1), 57-69.

Clinical and Laboratory Standards Institute (2015) Performance
standards for antimicrobial susceptibility testing; twenty—
fifth informational supplement. M100-S25. CLSI, 35.

de Cassia BL, Oba E, Bicudo SD, da Silva LD, Siqueira AK, de
Souza MMM, Nogueira M, de Figueiredo PJC, Listoni FJP,
Ribeiro MG. (2019) Virulence factors and phylogenetic group
profile of uterine Escherichia coli in early postpartum of high-
producing dairy cows. Anim Prod Sci. 59, 1898-1905.

De Oliveira-Garcia D, Dall’Agnol M, Rosales M, Azzuz AC, Alcantara
N, Martinez MB, Giron JA. (2003) Fimbriae and adherence
of Stenotrophomonas maltophilia to epithelial cells and to
abiotic surfaces. Cell Microbiol. 5(9), 625-636.

Di Bonaventura G, Spedicato |, D'’Antonio D, Robuffo |, Piccolomini
R. (2004) Biofilm formation by Stenotrophomonas maltophilia:
modulation by quinolones, trimethoprim-sulfamethoxazole,
and ceftazidime. Antimicrob Agents Chemother. 48(1), 151-
160.

Etlik Vet Mikrobiyol Derg,

https://vetkontrol.tarimorman.gov.tr/merkez

Cilt 33, Sayt 1, 2022, 63-70



Glinaydwn E ve Goncagiil G. Diivelerde vajinal akintilarin bakteriyolojik degerlendirilmesi 69

Dignani MC, Grazziutti M, Anaissie E. (2003) Stenotrophomonas
maltophilia infections. Semin Respir Crit Care Med. 24(01),
89-98.

Drillich M, Beetz O, Pfltzner A, Sabin M, Sabin HJ, Kutzer P,
Nattermann H, Heuwieser W. (2001) Evaluation of a systemic
antibiotic treatment of toxic puerperal metritis in dairy cows.
J Dairy Sci. 84(9), 2010-2017.

Elias L, Balasubramanyam AS, Ayshpur OY, Mushtuk IU,
Sheremet NO, Gumeniuk VV, Musser J, Rogovskyy AS. (2020)
Antimicrobial Susceptibility of Staphylococcus aureus,
Streptococcus agalactiae, and Escherichia coli Isolated from
Mastitic Dairy Cattle in Ukraine. Antibiotics. 9(8), 469.

El-Khadrawy HH, Ahmed WM, Hanafi M. (2011) Observations on
repeat breeding in farm animals with emphasis on its control.
J Reprod Infertil. 2(1), 1-7.

Enoch DA, Birkett Cl, Ludlam HA. (2007) Non-fermentative Gram-
negative bacteria. Int J Antimicrob Agents. 29, 33-41.

Foldi J, Kulcsar M, Pecsi A, Huyghe B, De Sa C, Lohuis JA, Cox P,
Huszenicza G. (2006) Bacterial complications of postpartum
uterine involution in cattle. Anim Reprod Sci. 96(3-4), 265-
281.

Galvdo KN. (2018) Postpartum uterine diseases in dairy cows.
Anim Reprod. 9(3), 290-296.

Gani MO, Amin MM, Alam MG, Kayesh ME, Karim MR, Samad
MA, Islam MR. (2008) Bacterial flora associated with repeat
breeding and uterine infections in dairy cows. Bangladesh J
Vet Med. 6(1), 79-86.

Gilbert RO. (2019) Symposium review: Mechanisms of disruption
of fertility by infectious diseases of the reproductive tract. J
Dairy Sci. 102(4), 3754-3765.

Gilbert RO, Shin ST, Guard CL, Erb HN, Frajblat M. (2005) Prevalence
of endometritis and its effects on reproductive performance
of dairy cows. Theriogenology. 64(9), 1879-1888.

Helfrich AL, Reichenbach HD, Meyerholz MM, Schoon HA, Arnold
GJ, Frohlich T, Weber F, Zerbe H. (2020) Novel sampling
procedure to characterize bovine subclinical endometritis by
uterine secretions and tissue. Theriogenology. 141, 186-196.

Husted JR. (2005) Bacterial and fungal organisms in the vagina of
normal cows and cows with vaginitis. Doctoral dissertation,
Texas A and M University, USA.

lakovlieva L, Bahlai T. (2019) B-lactam antibiotics in Ukraine:
market and consumption analysis in 2013-2018. SR Pharm
Sci. (2), 16-21.

Johnson EH, Al-Busaidy R, Hameed MS. (2003) An outbreak
of lymphadenitis associated with Stenotrophomonas
(Xanthomonas) maltophilia in Omani goats. J Vet Med Series
B. 50(2), 102-104.

Jucker BA, Harms H, Zehnder AJ. (1996) Adhesion of the positively
charged bacterium Stenotrophomonas (Xanthomonas)
maltophilia 70401 to glass and Teflon. J Bacteriol. 178(18),
5472-5479.

Kassé FN, Fairbrother JM, Dubuc J. (2016) Relationship between
Escherichia coli virulence factors and postpartum metritis in
dairy cows. J Dairy Sci. 99(6), 4656-4667.

Kerr KG, Denton M, Todd N, Corps CM, Kumari P, Hawkey PM.
(1996) A new selective differential medium for isolation of
Stenotrophomonas maltophilia. Eur J Clin Microbiol Infect Dis.
15(7), 607-610.

Khan IU. (2002) Identification and Further Characterization of
Streptococcus uberis and Streptococcus parauberis Isolated
from Bovine Milk Samples. Faculty of Veterinary Medicine
Justus-Liebig-University, Giessen, Germany.

LeBlanc SJ, Duffield TF, Leslie KE, Bateman KG, Keefe GP, Walton
JS, Johnson WH. (2002) Defining and diagnosing postpartum
clinical endometritis and its impact on reproductive
performance in dairy cows. J Dairy Sci. 85(9), 2223-2236.

LeBlanc SJ, Osawa T, Dubuc J. (2011) Reproductive tract defense
and disease in postpartum dairy cows. Theriogenology. 76(9),
1610-1618.

Looney WJ, Narita M, Mihlemann K. (2009) Stenotrophomonas
maltophilia: an emerging opportunist human pathogen.
Lancet Infect Dis. 9(5), 312-323.

Lorenzen E, Kudirkiene E, Gutman N, Grossi AB, Agerholm JS,
Erneholm K, Skytte C, Dalgaard MD, Bojesen AM. (2015) The
vaginal microbiome is stable in prepubertal and sexually
mature Ellegaard Goéttingen Minipigs throughout an estrous
cycle. Vet Res. 46(1), 1-13.

Machado VS, Oikonomou G, Bicalho ML, Knauer WA, Gilbert
R, Bicalho RC. (2012) Investigation of postpartum dairy
cows' uterine microbial diversity using metagenomic
pyrosequencing of the 16S rRNA gene. Vet Microbiol. 159(3-
4), 460-469.

Manickam R, T Reetha L, Puvarajan B. (2019) Isolation and
identification of bacterial species from vagina of apparently
healthy ewes. Int J Sci Environ Technol. 8(5), 1017-1022.

Martins G, Figueira L, Penna B, Brand&o F, Varges R, Vasconcelos
C, Lilenbaum W. (2009) Prevalence and antimicrobial
susceptibility of vaginal bacteria from ewes treated with
progestin-impregnated intravaginal sponges. Small Rumin
Res. 81(2-3), 182-184.

Moges N, Regassa F, Yilma T, Unakal CG. (2013) Isolation and
antimicrobial susceptibility of bacteria from dairy cows with
clinical endometritis. J Reprod Infertil. 4(1), 4-8.

Nader-Macias ME, Otero MC. (2009) Lactic Acid Bacteria as
probiotic on the prevention of reproductive diseases. In:
Probiotics: Production, Evaluation and Uses in Animal Feed
ed. Guerra, N.P. and Castro, Kerala, India: Research Signpost.
L.P. pp. 119-174.

Otero C, Saavedra L, Silva de Ruiz C, Wilde O, Holgado AR, Nader-
Macias ME. (2000) Vaginal bacterial microflora modifications
during the growth of healthy cows. Lett Appl Microbiol. 31(3),
251-254.

Ozgumus OB, Celik-Sevim E, Alpay-Karaoglu S, Sandalli C, Sevim
A. (2007) Molecular characterization of antibiotic resistant
Escherichia coli strains isolated from tap and spring waters in
a coastal region in Turkey. J Microbiol. 45(5), 379-387.

Penna B, Libonati H, Director A, Sarzedas AC, Martins G,
Branddo FZ, Fonseca J, Lilenbaum W. (2013) Progestin-
impregnated intravaginal sponges for estrus induction
and synchronization influences on goats vaginal flora and
antimicrobial susceptibility. Anim Reprod Sci. 142(1-2), 71-74.

Pérez-Ibarreche M, Field D, Ross RP, Hill C. (2021) A Bioengineered
Nisin Derivative to Control Biofilms of Streptococcus uberis.
Appl Environ Microbiol. ,87(16), €0039121.

Reinoso EB, Lasagno MC, Dieser SA, Odierno LM. (2011)
Distribution of virulence-associated genes in Streptococcus
uberis isolated from bovine mastitis. FEMS Microbiol Lett.
318(2), 183-188.

Ringberg H, Cathrine Petersson A, Walder M, Hugo Johansson PJ.
(2006) The throat: an important site for MRSA colonization.
Scand J Infect Dis. 38(10), 888-893.

Rocha AA, Gambarini ML, Andrade MA, Oliveira Filho BD, Gomes
FA. (2004) Cervico-vaginal microbiota around the parturition
time. Cienc Anim Bras. 5(4), 215-220.

Raheel IAER, Hassan WH, Salem SSR, Salam HSH. (2020) Biofilm
forming potentiality of Escherichia coli isolated from bovine

Etlik Vet Mikrobiyol Derg,

https://vetkontrol.tarimorman.gov.tr/merkez

Cilt 33, Sayt 1, 2022, 63-70



70 Glinaydwn E ve Goncagiil G. Diivelerde vajinal akintilarin bakteriyolojik degerlendirilmesi

endometritis and their antibiotic resistance profiles. J Adv Vet
Anim. 7(3), 442.

Santos TMA, Gilbert RO, Bicalho RC. (2011) Metagenomic analysis
of the uterine bacterial microbiota in healthy and metritic
postpartum dairy cows. J Dairy Sci. 94(1), 291-302.

Santos TMA, Gilbert RO, Caixeta L S, Machado VS, Teixeira LM,
Bicalho RC. (2010) Susceptibility of Escherichia coli isolated
from uteri of postpartum dairy cows to antibiotic and
environmental bacteriophages. Part II: In vitro antimicrobial
activity evaluation of a bacteriophage cocktail and several
antibiotics. J Dairy Sci. 93(1), 105-114.

Sargison ND, Howie F, Mearns R, Penny CD, Foster G. (2007)
Shiga toxin-producing Escherichia coli as a perennial cause
of abortion in a closed flock of Suffolk ewes. Vet Rec. 160(25),
875.

Sharma RN, Singh B K, Sharma MP. (1988) Bacteriological studies
on the cervical mucus of repeat breeding crossbred cattle,
their treatment and conception rate. Indian J Anim Reprod.
9(2), 105-109.

Sharma A, Singh M, Kumar P, Sharma A, Kashyap A, Neelam IB,
Sharma A, Chaudhary N, Sharma P. (2017) Bacterial isolation,
culture sensitivity test, endometrial cytology of postpartum
cows and assessment of their reproductive performance. Int J
Curr Microbiol Appl Sci. 6(9), 519-527.

Sheldon IM. (2015) Genes and environmental factors that
influence disease resistance to microbes in the female
reproductive tract of dairy cattle. Reprod Fertil Dev. 27(1), 72-
81.

Sheldon IM, Dobson H. (2004) Postpartum uterine health in
cattle. Anim Reprod Sci. 82, 295-306.

Sheldon IM, Lewis GS, LeBlanc S, Gilbert RO. (2006) Defining
postpartum uterine disease in cattle. Theriogenology. 65(8),
1516-1530.

Sheldon IM, Owens SE. (2018) Postpartum uterine infection and
endometritis in dairy cattle. Anim. Reprod. 14(3), 622-629.
Sheldon IM, Noakes DE, Rycroft AN, Pfeiffer DU, Dobson H. (2002)
Influence of uterine bacterial contamination after parturition
on ovarian dominant follicle selection and follicle growth and

function in cattle. Reproduction. 123(6), 837-845.

Sheldon IM, Rycroft AN, Dogan B, Craven M, Bromfield JJ,

Chandler A, Roberts MH, Price SB, Gilbert RO, Simpson KW.

(2010) Specific strains of Escherichia coli are pathogenic for
the endometrium of cattle and cause pelvic inflammatory
disease in cattle and mice. PloS one. 5(2), €9192.

Silva VF, Damasceno TE, Souza NJ, Franco |, Costa MM. (2011)
Cervical-vaginal microbiota of crossbred sheep in Petrolina/
PE, Brazil, and its susceptibility to antibiotics. Pesqui Vet Bras.
31(7), 586-590.

Silva E, Leitdo S, Tenreiro T, Pomba C, Nunes T, da Costa L L,
Mateus L. (2009) Genomic and phenotypic characterization
of Escherichia coli isolates recovered from the uterus of
puerperal dairy cows. J Dairy Sci. 92(12), 6000-6010.

Singh NP, Chaturvedi VK, Singh DP. (1996) Bacteriological studies
on repeat breeder bovines. Indian Vet J. 73(4), 462-463.

Taponen S, Simojoki H, Haveri M, Larsen HD, Pyordla S.
(2006) Clinical characteristics and persistence of bovine
mastitis caused by different species of coagulase-negative
staphylococci identified with APl or AFLP. Vet Microbiol.
115(1-3), 199-207.

Vitali B, Cruciani F, Baldassarre ME, Capursi T, Spisni E, Valerii
MC, Candela M, Turroni S, Brigidi P. (2012) Dietary
supplementation with probiotics during late pregnancy:
outcome on vaginal microbiota and cytokine secretion. BMC
Microbiol. 12(1), 1-14.

Wang Y, Ametaj BN, Ambrose DJ, Génzle MG. (2013)
Characterisation of the bacterial microbiota of the vagina of
dairy cows and isolation of pediocin-producing Pediococcus
acidilactici. BMC Microbiol. 13(1), 1-11.

Wang J, Sun C, Liu C, Yang Y, Lu W. (2016) Comparison of vaginal
microbial community structure in healthy and endometritis
dairy cows by PCR-DGGE and real-time PCR. Anaerobe. 38,
1-6.

Williams EJ, Fischer DP, Noakes DE, England GC, Rycroft A,
Dobson H, Sheldon IM. (2007) The relationship between
uterine pathogen growth density and ovarian function in the
postpartum dairy cow. Theriogenology. 68(4), 549-559.

Williams EJ, Fischer DP, Pfeiffer DU, England GC, Noakes
DE, Dobson H, Sheldon IM. (2005) Clinical evaluation of
postpartum vaginal mucus reflects uterine bacterial infection
and the immune response in cattle. Theriogenology. 63(1),
102-117.

Etlik Vet Mikrobiyol Derg,

https://vetkontrol.tarimorman.gov.tr/merkez

Cilt 33, Sayt 1, 2022, 63-70



Etlik Vet Mikrobiyol Derg, 2022; 33 (1): 71-78
doi: https://doi.org/10.35864/evmd.1053710

Ozgiin Arastirma
Original Article

in vitro lipopolisakkarit uyariml karaciger yangi modelinde
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Ozet: Terpinoller monoterpen bilesikler olup, bircok calismada antioksidan &zelliklerinden dolayi antikanser,
antikonvilsantve antililser gibi biyolojik etkileri ortaya konulmustur. Arastirmanin amacini, LPS'in karaciger hiicrelerine
uygulanarak olusturulan yangi modelinde, a-terpineol'lin antiinflamatuar ve antiapoptotik biyofonksiyonlarinin
arastirilmasi olusturmustur. Denemede insan orijinli HepG2 (ATCC® HB-8065) hiicreleri materyal olarak segilmistir.
LPS ve a-terpineol, hiicrelere farkli konsantrasyonlarda 24 saat uygulanmistir ve etkin konsantrasyonlari, hiicre canhhk
testleriyle (MTT) gergeklestirilmistir. Sonrasinda, TNF-a, IL-1B, IL-10, Kaspaz 3, Bax ve Bcl-2 gen ekspresyon diizeyleri
tam zamanli kantatif polimeraz zincir reaksiyonuyla (QRT-PCR) arastiriimistir. LPS'in 50 ng/ml konsantrasyonu %11,5
oraninda hiicre kayiplarina neden oldugu belirlenmis ve modelleme icin bu konsantrasyon secilmistir. Ancak, 10 pM
konsantrasyonda a-terpineoliin hiicre kayiplarini % 2.12 oraninda 6nledigi bulunmustur. Calismada, LPS'in TNF-a ve
IL-1B gen ekspresyonlarini arttirdigi, a-terpineol uygulamasinin ise bu durumu tersine cevirdigi tespit edilmistir. Yine,
IL-10 gen ekspresyonu yiiksek LPS konsantrasyonu ile baskilanirken, a-terpineol tarafindan anlamli diizeyde uyarildigi
da ortaya konulmustur. Bununla birlikte, LPS'in kaspaz 3 ve Bax gen ekspresyonlarini arttirdigi, ancak a-terpineol’iin
bu stimilasyonu baskiladigr tespit edilmistir. Bcl-2 gen ekspresyonlari ise LPS tarafindan baskilanirken, a-terpineol
tarafindan uyanldigi bulunmustur. Ozetle, a-terpineol’lin kisa siireli ve diisiik olan proliferatif konsantrasyonunun
oOzellikle patojen kaynakli karaciger rahatsizliklarinda alternatif bir tedavi ajani olabilecegi gorilmustur.

Anahtar kelimeler: a- terpineol, apoptoz, inflamasyon, lipopolisakkarit

Investigation of the efficiency of Alpha-Terpineol in the in vitro
lipopolisacharide stimulated liver inflammation model

Abstract: Terpineols are monoterpene compounds, and biological effects like anticancer, anticonvulsant and
antiulcer have been demonstrated in many studies due to their antioxidant properties. The aim of the research was
to investigate the anti-inflammatory and antiapoptotic biofunctions of a-terpineol in LPS induced inflammation
model of liver cells. HepG2 (ATCC® HB-8065) cells of human origin were selected as material. LPS and a-terpineol
were applied to cells at different concentrations for 24 hours, and their effective concentrations were determined
by cell viability tests (MTT). Afterwards, gene expression levels of TNF-a, IL-1B, IL-10, Caspase 3, Bax and Bcl-2
were investigated by qRT-PCR method. LPS at 50 ng/ml, caused 11.5% cell loss and was chosen for modeling.
However, a-terpineol at 10 uM concentration prevented 2.12% of cell loss. In the study, LPS increased TNF-a and
IL-1B gene expressions, and a-terpineol application reversed this situation. Again, while IL-10 was suppressed by
high LPS concentration, it was significantly stimulated by a-terpineol. Besides, LPS increased caspase 3 and Bax
gene expressions, but a-terpineol suppressed this stimulation. Bcl-2 gene expressions were suppressed by LPS and
stimulated by a-terpineol. In summary, short-term and low proliferative concentration of a-terpineol can be an
alternative treatment agent, especially in pathogen-induced liver disorders.

Keywords: a-terpineol, apoptosis, inflammation, lipopolysaccharide

Giris

Non-alkolik yagli karaciger hastaligi en yaygin go-
rilen karaciger hastaligidir ve diinya nifusunun
yaklasik % 25'inde gorilmektedir (Younossi ve
ark. 2016). Hastaligin gelisiminde obezite ve hare-
ketsiz bir yasam tarzi, besin aliminin bilesimi (6rn.
Misir surubundaki fruktoz), diyabet, instlin direnci,
disbiyoz ve genetik yatkinliklar gibi cesitli faktor-
lerin etkili oldugu disiinilmektedir (Machado ve

ark. 2016). Hepatositlerde lipit ara maddelerinin
birikimi, hepatoselliler lipotoksisiteye neden ola-
rak hiicresel stres, islev bozuklugu ve sonug olarak
da hicre olimine sebep olmaktadir (Hirsova ve
ark. 2015). Lipopolisakkarit gram negatif bakterile-
rin hiicre dis membraninda bulunan ve endotoksin
olarak adlandirilan bir molekdldir (Wolff 1904). LPS,
baglayici proteinine baglanarak myeloid faklilasma
faktoriini ve CD 14 uyarimlarini gergeklestirerek,
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TLR4 yolagini aktilestirir. Bu yolun uyarimi TNF-o
(TGmor nekroz faktor alfa), IL-6 (interldkin 6), IL-12
(interlokin 12), ve IL-1PB (interldkin 1 beta), gibi pro-
inflamatuar sitokinlerin salinimina neden olarak et-
kilenen dokuda yangiyi uyarir (Yang ve ark. 2000).

Terpineoller dogal olarak bulunabilen doyma-
mis monosiklik mono-terpenoid alkollerdir. Bu bile-
sikler nergis ve frezya gibi ciceklerde, mercankosk,
kekik, biberiye ve limon gibi bitkilerde yaygin olarak
bulunurlar (Bauer ve ark. 2001; Sell 2003). Terpine-
oller, ozellikle a-Terpineol ve Terpinen-4-ol olarak
en sik kullanilan bilesikler olup, insanlar, hayvanlar
ve ayrica bitkiler Gizerinde ¢ok cesitli farkli biyolojik
etkiler gostermektedirler. Sadece parfiim, kozmetik
ve ev temizlik trlinlerinde degdil ayni zamanda yiye-
cek ve iceceklerin tatlandiriimasinda da kullanilan
popdtiler koku bilesenleridir. Ayni zamanda cesitli
onemli biyolojik ve tibbi Ozelliklere de sahiptirler
(Sales ve ark. 2020). Son yillarda yapilan calismalara
bakildiginda, bu bilesigin anti-hipertansif (Sabino ve
ark. 2013), antiproliferatif (Lampronti ve ark. 2006),
antienflamatuar (Held ve ark. 2007), antioksidan
(Brand ve ark. 2001), antitlser (Khaleel ve ark. 2018)
ve antikarsinojenik (Hassan ve ark. 2010) gibi cesitli
biyolojik aktivitelere sahip oldugu gorilmustur.

Verilen bu bilgilerin 1siginda, arastirmada E.co-
li'den izole edilen LPS'in karaciger hicrelerine etkin
konsantrasyonda uygulanarak olusturulan yangi
modelinde alfa terpineoliin antiinflamatuar ve an-
tiapoptotik gibi biyofonksiyonlarinin arastiriimasi
amaclanmistir.

Gereg ve Yontem
Hiicre Kiiltiirii

Arastirmada materyal olarak surekli hiicre hatt
HepG2 (ATCC® HB-8065™) hiicreleri kullanildi. Hiic-
reler daha sonra iceriginde % 10 oraninda IsI ma-
ruziyetli fotal sigir serumu (FBS) ve penisilin/ strep-
tomisin/amfoterisin B karisimi bulunan, disuk gli-
koz konsantrasyonlu DMEM (Dulbecco’'s Modified
Eagle's) kiltur vasatinda Uretildi. Calisma gruplari
her bir kuyucuga ml'de 1x10°¢ hiicre gelecek sekil-
de olusturuldu. Deneme Kontrol (K), LPS uygulanan
grup (L), a-Terpineol uygulanan grup (T), LPS ile bir-
likte a-Terpineol uygulanan grup (T+L) olmak Uzere
4 gruptan olusturuldu.

Uygulamada kullanilan etken maddeler ve
viyabilite testleri

Arastimada Escherichia coli O111:B4 susundan elde
edilen lipopolisakkarit (LPS- Sigma, EU) ve a- terpi-
neol (Sigma, EU) ticari olarak temin edildi ve hiic-

re besiyerlerinde ¢ozdirulerek calismada kullanildi.
Hicrelere farkh konsantrasyonlarda LPS (1, 10 ve
50 ng/ml) ve a-terpineol (10, 25 ve 50 uM) 24 saat
streyle uygulanarak, bu maddelerin etkin konsant-
rasyonlari Kiiglikgiil ve Erdogan (2014); rapor ettigi
metod takip edilerek, MTT (Thiazolyl Blue Tetrazoli-
um Bromide) viyabilite testleriyle tespit edildi.

RNA izolasyonu ve qRT-PCR

inkiibasyon sonu hiicrelerden mRNA eldesi RNA
izolasyon reaktifi ile Uretici firmanin protokoli ta-
kip edilerek gerceklestirildi (Trizol, Sigma, EU). RNA
miktari ve safligi (OD260/0D280 nm orani) spekt-
rofotometrede (UV mini 1240, Shimadzu, JP) be-
lirlendi. PCR reaksiyonu igcin cDNA sentezi ve PCR
basamaklarini birlikte gergeklestirebilecek “tek ba-
samak Ozellikli ve “syber green” problu ticari kit te-
min edildi. (Verso-one step Sybr green master mix,
Thermo, EU). Arastirilan genlere spesifik bir ¢ift pri-
merler (B-actin, Forward 5'-CGT GGC CAT CTC TTG
CTC GAA G-3'reverse, 5-CAT CGT CAC CAA CTG
GGA CGA C-3'; Kaspaz 3 Forward 5-TTT GGGG
AGT AGA TTG CAG GG-3', reverse, 5'-TGC ACA TCC
ACG ATT TGA TT-3"; IL-1B Forward 5-GGT CAT
TCT CCT GGA AGG AGG TCT GTG GGC -3'reverse,
5'-GCA AGG GCT TCA GGC AGG CCG CG-3'; TNF-a
Forward 5'-CAG AGG GAA GAG 5'-TTC CCC AG-3,
reverse 5'-CCT TGG TCT GGT AGG AGA CG-3'; Bax
Forward 5'-GTT TCA TCC AGG ATC GAG CAG-3
reverse 5'-CAT CTT CTT CCA GAT GGT GA-3'; Bcl-2
Forward 5'-CCT GTG GAT GAC TGA GTA CC-3’, re-
verse 5'-GAG ACA GCC AGG AGA AAT CA-3'; IL-10
Forward 5'-AAG TCT CAA GGG GCT GGG TCA GCT
A-3', reverse 5'-ATG CCC CAA GCT GAG ACC CAA
GAC CCA-3'" )ilave edilerek thermal sayklirda (Bio
RAD CFX96) cDNA (tamamlayict DNA) doéntsima-
nu takiben ve PCR reaksiyonlari gerceklestirildi. Elde
edilen verilerle DDCt = (Cthedef gen — Ctbeta actin)
denek grubu — (Cthedef gen — Ctbeta actin) kontrol
grubu formdili kullanilarak, her bir gen icin 2-DDCt
formdliinde yerine konularak mRNA transkripsiyon
dizeyi misli olarak baskilanma ya da uyariima sek-
linde belirlendi.

Istatistiksel Metot

Galisma hicre canhilik verilerinin istatistigi, SPSS 22.0
(Statistical Package for Social Sciences) paket prog-
raminin “One-way ANOVA" analiz ydntemiyle orta-
ya konuldu. istatistiksel farklar ise “Duncan” testiyle
tespit edildi. p<0.05 ve bunun altindaki sonuclar
onemli olarak degerlendirildi. Arastirmada bulgular
ortalama * standart hata (S.E) seklinde verildi.
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Bulgular
Hiicre canlihigi test sonuglari

HepG2 hepatomalara farkli konsantrasyonlarda LPS
ve o-terpineol 24 saat siireyle uygulandi. inkiibas-
yon suresi sonrasi kuyucuklardaki htcrelerin viya-
bilite kontrolleri MTT ydntemiyle gerceklestirildi.
Kontrol grubu (0,164+0,009) ile karsilasildiginda
a-terpineol’iin 10, 25 ve 50 pm konsantrasyonlarin-
da, hicre sayisint % 20 (0,196 + 0,007), % 8 (0,178
+ 0,01) ve % 6.6 (0,175 + 0,02) oranlarinda arttir-
dig1 tespit edildi (p<0.05) (Sekil 1). Hicre canlilik
testlerine gore karaciger hiicrelerine uygulanan LPS,
kontrol grubuna (0.209 + 0.04) gére disuk konsant-
rasyonlarda (0.1, 1 ve 10 ng/ml) hiicre sayisini si-
rasiyla % 9 (0.228 + 0.05), % 11 (0.233 + 0.64) ve %
49 (0.312 + 0.64) oranlarinda arttirdidi tespit edildi.
Ancak LPS ‘in yiksek konsantrasyonunun (50 ng/ml)
huicrelerde toksik etki yaparak % 11.5 (0.188 + 0.04)
oraninda kayiplara neden oldugu ortaya konuldu
(p<0.05). Bu sonuglar g6z 6niinde bulundurularak
etkin konsantrasyonun 50 ng/ml olarak segildi ve
calismanin devaminda bu konsantrasyon referans
olarak kullanildi (Sekil 2). Etkin konsantrasyonda LPS
ve a-terpineol'lin hiicreler Gzerine etkilerine bakil-
diginda kontrol grubuna gore(0.209 + 0.05) LPS 50
ng/ml konsantrasyonda uygulanan grupta(0.188 +
0.07) hacre canlihdinin - %10 dizeyinde kayiplara
neden oldugu tespit edildi(p<0.05). Bununla birlikte,
LPS ile birlikte o-terpineol (10 um) uygulanan grup
(0.192 £ 0.04) ile LPS grubu karsilastirildiginda hiicre
kayiplarinda %2.12 dlzeyinde geri ¢evirme oldugu
ortaya konulmustur (p<0.05) (Sekil 3).
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Sekil 1. Alfa-terpineol uygulamasinin hticre canliligi
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Sekil 2. LPS uygulamasinin hiicre canlihgi lzerine
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Sekil 3. Etkin konsantrasyonlardaki LPS ve o- ter-
pineol uygulamasinin hiicre canlhgi tzerine etkileri

Gen ekspresyon analiz sonuclan

Arastirmada etkin konsantrasyonda o-terpineol’iin
kontrol grubuna gore kaspaz 3 ekspresyonunu yak-
lasik 2 kat baskiladigi tespit edilirken, LPS'in kaspaz
3 duzeyini kontrol grubuna goére 1,42 kat uyardig
bulundu. Bununla birlikte a-terpineollin LPS ile ayni
zamanli uygulanan grupta bu gen ekspresyon diize-
yinin sadece LPS uygulanan grupla karsilasildiginda,
bu artisin 1,28 kat misli degisimlerle baskilandigi or-
taya konuldu (Sekil 4).
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Sekil 4. Deneme gruplarindaki Kaspaz 3 gen eks-
presyonu dizeyleri (24 saat).
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Ayrica, a-terpineol uygulanan grupta kontrol
grubuna gore Bax ekspresyonunun 14 kat baskilan-
digi tespit edildi. Calismada gen ekspresyon analiz-
lerine gdre etkin konsantrasyondaki LPS'in Bax du-
zeyini kontrol grubuna gore yaklasik 2.78 kat arttir-
dig1 bulundu. Alfa-terpineollin LPS ile ayni zamanli
uygulanan grupta ise bu gen ekspresyon diizeyinin
sadece LPS uygulanan grupla karsilastinldiginda
11.4 kat misli degisimlerle baskiladig ortaya konul-

du (Sekil 5).
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Sekil 5. Deneme gruplarindaki Bax gen ekspresyonu
dlzeyleri (24 saat).

Calismada, gen ekspresyon analizlerine gore
LPS uygulanimi Bcl-2 diizeyini kontrol grubuna gore
yaklasik 2.6 kat azaltirken a-terpineol ile birlikte LPS
uygulanimi bu gen ekspresyon diizeyinin sadece
LPS uygulanan grupla karsilasildiginda 4.6 kat misli
degisimlerle arttirdigi ortaya konuldu (Sekil 6).
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Sekil 6. Deneme gruplarindaki Bcl-2 gen ekspresyo-
nu diizeyleri (24 saat).

Bunun yanisira, a-terpineol uygulanan grupta
kontrol grubuna IL-IB ekspresyonu 25 kat baskila-
nirken LPS'in IL-Ip dizeyini kontrol grubuna gore
yaklasik 1.87 kat uyardigi bulundu. Alfa-terpineolln
LPS ile uygulandigi grupta ise bu gen ekspresyon
diizeyinin sadece LPS uygulanan grupla karsilastirl-

diginda yaklasik 50 kat misli degisimlerle baskilandi-
g1 tespit edildi (Sekil 7).
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Sekil 7. Deneme gruplarindaki IL-1p gen ekspresyo-
nu dizeyleri (24 saat).

Alfa-terpineol’in kontrol grubuna goére IL-10
ekspresyonunu 10.56 kat arttirdigi ettigi tespit edil-
di. Calismada gen ekspresyon analizlerine gore et-
kin konsantrasyondaki LPS’in IL-10 dizeyini kontrol
grubuna gore yaklasik 8.33 kat azalttigi bulundu.
Bununla birlikte a-terpineoliin LPS ile ayni zaman-
[l uygulanan grupta bu gen ekspresyon dizeyinin
sadece LPS uygulanan grupla karsilastirildiginda
yaklasik 3.08 kat misli degisimlerle uyardigi ortaya
konuldu (Sekil 8).
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Sekil 8. Deneme gruplarindaki IL-10 gen ekspresyo-
nu diizeyleri (24 saat).

Arastirmada etkin konsantrasyonda a-terpine-
ol'iin kontrol grubuna goére TNF-a ekspresyonunu
1.19 kat azalttig tespit edilirken, LPS ‘in TNF-a du-
zeyini kontrol grubuna gore yaklasik 2.03 kat arttir-
dig1 bulundu. Bununla birlikte a-terpineol’iin LPS ile
ayni zamanli uygulanan grupta bu gen ekspresyon
dlizeyinin sadece LPS uygulanan grupla karsilastiril-
diginda yaklasik 50 kat misli degisimlerle baskiladigi
ortaya konuldu (Sekil 9).

Etlik Vet Mikrobiyol Derg,

https://vetkontrol.tarimorman.gov.tr/merkez

Cilt 33, Sayt 1, 2022, 71-78



Tuncer AP ve ark. Lps yangt karacider alfa-terpineol hepatotoksisite 75

£.50
]
= & LI
£
- -
= o= e ¥
€ EE 150
E L&
- . e
===
-
= 050
=
=
0,00 —
i 1 T Te L

Sekil 9. Deneme gruplarindaki TNF-a gen ekspres-
yonu diizeyleri (24 saat).

Eankml

a-Terpineol (10 uM)

Hiicre Goriintiileri

Karaciger hiicrelerine LPS ve a-terpineol'lin 24 saat
maruziyeti sonrasi calisma gruplarindaki htcreler
invert mikroskobun (Olympus CK40,JP) 20x objek-
tifiyle gorintllendi (Scala bar 1-50 nm.) Calismada
kontrol hticrelerinin morfolojilerinin normal hepa-
tosit yapisinda olduklari ve flask tabanina homojen
yayildiklari goérilmektedir. LPS uygulanan grupta
hiicrelerin morfolojik olarak deformasyona ugradi-
g1 ve bununla birlikte yogun hiicre kayiplarinin ol-
dugu gorilmektedir. Calismada yalniz o-terpineol
eklenen grup hcrelerinin gerek morfoloji gerekse
de yogunluk olarak kontrol hiicrelerine yakin oldu-
gu gorulmektedir. Diger bir sonug, LPS+terpineol
grubu sadece LPS uygulanan gruptaki hucrelerle
kiyaslandiginda, LPS'in meydana getirdigi morfoloji
ve yogunluk degisimlerini dikkate deger bir sekilde
iyilestirdigi gortlmektedir (Sekil 10).

LS 50 ngi'mil

L%+ a-Terpnend

Sekil 10. LPS ve a-terpineol uygulaniminin hiicre goriintdileri (20 x, skala bar 1-50 nm).
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Tartisma ve Sonug

Son 10 yilda yapilan bircok calismada, badirsak
mikrobiyotasi ile obezite /insiulin direnci arasinda
nedensel bir baglanti kurulmustur. Ayrica diyetle
indliklenen obezitenin bagirsak mikrobiyotasina ba-
giml ve bagimsiz mekanizmalarla insilin direncini
arttirdigi da bilinmektedir. Bagirsak florasi bakteri-
lerinden gelen LPS, TLR4 aktivasyonu ile insulin di-
rencine yol acan kronik subklinik inflamatuar streci
baslatmakta ve obeziteye sebep olmaktadir. Aras-
tirmamizda elde ettigimiz hiicre canlilik testlerin-
de etkin konsantrasyonda LPS'in hiicre kayiplarina
neden oldugu, ancak yine etkin konsantrasyonda
uygulanan a-terpineol'lin bu kayiplari anlamli dere-
cede azalttigi ortaya konulmustur. Bununla birlikte
literatlr tarandiginda tespit ettigimiz etkin konsant-
rasyonun (10 uM) bircok calismaya gore kisa siireli
kullanimi ve daha distik konsantrasyonda oldugu
goruldi. Bircok calismada, a-terpineol’lin ¢alisma-
mizdakinden yiiksek konsantrasyonlarda uygulani-
minin goreceli olarak karaciger yaglanmasina sebep
oldugu rapor edilmistir. Ornegin; Choi ve ark. (2013);
yaptiklari in vivo calismada farelere 2 hafta siireyle
100 pg/ml konsantrasyonda oral olarak a-terpineol
verdiklerinde karaciger dokusunda yag infiltrasyonu
oldugunu rapor etmisleridir.

Galismamizda viyabilite analizleri verilerine
benzer olarak, bircok calismada LPS'in farkl hiicre
tiplerine sitotoksik etki gosterdigi rapor edilmistir
(Stone ve ark. 2003; Nishio ve ark. 2013; Shi ve ark.
2016; Ting ve ark. 2019). Konu ile ilgili literatlr ta-
randiginda hiicre canlilik testi sonuglari bylik oran-
da homoloji géstermektedir.

Arastirmada LPS'in karaciger hucrelerinde pro
inflamatuar sitokinlerin (IL-1f ve TNF-a) gen eks-
presyonunu anlamli diizeyde uyardigi tespit edildi.
Calismada diger bir sitokin olan ve anti inflamatuar
yanitta roll bulunan IL10 ekspresyonu LPS tarafin-
dan baskilanmisti. Yine arastirmada yangi paramet-
relerindeki bu olumsuz tablo a-terpineol tarafindan
anlamli diizeyde iyilestirildigi de goruldi. Calisma-
lar, bagirsak mikrobiyotasinin cesitli mekanizmalar
yoluyla NAFLD'ye katkida bulundugunu gdstermek-
tedir (Chalasani ve ark. 2018). Bunlar enerji home-
ostazinin dizenlenmesi icin kisa zincirli yag asitleri
karbonhidrat fermantasyonu yoluyla karacigerde de
novo lipogenezi indiklenmesi (Lucas ve ark. 2018)
endokannabinoid sistemin modulasyonu (Armst-
rong vd. 2014); cok dusik yogunluklu lipoprotein
(VLDL) ve karaciger lipit ihracatinin sentezi icin ge-
rekli kolin metabolizmasinin modulasyonu (Ashtari
ve ark. 2015); safra asidi homeostazinin modilasyo-

nu( Buzzetti ve ark. 2016); endojen etanol olusumu
ve (Mazzotti ve ark. 2016) karaciger makrofajlarinda
pro-enflamatuar sitokinlerin Gretimini aktive eden
ve hepatositlerin iltihaplanmasina neden olan lipo-
polisakkaritin (LPS) artisi olarak siralanabilir (Poeta
ve ark. 2017). Gram negatif bakterilerin hiicre duva-
ri bileseni olan LPS'in, TNF-a ve IL-6, indiklenebilir
nitrik oksit sentaz (iNOS) ve siklooksijenaz 2 (COX2)
ve nikleer faktor-kappaB gibi bircok enflamatuar
araci molekulin ekspresyonu igin sinyalleme kas-
katini baslattigi bilinmektedir (Rossol ve ark. 2011).
Bagirsak mikrobiyotasi ve bagirsak bariyeri bozulma
olaylarinin 6ziinde PRR'lerin aktivasyonu ile IL-1 IL,
IL-6 ve TNF-a gibi sitokinlerin Uretiminin ve ekspres-
yonunun uyariimasi bulunmaktadir (Buzzetti ve ark.
2016). Ayni zamanda, enflamasyonu, metabolizma-
y1, hicre canliligini ve gesitli sitokinlerin Gretimini
diizenleyen nukleer faktdr kappa B'nin (NF-kB)'nin
hiicre ici enflamatuar yolunu aktive eder. Hem TN-
F-o hem de NF-kB aktive edilir ve birlikte insilin di-
rencini arttinirlar ve karaciger iltihabina katilirlar (Du-
arte ve ark. 2015). Sitokin saliniminin yani sira, TLR
aktivasyonu; NF-kB hiicre ici enflamatuar yolunu
uyararak, insulin direncine ve obeziteye neden olan
makrofajlarin stimulasyonunu indikler (Chakraborti
2015). insilin direnci ve obezite varligi, viicut tara-
findan daha fazla serbest lipit metaboliti tretildigi
ve daha fazla pro-inflamatuar sitokinlerin dolastigi
anlamina gelir. Pro-inflamatuar sitokinler ve lipotok-
sisite faktorleri hepatositlerde inflamasyon, apoptoz
ve fibrozisin gelismesine katkida bulunur (Buzzetti
ve ark. 2016).

Non-alkolik yagh karaciger hastaligi'de NF-«k[
aktivasyonunun en cok parankimal olmayan hic-
relerde goruldugu, TNF-o, IL-1p ve diger sitokinle-
rin aktivasyonu yoluyla hiicrelerde pro-enflamatuar
yolaklarin uyarimi gerceklestigi bilinmektedir (Dela
Pefia ve ark. 2005). Sousa ve ark. (2020); a-terpine-
ol enantiyomerlerinin ylksek yagli diyet uygulanan
farelerde antioksidan ve antienflamatuar etkileri-
ni arastirdiklar ¢alismada 50mg/kg a-terpineol’iin
pro-inflamatuar sitokinlerden TNF-o ve IL-1( serum
dlzeylerini dustrdigini tespit etmislerdir. Cint-
ra ve ark. (2008); yaptiklari fare NAFLD modelinde,
antikor veya antisens oligonukleotitler kullanilarak
IL-10 inhibisyonunun, karacigerdeki TNF-a ve IL-6
ekspresyonunu uyardigi ve insilin direncini arttir-
digr goézlemlenmistir. Yine, Nogueira ve ark. (2014);
yaptiklari makrofajlarda a-terpineol’iin dzellikle LPS
uyarimh proinflamatuar sitokinlerden IL-1B ve TN-
F-a artan duzeylerini baskiladigini rapor etmislerdir.
a-terpineol’lin enflamatuar medyatorlerin tretimini
baskiladigi ve bu etkiyi NF-kB, p38 veya ERK/MAPK
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yolaklari Gzerinden gerceklestirdigi rapor edilmistir
(Nogueira ve ark. 2014). Bir diger calismada ise De
Oliveira ve ark. (2012); a-terpineoliin sitokin kaska-
dini inhibe ettigi, TNF- o ve IL-1p gibi enflamatuar
medyatorlerin Uretimini azalttigr ve NO salimini in-
hibe ettigi, boylelikle de antienflamatuar ve antihi-
pernosikeptif etkinlik gosterdigi bildirilmistir

Arastirmamizda karaciger hicrelerinde LPS'in
kaspaz 3 ve bax gibi proapoptotik parametreleri
uyardigi, bununla birlikte anti apoptotic olan Bcl-
2gen ekspresyonunu ise baskilayarak hicre kayip-
larina neden oldugu tespit edildi. Yine koruyucu
etken madde olarak o-terpineol’iin bu olumsuz
durumu geri cevirerek hucreleri kurtardigi da ya-
pilan gen ekspresyon analizleriyle ortaya konuldu.
inflamatuar yanit faktérleri hiicre ici NFKB ve AP-1
aktivasyonuna neden olarak TNF-a transkripsiyonu-
nu tetikler ve apoptoz siirecinin baslamasina neden
olur (Bubici ve ark. 2004). Zhu ve ark. (2006); LPS gibi
faktorlerin uyarimiyla TNF-a reseptdriine baglandi-
ginda kaspaz 3'U dolayli olarak kaspaz 8 tzerinden
uyarabildigi gibi dogrudanda uyararak mitokond-
riyal membran permeabilitesini bozarak sitokrom
c'nin sitoplazmaya translokasyonunu uyararak int-
rinsik apoptozu tetikledigni rapor etmislerdir. Bax
proteininin mitokondriye translokasyonu apoptozda
kritik bir adimdir (Valentijn ve ark. 2003). Bax genel-
de sitozolde bulunur. Ancak apoptoz siirecinde pro-
tein Bcl2/Bcl x| proteinleriyle interaksiyona girerek
onlarin mitokondri gecislerini engeller (Capano ve
ark. 2002). Zhang ve ark. (2007); yaptiklari calisma-
da noron hicrelerine uyguladiklart TNF-o'nin bax
stimUllasyonuna neden olarak apoptozu indikledik-
lerini rapor etmislerdir. Pourbakhsh ve ark. (2014);
yaptiklari etanol uyarimli karaciger harabiyeti mode-
linde iceriginde terpineol bulunan Nigella sativa bit-
kisinin esansiyel yaglarinin Bax eksperyonunu bas-
kilarken, Bcl-2 ekspresyonunu indukledigini rapor
etmislerdir. Yine ayni calismada ekstrinsik apopto-
zunda baskilanmasinda esansiyel yaglarin kaspaz 8'l
baskilayarak etki gosterdigide rapor edilmistir. Aras-
tirmanin tim verileri dikkate alindiginda karaciger
hiicrelerinin LPS ile maruziyeti sonrasi inflamasyon
ve buna bagh olarak apoptoz gelismistir. Bununla
birlikte hiicrelere proliferatif etkin konsantrasyonda
uygulanan a-terpineol'lin ise inflamatuar yanit sito-
kinlerini baskilayarak yangiyr 6nlemis ve buna bagli
olarak apoptozu engelledigi gorilmustar.

Tim bu sonuclar degerlendirildiginde a-terpi-
neoliin mikrobiyota patojenleri tarafindan meydana
getirilen yangi ve hiicre kayiplarina karsi alternatif
bir etken madde olarak kulllanilabilecegi kanisina
varildi. Bununla birlikte literatiir tarandiginda, tes-

pit ettigimiz proliferatif etkin konsantrasyonun (10
MM) bircok calismaya gore kisa streli kullanimi ve
daha dusuk konsantrasyonda oldugu goraldd. Bir-
cok calismada, a-terpineol’lin calismamizdakinden
yiksek konsantrasyonlarda uygulaniminin goreceli
olarak karaciger yaglanmasina sebeb oldugu rapor
edilmistir. Ancak konunun tam aydinlatilabilmesi ve
ortaya konulabilmesi icin in vivo ve ileri diizey aras-
tirmalara ihtiyag bulunmaktadir.

Deney hayvanlari kullanimi etik kurulu ve diger
etik kurul kararlari ve izinler: Bu calismanin
yapilmasi  amaciyla Hatay Mustafa Kemal
Universitesi Girisimsel Olmayan Klinik Arastirmalar
Etik Kurulu'ndan 05/09/2019 tarihinde (toplanti
no:11, karar sayisi:15) etik kurul izni alinmistr.

Tesekkiirler: Bu calisma Hatay Mustafa Kemal
Universitesi Saghk Bilimleri Enstitisi tarafindan
13/09/2019 tarihinde (toplanti no:20, karar sayisi:87)
alinan kararlar dogrultusunda tez calismasi olarak
desteklenmistir.
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Ozet: Bu calismada amacg, Mycoplasma gallisepticum (MG), Mycoplasma synovia (MS) ve Mycoplasma meleagridis
(MM) etkenlerini bir multipleks PCR yontemiyle tek seferde tanimlamak ve bu yéntemin rutin teshiste kullanilabilirligini
arastirmaktir. Calismada laboratuvara getirilen ve klinik belirtileri mikoplazma infeksiyonlari ydoniinden stpheli, tavuk
ve hindilerden aseptik sartlarda alinan toplam 100 svab 6rnegi kullanildi. Bu érnekler Frey's besiyerinde inkiibe edildi
ve buradan DNA ekstraksiyonu yapildi. Yapilan multipleks PCR testi sonucunda tavuklarda (n=50) MG ve MS igin
sirastyla 9 (%18) ve 5 (%10) pozitiflik saptandi. 2 tavukta (%4) hem MG hem de MS beraber pozitif bulundu. Tavuk
numunelerinin hicbirinde MM icin spesifik bant olusumu tespit edilmedi. Hindilerde ise (n=50) MG, MS ve MM igin
pozitif hayvan sayisi sirasiyla 6 (%12), 4 (%8) ve 3 (%6) olarak tespit edildi. MG ve MS bantlarinin beraber tespit
edildigi hindi sayisi 12 (%24) iken, 1 hindide (%2) MG ve MM, 3 hindide ise (%6) MM ve MS etkenleri beraber izlendi.
Numunelerin hi¢birinde li¢ etkene ait spesifik bant olusumu gézlenmedi. Sonug olarak Sanlurfa bélgesinde kanatli
tlrlerine ait 6nemli patojen mikoplazma etkenlerinin bulundugu, multipleks PCR testi ile kisa stirede ve yiksek
duyarlilikta cok sayida etkenin ayni anda ve daha hizl tespitinin saglandigi ayrica koruma ve kontrol énlemlerinin
alinmasinda basariyla kullanilabilecegi sonucuna varild.

Anahtar kelimeler: identifikasyon, kanatl mikoplazmozu, multipleks PCR

Identification of pathogen Mycoplasma species using multiplex
PCR from chickens and turkeys having clinical symptoms

Abstract: The aim of this study is to establish multiplex PCR method that enables to detect Mycoplasma gallisepticum
(MG), Mycoplasma synovia (MS) and Mycoplasma meleagridis (MM) species at the same time and to investigate
usage of this method in routine diagnosis of these pathogenic mycoplasmas. A total of 100 swabs taken aseptically
from chickens and turkeys which shows clinical symptoms similar to mycoplasma infection were used in the study.
Samples were inoculated into Frey’s medium and DNA extraction was made from these growing cultures. Nine (18%)
and 5 (10%) out of 50 chickens were found positive for MG and MS, respectively by Multiplex PCR. Two chickens
(4%) were positive for both MG and MS. No specific DNA for MM was detected in chickens. Six (%12), 4 (%8) and 3
(%6) out of 50 turkeys were detected as positive for MG, MS and MM, respectively. While MG and MS were detected
together in 12 (%24) turkeys, MG and MM were found in only one (2%) turkey together. On the other hand, MM and
MS were detected in 3 (6%) turkeys. None of the samples was found positive for all three species. As conclusion,
we demonstrated the presence of pathogenic poultry mycoplasmas in chicken and turkeys in Sanliurfa. It was also
concluded that multiplex PCR is very useful method that detects different mycoplasmas with high sensitivity in a
short time. Therefore, we assumed that this method could be used succesfully in prevention and control of these
pathogenic mycoplasmas of poultry.

Keywords: Avian mycoplasmosis, identification, multiplex PCR

Giris

Mollicutes sinifi, Mycoplasmataceae ailesinde yer
alan mikoplazmalar, prokaryotlarin en kuctk tye-
sidir. Sigirlarda bulasici bir hastalik olan kontagi-
y6z ploropndmoninin etkeni olarak ilk defa 1898
yilinda izole edilmiglerdir. Solunum sistemine yer-
lesen etkenler, sonraki yillarda pléropnémoni ben-

zeri organizma (PPLO) olarak tanimlanmistir (Davis
ve ark. 1973; Mendonca ve ark. 2000). Kanatlilarda
patojenik mikoplazma etkenlerinin meydana getir-
digi mikoplazmoz ilk olarak hindilerde 1926 yilinda,
daha sonra da tavuklarda 1936 yilinda tanimlan-
mistir (Charlton ve ark. 1996). Giinimuzde, kanatli
hayvanlarda hastaliga neden olan farkli mikoplazma
etkenlerinin oldugu bilinse de (Carli 2019; OIE 2021),
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kanatllarda baskin olarak bulunan mikoplazma tir-
leri, Mycoplasma gallisepticum (MG), Mycoplasma
synovia (MS), Mycoplasma meleagridis (MM) ve
Mycoplasma iowae (MI) dir (Songer ve Post 2012).
Tavuk ve hindilerde MG ve MS, hindilerde ise MM
ve M, ticari kanath isletmelerinde, dnemli ekono-
mik kayiplara yol agan patojenik mikoplazma tirleri
olarak bildirilmistir. (Bradbury 2001). Bu etkenler-
den de MG ve MS, epidemiyolojik olarak en dnemli
turlerdendir ve 6zellikle evcil kanatlilarda meydana
getirdikleri hastaliklarin tim diinyada yaygin olmasi
yoniyle, Diinya Hayvan Saghgi Orgiitii (OIE) liste-
sinde de yer almaktadir (OIE 2021). MG, tavuklarda
kronik solunum yolu hastaligi (Chronic Respiratory
Disease, CRD), hindilerde ise infeksiydz sinizitis (IS)
olarak bilinen hastalik tablolarini olusturur. MS ise
tavuk ve hindilerde infeksiy6z synovitise ve kanat-
hlarda st solunum yollari problemlerine neden ol-
maktadir. MS ayrica, yumurtaci tavuklarda yumurta
verimini ve kalitesini de bozar (Carli 2019). Bu hasta-
liklar tavuk ve hindilerde 6nemli ekonomik kayiplara
yol acarlar (Charlton ve ark. 1996). MM ise ilk defa
1965 yilinda hindilerin hava kesesi infeksiyonlarin-
dan tanimlanmis, hindilerde ve diger kanatlilarda
patolojik lezyonlar olusturabilen, fakat tavuklarda
patolojik lezyonlara sebep olmayan bir mikoplazma
taru olarak belirlenmistir (Yamamoto ve ark. 1965).
Etken, geng hindilerde solunum yollari hastaligina
neden olurken bunun yaninda, gelismenin durmasi,
zayif tiylenme ve ayak problemleri ile de iligkili bu-
lunmustur (Songer ve Post 2012).

Kanatlilardaki mikoplazma infeksiyonlarinin,
direkt temasla, etkeni iceren diski ve akintilar, toz,
damlaciklar, kontamine ekipman, yem, su, infekte
kuslar, rodent ve etkeni iceren giibrelerle horizontal
olarak bulasabilecedi ¢evresel numunelerden yapi-
lan analizler ve deneysel bir kurguyla gosterilmis,
ayrica damizlik anaglarin yumurtalarindan civcivle-
re ise vertikal olarak bulasabilecegi ve sirl icinde
cok hizh bir yayilim gosterebilecegi arastiricilar ta-
rafindan belirtilmistir (Marois ve ark. 2002). Bulas-
ma gulicl ylksek bu etkenlerin tanisi ve infeksiyonun
teshisi bu noktada oldukca 6nemlidir. Mikoplazma-
larin tanisinda klasik kdltir metodu, altin standart
yontem olarak kabul edilmis olsa da, serolojik me-
todlar ve molekuler olarak da Polimeraz Zincir Re-
aksiyonu (PCR), teshiste siklikla tercih edilmektedir.
Kaltlr yonteminin uzun siirmesi ve kontaminasyon
riskinin ylksek olmasi, serolojik testlerde ise capraz
reaksiyonlar sonucu hatali pozitif veya negatif so-
nuclarin alinmasi, etkenlerin teshisi asamasinda PCR
temelli molekdler tani yontemlerini, digerlerine gore
daha kullanish hale getirmektedir (Marois ve ark.

2002; Buim ve ark. 2009; OIE 2021). infeksiyondan
sliphe edilen canli veya yeni 6lmus hayvanlardan ya
da oldikten hemen sonra dondurulmus hayvanlar-
dan, doku, organlar ve solunum yolu eksudatlarin-
dan svab alinarak, mikoplazmalarin tanisi icin ince-
leme 6rnedi olarak kullanilabilmektedir (Marois ve
ark. 2002; Kleven ve ark. 2004; OIE 2021).

Bu calismada amac, Harran Universitesi Veteri-
ner Fakdltesi Mikrobiyoloji Ana Bilim Dali laboratu-
varina getirilen, anamnez ve klinik belirtilerine gére
mikoplazmoz siipheli tavuk ve hindilerde MG, MS ve
MM etkenlerini bir multipleks PCR testiyle saptamak
ve bu ydntemin patojen kanath mikoplazmalarinin
rutin teshisinde kullanilabilirligini arastirmaktir.

Gereg ve Yontem
Klinik 6rnekler

Bu calismada, 2020 yili Temmuz ayindan, 2021 yili
Aralik ayina kadar gecen sure igerisinde, Mikrobiyo-
loji Ana bilim dali laboratuvarina canli veya agoni
halinde getirilen evcil kanatlilardan, ¢ok hafiften
siddetliye degisen derecelerde “semptom gdsteren”
anamnez, klinik semptomlar ve nekropsi bulgula-
r yoninden mikoplazmoz stpheli (6ksurik, nazal
ve okiler akinti, infraorbital sinlste sisme, yumurta
veriminde dusuklik, bacak problemleri, istahsizlik
semptomlari ile nekropside hava kesesi yangisi, pe-
rikardit, perihepatit, sinlizit ve bazen artrit lezyonlari,
cesitli yas (7- 36 haftalik) ve cinsiyetteki 50 tavuk ve
50 hindinin, canl olanlarindan agiz-burun akintilari
ve trakealarinin Ust bélgelerinden, nekropsi yapilan-
larindan ise ilave olarak trakealarinin derin bélgele-
rinden, lezyonlu organlardan ve hava keselerinden,
aseptik sartlarda alinan svab 6rnekleri etken tani-
si amaciyla inceleme 6rnegi olarak kullanildi (OIE
2021).

Kiiltiir

Frey Mycoplasma Broth Base (Himedia), Uretici fir-
manin tavsiyesine uygun olarak 500 ml olarak ha-
zirlandiktan sonra otoklav ile 121°C de 15 dk steril
edildi. Besiyeri 50-55°C'ye sogutulduktan sonra be-
siyerine, steril sartlarda, Mycoplasma Supplement G
(Oxoid), son konsantrasyonu %20 olacak sekilde at
serumu (Himedia) ve %1 oraninda Nikotinamid ade-
nin dintkleotid (NAD) (Merck) (Ongér ve ark. 2009)
ilave edilerek Frey's besiyeri hazirlandi. Hazirlanan
besiyeri, 3 ml olarak steril cam tlplere taksim edildi.
Taksim sonrasi, olasi kontaminasyonlarin tespiti icin
gerekli kontroller yapildi ve hazirlanan tipler kulla-
nilincaya kadar 4°C’' de muhafaza edildi. Hayvanlar-
dan alinan svablar besiyerine ekildi ve daha sonra
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her bir kanath igin bu besiyerleri 37 °C'de, mikroa-
erobik sartlarda, 72 saat inkiibasyona birakildi (Frey
ve ark. 1968; OIE 2021).

DNA ekstraksiyonu

Ekimleri yapilan ve inkubasyona birakilan besiyer-
lerinden, inkubasyon sonunda DNA ekstraksiyonu
yapildi. Bu amagla steril ependorf tliplerine 1.5 ml
sivi kiltlr besiyeri alindi. Stispansiyon, 14.000 x g'de
4°C'de 30 dakika santrifiij edildi. Stpernatant kisim
dikkatlice alinarak atildi ve pelet 25 pl ultra saf su ile
stspanse edildi. Tupler, 10 dk kaynatildiktan sonra
buz Gizerinde sogumaya birakildi. Daha sonra 14.000
x g'de 4°C'de 5 dk santrifiij edildi ve DNA'nin bulun-
dugu sltpernatant kisim alinarak test edilene kadar
-20°C’' de saklandi (Liu ve ark. 2001; Tomar ve ark.
2017a).

Referans DNA' lar

MG, MS ve MM icin referans DNA'lar, Pendik Veteri-
ner Kontrol Enstitlisii, Mikoplazma OIE Referans La-
boratuvarindan temin edilerek calismalarda pozitif
kontrol amaciyla kullanildi.

Multipleks PCR

Tek seferde, 3 farklh etkene spesifik 3 gen bolgesi-
nin arastirilmasi amaciyla 6rneklere multipleks PCR
uygulandi. Yontemde ticari master mix (Qiagen,
206143) kullanild.

MG, MS ve MM igin tur spesifik primerler (Tab-
lo 1) 100 uM konsantrasyonda (100 pmol/ul) olacak
sekilde steril ve DNaz / RNaz free PCR grade su ile
sulandirildi ve stok konsantrasyonlar hazirlandi. Her
bir primer igin son konsantrasyon 2 uM (2 pmol/ul)
olacak sekilde kullanildi.

Multipleks PCR karisimi, her bir tlp igin toplam
hacim 25 pl olacak sekilde belirlendi. Bunun igin 12,5
pl Qiagen master miks, 2,5 pl primer karisim, 9 pl su
ve 1 pl kalip DNA icerecek sekilde hazirlandi. Karisim
icerigi, Thermal Cycler (Thermo Fisher Scientific Ark-
tik) cihazinda ¢ogaltildi. Amplifikasyon icin déngdiler,
ticari master miks icerigine uygun olarak yapildi. Bu
amagla 95°C'de 15 dakika baslangi¢ denatlirasyon
isleminden sonra toplam 30 dongi olacak sekilde,
94°C'de 30 saniye (denatlrasyon), 58°C'de 90 sani-
ye (ilk baglanma), 72°C'de 3 dakika (ilk sentez) ve
dongiilerin sonunda, 72°C'de 10 dakika (son sentez)
tutularak amplifikasyon tamamlandi. DNA'larin yi-
rattlmesi icin amplikonlar elektroforeze tabi tutuldu
(Thermo Scientific EC300 XL). Bu amagla 10 X TAE
(Tris Asetat EDTA) sollisyonu (Fermentas, B49), disti-
le su ile sulandinlarak 1X oraninda kullanildi. Agaroz
jel (Sigma, A9539), %2 konsantrasyonda hazirlan-
di. DNA marker olarak 2000 bp'lik ladder (Qiagen
Gel Pilot Mid Range) kullanildi. islemlerin sonunda
goruntileme islemi (Jel goriintileme Major Scien-
ce UVCI-1100) ile yapilarak spesifik bantlarin varligi
arastirildi.

Tablo 1. MS, MM ve MG tanisi icin multipleks PCR testinde kullanilan primerler.

Gen Amplikon

Hedef Mikroorganizma Kullanilan primerler Bolgesi  boyutu (bp) Referans
. F: 5-GAG-AAG-CAA-AAT-AGT-GAT-ATC-A-3'
Mycoplasma synoviae (MS) R 5'-CAG-TCG-TCT-CCG-AAG-TTA-ACA-A-3' 16S rRNA 211 bp (OIE 2021)
- 90F: 5'-CGAGCGAAGTTTTTCGGAAC-3' (Boyle ve ark.
Mycoplasma meleagridis (MM) 4 c9p- 5/ GGTACCGTCAGGATAAATGC-3' 16SRNA 424 bp 1995)
o F: 5-GGAGTTAGCTTTGTGTTCTCGG-3' ) (Rajkumar ve
Mycoplasma gallisepticum (MG) - . 5, s AGTTCATGCGGTTTGGACC-3" s UL ark.2019)

Minimum tespit limitinin belirlenmesi

Kullanilan multipleks PCR'nin minimum tespit limi-
tini belirleyebilmek icin her 3 etkene ait referans
DNA'larin miktarlari spektrofotometrik olarak &l-
clldt (Thermo, NanoDrop1000) ve DNA konsant-
rasyonlari esit olacak sekilde karistirildi. Olusturu-
lan stok karisim, mikrolitresinde 50ng, 25ng, 10ng,
100pg, 10pg DNA igrecek konsantrasyonlarda su-
landirilarak multipleks PCR'de tespit limitinin belir-
lenmesi amaciyla kullanildi (Wang ve ark. 1997; Met-
tifogo ve ark. 2015).

Bulgular

Tavuk numunelerinin multipleks PCR analizi sonu-
cunda, 50 tavugun 16'sinda (%32) incelenen etken-
lerden en az birine ait spesifik bant olusumu tespit
edildi. Bu etkenler iginde, 9 tavuk (%18) MG icin po-
zitif bulunurken, MS icin 5 tavuk (%10) pozitif bulun-
du. Hem MG hem de MS'nin beraber bulundugu 2
pozitif hayvan (%4) tespit edildi. Tavuk numuneleri-
nin hi¢birinde MM igin spesifik bant olusumu tespit
edilmedi (Sekil 1, Sekil 2).

Hindi numunelerinin multipleks PCR analizi so-
nucunda, 50 hindinin 29'unda (%58) arastirilan et-

Etlik Vet Mikrobiyol Derg,

https://vetkontrol.tarimorman.gov.tr/merkez

Cilt 33, Sayt 1, 2022, 79-88



82 Glillii Yiicetepe A ve ark. Klinik semptomlu tavuk ve hindilerden patojen Mikoplazma tiirlerinin multipleks PCR ile tanuimlanmast

kenlerden en az birisine ait spesifik bant olusumu
izlendi. Test edilen 50 hindi icinde, MG, MS ve MM
icin pozitif hayvan sayisi sirasiyla 6 (%12), 4 (%8) ve
3 (%6) olarak bulundu. Ayni hayvanda, birden cok
etkenin beraber bulundugu sonugclar degerlendiril-
diginde, MG ve MS etkenlerine ait spesifik bantlar
12 hayvanda (%24) bulunurken, MG ve MM etkenle-
rine ait spesifik bantlar sadece 1 hindide (%2), MM
ve MS etkenlerine ait spesifik bantlar ise 3 hayvanda

(%6) goriuldi. Numunelerin hicbirinde, (i¢ etkene ait
spesifik bant olusumu beraber izlenmedi (Sekil 1,
Sekil 3).

Minimum tespit limitinin belirlenmesi icin yapi-
lan ¢alismanin sonucunda, mikrolitrede 10ng DNA
konsantrasyonu, kullanilan multipleks PCR icin her 3
etkenin de beraber tanimlanabilecegi en disiik mik-
tar olarak tespit edildi (Sekil 4).

Sekil 1. Multipleks PCR testi sonucunda orneklerin jel elektroforez goriintlisi 1- Marker (Mid range ladder
2000bp) 2- Referans DNA'lari iceren Miks Pozitif kontrol, 3- MM pozitif numune 4- MS pozitif numune 5-
MG pozitif numune 6- MG+MM pozitif numune 7- MM+MS pozitif numune 8- MG+MS pozitif numune

9- Negatif kontrol

¥
40
30
Fib
9 (%18)
S{%10)
, R r—
MG M5

0 2 (%4) 0
S ———
i TN b MRS

Sekil 2. Tavuk numuneleri icin (n=50) multipleks PCR bulgular grafigi.
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Sekil 3. Hindi numuneleri icin (n=50) multipleks PCR bulgular grafigi.

24bp
211 bp
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kontrol

Tartisma ve Sonug

Arastiricilar patojenik mikoplazma tirlerinden MG
icin tavuklarda CRD, hindilerde ise IS ye neden olan
ve ayrica sllun, keklik, tavus kusu ve bildircinlarda
da infeksiyonlara yol agan, subklinik enfeksiyonlar-
da ozellikle de tavuklarda Avibacterium paragallina-
rum, infeksiydz bronsitis virusu ve Escherichia coli ile
ko-infeksiyonlar olusturarak sonugta buyk kayipla-
ra yol acabilen bir mikoplazma tlri oldugunu, ayrni-
ca MG'ye bagl infeksiyonlarin, diger kanatli mikop-
lazma infeksiyonlari iginde, kanatli sektoriindeki da-
mizlik, yumurtaci ve broyler isletmelerinin en 6nemli
infeksiyonlari olarak gorildigind bildirmislerdir.
Arastiricilar, MS icin tavuk ve hindilerde infeksiyoz
sinovitis ve Ust solunum yollarinda hastaliklara se-

bep olabilecegini, diger bakteriyel ve viral etkenler-
le ve bazen de Ml ile miks infeksiyonlar olusturarak
siddetli hastalik tablolarina sebep oldugunu bildir-
mislerdir. MM igin arastiricilar, etkenin sadece hindi-
lerde hastalik olusturan bir tir oldugunu, diger spe-
sifik mikoplazma turlerine benzer sekilde hindilerin
hava keseleri, trakea ve sinlUslerinden rahatlikla izole
edilebilecegini vurgulamislardir (Carli 2019). Arasti-
ricilarin da bildirdigi gibi kanatlilarda oldukca ciddi
infeksiyonlara sebep olan bu mikoplazma etkenleri,
tim dinyada oldugu gibi Tirkiye'de de kanatl sek-
térinde 6nemli sorunlara yol agmaktadir (Esendal
2002; Akan 2008). Bu nedenlerle de bu calismada
adi gegen etkenlerin arastiriimasi distnilmastar.
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Mikoplazma infeksiyonlarini dnceden tespit
etmek, dnlem almak, strtleri ari duruma getirmek
veya hasta surulerde erken tedavi ve karantina uy-
gulamalari yaparak kayiplari en aza indirebilmek igin
s6z konusu patojen mikoplazma tirlerinin tanisina
yonelik cesitli yontemler tanimlanmistir. Bunlarin
icinde, klasik izolasyon ve identifikasyon yodntemi
uluslararasi yetkili otoriteler tarafindan mikoplaz-
malarin tanisinda altin standart yontem olarak kabul
edilmektedir (Carli 2019; OIE 2021). Ancak bazi aras-
tiricilar, bu klasik yontemle ilgili bazi dezavantajlari
bildirmislerdir. Kleven (1998), mikoplazma etkenleri-
nin besiyerlerinde Uretilmeleri sirasinda, ¢ok hassas
olduklarini belirterek sivi besiyerlerinde glukoz fer-
mentasyonundan dolayi renk degisiminin tespiti ya-
pilir yapilmaz kultirlerin bekletiimeden pasajlanma-
si gerektigini vurgulamistir. Aksi durumda etkenlerin
pH degisiminden dolay dlebilecegini belirtmistir.

Glnimuzde kdilttr yontemi yerine hizl tani igin
molekuler ydntemlerin kullanimi, oldukca yaygin ve
avantajlar sebebiyle cogu arastirici ve tani labora-
tuvar tarafindan tercih edilen, giivenilir teshis yon-
temleri olarak karsimiza c¢ikmaktadir (Zakeri 2016;
Carli 2019; OIE 2021). Ongdr ve ark. (2009), besi-
yerinden yapilan PCR testinde, bakteriyel kontami-
nasyon olsa bile oldukca spesifik olarak mikoplazma
etkenlerinin saptanabilecegini, bu sekliyle de klasik
kidltur yontemine kiyasla ¢ok daha iyi sonuglar alin-
digini bildirmislerdir. Bazi arastiricilar, patojen etken-
lerin tespitinde, asemptomatik belirti gdsteren hay-
vanlardan veya antibiyotik tedavisi uygulanmis canli
hayvanlardan alinan klinik 6rneklerde ya da vicutta
fagosite edilmis halde bulunabilen mikoplazma et-
kenlerinin tespiti icin alinan drneklerde, PCR testi ile
etkenlerin arastirilmasinin tani acisindan daha ve-
rimli olabilecegini vurgulamiglardir. Ayrica, PCR yon-
temi ile patojen etkenin, konakg¢inin immiinolojik ya-
nitindan 6nce saptanmasinin mimkin olabilecegi,
bdylece PCR yonteminin serolojik testlere gore daha
avantajli oldugu bildirilmistir (Garcia ve ark. 1995;
Kempf 1998; Gondal ve ark. 2015). Mikoplazmalarin
tanisi icin yaptiklari calismalarda PCR testini basarili
olarak rapor eden ge¢misten gliniimiize ¢ok sayida
arastirmaci vardir (Zhao ve Yamamato 1993; Boyle
ve ark. 1995; Garcia ve ark. 1995; Marouf ve ark.
2020). Kesler ve ark. (2013), yumurtaci tavuklardan
aldiklar 6rneklerin sivi kiltirlerinden yaptiklari PCR
testinde, canl hayvanlardan alinan 73 trakeal svab-
tan, 2 isletmeye ait 2 tavukta MG spesifik DNA'a-
rin tespit edildigini bildirmislerdir. Tomar ve ark.
(2017a), solunum yolu enfeksiyonlarinin bulundugu
92 farkli kanath strustinden, trakea, akciger ve hava
keselerini iceren doksan iki havuzlanmis doku 6rne-

ginin toplandigini ve dubleks PCR ile mikoplazma-
lar icin incelemeye tabi tutuldugunu bildirmislerdir.
Dubleks PCR sonucunda, %27 (25/92) oraninda MG,
%2,1 (2/92) oraninda MS ve %1,08 (1/92) oraninda
hem MG hem de MS igin pozitif sonuclar aldiklari-
ni, sonug olarak, kullandiklari PCR testinin surilerin
taranmasi ve slrveyans icin kullanilmasini tavsiye
etmisler, bdylece kanatlilarda patojenik mikoplaz-
ma etkenlerinin yayginhginin belirlenerek hastaligin
azaltilmasi ve vertikal bulasmayi en aza indirmek icin
de gerekli kontrol dnlemlerinin alinmasi gerekliligini
bildirmislerdir. Tim bu belirtilenler dikkate alinarak
bu calismada da molekiler test yontemlerinin s6z
konusu Ustinlikleri degerlendirilmis ve mikoplazma
etkenlerinin tanisi icin PCR testi tercih edilmistir.

Arastiricilar ¢cok sayida mikoplazma etkeninin
tek seferde analiz edilebilecedi multipleks PCR test-
leri dizayn ederek tani agisindan is yukd, maliyet ve
zaman konusunda avantaj elde etmeye calismislar-
dir. Garcia ve ark. (1995), MG, MS ve Ml igin tir spe-
sifik multipleks PCR dizaynini, etkenlerin bilinen 16S
ribosomal RNA (rRNA) bolimlerine 6zgl primerler
kullanarak yaptiklarini bildirmislerdir. Wang ve ark.
(1997), spesifik dort mikoplazma etkeni igin multip-
leks PCR gelistirmisler ve optimize ettiklerini bildir-
mislerdir. Mettifogo ve ark. (2015), multipleks PCR
teknigi ile patojen kanatli mikoplazma etkenlerinin
tespit edilmesinde dustik reaktif hacimlerde, yliksek
duyarlilik, 6zgullik ve dogruluk gibi avantajlan ile
rutin teshiste kullanilabilecegini, kanatli giftliklerinin
izleme programlarinda kullanilmak {izere kanath ttr-
lerinde multipleks PCR ile MG ve MS enfeksiyonuna
neden olan mikoplazma turleri ve MG-F asi susunun
eszamanli olarak tespit edilebilecegini ve multipleks
PCR testinin ayirici, hizli, hassas ve spesifik bir tani
yontemi olarak kabul edilebilecegini bildirmislerdir.
Abd-El-Tawab ve ark. (2020), klinik &rneklere uy-
guladiklar multipleks PCR testinin MS ve MG’ nin
tek bir reaksiyonda eszamanli tespitinde duyarli ve
spesifik oldugunu belirtmislerdir. Avantajlari sebe-
biyle bu calismada da spesifik patojen mikoplazma
etkenlerinin en kisa siirede ve dogru olarak tespit
edilebilmesi icin bir multipleks PCR testi kurgulan-
mis ve kullanilabilirligi arastinlmistir. Bu amacla tani
icin daha 6nceden calisiimis ve basarisi kanitlanmis
primerler arasindan bant yikseklikleri birbirinden
oldukga farkli olan primerler tercih edilerek muhte-
mel etyolojik miks durumlarinda, bant karisikiginin
oniine gecilmis, PCR icin reaksiyon bilesenlerinin
standart oldugu ticari bir multipleks PCR master
miks kullanilarak da optimizasyon konusunda za-
man kazanilmis ve blylk avantaj elde edilmistir.
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Bazi arastiricilar, kurguladiklari multipleks PCR
testlerinde, testlerin minimum tespit limitlerini de
belirlemislerdir (Wang ve ark. 1997; Stagenborg ve
ark. 2006; Mettifogo ve ark. 2015). Bulunan deger-
ler genel olarak 1pg ile Tng DNA miktari arasinda
bildirilmistir. Kurgulanan bu ¢alismada ise kullanilan
multipleks PCR icin 10ng DNA miktari, her g etke-
nin de beraber tespit edilebilecedi en diisik DNA
miktari olarak belirlenmistir. Bulunan bu rakam daha
onceki benzer calismalara gore biraz yuksektir. Bu-
nun sebebi, multipleks PCR recetesinde kullanilan
dongi sayisinin, olusabilecek non spesifik bantlarin
onlenmesi icin diistik tutulmasina bagl olabilir.

Cok sayida arastirici, klinik semptomlu kanatli-
larda mikoplazmalarin PCR testi ile tanisi igin calis-
malar yapmistir. (Tomar ve ark. 2017a; Abd-El-Tawab
ve ark. 2020; Shingade ve ark. 2020). Bu calismada
da klinik olarak semptom gosteren kanatlilardan
patojen mikoplazma etkenlerinin muhtemel iden-
tifikasyonu icin tespit orani arttinlmis, uygulanan
multipleks PCR testinin tani performansi incelen-
mistir. Ayrica klinik semptomlu kanatlilarin segilmesi,
uyguladigimiz multipleks PCR testi agisindan “cesitli
mikroorganizmalarin bulundugu ve daha karmasik
bir mikrobiyal ortamdan” spesifik mikoplazma et-
kenlerinin tanisi icin dogal ¢alisma olanadi sunmus-
tur. Elde edilen sonuglar, uyguladigimiz multipleks
PCR testinin, benzer calismalar igin de tani amaciyla
kullanilabilirligini gostermistir. Bu calismayi farkli bir
agidan degerlendirecek olursak, benzer klinik semp-
tomlara ragmen, negatif sonuclanan multipleks PCR
testleri de, semptomlarin farkli infeksiyoz nedenlerle
olusabilecegini ve bunlarin da aslinda azimsanmaya-
cak cogunlukta olabilecegini diisiindirmektedir. Bu
sebeple benzer klinik tablolari olusturan diger has-
taliklar yonuyle de calismalarin yapilmasi, énlemle-
rin belirlenmesi acisindan yararli olacaktir. Ayrica bu
calismada, sadece mikoplazma etkenleri arastiriimis,
mikoplazmalarla ko-infeksiyon yapan diger etkenle-
rin tespiti icin calisimamistir. Ancak fakiltemize ge-
tirilen kanatlilarda gorilen ¢ok hafiften agira olacak
sekildeki klinik tablo farkliliklar, mikoplazmalarin
icinde oldugu infeksiyonlarin aslinda farkh etkenler-
le de miks olabilecegini, klinik tablonun da bu se-
beple degisken olabilecegini (Arda 1984; Kleven ve
ark. 2004; Carli 2019) dislindiirmektedir. Bu konuda
da ayrn bir calisma yapilmasi, bélgede mikoplazma-
lara eslik eden etkenlerin de tanimlanmasi, koruma
ve kontrol tedbirleri icin faydali olabilir.

Arastiricilarin calismalari sonucunda, isletmeler-
de ve/veya ayni hayvanda, birden cok patojen mi-
koplazma etkeninin olabilecegi bildirilmistir. Tavuk
ve hindilerde patojen mikoplazmalarin miks enfek-

siyonlarinin nadir gorilemeyecek seviyede oldugu,
ozellikle hem MG hem de MS ile ayni anda infekte
olan ticari damizlik tavuk surilerinin kultlr, seroloji
ve PCR testleri ile ayirt edilmesi ve teshis edilme-
si gerektigi arastiricilar tarafindan vurgulanmistir
(Bradbury ve McClenaghan, 1982, USDA, 1985).
Buim ve ark. (2009) multipleks PCR teknigi ile yap-
tiklari epidemiyolojik ¢alismada, solunum problemli
kanathlarin bulundugu yumurtaci tavuk ciftlikleri,
ticari tavuk isletmeleri ve ticari kanath kiimeslerin-
den aldiklari 1046 svab 6rnedinden MG, MG-F ve
MS etkenlerini ayni anda tespit etmisler, bu oranlari
yumurtaci tavuk ciftliklerinde %27.27, ticari tavuk is-
letmelerinde %1.05, ticari kanatl kimeslerinde ise %
37.14 olarak belirlemislerdir. Tomar ve ark. (2017a),
yaptiklari calismada PCR testi ile ayni hayvana ait
numunede 2 farkli mikoplazma etkenini miks ola-
rak tespit ettiklerini bildirmislerdir. Abd-El-Tawab
ve ark. (2020), solunum belirtilerinin oldugu kanatl
hayvan isletmelerinde, MS ve MG tespiti icin yap-
tiklari calismada, etkenlerin ayni isletmede beraber
bulunabileceklerini belirterek, boylece isletmelerde
her iki etkeninde oldugu miks infeksiyonlarin hakim
oldugunu gostermislerdir. Marouf ve ark. (2020),
calismalarinda bir yumurta kesesi 6rneginden elde
ettikleri izolatlarin PCR analizini yapmislar, ayni anda
aldiklarini, boylece her iki infeksiyonun ayni anda
bulunabilecegini bildirmislerdir. Calismamizda da,
uyguladigimiz multipleks PCR testiyle cok sayida
ve ayni hayvanda bulunmak (zere miks mikoplaz-
ma tdrlerinin (2'li miksler) varligi belirlenmistir. Bu
durum, cok cesitli patojen mikoplazma etkenlerinin
ayni isletmede olmasini akla getirmektedir. Miks ora-
ninin ylksek olmasi, drneklerimizin rastgele degil,
klinik semptomlu hasta hayvanlardan temin edilmis
olmasiyla birlikte test edilen bu kanatlilarin geldigi,
bblgemizde faaliyet gdsteren profesyonel olmayan
isletmelerin, baska bir ifadeyle halk elindeki kanatli
isletmelerinin yonetim eksikliklerine bagli olabilir.

MG ve MS etkenlerinin tespiti icin yapilan aras-
tirmalarda, kanath hayvanlarda bulunma oranlari
acisindan etkenler igin farkl sonuclar elde edilmistir.
Abd-El-Tawab ve ark. (2020), yapmis olduklar ca-
lismanin sonunda, MS'yi, tavuklarda en sik gorilen
mikoplazma etkeni olarak tespit etmislerdir. Paralel
olarak Rajkumar ve ark. (2018), farkli bolgelerden
toplam 26 kanatli sirlsiinde (n=309) MG ve MS
enfeksiyonunun hala énemli bir sorun oldugunu ve
PCR ile tespit edilen prevalansin MS icin %33, MG
icin %11.65 bulundugunu ve MS prevalansinin daha
ylksek seyrettigini bildirmislerdir. Bu ¢alismalarin
aksine Tomar ve ark. (2017a), uyguladiklari dubleks
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PCR sonucunda, %27 oraninda MG, %2.1 oraninda
MS icin pozitif sonug aldiklarini belirterek MG igin
yayginligi gostermislerdir. Marouf ve ark. (2020),
¢ogunlugunu tavuklarin olusturdugu degisik tur-
den kanatlilardan aldiklari numunelerde, PCR testi
ile yuratttkleri calhismalarinda, MG icin %53.7, MS
icin %24.3 oraninda pozitif sonu¢ elde etmislerdir.
Yaptigimiz bu calismada ise, MG varligi tavuklarda
kicuk bir farkla daha yiiksek oranda tespit edilirken,
hindilerde ise MG ve MS etkenlerinin varliklari esit
miktarda tespit edilmistir. Arastiricilarin sonuclari
arasinda farklarin olugmasinda &rnekleme yapilan
hayvan sayilarinin da etkili oldugu distnilmektedir.
Tomar ve ark. (2017b), bu hususla ilgili yaptiklari de-
gerlendirmede, MG ve MS igin mikoplazmoz preve-
lansinin disik veya yiiksek olmasini numune tipine,
numune toplama mevsimine, numune alma ydnte-
mine, siirveyans programindaki farkliliga, hastahgin
vertikal bulasmasina ve kanath ciftliklerinde surve-
yans programinin olmamasina baglamaktadir. Turki-
ye'deki kanatlilarda, mikoplazma etkenlerine yonelik
yapilan benzer calismalarda, etkenlerin bulunma
sikhginin %8.3 ile %16.3 oranlari arasinda seyrettigi
belirtilmistir (Ulgen 1991, Akan 2008). Bu calisma-
da bulunan sonuclar, tavuklarda %32, hindilerde ise
%58 dir. Bu oranlar, daha once belirtilen oranlarin
Uzerindedir. Bunun sebebi, yukarida anlatilan ve et-
kenlerin tespit edilebilirliklerindeki oransal farklilk-
lara sebep olan faktorler olabilecedi gibi, ilave ola-
rak, bu calismada klinik semptomlu ve profesyonel
olmayan halk elindeki kanatlilarin tani icin segilmis
olmasindan ve ayrica bu calismanin bdélgesel bir ni-
telik tasiyor olmasindan da kaynaklanabilir.

Genel olarak MM, hindilere 6zgu bir patojen
olarak kabul edilmis (Yamamato 1965; Kleven 2003;
Ong(’ir ve ark. 2009; Carli 2019), MM ve MI etken-
lerinin hindilerdeki varligi ¢ok sayida calismada
arastirilmis, bu amacla PCR testi yogun olarak kul-
lanilmistir. Zhao ve Yamamato (1993), yaklasik 850
bp biyuklikte bant veren MM spesifik primerler
kullanarak, 17 MM ve diger kanatli mikoplazma tir-
lerinden 16'si ile PCR testi yapmislar, sonug¢ olarak
testin oldukga hassas olduguna vurgu yaparak tani-
da kullanilabilecegini calismalarinda bildirmislerdir.
Boyle ve ark. (1995), yaptiklar calismada, hindiler-
de spesifik etkenler olarak kabul edilen MM ve MI
icin sirasiyla 424 bp ve 427 bp buyikliginde bant
olusturan, s6z konusu etkenlerin 16S rRNA bolge-
sinden primerler gelistirdiklerini ve bu primerlerle
birlikte saha izolatlari ve referans suslarin tanisi icin
calismalar yaptiklarini, sonucta uyguladiklari PCR
analizi ile kultir metodunun ayni sonuglari verdigini,
bu sekilde PCR kullaniminin kiltir ydntemine goére

cok kisa zamanda ve avantajli olarak taniy1 saglaya-
cagini bildirmiglerdir. Bu calismada da MM igin 424
bp biyukliginde bant veren primerler secilmis ve
diger arastirmalarda tavsiye edildigi gibi tani igin
kullanilmis ve basanl sonuclar alinmistir. Ayrica
kullandigimiz multipleks PCR testi, kurguladigimiz
seklini degistirmeden, MM icin spesifik primer ¢if-
tini de icerecek sekilde, sadece hindilerden alinan
inceleme 6rneklerine degil, tavuklardan alinan ince-
leme 6rneklerine de uygulanmis, ancak MM sadece
hindilerde tespit edilmistir. Tavuk numunelerinde
bu etkene rastlanilamamistir. Bu sonug¢ daha dnce
yapilan ve ¢cogu arastiricinin belirttigi sekilde genel
kabule uygun olarak etkenin hindilere 6zgii oldugu
sonucunu desteklemektedir. Ancak tiim bu bilinen-
lerin aksine Khiari ve ark. (2011), bir hindi yetistirme
Unitesinin yakininda bulunan ve klinik mikoplazmoz
belirtileri gosteren (solunum sistemi semptomlari ve
performans distkligu) tavuklarda yaptiklar arastir-
mada, aldiklari trakeal striintiilerden ilk defa olmak
Uzere 10 adet MM saha susunu klasik kilttr yonte-
mi kullanarak izole ettiklerini bildirmislerdir. Bu du-
rum arastirmalarda tavuklarin da MM infeksiyonlari
agisindan degerlendirilmesini gerekli kilmaktadir.
Calismamizda, MM spesifik primer iceren PCR test
kurgusunun tavuklar icin degistirilmemis olmasinin
ve etkenin tavuklarda da arastiriimasinin bir sebebi
de bu durumdur.

Bazi arastiricilar, MM ve MI etkenlerinin kiimes-
lerde vertikal olarak bulasmasi ve hindi konakgilari-
na 6zgl olmalarina ragmen, diger patojenik mikop-
lazma etkenlerine oranla daha az rastlanildigini ve
hatta bazi bati Avrupa Ulkelerinde endemik seviye-
de kaldigini belirtmislerdir (Miller 1994; Stipkovits
ve Kempf 1996) Bu calismadaki bulgular da 6nceki
calismalara uygun olarak diger etkenlere oranla az
sayilda MM tespitiyle sonuclanmistir.

Bu calisma sonucunda, Sanliurfa bélgesindeki
kanatli hayvanlarda patojenik mikoplazma etken-
lerinin mevcudiyeti, kanatli tlrlerindeki dagilimi ve
bolgedeki semptom gosteren kanatlilarda mikop-
lazma infeksiyonunun yayginligi hakkinda on bilgi-
ler edinilmistir. Tani yontemi olarak dizayn ettigimiz
multipleks PCR testi icin, daha once calisiimis ve
glvenilir primerler secilerek ve ticari bir multipleks
master miks kullanilarak optimizasyon ve standardi-
zasyon problemleri bliylk oranda ortadan kaldiril-
mistir. Ancak alinan sonuclar her ne kadar sorunsuz
olarak karsimiza ciksa da, bu testin rutin tani testi
olarak guivenle kullanilmasi icin diger testlerde oldu-
Ju gibi, sensitivite ve spesifitesinin belirlenmesinin
yaninda, validasyonu icin de calismalarin kurgulan-
masi oldukca dnemlidir.
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Sonug olarak, kurgulanan multipleks PCR ile
MM, MS ve MI etkenlerinin molekuler tanisi, direkt
sivi besiyerlerinden ve ayni anda olacak sekilde ger-
ceklestirilmistir. Tavuk numunelerinin  %32'sinde,
hindi numunelerinin ise %58'inde en az bir mikop-
lazma etkeni tanimlanabilmistir. U¢ farkli mikoplaz-
ma turlnun galisildidi evcil kanatllarda, bu 3 etkenin
miks oldugu herhangi bir duruma rastlanilamamistir.
Miks infeksiyonlar acgisindan en fazla MG+MS bir-
likteligine rastlaniimis, etkenler tek olarak ele alin-
diginda ise her iki kanatli tiriinde de ilk sirada MG,
daha sonra da MS etkeni baskin mikoplazma tirleri
olarak tespit edilmistir. MM etkeninin varligina sade-
ce hindilerde rastlanilmistir. Bu calisma ile Sanliurfa
bdlgesindeki isletmelerde mikoplazma infeksiyon-
larinin mevcudiyeti belirlenerek hastalik icin bir far-
kindalik olusturulmus, tehlikenin boyutlari hakkinda
éngori sahibi olunmustur. infeksiyonlarin engel-
lenmesi, bulasmanin 6niine gecilmesi ve hastalikla
micadele edilmesi icin ivedilikle 6nlemlerin alinmasi
gerektigi dustinilmektedir.

Deney hayvanlar kullanimi etik kurulu ve diger
etik kurul kararlan ve izinler: Bu calismada etik
kurul iznine gerek yoktur.

Tesekkiir: Pendik Veteriner Kontrol Enstitlisti OIE
Mycoplasma Referans Teshis Laboratuvari $efi Dr.
Umit Ozdemir’e katkilarindan dolayi tesekkr ederiz.
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Sicaklik stresindeki bildircinlarda probiyotik uygulamasinin
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Ozet: Sunulan calismanin amaci sicaklik stresinin bildircinlarda, yumurta tretimi ve yapilandiriimasinin gerceklestigi
organlar olan, ovaryum ve ovidukt izerine morfolojik etkisi ve bu etkinin probiyotik ile giderilmesini arastirmaktir. Bu
amagla 40 adet disi yumurtaci Japon bildircini (Coturnix coturnix Japonica) rastgele dért gruba ayrildi. Birinci grupta
ortam sicakligi sekiz hafta boyunca tim giin 14-25°C'de tutuldu. ikinci gruptaki bildircinlarin icme suyuna 14-25°C'de
tutuldugu siire boyunca fermente edilmis dogal LAB (Laktik Asit Bakteri) sivisi 0,5 cc/L diizeyinde ilave edildi. Uglincii
grupta kiimes ortami giinde 8-12 saat 30-34°C'de tutulacak sekilde sicaklik stresi olusturuldu. Dérdiinct gruptaki
bildircinlarin igme suyuna sicaklik stresine maruz birakildigi sekiz hafta boyunca 0,5 cc/L dizeyinde fermente edilmis
dogal LAB swvisi ilave edildi. Sonug olarak bildircinlarda ovidukt bélimlerinden magnum ve isthmus uzunluklari
arasinda gugli bir negatif iliski gézlemlenmistir. Sicaklik stresi altindaki bildircinlarda sarimsi folikll sayisinin ve
ortalama sari folikdl caplarinin kicildigu olgtlmustir. Sicaklik stresine maruz birakilan bildircinlarda, probiyotik
etkili fermente laktik asit bakterilerin yem katki maddesi olarak uygulanmasinin sari folikil sayisinin azalmasini ve
canli agirlik kaybini engelledigi gorialmustir.

Anahtar kelimeler: Coturnix coturnix Japonica, Folikiilogenezis, Ovidukt, Probiyotik, Sicaklik Stresi.

Effects of probiotic application on oviduct and ovarian
morphology in quails under heat stress

Abstract: The aim of the present study was to investigate the morphological effect of heat stress on the ovaries
and oviducts in quails, the organs where egg production and structuring take place, and to eliminate this effect
with probiotics. For this purpose, 40 Japanese quail (Coturnix coturnix Japonica) were randomly divided into four
groups. The first group ambient temperature was kept at 14-25°C for eight weeks. During the quails in the second
group were kept at 14-25°C, fermented natural LAB (Lactic Acid Bacteria) liquid was added to the drinking water
(0,5 cc/L). In the third group, heat stress was created so that environment was kept at 30-34°C for 8-12 hours a
day. In the fourth group were exposed to heat stress and LAB liquid was added to the drinking water. As a result,
negative relationship was observed between the magnum and isthmus lengths. It was measured that the number of
yellowish follicles and the mean diameter of yellow follicles decreased in quails under heat stress. In quails exposed
to heat stress, the application of fermented LAB with probiotic effects as feed additives has been shown to reduce
the number of yellow follicles and prevent live weight loss.

Keywords: Coturnix coturnix Japonica, Folliculogenesis, Heat Stress, Oviduct, Probiotic.

Giris

Dinya nifusu ile paralel artan hayvansal protein ta-
lebini karsilayabilmenin en etkili yollarindan biri ka-
nath hayvan yetistiriciligidir. Ulkemiz, kanatl sektd-
riinde diinyada 10. sirada olup (Omrak 2021) kanatli
hayvan sayimizin 400 milyona yaklastigi bildirilmek-
tedir (TUIK 2021). Kanatllarda yumurta veriminden

sorumlu baslica iki organ ovaryum ve ovidukttur.
Ovaryum, her biri potansiyel yumurta olan ¢ok sa-
yida folikilin ve yumurta sarisinin yapimindan
sorumludur. Ovidukt ise ovaryumlarda Uretilen yu-
murtanin nakledilmesinden, yumurta beyazi, salaz
ve ¢ift zarin yapimindan sorumlu kivrimli bosluklu
bir organdir (Akbalik ve ark. 2016; Assersohn ve ark,
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2021). Kanatli ovaryumundaki folikdller, renk ve ¢a-
pina gore beyaz, sarimsi ve sari folikil diye 3 gruba
ayrilir Johnson 2012; Anna 2021) Kanatli oviduktu,
fertilizasyonun gerceklestigi infundibulum, yumurta
aki (albimin) ve salazin olustugu magnum, kabuk
alti zarlarin olustugu isthmus ve sert kabugun olus-
tugu uterus olarak dort bolgeye ayrilir (Bakst 1998;
Koyama ve ark. 2019).

Kanatlilarin kendilerini rahat hissettigi ve verim
olarak fonksiyonlarini optimum bir sekilde gercek-
lestirilebildigi sicaklik (termal n6tral bolge) 14-25 °C
araligindadir (Etches ve ark. 2008). Sicaklik 25 °C'nin
Uzerinde ise ter bezlerinin bulunmamasi, viicut yu-
zeyinin %95'inin tlylerle kapli olmasi ve derilerinin
icerdigi genis yag tabakasi gibi sebeplerden kanat-
hlarda termoregulasyon yeterli saglanamamakta ve
sicakhk stresi olusmaktadir (Zhang ve ark. 2012).
Sicaklik stresinde canli agirlik, yumurta verim ve
kabuk kalitesinin disiklugu gibi performansa yo-
nelik parametreler olumsuz etkilendiginden (Arslan
2012; Zhang ve ark. 2012; Song ve ark. 2014; Adanir
2019; Saleh ve ark. 2020) ciddi ekonomik kayiplar
olusmaktadir. Bildircinlarda sicaklik stresi ile ilgi-
li bilimsel calismalar giderek yayginlasmaktadir. Bu
calismalarin cogu verim kaybini azaltmak amaciyla
yapilan rasyon degisikligi veya yem ve suya eklenen
cesitli katki maddeleri ile ilgilidir (Tonbak 2012; Sen-
tirk ve Uyanik 2016; Adanir 2019; inci 2019; Cruvi-
nel ve ark. 2020; Dosoky ve ark. 2021; Orhan ve ark.
2021). Bu katkilardan probiyotikler (uygun konsant-
rasyonda alindiginda yararl etkileri olan, patolojik
olmayan mikroorganizmalar) tiketici talepleri g6z
onine alindiginda dogru bir alternatiftir (Sen ve ark.
2012; De Melo Pereira ve ark. 2018). Probiyotiklerin
bagirsak mikrobiyal denge, blylime performansi,
antimikrobiyal aktivite, villus-kript yapisinin diizen-
lenmesi, aflatoksin ve stresin azaltilmasi, et kalitesin-
de iyilesme gibi pek ¢ok kanitlanmis olumlu 6zelligi
mevcuttur (Tekge ve ark. 2020).

Sicaklik stresi altindaki kanathlarda yem katki
maddesi olarak probiyotiklerin kullandigi ¢alismala-
ra bakildiginda (Jahromi ve ark. 2016; Fathi ve ark.
2017; Zhang ve ark. 2017; Chao ve ark. 2018; Cra-
mer ve ark. 2018; Tekce ve ark. 2020; Mofidi ve ark.
2021), yumurta veriminden baslica sorumlu organlar
olan ovaryum ve ovidukt Uzerine etkilerinin calsil-
digi bir arastirmaya rastlanilmamistir. Kanatllarda
sicaklik stresinin genital sistem organlarinda yol
actigi morfolojik degisiklikler hakkinda sinirl bilgi-
ler mevcuttur. Sunulan calismada sicaklk stresinin
bildircinlarda ovaryum folikil dinamigi ve oviduk-
tun morfolojik yapisi tzerindeki degisiklikleri ortaya
koymak amaclanmistir. Ayrica sicaklik stresi altindaki

bildircinlarda probiyotik kullaniminin ovaryum ve
ovidukt Uzerine morfolojik etkileri incelenerek elde
edilecek ilk bulgularin bu alanda yirutilecek diger
calismalara yon vermesi ve literatiire katki saglamasi
amaclanmistir.

Gere¢ ve Yontem
Hayvan Materyali

Calismanin hayvan materyalinde 40 adet, 60 gunlik
disi Japon bildircinlar (Coturnix coturnix Japonica)
kullanildi. Calismanin tiim asamalari Harran Univer-
sitesi, Veteriner Fakultesi, Kanath Unitesinde gercek-
lestirildi. Deneme siiresince (sekiz hafta) denekle-
re yem ve igme suyu adlibitum olarak verildi. Yem
olarak tim bildircinlara bitkisel yag (2,65 kg), sert
kirmizi kishk bugday (15,05 kg), sart misir (45 kg),
soya kuspesi (%51, 28,2 kg), dikalsiyum fosfat (1,71
kg), dl-methionin (0,1 kg), kireg tasi (6,56 kg), I-li-
zin hidroklorid (0,01 kg), I-treonin (0,05 kg), sodyum
bikarbonat (0,12 kg), tuz (0,25 kg), vitamin-mineral
karmasi (0,30 kg) ile hazirlanan rasyon verildi. Grup-
lardaki deneklerin kimes ortamlarinda giin 151g1 ve
yapay aydinlatma ile 16 saat aydinlik ve sekiz saat
karanlk programi uygulandi. Beslenme, aydinlatma,
sicakhk gibi kosullar degistiriimeden iki ay boyunca
kesintisiz olarak strdirildu. Calisma kapsaminda 6n
calismalarimizin sonugclari 1s1ginda probiyotik ama-
ciyla sivi formda, fermente edilmis dogal laktik asit
bakteri (LAB) sivilari, %5 stikroz (Duchefa, S0809, Ha-
arlem, Netherlands) katkist ile, bes glin inkiibasyona
birakilarak elde edildi ve inklibasyon sonrasinda sivi
olarak kullanilacak fermente edilmis LAB sivilari kul-
lanim sireleri boyunca bakterilerin cogalamadiklari
ancak yasamlarini devam ettirdikleri O ile +4 °C ara-
hginda muhafaza edildi.

Calisma Gruplarinin Olusturulmasi

GCalismanin hipotezi geregi denekler rastgele dort
gruba ayrildi. Birinci grup termal noétral bolgedeki
kontrol grubu bildircinlar olup (Grup TNK, n=10)
ortam sicakhgr sekiz hafta boyunca, tim gin 14-
25°C'de tutuldu. ikinci grup termal nétral bolgedeki
probiyotik uygulanan (Grup TNP, n=10) bildircinlar
olup birinci gruptaki gibi 14-25°C'de tutuldugu siire
boyunca (sekiz hafta) fermente edilmis dogal LAB
sivisi 0,5 cc/L dizeyinde igme suyuna ilave edildi.
Uclincii grup olan sicaklik stresi kontrol grubunda
(Grup SSK, n=10) kiimes ortami, sekiz hafta sire-
since, glinde 8-12 saat 30-34°C'de tutulacak sekilde
ayarlandi. Dérdlinct grup sicaklik stresi probiyotik
grubu (Grup SSP, n=10) olup sicaklik stresi kontrol
grubundaki gibi giinde 8-12 saat 30-34°C sicaklik
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stresine maruz birakildigi siire boyunca (sekiz hafta)
0,5 cc/L diizeyinde fermente edilmis dogal LAB sivisi
icme suyuna ilave edildi.

Fermente Edilmis LAB Sivisinin Hazirlanmasi

Calismamizda kullanilan LAB sivisi hazirlanirken Ma-
suko ve ark. (2002)'nin belirttigi yonteme uyularak
1000 g taze cayirotuna 1000 ml saf su ilavesi sonrasi
kanistiricr ile iki dakika boyunca pargalanmistir. Elde
edilen karisim, iki kat tilbent bezinde stzilmustir.
Cam siselere aktarilan bu slziintlye %5 siikroz ilave
edilerek bes glin boyunca 30°C'de anaerobik sartlar-
da inklibasyona birakilmistir.

Fermente LAB Sivisinda Yapilan Mikrobiyolojik
Analizler

Calismada probiyotik amacgh kullanilacak LAB sivi-
sindan mikrobiyolojik analizlerin gergeklestirilebil-
mesi amaciyla her bir siseden steril pipet yardimiyla
10 ml alinarak steril numune alma posetlerine (Bag
Filter, Fransa) birakildi. Daha sonra 90 ml %0,1'lik
steril peptonlu su toplam aerob mezofilik bakte-
ri (LABM) ilave edilerek stomacher cihazinda (Easy
Mix, Fransa) bir dakika homojenize edildi. Mikroor-
ganizma sayisinin belirlenmesi amaciyla %0,1'lik 9
ml peptonlu su bulunduran tiiplerde 10-1'den 10-
9'e kadar seri diltisyonlar yapildi. Laktik asit bakte-
ri sayimi Aydin ve ark. (2008)'nin belirttigi sekilde
gerceklestirildi. Numunelerde maya-kif sayimi igin
ISO 21527-1:2008 talimatlari esas alinarak ekim ve
inklibasyon islemleri gerceklestrildi ve Brooks ve
ark. (2012)'nin belirttigi gibi koloni sayimi yapildi.
Toplam Aerob Mezofilik Bakteri (TAMB) sayisi ise Al-
cay (2019)'in belirttigi gibi hesaplandi. Enterobakter
grubu bakterilerin sayimi Harrigan WF ve McCan-
ce ME (1976)'nin bildirdigi sekilde gerceklestirildi.
Koliform bakterilerin sayiminda dékme plak yonte-
mine gore ekim yapilarak Sert ve Kivang (1985)'in
bildirdigi sekilde inkiibasyona birakilip inkiibasyon
sonunda 0,5-2 mm capl koyu kirmizi ve genellikle
etrafinda kizilimtirak haleler olusturan koloniler tipik
koliform olarak sayildi (Harrigan 1998).

Ovidukt ve Ovaryumun Morfolojik
Degerlendirilmesi

Deneme sireci olan sekiz haftanin sonunda kesimi
yapilan bildircinlarin ovaryum ve oviduktlari ¢ikaril-
di. Bildircin ovaryumlarinda folikiller, beyaz renkli
ve 1-4 mm c¢apinda olanlar “beyaz folikil”, sarimsi
renkte ve 5-8 mm capinda olanlar “sarimsi folikil” ve
sari renkte ve 9-40 mm c¢apinda olanlar “sari folikal”
olarak adlandirilarak sayildi ve kaydedildi. Cikarilan

ovaryumlardaki sari folikillerin genislikleri ile ovi-
dukt bolimlerinin morfolojik uzunlugu ve genisli-
gi ImageJ programi ile mm cinsinden dijital olarak
6lglldl. Bunun icin her bir denedin genital sistemi
sabit uzakliktan (19,5 cm sabit uzaklik) fotografla-
nip (Apple iPhone 11, 12 MP. 3024x4032, Genis Ka-
mera-26 mm f1.8) HEIF dosyasi olarak kaydedildi.
Programin mm cinsinden kalibrasyonu icin fotog-
rafta numunenin yanina konulan cetveldeki uzunluk
birimi kullanildi.

Calismamizda elde edilen verilerin istatistik
analizleri icin Statistical Package for the Social Scien-
ces 24.0 paket programi kullanildi. Degerlerin Shapi-
ro-Wilk testi sonucunda normal dagilim gosterdigi
anlasildi. Sayi, genislik ve uzunluk bakimindan grup-
lar arasi farklilik olup olmadigi One-way ANOVA tes-
ti ile belirlendikten gruplar arasi farkliligin istatistiki
olarak anlamliligi post-hoc Tukey testi ile 6lguldi.
Ayrica 6lgllen degerler arasindaki iliski Pearson ko-
relasyon analizi ile tespit edildi. Istatistiksel olarak
gruplar arasi fark, P degeri 0,05 ve altinda oldugu
durumlarda anlamli olarak degerlendirildi.

Bulgular

Sunulan galismada %5 sukroz katkisi ile bes giin in-
kiibasyon sonrasi fermente edilmis laktik asit bak-
teri sivisinda yapilan analizler sonucunda; laktik asit
bakteri sayisi 7,6°10" kob/ml (mililitresinde koloni
olusturan birim), maya sayisi 2,4<106 kob/ml, kif sa-
yisi 5102 kob/ml, toplam mezofilik aerobik bakteri
sayisi 310° kob/ml, koliform sayisi 7,5%10% kob/ml,
enterobakter sayisi 2<10° kob/ml, E. coli sayisi <10 ve
pH dizeyi 3,58 olarak dl¢ulmustir.

Calismada termal noétral bélgede olan probiyo-
tik uygulanmamis (Grup TNK) ve uygulanmis (Grup
TNP) ile sicaklik stresine maruz kalmis probiyotik uy-
gulanmamis (Grup SSK) ve uygulanmis (Grup SSP)
bildircinlara ait folikil (beyaz, sarimsi, sari) sayilari,
ortalama sari folikil ¢aplari, infundibulum, magnum
ile isthmus uzunluk ve genislikleri ve bu degerlerin
gruplar arasindaki farkin istatistiki olarak anlami
Tablo 1'de detayl bir sekilde verilmektedir. Gruplar-
da 6lclilen degerlerin birbirleri ile iligkinin korelasyo-
nu da Tablo 2'de ayrintili bir sekilde sunulmaktadir.

Sunulan calismada ovaryum folikiler aktivi-
teye ait beyaz, sarimsi ve sar folikul sayilari Grup
TNK, TNP, SSK, SSP icin sirasiyla; Beyaz folikiller
icin 15,6+1,89; 20,2+2,03; 14,67+2,19; 14,22+1,54.
Sarimsi folikdller icin 5,7+£0,42; 4+0,6; 2,5+0,5;
3,11+0,2. San folikdl icin 3,6+0,4; 3,8+0,2; 3+0,0;
3,56+0,18 olarak ol¢tlmustar.
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Tablo 1. Gruplar arasinda 6lgilen degerlerin (OrtalamaztStandart Hata olarak) farkinin karsilastiriimasi

GRUP TERMO NOTRAL GRUP SICAKLIK STRESI

KONTROL (TNK) PROBIYOTiK (TNP) KONTROL (SSK) PROBIYOTIK (SSP)

SSK-TNK=0,004

CA (9) 323,27+11,09 332,1+15,8% 250,37+13,41° 33583+19,99*  SSK-TNP=0,008
SSK-SSP=0,01

in. U (mm) 26,19+3,03 29,67+3,88 12,481,1 27,55+2,06

in. G (mm) 3,26+0,38 4,83+0,5 5,5+0,99 4,43+0,42

Mg. U (mm) 113,145,12 128,23+7,84 99,24:+8,95 130,71+8,38

Mg. G (mm) 7,26+0,56 7,79+0,54 7,4+0,4 7+6,2

is. U (mm) 90,72+5,512 69,96+6,76 106,9+10,06 66,2+3,29° TNK-SSP=0,007

is. G (mm) 5,52+0,33 5,16+0,32 4,57+0,4 4,89+0,23

TU (mm) 230,01+4,66 227,85+4,22 218,62+8,57 224,48+4,45

0G (mm) 5,35+0,25 5,93+0,25 5,82:0,3 544:0,28

BF 15,6+1,89 20,2+2,03 14,67+2,19 14,22+1,54

SSF 5,7+0,42° 4+0,6 2,540,544 3,110,200+ m E:ggﬁ;g:gg?

SF 3,6+0,4 3,8+0,2° 30,00 3,560,182+ Sézﬁiz’g's;g'gg;

OSFC (mm) 16,77+0,19° 15,8+0,31 14,870,450 15,45:+0,20% TNK-55K=0,001

TNK-SSP=0,001

* P<0,05, **P<0,01, *** P<0,001. CA: Canli Agirlik, in.: infundibulum, Mg.: Magnum, is.: isthmus, U: Uzunluk, G: Genislik, TU: Toplam
Uzunluk, OG: Ortalama Genislik, BF: Beyaz Folikil, SSF: Sarimsi Folikdl, SF: Sari Folikll, OSFC: Sar Folikul Caplarinin Ortalamasi.

Tablo 2. Olciilen degerlerin korelasyonu.

innU innG Mg.U Mg.G is.U is.G TU oG BF SSF SF SFC

CA PK = ,321° -087 266 269 -263 234 (188 212 08 323 485" 303
P 044 592 097 ,093 101 146 245 19 ,588 042 002 057

inU  PK 1 -273 196 227 | -406° 076 = ,319° -022 -0004 1113  ,166  ,038
P 089 227 158 | 009 639 = 045 894 981 488 305 815

in.G  PK 1 -108 128 015 -322° -299 662" 046 -097 -054 -201
P ,509 43 929 043 061 0 777 ,55 739 213
Mg.U PK 1 -141 746" 450°  415° 039  ,002 079 222 = 34T
P ,385 0 004 008 811 ,991 627 169 = ,028

Mg.G PK 1 -024  -056 -083 693" 123 164 = 387 044
P 0882 73 613 0 45 313 014 786

is.u  PK 1 -205 162 -0,098 ,128 031  -214 -188
P 204 318 546 43 85 185 245

is.G PK 1 367 187 134 13 44 276
P ,02 249 409 422 374 085
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inU innG Mg.U Mg.G is.U is.G TU 0G BF SSF SF SFG

TU PK 1 -0,102 ,185  ,008 1 227
P 532 254 96 538,16

0G PK 1 018 091 268 007
P 912 577 094 966

BF PK 1 1 223 -04
P 54 166,806

SSF PK 1 3300 4227
p 038 007

SF PK 1 314
P ,049

CA: Canli Agirlik, in.: infundibulum, Mg.: Magnum, is.: isthmus, U: Uzunluk, G: Genislik, TU: Toplam Uzunluk, OG: Ortalama Genislik, BF:
Beyaz Folikdl, SSF: Sarimsi Folikdl, SF: Sari Folikdl, SFC: Sari Folikul Caplarinin Ortalamasi, PK: Pearson korelasyonu, * Korelasyon 0,05

diizeyinde dnemlidir. ** Korelasyon 0,01 diizeyinde énemlidir.

Tartisma ve Sonug

Kiresel 1sinma ile artan sicakhk stresinin kanatli
sektoru icin olumsuz etkilerinin bildirildigi pek ¢ok
calisma mevcuttur. Bu arastirmalarin ¢ogu sicaklik
stresinin yem tiiketiminde azalmaya ve canli agir-
ik kaybina (Arjona ve ark. 1988; Lott ve ark. 1992;
Onderci ve ark. 2005; Habibian ve ark. 2016; Wasti
ve ark. 2020) yol agtigini belirtmektedir. Calismamiz-
da benzer sekilde sicaklik stresine maruz birakilan
probiyotik uygulanmamis grupta (Grup SSK) diger
tim gruplardaki bildircinlara gore canh agirhk kay-
bi g6zlenmistir. Bunun sebebi olarak Batool ve ark.
(2021)'nin distindtigu gibi sicaklik stresindeki bildir-
cinlarda artan kan glukoz ve kolesterol seviyesinin
glukoneogenezi uyarmasi ve ayrica protein biyo-
sentezindeki azalmadan dolayi viicut agirhginda bir
disls gerceklestigi dustunilmustur. Ek olarak sicak-
lik stresinde neredeyse tim turlerde azalan istahin
yansimasi olarak da canli agirlik kaybinin bir nedeni
olabileceginden sliphelenilmistir. Sunulan calismada
sicaklik stresine maruz kalmalarina ragmen probiyo-
tik amacli fermente laktik asit bakteri uyguladigimiz
bildircinlarda (Grup SSP) canli agirlik kaybir gorilme-
mistir. Bu bulgu Tekge ve ark. (2020)'nin sicaklik stre-
sindeki bildircinlarda probiyotik amagli Lactobacillus
reuteri uyguladiklan ¢alismalarindaki 200 ve 400 mg/
kg doz uyguladiklar gruplarindaki canli agirlk ka-
zanci gozlemlemesi ile uyusmaktadir. Fermente LA-
B'In sicaklik stresi altindaki bildircinlarda canli agirlik
kaybini korumasinin sebebi olarak Abdel-Moneim

ve ark. (2021)'nin acikladigi gibi probiyotiklerin 6zel-
likle bagirsak saglhgi, epitel bitinligini korumasi
ve mikroorganizma dengesi lizerine olumlu etkileri
ve immun yanit 6zelliklerinden kaynakh oldugunu
distndirmastar.

Sunulan galismada ovaryum folikiler aktiviteye
ait beyaz, sarimsi ve sari folikll sayilari géstermek-
tedir ki genel anlamda ovaryum folikiler aktivitesi
acisindan en yiksek sayilar sicaklik stresine maruz
kalmamis ve probiyotik uygulanmis grupta 6lcul-
mustlr. Kanath ovaryum folikiler dinamikte potan-
sitel yumurta olan hiyerarsik folikil (sari folikdl) sayi-
larina bakildiginda sicaklk stresine maruz kalan bil-
dircinlarda probiyotik uygulanan grupta (3,56+0,18)
uygulanmayan kontrol grubuna gére (3+0,0) an-
lamli bir sekilde artmistir (P=0,002). istatistiki olarak
sicaklik stresinde probiyotik uygulanan grupta, ter-
mo ndtral araliktaki probiyotik uygulanmayan hatta
uygulanan bildircinlara ait sari folikll sayilari arasin-
da fark bulunmamistir. Bu bulgu, kanathlarda yem
katki maddesi olarak probiyotik kullanilan calisma-
larin sonucunda artan yumurta veriminin bildirildigi
arastirmalar (Zang ve ark. 2017; Kaya ve Dama 2018)
ile paralellik gostermektedir. Ayrica ilk defa deger-
lendirilen bildircin folikiller dinamik kapsamindaki
bu bulgumuz kanathlarda sicaklik stresinin olumsuz
etkilerinin probiyotik ile engellenebilecegi gorisini
folikiiler diizeyde de desteklemektedir.

Calismamizda termo ndtral araliktaki kontrol
grubu bildircinlarin sari folikll caplarinin ortalama-
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sinin sicaklik stresine maruz birakilan her iki gruba
gore istatistiki olarak daha buylk oldugu gozlem-
lenmistir. Bu verimiz de kanatlilarin termo nétral
bdlgelerinde yumurta sayisinin artmasina paralel
yumurta boyutunun da blylyecegini dusindir-
mustur.

Bildircinlarda ovidukt morfolojisi Gizerine infun-
dibulum, magnum ve isthmusun ayri ayr uzunluk-
larinin ve anatomik orta nokta genisliginin ilk kez
Olclildigl sunulan calismada, bu kapsamda 0lcu-
len bulgulara bakildiginda sicaklk stresi altinda ve
probiyotik uygulanmayan bildircinlar hari¢ en uzun
kisim magnum olarak 6l¢llmustir. Bu ovidukt bo-
[Gmlerinin agirliklarinin 6lcildigl Saleh ve ark.
(2020)'nin arastirma sonuclari ile paralellik goster-
mektedir. Sicaklik stresinde olup probiyotik uygu-
lanmayan bildircinlarin magnumunun diger grup-
lara gore daha kisa, paralelinde isthmusunun daha
uzun Olctlmesinin sebebi olarak, bu grupta sarimsi
ve sarl folikll sayisinin diger gruplara gore en az
Olcllmesi, folikiler faaliyetlerin ovidukt Uzerinde
anatomik bir yansimasi olabilecegini distindlirmus-
tar. Calismamizda olcllen tiim verilerin birbirleri ile
iliskisini baktigimizda istatistiki olarak en guicli iliski
magnum uzunluk ile isthmus uzunlugu arasinda go-
rilmistir (R= -0,746). Olciilen bu negatif iliski diger
gruplardan farkli olarak magnumun en kisa 06lcu-
[irken isthmusun en uzun 6lctldugu sicaklik stresi
kontrol grubumuzdaki verimiz ile tutarlilik goster-
mistir. Ayrica ¢alismamizda sarimsi folikll ortalama
caplar ile magnum uzunlugu arasinda anlamli po-
zitif bir iliski (R= 0,347) gdzlemlenmistir. Bu korelas-
yon folikll capinin arttikga magnumun uzadiginin
g6stermektedir. Olciilen bu sonug, magnumlari en
kisa olctlen bildircinlarin (99,24+8,95 mm) ayni za-
manda foliklil cap ortalamasi en kiiglik (14,87+0,45
mm) olculen bildircinlar (Grup SSK) olmasini da goz
oniine alarak bizde morfolojik acidan oviduktun
magnum bolimiinin folikiler faaliyetlerden daha
yogun etkilendigi dislincesini uyandirmistir. Calis-
mamizda sari folikillerin ortalama capi ile sarimsi
ve sar folikil sayilar arasinda buldugumuz pozitif
anlaml korelasyon, bildircinlarda yumurta sayisinin
artacagl olumlu kosullarda (probiyotik uygulama,
termal nétral bolge) yumurta blylkliginin de ar-
tacagi kanaati uyandirdi.

Sonuc olarak bildircinlarda ovidukt boélimlerin-
den magnum ve isthmus arasinda giicli bir negatif
iliski gozlemlenmistir. Sicaklik stresi altindaki bildir-
cinlarda ovaryum folikil dinamigine bakildiginda
sarimsi folikdl sayisinin ve ortalama sari folikil cap-
larinin kiculdaga olculmastar. Sicaklik stresine ma-
ruz birakilan bildircinlarda probiyotik etkili fermen-

te laktik asit bakterilerin yem katki maddesi olarak
uygulanmasinin sari folikil sayisinin azalmasini ve
canli agirhk kaybini engelledigi gdrilmustar. Sicak-
lik stresine maruz kalan kanathlarda yumurta veri-
mi disukliginin bir sebebinin de folikiler gelisim
Uzerindeki olumsuz etkilerinden kaynaklanabilecegi
disinilmistir. Bu alanda yuritilecek olan daha
kapsamli ve molekdler calismalar ile sicaklik stresi-
nin kanathlarda verim dusukliginin sebebinin ne
oldugunu biraz daha aydinlatmaya ve dolayisiyla
¢6zUmd icin farkli fikirler Gretmeye yardimci olacagi
kanaati olusmustur.
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Pathomorphological and immunohistochemical evaluation
of chronic (isolated) organ tuberculosis in a cow
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Abstract: In this study, it was aimed to present a case of chronic organ tuberculosis in a cattle pathomorphologically
and immunohistochemically. General findings of chronic isolated organ tuberculosis in cattle in the late period
were presented in this report. The 2-year-old cattle died as a result of respiratory distress and was brought to the
pathology laboratory to determine the cause of death. In necropsy, it was detected that encapsulated caseous
foci localized in the caudal lobe of the right lung and mediastinal lymph nodes were inactive.Histopathologically,
secondary caseous necrosis, mineralized, peripheral mononuclear cell infiltration, and fibrous capsule were detected.
Immunohistologically, macrophages and neutrophils were found to be positive for Mycobacterium bovis. However,
regional lymph nodes were negative. Also, there was no histopathological reaction in other parenchymatous organs.
As a result, the postprimary form of tuberculosis is not always detectable when compared to other forms. Therefore,
we believe that this case report may be useful.

Keywords: Cow, post-primary tuberculosis, immunohistochemical diagnose, pathomorphology.

ineklerde kronik (izole) organ tiiberkiilozunun patomorfolojik
ve immiinohistokimyasal degerlendirilmesi

Ozet: Bu calismada bir sigirda kronik organ tiiberkiilozu vakasinin patomorfolojik ve immunohistokimyasal olarak
sunulmasi amagclandi. Bu raporda ge¢ dénemde bir sigirda gelisen kronik, izole organ tlberkilozuna ait genel
bulgular sunuldu. Solunum sikintisi sonucu yasamini yitiren 2 yasindaki sigir, 6lim nedeninin belirlenmesi icin
patoloji laboratuvarina getirildi. Nekropside, sag akcigerin kaudal lobunda lokalize kapstllenmis kaze6z odaklar ile
mediastinal lenf digumlerinin inaktif oldugu tespit edildi.Histopatolojik olarak sekonder kaze6z nekroz, mineralize,
periferal mononiikleer hiicre infiltrasyonu ve fibroz kapsiil tespit edildi. immiinohistolojik olarak, makrofajlar ve
nétrofillerin Mycobacterium bovis agisindan pozitif oldugu gorildi. Ancak boélgesel lenf dugtmleri negatifti. Ayrica,
diger parankimatdz organlarda histopatolojik reaksiyon yoktu. Sonug olarak, postprimer tiiberkiiloz formu, diger
formlarla karsilastirildiginda her zaman tespit edilememektedir. Bu nedenle, bu olgu raporunun yararli olabilecegine
inaniyoruz.

Anahtar kelimeler: inek, post-primer tiiberkiilozu, immunohistokimyasal tani, patomorfoloji.

Introduction it resists phagocytosis and multiplies in macrophag-

Bovine tuberculosis (bTB) is a contagious bacterial
disease in cattle. The infection can affect a variety of
animals, and also humans. The etiologic agent is My-
cobacterium bovis (O'Reilly Daborn. 1995). Transmis-
sion is by droplet infection, sputum, feces, inhala-
tion of dust contaminated with the urine of infected
animals (Jemal. 2016; Neill et al. 2001). At this point,
innate immunity plays an important role to avoid its
spread to other organs through hematogenous and
lymphomatous routes, and also by respiratory chan-
nels (Arentz Hawn. 2007). Due to the large amount
of lipid entering the cell wall of the tubercle bacillus,

es. The initial reaction against mycobacteria occurs
in the cells of the interalveolar septum and triggers
the inflammatory reaction via signaling pathways
after phagocytosis by macrophages and neutrophils
(Domingo et al. 2014). Accumulated mycobacteri-
al agents stimulate the inflammatory response and
cell-mediated hypersensitivity (Admassu et al. 2015).
It leads to the production of two main mediators
of the immune response, NO and TNF-q, in actived
macrophages. Antigens derived from M. bovis can
also activate bovine y& T cells in vitro (Askar et al.
2021). In addition, y& T cells play an important role
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both in the early stages of M. bovis infection and in
lesion formation (Cassidy et al. 2001). Mycobacteri-
al factors enable CD4+ T cells to differentiate into
Th1 cells (Hunter. 2020). CD4+ T cells attempt to
arrest intracellular mycobacterial growth, while CD8
T cells lyse M. bovis-infected macrophages (Skinner
et al. 2003). In addition, activated T cells, cytokine,
and chemokine signals at the site of infection at-
tract and activate monocytes and macrophages,
and granulomas form as cells accumulate (Palmer
et al. 2021). Granulomas are pathognomonic lesions
of tuberculosis (Carrisoza-Urbina et al. 2019). The
typical tuberculoid granuloma microscopic struc-
ture is surrounded by a central region with caseous
necrosis, epithelioid macrophages, and a region of
multinucleated giant cells, the outermost region
containing an increased number of lymphocytes
and rarely plasma cells (Carrisoza-Urbina et al. 2019;
Palmer et al. 2021). As the infection persists, it may
be surrounded by a partial or complete fibrous cap-
sule (Palmer et al. 2021).

The tubercle is usually about 2-20 mm in diam-
eter and whitish to yellowish in color and is more
or less encapsulated by connective tissue and often
contains central caseous necrosis and mineraliza-
tion (Admassu et al. 2015; Domingo et al. 2014; Neill
et al. 2001). Tuberculosis lesions are usually found in
the bronchial and/or mediastinal lymph nodes and
are generally thought to be the first to be affect-
ed (Stamp. 1948). In the lung, it is characterized by
extension along the bronchiole and bronchial tree
with multifocal confluent caseous necrosis in chron-
ic organ tuberculosis (Domingo et al. 2014). Ulcera-
tive lesions can be seen in the bronchi and trachea.

In this case, we have shown some specific le-
sions developed against Mycobacterium bovis
in chronic organ tuberculosis, which is a type of
post-primary tuberculosis.

Case History

The material of the case was provided from lung
specimens obtained in the autopsy of a 2-year-old
cow. First of all, tissue specimens were taken from
all lesions localized in the caudal lobe of the right
lung. They were fixed at 10% neutral buffered for-
malin (NBF) solution for 48 hours. The specimens
were trimmed and processed in automatic tissue
processor (Leica ASP300S). The tissues were solid-
ified in degraded alcohol series, xylol and paraffin
wax. After being embedded in paraffin (Shandon

Histocentre2), blocks were serially trimmed at 4 um
thickness. Glass slides were stained with routine he-
matoxylin-eosin (H&E) and coverslips were mount-
ed using Entellan® mounting medium.

Sections taken on poly-lysine slides were
passed through xylol and alcohol series. Peroxidase
immunostaining was performed according to the
Novocastra, RE7120-K (Leica, United Kingdom) kit
procedure to detect the antigen in the tissue. As the
primary antibody, monoclonal anti Mycobacterium
bovis (1/1000 dilution, M. bovis, VMRD, 280-5, USA)
was used. Proteinase K (ab64220) was dripped onto
paraffin block sections and then incubated in 3%
H,O, peroxidase block solution. Then, the protein
block solution was poured. The sections 1:1000 an-
ti-M. bovis were dropped and left at room temper-
ature for 1 hour. After the primary antibody, Bioti-
nylated Secondary Antibody was dripped and kept
at room temperature for 30 minutes. Sections were
dripped with Streptavidin-HRP and incubated for
30 minutes. Diaminobenzidine (DAB) was used to
show antigen-antibody complex and Hematoxylin
was used to counterstain. After dehydrated alcohol
series and xylols, the glass slides were covered with
coverslip by using Entellan® mounting medium.

The owner stated it showed a number of symp-
toms in the period of terminal illness such as res-
piratory distress. In autopsy, caseous lesions had
spherical shape and reached 1 to 3 cm in diameter
in right lobe of the lung (Fig 1a). After histopathol-
ogy examination, it was confirmed that other lobes
and regional lymph nodes were not affected by the
lesions (Fig 1b). Other organs were intact. However,
primary and secondary caseous necrosis as well as
predominant mononuclear cell infiltration including
predominantly macrophage, lymphocyte and less
epitheloid histiocytes, multinucleated Langhans gi-
ant cell, plasma cell as well as neutrophil leucoytes
were observed by collecting in foci of lung (Fig 1
a-d). In addition, encapsulation and mineralization
were not observed in some lesions.

Immunohistochemistry showed a positive re-
action in the cytoplasm of macrophages (Fig 2e)
and in the cytoplasm of cells (Fig 2f). The microbial
agent were present immunopositively in such ar-
eas. However, positive reactions were observed in
interalveolar septum cells in some regions (Fig 2g).
In contrast to be founded positivity in lung, medi-
astinal lymph nodes did not react with the specific
antibody of M.bovis.

Etlik Vet Mikrobiyol Derg,

https://vetkontrol.tarimorman.gov.tr/merkez

Cilt 33, Sayt 1, 2022, 97-101



Ulusoy Y et al. Pathomorphological and immunohistochemical evaluation of chronic (isolated) organ tuberculosis in a cow 99

Figure 1. Macroscopic appearance of isolated organ tuberculosis. A. Acinar foci (stars) general view of le-
sions at cut section in right lung. B. General view of the lung mediastinal lymph node C. No lesion in lymph
node (black arrow) D. Ulcerated mucosa of bronche (black arrow).

Previous reports have shown that 63% to 73%
of lesions were found in the lung or existed both in
lungs and mediastinal lymph nodes. These foci were
under 1 cm in diameter (Mcllroy et al. 1986; Neill et
al. 1988). In our case, the foci were located solely
in a lobe of right lung. The mean size of those was
almost 1 to 3 cm. It shows us that the lesions may
occasionally extend into extraordinary size.

On the other hand, histological presentation of
lesions may vary with different cellular architectures
in bovine Tuberculosis (bTB). In consequence, Wan-
goo et al. (2005) have reported granulomatous rea-
ction in four types of granulomas from type | to type
IV. For type | granulomas, although there is no nec-
rosis, it is experienced in the initial stage, and shows
epithelioid macrophages, multinucleated Lang-
hans-type cells and lymphocytes at the periphery of
the lesion. In some instances, neutrophil infiltrations
are located at the center. For type Il granulomas,
aforementioned appearance is still present; but the-

re is also ample amount of central caseous necrosis
and peripheral lymphocytes. However, in type lll,
mineralisation is also added to cellular architecture
in addition to a similar appearance. Type IV granulo-
mas contain lymph node lesions that are composed
of caseous necrosis with mineralisation, classic cel-
lular architecture and extensive fibrous capsule. In
our case, the lesions in the lung mostly belonged to
type Il and llI. It was detected around necrotic foci,
in the bronchial, bronchiolar and alveolar epitheli-
um, in the exudate and in the cytoplasm of neut-
rophils, alveolar macrophages. In previous studies
(Adegboye et al. 1995; Radaelli et al. 2008; Yiimaz
et al. 2014), it was detected around necrotic foci, in
the bronchial, bronchiolar and alveolar epithelium,
in the exudate and in the cytoplasm of neutrophils,
alveolar macrophages. Similar to the previous study,
M.bovis antigen was detected in the cytoplasm of
interaveolar septum cells, neutrophils and alveololar
macrophages.
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Figure 2. Histopathological and immunohistochemical findings. a. Histopathological appearance of prima-
ry caseous necrosis (arrow). Bar: 250 um. H &E. b. Caseous necrosis (white arrow) and fibrous encapsulation.
Bar: 250 pm. H&E. c. Mineralization (asterisk), macrophage, lymphocyte, Langhans giant cell, epiteloid histi-
ocytes (arrow) and fibrous encapsulation (white arrow). Bar: 250 um. H&E. d. Caseous necrosis opening into
the bronchiole (asterisk). Bar: 250 um. H&E. e-f. M. bovis positive staining in the cytoplasm of macrophages
(black arrows) and in the cytoplasm of cell (black arrows). Bar :150 pm. ABC-P. g. In interalveolar septum
cells M.bovis positive staining (black arrows). Bar :150 um. ABC-P.

This inflammatory progression may be associa-
ted with microbial burden. For this situation, Phillips
et al. (2003) have reported that 10°-10°> Colony For-
ming Unit (CFU) might trigger natural bTB, resulting
in the initial lesions of disease. However, in another
study, it was demonstrated that intranasal administ-
ration of 92 CFU of M. bovis did not lead to lesion

formation (Neill et al. 1988). Buddle et al. (1994) and
Buddle et al. (1995) have reported that intratracheal
inoculation of 500-800 CFU of M. bovis culminated
in small lesions in the lungs and regional lymph no-
des. For the generalization of such lesions, it was
suggested that 5x10° CFU or higher may be effecti-
ve. In this natural case, we have considered that ba-
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cterial load of M. bovis infection could be lower than
10° CFU since we did not observe any generalization
into regional lymph nodes and other organs.

In the result, the lesions in this case pertained to
chronic or isolated organ tuberculosis. The tubercles
were often in middle stage of progression. Hence,
we did not believe there was any immunosupression
or re/super-infection that may change the microor-
ganism burden in tissue environment. Therefore, no
lymph nodes were affected in this post-primary sta-
ge of bTB.
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Abstract: In veterinary medicine, vaccination is one of the most effective techniques for control and prevention of
diseases. When other methods fail in control of animal diseases, different vaccines and strategies are developed. DIVA
(Differentiating Infected from Vaccinated Animals) vaccines lacking one or more antigenic epitope(s)/ protein(s) in
the prevailing field strain and the accompanying diagnostic tests are effective in eradication and control of diseases.
While currently used vaccines can not distinguish between vaccinated and infected animals, DIVA vaccines can be
very useful for the purpose. Serological tests, such as ELISA (Enzyme-Linked ImmunoSorbent Assay), used together
with DIVA vaccines, can be used to determine which animals are infected and which are vaccinated. DIVA vaccines
and strategies for some animal diseases have been developed and continue to be developed.

In this review, it is aimed to explain the general characteristics, importance, production, advantages of DIVA vaccines
and strategies and their use in various animal diseases.

Keywords: DIVA, marker vaccines, vaccine, veterinary medicine.

DIVA (Differentiating Infected from Vaccinated Animals) asi ve stratejileri

Ozet: Veteriner hekimlik alaninda asilama, hastaliklarin &nlenmesi ve kontroliinde en etkili ydntemlerden birisidir.
Hayvan hastaliklarinin kontroliinde mevcut yontemler basarisiz oldugunda, farkh asi ve stratejiler gelistiriimektedir.
Saha susunda yer alan bir veya daha fazla antijenik epitop veya proteinden yoksun olan DIVA (Differentiating Infected
from Vaccinated Animals) asilari ve beraberinde kullanilan tani testleri, hastaliklarin eradikasyonu ve kontroliinde
oldukca etkilidir. Mevcut asilar, asili ve enfekte hayvanlarin ayrimini saglayamazken, DIVA asilari bu alanda 6nemli
yararlar saglar. Bunun yaninda ELISA (Enzyme-Linked ImmunoSorbent Assay) gibi DIVA asilariyla birlikte kullanilan
serolojik testler, hangi hayvanlarin enfekte ve hangilerinin asili oldugunun ayrimi icin kullanilabilir. Bazi hayvan
hastaliklarina yonelik DIVA asi ve stratejileri gelistirilmis ve digerleri icin de gelistiriimeye devam edilmektedir.

Bu derlemede, DIVA asi ve stratejilerinin genel 6zelliklerini, 6nemini, Gretimini, avantajlarini ve bunlarin cesitli hayvan
hastaliklarinda kullanimini agiklamak amaglanmistir.

Anahtar kelimeler: asi, DIVA, marker asilari, veteriner hekimlik.

Introduction

vent, eliminate and eradicate diseases at the popu-

Vaccines are biological substances prepared either . . I5€ ) € E
lation and the weakening of clinical signs in infec-

by using the agents or their antigenic molecules in

order to protect living organisms against pathogen-
ic microorganisms (Arda 2011). Edward Jenner ini-
tially used the "vaccine” term from the “vacca” Latin
for cow and “vaccinia” Latin for cowpox to explain
the protection of humans against smallpox virus. In
order to provide this protection, people were inocu-
lated with cowpox vaccine (Meeusen et al. 2007).
Vaccination is one of the most important medical
developments to date and many researchers played
a significant role in the development of vaccines
(Sareyyiipoglu and izgir 1999; Morgan and Parker
2007). Vaccines can be used both to control, pre-

tion (Meeusen et al. 2007).

Exposure to a live pathogen followed by re-
covery is a way of immunization (Owen et al. 2013).
The aim of the vaccination strategy is to generate
a naturally acquired immunity by inoculation of a
particular pathogen, or its immunojenic but non-
pathogenic components (Meeusen et al. 2007).
These components stimulate antigen-specific lym-
phocytes and allow the formation of memory cells.
Vaccination is an event, whereas immunization is
a potential consequence of this event (Owen et al.
2013).
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Vaccination is widely used in veterinary medi-
cine as the cost-effective intervention tool for the
control and prevention of diseases. It also plays a vi-
tal role in global eradication programs (Baron et al.
2018). The primary purpose of vaccines in veterinary
medicine is to improve the welfare and health con-
dition of domestic animals and to prevent disease
spread from both domestic and wild animals to hu-
mans. These different aims have led to various vet-
erinary vaccine approaches (Meeusen et al. 2007).

Due to antibodies formed in serum after vacci-
nation, it is difficult to distinguish between antibody
titers resulting from conventional vaccination and
exposure to the actual agent. To make this distinc-
tion possible, marker vaccines and/or DIVA (Differ-
entiating Infected from Vaccinated Animals) vac-
cines have been developed (Day and Schultz 2014).

General Information About DIVA Vaccines

The DIVA principle is based on the fact that anti-
body response against the causative agent antigens
involved in DIVA vaccines is different from the an-
tibody response to the actual microorganism in the

Imtact Fleld Virus

Viral genome
Standart ELISA +
’ + F Antibodies
EX gY antigens

Surface antigens

field (Uttenthal et al. 2010). While DIVA vaccines do
not contain one or more immunological protein or
antigen, very same substances are naturally present
in the field strain (Guo et al. 2017). Moreover, these
vaccines provides an oppurtunity for serological dif-
ferentiation between the vaccinated and the infect-
ed individuals. A marker / DIVA vaccines are used
with accompanying tests. These tests identify anti-
bodies against a protein not found in the vaccine
strain (Van Oirschot et al. 1996). These vaccines can
be deletion mutants of field pathogens or subunit
/ peptide vaccines (Francis 2017). Development of
the DIVA vaccines also requires the development of
an accompanying diagnostic test (Day and Schultz
2014). ELISA (Enzyme-Linked ImmunoSorbent As-
say) is generally used to test the efficiencies of a
vaccination (Akan et al. 2006; Arda 2011; Dhama et
al. 2016). As a result, these serologic tests can de-
tect antibody response to specific protein(s) after
infection (Van Qirschot et al. 1996). Current vaccines
often do not provide differentiating between vacci-
nated and infected animals, while DIVA vaccines dif-
ferentiate those vaccinated from the infected ones
(Selke et al. 2007; Holzer et al. 2016).

Gene Deleted Vaccine Vinus

Ermvelope
EYELISA -
? Only gX Antibody
No g¥ antigen

Figure 1. Use of ELISA in DIVA vaccines.

When creating DIVA vaccines, this is significant
to detect which points are essential for the eradi-
cation or control of certain diseases. Each vaccine
technology has benefits that can be used to devel-
op the vaccine with desired properties; Thus, vac-
cines and accompanying diagnostic tests will have
a significant effect on the eradication or control. As
marker vaccines; by the help of the conventional
technologies, subunit vaccines, DNA vaccines, live
vector vaccines and deletion mutants have been de-
veloped. For the development of diagnostic tests;

conventional methods (ELISA, neutralization tests,
etc.), western blot technology, nucleic acid (PCR, re-
al-time PCR) and biosensor technologies have been
developed (Henderson 2005; Dhama et al. 2016).

The ideal marker (DIVA) vaccine should include:
no long-term or short term side effects, provide
genetic stability in the targeted species, should be
durable, should be easy to produce and the cost
of production should be low, act early and provide
lifelong immunity, should be easily detectable in
the body, should be effective against all virus vari-
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ants, the antigenic components they carry should
have good immunogenicity, should protect the host
from horizantal and vertical transmission, should
not have cross reactions, should permit subsequent
vaccinations, should have a specific DIVA differen-
tial test (Arda 2011; Blome et al. 2017b). DIVA vac-
cines and accompanying diagnostic tests must meet
established licensing necessities for efficacy, safety
and purity, and the sensitivity and spesifity of the
diagnostic test should be high (Henderson 2005).

The various advantages of these vaccines are:
they can differentiate vaccinated animals from in-
fected ones, they do not reproduce, spread in/out
of the body, and free of complete microorganisms
and their nucleic acids (except mutant strains), they
are easily tolerated, prevalence and incidence of
infection in vaccinated populations can be studied
under the field conditions, their efficacies can be
measured well. Thus they can be applied in vaccina-
tion eradication programs (Van Oirschot et al. 1996;
Arda 2011).

Development of DIVA Vaccines

Despite the regulations on imports of animal and
animal products, the risk of emergence of animal
diseases still continues in some countries. Particu-
larly in areas with crowded animal populations,
eradication efforts based on quarantine measures
may be insufficient in preventing diseases. These
conditions, combined with increasing economic and
ethical concerns, have provoked the development
of different vaccines and strategies to control out-
breaks (Pasick 2004).

Vaccine efficacy in a population is a function of
the ability of the vaccine to decrease the virus con-
tamination. If the antibody response to the vaccine
antigens is indistinguishable from the infection, it
may complicate serological follow-up studies and
subsequent eradication strategies. Thanks to the
DIVA vaccines and the accompanying diagnostic
tests, this disadvantage can be easily overcomed
(Pasick 2004).

The first licensed DIVA vaccine was produced to
identify wild type pseudorabies virus with the ELISA
kit that blocks protein A (Liu et al. 2013). The term
“DIVA" was initially offered by J. T. van Oirschot in
the Netherlands in 1999. This term is used as an
abbreviation for ‘Differentiation of Infected from
Vaccinated Animals’ (Pasick 2004). DIVA vaccines
are originally deletion mutants of wild microorgan-
ism strains (Uttenthal et al. 2010). Diagnostic tests
should be used with these vaccines to identify an-

tibodies formed against epitopes (Ganguly et al.
2015). DIVA vaccines are generally based upon the
lack of minimum one immunogenic protein in the
vaccine strain. In the DIVA strategy, after vaccina-
tion with DIVA vaccines, diagnostic tests are used
to determine antibodies against antigens that are
not in the vaccine strain (Liu et al. 2013). This system
makes it possible to mass vaccinate as well as to al-
low serological follow-up of a sensitive animal pop-
ulation for effective disease control (Pasick 2004).

Use of DIVA Strategy Against Some of the
Significant Diseases in Veterinary Medicine

DIVA strategies are being developed for the control
of significant diseases such as bovine rhinotrache-
itis, avian influenza, pseudorabies, bovine tuber-
culosis, classical swine fever and PPR in veterinary
medicine (Dhama et al. 2016; Singh 2021).

Infectious Bovine Rhinotracheitis (IBR)

DIVA vaccines containing the glycoprotein E (gE)
deleted strain of BoHV-1 (Bovine Herpesvirus) the
agent of IBR, has been reported to be an effective
and safe strategy to IBR, which can be effectively
used in countries with high prevalence of diseases
(Muratore et al. 2017). Accordingly, the IBR marker
vaccine contains a genetically modified virus that
does not produce glycoprotein E. A suitable sero-
logical test (ELISA) is developed to be used with
the vaccine. A vaccinated cow with serum antibody
against glycoprotein E is interpreted as being ex-
posed to the field virus (Arda and Sareyylpoglu
2004; Day and Schultz 2014; Petrini et al. 2020).

Avian Influenza (Al)

One deficiency of inactivated vaccines is the diffi-
culty of controlling avian influenza virus (the agent
of avian influenza) because it cannot distinguish
between vaccinated and naturally infected poultry
by serologically widely used methods. Until recent-
ly, some DIVA strategies have been developed for
avian influenza (Al) (Suarez 2005). Current research
results show that the DIVA control strategy can be
a tool for the control of Al infections (Capua et al.
2003; Sun et al. 2021). These strategies include ob-
servation, subunit vaccine use (have included just
hemagglutinin), non-structural protein 1 (NS1)
strategies (this protein is produced in infected cells,
so naturally infected poultry can develop antibodies
to the NS1), and heterologous neuraminidase strat-
egy (Suarez 2005). The heterologous neuraminidase
strategy is based upon the use of an inactivated oil
emulsion vaccine including the same hemaggluti-
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nin (HA) subtype but different neuraminidase (NA)
subtype. (Capua et al. 2003). Vaccinated poultry will
be protected on the basis of HA antibodies, but if
the poultry are infected with the virus that causes
the outbreak, different NA antibodies will be pro-
duced which can be separated from the NA anti-
bodies produced after the use of the vaccine (Lee
et al. 2004). For example, if the wild strain is H7N2,
the animals can be vaccinated with H7N3 or the re-
maining seven appropriate combinations. Serologi-
cal monitoring against N3 protein confirms that the
flock is vaccinated, whereas, serological monitoring
against N2 protein can be observed with wild type
strain. That is, it can be determined that the animals
are vaccinated or infected. Commercially, this strat-
egy was first implemented in 2010, when the H7N1
outbreak occurred in ltaly, by vaccinating with the
H7N3 vaccine (Suarez 2005).

Pseudorabies (Aujeszky’s Disease)

The DIVA strategy for control of pseudorabies has
been used successfully in many countries (Freuling
et al. 2017). With the deletion of the gE gene, it is
aimed to enable the DIVA approach for the control
of this disease (Meeusen et al. 2007). Pseudorabies
are the main examples of DIVA in combination with
ELISA (Freuling et al. 2017). Thanks to the ELISA,
it can distinguish between animals producing an-
tibodies against gE after wild type virus infection
and animals those do not have antibodies against
gE after vaccination, though they can carry antibod-
ies against other PrV (Pseudorabies virus) glycopro-
teins (Freuling et al. 2017; Mettenleiter 2020). In prV
eradication, gB / gE ELISA showed high specificity
and sensitivity; could determine antibody from se-
rum, blood and colostrum. Recently, high-precision
techniques have been developed to differentiate
vaccine virus genetic material from the wild strain
genome (Freuling et al. 2017).

Classical Swine Fever

Classical swine fever virus (CSFV) is an RNA virus
from Pestivirus genus (Dong and Chen 2007; Blome
et al. 2017a). The glycoprotein E2 in the envelope is
the most important immunogen of pestiviruses. An-
tibodies of E2 and antibodies against glycoprotein
E™s and the non-structural NS3 protein is present in
infected host. In the first generation marker / DIVA
vaccines (E2 subunit vaccines), E™-specific antibod-
ies in the ELISA respond positively in the animals in-
fected with the wild type strain, whereas only CSFV
E2 specific antibody responses develop in the vac-
cinated animals. As an alternative, detection of NS3

antibodies may be used as an option. E2 subunit
marker vaccines safety has been confirmed but may
have disadvantages over live vaccines (Blome et al.
2017a).

Some studies have been conducted on the ba-
sis of epitope vaccines (EVs), and also combined
CSFV-E2 and NS3 vaccines have been produced to
contribute to the development of the immunoge-
nicity of E2 marker vaccines (Uttenthal et al. 2010).

In 2014, the vaccine “CP7_E2alf" was licensed
as the first live attenuated marker vaccine against
Clasical Swine Fever (Blome et al. 2017b; Wei et al.
2021). This vaccine is based upon pestivirus chimera
"CP7_E2alf" that carries the basic immunogen of
CSF virus "Alfort/187"and glycoprotein E2, in a type
1 bovine viral diarrhea backbone ("CP7") (Blome et
al. 2017b).

Foot and Mouth Disease

In this disease, DIVA strategies are needed using
serological tests (ELISA) to differentiate vaccinated
animals (Uttenthal et al. 2016; Diaz-San Segundo et
al. 2017). In contrast to vaccination, foot and mouth
disease virus (FMD) infection reveals a powerful
antibody response to NSP (nonstructural proteins)
and viral proteins. Various tests based on different
NSPs (2A, 2B, 2C, 3A, 3B, 3ABC and 3AB) have been
developed to differentiate vaccinated and non-in-
fected animals from other vaccinated, which are af-
terwards clinically or subclinically infected with foot
and mouth disease virus (Uttenthal et al. 2016; Bhatt
et al. 2018).

Rift Valley Fever

The RNA genome of Rift Valley Fever Virus (RVFV)
encodes 4 structural proteins and two non-structur-
al proteins NSs and NSm, that play a significant role
in viral pathogenesis. In addition, information on the
molecular biology of RVFV was used to develop DI-
VA-compatible vaccines (Faburay et al. 2017). Vacci-
nation policies and types of vaccines used may vary
in non-endemic and endemic countries. In non-en-
demic countries, eradication and control programs
are a major objective against outbreaks, and the use
of vaccines that provide oppurtunity for DIVA is the
best choice (Faburay et al. 2017; Wilson et al. 2021).
In endemic countries, vaccine candidates that can
be used to control rift valley fever are highly flexible.
In this case, the use of DIVA vaccines may be a bet-
ter choice if the goal is eradication. Vaccines such as
VLPs, DNA vaccines and recombinant protein based
vaccines are included in the DIVA-compatible vac-
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cines group with no universal risk and high safety
profile (Faburay et al. 2017).

In some studies, RVFV vaccines include deletion
of NSs and NSm genes. These may be useful in con-
trolling RVFV in endemic areas as well as for DIVA.
However the accompanying diagnostic tests are not
yet commercially present (Alhaj 2016).

Peste des petits Ruminants (PPR)

Conventional live vaccines used for PPR do not dif-
ferentiate between vaccinated and infected animals.
Therefore, it is important to develop vaccines suit-
able for the DIVA concept (Fakri et al. 2021). This
concept may play a significant role in reduction
of disease in endemic regions (Parida et al. 2015).
Thus, adenovirus-based DIVA vaccines have been
developed in East African goats against the peste
des petits virus (PPRV) challenge. H and F are sur-
face glycoproteins of PPRV. As a result the vaccine
consisting of (AdF +AdH) appears to be successful
and provides a DIVA vaccine potential when used in
conjunction with the ELISA (Holzer et al. 2016).

Newcastle Disease

VLP (virus-like particle) vaccines have been indicat-
ed high levels of protection against different viral
agents. In a study, Newcastle disease virus (NDV)
VLP was developed and poultry immunized with
NDV VLP vaccines. It has been strongly shown that
the use of this vaccine in poultry may be a suitable
strategy for control of NDV. Accordingly, the VLP
vaccine and accompanying HI test may give oppor-
tunity to use the DIVA strategy (Park et al. 2014).

Infectious Laryngotracheitis

Distinction between ILTV (infectious laryngotra-
cheitis virus) wild type strain and vaccine strains is
essential for control of disease. ILTV DIVA vaccines
are developed to overcome this problem (Shil et al.
2012). In one study, it was shown that the TagMan
real-time PCR test together with the AgG ILTV vac-
cine has the possible to be used in the DIVA strategy
for control and eradication of ILT (Shil et al. 2014).

Bovine Tuberculosis

Bovine tuberculosis, caused by Mycobacterium bo-
vis, is an important economic and global animal
welfare issue. The development of the DIVA test is
required for slaughter control strategies in addition
to traditional bovine vaccines in countries (Vorder-
meier et al. 2016a; Garcia et al. 2020).

The DIVA test, based upon the interferon gam-
ma blood test platform, is similar to the tests used

to diagnose human tuberculosis. The interferon
gamma DIVA test is based on a response combi-
nation of 3 antigens, Rv3615c, CFP-10 and ESAT-6
(Conlan et al. 2015). Antigens used in blood tests
were additionally evaluated for their use in skin
tests (Vordermeier et al. 2016b). The DIVA skin test
approach is effective in detecting infected animals
without the use of immunomodaulators, while giving
negative results in non-infected or BCG-vaccinated
cattle. There are also two skin tests that are poten-
tial for DIVA. Of these, APHA-1; is based on mixture
of Rv3615c CFP-10, ESAT-6 proteins, while APHA-2;
it is based on the Rv3020 protein in addition to the
three proteins (Vordermeier et al. 2016a ).

Paratuberculosis (Johne’s Disease)

Mycobacterium avium subsp. paratuberculosis
(MAP) cause paratuberculosis in ruminants. Popular
commercial paratuberculosis vaccines are prepared
from whole cell killed MAP which will generate an-
tibodies to cellular antigens. Nevertheless, field in-
fected animals will have antibodies to both cellular
and secreted antigens. A simple ELISA-based test,
when used in conjunction with conventional ELISA
protocols, can be used to differentiate between vac-
cinated and infected animals using MAP secreted
antigens to diagnose paratuberculosis (Dhama et al.
2016).

Salmonella Infections

In Salmonella Choleraesuis DIVA vaccines, the ompA
gene was deleted from live attenuated ArpoS and
AphoP vaccine strains. The ompA is found in whole
Salmonella enterica serovars. The results show that
Salmonella Choleraesuis ArpoS AompA and AphoP
AompA may be useful as DIVA strains carriying for-
eign antigens, thus generating new probability for
the production of invaluable live vaccines for live
animals. Also ELISA was used as differential test.
Furthermore, these information show that OmpA
may be proper negative marker for DIVA vaccines
(Herrero-Gil et al. 2016).

For Pullorum disease, the S. Pullorum AspiC
Awaal mutant strain was developed. In vaccine
strain the truncated Salmonella lipopolysaccharides
have a differentiating use as a serological marker.
The efficacy, safety, and DIVA characteristics of this
vaccine candidate were evaluated in broilers. The
results show that the double mutant strain may be a
effective, cross-protective and safe vaccine against
Salmonella infection in a poultry in accordance with
the requirements of the DIVA plan (Guo et al. 2017).
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Brucella Infections

In a study, the modified B. abortus S19 strain called
S19Aper was described. Deletion of the perosamine
synthetase gene caused a significant attenuation of
the mutant S19Aper without affecting the immu-
nogenic properties. Then S19Aper DIVA capability
was assessed by using Rose Bengal Plate Test. As a
result the mutant S19Aper with a moderately simi-
lar phenotype showed a significant similarity to the
S19 vaccine strain with improved immunogenicity,
safety and DIVA properties for the bovine brucel-
losis control, and can thus be used as the DIVA vac-
cine (Lalsiamthara et al. 2015; Chaudhuri et al. 2021).

Mycoplasma Infections

The control strategy of the contagious bovine
pleuropneumonia is to vaccinate with live attenu-
ated strains. In addition, an IppQ-mutant of the
current vaccine strain T1 / 44 has been developed.
T1lppQ-mutant strain lacks lipoprotein LppQ, which
provides a possible virulence of M. mycoides subsp.
mycoides. TagMan real-time PCR based upon the
IppQ gene has been developed for the detection
of mycoplasma and for the discrimination of wild-
type strains from the lppQ- mutant vaccine strain.
Consequently this has been described as a live DIVA
vaccine strain. (Vilei and Frey 2010).

Table 1. DIVA (Marker) vaccines used in veterinary medicine (Capua et al. 2003; Arda and Sareyyipoglu 2004; Suarez 2005;
Dong and Chen 2007; Meeusen et al. 2007; Uttenthal et al. 2010; Vilei and Frey 2010; Day and Schultz 2014; Park et al. 2014;
Shil et al. 2014; Conlan et al. 2015; Lalsiamthara et al. 2015; Dhama et al. 2016; Herrero-Gil et al. 2016; Holzer et al. 2016;
Vordermeier et al. 2016a; Vordermeier et al. 2016b; Blome et al. 20173; Freuling et al. 2017; Muratore et al. 2017).

Disease Causative Agent

DIVA/Marker Vaccine
Strategy

Deleted Gene Accompanying Test

Infectious Bovine

Rhinotracheitis (IBR) Bovine herpesvirus

Gene deletion mutant virus

Glycoprotein E ELISA for gE analysis

Avian Influenza (Al)

Pseudorabies
(Aujeszky's Disease)

Classical Swine Fever
(CSF)

Foot and Mouth
Disease (FMD)

Peste des petits
Ruminants (PPR)

Newcastle Disease (ND)

Infectious
Laryngotracheitis (ILT)

Bovine Tuberculosis

Paratuberculosis
(Johne's Disease)

Salmonella Infections

Brucella Infections

Contagious Bovine
Pleuropneumonia

Avian Influenza virus

Pseudorabies virus
(Prv)

CSF virus (CSFV)

FMD virus (FMDV)

PPR virus (PPRV)
ND virus (NDV)

ILT virus (ILTV)

Mycobacterium bovis

M. avium subsp.

paratuberculosis (MAP)

Salmonella
Choleraesuis

Brucella abortus

M. mycoides subsp.
mycoides

Subunit vaccine use

Non-structural protein 1
(NST1)

Heterologous neuraminidase
(H7N2 (wild)/H7N3 (vaccine))

Gene deletion mutant virus

E2 subunit vaccine use

Comparison of serologic
response against
nonstructural proteins (NSPs)
with serologic response
against vaccine antigens

Adenovirus-based vaccine
use

Virus like particles
Gene deletion mutant virus

APHA-1 or APHA-2 use

Evaluation of MAP secreted
antigens and cellular
antigens

Gene deletion
Gene deletion

Gene deletion

Glycoprotein E

Glycoprotein G

OmpA gene
Per gene

Lipoprotein LppQ

ELISA tests

ELISA tests
N2/N3 monitoring
ELISA for gE analysis

ELISA tests

ELISA tests

ELISA tests

HI test
TagMan real-time
PCR

DIVA skin test
approach

Classic and MAP
secreted ag ELISA

ELISA tests

Rose Bengal Plate
Test

TagMan real-time
PCR
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Conclusion

DIVA strategies as a differentiation method between
infected and vaccinated animals are significant tools
for disease control and eradication. There is an im-
portant need to develop DIVA vaccines and ac-
companying tests, as they are predicted to be more
effective for disease eradication than the standard
vaccines used. These vaccines will also be an impor-
tant approach for the control of infectious diseases
that may emerge in the future. With the develop-
ment of technologies in the field of veterinary medi-
cine, the use of new DIVA strategies against various
disease seems to be inevitable. These vaccine strat-
egies have been tried to be developed for many ani-
mal disease agents and are still being studied today.
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Ozet: IB, kanatli hayvan enddstrisindeki 6zellikle gencg ve yetiskin yumurtaci ve broyler tavuklarin, solunum ve
Urogenital sistemlerinde lezyonlara yol acan bu nedenle karkas gelisimi ve yumurta kalitesinde diismeye neden olan
prevalansi yiksek ve dnemli ekonomik kayiplardan sorumlu akut, yliksek derecede bulasici viral bir enfeksiyondur.
Hastaligin etkeni Coronaviridae ailesinde, Gammacoronaviriis'lar icerisinde yer alan infeksiydz bronsitis viriisi
(IBV)'dur. Kapsamli asilama olsa bile, ticari olarak IB salginlari kiimes hayvanlari Ureticileri icin dnemli bir sorun olmaya
devam etmektedir. Strekli olarak yeni serotipler ve varyantlar ortaya ¢ikmakta, bu da kiimes hayvani ureticilerini ve
hayvan sagligi sirketlerini asilama planlarini devamli olarak degerlendirmeye ve yeni asilar Gretmeye zorlamaktadir.

Anahtar kelimeler: Asi, Enfeksiyoz Bronsitis, tavuk coronavirus

Coronavirus and Infectious Bronchitis vaccines in chickens

Abstract: IB is an acute, highly contagious viral infection responsible for the high prevalence and significant economic
losses in the poultry industry, especially in young and adult layers and broiler chickens, which causes lesions in
the respiratory and urogenital systems, resulting in reduced carcass development and egg quality. The causative
agent of the disease is Infectious bronchitis virus (IBV), which is in the Gammacoronaviruses in the Coronaviridae
family. Even with extensive vaccination, commercial outbreaks of IB remain a major problem for poultry producers.
New serotypes and variants are constantly emerging, forcing poultry producers and animal health companies to
continually evaluate their vaccination plans and produce new vaccines.

Keywords: Chicken coronavirus, Infectious Bronchitis, vaccine.

Giris

IBV proteini ve konakgl hticre etkilesimleri hakkin-
da yeterli bilgiye sahip olunmamasi, hedeflenen asi
kontrol stratejilerini neredeyse imkansiz hale getir-
mektedir.

Enfeksiyoz bronsitis (IB), kanatli hayvan endustrisin-
deki 6zellikle geng ve yetiskin yumurtaci ve broy-
ler tavuklarin, solunum ve Urogenital sistemlerinde
lezyonlara yol acan bu nedenle karkas gelisimi ve

yumurta kalitesinde diismeye neden olan prevalan-
si ylksek ve dnemli ekonomik kayiplardan sorumlu
akut, yuksek derecede bulasici viral bir enfeksiyon-
dur(de Wit ve ark. 2011).

IB enfeksiyonlarinin her yas grubundaki tavuk-
lari etkilemesi ve yiksek morbitideye sebep olmasi
sebebiyle kanatli endustrisi icin biyutk tehdit olus-
turmaktadir. Bu nedenle tim dlnyada yakindan ta-
kip edilmektedir. Diinyada bircok ulkede farkli En-
feksiydz bronsitis virlis (IBV) varyantlari bulunmakta
ve miicadele de sorunlar yasanmaktadir.

Kimes hayvanciligi endistrisinde yaygin ola-
rak IBV'ne karsi asilama yapilmasina ragmen, yeni
serotiplerin ve varyantlarin ortaya cikmasi nedeniy-
le hastaligin kontroli zor olmaktadir. IBV asilari icin
mevcut toplu uygulama stratejileri verimsizdir ve
siklikla asilama basarisizliklarina neden olmaktadir.

Bu derleme de; IBV, asilari, asi teknolojisindeki
son gelismelerle birlikte mevcut durumun ana hat-
lariyla 6zetlenmesi amaclanmistir.

Enfeksiy6z Bronsitis Viriis ve Asilar
Enfeksiy6z Bronsitis Viriis(IBV)

IB, ilk kez 1930 yilinda Amerika Birlesik Devletlerin-
de tavuklarda akut solunum yolu hastaligi olarak ta-
nimlanmig, 1936 yilinda ise etkeni olan virls (IBV)
izole edilmistir. Ulkemizde de ilk kez 1978 yilinda
Ankara'da tespit edilmis ve 1980'li yillarda tavuk ye-
tistiriciligindeki hizli artisa paralel olarak tlke gene-
linde yayllmistir(Céven 2012).

IBV Nidovirales sinifinda, Coronaviridae ailesi,
Orthocronivirinae alt ailesindedir. Orthocoronavi-
rinae alt ailesinde 4 cins (Alfacoronavirus, Betaco-
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ronavirus, Deltacoronavirus, Gammacoronavirus)
tanimlanmistir. IBV'UG grup 3'de yer alirken, diger (g
grupta memeli coronaviruslari yer almaktadir(OIE
2018). Coronaviruslar segmentsiz, pozitif iplikcikli li-
neer yapili RNA genomuna sahiptir. RNA yapisindaki
genomunun icerisinde S (spike), M (matriks), E (zarf)
ve N (nukleokapsid) yapisal proteinlerini kodlayan
genler bulunmaktadir. Virlis tropizmini belirleyen S
proteini IBV'ye karsi olusan antikorlarin baglanacad:
bolgeleri tasir (OIE 2018). Spike glikoproteini (S1 ve
S2) iki alt birimden olusmaktadir (Cavanagh 2003).
Degisken S1 alt Unitesi konak hiicreye tutunmayi,
S2 alt Unitesi ise virGsln hiicre icine girmesini sag-
lamaktadir (Cavanagh 1997; Jackwood 2012). IBV
karekterizasyonu icin hedef bdlge, S glikoprotein
geninin ST alt birimidir(OIE 2018).

IBV'nin ilk izole edilen serotipi Massachusetts(-
MASS)dir. Valastro ve ark. (2016) S1 geninin tama-
minin dizilemesini yaparak tim IBV'lerini 6 genotip
ve 32 farkl viral soy altinda siniflandirimistir. 27 soy,
genotip I'de yer almis, kalan genotiplerin her biri bir
soy icermistir. Bu soylardan bazilari birkac kitaya,
Ulkeye veya bolgeye dagilmisken, bazilar da belir-
li cografi alanlara 6zgidur. Her bir soy, her biri tir
olarak adlandirilan ve belirli bir isim verilen (GAOS,
QX vb.) farkli virisleri icermektedir (Tablo 1). Genel
olarak serotip gruplari, siniflandirma sistemindeki
genotip gruplarina karsilik gelmektedir(Aziz 2020).

Ulkemizde yapilan genotiplendirme calismala-
rinda baskin genotipin Israil varyant-2 oldugu bil-
dirilmistir (Kahya ve ark. 2013; Aral 2016; Yilmaz ve
ark. 2016: Ongér ve ark. 2021).

Tablo 1. S1 gen dizisi veri analizlerine gére genogruplar, suslarin adlari ve sirkiile oldugu dénemler (Valastro ve ark. 2016).

?s(-:)r;(;grup ziils'll::::?yon Sus adi Eﬁ(ten aldigi ?s(-:;;;grup zi;j'l;:::?yon Sus adi Eﬁ(ten aldig:
Gl-1 1937-2013  Beaudette USA Gl-18 1993-1999  JP8127 Japonya
Gl-2 1954-2006  Holte USA GI-19 1993-2012  58HeN-93lI Cin

GI-3 1960-2006  Gray USA GI-20 1996-1999 Qu_mv Kanada
Gl-4 1962-1998  Holte USA Gl-21 1997-2005  Spain/97/314 ispanya
GI-5 1962-2012  N1/62 Avusturalya Gl-22 1997-2011  40GDGZ-97I Gin

Gl-6 1962-2010  VicS Avusturalya Gl-23 1998-2012  Variant 2 Israil

GI-7 1964-2012  TP/64 Tayvan Gl-24 1998-2013 V13 Hindistan
GI-8 1965-1967  L165 USA Gl-25 2004-2013  CA/1737/04 USA

GI-9 1973-2011  ARK99 USA Gl-26 2006-2007  NGA/B401/2006 Nijerya
GI-10 1970s-2000s B Yeni Zellanda Gl-27 2008-2013  GAO08 USA

GI-11 1975-2009  UFMG/G Brezilya GlI-1 1979-1984  D1466 Hollanda
GI-12 1978-2006  D3896 Hollanda GllI-1 1988-2008 N1/88 Avusturalya
GI-13 1983-2013  Moroccan-G/83 Fas GIV-1 1992-2003  DE/072/92 USA

Gl-14 1984-2006  B1648 Belcika GIV-1 1992-2003  DE/072/92 USA

GI-15 1986-2008 B4 Kore GV-1 2002-2008  N4/02 Avusturalya
Gl-16 1986-2011  1ZO 28/86 italya GVI-1 2007-2012  TCO7-2 Cin

Gl-17 1988-1999  CA/Machado/88 USA GIV-1 1992-2003  DE/072/92 USA

Jungherr ve ark. (1956)da, farkh IBV serotip-
lerinin capraz koruma saglamadigini bulmustur. Bu
kesiften guinimize, antikorlar notralize ederek ta-
nimlanan bircok farkli serotip ve spike geninin cika-
rilmis amino asit sekansina dayanan genetik tipler
diinya capinda tanimlanmistir. Bazi istisnalar olma-
sina ragmen (Cavanagh ve ark. 1992; Li ve ark. 2011)

IBV tipleri arasindaki ¢apraz korumayi tahmin etmek
icin, virlislerin ST amino asit dizisi arasindaki genetik
iliski kullanilabilir (Cavanagh ve ark. 1997; Lee ve ark.
2003; Ladman ve ark. 2006; Jackwood 2012).

IB, zor soluma, 6ksuriik, trakeal raller(ses), hap-
sirma ve burun akintisi ile karakterizedir. Geng hay-
vanlarda ciddi solunum sikintisi ve ozellikle civciv-
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lerde semptomlara ilave olarak burun akintisi olus-
turabilmektedir (Esendal 2002). Bu virlis, solunum
sistemi disinda da bobrek ve genital sistem epitelyal
hucrelerin cogunda ¢ogalarak patolojik degisiklikle-
re neden olabilmektedir (Boltz ve ark. 2004). I1B'ye
yakalanan suriiler genellikle %100 morbidite gos-
terir. Mortalite, nefritis ve ¢odunlukla solunum sis-
temine yerlesen basta Escherichia coli olmak Uzere
Mycoplasma spp. gibi bakteriyel kaynakli sekonder
enfeksiyonlar sebebiyle yikselmektedir (Cavanagh
2003). Yumurtacilarda, yumurta veriminde disls
gorilmektedir. Ozellikle yumurta Gretiminin bas-
langicinda slrtde 1B enfeksiyonun yasanmasi du-
rumunda verim distsini %70'e kadar cikabilmek-
tedir. Bu gibi durumlar kanatl hayvan yetistiricileri
icin ciddi ekonomik kayip yaratmaktadir. Ulkemizde
Connecticut, H120, MA5 ve M41 gibi farkli suslarla
IB'ye karsi asilama yapilmasina ragmen, halen bir-
cok IB stipheli salginlar yasanmaktadir (Kahya ve ark.
2013).

Asilama
Asilar

Kanatli hayvan endustrisindeki en ¢cok canli attenle
astlar kullanilmaktadir. Attenute canli IBV asilari pato-
jen IBV izolatlarinin embriyolu tavuk yumurtasinda
(EYT) seri pasajiyla Uretilir. Asilarin anttente oldugu-
na, inokulasyondan sonra klinik semptomlara rast-
lanmamasiyla karar verilmektedir (Jordan 2017).

Bir saha virlsinun virulensini azaltmak 1 yila
kadar surebilmektedir, ancak hizli virtlensi distr-
mek icin bazen isil islem ve sinirl sayida yumurta
gecisinin birlikte kombinasyonu ile elde edilebil-
mektedir (Jackwood ve ark. 2010). Olii veya inaktive
edilmis IBV asilari yumurtaci/damizlik tipi tavuk ye-
tistiriciliklerinde kullanilmaktadir. Rutin olarak canli
IBV'nin izolatlarinin inaktivasyonunda formaldehit
kullanilmaktadir. ilk Gretilen asi olan MASS serotipli
IBV asisi, tiim dinyada uzun yillardir kullanilan tek
asidir. Kimes hayvani Uretimi yapan bircok Ulkede,
ayni zamanda tek lisansli IBV'u asi serotipidir (Jor-
dan 2017).

Yeni serotip ve varyantlar ortaya ¢iktikga, bolge-
sel olarak 6nemli serotiplerle miicadele etmek igin
asilar surrekli yeni serotiplerle Uretilmistir (Arkansas,
Connecticut, Giircistan 98, 793/B, QX, Q1 gibi) (Ja-
ckwood 2012). Tek basina IBV antijenlerini eksprese
(Johnson ve ark. 2003; Toro ve ark. 2014; Li ve ark.
2016) eden veya diger patojenlerin antijenleriyle
kombinasyon halinde rekombinant IBV asilar gelisti-
rilmistir (Yang ve ark. 2016; Yin ve ark. 2016). Ancak
bu asilar heniliz canli-attente asilarla ayni koruyucu

seviyeyi gostermemistir. Su anda, kullanilan lisansli
ticari rekombinant IBV asisi bulunmamaktadir (Jor-
dan 2017).

Asilama Zamani

IBV'ye karsi asilamanin zamanlamasi yetistirme tipi-
ne ve tlre gore degismektedir. Broylerlerin yasam
suresi kisadir ve IB'ye karsl az sayida asilanmaktadir-
lar. Genel olarak, yumurtadan ¢ikan civcivler kulug-
kahanede 1-3 serotipli canli-attentie IBV asilariyla
asllanmaktadirlar. Daha uzun yasam sureli pilicler
(>49 glnltk), broyler kimeslerinde bagisiklik siire-
sini uzatmak amaciyla 14 ila 18 gunlikken tekrar asi-
lanmaktadir. Broyler damizlik ve yumurtaci tavuklar
¢ok daha uzun yasam sirelidir ve pili¢ kiimesinde
canh attenle asi ile 2 haftaliktan baslayarak IB'ye
karsi coklu asilar, ardindan 4 ve 6 haftalikken can-
li-attente asilar ile asilanmaktadirlar(Jordan 2017).
Tavuklar yumurtlamaya basladiktan sonra, verilen
tim IBV asilari inaktiftir ancak bazi entegreler bolge-
de, bir enfeksiyon durumu varsa canli atteniie asi da
kullanabilmektedir. Canh attenie ve inaktif IBV asila-
rinin uygulama zamanin ayarlanabilmesi, her Uretici-
ye uygun en iyi asi programin belirlenebilecegi etkili
asllama stratejilerini yapmak zordur. Ayrica asilama
stratejisi belirlenirken kullanilan asilarin NDV asilari
ile birlestirildigi icin bunun da baska bir karmasiklk
ve degiskenlik katmani ekledigi distndlmelidir (Jor-
dan 2017).

Asilama Programlari

IBV'de, capraz koruma saglamayan cok sayida fark-
I tir var oldugundan, kontrol edilmesi ¢ok zor bir
enfeksiyondur. Atteniie canli asilar broylerlerde ve
yumurtaci yarkalarda, inaktif asilar ise genellikle
yumurtaci ve damizliklarda kullaniimaktadir. Etkili
kontrol, hastaliga neden olan viris tipinin tanimlan-
masini ve ardindan bu tire karsi uygun bir asi ile
astlamayi icermektedir. Bununla birlikte, kullanimda
olan yalnizca birkag farkli IBV'U asi susu tlrG vardir,
oysa virlisiin hastaliga neden olabilecek sayisiz fark-
I tird ve varyanti tim dinyada bulunabilmektedir.
Buna ek olarak, baz tlkeler yalnizca bir veya birkag
asl tird ile asilamaya izin vererek kontroli daha da
zorlastirmaktadir (Cavanagh ve Gelb 2008). Kanatl
hayvan Ureticileri birden fazla serotipli asilarla su-
rulerini koruma genisligini arttirabilmektedirler. Bu
coklu serotipli asilama stratejileri en az iki serotiple
veya sUrldeki gorilen diger serotiplere gore belir-
lenebilmektedir. IBV'nin stirekli gelisimi ve asilari sti-
rekli glincelleme ihtiyaci, bu asilama stratejisinin de-
zavantajidir (Jackwood ve Wit. 2013). Coklu serotip
astlamada kullanilan ikinci bir strateji de, IBV asisinin
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sadece iki serotipinin uygulanmasiyla heterolog vi-
rUs tirlerine karsi genis ¢apraz koruma (Cook ve ark.
1999) saglamak amaglanmistir. Bu strateji “koruyucu
tip” olarak adlandinimistir. Massachusetts-tipi (MA5)
ve IB 4/91 asilarinin birlikte kullanimi tek baslarina
kullanimlarina oranla ¢ok daha iyi capraz koruma
olusturmustur (Jordan 2017).

Asilama Uygulamalari

Sprey asilama

IBV'U asilari, kuluckahanelerde sprey olarak rutin uy-
gulanmakta (Purswell ve ark. 2008) ve her giin bin-
lerce civciv asilanabilmektedir. Genelde sprey kabin-
leri, bir tank ya da bir asi haznesinden olugsmaktadir.
Agl, Uretici firma talimatlarina gore kuluckahanede

bulunan asi haznelerine yerlestirilerek yapiimaktadir
(Jordan 2016).

Sprey asilamanin etkinligini degerlendirmek
icin nispeten az sayida laboratuvar calismasi yapil-
mistir. Roh ve ark. (2015)"1 elektron mikroskobunu
kullanarak yaptiklari arastirma sonuglarinda, tekli 1B
asl virUslerinin spreylemeden sonra yapisal hasara
ugradigina dair herhangi bir kanita rastlanmamislar-
dir ancak uygulama islemi sirasinda aslya uygulanan
mekanik kuvvetten dolayi titre kaybedebilecegini
bildirmislerdir. Bu durum, bircok virtsiin sprey uygu-
lama stirecini bozulmadan gectigini, ancak bazilar-
nin etkisiz hale gelebilecegini gostermektedir. Farkli
calismalarda, puskirtme memesinden cikan asi ile
civcivlerin seviyesine gelen asi karsilastirilirken titre
de 6nemli bir dislstin oldugu gorilmistir. Boy-
le bir durumda virtsiin puskirtme islemi sirasinda
cevreye sacildigini distindlrmektedir (Jordan 2016).

Kanatlilarda glinimuzde kullanilan sprey uygu-
lama ekipmanlari yaklasik 40 yildir degismemistir.
Ekipman inovasyonlari yapilmadan daha ¢ok yeni asi
uygulama teknolojileri gelistirilmistir (Jordan 2017).

Jel asilama

IBV asi uygulamasinda en yeni teknoloji olan jel sey-
relticiler, baslangicta IBV asilari igin tasarlanmamistir
ancak bu amac i¢in uyarlanmistir. Bu sistemde, asi
kalin bir jel seyreltici ve jel aracihgiyla sepetlerdeki
veya kuluckadaki civcivlere uygulanmistir. Asi, dam-
laciklar halinde civcivlerin Uzerine puskirtilmekte
ve civcivler birbirlerini gagalayarak aslyr almakta-
dirlar. Gagalara bakilarak, civcivlerin asiyr alip ala-
madiklar kontrol edilebilmektedir. Bu asilama tipi,
sprey asilama kadar etkilidir. Jel asilamasini IBV igin
sprey asilamaya alternatif olarak kullaniimasi igin
daha kapsamli arastirmalara ihtiya¢ bulunmaktadir
(Jordan 2017).

Asilama Sonrasi Korumanin
Degerlendirilmesi

Amerika da caleng (epriivasyon) sonrasi asi etkinli-
gi degerlendirirken ETY'de yeniden virlis izolasyonu
yapilmaktadir (USDA 1999). Ancak diger Ulkelerde
aslt etkinligi, siliostas testine gore yapilmaktadir(P-
harmacopoeia 2016). Ayrica calen¢ sonrasi kanatli
hayvanlarda klinik solunum semptomlari ve trache-
anin histopatolojisi incelenerek degerlendirme yapi-
labilmektedir. Molekdler analizler hem asilama son-
rasi hem de caleng sonrasi kullanimi popller hale
gelmistir. Bu yontemler asagida detayli anlatilacaktir.

Viriis izolasyonu

Galenc sonrasi ETY'de IBV izolasyon metodu her za-
man altin standart test olmustur (Jackwood, de Wit
2013) ve halen rutin olarak yapiimaktadir. Sonucun
negatif oldugu virls izolasyon testi, bir tavugun vi-
rissliz oldugunu ve asinin, en yiksek koruma bigi-
mi olan sterilize edici bagisikligr sagladigini goster-
mektedir. Ancak bu test maliyetli, zaman alici ve SPF
(Spesific Pathogen Free) yumurtalarin her zaman
saglamasi zordur. Bu test ayni zamanda notralize
edici antikorlari indukleyen asilama stratejileri icin
uygundur. Bu testin dezavantajlarinda biri de, asi
susu ve patojenik sus arasinda ayrim yapmamasidir.
Asilama devam ederken, virls izolasyonu testindeki
pozitif bir sonug aslinda asi olabilir. Bu durum da,
gercek sonucunu belirlemek icin baska testlerin ya-
pilmasini gerektirmektedir (Jordan 2017).

Siliostas Testi

Trachea'nin ylzeyini tamamen Orten silia adi
verilen kil benzeri yapilarin arasinda yer alan
salgl hiicreleri tarafindan Uretilen mukus, yabanci
ajanlar tutmaktadir. Silialarin tek-yonli koordine
hareketinin yardimi ile yabanci cisimler uzaklastirilir.
Bu hareketlerle birincil ve ikincil bakteriyel
enfeksiyonlar karsi koruyucu bariyer olusmaktadir.
Silialarda kayip ve deformasyonlar solunum sistemin
savunma yeteneginde kayba neden olmaktadir.
Bu nedenle asi virlsleri, hastaliklardan korunma
da o6nemli olan bu mekanizmaya minimum
dizeyde deformasyon yapmalidir. Siliostas testi
ile trachea’nin siliar aktivitesi incelenmektedir. Silia
aktivitesi %50 veya daha altina indiginde trachea,
sekunder bakteriyel enfeksiyonlara karsi korunamaz.
Asilanmis kanathlarda korunma seviyesini 6lgerken
en dusuk skor, asilama programi ile saglanan en
yuksek (capraz) korunma derecesini gostermektedir
(Cook ve Jackwood 2020). Bu test sahada hangi as!
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programinin denemeye deger olduguna dair bir
gOsterge vermektedir.

Kantitatif ters transkriptaz polimeraz zincir
reaksiyonu(qRT-PCR)

Molekdiler teknolojiler ilerledikge ve daha fazla eko-
nomik hale geldikge, caleng sonrasi kantitatif ters
transkriptaz polimeraz zincir reaksiyonu (qRT-PCR)
yaygin bir kullanima girmistir. qRT-PCR testleri genel
olarak tiim IBV tlrlerini veya bireysel serotip virls-
lerini spesifik olarak tespit etmek icin (Roh ve ark.
2014) gelistirilmistir (Callison ve ark. 2006), IBV icin
genel gRT-PCR testi, viral RNA genomunun farkli
IBV tirleri arasinda ylksek oranda korunan bir bola-
minl hedefleyerek, IBV'ni tespit etmek icin uygun
hale gelmistir ancak bu yontemle IBV genotipi ayirt
edilememektedir. Genotipe 6zgl gRT-PCR testleri,
serotip ile iliskili olan ¢ok cesitli degisken gen bdlge-
lerine (HVR) ait dizilerini hedeflemektedir. gRT-PC-
R'la, ayni zamanda virls izolasyonu kadar hassas ve
bazi durumlarda daha hassas sonuclari (Roh ve ark.
2014) tek bir glinde alinabilmektedir. Yayinlanmig
serotip spesifik qRT-PCR testleri oldukca spesifiktir
hedef serotip icin pozitif olan test baska bir sero-
tip icin negatif olacaktir. Baska serotipin varligi veya
yoklugu hakkinda herhangi bir bilgi verilmemekte-
dir Jordan 2017).

Asi Etkinligi Degerlendirme Yontemlerinin iligkisi

Asi etkinligi degerlendirme yontemlerinin degerlen-
dirilmesinde cok farkh sonuclar elde edilmistir. Ja-
ckwood ve ark, (2015)"1, korumayi degerlendirirken,
klinik semptomlar, siliostas, ¢aleng virlsinin tespi-
ti ve trakea'daki mikroskobik lezyonlarin varligina
gore degerlendirme yapilabilecegini bildirmislerdir.
Bu dort kriterin timd, IBV ile calen¢’in ardindan ta-
mamen korunan (asih) hayvanlarda negatif, duyarli
(asisiz) hayvanlarda tamamen pozitif oldugunu, ara-
larinda iyi bir korelasyon oldugunu goézlemlemis-
lerdir. Kullanilan degerlendirme metodu, asi Gretim
calismalari ve caleng sonucunu blyiik olclide etkile-
yebilmektedir. Kullanilan kanath tiri (SPF-broyler),
maternal antikor durumu, asilama yasi, asi uygula-
ma yontemi, caleng zamanlamasi, ¢aleng virlisiiniin
titresi ve korumayi degerlendirmek icin kullanilan
yontemlerin timi deneyin sonucunu etkilemektedir
(Jordan 2017).

Yeni Nesil Asilar

Son 20 yilda yeni asi gelistirme denemeleri olmus-
tur. Halen en yaygin olarak canli-attenue asilar kul-
laniilmaktadir (Bande ve ark. 2015). Yeni asi teknolo-

jisi gelisimi yavas ilerlemektedir. Clinkl yeni IBV asl
teknolojilerinin kullanimini sinirlandiran 2 faktér bu-
lunmaktadir. Birincisi maliyettir. ClinkU ticari kanat-
Il kimeslerinde hayvan basina diisecek ek maliyet
onemlidir (Jordan 2017). Diger kanatli patojenlerine
karsi kullanilan standart rekombinant asilar, canli at-
tenlie veya inaktif IBV asilarina gére ¢ok daha pa-
halidir, ancak yine de kullanim kolayligi ve etkinligi
nedeniyle siklikla kullanilmaktadr. ikinci sinirlandiri-
ci faktdrse uygulama yontemidir. Etlik pilicler kulug-
kahanede ¢ikim makinesine transfer edilirken in-ovo
olarak veya yumurtadan ¢iktigi glin toplu olarak asi-
lanmaktadir. Yumurtaci / damizlik tavuklar canl 1BV
astlari ile sprey yoluyla bircok kez asilanmaktadirlar.

Yeni asi adaylarinin virGslin ana giris yeri olan
solunum yolunda koruma saglamak icin gerekli ba-
gisiklik mekanizmalarini uyarmasi énemlidir. Humo-
ral ve hiicre aracili reaksiyonlar dahil olmak Uzere
mukozal bagisikhgr indiklemelidirler. Ayrica kanatli
Uretiminde kullanilabilmeleri icin toplu asilamanin
uygulanabilirligini saglanmalidirlar (Rautenschlein
2021). Toplu olarak uygulanamayan ve etkili olma-
yan herhangi bir asi, kanatli endistrisinin genis 6l-
cekli Gretim uygulamalari ile uyumlu olmayacaktir
(Jordan 2017).

Rekombinant asilar

Molekiler biyoloji ve genetik bilim dallarinin ge-
lisimine paralel olarak, bircok hastaliga karsi kul-
lanilmakta olan rekombinant asilar gelistirilmistir.
Rekombinant asilar, kanath endustrisinde de kulla-
nilmaktadir. En yaygin olarak hindilerin herpesvirtsi
(HVT) veya kiimes ¢icedi virlsu vektor olarak tercih
edilmektedir. NDV'nin antijenik proteinleri kodla-
yan genleri (Morgan ve ark. 1992), Enfeksiy6z Bur-
sal hastalik virlst (IBDV) (Darteil ve ark. 1995) ve
Enfeksiydz Laringotrakeit virsleri (ILTV) gibi viral
konaklara yerlestirilmis ve tavuklarda uygun bir ba-
Jisiklik tepkisi olusturmak icin etkili bir sekilde kul-
lanilmistir. Spike geninin ST bdlimind (Johnson ve
ark. 2003; Toro ve ark, 2014) exprese eden kisimlar
bu viral omurgalar kullanilarak rekombinant IBV asi-
si gelistirmek icin girisimler yapilmistir. Henlz ticari
bir Grlin ortaya ¢cikmamistir (Jordan 2017).

Rekombinant asi teknolojisi, proteinlerin re-
kombinant ekspresyonunu ve viral vektorleri icer-
mektedir. Bu sayede, kuiltirlenmesi zor olan veya
kidltura yapilamayan virtslere karsi asi gelistirilebil-
mektedir. Geleneksel ydontemlere gore daha kontrol-
[0 biyoproseslerle kisa slirede uretim saglandigin-
dan glvenlik riskleri elimine edilebilmektedir (Hudu
ark. 2016).
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Subunit, peptit ve DNA asilan

Subunit, peptit ve DNA asilari, konakgi bagisiklik sis-
temine antijen sunularak hastalik etkenine karsi an-
tikor gelisimi uyarma temeline dayanmaktadir. Su-
bunit asilar bir patojenin antijenik komponentlerinin
(pilus, flagella, kapsdl, protein, glikoprotein, toksin,
vs.) direkt uygulanmaktadir. Peptid asilarinda bir pa-
tojenin antijenik proteininden tiretilen amino asit-
ler kullanilir. Plazmit bazh olmayan niikleik asitler ve
plazmit bazli DNA asilarinda, bir antijeni kodlayan
protein kismi konakgi hiicre icerine verilmektedir.
Bu asi tirlerini inceleyen (Yang ve ark. 2009; Guo ve
ark. 2010; Fang ve ark. 2013) bazi arastirmacilar bu
astlara karsi gelisen bagisikhk tepkisininin; bagisiklik
faktorlerinin (sitokinler vs) veya adjuvantlarin eklen-
mesiyle gu¢lendirilecegini bildirmislerdir. Ancak bu
asilarin etkili olabilmesi icin, bircok kez kas igine en-
jekte edilmesi gerekmektedir ki bu da buyuk 6lcekli
kiimes hayvani Gretiminde mimkiin degildir. Clinki
maliyetleri ylUkseltecektir (Jordan 2017).

Ters genetik metodu ile olusturulan rekombinant
IBV asilari

Piyasada bulunmasa da en umut verici yeni nesil asi
aday, ters genetik sistem tarafindan Uretilen rekom-
binant IBV'diir. Bu aslilar, bir IBV asi virGsiiniin geno-
munun klonlanarak homolog rekombinasyon, PCR
yoluyla veya ilgili diger genlerin dogrudan genoma
klonlanmasiyla elde edilebilmektedir (Britton ve ark.
2005; Casais ve ark. 2005).

Bu tersine muhendislik uygulanmis genomlar
daha sonra genomu kopyalayacak, montaj igin ge-
rekli viral proteinleri Uretecek ve tamamen islevsel
bir IBV verebilecek uygun bir hiicre kdlturi siste-
mine transfer edilir. Rekombinant IBV ilgili yapilan
arastirmalarin ¢ogu, IBV genomunu eksprese eden
viral proteinlerin islevini ve konakg hicre etkilesim-
lerini ortaya cikarmak icin yapilmistir. Ancak asi ge-
listirmeye yonelik arastirmalar da devam etmektedir
(Casais ve ark. 2005; Cavanagh ve ark. 2007).

Rekombinant bir IBV'de spike geninin cikaril-
masinin ve bunun farkli bir IBV serotipinden spike
geniyle degistirilmesiyle, virlis yeni bir serotipe do-
nastlirialmektedir. Yeni olusturulan rekombinant IBV
daha sonra spike genini iceren patojenik viriise karsi
koruyucu bir bagisiklik tepkisi olusturmak igin kulla-
nilabilmektedir (Hodgson ve ark. 2004; Armesto ve
ark. 2011). Bu teknolojiyle daha az zamanda asilar
uUretilebilmektedir. Rekombinant IBV asilarinin diger
asilara avantajlari bulunmaktadir. ilk olarak, rekom-
binant IBV'ler canli virislerdir ve geleneksel bir IBV
asisinin yapacadi gibi enfeksiyon, replikasyon ve bir

bagisiklik tepkisi olusturabilir. Bu virliste tim prote-
inler mevcut oldugu icin spike disinda immunojenik
proteinlere de bir yanitin olusturulmasi saglanabil-
mektedir. ikincisi, 1BV genomu tarafindan kodla-
nan tiim proteinlerin islevi bilindikge, IBV'nlin ETY'e
adaptasyonuna dayanmadan stratejik olarak rekom-
binant IBV'lerinin patojenitesi degistirilebilir hale
gelmistir. Uclincli olarak spike proteinindeki gen
aligverisi ile yeni asi Uretimindeki ilerlemeler tahmin
edilebilmektedir. Mevcut canli-attenlie asilarin ge-
nomlari, spike geninin disindaki bir¢ok yerde degi-
siklik gosterebilir ve bu da yeni asilarin davranisinin
tahminlerini zorlastirmaktadir. Dordiinct avantaji
ise, rekombinant IBV'ler, kanath asilarinin uygulama
ve maliyet modeline uygundur. Canl viriis oldukla-
r icin geleneksel yontemlerle veya hatta bazi du-
rumlarda in-ovo uygulanabilirler (Cavanagh ve ark.
2007). Rekombinant virlisi olusturmanin ilk maliyeti,
geleneksel ETY'de pasaj yonteminden dnemli olcl-
de daha ylksektir, ancak bu tek seferlik bir maliyettir.
Rekombinant IBV uretildikten sonra, diger IBV asilari
gibi cogaltilabilir ve EYT'de muhafaza edilebilir. ilk
Uretim maliyetinin etkisi, asinin uzun sdreli kullani-
mina yayilabilir ve bu nedenle doz basina maliyeti
yalnizca minimum diizeyde etkileyecektir. Rekombi-
nant IBV asilarinin ¢calismalarinda ruhsatlandirma da
biyuk bir engel olusturmaktadir. Su anda, her yeni
rekombinant asi amaciyla olusturulan IBV'nin, yeni
virtstin lisanslamasi igin iki yil veya daha uzun siire
beklenmesi gerekmektedir (Jordan 2017).

Genetik olarak degistirilmis organizmalar
(GDOQ'lar) olduklarindan, rekombinant IBV'lerin kul-
lanimi distinildiginde halkin algisi da dikkate alin-
malidir. GDO'lara genel halk yaklasimi iyi degildir ve
bu da bu tur asilarin kullanimlarini etkileyebilecektir
(Jordan 2017).

Sonug

IB, dinyada ve ulkemizde kanatli endustrisinde-
ki yumurta Uretim miktarini ve kalitesini etkileyen
en 6nemli viral enfeksiyonlardan biridir. Tavukqu-
luk sektoriinde sirllerde ciddi ekonomik kayiplara
yol agmaktadir. Bu enfeksiyonun kontroliinde siki
biyoglivenlik énlemleri ile birlikte kanatlilarin 1BV
suslariyla micadeleye karsi direncini arttirmak igin
astlamanin biyuk etkisi s6z konusudur.

Sprey olarak uygulanan canli attente asilar ye-
rel ve hicresel aracili bagisikligr uyarmaktadir. Har-
derian ve lakrimal bezler lokal IgA Uretirken aktive
CD8+ ve CD4+ lenfositler solunum yolunun enfek-
siyondan temizlenmesinde etkili olurlar. Asilama so-
nucunda dolasimda bulunan antikorlar (cogunlukla
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Ig G) virlsiin solunum yolundan bdbrekler ve Ure-
me sistemi dahil diger duyarli organlara yayilmasini
sinirlandirir (Aziz 2020). Asilamanin immunizasyonu-
nu, striinin asilama takvimi, siird igin segilen asi tipi,
asinin uygulama yolu, uygulama teknigi, asilanan
kanatlinin saghgi ve asi ekibinin uygulama becerisi
etkilemektedir. Saha da uygulanan asi programlari
IBV'nun bdlgedeki sirkiilasyonu ve asilanacak siri-
nin durumuna gore farkllik gdsterebilir. Bunlarin
yaninda saha sartlar altinda yapilan asilamalarda,
ciftlikteki hijyen sartlari ve sevk idare yontemleri de
blylik 6nem tasididi icin asilardan tam anlamiyla
koruma beklemek gercekgi olmayacaktir (Goncagl
ve ark. 2020).

Kapsamli asilama olsa bile, ticari olarak IB sal-
ginlarn kiimes hayvanlari Ureticileri icin dnemli bir
sorun olmaya devam etmektedir. Strekli olarak yeni
serotipler ve varyantlar ortaya ¢ikmakta, bu da ki-
mes hayvani Ureticilerini ve hayvan saghg sirketlerini
astlama planlarini siirekli olarak degerlendirmeye ve
yeni asilar Uretmeye zorlamaktadir. IBV asi kombi-
nasyonlari Gizerine yapilan arastirmalar ve saha veri-
leri, bazi kombinasyonlarin heterolog enfeksiyonlara
karsi capraz koruma saglayabildigini ve Ureticilerin
kanatl hayvan saghgini korurken asi programlarini
basit tutmalarina izin verdigini gdstermektedir.

Yeni asi teknolojileri Uzerine yapilan arastir-
malar, IBV ile ilgili bilgilerimizin strekli olarak artis
daha iyi kontrol stratejilerine yol acarken, uygulama
yontemlerine odaklanilarak da, zayif teknik nedeniy-
le asilama basarisizliklarinin ortaya ¢ikmasini sagla-
nacaktir.
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Numune Gonderme Klavuzu

Enstiti Midurligimiize numune gonderilerken bazi aksakliklar yasanmakta ve bu analizlerin/testlerin ge¢ sonuclanmasina yada hig
sonug alinamamasina sebep olmaktadir. Bu klavuz ile numune génderme sirasindaki sorularin bir nebze de olsa 6niine gecilmesi amag-
lanmaktadir. Numune tercih sirasi: llgili test icin +: en az, ++: orta, +++: en ¢ok tercih edilmesi gereken numunedir.

Ari Hastaliklari Laboratuvari: Marazi maddenin nereden alindi-
g1, an isletmesinin veya sahibinin adi, kovan sayisi, marazi mad-
denin alindigi tarih, hastaligin belirtileri, hangi hastaliklardan
suphelenildigi, hastaligin larva ya da ergin ari hastaligi mi oldu-
gu, cevredeki diger ar kolonilerinde benzeri bir hastalik ya da

6lum olup olmadig, toplu 6lim durumlarinda cevrede tarimsal
ilaclama yapilip yapilmadigi, kis mevsimindeki 6limlerde kovan
icerinde yeterli besin (polen ve bal) bulunup bulunmadigi marazi
madde protokoliinde ayrintili bir sekilde belirtiimelidir.

Test Adi / Test Yontemi Numune Tipi

Nosemosis

Ergin An (yaklasik 60 adet)

Varroosis

Ergin Canli Ari (100 adet ), Larvali Petek (10x10 cm ebadinda)

Amerikan Yavru Curtklugu

Ergin Ari (50 adet), Bal (200 g), Larvali Petek (en az 10 x5 cm ebadinda), Temel Petek (10 x 5

cm)

Organikklorlu, Organikfosforlu, Pretroit ve Karbamat
grubu pestisitlere bagl akut zehirlenmeler

Oli Ari (en az 50 adet), Siizme Bal (en az 200 g), Petek (en az 200 g)

Bakteriyolojik Teshis Laboratuvari: Alinan numuneler sekille-
nen patolojik bulgulara bagl olarak lezyonlu organ ve dokular-
dan steril sartlarda, 5x5 cm ebatlarinda génderilmelidir. Muayene
icin gonderilecek organ ve dokular: lezyonlu karaciger, akciger,
dalak, bobrek, beyin, lenf yumrulari, uzun kemik, barsak, deri ile
kan, sut, idrar, sperma, BOS, viicut bosluklarindaki eksudatlar,
gobzyasi akintisi, tracheal ve intrauterin svaplar ve frotilerdir. Ali-
nan numuneler bakteriyolojik muayeneye uygun olmali, materyal
taze kadavradan alinmalidir. En geg 6limden 2 saat sonra alinip
soguk zincirde en kisa slrede laboratuvara ulastiriimalidir. Mua-
yene materyali en kisa stirede laboratuvara ulastirilamayacak ise

%50 steril gliserinli FTS icerisinde gdnderilmelidir. Toksin analizi
icin gonderilen ince barsak igerigi laboratuvara ayni giin iginde
ulastinlamayacak ise 10 ml ince barsak icerigine 1 damla kloro-
form ilave edilerek gonderilmelidir.

Mastitis teshisi icin hasta meme loplari icerisindeki ilk stt-
ler ayr bir kaba alinmalidir. Steril sartlarda alinan 5 — 8 ml st
numunesi soguk zincirde, en ge¢ 24 — 48 saat icerisinde labora-
tuvara ulastinimalidir. Gonderilecek idrar, steril sartlarda alinip en
kisa stirede laboratuvara ulastiriimalidir. Laboratuvarda saglikh bir
teshis yapilabilmesi icin antibiyotik tedavisi uygulanmadan veya
uygulama yapilmigsa 15-20 glin sonra numune gonderilmelidir.

Numune Tipi

Test Adi / Test Yontemi .
Kan [Kandan yapilan froti, organ| Organ (tercihen dalak) | Pamuga emdirilmis kan

Anthrax Hastaliginin Teshisi Bacillus anthracis'in OIE standartla-

- . i +4+ +++ + +++
rina gére izolasyon ve identifikasyonu.

N . Salmonella spp. dlzeyin- .

Test Adi / Test Yontemi Kanatli boyun, kanat de kiltirlerden Drug Svap Gaita Svap
Salmonella spp./ izolasyon / Kilttr e+ +++ +++ +++
Salmonella Serotiplendirme “ISO 6579:2017-02" +++
Test Adi / Test Yontemi Yem Numunesi Rumen icerigi Kan Serumu
C. botulinum Toksinlerinin Tespiti +++ +++ +

Biyokimya Laboratuvari : Serum 6rnekleri, en az 2 ml olmali,
kanla karisik veya hemolizli olmamalidir. Serumun kondugu tip-
lerin Gzerinde hayvana ait bilgilerin (Kulak numarasi veya adi vs.)
bulundugu etiket yapistirilmis olmalidir. Serum soguk zincirde
uygun bir ambalaj icerisinde génderilmelidir.

Gonderilen yemler usuliine uygun bir sekilde alinip, temiz naylon
torba icerisinde (100-1000 g) ve kendine ait bilgiler agiklanarak
gonderilmelidir.

Doku 6rnegi (kalp, karaciger, akciger, dalak, bobrek, kas vb.), ko-
ruyucu bir madde konmaksizin dondurularak, tzeri etiketlenmis

Test Adi / Test Yontemi

naylon torba veya kavanozda (en az 50g.) soguk zincir icerisinde
gonderilmelidir.

Baliklar koruyucu bir madde konmaksizin dondurularak, tizeri eti-
ketlenmis naylon torba veya kavanozda (en az 100g) soguk zincir
icerisinde génderilmelidir. Gida ve gida katki maddelerinin kendi-
ne has muhafaza edildigi veya tiiketime sunuldugu orijinal amba-
laji ile birlikte (100-1000 g / 100-1000 ml) ilave hicbir konservatif
madde konulmaksizin soguk zincir ile gonderilmelidir.

Tdm numuneler buzdolabi kosullarinda (4°C) saklanarak, herhan-
gi bir kimyasal eklenmeden (FTS, formol, alkol vb.) soguk zincirde
gonderilmelidir.

Numune Tipi

Doku/Organ

Kan Serumu Hayvansal Gida, Su

Serum biyokimyasal analizleri / Spektrofotometrik metot +++
Agir metal tayini (Pb, Cd, As, Hg vb.) / ICP-MS +++ +++ +++
Kan serumunda makro ve iz element tayini (Ca, Mg, Na, K, Cu, Zn, Fe vb.) Spektrofotometrik ve ICP-MS +++
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Genetik laboratuvari: Laboratuvarimiza DNA analizi igin at, sigir
ve koyunlardan kan, kil ve sperma 6rnekleri génderilecektir. Nu-
mune saklama ve gonderme: Tum numuneler buzdolabi kosulla-
rinda (+4°C) muhafaza edilerek; kanlar EDTA'li ya da Lityum He-

Test Adi / Test Tipi / Tur

Numune Tipi

parin’li tiplerde, killar kokll olarak en az 25-30 adet bos ve steril
tlp ya da zarf icerisinde, dondurulmus spermalar tohumlama
payetlerinde, taze sperma da steril tip icerisinde gonderilmelidir.

Antikoagulanli Kan (EDTA ya da Lityum Heparin) Kil (Kokla) Sperma
DNA-STR/ Mikrosatellite Analizi / At +++ ++ ++
DNA-STR/ Mikrosatellite Analizi / Stgir ++ + +++
DNA-STR/ Mikrosatellite Analizi / Koyun +++ + +++
Kanath Hastaliklar1 Teshis Laboratuvan
Numune Tipi
Test Adi / Test Yontemi
Kan Serumu| Kloakal Svap Tracheal Svap Drag Svap | Kadavra
Avian influenza /Antikor / ELISA s
Avian Influenza / Antijen / Hizli Test / matriks proteinin tanimlanmasi / RT-qPCR /
H (H5, H7 ve H9) tiplendirilmesi/ RT/ q PCR/ H tiplendirilmesi / HI/ETY Virus izo-
lasyonu / Avian Influenza'nin Patojenite Tespiti / DNA dizileme analizi / IVPI (intra e e e
Venoz Patojenite Indeks) / Avian Influenza N (N1-9) Proteinin tespiti / g PCR
Avian Encephalomyelitis (AE)/Antikor/ ELISA 4
Chicken Anemia Agent (CAV) / Antikor +4+
Avian Leukosis Virus (AL) / Antikor +++
Avian Reovirus / Antikor +++
Infectious bronchitis (IB)/Antijen/ Nested RT- PCR ++ ++ +4+
Infectious bronchitis (1B) / Antikor/ ELISA +++
Infectious Bursal Disease (IBD)/ Antijen/ RT- q PCR +++ +++ +++
Infectious Bursal Disease (IBD) / Antikor/ ELISA +++
Gumboro / AGP Testi / ELISA o
Marek Hastaligi/ Antijen/ q PCR® e+ +++ o+
infectious laryngotracheitis (ILT)/ Antijen/ RT- gPCR +++ +++ RS
infectious laryngotracheitis (ILT)/ Antikor/ ELISA e+
Newcastle (ND)/ ETY Virus izolasyonu / HA, Hi R At 4+
Newcastle (ND)/ Antikor / HI/ ELISA +++
Newcastle (ND)/ Antijen/ RT- gPCR/ RT-PCR / patojenite tespiti/ICPI +++ +++ +++
Newcastlenin Serotiplendirilmesi/HI +++
N-e-wcastle Hgstal@ Virggu Fusion Genin Tanimlanmasi/q PCR / patojenite tes- e et i
piti/ DNA dizileme analizi
Derzy Hastaligi/ Antijen/ PCR/ qPCR 4+ +++ 4+
CRD (chronic respiratory disease) Mikoplazma galliseptikum/izolasyon, identifikasyon +++ +++ +++
CRD (chronic respiratory disease) Mikoplazma galliseptikum/ Antikor/ HA/HI / ELISA e+
/Cl;gR(c/hcrlo:CicRrespiratory disease) Mikoplazma galliseptikum/Antijen . Burun Bo;IJ:JE)u, S i
Hava Kesesi Svablari
infeksiydz Sinovitis/ izolasyon, identifikasyon 4 4+
infeksiydz Sinovitis/ antikor/ HA/HI / ELISA 4
infeksiydz Sinovitis/ antijen/ PCR / q PCR EkIe+n:;|V|5| FR—
M. Meleagridis/ Izolasyon, identifikasyon +++ +++
M. Meleagridis/ antikor/ HA 4
Salmonellalarda ISO 6579'a gdre izolasyon ++ +++ 4+
Salmonella (Tifo) / Pullorum / izolasyon, identifikasyon +4+ +++ +t+
Salmonella (Tifo)/ Pullorum / antikor/ HA +++
Swolen Head Syndrome (SHS)/Turkey Rhinotracheitis (TRT)/Antikor +4 4+
+++
infeksiydz Koriza/izolasyon, identifikasyon 4 EiS:JusnigBGgig?liJ’g-E?IE{g?;’ PR
Kesesi Svablari
Infeksiy6z Koriza/q PCR e+
infeksiyéz Koriza/antikor/ HA e+
Kanatl Kolerasi/izolasyon, identifikasyon +++ +++ +++
Kanath Kolerasi/antikor/ HI +++

Etlik Vet Mikrobiyol Derg,

https.//vetkontrol.tarimorman.gov.tr/merkez

Cilt 33, Sayt 1, 2022, 118-122



120 Numune Génderme Klavuzu
Numune Tipi
Test Adi / Test Yontemi
Kan Serumu | Kloakal Svap Tracheal Svap Drag Svap | Kadavra
Kolibasillozis/ izolasyon, identifikasyon Sodbdb 44+ 4+ 4
. Lo . e .
Avian Campylobacteriosis izolasyon/identifikasyon Sekum icerigi
Avian tiiberkiloz/izolasyon +++
Avian Adenovirus enfeksiyonlari/ g PCR TESPITI e

*Marek Hastaligi icin numune olarak tily gonderilebilir.
Damizlik Saghk Sertifikasi

Numune Tipi

Test Adi / Test Yontemi Besi Yeri Besi Yeri Besi Yeri
Kan Serumu | Kloakal Svap | Tracheal Svap | Drag Svap (Kanl Agar) | (Mc Conkey) | (SDA Agar)
S. Pullorumy/ S.Enteritidis/ S. Gallinarum/ e it
S.Thyphimurium izolasyon, identifikasyon
M.Gallicepticum / M.Meleagridis / |zolas-
i s +++
yon, Identifikasyon
M.Gallicepticum/M.Meleagridis/Antikor/HA +++
Total Bakteri Sayimi +++ +++
Total Mantar Sayimi +++

Kulugkahane Saglik Sertifikasi

Numune Tipi

Test Adi / Test Yontemi Civeiv |Embriyolu| Yumurta | Cevresel | Besi Yeri Besi Yeri Besi Yeri
Yumurta | Kabugu Svap (Kanh Agar) | (Mc Conkey) | (SDA Agar) |

S. Pullorum/ S. Gallinarum / S. Enteritidis/ izolasyon, identifikasyon | +++ +4+ +++ +++

M.Gallicepticum/ M.Meleagridis izolasyon, identifikasyon -

Total Bakteri Sayimi +4++ .

Total Mantar Sayimi —

Kuduz Teshis Laboratuvari: FAT, PCR, RTCIT testleri igin gdnderi-
lecek Beyin- Beyincik miktari en az 10 g olmalidir. Kadavra numu-
neleri sadece kedi, kiigiik kopek irklari ve agirligi 5 kg gegmeyen
kiglk vicutlu hayvanlar icin gecerlidir. Cift -Tek tirnakli havanlar
icin kadavra numunesi kabul edilememektedir. Bu hayvanlarda

kafa ya da beyin-beyincik numunesi soguk zincirde génderilme-
lidir.

FAVN testi icin en az 2 ml Serum soguk zincirde génderilmelidir
(Kan, bos kan tiplerine alinip, serumu ayrildiktan sonra, serum
eppendorf tlipe aktarilarak génderilmelidir).

Numune Tipi
Test Adi / Test Yontemi
Beyin-Beyincik Kafa Kadavra | Kan Serumu
Kuduz - FAT (Florasan Antikor Testi), Real Time RT-PCR, RT — PCR/ RTCIT (Kuduz Doku Kiil-
e . . aparas areF A
tlrd Enfeksiyon Testi)
Kuduz - FAVN (Florasan Antikor Virus Nétralisasyon) Testi +++

Parazitoloji Laboratuvarn: i¢c organ numunelerinde hastalik
semptomlarinin goraldigu sisteme ait numune goénderilmelidir.
Ornegin, sindirim sistemini etkileyen bir hastalik var ise bagirsak
numunesi (bazi durumlarda mide ile birlikte), solunum sistemini
etkileyen bir hastalik var ise parazitlerin gelisim evrelerinin goru-
lebilecedi bagirsagin yaninda hastalik semptomlarinin géraldagua
akciger numunesi de gonderilmelidir. Gaita gonderilecekse top-
rakla kontamine olmadan alinarak gonderilmelidir. Sistemik has-
taliklar veya hastalik sebebinin bilinmedigi durumlarda akciger,
karaciger, dalak, bagirsak gibi organlar birlikte gonderilebilir. La-

boratuvarimizda sigir, koyun-kegi gibi ruminantlarin kan protozo-
onlarinin teshisi tam kandan yapilmakta olup kan serumlarindan
teshis yapilamamaktadir (eger kan ulastirilamiyorsa dalak veya
karaciger dokulari génderilebilir). Preputial / Vaginal yikantilarin
alinma tarihi ve saati numune Uzerine yazilmali ve zaman kaybet-
meden 24 saat icinde laboratuvarimiza ulastiriimalidir.

Organ numuneleri buzdolabi kosullarinda (4°C) saklanarak,
herhangi bir kimyasal eklenmeden (FTS, formol, alkol vb.) mim-
kiin olan en kisa siirede soguk zincirde laboratuvarimiza ulasti-
rilmalidir.

Test Ad1 / Test Yontemi Numune Tipi

Dourine (Trypanasoma equiperdum) / CFT

Kan serumu

Babesia caballi ve Babesia (Theileria) equi / c-ELISA/ IFAT

Kan serumu

Tritrichomonas foetus / Kiiltir(Yikantilar Laktath Ringer Soliisyonu ile alinmalidir)

Preputial / Vaginal Yikanti

Toksoplasmosis / c-ELISA

Kan serumu

Ehrlichia canis / Canine Leishmaniasis / IFAT

Kan serumu

Gaita Ve Organda Natif Muayene

ic organ érnekleri, gaita

Protozoonlarin Fikzasyonu, Boyanmasi ve identifikasyonu

Antikoagtilanli kan, kan frotisi veya organ frotisi

Trichinella Teshisi

Kas dokusu

Artropod Cins / Tur Tanimlamasi

Buttinligu bozulmamis Artropod

Uyuz Muayenesi**

Deri kazintisi, lezyonlu bolgeden kil folikult
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Patoloji Laboratuvari: Organ numunelerinde hastalik goraldugu
sisteme ait numune génderilecektir. Ornegin, solunum sistemini
etkileyen bir hastalik var ise akciger numunesi génderilmelidir.
Hayvanlarda ishal var ise bagirsak mutlaka gonderilmelidir. Sis-
temik hastaliklar ve bilinmeyen durumlarda Akciger, Karaciger,
Dalak, Bagirsak, Bobrek, koyun ve kegi tirlerinden Dil, Dudak ali-
nacaktir. Sinir sistemi ile ilgili bulgularda Beyin alinacaktir. Numu-
ne saklama ve génderme: Tum numuneler buzdolabi kosullarinda

Test Adi / Test Yontemi

Koyun Kegi Cicegi / Koyun Keci Vebasi (PPR) HxE Boyama y&ntemi

(4°C) soguk zincirde gonderilmelidir. Sadece patolojik analiz iste-
nilirse %10'luk formol yada %70 lik alkol icerisinde gonderilebilir.
Kokusmus yani otoliz olmus dokulardan patolojik inceleme yapi-
lamamaktadir. Saglikli sonug alinmasi igin organlarin eksiksiz ve
anamnez bulgulari yonlendirici sekilde ayrintili olarak yazilmalidir.
Hayvana ait 6lim zamani dogru olarak tespit edilmelidir ve analiz
istek yazisinda belirtilmelidir. Kedi kdpek hastaliklarinda ishal ile
seyreden hastaliklarda bagirsak ve mide tim olarak alinmalidir.

Numune Tipi
Organlar
Akciger, Deri, Dil, Dudak, Tonsil

Ektima / HxE Boyama yontemi

Akciger, Dil, Dudak,

Lumpy Skin Disease (LSD) (Sigirlarin nodiiler ekzantemi)/ HxE Boyama yontemi

Akciger, Deri,

Sigir Tuberkulozisi HxE Boyama yontemi/ Ziehl Nelseen Boyama

Akciger, Lenf yumrusu, lezyonlu organlar,

Beyaz kas hastaligi HxE Boyama yontemi

Kalp, Cizgili kas doku

Ketozis/Gebelik toksemisi / HxE Boyama yontemi Karaciger
Scrapie /FSE /BSE, / HxE Boyama yéntemi / Elisa / Immunperoksidaz Beyin, (OBEX kismi)
Listeriozis / HxE Boyama yontemi Beyin,

Sap hastaligi / HxE Boyama yontemi

Tdm olarak kalp, Dil, Dudak, Meme epitel Dokusu

Kedi kopek hastaliklarinda / HxE Boyama yontemi

Akciger, Karaciger, Mide, Bagirsak, Kalp, Dalak, Bébrek, Beyin (Organlar
tiim olarak)

Bakir Toksikasyonu

Bobrek, Karaciger,

Spiroket Hastaliklari Leptospirozis teshisi icin kan serumu ile
cahsiimaktadir.

Toksikoloji Laboratuvari Stpheli hayvan limlerinin aydinlatil-
masina yonelik toksikolojik muayene analizlerinde (pestisit kay-
nakli akut zehirlenme vakalari); postmortem olarak nekropsisi
yapilmis hayvanlarin i¢ organ (karaciger) ve doku &érnekleri (kas
dokusu) ile mide-bagirsak icerikleri, yem, su ve varsa etrafindaki
stpheli materyal (et pargasi vb.) gdnderilmelidir. Ayrica *Kanatli
hayvanlarda kursak, tashk ve bezli mide, *6lu baliklar ortamdaki
suyu ile birlikte ve *6lU arilar ise en az 50 adet olacak sekilde varsa
bal /petegi ile birlikte gdnderilmelidir. Pestisit grubu kalinti ana-
lizlerinde; hayvansal orijinli gida maddeleri(kas dokusu, yumur-
ta, ¢ig sut, bal, balik) ile anabolik madde kalinti analizlerinde kas
dokusu ve blylkbas hayvana ait idrar numuneleri Ulusal Kalinti
izleme Planinda (UKIP) belirtilen esaslara uygun miktarlarda ve

numune alma etiketlerinde istenilen tim bilgiler eksiksiz yazilarak
gonderilmelidir.

Tiiberkiiloz, Paratiiberkiiloz Ve Ruam Teshis Laboratuvari
Tuberkiiloz: Bakteriyoloji ve PCR icin: Nekropsi Yapilan Hayvan-
lardan; Solunum sistemi lenf bezleri (Mediastinal, Bronsiyal, Ret-
rofaringeal), lezyonlu akciger ve karaciger dokulari, sindirim sis-
temi lenf bezleri ile tiberkiloza 6zgiu diger makroskopik lezyon-
lu bolgeler dikkatlice belirlenerek buralardan 6rnek alinmalidir.
Gamma Interferon Testi icin: Bu test igin en az 10 ml antikoagu-
lanh (lityum heparinli) kan 6rnegi alinarak oda isisinda (+22°C) )
en geg 8-12 saat icinde laboratuvara ulastinimaldir.

Paratiiberkiiloz: Bakteriyolojik ve PCR Muayeneleri icin: Nekrop-
si Yapilan Hayvanlardan: Bagirsaklarin bittini kontrol edilerek ka-
linlagmis bolimlerden birkag parca ve boélgesel lenf bezleri (me-
zenteriyal ve iliosekal) ni iceren doku 6rnekleri alinmalidir.

Numune Tipi

Test Adi / Test Yontemi - _— —

Kan Serumu | Antikoagulanli Kan (Lithium Heparinli) | Organ* Svap*
Parattiberkiiloz / Tiiberkiiloz/Antikor/ ELISA et
Paratuberkiloz / Tuberklloz/Antijen/ RT-PCR / Bakteriyolojik Muayene +++
Tuberkiiloz/ Gamma-IFN ELISA +++
Ruam CFT +++

Virolojik Teshis Laboratuvari

* Organ ve Svap numunelerinde hastalik semptomlarinin goériil-
diigu sisteme ait numune génderilecektir. Ornegin, solunum sis-
temini etkileyen bir hastalik var ise agiz ve burundan svap veya
hayvan 6lu ise akciger numunesi génderilmelidir. Hayvanlarda
ishal var ise rektal svap veya diski; agiz burun akintilari var ise

agiz ve burundan svap 6rnegi gonderilmelidir. Sistemik hastalik-
lar ve bilinmeyen durumlarda Akciger, Karaciger, Dalak, Bagirsak,
Bobrek alinacaktir. Sinir sistemi ile ilgili bulgularda Beyin de alina-
caktir. Numune saklama ve génderme: Tim numuneler buzdolabi
kosullarinda (4°C) saklanarak, herhangi bir kimyasal eklenmeden
(FTS, formol, alkol vb.) soguk zincirde génderilmelidir.

Numune Tipi

Test Adi / Test Yontemi Kan Serumu Alg;k?sg?‘!?“r;ll Organ* Svap*
Akabane /Antikor/ ELISA +

Akabane /Antijen/ qRT-PCR ++ 4+ +
Border Disease Virus (BDV) /Antijen/ Antikor/ ELISA +

Border Disease Virus (BDV) /Antijen/ qRT-PCR + ++ +++ ++
Bovine ephemeral fever (BEF) /Antikor/ ELISA +

Bovine ephemeral fever (BEF) /Antijen/ gRT-PCR ++ ++ +
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Numune Tipi

Test Ad1 / Test Yontemi Kan Serumu A;atlnkc()Eag}Jsgll Organ* Svap*
Bovine Herpes Virus 1 (BHV -1) /Antijen/ ELISA

Bovine Parainfluenza-3 (PI-3) /Antijen/ ELISA +

Bovine Viral Diarrhoea (BVD) /Antijen/ ELISA (Akciger)

Bovine Respiratory Synstal Virus (BRSV)/ Antijen/ ELISA

Bovine Parainfluenza-3 (PI-3) /Antikor/ ELISA +

Bovine Viral Diarrhoea (BVD) /Antijen/ gRT-PCR ++ ++ +
Bovine Viral Diarrhoea (BVD) /Antijen/ ELISA ++ +

Bovine Viral Diarrhoea (BVD) /Antikor/ ELISA +

Caprine Arthritis Encephalitis Virus / Maedi-visna (CAEV/MV) /Antikor/ ELISA +

Coronavirus /Antijen/ ELISA +++ +
Rotavirus /Antijen/ ELISA (Bagirsak) (Rektal)
Ektima /Antijen/ gRT-PCR + e+ ++
Enzootik Bovine Leukosis (EBL) /Antikor/ ELISA +

Epizootic Hemorrhagic Disease (EHD) /Antikor/ ELISA +

Epizootic Hemorrhagic Disease (EHD) /Antijen/ gRT-PCR ++ +++ +

IBR gB/ gE /Antikor/ ELISA/ Infectious Bovine Rhinotracheitis (IBR) (Bovine Herpes .

Virus 1, BHV-1) /Antikor/ ELISA

Infectious Bovine Rhinotracheitis (IBR, BHV-1) /Antijen/ gPCR + +++ i
Koyun Kegi Cicegi /Antijen/ gPCR + + + (Lezyor+1+k;zmusn
Koyun Kegi Vebasi (PPR) /Antikor/ ELISA +

Koyun Kegi Vebasi (PPR) /Antijen/ qRT-PCR + +++ ++
Lumpy Skin Disease (LSD) (Sigirlarin nodiiler ekzantemi) /Antijen/ gPCR + ++ ++ (Lezyor+1+k;rz|nt|5|)
Malignant Catarrhal Fever (MCF) (Coryza gangrenosa bovum) /Antijen/ qPCR + +++ ++

Mavi Dil Virusu (BT) /Antikor/ ELISA +

Mavi Dil Virusu (BT) (Bluetongue Virus) /Antijen/ gRT-PCR +++ ++ +
Schmallenberg Virus (SBV) /Antikor/ ELISA +

Schmallenberg Virus (SBV) /Antijen/ gRT-PCR + 4+ ++
African horse sickness (AHS) (Afrika At Vebasi) /Antikor/ ELISA +

African horse sickness (AHS) (Afrika At Vebasi) /Antijen/ qRT-PCR ++ ++ +

Bati Nil Virtisti (BNV) (West Nile Virus, WNV) /Antikor/ ELISA +

Bati Nil Virlisti (BNV) /Antijen/ qRT-PCR ++ e+ +

Bati Nil Virisi (BNV)/ IgM /Antikor/ ELISA +

Equine Herpes Virus 1-4 (EHV 1-4) /Antikor/ ELISA +

Equine Herpes Virus 1-4 (EHV 1-4) /Antijen/ qPCR + e+ (Vg.ﬂn; “\lasal)
Equine Herpes Virus 3 (EHV 3)/Antijen/ qPCR + ++ (Lezy;r’;l;fr dan
Equine Influenza Virus (EIV) /Equine Infectious Anemia (EIA) /Antikor/ ELISA/ AGID +

Equine influenza virus (EIV) /Antijen/ gRT-PCR + ++ (Trach;;l,JrNasaI)
Equine Viral Arteritis (EVA) /Antikor/ Virus Nétralizasyon +

EVA /Antijen/ gRT-PCR + +++ ++
SARS CoV-2 (COVID-19) + *+ | (Nasal, Bja*l' rektal)
SARS CoV-2 (COVID-19) Nétralizasyon Testi +

Yetistirme Hastaliklar1 Teshis Laboratuvari: Numune saklama
ve gonderme: Tum numuneler buzdolabi kosullarinda (4°C) sakla-
narak, her hangi bir kimyasal eklenmeden (FTS, formol, alkol vb.)
veya %50 gliserinli steril FTS ile soguk zincirde gonderilmelidir.

CEM yoniunden analiz isteniyorsa komdirli svap kullaniimahdir.
Prepusyum Yikantisi veya Suni Vagen Yikantisi Steril pH'si 7.2 olan
PBS icinde gonderilmelidir. Organ: fotal i¢ organ, mide igerigi.

. . Numune Tipi
Test Adi / Test Yontemi . -
Kan Serumu | Yikanti (Preputial/Vaginal) | Organ* | Svap*
Salmonella spp./ Campylobacter spp./ Brusella spp./ izolasyon / Kiiltiir +++ +++
Bovine Venereal Campylobacteriosis / izolasyon / Kiiltir +++
Brusella / Antikor / Rose Bengal Plate Test (RBPT) / Serum Aglutinasyon Test (SAT) / et
IComplement Fikzasyon Test (CFT)
. . Numune Tipi
Test Adi / Test Yontemi -
Kan Serumu | Antikoagulanli Kan (EDTA'l) | Organ* |Svap*
Pseudomonas aeruginosa/ Klebsiella pneumonia/ Taylorella equigenitalis (Contagios i
Equine Metritis) / Izolasyon / Kaltur
Salmonella abortus equi / antikor / Tip Aglitinasyon Test +++
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