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Original Article
Ozgiin Aragtirma

Determination of natural adverse factors (aflatoxins, nitrate,
nitrite, tannin, and sodium chloride) in some cage bird feeds

Ali Bilgili' ©, Hakan Giireli?
" Ankara University, Faculty of Veterinary Medicine, Department of Pharmacology and Toxicology, Ankara, Turkey
2 Ankara University, Institute of Health Sciences, Department of Pharmacology and Toxicology, Ankara, Turkey

Gelis Tarihi / Received: 02.07.2024, Kabul Tarihi/Accepted: 28.08.2024

Abstract: This study was carried out to determine the levels of aflatoxins, nitrate, nitrite, tannin and sodium chloride
in some cage bird feeds sold in Ankara, Turkey. A total of 60 feed samples (20 each of budgerigar, canary and
parrot feed) were analysed. Aflatoxin analyses by HPLC, nitrate, nitrite and tannin analyses spectrophotometrically
and sodium chloride analyses by a method based on colour reaction were performed. Total aflatoxin was found to
be 2.44-34.30 ppb in 11 budgerigar feeds, 0.91-16.75 ppb in 8 canary feeds and 1.43-19.29 ppb in 10 parrot feeds.
Nitrite (0.00-6.19 ppm), nitrate (1.31-25.55 ppm), tannin (0.04-0.74%), and sodium chloride (0.05-0.44%) were found
in all feeds. As a result, it was concluded that the level of AFB1 in only 1 budgerigar feed might pose a risk to the
health of cage birds, while the levels of nitrate, nitrite, tannin and sodium chloride might not cause any health
problems.

Keywords: Aflatoxin, cage bird feed, nitrate-nitrite, sodium chloride, tannin

Bazi kafes kusu yemlerinde dogal olumsuzluk faktérlerinin
(aflatoksin, nitrat, nitrit, tanen ve sodyum kloriir) belirlenmesi

Ozet: Bu calisma, Ankara'da satilan bazi kafes kusu yemlerinde aflatoksin, nitrat, nitrit, tanen ve sodyum klorir
dizeylerini belirlemek amaciyla gergeklestirildi. Toplam 60 yem 6rnedi (muhabbet kusu, kanarya ve papagan
yeminin her birinden 20 adet) analiz edildi. HPLC ile aflatoksin analizleri, spektrofotometrik olarak nitrat, nitrit ve
tanen analizleri ve renk reaksiyonuna dayali bir yoéntemle sodyum kloriir analizleri yapildi. Toplam aflatoksin 11
muhabbet kusu yeminde 2.44-34.30 ppb, 8 kanarya yeminde 0.91-16.75 ppb ve 10 papagan yeminde 1.43-19.29
ppb olarak bulundu. Tim yemlerde nitrit (0.00-6.19 ppm), nitrat (1.31-25.55 ppm), tanen (%0.04-0.74) ve sodyum
klorlir (%0.05-0.44) bulundu. Sonug olarak, sadece 1 muhabbet kusu yemindeki AFB1 dlizeyinin kafes kuslarinin
saghg icin risk olusturabilecegdi, nitrat, nitrit, tanen ve sodyum klorir diizeylerinin ise herhangi bir saglik sorununa
neden olmayabilecegi sonucuna varildi.

Anahtar kelimeler: Aflatoksin, kafes kusu yemi, nitrat-nitrit, sodyum klorir, tanen

Introduction Rhizopus moulds (Rustom 1997; Thompson and

Henke 2000; Mishra and Das 2003; Nicholas 2003;
O'keeffe 2003; Williams et al. 2004; Akande et al.

With the widespread use of cage bird breeding,
the frequency of veterinarians encountering care,

nutrition and health problems of these animals is
increasing (Salt et al. 2000). While veterinarian is
evaluating the condition of sick animals, it is also
very important to evaluate the mycotoxins, nitrate,
nitrite, tannin and sodium chloride which are natu-
rally present or may occur in feed or foodstuffs as
well as infectious agents in terms of correct diag-
nosis and appropriate treatment (Barug et al. 2003;
Basmacioglu and Ergul 2003; Blake 2008).

Aflatoxins constitute the most important group
among mycotoxins. Aflatoxins are synthesised by
Aspergillus flavus, A. parasiticus, A. nomius and vari-
ous toxigenic Aspergillus and some Penicillium and

2006). It is reported that feed is contaminated with
mycotoxins at a higher rate when compared to about
25 per cent of the agricultural products produced
every year in the world (Akande et al. 2006; Dorina
et al. 2008; Reddy and Waliyar 2009). Poisoning (my-
cotoxicosis) of acute or chronic character occurs in
humans and animals eating food and feed conta-
minated with these toxins (Wood 1992; Nizamlioglu
and Goziin 1996; Anon 2008a; Becer 2008).

Generally, birds are more sensitive than mam-
mals. Young birds are more susceptible than
adults. In poultry, the most susceptible species are
ducklings and turkeys. Mortality due to aflatoxin
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exposure has been reported in migratory birds such
as various duck species, Canada goose and crane
(Robinson et al. 1982; Anon 2008b; Diaz et al. 1995).

Nitrate and nitrite are widespread in nature.
Normally, fresh plants contain a few grams of nitra-
te per kilogramme. The nitrate and nitrite content of
cereal grains ranges from 0.5 to 18 mg/kg depen-
ding on the species and growth condition (Diaz et
al. 1995). Acute or chronic poisoning occurs when
animals ingest excessive amounts of nitrate and nit-
rite accumulated in plants and groundwater for dif-
ferent reasons (Stoltenow and Lardy 1998; Casteel
and Evans 2004; Nicholson 2007). The intensive and
excessive use of nitrogen fertilisers in agriculture on
the grounds that they increase yields leads to exces-
sive nitrate accumulation in some plant species and
groundwater. As a result of this accumulation, acute
or chronic disorders occur in both humans and ani-
mals (Algicek and Baslar 1995).

Tannins are nitrogen-free, polyphenolic, amor-
phous compounds found naturally in plants. Tannins
are degraded in the digestive system of animals and
transformed into phenol structures such as gallic
acid, pyrogallol and pyrocatechol which are more
toxic than tannins (Schofield et al. 2001; Ustiin and
Aydin 2007). They form complex compounds with
proteins, amino acids, polysaccharides, minerals
and some vitamins and reduce their digestibility
(Hagerman et al. 1992; Akar et al. 1994; Schofield
et al. 2001).

If tannins are present in excessive amounts in
feeds, they cause toxic effects in animals that con-
sume these feeds or cause developmental retarda-
tion and decreased feed utilisation. In addition, tan-
nins, which are known as a strong liver and kidney
poison, can also cause carcinogenic effects. The
toxicity of tannins is due to their astrengenic, irri-
tant and haemolysing effects (Price et al. 1993; Reed
1995; Ustiin and Aydin 2007).

Sodium chloride, which is a basic nutrient, is
normally found in animal feeds at 0.5-1%. Due to
its attractive and less irritating flavour, it can some-
times be taken in excessive amounts by animals and
can cause poisoning. Poultry are very sensitive to
sodium chloride poisoning (Kaya and Akar 2002).

There are not enough studies on the levels of
aflatoxin, nitrate, nitrite, tannin and sodium chloride
in cage bird feeds. In recent years in Turkey, the care,
feeding and treatment of birds have been mainly
included in the area of responsibility of veterinary
medicine. Therefore, it is necessary to carry out toxi-
cological analyses of bird feeds in terms of various

residues and contaminants in terms of preventive
medicine and diagnosis. When evaluated from this
point of view, it is thought that the levels found as a
result of this study will be a source for further rese-
arch on the subject.

Materials and methods
Sampling

In this study, 20 feed samples of 3 different bird
species, namely budgerigar, canary and parrot
feed, and 60 feed samples in total were analysed.
Feed samples were collected from pet shops, bird
shops and markets in Ankara. Nitrate-nitrite, tannin
and sodium chloride analyses of the feed samples
were performed in the Application Laboratories of
the Department of Pharmacology and Toxicology,
Faculty of Veterinary Medicine, Ankara University,
and aflatoxin analyses were performed in a labora-
tory accredited by the Turkish Accreditation Agency.

Aflatoxin analysis

Aflatoxin analyses were performed by HPLC accor-
ding to the method reported by Stroka et al. (2003).
The method was based on extraction of the analy-
sed sample with acetone/water solvent mixture;
clean-up with immuno-affinity column (IAK) conta-
ining monoclonal antibodies specific for aflatoxins
B1, B2, G1, G2; post-column electrochemical bromi-
ne derivatisation and determination of aflatoxins B1,
B2, G1, G2 by reverse phase liquid chromatography
(RP-HPLC) with fluorescence detector.

For the determination of nitrate and nitrite
levels in feeds, the method reported by Sen and
Donaldson (1978), modified by Yavuz (1992) and
Orug and Ceylan (2001) and applied by Becer (2008)
was used. The method is based on the extraction
of nitrate and nitrite from homogenised or ground
samples with distilled water. According to the met-
hod, the extracted nitrate was reduced to nitrite
by passing through a cadmium column. The nitrite
content at acidic pH was measured by a colorimetric
method by adding N-(1-Naphthyl) ethylene diami-
ne (NED) dihydrochloride mixed with sulfanilic acid
as a colour reagent and converted into red azo dye.

Nitrite analysis

Five ml of the sample filtrate was measured and
transferred to a 50 ml measuring cylinder. It was
added 9 ml of ammonium chloride buffer, 5 ml of
60% acetic acid, 5 ml of sulfanilamide, 2 ml of NED. It
was completed to 50 ml with distilled water. A blind
sample was prepared in the same way using distilled
water instead of filtrate. The prepared sample and
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blind were kept in the dark for 25 min. Absorbance
was read against the blind at a wavelength of 550
nm in a spectrophotometer.

Nitrate analysis

Two ml of the sample filtrate was measured and
transferred to a 50 ml measuring cylinder. 5 ml of
ammonium chloride buffer was added and mixed.
Before nitrate determination, nitrate was reduced to
nitrite by passing through the activated cadmium
reduction column at a rate of 3-5 ml/min. After each
sample filtrate passed through the column, the co-
lumn was washed with 15 ml distilled water. To the
sample passing through the column, 5 ml 60% ace-
tic acid, 5 ml sulfanilamide, 2 ml NED were added
respectively. It was completed to 50 ml with distilled
water. A blind sample was prepared in the same way
using distilled water instead of filtrate. The prepared
sample and blind were kept in the dark for 25 min.
Absorbance was read against the blind at a wave-
length of 550 nm in a spectrophotometer.

Tannin analysis

Tannins in the feeds were determined accor-
ding to the spectrophotometric method reported
by Horwitz (1970) and Lepper (1950). Tannin, toget-
her with sodium carbonate, was coloured blue with
Folin-Denis reagent. The amount of tannin was
determined by measuring the blue coloured com-
pound in a spectrophotometer at 760 nm. The re-
sults were given as percentage.

Sodium Chloride analysis

Sodium chloride level was determined according to
USP-NF 1985. 5 g of feed sample was mixed with
some distilled water in a mixer and the mixture was
transferred into a 500 ml flask; the sample residues
in the mixer and funnel were washed with distilled
water. The mixture was heated at 45°C for 25-30

Table 1. Aflatoxin levels in all feeds (ppb).

min to dissolve the salt and precipitate albumin, the
volume was increased to 500 ml with distilled water,
cooled and filtered. The filtrate was taken 50 ml, 1
ml of the indicator (potassium chromate 5% pre-
pared in water) was added and titrated to brick red
colour with 0.1 N AgNOS3 solution. A blind (with 5
ml of water) was made in the same way. The volume
of 0.1 N AgNO3 consumed was determined. The re-
sults were given as percentage.

Statistics

Statistical evaluation of the data obtained at the end
of the study was performed with SPSS 17 statisti-
cal package programme. After determining whether
total aflatoxin, nitrate-nitrite, tannin and sodium
chloride levels were normally distributed or not by
Kolmogorov-Smirnov test, the difference in the me-
ans between the normally distributed levels in terms
of the specified variables was determined by one-
way analysis of variance, and the groups showing
differences were determined by Duncan least signi-
ficant difference method.

Results

According to the results of the analyses, total af-
latoxin levels (Table 1) were 2.44-34.30 ppb in 11
budgerigar feeds (Table 2), 0.91-16.75 ppb in 8 ca-
nary feeds (Table 3) and 1.43-19.29 ppb in 10 par-
rot feeds (Table 4). According to aflatoxin types,
AFB1 was between 2.44-28.14 ppb in 11 budgerigar
feeds, 0.91-15.5 ppb in 8 canary feeds and 1.43-18.5
ppb in 10 parrot feeds; AFB2 was between 0.29-1.66
ppb in 9 of the budgerigar feeds, 0.27-1.25 ppb in
3 of the canary feeds and 0.25-1.44 ppb in 5 of the
parrot feeds; AFG1 was detected at levels between
3.9-8.13 ppb in 3 of the budgerigar feeds and 1.46
ppb in 1 of the parrot feeds and AFG2 was detected
at levels of 0.6 ppb in only 1 budgerigar feed.

. Budgerigar Canary Parrot General
Aflatoxins X £ Sx X £ Sx X  Sx X  Sx
AFB, 541 £ 1.65 1.90 + 0.82 348 £ 1.25 3.60 + 0.75
min - max 0.00 - 28.14 0.00 - 15.50 0.00 - 18.50 0.00 - 28.14
AFB, 0.34 £ 0.12 0.09 + 0.06 0.21 £ 0.10 0.21 + 0.06
min - max 0.00 - 1.66 0.00 - 1.25 0.00 - 1.44 0.00 - 1.66
AFG, 0.80 + 0.47 0.07 + 0.07 0.29 + 0.16
min - max 0.00-8.13 0.00 - 1.44 0.00-8.13
AFG, 0.03 £ 0.03 ND 0.01 £ 0.01
min - max 0.00 - 0.60 0.00 - 0.60
Toplam AF 6.58 + 2.06 1.99 + 0.88 3.76 + 1.33 4.11 + 0.88
min - max 0.00 - 34.30 0.00 - 16.75 0.00 - 19.29 0.00 - 34.30

ND: No detectable levels were found.
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Table 2. Aflatoxin levels in budgerigar feeds.

Sample Result (ppb)

Number AFB AFB, AFG, AFG, Total
1 14.76 1.66 3.9 - 20.32
2 - - - - -

3 - - - - -
4 - - - - -
5 _ _ - , -
6 - - - - -
7 13.79 0.6 - - 14.39
8 2.53 0.29 - - 2.82
9 2.95 0 - - 2.95
10 6.48 0.38 - - 6.86
1 = = = = =
12 7.14 042 - - 7.56
13 9.41 0.47 - - 9.88
14 - - - - -
15 = = = = -
16 28.14 1.66 3.9 0.6 343
17 = = = = =
18 12.7 0.8 - - 135
19 7.95 0.55 8.13 - 16.63
20 244 - - - 244

- : No detectable levels were found.

Table 3. Aflatoxin levels in canary feeds.

Sample Result (ppb)

Number AFB,  AFB, AFG, AFG, Total
1 - - - - -
2 2.78 - - - 278
3 5 - - - -
4 438 027 - - 465
5 - - - - -
6 15.5 1.25 - - 16.75
7 1.77 - - - 177
8 - - - - -
9 4.93 - - - 493
10 - - - - -
1 - - - - -
12 - - - - -

Sample Result (ppb)

Number AfB  AFB, AFG, AFG, Total
13 - - - - -
14 - - - - -
15 0.91 - - - 0.91
16 2.65 - - - 2.65
17 - - - - -
18 - - - - -
19 5.05 0.3 - - 5.35
20 - - - - -

- : No detectable levels were found.
Table 4. Aflatoxin levels in parrot feeds.

Sample Result (ppb)

Number AFB,  AFB, AFG, AFG, Total
1 - - - . .
2 - - - - -
3 11.69 1.23 - - 12.92
4 10.21 0.51 - - 10.72
5 - - - - -
6 - - - - -
7 2.18 = = = 2.18
8 3.29 - - - 3.29
9 = = = = =
10 143 - - - 143
11 - - - - -
12 - - - - -
13 18.5 0.79 - - 19.29
14 - - - - -
15 1.58 - 1.46 - 3.04
16 - - - - -
17 14.6 1.44 - - 16.04
18 - - - - -
19 3.68 0.25 - - 3.93
20 252 - - - 252

- : No detectable levels were found.

In addition, an example of a negative (Figure 1)
and positive chromatogram (Figure 2) of the analy-
sed samples and an example of the chromatogram
of the standard (Figure 3) are given.
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Figure 1. Negative feed sample chromatogram.

Figure 2. Positive feed sample chromatogram.

Figure 3. Chromatogram of the standard.

Feed varieties were similar in terms of total af-
latoxin, AFB1, AFB2, AFG1 and AFG2 levels (p>0.05).

As a result of the analyses, nitrite levels were
detected between 0.48-6.19 ppm in 32 samples and
nitrate levels were detected between 1.31-25.55
ppm in all samples. According to the feed types, nit-
rate levels were 7.95+1.33 ppm (1.31-25.55 ppm) in

budgerigar feeds, 7.47+0.60 ppm (2.62-13.76 ppm)
in canary feeds, 6.95+0.60 ppm (1.97-12.45 ppm)
in parrot feeds; nitrite levels were 1.48+0.41 ppm
(0.00-6.19 ppm) in 10 samples in budgerigar feeds,
0.83+0.28 ppm (0.00-3.81 ppm) in 8 samples in ca-
nary feeds and 2.21+0.38 ppm (0.00-4.76 ppm) in
14 samples in parrot feeds (Table 5).
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Table 5. Nitrate, nitrite, tannin and sodium chloride levels in feeds.

Budgerigar

Canary

Parrot

General*

Substance n X * Sx X + Sx X + Sx X * Sx P
Nitrite (ppm) 20 148 + 041 0.83 + 0.28° 221 +0.38° 1.51 £ 0.22 «
min - max 0.00-6.19 0.00 - 3.81 0.00 - 4.76 0.00-6.19
Nitrate (ppm) 7.95 + 1.33° 7.47 + 0.60? 6.95 + 0.60° 7.46 + 0.52

PP 20 XXX
min - max 1.31-25.55 2.62-13.76 1.97 - 12.45 1.31-2555
Tannin (percent) 20 0.10 + 0.007° 0.12 + 0.005° 0.66 + 0.013° 0.29 + 0.034 ™
min - max 0.04 - 0.15 0.09 - 0.15 0.52-0.74 0.04-0.74
Sodium chloride (percent) 20 0.25 + 0.0182 0.11 + 0.009° 0.23 £ 0.0152 0.19 + 0.012 o
min - max 0.11-044 0.05-0.18 0.09-0.35 0.05-0.44

a, b: Differences between groups with different letters in the same row are significant.

x:p <005 xx:p<0001 xxxzp>005 *:n=60

Tannin levels were found at ratios between
0.04-0.74% in all feeds. According to the feed types,
0.10+0.007% (0.04-0.15%) was found in budgerigar
feeds, 0.12+0.005% (0.09-0.15%) in canary feeds
and 0.66+0.013% (0.52-0.74%) in parrot feeds (Table
5).

Sodium chloride was found between 0.05-
0.44% in all feeds. According to the feed types,
0.25+0.018% (0.11-0.44%) was found in budgerigar
feeds, 0.11+£0.009% (0.05-0.18%) in canary feeds
and 0.23+0.015% (0.09-0.35%) in parrot feeds (Table
5).

In terms of nitrite, budgerigar feed was simi-
lar to canary and parrot feed. There was a signifi-
cant difference between canary and parrot feeds
(p<0.05). All groups were similar in terms of nitrate
(p>0.05). In terms of tannins, budgerigar and canary
feeds were similar; parrot feed was significantly
different from these groups (p<0.001). In terms of
sodium chloride, budgerigar and parrot feeds were
similar (p>0.05), while there was a significant diffe-
rence in canary feed (p<0.05).

Discussion and Conclusion

As a result of the scientific searches, a very limited
number of studies with regard to the levels of af-
latoxins, nitrate-nitrite, tannin and sodium chloride,
which are natural adverse factors in cage bird feeds,
were found.

In the study conducted by Orucg et al. (2001) by
ELISA method in 22 bird feeds (12 budgerigars, 5
canary and 5 zoo bird feeds) in Bursa, total aflatoxin
was found in 72.72% of the analysed feeds and it
was determined to be in the levels of 0.0-9.2 ppb. In
this study than the study of Oruc et al. (2001), total
aflatoxin was detected at a lower rate (48.3%) but at
higher levels (0.00-34.30 ppb).

In a study conducted by Nizamlioglu and
Gozin (1996) by thin layer chromatography method
in 12 different species and ages of poultry brought
to the laboratory with suspicion of poisoning and
in the feeds consumed, AFB1 has been detected in
the feeds in levels of 2.5-25 ppb and it has been re-
ported that pathological disorders due to aflatoxin
are observed in the liver and kidneys of the animals
as a result of necropsy. The levels of AFB1 found in
this study (0.91-28.14 ppb) were similar to the levels
(2.5-25 ppb) found according to the results of the
analyses performed by the researchers.

Martins et al. (2003) have not detected aflatoxin
in analysed 20 bird feeds (10 canary and 10 parrot
feeds) for mycotoxins by HPLC method.

In a screening study conducted by Henke et al.
(2001), aflatoxins ranging from 0 to 2780 ppb were
detected in 142 wild bird feed samples consisting of
corn, millet, sunflower seeds and cereal grains col-
lected from different regions of Texas by Aflatest kits
and fluorimetric method and it was reported that
17% of these feeds contained aflatoxins above 100
ppb. The aflatoxin levels found in this study (0.00-
34.30 ppb) were much lower than the levels found
by Henke et al.

In a study by Maia and Pereira Bastos de
Siquiera (2002), AFB1 was detected in 26.7% of 30
bird feeds by thin layer chromatography method
with a mean of 110 ppb in 26.7% of the bird feeds.
It has been reported that all feeds in which aflatoxin
is detected contain peanuts. When compared with
the results of the studies here, the AFB1 levels found
by the researchers (mean 110 ppb) were much hig-
her than the mean AFB1 levels found in this study
(3.60+0.75).

The contamination of feed and feed raw mate-
rials with aflatoxins varies significantly according to
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feed content, countries, regions, seasons and time
due to the preparatory factors causing toxin forma-
tion. For this reason, there were significant differen-
ces between the findings of the studies.

There is no data on aflatoxin tolerance levels
in cage bird feeds. The levels obtained as a result
of the research were evaluated according to the
Communiqué on undesirable substances in feed
numbered 2005/3 published in the Official Gazette
dated 5 February 2005 and numbered 25718 and on
the amendment of the Communiqué on undesirable
substances in feed published in the Official Gazette
dated 11 June 2008 and numbered 26903 within
the framework of European Union harmonisation
laws. According to this communiqué, the maximum
amount of AFB1 that can be found in feedstuffs
is reported as 0,02 mg/kg (20 ppb). Similarly, the
Advisory Committee on Animal Feedingstuffs in the
UK reported the maximum amount of AFB1 in feed-
stuffs for wild birds as 0.02 mg/kg. As a result of the
study, it was determined that only 1 sample of bud-
gerigar feed exceeded the specified levels.

In a study conducted by Orug et al. (2001) on
a total of 22 bird feeds including 12 budgerigars,
5 canaries and 5 zoo birds, 0.0-3.1 ppm nitrate and
0.0-1.3 ppm nitrite were found in the feeds. When
compared with the results of this study (nitrate 1.35-
25.5 ppm and nitrite 0.00-6.19 ppm), it was found
that the levels found by the researchers were lower.

In a study conducted by Atef et al. (1991)
in cockerels, it was determined that growth was
slowed down, methaemoglobinaemia and changes
in erythrocyte, glutamic pyruvic transaminase, cre-
atinine and urea levels developed in both of the two
different groups given 4.2 g/kg sodium nitrate and
1.7 g/kg sodium nitrite with feed. Therefore, it was
stated that nitrate and nitrite might play a role in
the aetiology of liver, kidney and immune system
related diseases in poultry.

The levels found here were similar to the levels
of nitrate and nitrite (0.5-18 ppm) normally found in
cereal grains reported by Diaz et al. (1995).

Akar et al. (1994), in a study on tannin content
in various feed materials, found that tannin content
in feed materials ranged between 0 and 5.70 per
cent and concluded that tannin content at these le-
vels might cause health problems in poultry and ad-
versely affect feed utilisation. The results obtained
in this study (0.04-0.74%) were found to be lower
than the results found by the researchers.

In a study conducted by Pour and Edriss (1997)
in broiler chickens, it was reported that while no

adverse effects were observed in animals fed with
feed containing up to 0.26% tannin, performance
decreased in animals fed with feed containing tan-
nin above this level.

Poultry are more sensitive to sodium chloride
poisoning than other species. For these animals,
safe and toxic levels of sodium chloride are very
close to each other (Balnave 2006).

Berger (2006) reported that the ratio of sodium
chloride in the feed of chicken, turkey, duck, goose,
pheasant and quail should be between 0.25-0.5%.

Although there is no data on the sensitivity li-
mits of cage birds to sodium chloride, it was conc-
luded that the levels determined as a result of the
analyses (0.05-0.44%) would not cause any health
problems in cage birds since they were below the
levels specified in the literature.

The levels of nitrate-nitrite, tannin and sodium
chloride were evaluated in the light of the literatu-
re on poultry and it was concluded that the levels
found were at levels that would not cause any he-
alth problems in animals.

Conclusions

The levels of nitrate-nitrite, tannin and sodium chlo-
ride detected in feeds do not seem to pose any risk
to the health of cage birds, but the level of AFB1
found in only 1 budgerigar feed may pose a risk to
the health of cage birds. However, the lack of suf-
ficient studies on the natural adverse factors found
in bird feeds and their effects on the health of birds
makes it necessary to carry out new studies in order
to better evaluate the issue and to determine legal
limits. In particular, the high levels and poisoning
cases detected in some studies show that it would
be useful to screen bird feeds in terms of natural
adverse factors at certain intervals.
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Abstract: The aim of this retrospective study was to determine the incidence of canine and feline mammary tumors
diagnosed in the Pathology Laboratory of Bornova Veterinary Control Institute in izmir Province between January
2009 and December 2022, as well as to analyse the relationships between the age and breed characteristics of
affected animals and the presence of mammary tumors. For this purpose, the available information regarding each
mammary tumor case was collected from archive records. Dogs and cats with mammary tumors were divided
into four age groups. All hematoxylin and eosin-stained slides of mammary tumors were histopathologically re-
evaluated and classified. The study material consisted of 106 (35.81%) mammary tumor cases, of which 83 (37.55%)
belonged to dogs and 23 (30.66%) to cats. The highest incidence of mammary tumors in both species was observed
in the age group of 8 to 11 years. A statistically significant relationship was found between the incidences of
mammary tumors according to the age groups and breeds in both species (p<0.05). Terrier (28 cases) in dogs
(p=0.000) and mixed breed (14 cases) in cats (p=0.0003) were the most commonly affected breeds by mammary
tumors. In dogs, 64 (77.10%) of 83 mammary tumors were malignant and 19 (22.90%) were benign; in cats, 18
(78.26%) of 23 mammary tumors were malignant and 5 (21.74%) were benign. Malignant mammary tumors were
detected more frequently in Terrier dogs (34.37%) and mixed breed cats (72.22%). The most commonly diagnosed
malignant mammary tumors were mixed type carcinoma (51.56%) in dogs (p=0.000) and tubular carcinoma (50%)
in cats (p=0.005). Benign mixed tumor (47.37%) and complex adenoma (26.32%) were the most frequently observed
benign mammary tumors in dogs. Simple adenoma constituted the majority (60%, 3 cases) of benign mammary
tumors in cats.

Keywords: Cat, dog, mammary tumor, retrospective study, Turkiye

izmir ilinde 2009-2022 yillar arasinda teshis edilen képek ve
kedi meme tiimorlerinin retrospektif degerlendirmesi

Ozet: Bu calismanin amaci, izmir ilinde Ocak 2009-Aralik 2022 yillari arasinda Bornova Veteriner Kontrol Enstitiisii
Patoloji Bolumiinde teshis edilen kdpek ve kedi meme tiimorlerinin insidansini belirlemek ve meme timorli
hayvanlarin irk ve yas 6zellikleri ile meme timorlerinin varhgi arasindaki iliskileri arastirmakti. Bu amacla her bir meme
timorl vakasina ilgili mevcut bilgiler arsiv kayitlarindan toplandi. Meme timérli kopek ve kediler 4 yas grubuna
ayrildi. Meme tiimorlerinin hematoksilen-eozin boyanmis slaydlar histopatolojik olarak yeniden degerlendirildi ve
siniflandirildi. Calisma materyalini, 83 (%37,55) kdpek ve 23 (%30,66) kediye ait 106 (%35,81) meme timori olgusu
olusturdu. Her iki tirde en yiksek meme timorl insidansi 8-11 yas grubunda goruldi. Her iki tirde yas gruplari
ve irklara gére meme timori insidanslari arasinda istatistiksel olarak dnemli bir iliski bulundu (p<0,05). Kdpeklerde
Terrier (28 olgu) (p=0,000) ve kedilerde melez irk (14 olgu) (p=0,0003) meme tiimdrlerinin en sik gérildiga irklardi.
Kopeklerde 83 meme timoriniin 64 (%77,10)'G malign ve 19 (%22,90)'u bening; kedilerde ise 23 meme timdorinin
18 (%78,26)'i malign ve 5 (%21,74)'i bening karakterdeydi. Malign meme tiimérleri, en ¢ok Terrier irki kdpeklerde
(%34,37) ve melez irk kedilerde (%72,22) belirlendi. Kopeklerde en sik teshis edilen malign meme tiimérleri, mikst
tip karsinom (%51,56) (p=0,000) ve kedilerde tubuler karsinomdu (%50) (p=0,005). K&peklerde bening mikst timor
(%47,37) ve kompleks adenom (%26,32) en sik gozlenen bening meme timérleriydi. Kedilerdeki bening meme
timorlerinin (3 olgu, %60) cogunlugunu basit adenom olusturdu.

Anahtar kelimeler: kedi, kopek, meme tiumord, retrospektif calisma, Turkiye

Introduction 2017). Female dogs and cats have a high incidence

Mammary tumors are one of the most common tu-  of mammary tumors, and mammary tumors are ra-
mors of dogs, cats and humans (Goldschmidt et al.,  rely seen in males (Munson and Moresco 2007). The
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annual incidence rate of mammary tumors in dogs
has been determined as 198.8 cases in Alameda
County, California (Dorn et al., 1968b) and 250 cases
per 100,000 dogs in Northern Italy (Vascellari et al.,
2016). In cats, the annual incidence rate of mam-
mary tumors is lower compared to dogs and has
been reported as 25.4 cases per 100,000 cats in
Alameda County, California (Dorn et al., 1968b).

The incidence of mammary tumors and the im-
pact of risk factors affecting the incidence in female
dogs and cats varies according to countries and
geographic regions (Dorn et al, 1968b; MacVean
et al, 1978; Aydin et al, 2008; Dhami et al., 2010;
Shida et al., 2010; Vascellari et al., 2016; Pastor et
al, 2018; Viana et al,, 2019). It is also directly related
to ovariectomy and the age at which ovariectomy
is performed (Schneider et al.,, 1969; Misdorp 1988;
Sorenmo et al.,, 2000). Schneider et al. (1969) have
reported that neutered bitches have 12% of the
mammary cancer risk as compared to intact ones
and that the risk of developing mammary tumors
is significantly reduced (0.5% incidence) in female
dogs neutered before the first estrus. Also, ovari-
ectomy, even when performed at an advanced age,
has been detected to be to some extent protec-
tive against mammary tumor development in dogs
(Misdorp, 1988; Schneider et al, 1969). Similarly,
it has been shown that intact female cats have a
7-fold higher risk of mammary cancer than neu-
tered females (Dorn et al., 1968b) and that cats neu-
tered before 1 year of age have an 86% reduction in
the risk of feline mammary carcinoma development
(Overley et al., 2005).

In this retrospective study, it was aimed to de-
termine the incidence of canine and feline mam-
mary tumors diagnosed in the Pathology Laboratory
of Bornova Veterinary Control Institute in izmir
Province between January 2009 and December
2022 and also to investigate the relationships be-
tween the age and breed characteristics of affected
animals and the presence of mammary tumors.

Materials and Methods

Animals and histopathological examination

In this retrospective study, a total of 106 mammary
tumor cases from 221 dog and 75 cat tumor biopsy
samples that were sent to the Pathology Laboratory
of Bornova Veterinary Control Institute from various

veterinary clinics in izmir province during fourteen
years between January 2009 and December 2022
were studied. Mammary tumors belonged to 83
dogs and 23 cats of different breeds and ages. The
available information regarding each mammary tu-
mor case was reviewed. The age, gender and breed
characteristics of animals with mammary tumors
were collected from their records. Dogs and cats
with mammary tumors were divided into four age
groups of 0-3, 4-7, 8-11 and 12-15 years according
to their ages. The age information of 4 dogs and 1
cat, and the breed information of 5 dogs and 5 cats
could not be recorded because such information
wasn't available. Mammary tumors were defined as
benign or malignant according to their histopatho-
logical examination protocols. All histological slides
prepared from mammary tumor samples which had
been previously fixed in 10% formalin and following
routine tissue processing procedures, embedded in
paraffin blocks, cut at 4-5 pm thickness and stained
with hematoxylin and eosin were re-evaluated and
classified under a light microscope, taking into ac-
count the histological classification of canine mam-
mary tumors proposed by Goldschmidt et al. (2011)
and the updated feline mammary tumor classifica-
tion corresponding to this new classification in dogs
(Goldschmidt et al. 2017).

Statistical analyses

Chi-square (x*) test was used to determine the
strength of the relationships between the presence
of mammary tumors and variables such as age group
and breed. Similarly, the frequency of benign/ma-
lignant mammary tumors was also evaluated using
the Chi-square test. T test or Mann Whitney U test
was used to determine if there is a statistically sig-
nificant difference between the mean ages of dogs
and cats with mammary tumors and between the
mean ages of animals with benign and malignant
mammary tumors in both species. Statistical analy-
ses were performed using the IBM SPSS Statistical
Package Programme (version 24). Values of p<0.05
were considered significant.

Results

The distribution of canine and feline mammary tu-
mors in total tumor samples by years (2009 to 2022)
is presented in Figures 1 and 2, respectively.
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The incidence in 83 dogs and 23 cats with mam-
mary tumors examined during the fourteen years
covered by the study was determined as 37.55%
and 30.66%, respectively. All mammary tumors be-
longed to female dogs and cats. The mean age of
dogs with mammary tumors was 9.06+0.36, with
a range from 3 to 15 years. The mean age of cats
with mammary tumors was 10.68+0.56, with a range
from 5 to 15 years. The difference between the
mean ages of dogs and cats with mammary tumors
was statistically significant (p= 0.0308). The highest

Figure 1. Distribution of
canine mammary tumors
in total tumor samples
by years (2009-2022).

Figure 2. Distribution of
feline mammary tumors
in total tumor samples
by years (2009-2022).

incidence of mammary tumors in dogs and cats was
observed in the age group of 8 to 11 years (Table
1). Statistically, when all age groups were taken into
account, the differences between the incidences of
mammary tumor according to the age groups in
both species were significant (x*°=20.19, p=0.0002 in
dogs; x*=20.91, p=0.0001 in cats). However, when
early age group (0-3 years) was excluded, this diffe-
rence was insignificant in dogs (x°=0.97, p=0.62)
but was significant in cats (x*=10.18, p=0.006).

Table 1. Distribution of dogs and cats with mammary tumors according to the age groups.

Age Groups (years)

DOGS (with tumors)

n: 221 0-3 4-7 8-11 12-15 UN Total Mean Age
Number of dogs with mammary tumors 3 25 29 22 4 83 9.06+0.36
Percent (%) 3.61 30.12 34.94 26.50 4.82 37.55 -
CATS (with tumors)

n: 75

Number of cats with mammary tumors - 2 14 6 1 23 10.68+056
Percent (%) - 8.69 60.87 26.08 434 30.66 -

UN: Their age is unknown
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The distribution of canine and feline malignant
and benign mammary tumors according to the age
groups and their breeds is presented in Table 2.
In dogs, 64 (77.10%) of 83 mammary tumors were
malignant and 19 (22.90%) were benign; in cats, 18
(78.26%) of 23 mammary tumors were malignant and
5 (21.74%) were benign. The malignant mammary
tumors were observed much more frequently than
benign tumors in both species and this difference
was statistically significant (x2=24.40, p<0.0001 in
dogs; x2=7.35, p<0.0067 in cats). The average ages
of dogs with benign and malignant mammary tu-
mors were 7.94+0.80 and 9.41+0.39 years, respec-
tively. The average ages of cats with benign and
malignant mammary tumors were 9.60+0.98 and
11.00£0.66 years, respectively. However, no statis-
tically significant relationship between the average
ages of dogs or cats with benign and malignant
mammary tumors was found (p>0.05). Twenty-five
(30.12%) dogs and 10 (43.48%) cats with malignant
mammary tumors were in the age group of 8 to 11
years. Eight (9.64%) dogs and 4 (17.39%) cats with
benign mammary tumors were in the age groups of
4 to 7 years and 8 to 11 years, respectively (Table 2).
No statistically significant difference was also found
between the incidences of benign and malignant

mammary tumors according to the age groups in
both species (x2=5.54, p=0.14 in dogs; x2=2.88,
p=0.24 in cats).

As seen in Table 2, dog breeds such as Belgian
Malinois, German shorthaired Pointer, Siberian Husky,
English Pointer, Rottweiler, Shih Tzu, Chow Chow
with one malignant or benign tumor were represen-
ted under Others. The difference between the inci-
dences of mammary tumor according to the breeds
in both species was statistically significant (p<0.05).
Terrier (28 cases) in dogs (x*=103.33, p=0.000) and
mixed breed (14 cases) in cats (x?=16.33, p=0.0003)
were the most frequently affected breeds by mam-
mary tumors. Malignant mammary tumors were
more common in the Terriers (34.37%), followed by
the Cocker Spaniels (9.37%) and German Shepherds
(9.37%). The incidence of malignant mammary tu-
mors in the Terriers showed an increase with age.
The highest incidence of malignant mammary tu-
mors in cats was found in the mixed breed (72.22%),
followed by Siamese cats with 16.67% (Table 2).
However, whereas no statistical association between
the incidences of benign and malignant mammary
tumors according to the breeds in dogs was found
(x3=10.25, p=0.59), the differences between these
variables in cats were significant (x2=8.60, p=0.014).

Table 2. Distribution of dogs and cats with malignant and bening mammary tumors according to the age groups and their breeds

AGE GROUPS (YEARS)

MALIGNANT BENIGN
Percent Percent Overall Overall
Breeds 0-3 4-7 8-11 12-15 UN Total % 0-3 4-7 8-11 12-15 UN Total % Total Pe(r(;;nt
DOGS
German Shepherd - 3 2 1 6 9.37 0 0 6 7.23
Cocker Spaniel - 3 3 6 9.37 4 1 5 26.32 1 13.25
Golden Retriever 1 3 4 6.25 1 - 1 2 10.53 6 7.23
Labrador = = 2 2 3.13 0 0 2 2.41
Kangal dog - - 3 3 4.68 0 0 3 3.61
Terrier - 4 8 8 2 22 3437 2 2 2 6 31.58 28 33.74
Collie - - - 1 1 1.56 1 1 5.26 2 241
Poodle - - 1 1 2 3.13 1 1 5.26 3 3.61
Doberman - 1 1 2 3.13 0 0 2 2.41
English Setter = 2 2 3.13 0 0 2 241
German Pinscher - 1 1 2 3.13 0 0 2 241
Others = 2 2 1 5 7.81 2 1 3 15.79 8 9.64
Mixed breed - - 1 1 - 2 3.13 1 1 5.26 3 3.61
UN* 1 1 1 2 5 7.81 0 0 5 6.03
Total 1 17 25 17 4 64 100 2 8 4 5 19 100 83 100
Percent (%) 1.20 20.48 30.12 20.48 4.82 77.10 241 9.64 482 6.03 22.90 100
Mean Ages 3 6+ 9.5+ 13.05% 9.41% 3 5.68+ 8.75+ 12.90* 7.94%
0.30 0.22 0.26 0.39 021 0.25 0.40 0.80
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AGE GROUPS (YEARS)
MALIGNANT BENIGN

Percent Percent Overall Overall
Breeds 0-3 4-7 8-11 12-15 UN Total % 0-3 4-7 8-11 12-15 UN Total % Total Pe(r;;nt
CATS
Siamese - 1 1 1 - 3 16.67 - - - - - 0 0 3 13.04
Persian = = = = = 0 0 = = 1 = = 1 20 1 435
Mixed breed - - 8 5 - 13 72.22 - - 1 - - 1 20 14 60.87
UN* - - 1 - 1 2 11.11 - 1 2 - - 3 60 5 21.74
Total - 1 10 6 1 18 100 - 1 4 - - 5 100 23 100
Percent (%) - 435 43.48 26.08 4.35 78.26 - 435 17.39 - - 21.74 100
MeamAges - 5 o3 oz - ose -6 om oo

UN*: Their breed is unknown UN: Their age is unknown

When the types of mammary tumors are his-
topathologically evaluated, 51.56% of malignant
mammary tumors in dogs were mixed type carci-
noma (Figure 3A), 10.94% were tubulopapillary car-
cinoma and 10.94% were complex carcinoma. The
most frequently encountered benign mammary tu-
mors were benign mixed tumor (47.37%) (Figure 3B)
and complex adenoma (26.32%) (Table 3). Whereas

no significant difference between the incidences
of benign mammary tumor types according to the
breeds in both species was found (p>0.05), the
differences between the incidences of malignant
mammary tumor types were statistically significant
(p<0.05). Mixed type carcinoma in dogs (x*= 93,
p=0.000) and tubular carcinoma in cats (x>= 16.66,
p=0.005) were the most frequently observed malig-
nant mammary tumors (Table 3, 4).

Table 3. Histological classification and distribution of canine mammary tumors according to the breeds

TUMOR TYPES DOG BREEDS

. Cocker German Turkish Golden Mixed Percent
MALIGNANT MAMMARY TUMORS Terrier Spaniel Shepherd Kzr;%al Retriever Poodle breed *Others UN Total %
Tubular carcinoma = 1 1 = = = = 1 = 3 4.69
Tubulopapillary carcinoma 1 1 - 1 1 - 1 2 - 7 10.94
Cystic-papillary carcinoma - - - - - 1 - 1 1 3 4.69
Solid carcinoma 1 - - 2 1 - - - 1 5 7.81
Complex carcinoma 3 - - - - 1 - 3 - 7 10.94
Mixed type carcinoma 15 4 4 - 2 - 1 4 3 33 51.56
Intraductal papillary carcinoma - - - - - - - 1 - 1 1.56
(CG;CI:S:Z?&C;T(ZCI mammary tumor) 2 ) ! ) ) ) ) 2 ) > 781
Total 22 6 6 3 4 2 2 14 5 64 100
Percent (%) 3437 9.38 9.38 4.69 6.25 312 312 2188 7.81 100
BENING MAMMARY TUMORS
Simple adenoma 1 - - - - - - 1 - 2 10.52
Intraductal papillary adenoma 1 - - - 1 - - 1 - 3 15.79
Complex adenoma 2 3 - - - - - - - 5 26.32
Benign mixed tumor 2 2 = = 1 1 1 2 = 9 4737
Total 6 5 - - 2 1 1 4 - 19 100
Percent (%) 31.58 26.32 - - 10.52 526 5.26 21.06 - 100

UN: Their breed is unknown

*Others include the dog breeds such as Labrador, Collie, Doberman, English Setter, German Pinscher with one or two malignant and

benign mammary tumors.
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Figure 3. Hematoxylin and eosin (HE) staining of canine mammary tissues. Bars=100 pym. A. Mixed type
carcinoma. Atypical epithelial cells arranged in irregular tubules (white arrows) with proliferating spindle-
shaped myoepithelial cells (black arrow) and focus of chondroid differentiation which exhibit no atypia
(asterisk). B. Bening mixed tumor. Mammary alveoli with hyperplastic epithelium and eosinophilic secretion
(arrows) and chondroid focus (asterisk).

Mixed type carcinoma was frequently observed
in the Terriers (15 cases) and to a lesser extent in the
Cocker Spaniels (4 cases) and German Shepherds (4
cases). Complex adenoma was mostly seen in the
Cocker Spaniels (3 cases) (Table 3). In cats, tubular

carcinoma was mostly encountered in mixed breed
cats (5 cases) (Figure 4A) and the less frequently in
Siamese cats (3 cases). Simple adenoma constituted
the majority (60%, 3 cases) of benign mammary tu-
mors in cats (Table 4) (Figure 4B).

Table 4. Histological classification and distribution of feline mammary tumors according to the breeds.

TUMOR TYPES CAT BREEDS

MALIGNANT MAMMARY TUMORS Siamese Persian Mixed breed UN Total Percent %
Tubular carcinoma 3 = 5 1 9 50
Tubulopapillary carcinoma - - 1 - 1 5.56
Cystic -papillary carcinoma - - - 1 1 5.56
Solid carcinoma - - 4 - 4 22.22
Comedocarcinoma - - 2 - 2 11.11
Mucinous carcinoma - - 1 - 1 5.56
Total 3 - 13 2 18 100
Percent (%) 16.67 - 72.22 11.11 100

BENING MAMMARY TUMORS

Simple adenoma 1 1 1 3 60
Intraductal papillary adenoma - - - 1 1 20
Ductal adenoma - - - 1 1 20
Total - 1 1 3 5 100
Percent (%) - 20 20 60 100

UN: Their breed is unknown
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Figure 4. Hematoxylin and eosin (HE) staining of feline mammary tissues. Bars=100 pm. A. Tubular carci-
noma. Atypical epithelial cells with tubular arrangement (arrows). B. Simple adenoma. The islands of uni-
form neoplastic cells consisting of cuboidal to columnar epithelial cells with basally located nuclei (asterisk).

Discussion and Conclusion

Retrospective epidemiological studies on neoplas-
tic diseases represent both an important source of
information by analyzing tumor behaviour over a
particular time period and also a useful approach
in determining the risk factors and prognostic cri-
teria, based on clinical and histopathological fea-
tures (Salas et al., 2015). In this retrospective study,
data covering a 14-year period between January
2009 and December 2022 was evaluated by com-
paring it with data from many similar studies (Vural
and Aydin 2001; Zatloukal et al., 2005; Sontas et al,,
2009; Dhami et al., 2010; Shida et al., 2010; Salas et
al., 2015; Andrade et al,, 2017; Pastor et al., 2018;
Kuruca et al., 2019; Viana et al.,, 2019; Tunc¢ and Vural
2024).

Mammary tumors are one of the most common
tumors of female dogs (Mitchell et al., 1974; Salas
et al., 2015; Andrade et al., 2017; Pastor et al., 2018)
and constitute 41.75% of all tumors seen in female
dogs (Dorn et al., 1968a). It is much less common in
males and has been reported at varying rates from
0.2to 4.3 % (Dorn et al., 1968b; Moulton et al., 1970;
Mitchell et al., 1974; MacVean et al,, 1978; Vural
and Aydin 2001; Vascellari et al., 2009; Nunes et al.,
2018). In the present study, whereas the incidence
(37.55%) of canine mammary tumors determined
through the retrospective data analysis in izmir
province was below the incidence rates of 39.87%,
54 % and 60.37% reported from some countries
such as Gujarat, Western India (Dhami et al., 2010),
Italy (Vascellari et al., 2016) and Spain (Pastor et al.,
2018), respectively, it was higher than the incidence
rates reported from different provinces of Turkiye
(Ertlrk et al., 1971; Vural and Aydin 2001; Erer and
Kiran 1993; Gllcubuk and Gurel 2003; Kuruca et al.,

2019) and from some other countries (Mitchell et
al, 1974; Bhaiyat et al., 2013; Salas et al,, 2015; Viana
et al, 2019). It has been suggested that the territo-
rial/regional differences in the incidence of mam-
mary tumors may be due to various factors such as
the population distribution of certain breeds with a
predisposition to mammary tumors, the prolonged
time between tumor onset and clinical evaluation,
the exposure of dogs to different environmental
pollutants and failure to implement reproductive
control measures such as neutering of female dogs
at a young age (<2 years) (Pérez Alenza et al., 2000;
Sorenmo et al., 2000; Sontas et al., 2009; Andrade
et al, 2010; Dhami et al.,, 2010; Salas et al.,, 2015;
Andrade et al., 2017; Nunes et al., 2018).

Mammary tumors in cats are reported as the
third most frequently diagnosed tumors after he-
matopoietic system and skin tumors (Dorn et al.,
1968a; Hayes and Mooney 1985) and account for
17.1% of all neoplasms in female cats (Dorn et al,
1968a). However, there are also some studies in
which mammary tumors are seen the first (Glilgubuk
et al., 2005) or second after skin tumors (Aydin et
al., 2008; Vascellari et al., 2009; Shida et al., 2010).
In Tarkiye, retrospective studies evaluating different
tumor types and mammary tumors in cats are much
less compared to dogs (Ertirk et al.,, 1971; Kokluslu
and Akkayan 1972; Gulcubuk et al., 2005; Aydin et
al., 2008). In cats, mammary tumors are mostly ma-
lignant and show a lower incidence compared to
dogs (Munson and Moresco 2007). In male cats, the
incidence of mammary tumors has been reported to
vary from 1.1% (Vascellari et al., 2009) to less than 1
% (Hayes et al., 1981). Contrary to some studies that
the lower incidence rates of mammary tumors in
cats are reported (Dorn et al.,, 1968a; MacVean et al.,
1978; Aydin et al., 2008; Vascellari et al., 2009; Shida
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et al.,, 2010), the frequency of mammary tumors in
female cats in this study was 30.66% of all feline tu-
mors. Consistent with the literature, the incidence
(30.66%) of mammary tumors in cats was lower than
that (37.55%) of dogs and the majority (78.26%) of
them were malignant as in dogs.

The age-specific incidence for mammary tu-
mors in dogs shows a marked increase between 6
and 10-11 years of age and decreases after 11 years
of age with a shortening of life expectancy in dog.
Mammary tumors are rarely seen in dogs younger
than 2 years of age (Dorn et al., 1968b; Moulton et
al, 1970). In the present study, the age of dogs with
mammary tumors varied from 3 to 15 years, with an
average of 9.06+0.36 years. The incidence of mam-
mary tumors increased with age and the highest in-
cidence was detected in the age group of 8 to 11
years (34.94%, n=29). Our finding is compatible with
the findings of many studies that mammary tumors
were the most often diagnosed in dogs between
8 and 12 years of age, with an average of 9 to 10
years (Moulton et al,, 1970; MacVean et al., 1978;
Egenvall et al., 2005; Zatloukal et al.,, 2005; Sontas
et al,, 2009; Dhami et al,, 2010; Gupta et al., 2012;
Bhaiyat et al, 2013; Salas et al., 2015; Andrade et
al, 2017; Nunes et al., 2018; Tung and Vural 2024).
Also, the lowest incidence of mammary tumors in
this study was found to be 3.61% in young dogs un-
der 4 years of age. This finding is consistent with
some studies that the incidence rates of 3 to 4.76%
in similar age group were reported (Mitchell et al.,
1974; Dhami et al., 2010; Kuruca et al,, 2019; Tung
and Vural 2024). There were statistically significant
differences between incidences of mammary tumor
according to the age groups in the present study,
compatible with observations of Vascellari et al.
(2016). However, we did not detect a relationship
between the incidences of benign and malignant
mammary tumors according to the age groups. This
finding is consistent with the finding of Salas et al.
(2015).

Mammary tumors have been reported in cats
between the ages of 2.5 and 19 years (mean age of
10.8 years), with an increased incidence rate from 7
to 12 years of age (Weijer et al,, 1972). Also, Dorn
et al. (1968b) have detected the highest tumor in-
cidence in the age group of 10 to 11 years, with a
marked increase after 9 years of age. Karabolovski
et al. (2017) have reported that the mean age of de-
tection of feline mammary tumors was 13.5 years.
Unlike this finding, the mean age of 23 cats with
mammary tumors in our study was 10.68+0.56
years. This is similar to those reported in some

earlier studies (Weijer et al., 1972; Amorim et al,
2006; Cunha et al., 2017). In addition, as in dogs, the
incidence of mammary tumors in cats also increased
with age. Consistent with previous some studies
(Dorn et al., 1968b; Weijer et al., 1972; Gilgubuk et
al., 2005), the highest incidence rate in cats was de-
termined in the age group of 8-11 years (60.87%,
n=14) in this study.

Purebred dogs have been reported to have
the higher breed predisposition to mammary tu-
mors than mixed breed dogs (Dorn et al., 1968b;
MacVean et al., 1978; Zatloukal et al., 2005; Salas et
al., 2015; Vascellari et al., 2016; Pastor et al., 2018).
Consistent with this evidence, the most frequently
affected dog breeds by mammary tumors in the
present study were Terrier with a statistically signifi-
cant difference (33.74%, 28/83) and Cocker Spaniel
(13.25%, 11/83), as indicated by similar findings
of other some studies in Tirkiye (Vural and Aydin
2001; Bastan and Zonturlu 2002; Kuruca et al., 2019;
Baki Acar and Tung 2022; Tung and Vural 2024). This
observation can be attributed to the breed popu-
larity in and around izmir Province under study, as
reported by Perez Alenza et al. (2000) stating that
breed predisposition can vary due to the different
canine populations used in the studies. Additionally,
the statistical relationship we found between the in-
cidences of canine mammary tumors according to
the breeds is also compatible with similar findings
of Pastor et al. (2018) who detected that breed af-
fects the development of the tumor, and of Salas et
al. (2015) who showed a certain degree of associa-
tion in some breeds.

Domestic shorthair, Persian and Siamese cat
breeds have been suggested to have a high incidence
of mammary tumors (Hayes et al., 1981; Amorim et
al., 2006; Shida et al,, 2010). In the pre-sent study,
mammary tumors were mostly diagnosed in mixed
breed cats (60.87%, 14/23) with a statistically signifi-
cant difference and less frequently in Siamese cats
(13.04%, 3/23). This finding is similar to observa-
tions of other some studies in which mammary tu-
mors were detected more frequently in mixed breed
and Siamese cats (Weijer et al,, 1972; Cunha et al.,
2017; Karabolovski et al., 2017). However, Shida et al.
(2010) have reported that Persian and Siamese cats
have high incidences of mammary tumors with sta-
tistically significant differences. In the present study,
the high incidence of mammary tumors detected in
mixed breed cats can be attributed to the fact that
they constitute the majority of the domestic and
stray cat population in and around izmir Province.
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Many studies in dogs have revealed that per-
centages of malignant mammary tumors were much
higher than benign tumors, with a prevalence var-
ying from 71.2 % to 96.15% (Vural and Aydin 2001;
Oliveira et al,, 2003; Zatloukal et al., 2005; Sontas et
al, 2009; Pawar et al., 2015; Vascellari et al., 2016;
Andrade et al, 2017; Nunes et al.,, 2018; Pastor et
al., 2018; Kuruca et al., 2019; Tunc¢ and Vural 2024).
Similarly, we also detected more frequently canine
malignant mammary tumors (77.10%, 64 cases) than
benign tumors (22.90%, 19 cases). It has been re-
ported that the high frequency of malignant mam-
mary tumors in dogs may be associated with the cri-
teria for histological evaluation of mammary tumors
or the prolonged time between the onset of the
tumor and clinical evaluation leading to the prog-
ression from benign to malignant tumors (Perez
Alenza et al., 2000; Sorenmo et al., 2009; Andrade et
al., 2017; Nunes et al.,, 2018). In addition, advanced
age is accepted as an important risk factor in the
formation of malignant tumors (Zatloukal et al.,
2005; Sorenmo et al., 2009; Vascellari et al., 2016;
Pastor et al.,, 2018). In the present study, the mean
ages of dogs with malignant and benign mammary
tumors were 9.41+0.39 and 7.94+0.80 years, res-
pectively (Table 2). This finding is consistent with the
finding of Sorenmo et al. (2009) who reported that
the average ages of dogs with malignant and be-
nign mammary tumors were 9.5 and 8.5 years, res-
pectively and also supports many studies (Moulton
et al., 1970; Sontas et al., 2009; Vascellari et al., 2016;
Nunes et al., 2018) suggesting that benign mam-
mary tumors occur 1 to 2 years earlier than malig-
nant tumors. However, in contrast to some researc-
hers (Sorenmo et al., 2009; Vascellari et al., 2016)
who reported statistically significant differences,
we did not find a significant difference between the
average ages of dogs with benign and malignant
mammary tumors, similar to the finding of Sontas
et al. (2009).

Approximately 86-95% of mammary tumors
in cats have been reported to be malignant (Hahn
and Adams 1997; Gllcubuk et al., 2005; Amorim et
al., 2006; Karabolovski et al., 2017). In the present
study, the incidence of feline malignant mammary
tumors was slightly lower (78.26%) than the repor-
ted percentages. The statistical difference we found
between the incidences of benign and malignant
mammary tumors according to the breeds in cats
may be due to the absence of malignant mammary
tumors in Persian cats.

Carcinomas and mixed tumors are the most
commonly detected mammary tumors in dogs

(Mitchell et al., 1974; Vural and Aydin 2001; Oliveira
et al., 2003; Salas et al,, 2015; Andrade et al., 2017;
Nunes et al.,, 2018; Kuruca et al,, 2019; Viana et al.,
2019). Since benign mixed mammary tumors are
composed of bening epithelial, myoepithelial and
mesenchymal cells that can undergo malignant
transformation, they often cause carcinomas and
less frequently carcinosarcomas and sarcomas in
mixed tumors (Cassali et al., 2012). Similarly, in the
present study, mixed type carcinoma was the most
frequently diagnosed malignant mammary tumor
in dogs with a rate of 51.56% (33 cases). This was
followed by tubulopapillar carcinoma (10.94%),
complex carcinoma (10.94%) and to a lesser extent
by other types of carcinomas. Benign mixed tumors
and less often adenomas are the most common di-
agnosed benign mammary tumors in dogs (Mitchell
et al,, 1974, Vural and Aydin 2001; Salas et al., 2015;
Nunes et al.,, 2018; Kuruca et al,, 2019; Viana et al.,
2019). Consistently, we also defined benign mixed
tumors and various types of adenomas in dogs,
with the percentages of 47.37% and totally 52.63%,
res-pectively. However, in this study, the percentage
of benign mixed tumors was lower than the per-
cen-tages reported by some researchers in Tirkiye
(Vural and Aydin 2001; Kuruca et al,, 2019). The ten-
dency of Terrier dogs to malignant mammary tu-
mors (Mitchell et al., 1974; Vascellari et al., 2016) and
of Cocker Spanial dogs to adenomas (Mitchell et al.,
1974) has been previously reported. Similarly, in the
present study, malignant mammary tumors were
mostly observed in Terriers, as reported by Kuruca
et al. (2019) and Tung and Vural (2024), and showed
a higher incidence between 8 and 15 years of age.
Mixed type carcinoma was detected in 68.18% of
the Terrier dogs with malignant mammary tumors,
unlike Kuruca et al. (2019) who reported that comp-
lex carcinoma and carcinosarcoma are seen more
often in Terriers. Complex adenoma was also mostly
found in Cocker Spaniels (3 cases).

In cats, the most frequently diagnosed malig-
nant and benign mammary tumors have been re-
ported as carcinomas/adenocarcinomas (Kokluslu
and Akkayan 1972; Gulcubuk et al, 2005; Amorim
et al., 2006; Shida et al.,, 2010; Karabolovski et al.,
2017) and adenomas (Giilgubuk et al., 2005; Shida
et al,, 2010; Karabolovski et al., 2017), respectively.
In compatible with these studies, tubular carcinoma
(50%) and various types of adenomas (100%) cons-
tituted the majority of feline malignant and benign
mammary tumors diagnosed in the present study,
respectively. Carcinomas were observed mostly in
mixed breed and less often in Siamese cats (Table
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4), contrary to the findings of Hayes et al. (1981)
who reported that carcinomas are seen 2 times
more frequent in Siamese cats than other breeds.
However, the Siamese breed was the only cat breed
with malignant mammary tumor at 5 years of age in
our study.

In conclusion, the present study has revealed
that mammary tumors were one of the most fre-
quently diagnosed tumors in female dogs and cats
in izmir province. The most commonly affected
breeds by mammary tumors were Terrier in dogs
and mixed breed in cats. Malignant mammary tu-
mors were observed much more often than benign
tumors. For this reason, it is of great importance to
raise awareness about mammary health and the
early diagnosis of mammary tumors among pet
owners. It is thought that this study will contribute
to the literature by providing data on canine and
feline mammary tumors.
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Abstract: Gentamicin (GM), which is in the aminoglycoside antibiotic class, is frequently preferred today in the
treatment of diseases caused by gram-negative bacteria. However, its significant side effects on liver and kidney
functions limit its clinical usefulness. The antioxidant and anti-inflammatory medical activities of eucalyptol (EUC,
1.8-cineole) have been reported in different studies. This study aimed to evaluate the effects of EUC on GM-induced
hepatotoxicity. The study groups are consisted of control (C), EUC, GM and GM + EUC, and there were 7 rats in each
group. At the end of the study, the rats were euthanized under appropriate conditions and samples were collected
and biochemical, histopathological and immunohistochemical analyzes were performed. It was determined that there
was a important increase in serum alanine aminotransferase (ALT), aspartate transferase (AST) and gamma-glutamyl
transferase (GGT) enzymes in the GM group relative to the C group (p<0.001). GM application is determined that
it caused histopathological damage in livers. Additionally, immunohistochemically, it caused an important increase
in the expressions of 4-hydroxynonenal (4-HNE), 8-hydroxy-2'-deoxyguanosine (8-OHdG) and malondialdehyde
(MDA) in rats in the GM group relative to the C group (p<0.001). Eucalyptol application (GM+EUC) regulated
the increase in serum ALT, AST and GGT enzymes. It also attenuated 4-HNE, 8-OHdG and MDA expressions. It
attenuated the histopathological damage caused by GM application. The results of this study revealed that EUC
showed antioxidative, protective and curative efficacy in GM-induced liver damage.

Keywords: eucalyptol (1.8-cineole), gentamicin, hepatotoxicity, MDA, 8-OHdG

Okaliptol (1.8-sineol) Gentamisin kaynakl karaciger hasarini hafifletir

Ozet: Aminoglikozid antibiyotik sinifinda yer alan gentamisin (GM), gram negatif bakterilere bagl hastaliklarin
tedavisinde gliniimuzde siklikla tercih edilmektedir. Ancak karaciger ve bébrek fonksiyonlar lizerine belirgin yan
etkilerinin olmasi klinik yararliligini sinirlamaktadir. Okaliptoliin (OKA, 1.8-sineol) antioksidan ve antiinflamatuar tibbi
aktiviteleri farkli calismalarda bildirilmistir. Bu ¢alismada GM kaynakli hepatotoksisite tizerine OKA'nin etkilerinin
degerlendirilmesi amaclanmistir. Calisma gruplarn kontrol (K), OKA, GM ve GM + OKAdan olusmaktaydi ve her
grupta 7 rat bulunmaktaydi. Calismanin sonunda ratlar uygun kosullar altinda 6tenazi edilerek érnekler toplandi ve
biyokimyasal, histopatolojik ve immiinohistokimyasal analizleri yapildi. GM grubunda serum alanin aminotransferaz
(ALT), aspartat aminotransferaz (AST) ve gama-glutamil transferaz (GGT) enzimlerinde K grubuna kiyasla anlamli artis
oldugu belirlendi (p<0.001). GM uygulamasinin karacigerlerde histopatolojik hasara neden oldugu belirlendi. Ayrica
immunohistokimyasal olarak GM grubundaki ratlarda K grubuna kiyasla 4-hidroksinonenal (4-HNE), 8-hidroksi-
2'-deoksiguanozin (8-OHdG) ve malondialdehit (MDA) ekspresyonlarinda anlamli artisa neden oldu (p<0.001).
Okaliptol uygulamasi (GM+OKA) serum ALT, AST ve GGT enzimlerindeki artisi diizenledi. Ayrica 4-HNE, 8-OHdG ve
MDA ekspresyonlarini azaltti. GM uygulamasinin neden oldugu histopatolojik hasari azaltti. Bu calismanin sonuclari
OKA'nin GM kaynakli karaciger hasarinda antioksidan, koruyucu ve tedavi edici etkinlik gésterdigini ortaya koydu.

Anahtar kelimeler: gentamisin, hepatotoksisite, MDA, okaliptol (1.8-sineol), 8-OHdG

Introduction otics prevent many problems caused by infection.

One of the drug classes frequently used in the However, antibiotics can damage various organs
treatment of diseases today is antibiotics. Antibi- such as skin, kidney, liver, brain, mouth, etc. Amino-
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glycoside antibiotics have been used as antibacte-
rial treatment for many years. Aminoglycosides are
defined as a class of antibiotics that consists of at
least 2 amino sugars and are used to treat gram (-)
bacteria. Following treatment with aminoglycoside
antibiotics, approximately 5-10% of patients may
experience ototoxicity, nephrotoxicity, and hepato-
toxicity side effects (Mahi-Birjand et al.,, 2020; Thy et
al.2023; Lang et al.2023)

Gentamicin (GM), whichisin the aminoglycoside
antibiotic class, is frequently preferred today in the
treatment of diseases caused by gram-negative
bacteria. However, its notable side effects on liver
and kidney functions limit its clinical usefulness
(Yarijani et al, 2019; Babaeenezhad et al, 2021;
Akcakavak et al, 2024). The liver and kidneys are
particularly sensitive to drug toxicity because they
play important roles in normal homeostasis in
detoxification and excretion of drugs and their
metabolites. Currently, the exact mechanism of
GM hepato and nephrotoxicity have not been fully
clarified. Diffe-rent hypotheses have been proposed
in many stu-dies and oxidative stress is the most
emphasized in GM hepato and nephrotoxicity
(Galaly et al., 2014; Laaroussi et al., 2021). Because
reactive oxygen species (ROS) and other free radicals
are suggested to be one of the important mediators
of GM toxicity (Banday et al, 2008). Different
studies have shown that GM stimulates excessive
production of ROS metabolites, affecting different
processes including lipid peroxidation, protein
oxidation and DNA damage, leading to necrosis and
cellular damage. In addition, excessive production
of free radicals causes activation of nitrosative
tissue stress, modulation of the caspase family and
upregulation of the inflammatory process (Morales
et al.,, 2002; Sanchez-Gonzalez et al., 2011; Ali et al,,
2020; Bulboaca et al., 2022).

Eucalyptol (EUC, 1.8-cineole), a saturated
monoterpene, is obtained from botanical sources
such as eucalyptus, camphor and rosemary. EUC
is known as the main active ingredient of eucalyp-
tus essential oils. EUC has a long history of use in
traditional medicine. It is also frequently used in
food, fragrance and cosmetics due to its taste and
aroma (Galan et al., 2020; Hoch et al., 2023). EUC
has a number of medical effects including antimi-
crobial, anti-inflammatory, antioxidant, analgesic
and bronchodilator (Galan et al., 2020; Cai et al.,
2021; Kazak, 2022; Akcakavak, et al., 2024, Kazak et
al., 2024a; Kazak et al., 2024b). It has been reported
in various studies that EUC shows highly effective
free radical scavenging activity and has the ability to

defend cells from oxidative damage by neutralizing
ROS (Raskovi¢ et al,, 2014; Ryu et al.,, 2014). Ryu et
al. 2014 stated that EUC significantly reduced ROS
overproduction in patients with ischemic stroke.
In an experimental arthritis study in rats, EUC ad-
ministration was reported to reduce the levels of
proinflammatory cytokines (Igbal et al. 2024). In a
lead acetate-induced liver injury study, it was stated
that EUC could prevent damage by reducing inflam-
mation and oxidative stress (Abdollahi et al.2024).
It is also reported that EUC has an inhibitory effect
against lipid peroxidation (Moon et al.,, 2014; Hsou-
na et al., 2019).

Medicinal plants have been widely used to treat
many diseases since ancient times. Today, the use of
herbal supplements has a special importance in the
treatment of liver diseases due to their numerous
properties and low side effects. EUC, a saturated
monoterpene, is obtained from botanical sources
such as eucalyptus, camphor and rosemary (Galan
et al,, 2020, Cai et al,, 2021). Recently, many experi-
mental researches are being conducted to prevent
and/or treat GM-induced hepatoxicity using diffe-
rent agents (Babaeenezhad et al,, 2021; Mirazi et al.,
2021; Ogundipe et al., 2021). The main purpose of
these studies is to find new, effective and safer an-
tioxidant compounds that can prevent and/or treat
GM-induced hepatotoxicity. EUC may be an impor-
tant candidate due to a number of medicinal effects
such as anti-inflammatory, antioxidant, antimicrobi-
al, analgesic. Although there are studies in the lite-
rature evaluating the effects of EUC on hepatotoxi-
city induced by different agents, no study evaluating
its effectiveness on GM-induced hepatotoxicity was
found. The aim of the present study was to evalua-
te the effect of EUC on GM-induced hepatotoxicity
by determining histopathological damage, hepatic
functional enzymes, and lipid peroxidation markers
in the tissue.

Materials and methods

Animals

The material for the study consisted of 28 female
Wistar Albino rats weighing 300-400 g. The rats
were housed in standard plastic cages, at room
temperature of 20-22°C, in 12 hours of light and 12
hours of darkness, and were fed ad libitum.

Experimental procedure

Rats were randomly divided into 4 groups, 7 in each
group; control (C), EUC, GM, GM+EUC. GM was
implemented as a single dose of 100 mg/kg intra-
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peritoneal (i.p.) for 10 consecutive days of the study.
EUC solution was implemented by oral gavage at
100 mg/kg for 10 consecutive days. EUC solution
was prepared relative to the previously stated study
(Akcakavak et al., 2024). In addition, the vehicle so-
lution was administered to C and GM groups by
oral gavage for 10 consecutive days throughout the
experimental period. On the 11" day of the study,
intracardiac blood was taken from the experimental
animals under xylazine and ketamine (10-90 mg/kg)
anesthesia, and the animals were sacrificed. After-
wards, the liver tissues of the necropsied rats were
placed in 10% neutral formaldehyde solution for
histopathological and immunohistochemical exa-
minations.

Determination of serum biochemical parameters

Blood samples taken under anesthesia were centri-
fuged at 5000 rpm for 15 minutes at 4°C. The ob-
tained sera were transferred to cryotubes and stored
at -80°C. Liver function was evaluated via measure-
ment of ALT, AST and GGT activities in serum using
autoanalyzer (AU5800, Beckman Coulter, Japan) and
commercial kits.

Histopathological examination

Liver tissues taken following necropsy were fixed
in 10% neutral formaldehyde solution. Then, for-
maldehyde was removed by washing and passed
through graded alcohols (70°, 80°, 90°, 100°) and
xylene steps, respectively. Afterwards, the relevant
liver tissues were embedded in paraffin. Sections
were taken from paraffin blocks onto ground slides
and stained with Hematoxylin-Eosin (H-E). Histo-
pathological evaluation was performed semi-quan-
titatively in 10 different fields at x20 magnification
(0; none, 1; mild, 2; moderate, 3; severe).

Immunohistochemical examination

4-5 pm sections were taken from paraffin blocks
onto adhesive slides. The sections were subjected to

paraffin extraction and rehydration processes. Im-
munohistochemical staining was performed using
a commercial kit according to the previously stated
method (Akcakavak et al.,, 2023). 8-OHdG (8-hyd-
roxy-2'-deoxyguanosine, Santa Cruz Biotechno-
logy, sc-393871, 1/200 dilution, 1 hour incubation),
4-HNE (4-Hydroxynonenal, Abcam, ab46545, 1/200
dilution, 1 hour incubation), MDA (Malondialdehy-
de, Abcam, ab6463 1/1000 dilution, 1 hour incubati-
on) antibodies were used as primers. 3. 3'-diamino-
benzidine (DAB) was used as a chromogen and was
examined under light microscopy after counterstai-
ning with Mayers hematoxylin. Immunohistochemi-
cal scoring was performed semi-quantitatively (0;
none, 1; mild, 2; moderate, 3; severe)(Akcakavak et
al., 2024).

Statistical analysis

The statistical program SPSS (Inc., Chicago, USA
25.0) was used to analyse the obtained data. The
biochemical, histopathological and immunohisto-
chemical findings obtained in the study were evalu-
ated using One-way ANOVA and Duncan'’s test as
post-hoc test. p<0.05 was used as the significance
limit.

Results

Serum biochemical findings

Serum biochemical findings of the groups regarding
liver function tests are presented in Table 1. The
activities of the ALT, AST and GGT enzymes in the
GM group were 2.1, 1.7 and 2.2. fold respectively
higher than those of the C group (p<0.001). The
activities of the ALT, AST and GGT enzymes in the
GM+EUC group significantly decreased (0.7, 0.8
and 0.7 fold, respectively) compared with the GM
group, although the activities of the ALT, AST and
GGT enzymes in the GM+EUC group significantly
increased (1.4, 1.3 and 1.6 fold, respectively) relative
to C group (p<0.001).

Table 1. The impacts of EUC on the activities of ALT, AST, and GGT in rat liver, intact and with GM-induced liver injury

(Mean=SE, n;7)

Liver function tests C EUC GM GM+EUC
ALT (ul/l) 35.83+1.67¢ 39.62+2.94¢ 75.83+£1.832 52.34+2.09°
AST (ul/l) 90.33+3.57¢ 93.50+2.86¢ 152.17+5.492 121.00+2.90°
GGT (ul/l) 4.50+0.56¢ 4.67+0.42¢ 9.83+£1.37° 7.10+0.60°

a<|ndicates statistical significance between groups in the same line (p<0.001). (ALT; alanine aminotransferase, AST; aspartate transfer-
ase, GGT; gamma-glutamyl transferase, C; Control, EUC; eucalyptol, GM; gentamicin, GM+EUC: gentamicin+eucalyptol)
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Histopathological results

Histopathological statistical scores of the groups are  to the GM group (p<0.001). In addition, bile duct
give in Table 2. C and EUC groups showed normal  proliferation, inflammatory cell infiltration and sinu-
histology (Figure 1.A-B). Degeneration and necrosis  soidal dilatation were seen in the GM and GM+EUC
were detected in hepatocytes in GM and GM+EUC  groups (Figure 1.C-E). The GM+EUC group signifi-
groups. Especially degenerative and necrotic chan-  cantly reduced the relevant disorders relative to the
ges were localized in the centrilobular region (Figu-  GM group (p<0.001). Moreover, hemorrhage foci
re 1.C-E). Degeneration and necrosis scores were were detected in places in the GM and GM+EUC
significantly reduced in the GM+EUC group relative  groups.

Table 2. Histopathological scores between groups (Mean+SE, n;7)

Histopathological lesion C EUC GM GM+EUC
Degeneration of hepatocytes 0.50+0.22¢ 0.67+0.21¢ 3.17+0.172 2.17+0.17°
Necrosis of hepatocytes 0.33+0.21¢ 0.50+0.22¢ 2.83+0.172 1.83+0.30°
Inflammatory cell infiltration 0.33+0.21¢ 0.33+0.21¢ 2.67+0.212 1.67+0.33°
Bile duct proliferation 0.50+0.22¢ 0.50+0.22¢ 2.33+0.33° 1.33+0.21°
Sinusoidal dilatation 0.67+0.21¢ 0.83+0.17¢ 2.5+0.22° 1.67+0.21°

@< |ndicates statistical significance between groups in the same line (p<0.001). (C; Control, EUC; eucalyptol, GM; gentamicin,
GM+EUC: gentamicin+eucalyptol)

Immunohistochemical results increased in the GM group compared to the C group

The immunohistochemical scores of the groups (p<0.001), and immunopositivity was prevalent in

are given in Table 3. In the C and EUC groups, im- the centrilobular regions (Figure 2). The GM+EUC
munopositivity was mild or absent for the relevant ~ 9"0UP was found to have significantly reduced im-
primers (8‘OHdG, 4-HNE and MDA) 8'OHdG, mUnOpOSIthlty (8-OHdG, 4-HNE and MDA) relative

4-HNE and MDA immunopositivity was significantly to the GM group (p<0.007).

Table 3. Immunohistochemical scores between groups (Mean+SE, n;7)

Primers C EUC GM GM+EUC
4-HNE 0.17+0.17¢ 0.33+0.21¢ 2.67+0.212 1.83+0.17°
8-OHdG 0.00+0.00¢ 0.17+0.17¢ 2.83+0.172 2.00+0.25°
MDA 0.17+0.17¢ 0.33+0.21¢ 2.67+0.212 1.83+0.30°

a-c Indicates statistical significance between groups in the same line (p<0.001). (MDA; malondialdehyde, 8-OHdG; 8-hydroxy-2'-
deoxyguanosine, 4-HNE; 4-Hydroxynonenal, C; Control, EUC; eucalyptol, GM; gentamicin, GM+EUC: gentamicin+eucalyptol)
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Figure 1. Histopathological examination between groups, Hematoxylin-Eosin, A; C group, B; EUC group,
C-D; GM group, E; GM+EUC group. (Degeneration in hepatocytes (stars), necrosis (black arrows), inflam-
matory cell infiltration (blue arrows), sinuosidal dilatation (arrowheads), C; Control, EUC; eucalyptol, GM,;
gentamicin, GM+EUC; gentamicin+eucalyptol)
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Figure 2. Immunohistochemical examination between groups (DAB), (4-HNE; 4-Hydroxynonenal,
8-OHdG; 8-hydroxy-2'-deoxyguanosine, MDA; malondialdehyde, C; Control, EUC; eucalyptol, GM; genta-

micin, GM+EUC; gentamicin+eucalyptol)

Discussion

Although the effects of many phytochemical com-
ponents on GM-induced liver toxicity have been
evaluated, no study evaluating the effect of EUC
on hepatoxicity has been found. Present study, we
aimed to evaluate the effects of EUC (100 mg/kg, 10
consecutive days) on liver damage induced by GM
(100 mg/kg, 10 consecutive days) in rats. The cur-
rent biochemical, histopathological and immuno-
histochemical findings showed that GM administra-
tion caused liver hepatoxicity and that the changes
related to hepatoxicity could be prevented with si-
multaneous administration of EUC with GM.

Oxidative stress is a condition that occurs when
the balance between free radicals and antioxidants
in normal homeostasis is disrupted. Antioxidants
are defined as protective systems that protect cells
against the damaging effects of free radicals. It is
known that suppression of the antioxidant system
for various reasons can lead to a wide variety of
pathological conditions, including liver damage.
Gentamicin reduces the activity of antioxidant en-
zymes such as CAT, GPx and SOD in cells, causing
the redox system to deteriorate and the formation

of free radicals (Durackova, 2010; Randjelovic et
al.2017; Laaroussi et al., 2021; Bulboaca et al., 2022).

AST is present in both hepatocyte cytosol and
hepatocyte mitochondria while ALT exists preva-
lently in the hepatocyte cytosol. The release of these
enzymes from hepatocytes is largely due to hepa-
tocellular injury (Zoppini et al.,, 2016). The enzyme
GGT is also associated with hepatitis and biliary tract
obstruction (Ibraheem et al.,, 2021). Literature reve-
aled that GM may directly lead to hepatotoxicity in
rats through oxidative stress and apoptosis and fi-
nally cause the elevation of the serum activities of
ALT, AST and GGT. It has been found that GM inc-
reased ALT, AST and GGT activities in rats (Yarijani
et al,, 2019; Babaeenezhad et al,, 2021; Ibraheem et
al., 2021; Bulboaca et al., 2022). In keeping with such
findings, the present study demonstrated that GM
caused liver damage as shown by important incre-
ases in serum ALT, AST and GGT activities. Thus, the
elevation of ALT, AST and GGT in GM administered
animals can imply the injury of liver cytoarchitectu-
re and hepatic cell integrity, linked to microsomal
membrane fluidity, mitochondrial dysfunction, and
free radical generation. In addition, the activities
of the ALT, AST and GGT enzymes in serum of the
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groups that received GM and EUC importantly re-
duced, which indicates the protective effect of EUC
against hepatotoxicity induced by GM.

GM is often prescribed to treat bacterial con-
junctivitis, sepsis, endocarditis, and infections cau-
sed by gram-negative bacteria (Chen et al,, 2014).
Although it has many beneficial effects, it increases
ROS levels by inhibiting enzymatic and non-enzy-
matic antioxidants in the liver. Thus, in addition to
increasing oxidative stress, it causes liver damage by
causing damage to lipids, nucleic acids and cellu-
lar proteins in the membrane (Laaroussi et al., 2021;
Ogundipe et al., 2021). Galan et al. (2014) detected
histopathologically degeneration, steatosis, con-
gestion, inflammatory cell infiltration and bile duct
proliferation in liver injury induced by GM in rats.
In another study examining liver damage due to
GM, histopathological findings included steatosis,
congestion, inflammatory cell infiltration, sinusoid
dilatation, and an increase in the number of Kupf-
fer cells (Al-Khamas et al. 2020). In another study,
degeneration, necrosis and sinusoid dilatation were
detected histopathologically in GM-induced liver
damage (Wijayanti et al.,2023). When the histopat-
hological findings of the current study were evalua-
ted, it was seen that the histopathological changes
observed in the GM group were consistent with the
findings of previous studies. It is thought that the
finding of degeneration and necrosis in the centrilo-
bular region (Figure 1), especially in the GM group,
may be because of the increase in ROS levels for GM
application and the subsequent oxidative stress.

It was determined that GM-induced histopath-
ological damage was reduced when EUC was ad-
ministered together with GM. It has been reported
in various studies that EUC shows highly effective
free radical scavenging activity and has the ability
to protect cells from oxidative damage by neutra-
lizing ROS (Raskovi¢ et al., 2014; Galan et al., 2020;
Akcakavak et al., 2024). EUC is suggested that it ex-
hibits its antioxidant and anti-inflammatory medical
activities through manipulations on Nrf2 and NF-
kB pathways. Research in the literature reports that
EUC causes upregulation of the Nrf2 transcription
factor and downregulation of the NF-kB pathway,
thus exhibiting strong antioxidant and anti-inflam-
matory bioactivities (Cai et al., 2021; Venkataraman
et al, 2023; Akcakavak et al., 2024; Igbal et al., 2024).
The current study shows that EUC administration
can prevent the upregulation of oxidative stress and
inflammatory processes that occur with GM admi-
nistration and thus reduce liver damage. In addition,
the fact that EUC down-regulated pro-inflamatory

cytokine levels in previous studies further strengt-
hened our idea (Akcakavak et al., 2023; Akcakavak
et al, 2024; Igbal et al., 2024).

Excessive formation of ROS due to chemical
toxicity causes oxidative damage to DNA. This
situation contributes to the formation of 8-OHdG,
which is the most crucial effect of DNA damage.
8-OHdG has been commonly assesed as a
biomarker of oxidative DNA damage in recent
years (Graille et al, 2020; Akcakavak et al., 2023).
Another oxidative reaction induced by excessive
ROS levels is lipid peroxidation. 4-HNE and MDA
are known as the cytotoxic end products of lipid
peroxidation (Yang et al., 2003; Ayala et al., 2014). In
the literature, it is reported that causes upregulation
of 4-HNE, 8-OHdG and MDA in different GM-
induced toxicity studies (Aycan-Ustyol et al., 2017;
Cui et al, 2019; Mohammed et al, 2019; Ince et
al., 2020). In the present study, higher expressions
of 4-HNE, 8-OHdG and MDA were detected in
the GM group relative to the control groups and
were consistent with the literature (Figure 2).
Present findings showed that GM (100 mg/kg, 10
consecutive days) administration caused oxidative
DNA damage and lipid peroxidation. GM and EUC
administration provided protection against GM-
induced hepatotoxicity by reducing the expressions
of 4-HNE, 8-OHdG and MDA relative to the GM only
group.

In conclusion, it has been determined that GM
application causes complications characterized by
degeneration and necrosis in hepatocytes, inflam-
matory cell infiltration, bile duct hyperplasia and si-
nusoidal dilatation, and this structural and cellular
damage in the liver causes an increase in serum liver
enzymes. The current study shows that EUC admi-
nistered simultaneously with GM plays a protective/
curative role in reducing GM-induced liver damage
by suppressing liver function tests (AST, ALP, GGT),
histopathological changes and 8-OHdG, 4-HNE and
MDA expressions. These results suggest that EUC
may be a promising candidate for clinical drug de-
velopment in GM-induced liver damage.
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Abstract: Neosporosis is an infectious disease caused by the Neospora caninum, which leads to abortions in cattle.
It causes significant economic losses in both global livestock farming and has recently become one of the leading
causes of abortions. This study aims to determine the prevalence of Neospora infection in aborted fetuses from 136
cattle in enterprises where large-scale cattle farming is intensively practiced in the Central Black Sea Region (Amasya,
Samsun, and Tokat provinces). For the diagnosis of N. caninum, DNA isolation was performed aborted fetuses,
and these samples were subsequently analyzed using the PCR test method. According to the results obtained, N.
caninum was found in 3 out of 136 aborted fetuses. In conclusion, this study conducted on cattle in the Central Black
Sea Region detected the presence of Neospora caninum in aborted fetal samples at a rate of 2.2%. These findings
indicate that N. caninum should not be overlooked in future studies involving aborted fetal samples. Conducting
comprehensive research on the definitive hosts of the parasite will play a crucial role in controlling neosporosis and
contribute to the development of effective strategies to prevent the spread of the disease.

Keywords: Cattle, Central Black Sea, Fetus, Neosporosis, PCR

Orta Karadeniz Bolgesindeki sigir fetiislerinde
Neospora caninum’un PCR ile belirlenmesi

Ozet: Neosporozis, Neospora caninum’un neden oldugu, sigirlarda aborta neden olan enfeksiydz bir hastaliktir.
Hastalik, biyikbas hayvan yetistiriciliginde énemli ekonomik kayiplara neden olmakta ve son yillarda abortlarin
baslica nedenleri arasinda yer almaktadir. Bu ¢alisma, Orta Karadeniz Bolgesinde (Amasya, Samsun ve Tokat illeri)
buylkbas hayvanciligin yogun olarak yapildigi isletmelerde abort yapan 136 sidira ait atik fetlslerde Neospora
sp. varligint ve prevalansini belirlemeyi hedeflemektedir. Neospora caninum'un teshisi icin atik fetlslerden DNA
izolasyonu yapilmis ve ardindan bu érnekler PCR test yontemi ile analiz edilmistir. Elde edilen sonuglar dogrultusunda,
136 sigira ait atik fetUslerden 3'linde N. caninum’a rastlanmistir. Sonug olarak, Orta Karadeniz Bolgesindeki sigirlarda
gerceklestirilen bu calismada aborte fetlis numunelerinde N. caninum’un varligi %2.2 oraninda tespit edilmistir.
Bu bulgular, aborte fetlis numuneleri ile yapilacak gelecekteki calismalarda N. caninum'un g6z ardi edilmemesi
gerektigini gostermektedir. Parazitin son konaklariyla ilgili kapsamli arastirmalarin yiritilmesi, neosporosisin
kontroliinde 6nemli bir rol oynayacak ve hastaligin yayilmasini engellemeye yonelik etkili stratejiler gelistiriimesine
katki saglayacaktir.

Anahtar kelimeler: Fetls, Neosporozis, Orta Karadeniz, PCR, Sigir

Introduction

Neosporosis is a disease caused by the protozoan
Neospora caninum, which has a two-host heteroxe-
nous life cycle. This disease can lead to clinical signs
in various animal species, especially cattle and dogs.
Neosporosis is recognized as a parasitic factor cau-
sing abortions in both wild and domestic animal
species worldwide, particularly in cattle (Dubey et al.
2007; Kaltungo and Musa 2013). Transplacental in-
fection in cattle is an important source of transmis-
sion for the parasite; however, the primary route of
infection occurs through the oral intake of oocysts

shed in dog feces (McAllister et al. 1998). The preva-
lence of N. caninum is attributed to the consump-
tion of placental, aborted fetal, or uterine debris by
dogs, which serves as a source of postnatal infec-
tion (Davison et al. 2001; Schares et al. 2002; Dubey
2003; Toolan 2003; Salehi et al. 2009; Goodswen et
al. 2013). The presence of definitive host dogs in
areas where cattle are kept and the contamination
of feed and water with their feces are believed to
contribute to the spread of infection (Dijkstra et al.
2002; Dubey et al. 2007).
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In the diagnosis of N. caninum infection, vari-
ous serological and molecular tests, along with his-
topathological and immunopathological examina-
tions using light and electron microscopy, can be
employed. These methods are important tools for
accurately diagnosing the infection and gaining
more insight into the pathogenesis of the disease
(Barber et al. 1995; Lally et al. 1996; Ortega-Mora
et al. 2006; Lindsay and Dubey 2020). The determi-
nation of N. caninum-specific antibodies in cattle
is typically preferred through serological methods
(Dubey and Schares 2006). An observed increase in
antibody titers during mid-pregnancy in seroposi-
tive animals is considered an indication of reactiva-
tion of latent infection (Lindsay and Dubey 2020).
Neosporosis has been associated with abortion in
seropositive animals (Anderson et al. 2000; Dubey
2003; Acicl et al. 2019). However, it has been ob-
served that approximately 95% of calves born to se-
ropositive cows are clinically normal despite being
congenitally infected (Dubey 1999a; Quintanilla et
al. 2000; Dubey 2003). The most effective method
for controlling the disease is the culling of infected
animals once a definitive diagnosis has been made
(Reichel et al. 2013). Nevertheless, the absence of
clinical signs in infected cattle other than abortion
complicates the diagnosis of the disease (Barber et
al. 1995).

Neosporosis represents a significant parasi-
tic threat to cattle populations, with a high preva-
lence reported globally. This disease is responsible
for considerable economic losses (McAllister et al.
1998; Trees et al. 1999; McAllister et al. 2000). The
prevalence of N. caninum varies by region: 3.4% to
36.2% in Africa Ayinmode et al. (2017), Abdeltif et
al. (2022); 37.5% to 70% in northeast Thailand Kas-
hiwazaki et al. (2001); 0.5% to 3.9% in the Czech Re-
public Vaclavek et al. (2007), Bartova et al. (2015);
4.1% in Germany and France Dubey et al. (2007);
2.7% to 44.4% in Australia Dubey et al. (2007), Nasir
et al. (2012); 23.6% to 91.2% in Brazilian Ragozo et
al. (2003), Guedes et al. (2008) and 5.2% in North
Dakotato Khaitsa et al. (2006). In Tirkiye, serologi-
cal studies have reported the seroprevalence of ne-
osporosis in cattle to be between 2% and 37.2% (Bi-
yikoglu et al. 2001; Aktas et al. 2005; Piskin and Utiik
2009; Kasap et al. 2020; Bulut et al. 2021; Kése et al.
2021; Kula and Gokpinar 2021). While some studies
exist on the prevalence of the disease in Turkiye, they
seem insufficient considering the cattle population
in the country. Regularly conducted parasitological
studies at specific intervals would particularly help
in determining the prevalence of the disease. The

objective of this study is to ascertain the prevalence
of neosporosis in abortion cases in the provinces of
Amasya, Samsun, and Tokat, where extensive cattle
farming is the predominant practice.

Materials and Methods

Collection of fetal samples

The samples used in this study were obtained from
the abortions of cattle sent for routine diagnosis to
the Samsun Veterinary Control Institute from Amas-
ya (n=16), Samsun (n=80), and Tokat (n=40) pro-
vinces. The organ samples taken from these calves
were delivered to the Parasitology Laboratory in
sterile containers, numbered and stored at -20°C
until analysis. The provinces from where the fetal
samples were sent are shown in Figure 1.

Figure 1. The provinces from where the fetal samp-
les were taken for analysis regarding Neospora cani-
num

This study aimed to determine the prevalence
of Neospora infection in aborted fetal tissues (lung,
heart, liver, spleen, and stomach contents) from 136
cattle that were aborted in the provinces of Amasya,
Samsun, and Tokat, located in the Central Black Sea
Region. Approximately 25 mg tissue pieces (lung,
heart, liver, spleen, and stomach contents) were
taken from each fetal sample and transferred to 7
mL cryo-tubes, followed by the addition of 3 mL
of PBS. The samples were homogenized in an au-
tomatic homogenization device (Bead Ruptor Elite,
Bead Mill Homogenizer, SKU 19-042E, OMNI Inter-
national, USA) at 7000 rpm for 1 minute. Following
homogenization, the samples were centrifuged at
+4°C at 4000 rpm for 10 minutes, and 100 pL of the
supernatant was taken for DNA extraction accor-
ding to the manufacturer’s protocol (Genomic DNA
Mini Kit/Invitrogen). Specific primers for Neospora
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caninum, Np6/Np21 primers (5'-GGG TGT GCG TCC
AAT CCT GTA AC-3', 5'-CTC GCC AGT CAA CCT ACG
TCT TCT-3") were used for PCR (Kamali et al. 2014).
The PCR mixture was prepared in a total volume of
25 L, consisting of 2.5 pL Dream Taq buffer, 0.5 pL
dNTP Mix (10 mM), 0.8 pL of each primer (10 pmol),
0.4 pL Dream Taq DNA polymerase (5 U/uL), and 15
L sterile distilled water, with 5 pL of template DNA
added to reach a total volume of 20 pL. The PCR
mixture was placed in a thermal cycler with the fol-
lowing amplification conditions: an initial denatu-
ration at 94°C for 7 minutes, followed by 35 cycles
consisting of denaturation at 94°C for 1 minute, an-
nealing at 60°C for 1 minute, and extension at 72°C
for 1 minute. The process concluded with a final ex-
tension step at 72°C for 7 minutes. Subsequently,
the amplified PCR products were subjected to elec-
trophoresis in a 1% agarose gel stained with 0.05%
ethidium bromide (5 mg/mL) at 90 V and 100 mA
for 50 minutes, and the presence of DNA bands was
visualized under UV light using a gel imaging de-
vice. A PCR product showing a band of 337 bp was
considered positive.

Statistical analysis

The frequencies of aborted fetal samples from 136
cattle between 2018 and 2020 were analyzed and
summarized in a frequency table 1.

Results

As a result of this study, 136 aborted fetal samples
from cattle were analyzed using Polymerase Chain
Reaction (PCR), and Neospora caninum was detec-
ted in 3 samples (2.2%). Of the 80 samples from
Samsun, 2 (2.5%) were positive, and of the 40 samp-
les from Tokat, 1 (2.5%) was positive. No N. caninum
was found in any of the 16 samples from Amasya.
The number of samples collected by province and
the positivity status are presented in Table 1.

Table 1. Distribution of cattle abortion materials in this study
according to provinces and results.

Provinces Taken samples Positive Negative
Amasya 16 0 16
Samsun 80 2 78
Tokat 40 1 39
Total 136 3 133

The PCR image of the N. caninum abortion
samples is shown in Figure 2.

Figure 2: For Neospora caninum, PCR analysis of
the samples showed specific banding at 337 bp.
M: Molecular weight marker (100 bp ladder), PC:
Positive control, NC: Negative control, 1,8: Positive
samples, 2-7: Negative samples

Discussion and Conclusion

Neosporosis is one of the most important para-
sitic causes of cattle abortions, widely observed
both globally and in Tirkiye, leading to significant
economic losses. N. caninum is a parasite with a
broad host spectrum and can cause infections in
many domestic and wild animals, particularly cattle.
This situation increases the impact of N. caninum
on both livestock farming and natural ecosystems,
resulting in serious economic losses. The diversity
of hosts facilitates the spread of the parasite and
complicates its control. Therefore, the prevention
and management of N. caninum infections are cru-
cial for animal health and productivity (McAllister et
al. 1998; Dubey 1999b; Dubey et al. 2007; Senturk et
al. 2020). Congenital infections associated with N.
caninum can lead to abortions, stillbirths, and the
birth of clinically or subclinically infected calves at
different stages of pregnancy. This situation poses
a significant problem for cattle breeding and causes
economic losses. Since the timing of these infecti-
ons has a decisive impact on animal health and pro-
ductivity, careful monitoring and management are
required (Innes et al. 2007). One of the main reasons
for abortions caused by N. caninum is the presence
of definitive host dogs on farms. The presence of
these dogs in the same environment as cattle fa-
cilitates the contamination of feed and water sour-
ces with feces from canids, thereby promoting the
spread of infection (Dubey et al. 2007; Kaltungo and
Musa 2013).
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Abortions related to neosporosis can occur in
any season of the year (Anderson et al. 1991; Moen
and Wouda 1995; Thurmond et al. 1995). Numerous
studies using various serological methods have been
conducted on cattle in different countries around the
world. The prevalence of N. caninum has varied, with
rates of 56.9% in Argentina Campero et al. (1998),
0.5% to 3.9% in the Czech Republic Vaclavek et al.
(2007), Bartova et al. (2015); 12.5% in Wales and
England Davison et al. (1999); 36.8% in Spain Quin-
tanilla-Gozala et al. (1999), 15.6% in Poland Cabaj et
al. (2000), and 10.7% in Sudan (Ibrahim et al. 2012).
In Tirkiye, a study by Eski and Utiik covering N. ca-
ninum seroprevalence research up to 2018 reported
an average prevalence of 13.06% (1023/7830) in
cattle. Similarly, a study conducted by Demir et al.
in 2020 reviewed all serological studies on cattle in
Turkiye and reported an average seroprevalence of
14.7% (1672/11,373) for N. caninum.

Globally, PCR diagnostic studies for Neospora
caninum in aborted cattle fetuses have been con-
ducted. Sager et al. (2001) reported 21% positivity
in 58 out of 242 samples in Sweden, while Sadre-
bazzaz et al. (2004) found N. caninum in 33% of 12
aborted fetuses in Iran. In Brazil, Cabral et al. (2009)
detected N. caninum in 6.7% of 105 aborted fetuses,
and Suteu et al. (2012) found 38.9% positivity in 21
aborted fetal samples. Macedo et al. (2017) detec-
ted N. caninum DNA in 38.8% of 14 tissue samples
from 35 aborted fetuses. In Tirkiye, PCR studies on
aborted calf fetuses have reported varying results;
Ozkaraca et al. (2017) found N. caninum in 25.49%
of 102 aborted fetuses in Elazi§, while Agic et al.
(2019) reported a 49.4% positivity rate in 44 abor-
ted fetuses from 89 farms using Real-time PCR. In
Senel (2022) doctoral thesis, which investigated N.
caninum in the Marmara Region, DNA from bra-
in, heart, liver, lung, spleen, and kidney tissues of
84 aborted samples revealed N. caninum DNA in
26.19% of cases. Additionally, a study by irehan et
al. (2022) detected N. caninum in 8 out of 30 abor-
ted fetuses using Real-time PCR, with only two of
these also testing positive by conventional PCR. The
lower positivity rate found in our study (2.2%) com-
pared to the 49.4% reported by Acici et al. (2019)
could be attributed to the lower detection rate of
conventional PCR. Furthermore, the lower prevalen-
ce of N. caninum in the Central Black Sea Region
compared to previous studies may be explained by
the high level of integrated farming practices in the
provinces where this study was conducted and the
minimization of contact between cattle and uncont-
rolled dogs.

The type of cattle farming systems and mana-
gement strategies are significant risk factors influ-
encing the prevalence of N. caninum. Studies have
shown that the seroprevalence of N. caninum is
lower in integrated farms compared to rural family
farms. It has been noted that cattle in rural family
farms are more exposed to uncontrolled dogs, and
those cattle that come into contact with these dogs
carry a higher risk of infection (Ocal et al. 2014; Noori
et al. 2019). The variability in results from PCR studies
for N. caninum diagnosis conducted globally and in
our country may stem from differences in regions,
cattle breeds and rearing conditions, sample sizes,
types and quantities of examined tissues, parasitic
load, the presence of risk factors associated with N.
caninum, and the different tests used. Therefore, the
presence of definitive host dogs in areas where cattle
are located, which can contaminate feed and water
with their feces, is thought to play a significant role
in the spread of infection (Dijkstra et al. 2002; Dubey
et al. 2007).

In conclusion, understanding the relation-
ship between intermediate and definitive hosts
of Neospora caninum and implementing preven-
tive measures is of great importance. Additionally,
since calves born from N. caninum infections can
transmit the infection from generation to genera-
tion, and due to the lack of effective treatment or
vaccines, it is considered essential to conduct herd-
wide screenings and remove infected animals from
the herd. Informing veterinarians and farmers about
infections that cause abortion in cattle is crucial
for combating these infections and, consequently,
for the national economy. Furthermore, the use of
double or triple test combinations in diagnosing N.
caninum has been signficantly evaluated for accu-
rate diagnosis.
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Abstract: Sanguinaria canadensis L. is an herbalceous perennial that contains benzophenanthridine alkaloids,
including sanguinarine and dihydrosanguinarine. Mannan-oligosaccharide (MOS) is derived from the cell wall of
the yeast Saccharomyces cerevisiae. The aim of the study was to investigate the effects of the supplementation of
Sanguinaria canadensis extract (SCE) and/or MOS on body weight and serum total antioxidant activity in broilers
under heat stress (HS[+]) and normal (HS[-]) conditions. A total of 72 one-day-old Ross 308 broiler were randomly
assigned to 8 pens in two environmentally controlled rooms (4 pens per room). The dietary treatments were: (1)
basal diet (control), (2) basal diet plus 1 g/kg of SCE, (3) basal diet plus 1 g/kg of MOS, (4) basal diet plus 1 g/kg of
SCE and 1 g/kg of MOS. At 15 days of age, the chickens in one of the two rooms were exposed to HS (34+2°C) for 6
h, while the chickens in another room were continuously kept under normal conditions, serving as control treatment
(22+2°C). During the study, body weights were significantly different and these differences were depended on diet
and heat. HS[+] groups had lower body weights, however, the supplementation of SCE and MOS improved this
situation positively. During the study, it was also determined that there was an interaction between diet and heat.
Differences for serum antioxidant activity between HS[-] and HS[+] groups were significant for CUPRAC analysis
results and unsignificant for ABTS analysis results.

Keywords: Broiler; Heat stress; Mannan oligosaccharide; Saccharomyces cerevisiae; Sanguinaria canadensis

Broyler diyetlerine Sanguinaria canadensis ekstrakti ve/veya
Mannan-Oligosakkarit ilavesinin sicaklik stresi altinda canh
agirhik ve serum total antioksidan aktivitesi iizerine etkisi

Ozet: Sanguinaria canadensis L., sanguinarine ve dihydrosanguinarine dahil olmak (izere benzophenanthridine
alkaloidleri iceren cok yillik bir bitkidir. Mannan-oligosakkaritler (MOS) Saccharomyces cerevisiae mayasinin hiicre
duvarindan elde edilmektedir. Bu calisma, Sanguinaria canadensis ekstrakti (SCE) ve/veya MOS ilavesinin sicaklik stresi
(HS[+]) ve normal (HS[-]) kosullar altindaki broylerlerde canl agirlik ve serum total antioksidan aktivitesi Gzerindeki
etkilerini arastirmak amaciyla yapilmistir. Toplam 72 adet bir ginliik broyler civcivleri (Ross 308), cevre kontrollu iki
odada 8 kiimese (oda basina 4 kiimes) rastgele ayrilmistir. Gruplara (1) bazal diyet (kontrol), (2) bazal diyet + 1 g/
kg SCE, (3) bazal diyet + 1 g/kg MOS, (4) bazal diyet + 1 g/kg SCE + 1 g/kg MOS seklinde 42 giin boyunca besleme
uygulanmistir. Hayvanlar 15 glnlik olunca, iki odadan birindeki gruplar 6 saat boyunca sicaklik stresine (34+2°C)
maruz birakilirken, diger odadaki gruplar kontrol muamelesi olarak strekli normal (22+2°C) kosullarda tutulmustur.
Calisma boyunca, viicut agirliklart dnemli 6lctide farklilik gostermis ve bu farkliliklar diyet ve sicakliga bagh olmustur.
Sicaklik stresine maruz kalan gruplar daha disik viicut agirhgina sahipken, SCE ve MOS takviyesi bu durumu olumlu
yonde iyilestirmistir. Calisma sirasinda diyet ve sicaklik arasinda bir etkilesim oldugu da tespit edilmistir. HS[-] ve
HS[+] gruplar arasindaki serum antioksidan aktivite farkliliklart CUPRAC analiz sonuglari igin dnemli, ABTS analiz
sonuglari icin ise dGnemsiz bulunmustur.

Anahtar kelimeler: Broiler; Sicaklik stresi; Mannan oligosaccharide; Saccharomyces cerevisiae; Sanguinaria canadensis

Introduction

Stress is considered as a reflex response that ine-
vitably occurs in organisms exposed to adverse
environmental conditions and can affect many sys-
tems, leading to negative effects such as decreased

immunity, live weight gain, feed consumption, and
even death (Puvadolpirod and Thaxton 2000; Etim
et al. 2013). Heat stress is the most important stres-
sor in poultry and one of the most important causes
of economic losses in poultry production. The re-
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commended ambient temperature for broiler chic-
kens from the 4th week of age is between 20-24°C
and when this temperature exceeds 35°C, it leads
to an increase in mortality and morbidity of broi-
lers (Arjona et al. 1988). Although it is thought that
the decrease in performance parameters such as
body weight, feed conversion, meat and egg yield
due to heat stress in poultry is directly related to
the decrease in feed intake, many findings from stu-
dies on this subject have shown that heat stress can
also cause oxidative stress leading to the formation
of reactive oxygen species (ROS) that disrupt cell
structure in poultry and antioxidant system disor-
ders that negatively affect nutrient absorption and
metabolism (Sur et al. 2023). Indeed, various stress
factors on living organisms, including heat and cold
stress, lead to the overproduction of ROS and the
formation of free radicals that exceed antioxidant
capacity causes damage to proteins, lipids and DNA
(Babior 2000; Belhadj Slimen et al. 2014). Although
free radicals are normally neutralized by the body's
antioxidant defense system, it is not successful in
eliminating the excessive free radical load caused by
high environmental stressors and abnormal condi-
tions, and therefore the necessity for the addition
of natural or synthetic antioxidants to poultry diets
arises (Hosseini-Vashan et al. 2015).

Different feeding strategies to reduce the ne-
gative effects of heat stress on livestock include re-
ducing heat production (e.g., increasing dietary fat),
compensating for low nutrient content in the diet
(e.g., increasing the amount of concentrate), and re-
ducing metabolic changes due to heat stress (e.g.,
using different feed additives) (Babinszky et al. 2011).
Within the scope of different feed additives; especi-
ally after the banning of antibiotics by the European
Union in 2006, the interest in alternative feed addi-
tives to antibiotics such as plant and plant extracts,
botanical mixtures, organic acids, probiotics, prebi-
otics, symbiotics, essential oils, enzymes as growth
promoters has increased (Huyghebaert et al. 2011).

Sanguinaria canadensis, also known as blood-
root, is a member of the Papaveraceae family, a fa-
mily of lactiferous latex-producing plants (Croaker
et al. 2016). S. canadensis biologically contains eight
isoquinoline alkaloids, including six quaternary ben-
zophenanthridine alkaloids as sanguinarine, che-
lerythrine, sanguilutine, chelilutine, sanguirubine,
chelirubine and two protopine alkaloids as proto-
pine and allocryptopine (Bambagiotti-Alberti et al.
1991). Among phytobiotics, isoquinoline alkaloids
constitute the most interesting group due to their
antimicrobial, anti-inflammatory and immunomo-

dulatory effects (Kishore et al. 2009) and within this
group, benzophenathridine alkaloids are believed
to be the main bioactive components of Sanguina-
ria spp. (Harkrader et al. 1990) and almost all studies
report that sanguinarine is the most bioactive com-
ponent of this alkaloid group (Senchina et al. 2009).
It has also been reported that sanguinarine has an-
timicrobial, anti-inflammatory and antioxidant pro-
perties (Adhami et al. 2004).

Mannanoligosaccharide (MOS) is known as a
new active antigen substance derived from the cell
wall of Saccharomyces cerevisiae, a yeast cell (Xue
et al. 2022). The main reasons for the addition of
MOS to diets as an alternative to antibiotics are that
it prevents the adhesion of pathogenic bacteria to
intestinal cells and increases the immunological
effect by stimulating the immune system (Geng et
al. 2011). In addition, it has also been reported that
MOS improves body antioxidant capacity in various
animal species such as laying hens (Bozkurt et al.
2012), sheep (Zheng et al. 2018), rabbits (Attia et al.
2015) by acting as a free radical scavenger.

The aim of this study was to investigate the ef-
fects of single and combined supplementation of S.
canadensis extract (SCE) and MOS on body weight
and total antioxidant activity in broilers exposed to
heat stress, which is an important stressor for poultry.

Materials and Methods

Animals, diets and experimental design

A total of 72 one-day old broiler chicks (Ross 308)
were used in this study. The animals were randomly
allocated equally into two temperature-controlled
rooms with 4 pens each (8 birds per pen). The basal
diets used for starter (d 1-21) and grower (d 22-42)
phases in the experiment were formulated as iso-
caloric (ME: 12.34 and 12.74 MJ/kg for starter and
grower diets, respectively.) and isonitrogenous (CP:
21% and 18.2% for starter and grower diets, respec-
tively.) to contain all nutrients at appropriate levels
according to NRC (1994). During the experiment,
the control group in both rooms was fed only with
the basal diet, while the experimental groups were
fed with basal diets supplemented (1 g/kg diet) with
MOS, a prebiotic obtained from the cell wall of the
Saccharomyces cerevisiae yeast cell, and/or San-
guinarina canadensis extract (SCE). After a 15-day
adaptation period, the groups in the room without
heat stress (HS[-]) were kept under normal thermal
conditions of 22+2°C during the experiment, while
the groups in the room under heat stress (HS[+])
were exposed to 34+2°C for 6 hours a day. Chicks
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were provided ad libitum access to feed and water
during the experimental period (42 days).

Collection of data and analytical profiles

On day 21 and 42, the animals were fasted for 12
hours and weighed individually, and their body we-
ights (BW) were recorded. Samples collected from
the diets given to each group were analyzed for ME
and CP according to the standard procedures re-
ported by the Association of Official Analytical Che-
mists (AOAC 2000).

Blood samples were collected from the brachial
vein via vacuum tubes on day 42 from all animals
in the experiment before the morning feeding. Se-
rums were separated by centrifugation for 15 min at
3000 g at 4°C and stored (-86°C) for further analysis.
CUPRAC (cupric reducing antioxidant capacity) as-
say according to the procedures reported by Apak
et al. (2005) and ABTS (2,20-azinobis-(3-ethylben-
zothiazoline-6-sulfonic acid) assay according to the
method reported by Re et al. (1999) were applied
to determine total antioxidant activity in serum
samples. Analyte concentrations were measured by
ICP-OES (Agilent 700 ICP-OES). Assays were calib-

Table 1. Body weights of broilers (n=9)

rated with trolox and results are expressed in trolox
equivalents (mM).

Statistical analysis

All data were subjected to ANOVA using the gene-
ral linear models (GLM) procedure of SPSS (1999).
Statistical differences among means (p<0.05) were
identified using Tukey's multiple range test.

Results

The effects of the experimental period on BWs of
broilers on d 21 and 42 are presented in Table 1. In
HS[-] groups, SCE supplementation to the diet cau-
sed a significant increase in BW on d 21 compared
to the control and MOS groups (P<0.05), while MOS
supplementation did not cause a significant diffe-
rence compared to the control group. The addition
of both additives together caused a significant incre-
ase in live weight compared to the control and MOS
group (P<0.05). When the groups in the same room
were compared in terms of body weight on day 42,
no significant difference was found between the
SCE, MOS and control groups, but the combination
of SCE and MOS resulted in significantly higher final
BW than both the control and MOS groups (P<0.05).

Groups HS Exposure Supplementation (g/kg diet) Body weight (g)

SCE MOS d21 d 42
1 [-] - - 889.78« 2650.23°
2 [-] 1 - 1009.342> 2780.89*
3 [-] = 1 898.89« 2658.45°
4 [-] 1 1 1036.67° 2994.20°
5 [+] - - 772.00° 2158.88¢
6 [+] 1 - 959.32b¢ 2821.34%®
7 [+] - 1 870.89¢ 2618.89°
8 [+] 1 1 906.40 2762.67*
SEM 6.85 23.12
Diet
Control 830.89 2404.56
SCE 984.33 2801.11
MOS 884.89 2638.67
SCE + MOS 971.56 2878.44
Heat
[-] 958.67 2770.94
[+] 877.17 2590.40
Variation source (p<)
Diet 0.0001 0.0001
Heat 0.0001 0.0001
Diet x Heat 0.024 0.001

HS: Heat stress; SCE: Sanguinaria canadensis extract; MOS: Manan-oligosaccharide; SEM: Standard error mean; *b <4 ¢Means within
a column with different superscript letters indicate significant differences (p<0.05).
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In HS[+] groups, BWs on d 21 were significant-
ly higher in the experimental groups than those of
control (P<0.05). It was also recorded that SCE supp-
lementation had a higher effect than MOS in terms
of BWs on the same day (P<0.05). On d 42, when
BWs of the groups in the same room were compared,
the addition of SCE and MOS to the diet individually
and combined did not cause a significant difference
bet-ween these experimental groups, but all experi-
mental groups had significantly higher BW compared
to the control group (P<0.05).

When the groups in HS[+] and HS[-] rooms were
compared, temperature stress caused a significant
decrease in body weight in the unsupplemented
group (P<0.05). The addition of SCE and MOS to the
diets individually and combined significantly impro-
ved the decreased BW in the HS[+] groups (P<0.05)
and brought it closer to BW value of the control group
in the HS[-] room. In addition, when the experimental
groups in the HS[+] and HS[-] rooms were compared,
except for the group fed diet supplemented with the
combination of the relevant additives in both rooms,
it was noted that there was no significant difference
in BW between the counterparts of the experimental

groups in the HS[-] room on d 21. On day 42, it was
also observed that there was no significant difference
in final BW between all experimental groups in both
rooms. As a result, it was determined that significant
differences in BWs during the experiment were re-
lated to diet and heat (P<0.001). Heat stress led to
lower BW, but the addition of SCE and/or MOS to the
diets improved this situation positively. It was also
found that there was an interaction between diet and
heat during the experiment (P=0.024 and P=0.001,
respectively).

The results of CUPRAC and ABTS analysis per-
formed to determine antioxidant activity in serum
samples obtained from the control and experimental
groups at the end of the trial (d 42) are presented in
Table 2. According to the CUPRAC analysis results, no
statistically significant difference was found in serum
antioxidant activity at the end of the trial among all
groups in HS[-] room. The same situation was also
found among the groups in HS[+] room. When HS[+]
and HS[-] rooms were compared, HS treatment had
a negative effect on serum antioxidant activity and
it was significantly lower than the groups housed at
normal temperature (P<0.05).

Table 2. Serum antioxidant activities on d 42 according to CUPRAC and ABTS assay (n=9)

Groups HS Exposure Supplementation (g/kg diet) Assay (mM TR-equivalent)
SCE MOS CUPRAC ABTS
1 [-] - - 0.59° 1.83
2 [-1 1 - 0.532 1.92
3 [-] - 1 0.542 1.80
4 [-1 1 1 0.592 1.82
5 [+] - - 0.28° 1.94
6 [+] 1 - 0.33° 1.88
7 [+] - 1 0.32° 1.93
8 [+] 1 1 0.31° 2.05
SEM 0.013 0.027
Diet
Control 0.44 1.88
SCE 042 1.90
MOS 043 1.86
SCE + MOS 0.46 1.93
Heat
(-] 0.56 1.84
[+] 0.32 1.95
Variation source (p<)
Diet 0.793 0.827
Heat 0.0001 0.046
Diet x Heat 0.388 0.377

HS: Heat stress; SCE: Sanguinaria canadensis extract; MOS: Manan-oligosaccharide; SEM: Standard error mean; *® Means within a
column with different superscript letters indicate significant differences (p<0.05).
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According to the ABTS analysis results, whether
or not the groups were subjected to HS and whet-
her or not the related feed additives were used in
the diets did not have a significant effect on serum
antioxidant activities and no significant differences
were found between all groups in terms of the rela-
ted parameter. In addition, there was no significant
interaction between diet and heat in terms of serum
antioxidant activity according to both analysis met-
hods (P=0.39 and P=0.38, respectively).

Discussion and Conclusion

Due to increasing concerns about the transfer of
residues to consumers through the food chain and
the growth of resistant bacteria that threaten both
public and animal health, studies on the use of her-
bal extracts and purified ingredients obtained from
plants as alternative additives have increased, espe-
cially following the ban on the use of antibiotic feed
additives as growth promoters by the European Uni-
on in 2006 (Kostandinovi¢ and Levi¢ 2018). In addi-
tion to herbal extracts, various neutraceuticals such
as botanical mixtures, organic acids, prebiotics, pro-
biotics, symbiotics, exogenous enzymes, essential
oils are also considered as alternative feed additives
to antibiotics (Huyghebaert et al. 2011; Yadav and
Jha 2019). In this context, this study was conducted
to evaluate individual and combined dietary supp-
lementation of Sanguinaria canadensis plant extract,
which is rich in quaternary benzo phenanthridine al-
kaloids (Wu et al. 2020), and MOS derived from the
cell wall of Saccharomyces cerevisiae, a yeast cell, in
terms of body weight and serum antioxidant acti-
vities in broilers housed under normal thermal and
heat stress conditions as two different environmen-
tal temperatures. In this study, the addition of SCE
alone to the diet of broilers housed at normal tem-
perature caused a significant increase in BW on d 21
compared to the control group, but did not cause
a significant difference on d 42. This positive result
obtained in terms of BW on d 21 was comparable
with the results of the same period in the studies
conducted on broilers by Vieira et al. (2008), Liu et
al. (2020), Hasan et al. (2020) and Abudabos et al.
(2020). In contrast, a 28-day trial in broilers with a
phytobiotic containing 1.5% sanguinarine (sangro-
vit WS ®) showed no significant difference in final
BW between groups (Khatun et al. 2023). In the pre-
sent study, the addition of the relevant extract to the
diet created a statistically insignificant difference in
terms of BW on d 42 compared to the control group,
which was similar to the results of no significant
difference between the control and experimental

groups in terms of BW values on d 42 reported by
Vieira et al. (2008), on d 35 reported by Zdunczyk
et al. (2010) and Aljumaah et al. (2020), and on d
56 reported by Liu et al. (2020). MOS is a natural
substance derived from the cell wall of the yeast
cell S. cerevisiae and contains a carbohydrate-like
mannan component (Zbeda 2021). In this study, the
addition of MOS alone to the diet at a rate of 1 g/
kg in broilers housed in a normal temperature en-
vironment did not cause a significant difference in
BWs on d 21 and 42 compared to the control group.
Contrary to this finding, in a study in which MOS
was added to the diet at a rate of 50 g/100 kg in
broilers, Taye et al. (2021) reported that there was an
improvement in weekly BW values compared to the
control group, and this result was attributed to the
view that the carbohydrate in the structure of MOS
can reduce pathogenic bacterial colonization in the
gastrointestinal tract by binding to bacterial fimbri-
ae, thus improving broiler performance. However, in
the broiler diets, there was no significant difference
compared to the control group in the BW values on
d 21 and 50 in the study in which 0.15%, 0.1% and
0.05% MOS was added by Eseceli et al. (2010) for
the starter, grower and finisher periods, respectively,
and in the BW values on d 28 and 42 in the study
in which 0.5, 1.0 and 1.5 g/kg MOS was added by
Zhou et al. (2021), which are parallel to the results
of the present study. The combined addition of SCE
and MOS to the diets of broilers housed in the HS[-]
room resulted in a significant increase in BWs on d
21 and 42 compared to the control group. The fact
that the combined use of the relevant additives was
more effective than adding them separately to the
diet, especially on day 42, strengthens the possibi-
lity of a possible synergistic effect. There are also
evidences that the combination of phytobiotics with
probiotics or prebiotics has a synergistic effect on
performance. Indeed, the combination of rosmarinic
acid as a phytobiotic and multi-strain Lactobacillus
as a probiotic in dairy calves (Stefanska et al. 2021),
the mixture of carob pulp, chicory and fenugreek
as a phytobiotic-prebiotic mixture in fattening pigs
(Juhasz et al. 2023), the combination of hop extract,
oregano essential oil and MOS in broilers (Bozkurt
et al. 2009) resulted in a significant improvement in
BW compared to the control group, which is remar-
kable in terms of synergistic effect. In other studies
where phytobiotics were used together with other
additives such as probiotics and prebiotics, inclu-
ding the study conducted by Ren et al. (2019) in
broilers to determine the effects of the combination
of a commercial phytobiotic, containing carvacrol,
cinnamaldehyde and eugenol as active ingredients,
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together with host-specific Lactobacillus strains as
probiotics, the common view is that these combi-
nations have an improving effect on the intestinal
microbiota and animal health by reducing the sur-
vival of potential pathogenic microorganisms in the
intestine. With this context, it would not be unreaso-
nable to consider the possibility that such a mecha-
nism of action may play a role behind the improving
effect of the combined dietary supplementation of
SCE and MOS on BW in broilers in the present study.

Heat stress is the most important environmental
stressor for the poultry industry worldwide. Factors
such as thick feather layer, inadequate sweat glands
and high metabolic characteristics, make poultry
more sensitive and vulnerable to heat stress (Song
et al. 2018). In this study, it was observed that the
BW values of the HS[+] control group on d 21 and
42 were significantly lower than the HS[-] control
group, as expected. It is known that HS has nega-
tive effects on parameters such as feed intake, body
weight gain, carcass weight and immunity in poultry
(Sahin and Kucuk 2003; Niu et al. 2009; Ghazi et al.
2012). It is also believed that the decrease in ap-
petite and feed consumption leading to less body
weight gain in animals exposed to HS is a defense
mechanism to reduce heat production in the animal
(Sohail et al. 2012). It has also been reported that ex-
posure to high ambient temperature increases the
production and release of corticosteroids in poultry,
leads to lower levels of important growth hormones
such as triiodothyronine and thyroxine, and causes
the release of various cytokines and glucocorticoids
that induce protein catabolism (Sahin and Kucuk
2003; Zhou et al. 2016; Yildirnm 2016). In the HS[+]
room, although HS caused a significant decrease in
BW in the control group, dietary SCE supplementa-
tion resulted in a significant increase in BW on d
21 and 42, resulting in an improvement of 24.3%
and 30.7%, respectively. Even though it seems to be
no significant difference between the control group
in the HS[-] room and SCE supplemented group in
HS[+] room, it is also noteworthy that the addition
of SCE caused an increase in BW values of approxi-
mately 8% and 6.5% for the same days, respectively.
In a trial conducted by Wang et al. (2022) on broil-
ers with the extract of Macleaya cordata plant, which
has similar alkaloids to S. canadensis, the addition of
1000 mg/kg of the relevant extract to the diet of the
HS group significantly increased the final BW value
compared to the HS control group, and also, the
addition of this extract reduced the deterioration in
the intestinal flora caused by HS by reducing the
relative density of Bacteroidota and Bacteroides in

the intestinal flora, and thus reducing the decrease
in growth performance caused by HS. In studies
with 100 ppm by Kikusato et al. (2021) and 60 and
100 mg/kg isoquinoline alkaloids by Khongthong
et al. (2023) in broilers under HS, it was reported
that the addition of these extracts to the diet led to
a significant increase in final BW. In these studies,
which are consistent with the positive effects of SCE
on BW in broilers under HS in the present study, the
ameliorative effects of the relevant extracts on BW
were attributed to the modulating effect on caecal
flora composition (Wang et al. 2022), the reducing
effect on oxidative damage, protein catabolism, in-
testinal barrier function, intestinal inflammation and
the correcting effect on cortisone release (Kikusato
et al. 2021), and the improving intestinal integrity
by reducing inflammation in the intestines and the
suppressing effect of anorexigenic regulation by
modulating the gut-brain axis (Khongthong et al.
2023). This situation also raises the possibility that
there are similar mechanisms underlying the im-
proving effect of SCE on BW in broilers under HS in
the present study.

According to Gibson and Roberfroid (1995),
prebiotics are nondigestible food substances that
exert beneficial effects by selectively stimulating the
growth and activity of one or a limited number of
beneficial bacteria in the host intestine. In this study,
the addition of 1 g/kg MOS to the diet of broilers
under HS significantly improved the decrease in BW
values caused by HS on d 21 and 42 and even suc-
ceeded in approaching the BW values of the control
group housed under normal temperature. When
compared to the group supplemented with SCE un-
der HS, it was observed that although MOS supple-
mentation fell behind the group supplemented with
SCE on d 21 in terms of BW, it closed this gap on d
42. In this study, the result, which showed that the
addition of MOS to broiler diets under HS had a sig-
nificantly higher BW value compared to the control
group in the same environment, was in accordan-
ce with the results obtained in studies in which 0.2
g/L MOS was added to drinking water by Hasan et
al. (2014), 0.5 ml/L commercial prebiotic was added
to drinking water by Sayed et al. (2023), and 0.5%
MOS was added to the diet by Sohail et al. (2012)
in broilers under HS. The positive effects of MOS on
BW under HS may be a result of its ability to reduce
the proliferation of potentially pathogenic bacteria
in the intestinal environment due to stress, to incre-
ase the population of beneficial bacteria, to support
intestinal functions, and in addition to these, to re-
duce the release of cortisone, which increases under
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stress, to normal levels. As a matter of fact, it has
been reported that dietary MOS supplementation
significantly decreased serum corticosterone levels
in broilers under HS (Sohail et al. 2012; Hosseini et
al. 2016; Cheng et al. 2018; Cheng et al. 2019). In the
present study, it was found that the group supple-
mented with the combination of SCE and MOS hou-
sed in the HS[+] room had significantly higher BW
than the control group, as in the same group hou-
sed in the HS[-] room. Considering the previously
mentioned positive effects of adding SCE and MOS
individually to the diet on BW under HS, the fact
that using them together produced similar results
shows that there is no negative interaction between
themselves in terms of BW, and it is also possible
that they created a cumulative effect in terms of the
possibilities leading to the positive result on BW.

Free radicals and antioxidants, which still attract
the attention of researchers as a subject of study,
are in balance under normal conditions in living or-
ganisms, and when this balance changes in favor of
free radicals, it can lead negative effects caused by
oxidative stress (Gheisar and Kim 2018). The anti-
oxidant activity of additives such as plant extracts,
essential oils, prebiotics and probiotics is a subject
of great interest due to their free radical scavenging
abilities that may play a role in the prevention of
free radical-induced diseases (Miguel 2010; Gheisar
and Kim 2018; Chaves et al. 2020; Musazadeh et al.
2023). Total antioxidant status is an important crite-
rion used to evaluate the entire antioxidative status
in the body (Erel 2004). In this context, measurement
of total antioxidant capacity is an application that
provides important data in determining antioxidant
effects. In particular, measuring total antioxidant ca-
pacity or activity in biological samples such as plas-
ma, which contain various antioxidant compounds,
provides valuable clues about the antioxidant sta-
tus (Ghiselli et al. 2000). There are various analysis
methods such as ORAC (oxygen radical absorbance
capacity), FRAP (ferric reducing antioxidant power),
CUPRAC (cupric reducing antioxidant capacity),
ABTS (2,20 - azinobis - (3 - ethylbenzothiazoline - 6 -
sulfonic acid)), DPPH (2,20 - diphenyl - 1 - picrylhyd-
razyl), Folin for analyzing antioxidant capacity (Apak
et al. 2005). In this study, CUPRAC and ABTS analysis
methods were used to determine serum antioxi-
dant activity. When the serum antioxidant activity
values obtained according to the CUPRAC method
were examined, the first striking finding was that
the antioxidant capacity in the HS[+] groups was
significantly lower than in the HS[-] groups. On a
room basis, the statistically insignificant differences

in serum antioxidant activities between the cont-
rol and experimental groups of each room showed
that the differences were entirely due to heat stress,
regardless of dietary additives. This may be due to
the change in the antioxidant defense system due
to increasing environmental temperature. Indeed,
it has been reported that broilers exposed to heat
stress produce excessive levels of reactive oxygen
species (ROS) leading to oxidative stress due to dec-
reased mitochondrial respiratory chain activity and
that heat stress disrupts the balance between synt-
hesis and catabolism in this production (Lin et al.
2006; Yang et al. 2010). It was observed that there
was a decrease in the antioxidant defense system
due to the decrease in SOD, catalase and glutathi-
one peroxidase concentrations in broilers housed
under heat stress (Sahin et al. 2010), and there was
a significant decrease in the activity of antioxidant
enzymes paraoxonase and arylesterase (Sohail et al.
2011). In the present study, when CUPRAC and ABTS
analysis methods were compared in terms of HS, it
was observed that the CUPRAC method provided
more effective results than the ABTS method, while
the ABTS method did not exhibit effective sensiti-
vity results against the changes in serum antioxidant
activity due to HS. Cecchini and Fazio (2020), who
determined that there was no significant difference
in antioxidant capacity analyzed by ABTS method in
blood samples collected from hens artificially stres-
sed with dexamethasone compared to the healthy
group, while this difference was significantly higher
in the FRAP test, reported that the lower sensitivity
of the ABTS test in the detection of imbalance in an-
tioxidant status compared to the FRAP test may be
due to the different technology on which the two
tests are based. In the present study, the lower sen-
sitivity of the ABTS method compared to the CUP-
RAC method in measuring the change in antioxidant
activity due to HS may be due to a similar reason. In
addition, it is also thought that some unique advan-
tages of the CUPRAC method may play a role in its
higher sensitivity than the ABTS method. For examp-
le, better reagent stability than radical reagents such
as ABTS, a neutral pH of 7.0, which is close to bio-
logical systems, and compatibility with hydrophilic
and lipophilic solvents are some of the advantages
of the CUPRAC assay (George et al. 2022).

In the present study, the addition of SCE to the
diet did not cause a significant difference in serum
total antioxidant activity between the control and
experimental groups housed in each of the HS[-]
and HS[+] rooms. Although there are no data on
total antioxidant capacity directly related to SCE
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supplementation in broilers, similar results were ob-
tained from some studies in which partially similar
active ingredients were used on different animal
species. The use of dihydrosanguinarine in rats by
Vrublova et al. (2008), Sangrovit, a mixture of qua-
ternary benzo[c]phenanthridine alkaloids obtained
from M. cordata in rats by Zdarilova et al. (2008),
and Sangrovit® Extra, a mixture of isoquinoline al-
kaloids obtained from M. cordata in pigs by Le et
al. (2020) did not cause any significant difference in
terms of total antioxidant capacity. Additionally, Ba-
varsadi et al. (2017) reported that sanguinarine had
no directly remarkable antioxidant properties in la-
ying hens, and in a study by Karakg! et al. (2022) on
laying quails, it was reported that a mixture of mag-
nolia and sanguinarine as aromatic plant extracts
did not create a significant difference in plasma to-
tal antioxidant status.

In this study, the addition of MOS to the diet did
not cause significant differences in serum antioxi-
dant activity between the control and experimental
groups housed in each of the HS[-] and HS[+] room:s.
This result was in agreement with the recent study
conducted by Abd El Latif (2023) in broilers, in which
no significant difference was detected in serum to-
tal antioxidant capacity with the addition of MOS to
the diet compared to the control group. Also, in a
trial conducted by Yang et al. (2022), the addition of
xylo-oligosaccharides, fructo-oligosaccharides and
iso-maltooligosaccharides to broiler diets had no
significant difference in total antioxidant capacity in
liver, breast muscle and thigh muscle samples. In an
experiment conducted by Zbeda (2021) in rabbits as
a different animal species, it is also a similar finding
that the addition of MOS to the diet did not cause
any difference in terms of serum total antioxidant
capacity values.

In conclusion, in this study, it was determined
that body weights were significantly different and
these differences were depended on diet and heat
stress. Heat stress caused lower body weights in
broilers, however, the supplementation of Sangui-
naria canadensis extract and mannan-oligosaccha-
ride improved this situation positively. In terms of
serum antioxidant activity, differences between
thermoneutral and heat stressed room were signifi-
cant for CUPRAC and insignificant for ABTS analy-
sis results. The supplementation of Sanguinaria
canadensis extract and/or mannan-oligosaccharide
had no significant effect on serum antioxidant acti-
vity in both analysis method.
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Abstract: Rotaviruses are the common cause of acute gastroenteritis. Since the transmission is generally occurs
person-to-person by fecal-oral route, the importance of foodborne transmissions can be underestimated. Food
can be contaminated with rotavirus at any stage of food process, from farm to fork. In this study, 105 samples were
collected from seafood (mussels, fish, etc.), red meat (sausage, meatballs, etc.) and poultry meat products (turkey
ham, wings, etc.). The samples were tested for the presence of rotavirus by RT-PCR. Cell culture based virus isolation
methods carried out for the positive samples. DNA sequencing and phylogenetic analysis were performed for the
genotyping of positive samples. Rotavirus was detected in 2 mussel sample groups by RT-PCR. DNA sequence
analysis was carried out of both VP4 and VP7 gene regions of the rotavirus for one sample and determined that it
was a group A human rotavirus G1P[8]. The rotavirus isolation did not occur after the inoculation the samples to cell
culture. This study demonstrates the presence of rotavirus in raw mussel samples on market.

Keywords: Foodborne diseases, Genotype, MA-104, Rotavirus, RT-PCR,

Cig ve tiiketime hazir gida 6rneklerinde rotavirusun tespiti

Ozet: Rotaviruslar, akut gastroenterit olgularinin yaygin bir nedenidir. Rotavirus infeksiyonlarinda bulasmanin
genellikle insandan insana fekal-oral yolla gerceklesmesi sebebiyle gida kaynakli bulagmalarin énemi gozardi
edilebilmektedir. Gidalar, ciftlikten sofraya kadar gecen siirecin herhangi bir asamasinda rotavirus ile kontamine
olabilmektedir. Bu ¢alismada deniz Urlnleri (midye, balik vb.), kirmizi et (sosis, kofte vb.) ve kanath et Griinlerinden
(jambon, kanat vb.) 105 &rnek toplanmistir. Ornekler, RT-PCR ile rotavirus varligi acisindan test edilmistir. Pozitif
orneklerden virus izolasyonu icin hiicre kiltiriine ekim gerceklestirilmis ve 6rneklerin genotiplendirilmesi icin DNA
dizilimi ve filogenetik analiz yapilmistir. RT-PCR ile 2 midye 6rnek grubunda rotavirus tespit edilmistir. Bir 6rnek igin
rotavirusun hem VP4 hem de VP7 gen bolgelerinden DNA dizi analizi yapilmis ve tespit edilen virusun grup A insan
rotavirus G1P[8] oldugu belirlenmistir. Orneklerin hiicre kiiltiiriine inokulasyonundan sonra rotavirus izolasyonu
gerceklesmemistir. Bu calisma, ¢ig midye 6rneklerinde rotavirus varligini ortaya koymaktadir.

Anahtar kelimeler: Gida kaynakli hastaliklar, Genotip, MA-104, Rotavirus, RT-PCR

Introduction is no significant difference reported in incidence

Acute gastroenteritis is an illness that affects people ~ Of rotavirus infections between developed and de-

worldwide and rotavirus is one of the most common
agent that causes this condition. Rotavirus infec-
tions affect people of all ages with mild symptoms
in adults, but young children are affected severely.
According to estimates, rotavirus infections caused
diarrhea that led to the deaths of 215.000 children
under the age of 5 worldwide in 2013 and 37% of
diarrhea-related deaths in children under the age
of 5in 2008 (Tate et al., 2012). Children aged 4-23
months are in the risk group for severe rotavirus in-
fections, which may include hospitalization or death.
Repeated infections often occur due to insufficient
immunity at this age. Immunity against rotavirus
gradually increases with each subsequent infection,
and therefore symptoms get milder in reinfections
(Velazquez et al., 1996; Gladstone et al., 2011). There

veloping countries. However, mortality rates in de-
veloping countries are much higher than those in
developed countries. It is reported that more than
80% of fatal rotavirus infections occur in developing
countries with poor hygiene, sanitation and malnut-
rition (Parashar et al., 2003; 2006).

Person-to-person transmission is a common
way of rotavirus infections via the fecal-oral route.
Additionally, foodborne transmission plays an im-
portant role in outbreaks. Foods can be contaminat-
ed with rotaviruses by the use of sewage polluted
water for irrigation or washing, results in contami-
nation of vegetables in the field. Harvest of seafood
from contaminated areas is also one of major risk.
Meat can be contaminated with rotavirus in slaugh-
terhouse if precautions are not taken. In addition,
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food can be contaminated with rotavirus in restau-
rants, canteens, and food courts by foodhandlers; it
has been reported that food handlers are the most
important source of such contamination (Koopmans
and Duizer, 2004).

Foods act as a transport vehicle until they de-
liver the viruses to the target host (Jaykus, 2000).
Putrefaction, deterioration or color changes are
not observed in foods contaminated with viruses,
as in bacterial contaminations. Therefore, it is not
possible to perform a sensorial pre-examination of
virus-contaminated food before consumption (Ric-
hards, 2001; Hasoksuz, 2008). Thus, when even fo-
ods with a high viral load consumed, no particular
difference can be observed from safe food.

The aim of this study was to investigate the
presence of rotavirus in ready-to-eat or raw food
samples of animal origin by RT-PCR. Positive sam-

ples were subjected to cell culture-based virus iso-
lation study and sequenced to determine the geno-
type of the circulating virus.

Materials and Methods

Samples and positive control

A total of 105 raw and ready-to-eat food samples
were collected (Table 1) in Istanbul, exceeding the
minimum required sample size for the study pa-
rameters of a 95% confidence level, 10% margin of
error. The samples were brought to the laboratory
with their original packages or in a sterile plastic bag
in cold chain.

Bovine rotavirus B223 strain was used as posi-
tive control in molecular and cell culture based virus
isolation studies.

Table 1: Raw and ready-to-eat food samples tested in the study.

Red Meat Qty. Seafood Qty. Poultry Meat Qty.

Ground meat from butcers 5 Raw fish (internal organs) 5 Spicy raw chicken wings 5

Packaged ground meat from super- 5 Raw mussels 10  Raw chicken 5

markets

Packaged meatballs from supermar- 5 Internal organs of frozen fish 5 Raw chicken wings 5

kets from supermarkets

Sudjuk 5 Packaged mussel from super- 5 Schnitzel 5

markets

Salami 5 Raw squid from restaurants 5 Turkey Ham 5

Sausage 5 Sausage 5

Raw kebab from restaurant 5 Salami 5
Turkey sausage 5

Total 35 30 40

Homogenization

The samples were dissected with sterile disposable
scalpels, diluted with PBS in a sterile plastic bag and
homogenized with stomacher (Seaward Stomacher
400C) at 260 RPM for 20 min. The supernatant was
transferred to 50 ml tubes and centrifuged with
4000 rpm at 4°C for 35 minutes, then supernatant
transferred to 15 ml tubes in duplicate, one was
stored at -20°C for molecular studies and the other
at -80°C for cell culture-based isolation studies.

Molecular diagnose

RNA isolation was performed by using Roche High
Pure Viral Nucleic Acid Kit (Cat. no:11858874001)
according to the manufacturer's instructions. RT-

PCR used to detect the VP4 and VP7 gene regions
of rotavirus by using ‘Con3/Con2’ (Gentsch et al.,
1992) and 'sBeg9/End9’ (Gouvea et al., 1994) pri-
mers (Table 2). For each sample, 5l of the isolated
RNA product including 0.8 ul DMSQO, 0.6 ul forward
and reverse primers was incubated in a dry block
heater at 94°C for 5 minutes, and then kept on ice
for 2 minutes. After that cDNA synthesis carried out
by using Promega Reverse Transcription System
(Cat. No: A3500) according to manufacturer instruc-
tions. Promega, GoTaq® G2 Flexi DNA Polymerase
(catalog no: M7805) kit used for PCR applications.
The PCR conditions are shown in Table 3 and 4 for
amplification of VP4 and VP7 genes. Agarose gel
electrophoresis carried out to visualise the DNA
fragments.
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Table 2. Primers used for molecular diagnosis.

Gene Region Primer Sequence Lenght (bp)

Con3 TGG CTT CGC CAT TTT ATA GAC A

VP4 877
Con2 ATT TCG GAC CAT TTA TAA CC
sBeg9 GGC TTT AAA AGA GAG AAT TTC

VP7 1062
End-9 GGT CAC ATC ATA CAA TTC TAA TCT AAG

Sequencing

PCR amplicons were visualized by agarose gel elec-
trophoresis and purified by Roche High Pure PCR
Product Purification Kit (Catalog No: 11732668001)
according to the manufacturer's instructions. Sanger
sequencing method performed in ABI 3130XL Ge-
netic Analyzer device using the same primers as
for RT-PCR amplification. Mega X software used

Table 3. PCR conditions used for detection of VP4.

for nucleotides alignment with CLUSTRAL W al-
gorithm. For the construction of the phylogenetic
tree, sequences obtained from GenBank, and the
full names of the sequences were shortened in G1
and P[8] groups. Phylogenetic tree was evaluated
by Neighbor-Joining method using 1000 replicates
bootstrap analysis.

Master Mix (per sample)

5X Green GoTag® Flexi Buffer Sul
MgCI2 (25mM) 3ul
dNTP (10mM each) Tul
Primer (F) (20 pmol/ pl) Tul
Primer (R) (20 pmol/ pl) Tul
GoTag® G2 Flexi DNA Polymerase (5u/pl) 0.5ul
Template DNA 5ul
Water 34.5ul
Total 50 pl

PCR programme

Initial denaturation 94°C 3 min 1 cycle
Denaturation 95°C 1 min

Annealing 52°C 2 min 35 cycles
Extension 72°C 1 min

Final extension 72°C 7 min 1 cycle

Cell culture based virus isolation:

For the RT-PCR positive samples, homogenates
which were prepared before and kept at -80°C in
15ml tubes, were thawed at room temperature, cen-
trifuged at 4000 rpm at 4°C for 30 minutes. After the
supernatant was passed through membrane filters
with a pore diameter of 0.2 pm, inoculated onto
MA-104 cell monolayers (ATCC, CRL-2378.1) ac-

Table 4. PCR conditions used for detection of VP7.

cording to previous protocol with minor modifica-
tions (Arnold et al., 2009). Briefly the homogenates
incubated at 37°C for 1 hour with the concentration
of 10pg/ml trypsin (Sigma Aldrich, T4799). Following
the incubation, the homogenate diluted with EMEM
to reach a final concentration of 2 pg/ml trypsin and
inoculated on the MA-104 cell monolayer. Five sub-
sequent blind passages were performed.

Master Mix (per sample)

PCR programme

5X Green GoTag® Flexi Buffer 10pl
MgCI2 (25mM) Sul
dNTP (10mM each) Tl
Primer (F) (20 pmol/ pl) Tul
Primer (R) (20 pmol/ pl) Tul
GoTaq® G2 Flexi DNA Polymerase (5u/ul) 0.5ul
Template DNA Sul
Water 26.5ul
Total 50 ul

Initial denaturation 94°C 3 min 1 cycle
Denaturation 95°C 1 min

Annealing 55°C 2 min 35 cycles
Extension 72°C 1 min

Final extension 72°C 10 min 1 cycle
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Results

Two raw mussel sample groups were positive for
rotavirus. Sequence data were obtained from one
of the positive sample for both VP4 and VP7 re-
gions using the same primers for detection. The
sequence data submitted to GenBank (Accession
number OP598880 and OP598881) and compared
with the sequences available on sequence database
to determine the G/P genotype. The phylogenetic

analysis showed that VP7 sequence was belong
to G1 and VP4 was P[8] (Figure 1, 2). Both G1 and
P[8] sequences presented high nucleotide identity
(>99%) with Human Rotavirus A Wa (G1P[8]) back-
bone strain.

Virus isolation studies carried out for the two
positive samples on MA-104 cell monolayers but no
CPE were observed after 5 blind passages.

Figure 1. Phylogenetic tree of the nucleotide sequences of positive sample based on VP7.
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Figure 2. Phylogenetic tree of the nucleotide sequences of positive sample based on VP4.

Discussion and Conclusion

The most common cause of acute gastroenteritis
in children under the age of five is rotavirus, and
everyone experiences rotavirus infection at least
once in their lifetime (Parashar et al., 2009). Studies
conducted in Turkiye have also reported that rota-
virus is one of the most common agents causing
gastroenteritis (Bicer et al., 2014, Balkan et al., 2016;
Tapisiz et al., 2019).

The growing industrial food production sec-
tor, changing food consumption habits as a result
of crowded cities worldwide, and spread of interna-
tional trade in food have increased the risk of food-
borne diseases. Poor hygiene conditions in the food
industry can cause serious gastroenteritis cases in
humans. Since foodborne viruses are highly con-
tagious, the source of infection is not attributed to
food until the first cases are detected, and can be

defined as an epidemic transmitted person-to-per-
son (Newell et al., 2010). Food can be contaminated
with rotavirus in various ways, such as using waste
water for irrigation on the field, or zoonotic trans-
mission may occur through consumption of meat,
contaminated by sick animals at the slaughterhouse
(Machnowska et al., 2014; Jones and Muehlhau-
ser, 2017). Food-handlers are also one of the main
source of contamination. A case of acute gastroen-
teritis occured in schools in some parts of Japan, and
studies identified it as a rotavirus-related case that
may result from lunch (Hara et al., 1978). In a simi-
lar gastroenteritis case in Fukui, Japan, where 3000
people were affected in 7 primary schools, rotavirus
was identified as the cause. Although the virus was
not detected in any food or water samples, it was
interpreted as foodborne due to the fact that lunch
was distributed to all 7 schools from a single source
(Matsumoto ve ark., 1989). In a rotavirus outbreak
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in a mother and child sanatorium in Germany, rota-
virus was detected in a sample of potato stew and
sequence comparison with a stool sample showed
that two viruses were identical (Mayr et al., 2009).

In this study, while rotavirus was not detected
in red and poultry meat products, 2/15 (13%) raw
mussel samples were positive for both the VP4 and
VP7 gene regions. Although our sample size of raw
mussels was limited, the results are in agreement
with the studies conducted in Italy that found 9%
and 12% positivity of rotavirus in raw mussels col-
lected from production sites on the coast yards (Fus-
co et al.,2017; 2019). In a study conducted in Brazil,
rotavirus was detected in all 11 mussels collected
from the sea coast (Keller et al., 2013), and 5.4% of
bivalve shellfish were positive in Thailand (Kittigul
et al., 2014). Our results contrast with a study from
Istanbul, in which the presence of rotavirus inves-
tigated with multiplex real-time PCR in 52 groups
(1350 pieces) of mussels collected in April, and none
of the samples was positive (Ghalyoun and Unver
Alcay, 2018). This disagreement might be due to the
sample collection period of two studies. It has been
reported that the incidence of rotavirus infections
increases in winter (Patel et al., 2013; Gundeslioglu
et al, 2018). In this study, the samples were collec-
ted in December and January, this factor can explain
the dissimilarity of results.

The sequence analyses showed that the virus
detected from the mussels in this study was a hu-
man rotavirus A G1P[8] type. It has been reported
that rotavirus G1P[8] is the most common geno-
type in human rotavirus infections globally (Banyai
et al, 2012; Doro et al., 2014). In Turkiye, studies
showed that G1P[8] is also the predominant geno-
type causing gastroenteritis in humans. (Ceyhan et
al.,.2009; Bozdayi et al., 2008; Altindis et al., 2016).
The sequence of the sample presented high nucleo-
tide identity with Wa backbone strain. It has been
reported that G1P[8] genotypes are usually associ-
ated with the Wa-like backbone (Rasebotsa et al.,
2020), which is also genetically close to Rotarix and
Rotateq vaccine strains. Evidence of vaccine virus
shedding has been reported previously (Yoshikawa
etal, 2019; Simsek et al., 2022), but the genetic data
in the current study are insufficient to make such an
interpretation.

The fact that the rotavirus detected in the mus-
sel samples was of human origin and the samples
were raw, suggests that this contamination most
likely did not originate from a food-handler. It is
more likely that, mussels harvested from a coast of

city where probably sewage-contaminated stream
meets the sea. As mussels are bivalves and they are
filter-feeders, environmental viruses from the con-
taminated water concentrate in their body during
the filtering.

Isolation studies were carried out in cell culture
from food samples that were positive for rotavi-
rus and no CPE were observed. With this result, it
was thought that the rotavirus detected in mussel
samples was inactive. This inactivation may have oc-
curred due to the long period of time between har-
vest in the coastyard and collection from the market.

Our study has some limitations regarding
the method used for molecular diagnosis of food
products. It is widely agreed that various chemical
ingredients in food matrices can affect the results
of molecular detection of targeted nucleic acid re-
gion (Piskata et al,, 2019). Although, ISO/TS 15216-
1:2013 standard was defined for detection of hepa-
titis A virus and norovirus in food, there has no stan-
dard diagnose method defined for detection of ro-
tavirus. Still, the method in this standard could have
been adapted by using an internal positive control
for the efficiency of molecular diagnose which could
have enhanced the accuracy of the negative results
obtained in this study.

In conclusion, the results of this study demonst-
rate that mussels can be contaminated with rotavi-
ruses, posing a threat to public health if consumed
undercooked. Although there are designated rest-
ricted areas for harvesting mussels that are free
from sewage contamination, the mussels investiga-
ted in this study were likely not collected from these
safe zones. Our findings reinforce the importance
of strictly adhering to harvesting mussels only from
these restricted areas to ensure they are free from
contamination.
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Ozet: Keci yetistiriciliginde karsilasilan pnémoni olgulari énemli verim kayiplarina yol acmaktadir. Bu nedenle
solunum sistemi hastaliklarinda rol oynayan bakteriyel etkenlerin izolasyon ve identifikasyonu, hastalikla miicadelede
Onem arz etmektedir. Bu ¢alismada makroskobik olarak pnémoni lezyonlari tespit edilen keci akciger 6rneklerinde
bazi Mycoplasma tiirlerinin izolasyon ve identifikasyonu amaclandi. Bu dogrultuda Siirt ili Belediye mezbahasinda
kesimi yapilan 270 keciden alinan akciger érnekleri incelendi. Orneklerde Mycoplasma capricolum subsp. capricolum,
Mycoplasma capricolum subsp. capripneumoniae, Mycoplasma agalactiae ve Mycoplasma putrefaciens varlg
bakteriyolojik konvansiyonel ve molekiler yontemler kullanilarak arastirildi. Calismada incelenen 270 6rnegin selektif
besiyerine ekim sonucunda 4 (%1,48)'inde Mycoplasma spp. sipheli koloniler elde edildi. Tur spesifik primerlerin
kullanildigi PCR ile 6rneklerin 3 (%7,0)'inde M. capricolum subsp. capricolum, 1 (%25,0)'inde ise M. capricolum
subsp. capripneumoniae identifiye edildi. Orneklerde M. agalactiae ve M. putrefaciens identifiye edilmedi. Sonug
olarak Siirt yoresinde yetistiriciligi yapilan ve bélge halki icin dnemli bir gecim kaynagi olan kegilerde meydana gelen
pnémoni olgularinda M. capricolum subsp. capricolum ve M. capricolum subsp. capripneumoniae etkenlerinin rol
oynayabilecegi belirlendi.

Anahtar kelimeler: Mycoplasma, Kegi, Pnémoni, PCR.

Isolation and identification of some Mycoplasma species
in goats with respiratory disease symptoms

Abstract: Pneumonia cases encountered in goat breeding cause significant yield losses. Therefore, isolation
and identification of bacterial agents that play a role in respiratory system diseases are important in combating
the disease. In this study, it was aimed to isolate and identify some Mycoplasma species in goat lung samples
with macroscopic pneumonia lesions. In this context, lung samples taken from 270 goats slaughtered in the Siirt
Municipality slaughterhouse were examined. In the samples, the presence of Mycoplasma capricolum subsp.
capricolum, Mycoplasma capricolum subsp. capripneumoniae, Mycoplasma agalactiae and Mycoplasma putrefaciens
were investigated using bacteriological conventional and molecular methods. Mycoplasma spp. suspected colonies
were obtained in 4 (1.48%) of the 270 samples examined in the study as a result of inoculation on selective medium.
Using species-specific primers, PCR identified M. capricolum subsp. capricolum in 3 (75.0%) of the samples and
M. capricolum subsp. capripneumoniae in 1 (25.0%) of the samples. M. agalactiae and M. putrefaciens were not
identified in the samples. In conclusion, it was determined that M. capricolum subsp. capricolum and M. capricolum
subsp. capripneumoniae may play a role in pneumonia cases occurring in goats, which are raised in Siirt region and
are an important source of livelihood for the people of the region.

Keywords: Goat, Mycoplasma, Penumoniae, PCR

Giris

Tim diinyada oldugu gibi Glkemizde de 6nemli bir
gecim kaynagi olan kegi yetistiriciligi insan beslen-
mesinde kaliteli protein kaynagi saglamasi acisindan
da 6nemli bir yere sahiptir (Kaymakgi ve ark. 2005).
Bakim maliyetlerinin dusik olmasi, tarimsal ara-

zi olarak degerlendirilemeyen alanlara kisa strede
uyum gostermesi ve kecilerin daha dayanikli tiirler
olmasi nedeniyle kegi yetistiriciliginin ekonomik fa-
aliyetlere katkisi yiiksek olmakla birlikte, Siirt bolge-
si icin 6nemli bir ekonomi sektori haline gelmistir
(Sen ve ark. 2018; Bakir ve Mikail 2019; Aziz ve Laf-
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ta 2022). Turkiye istatistik Kurumu (TUIK) verilerine
gore 2023 yilinda Tirkiye'de 10.302.940 bas keci bu-
lunurken bunun 1.197.307'si Siirt bdlgesinde bulun-
maktadir (TUIK 2023).

Kecilerde tespit edilen solunum sistemi has-
taliklarinin etiyolojisinde cesitli bakteriyel etkenler
rol oynamaktadir. Kecilerde meydana gelen pno-
moni olgularindan Mycoplasma spp., Mannheimia
haemolytica, Pasteurella multocida, Trueperella
pyogenes, Histophilus somni, Corynebacterium pseu-
dotuberculosis, Staphylococcus aureus, Klebsiella
pneumoniae, Streptococcus pneumoniae gibi bakte-
riyel etkenler siklikla izole ve identifiye edilmektedir
(Lacasta ve ark. 2008; Tijjani ve ark. 2012; Aher ve
ark. 2012; Shah ve ark. 2016; Doley ve Ahmed 2017;
Thakur ve ark. 2019). Ayrica kétu bakim ve olumsuz
hava kosullari, asir kalabalik agillar ve stres faktorleri
de kecilerde pnémoni vakalarinin gorilme sikhgini
arttirmaktadir (Momin ve ark. 2011; Shah ve ark.
2016; Doley ve Ahmed 2017).

Mollicutes sinifinda yer alan ve hiicre duva-
rindan yoksun olan Mycoplasma tirleri, evcil gevis
getiren hayvanlarin solunum sistemi hastaliklarinda
onemli rol oynamaktadir. Bu sinifta yer alan Mycop-
lasma (M.) mycoides subsp. mycoides, M. agalactiae
ve M. capricolum subsp. capripneumoniae Diinya
Saglik Orgiitii (OIE) tarafindan da énemli patojenler
listesine eklenen tirler arasinda yer almaktadir. M.
capricolum subsp. capripneumoniae %100 morbidi-
te ve %60-80 oraninda mortalite ile seyreden kegi
ciger agrisi hastaliginin etkeni olarak bilinmektedir
(OIE 2020; Solangi ve ark. 2023). Diinya'da hastalik-
tan kaynakl yilda 500 milyon ABD dolarindan daha
fazla ekonomik kayip yasanmaktadir (Yatoo ve ark.
2019).

Ayrica Mycoplasma turleri arasinda yer alan M.
capricolum subsp. capricolum ve M. putrefaciens'de
ozellikle kegilerde solunum sistemi hastaliklarina
neden olan dnemli tirlerdir (Pavone ve ark. 2023).
Mycoplasma capricolum subsp. capripneumoniae
ve Mycoplasma capricolum subsp. capricolum, My-
coplasma putrefaciens ve Mycoplasma agalactiae ile
birlikte kecilerde MAKePS sendromu olarak bilinen
mastitis, artritis, keratokonjuktivit, pnémoni ve sep-
tisemi olgularina da neden olmaktadirlar (Thiau-
court ve Bolske 1996; Chakraborty ve ark. 2014; Ejaz
ve ark. 2015).

Konu ile ilgili ulusal ve uluslararasi alanda yapi-
lan calismalar degerlendirildiginde kecilerde goru-
len solunum yolu hastaliklarinda Mycoplasma spp.
izolasyon oraninin %7.16 ile %46.2 arasinda de-
gistigi bildiriimektedir (Yener ve ark. 2001; Abdou

2002; Mostafa 2003; Rania 2006; Abdel Halium ve
ark. 2019; Mousa ve ark. 2021).

Bu calismada da Siirt ili Belediye mezbahasinda
kesimi yapilan kecilerden alinan akciger érneklerin-
den bazi mikoplazma tirlerinin bakteriyolojik kon-
vansiyonel ve molekiler yontemlerle izolasyon ve
identifikasyonu amaclandi.

Materyal ve Yontemler

Materyal

GCalismada Eylul 2023-Haziran 2024 tarihleri arasin-
da Siirt ili mezbahasinda kesimi yapilan kecilerden
alinan ve makroskobik olarak pnémoni lezyonlari
belirlenen 270 akciger 6rnegi kullanildi.

Akciger 6rneklerinin alinmasi

Siirt ili Belediye mezbahasinda kesimi yapilan kegi-
lerin akcigerleri incelendi. Yapilan incelemeler sonu-
cunda makroskobik olarak pnémoni lezyonlari tes-
pit edilen akcigerlere enine kesitler atilarak ornek-
ler alindi. Alinan drnekler %20 gliserinli PBS iceren
ornek toplama kaplarina aktarildi ve soguk zincir
kosullar saglanarak Siirt Universitesi, Veteriner Fa-
kiiltesi, Mikrobiyoloji ABD Laboratuvari’'na getirildi.

Yontem

izolasyon

Alinan ornekler bakteriyolojik konvansiyonel ydn-
temlerle Mycoplasma spp. izolasyonu icin Mycoplas-
ma Broth Base (CM0403, Oxoid, England)’e ekimler
yapilarak 37°C'de %5-10 CO, iceren ortamda 7 giin
boyunca inkiibe edildi. Inkiibasyon periyodu sonu-
cunda treme gortlen sivi besiyerlerinden Mycoplas-
ma Agar Base (CM0401, Oxoid, England)'e ekimler
yapilarak 37°C'de %5-10 CO, iceren ortamda 7-10
glin boyunca inkibe edildi. Inkiibasyon sonucunda
besiyerinde Greme olup olmadigi 40x'lik blytutmede
stereomikroskop altinda incelendi ve sahanda yu-
murta goriintlsiine sahip olan koloniler Mycoplas-
ma spp. sipheli olarak kabul edildi (Samiullah 2013;
Farooq 2018; Abd-Elrahman ve ark. 2020). Stpheli
bulunan izolatlar PCR ile tiir diizeyinde identifikas-
yonlari yapilana kadar %50 at serumu eklenmis My-
coplasma Broth Base'de -20°C'de sakland..

PCR ile identifikasyon

Mycoplasma spp. supheli izolatlarin PCR ile tir
diizeyinde identifikasyonlarinin gerceklestirilmesi
amaciyla kullanilan tir spesifik primerler ile ilgili bil-
giler Tablo 1'de gosterildi.
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DNA izolasyonu

Mycoplasma spp. sipheli izolatlardan genomik DNA
eldesi, ticari genomik DNA izolasyon kiti (GeneAll,
ExgeneTM Clinic SV Mini, 108.101, Korea) kullani-
larak elde edildi. Elde edilen genomik DNA, izolat-
larin PCR ile identifikasyonunda kullanilana kadar
-20°C'de saklandi. Bununla birlikte akciger 6rnek-
lerinden de DNA izolasyonu yapilarak etkenlerin
varligi PCR ile arastirildi. Bu amacla kiiglik parcalara
ayrilan 6rneklerden ticari DNA izolasyon kiti (Hydra,
HY-DGDA-100, Tirkiye) kullanilarak genomik DNA
elde edildi.

Amplifikasyon

Hem slpheli izolatlardan hem de doku érneklerin-
den mikoplazma tirlerinin varliginin belirlenmesi
amaciyla kullanilan PCR karisiminin hazirlanmasin-
da ticari mastermix (BiolLabs, Tag 2X Master Mix,
MO0270S, ingiltere) kullanildi ve Uretici firmanin

Onerileri dikkate alindi. Karigimin optimizasyonu
icin 12.5 pl mastermixe, 2 pl genomik DNA, 1.5 pl
primerlerden ilave edilerek toplam hacim PCR suyu
ile 25 pl'ye tamamlandi. Amplifikasyon isleminde
primerlerin sentez ettirildigi firmanin onerileri dog-
rultusunda baglanma sicakligi optimize edildi. Kari-
simin 6n denatirasyonu icin 94°C'de 10 dk bekle-
tildi. Amplifikasyon asamasi toplam 35 siklus olarak
uygulandi. Denatlirasyon icin 94°C'de 1 dk, uzama
asamasl icin de 72°C'de 1 dk bekletildi. Final uzamasi
72°C'de 10 dk olarak ayarlanirken, kullanilan primer-
lerin baglanma sicakliklari tablo 1'de belirtildi. PCR
sonucu elde edilen amplikonlar, agaroz jelde elekt-
roforeze tabi tutularak, DNA marker ile kiyaslan-
di ve jel goriintileme cihazinda (Gen-Box ImagER,
Ankara, Turkiye) incelendi. PCR islemlerinde nega-
tif kontrol olarak DNA icermeyen PCR suyu, pozitif
kontrol olarak Mycoplasma agalactiae ATCC® 35890
kullanild.

Tablo 1. Stpheli izolatlarin PCR ile identifikasyonunda kullanilan primer dizilimleri.

Amplikon

Etken Oligonukleotid (5'-3") Biiyiikluigii Baglam?a Referans
Sicakhig
(bp)

. F: CGAAAGCGGCTTACTGGCTTGTT o
Mycoplasma mycoides cluster R: TTGAGATTAGCTCCCCTTCACAG 548 62°C Bascunana ve ark. 1994
Mycoplasma capricolum subsp.  F: ATCATTTTTAATCCCTTCAAG o .
capripneumoniae R: TACTATGAGTAATTATAATATATGCAA 316 >1°C Woubit ve ark. 2004
Mycoplasma capricolum subsp.  F: ACTGAGCAATTCCTCTT o
capricolum R: GTAAACCGTGTATATCAAAT 192 48°C  Hernandez ve ark. 2006

. F: CCTTTTAGATTGGGATAGCGGATG o

Mycoplasma agalactiae R: CCGTCAAGGTAGCGTCATTTCCTAC 360 60°C Gonzalez ve ark. 1995
Mycoplasma putrefaciens BEAOSC AR IIE(EC 540 60°C Shankster ve ark. 2002

R: AGCTGCGGCGCTGAGTTCA

Bulgular

Galismada incelenen 270 6rnegin 4 (%1,48)'Ginde
Mycoplasma spp. sipheli koloniler tespit edildi.
Yapilan PCR analizlerinde izolatlarin Mycoplasma
mycoides cluster spesifik primer ile pozitif sonug
verdigi belirlendi. Tur spesifik primerlerin kullanildigi
PCR ile izolatlarin 3 (%75,0)'U M. capricolum subsp.
capricolum, 1 (%25,0)'i M. capricolum subsp. capri-
pneumoniae olarak identifiye edildi (Sekil 1).

Doku &rneklerinden elde edilen genomik
DNA'larda gergeklestirilen PCR islemlerinin de bak-
teriyolojik yontemlerle elde edilen sonuglar ile pa-
ralellik gosterdigi belirlendi. Calismada incelenen
orneklerde M. agalactiae ve M. putrefaciens tirleri
tespit edilmedi.
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Sekil 1. PCR ile Mycoplasma spp. tespit edilen 6rneklerden elde edilen amplikonlarin agaroz jel goriintlisi.
1: M. capricolum subsp. capripneumoniae negatif kontrol, 2: M. capricolum subsp. capripneumoniae pozitif
ornek (316 bp); 3: M. capricolum subsp. capricolum negatif kontrol, 4-6: M. capricolum subsp. capricolum
pozitif drnek (192 bp); 7: M. mycoides cluster negatif kontrol, 8-11: M. mycoides cluster pozitif 6rnek (548

bp); M: 100 bp DNA marker.

Tartisma ve Sonug

Et ve sUt icin yetistiriciligi yapilan kegiler, 6zellikle
dislk kaliteli meralar, calilik ve fundalk alanlarini
degerlendirmeleri nedeniyle diger hayvanlara oran-
la daha fazla tercih edilmektedirler. Ayrica Diinya
nufusunun giderek artis gostermesi ve bu dogrultu-
da da hayvansal kdkenli gidalara talebin artmasi kegi
yetistiriciligini daha da dnemli kilmaktadir (Tifekci,
2023). Ancak kecilerde meydana gelen solunum sis-
temi hastaliklari nedeniyle hem ekonomi hem de
verim olumsuz yonde etkilenmektedir (Farooq 2018;
Ahmad ve ark. 2021).

Bu calismada kegilerde solunum yolu enfeksi-
yonlarina neden olan M. capricolum subsp. capri-
colum, M. capricolum subsp. capripneumoniae, M.
agalactiae ve M. putrefaciens etkenlerinin varliginin
tespit edilmesi amaglandi.

Kecilerde meydana gelen solunum sistemi has-
taliklarindan Mycoplasma mycoides sinifinda yer
alan Mycoplasma capricolum subsp. capripneumo-
niae, Mycoplasma capricolum subsp. capricolum ile
Mycoplasma agalactiae ve Mycoplasma putrefaciens
izolasyonu ve identifikasyonu amaciyla uluslararasi
alanda yapilan bazi calismalar bulunmaktadir.

Bu amacla iran'da yapilan bir calismada; Khoda-
karam-Tafti ve ark. (2023), 50 pnémonik kegi akciger
orneginin %22 (n=11)'sinde Mycoplasma spp. ve %6
(n=3)'sinda M. capricolum subsp. capripneumoniae
identifiye ettiklerini rapor ederken, iran'da yapilan
baska bir calismada ise arastirmacilar inceledikleri
4 keci akciger 6rneginin tamaminda M. capricolum
subsp. capripneumoniae identifiye ettiklerini ra-
por etmislerdir (Abdollahi ve ark. 2023). Mousa ve
ark. (2021), Misir'da yapmis olduklan bir ¢alismada
saglikli (n=40) goriinen ve hasta oldugu belirlenen
(n=60) kecilerden aldiklari 100 akciger 6rnegini ince-
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lemislerdir. Arastirmada saglikli ve hasta kecilerden
sirastyla %17 ve %56,6 oraninda Mycoplasma spp.
tespit edilmistir. Misir'da yapilan baska bir ¢alismada
ise kegilerden alinan 620 kan serumu érneginin %20
(n=24)'sinde M. capricolum subsp. capripneumoniae
yonlinden pozitiflik bildirilmistir (Selim ve ark. 2021).
Thakur ve ark. (2019), Hindistan'da koyun ve keciler-
den 44 burun svabi ve 6 akciger olmak Uzere top-
lam 50 adet 6rnek topladiklarini ve kegilerden alinan
burun svap érneklerinin 11 (%22)'inde Mycoplasma
spp. tespit ettiklerini ancak koyunlardan alinan or-
neklerde s6z konusu etkene rastlamadiklarini rapor
etmislerdir. El-Deeb ve arkadaglarinin 2017 yilinda
Suudi Arabistan'da yapmis olduklari calismada kegi-
lerden topladiklari 700 6rnegin 67 (%9,57)'sinde My-
coplasma mycoides sinifinda yer alan Mycoplasma
trlerini ve bu dogrultuda érneklerin 55 (%7,85)'inde
de Mycoplasma capricolum subsp. capripneumoni-
ae identifiye ettiklerini bildirilmislerdir. Ejaz ve ark.
(2015), Pakistan'da yaptiklari bir ¢alisma kapsamin-
da koyun (n=240) ve kecilerden (n=200) almis ol-
duklari toplam 440 burun svabi 6rnedinin %7.5'inde
Mycoplasma mycoides cluster, %5'inde Mycoplasma
putrefaciens, %1,25'inde Mycoplasma capricolum
subsp. capricolum identifiye ettiklerini rapor etmis-
lerdir. Aher ve ark. (2013), Hindistan'da yaptiklari
calismalarinda hasta ve saglikli kecilerden alinan
198 6rnegin 1 (%0,7)'inden Mycoplasma spp. izole
ettiklerini; Pakistan'da yapilan baska bir ¢calismada
ise 1920 kegi burun svabi 6rneginin 177 (%9,6)'sin-
de Mycoplasma spp., 123 (%6,40)'iinde Mycoplasma
mycoides cluster, 34 (%1,77)'Ginde Mycoplasma cap-
ricolum subsp. capricolum ve 20 (%1,04)'sinde de
Mycoplasma putrefaciens bulduklarini bildirmislerdir
(Awan ve ark. 2012). Kumar ve arkadaslar 2011 yi-
inda Hindistan'da yapmis olduklari calismada 358
akciger orneginin 30 (%8,35)'unda Mycoplasma
spp.. 11(%3,07)'inde Mycolasma capricolum subsp.
capricolum ve 19 (%5,30)'unda Mycolasma mycoides
subsp. capri identifiye ettiklerini beyan etmislerdir.
Urdiin'de yapilan bir calismada ise kecilerden alinan
310 burun svabi 6rneginin 12 (%3,9)'sinde Mycoplas-
ma spp., 6 (%1,93)'sinda M. capricolum subsp. capri-
colum, 5 (%1,61)'inde M. putrefaciens, 1 (%0,32)'inde
de Mycoplasma mycoides subsp. mycoides large
colony tipi tespit ettiklerini ancak M. agalactiae yo-
ntnden herhangi bir pozitiflik bulamadiklarini rapor
etmislerdir (Al-Momani ve ark. 2006).

Ulkemizde ise bu kapsamda yapilan sinirli sayi-
da calisma bulunmaktadir. Bu dogrultuda; Oztiirk ve
Yaman'in 2024 yilinda Isparta‘da yapmis olduklari bir
prevalans calismasinda 813 kan serumu Orneginin
ELISA testi ile 83 (10,2%)'Gini M. agalactiae yéniin-

den pozitif bulduklarini beyan etmislerdir. Cetinkaya
ve ark. (2009), Malatya, Elazi§, Bingol, Bitlis, Mus ve
Siirt bolgelerinden kegilerden aldiklari 31 akciger ve
1 burun svabi 6rneginde PCR ile %38,7 oraninda M.
capricolum subsp. capripneumoniae tespit ettikleri-
ni rapor etmislerdir. Yener ve ark. (2001), Bitlis'deki
bir mezbahadan aldiklari 42 pnédmonik keci akciger
drneginin %28,57'sinden Mycoplasma spp. identifiye
ettiklerini bildirmislerdir.

Yapilan calismalar degerlendirildiginde; kegi-
lerden alinan drneklerden M. mycoides cluster tes-
his orani %5,30-%9,57 degisirken, Mycoplasma spp.
oraninin %0.7-%56.5; M. capricolum subsp. capri-
colum oraninin %1,25-%3,07; M. capricolum subsp.
capripneumoniae oraninin %6-%100, M. agalacti-
ae oraninin %0-%10, M. putrefaciens oraninin ise
%1,04-%5 arasinda degistigi gorilmektedir. Sunulan
bu calismada ise M. mycoides cluster izolasyon orani
%1,48 iken, M. capricolum subsp. capricolum izola-
syon orani %1,11, M. capricolum subsp. capripneu-
moniae izolasyon orani %0,37 olarak bulunmustur.
Bu duruma cografi farkliliklarin, bolgesel iklim 6zel-
liklerinin farkli olmasi ile hem &rneklerin alinma sekli
hem de 6rneklem buyikligindn ve kullanilan teshis
yontemlerinin farkli olmasinin neden olabilecegi di-
stnlldi. Ayrica bolgede konar-gdcer tarzda hayvan-
cilik faaliyetlerinin strdirilmesi, bakteriyel pnémo-
nilerde predispoze faktor olan agil kalabalkhginin
da 6nline gecgerek, izolasyon oranlarinin daha disuk
olmasina neden olmus olabilecegi dustinildu.

Sonug olarak bu calismada Siirt bolgesinde ye-
tistirilen kegilerde pnémoni olgularina neden olarak
onemli verim kayiplarina sebebiyet veren M. cap-
ricolum subsp. capricolum ile M. capricolum subsp.
capripneumoniae etkenlerinin varligi bakteriyolojik
konvansiyonel ve molekiler ydntemlerle ortaya
koyuldu. Elde edilen verilerin bdlgede yetistiriciligi
yapilan kegilerde pndmoni vakalarina karsi olusturu-
lacak koruma-kontrol stratejilerine katki saglayacag:
disunildd. Konuyla ilgili ileride yapilacak olan ca-
lismalarda daha fazla sayida 6rnek ile galisiimasinin
yani sira pndmoni olgularina neden olan diger et-
kenlerin varliginin da arastiriimasinin bélge hayvan-
cligina katki saglayacagi kanaatine varildi.

Etik Onay: Calisma Siirt Universitesi Hayvan De-
neyleri Yerel Etik Kurulu'nun 167/02/2023 tarih ve
2023/01/09 sayili karari ile onayland.
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si Bilimsel Arastirmalar Projesi (SIUBAP)'ne tesekkiir
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Bovine Ephemeral Fever virus enfeksiyonunun retrospektif olarak
2012-2023 yillarn arasinda seroprevalansinin arastirilmasi
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Ozet: Bovine Ephemeral Fever (BEF) iilkemizin 6zellikle Glineydogu Anadolu ve Akdeniz Bélgesi'nde siddetli salginlara
neden olan vektor kaynakli viral bir hastaliktir. Bu calismada 2012-2023 yillari arasinda BEFV antikorlarinin varliginin
belirlenmesi ve sonugclarin konu ile ilgilenen arastirmacilara toplu olarak sunulmasi amaclanmistir. Bu baglamda
2012-2023 yillari arasinda Adana, Adiyaman, Gaziantep, Hatay, Kahramanmaras, Mersin, Osmaniye, Sanhurfa
ve Kilis illerinden toplanan 2840 adet sigir serum 6rnegi “Blocking ELISA” ile incelendi. On yillik sire icerisinde
ortalama pozitifligin %38,09 (1082/2840) oldugu, pozitifligin en yiksek oldugu ilin Adana %53,81 (247/459), en
dusik oldugu ilin ise %26,53 (65/245) ile Kilis oldugu tespit edildi. Yillara gére bir degerlendirme yapildiginda ise
en ylksek pozitiflik %96,69 (117/121) ile 2015, en disik pozitiflik ise %10,12 (82/810) ile 2017 yilinda tespit edildi.
Sonug olarak BEFV bu bolgelerde varligini devam ettirmektedir ve periyodik araliklarla salginlara yol acarak bolge
hayvanciligi agisindan risk olusturmaktadir. Bu nedenle hastaligin takibi, korunma ve kontroliine yénelik calismalarin
stirdurilmesi 6nem arz etmektedir.

Anahtar kelimeler: Bovine Ephemeral Fever, ELISA, Seroloji, Virus.

Restrospective investigation of seroprevalence of Bovine
Ephemeral Fever virus infection between 2012-2023

Abstract: Bovine Ephemeral Fever (BEF) is a vector-borne viral disease that causes severe epidemics especially in the
Southern Anatolia and Mediterranean region of our country. In this study, it was aimed to determine the presence
of BEFV antibodies between the years 2012-2023 and to present the results to the researchers who are interested
in the subject. For this aim, 2840 sera samples collected from Adana, Adiyaman, Gaziantep, Hatay, Kahramanmaras,
Mersin, Osmaniye, Sanliurfa and Kilis provinces between 2012-2023 years were analyzed by "Blocking ELISA". It
was seen that the average positivity was 38.09% (1082/2840) in a ten year period, the provinces with the highest
positivity was Adana 53.81% (247/459), the province with the lowest positivity was Kilis 26.53% (65/245). When we
make an evaluation by years, it was determined the highest positivity was 96.69% (117/121) in 2015, the lowest
positivity was 10.12% (82/810) in 2017. As a result, BEFV continues to exist in these regions and pose a risk for
the livestock breeding in the region by causing outbreaks at periodic intervals. For this reason, it is important to
continue the studies for the follow-up, prevention and control of the disease.

Keywords: Bovine Ephemeral Fever, ELISA, Serology, Virus.

Giris

Uc giin hastaligi olarak da adlandirilan Bovine Ephe-
meral Fever (BEF), sigir ve mandalarda et ve sit veri-
minde azalma sebebiyle yiksek ekonomik kayiplara
neden olan akut seyirli viral bir hastaliktir (Zheng
ve ark. 2009; OIE 2016; Pyasi ve ark. 2020). Neden
oldugu ekonomik kayiplar sebebiyle BEF vakasi bil-
dirilmeyen Ulkelerde dahi salginlarin yakindan takip
edilerek siki dnleyici tedbirlerin alinmasinin dnemli
oldugu dustnulmektedir (Tonbak ve ark. 2013).

Bovine Ephemeral Fever Virus (BEFV), Rhabdo-
viridae familyasindan Ephemerovirus genusunda yer
almaktadir (Abayli ve ark. 2017; Dorey-Robinson ve

ark. 2019; Omar ve ark. 2020; ICTV 2024). Viron 14,9
kb boyutunda negatif iplikcikli ve tek sarmalli RNA
(ssRNA) genomuna sahiptir ve 6nemli bes yapisal
proteini (N, P M, G ve L), bir (GNS) yapisal olmayan
proteini ile birkag kicik yardimci proteini kodlayan
gen bolgeleri bulunmaktadir (Gleser ve ark. 2023;
Benevenia ve ark. 2024). G proteini ylzeyinde dort
antijenik bolge (G1, G2, G3 ve G4) tanimlanmistir.
Sadece anti-BEFV antikorlar ile G1 parcacigi reak-
siyona girmektedir. Blocking ELISA ve Indirekt ELI-
SA G1 pargacigini tespit etmek icin kullanilmaktadir
(Zheng ve Qiu 2012).
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BEFV'nin diinya capinda tek bir serotipi bu-
lunmaktadir (Walker ve ark. 1991; Trinidad ve ark.
2014). Saglikh sigir ve insektlerden serolojik ¢apraz
reaksiyon gozlenen birkag virus izole edilmistir. An-
cak bunlarin higbiri hastaliga neden olmamistir. Bun-
lar arasinda Avustralya'dan Berrimah virus (BRMV)
ve Kimberley virus (KIMV), Afrika'dan Malakal virus
ve Asya‘dan Puchong virus sayllmaktadir (Walker ve
ark. 1991).

Hastaligin mortalite orani dusiik, morbidite ora-
ni ise yuksektir (Walker ve Klement 2015; OIE 2016).
BEFV, Avustralya, Afrika, Orta Dogu ve Asya'nin tro-
pik ve subtropik bélgelerinde gorilir (Lavon ve ark.
2023; Benevenia ve ark. 2024). Afrika'da cesitli yaba-
ni ruminantlarda anti-BEFV antikorlari tespit edilme-
sine ragmen, hastaligin meydana geldigi bolgelerde
sigirlarla birlikte bulunan koyunlarda dogal enfeksi-
yonlar bildirilmemistir (Kirkland 2002).

Diinya capinda 38 ° K ve 36 ° G enlemleri ara-
sinda BEFV'nin endemik gorildigu kabul edilmek-
tedir (Pyasi ve ark. 2020). Kitalar ve Ulkeler arasi ana
bulagsma yollar tamamen agiklanamamistir (Boaron
ve ark. 2012). Vektorlerin hakim riizgarlar tarafindan
tasinmasi ile epizootiklerin meydana geldigi rapor
edilmistir. (Walker 2005; Chaisirirat ve ark. 2018).
Kan emen sineklerden (Culicoides spp.) izole edilen
BEFV'nin bulastirimasinda rol alan vektorler ile ilgili
calismalar devam etmektedir (Kirkland 2002; Trini-
dad ve ark. 2014). Virusun Culicoides imicola, Culi-
coides coarctus, Culicoides kingi, Culicoides nivosis,
Culicoides bedfordi, Culicoides pallidipennis, Culi-
coides puncticollis, Culicoides brevitarsis, Anopheles
bancroftii, Culex, Uranotaenia ve Aedes gibi ¢esitli
kan emen sineklerden izole edildigi rapor edilmistir
(Walker ve Klement 2015).

Hastalik sicak mevsimlerde belirgin bir artis
sergilemektedir (Tonbak ve ark. 2013). Hastalik Orta
Dogu'da Suudi Arabistan'da 1930 yilinda, israil'de
1931 yilinda ve Tirkiye'de de1985 yilinda ilk olarak
rapor edilmistir (Omar ve ark. 2020). Tirkiye'de sal-

ginlar her 4-5 yilda bir ve genellikle ayni bolgeler-
de ortaya ¢ikmaktadir (Erol ve Ark. 2015, Oguzoglu
ve ark. 2015). Bu bolgeler subtropikal iklim ozelligi
gosterdiginden virusun vektorleri icin uygun yasam
alanlari saglamaktadir. Akdeniz kiy1 bolgesinde BEFV
salginlar genellikle yaz sezonu sonunda ortaya ¢ik-
maktadir (Oguzoglu ve ark. 2015).

Hastaligin seyri esnasinda bifazik ates, kaslar-
da sertlik, salivasyon, gozyasi ve burun akintisi, is-
tahsizlik, ruminasyonun durmasi, topallik ve yatma
gibi klinik semptomlar gozlenebilmektedir (Walker
2005). Epidemiyolojik gézlemler ve klinik semptom-

lar hastaliktan stiphenilmesine sebep olsa da kesin
teshis enfekte sigirlardan elde edilen 6rneklerden
virusun izolasyonunun yapilmasi ile gerceklestirile-
bilmektedir. Serolojik teshis amaciyla iki hafta ara ile
cift serum 6rnekleme yapilarak BEF antikorlari orta-
ya konulmaktadir (Tonbak ve ark. 2013).

Blocking Enzyme-Linked Immunosorbent As-
say (B-ELISA) ve indirekt Enzyme-Linked Immuno-
sorbent Assay BEFV'nin G1 proteinine karsi olusan
antikorlari tespit etmek icin gelistirilmistir (Zheng ve
Qiu 2012). Hastaligin teshis ve izlenmesinde B-ELISA
testinin, Virus Notralizasyon testine gore uygulama-
sinin daha kolay ve hassasiyetinin ise daha yiksek
oldugu (Zakrzewski ve ark. 1992), bu nedenle genis
caph surl taramalarinda tercih edilerek kullanila-
bildigi vurgulanmistir (Zheng ve ark. 2010). Dogal
BEFV enfeksiyonu geciren hayvanlarda olusan not-
ralizan antikorlar konaklari virusa karsi uzun bir siire
koruyabilmektedir (Walker 2005).

Bu calismada 2012-2023 yillar arasinda Ada-
na, Adiyaman, Gaziantep, Hatay, Kahramanmaras,
Mersin, Osmaniye, Sanliurfa ve Kilis illerinden topla-
nan kan serum orneklerinde tespit edilen anti-BEFV
antikorlarinin yayginhgu, illere ve yillara gore tasnif
edilerek konu ile ilgilenen arastirmacilara toplu bir
sekilde sunulmasi hedeflenmistir.

Gereg ve Yontem

Gereg: Bu calismanin materyalini, 2012-2023 yilla-
r arasinda saha taramasi icin Haziran-Ekim aylari
arasinda Adana Veteriner Kontrol Enstitt Midurlu-
gl Viroloji Laboratuvarina Adana, Adiyaman, Gazi-
antep, Hatay, Kahramanmaras, Mersin, Osmaniye,
Sanliurfa ve Kilis illerinden eskal bilgileri olmadan
gonderilen veya enstitiimiiz uzmanlar tarafindan
sahadan toplanan kan serum ornekleri olusturmus-
tur. Laboratuvarimiza 2015 yilinda Sanlurfa (n:50)
ve Adana (n:71)'dan gonderilen serum 6rnekleri asili
hayvanlardan elde edilirken geri kalan 6rneklerin ta-
mami asisiz hayvanlardan elde edilmistir. Toplanan
serum Ornekleri 56°C'de 30 dk inaktive edilmis ve
serolojik testlerde kullanilincaya kadar -20°C'de sak-
lanmistir. Toplanan 6rnek sayilari, 6rneklerin illere ve
yillara gore dagilimlari Tablo 1'de 6zetlenmistir.

Yontem:Toplanan kan serum Ornekleri ticari B-ELISA
(Virology Laboratory, EMAI, Camden NSW Avustral-
ya) ile kit prosedirline uygun olarak incelendi. Test
pleytleri 450 nm absorbans degerinde ELISA okuyu-
cu'da (Biochrom Ezread400, ingiltere) okutuldu. Elde
edilen absorbans sonuglar <%40 negatif, %40-59
stipheli ve >%60 pozitif olarak degerlendirildi.
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Bulgular

On yillik siire icerisinde ortalama pozitifligin %38,09
(1082/2840) oldugu, pozitifligin en yiksek oldugu
ilin Adana %53,81(247/459), en distk oldugu ilin ise
%26,53 (65/245) ile Kilis oldugu tespit edildi. Yilla-
ra gore bir degerlendirme yapildiginda ise en ylk-
sek pozitiflik %96,69 (117/121) ile 2015, en dusuk
pozitiflik ise %10,12 (82/810) ile 2017 yilinda tespit

edildi. Adana ve Sanlurfa illerine ait asili hayvanlar-
dan 6rnek toplanan 2015 yili haricinde dokuz yillik
sire icerisinde degerlendirme yapildiginda asisiz
hayvanlarda ortalama pozitiflik %35,49 (965/2719)
olarak belirlendi.

incelenen numunelere ait detayl test sonuglari
Tablo 1'de 6zetlenmistir.

Tablo 1. Hayvan orneklerinde anti-BEF antikorlarinin tespiti icin yapilan B-ELISA test sonuglarinin yillara ve illere gére dagilimi

iL 2012 2013 2014 2015 2016 2017 2018 2021 2022 2023 TOPLAM
% (+/n) % (+/n) % (+/n) % (+/n) % (+/n) % (+/n) % (+/n) % (+/n) % (+/n) % (+/n) % (+/n)

ADANA %41,17  %33,84 %75 %98,59 %10 %12,22 %20 %92 %96 %92 %53,81
(14/34) (22/65) (3/4) (70/71) (4/40) (11/90) (6/30) (23/25) (48/50) (46/50)  (247/459)

ADIYAMAN %68,75 . . L %27,5 %10 %13,33 %68 %52 %34 %31,56
(11/16) (11/40) (9/90) (4/30) (17/25) (26/50) (17/50) (95/301)

GAZIANTEP . L . . %7,5 %5,55 %6,66 %48,14 %96 %44 %33,40
(3/40) (5/90) (2/30) (13/27) (48/50) (22/50) (93/287)

HATAY - . . L %12,5 %10 %8 %76 %72 %32 %29,18
(5/40) (9/90) (4/50) (19/25) (36/50) (16/50) (89/305)

KAHRAMAN- . L . . %15 %8,88 %20 %80 %90 %28 %35,73
MARAS (6/40) (8/90) (6/30) (20/25) (45/50) (14/50) (99/285)

MERSIN %14,28 . . - %20 %11,11 %6,66 %48 %74 %34 %29,79
(1/7) (8/40) (10/90) (2/30) (12/25) (37/50) (17/50) (87/292)

OSMANIYE %43,75 . . . %15 %10 %16,66 %68 %78 %64 %38,20
(7/16) (6/40) (9/90) (5/30) (17/25) (39/50) (32/50)  (115/301)

SANLIURFA %86,66 . %94 %10 %12,22  %13,33 %92 %84 %70 % 52,60
(26/30) (47/50) (4/40) (11/90) (4/30) (23/25) (42/50) (35/50)  (192/365)

KiLis . . . . . %11,11 %6,66 %60 %50 %26 % 26,53
(10/90) (2/30) (15/25) (25/50) (13/50) (65/245)

TOPLAM %57,28 %3384 %75 %96,69  %14,68 %1012 %12,06 %70,04 %76,89 %47,11 %38,09

(59/103) (22/65) (3/4) (117/121) (47/320) (82/810) (35/290) (159/227) (346/450) (212/450) (1082/2840)

Tartisma ve Sonug

Diinyada ve Ulkemizde yiksek ekonomik kayiplara
neden olmasindan dolayi BEF Uzerine yapilimis ce-
sitli arastirmalar bulunmaktadir (Erol ve ark. 2015;
Zaghawa ve ark. 2016, 2017).

Tibette 2012-2015 yillari arasinda ELISA tes-
ti ile incelenen 1123 adet Tibet Sigiri (Yak)'nin, 454
(%40,4)'inde pozitiflik tespit edilmis ve seropreva-
lanslarin 2012, 2013, 2014, 2015 yillarinda sirasiyla
%49,3, %36,0, %44,1 ve %34,0 oldugu bildirilmistir
(Liu ve ark. 2017).

Suudi Arabistan’da ortaya cikan salginlarda se-
roprevalans oranlarini 2007 yihindaki salginda Jizan
bolgesinde %66,7; Dogu bolgesinde %69,1; Qasim
bolgesinde %69,7; Riyadh bolgesinde %70; 2009

yilindaki salginda Jizan bdlgesinde %31,7; Dogu
bdlgesinde %32,2; Qasim bdlgesinde %30,0; Riyadh
bolgesinde %40,0; 2011 salgininda ise Jizan bolge-
sinde %30,4; Dogu bdlgesinde %28,7; Qasim bdl-
gesinde %33,1; Riyadh bdlgesinde ise %32,4 olarak
tespit edilmistir (Zaghawa ve ark. 2017). Yine Suudi
Arabistan'da 2010 yilinin yaz aylarinda 1480 adet si-
Jira ait seropozitiflik oranlari Dogu'da %18, Jizan'da
%18, Qasim'de %26 ve Riyad'da ise %12 olarak bildi-
rilmistir (Zaghawa ve ark. 2016).

israilde 1990, 1999, 2004 yillarinda meyda-
na gelen salginlarda serum ndtralizasyon testi ile
BEF'in slrl duzeyindeki insidensini belirlemek igin
192 sigir surist incelenmis ve insidensler 1990,
1999, 2004 yillarinda sirasiyla %78,4, %97,7 ve %100
olarak belirlenmistir (Yeruham ve ark. 2010). Yine
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israilde yapilan diger bir calismada nétralizasyon
testi ile seroprevalans oranlari mandalarda %13,79
(4/29), ceylanlarda %4,44 (3/68) ve alageyiklerde
%0,68 (2/296) olarak tespit edilmistir (Aziz-Boaron
ve ark. 2015).

Misirin El Dakhla vahasinda 40 hayvan mele-
zinden (Friesian x Balady) viremi ve viremiden iki
hafta sonraki donemde alinan serum o6rnekleri anti
BEFV antikorlar yonunden ELISA testi ile incelemis
ve prevalans viremi doneminde %20 (8/40), sonraki
dénemde ise %60 (24/40) olarak belirlenmistir (El-
naby ve Rateb 2019).

Turkiye'de Ege bolgesinde bulunan Aydin
(n=125) ve Mugla (n=100) illerinden toplam 225
adet serum Ornegi B-ELISA ile incelemis ve pozitif-
lik tespit edilmemistir (%0) (Erol ve ark. 2015). Orta
Karadeniz bolgesinde bulunan bes ilden toplanan
orneklerde (Ordu, Samsun, Tokat, Sinop ve Amasya)
ortalama seroprevalans %13,5 olarak tespit edilmis-
tir. iller diizeyinde seroprevalans oranlari ise Sam-
sun'da %2,5, Amasya'da %27,5 ve Sinop'ta %37,5,
olarak belirlenirken Ordu ve Tokat'ta ise seropozitif-
lige rastlanmamistir (%0) (Albayrak ve Ozan 2010).
Turkiye'nin Trakya bdlgesinden toplanan 557 sigira
ait serum Ornegi incelenmis ve ortalama seropre-
valans %8,04, iller bazinda prevalans ise istanbul'da
%2,8, Edirne'de %15,3, Canakkale'de %2,5, Kirklare-
li'nde %13 ve Tekirdag'da %6,6, olarak belirlenmistir
(Karaoglu ve ark. 2007). Adana, Adiyaman ve Sakar-
ya illerinden toplam 55 hayvana ait 6rneklerin in-
celendigi bir calismada anti-BEFV antikorlari tespit
edilememistir (Tonbak ve ark. 2013).

Bu calismada 10 yillik sure igerisinde Adana,
Adiyaman, Gaziantep, Hatay, Kahramanmaras, Mer-
sin, Osmaniye, Sanliurfa ve Kilis olmak tizere toplam
dokuz ili kapsayan genis bir cografi alandan 2840
serum oOrnegi incelenmis ve 1082 (%38,09) drnekte
anti-BEFV antikorlari tespit edilmistir (Tablo 1).

Yapilan incelemede pozitifligin en yiksek oldu-
guilin Adana %53,81 (247/459), en duslk oldugu ilin
ise %26,53 (65/245) ile Kilis oldugu tespit edilmistir.
Hastaligin endemik oldugu ve bu iki ildeki prevalans
oranlarindaki farkin yapilan 6rneklem farkliligindan
kaynaklanabilecegi kanaatine variimistir. Yillara gore
bir degerlendirme yapildiginda ise en yiksek pozi-
tiflik %96,69 (117/121) ile 2015, en dustk pozitiflik
ise %10,12 (82/810) ile 2017 yilinda tespit edilmistir.
2015 yilindaki yiksek seropozitifligin Sanliurfa ve
Adana illerinde asi uygulanan ciftliklerden 6rneklem
yapilmasindan ve calismada kullanilan tani kitinin
enfeksiyona bagli pozitiflik ile asi kaynakl pozitifligi
ayirt edememesinden kaynaklandigini diistindir-
mustar. Ulkemizde BEF enfeksiyonuna karsi peri-

yodik dizenli bir asi uygulamasi yapilmamaktadir.
Ancak hastalik cikan yerlerde asi uygulamasi yapan
isletmeler bulunmaktadir 2015 yili haricinde asi-
siz sUrllerde 9 yillik slre igerisinde degerlendirme
yapildiginda ortalama pozitiflik %35,49 (965/2719)
olarak belirlenmistir.

Ayrica Tonbak ve ark (2013), Oguzoglu ve ark
(2015) ve Abayli ve ark (2017) 2012 salgininda yap-
tiklari filogenetik analiz sonuglarina ek olarak 2012
yilinda belirlenen %57,28'lik seropozitiflik orani ile
2020 yilinda Tokgoz ve ark (2023) yaptiklari ¢calisma-
da bildirdikleri %69,04'lik seropozitiflik orani ve be-
lirtilen yillara ait saha gozlemleri birer salgina isaret
etmektedir. Nitekim 2020 yilinda Karayel-Hacioglu
ve ark (2021) Sanlurfa'dan, Tokgdz ve ark (2023)
Adana ile Sanlurfa'dan elde ettikleri izolatlar ile
yaptiklari filogenetik analizler sonucunda Orta Dogu
soy hattinda yer aldiklarini bildirmislerdir.

Seroprevalans sonuclar gostermektedir ki su-
btropikal boélgede yer alan bu illerde BEFV enfek-
siyonu enzootik olarak gorilmekle beraber antikor
varligi yillara bagli olarak degisiklik gostermektedir.
Salgindan sonra gelisen antikor varliginin zamanla
azalma egilimi gosterdigi icin enfeksiyonla miica-
delede riskli bolgelerde koruma ve kontrol kapsa-
minda bolgesel miicadele 6nlemlerinin alinmasi
gerekliligini ortaya koymaktadir. Bu sebepten dolayi
ortalama 3-5 yilda bir salginlarin ortaya ¢iktigi dusi-
nildiginde salgin beklenen bdlgelerde dizenli an-
tikor varligina bakilmasi ve antikor varliginin azaldigi
doénemlerde koruyucu amacla asi uygulamalarinin
yapilmasi onerilmektedir.

Etik Kurul Karar: Bu calisma Adana Veteriner
Kontrol Enstitd Mudurligl Yerel Etik Kurulunun
27.09.2024 tarih ve 2024-3/426 sayili karari geregi
calismanin Etik Kurul iznine tabi olmadigina karar
verilmistir. Tarim ve Orman Bakanligi Gida ve Kont-
rol Genel Mudurltgi tarafindan 30.09.2024 tarih ve
E-71037622-325.99-16028049 sayili yazi ile bu ¢a-
lisma icin gerekli izin alinmistir. ifade edilen goris
ve dlslinceler yalnizca yazara aittir ve T.C. Tarim ve
Orman Bakanhgi'nin goruslerini yansitmak zorunda
degildir. Tarkiye Cumhuriyeti Tarim ve Orman Ba-
kanhgi bunlardan sorumlu tutulamaz.

Tesekkiirler: Laboratuvar calismalarindaki yardim-
larindan dolayi Veteriner Saglik Teknikeri Ali OZ'e
ve rahmetli Veteriner Hekim Mehmet MIRIOGLU'na
tesekkir ederim.

Maddi destek ve cikar iliskisi: Calismayr maddi
olarak destekleyen kisi ve kurulus yoktur ve yazar-
larin arasinda herhangi bir ¢ikara dayali iliski yoktur.
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Ozet: Bovine Viral Diyare Virus (BVDV) olarak da bilinen Pestivirus enfeksiyonlari, giinimiizde 6zellikle siit sigirciligi
endistrisinde yatinmeci ve yetistiriciler icin agir ekonomik kayiplara sebep olan viral bir hastaliktir. ilk defa ilan edildigi
1946 yilindan bugiine dek gerek Tirkiye'de gerekse Diinya'da birgok farkli arastirmaci tarafindan farkli genotip ve
subgenotipleri oldugu kesfedilen BVDV hala sigir sagligini etkilemektedir. Ulkemizde koruma ve kontrol yéntemlerine
dair cok fazla galisma olmamasina karsin, farkl ulkelerde cesitli eradikasyon programlari uygulanmaktadir. Fakat
buna ragmen BVDV kontrollinde sorunlar devam etmektedir. Bu nedenle bu derlemede BVDV enfeksiyonlarindaki
son durum ve gelismeler hakkinda bilgiler sunuldu.

Anahtar kelimeler: Bovine Viral Diarrhea Virus, BVD, MD, Pestivirus, Sigir

BVDV infections in cattle

Abstract: Bovine Viral Diarrhea Virus (BVDV), also known as Pestivirus infections, is a viral disease that causes
significant economic losses to investors and farmers, particularly in the dairy cattle industry. Since its first
identification in 1946, BVDV has been found to have various genotypes and subgenotypes, discovered by many
researchers both in Turkiye and globally, and continues to affect cattle health. Although there have been few studies
on protection and control methods in Tirkiye, and despite the implementation of various eradication programs in
other countries, challenges in controlling BVDV persist. Therefore, this review provides information on the current

status and developments regarding BVDV infections.

Keywords: Bovine Viral Diarrhea Virus, BVD, Cattle, MD, Pestivirus

Giris

Sigirlarda Bovine Viral Diyare Virus (BVDV), akut ya
da persiste enfeksiyonlara sebep olan; solunum, sin-
dirim ve reproduktif sistem bozukluklarina yol aga-
bilen endemik bir enfeksiyondur. Flaviviridae famil-
yasina mensup Pestivirus genusunda bulunan BVDV,
Dinya'da ilk kez 1946 yilinda yapilan bir calismada
kesfedilmistir. Sonraki yillarda Diinya genelinde ya-
pilan ¢alismalarda hastaligin endemik bir enfeksiyon
oldugu anlasiimistir. Kiiresel anlamda bircok tlkede
Bovine Viral Diyare (BVD) hastaligina sebep olan
varyant genotip ve subgenotip Pestivirus suslari
mevcuttur. Bu nedenle kontrol ve eradikasyon ca-
hismalari ile ilgili hem Ulkeler arasi hem de bdlgesel
farkhihklar yasanmaktadir. Turkiye'de 1990'li yillardan
beri cesitli bolgelerde BVD ile ilgili calismalar yapil-
maktadir. Hastaligin akut formunda enfekte hayvan-
da siddetli verim kayiplar gorilmektedir. Morbidite-
si ylksek bir enfeksiyon oldugundan dolayi, hastalik
kisa slire icinde surtde yayllmakta ve bireysel ka-
yiplarin yani sira surl bazinda da bu verim kayiplari
etkili olmaktadir. Hastaligin persiste formunda (Pi)

virusun sird icinde sirkiilasyonu ve devamlihgr s6z
konusu oldugundan, koruma ve kontrol noktasinda
her ciftligin kendi kontrol programini olusturmasi
gerekmektedir. Kontrol programlarinin eksik ya da
yanlis uygulandigi durumlarda siirii icerisinde buza-
g1 olimleri, kongenital anomaliler, reproduktif bo-
zukluklar, slit veriminin azalmasi gibi énemli ekono-
mik kayiplar gorulmektedir.

Bu derlemede, BVD ile ilgili gelismeler ve ko-
ruma, kontrol ve eradikasyon stratejilerinin etkin bir
bicimde ortaya konulmasiyla ilgili bilgilerin sunul-
masi ve sigir saghidi ile sigircilik endustrisine fayda
saglamak hedeflendi.

Etiyoloji

Hastaliga iliskin yapilan ilk calismalar 1946 yilinda
akut gelisen bir hastaligin goérilmesi sonucu bas-
lamis olup baslarda hastaligin toksikasyon sebepli
olabilecegi dustnilse de yapilan analizler sonu-
cunda hastaligin zehirlenme kaynakl olmadigi an-
lasiimis ve hastaligin bir etken kaynakl olabilecegi
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belirtilmistir (Olafson ve ark., 1946). Sonraki yillarda
hastaligin sirl ici yayillmi daha disuk fakat daha
siddetli seyreden bir formu ortaya konulmus ve has-
taligin bu formu Mukozal hastalik (Mucosal disea-
se-MD) olarak adlandiriimistir (Ramsey ve Chivers,
1957). BVD ve MD hastaliklarinin ayni etkenlerden
dolayi oldugu ise 1961 yilinda yapilan bir ¢alismada
tespit edilmistir (Kniazeff ve ark., 1961). BVD ile MD
arasindaki bu farklilik hastalik etkenlerinin farkli bi-
yotiplere sahip olmasi ile agiklanmistir.

BVD, deneysel olarak sitopatik ve nonsitopatik
olarak 2 biyotipe ayrilmistir. Nonsitopatik viruslar, hiic-
relerde dejeneratif etkilere sebep olmazlar. Buna karsin
sitopatik viruslar hiicre morfolojilerinde cesitli degisiklik-
lere ve nihayetinde apoptozise neden olurlar (Lee ve Gil-
lespie, 1957). Nonsitopatik tipte bir virus ile enfekte
bir fetiistin, dogumu takiben sitopatik tipte bir virus
ile stiperenfeksiyonu neticesinde MD sekillenmekte-
dir (Brownlie, 1990).

Tablo 1. Hafif ve Siddetli Seyirli BVD/MD infeksiyonlari ile
Persiste infeksiyonlarda Sitopatik ve Nonsitopatik Viruslarin
Etkileri (Deregt ve Loewen, 1995)

Hastaligin Seyri NCP* CP® Olasi Sonuclar
Hafif seyirli BVD¢ + +
Pid + -

Ates, ishal, iyilesme
MD, Pi enfekte hayvanlar

Olimciil akut/kronik so-

MDe + +
nuglar

Trombositopenif Hemoroji, 6lum/iyilesme
MD benzeri semptomlar,

. L .
Siddetli seyirli BVD 6lum ya da iyilesme

2Nonsitopatik

b Sitopatik

¢NCP ya da CP viruslar hafif seyirli olabilir

4Persiste infeksiyon, Fetiisiin gebelik stirecinde olan enfeksiyonu

¢Hem NCP hem de CP biyotipteki viruslar MD ile iliskilidir. Sade-
ce Pi hayvanlar MD olabilir.

f Virulansi ylksek NCP viruslar siddetli seyreden BVD enfeksi-
yonlarina ve trombositopeniye sebep olabilir.

Etken

BVDV, 12.3-16.5 kilobaythk (kb) genom buyukligin-
de, zarfli ve tek iplikli, (+) polariteye sahip bir RNA
virusudur (Sekil 1) (Chi ve ark., 2022). BVD/MD'ye
sebep olan etkenler Flaviviridae ailesine mensup
Pestivirus genusunda yer almaktadir. Pestivirus ge-
nusunda yer alan ve BVDV olarak adlandirilan virus,
BVDV-1, BVDV-2 ve BVDV-3 olarak Ug¢ genotipe
ayrilmistir. Gncel taksonomiye gore BVDV-1 Pesti-
virus bovis olarak, BVDV-2 ise Pestivirus tauri ola-

rak yeniden adlandinlmistir. Fakat gtincel yayinlar-
da arastirmacilar siklikla, sz konusu genotiplerden
BVDV-1 ve BVDV-2 olarak bahsetmektedir. BVDV-3
ise ginUmuzde Pestivirus Brazilense ya da Hobi-Li-
ke virus olarak tanimlanmaktadir. Bu genotipler ile
ilgili yapilan calismalar neticesinde, virusun farkli su-
bgenotiplere ayrildigi tespit edilmistir. Bu calismalar
sonucu giinimizde, 24 adet BVDV-1 (1a-1x), bes
adet BVDV-2 (2a—2e) ve bes adet BVDV-3 (a-€) ol-
mak Uzere toplam 34 subgenotip ortaya c¢ikmistir.
(Anonim, 2023 ; Baumbach ve ark., 2023 ; Yesilbag
ve ark., 2024). Turkiye'de 3 genotipin de varhgi bilin-
mektedir. Bunlar arasinda en yaygin olarak BVDV-1
genotipi gorilmektedir. BVDV-1 subgenotiplerin-
den BVDV-1l ve BVDV-1r subgenotipleri digerlerine
gore daha yaygindir. Bunlarin yaninda BVDV-1a, 1b,
1¢, 1d, 1f ve 1h subgenotipleri de Tirkiye'de sirki-
lasyonda olan subgenotiplerdendir (Cagirgan ve
ark., 2022 ; Yilmaz ve ark., 2022). BVDV-3'ln varli§i
ilk kez Erzurum ve Elazig'da yapilan bir calismada,
2019 yilinda bildirilmistir (Timurkan ve Aydin, 2019).

Virusun yapisal proteinleri E™, E1, E2 ve C protei-
nidir (Sekil 2). Yapisal olmayan proteinleri ise NP, p7,
NS2/3, NS4A, NS4B, NS5A, NS5B’dir (Neill, 2013).

Sekil 1. Pestivirus Sematik Yapisi (Al-Kubati ve ark.,
2021)

BVDV genomu 5've 3’ bolgelerinde bulunan bil-
gi kodlamayan alanlar (Untranslated regions-UTRs)
ile cevrili tek bir agik okuma alanindan (open reading
frame-ORF) olusur (Kokkonos ve ark., 2020). RNA,
yaklasik 3900 amino asitlik bir poliproteini kodlayan
uzun bir protein sentezleme yetenegdi olan bolgeyi
(ORF) igerir (Goga ve ark., 2014). Virusun genomla-
rini olusturan yapisal ve yapisal olmayan proteinler
5'UTR ile 3'UTR bolgesi arasinda dizili halde bulun-
maktadir (Al-Kubati ve ark., 2021).
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Viral replikasyon, lipid metabolizmasi ve bir-
cok faktorle iliskili karmasik bir strectir (Stapleford
ve Miller, 2010). Replikasyonun baglamasi icin virus,
konak hiicrenin ylzey lipidleri ile etkilesime girer
(Martin-Acebes ve ark., 2011). Sigirlardaki hicre-
sel reseptorlerden CD46, tip-1 transmembran gli-
koproteinidir (Maurer ve ark., 2004 ; Krey ve ark.,
2006 ; Riedel ve ark., 2020). BVDV replikasyonu, viral
membran proteininin CD46 reseptdriine baglanma-
si yoluyla endositoz ile baslar (Igbal ve ark., 2000 ;
Rodenhuis-Zybert ve ark., 2010). BVDV zarf prote-
inleri E1, E2 ve E™ bu slrecte dnemli rol oynarlar.
BVDV E2 proteini konak hticre ylizeyindeki lipopro-
teinlere baglanir ve boylece BVDV'nin hedef hiicre-
lere girisi tamamlanir. Daha sonra BVDV RNA's (ire-
tim silreci baslar. Viral genomik RNA paketleme ve
virus fragmentlerinin salinmasi stirecinde, C protein,
endoplazmik retikulum boslugundaki viral genomik
RNA'ya baglanir ve BVDV virionlari hiicre ici organel-
lere ait vezikillerde olgunlasir. Daha sonra replikas-
yon tamamlanarak virionlar hiicreden disari salinir
(Ma ve ark., 2022). BVDV yapisinda bulunan polipro-
teinlerde, CP ve NCP biyotipleri arasinda farkhliklar
vardir. NCP biyotipte NS2/3 seklindeki protein, CP
biyotipte NS2 ve NS3 olmak Uzere 2 farkli protein
olarak bulunmaktadir (Behrens ve ark., 1998) Huicre
kdlturinde NS2/3'(in, enfeksiyonun erken evresinde
parcalandigi gorilir. ileri evrelerde ise parcalanama-
yan NS2/3 proteini birikmeye baslar. BVDV enfeksi-
yonunda, parcalanmamis NS2/3, virion olusumu igin
onemlidir (Klemens ve ark., 2015) Hicre kiltlrinde,
NS2/3 parcalanmasi, enfeksiyonun erken evresinde
gozlenir (Lackner ve ark., 2004) Bu birikmenin per-
siste enfeksiyonlara sebep olabilecegi bildirilmistir
(Klemens ve ark., 2015)

Fiziksel ve kimyasal 6zellikler

Pestiviruslar, yapilarinda bulunan lipid ozellikli zarf se-
bebiyle alkol ve deterjan gibi gesitli maddelerle hizlica
inaktive olurlar (Depner ve ark., 1992). Buna karsin sta-
bilitelerini genis bir pH araliginda (5.7 ile 9.3 pH) koruya-

Sekil 2. Bovine Viral Diyare
Virusu Genomu: Yapisal Ve
Yapisal Olmayan Proteinleri
Kodlayan Genlerin
Organizasyonu (Al-Kubati
ve ark., 2021)

bilirler. Ayni zamanda pestiviruslar, 40 °C ve daha fazla
sicakhga maruz kaldiginda etkinlikleri bliyiik 6lglide aza-
lir. Dondurma iglemine tabi tutulmalari ise enfektivitele-
rinde degisiklik meydana getirmez (Ridpath, 2005).

Konak duyarhlig

Pestiviruslar pek ¢ok hayvan tiriini etkilemektedir
(Riedel ve ark., 2020). Virusun ilk tanimlanmasindan
bu zamana kadar keci, koyun, deve ve lama gibi pek
¢ok hayvan tiirlinde virus tespit edilmistir (Evans ve
Reichel, 2021).

Koyunlarda BVDV enfeksiyonlarinin etkilerinin,
BVDV ile enfekte sigirlarda gorilen etkilere benze-
digi rapor edilmistir (Scherer ve ark., 2001). Gebe
olmayan koyunlarda énemli klinik semptomlar go-
rilmezken (Evans ve ark. 2015), gebe koyunlarda
akut enfeksiyonlar ciddi klinik belirtilere yol acabilir
(Evans ve Reichel, 2021). Gebe kecilerde ise BVDV
enfeksiyonunun sigir ve koyunlarda oldugu gibi,
abortus ve reproduktif sistem semptomlarina sebep
oldugu bilinmektedir (Broaddus ve ark., 2009).

Bulasma

BVDV hem vertikal hem de horizontal olarak bula-
sabilir. Virusun vetrikal olarak anneden fetlise geg-
mesi ile hastalik icin cok dnemli olan persistentlik
mekanizmasi gelisir (Sekil 3) (Schweizer ve Peterhans,
2014). Gebe hayvanlarda heniz fetlisiin immun sistemi
gelismedigi bir donemde (gebeligin ilk 100 glinl), nonsi-
topatik biyotipteki virusa maruz kalinmasi durumunda,
fetusta immun tolerans gelisir ve dogum sonrasi da mev-
cut antijene karsi bagisiklik tepkisi gortilmez (Walz ve
ark., 2020). Bu hayvanlar Pi olduklarindan dolayi yasam-
lari boyunca antijen yéniinden pozitif olmalarina karsin
antikor yonlinden negatiftirler. Dolayisiyla é6mir boyu
virus sagarak sirilerde virusun stirekli olarak sirkiile ol-
masina sebep olurlar. Bu durum hastaligin yayilliminin
ve dolayisiyla kontrol edilmesinin zorlugunun en biyiik
sebeplerindendir. Ayrica Pi hayvanlarin sadece siiriideki
yayihimlarin sebebi olmakla kalmayip, virusun varyasyo-
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nuna katki sagladigi yoninde 6nemli veriler mevcuttur
(Neill ve ark., 2012).

Akut enfeksiyonlu hayvanlar ise virusu devamh
sagmazlar. Virusun virulansi ve konagin direncine bag-
Il olarak bu siire yaklasik 2-3 hafta olmasina karsin, bu
hayvanlarin daha uzun siirelerde virus sacabildigi de bil-
dirilmistir (Brownlie ve ark., 1987; Goto ve ark., 2021).

Genel olarak BVDV’nin siirli icinde yayllmasina sebep
olan etkenler Pi hayvanlar, akut enfekte hayvanlar, vek-
torler, aeresol olarak bulagsma ve kontamine ekipmanlar-
dir. Ayrica semen, embriyo ve iatrojenik yolla bulagsma da
hastaligin 6nemli bulasma yollarindandir (Gunn, 1993;
Niskanen ve ark., 2002 ; Niskanen ve Lindberg, 2003).

Sekil 3. BVDV'nin Vertikal Yolla Bulasma Ve Yayiimasi (Khodakaram-Tafti ve Farjanikish, 2017)

Patogenez

BVDV enfeksiyonlari bircok farkli sistemde patolojik
degisimlere sebep olabilir. Sindirim sistemi, solunum
sistemi, reproduktif sistem, immun sistem ve sinir
sisteminde olusabilecek tiim patolojik etkiler bircok
faktore bagli olarak degiskenlik gosterebilir. Hayva-
nin gebe olup olmadigi, gebelik dénemi, hayvanin
bagisiklik durumu, virusun biyotipi ve enfeksiyonun
siddeti gibi etkenler patogenezde farkliliklara sebep
olur (Grooms, 2004 ; Al-Kubati ve ark., 2021).

BVDV ilk olarak sindirim sistemi veya solunum
sistemi vasitasi ile orofarengeal mukozaya ulasir.
Daha sonra, epitel hiicrelerde ilk replikasyon asa-
masi meydana gelir. Bu replikasyonu takiben vi-

ruslar ekzositoz ile serbest birakilir. Serbest kalan
viruslar, direkt kan serumu veya enfekte Iokositler
ile sistemik olarak yayilabilir. Ek olarak virus, erkek
sigirlarda seminal vezikiller ve prostat bezinde de
¢ogalabilir. BVDV, hayvanlarda akut bir enfeksiyon-
la seyredebilecedi gibi, persiste enfeksiyonlara, fe-
tal enfeksiyonlara ve MD'ye de sebep olabilir. Akut
enfeksiyonlarda virusa maruz kalindiktan yaklasik
3 gun sonra istahsizlik, ates, burun akintisi ve ishal
gibi semptomlar gorilebilir ve yaklasik 2 hafta sonra
iyilesme gerceklesir. infeksiyonun siddetine ve hay-
vanin bagisiklik durumuna gdre immunsupresyon
olusursa, sekonder enfeksiyonlar gelisebilir (Meyling
ve ark.,, 1990 ; Potgieter, 1997 ; Khodakaram-Tafti
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ve Farjanikish, 2017). Hastaligin epidemiyolojisin-
de ¢ok 6nemli olan persiste enfeksiyonlar ise, gebe
hayvanlarin gebeligin ilk trimesterinde virusa maruz
kalmasi durumunda olusur (Peterhans ve ark., 2003).
Fetls, virusu kendi yapisinin bir pargasi olarak ta-
nimladigindan dolayi, dogan buzagilarda yasamlari
boyunca antijen bulunmasina karsin antikor bulun-
maz. Bu hayvanlar, virus rezervuari olarak sirilerde
BVDV'nin surdiridlmesi konusunda ¢cok énemli role
sahiptir (Smirnova ve ark., 2008). Bununla birlikte
virus sebebiyle intrauterin enfeksiyonlarin sekillen-
mesi de mimkiindir (Khodakaram-Tafti ve Farjani-
kish, 2017). Gebeligin ilk 45 glniinde virusa maruz
kalinmasi durumunda genellikle embriyonik 6lim
gerceklesir. Gebe hayvanin 45-145. glinler arasinda
enfekte olmasi durumunda ise BVDV'ye veya farkli
etkenlere bagli abort sekillenmezse fetiis Pi olarak
dogar. Ayrica gebeligin 100-150. ginleri arasinda-
ki fetal enfeksiyonlarda, serebellar hipoplazi, ense-
falopati, retinal dejenerasyonlar, blyume geriligi
ve iskelette cgesitli malformasyonlar gibi kongenital
anomaliler sekillenebilir. Fetal enfeksiyon, gebeligin
150. gliniinden sonra meydana geldiginde ise, fetis
genellikle antikor gelistirme mekanizmasina sahip-
tir. Dogan yavrular klinik olarak saglikli ve antikor
yoniinden de pozitiftir (de la Concha-Bermejillo ve
Romano, 2021).

MD ise Pi hayvanlarin BVDV'nin CP biyotipi ile
stuperenfeksiyonu sonucunda olusur; yiksek ates,
siddetli ishal ve dehidrasyon gibi semptomlarla bir-
likte cogunlukla 6limle sonuclanir (Wilhelmsen ve
ark., 1991 ; Kelling, 2004).

Kuzey Amerika'da arastirmacilar tarafindan
BVDV'nin klinik semptomlarinin ¢ok siddetli oldugu
hastalik salginlari ortaya konuldu. Bu salginlar; solu-
num sisteminde bozukluklar, ishal, abort, multisis-
temik kanamalarla birlikte seyreden trombositopeni
ve ani olumle karakterize edildi. Etkilenen sidirlarda
MD'yi dustnduren klinik semptomlar mevcut olma-
sina ragmen, MD olusumu igin gerekli oldugu bili-
nen, ayni anda her iki BVDV biyotipi ile (CP-NCP) en-
feksiyon olusmadigi gorildi. Yapilan tani testleri ile
enfeksiyonun BVDV-2 genotipi tarafindan olustugu
tespit edildi. Daha sonra yapilan deneysel ¢alismalar
BVDV-2 genotipinin benzer sekilde siddetli bir has-
taliga sebep oldugunu dogruladi. Farkli bélgelerde
de farkli arastirmacilar tarafindan siddetli klinik tablo
ve hemorajik sendrom semptomlari gorilen sigirlar-
da BVDV-2 genotipinin tanimlanmasi, arastirmacila-
rin BVDV-2 genotipinin BVDV-1 genotipine kiyasla
virulansinin daha ytksek oldugunu disiinmesine
sebep olmustur (Walz ve ark., 2020)

Tani

BVD, hayvan sagligi bakimindan oldukca énemli bir
hastaliktir ve erken tani, kontrol programlari hasta-
likla micadelede oldukga etkilidir (Qi ve ark., 2022).
Hastaligin tanisi, diski svabi, burun svabi, doku par-
calan ve i¢ organlar gibi 6rnekler kullanilarak mole-
kiiler, serolojik ve virusun saptanmasina yonelik ¢a-
lismalar ile ortaya konulabilmektedir (Wang ve Pang,
2024). Ayrica hastaligin tanisinda kan ve st de dahil
olmak Uzere cok cesitli 6rnekler kullaniimaktadir.
BVDV'ye 6zgl antijen ve antikorlarin tespit edilmesi
hastaligin tanisinda ¢cok dnemlidir (Lanyon ve ark.,
2014). Virusun saptanmasina ydnelik olarak virus
izolasyonu, immunohistokimya testi ve immunoflo-
resan testlerinden faydalaniimaktadir (Sandvik, 2005
; Pifia ve ark., 2022 ; Harms ve ark., 2023). Tani igin
serolojik yontemlerden ELISA Testi (Enzyme-Linked
Immunosorbent Assay) oldukca sik kullaniimakta-
dir. BVDV antijeni veya antikorunun tespiti igin hizli
ve spesifik bir yontemdir. Virus notralizasyon testi
ise daha ¢ok asi calismalarinda tercih edilmektedir
(Wang ve Pang, 2024). Molekiler ydntemlerden
Ters transkripsiyon-polimeraz zincir reaksiyonu (RT-
PCR) ve Real-time RT-PCR (Quantitative RT-PCR-RT-
gPCR), BVDV teshisi icin kullanilan yontemlerdendir.
Yapilan degerlendirmeler sonucunda klinik vakalarin
tanisinda RT-qPCR'in kullanilmasi énerilmistir (Wer-
nike ve Beer, 2024). RT-PCR testi sonucunda elde
edilen Urtnlerin sekans analizleri ve filogenetik ¢a-
ismalari yapilarak BVDV genotiplerinin tespit edil-
mesi ve viruslarin siniflandirilmasi oldukca énemlidir
(Flores ve ark., 2002). Ayni zamanda filogenetik agag
olusturulmasi ve genotipler arasindaki benzerlikler
ve farklilhklarin ortaya konulmasi hem molekdiler epi-
demiyoloji hem de asilama stratejilerinde koruma ve
kontrol acisindan 6nemlidir (Xia ve ark., 2007 ; Kapli
ve ark., 2020). Surrli ve siriler arasindaki bulasmanin
ana kaynagi olan Pi hayvan varliginin tespit edile-
bilmesi cok énemlidir. Pi hayvanlardaki virus yiiki-
nin fazla olmasi, cesitli tani yontemleriyle antijen
tespitini kolaylastirmaktadir. Bununla birlikte siddetli
bulgularla seyreden MD'nin varliginin ortaya konu-
labilmesi icin de etkilenen hayvandan BVDV'nin hem
CP hem de NCP biyotipi izole edilebilmelidir. Ancak
etkilenen hayvanda Pi teshisiyle birlikte MD semp-
tomlarinin gorilmesi taniyr dogrulamaya yardimci
olur (Lanyon ve ark., 2014).

Koruma, kontrol ve eradikasyon

BVDV, suri bazinda genel olarak verimin azalmasi
gibi dogrudan veya koruma ve kontrol programla-
r i¢in yapilan harcamalar gibi dolayl yollarla sigir
endustrisinde biyik ekonomik kayiplara neden
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olur (Pinior ve ark., 2017). Hastalik icin risk faktorleri
degerlendirildiginde vertikal, direkt ve indirekt bu-
lagmalarin timi ele alinmalidir. Pi hayvanlar, klinik
semptom gdstermediginden dolayi hastaligin yayil-
masi agisindan en buyuk risk teskil eden faktordur.
Dolayisiyla Pi hayvanlarin siriiden uzaklastiriimasi
cok dnemlidir. Bununla birlikte hayvan hareketleri-
nin izlenmesi, ciftlik calisanlarinin, ziyaretgilerin ve
tasima araclarinin kontrol ¢alismalari da oldukca
onemlidir (Rossi ve ark., 2017). Tum risk faktorleri ele
alindiginda hastaligin yayihminin énlenmesi igin 6
kategori Uizerinde calismalarin yapilmasi énerilmistir.
Bunlar hayvan hareketlerinin kontrolQ, insan kaynak-
Il bulagmalarin 6nlenmesi, isletme araglar ve ekip-
manlarin kontroll, karantina ve izolasyon uygula-

malari, sithhi dnlemler alinmasi ve ciftlik ydnetiminin
onleyici tedbirlerini kapsar (Ferreira ve ark., 2024).

Pi hayvanlar, BVDV'nin siirii icindeki yayihminda
en 6nemli sebep oldugundan, hastaligin eradikas-
yonu agisindan birincil hedef bu hayvanlarin teshisi
olmalidir (Lanyon ve ark., 2014). Bir suriye yapila-
cak olan gebe dilve alimlarinda ve isletmede siri-
ye katilacak tim hayvanlar igin bir veteriner hekim
otoritesinin gdzetiminde izolasyon uygulanmasi ve
karantina uygulamasinin yapilmasi yerinde olacaktir.
Bu uygulama en az ug¢ hafta strmeli, stire¢ boyun-
ca diger hayvanlarla dogrudan ya da dolayli olarak
temas engellenmeli ve tani calismalari yapilmaldir
(Walz ve ark., 2010 ; Ferreira ve ark., 2024).

Sekil 4. BVDV Koruma Kontrol Ve Eradikasyon Calismalarinda Almanya‘da Bir Ciftlikte Yapilan Uygulamalar

(Moennig ve ark., 2005)
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Hayvan nakilleri esnasinda tasima araglar da
hastaligin yayilmasi agisindan risk olusturabilmekte-
dir (Sekil 4) (Benavides ve ark., 2021). Yapilan calis-
malarda virusun 1-2 saat slireyle metal yiizeylerde
canh kalabildigi belirtilmistir (Stevens ve ark., 2011).
Hayvan tasima araclar disinda isletmede kullanilan
diger araclar ve yem tasima araclari ile ilgili de risk-
ler mevcuttur. Ozellikle kiictik 6lcekli isletmelerde
ayni araglar farkli isletmeler tarafindan kullanilabil-
mektedir. Bu paylasim direkt olarak bulasmada risk
teskil edebilecegi gibi arag sofdrlerinin de, enfeksi-
yonu duyarli sirilere tasiyabilecedi unutulmamali-
dir (Benavides ve ark., 2021). Bununla birlikte hasta-
hgin bulasmasinda 6zellikle meslek gruplari olarak
veteriner hekimlerin, teknisyenlerin, teknikerlerin ve
ciftlikte calisan iscilerin ¢ok fazla etkiye sahip oldu-
gu bilinmektedir. Ciftliklerde kullanilan cizmelerin
ahirlara yapilan ziyaretlerden sonra dezenfekte edil-
mesi, disaridan ziyaretci kabul edilmemesi, disaridan
ciftlige saglik personeli gelmesi durumunda tek kul-
lanimlik galos, 6nlik, bone kullandiriimasi enfeksi-
yonun duyarli stirilere bulagsmasinin dnlenmesi agi-
sindan énem arz etmektedir (Hoe ve Ruegg, 2006).
Diger bir risk faktoéra ise hayvancilik isletmelerinde
hayvan besleme sirasinda ve atik bertarafinda ayni
makine, alet, ekipman kullanilmasidir. Dolayisiyla
alet, ekipman ve araglarin dizenli olarak dezenfek-
siyonu, hastalik bulagsmasini dnemli 6l¢tide engeller.
Hastaligin bulasma yontemleri géz éniinde bulun-
duruldugunda giibre ve atik yonetimi de hastaligin
bulagsmasinin engellenmesi acisindan alinacak ted-
birler arasinda yer almaktadir.

Tim bu programlar devlet ve ciftlik yonetimi
tarafindan belirlenen ve dnerilen yontemler dogrul-
tusunda yapilmalidir. Eradikasyon ve kontrol calis-
malari, izolasyon ve biyogulvenlik uygulamalarinin
yaninda asi uygulamalarini da kapsamahdir (Sekil
4) (Ferreira ve ark., 2024). Nitekim ulkelerin BVD ile
mucadelede farkl yaklasimlari mevcuttur. Bazi tlke-
lerde kontrol ve eradikasyon programlari uygulan-
makta ve basarili sonuclar alinmaktadir. Bazi Avrupa
Ulkelerinde persistent enfeksiyon oranlarinda ciddi
oranlarda disis goriilmekte iken, isvec, Norvec ve
Finlandiya'da hastaligin eradike edildigine ydnelik
raporlar bulunmaktadir (Scharnbdck ve ark., 2018).

Ulkemizde direkt olarak BVDV ile ilgili kontrol
ve eradikasyon programi olmamasina karsin, bula-
sici hastaliklarin yayillmasinin dnlenmesi amaciyla
tasima araclarinin nakil dncesi dezenfeksiyonu gibi
kanuni yikamlalikler sart kosulmustur (Anonim,
2022). Mevzuat geregi yapilan uygulamalarin ya-
ninda ciftlik bazli kontrol ve eradikasyon program-
lari uygulanmaktadir. Ulusal ve bolgesel bazda bir
kontrol ve eradikasyon programi bulunmamasi
dolayisiyla tani ve asilama yontemlerinin ciddiyetle
uygulanmasi 6nemlidir. Tanida tespit edilen BVDV
pozitif hayvanlarin yaninda mutlaka Pi hayvanlara
kargi tarama yapiimali ve Pi oldugu tespit edilen
hayvanlar sitrliden cikarilmahdir. Sekil 5'te 2012 yi-
linda Bursa'da kurulan bir ¢iftlikte uygulanan kontrol
programi neticesinde uygulamadan olumlu sonug-
lar alinabilecegi bildirilmistir.

Sekil 5. Bursa'da Bir Ciftlikte
Uygulanan Kontrol ve Eradikasyon
Semasi (Yesilbag ve ark., 2012).
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BVDV ile miicadelede, siiriideki Pi hayvanlarin
teshisi ve suriden c¢ikarilmalarini takiben yapilacak
asl uygulamalar hastaligin siri icindeki varhgini
onemli 6lclide azaltacaktir. Bunun yaninda yillik ya-
pilacak kontrollerde yine Pi hayvanlara yénelik tan

calismalarinin strdirtlmesi ile dizenli yillik kontrol
ve asl calismalari yapiimasiyla birlikte, hastaligin su-
riden eradikasyonu mimkin olabilmektedir. Sekil
6'da yapilabilecek 6érnek kontrol semasi verilmistir.

Sekil 6. Ulkemizde uygulanabilir bir kontrol ve eradikasyon semasi

Asilama calismalari

BVDV asllari inaktif asilar ve modifiye canh asilar
olmak Uzere 2 sekilde bulunmaktadir. Son yillarda
attente delesyon asilari Uretilmis ve Ulkemizde de
kullanima baslamistir. inaktif asilar sicaklik ve kim-
yasallardan dolayi olusabilecek deaktivasyona karsi
direncli ve bagisiklik tepkisi olusturmak icin giivenilir
bir yontem olsa da aktif bagisikligr saglamak icin tek
uygulama yapilmasi yeterli olmaz. Modifiye canli

astlar ise uzun sureli bir bagisiklik tepkisini tetikler ve
tek bir doz kullanimindan sonra immunite saglama
avantajina sahiptir. Fakat uygulama oncesi nakliye
esnasinda soguk zincirin saglanamamasi riskine kar-
si stratejik 6nlemler gerektirir. Bunun yaninda canli
astlarin yapiminda kullanilan fetal sigir serumunun
kontamine olma olasiligi g6z ardi edilmemelidir. Ya-
pilan galismalarda canli asilarin kontaminasyonunun
cogunlukla NCP bir sus sebebiyle olabilecegi bildi-
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rilmistir (van Oirschot ve ark., 1999). GUnimuzde,
Turkiye'de inaktif kombine asi uygulamasi yaygindir
(Woolums ve ark., 2013 ; Newcomer ve ark., 2017 ;
Yilmaz ve ark., 2022).

Virus iki biyotipe ve birden fazla genotip ve
subgenotipe ayrildigi icin, degisik monovalan ve
multivalan asi formulasyonlari mevcuttur. NCP biyo-
tip sigir popllasyonlarinda daha yaygin gorilse de
BVDV'nin CP suslarinin persiste enfeksiyona yol ag-
madigi duslinuldiginden dolayi giivenlik tedbirleri
sebebiyle asi formilasyonlarinin blyik kisminda CP
biyotip kullanihr. NCP biyotip igeren asilarin kulla-
nilmasi, iyi bir bagisiklik tepkisi olusturabilir. Ancak,
NCP biyotipin Pi olusturma etkisinin dikkate alinma-
st ve surd saghginin etkin olarak korunabilmesi ama-
ciyla asi secimini belirlemek icin her asi tipinin avan-
tajlari ve dezavantajlar ile 6nerilen asilama zaman-
lamasinin degerlendirilmesi gerekir. Bunlarin disinda
BVDV'nin E proteininin virustan ¢ikartilmasiyla elde
edilen attenue bir asi olan delesyon asilarinin da im-
muniteyi yeterli miktarda uyardigi ve canlida aktif bir
enfeksiyon gelistirmedigi bildirilmistir. Maternal an-
tikorlarin azalmaya basladigi donem itibariyle asinin
bir kez uygulanmasini takiben yillik olarak asilamaya
devam edilmesi uygun gorilmdistir (Woolums ve
ark., 2013 ; Newcomer ve ark., 2017 ; Rajput ve ark.,
2020 ; Yilmaz ve ark., 2022).

Sonug

Sigirlanin uluslararasi ve yurt icinde nakliyesinin sik
olmasi bircok Ulkede BVDV'nin endemik hale gel-
mesinde kritik bir rol oynamaktadir. Hastalik sigir
endustrisinde ¢ok buylk ekonomik kayiplara se-
bep oldugundan, enfeksiyona sebep olan etkenin
bilinmesi ve hastaligin risk faktdrlerinin anlasilmasi,
ciftlik bazinda ve ulusal bazda koruma, kontrol ve
eradikasyon programlari yaklasimlarini yénlendire-
cektir. Ozellikle persiste enfeksiyonlarin hastaligin
yayllmasindaki éneminin bilinmesi ve persiste en-
fekte hayvanlarin sirilerden uzaklastiriimasi ¢ok
onemli olmakla birlikte kontrol programlarindaki ni-
hai basari igin biyoguvenlik stratejilerin dogru sekil-
de belirlenerek uygulanmasi gerekmektedir. Ayrica
virusun fazla sayida genotip ve subgenotipe sahip
olmasi asilama stratejilerinin bolgesel olarak deger-
lendirilmesi gerektigi sonucunu dogurmaktadir. Bol-
gelerde sirkile olan genotip ve subgenotipler kulla-
nilarak asilama programlari yapilmasinda yarar var-
dir. Ozetle BVDV enfeksiyonlu tek bir hayvanin dahi
duyarli bir stirliye girmesi sonucunda virus suriye ve
bdlgeye yayilip yillarca kalabilir. Dolayisiyla enfeksi-
yonun ozelliklerinin bilinmesine ek olarak ekonomik
kayiplarin en aza indirilebilmesi ve hayvan sagligi

stratejilerinde 6nemli bir adim atilabilmesi igin, Dev-
let tarafindan yetistiricilere ve isletme calisanlarina
hastalikla ilgili egitim-yayim faaliyetleri yapiimasin-
da, eradikasyon programlari gelistiriimesinde ve asl
programlari olusturulmasinda yarar vardir.
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Ozet: insan saglig acisindan énemli olan tahtakurulari Cimicidae ve Reduviidae ailelerinde yer alirlar. Bu ailelerde
bulunan bazi tiirler nimf ve ergin dénemlerinde insanlardan ve hayvanlardan kan emerek beslenirler. Cimicidae
ailesinde yer alan tirlerden Cimex lectularius ve Cimex hemipterus insan saghgini yakindan ilgilendirirler. Tirkiye'de,
Ozellikle Konya basta olmak Uzere bazi illerde, 6grenci evlerinde ve yurtlarda Cimex lectularius'tan kaynaklanan
tahtakurusu salginlarina son yillarda siklikla rastlanmaktadir. Bu makale meslektaslarimi, 6grencilerimi ve halki
tahtakurulan hakkinda aydinlatmak tzere hazirlanmistir.

Anahtar kelimeler: Cimex lectularius, Konya, Tahtakurusu, Turkiye

Bedbugs (Hemiptera: Cimicidae), their importance for human health and control

Abstract: Bedbugs, which are important for human health, belong to the families Cimicidae and Reduviidae. Some
species in these families feed by sucking blood from humans and animals during their nymphal and adult stages.
Among the species in the family Cimicidae, Cimex lectularius and Cimex hemipterus are closely related to human
health. In Turkiye, bedbug outbreaks caused by C. lectularius have been frequently observed in some student houses
and dormitories especially in Konya and some provinces. This article has been prepared to enlighten my colleagues,

students and the public about bedbugs.
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Giris

Tahtakurulari Hemiptera Linnaeus takiminda yer
alan, hemimetabol (yari baskalasima sahip) ve ge-
celeri aktivite gosteren (nokturnal) artropodlardir.
Bu takimda simdiye kadar 302 ailede yer alan yak-
lasik 104 bin tir bulundugu bildirilmistir (Kavasima
ve ark. 2022). Bu takimda, daha 6nce Hemiptera'nin
sinonimi olarak kabul edilen, fakat su andaki takso-
nomide alt takim olarak degerlendirilen Heteropte-
ra alt takimindaki ttirlerden 1519'unun Tirkiye'de de
tespit edildigi bildirilmistir (Cergi ve ark. 2024). Bu
tarlerin gogunlugu dogada serbest olarak yasar ve
genellikle bitkilerde parazitlenirler. Bununla birlikte,
Cimicidae (Sekil 1) ve Reduviidae (Sekil 2) ailelerin-
deki tahtakurulari insan ve hayvanlardan kan eme-
rek beslendikleri ve hatta bazi patojenlere vektorlik
yaptiklari ya da olasi vektor olduklar igin veteriner
ve tip hekimligi acisindan dnemlidir.

Cimicidae ailesinde alti alt aile, 25 cins ve
110'dan fazla tir oldugu ve bu tirlerin cogunun ya-
rasalarda parazitlendigi bildirilmistir (Kavasima ve
ark. 2022; Dursun ve Fent 2024). Cimicinae alt ai-
lesinde yer alan, kozmopolit bir tiir olan, insanlar-
dan, yarasalardan ve kuslardan kan emerek besle-
nen Cimex lectularius Linnaeus ve daha ¢ok tropik

Ulkelerde gorilen, insan ve kuslardan kan emerek
beslenen Cimex hemipterus (Fabricius) ile Cacod-
minae alt ailesinde yer alan, insanlardan ve yarasa-
lardan kan emen ve Bati Afrika'da gorilen Leptoci-
mex boueti (Brumpt) (Krinsky 2002; Giorda ve ark.
2013) insan saglhigi acisindan dnemli turlerdir. Cimex
Linnaeus cinsinde yer alan Cimex lectularius (Sekil
1A, Sekil 3) ve C. hemipterus insan sagligi agisindan
en 6nemli tirlerdir. Bu tirler nimf ve ergin donem-
lerinde insanlardan, kuslardan ve yarasalardan kan
emerek beslenirler (Goddard 2014; Dik 2015).

Sekil 1. Cimicidae; A: Cimex lectularius; disi, B: Cimex
hirundinis; erkek, orijinal
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Sekil 2. Reduviidae; ergin (solda) ve nimf (sagda),
orijinal

Merdivenci (1967) Tirkiye'de, Cimex cinsin-
deki tlrlerden C. hemipterus [(= C. rotundatus
(Signoret)]'u kobay ve tavsanlarda, C. columbari-
us Jenyns'u glvercinlerde, C. pipistrelli Jenyns'yi
ise klclk yarasalarda saptadigini bildirmistir. The
Global Biodiversity Information Facility (GBIF) ta-
rafindan C. rotundatus C. hemipterus'un sinonimi
olarak kabul edilmektedir (GBIF 2024). Kose ve ark.
(2017) ise Ev kirlangici (Delichon urbica) yuvalarinda
Cimex hirundinis Lamarck (= Oeciacus hirundi-
nis) (Sekil 1B)'i tespit etmislerdir. Cerci ve ark. (2024)
Turkiye'de Cimicidae ailesi, Cimicinae alt ailesinde
dort tarin; C. columbarius (Guvercin tahtakurusu),
C. lectularius (Tahtakurusu), C. pipistrelli (Yarasa
tahtakurusu) ve C. hirundinis (Kirlangi¢ tahtaku-
rusu) bulundugunu belirtmislerdir. Cimex hemipte-
rus'un cografi yayihsi dikkate alindiginda, bu tirin
Turkiye'deki varligi supheli gériinmektedir. Bununla
birlikte, C. hemipterus'un tropikal ve subtropikal
bélgelerde yaygin oldudu, fakat Orta Dogu, Rusya,
Fransa, italya ve Avustralya gibi (ilkelerde de gériil-
digi ifade edilmistir (Dang ve ark. 2021; Topluoglu
ve ark. 2023). Turkiye'de yayinlanan klasik entomo-
loji ve artropodoloji kitaplarinda (Mimioglu 1973;
Unat ve ark. 1995; Nalbantoglu 2015; Dik 2015) ge-
nellikle C. lectularius ve C. hemipterus hakkinda bilgi
verilmistir.

Cimex hemipterus'un kdkeni belirsiz olmakla
birlikte C. lectularius’'un Ortadogu'da, magaralarda
yasayan insan ve yarasalardan kdken aldigi kayde-
dilmistir (Krinsky 2002; Giorda ve ark. 2013). Mi-
sir'da, Tell el-Amarna‘da yapilan kazilardan elde edi-
len sonuclara gore Cimex lectularius'un en azin-
dan 3500 yildan fazla bir stredir insanlari rahatsiz
ettikleri bildirilmistir (Panagiotakopulu ve Buckland
1999; Giorda ve ark. 2013). Bu tirin milattan once
(MO) 400'de Yunanistan'da, milattan sonra (MS) 77
yilinda italya'da, 11. ylizyillda Almanya‘da, 13. yiizyil-

da Fransa'da ve 1583 yilinda da ingiltere’den kayde-
dildigi bildirilmistir (Krinsky 2002). ikinci Diinya sa-
vasl 6ncesinde endemik olan tahtakurusu salginlari,
1945 yilindan sonra, sosyal ve ekonomik gelismele-
rin ve ozellikle de DDT gibi yeni ve etkili insektisit-
lerin bulunmasiyla birlikte azalmistir (Giorda ve ark.
2013). Cimex lectularius ve C. hemipterus kaynakli
tahtakurusu istilasi 1990'larin sonunda Avrupa, ABD
ve Avustralya'da neredeyse eszamanl olarak bas-
lamistir (Davies ve ark. 2012). ABD (Sabou ve ark.
2013; Singh ve ark. 2013; Goddard 2014; Singh ve
ark. 2017; Abbar ve ark. 2020; Dang ve ark. 2021),
Fransa (Sabou ve ark. 2013; Chebbah ve ark. 2021),
Almanya, ispanya ve italya (Giorda ve ark. 2013; Sa-
bou ve ark. 2013), ingiltere (Naylor ve Boase 2010)
ve Slovakya (Totkova ve ark. 2019) gibi Avrupa ul-
kelerinde, iran'da (Berenji ve ark. 2019), Avustralya
(Sabou ve ark. 2013; Dang ve ark. 2014; 2015), Af-
rika, Endonezya, Malezya, Singapur, Tayland, Orta
Avrupa, Rusya (Dang ve ark. 2021), Cin (Wang ve
ark. 2013; Dang ve ark. 2021) ve Kore (Sabou ve ark.
2013)'de de tahtakurusu istilasi bildirilmistir. Avust-
ralya'da, 1999-2006 yillar arasindaki tahtakurusu
salginlarinin 1999 6ncesine goére %4500, ABD'de
2002 ve 2003'te %500 artis gosterdigi ve 1998'den
sonra 50'den fazla Ulkede tahtakurusu enfestasyon-
larinin arttigr bildirilmistir (Topluoglu ve ark. 2023).
Slovakya'da 1970 ve 1980'li yillarda sporadik olarak
gorilen tahtakurusu istilasinin daha sonra buyik bir
halk sagligr sorunu haline donistigi belirtilmistir
(Totkova ve ark. 2019).

Turkiye'de tahtakurusu istilasiyla ilgili sorunla-
rin oldugu, sporadik kanitlar olmasina ragmen, bu
konuda yeterli bilginin bulunmadigi ifade edilmistir
(Topluoglu ve ark. 2023). Ulkemizin bircok ilinde sik
gorulmeye baslanan tahtakurusu (C. lectularius) sal-
ginlari son yillarda Konya'da ve diger bazi illerimizde
de yaygin olarak gorilmeye baslanmistir.

Bu makalede C. lectularius ve kismen C. hemip-
terus hakkinda genel bilgi verilecek ve 6zellikle tah-
takurusu mucadelesi tzerinde durulacaktir.

Cimex lectularius Linnaeus

Cimex lectularius kanatsiz olup, vicut yukaridan-
asaglya basiktir. Ortalama uzunluklar 4-5 mm ol-
makla birlikte, 7 mm'ye kadar ¢ikabilir. Viicutlar ¢ok
genistir. Kan emmemis 6rnekler soluk sari-kahve-
rengi iken, kan emen 6rnekler kirmizimsi-kahveren-
gi veya koyu kahverengi renktedirler (Kettle 1993;
Krinsky 2002; Dik 2015; Beugnet ve ark. 2021; Ham-
lili ve ark. 2023) (Sekil 1A). Erkek ve disi morfolojik
olarak birbirine benzer. Bununla birlikte; diside, 5.
abdominal segmentteki paragenital sinus, erkekte
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ise son abdomen segmentinde yer alan paramerler
erkek ve disinin ayrilmasini kolaylastirir (Sekil 3).

Bas besgenimsidir ve 6ne dogru daralarak uza-
mistir. Viicuda oranla oldukga kicuktir. Agiz organ-
lari delici ve emici tipte olup, hortum (rostrum) sek-
linde uzamistir. Hortum (¢ segmentlidir ve dinlen-
me sirasinda, ventralde geriye dogru bikulmustur.
Petek gozler az sayida fasetten meydana gelmistir
ve basin iki yaninda belirgin olarak yer alirlar. Ocel-
li yoktur. Antenler dérder segmentlidir. ilk segment
cok kisa olup, digerlerine oranla daha kalindir. Son
U¢ segment ince ve uzundur (Sekil 4).

Sekil 3. Cimex lectularius; erkek (solda), disi (sagda),
(antenlerin 3. ve 4. segmentleri kopmus), orijinal

Sekil 4. Cimex lectularius; bas ve protoraks, orijinal

Toraks kisadir ve basa oranla daha genistir. Pro-
toraks anteriorda i¢ biikey, lateralde ise dis bikey-
dir (Sekil 4). Antero-lateralde 6ne dogru uzayarak
kismen basi kusatmistir. Uc cift bacaktan kisa olan
birinci cift &ne dogru uzamustir. ikinci ve tclinci cift
bacaklar daha uzundur ve arkaya dogru uzamistir.
Ayak uglarinda bir ¢ift ince tirnak bulunur. Kanatlari
yoktur (Kettle 1993; Krinsky 2002; Dik 2015).

Abdomen genistir ve 11 segmentten meydana
gelmistir. Bununla birlikte ilk iki ve 9-11. segment-
lerdeki kaynasma nedeniyle sekiz segment (2-9)
gorulebilir. Erkekte, abdomenin posteriorunda, koyu
renkte, ice dogru bukilmis paramerler bulunur
(Kettle 1993; Krinsky 2002; Dik 2015).

Sekil 5. Cimex lectularius yumurtalar, orijinal

Cimex hemipterus genel olarak C. lectularius'a
benzemekle birlikte, pronotumun daha dar olmasiy-
la C. lectularius'dan ayrilir (Krinsky 2002).

Cimex lectularius ovipardir. Disiler ciftlestikten
sonra kan emerler. 3-6 glin icinde yumurtlamaya
baslarlar (Krinsky 2002) ve kuytu yerlere yaklasik
olarak 150-200 tane yumurta birakirlar (Sekil 5). Yu-
murtlama isi birkag giin surer. Ovipozisyon ve bira-
kilan yumurta sayisi kan emme sikligina gére degi-
sir. Sicaklik ve nem oranina gore degismekle birlikte,
disiler her 3-4 giinde bir kan emerler ve her hafta
ortalama 3-8 yumurta birakirlar. Bazi disilerin giin-
de 12, dmurleri boyunca 540 kadar yumurtladiklari
gozlenmistir (Krinsky 2002). Yumurtalar yapiskan bir
sivi ile yapistirilirlar. Yumurtalarin gelisimleri ve nimf-
lerin ¢ikis suresi sicaklikla yakindan ilgilidir. Yumur-
talardan 23°C'de 3-14 giin, 30-35°C'de ise 4-5 glin-
de nimfler ¢ikarken, 13°C'nin altindaki ve 37 °C'nin
Ustiindeki sicakliklarda yumurtalar acilmazlar. Yu-
murtalar 13°C'nin altindaki sicakliklarda g ay canli
kalabilirler. Bu durum soguk kis aylarinda tahtaku-
rularinin nesillerini devam ettirebilmeleri acisindan
onemli bir noktadir (Kettle 1993; Dik 2015; Beugnet
ve ark. 2021).

Cimex lectularius yan baskalasima sahip bir
bbcek oldugu icin yumurtadan birinci dénem nimf
cikar (Sekil 6). Yumurtalardan ¢ikan nimfler erginle-
re benzerler ve bes kez gémlek degistirdikten sonra
olgun hale gecerler (Sekil 6 ve 7). Nimfler de kan
emerek beslenirler. Biyolojik ¢ember 1-3 ayda ta-
mamlanir (Dik 2015). Gelismeleri icin en uygun (Op-
timal) sicaklik 30°C'dir ve bu sicaklikta yumurtadan
ergin hale geginceye kadar ki siire 24 glndur. Bu
stre 18°C'de 128 gline kadar ¢ikar. Nemin gelisme
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Uzerine etkisi ya ¢ok azdir ya da hig yoktur (Krinsky
2002).

Cimex lectularius uzun dmurlidar. Nimfler di-
stk sicaklikta, beslenmeden 5-6 ay canli kalabilirler.
Erginler ise daha uzun sure canli kalabilirler (Krinsky
2002). Acliga uzun zaman dayanabilirler. Genellikle
gece kan emmelerine karsilik, glindiizleri de konak-
larina hticum edebilirler (Dik 2015). Kan emmeden
bir yil canli kalabilirler (Beugnet ve ark. 2021).

Epidemiyoloji

Cimex lectularius ve C. hemipterus kozmopolit tir-
lerdir. Cimex lectularius Antarktika disinda, tropikal
bdlgeler agirlikli olmak tzere, diinyanin her yerinde
gorulmektedir (Hamlili ve ark. 2023). Tahtakurulari
geceleri konaklara saldirarak kan emerler. Glindiiz-
leri kuytu yerlerde, duvarlarin yarik ve catlaklarin-
da, tahta kanepelerin, koltuklarin veya buna benzer
esyalarin altlarinda, dikis yerlerinde, siltelerde vb
yerlerde saklanirlar. Tiyatrolarda, ofislerin bekleme
salonlarinda ve otobus koltuklarinda da gorulirler
(Krinsky 2002, Naylor ve Boase 2010). Tahtakurula-
r bulunduklari ortamlarda karakteristik tatlimsi bir
koku salgilarlar. Bu koku, o ortamda tahtakurusu
oldugunu gosterir (Krinsky 2002). Tahtakurular er-
gin ve gelisme donemleriyle bulagsmis esyalarin ta-
sinmalariyla veya yukarida belirtilen ortak kullanim
alanlarinin kullanilmasiyla bir yerden bir baska yere
tasinirlar. Tahtakurularinin konak segicilikleri yoktur.
Bu nedenle hem insanlardan hem de memeli ve ka-
natl hayvanlardan kan emebilirler. Hijyen kurallari-
nin yeterli olmadi§i ortamlarda tahtakurularina sik
olarak rastlanmaktadir (Dik 2015). insanlarin gelir

Sekil 6. Cimex lectularius; 1. ddnem nimf (solda), yu-
murta, nimf ve ergin (sagda), orijinal

Sekil 7. Cimex lectula-
rius; kan emmis ergin
(solda) ve degisik nimf
donemleri  (1.dénem
nimf en sagda), orijinal

seviyelerinin artmasi veya Erasmus 6grenci degisim
programlari gibi imkanlarin ortaya cikmasi ile llke
ici veya uluslararasi seyahatler artmaktadir. Turizm
veya egitim amach seyahatlerin artmasi tahtakuru-
larinin yayllmasina neden olmaktadir (Haberkorn ve
ark. 2023).

Son yillarda, gerek Konya'da, Selcuklu basta ol-
mak Uzere, merkez ilcelerden ve gerekse diger iller-
den tarafima gelen sikayetler ve gonderilen drnekler,
Ulkemizde de C. lectularius kaynakli tahtakurusu sal-
ginlarinda buyuk bir artis oldugunu géstermektedir.
Ogrencilerin yogun olarak yasadiklari Bosna-Hersek
Mahallesi'ndeki 6grenci evlerinde ve bazi yurtlarda
tahtakurusu sorunu oldugu, bana iletilen bildirim-
lerden, getirilen veya gonderilen bdceklerin C. lec-
tularius olarak teshis edilmesinden anlasiimaktadir.
Bu olgularda; tahtakurularinin istila ettigi evlerin 6g-
renciler tarafindan farkinda olmadan kiralanmasinin
veya bu evlerde genellikle ikinci el esyalarin kullanil-
masinin énemli rol oynadidi gézlenmistir. Yurtlarda
ise, bazen siginmacilarin, bazen depremzedelerin
kalmalarinin, kaldiklari stireler icinde hijyen kural-
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larina tam olarak uyulamamasinin veya yurtlarin
bosaltilmasindan sonra, insektisitlerin yeterince ve
istenilen sekilde uygulanamamasinin veya bunun
icin yeterli strenin olmamasinin tahtakurularinin ya-
yllmasinda etkili oldugu gézlenmistir.

Patogenez

Cimex lectularius geceleri konaklarina saldirarak
insanlardan, sicakkanli hayvanlardan, kuslardan ve
yarasalardan kan emer. Kan emdikleri yerlerde bir
hafta kadar siren kizarikhk, kasinti ve sislikle karak-
terize (Sekil 8), seyrek olarak da sistemik alerjik lez-
yonlar sekillenir (Goddard 2014; Dik 2015; Berenji ve

Miicadele

Tahtakurulari ile miicadelede oldukca zordur. Ozel-
likle 6grencilerin yurtta kaldigi donemlerde, insek-
tisit uygulamasinin zor ve riskli olmasi nedeniyle
yeterli mlcadele bilimsel yaklasimla yapilamamak-
ta ve bu ylzden de sorun devam etmektedir. Cogu
evlerde ise ya bilingsiz miicadele yapilmakta ya da
bilimsel micadele yapilmamaktadir. Kullanilan in-
sektisitlerin bir kismi, tahtakurularinin saklandiklari
yerlere ulasamadiklarindan veya bazi C. lectularius
suslarinin direngli olmalarindan dolay! yeterince et-
kili olmamaktadir. Apartmanlarda veya benzer sekil-
de cok fazla odalari ve kullanicilari olan yerlesim yer-
lerinde, bina sakinlerinin tahtakurulari hakkinda ye-
terince egitilmemeleri, bilinclendirilmemeleri, diistik
gelirli insanlarin ekonomik durumlari, bazi insanlarin
insektisit uygulamalarina karsi isteksiz olmalari veya
evlerinde bulunan tahtakurularini bildirmemeleri,
degisik yasam tarzlari insektisit kullaniminda aksak-
liklara yol agmakta ve bu da micadelenin basarisini
azaltmaktadir (Romero ve ark. 2017). Diger taraftan,
siklikla ve yuksek yogunlukta kullanilan insektisitler
insan ve ¢evre saghgi agisindan risk olusturmakta,
diger taraftan ekonomik anlamda da ylk olustur-

ark. 2019). Cimex lectularius ve C. hemipterus'da He-
patit-B, HIV, Borrelia recurrentis, B. duttoni, Coxiella
burnetii, Bartonella quintana ve Rickettsia rickettsii,
Trypanosoma cruzi, Aspergillus spp. gibi viral, bakte-
riyel, paraziter ve fungal 40'in (Berenji ve ark. 2019;
Chebbah ve ark. 2021; Sabet ve ark. 2023), hatta
50'nin lzerinde (Hamlili ve ark. 2023) mikroorganiz-
ma izole edilmistir. Diskilarinda da bu virlsiin tespit
edilmis olmasi, virlisiin temas yoluyla duyarli kisilere
bulasabilecegdi ihtimalini akla getirmektedir. Bununla
birlikte bugline kadar herhangi bir hastaliga vektor-
lik yaptiklar kanitlanamamistir (Krinsky 2002; Dang
ve ark. 2021; Hamlili ve ark. 2023).

Sekil 8. Cimex lectu-
larius’'un kan emmesi
sonrasi olusan alerjik
lezyonlar, orijinal

maktadir. Gazete ve televizyon haberlerinden edin-
digimiz bilgilere gore insektisit uygulamasi sonrasin-
da bazi 6limler de goriilmektedir. Konya'nin Karatay
ilcesinde, 2024 yili baslarinda, tahtakurusuna karsi,
depo zararlilarina karsi kullanilan aliminyum fosfit
kullanilmasi ve sonucunda 6ltiimlerin ortaya ¢ikmasi
ve baska bir ilimizde ortaya ¢ikan benzer bir olguda
insektisit uygulanan evdeki bir kari kocanin 6lmesi
buna 6rnek olarak gosterilebilir.

Tahtakurulariyla miicadelede; fiziksel, kimyasal
ve biyolojik miicadele yontemleri ayri ayri veya bir-
likte kullanilabilir.

Fiziksel miicadele

Fiziksel micadelede; tahtakurusundan stphelenil-
digi zaman esyalarin ve saklanma yerlerinin sik sik
kontrol edilmesi, uygun denetim, sik yikama, dagi-
niklidi giderme, vakumlama gibi kimyasal olmayan
yontemler, yataklarin ve bazalarin kaplanmasi, bu-
harla isleme, yogun sekilde istila edilmis esyalarin
atilmasi ve yapisal isil islemlerin hepsi etkilidir; ancak
bunlar kalici koruma saglamazlar (Kells 2006; Wang
ve ark. 2012; 2015; Singh ve ark. 2017; Abbar ve ark.
2020, Ranabhat ve Wang 2020). Degisik tipte aspi-
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ratdrlerin, pilli veya elektrikli stipirgelerin kullanil-
masinin tahtakurularyla micadelede yararli olacagi
da bildirilmistir (Bérenger ve ark. 2015). Camasir ma-
kinesinde, 60°C'de yikamanin veya -17°C'de iki saat
bekletmenin camasirlardaki tahtakurularinin bitin
donemlerine kars etkili oldugu kaydedilmis, 40°C'de
yikanan veya deterjansiz suda 24 saat bekletilen ca-
masirlarda ise, yumurtalar hari¢ diger gelisme do-
nemlerinin hepsine karsi etkili oldugu bildirilmistir
(Naylor ve Boase 2010). Tahtakurusu istilasina karsi
yuksek sicaklik kullanimindan da yararlanilmaktadir.
Bunun igin gerekli olan ekipmanlarin gelistirilmesi
bu yontemin yayginlasmasini saglamistir. Isil islem-
ler, yalitimh kutular ve 1sitmali nakliye rémorklar gibi
konteynerler icinde uygulanabilir veya 1s1 dogrudan
bir yapi igindeki odalara ve iceriklere verilebilir (Kells
ve Goblirsch 2011). Sicakhgin genel olarak 45-52°C
arasinda olmasi tercih edilmekle birlikte, bazen 55-
60°C'ye kadar cikarlabilir. Tahtakurusu mucadele-
sinde erginler icin oldurict sicakhigin (LTemp99)
48,3°C, yumurtalar icinse 54,8°C oldugu, 45°C'ye
maruz kalan yetigkin tahtakurularinin LTime99 suresi
94,8 dakika, yumurtalar igin 45°C'de 7 saat, 48°C'de
ise 71,5 dakika oldugu saptanmistir (Kells ve Goblir-
sch 2011).

Kimyasal miicadele

Kimyasal micadelede, ilk Onceleri arsenik, civa,
pretrum, sUlflr ve siyanid gazinin ve 1940l yillar-
da DDT'nin kullanildigr bildirilmistir (Bayram Delibas
2017). Daha sonralari Klorlu hidrokarbonlar (DDT,
Dieldrin vb), karbamatli (Carbaryl, Propoxur) organik
fosforlu (Diazinon, Dichlorvos, Fenitrothion, Malat-
hion, Pyrimiphos-methyl, Phoxim vb) kullaniimaya
baslanmistir. Yakin yillarda ise, tahtakurusu miicade-
lesinde bu insektisitlere ek olarak; Acetamiprid, Thi-
amethoxam, Imidacloprid ve Dinetofuran gibi neo-
nikotinoidler, Sipermetrin (cypemethrin), Permetrin,
Deltametrin ve Cyfluthrin gibi sentetik pretroidler,
Chlorfenapyr, Juvenil Hormon Analoglari gibi kim-
yasal insektisitler ve diyatomlu toprak, sedir yagi
(Ceddar oil) gibi bazi dogal urlnler de kullanilmistir
(Goddard 2014, Wang ve ark. 2015). Sentetik pret-
roitli ve neonikotinodli insektisitler halen yogun ola-
rak kullanilmaya devam etmektedir. Cevre sagligi ve
insektisit cesitliligi dikkate alindiginda, tahtakurusu
mucadelesinde, klorlu hidrokarbonlara, karbamatla-
ra ve organik fosforlu insektisitlere karsi direng ge-
lismesi, bu insektisitlerin kullanilmalarinin yasaklan-
masi veya kalici etkilerinin ¢evre sagligina zarar ver-
mesi nedeniyle, tahtakurusu micadelesinde uzun
zamandir genellikle sentetik pretroidler veya neoni-
kotinoidli insektisitler, ya ayri ayri ya da birlikte kul-

laniimaktadir (Davies ve ark. 2012; Dik 2015; Wang
ve ark. 2015; Haberkorn ve ark. 2023; Yu ve ark.
2023). Diger Ulkelerde de uzun yillardir tahtakurusu
mucadelesinde sentetik pretroidlerden (Cyfluthrine,
Deltamethrin, Lambda-Cyhalothrine, Cypermethrin,
Alpha-cypermethrin vb) yararlaniimaktadir (Davies
ve ark.2012; Haberkorn ve ark. 2023; Yu ve ark. 2023).
Sentetik pretroitli insektisitlere direng gelismesi veya
mucadelede farkli seceneklerin denenmesi amaciyla
tahtakurusu miicadelesinde neonikotinoidli (Aceta-
miprid, Thiamethoxam, Imidacloprid, Dinetofuran)
insektisitler de kullanilmaya baslanmistir. Sentetik
pretroitlerin neonikotinoidlerle birlikte kullaniimasi-
nin, sentetik pretroitli insektisitlerin yalniz kullanil-
masindan daha etkili oldugu ifade edilmistir (Yu ve
ark. 2023). Bu insektisitler tahtakurularinin saklan-
diklar yerlere serpme, plsklrtme, regineli serit veya
tatst (fumigasyon) tarzinda uygulanirlar (Wang ve
ark. 2015). Toz seklinde kullanilan insektisitlerin pUs-
kirtme tarzinda kullanilan insektisitlere oranla daha
etkili oldugu, toz insektisitlerin kalici etkilerinin daha
fazla oldugu kaydedilmistir (Abbar ve ark. 2020;
Singh ve ark. 2016; Singh ve ark. 2017; Ranabhat
ve Wang 2020). Toz halinde 4.9 g/m2 dozda bircok
kez kullanilan %1'lik Cyfluthrin’in (Tempo 1% Dust,
Bayer Environmental Science) tahtakurularina karsi
pusklrtme tarzinda kullanilan insektisitlere ve sen-
tetik pretroidlere direncli tahtakurularina karsi daha
etkili oldugu belirlenmistir (Singh ve ark. 2016).

Avustralya'da, C. hemipterus'a karsi 110 mg/m?
Pesquard FG161 (% 4.4 d-tetramethrin & (%13.2)
cyphenothrin) ve Sumithrin 10SEC (%10 d-pheno-
thrin)'e karsi yuksek direng, Tandem (thiamethoxam
[11.6%], lambda-cyhalothrin [3.5%]) 183.96 mg/
m?, Temprid SC (imidacloprid [21%], beta-cyfluthrin
[10.5%]) 106.13 mg/m? ve Sumithion 20CS (fenitrot-
hion [20%]) 250 mg/m?*a ise disuk ve yliksek direng
saptanmistir (Leong ve ark. 2020). Yine Avustralya'da
C. hemipterus ve C. lectularius’'un degisik suslarina
karsi deltametrin ve imidaclopridin etkinlikleri aras-
tinlmis, C. lectularius'ta deltametrine karsi ylksek
bir direncin gézlendigi ve etkisinin %15-100 arasin-
da degistigi, imidaclopride karsi direncin degisiklik
gostermekle birlikte, etkisinin %95'in Ustlinde ol-
dugu belirtilmistir (Lilly 2017). Dinetofuran (%0.25)
ve toz halinde diyatomlu topragin (%95) (Alpine
aerosol ve Alpine dust) uygulandigi distik gelirli ev-
lerde ergin tahtakurularina karsi etkisinin alti aylik
kullanim sonunda %96.8 oldugu kaydedilmistir. La-
boratuvar calismalarinda, dogrudan uygulanan Al-
pine aeorosoliin nimflere %100, yumurtalara %91.3
oranlarinda etkili oldugu kaydedilmistir (Singh ve
ark. 2013). ABD, New Jersey'de, tahtakurularina karsi
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Tandem (3.5% lambda-cyhalothrin, 11.6% thiamet-
hoxam, Syngenta Crop Protection, Greensboro, NC,
USA), Temprid SC (10.5% beta-cyfluthrin, 21% imi-
dacloprid, Bayer Environmental Science, Research
Triangle Park, NC, USA), Transport Mikron (6% bi-
fenthrin, 5% acetamiprid, FMC Corporation, Phila-
delphia, PA, USA)'un etkileri arastinlmis, sekiz hafta
sonunda bifenthrin+acetamiprid karisiminin %98'in
Uzerinde etkili oldugu, onu %89 ile lambda-cyhalo-
thrin ve %87 ile beta-cyfluthrin, 21% imidacloprid'in
izledigi bildirilmistir (Wang ve ark. 2013).

Bécek micadelesinde CO, de kullaniimaktadir
(Wang ve ark 2012). Cimex lectularius micadele-
sinde karbondioksitin (CO,) etkisinin arastinldig: bir
calismada; tahtakurusunun butiin gelisim dénem-
leri Gzerine 6ldlricu etki gosterebilmesi icin CO,'in
25°C'de, en az %30 yogunlukta ve 24 saat kullanil-
masi, yumurtalarin %100 o6lddrilmesi icin CO,'in
%100 yogunlukta 20, 25 ve 30°C'de, sirasiyla 3, 7 ve
8 saat, erkek ve nimfleri 6ldiirmek icinse, ayni sicak-
liklarda sirasiyla 8, 13 ve 14 saat fumigasyona tabi
tutulmasi gerektigi bildirilmistir (Wang ve ark 2012).
Ayni arastirmada, 23-24°C'de, fumigasyon veya kuru
buz seklinde kullanilan CO,’in kumag vb malzeme-
lerle dolu kutu veya sizdirmaz torbalarda saklanan
tahtakurularinin butin gelisme dénemlerine karsi
%90 etkili oldugu belirtilmistir (Wang ve ark 2012).

Tahtakurusu miicadelesinde sulfuryl fluoride'in
de fumigasyon tarzinda kullanilabilecegi ifade edil-
mis, 25°C'de, 103,7 g-h/m3’'lik dozda ergin ve ileri
donem nimflere %100 etkili bulunmustur (Phillips
ve ark. 2014). Bununla birlikte, bu insektisitin kul-
laniimasi icin egitimli personele ve 6zel ekipmana
gereksinim duyulmasinin dezavantaj oldugu ifade
edilmistir (Bayram Delibas 2017).

Methopren ve Hydropren gibi kitin sentezi in-
hibitorlerinin (Insect Growth Regulator) tahtakurula-
rinin nimf dénemlerine karsi etkili olabilecedi, fakat
erginlerine karsi etkisiz oldugu ve etkilerinin yavas
oldugu kaydedilmistir (Bayram Delibas 2017).

insanlarda, tedavi dozunda kullanilan moksi-
dektin ve ivermektinin tahtakurularinda morbidite
ve mortaliteye sebep olduklari, ivermektinin tahta-
kurularini tamamen ortadan kaldirmadigi, daha yuk-
sek ve daha cok uygulamaya gerek duyulabilecegi,
moksidektinin ise ABD'de, FDA (Food and Drug Ad-
ministration) tarafindan insan kullaniminda ruhsat-
landinimadigi bildirilmistir (Sheele ve ark. 2017).

Dogal iiriinlerle miicadele

Tahtakurusu mucadelesinde, kimyasal insektisitlerin
yani sira, ¢evre sagligi acisindan daha glvenli olan

silikon dioksid (silisyum dioksid) ve diyatomlu top-
rak gibi dogal drlnler (yesil Grinler) de kullanilmaya
baslanmistir (Kells 2006). Bunlar siniflarda, glindiiz
bakim merkezlerinde, huzurevlerinde, hastanelerin
belirli alanlari gibi hassas yerlerde kullanilabilirler
(Goddard 2014). Diyatomlu toprak suda yasayan or-
ganizmalarin, alglerin fosillegmis kalintilarindan olu-
san dogal bir triindir (Goddard 2014, Kerdsawang
ve ark. 2023). Silikon dioksid (Silicone dioxide) bazl
(Si0,) insektisit tozlar memeliler icin distk toksisi-
teye sahip olup, kuru ortamlarda kalici etkileri uzun
sirmekte ve sentetik pretroidli insektisitlere karsi
direncli tahtakurularina etkili olmalarindan dolayi
tahtakurusu miicadelesinde kullaniimaktadir (Singh
ve ark. 2016; Abbar ve ark. 2020; Kerdsawang ve ark.
2023). Toz halinde kullanilan Silica jelin, tahtakuru-
larina etkisinin bir glin sonra %95, bes giin sonra
%96.7, 10 glin sonra ise %100 oldugu bildirilmistir
(Singh ve ark. 2016). ABD'de yapilan bir calismada,
silikon dioksitli tozlarin C. lectularius'a karsi etkisinin
72 saat sonra %90'nin izerinde oldugu belirtilmistir
(Yu ve ark. 2023). Baska bir arastirmada; birisi duyarli
digeri direngli iki C. lectularius susuna karsi labora-
tuvar sartlarinda kullanilan 0.1 g/L ve 0.05 g/L silica
dioksidin (ChinChex®: Silicon dioxide %55, amorp-
hous silica %45) tam etkili oldugu ve 21 gin icinde
tahtakurularini tamamen ortadan kaldirdigi kayde-
dilmistir (Kerdsawang ve ark. 2023). Silikon dioksit,
sentetik pretroid ve piperonyl butoxide veya kar-
bondioksit ile karistirilarak kullanildiginda da tahta-
kurularina karsi yuksek etkili bulunmustur (Abbar ve
ark. 2020).

Biyolojik miicadele

Biyolojik miicadelede mantarlardan yararlaniimakta-
dir. Bunlardan en 6énemlisi Beauveria bassiana'dir. Bu
mantarin ozellikle piretroidlere direngli tahtakurusu
suslarina karsi kullanilabilecegi belirtilmistir (Bay-
ram Delibas 2017). Beauveria bassiana'nin duyarli
ve pretroidiere direncli suslarina karsi %94 oraninda
etkili oldugu ve bu etkinin ortalama dort glin son-
ra ortaya ciktigi belirtilmistir (Barbarin ve ark.2017).
Wolbachia'nin da tahtakurularinin biyimelerini ya-
vaslattigi belirtilmistir (Bayram Delibas 2017).

Direng

Tahtakurular insektisitlere karsi oldukga direnclidir-
ler ve halihazirda micadelede kullanilan insektisitle-
re karsi direng gelistigi bildirilmistir (Romero ve ark.
2010; Dang 2014; 2015; Akhtar ve Isman 2016; Lilly
ve ark. 2016; Barbarin ve ark. 2017; Vassena ve ark.
2019; Abbar ve ark. 2020; Haberkorn ve ark. 2023,
Kerdsawang ve ark. 2023; Yu ve ark. 2023). Son yil-
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larda, Cimex lectularius ve C. hemipterus'ta karba-
matlilara, organik fosforlulara, neonikotinoidlere,
fenilpirazollara (phenylpyrazol) ve sentetik pretroid-
lere karsi siklikla direng gorildigu rapor edilmistir
(Dang 2014; Goddard 2014; Dang 2015; 2017; Lil-
ly ve ark. 2017; Berenji ve ark. 2019; Abbar ve ark.
2020; Dang 2021, Haberkorn ve ark. 2023; Wang ve
ark. 2012; Yu ve ark. 2023). Daha 6nceleri tahtaku-
rusu micadelesinde yaygin olarak kullanilan DDT'ye
karsi olusan direncin sentetik pretroitli insektisitlere
karsi capraz dirence yol agmasindan dolayi sentetik
pretroitli insektisitlere karsi da ylksek oranda direng
go6zlenmektedir (Yu ve ark. 2023). Pretroidlere kars!
direncte tek bir genin degil, birden fazla genin bas-
kilamasinin rol oynadigi ve sodyum kanal genlerin-
de iki mutasyon saptandigi ifade edilmistir (Bayram
Delibas 2017). ABD'nde 6zellikle deltametrine karsi
yaygin bir diren¢ gozlendigi, sentetik pretroidli ve
neonikotinoidli insektisitlere ve bunlarin kombinas-
yonuna karsi da tahtakurularinda direng gozlendigi
kaydedilmistir (Yu ve ark. 2023). insektisitlere karsi
sekillenen direncin davranissal direng ve fizyolojik
diren¢ olmak Uzere iki sekilde ortaya ¢iktigi ifade
edilmis ve C. lectularius'a karsl olusan direncin fiz-
yolojik direng oldugu, davranisa bagh direncin tespit
edilemedigi bildirilmistir (Dang ve ark. 2017, Haber-
korn ve ark. 2023). Diger bir makalede (Dang ve ark.
2021) ise tahtakurularinda direng gelismesinden he-
def bolgenin duyarsizligi, artan metabolik detoksifi-
kasyon ve penetrasyon direnci olmak Uzere l¢ ana
diren¢ mekanizmasinin sorumlu oldugu belirtilmis-
tir. Sentetik pretroidlere karsi davranissal direng, k-
tiktler direng, metabolik diren¢ ve DNA diizeyinde
ikame mutasyonlar nedeniyle hedef bdlge duyarsiz-
hgi direnci seklinde direng sekilleri gorildigi bildi-
rilmis (Dang ve ark. 2014; Lilly ve ark. 2016), DDT ve
pretroidlere karsi C. hemipterus'ta sekillenen yiiksek
direncin multiple kdr mutasyonlarindan kaynaklan-
mis olabilecedi belirtilmistir (Dang ve ark. 2021).

Korunma

Korunmada, Ozellikle seyahatlerde, otel odalarinda
tahtakurularinin saklanabilecekleri yerlerin gdzden
gecirilmesi, valiz ve ¢antalarin yatak Uzerine veya
dolaplara konulmamasi, yataklardan, zeminden uzak
tutulmasi, naylon posetlerle sarilarak olasi tahtaku-
rularinin valiz ve cantalara girmelerinin 6énlenmesi,
valiz ve cantalarin seyahat donlist dogrudan banyo-
da acilmalari, yiksek sicaklikta buhara tutulmasi ve
icindeki yikanabilir esyalarin ¢camasir makinesinde,
yuksek sicaklikta yikanmasi dnerilmektedir (Valtchev
ve Chalakov 2020).

Deney hayvanlar kullanimi etik kurulu ve diger
etik kurul kararlar ve izinler: Derleme niteliginde
oldugu icin herhangi bir izne gerek bulunmamak-
tadir.

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