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Yazarlara Bilgi / Instructions for Authors VII

Etlik Veteriner Mikrobiyoloji Dergisi Yayim Kosullari

1. Tirkce ve ingilizce olarak hazirlanacak metinler 12 pt, Times
New Roman yazi karakterinde, iki yana yaslanmis diiz metin ola-
rak, tim kenarlarda 25 mm bosluk birakilarak ve tek aralikli sayfa
dizeninde A4 (210 x 297 mm) boyutunda yazilmalidir. Yazila-
rin tamami, sekil ve tablolar dahil olmak Gzere orijinal bilimsel
arastirmalarda 16, derlemelerde 10, olgu sunumlarinda ve kisa
bildirilerde 6 ve editére mektuplarda 4 sayfayl kaynaklar haric
gecmemesi istenir.

2. *.doc ve *.docx bicimindeki metin ile en az 300 dpi ¢ozlnurlik-
teki *jpeg veya *.tiff bicimindeki sekillerin ve tablolarin tamami
DergiPark Gzerinden gonderilmelidir.

Basvuru sirasinda sunulacak dosyalar:
a. Bashik sayfasi:

3. Yazi tipi (orijinal arastirma, giincel/davetli derleme, olgu sunu-
mu, kisa bildiriler, editére mektup) belirtilir.

4. Konuyu 6zetleyen kisa baslik yazilir. On kelimeyi gegmemesi
onerilir.

5. Tim yazarlarin adlarinin ilk harfleri ve soyadlarinin timu biyik
olacak sekilde yazildiktan sonra Ust simge ile numaralandirilarak
cahstiklari kurum ve adres bilgileri verilmelidir. Adreslerde sehir
ve Ulke adlari belirtiimelidir. ORCID numarasi verilmesi zorun-
ludur. ORCID numaralari harflerle belirtilerek adreslerden sonra
yazilabilir.

6. Sorumlu yazar “*" ile belirtilerek agik adres satirlarindan sonra
agik adres, telefon, e-posta bilgilerine yer verilmelidir. Kurum bil-
gileri birden baslayarak numaralandirilip, adres, sehir, tlke bilgisi
yazar isimleri altina eklenmelidir. Bu sayfada “sorumlu yazar” be-
lirtilmeli isim, agik adres, telefon ve e-posta bilgileri eklenmelidir.
Ornek olarak;

Farelerde Papilla Filiformislerin Isik ve Taramali Elektron
Mikroskobik Yapisi

Burhan Toprak'=*

"Veteriner Kontrol Merkez Arastirma Enstitisi Mudurliga,
Genetik Laboratuvari, 06020, Ankara, Turkiye

>ORCID: 0000-0003-1082-4559

*burhan.toprak@tarimorman.gov.tr, Ahmet Sefik Kolayli Cad.
No: 23-1 06200, Kecioren-Ankara Tel: +903123254826

Deney hayvanlari kullanimi etik kurulu ve diger etik kurul
kararlari ve izinler: ilgili kararlara iligkin bilgiler (Alindigi kurulus,
tarih ve sayi) bu baslik altinda verilmelidir.

Tesekkiirler: kismi baslik sayfasinda yer almalidir. Daha 6nce
kongrelerde sunulan her cesit bildirinin, baslik sayfasinda kongre
ad\, yer ve tarih verilerek belirtilmelidir,

Maddi destek ve cikar iliskisi: Makale sonunda varsa calismayi
maddi olarak destekleyen kisi ve kuruluslar ve varsa bu kurulus-
larin yazarlarla olan cikar iliskileri belirtilmelidir. (Olmamasi duru-
mu da “Calismayi maddi olarak destekleyen kisi/kurulus yoktur
ve yazarlarin herhangi bir ¢ikara dayal iliskisi yoktur” seklinde
yazilmalidir.

b. Makalenin ana metini:

7. Baslik, 6zet ve en cok beser adet anahtar kelime, Tiirkce ve in-
gilizce olarak, ana metin ve kaynaklarla birlikte Baslik sayfasindan
ayri bir dosya olarak sisteme yiiklenmelidir.

8. Orijinal bilimsel arastirmalarda, olgu sunumlarinda ve kisa bil-
dirilerde Tiirkce ve Ingilizce baslik, &zet ve en az bes adet anahtar
sozclk, giris, gereg ve yontem, bulgular, tartisma ve sonug, kay-
naklar sirasi ile hazirlanmalidir. Olgu sunumlarinda olgu gecmisi
kismi da olusturulabilir.

9. Tablo ve sekiller hem ayri olarak sisteme ylklenmeli hem de
yazi icinde olmasi gereken yere yerlestirilmelidir.

10. Olusturulan bu ana metin dosyasinda kesinlikle yazar adi, ku-
rum, e-posta bilgisi vb. detaylar olmamasi gerekmektedir. Tim
satirlara strekli olarak devam eden numara verilmelidir.

11. Ozet, Tiirkce ve ingilizce olarak, tek paragraf halinde en fazla
250 sézcik olmalidir.

12. Anahtar kelimeler, makale icerigine uygun olarak secilmeli,
alfabetik siraya gore yazilmali ve bes s6zctigli gegmemelidir.

13. Giris, konu ile ilgili 6zet literatir bilgisi icermeli, son paragra-
finda calismanin amaci vurgulanmalidir.

14. Gereg ve Yontem, ayrintiya girmeden, anlasilir bicimde ya-
zilmalidir. istenilirse alt baslik kullanilabilir. Alt basliklar italik yazi
tipiyle belirtiimelidir. (Ekstraksiyon iglemi, istatiksel yéntem, De-
ney deseni vb.)

15. Bulgular, béliminde veriler, tekrarlama yapmadan agik bir
sekilde belirtilmelidir. Bulgular tablo ve sekillerle desteklenerek
kisa olarak sunulmalidir. Tablo basliklar tablonun Ustinde, sekil
ve grafik bagliklari ise seklin altinda belirtilmelidir. Tablo ve se-
killerin kodlanmasi niimerik veya alfa nimerik sembollerle gos-
terilmelidir.

16. Tartisma ve Sonuc¢ boliminde, arastirmanin sonucunda
elde edilen bulgular, diger arastiricilarin bulgulari ile karsilastiril-
mali ve literatiire olan katkisi belirtilmelidir.

17. Kaynaklar, kaynaklar listesi soyadina gore alfabetik ve krono-
lojik olarak siralanmalidir. Metin icerisindeki kaynak, yazar soyadi
ve yayin tarihi yazilarak Toprak (2006); Toprak ve Erol (2007); Top-
rak ve ark. (2008); Toprak (2012, 2013) cimle sonunda ise sadece
parantez icerisinde yazar soyadi ve yayin tarihi noktalama isare-
tinden once yazilmaldir (Toprak 2006; Toprak ve Toprak 2007;
Toprak ve ark. 2008; Toprak 2012, 2013); Climle sonunda birden
cok kaynak belirtilecek ise kaynaklar tarih sirasina gore kiglkten
blytge dogru siralanmalidir. Metin icerisinde ikiden ¢ok yazarli
kaynak kullanimlarinda ilk yazarin soyadi yazilmali diger yazarlar
ise "ve ark.” kisaltmasi ile belirtilmelidir. Yazilarda ve yerine & isa-
reti kullanilmamalidir.

18. Dergi adlarinin kisaltiimasinda "Periodical Title Abbreviations:
By Abbreviation” son baskisi esas alinmalidir. Kaynaklar listesinde
yazar(lar)in ayni yila ait birden fazla yayini varsa, yayin tarihinin

un

yanina “a” ve "b" seklinde ibare koyularak belirtiimelidir.
19. Kaynak yazimi ve siralamasi asagidaki gibi yapiimalhdir;
Siireli Yayin:

Dubey JP, Lindsay DS, Anderson ML, Davis SW, Shen SK. (1992).
Induced transplacental transmission of N. Caninum in cattle. J
Am Vet Med Ass. 201, 709-713.

Yazarh Kitap:

Fleiss JI. (1981). Statistical methods for rates and proportions. Sec-
ond edition. New York: John Willey and Sons, p.103.

Editorlii Kitap:

Balows A, Hausler WJ, Herramann K|, eds.. (1990). Manual of Clini-
cal Microbiology. Fifth edition. Washington DC: IRL Press, p.37.
Editorlii Kitapta Boliim:

Bahk J, Marth EH. (1990). Listeriosis and Listeria monocytogenes.
Cliver DD. eds. Foodborne Disease. Academic press Inc, San Di-
ego. p.248-256.
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VI Yazarlara Bilgi / Instructions for Authors

Kongre Bildirileri:

Cetindag M. (1994). Pronoprymna ventricosa, a new digenic
trematoda from the Alosa fallax in Turkey. Eighth International
Congress of Parasitology (ICOPA VIIl), October 10-14, izmir-
Turkey.

Tezler:

Aksoy E. (1997). Sigir Vebasi hastaliginin histolojik ve immuno-
peroksidaz yéntemle tanisi (izerine calismalar. Doktora Tezi, AU
Saglk Bilimleri Enstittist, Ankara.

Anonim:

Resmi kuruluslar (Tarim ve Orman Bakanligi, OIE, FAO vb.) inter-
net sitesi harici kaynaklarin kullanimi 6nerilmez. Anonim. (2009).
Contagious equine metritis. Erisim adresi: http:// www.cfsph.ias-
tate.edu/Factsheets/pdf, Erisim tarihi: 17.10.2009.

Peter AT (2009). Abortions in dairy cows. Erisim adresi: http://
www.wcds.afns.ualberta.ca.htm, Erisim tarihi: 14.11.2009.

20. Kaynaklarin sonuna mevcut ise doi numarasi yaziimahdir.

c. Tam makale: Baslik ve ana metin iceriginin birlestiriimesiyle
olusturulan tam yazi *.pdf dosyasi olarak sisteme ytiklenmelidir.

21. Kaynaklar alfabetik olarak siralandiktan sonra ayrica numara-
landirmaya gerek yoktur.

22. Simgelerin kullanimina dikkat edilmelidir. Ornek olarak carp-
ma isareti olarak "x” yerine "x" kullaniimalidir.

23. Latince cins ve tur isimleri italik yaz tipi ile yazilmalidir (Mo-
nachus monachus, Anisakis sp.). Tium olcller Sl'e (Systeme Inter-
nationale) gore verilmelidir.

24. Deneylerde kullanilan kimyasal, kit vb. gereglerin marka, mo-
del, Uretim yeri bilgileri yer almalidir. Ornek: Blu-T4 ETVAC aglsi
(Veteriner Kontrol Merkez Arastirma Enstitlst Maduarligu, Anka-
ra, Turkiye).

25. Baslik sayfasi, makalenin ana metni ve tam makale olmak tze-
re (¢ dosya basvuruda bulunmalidir.

26. Yayinlanmasi uygun gorilen calismalarin basilmasina iliskin
karar yazar(lar)ina bildirilir.

27. Turkce yazilar hazirlanirken dil ve kelime bilgisi kurallari igin
Turk Dil Kurumu'nun hazirladigr kaynaklar esas alinmalidir.

28. Dergiye gonderilen yazilar kabul tarihine gore yayinlanir. Der-
gi gerekli gordiigu durumlarda siralamayi degistirme hakkini sakli
tutar.

Yayin, Hakemleme, Etik ilkeleri ve Yasal Sorumluluklar

Bu dergi oncelikli olarak bakteriyoloji, parazitoloji, viroloji, halk
saglhgi, epidemiyoloji, asi Gretimi, laboratuvar kalite yonetim sis-
temleri olmak Uzere, diger tim veteriner bilim alanlarini kapsa-
maktadir. Etlik Veteriner Mikrobiyoloji Dergisi arastirma ve yayin
etigi standartlarina baghdir. intihal tespit edilmesi kabulden sonra
bile bir yazinin reddedilmesine neden olabilir. Editorler, herhangi
bir etik suistimal stiphesinde, ilgili uluslararasi yayin ve arastirma
etigi kurallarina (COPE guidelines, Cse White Paper on Publicati-
on Ethics, ORI) uygun olarak hareket eder. Dergimizde yayinlan-
masi icin gonderilen bilimsel calismalarin European Convention
for the Protection of Vertebrate Animals used for Experimental
and Other Scientific Purposes, Deneysel ve Diger Bilimsel Amac-
lar icin Kullanilan Hayvanlarin Refah ve Korunmasina Dair Yonet-
melik hiikiimlerine uygun olarak yapildigini, gerekli tim kurumsal
etik ve yasal izinlerin alindigini varsayarak, bu konuda dergi yone-
timi olarak sorumluluk kabul etmemektedir. Calismada “"Hayvan”
ogesi kullaniimis ise yazarlar, yazinin Gereg ve Yontem bolimiin-
de calismalarinda hayvan haklarini koruduklarini ve ilgili etik ku-

ruldan onay aldiklarini belirtmek zorundadir. Dergimiz génderilen
bilimsel calismalarda European consensus-platform for alterna-
tives stratejilerine uygun olarak deney hayvanlarinin kullanimin-
da 3R (Replacement, Reduction ve Refinement) kuralina uygun
davraniimasini bekler ve destekler. Farkl etik kurul onay ya da
izin almasi (Ornegdin klinik arastirmalar etik kurul onayi gibi) de-
gerlendirme suresince fark edilen yazilarin degerlendirmesine ara
verilerek gerekli izinleri almasi igin sorumlu yazar uyarilir, gerekli
izinlerin tamamlanmasindan sonra yayin siirecine devam edilir.
S6z konusu onay bilgileri gere¢ ve yontem kismina eklenir. Ca-
lismalarla ilgili uluslararasi ve ulusal diizenlemeler cercevesince
gerekli kurum ve kuruluslardan alinmasi gereken tiim izinlerin
(Ornegin yaban hayatina ydnelik ¢alisma izin belgesi gibi) alina-
rak calismaya baslanmasi yazarlarin sorumlulugundadir. Dergi
bu konuda sorumlu tutulamaz. Yazinin sorumlu yazari tarafindan
sistem araciligiyla génderilmesi ile yazinin bir bolimiinin veya
tamaminin baska bir yerde yayinlanmadigi ve ayni anda bir diger
dergide degerlendirilme slrecinde olmadigi seklinde degerlen-
dirilir. Tim yazarlar yayin icerigi ve hakkinda hem fikir olduklarini
beyan etmis sayilirlar. Maddi destek ve ¢ikar iliskisi durumu ayrica
basvuru sirasinda editére bildirilmelidir. Yazilarin Tiirkce ve ingiliz-
ce tam metinlerinin génderilmesi ve yayina kabul edilmesi halin-
de tek bir yazi olarak kabul edilerek sirasiyla Tiirkcesi ve ingilizcesi
yayinlanir. Gonderilen yazilarin basim diizeltmeleri orijinal metne
gore yapildigindan, yazilarin her tirlt sorumlulugu (etik, bilimsel,
yasal, vb.) yazarlara aittir. Dergide yayinlanmak Uzere gonderilen
yazilar tim yazarlar tarafindan imzalanan “"Yayin Hakki Devri S6z-
lesmesi” ile dergiye gonderilir.

Etlik Veteriner Mikrobiyoloji dergisi agik erisimi desteklemekte-
dir. Yayinlanmak tzere kabul edilen yazilarin her tirli yayin hakki
yayinclya aittir. Ancak yazarlar "Egitim amacl, kendi kisisel kul-
lanim hakki, Makalenin timind veya bir kismini bir toplantida
veya konferansta kullanma, Makalenin timini veya bir kismini
bir toplantida veya konferansta kullanma, Calismalarini cevrimigi
olarak kurumsal depolarda veya internet sitelerinde yayinlama,
Makalelerinin gortnurligind arttirmak igin herhangi bir sosyal
medya platformu kullanma, Makalede aciklanan herhangi bir is-
lem veya prosedir igin patent ve ticari marka haklarini sakli tutar.
Yayinlanmasi uygun gorilen ¢alismalarin basiimasina iliskin ka-
rar yazar(lar)ina bildirilir. Tirkce yazilar hazirlanirken dil ve keli-
me bilgisi kurallari igin Turk Dil Kurumu’nun hazirladigi kaynaklar
esas alinmalidir. Dergiye gonderilen yazilar kabul tarihine gére
yayinlanir. Dergi gerekli goérdigi durumlarda siralamayi degis-
tirme hakkini sakl tutar. Yazilarin basim isleri ve yayinlanmasi icin
herhangi bir tcret talep edilmez. Yazarlara da yazilarinin basiimasi
karsihginda herhangi bir ddeme yapilmaz. Yayinlanmayan yazilar,
yazarina iade edilmez. Génderilen makalelere iliskin itirazda veya
sikayette bulunmak isteyen yazarlar, ilk olarak, sorumlu yazi isle-
ri midurtne bir itiraz mektubu géndermelidir. Mektupta, itiraz
veya sikayet konusu hakkinda ayrintili bilgi verilmelidir. Béyle bir
durumda, sorumlu yazi isleri midiri konuyu en kisa stirede ince-
lemesi icin editor veya yayin kurulu Gyelerinden birini gérevlen-
dirir. Gerekirse, sorunu arastirmak igin arabulucu olarak harici bir
uzman atanabilir. Ancak sorumlu yazi igleri midurd, tim temyiz
ve sikayetler icin karar verme sirecindeki nihai otoritedir. Dergi,
itiraz ve sikayetlerini incelerken COPE kurallarina uyar. Yayin hakki
devri sozlesmesine buradan ulasabilirsiniz.

Tarihce ve Arsiv

1960-1976 yillari arasinda Etlik Veteriner Bakteriyoloji Enstitlist
Dergisi,

1977-1986 yillari arasinda Etlik Veteriner Mikrobiyoloji Enstitlist
Dergisi,

1987 yilindan ginimiuze kadar Etlik Veteriner Mikrobiyoloji Der-
gisi adiyla yayinlamistir.
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Journal of Etlik Veterinary Microbiology Publication Conditions

1. Manuscripts in Turkish and English languages should be writ-
ten as a justified text leaving 25 mm from all margins, in 12pt
Times New Roman text character, in single-spaced page format
and A4 (210 x 297 mm) size. All manuscripts including figures
and tables should not exceed 16 pages for scientific articles, 10
pages for reviews, 6 pages for case reports and short communi-
cations and 4 pages for letters to the editor except references.

2. The manuscripts in *.doc or *.docx formats and figures of
maximum 300dpi resolution in *,jpeg or *.tiff formats and tables
should be sent via DergiPark.

Three files to be summited during the Application
a. Title Page

3. Type of manuscript (original research, up-to-date/invited re-
view, case report, short communication, letter to the editor) is
indicated.

4. Title summarizing the subject is written. It is suggested not to
exceed 10 words.

5. After the first letter of names and all letters of surname of
authors are written in capital letters, institutions and addresses
of authors should be written via enumerating the names by su-
perscripts. Names of cities and countries should be indicated in
addresses. ORCID number submission is obligatory. ORCID num-
bers can be written after addresses with an indication of letters.

6. The responsible author should be indicated with “*" and after
address lines, full address, e-mail, and phone number should be
added. Institution information should be enumerated starting
with 1 and address, name of city and country should be added
under authors’ names. Example:

The Structure of Papilla Filliforms in Mice Under Light and
Scanned Electron Microscope

Burhan Toprak™ 2"

"Veterinary Control Central Research Institute, Laboratory of
Genetics, 06020, Ankara, Turkey

>ORCID: 0000-0003-1082-4559

*burhan.toprak@tarimorman.gov.tr, Ahmet Sefik Kolayli Cad.
No: 23-1 06200, Kecidren-Phone: +903123254826

Use of laboratory animals Ethics Committee and other deci-
sions of Ethics Committee and Permissions: Information about
related decisions (Issue of institution, date, and number) should
be given under this title.

Acknowledgment: This part should take place in the title page.
All communications presented in congresses earlier should be
indicated in title page with name, place, and date of congress.

Financial Support and Conflict of interest: All persons and in-
stitutions in support of finance and, if any, conflict of interest
with authors should be disclosed at the end of the article. In case
of no conflict of interest, it should be stated as "There is no per-
son/institution funding the work and authors have no conflicts
of interest.”

b. The main text of Article

7. Title, abstract and up to five keywords should be uploaded in
both Turkish and English. They should also be uploaded to the
system with the main text and resources, but as a separate file
from the title page. For non-Turkish language speakers, a Turk-
ish language title, summary and keywords will be written by the
editorial staff.

8. In original scientific research, case reports and short reports
should be prepared according to the following range. Turkish

and English titles, abstracts, at least five keywords, introduction,
materials and methods, findings, discussion and conclusions and
references.

9. Tables and figures should be separately uploaded to the sys-
tem and also placed where they should be in the text.

10. Name of the author, institution, e-mail information and so
on. details don't should be In this main text file. All lines should
be numbered continuously.

11. The summary should briefly describe the results and conclu-
sion, less than 250 words.

12. Five keywords should be selected from Medical Subject
Headings, should be written in alphabetical order.

13. The introduction should include summary literature re-
laventing subject of the article and the purpose of the study
should be emphasized in the last paragraph.

14. Materials and methods should be written in a comprehen-
sible way and be aware giving details. Subtitle can be used if de-
sired. Subtitles must be defined in italic font. (Extraction process,
Statistical method, Experimental design, etc.)

15. In the findings, the data should be clearly indicated without
repetition. Findings should be supported by tables and figures
and presented briefly. Table headings should be indicated above
the table and figure and graphic headings should be given below
the figure. The coding of tables and figures should be indicated
by numeric or alpha-numeric symbols.

16. In the Discussion and Conclusion, the findings obtained
from the research should be compared with the findings of other
researchers and their contribution to the literature should be
specified.

17. References should be listed and numbered alphabetically
and chronologically according to the surnames. References in the
text should be written as author surname and date of publication,
for example, Toprak (2006); Toprak and Erol (2007); Toprak et al.
(2008); Toprak (2012, 2013). If the references are at the end of the
sentence, references should be written only in parenthesis as the
surname of the author and date of publication and the surname
of the author and the date of publication should be also written
before the punctuation mark. For example (Soil 2006; Soil and
Soil 2007; Soil et al. 2008; Soil 2012, 2013); If more than one ref-
erence is to be given at the end of the sentence, the references
should be ordered from small to large in order of date. “&" mark
should not be used instead of “and".

18. Abbreviations of journals should be made based on the last
edition of “Periodical Title Abbreviations: By Abbreviation”. In the
list of references, if the author has more than one publication of
the same year, it should be indicated with “a” and “b next to the
publication date.

19. Reference writing and ranking should be done as follows;
For articles:

Dubey JP, Lindsay DS, Anderson ML, Davis SW, Shen SK. (1992).
Induced transplacental transmission of N. caninum in cattle. J Am
Vet Med Ass. 201, 709-713.

For books:

Fleiss JI. (1981). Statistical methods for rates and proportions. Sec-
ond edition. New York: John Willey and Sons, p.103.

For edited books:

Balows A. Hausler WJ, Herramann K, eds.. (1990). Manual of Clini-
cal Microbiology. Fifth edition. Washington DC: IRL Press, p.37.
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For the chapter in edited books:

Bahk J, Marth EH. (1990). Listeriosis and Listeria monocytogenes.
Cliver DD. eds. Foodborne Disease. Academic Press Inc, San Di-
ego. p.248-256

For congress papers:

Cetindag M. (1994). Pronoprymna ventricosa, a new digenic
trematoda from the Alosa fallax in Turkey. Eighth International
Congress of Parasitology (ICOPA VIII), October, 10-14, izmir-
Turkey.

For dissertations:

Aksoy E. (1997). Sigir Vebasi hastaliginin histolojik ve immunope-
roksidaz yontemle tanisi Gzerine ¢alismalar. Ph.D. Thesis, Ankara
University Institute of Health Sciences, Ankara

Anonymous:

It is not recommended to use other internet sites other out of
website of the official institutions (Ministry of Agriculture and
Forestry, OIE, FAQ, etc.). Anonymous. (2009). Contagious equine
metritis. Access address: HTTP: // www.cfsph.iastate.edu/Fact-
sheets/pdf, Date of access: 17.10.2009.

Peter AT (2009). Abortions in dairy cows. Access address: HTTP://
www.wcds.afns.ualberta.ca.htm, Date of access: 14.11.2009.

20. If doi number available, Doi number should be written at the
end of the references.

c. Full article: Full text created by combining title and main text
content should be uploaded to the system as * .pdf file.

21. If the references are ranked alphabetically, there is no need
to renumber them.

22. It should be attention to the use of symbols. For example, as

multiplication sign, “x"" should be used instead of “x".

23. Latin genus and species names should be written in italics
(Monachus monachus, Anisakis sp.). All dimensions should be
given according to S| (Systeme Internationale).

24. The brand, model and production place information of the
chemical and kit used in the experiments should be written. Ex-
ample: Blu-T4 ETVAC vaccine (Central Veterinary Control and Re-
search Institute, Ankara, Turkey).

25. It should be applied with three files consisting of the title
page, the main text of the article, and the full article.

26. The decision to publish works that are deemed appropriate
to publish shall be notified to the author(s).

27. When writing articles in Turkish, the vocabulary rules should
be based on the sources prepared by the Turkish Language As-
sociation.

28. Articles sent to the journal are published according to the
date of acceptance. The journal may change the publishing rank
when it deems necessary.

Publication, Arbitration, Ethical Principles, and Legal Respon-
sibilities
This journal covers primarily bacteriology, parasitology, virol-

ogy, public health, epidemiology, vaccine production, laboratory
quality management systems, and all other veterinary sciences.

Journal of Etlik Veterinary Microbiology is subject to research and
publication ethics standards. Plagiarism can lead to rejection of
an article even after acceptance. The editors act in accordance
with the relevant international publication and research ethics
rules (COPE guidelines, CSI White Paper on Publication Ethics,
ORI) in case of any ethical misuse. Assuming that the scientific
studies submitted for publication in our journal are carried out
in accordance with the provisions of the Regulation on Welfare
and Protection of Animals Used for Experimental and Other Sci-
entific Purposes with European Convention for the Protection of
Vertebrate Animals used for Experimental and Other Scientific
Purposes, and that all necessary institutional ethics and legal per-
missions are taken, the journal management does not accept re-
sponsibility as a matter of responsibility. If the “Animal” element
is used in the study, the authors must state that they protect ani-
mal rights in their studies and that they have taken approval from
the relevant ethics committee. Our journal expects and supports
the compliance of 3R (Replacement, Reduction, and Refinement)
rules in the use of experimental animals in accordance with the
European consensus-platform for alternatives strategies in sci-
entific studies.

Approval of different ethics committee or permission (for ex-
ample, clinical research ethics committee approval) during the
evaluation of the discontinuation of the review of the articles that
are required to receive the necessary authorizations are warned,
the publication process is continued after the necessary permis-
sions are completed. The approval information should be added
to the material and method section.

It is the authors’ responsibility to ensure that all permits (such as
work permits for wildlife) are obtained from the relevant insti-
tutions and organizations in accordance with international and
national regulations. The journal cannot be held responsible for
this matter.

History and Archive

Journal was published between 1960-1976 as Journal of Etlik Ve-
terinary Bacteriology Institute,

Between 1977-1986 as Journal of Etlik Veterinary Microbiology
Institute Dergisi,

From starting 1987 till today as Journal of Etlik Veterinary Mic-
robiology.
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Etlik Veteriner Mikrobiyoloji Dergisi
Yayin Hakki Devri S6zlesmesi*

Asagida basligi bulunan ve yazarlari belirtilen yazinin;

Bashg:

1. Yazar(lar) olarak, yazim(iz)in orijinal oldugunu, degerlendirilmek tizere eszamanli olarak baska bir dergiye
sunulmadigini, halen baska bir dergide degerlendirme asamasinda olmadigini, bildiri 6zeti olmak disinda
daha 6nce baska bir dergide yayinlanmadigini, bilimsel ve etik sorumlulugunun tarafim(iz)a ait oldugunu,
diger yazarlara ulasilamamasi halinde, tiim yazarlarin bu basvurudan haberdar olduklarini ve tim yazarlarin
arastirmanin her sirecine aktif katildiklarini beyan ederim(z).

2. Yapilan calismanin derginin yayin kurallarinda belirtilen tim etik degerleri ve kurallari gozeterek, toplu-
mu, herhangi bir kurumu ya da kisiyi rencide edici herhangi bir sekilde yapiimadigini, deney hayvanlarinin
kullaniminda etik kurallarina uyulmasi icin gerekli 6zenin gosterildigini, dergi sahibi, sorumlu yazi isleri mu-
dird, editdrd ve yayin kurulunun yapilan calismadan ve yazidan dolayi dogabilecek tim hukuki islemlerde
sorumluluk tasimadigini kabul ederim(z).

3. Yazim(1z)in yayinlanmak Uzere kabul edilmesi halinde, gerekli gorilen dizeltmelerle birlikte, derginizin
belirttigi tim yazim basili ve elektronik olarak yayin kurallarina uygun basilmasi, cogaltilmasi, dagitilmasi
gibi tim haklarini yayin kurallarinda belirtilen diger haklarim(iz) sakli kalmak kosuluyla Etlik Veteriner Mik-
robiyoloji Dergisi’'ne devrettigimizi gayri kabili riicu olarak kabul ederim(z).

Yazar Adi ve Soyadi** Sorumlu Yazar imza Tarih/Yer

*Yazinin yayinlanmak Uzere Etlik Veteriner Mikrobiyoloji Dergisi'ne kabul edilmemesi durumunda bu s6z-
lesme gegersizdir. S6zlesmenin bagimsiz kopyalari farkli kuruluslarda calisan yazarlar tarafindan islak olarak
imzalanarak ayri ayri sisteme yiklenebilir. imzalar 6zgiin olmalidir.

**Yazarlar yazida belirtildigi gibi siralanmalidir.
Sorumlu Yazara ait telefon ve yazisma adresi:
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Journal of Etlik Veterinary Microbiology Copyright Release Form*

Author(s) of the manuscript of which title and authors are undermentioned declare(s) that

Title:

1. The manuscript is original and has not been submitted or considered for publication elsewhere, is not
published elsewhere except in the form of abstract, and scientific and ethical responsibility belong(s) to me/
us. In case all authors are not reached, all authors have been informed of the application and all authors
have participated in the work process actively.

2. The work has been performed in consideration of ethical values and rules of the journal indicated in the
publication rules; has been performed in a way not to offend any society, foundation or person and special
care are shown to comply with ethical rules during animal testing. The owner of the journal, editor in chief,
the editorial board are not responsible for the legal acts generated from the work and the manuscript.

3. In case of acceptance for publication of the manuscript, with the corrections considered necessary I/we
hereby grant the Journal of Etlik Veterinary Microbiology, without recourse, the right to publish, distribute,
reproduce the manuscript according to your Journal’s all printing and electronic printing rules reserving the
other rights indicated in the publication rules.

Full Name of the Author** Corresponding Author Signature Date/Place

*The contract is invalid in case the submitted manuscript is not accepted. Independent copies of the cont-
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Ozgiin Arastirma ﬁ A £y

Invitro decontamination effect of zinc oxide nanoparticles
(ZnO-NPs) on important foodborne pathogens

Tahsin Onur Kevenk' ©, Ahmet Koluman?

" Aksaray University, Faculty of Veterinary Medicine, Department of Food Hygiene and Technology. TR 68000 Aksaray, Turkey.

2Pamukkale University, Faculty of Technology, Department of Biomedical Engineering, TR 20160 Denizli, Turkey.
Gelis Tarihi / Received: 15.01.2021, Kabul Tarihi / Accepted: 23.03.2021

Abstract: Zinc oxide (ZnO) has been used for many years in the pharmaceutical, cosmetic, paint, textile, and food
industries for coating surfaces, absorbing UV rays and due to its antimicrobial properties in nanoscale, it has been
identified as an important chemical for decontamination. Zinc can be found in many foods as well and its allowed
daily intake for adults has been reported as 8-11 mg. Zinc Oxide Nanoparticles (ZnO-NPs) are generally regarded as
safe (GRAS) for it being stable under hard processing conditions. Compared to organic acids, ZnO-NPs have better
durability, selectivity, and heat resistance. In the present study, it was aimed to understand the decontamination
effect of ZnO-NPs on S. enteritidis, S. typhimurium, S. aureus, L. monocytogenes, and E. coli 0157 to develop novel,
safe decontamination agents for the food industry. For this purpose, <50 y ZnO-NPs were added into Tryptic Soy
Broth in 20 mMolar final concentration for the understanding of the antimicrobial effect. After inoculation of the
pathogens, a counting procedure was performed using the Tryptic Soy Agar by the pour on plate method at 0, 1¢,
2nd, 4t gth 8t 12t and 24" hours. As a result, S. enteritidis and S. aureus 3 Log CFU/mL, S. typhimurium and E. coli
0157 4 Log CFU/mL, L. monocytogenes 2 Log CFU/mL decreased in 24 hours.

Keywords: Decontamination, foodborne pathogens, nanoparticles, zinc oxide

Cinko oksit nanopartikiillerin (ZnO-NP) 6nemli gida kaynakh
patojenler iizerine in vitro dekontaminasyon etkisi

Ozet: Cinko oksit (ZnO) ilag, kozmetik, boya, tekstil ve gida endiistrilerinde yiizeyleri kaplamak, UV isinlarini absorbe
etmek icin uzun yillardir kullanilmaktadir ve nano dlcekte antimikrobiyal 6zellikleri nedeniyle dekontaminasyon igin
onemli bir kimyasal olarak tanimlanmistir. Cinko, bircok besinde de bulunabilen bir kimyasal olup yetiskinler icin
izin verilen gilinlik ahim miktari 8-11 mg olarak bildirilmistir. Cinko Oksit Nanopartikiller (ZnO-NP'ler) zorlu gida
isleme kosullari altinda stabil kalabilmeleri nedeniyle genellikle giivenli olarak (GRAS) kabul edilmislerdir. Organik
asitlerle karsilastirildiginda, ZnO-NP'ler daha iyi dayaniklilia, segicilige ve isi direncine sahiptir. Bu calismada, gida
endustrisi icin yeni, glivenli dekontaminasyon ajanlari gelistirmek icin ZnO-NP'lerin S. enteritidis, S. typhimurium, S.
aureus, L. monocytogenes ve E. coli O157 lzerindeki dekontaminasyon etkisini anlamak hedeflenmistir. Bu amacla,
antimikrobiyal etkinin anlasiimasi icin Tryptic Soy Broth icerisine nihai konsantrasyonu 20 mMolar olacak sekilde <50
p blytkliginde ZnO-NP'ler eklenmistir. Patojenlerin inokiilasyonundan sonra, 0., 1., 2., 4., 6., 8., 12. ve 24. saatlerde
Tryptic Soy Agar'da dokme plak yontemi ile bakteri sayimlari yapilmistir. Sonug olarak, 24 saatte S. enteritidis ve S.
aureus 3 Log CFU/mL, S. typhimurium ve E. coli 0157 4 Log CFU/mL, L. monocytogenes 2 Log CFU/mL azalmistir.

Anahtar kelimeler: Cinko oksit, dekontaminasyon, gida kaynakli patojenler, nanopartikdil

Introduction

Particles which  dimensions between 1-100
nanometers (nm) are called nanoparticles. It has
been reported that, because of their unique physico-
chemical features, high surface area, and volume
ratio, the nanoparticles have great antibacterial
activity in fluid and solid environments (Bharat et al.,
2019; El-Mashad, Pan, 2015). Therefore, depending
on the improvement of hygiene understanding in
the last few decades these nanoparticles have been
used in several areas such as biomedical, education,

textile, and food industry (Deshmukh, Patil, Mullani,
Delekar, 2019).

There are plenty of different types of
nanoparticles according to their basic substance
it contains. Some inorganic metals (Al, Cu, Au, Fe,
Ag, Ti, Zn) and metal oxides (ALO,, CuO, Cu,O, TiO,,
Zn0O) are examples of these (Rajput et al., 2018).
In the year 2010, it was considered that between
260,000-309,000 tons  of  nanoparticles  were
produced in the world and it was estimated that
this amount of number is going to increase 585,000
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tons by the year 2019 (Yadav T., 2014). Accordingly,
zinc oxide nanoparticles (ZnO-NPs) are known as
the third most-produced metal-oxide nanoparticles
with 33,400 tons per year (Peng, Tsai, Hsiung, Lin, &
Shih, 2017). It has been reported that ZnO-NPs are
a bio-safe material. On the other hand, according
to some researchers, the information about the
toxicity of ZnO-NPs are still limited (Rajput et al.,
2018). However, the relationship between the
size and shape of particle and toxicity has been
demonstrated (Khare et al., 2015).

The bacterial cell wall is defined as a cellular
structure consisting of a peptidoglycan layer
that increases durability and osmotic resistance.
According to its structural features and content,
the bacterial cell wall is divided into two subgroups,
gram-positive and gram-negative (Hajipour et al.,
2012). Several studies showed that gram-negative
bacteria such as E. coli has been found more
sensitive to nanoparticles than gram-positive ones
like S. aureus and L. monocytogenes (Baek YW, An YJ
2011). Although the lethal effects of nanoparticles
on bacteria are not fully understood, it is thought
that the damage occurs as a result of electrostatic
interaction between nanoparticles and the bacterial
cell wall (Soenen et al., 2011).

Salmonella enteritidis, Salmonella typhimurium,
S. aureus, L. monocytogenes, and E. coli O157 have
been reported as the major foodborne pathogens
that cause food poisoning or intoxications in the
USA (Prevention, 2019).

Salmonella  enteritidis and  Salmonella
typhimurium are members of the Salmonella
genus which are gram-negative bacilli, facultative
anaerobe, non-spore forming, motile, catalase
positive, and oxidase negative. It is known that
the Salmonella genus involves more than 2500
serotypes, but Salmonella enteritidis and Salmonella
typhimurium are the most isolated serotypes in
human infections (Dar et al,, 2017; Hur, Jawale, Lee,
2012).

S. aureus is gram-positive, non-motile, non-
spore forming, catalase, coagulase, thermo nuclease
positive, coccus shaped bacteria that can be found
in the healthy humans' nasal flora (Wu et al., 2016). S.
aureus can produce more than twenty enterotoxins
which are the reason of staphylococcal intoxication
(Balaban, Rasooly, 2000; Hennekinne, De Buyser,
Dragacci, 2012).

L. monocytogenes is gram-positive, motile, non-
spore forming, ubiquitous, psychrotrophic, and in

intracellular microorganism which is the reason of
an important food-borne disease called listeriosis
(Kevenk, Terzi Gulel, 2016). It has been reported that
listeriosis can occur because of consuming various
source of foods such as dairy products, meat
products or unwashed fruits. Furthermore, it has
been reported that listeriosis is a long incubation
period disease and may cause many symptoms
such as abortions, premature births, meningitis,
septicemia. Also, listeriosis has a relatively high (20-
30%) mortality rate (Gandhi, Chikindas, 2007).

In this research, it is aimed to understand
the in vitro decontamination effect of ZnO-NPs
on important foodborne pathogens and to guide
the development of new types of disinfectants
containing nanoparticles for future use.

Materials and Methods

Bacterial Strains

In the present study, three gram-negative and
two gram-positive foodborne pathogen such as
Salmonella enteritidis ATCC 31194, Salmonella
typhimurium ATCC 14028, E. coli O157 ATCC 43895,
S. aureus ATCC 46300, and L. monocytogenes ATCC
7644 used for understanding the decontamination
effect of ZnO-NPs.

Preparation of ZnO-NP Solution

Nanopowder ZnO which has <50 p particle size
and 10.8 m?/g surface area (Sigma-Aldrich 677450)
diluted in tryptone soy broth (TSB, Oxoid CM0129).
Nanopowder TSB solution was prepared under
aseptic conditions. The stock solution was prepared
in 0.05 L volume and the final concentration of ZnO-
NPs were calculated 1 Molar.

Method

All our strains were stored at -20 °C before revived in
TSB. Each strain was studied under optimal conditions
recommended by International Organization for
Standardization (ISO). For this purpose, incubation
and growth parameters which were specified in ISO
6579 for Salmonella species, 1ISO 6888 for S. aureus,
ISO 11290 for L. monocytogenes, and ISO 16654
for E. coli O157:H7 were used. The strain’s growth
conditions were given in Table 1.

Stock ZnO-NPs solution, which was 1 Molar
concentration, diluted to 20 mmol/L in sterile TSB
for investigation of the decontamination effect on
target microorganisms. Later 9 ml. 20 mmol/L ZnO-
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NPs solution dispensed into sterile test tubes under
aseptic conditions for microbiological analysis.

For investigation of the decontamination effect,
100 pl 24 hours old fresh cultures of the pathogens
were added into sterile test tubes which were
containing TSB with 20 mMolar ZnO-NPs. After
inoculation of the pathogens, a counting procedure
was performed using the Plate Count Agar (PCA,
Oxoid CM0463) at 0, 1<, 29, 4%, 6™, 8, 12t, and 24t
hours. For this purpose, 9 ml serial decimal dilutions
which were containing 0.1% peptone water (Oxoid
CM1049), were prepared and autoclaved at 121°C
for 15 minutes. Enumeration of microorganisms was
executed according to ISO 4833-1 method by pour
plate technic (ISO, 2014).

Table 1. Growth condition of test strains.

Opt.
Temp. (°C)
Salmonella enteritidis ATCC 31194 TSB-PCA 37

Salmonella typhimurium ATCC 14028 TSB-PCA 37

Bacteria ID no. Media

S. aureus ATCC 46300 TSB-PCA 37
L. monocytogenes ATCC 7644 TSB-PCA 37
E. coli 0157 ATCC 43895 TSB-PCA 37
Results

In the present study, the invitro decontamination
effect of 20 mmol/L concentration, <50 u particle
size zinc oxide Nanoparticles (ZnO-NPs) on
important foodborne pathogens was investigated.
For this purpose, five important food-borne
pathogens, 3 gram-negative and 2 gram-positive
were used in our study. At 0-hour, bacterial count
of Salmonella enteritidis ATCC 31194, Salmonella
typhimurium ATCC 14028, S. aureus ATCC 46300,
L. monocytogenes ATCC 7644, E. coli O157 ATCC
43895 was 6.83, 6.80, 6.89, 6.56, and 6.81 Log CFU/
mL, respectively. Salmonella typhimurium ATCC
14028 and E. coli O157 ATCC 43895 were found the
most sensitive in all strains. On the other hand, L.
monocytogenes ATCC 7644 was the most resistant in
all tested strains. The reduction effect of 20 mmol,
<50 p ZnO-NPs were calculated 3.09, 4.14, 3.09,
1.77, and 4.08 Log CFU/mL, respectively. Analyses
repeated six times and the average results shown in
the figures below.

S. enteritidis (a)

Ohour  1sthour 2ndhour 4thhour 6thhour 8thhour 12thhour 24th hour

S. typhimurium (b)

Ohour  1sthour 2ndhour 4thhour 6thhour 8thhour 12th hour 24th hour

S. aureus (o)

Ohour  1sthour 2ndhour 4thhour 6thhour 8thhour 12th hour 24th hour

L. monocytogenes (d)

e —

Ohour  1sthour 2ndhour 4thhour 6thhour 8thhour 12th hour 24th hour
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E. coli 0157 (e)

O kB N W A U A N ®

Ohour  1sthour 2ndhour 4thhour 6thhour 8thhour 12thhour 24th hour

Figure 1. Decontamination effect of 20 mmol/L
zinc oxide Nanoparticles (ZnO-NPs). Reduction of
Salmonella enteritidis (a), Salmonella typhimurium
(b), S. aureus (c), L. monocytogenes (d), E. coli O157

(e).

Discussion and Conclusion

In our study, the invitro decontamination effect
of ZnO-NPs in 24 h was found on average 3 Log
CFU/mL in all test groups. In comparison, it has
been reported that gram-positive bacteria are more
sensitive to ZnO-NPs than gram-negative bacteria
(Tayel et al., 2011). However, in our study maximum
reduction has been seen on both gram-negative
and positive bacteria such as S. aureus, Salmonella
typhimurium, and E. coli O157. This situation may
be attributed to the fact that bacteria used in
this study, were certificated strains rather than
wild strains. In the present study, a considerable
reduction effect was observed in all test groups with
an average of 3 Log CFU/mL. Our results showed
similarities with Das et al. (2017) who investigated
the disinfection effect of ZnO-NPs on multi-drug
resistant (MDR) strains. According to their results,
a 99% disinfection effect was achieved on MDR
strains. Mirhosseini and Arjmand (2014) studied
the decontamination effect of ZnO-NPs against the
L. monocytogenes, E. coli, S. aureus, and B. cereus.
Correlatively to our results in 24 h L. monocytogenes,
E. coli, and S. aureus were reduced approximately 3
or 4 Log CFU/mL. In another paper, Liu et al. (2009)
were investigated the antibacterial activities of ZnO-
NPs against E. coli O157:H7. Their results showed
that ZnO-NPs dramatically inhibited E. coli O157:H7
strains in 24 h. The reason of this may be connected
to the inhibitory effect of ZnO-NPs increased as
concentration increases, and the size of the particle
decreases. In another study on Salmonella which is
an important foodborne agent, Fonseca et al. (2019)
were investigated to control biofilm formation and

Salmonella infiltration into turkey eggs by using ZnO
nanocrystals. According to their results, searching for
controlling microorganisms in the food hygiene area,
ZnO nanocrystals were recognized as efficient, safe,
reliable, and high potential alternatives by scientists.
Similarly, in our study, it was determined that ZnO-
NPs were highly effective on foodborne pathogens
as well. In a different research, the antimicrobial
effects of CuO, NiO, ZnO, and Sb,0, nanoparticles
were analyzed on several microorganisms such
as E. coli, B. subtilis, and S. aureus (Baek & An,
2011). As a result, CuO nanoparticles were found
to be the most effective comparing to other
nanoparticles tested and followed by ZnO-NPs.
It was determined that the reducing ratio of ZnO-
NPs on target microorganisms was in parallel to
our results. Habeeb Rahman et al. (2018) were
investigated ZnO-NPs and sunlight combinations
as a novel technique for Salmonella typhimurium
disinfection in water samples. Similar to our results,
it was understood that ZnO-NPs were reduced
Salmonella typhimurium by approximately 4 Log
CFU/mL. Hakeem et al. (2020) were studied ZnO-NP
coated active packaging for suppressing foodborne
pathogens. For this purpose, researchers have been
examined the antimicrobial effects of ZnO-NPs on
both gram-positive and negative bacteria such as
C. jejuni and Lactobacillus on chicken meat matrix
in their project. Like to our outcomes, after 3 days
of storages at 4°C, the antibacterial effect of ZnO-
NP coated active packaging was found more or less
3-4 Log CFU/mL. In another study examining the
antimicrobial effects of ZnO-NPs on gram-positive
and negative bacteria Tayel et al. (2011) were used
E. coli O157:H7, Salmonella enteritidis, Salmonella
typhimurium, and Staphylococcus aureus as target
microorganism. Unlike our study, researchers were
found Staphylococcus aureus the most sensitive.
However, in our study Salmonella typhimurium and
E. coli O157 were the most susceptible strains. These
results might be connected to the concentration of
ZnO-NPs in the study. It has been known that high
concentration causes a high antimicrobial effect as
well.

Consequently, according to the results
obtained from this project ZnO-NPs have an
intense decontamination effect on both gram-
positive and negative foodborne pathogens.
Because of nanoparticles have been identified as
“Generally Regarded as Safe” (GRAS), they may
be recommended to use in packaging materials,
disinfectants, and solutions to extend shelf life and
preserve foods for a longer time in the food industry.
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Abstract: Streptococcus canis is an important opportunistic pathogen that infects animals and humans. It causes
various infections in dogs and cats such as arthritis, skin infections, otitis externa, septicemia, facial necrosis, and
streptococcal toxic shock syndrome. It can also lead to human infections. There are still very few specific studies
on the identification and antimicrobial resistance of this pathogen. In this study, the phenotypic and biochemical
properties of 12 S. canis isolates obtained from the vaginal discharge of 11 dogs and the open wound of one dog
with facial necrosis, and their susceptibility to some antibiotics was investigated. The phenotypic and biochemical
properties of 12 isolates, such as esculin hydrolysis, hippurate hydrolysis, synergistic CAMP-like hemolytic activity,
growth on Brain Heart-Infusion Agar (BHIA) containing 6.5% NaCl, and carbohydrate fermentation were investigated
by conventional bacteriological methods. It was determined that all isolates were in the G group according to
Lancefield serogrouping. The presence of the species-specific 165-23S rRNA gene intergenic spacer region (ISR) and
sodA, . gene was also detected in all the isolates using the polymerase chain reaction method. All the isolates were
detected to be susceptible to penicillin G, cefoperazone, ampicillin, and amoxicillin-clavulanic acid, and resistant to
gentamicin and neomycin.

Keywords: Antimicrobial susceptibility, intergenic spacer region (ISR), Lancefield group G, sodA, . gene, Streptococcus
canis.

Kopeklerden Streptococcus canis’in izolasyonu ve antimikrobiyal duyarlilig

Ozet: Streptococcus canis, hayvanlari ve insanlari enfekte eden énemli bir opportunistik patojendir. Képeklerde ve
kedilerde artritis, deri enfeksiyonlari, otitis eksterna, septisemi, fasiyal nekroz ve streptokokkal toksik sok sendromu
gibi cesitli enfeksiyonlara neden olmaktadir. Ayrica insan enfeksiyonlarina da yol acabilmektedir. Bu patojenin
identifikasyonu ve antimikrobiyal direncine yonelik calismalar hala az sayidadir. Bu calismada, hasta 11 kopegin
vajinal akintisindan ve bir fasiyal nekrozlu képegin acik yarasindan izole edilen 12 S. canis izolatinin fenotipik
ve biyokimyasal &zellikleri ile bazi antibiyotiklere duyarliliklari incelendi. Oniki izolatin eskdlin hidrolizi, hippurat
hidrolizi, sinerjistik CAMP benzeri hemolitik aktivitesi, %6,5 NaCl iceren Brain Heart Infusion Agar (BHIA)'da Giremesi
ve karbonhidrat fermentasyonu gibi fenotipik ve biyokimyasal 6zellikleri konvansiyonel bakteriyolojik metodlar ile
incelendi. Tim izolatlarin Lancefield serogruplandirmasina gére G grubunda yer aldigi belirlendi. Polimeraz zincir
reaksiyonu methodu ile tiim izolatlarda tire 6zgl 165-23S rRNA geni intergenik ara bélge (ISR) ve sodA, , geninin
varligi da tespit edildi. Izolatlarin tamaminin penisilin G, sefaperazon, ampisilin, amoksisilin-klavulanik asit’e duyarl,
gentamisin ve neomisine direncli oldugu belirlendi.

Anahtar kelimeler: Antimikrobiyal duyarlilik, intergenik ara bélge (ISR), Lancefield grup G, sodA,, geni, Streptococcus
canis.

]

Introduction

Streptococcus canis is a well-known pathogen of
dogs and has been shown to cause mainly skin,
respiratory, genital, and urinary tract infections
(Lamm et al. 2010). S. canis, which has been
reported to cause many serious diseases, such as
otitis externa, polyarthritis, endocarditis, abortion,
neonatal septicemia, streptococcal toxic shock
syndrome, and facial necrosis in cats and dogs
(DeWinter and Prescott 1999; Lyskova et al. 2007;

Pesavento et al. 2007; Avki et al. 2008; Lamm et al.
2010; Sharma et al. 2012; Abma et al. 2013; MalisSova
et al. 2019; Glassman et al. 2020), has also been
reported in mastitis cases in cows (Chaffer et al.
2005; Hassan et al. 2005; Tikofsky and Zadoks 2005).
S. canis infections are also seen in humans, with
zoonotic infections having been documented by
some authors (Bert and Lambert-Zechovsky 1997;
Whatmore et al. 2001; Galpérine et al. 2007; Ohtaki
et al. 2013; Pinho et al. 2013; Lacave et al. 2016).
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S. canis is a beta-hemolytic streptococcus
included in Group G in Lancefield serogrouping
(Devriese et al. 1986; DeWinter and Prescott
1999; Sharma et al. 2012). Group G hemolytic
streptococcus species causing bacteremia is less
known, and thus commercial kits are inadequate in
determining the types of these streptococci, which
are among the factors affecting the outcome of
patients (Woo et al. 2001). Although API (bioMerieux
Vitek), Vitek (bioMerieux Vitek, Hazelwood, MO),
and ATB Expression (bioMerieux Vitek) systems are
widely used for the identification of B-hemolytic
streptococci, Group G [-hemolytic streptococci
cannot be detected by these systems (Woo et al.
2001). It has been reported that the matrix-assisted
laser desorption/ionization time-of-flight mass
spectrometry (MALDI-TOF MS) method identifies
B-hemolytic streptococcus species faster and more
accurately than the VITEK2 GP ID system (Besli et
al. 2018) but distinguishing between S. canis, S.
dysgalactiae, and S. pyogenes can be difficult with
the current version of Bruker's MALDI-TOF database
(Schabauer et al. 2014; Nybakkenet et al. 2021).
It has been suggested that the 16S rRNA gene is
highly conserved within or between the species of
the same genus and therefore can be used as the
‘gold standard’ for identification at the species
level of bacteria (Woo et al. 2001). Hassan et al.
(2003, 2005) reported that the detection of species-
specific 16S-23S rRNA gene intergenic spacer
region (ISR) and the sodA, . gene was a fast and
reliable method for the identification of S. canis. The
authors also noted that there might be differences
in the antibiotic susceptibilities of S. canis isolates
obtained from various clinical cases of animals
(Hassan et al. 2005; Lyskova et al. 2007; Diren Sigirci
et al. 2012).

This study aimed to determine the biochemical
properties of S. canis isolated from the vaginal
discharge and open wound samples of dogs, to
verify S. canis isolates by polymerase chain reaction
(PCR) in terms of species-specific genes, and to
determine their susceptibility to some antimicrobial
agents.

Materials and Methods

Bacteriological culture: In this study, 12 3-hemolytic
streptococcal isolates obtained from a total of 12
dogs with vaginal discharge and facial necrosis
were used. These isolates were obtained from swab
samples taken from the vaginal mucosa (n = 11) of
dogs with vaginal discharge and the open wound
of one dog with facial necrosis and transferred to
Burdur Mehmet Akif Ersoy University, Faculty of

Veterinary Medicine, Department of Microbiology
Laboratory for analyses. The swab samples were
cultured on blood agar (Oxoid, UK) containing
1% esculin (Merck, Germany) and 5% defibrinated
sheep blood. The plates were incubated in aerobic
atmosphere at 37°C for 24 hours.

Phenotypical and biochemical properties:
Gram staining was performed in the growing
colonies, and the streptococci-suspected colonies
were purified. The biochemical properties of each
isolate were detected based on catalase, hippurate
hydrolysis, esculin hydrolysis, and growing features
in Brain Heart Infusion Agar (BHIA) containing
6.5% NaCl, and the isolates were identified at the
genus level (Hassan et al. 2005; Lyskova et al. 2007;
Whiley and Hardie 2009). Phenol red broth (Merck)
containing 1% salicin, mannitol, lactose, sucrose,
trehalose, raffinose, and sorbitol were used for
carbohydrate fermentation tests. All streptococci-
suspected colonies were B-hemolytic, and the
synergistic CAMP-like hemolytic activity was tested
using B-hemolytic Staphylococcus aureus (Hassan
et al. 2005; Lyskova et al. 2007; Whiley and Hardie
2009). For the Lancefield serogrouping of the
12 Streptococcus sp. isolates, a commercial latex
agglutination test kit (Strep Test Kit, Plasmatec,
UK) was used according to the manufacturer's
instructions.

Polymerase chain reaction (PCR): The isolates
suspected as S. canis according to the biochemical
tests and Lancefield serogrouping were verified
using species-specific genes (ISR and sodA, ) by
PCR. For this purpose, genomic DNA isolation
from the isolates was performed according to
the protocol of a commercial DNA extraction kit
(Genejet, Thermo Scientific, Vilnius, Lithuania). The
pure DNAs obtained were kept at -20 °C until use.
Table 1 presents the primers, target gene, and PCR
product size used in the study.

The following protocols were used to detect
the ISR and sodA, . genes for S. canis identification:

ISR: The assay was performed in a final volume
of a 30 pl reaction mixture consisting of 5 ul template
DNA, 13 pl PCR master mix (2X) (Thermo Scientific,
Lithuania), 1 pl primer c-1 (100 pmol), 1 pl primer c-2
(100 pmol), and 10 pl ddH, O (Steril ultra-pure water).
Amplification was carried out in a thermal cycler
(Apollo, ATC-401, Ramsey, Minnesota, USA) under
the following conditions: An initial denaturation (94
°C, 4 minutes), followed by 30 cycles comprising 10
seconds at 94 °C, 30 seconds at 64 °C, 10 seconds
at 72 °C and 5 minutes at 72 °C (Hassan et al. 2003,
2005).
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Table 1. Species-specific oligonucleotide primers and genome sizes used for the amplification of the ISR and sodA

S. canis (Hassan et al., 2003, 2005).

genes of

int

Target gene Oligonucleotide primer

Sequence (5'-3')

PCR product size (bp)

c-l TAAACCGAAAACGCTGTAAGTATTA

ISR 215
-l ACCATTAGTTAGTGGGTTCCCCC
canis-sod-| AGAATTATTGGCAGATGTCACTA

sodA, 263

canis-sod-Il

TTTCAAGTTGTCCTTCCTTATTG

sodA, : The assay was performed in a final
volume of a 30 pl reaction mixture consisting of
5 pl template DNA, 13 pl PCR master mix (2X), 1
pl canis-sod-1 (100 pmol), 1 pl primer canis-sod-
I1' (100 pmol), and 10 pl ddH,O (Steril ultra-pure
water). Amplification was carried out in a thermal
cycler under the following conditions: An initial
denaturation (94 °C, 4 minutes), followed by 30
cycles comprising 25 seconds at 94 °C, 20 seconds
at 60 °C, 25 seconds at 72 °C and 5 minutes at 72 °C
(Hassan et al. 2005).

Using the universal 27F-1492R primers supplied
by BMLabosis (Ankara), the 16S rRNA gene of an
isolate suspected of S. canis was amplified and
the bidirectional sequence analysis (ABI 3730XL,
Applied Biosystems, Foster City, CA) was performed.
The 16S rRNA nucleotide sequences obtained
were compared with the NCBI GenBank for the
identification of species. For this purpose, the
Nucleotide-Nucleotide BLAST program available on
the website of the National Center of Biotechnology
Information  (http://www.ncbi.nlm.nih.gov)  was
used. According to the results, the isolate had
99.72% similarity to the S. canis strains NCTC12191
(LR134293.1) and ATCC 43496 (KP851852.1), and
therefore this isolate was used as a positive control
in all PCR tests. The DNA-free PCR mix was used as
a negative control.

After the amplification process, the PCR
products were electrophoresed on 1.5% agarose
gel stained with EZ-Vision® In-Gel Solution (Code:
N391, Amresco, USA) at 100 V for 45 min. The bands
were photographed using the gel imaging system
(EDAS-290, Eastman, Kodak Company, Rochester,
NY, USA) under ultraviolet light.

Antimicrobial susceptibility test: The antibiotic
susceptibility tests of bacteria were performed in
Mueller Hinton agar (Merck) using the Kirby-Bauer
disc diffusion test according to the method of the
Clinical and Laboratory Standards Institute (CLSI
2018). Accordingly, bacterial suspension equivalent

to a 0.5 McFarland standard was prepared with 0.85%
physiological saline and spread onto the Muller
Hinton agar (Oxoid, UK) containing 5% sheep blood
using a swab. Amoxicillin-clavulanic acid (Oxoid,
30 pg), ampicillin (Oxoid, 25 pug), enrofloxacin
(Bioanalyse, 5ug), erythromycin (Bioanalyse, 15 ug),
gentamicin (Oxoid, 10 pg), chloramphenicol (Oxoid,
30 pg), lincomycin (Bioanalyse, 2 pg), neomycin
(Bioanalyse, 30 ug), oxytetracycline (Oxoid, 30 ug),
penicillin G (Oxoid, 10 IU), rifamycin (Bioanalyse,
30 pg), cefoperazone (Bioanalyse, 75 pg) and
trimethoprim-sulfamethoxazole (Oxoid, 25 ug) discs
were used for the test. The plates were incubated at
37 °C for 24 h aerobically, and the diameters of the
inhibition zones formed around the antibiotic discs
were measured. Their susceptibility to antibiotics was
evaluated as susceptible, moderately susceptible,
and resistant considering the limits determined by
CLSI for Gram-positive cocci (CLSI 2018) and the
European Committee on Antimicrobial Susceptibility
Testing (EUCAST 2019) for Group A, B, C, and G
streptococci.

Results

In this study, it was determined that the S. canis
isolates were Gram-positive and catalase-negative
cocci, and all formed B-hemolysis. The obtained
isolates showed synergistic CAMP-like hemolytic
activity with S. aureus in sheep blood agar, and the
carbohydrate fermentation tests revealed that the
isolates hydrolyzed lactose, sucrose, and salicin but
not all samples hydrolyzed raffinose and sorbitol.
Four isolates obtained from the vaginal swabs of
the dogs showed a mannitol-positive reaction. The
isolates did not grow at 37 °C in BHIA containing
6.5% NaCl and did not hydrolyze hippurate and
esculin. The biochemical properties of the isolates
are given in Table 2. In addition, the 12 isolates
identified as S. canis according to their biochemical
properties were found to be in Group G according
to Lancefield serogrouping.
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Table 2. Biochemical test results of the S. canis isolates.

S. canis isolates (n=12)

Biochemical tests

n %
Catalase 0 0
Beta-hemolysis 12 100
Hydrolysis of sodium hippurate 0 0
Hydrolysis of esculin 0 0
CAMP-like reaction 12 100
Carbohydrate fermentation
Mannitol 4 33,33
Trehalose 9 75
Lactose 12 100
Sucrose 12 100
Raffinose 0 0
Sorbitol 0 0
Salicin 12 100
Growth on 6.5% NaCl 0 0

n: number of test-positive S. canis isolates

e
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All the isolates suspected as S. canis by
conventional  bacteriological ~methods  were
confirmed to be S. canis using the species-specific
ISR and sodA, , genes by PCR (Figures 1 and 2).

The antibiotic susceptibility test revealed
that all the S. canis isolates were susceptible to
amoxicillin-clavulanic acid, ampicillin, penicillin
G, and cefoperazone, and resistant to gentamicin
and neomycin. Only two (16.66%) of the isolates
were resistant to oxytetracycline. The susceptibility
of the isolates to enrofloxacin, erythromycin,
chloramphenicol,  lincomycin, rifamycin, and
trimethoprim-sulfamethoxazole was determined
as 25%, 50%, 83.33%, 58.33%, 91.66%, and 75%,
respectively. The susceptibility rates of the S. canis
isolates to antibiotics used in the study are given in
Table 3.

A o GRS MENS  w— e e meme
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Figure 1. Lane M: 100-bp ladder DNA marker (Thermo Scientific, SM0241), Lane NC: negative control, Lane
1: positive control, Lanes 2-12: A 215-bp amplicon of the ISR gene of S. canis obtained by PCR with species-
specific oligonucleotide primers c-I and c-II.

M NC 1 2 3

4

6
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Figure 2. Lane M: 100-bp ladder DNA marker (Thermo Scientific, SM0241), Lane NC: negative control, Lane
1: positive control, Lanes 2- 12: A 263-bp amplicon of the sodA,, gene of S. canis by PCR with species-
specific oligonucleotide primers canis-sod-| and canis-sod-I.
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Table 3. Antimicrobial susceptibility results of S. canis isolates obtained from dogs.

S. canis (n=12)

Antimicrobial agent Disk content

Susceptible % (n)

Intermediate % (n) Resistant % (n)

Amoxycillin-clavulanic acid 30ug
Ampicillin 25ug
Enrofloxacin 5ug
Erythromycin 15ug
Gentamicin 10ug
Chloramphenicol 30ug
Lincomycin 2ug
Neomycin 30ug
Oxytetracycline 30ug
Penicillin G 101U
Rifamycin 30ug
Cefoperazone 75ug
Trimethoprim-Sulfamethoxazole 25ug

100 (12) 0 0
100 (12) 0 0
25 (3) 41.66 (5) 33.33 (4)
50 (6) 50 (6) 0
0 0 100 (12)
83.33 (10) 16.66 (2) 0
58.33 (7) 25 (3) 16.66 (2)
0 0 100 (12)
83.33 (10) 0 16.66 (2)
100 (12) 0 0
91,66 (11) 833 (1) 0
100 (12) 0 0
75 (9) 25 (3) 0

n: number of S. canis isolates

Discussion

Pets and people often live in close contact, and
in recent years, the ‘one health’ concept has
become increasingly important due to zoonotic
infections. It has been confirmed that the bacteria
of the genus Streptococcus can cause serious or
fatal diseases in pets and humans, some confirmed
to be zoonotic (Lam et al. 2007; Fulde et al. 2013;
Pinho et al. 2013; Lacave et al. 2016; MaliSova et
al. 2019). In particular, it has been reported that S.
canis causes serious or fatal zoonotic infections in
dog owners, and their constant contact with dogs'’
vaginal discharge can be a potential source for the
risk of streptococcal disease, which is a concern
for public health (Olufemi et al. 2017). However,
due to the phenotypic, biochemical, and genetic
similarities between this bacterial agent and other
Streptococcus species, there are still uncertainties in
its identification. Therefore, in this study, a total of
12 B-hemolytic Streptococcus sp. isolates obtained
from the vaginal discharge of infected dogs (n=11)
and the wound lesion of one dog were grouped
according to Lancefield serogrouping, and some
phenotypic and biochemical properties were
evaluated. In addition, the identified isolates were
confirmed by PCR testing in terms of the presence
of species-specific genes, and their susceptibility to
some antimicrobial agents was determined.

All isolates were determined to be in Group
G according to Lancefield serogrouping and
evaluated as S. canis according to the description
of Devriese et al. (1986). Some researchers (Devriese

et al. 1986; Hassan et al. 2005; Lyskova et al. 2007)
reported a difference in the phenotypic properties
and biochemical test results of S. canis. However,
no significant differences were observed in this
study. The CAMP-like reaction, an important
phenotypic feature of S. canis, was positive in all
isolates (n=12). Although this result is consistent
with the findings of Hassan et al. (2005), it differs
from those of Devriese et al. (1986) and Lyskova et
al. (2007), who reported that a CAMP-like reaction
was not present in all S. canis isolates (n=31) and
36 of 86 S. canis isolates, respectively. Another
investigated phenotypic feature of S. canis was
esculin hydrolysis. In the current study, contrary
to the results of other researchers (Devriese et al.
1986; Hassan et al. 2005; Lyskova et al. 2007), all the
isolates (n=12) were negative for esculin hydrolysis
Devriese et al. (1986) found that all S. canis isolates
(n=31) were positive for esculin hydrolysis, and
Hassan et al. (2005) reported that esculin hydrolysis
was positive in subcultures, despite being negative
at first isolation. On the other hand, Lyskova et al.
(2007) showed that esculin hydrolysis was positive
in only 14 of 86 S. canis isolates. In addition, while
Devriese et al. (1986), Hassan et al. (2005), and
Lam et al. (2007) consistently obtained negative
results for hippurate hydrolysis in S. canis isolates,
Lyskova et al. (2007) reported that only one of 86
S. canis isolate was hippurate-positive. In this study,
hippurate hydrolysis was negative in all S. canis
strains consistently with the results of Devriese et
al. (1986), Hassan et al. (2005), and Lam et al. (2007).
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When the carbohydrate fermentation test
results were examined, it was found that lactose
and sucrose fermentation was positive and raffinose
and sorbitol fermentation was negative, which is
in agreement with the results of previous studies
(Devriese et al. 1986; Hassan et al. 2005; Lyskova
et al. 2007). On the other hand, Hassan et al.
(2005) reported that the fermentation of salicin
was negative, but in the current study, consistent
with Devriese et al. (1986), we determined all
S. canis isolates (100%) were positive for salicin
fermentation. In addition, previous researchers
reported different results in relation to mannitol
and trehalose fermentation (Devriese et al. 1986;
Hassan et al. 2005; Lyskova et al. 2007). Hassan et al.
(2005) found mannitol and trehalose fermentation
to be negative; Devriese et al. (1986) reported that
trehalose fermentation was positive in only four of
31 S. canis isolates but mannitol fermentation was
negative in all isolates, and Lyskova et al. (2007)
detected trehalose fermentation in 13 of 86 S.
canis isolates and mannitol fermentation in only
one sample. In the current study, similar to the
findings of Lyskova et al. (2007), nine of 12 isolates
were positive for trehalose fermentation and four
for mannitol fermentation. We consider that these
variations reported in biochemical tests may be
due to the epidemiological differences between the
countries in which the studies were undertaken. In
addition, it has been reported that streptococcal
isolates may vary according to the characteristics of
the host and disease from which the streptococcal
isolates are isolated (Devriese et al. 1986; Jensen
and Kilian 2012; Richards et al. 2012). In this study,
the lack of significant differences between the
streptococcus isolates in terms of phenotypic and
biochemical properties may be similarly related to
host or disease characteristics or the low number
of isolates.

IthasbeenreportedthatS. canishavebiochemical
and genetic similarities to Streptococcus pyogenes,
Streptococcus dysgalactiae subsp. equisimilis, and
S. dysgalactiae subsp. dysgalactiae (Efstratiou et al.
1994; Jensen and Kilian 2012; Lefébure et al. 2012),
and there may be genetic transmission between
different species (Richards et al. 2012; Pinho et al.
2013). In the literature (Hassan et al. 2003, 2005), it
has been suggested that ISR as a species-specific
gene can be used in the identification of S. canis
whereas the sodA,, gene is not found in non-S.
canis streptococcus strains, and therefore can be an
important indicator in distinguishing S. canis from
other Streptococcus species. However, Moriconi et

al. (2017) reported the presence of the ISR gene
region in one S. dysgalactiae subsp. equisimilis strain
and one S. pyogenes strain. The authors also noted
that the sodA,, gene could be used in the accurate
identification of S. canis strains (Moriconi et al.
2017). In the current study, considering that the
use of one primer pair could lead to suspicions or
misidentification, the presence of ISR and sodA,  was
investigated in order to verify the S. canis isolates
by PCR, and both gene regions were detected in all
isolates. This result supports the findings of previous
studies (Hassan et al. 2003, 2005), reporting that
these genes can be used in the fast and reliable
identification of S. canis. However, based on the
research results reported by Moriconi et al. (2017),
we concluded that the presence of ISR and sodA,
gene should be investigated in a higher number of
S. canis isolates for an accurate identification by the
PCR test.

Consistent with the literature, the results of
this study revealed the susceptibility of S. canis
isolates to amoxicillin-clavulanic acid, cefoperazone
(Hassan et al. 2005), ampicillin (Lyskova et al. 2007),
and penicillin G (Chaffer et al. 2005; Hassan et al.
2005; Lyskova et al. 2007; Pedersen et al. 2007). In
contrast, in accordance with the results of other
research (Bagcigil et al. 2004; Chaffer et al. 2005;
Hassan et al. 2005), all of our isolates (100%) were
found to be resistant to gentamicin and neomycin,
which is an expected finding for Streptococcus sp.,
although Olufemi et al. (2017) detected gentamicin
resistance in only 50% of their isolates. In addition,
in the current study, only two (16.66%) of the
12 S. canis isolates were found to be resistant to
oxytetracycline in contrast to Pedersen et al. (2007),
who reported the highest level of resistance to
tetracycline (27% of 37 S. canis isolates) and Lyskova
et al. (2007), who calculated the rate of tetracycline
resistance as 29.2% in 86 S. canis isolates. In another
study, Diren Sigirci et al. (2012) reported that the
S. canis strain isolated from a dog’s urinary tract
infection was susceptible to oxytetracycline. Another
finding of the current study was that 25% of the
S. canis isolates were susceptible to enrofloxacin,
83.33% to chloramphenicol, 58.33% to lincomycin,
91.66% to rifamycin, and 75% to trimethoprim-
sulfamethoxazole, while erythromycin susceptibility
was seen in 50% of the isolates and moderate
erythromycin susceptibility in the other half of
the sample. Although these results are generally
compatible with the findings of other researchers
(Chaffer et al. 2005; Hassan et al. 2005; Lyskova et al.
2007; Pedersen et al. 2007; Diren Sigirci et al. 2012),
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the susceptibility of the isolates to enrofloxacin
and erythromycin were lower than those previously
reported. This result also supports the result of a
previous study, which reported that the macrolide/
lincosamide resistance rates have been increasing
rapidly in S. canis strains (Fukushima et al. 2019).

Conclusion

We conclude that the identification of S. canis can
be made more accurately and faster by detecting
species-specific ISR and sodA,  genes. In addition,
unlike Staphylococci and Enterobacteriaceae, pets
infected with S. canis were still susceptible to
antibiotics commonly used in veterinary medicine.
However, in this study, the sensitivity of S. canis
isolates to enrofloxacin and erythromycin was
found to be much lower than previously reported
in the literature, indicating their potential to
develop resistance to macrolides and quinolones,
which warrants periodical monitoring of antibiotic
resistance development in S. canis isolates. In
addition, this result may be an epidemiological
indicator of antibiotic use. Therefore, antibiotic
susceptibility should be determined before
treatment in order to apply the correct treatment
protocol for infections caused by S. canis. In
critical cases where this may not be possible, we
suggest that amoxicillin-clavulanic acid, ampicillin,
cefoperazone, and penicillin G should be among
the first antimicrobial agents to be preferred in the
treatment of S. canis infections. Considering that
S. canis is a zoonotic bacterium, possible human
infections can be eliminated by preventing the
transmission of S. canis to animal owners through
a rapid and identification of related infections and
their treatment with sensitive antibiotics.
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Abstract: Antibodies (Abs) have been one of the most important tools in diagnostic laboratories. Many diagnostic
techniques such as Enzyme-Linked Immuno-Sorbent Assays (ELISA), immunofluorescence, Ab-microarray platforms,
immunoblots, X-ray crystallography require the Abs. ELISA is an assay method that is among the basic tests using
antibodies for the serology of Foot and Mouth Disease (FMDV). This method requires polyclonal or monoclonal
antibodies to detect FMDV antigen or antibodies. For this purpose, solid-phase competitive ELISA (SPCE) or liquid
phase blocking ELISA (LPBE) and non-structural protein (NSP) ELISA are used. SPCE and LPBE have mainly used
FMDV structural protein antibody (SP-Ab) detection.

In this study, it was aimed to produce a polyclonal Ab against FMDV ANep84 (Genotype VII) and OTURO7 (OPanAsia
[), ATUR11 (A Iran05) strains for LPBE, FMDV SP-Ab detection. For this purpose, four guinea pigs and six rabbits were
used for each serotype of FMDV. After producing Abs, checkerboard ELISA titration was performed to determine
the optimal test dilution of Abs. Backgrounds, cross-reactions against three strains of FMDV were also checked.
In conclusion, polyclonal Abs were produced against FMDV ANep84 (Genotype VII) and O Tur07 (O Pan Asia Il),
ATUR11 (A Iran05) strains, and standardized for LPBE test.

Keywords: ELISA, FMD, polyclonal antibodies

Tiirkiye'de Sap viriisii suslarina karsi poliklonal antikor iiretimi

Ozet: Antikorlar tani laboratuvarlarinda daima énemli bir yer tutmaktadir. Enzim isaretli bagisiklik testleri (ELISA),
immunofloresan, antikor-mikroarray platformlari, immunoblotlar, X-isini kristalografisi gibi bircok tani teknigi
kullanimi antikorlarin varligini gerektirir. Sap hastaligi serolojisinde antikorlarin kullanildigr temel test ELISAdir. ELISA
testleri sap virusu antijenini veya sap virusuna karsi organizmada olusan antikorlari tespit etmek icin poliklonal veya
monoklonal antikorlara ihtiya¢ duyar. Bu amacla, solid faz kompetetif ELISA (SPCE) ve likit faz bloking ELISA (LPBE)
ve yapisal olmayan (NSP) ELISA y&ntemleri kullanilir. Sap virusunun yapisal proteinlerine (SP) karsi olusan antikorlari
tespit etmek icin ise SPCE ve LPBE testleri kullanilir.

Bu calismada, ANep84 (genotip VII), O TURO7 (O Pan Asia Il), ATUR11 (A Iran05) sap virusu suslarina karsi LPBE
testinde kullaniimak Gzere poliklonal antikor tGretmek amaclandi. Bu amagla, her bir FMDV serotipi icin dort adet
kobay ve altr adet tavsan kullanildi. Antikorlar tretildikten sonra, dama tahtasi (checkerboard ELISA titration) testi ile
Uretimi yapilan poliklonal antikorlar icin optimal dilusyonlar belirlendi. Sap virusu suslarina karsi olusabilecek ¢apraz
reaksiyonlar ve background reaksiyonlari kontrol edildi. Sonug olarak, bu ¢alismada sap virusu ANep84 (genotip
VIl) ve O Tur07 (O Pan Asia Il), ATUR1T1 (Alran05) suslarina karsi poliklonal antikorlar Gretildi ve LPBE testi igin
standardizasyonlari yapildi.

Anahtar kelimeler: ELISA, poliklonal antikorlar, sap hastalig

Introduction

FMD is a highly contagious viral disease which
affects the cloven-hooved animals causing serious
economic losses (Fry et al. 2005; Diaz San Segundo et
al. 2017). FMDV is a small positive-sense RNA virus.
The capsid of the FMDV consists of a combination
of protomers and pentamers to form an icosahedral
structure (Jamal and Belsham 2013).

Serological tests for FMDV began to gain
momentum with the 1980s via ELISA (Hamblin

et al. 1986). For this aim, OIE (World Organisation
for Animal Health) defined two ELISAs for SP-Ab
detection; solid-phase competitive ELISA (SPCE) or
liquid phase blocking ELISA (LPBE) (Hamblin et al.
1986; Sorensen et al. 1998; Anonymus 2019). These
tests are used to determine an FMD infected animal
and/or a vaccinated animal via the polyclonal or
monoclonal Abs. Polyclonal Abs are used in the
LPBE. It requires two types of Abs; one of them is
the capturing Ab produced in rabbits and another
one is the detecting Ab produced in guinea pigs.
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The main beneficial properties of polyclonal
Abs are their clonal and biophysical diversity.
Its' poly-clonality allows the binding of multiple
antigenic determinants. Its’ biophysical diversity
allows greater stability when the environmental
challenges may cause inactivation of antibody,
lability, or precipitation of other forms of antibodies
(Harlow and Lane 1988; Leenars et al.1999; Leenars
and Hendriksen 2005; Lipman et al. 2005; Voskuil
2014; Ascoli and Aggeler 2018). Cross-reactions
and non-specific backgrounds are two main
difficulties in the usage of the polyclonal Abs for
the serological tests. To minimize the cross-reaction
problem, purification of Abs can be tried. However,
Ab purification is a costly and labor-consuming
process (Low et al. 2006). The background problem
can be mitigated by further diluting the antibody
or blocking it. Thus, the lower affinity interactions
will not work with lower Ab concentrations. Proper
blocking conditions can help to prevent low-affinity
Ab interactions (Voskuil 2014).

The purpose of the study is to produce
polyclonal Abs (capturing and detecting Abs for
FMDV Turkey (ANep84 (Genotype VII), OTur07 (O
Pan Asia Il), ATUR11 (Alran05) FMDV strains and
standardize them for LPBE.

Materials and Methods

Preparation of immunization antigen: 146S
particles of FMDV strains were used as an
immunization antigen. Baby Hamster Kidney (BHK-
21) cell line was used for virus propagation. After
that, a propagated virus was concentrated with
poly-ethylene glycol (PEG) and collected by the
sucrose density gradient method. The 146S content
of antigens was determined as described by the
method of Barteling and Meloen (Barteling and
Meloen 1974).

Calculation of immunization antigen quantity
in each dose: For this aim, first, the total animal
number defined in the study. Then, antigen quantity
determination in each dose. After that, Freund's

complete (first immunization) and incomplete (the
second immunization adjuvants were added to the
antigen stocks respectively. For this purpose, the (n1.
v1=n2.v2) formula was used for the calculation of
each animal immunization antigen dose (Zumdahl
and De Coste 2009). nl:ithe antigen quantity of
146S particle spectrophotometrically (ug/ml), v1:
the required amount of antigen taken from stock
antigen solution (ml), n2: the required amount of
antigen in a rabbit or a guinea pig dose (ug/ml), it
is 20 pug/ml for rabbit and 10 pg/ml for guinea pig
v2: the total prepared volume of 146S antigen (ml).

Animals: Free ranged guinea pigs (Duncan Hurtley
breed, 600 g, 4 months old, female) and rabbits
(California breed, 1.5 kg, 3 months month old,
female) were used for immunizations, respectively.

Immunization of animals: A total of 0.5 ml antigen
and adjuvant were inoculated subcutaneously into
the right and left abdomen of rabbit or guinea pig.
Detailed information about immunization antigens
is shown in Table 1. One month (28 days after the
first dose, second dose implemented) apart-double
booster immunization schedule was used (Ferris
and Donaldson 1984; Have 1984; Harlow and Lane
1988; Lipman et al. 2005). After 15 days after the
second immunization, the animals were ceased.

Table 1. Serotype, strain, and 146S antigen quantity of
immunization antigens

Serotype Strain S-spectroLtlitometric
quantity
O O Tur 07 (O PanAsia Il) 250 pg/ml
A ANepal 84 (Genotype VII) 350 pg/ml
A ATUR11 (A Iran 05) 690 pg/ml

Blood sample collection: After blood centrifugation
at 3000 rpm for 10 min, sera were separated. First,
each serum was tested with LPBE for titer and
then pooled. After that, sera were stored at -20°C
until tests. A total of 50% percent glycerol and
0.002% sodium azide were added to the sera. The
total yielding amount and storage conditions of
produced antiserums are shown in the Tables below
(Tables 2 and 3).

Table 2. Total yielding amount and storage conditions of capturing (rabbit) Abs

Serotype/strain Storage conditions

Total amount

O TURO7 -80°C with sodium azide 0.002% and 50% glycerol, 0.5 ml cryotube 113 ml
ATUR11 -80°C with sodium azide 0.002% and 50% glycerol, 0.5 ml cryotube 140 ml
A Nepal84 -80°C with sodium azide 0,002% and 50% glycerol, 0.5 ml cryotube 110 ml
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Table 3. Total yielding amount and storage conditions of detecting (guinea pig) Abs

Serotype/strain Storage conditions

Total amount

O TUR 07 -80°C with sodium azide 0,002% and 50% glycerol, 0.5 ml cryotube 60 ml
A TUR11 -80°C with sodium azide 0,002% and 50% glycerol, 0.5 ml cryotube 50 ml
A Nepal84 -80°C with sodium azide 0,002% and 50% glycerol, 0.5 ml cryotube 55 mi

Standardization of produced polyclonal serum:
Checkerboard titration ELISA was performed to
determine optimal test dilution of polyclonal Abs
(Crowther 2001). For this aim, the rabbit Ab was
diluted two-fold from the left to the right line of the
ELISA plate starting from the initial dilution at a rate
of 1/125. After incubation at 4°C overnight, the plate
was washed with Dulbecco PBS with six cycles, and
the appropriate reference virus with optimal dilution
rate is added to all plate wells and kept in the 37
°C incubator for one hour. After washing cycles,
the guinea pig Ab was diluted two-fold from the
upper to the bottom line of the plate starting from
the initial dilution at a rate of 1/62.5. After washing
cycles, then the conjugate (HRP-labeled polyclonal
rabbit anti-guinea pig lgGs, P0141 DAKO) was
added to the plate and kept in the 37°C incubator
for one hour. After washing cycles, the chromogen
substrate (OPD) was added. The reaction was
stopped by sulphuric acid (1.25 M sulphuric acid)
after 15 minutes at room temperature. The colour
change was read in the ELISA reader (Versamax,
Molecular Devices) at a wavelength of 492 nm.

To control the cross-reaction and backgrounds
between the FMDV serotypes, a sandwich ELISA was
performed. For this purpose, plates were coated
with optimal dilution (well A-D) of capturing rabbit
antibodies according to final checkerboard dilution
titers of each serotype of FMDV antibodies (1/5000).
Then, to check cross-reactions of FMDV OTURO07
with the other FMDV strains (ANepal and ATUR11),
optimal dilution of FMDV OTURO7 was added to
(well A-B). After that, optimal dilutions of FMDV A
TUR11 and FMDV ANepal were added to wells C
and D, respectively. Similar to the OTURO7 cross
reaction study, the same steps were performed
to detect cross-reactions of FMDV ATUR11 and
ANepal with other FMDV serotypes.11-12 wells
were left as a background control well. After one
hour at 37°C incubation, plate washed, and FMDV
detecting antibodies were added to the plate and
incubated at the same condition. After washing
cycles, the conjugate (DAKO, P0141 rabbit anti

guinea pig immunoglobulins/HRP) was added to
the plate. After that, the same steps were followed
as described above in the checkerboard board ELISA
titration.

To reduce nonspecific-cross and background
reactions guinea pig serum was blocked with
normal rabbit (Sigma Aldrich) serum in 1/1 ratio at
37°C water bath at 1 hour.

Results

The total amounts of polyclonal sera obtained
after immunizations and storage conditions of
Abs were given in Tables 3 and 4. Dilution rates of
capturing and detecting polyclonal Abs for LPBE
were determined as 1/8000 for capturing (rabbit Ab)
and 1/2000 for detecting (guinea pig Ab) according
to the checkerboard ELISA titration result. The final
dilution rate was preferred more concentrated than
the determined dilution rates for test reliability.
Therefore, it was accepted as 1/5000 for rabbit and
1/1000 for guinea pig Abs. Checkerboard titration
test results of rabbit and guinea pig Abs were shown
in Figures 1 and 2, respectively. Cross reaction results
of sandwich ELISA between the FMDV serotypes
and background control are shown in Figure 3.

Figure 1. Rabbit or
checkerboard study

Figure shows the colour change in the checkerboard titration.

guinea pig-conjugate
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Figure 2. Checkerboard titration results of rabbit and guinea pig antibodies

FMDV OTUR 07 1 2 3 4 5 6 7 8 9 10

2,7237 2,6896 2,6248 28141 23129 23037 2,1351 1,8398 1,6291 1,2471

2,5377 24401 24297 23964 2,0838 19142 1,87 15643 15061 1,1767
Rabbit Ab starting 1/125 titer from-left to right line  2,4204 2,3029 2,2513 22412 2,1107 1,9318 1,6086 1,5869 1,3921 1,2065 guinea pig Ab:1/2000
FMDV O ref virus 1/300 dilution rate all wells 2,6219 24715 24472 2443 21828 2,0341 1,9805 16472 1,3758 1,1282 rabbit Ab: 1/8000
Guine pig Ab 1/62,5 from top to bottom line 2,193 12,0888 20477 2,1784 1,8122 1,7024 1,5423 14178 1,2325 1,0097
Conjugate commercial 1/2000 constant dilution rate 2,3475 2,2444 2,1948 2,3154 1,8694 1,6769 1,6605 13536 1,218 1,0502

24197 23939 22107 22319 19661 1,8513 16149 1499 12646 1,1181

15171 1,4272 1,5383 1,5823 1,3713 1,2178 1,0688 0,9098 0,8589 0,6145
FMDV A TUR11 1 2 3 4 5 6 7 8 9 10

3,496 34696 3,4352 34023 3,2599 3,034 2,9244 2,5713 23856 1,8473
Rabbit Ab starting 1/125 titer from-left to right line  3,2486 3,1455 3,1078 29726 2,6283 2,5346 2,5098 2,2421 2,0164 1,5341 guinea pig Ab:1/2000
FMDV A TUR11 ref virus 1/512 dilution rate all wells  2,9824 2,5289 2,7276 2,5554 2,3814 22423 2,291 1,9966 1,6551 1,3753 rabbit Ab: 1/8000
Guine pig Ab 1/62,5 from top to bottom line 2,9369 27527 2,7034 2,6224 23596 2,1811 1,9963 1,8557 1,6414 1,3465
Conjugate commercial 1/2000 constant dilution rate 2,375 2,202 2,2 2,0042 1,712 1638 1,3927 1,366 1,2065 1,2272

2,197 2,0678 2,0219 2,0042 1,8255 1,542 1,31 13674 12151 09522

2,1507 19719 19653 1,8311 1,7072 1,3625 1,5581 1,4077 1,2581 1,0491

1,8916 11,9007 19584 1,7909 14924 15185 14145 12476 1,1423 0,9267
FMDV A Nepal 1 2 3 4 5 6 7 8 9 10

34309 3,2547 3,3423 3,0188 3,2508 2,7778 2,6438 2,128 11,5309 1,0183

2,9283 28411 27925 2,6083 25159 22924 2,1909 1,6996 1,2638 0,8735
Rabbit Ab starting 1/125 titer from-left to right line  2,5351 2,463 2,2434 2,0979 2,1244 1,9706 1,9158 1,6516 1,1876 0,8494 guinea pig Ab:1/2000
FMDV A nepal virus 1/450 dilution rate all wells 2,7099 2,5791 2,5298 2,3238 23751 22624 2,1304 1,7635 1,1809 0,8089 rabbit Ab: 1/8000
Guine pig Ab 1/62,5 from top to bottom line 2,517 24102 2,522 22697 22823 2,1362 2,017 1,7482 1,3998 0,8921
Conjugate commercial 1/2000 constant dilution rate 2,4524 2,4187 2,4147 2,3035 2,4478 2,2852 2,2124 1,7235 1,3592 0,9335

2,9026 2,6331 24465 2,7438 26371 2,791 229 18017 1456 0,9693

2,7945 23328 2,2501 2,3465 23362 2,2266 2,0686 16111 1,1376 0,8266

Grey zones in the plates show the best optimal dilution curve of checkerboard titration.

high backgrounds, the dilution of polyclonal sera
was also tried, and then the optimum dilution was
determined for each Ab via checkerboard test to
provide minimum background and cross-reactions.

Discussion and Conclusion

The rapid development of a unique diagnostic
kit against FMDV is troublesome because of the
continuous mutations in FMDVs and the risk
of entrance for exotic FMDV strains from the
neighboring countries of Turkey. It is necessary to

Besides the time-consuming production and
standardization process, animal usage for the

produce Abs (polyclonal and/or monoclonal) for
FMDV SP ELISA tests against each of newly emerged,
genotypically crucial, exotic strains of FMDV just
like the effort of a new primer-probe design for
the molecular differentiation of novel FMDV with
PCR. However, the period for the production of
polyclonal Abs for FMDV serology takes a long time
and laborious work (Parida 2009; Lavoria et al. 2012;
Sala et al. 2018; Salem et al. 2019).

In  the present study, the complete
production and standardization process of Abs
take approximately three months for each FMDV
serotype. Besides, cross-reactions were detected
among the FMDV serotypes in ELISA (Figure 3).
Cross-reactions between the FMDV Abs is a possible
problem due to the common sharing epitopes
between the FMDV serotypes strains (Parida 2009;
Bari et al. 2014; Ascoli and Aggeler 2018; Salem
et al. 2019). Here, additional blocking steps were
performed to alleviate cross-reactions. To mitigate

production of polyclonal Abs is already contradictory
to the 3R concept (Russell and Burch's 1959).
Therefore, alternative tests or serological approaches
were searched for FMDV-SP Abs detection in recent
years. For this purpose, a monoclonal Ab-based
antigen and Ab detection kits were developed by
Brocchi (Brocchi 2012). However, Brocchi reported
that imperfect FMDV type specificity and a different
assay standardization for each FMDV serotype are
some test limitations of these kits. In addition to
monoclonal Ab based kits, a cocktail of polyclonal
or monoclonal Abs usage, chimeric antibodies,
recombinant Ab production, virus-like particles, or
recombinant proteins have also been studied (Ko et
al. 2009; Yang et al. 2017; Cao et al. 2018, Ran et al.
2019).

In conclusion, routine tests for detection of
FMDV-SP antibody are still based on polyclonal and
monoclonal Abs production. However, there is not
adequate study about polyclonal Ab production
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and standardization. The present study was carried
out primarily to focus on polyclonal Ab production
steps in general. Polyclonal Abs were produced

against Turkey FMDV strains and standardized for

LPBE test. A further study needs to determine the
purity of Abs via Western Blotting

Figure3. Background and cross-reaction control in the optimal dilution of antibodies.

Cross control

FMDV OTUR 07 1 2 3 4 5 6 7 8 9 10 11 12 virus
A 23291 23985 22309 22056 2,0094 19036 1,7875 16729 144808 1,1906  0,0693 0,0793 QOTURO7
1/5000 Rabbit antibody-1/1000 B 121387 22558 2215 20304 20291 1,834 1,7858 16644 14201 1,1314 0,064 0,0698 QOTURO7
guinea pig antibody C 0,2424 0,253 0,2606 0,2693 0,2438 0,2045 0,1672 0,1515 0,1232 0,1026 0,0632 0,0687 ATUR11
D 0,4306 0,3677 0,3045 0,3013 0,226 0,2145 0,1662 0,1362 0,1124 0,0974 0,0619 0,0718 ANEPAL
FMDV A TUR11 1 2 3 4 5 6 7 8 9 10 background background virus
A 15172 1,8986 1,927 1,7962 1,8931 19956 1,7776 13981 1,014 0,7022 0,0771 0,0792 ATUR11
1/5000 Rabbit antibody-1/1000 B 0381 02381 0,1841 0,1386 01145 0,1092 0,1052 0,116 0,1047 0,1152  0,0778 0,0821 ATUR11
guinea pig antibody C 0,3591 0,3622 0,3432 0,3082 0,2828 0,3062 0,2917 0,276 0,2545 0,2229  0,0825 0,0908 QOTURO7
D 0,265 0,2614 0,2715 0,235 0,2207 0,1904 0,1772 0,1592 0,1478 0,1313  0,0943 0,1009 A NEPAL
FMDV A Nepal 1 2 3 4 5 6 7 8 9 10 background background virus
A 23538 2285 2347 19889 19626 18389 1,7156 15777 1,2303 0,819 0,0881 0,0833 A NEPAL
1/5000 Rabbit antibody-1/1000 B 24543 23589 22761 2,1945 1,9096 18833 18054 15989 1,1749 08235 0,0733 0,0719 A NEPAL
guinea pig antibody C 0,2451 0,2386 0,288 0,2785 0,2621 0,2423 0,2506 0,1865 0,1872 0,1465 0,0813 0,0786 OTURO7
D o0,1418 0,1686 0,179 0,171 0,1631 0,1513 0,1493 0,1146 0,108 0,0953 0,0877 0,0806 ATUR11

Plates were coated with optimal dilution (well A-D) of capturing antibodies according to the final checkerboard dilution of each sero- type of FMDV antibodies
(1/5000). Then, to check cross-reactions of FMDV OTURO7 with the other FMDV strains (ANepal and ATUR11), optimal dilution of FMDV OTUR07 was added to (well
A-B). After that, optimal dilutions of FMDV A TUR11 and FMDV ANepal were added to wells C and D, respectively. Similar to the OTURQ7 cross reaction study, the same
steps were performed to detect cross-reactions of FMDV ATUR11 and ANepal with other FMDV serotypes. 11-12 wells were left as background.
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Abstract: The goal of this study was to investigate pathogen types found in milk samples from cows with clinical
mastitis, as well as the sensitivity of isolated bacteria to different antibiotics. The study was carried out on 103 milk
samples collected from dairy cows with clinical mastitis. Microbiological isolation and identification were performed
to identify gram negative and gram positive bacteria, Mycoplasma bovis and fungi. Then, bacteria isolated from
infected milks were subjected to antibiogram, using 27 antimicrobials agents. As a result, a total of 146 isolates were
obtained from 103 milk samples. The predominant pathogen isolates recovered were fungi (21.9%), Escherichia
coli (19.9%) and Staphylococcus aureus (13.7%), followed by Mycoplasma bovis (8.2%) and Streptococcus uberis
(6.8%). The mixed predominant pathogen was fungi, (75%) the majority of which mixed with gram positive bacteria.
Ampicillin, Imipenem, Chloramphenicol and Streptomycin were the least effective antimicrobial agents, while the
most effective agents were Florfenicol, followed by Amikacin and Kanamycin / Cefalexin. In conclusion, the types
of microorganisms that cause mastitis and the antibiogram results of the bacteria isolated varied. Above all, fungal
mastitis is a severe problem that should always be considered prior to starting antibiotic treatment.

Keywords: Antibiogram, clinical mastitis, cow, pathogen isolation

Tiirkiye, Adana bolgesindeki klinik mastitisli siitcii
ineklerde patojen izolasyonu ve antibiyogram

Ozet: Bu calismanin amaci, klinik mastitisli ineklerden alinan siit drneklerinde bulunan patojen tirlerini ve izole
edilen bakterilerin farkli antibiyotiklere duyarhligini arastirmakti. Calisma klinik mastitisli stit¢i ineklerden toplanan
103 sit numunesi Uzerinde gergeklestirildi. Gram negatif ve gram pozitif bakterileri, Mycoplasma bovis ve
mantarlari belirlemek icin mikrobiyolojik izolasyon ve tanimlama yapildi. Ardindan, enfekte sitlerden izole edilen
bakteriler, 27 antimikrobiyal ajan kullanilarak antibiyograma tabi tutuldu. Calisma sonunda, 103 siit drneginden
toplam 146 izolat elde edildi. Elde edilen dominant patojen izolatlari mantarlar (%21.9), Escherichia coli (%19.9) ve
Staphylococcus aureus (%13.7), ardindan Mycoplasma bovis (%8.2) ve Streptococcus uberis (%6.8) idi. Miks seyreden
dominant patojen mantarlardi ve onlarin cogu gram pozitif bakterilerle (%75) miks seyretti. En etkili ajanlar sirasiyla
Florfenicol, Amikacin ve Kanamycin / Cefalexin iken en az etkili antibiyotikler Ampisilin, imipenem, Chloramphenicol
ve Streptomycin oldu. Sonug olarak, mastitise neden olan mikroorganizma turleri ve izole edilen bakterilerin
antibiyogram sonuglari farklilik géstermistir. En dnemlisi, mantar kaynakli mastitis antibiyotik tedavisine baglamadan
once her zaman dikkate alinmasi gereken ciddi bir sorundur.

Anahtar kelimeler: Antibiyogram, inek, klinik mastitis, patojen izolasyonu

Introduction

Mastitis, which is the inflammation of the mammary
gland against infectious and non-infectious
factors (Bradley 2002), is known as a multifactorial
problem of dairy cows that affects milk quality and
quantity (Guimardes et al. 2017; He et al. 2020).
Moreover, mastitis is the most common and the
most costly production disease in the dairy herds
(Abebe et al. 2016; Dalanezi et al. 2020) and it is
an account for 38% of total economic losses caused
by production diseases (Bradley 2002). Economic

losses caused by mastitis are related to the decrease
in milk production, treatment and labour cost, milk
disposal, decrease in the sale price of milk and the
culling of animals (Demir et al. 2012; Guimaraes et
al. 2017; Ayvazoglu and Eski 2019). As a result of
all these, mastitis causes an about the annual loss
of $159 per cow (Dalanezi et al. 2020). Mastitis
occurs in clinical and subclinical forms and their
average incidence was reported as 14.2% and 30%,
respectively (Sundrum 2015). Furthermore, it has a
serious zoonotic risk due to the presence of bacteria
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and their toxins in milk (Abebe et al. 2016). As
understood, mastitis is a global problem that must
be tackled effectively due to its high incidence and
prevalence (Sundrum 2015; Guimaraes et al. 2017)

Mastitis has various etiologies (Bradley 2002;
Dalanezietal. 2020) and is most commonly caused by
bacteria (Dalanezi et al. 2020). Epidemiologically, its
the etiology has been categorized as environmental
(Coliform) and contagious pathogens (Smith and
Hogan 1993; Abebe et al. 2016). The major reservoir
of contagious mastitis pathogens is cows, they are
spread among animals (Fox and Gay 1993), and
tend to cause chronic subclinical infections after
exacerbation of clinical events (Abebe et al. 2016).
Fox and Gay (1993) reported that main contagious
mastitis agents suitable for this definition include
Staphylococcus aureus (S. aureus), Streptococcus
agalactiae (S. agalactiae), Corynebacterium bovis,
Streptococcus dysgalactiae (S. dysgalactiae) and
Mycoplasma spp. The main reservoir of coliform
mastitis agents is the environment (Abebe et al.
2016). Approximately 90% of mastitis caused by
them are clinical form. The major environmental
pathogens are Escherichia coli (E. coli), Klebsiella
spp., Streptococcus uberis (S. uberis), S. dysgalactiae
(included in both environmental and contagious
mastitis agent), Pseudomonas, Serratia and Proteus
(Smith and Hogan 1993). On the other hand, it is
known that viruses, fungi and algae are among
the important infectious agents that cause mastitis
(Dalanezi at al. 2020), and fungal mastitis (mycotic
mastitis) have become an increasing problem in
recent years (Jasm and Yassein 2020). The commonly
encountered causes of mycotic mastitis are
Candida spp., Trichosporon spp., Cryptococcus spp.,
Saccharomyces spp., Aspergillus spp. (Dubie et al.
2015). Because use of antibiotics may also stimulate
the multiplication of fungi, increases in fungal
mastitis cases may be associated with antibiotic
treatment (Wawron et al. 2010), so misdiagnosed
fungal mastitis can be more exacerbated.
Considering the differences in pathogen types, it
is understood that the fight against mastitis is a
difficult and complex situation (Taponen et al. 2017;
Rahman et al. 2018). Moreover, the antimicrobial
resistance of bacterial agents makes the fight
against mastitis more critical (Pitkala et al. 2004;
Rajala-Schultz et al. 2004; Tenhagen et al. 2006; Etifu
and Tilahun 2019). Consequently, agent isolation
and antibiogram test have become indispensable
for a successful treatment and struggle.

Antibiotic treatments were reported to be
often unsuccessful in mastitis cases in the Adana

region. On this situation, we hypothesized that
fungal mastitis or antibiotic resistance would be
common. This study was planned considering that
it would be of economic importance. The aim of
the present study was to investigate the pathogen
types in milk samples of cows with clinical mastitis
and the sensitivity of the isolated bacteria to various
antibacterial drugs, in Adana region, Turkey.

Materials and Methods
Animal and management

This study was approved by the Local Ethics
Committee of Ceyhan Veterinary Faculty, Cukurova
University, Adana, Turkey (approval number 8/1
and 23.09.2020). The presented study was carried
out on 103 milk samples collected from dairy cows
with clinical mastitis in around 40 medium-scale
commercial farms, Adana region, Turkey. The dairy
cows had a similar lactation period, milk yield, age,
parity, milking system and body condition score,
and they were managed in free-stall barns under the
same conditions, had free access to water. And cows
did not receive any treatment before the study.

Udder examination and milk sample collection

Palpation and inspection methods were performed
to examine typical signs of clinical mastitis by a
veterinarian. The examination included abnormal
milk, quarterasymmetry, blindness and inflammation
such as redness, hotness, swelling and painful
sensation. Milk samples (20- 25 ml) were collected
from individual quarters with clinical mastitis to
sterile falcon tubes under asepsis and antisepsis
conditions. Briefly, milk sampling procedure was
performed according to Laboratory Handbook on
Bovine Mastitis of the National Mastitis Council
(Hogan et al. 1999). After the milk samples were
collected, they were immediately transported to the
laboratory under the cold chain (4°C).

California mastitis test (CMT)

California mastitis test (CMT) was performed
for confirmation of the examination applied by
inspection and palpation. The test process and the
interpretation of CMT results were made according
to the Bastan et al. (2008)’s instructions.

Microbiological examination

Microbiological identification and isolation
were performed according to National Mastitis
Council’s instructions (Hogan et al. 1999) to identify
gram-negative (Sphingomonas paucimobilis  (S.
paucimobilis), E. coli, Klebsiella, Enterobacter
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aerogenes, Serratia marcescens, Pseudomonas
aeruginosa (p. aeruginosa), Pasteurella multocida
and Pasteurella haemolytica), gram-positive bacteria
(S. aureus, Staphylococcus simulans (S. simulans),
Dermacoccus nishinomiyaensis (D. nishinomiyaensis),
Staphylococcus chromogenes (S. chromogenes),
Micrococcus luteus (M. luteus), Bacillus sublitis (B.
sublitis), Staphylococcus epidermidis (S. epidermidis),
S. agalactiae, Staphylococcus vitulinus (S. vitulinus),
S. dysgalactiae, S. uberis, Streptococcus pyogenes,
Streptococcus pneumoniae, Enterococcus cecorum (E.
cecorum), Actinomyces pyogenes, Kocuria rosea (K.
rosea), Kytococcus sedenterius (K. sedenterius) and
Bacillus cereus), Mycoplasma bovis (M. bovis) and
fungi. The procedures performed are summarized
below as bacterioscopy and culture and biochemical
identification headings.

Bacterioscopy

The milk samples collected from infected quarters
were centrifuged and preparations were prepared
from the sedimentation. Then, they were stained
with gram staining methods for bacterioscopy
examination.

Culture and Biochemical Identification

The milk samples were individually inoculated
into blood agar (Oxoid, CMO0055), MacConkey
agar (Oxoid, CM0007) and Sabouraud Dextrose
agar (Merck, 105438) using a quadrant streaking
method, and they were incubated at 37°C for 24- 48
h. While blood agar and MacConkey agar were used
for bacteriological isolation, Sabouraud Dextrose
agar was used for fungal isolation. Morphologic
characteristics of isolated microorganisms were
observed on these primary cultures. And Gram
staining was applied to define the gram reaction
and shape of the cultures. Then, further biochemical
tests, catalase, coagulase and oxidase tests
were performed for more specific identification.
Catalase test (Hydrogen peroxide solution,
Catalog number: 88597, Millipore, Darmstadt,
Germany) was performed using 3% Hydrogen
peroxide (H,0,) and was used to identify catalase
negative and catalase positive microorganism.
Coagulase test (Coagulase Plasma Lyophilized.
Rabbit plasma w / EDTA, Catalog number: R21052,
Thermo Fisher Scientific, MA, USA) was applied to
differentiate Staphylococcus species. And oxidase
test (BACTIDENT™ Rapid Testing Reagents, Oxidase;
Catalog number: 1.00181.0002, Merck, Darmstadt,
Germany) was used to differentiate microorganisms
such as Enterobacteriaceae, Pseudomonas, Vibrio,
Aeromonas, Neisseria, Alcaligenes from others.

PCR method for Mycoplasma bovis identification

M. bovis from the milk samples was identified using
a method, Real Time Polymerase Chain Reaction
(PCR), based on DNA extraction. Commercial
Standard Real-Time PCR Detection Kit for M. bovis
(Primer Design- GENESIG) was used to determine
M. bovis in DNA samples by Real Time PCR method.
The protocol was implemented according to the
company’s instructions.

Antibiogram

Bacteria isolated from infected milks were
subjected to in vitro antibiotic sensitivity testing,
using 27 antimicrobials agents by disc diffusion

method (Bauer 1966). All antimicrobials used
were Ampicillin, Nitrofrontain, Imipenem,
Gentamycin, Gamithromycin, Cefquinome,

Penicillin, Kanamycin, Amoxicillin / Clavulanic acid,
Enrofloxacin, Neomycin / Bacitracin/ Tetracycline,
Chloramphenicol, Kanamycin / Cefalexin,
Sulfamethoxazole / Trimethoprim, Ceftriaxone,
Cefotaxime, Amoxycicilin, Amikacin, Florfenicol,
Streptomycin, Enrofloxacin, Vancomycin, Tetrasiklin,
Cefapirin, Rifampin, Azitromycin and Polymyxin B.
Inoculum was prepared from primary culture. Petri
dishes (Lamtek) were inoculated with the help of a
sterile swab. Finally, the antimicrobial discs (Oxoid,
Mastdiscs) were placed into petri dishes under
sterile conditions and were incubated at 37°C for 24
hours. The antimicrobial sensitivity of bacteria was
examined on the basis of zone diameter. The results
were interpreted according to the manufacturer’s
standard chart and recorded as sensitive or resistant.
Mycoplasma was not included in antibiogram tests.

Results

A total of 146 microorganisms isolates were
obtained from 103 milk samples collected from 103
cows with clinical mastitis. Out of 103 samples, 72
samples (69.9%) yielded pure cultures of which 12
were M. bovis, 8 were fungi, 28 were gram negative
and 24 were gram positive organisms, and the
remaining 31 (30.1%) yielded mixed cultures. Of the
146 isolates, 12 (8.2%) were M. bovis, 32 (21.9%) were
fungi, 41 (28.0%) were gram negative and remaining
61 (41.7%) were gram positive. The predominant
pathogen isolates recovered were fungi, E. coli
and S. aureus followed by M. bovis and S. uberis.
However, other microorganisms were minimally
detected. Mixed infections caused by two or more
microorganisms were detected in milk culture. The
mixed predominant pathogen was fungi, (75%) the
majority of which mixed with gram positive bacteria.
The results of isolation are detailed in Table 1.
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Table 1. Frequency of isolation and microorganism species isolated from milk samples with clinical mastitis.

Microorganism species Gram (- / +) No. of Isolates % of 146 Isolates No. of Mix
M. bovis 12 8.2 0
Fungi 32 21.9 24
E. coli - 29 19.9 7
S. paucimobilis - 4 2.7 2
Klebsiella spp. - 4 2.7 2
P aeruginosa - 2 14 0
Other gram (-) bacteria - 2 14 2
S. aureus + 20 13.7 9
S. simulans + 5 34 4
S. chromogenes + 3 2 0
S. uberis + 10 6.8 4
M. luteus + 1 0.7 1
B. sublitis + 5 34 5
S. epidermidis + 3 2 2
S. agalactiae + 1 0.7 1
E. cecorum + 1 0.7 1
S. vitulinus + 1 0.7 0
K. rosea + 1 0.7 1
D. nishinomiyaensis + 3 2 3
K. sedenterius + 1 0.7 1
Other gram (+) bacteria + 6 4.1 5
Total 146 100 74

Table 2. Results of in vitro antibiogram examinations on bacteria isolated from 103 milk samples with clinical mastitis

In vitro antibiogram sensitivity test results in percentage

Bacterial species w VY ¢ = x = o

(No. of isolates) E s 8 AR EEEEEEE S e
E. coli (29) 34 31 103 0 0O O O O O 379 68 34 68 68 103206 0 34 0 34
S. paucimobilis (4) 0 50 25 0 O O 2525 0 O O O 25 O O 50 O 25 0 25
Klebsiella spp (4) 0 25 75 25 25 25 0 25 0 25 0O O O O 75 50 0O O O O

P aeruginosa (2) 0 0O 50 0 O 0 5 0 o 0O 50 0 O 0O 50 0 0 50 O 0

Other gram (-) (2) 0 0 0 o o0 o O O O 5€§ o O o 0 100 5 0o 0 o0 o

S. aureus (20) 0 25 25 5 0 O 5 O O 30 5 O O 5 40 40 0 20 5 5

S. simulans (5) 200 0 0 0 O O 60 O O O O 20 0O O 20 40 0O 0 20 O

S. chromogenes (3) 0 0 0 0O 0O O O o0 o 0 0O 0O 0 ©O 0 0 0O 0 0 O

S. uberis (10) 0O 20 20 O 10 20 20 30 0 60 O O O 10 8 50 0 O O O

M. luteus (1) 0O 0 100 0 O O O O O O O O O O O 10 0 10 0 O

B. sublitis (5) 0O 8 40 20 0 O O O O 40 O O O O 20 40 0 20 o0 40
S. epidermidis (3) 0 666 O 0 O O O 0 333333 0 0 666 0 333666 0 333 O 0

S. vitulinus (1) o 0o o 0O O O O O O O O O O O 100 100 100 0 0 O

K. rosea (1) 0 100 0 0 O O O O O 10 0O O O O 100 O O O O0 O

D. nishinomiyaensis(3) 0 333 0 0 0 O O O 0 33 0 0O 0O 03330 0 0 0 O

K. sedenterius (1) 0 100 0 0 O O O O O 10 0 O O O 10 O 0 O O0 O

Other gram (+) (6) 0O 0 166 0 0 166 0 O O 333166 0 0O 0 333 50 0 O O O

Total (102) 19 27.418.6 29 19 3.9 6.2 49 09 323 49 19 49 3.9 333343 09 88 1.9 3.9

NTF: Nitrofrontain, GA: Gamithromycin, CEA: Cefquinome, P: Penicillin, K: Kanamycin, AMC: Amoxicillin / Clavulanic acid, ENR:
Enrofloxacin, NBT: Neomycin / Bacitracin / Tetracycline, CRO: Chloramphenicol, KCFX: Kanamycin / Cefalexin, STX: Sulfamethoxazole /
Trimethoprim, CRO: Ceftriaxone, CTX: Cefotaxime, AML: Amoxycicilin, AK: Amikacin, FFC: Florfenicol, S: Streptomycin, ENR: Enrofloxacin,
V: Vancomycin, T: Tetrasiklin
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The antibiogram conducted on the bacteria
isolated from infected milk samples showed
different results, which may vary from agent
to agent. Cefapirin, Rifampin, Azitromycin and
Polymyxin B had no effect any bacterial isolate.
Ampicillin (5%), Imipenem (5%), Gentamycin (10%)
had an effect only on S. aures. And considering all
cases, Ampicillin, Imipenem, Chloramphenicol and
Streptomycin were the least effective antimicrobial
agents, while the most effective antibiotic was
Florfenicol, followed by Amikacin and Kanamycin /
Cefalexin. On the other hand, 48.2% of E. coli, 25% of
S. paucimobilis, 20% of S. aureus, 40% of S. simulans,
100% of S. chromogenes, 10% of S. uberis, 33.3%
of other gram (+) bacteria, 100% of S. agalactiae
and 100% of E. cecorum showed resistance to all
antimicrobial agents. The effective antibiogram
results are given in Table 2.

Discussion and Conclusion

In the present study, firstly the types of
microorganisms that cause clinical mastitis were
determined. Then, the sensitivity of isolated bacterial
pathogens to 27 different antibacterial agents was
investigated. Among the microorganisms isolated
in this study, fungi, E. Coli and S. aureus were
determined as the major cause of mastitis, but the
obtained result showed some differences compared
to the previous report (Green et al. 2002; Bastan et
al. 2008; Rahman et al. 2018).

It has been reported that fungi are usually
agents in bovine mastitis and are commonly
considered to be an environmental mastitis agent
due to poor hygiene (Krukowski et al. 2001). There
are different types of fungi that cause mycotic
mastitis (Du et al. 2018). However, its most common
cause was found the genus Candida (Zaragoza et
al. 2011; Eldesouky et al. 2016; Du et al. 2018). They
may be also associated with clinical mastitis (Jasm
and Yassein 2020). In the present study, because
the main aim was to investigate the importance
of fungi in mastitis cases, no species distinction
was performed. It has been reported that the
prevalence of mycotic mastitis has considerably
increased in recent years (Zhou et al. 2013) and
the rates of fungi isolated from milk with mastitis
differed significantly by country. And this rate was
noted as 12.1% in Turkey (Jasm and Yassein 2020).
However, it was found to be higher (31.06%) in our
study. We considered that it may be due to Adana’s
subtropical climate (Krukowski and Saba 2003).
Antibiotics are administered more frequently in

routine mastitis treatment and antifungal treatment
is not given importance (Pachauri et al. 2013).
However, the presence of fungi in mastitis cases
reveals the importance of pathogen isolation for
treatment and control. Moreover, the differences
in bacterial species isolated and their antibiotic
resistance make the situation even more critical.
The results demonstrated that 48.27% of E. coli
isolated developed resistance to all antimicrobial
agents used in this study. And the most effective
antimicrobial agent against E. coli was Kanamycin
/ Cefalexin (37.93%). Another study showed
that £ coli has a sensitivity of 94.59% against
Chloramphenicol in buffaloes (Charaya et al. 2014).
Mohanty et al. (2013) reported that E. coli were the
most sensitive toward Levofloxacin (96.66%) and
Chloramphenicol (90%). Similarly, other studies
showed differences in antimicrobial agents to which
E. coli was sensitive (Tenhagen et al. 2006; Bhat et
al. 2017; Taponen et al. 2017). It also is known that
the treatment process of cases of E. coli is easier
than cases of S. aureus, another major pathogen
(Luoreng et al. 2018). And its rate and spread in
the herd is closely related to management (Rainard
et al. 2018). In a previous study, all staphylococcal
species including S. aureus were determined at a
rate of 20.4% (Twomey et al. 2000), which is similar
to the ratio of our study. Antibiotic treatment is
mostly ineffective for mastitis caused by S. aureus
(Luoreng et al. 2018). In the present study, results of
antibiogram test for S. aureus showed that Amikacin
(40%) and Florfenicol (40%) to be the most effective
of all antibiotics. Charaya et al. (2014) also reported
that Amikacin (88.57%) the most effective antibiotic
for S. aureus isolated in buffaloes. On the other
hand, several studies declared that S. aureus is most
sensitive to Enrofloxacin and Ciprofloxacin (Ismail
2017), Levofloxacin (88.23%) and Enrofloxacin
(88.23%) (Mohanty et al. 2013), Gentamicin (100%)
and Erythromycin (100%) (Tenhagen et al. 2006). It
was also observed that there was a difference in the
rates of isolated S. aureus in these studies. Other
important pathogens isolated in the present study
were M. bovis (8.2%) and S. uberis (6.8 %). Mastitis
caused by mycoplasma is not as common as mastitis
caused by other bacteria (Nicholas et al. 2016).
However, it generally does not respond to antibiotic
therapy and highly contagious (Fujimoto et al.
2020; Liu et al. 2020). It also has been reported that
mycoplasma has no cell wall (Parker et al. 2018) and
to be resistant to all major classes of antimicrobial
drugs. Therefore, the control of mycoplasma mastitis
with antibiotic treatment is usually unsuccessful
(Nicholas et al. 2016). As understood, protection and
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prevention come to the fore in the fight against this
pathogen. For these reasons, we did not perform an
antibiogram test against M. bovis.

It was declared that S. uberis is among the
most important factors causing bovine mastitis
(Kappeli et al. 2019), has an increasing prevalence
worldwide and responsible for 14 to 26% of clinical
mastitis (Phuektes et al. 2001). On the other hand,
Kappeli et al. (2019) reported that clinical mastitis
cases caused by S. uberis have decreased with
preventive control studies. Antibiogram results
of the study conducted by Phuektes et al. (2001)
showed that all isolates of S. uberis sensitive towards
Vancomycin and Cephalexin. Other studies revealed
that the most effective antimicrobial agents
against to Streptococcus species isolated were
Chloramphenicol and Tetracycline (100%) (Kurjogi
and Kaliwal 2011), Levofloxacin, Enrofloxacin and
Ciprofloxacin (Mohanty et al. 2013) However, no
similar results were observed by the current study,
we found that S. uberis the most sensitive to (80%)
Amikacin, followed by Kanamycin / Cefalexin (60%).

Antimicrobial  agents  effective  against
minor pathogens isolated in our study and their
effectiveness rates showed different distributions
and results. Furthermore, some antibiotics had a
higher success rate on them compared to major
pathogenes. Weinterpretedthisasthatthese bacteria
develop less antibiotic resistance since they are not
the common cause of mastitis. We also thought
that the differences in isolated microorganism and
antibiotic resistance vary according to the regions
where the study was conducted, management
conditions, hygiene and the antibiotics preferred in
previous treatments.

In conclusion, the types of microorganisms
that cause mastitis and the antibiogram results of
the bacteria isolated varied, and the predominant
pathogens were fungi, E. coli and S. aureus. Fungal
mastitis is serious problem, should always be
considered before routine antibiotic therapy and
emphasis should be given on antifungal therapy.
Considering all bacterial cases, the most effective
antibiotic was Florfenicol, followed by Amikacin
and Kanamycin / Cefalexin, respectively. However,
a one-sided treatment cannot be successful in
mastitis. Therefore, determine the pathogens that
cause mastitis and the selection of the appropriate
treatment are very important in the prevention,
control and treatment process.
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Abstract: Canine hemoplasmas are vector-borne bacterial pathogens having worldwide distribution. There are two
hemoplasmas species that cause disease in dogs. These are Mycoplasma haemocanis and Candidatus Mycoplasma
haematoparvum. The aim of this study was to evaluate the prevalence of canine hemoplasmas among apparently
healthy 194 owned-dogs in Sivas Province using species-specific polymerase chain reaction (PCR). According to
our results, the overall prevalence of canine hemoplasmas was 14.94% (29/194). The molecular prevalence of M.
haemocanis and Ca. M. haematoparvum was detected as 8.24% (16/194) and 10.82% (21/194) respectively while
the prevalence of co-infections was 4.12% (8/194). In this study, Ca. M. haematoparvum which can infect humans
was found more prevalent than M. haemocanis. To the best of our knowledge, it is the first molecular study on the
determination of canine hemoplasmas in Sivas province in Turkey.

Keywords: Canine hemoplasmas, Dog, PCR, Sivas, Turkey.

Sivas ilinde Canine Hemoplasma’nin ilk molekiiler tespiti

Ozet: Canine hemoplasmas tiirleri vektdr kaynakl énemli bakteriyel patojenlerdendir. Etkenler diinyanin farkli
bélgelerinde evcil kopeklerde tespit edilmistir. Kopeklerde hastaliga neden olan iki énemli hemoplasma tiri
vardir. Bunlar sirasiyla Mycoplasma haemocanis ve Candidatus Mycoplasma haematoparvum’dur. Bu ¢alismanin
amaci Sivas ilinde 194 evcil kdpekte canine hemoplasmas etkenlerinin yayginliginin Polimeraz Zincir Reaksiyonu ile
arastirlmasidir. Bu ¢alismada kopeklerin %14,94 (29/194)'linde en az bir canine hemoplasmas tiirii ile enfekte oldugu
tespit edilmistir. Kopeklerin %8,24 (16/194)'Ginde M. haemocanis, %10,82 (21/194)'linde ise Ca. M. haematoparvum
tespit edilmistir. Kopeklerin %4,12 (8/194)'iinde ise miks enfeksiyon gortlmustir. Calismada kopeklerde Ca. M.
haematoparvum’un M. haemocanis'e gére daha yaygin oldugu tespit edilmistir. Bu calisma ile bildigimiz kadariyla

Sivas ilinde ilk kez kopeklerde molekdler ydontemlerle canine hemoplasmas tirlerinin yayginligi arastiriimistir.

Anahtar kelimeler: Canine hemoplasmas, Kopek, PCR, Sivas, Turkiye.

Introduction

Hemotrophic mycoplasmas (hemoplasmas) are
tiny and pleomorphic bacterial agents that are cell-
wall-deficient, obligate, and gram-negative. These
pathogens invade red blood cells (RBCs) of different
vertebrates, including dogs (Messick 2004; Chalker
2005; Sykes et al. 2005). Two hemoplasmas species
are determined as canine-specific. These species
are Mycoplasma haemocanis and Candidatus
Mycoplasma haematoparvum  (Messick  2004;
Sykes et al. 2005). Although these species might
affect different organs and tissues, infections are
mostly asymptomatic in healthy dogs (Messick
2004; Chalker 2005). In some cases, progressive

anemia can be seen in acute infections in immune-
compromised or splenectomized dogs (Messick
2004; Sykes et al. 2005). Canine hemoplasmas rarely
cause death (Messick 2004; Chalker 2005).

Transmission of canine hemoplasmas species
is still not well defined, however Rhipicephalus
sanguineus, brown dog tick, is thought to be a
possible vector species of these species (Messick
2004; Baker and Tasker 2016; Aktas and Ozubek
2017). M. haemocanis and Ca. M. haematoparvum
may also be transmitted mechanically via blood
transfusions, fresh blood-contaminated fomites,
and blood-sucking arthropods (Messick 2004; Willi
et al. 2010; Baker and Tasker 2016).
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Microscopic, serological, and molecular
methods have been used for the diagnosis of
canine hemoplasmas infection so far (Messick 2004;
Baker and Tasker 2016; Aktas and Ozubek 2018;
Altay et al. 2020a). The microscopic techniques
are successfully used for the diagnosis of clinical
canine hemoplasmas infection (Baker and Tasker
2016) however, these techniques are not usable
for the determination of chronic infections and
may also cause false-positive results due to stain
precipitation, basophilic stippling, or Howell-Jolly
bodies (Kemming et al. 2004; Baker and Tasker 2016).
Serological techniques and microscopic techniques
are not fit to determine the pathogen species that
cause canine hemoplasmas infection (Baker and
Tasker 2016). Molecular identification techniques
have been more preferred for the diagnosis of
canine hemoplasmas compared to the microscopic
and serological techniques. These methods; i) can
determine the hemoplasmas species that caused
infections in dogs ii) may find a small amount of
nucleic acid that belongs to pathogens iii) can detect
carrier animals (Messick 2004; Willi et al. 2010; Baker
and Tasker 2016; Aktas and Ozubek 2017; Altay et
al. 2020a).

Canine hemoplasmas species have been
identified in different countries (Wengi et al. 2008;
Compton et al. 2012; Baker and Tasker 2016; Maggi
and Kramer 2019; Altay et al. 2020a), and in different
parts of Turkey (Guo et al. 2017; Aktas and Ozubek
2017; Aktas and Ozubek 2018). There is a paucity
of information on canine hemoplasmas in Sivas
province. Due to this, the present study aimed to
determine the molecular prevalence of canine
hemoplasmas in Sivas province.

Material and Methods
Study Area and Material

Sivas province is placed in the central part of Turkey.
Sivas has an approximately 28,400 km? geographical
area. The average annual temperature is 8.9°C, the
average precipitation, and relative humidity are 432
mm and 65% in Sivas, respectively.

Table 1. Primers using in the present study.

The study material was composed of 194 (95
female, 99 male) apparently healthy owned-dog in
four different parts of Sivas (Sivas City Center, Kangal,
Yildizeli, Hafik). The age, gender, and location data
of the dogs were recorded. The blood samples
were taken into blood collection tubes containing
Etilendiamin tetraacetic acid (EDTA). The blood
samples were stored at -20°C until DNA extraction.

Total Genomic DNA isolation and Polymerase
Chain Reaction (PCR)

Total genomic DNA was obtained from 200 uL blood
samples using PureLink Genomic DNA kit (Cat. No.:
K1820-02, Invitrogen, Carlsbad, USA) according to
the manufacturer’s instructions. The genomic DNA
samples were stored at -20°C until use.

PCR assay using species-specific primers was
performed for determination of the presence and
distribution of canine Mycoplasma species (Torkan
ve ark. 2014). Further information on primers was
detailed in Table 1. PCR was performed in a final
volume of 50 pL including DNase-RNase-free sterile
water (Cat No.: 129114, Qiagen®, Germany), 10x
PCR buffer (Thermo Scientific™, Lithuanian), 2.5 mM
MgCl, (25 mM) (Thermo Scientific™, Lithuanian),
200 uM of each dNTP (Cat. No.. PCCSKU1019,
Procomcure Biotech GmbH), 1.25 U of Taqg DNA
polymerase (Cat. No.: EP0402, Thermo Scientific™,
Lithuanian), 2 uL (10 pmol/pL) of each of the primers,
and 5 pL template DNA. The PCR cycling conditions
were done as described by Altay et al. (2020a).
DNase-RNase-free sterile water (Cat. No.: 129114,
Qiagen®, Germany) was used as negative control,
the genomic DNA of M. haemocanis isolate
(accession number: MK015018, Altay et al. 2020a)
and Ca. M. haematoparvum (accession number:
MK026012, Altay et al. 2020a) were used as positive
controls for each PCR assay. Ten microliters of PCR
products were electrophoresed on 1.5% agarose
gel stained (100V, 45 min) with ethidium bromide
and then were visualized by UV transilluminator
(Figure 1). DNA extraction and PCR assay were
conducted in different rooms for prevention of
cross-contamination.

Species Primers 5' -3’

Target Gene Length of Product Reference

Forward GAAACTAAGGCCATAAATGACGC
Reverse ACCTGTCACCTCGATAACCTCTAC

M. haemocanis

16S rRNA 309 bp Torkan et al. 2014

Forward ACGAAAGTCTGATGGAGCAATAC

Ca. M. haematoparvum
Reverse TATCTACGCATTCCACCGCTAC

16S rRNA 328 bp Torkan et al. 2014
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Statistical evaluation: Statistical analyses among
various parameters were performed using the chi-
square test. Differences were considered statistically
significant if p < 0.05.

Results

All dog blood samples were screened for M.
haemocanis and Ca. M. haematoparvum by PCR
using the primers detailed in Table 1. The overall
prevalence of hemoplasmas species was found to be
14.94% (29/194). The prevalence of M. haemocanis
was detected as 8.24% (16/194), while the prevalence
of Ca. M. haematoparvum was detected as 10.82%
(21/194). Co-infections were found to be 4.12 %
(8/194) (Table 2).

The prevalence among female dogs was
detected as 14.73% (14/95), while among the male
dogs it was 15.15% (15/99). Canine hemoplasmas
were found to be 8.95% (6/67) between 0 and 2
years of age, 19.40% (13/67) between 3 and 4 years
of age, and 16.66% (10/60) in dogs > 5 years old
(Table 2). The distribution of canine hemoplasmas
in the sampling area was determined to be 18.84%
(13/69) in Sivas city center, 13.33% (6/45) in Kangal,
11.11% (5/45) in Hafik, and 14.28% (5/35) in Yildizeli.

There were not statistically significant
differences (p<0.05) between the prevalence of
hemoplasmas species, sampling area, gender, and
age groups.

Table 2. Comparison of canine hemoplasmas among gender, sampling area, and age groups.

Canine hemoplasmas Gender Sampling Area Age groups
species Male Female Sivas City Canter Hafik Yildizeli Kangal 0-2 3-4 25
M. haemocanis 3 5 6 - - 2 4 2 2
Ca. M. haematoparvum 8 5 3 3 4 3 - 7 6
Co-infections 4 4 4 2 1 1 2 4 2
Total 15 14 13 5 5 6 6 13 10

(15.15%) (14.73%) (18.84%) (11.11%) (14.28%) (13.33%) (8.95%) (19.40%) (16.66%)
p-value p>0.05 p>0.05 p>0.05

>

=

Figure 1. Agarose-gel electrophoresis of Ca. M. haematoparvum (A) and M. haemocanis (B) specific
polymerase chain reaction. M. Marker, Lane A1. Ca. M. haematoparvum positive control DNA from dog,
Lane A2. negative control distilled water, Lane A3-A14. Ca. M. haematoparvum positive dog blood samples,
Lane B1. M. haemocanis positive control DNA dog, Lane B2. negative control distilled water, Lane B3-B12.

M. haemocanis positive dog blood samples.
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Discussion and Conclusions

Canine hemoplasmas are one of important tick-
borne pathogens. Two hemoplasmas species, M.
haemocanis and Ca. M. haematoparvum, are known
to be the pathogens for domestic and wild canine
species (Messick 2004; Sykes et al. 2004; André et
al. 2011; Torkan et al. 2014; Baker and Tasker 2016).
M. haemocanis was reported for the first time in
1928, while Ca. M. haematoparvum was identified
in 2004 (Sykes et al. 2004). M. haemocanis and Ca.
M. haematoparvum have a worldwide distribution
(Wengi et al. 2008; Novacco et al. 2010; Compton
et al. 2012; Baker and Tasker 2016; Maggi and
Kramer 2019; Altay et al. 2020a), however there
is little data available on the prevalence of these
pathogens in Turkey (Guo et al. 2017; Aktas and
Ozubek 2017; Aktas and Ozubek 2018). Sivas is the
second-largest province and located in the central
part of Turkey. There are found blood parasites such
as Theileria, Babesia, Anaplasma, and Dirofilaria
immitis in animal species like dogs, sheep, and
cattle in different studies (Altay et al. 2017; Atas
et al. 2018; Altay et al. 2020b). However, there
is a lack of information molecular prevalence of
canine hemoplasmas. Therefore, this study aimed to
determine the prevalence of canine hemoplasmas
in Sivas province using PCR.

There are different techniques to diagnose
canine hemoplasmas species, but molecular
identification techniques have been more preferred
since they are faster and more specific than other
identification techniques (Messick 2004; Willi et al.
2010; Torkan et al. 2014; Baker and Tasker 2016). M.
haemocanis and Ca. M. haematoparvum have been
detected in different geographical areas such as
Turkey, Italy, Spain, Portugal, the USA, Sudan, and
Kyrgyzstan using species-specific PCR (Inokuma et
al. 2006; Novacco et al. 2010; Compton et al. 2012;
Aquino et al. 2016; Aktas and Ozubek 2017; Guo et
al. 2017; Ravagnan et al. 2017; Aktas and Ozubek
2018; Altay et al. 2020a). A few studies were carried
out to determine the presence and distribution of
canine hemoplasma infection in Turkey (Aktas and
Ozubek 2017; Guo et al. 2017; Aktas and Ozubek
2018). These studies revealed that the prevalence
of canine hemoplasmas was ranging from 15.3 to
38.3% in dog population in different parts of Turkey
(Aktas and Ozubek 2017; Guo et al. 2017; Aktas
and Ozubek 2018). In the present study, the overall
prevalence was determined as 14.94% (29/194). Our
result was similar to that of Aktas and Ozubek (2018)
(15.3%), however the prevalence we found was
lower than that in Konya %23.95% (Guo et al. 2017)

and in Diyarbakir 38.3% (Aktas and Ozubek 2017).
Like other vector-borne diseases, the prevalence of
canine hemoplasmas might change depending on
climate conditions in sampling areas, presence and
distribution of vector species, and dog origin (stray
or owned) (Baker and Tasker 2016; Guo et al. 2017;
Aktas and Ozubek 2018; Maggi and Kramer 2019).
The present study was performed using owned-
dogs while the studies that have higher prevalence
of canine hemoplasmas in Konya (Guo et al. 2017)
and in Diyarbakir (Aktas and Ozubek 2017) were
conducted using stray dog samples. Stray dogs
are frequently exposed to ectoparasites such as
ticks and fleas. Therefore, vector-borne pathogens
may be more prevalent in stray dogs compared to
owned-dogs. For this reason, we speculate that the
lower prevalence (14.94%) compared to the ones
in Diyarbakir (38.3%) and Konya (23.95%) could
be related to that this study was performed using
owned-dog blood samples.

In the present study, there were no statistically
significant differences between the prevalence
of M. haemocanis and Ca. M. haematoparvum.
The prevalence of M. haemocanis was detected
as 8.24% (16/194), while the prevalence of Ca. M.
haematoparvum was found to be 10.82% (21/194).
In the previous studies conducted in Turkey, M.
haemocanis was found more prevalent than Ca. M.
haematoparvum (Aktas and Ozubek 2017; Aktas
and Ozubek 2018), however, in this study, Ca. M.
haematoparvum was found more prevalent than
M. haemocanis. These findings were similar to the
studies in France (Kenny et al. 2004), Sudan (Inokuma
et al. 2006), and the USA (Compton et al. 2012).
Furthermore, Ca. M. haematoparvum can cause
human infections (Maggi et al. 2013). Therefore,
veterinarians and people who have intimate contact
with dogs should be careful about this pathogen to
protect their health.

According to our PCR results, the prevalence
of canine hemoplasmas was found to be 15.15%
(15/99) in the male dogs and 14.73% (14/95) in the
female dogs. There was no significant association
of canine hemoplasma infection with dog gender.
This result was similar to the studies performed in
different countries like France (Kenny et al. 2004),
Italy (Ravagnan et al. 2017), and Turkey (Aktas and
Ozubek 2017; Aktas and Ozubek 2018). In the present
study, we found that the prevalence of canine
hemoplasmas in the male dogs was slightly higher
than in the female dogs. This finding may be related
to that male dogs tend to have more aggressive
contact with other dogs than female dogs, due to
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these pathogens also can be transmitted with fresh
blood (Sasaki et al. 2008; Barker et al. 2010).

Canine hemoplasmas were found in all age
groups (Table 2). There was not found statistically
significant differences between the prevalence
of different age groups in the present study. This
result was compatible with the studies conducted
in different countries like Switzerland (Wengi et al.
2008), ltaly (Ravagnan et al. 2017), Turkey (Aktas
and Ozubek 2017; Aktas and Ozubek 2018), and
the USA (Compton et al, 2012). Furthermore, our
results revealed that the prevalence of canine
hemoplasmas was more prevalent among the
older age groups (3-4 years and 2> 5 years) than
younger age group (0-2 years) (Table 2). This finding
could be attributed to that older animals are more
exposed to ectoparasites (ticks or fleas) compared
to the younger ones. Due to this, we thought that
vector-borne pathogens like canine hemoplasmas
are more prevalent in older animals. Normally,
canine hemoplasmas should be more prevalent in
>5 years' dogs than 3-4 years, but these pathogens
were found more prevalent in 3-4 years' dogs (Table
2). This result could be related to the successful tick
control by owners of these dogs that are older than
5 years old.

Mycoplasma  haemocanis and Ca. M.
haematoparvum were found in all sampling areas;
Sivas city canter, Kangal, Hafik, and Yildizeli, and
the prevalences were 18.84%, 13.33%, 11.11%,
and 14.28%, respectively. The difference between
the sampling areas was not statistically significant.
This result could be related to that the climate
conditions of all sampling areas are similar. The
climate conditions in geographical areas can
directly affect distribution and abundance of vector
species, and hence the prevalence of pathogens,
especially vector-borne pathogens (Wengi et al.
2008; Novacco et al. 2010; Maggi and Kramer 2019).
Probably because of that, we did not find statistically
significant differences between the sampling areas.

In conclusion, vector-borne diseases (VBDs) are
the main health problem in the world and are threat
to both animal and human health. M. haemocanis
and Ca. M. haematoparvum are one of important
vector-borne diseases for dog populations.
Moreover, these species also infect humans (Maggi
et al. 2013). For this reason, determination of these
pathogens in dog populations is vital to protect both
animal and human health. To better understand the
prevalence and the presence of M. haemocanis and
Ca. M. haematoparvum in Sivas, there need to be

more comprehensive surveys, including domestic
and wild canine species.
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Abstract: Listeria genus is Gram-positive facultative intracellular bacteria that are found in the soil as saprophytes
but also contain species that have pathogenic effects in their last host. Listeria monocytogenes is the major pathogen
in Listeria species that is responsible for the majority of Listeriosis cases in humans and animals. In this study, it
was aimed to investigate L. monocytogenes with histopathological and immunofluorescence (IF) methods in brain
and liver tissues taken from sheep and cattle with clinical signs of suspicious Listeriosis. In the study, isolation and
identification of L. monocytogenes with cultural methods were also applied. The material of the study consisted
of tissue samples from 16 sheep and 2 cattle. As a result of cultural analysis, L. monocytogenes was identified
from 12 (66.6%) of cases. Within the framework of histopathological and macroscopic findings, 16 (88.8%) of 18
cases with suspected Listeriosis were positive with the immunofluorescence method. These findings reveal that the
immunofluorescent staining method is a reliable and sensitive method in the diagnosis of Listeriosis.

Keywords: Cattle, immunofluorescence, listeriosis, sheep

Ruminantlarin ensefalitik ve septisemik listeriyozisinin
immunfloresan metodla arastiriimasi

Ozet: Listeria cinsi toprakta saprofit olarak bulunan ancak ayni zamanda son konaklarinda patojenik etkilere sahip
turler iceren Gram-pozitif faklltatif intraselller bakterilerdir. Listeria monocytogenes, insanlarda ve hayvanlarda
Listeriosis vakalarinin cogundan sorumlu olan Listeria turlerindeki baslica patojendir. Bu calismada, Listeriyozis
supheli klinik belirti gosteren koyun ve sigirlardan alinan beyin ve karaciger dokularinda L. monocytogenes'in
histopatolojik ve immunfloresan metodlarla arastiriimasi amaclanmistir. Calismada L. monocytogenes'in kiltlrel
yontemlerle izolasyonu ve identifikasyonu da uygulanmistir. Calismanin materyalini, 16 koyun ve iki sigira ait doku
ornekleri olusturmustur. Kiltirel analiz sonucunda vakalarin 12 (%66,6)'sinden L. monocytogenes identifiye edilmistir.
Histopatolojik ve makroskobik bulgular cercevesinde Listeriyozis siipheli 18 vakanin 16 (%88,8)'si immunfloresan
metodla pozitif tespit edilmistir. Bu bulgular, immunfloresan boyama y&nteminin Listeriyozisin teshisinde gtivenilir
ve hassas bir ydntem oldugunu ortaya koymaktadir.

Anahtar kelimeler: immunfloresan, koyun, listeriyozis, sigir

Introduction

Listeria spp. are saprophytic, Gram-positive bacteria
that are distributed widely in the environment
(Nightingale et al. 2004; Fairley et al. 2012; Rocha et
al. 2013). The genus Listeria consists of the currently
known species L. monocytogenes, L. ivanovii, L.
seeligeri, L. innocua, L. grayi, and L. welshimeri (Liu
et al. 2004). Only two of these six species are known
to be pathogenic: L. monocytogenes and L. ivanovii
(Oevermannetal.2010). Especially, L. monocytogenes
is responsible for about 98% of human and 85% of
animal cases of listeriosis (Kaur et al. 2010). Listeriosis

is a sporadic, infrequently seen as an enzootic
disease of ruminants. This disease causes significant
economic losses in sheep, cattle, and goats. (Dag et
al. 2013). Listeriosis is mostly detected in autumn,
winter, and early spring in temperate and cold
climates and there is a direct link between poorly
prepared silage feeding and infection (Wesley
et al. 2002; Brugere-Picoux 2008). This disease is
more common in sheep than in cattle (Ceribasi et
al. 2013). The most important clinical symptoms
caused by L. monocytogenes in ruminants are
briefly as follows: septicemia, meningoencephalitis,
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metritis with abortion (Barkallah et al. 2016;
Haligur et al. 2019). In encephalitic form; multifocal
microabscesses, meningoencephalitis, glial nodules,
perivascular cuffing are the main histopathological
features (Ozyildiz et al. 2018). Multiple necroses
and numerous abscess foci in the liver are seen
in septicemic listeriosis (Low and Donachie 1997).
Moreover, L. monocytogenes is an important
foodborne pathogen for humans and poses a major
problem on public health (Dreyer etal. 2015). Human
cases are mostly associated with the ingestion of
contaminated milk and/or milk products (Headley
et al. 2014).

Definitive diagnosis of listeriosis is based
on the isolation and identification of the agent
by bacteriological culture techniques. Some
alternatives may helpful in diagnosis to detect
Listeria spp. or erupted antibodies with PCR and
serological techniques, respectively (Gasanov et al.
2005). However, all these techniques have some
drawbacks such as requiring equipped laboratory
environment and personnel and time-consuming
and labour-intensive efforts, as well. Thus, a
simple and reliable technique is always needed in
the diagnosis of Listeria agents. Immunological
methods using monoclonal or polyclonal antibodies
have been demonstrated to give promising results
for rapid detection of L. monocytogenes in various
samples (Ralovich 1993). These antibodies labeled
with the fluorescent compound can identify the
target antigens on smears prepared from tissues
when examined with a fluorescence microscope
which is called a direct immunofluorescence assay
(Chen et al. 2017).

Inthisstudy, itwas aimed to evaluate the samples
of brain and liver tissue from sheep and cattle with
encephalitic and septicemic listeriosis associated
with Listeria monocytogenes by histopathological
and immunofluorescence methods.

Material and Methods
Animals

Study materials were obtained from adult 16 sheep
and 2 cattle admitted to The Pathology Department
and Microbiology Department of Veterinary Faculty,
Kafkas University, for necropsy. These animals
had various clinical symptoms, including anorexia,
depression, unable to stand up, hypersalivation,
sagging in the lower lip, paralysis in the eyelid,
abortion, circling movement, opisthotonus, loss of
coordination, unilateral blindness, amaurosis, and
torticollis.

Microbiological Analysis

In this study, brain and liver tissues of all animals
and also kidney and heart samples from one
sheep (Case No.7) were cultivated in accordance
with the USDA-FSIS method reported by McClain
and Lee (1988) with some minor modifications. In
brief 2.5 g tissue was transferred to 22.5 ml Pre-
Enrichment Broth (Trypticase Soy Broth (Merck
1.05459) containing 0.6% yeast extract and the
broth was incubated microaerobically at 30 °C for
24 hours. At the end of the incubation, 1 ml Pre-
enrichment Broth was transferred into 9 ml Listeria
Enrichment Broth (UVM formulation) (Oxoid
CMO0863), and the latter was incubated at 30 °C
at the same conditions. Then, Listeria Selective
Agar (LSA) (Oxoid, CM0856) was plated with 25 pl
aliquot of Listeria Enrichment Broth and the plates
were incubated microaerobically for 24 hours at
30°C. Initial identification was performed with the
presence of bright grey-black centered smooth
colonies on the LSA medium which was considered
as Listeria spp. Future identification was performed
through Gram staining characteristics, mobility at
25°C, catalase and oxidase activities, carbohydrate
(L-rhamnose, D-mannitol, D-xylose, and a-methyl-
mannosidase) fermentation capabilities, and CAMP
activities with control strains of Rhodococcus equi
(ATCC-33701) and Staphylococcus aureus (ATCC-
25923) (FDA, 2015).

Histopathological examination

Tissue samples of brain and liver from 16 sheep and
two cattle and in addition to these, kidney and heart
samples from only one sheep (Case No.7) were fixed
in a 10% neutral buffered formalin solution. After
routine tissue procedures follow-up, 5 pm thick
sections were taken from paraffin blocks. In order
to detect histopathological changes, Hematoxylin
& Eosin (H&E) stain was applied to the sections.
Sections were examined under a light microscope
(Olympus Bx53) and photographed with Cell AP
Program (Olympus Soft Imaging Solutions GmbH,
3.4).

Immunofluorescence staining

Direct immunofluorescence staining protocol was
carried out to detect L. monocytogenes antigens
on tissue sections. Briefly, liver, brain, negative and
positive tissues from cattle and sheep were fixed in
a 10% neutral buffered formalin solution. Tissues
were routinely followed by alcohol-xylol follow-
up and taken into paraffin blocks. Sections of 5
pm taken into poly-L-lysine sections were passed
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through xylol and alcohol series. Sections were
treated with antigen retrieval solution at 500 watts
for 2 x 5 minutes to reveal the antigen in the tissues.
The tissues washed with PBS were then incubated
for 10 minutes in 1% Bovine Serum Albumin (BSA)
and then incubated with L. monocytogenes (LSBio
Catalog no: LS-C56360) primary antibody for 45
minutes at 37°C. Then, it was washed with distilled
water and the sections were covered with 4 6,
6-diamidino-2-phenylindole (DAPI) fluorescence
medium. Results obtained under fluorescence
microscope were evaluated as negative (-), mild (+),
moderate (++), and severe (+++).

Results

Microbiological Results

In this study, Listeria spp. were isolated from 12
(66.6%) animals, one cattle, and 11 sheep (Table

15 \ N W

1). The isolates had some characteristics such as
the presence of colonies with certain morphology
on LSA, typical microscopic morphologies (0.4-
0.5 ym wide and 1-2 pm long, non-spore-forming
Gram-positive bacilli), catalase-positive and oxidase
negative activities and motility at 25°C. All isolates
were further identified as L. monocytogenes as the
result of L-rhamnose and a-methyl-mannosidase
activities and positive CAMP reaction with S. aureus.

Macroscopical results

In addition to marked congestion in the brain, it was
detected an increase in opacity and thickening in
meninges (Figure 1A). In the liver, white foci of pin
size spread across the entire organ were observed
(Figure 1B). It was detected nodular structures in the
heart in only one case (Figure 1C). It did not observe
any macroscopic findings in kidney tissue (Figure
1D).

Figure 1. A: Brain, congestion (thin arrows) and meningeal opacity and thickening (thick arrow),
B: Liver, white foci of pin size spread across the entire organ (arrows), C: Heart, nodular structures (arrows),
D: Kidney, there was no macroscopically significant finding (granulomatous case).

Microscopical results

The findings observed in the histopathological
examination of brain tissues were briefly as
follows: extensive coagulative necrosis areas and
intense neutrophil infiltrations around these areas
(Figure 2A), meningitis (Figure 2B), microabscesses
(Figure 2C), perivascular cuffs consisting mainly
of lymphocytes with histiocytes, plasma cells and
a small number of neutrophils (Figure 2C), gliosis
(Figure 2D) (Table 1).

="

In addition to these findings observed in
the brain, it was detected areas of necrosis in the
liver (Figure 3A), perivascular cell infiltrations

(Figure 3A-B), numerous abscess foci (Figure 3C),
granulomatous structure (Figure 3D), giant cell
(Figure 3D), degeneration in hepatocytes (Figure
3D), hemorrhage and proliferation in the bile ducts.
It was detected granulomatous structures in the
kidney and heart in only one case (Figure 4A-B)
(Table 1).

Figure 2. A: Brainstem, Extensive coagulative necrosis areas and intense neutrophil infiltrations around these
areas (arrows), H&E, Bar=500 um B: Brainstem, Meningitis (arrowhead), H&E, Bar=200 um C: Brainstem,
Perivascular cuffing (arrows) and microabscess (star), H&E, Bar=100 um D: Brainstem, Gliosis, H&E, Bar=50 pm.
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Figure 3. A: Liver, Necrosis (N), perivascular cellular infiltration (arrow) and hemorrhage (arrowhead),
H&E, Bar=200 um B: Liver, perivascular cellular infiltration (arrow), H&E, Bar=100 um C: Liver, degenerate
hepatocytes and microabscess (arrowhead), H&E, Bar=50 pm Dz Liver, granuloma, giant cells (arrows), H&E,

Bar=50 pm.

o

Figure 4. A: Heart, granuloma, H&E, Bar=200 pum
B: Kidney, granuloma, H&E, Bar=200 pm.

Immunofluorescence staining results

As the result of IF staining, 16 (88.8%) of 18 cases
with suspected Listeriosis were positive (Table 1). In
the sections used for control purposes, we observed
nonspecific fluorescence Iluminescence only in
erythrocytes. In IF evaluations, it was detected L.
monocytogenes antigens diffusely located in the
cytoplasm of hepatocytes (Figure 5A-B). In the
brain, it was observed that the antigens were diffuse
in the cytoplasm of neurons, similar to that in liver
findings (Figure 6A-D).

Figure 5. A-B: Listeria monocytogenes positivity in
the cytoplasm of hepatocytes (arrowhead). Liver, IF
method, 20x.

Figure 6. A-B-C-D: Listeria monocytogenes positivity
in the cytoplasm of neurons (arrowhead), Brain, IF
method, 20x.

Discussion

Listeriosis, caused primarily by L. monocytogenes, is
a common infectious disease reported in countries
on over six continents and in more than 40 species
of domesticated and wild animals. However, this
disease is an important health problem especially
for ruminants (Langohr et al. 2006). Encephalitic
listeriosis is observed most in sheep among
ruminants (Campero et al. 2002). In our study, in
accordance with the literature data (Campero et al.
2002), listeriosis positive cases were mostly detected
in sheep. Generally, Listeriosis is detected more
often in winter and early spring and is thought to
be related to poorly prepared silage consumption
(Al-Dughaym et al. 2001; Wesley et al. 2002). The
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animals included in our study consisted mostly of
sheep brought to our department, especially in
winter, similar to the literature data (Al-Dughaym et
al. 2001; Campero et al. 2002; Wesley et al. 2002).
Listeriosis can be evaluated pathologically under
three main headings. The first of these; infection
of the pregnant uterus and late-term abortions,
the second is septicemia characterized by milier
visceral abscesses (liver, spleen, and other organs)
and the third is encephalitis (Ortatatli et al. 2001;
Nightingale et al. 2004; Headley et al. 2014). The
clinical manifestations of Listeriosis are a result
of the lesions in the brain stem and although
individual cases vary, common symptoms include
apathy, fever, anorexia, depression, abortion,
septicemia, conjunctivitis, nystagmus, facial and
tongue paralysis, dullness, turning or twisting of the
head to one side and walking in circles (Low and
Donachie 1997; Dons et al. 2007; Brugere-Picoux
2008; Ceribasi et al. 2013). Death occurs 2-3 days
after the clinical symptoms are observed in sheep.
This period is longer in cattle (Low and Donachie
1997). In the animals of our study, consistent with
the literature (Low and Donachie 1997; Ortatatl et
al. 2001; Brugeére-Picoux 2008; Ceribasi et al. 2013),
clinical symptoms such as anorexia, depression,
unable to stand up, hypersalivation, sagging in the
lower lip, paralysis in the eyelid, abortion, circling
movement, opisthotonus, loss of coordination,
unilateral blindness, amaurosis, and torticollis were
observed.

Macroscopic lesions in listeriosis are generally
not remarkable (Rocha et al. 2013). However, it is
known that sometimes the membranes covering
the medulla oblongata are thickened due to
greenish gelatinous edema and there are a few mm
diameter melting areas on the sectional face of the
medulla oblongata. (Ortatatl et al. 2001). Significant
congestion and blurred meningeal edema have also
been reported (Al-Dughaym et al. 2001; Headley et
al. 2014; Haligur et al. 2019). Focal hepatic necrosis
and white nodules are observed in the liver (Low and
Donachie 1997). Pyogranulomas can be observed
in lymph nodes, lungs, liver, spleen, and kidneys
(Dreyer et al. 2015). In our study, similar to previous
studies (Al-Dughaym et al. 2001; Headley et al.
2014; Haligur et al. 2019), we found an increase in
opacity and thickening and significant congestion in
meninges. We also detected white nodules spread
over the entire organ surface in the liver, similar to
that reported by Low and Donachie (1997). In just
one case, in addition to macroscopic lesions in the
liver and brain, we encountered nodular areas in the
heart. Although macroscopic findings in the kidney

are not remarkable, we observed granulomatous
structures in the histopathological examination of
this organ, as reported by Dreyer et al. (2015).

In previous studies, microabscesses (Oevermann
et al. 2010; Rocha et al. 2013; Henke et al. 2015), foci
of malacia infiltrated by neutrophils (Johnson et al.
1995; Al-Dughaym et al. 2001; Ortatath et al. 2001;
Campero et al. 2002), meningoencephalitis (ilhan
et al. 2012; Headley et al. 2014), perivascular cuffs
consisting mainly of lymphocytes with histiocytes,
plasma cells and infrequent neutrophils (Low and
Donachie 1997; Ceribasi et al. 2013; Ozy|ld|z et al.
2018; Haligur et al. 2019), gliosis (Ligios et al. 2004;
Loeb 2004; ilhan et al. 2012; Ozyildiz et al. 2018),
multiple foci of necrosis of the liver (Brugére-Picoux
2008) have been observed. Similar to the results of
theseresearchers,weobservedlargeareasofnecrosis,
microabscesses, meningoencephalitis, gliosis, and
perivascular cuffing in the brain. In addition, we
determined necrosis in the liver, numerous abscess
foci, and perivascular cell infiltrations, in correlation
with the findings of some researchers (Low and
Donachie 1997; Brugere-Picoux 2008). We detected
granulomatous structures in the kidney and heart in
only one case similar to the literature data (Dreyer
et al. 2015).

In the diagnosis of listeriosis, besides
bacteriological culture techniques,
immunohistochemical staining, electron microscopy,
ELISA, and PCR methods are also used. However,
all these techniques have some disadvantages.
(Weinstock et al. 1995; Loeb 2004; Kaur et al. 2010;
Dag et al 2013; Ozyildiz et al. 2018). We couldn't
find literature data in which the presence of L.
monocytogenes in adult sheep and cattle was
evaluated by immunofluorescence staining. There
are few immunofluorescence studies evaluating the
brain cells of cattle and embryonic rats (Dramsi et al.
1998; Henke et al. 2015).

In conclusion, based on histopathological
and macroscopic findings, 16 of 18 cases in
which we suspected Listeriosis were positively
diagnosed by the immunofluorescence method. It
was thought that the difference between culture
results and immunofluorescence results is in favor
of immunofluorescence due to specific binding.
Within the scope of the results obtained from our
study, we think that immunofluorescence staining
is a very reliable and sensitive method in the
diagnosis of Listeriosis. We believe that the results
of immunofluorescence staining will contribute to
the literature in terms of diagnosis of encephalitic
and septicemic listeriosis in ruminants.

Etlik Vet Mikrobiyol Derg,

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

Cilt 32, Sayt 1, 2021, 33-39



38 Karakurt E et al. Investigation of ruminant encephalitic and septicemic listeriosis

Table 1. Comparison of the results of diagnostic tests for all animals.

. Histopathological Microbiological IF Severity of IF
Case No  Species Sample Type Results Results Results Expressions

Liver N - - -
1 Cattle .

Brain ME - - -

Liver N - + ++
2 Sheep .

Brain ME, MA, N, PC, G - + ++

Liver N, PCi, A - + +
3 Sheep .

Brain E - - -

Liver N - - -
4 Sheep .

Brain ME, MA, N, PC, G - + e

Liver N - - -
5 Sheep .

Brain ME, PC - + +

Liver N - - -
6 Sheep .

Brain ME - - -

Liver N + + +++

Brain ME + +4++
7 Sheep

Heart GR + - -

Kidney GR + - -

Liver N, PCi, A + + o
8 Sheep .

Brain ME, MA, N, PC, G + + +++

Liver N, PCi, A + + e+
9 Sheep .

Brain ME, MA, N, PC, G + + +4++

Liver N, PCi, A + + +++
10 Sheep .

Brain ME, MA, N, PC, G + + R

Liver N, PCi + + ++
11 Sheep .

Brain ME, MA, N, PC, G + + ++

Liver N + - -
12 Sheep .

Brain ME, PC + + +

Liver N, PCi, A + + ++
13 Sheep .

Brain ME, MA, N, PC, G + + e

Liver N, PCi, A + + e+
14 Sheep .

Brain ME, MA, N, PC, G + + +++

Liver N, PCi, A + + e
15 Sheep .

Brain ME, MA, N, PC, G + + +++

Liver N, PCi + + e+
16 Cattle .

Brain ME, MA, N, PC, G + + ddndn

Liver N + + ++
17 Sheep .

Brain ME, MA, N, PC, G + + ++

Liver N, PCi, A + + o
18 Sheep .

Brain ME, MA, N, PC, G + + +++

Total Number of Positive Cases 12 16

N: Necrosis, ME: Meningoencephalitis, MA: Microabscesses, PC: Perivascular cuffing, G: Gliosis, GR: Granuloma, PCI: Perivascular cell
infiltrations, A: abscess

Ethic statement: The ethics committee reportof this  Conflict of Interest Statement: The authors
study was obtained from Kafkas University Animal  declare no conflicts of interest with respect to the
Experiments Local Ethics Committee (Authorization  publication of this manuscript.

number: KAU-HADYEK-2020/075).
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Development of real-time PCR method for the diagnosis of
Mycoplasma gallisepticum and Mycoplasma synoviae
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Abstract: Avian mycoplasmas are associated with respiratory disease, synovitis, poor quality of day-old chicks, and
poor performance. The main approach used for the diagnosis of avian mycoplasmas is isolation and identification of
the microorganism. Since the Mycoplasma are slow-growing fastidious organisms, conventional methods are time-
consuming, laborious, and require experienced personnel. For this reason, we aimed to develop a rapid detection
method for Mycoplasma gallisepticum (MG) and Mycoplasma synoviae (MS) by quantitative real-time polymerase
chain reaction (qPCR). For this purpose, the lipoprotein (lp) and variable lipoprotein hemagglutinin (vlhA) genes
were used to detect M. gallisepticum and M. synoviae, respectively. The limit of detection (LOD) of the assay was
determined to be <10 DNA/ul from artificially contaminated swab samples. The specificity and sensitivity ratios
were detected 100%. Overall, these results indicate that this gPCR method can be accurately used for the detection
of MG and MS.

Keywords: Mycoplasma gallisepticum, Mycoplasma synoviae, qPCR

Mycoplasma gallisepticum ve Mycoplasma synoviae
teshisi icin real-time PCR yontemi gelistirilmesi

Ozet: Kanatli mikoplazmalari solunum yolu hastalig, sinovitis, giinliik civcivlerin kalitesizligi ve disiik performans
ile iliskilidir. Kanatli mikoplazmalarinin teshisinde kullanilan temel yaklasim mikroorganizmanin izolasyonu ve
identifikasyonudur. Mikoplazma yavas ve zor lreyen organizmalar oldugundan, konvansiyonel ydntemler zaman
alici, zahmetli ve deneyimli personel gerektirir. Bu nedenle, kantitatif gercek zamanli polimeraz zincir reaksiyonu
(gPCR) ile Mycoplasma gallisepticum (MG) ve Mycoplasma synoviae (MS) icin hizli bir tespit yontemi gelistirmeyi
amagladik. Bu amacla, sirasiyla lipoprotein (Ip) ve degisken lipoprotein hemagliitinin (vlhA) genleri M. gallisepticum
ve M. synoviae'nin teshisi icin kullanildi. Yapay kontaminasyon yapilan svap 6rneklerinde, gelistirilen metodun
deteksiyon limiti (LOD) <10" DNA/ul olarak belirlendi. Spesifite ve sensitivite oranlari ise %100 olarak tespit edildi.
Tum sonuglar, gelistirilen gPCR metodunun MG ve MS'nin dogru teshisinde kullanilabilecek bir yéntem oldugunu

gOstermektedir.

Anahtar kelimeler: Mycoplasma gallisepticum, Mycoplasma synoviae, qPCR

Introduction

Mycoplasma gallisepticum (MG) and Mycoplasma
synoviae (MS) are the most important avian
Mycoplasma species worldwide in the poultry
industry (Raviv et al. 2007). MG causes chronic
respiratory disease (CRD) of chickens and
infectious sinusitis in turkeys. It is characterized
by nasal discharges, conjunctivitis, and couching.
MG cause also infectious sinusitis in turkeys. MS
infection is commonly seen as a subclinical upper
respiratory infection. MS may cause air sac lesions
when combined with infectious bronchitis (IB) or
Newcastle disease (ND). It may also cause infectious
synovitis when becomes systematic (Lockaby et
al. 1999). MG and MS infections are economically
important diseases since they cause decreased
egg production, reduced quality of day-old chicks,

growth rate, and increased costs of eradication
procedures (Ley 2003).

Isolation and identification of Mycoplasma
speciesisstill considered the "gold standard” method
for the diagnosis of the diseases (Kleven et al. 1991;
Nascimento et al. 1991). However, replication of
Mycoplasma species requires a complex medium
consisted of serum, 3-5 or longer days, and 2-3
serial passages at 5 to 7-day intervals (Ley 2003).
These methods are expensive, time-consuming, and
laborious. Serological tests including the rapid slide
agglutination test, the hemagglutination inhibition
test, and ELISA to detect antibody production are
used for the diagnosis of avian mycoplasmosis
(Kleven et al. 1991; Yoder 1991). Polymerase chain
reaction (PCR) based methods are alternatives for
the detection of Mycoplasma species. Beside this,
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the culture of the bacteria is not required for the
detection by PCR-based methods (Hess et al. 2007;
Grodio et al. 2008). Detection of Mycoplasma species
more rapid and highly specific by quantitative PCR
methods has become the frontline approach (Carli
and Eyigor 2003; Mekkes and Feberwee 2005;
Callison et al. 2006; Grodio et al. 2008).

In this study, a quantitative real-time PCR
(QPCR) method was developed for the molecular
detection of MG and MS from poultry samples. The
developed method was validated by determining
the PCR efficiency, the limit of detection (LOD),
and specificity tests. This approach was also aimed
to screen the presence of MG and MS in poultry
samples.

Material and Methods

Genomic DNA of Bacterial strains: The genomic
DNA of M. gallisepticum and M. synoviae strains were
obtained from the collection of Ankara University
Faculty of Veterinary Medicine, Department of
Microbiology.

Bio-Speedy® Universal Real-Time PCR Internal
Control Kit, Cat No: BS-AMP-501 (Bioeksen R&D
Technologies Ltd, Turkey) was used to monitor
the integrity of PCR. For this purpose, 10 uL of the
internal control template included in the kit was
added to the DNA extract.

Primers and Probes: Detection of M. gallisepticum
andM.synoviaewasperformedusingoligonucleotides
targeting the lipoprotein (Ip) and variable lipoprotein
hemagglutinin (vlhA) genes, respectively. Probes
were designed using Primer3 (v.0.4.0) software with
an average length of 18-24 base pairs (bp), 5-8°C
higher than the binding temperatures of forward
and reverse primers determined for the same gene
region, and GC content not exceeding 60% (in the
patent submission process).

gqPCR assay: The multiplex gqPCR assay was
optimized using Quant Studio-5 Real-Time PCR
instrument (Applied Biosystems) and the specificity
of two primer pairs were confirmed via single PCR.
The PCR was optimized to conditions of 95°C for
5 min followed by 40 cycles of 95°C for 15 s, 60°C
for 50 s. Amplification of target genes was observed
in the FAM and HEX channels for M. gallisepticum/
synoviae and internal control, respectively.

A total of 10 pL of multiplex gPCR mix consisted
of 5 pL of Bio-Speedy® Colorless 2X gPCR Mix
(Bioeksen R&D Technologies Ltd, Turkey), primers
and probes with different concentrations, 2 uL of

template nucleic acid to final volume. qPCR reaction
setup details are given in Table 1.

The results were recorded as negative if there
was no sigmoidal curve. The results were recorded
as positive if Cq<37. The analysis was repeated with
the same nucleic acid extract if Cq>37, if the result
was Cq=37 again, the test was repeated from the
DNA extraction step.

Table 1. Multiplex gPCR reaction setup details.

Reagent Final Concentration
quorless 2X qPCR Mix 1X
(Bio-Speedy®, Cat No: BS-AMP-102)

Oligomix (MG/MS) 500 nmol/L
Probe (MG/MS) 200 nmol/L
Int.ernal Control Oligo Mix 1L
(Bio-Speedy®, Cat No: BS-AMP-501)

Template Nucleic Acid 2L

Final Volume 10 pL

PCR Efficiency: Each M. gallisepticum and M.
synoviae obtained from the collection of Ankara
University  Faculty of Veterinary Medicine,
Department of Microbiology were used for the PCR
efficiency tests.

Nucleic acid samples of M. gallisepticum and M.
synoviae were diluted to working concentration (200
ng/ul). A 6-point dilution series of 1/2, 1/4, 1/16,
1/64, 1/256, and 1/1024 were prepared from DNA
samples, starting from a concentration of 200 ng/
pL. Each dilution was analyzed in duplicate by gPCR.
Calibration curves were constructed with the Cq
values obtained by the PCR test and the logarithm of
the dilution factors. Compliance with the acceptance
criteria required for PCR efficiency was evaluated by
using the equations of the calibration curves.

Specificity: The specificity was tested wet with a
total of 17 microorganisms genomic DNA extraction
consisting of Salmonella Liverpool, Salmonella
Kentucky, Salmonella Mbandaka, Salmonella
Agona, Salmonella Virchow, Salmonella Enteritidis,
Salmonella Infantis, Streptococcus pneumoniae,
Pseudomonas  aeruginosa, Mycoplasma iowae,
Mycoplasma meleagridis, Mycoplasma gallisepticum,
Mycoplasma  synoviae, Pasteurella multocida,
Escherichia coli, Staphylococcus aureus, Avibacterium
paragallinarum.

Genomic DNA extraction was performed
by using Bio-Speedy® Universal Nucleic Acid
Isolation Kit, Cat No: BS-NA-121, and by adding
10 uL of the internal control template included in
the Bio-Speedy® Universal Real-Time PCR Internal
Control Kit, Cat No: BS-AMP-501 (Bioeksen R&D
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Technologies Ltd, Turkey). All samples were tested
in triplicate and the Cq values were observed in the
related channels.

Limit of detection (LOD): Each M. gallisepticum
and M. synoviae obtained from the collection of
Ankara University Faculty of Veterinary Medicine,
Department of Microbiology were used in LOD
studies.

For the LOD studies, a swab matrix was selected.
6-point dilution series of 1/2, 1/4, 1/16, 1/64, 1/256,
and 1/1024 of DNA samples were prepared and
swab samples artificially contaminated with target
levels. The artificial contamination procedure was
performed in five replicates for the swab matrix
and each contamination level. In addition, five
replicates of negative (uncontaminated) samples
were prepared for the swab matrix. All samples

Table 2. Data of PCR efficiency tests.

were tested in duplicate by two different analysts
on different days by gPCR. Positive and negative (no
template) control were tested in each run. Nuclease-
free water, (DEPC-treated, molecular biology grade,
CAS 7732-18-5) was used as a template in negative
control reactions.

Results

PCR Efficiency: The gPCR efficiency of M.
gallisepticum and M. synoviae was found to be
98.5% and 98.6%, respectively. The data of the qPCR
efficiency tests are given in Table 2.

Specificity: The wet tests showed that the kit
does not cross-react with the other strains of
the Mycoplasma genus or the strains of other
microorganisms. In addition, all inclusivity test
strains were positive by qPCR (Table 3).

Cq difference [

Target Dilution Factor Cq1 Cq2 Cq mean (between previous dilution)
1/2 18.32 18.39 18.35 -
1/4 20.23 20.29 20.26 1.91
Mycoplasma 1/16 22.29 22.33 22.306 2.046
gallisepticum 1/64 24.28 24.62 24.445 2.139
1/256 26.67 26.69 26.68 2.235
1/1024 28.62 28.71 28.654 1.974
172 18.29 18.30 18.3 -
1/4 20.15 20.37 20.266 1.966
. 1/16 22.36 22.38 22.39 2.124
Mycoplasma synoviae
1/64 24.32 24.35 24.33 1.94
1/256 26.8 26.85 26.825 2495
1/1024 28.75 28.78 28.775 1.95

lal As the DNA is diluted 4-fold in each dilution, the expected Cq difference with the previous dilution is 2.0 when the PCR efficiency is

100% (4=22).

Table 3. Selectivity test results of multiplex gPCR with MG/MS and other strains.

Species/Strain [ Source ™ Ip vlhA IC

Species/Strain [l Source ™ Ip vlhA IC

Salmonella enterica subsp. enterica

serovar Enteritidis (1) AUVFM - - +
serovar Kentucky (1) AUVFM - - +
serovar Infantis (1) AUVFM - - +
serovar Mbandaka (1) AUVFM - - +
serovar Virchow (1) AUVFM - - +
serovar Liverpool (1) AUVFM - - +
serovar Agona (1) AUVFM - - +
Streptococcus pneumoniae (1) AUVFM - - +
Escherichia coli (1) AUVFM - - +
Pasteurella multocida (1) AUVFM - - +

Salmonella enterica subsp. enterica

Avibacterium paragallinarum (1) AUVFM - -+
Pseudomonas aeruginosa (1) AUVFM - - +
Staphylococcus aureus (1) AUVFM - - -+
Mycoplasma gallisepticum (1) AUVFM  + -+
Mycoplasma synoviae (1) AUVFEM -+ +
Mycoplasma iowae (1) AUVFM - - +
Mycoplasma meleagridis (1) AUVFM - -+

1 The numbers in parentheses indicate the number of strains.
bl AUVFM refers to Ankara University Faculty of Veterinary
Medicine Department of Microbiology.
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Limit of detection (LOD): The detection limit of
the assays was determined to be <10" DNA/ul from
artificially contaminated swab samples. All negative
and positive controls tested in the multiplex qPCR
runs were eligible.

Discussion

The qPCR method developed in this study detecting
the presence of M. gallisepticum and M. synoviae
is essential since these bacteria cause loss of
productivity and economic losses in the poultry
industry. Although the culture of the Mycoplasma
species is considered as the gold standard method
for the detection of avian Mycoplasma species, these
methods are time-consuming, labour-intensive, and
fastidious (Kleven et al. 1991; Nascimento et al.
1991; Mekkes and Feberwee 2005). For this reason,
PCR-based methods have been replaced culture
methods for more than a decade (Marois et al.
2002; Mekkes and Feberwee 2005; Fraga et al. 2013;
Khalifa et al. 2013; Fujisawa et al. 2019). In this study,
the development of a rapid, sensitive and effective
method for the detection of M. gallisepticum and
M. synoviae from poultry samples was aimed.
Analysis of the qPCR assay resulted in 100% identity
for the primer and probe sequences targeting M.
gallisepticum and M. synoviae.

Since the 16S ribosomal DNA (rDNA) gene
sequences are highly conserved within the bacteria,
for the diagnosis of MG and MS by PCR methods,
the 16S rRNA gene was targeted in the early 1990s
(Lauerman 1998). However, PCR assays targeted 16S
rDNA gene might cross-react with other bacterial
species and cause false-negative results (Kempf
1998). Because of this reason we choose PCR
primers based on the Ip gene and vlhA gene for
detection of MG and MS, respectively (Nascimento
et al. 1991; Noormohammadi et al. 2000; Bencina et
al. 2001; Carli and Eyigor 2003). The mgc2 gene of
MG and the vlhA gene of MS are widely used for the
detection of avian Mycoplasma species according
to World Organization or Animal Health (OIE). The
PCR method targeted to the MG [p gene was first
described by Nascimento et al. (Nascimento et al.
1991). The lp gene was investigated with the gapA
gene together by nested PCR method by Nascimento
et al. Carli and Eyigor (2003) first described the
method for the detection of MG in chicken tracheal
samples by using qPCR and DNA melting curve
analysis. One advantage of the developed method
in this study is that targeted the [p gene is a single
PCR method. For the detection of MS, the vlhA gene

is already recommended in several studies (Hong et
al. 2004; Moscoso et al. 2004; Ghaniei 2016; Fujisawa
et al. 2019; Felice et al. 2020).

The detection limit of the assay in this study was
found < 10" DNA/ul from artificially contaminated
swab samples. Other studies reported the detection
limits in colony-forming units (CFU) and color
changing-units (CCU). Carli and Eyigor (2003)
reported the value of the LOD assay as 3000 CFU/
ml” for MG. Hong et al. (2004) determined the
LOD of the vlha PCR assay as 4.7x10> CCU/ml. In
this context, a direct comparison of detection limits
between the studies cannot be made.

The data presented in this study indicate that
this qPCR procedure based on the vlhA and Ip
genes of M. synoviae and M. gallisepticum has the
favorable sensitivity and specificity required to be
useful as a diagnostic PCR. Beside this, the cost of
gPCR can be reduced by pooling samples (Khalifa
et al. 2013). At present, this developed method has
been used in Turkey for the detection of MG and MS
in some commercial poultry flocks.
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Tiirkiye’de Dogu Akdeniz illerindeki siit kecisi isletmelerinde
pestivirus enfeksiyonlarinin seroprevalansi
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Ozet: Pestiviruslar, konak genislikleri, multisistemik hastalik tablosuna ve yiiksek ekonomik kayiplara yol agmalari
nedeniyle ciftlik hayvanlarinin en 6nemli viral patojenleri arasinda yer almaktadir. Pestiviruslar konakgi spesifik olma-
diklar gibi tanimlanmis tim pestiviruslar sigir, koyun, kegi, alpaka, geyik ve domuzlarda cogalabilmektedir. Persiste
bovine viral diarrhoea virus (BVDV) ve border disease virus (BDV) enfeksiyonlari kegilerde nadir olarak bildirilmesine
karsin, akut enfeksiyon modeli seklinde gebe kegcilerde abortlar ve oglaklarda merkezi sinir sistemi bulgulari ile ka-
rakterize olgular rapor edilmistir. Bu arastirmada, Akdeniz bolgesinin dogusunda yer alan 3 ildeki (Kahramanmaras,
Hatay ve Osmaniye) kegi poptilasyonunda pestivirus enfeksiyonunun seroprevalansinin degerlendirilmesi amaclan-
mistir. Bu amacla farkli irk kegilerden alinan 461 kan serumu 6rnegi kullanildi ve ELISA ile antikor varligi arastirildi.
Orneklenen keci poptilasyonundaki toplam seroprevalansin %16,7 (77/461) oldugu saptandi. Ayrica irklar arasindaki
seropozitiflik istatistiksel olarak anlamli bulundu.

Sonug olarak, bu arastirmada Turkiye'nin Dogu Akdeniz alaninda érnekleme yapilan Kahramanmaras, Osmaniye ve
Hatay illerindeki farkli irklardan kegi surilerinde pestivirus sirkiilasyonu gosterilmistir.

Anahtar kelimeler: Antikor, Dogu Akdeniz, ELISA, keci, pestivirus.

Seroprevalance of pestivirus infections in dairy goat
farms in Eastern Mediterranean, Turkey

Abstract: Pestiviruses are among the most important viral pathogens of livestock due to their host size, multisys-
temic disease and high economic losses. Pestiviruses are not host specific, and all identified pestiviruses can repro-
duce in cattle, sheep, goats, alpaca, deer and pigs. Although persistent bovine viral diarrhoea virus (BVDV) and bor-
der disease virus (BDV) infections are rarely reported in goats, cases characterized by abortions in pregnant goats
and central nervous system findings in goats have been reported as an acute infection model. In this study, it was
aimed to evaluate the seroprevalence of pestivirus infection in the goat population in 3 provinces (Kahramanmaras,
Hatay and Osmaniye) located in the east of the Mediterranean region. For this purpose, 461 blood serum samples
were used taken from different breed goats and the presence of antibodies was investigated by ELISA. The total
seroprevalence in the sampled goat population was found to be 16.7% (77/461). In addition, seropositivity between
races was found to be statistically significant. In conclusion, this study conducted sampling in the Eastern Mediter-
ranean area of Turkey Kahramanmaras, Osmaniye and pestivirus circulation in a lot of different races in the province
of Hatay shown goats.

Keywords: Antibody, Eastern Mediterranean, ELISA, goat, pestivirus.

Giris

ruslar konakgi spesifik olmadiklari gibi tanimlanmis

Pestiviruslar, konak genislikleri, multisistemik has-
talik tablosuna ve yiksek ekonomik kayiplara yol
acmalari nedeniyle ciftlik hayvanlarinin en 6nem-
li viral patojenleri arasinda yer almaktadir (Baker
1995; Cirone ve ark. 2018). Sigirlardaki bovine viral
diarrhoea virus (BVDV1; BVDV2; HoBi-like: BVDV3),
domuzlardaki klasik domuz vebasi virusu, koyun ve
kegilerdeki border disease viruslari (BDV1-7); RNA
genomuna sahip Flaviviridae ailesinin  Pestivirus
cinsi icinde siniflandinimistir (ICTV 2020). Pestivi-

tim pestiviruslar sigir, koyun, keci, alpaka, geyik ve
domuzlarda ¢ogalabilmektedir (Terpstra ve Wensvo-
ort 1997; Carman ve ark. 2005; Nelson ve ark. 2008;
Broaddus ve ark. 2009; Oguzoglu ve ark. 2009). Per-
siste BVDV ve BDV enfeksiyonlari kegilerde nadir
olarak bildirilmesine karsin, akut enfeksiyon modeli
seklinde gebe kegilerde abortlar ve oglaklarda mer-
kezi sinir sistemi bulgulari ile karakterize olgular ra-
por edilmistir (Broaddus ve ark. 2009; Abdel-Latif ve
ark. 2013; Schweizer ve Peterhans 2014).
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Pestivirus enfeksiyonlariyla miicadele program-
lari, strtideki aktif enfeksiyonlarin izlenmesi, persis-
te enfekte hayvanlarin siriiden c¢ikarilmasi, asilama,
strveyans ve biyogtvenlik dnlemlerini icermektedir
(Houe ve ark. 2006; Newcomer ve ark. 2017). Bu
amagla, polimeraz zincir reaksiyonu (PCR) ve anti-
jen ELISA gibi virolojik yontemler tanida basarili bir
sekilde kullanilmasina ragmen bu metodlarin klinik
orneklerde virus varligini gerektirmesi gibi dezavan-
tajlari vardir. Kecilerde persiste enfeksiyonun nadir
olmasi ve kisa sureli akut enfeksiyonlarla daha sik
karsilasiimasi nedeniyle &zellikle genis zaman dili-
mindeki epidemiyolojik verilerin degerlendirilebil-
mesi ve miicadele programlarinin ortaya konulma-
sinda serolojik arastirmalar daha uygun bir yaklasim
olarak onerilmektedir (Schweizer ve Peterhans 2014;
Cirone ve ark. 2018). Turkiye'de sigir ve koyunlarda
pestivirus enfeksiyonlarina karsi cok sayida seroepi-
demiyolojik arastirma bulunmasina ragmen (Burgu
ve ark. 1984; Cabalar ve Karaoglu 1999; Burgu ve
ark. 2003; Yildirnm ve Burgu 2005; Okur-Glimisova
ve ark. 2006; Tan ve ark. 2006; Gur 2009; Azkur ve
ark. 2011; Yildinm ve ark. 2011; Yilmaz 2016), keci-
lerde sinirli sayidadir (Ataseven ve ark. 2006; Gur ve
ark. 2009; Ural ve Erol 2017; Alpay ve ark. 2018).

Bu arastirmada, Turkiye'de dondurma, peynir ve
tuzlu yogurt gibi geleneksel gastronomi kdlttriinde
onemli yeri olan kegi sttt Gretiminin yogun olarak
yapildigi Akdeniz bolgesinin dogusunda yer alan
3 ildeki (Kahramanmaras, Hatay ve Osmaniye) keci
poptilasyonunda pestivirus enfeksiyonunun serop-
revalansinin belirlenmesi amaclanmistir.

Gereg ve Yontem
Serum Ornekleri

Arastirma, 2017-2019 yillari arasinda Dogu Akdeniz
bdlgesinde Kahramanmaras'ta Saanen irki, Osmani-
ye'de Kil kegisi ve Saanen irki, Hatay'da kiiglik dlcekli
Halep (Damascus) irki kegi yetistiriciliginin yapildigi
10 sut kegisi isletmesinden bir yas UGzeri ve s6z konu-
su enfekiyona karsi asisiz, toplam 461 saghkh goru-

nimlu kegiden laboratuvara gonderilen kan serumu
orneklerinde gerceklestirildi (Tablo 1).

Kahramanmaras'taki 1 nolu isletme disinda di-
ger isletmeler disardan nadiren hayvan girisi olan ve
mera yayilimi yapilan kiictik olcekli aile isletmeleriy-
di. Kahramanmaras'taki 1 nolu isletme ise araliklarla
Tarkiye'nin farkli yerlerinden hayvan girislerinin ol-
dugu buyuk olcekli ticari bir isletmeydi. Bu isletme-
deki hayvanlarin %25'i, kiiglk isletmelerdeki kegile-
rin ise tamami 6rneklendi.

indirek ELISA

GCalismada, pestivirus anti-NS2-3 antikorlarinin tes-
piti igin ticari bir BVDV/BDV p80 antikor ELISA kiti
(CIVTEST Bovis, Hipra Lab., ispanya) kullanildi. Test
uretici firmanin Onerileri dogrultusunda serumlar
1/10 oraninda sulandirlarak gergeklestirildi. Tim
sonuglar ELISA okuyucu (Mindray MR-96A, Alman-
ya) kullanilarak spektrofotometrik olarak 450 nm
absorbans dalga boyunda degerlendirildi.

istatistik

Tanimlayici istatistikler frekans ve yiizde seklinde
gosterildi. Irklara gore serolojik durumun degisimi
Pearson Ki-Kare Testi ile degerlendirildi. Istatistiksel
anlamlilik sinin p<0,05 olarak kabul edildi. istatistik-
sel analizler Stata/SE 15.1 paket programi kullanila-
rak yapildi.

Bulgular

Bu arastirmada, 6rneklenen kegi poptlasyonunda
pestivirus enfeksiyonunun seroprevalansinin %16,7
(77/461) oldugu saptandi (Tablo 1).

illere gére toplam pestivirus seropozitiflik diize-
yi ylksekten distge sirasiyla Hatay (%25,3), Kahra-
manmaras (%16,8) ve Osmaniye'de (%6,8) belirlendi
(Tablo 1). Ayrica her ildeki isletmelere gore seropozi-
tiflik oranlari Hatay'da %3,3-62,5; Kahramanmarag'ta
%2,1-20,1 ve Osmaniye'de %2,2-11,4, arasinda dagi-
hm gosterdigi tespit edildi (Tablo 2).

Tablo 1. illere gére rneklenen hayvan sayilari ve pestivirus enfeksiyonu seropozitiflik oranlari.

iller Hatay Kahramanmaras Osmaniye Toplam
n:150 n:179 n:132 n:461
L Antikor (+) Antikor (+) Antikor (+) Antikor (+) Antikor (-)
Seropozitivite
% (n) 25,3 16,8 6.8 16,7 83,3
(38/150) (30/179) (9/132) (77/461) (384/461)
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Tablo 2. illere ve isletmelere gére drneklenen hayvan sayilari ve pestivirus enfeksiyonu seropozitiflik oranlari.

isletme No. 1 2 3 4 5
Antikor (+) Antikor (+) Antikor (+) Antikor (+) Antikor (+)

% (n) % (n) % (Nn) % (n) % (n)

Hatay 62,5 35 13,3 15,8 3,3

(Toplam n: 150) (20/32) (7/20) (4/30) (6/38) (1/30)

Osmaniye 11,4 2,2 7,0

(Toplam n:132) (5/44) (1/45) (3/43)

Kahramanmaras 20,1 2,1

(Toplam n:179) (29/144) (1/47)

Irklara gore elde edilen seropozitiflik orani is-
tatistiksel olarak anlamh bulundu (p=0,004). Pesti-
virusunun Damascus irkinda serolojik olarak pozitif
gorulme orani (%25,3), Saanen ve Kil kecilerinde po-
zitif gorilme oranlarindan (sirasiyla %12,7 ve %11,4)
daha yuksek oldugu gozlendi (Tablo 3).

Tablo 3. Irklara gore pestivirus enfeksiyonu seropozitifliginin
istatistiki degerlendirmesi.

Diinyada farkli irklardan kegi populasyonlarinda
yapilan galismalarda pestivirus seropozitifligi %1,5-
31,3 oranlari arasinda belirlenmistir (Krametter-Fro-
tscher ve ark. 2006; Oem ve ark. 2012; Ali ve ark.
2013; Cirone ve ark. 2018). Tirkiye'de koyunlarda
%90,27 oraninda diinyadaki en ylksek antikor pre-
valansi rapor edilmesine karsin (Ozan ve ark. 2012),
kecilerde %3,17-78,8 arasinda degisen seropreva-
lans oranlari bildirilmistir (Ataseven ve ark. 2006; Guir

n (%) ve ark. 2009; Ural ve Erol 2017; Alpay ve ark. 2018).

Pozitif Negatif  Toplam  p Bu arastirmada, 6rneklenen keci populasyonundaki

Damascus 38 (%253) 112 (%74,7) 150 toplam seroprevalansin %16,7 (77/461) oldugu sap-
Saanen 34(%127) 233 (%873) 267 (o4 tandi (Tablo 1).

Kil Ke<;|5| 5 (%11,4) 39 (%88,6) 44 ' T(]I’kiye'de kegilel’de bildirilen SerOpOZitiflik

Toplam 77 (%16,7) 384 (%833) 461 oranlari, enfeksiyonun tlkemizdeki yayginhiginin si-

Tartisma ve Sonug

iki bin on dokuz yili TUIK verilerine gére Tiirkiye'de
toplam st Uretiminin yaklasik %2,5'ini karsilayan 12
milyonu asan bir keci popilasyonu bulunmaktadir
(ESK 2019; TUIK 2020). Tiirkiye'de kegi yetistiriciligi
isletmeleri genelde kicuk 6lcekli olarak yurutilme-
sine ragmen ekonomik, ekolojik ve sosyolojik ola-
rak goz ardi edilemeyecek bir konumdadir (Glnli
ve Alasahan 2010). Diger tim ruminantlarda oldugu
gibi bovine herpesvirus-1 (BoHV-1) ve parainfluen-
zavirus-3 (PIV-3) viral enfeksiyonlarina duyarl oldu-
gu bildirilen kecilerde pestiviruslar da postnatal veya
konjenital enfeksiyonlar neticesinde agir ekonomik
kayiplara yol actiklari icin yetistiricilik yoninden
onem tasimaktadir (Ataseven ve ark. 2006; Ataseven
ve ark. 2010; Cirone ve ark. 2018). Ayrica, sigirlar ve
kiicik ruminantlar arasinda gapraz bulasmanin var-
g1 ve enfeksiyonun akut ya da persiste enfekte hay-
vanlarda asemptomatik gorilebilmesinden dolayi
etkili bir pestivirus kontrol programinin basarili ola-
bilmesi icin eradikasyon/eliminasyon programlarin-
da yer alan sérveyans uygulanmalarina kiigtik rumi-
nantlarin da eklenmesi gerektigi bildirilmistir (Baker
1995; Broaddus ve ark. 2009; Cirone ve ark. 2018).

gir ve koyunlara nazaran daha disik dizeyde ol-
dugunu gostermektedir. Ayrica, persiste enfeksiyon
prevalansinin ¢ok dusuk oldugu kegiler pestivirus-
lar icin etkili bir konak olarak tanimlanmamaktadir
(Broaddus ve ark. 2009; Cirone ve ark. 2018).

Arastirmanin yuritaldiga bolgedeki illere gore
de pestivirus enfeksiyonu seropozitifliginin %6,8-
25,3 oranlari arasinda oldugu tespit edildi (Tablo 1).
Ornekleme yapilan illerde isletmelere gére seropo-
zitiflik oranlan Hatay'da %3,3-62,5, Kahramanma-
ras'ta %2,1-20,1 ve Osmaniye'de %2,2-11,4 arasinda
dagihm gosterdigi belirlendi (Tablo 2).

Kecilerdeki seroprevalans oranlarinin; 6rnekle-
me zamani, drneklenen hayvanlarin yasi ve sayisi,
bireysel ve genetik farkliliklar, ayni isletmede sigir-
larla birlikte yetistirme, ortak mera kullanimi ve ba-
kim-besleme &zellikleri, ¢iftlik yapisi gibi faktorler-
den etkilenebilecedi, ayrica kecilerde pestivirus en-
feksiyonlarinin yavas yayiliminin da dislk prevalans
oranlariyla iliskili olabilecegi belirtilmistir (Cirone ve
ark. 2018). Bu arastirmada, orneklenen isletmelerde
sadece keci yetistirildigi icin sigir veya koyunlardan
direk temasla pestivirus bulagsma ihtimali s6z konu-
su degildir. Ancak Hatay ve Osmaniye'deki kiiglik 6l-
cekli isletmelerdeki seropozitifligin ortak mera kul-
lanimindan kaynakli olabilecegi dislintlmektedir.
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Kahramanmaras'ta 1 nolu isletmedeki antikor pre-
valansi ise yogun hayvan girisinden kaynakli olabilir.

Bircok viral ve bakteriyel hastalikta irk predispo-
zisyonu oldugu belirtilmektedir (Azkur ve ark. 2011;
Yaman ve ark. 2019; Taskaya ve Kale 2020). Turki-
ye'de pestivirus yoninden koyunlarda irk yatkinlig
ile ilgili bildirimler (Azkur ve ark. 2011) bulunmasina
ragmen kecilerde bu konuyla ilgili yapilan calismaya
rastlanilmamistir. Yaptigimiz bu arastirmada irkla-
ra gore elde edilen seropozitiflik orani istatistiksel
olarak anlamh bulundu (p=0,004). Pestivirusunun
Damascus irkinda serolojik olarak pozitif gorilme
orani (%25,3), Saanen ve Kil kegilerinde seropozi-
tif gorilme oranlarindan (sirasiyla %12,7 ve %11,4)
daha yuksek oldugu gozlendi (Tablo 3).

Bu verilere gore keci isletmelerinde; hayvan
saghgi, cografi kosullar ve ekonomik veriler de g6z
onlinde bulundurularak irk seleksiyonu yapilmasi ile
s6z konusu bu hastaligin surilerde sirkilasyonunun
azaltilabilecegi bdylece koruma ve kontrol dnlem-
lerine de fayda saglayabilecegi diistintildii. Ozellik-
le bu hastaliga daha az duyarli Saanen ve Kil kecisi
yetistiriciliginin desteklenmesi dnerilebilir. Ancak irk
duyarliliklari ile ilgili daha genis kapsamli calismala-
rin yani sira deneysel calismalarin da yapilmasi ge-
rekmektedir.

Sonug olarak, bu arastirmada Turkiye'nin Dogu
Akdeniz bolgesinde 6rnekleme yapilan Kahraman-
maras, Osmaniye ve Hatay illerindeki farkli irklardan
kegi surllerinde pestivirus sirkilasyonu gosterilmis-
tir. TUrler arasi gapraz bulasma ve persistens gibi
epidemiyolojik 6zellikleri ve kecilerde BDV enfek-
siyonuna karsi ticari BVDV asilariyla distk dizeyli
korunma saglanabilmesi keci yetistiriciligi isletme-
lerinde pestivirus sirkiilasyonunun azaltiimasi igin
etkili kontrol &nlemlerinin uygulanmasini gerektir-
mektedir. Ayrica irk duyarliliklari ile ilgili daha genis
kapsamli ve deneysel calismalara da ihtiyac duyul-
maktadir.

Deney hayvanlari kullanimi etik kurulu ve diger
etik kurul kararlar ve izinler: Bu calisma icin De-
ney Havanlari Etik kurulu iznine gerek yoktur.

Tesekkiir: Bu calismanin istatistiksel analizlerinin
yapilmasinda emegi gecen Hatay Mustafa Kemal
Universitesi Veteriner Fakiiltesi Biyoistatistik Anabi-
lim Dali 6gretim elemani Aras. Gor. Dr. Kadriye Pinar
AMBARCIOGLU'na tesekkiir ederiz.
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Tiirkiye'nin farkh bolgelerinden toplanan siit
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Ozet: Siit, yasamin her evresinde 6nemli bir besin kaynagidir. Siitiin bilesimi, kalitimsal, fizyolojik ve cevresel faktor-
ler ile yetistirme kosullarina bagli olarak biyik ¢lclide degisir. Ginimizde endustrideki hizli gelismeye bagh olarak
ortaya ¢ikan cevre kirliliginin olumsuz etkilerinden birisi de insan ve hayvanlarin agir metallere maruz kalmasidir.
Sutlin kontaminasyonu, insan ve hayvan sagligi icin tehdit olusturmaktadir. Bu olasi etkileri degerlendirmek ama-
clyla Marmara, Karadeniz, ic Anadolu, Dogu Anadolu, Akdeniz ve Ege bélgelerinden, 2007 yilinda icer aylik dért
doénemde temin edilen numunelerde, sitin yapisinda bulunan demir (Fe), bakir (Cu), cinko (Zn) yaninda sttte bulun-
masi muhtemel kursun (Pb) ve kadmiyum (Cd) diizeyleri yéniinden analizler yapildi. Pb ve Cd analizleri Grafit Firinh
Atomik Absorbsiyon Spektrometre (GF-AAS), Fe, Cu ve Zn analizleri ise Alevli Atomik Absorbsiyon Spektrometre
(A-AAS) ile gergeklestirildi. Pb yoniinden drneklerin 10'unun (%8,3) maksimum kalinti limitlerini astigi, ancak genel
ortalamanin bu degerin altinda oldugu gérildu. Cd, Cu, Fe, ve Zn yéninden normal sinirlar icerisinde oldugu ve
insan sagligr yonlnden risk olusturacak diizeyde olmadigi tespit edildi.

Anahtar kelimeler: Agir metal, Atomik absorpsiyon spektrometre, stt, Turkiye

Some metal levels in milk samples which were
collected from different regions of Turkey

Abstract: Milk is an important food source in every stage of life. The composition of milk varies greatly depending
on the animal-source, hereditary, physiological and environmental factors and the husbandry conditions. Today,
one of the negative effects of environmental pollution, which occurs due to the rapid development in industry,
is the exposure of humans and animals to heavy metals. Milk contamination poses a threat to human and animal
health. In order to assess these potential effects iron (Fe), copper (Cu) and zinc (Zn), which are generally found in
the composition of the milk as well as possibly found lead (Pb) and cadmium (Cd) levels were analyzed in samples
obtained from Marmara, Black Sea, Central Anatolia, Eastern Anatolia, Mediterranean and Aegean regions for four
quarterly periods in 2007. Pb and Cd analyzes were performed with Graphite Furnace Atomic Absorption Spectrom-
eter (GF-AAS) and Fe, Cu and Zn analyzes were performed with Flamed Atomic Absorption Spectrometer (F-AAS).
It was seen that 10 (8.3%) of the samples exceeded the maximum residue limits in terms of Pb, but the average was
below this value. Cd, Cu, Fe, and Zn were found to be within normal limits and not to pose a risk for human health.

Keywords: Atomic absorption spectrometer, heavy metal, milk, Turkey

Giris

Sut, genis anlamda butiin memeli hayvanlarin yav-
rulamalarindan sonra meme bezlerinde olusturduk-
lari biyolojik salgi olarak tanimlanir (Tekinsen 2000).
Cig sut ise, bir veya daha fazla inek, kegi, koyun veya
mandanin sagilmasiyla elde edilen, 40°C'nin Uzerin-
de 1sitilmamis veya esdeger etkiye sahip herhangi
bir islem gérmemis kolostrum disindaki meme bezi
salgisidir (Anon 2011a).

Sutiin bilesimi ve elementer icerigi, 6nemli 6l-
cide farkllik gosterir. Degisimler bashca, inegdin
fizyolojisi (laktasyon donemi, gebelik, yas, meme
saghgn) ile kalitim ve cevre faktorlerine, bir dlclide

de sagim sirasi, arasi ve sonrasi islemlere baghdir
(Tekinsen 2000).

Sut ve sUt Grlinleri beslenme agisindan, oldukca
onemli bir besin grubu olup, yasamlarinin her ev-
resinde insanlar icin gereklidir. Bu durumun temel
sebebi; sit ve slt Urtnlerinin gesitli besin 6geleri
acisindan iyi bir kaynak olmalaridir.

GUnUmuzde endustrideki hizli gelismeye bagl
olarak ortaya cikan cevre kirliliginin olumsuz etki-
lerinden birisi de insan ve hayvanlarin solunum ve
beslenme yoluyla agir metallere maruz kalmasidir.
Her ¢evre sorununun kdkeninde hava, su ve top-
raktan en az birinin dogal bilesiminin bozularak
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kirlenmesi yatmaktadir. Ozgiil agirliklar 5 g ve bu
degerin Uzerinde olan metaller, agir metal olarak ni-
telenmekte (Ag, As, Cd, Cu, Fe, Hg, Ni, Pb, Zn gibi)
ve bunlarin ¢cok yonli zararlara neden olduklari bi-
linmektedir (Algan 2002; Ozrenk 2002).

Canli organizmada cesitli biyokimyasal islevlere
sahip olan ve gidalar araciligiyla alinan demir (Fe),
cinko (Zn) ve bakir (Cu) gibi elementler insan viicudu
icin gereklidir. Bununla birlikte tavsiye edilen miktar
Uzerindeki seviyeleri toksik hale gelebilir. Organiz-
ma icin gerekli olmayan Kadmiyum (Cd) ve kursun
(Pb) gibi agir metallerin ise bilinen biyolojik bir roli
yoktur, cok diistik konsantrasyonlarda toksik etkilere
neden olabilir. Bu nedenle, gidalar araciligiyla agir
metallere maruziyet, insan sagligina tehdit olustur-
maktadir. Dekompozisyon igin uygun olmamalari,
parcalanmamalari, yasam boyu maruziyet ve gida
zinciri araciligiyla ytksek seviyede birikmeleri, agir
metalleri diger bulasanlardan ayirir (Boudebbouz
2021).

Vicuda alinan kursun, 6ncelikle hemoglobin
sentezini ALA-D (delta- aminoleviilinik asit dehid-
raz) ve hem sentetaz enzimlerini inhibe ederek iki
asamada bloke eder. Anemiye sebep olur. Kursun
dogrudan alyuvarlarda pargalanmaya yol acar (Kaya
ve Akar, 1998).

Kursunun en 6nemli toksik zararlarindan birisi
de merkezi sinir sistemi lzerine olan etkisidir. Etki-
lenme nedeniyle dzellikle cocuklarda zihinsel hasar-
lar, 8grenme yeteneginde azalma ve davranis bo-
zukluklari gérilebilir (Ozrenk 2002).

FAO/ WHO uzmanlar komitesi (JECFA) gecici
tolere edilebilir haftalik alim miktarini 25 mg/L vi-
cut agirhgr olarak belirlemistir. Kodeks Alimentarius
Komisyonu (CAC) tarafindan tavsiye edilen haftalik
sinir ise, 0,05 mg/L vicut agirhgidir. Degisik anali-
tik veriler dikkate alindiginda sutteki normal kursun
miktarlarinin 0.01-0.05 mg/L arasinda degistigi ifa-
de edilebilir. Glinde 1 litre ortalama seviyede kursun
iceren sut tuketildiginde (ve / veya denk miktarda
stt Urlnleri), tolere edilebilir kursun aliniminda si-
tlin etkisi %1'den az olmaktadir. 1881/2006 EC sayI-
Il Avrupa Birligi Komisyon Tuzugu ¢ig sut icin 0.02
mg/L diizeyinde sinirlama getirmistir (Anon 2006).

Kadmiyum, endustriyel kullanimi yaygin kanse-
rojen, toksik bir elementtir. Uzun yari émri (15-30
yil) ve insan sagligi Uzerinde teratojenik, kansero-
jenik, hepatotoksik, nefrotoksik, iskelet ve lreme
sistemlerine ¢ok yonll zararl etkileri nedeniyle en
toksik endustriyel ve cevresel agir metallerden biri
kabul edilmektedir (Boudebbouz 2021).

JECFA insanlarin her kg agirhgr basina haftalik
0.007 mg/L kadmiyum almasina tolerans taninmis-
tir. Ote yandan bazi ézel yiyeceklerin alimi ile (6rne-
gin bobrek ve keten tohumu) 6nerilen degerlerden
daha fazla kadmiyum alinabildigi yapilan bir takim
calismalarda gésterilmistir. inek siitiiniin kadmiyum
icerigi 0,0002 mg/L ile 0,0008 mg/L (ortalama 0.0005
mg/L) arasinda bulunmaktadir. Bazi dlkeler st igin
Tablo 1'de belirtilen kendi kabul edilebilir degerlerini
tespit etmistir (Kinik ve ark. 2001).

Tablo 1. Bazi llkelerdeki siitte kabul edilebilir kadmiyum dii-
zeyleri

Ulke Miktar (mg/kg)
Almanya 0.005
Danimarka 0.01
Hollanda 0.005
Avustralya 0.05
Slovakya 0.01

Demir, Bakir ve Cinko toksikolojik etkilerinden
ziyade, lipid oksidasyonu nedeniyle siit ve sut Grln-
lerinin tat ve aromasini olumsuz yonde etkilemek-
tedir.

Bu calisma, Turkiye'nin farkli bolgelerinden te-
min edilen ¢ig inek sutlerinde Fe, Cu, Zn, Pb ve Cd
dizeylerinin belirlenmesi amaciyla gerceklestirilmis-
tir. Bu kapsamda, Marmara, Karadeniz, ic Anadolu,
Dogu Anadolu, Akdeniz ve Ege bdlgelerinden or-
nekler alinmis, metal igerikleri uygun analitik metot-
larla tespit edilerek 6zellikle mevsimsel degisiklikler
literatr bilgileri ile karsilastirlarak degerlendirilmis-
tir.

Gereg ve Yontem

Bu calismada, Turkiye'nin 6 farkli bolgesinden (Mar-
mara, Karadeniz, ic Anadolu, Dogu Anadolu, Akde-
niz ve Ege) 3'er aylik periyotlarla, 4 donemde temin
edilen ¢ig inek sutlerinde kursun, kadmiyum, demir,
bakir ve cinko diizeyleri yoniinden analizler yapildi.
Bu kapsamda her bdlgeden 20 adet olacak sekilde,
120 6rnek (Tablo 2) alindi. Ornekler 100 ml miktar-
da propilen kaplara konuldu. Ornek toplama islemi,
Tarim ve Orman Bakanligi'nin “Canli Hayvanlar ve
Hayvansal Uriinlerde Belirli Maddeler ile Bunlarin
Kalintilarinin izlenmesi icin Alinacak Onlemlere Dair
Yonetmelik” (Anon, 2011b) ilkeleri dogrultusunda
yapildi. Bu amacla sut ornekleri siit toplama tank-
larindan dogrudan alindi ve plastik tlpler icerisinde
laboratuvara getirildi. Alinan 6rnekler analiz edilin-
ceye kadar derin dondurucuda -18° C'de muhafaza
edildi.
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Tablo 2. St numunelerinin toplandigi donemler

Tablo 4. Alevli AAS icin analiz parametreleri

Donem Numune Sayisi
1 Aralik 2006 - Subat 2007 30
2 Mart 2007 — Mayis 2007 30
3 Haziran 2007 - Agustos 2007 30
4 Eylul 2007 — Kasim 2007 30
Yontem

Siit Orneklerin Hazirlanmasi

Sat orneklerinde metallerin analizleri AOAC metot
999.10 (mikrodalga yakma metodu ile hazirlanan gi-
dalarda Pb, Cd, Fe, Cu ve Zn diizeyinin AAS ile tespi-
ti) ile gerceklestirildi (AOAC 2000).

Analiz asamasinda, oda sicakligina getirilen
dondurulmus sit 6rnekleri homojenlestirildi ve tef-
lon kaplara 2'ser ml miktarda alindi. Orneklerin (ize-
rine 5 ml HNO, (%65) ve 2 ml H,0, (%30) (Merck,
ABD) eklenerek kapaklar kapatildi. Berghof MWS-2
(Almanya) model mikrodalga firina konulan érnekler
Tablo 3'de belirtilen parametrelere gore isleme tabi
tutuldu.

Tablo 3. Mikrodalga firin parametreleri

Asama Sicaklik (°C) Giig (watts) Siire (dakika)
1 160 08 15
2 210 038 15
3 100 08 15

islemin sonunda teflon kaplar, kapaklari acilma-
dan 15 dakika sire ile ceker ocak altinda sogumaya
birakildi ve stirenin sonunda agcilarak kapak ve teflon
kap i¢ duvari asagi dogru deiyonize su ile yikandi.
icerik stizgec kagidindan stiziilerek 15 ml'lik propi-
len tliplere alindi ve Uzeri 15 ml'ye kadar bidistile
su ile tamamlandi. Bu sekilde 6rnekler AAS'de analiz
edilebilecek forma getirildi, analiz yapilincaya kadar
+4°C'de buzdolabinda bekletildi.

Atomik Absorpsiyon Spektroskopisi

Isik kaynagi olarak her metalin kendine 6zgl dal-
ga boyunda isima yapan oyuk katot lambalari, Cd
icin ise elektrotsuz bosalim lambasi kullanildi. Alev-
le atomlastirma igin ¢ok sayida metalin analiz edil-
mesine uygun bir ortam ve yeterli sicakhgr (2125-
2400°C) saglayan hava/asetilen karisimi, grafit fi-
rininda ise inert gaz olarak argon kullanildi. Pb ve
Cd analizleri Grafit Firinli AAS (GF-AAS) ve Zeeman
zemin duzeltici sistem ile, Fe, Cu ve Zn analizleri ise
Alevli AAS (A-AAS) cihazi ile deuterium zemin diizel-
tici sistem kullanilarak yapildi. Calisilan metaller icin
kullanici parametreleri Tablo 4-7'de gdsterildi.

Dalga SIitH Lamba Asetilen Hava
Element boyu acikhgi akimi (wdl)  (L/dk)
(nm) (nm) (mA)
Fe 2483 0.2H 30 2.0 17
Cu 324.8 0.7 H 30 44257 18
Zn 2139 0.7H 25 2.0 17
Tablo 5. Grafit Firinli AAS icin analiz parametreleri
Parametreler Pb Ccd
Lamba tipi C-HCL EDL
Dalga boyu (nm) 283.3 228.8
Slit agikligr (nm) 0.7L 0.7L
Lamba akimi (mA) 30 230
Ornek hacmi (ul) 20 20
Modifier (ul) 5 5
Tablo 6. Kursun elementinin sicaklik programi
Basamak Sicaklik Yiikselme Tutma Argon Akisi
(°C)  Siresi (s) Siresi (s) (ml/dak.)
Kurutma 110 5 15 250
Kurutma?2 500 10 25 250
Killeme 900 15 35 250
Atomizasyon 1800 0 1 0
Temizleme 2600 1 2 250
Tablo 7. Kadmiyum elementinin sicaklik programi
Basamak Sicaklik Yi.j.kse'lme ]’utn'\a Argon Akisi
(°C) Siiresi (s) Suresi (s) (ml/dak.)
Kurutma 110 1 30 250
Kurutma2 130 15 30 250
Killeme 500 10 20 250
Atomizasyon 1500 0 5 0
Temizleme 2450 1 3 250

Atomik Absorpsiyon Spektrometre bagil bir
metot olup bilinmeyenin yogunlugu standart ¢o-
zeltilerle karsilastinlarak bulunur. Bunun icin cihaz,
analiz edilecek her element igin 1000 mg/Llik stok
¢ozeltisinden hazirlanan farkl yogunluklardaki stan-
dartlar (High Purity, ABD) ile kalibre edildi.

Bu calismada incelenen Pb, Cd, Fe, Cu ve Zn
miktarlari Tarim ve Orman Bakanhgi Veteriner Kont-
rol Merkez Arastirma Enstitlist Biyokimya Laboratu-
vari'ndaki Perkin Elmer AAnalys 800 AAS (ABD) ile
Olgllmustir. Okumanin yapildigr AAS cihazi 0.001
Mg/L hassasiyetle calismaktadir. Okuma degerleri bu
degerden daha dusuk olan veriler, sifir olarak de-
gerlendirildi ve istatistik analizlerde de eksik gozlem
olarak kabul edildi. Fe, Cu, ve Zn diizeyleri Alevli AAS

Etlik Vet Mikrobiyol Derg,

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

Cilt 32, Sayt 1, 2021, 50-62



Cakur EO ve Yarsan E. Tiirkiye'nin farkl bélgelerinden toplanan siit érneklerinde bazt metal diizeyleri 53

cihazi ile dogrudan 6lgllda. Grafit Firinli AAS cihazi
ile calismaya baslamadan dnce 6rnek hacimleri, iste-
nilen sicakliga ulasma suiresi ve bu sicaklikta kalma
sUresi, kurutma, kullestirme, atomizasyon ve grafit
tlpun temizlenmesi asamalarindaki sicakliklar analiz
Oncesinde en Ust dizeyde verim saglayacak sekil-
de ayarlandi. Kursun icin NH,H,PO, ve kadmiyum
icin Mg(NO,), matriks degistirici (modifier) olarak
kullanildi. Her bir numuneden 20 pl olacak sekilde
ve Uzerine Pb ve Cd icin 5ul matriks degistirici ek-
lenerek, 3 tekrar analiz gergeklestirildi ve sonucla-
rin ortalamasi alindi. Elde edilen veriler, bilgisayar
programi kullanilarak takip edildi. Calisma sonunda
elde edilen verilerin istatistik degerlendirmesi SPSS
(16.0.0) istatistik paket programi ile yapildi. Bu kap-
samda, aritmetik ortalama, standart sapma, en alt ve
en Ust degerler belirlendi. Genel olarak bdlgeler ve
donemler arasindaki farkliliklarin tespiti ise tek yonli
varyans analizi ve Duncan'’s testi ile gergeklestirildi.

Bulgular

Analizlere baslamadan once, AAS cihazi, her ele-
ment icin belirlenen konsantrasyonlarda standart-
lar kullanilarak kalibre edildi. Yontemin duyarliligini
gOsterecek geri kazanim calismalari sonucunda elde
edilen degerler %92,2 — 110,2 araliginda bulundu.
Birinci, ikinci, Gglincl ve dordiinct dénemlere ait Pb,
Cd, Fe, Cu ve Zn degerleri Tablo 8-11'de verilmistir.

Tim dénemlere ait numuneler bir bitiin olarak
degerlendirildiginde Pb ortalama degeri 8,38 +9,01
pg/L olarak tespit edildi. Donemlere gore en yiik-
sek ortalama Pb degeri 11,57+13,69 pg/L ile birinci
dénem; en dusik Pb ortalama degeri ise 2,76 £2,16
pg/L ile ikinci donemde tespit edildi. Dénem ve bol-
gelere gore elde edilen degerler.

Kadmiyum ortalama degeri 0,09+0,09 pg/L tes-
pit edildi. Donemlere goére en ylksek ortalama Cd
degeri 0,12+0,12 ug/L ile birinci donem; en dusuk
Cd ortalama degeri ise 0,06 +0,04 pg/L ile ikinci do-
nemde tespit edildi.

Bakir ortalama degeri 0,33+0,23 mg/L tespit
edildi. Dénemlere gore en yliksek ortalama Cu de-
geri 0,54+0,16 mg/L ile ikinci dénem; en disiik Cu
ortalama degeri ise 0,23 0,19 mg/L ile tcglinci do-
nemde tespit edildi.

Demir ortalama degeri 0,23+0,10 mg/L tespit
edildi. Donemlere goére en ylksek ortalama Fe de-
geri 0,290,111 mg/L ile Gglincl donem; en dustk Fe
ortalama degeri ise 0,21 +0,08 mg/L ile dordinci
donemde tespit edildi.

Cinko ortalama degeri 3,67+0,86 mg/L tespit
edildi. Dénemlere gore en yiiksek ortalama Zn de-
geri 4,02+0,88 mg/L ile birinci donem; en distik Zn
ortalama degeri ise 3,18 £0,68 mg/L ile lclincl do-
nemde tespit edildi.

Pb, Cd, Fe, Cu ve Zn ortalama degerleri Sekil
1-5'de verildi.

Tablo 8. Birinci donem (kis) numunelerde tespit edilen metallerin bolgelere gére dizeyleri

Metal Pb (ppb) Cd (ppb) Fe (ppm) Cu (ppm) Zn (ppm)
/ Ort. + SD Ort. + SD Ort. + SD Ort. + SD Ort. + SD
Bolge (En alt-En iist) (En alt-En iist) (En alt-En iist) (En alt-En iist) (En alt-En iist)
X 9,15+7,222 0,25+0,04° 0,05+0,072 3,98+0,42
I¢ Anadolu <LOD
(3,00-21,00) (0,22-0,33) (0,01-0,19) (3,60-4,52)
13,05+8,78%* 0,08+0,02 0,34+0,02¢ 0,19+0,172 3,52+0,73
Marmara
(4,50-27,00) (0,07-0,10) (n:3) (0,32-0,37) (0,02-0,44) (2,78-4,67)
27,30+ 22,30° 0,24+0,02° 0,11+0,12% 4,05+0,26
Ege <LOD
(2,25-59,25) (0,22-0,27) (0,04-0,32) (3,78-4,41)
13,12+13,28° 0,07+0,02 0,25+0,04° 0,28+0,14° 4,68+1,13
Akdeniz
(3,75-32,25) (n:4) (0,06-0,10) (n:2) (0,19-0,30) (0,14-0,51) (3,37-5,72)
3,75+2,05° 0,18+0,04° 0,47+0,18° 3,66+0,80
Karadeniz <LOD
(0,75-6,00) (0,11-0,23) (0,34-0,66) (2,99-4,98)
1,31+ 0,372 0,45 0,09+0,04¢ 0,70+0,04¢ 4,29+1,35
Dogu Anadolu
(0,75-1,50) (n:4) (0,45-0,45) (n:1) (0,04-0,16) (0,66-0,76) (2,23-5,70)

a, b, ¢, d. Ayni stitunda farkli harflerle gosterilen gruplar arasindaki fark istatistiki olarak dnemlidir (p<0,05).
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Tablo 9. ikinci dénem (ilkbahar) numunelerde tespit edilen metallerin bélgelere gére diizeyleri

Metal Pb (ppb) Cd (ppb) Fe (ppm) Cu (ppm) Zn (ppm)
/ Ort. £+ SD Ort. £+ SD Ort. £+ SD Ort. £+ SD Ort. + SD
Bolge (En alt-En list) (En alt-En iist) (En alt-En iist) (En alt-En iist) (En alt-En iist)
3,30+2,58 0,17+0,04% 0,69+0,09° 3,95+0,74%®
I¢ Anadolu 0,07+0,08
(0,75-7,50) (0,13-0,23) (0,57-0,77) (3,43-5,24)
2,50+0,40 0,06+0,04 0,17+0,025% 0,70+0,12° 3,31+0,522
Marmara
(2,25-3,00) (n:3) (0,008-0,10) (n:4) (0,15-0,21) (0,62-0,915) (2,55-3,93)
2,25+ 2,03 0,09+0,05° 0,58+0,02° 3,26+0,67°
Ege 0,07+0,04
(0,75-5,25) (n:4) (0,03-0,16) (0,56-0,62) (2,59-4,00)
1,0 £0,43 0,19£0,11° 0,58+0,52° 3,99+0,47%
Akdeniz <LOD
(0.75-3,75) (n:3) (0,02-0,30) (0,50-0,63) (3,66-4,76)
3 0,28+0,04¢ 0,44+0,025¢ 3,57+0,332
Karadeniz <LOD
(3,00-3,00) (n:1) (0,22-0,32) (0,37-0,50) (3,22-4,06)
4,50+ 3,43 0,34+0,04¢ 0,27+0,02¢ 4,61+1,10°
Dogu Anadolu <LOD
(1,50-8,25) (n:3) (0,30-0,41) (0,187-0,34) (3,76-6,46)
a, b, ¢, d. Ayni stitunda farkli harflerle gosterilen gruplar arasindaki fark istatistiki olarak dnemlidir (p<0,05).
Tablo 10. Uciincii dénem (yaz) numunelerde tespit edilen metallerin bdlgelere gére diizeyleri
Metal Pb (ppb) Cd (ppb) Fe (ppm) Cu (ppm) Zn (ppm)
/ Ort. + SD Ort. + SD Ort. £+ SD Ort. + SD Ort. + SD
Bolge (En alt-En iist) (En alt-En iist) (En alt-En iist) (En alt-En iist) (En alt-En iist)
i 7,35+£10,28 0,36+0,02° 0,10+0,06° 3,44+0,83%
I¢ Anadolu <LOD
(0,75-25,50) (0,33-0,39) (0,03-0,20) (2,48-4,61)
12,45+12,46 0,44+0,04¢ 0,21+0,09% 3,28+0,28%
Marmara <LOD
(3,75-34,50) (0,38-0,49) (0,10-0,33) (2,84-3,55)
9,15+ 4,05 0,35+0,07° 0,15+0,17% 2,93+0,42%
Ege <LOD
(5,25-15,75) (0,24-0,44) (0,02-0,43) (2,24-3,36)
4,50£1,91 0,21+0,09° 0,07+0,03° 2,55+0,70°
Akdeniz <LOD
(3,00-7,50) (0,14-0,36) (0,02-0,13) (1,92-3,46)
5,70 +5,2 0,22+0,02° 0,52+0,09¢ 3,52+0,71°
Karadeniz <LOD
(2,25-15,00) (0,19-0,26) (0,37-0,59) (2,66-4,30)
2,70+ 3,95 0,18+0,03° 0,32+0,11® 3,37+0,79%
Dogu Anadolu <LOD
(0,75-9,75) (0,13-0,23) (0,04-0,64) (2,06-4,03)

a, b, ¢, d. Ayni stitunda farkli harflerle gésterilen gruplar arasindaki fark istatistiki olarak dnemlidir (p<0,05).
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Tablo 11. Dordiinci donem (sonbahar) numunelerde tespit edilen metallerin bolgelere gore duzeyleri

Metal Pb (ppb) Cd (ppb) Fe (ppm) Cu (ppm) Zn (ppm)
/ Ort. £+ SD Ort. + SD Ort. + SD Ort. + SD Ort. £ SD
Bolge (En alt-En list) (En alt-En iist) (En alt-En iist) (En alt-En iist) (En alt-En iist)
. 8,55+5,502 0,28+0,072 0,25+0,19%° 3,30+0,40%
I¢ Anadolu <LOD
(3,75-18,00) (0,22-0,39) (0,11-0,54) (2,90-3,85)
17,25+6,64° 0,30+0,05° 0,41+0,15° 3,46+0,52%¢
Marmara <LOD
(10,50-26,25) (0,22-0,34) (0,21-0,56) (2,76-4,16)
7,80+ 2,982 0,27+0,06® 0,15+0,10? 4,20+0,48
Ege <LOD
(5,25-12,00) (0,18-0,32) (0,2-0,26) (3,82-5,02)
9,15+3,842 0,15+0,34¢ 0,28+0,23%° 2,92+1,36%
Akdeniz <LOD
(3,00-13,50) (0,11-0,20) (0,03-0,53) (0,72-4,00)
8,70 £3,162 0,12+£0,01¢ 0,35+0,21%° 4,48+0,40¢
Karadeniz <LOD
(3,75-11,25) (0,10-0,13) (0,06-0,53) (3,88-4,89)
10,80+ 3,772 0,46 0,19+0,05 0,22+0,04% 3,93+0,85%¢

Dogu Anadolu
(0,75-1,50) (n: 1) (0,04-0,16) (0,12-0,56) (2,24-5,02)

a, b, ¢, d. Ayni stitunda farkli harflerle gosterilen gruplar arasindaki fark istatistiki olarak dnemlidir (p<0,05).

30,00 Kursun (Pb)
25,00
20,00
;2 15,00
10,00
5,00
0,00 -
Ig Anadolu Marmara Ege Akdeniz K. Deniz D. Anadolu
== Ortalama 7,09 8,25 11,63 6,94 529 4,83
=@=1. Dénem 9,15 13,05 27,30 13,12 3,75 1,31
w=o==2. DONEmM 3,30 2,50 2:25 1,00 3,00 4,50
3. Dénem 7,35 12,45 9,15 4,50 5,70 2,70
=¥=4. Donem 8,55 5,00 7,80 9,15 8,70 10,80

Sekil 1. Kursun yoniinden 1, 2, 3 ve 4. donemlerde tespit edilen ortalama degerler (ug/L)
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Kadmiyum (Cd)

0,500
0,400
§ 0,300
0,200
0,100 ﬁ
L
0,000 -
i¢ Anadolu Marmara Ege Akdeniz K. Deniz D. Anadolu

I Ortalama 0,018 0,057 0,012 0,018 0,000 0,203
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Sekil 2. Kadmiyum ydniinden 1, 2, 3 ve 4. donemlerde tespit edilen ortalama degerler (ug/L)
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Sekil 3. Demir yonlinden 1, 2, 3 ve 4. donemlerde tespit edilen ortalama degerler (mg/L)
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Sekil 4. Bakir yoniinden 1, 2, 3 ve 4. donemlerde tespit edilen ortalama degerler (mg/L)

4,95
455
4,15
3,75
3,35
2,95
2,55
2,15
1,75
1,35
0,95
0,55
0,15

mg/L

Cinko (Zn)

i¢ Anadolu

Marmara

ge

Akdeniz

K. Deniz

D. Anadolu

mm Ortalama

3,67

3,39

2,64

3,54

3,81

4,06

@=1.D6n

3,98

3,52

3,26

468

3,64

4,29

#==2.Don

3,96

331

2,93

3,99

3,57

4,62

@==3.Don

3,44

3,28

4,20

2,55

3,52

3,38

We==4.DONn

3,30

3,46

0,15

2,92

4,49

3,93

Sekil 5. Cinko yoniinden 1, 2, 3 ve 4. donemlerde tespit edilen ortalama degerler (mg/L)

Tartisma ve Sonug

Hizl niifus artisi ve endstriyel faaliyetlere baglh ola-
rak, cevre ve besinsel kirlenme 6nemli halk saghg:
ve tarimsal problemleri beraberinde getirmektedir.
Hayvan ve insan beslenmesinde dnemli olan baz
besin maddeleri, canllara zarar verebilecek duizey-
lerde metal kalintilari icerebilmektedir. Fabrika baca

gazlarindan ve maden ocaklarindan cevreye, atmos-
fere, suya ve topraga dolayisiyla insan ve hayvan be-
sin zincirine toksik maddelerin karisimi mimkindur.
Toksik element ve agir metaller boya, otomotiv ve
oyuncak sektorleri, insaat, trafik ve metal endstrile-
ri ile tarimsal glibre yapiminda yogun olarak kulla-
nilmaktadir (Vicil 2012).
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Ulkemizde Ulusal Kalinti izleme Planinda,
B3c-Kimyasal Elementler kapsaminda sadece kursun
diizeyleri konusunda izleme yapilmaktadir (Anon
2011b).

2006 yili Ulkemizde Ulusal Kalinti izleme Plani
kapsaminda agir metaller (Kursun) icin, 51 numune
alinmasi planlanmis, 44 numune analiz edilmis ve
bunlardan 8'i Pb yoniinden Gida Maddelerindeki
Bulasanlarin Maksimum Limitleri Hakkinda Tebligde
kabul edilen 20 pg/L olan maksimum kalinti limiti-
ni astigi belirlenmistir. Geri izleme icin yeni alinan
numunelerde ise Pb diizeylerinin maksimum kalinti
limitlerini asmadigi gorilmustir (Anon 2011c).

Bu calisma kapsaminda gerceklestirilen ana-
lizlerde Tirkiye genelinde 107 drnege ait ortalama
kursun dizeyleri 0,008+0,009 mg/L bulundu. Or-
neklerdeki en ytksek kursun degeri ise 0,059 mg/L
olarak tespit edildi. Analiz edilen 6rnekten 10'unun
(%8,3) Pb yonliinden Gida Maddelerindeki Bulasan-
larin Maksimum Limitleri Hakkinda Tebligde ve Av-
rupa Birligi 1881/2006 EC direktiflerinde kabul edi-
len 0,02 mg/L olan maksimum kalinti limitlerini asti-
g1 ancak genel Pb ortalamasinin bu degerin altinda
oldugu gorildi. Diger metaller yoniinden herhangi
bir kalinti limiti belirlenmedigi igin bu yonde bir de-
gerlendirme yapilamadi.

Bolgeler arasi degerlendirmede istatistiki aci-
dan 6nemli farkliliklar belirlendi. En ylksek ortalama
Pb degeri 12,29+9,46 ug/L ile Marmara Bolgesinde,
en diustk ortalama Pb degeri ise 5,07+4,95 ug/L ile
Dogu Anadolu Bolgesinde tespit edildi. Kursun or-
talama degeri bolgelere gore siralandiginda miktar
yonlinden azalan sirayla Marmara> Ege> Akdeniz >
ic Anadolu> Karadeniz> Dogu Anadolu Bélgesi sek-
linde tespit edildi.

Dénemler acisindan degerlendirildiginde ise en
yluksek ortalama Pb degeri 11,57+13,69 pg/L ile bi-
rinci donemde (kis), en diistik ortalama Pb degeri ise
2,76+2,16 pg/L ile ikinci donemde (ilkbahar) tespit
edildi. Pb ortalama degeri donemlere gore siralan-
diginda miktar yoniinden azalan sirayla kis> sonba-
har > yaz> ilkbahar seklinde ortaya ¢ikt.

Kadmiyum yoninden cesitli Avrupa Ulkelerin-
de belirlenen maksimum kalinti limitlerinin altinda
kaldigi belirlendi. Kirliligin insan saghgi acisindan
tehdit edici seviyede olmadigi anlasildi. Cu, Fe, ve
Zn yoninden elde edilen sonuclar degerlendirildi-
ginde ise bu metallerin de normal sinirlar icerisinde
oldugu ve insan saghgi yoninden risk olusturacak
dizeyde olmadigi tespit edildi.

Sutlerde kalite degerlendirmesi ve cevresel kir-
liligin belirlenmesi amaciyla tlkemizde farkl arasti-

ricilar tarafindan bazi calismalar Gultekin (1998); Al-
gan (2002); Ozrenk (2002); Senol ve Ozdemir (2003);
Temurci (2006); Ayar ve ark. (2007); Temiz ve Soylu
(2012); Kaptan ve ark. (2016); Bakircioglu ve ark.
(2018) yapilmustir.

Gultekin (1998) tarafindan yapilan calismada,
Bursa ili ve ¢evresinden alinan 75 st 6rneginde tra-
fik yogun bolgelerde, sanayi bdlgelerinde ve kirsal
bdlgelerde olma durumuna gore bazi mineral mad-
de ve agir metallerin tespiti yapilmistir. Arastirma
sonucunda, analiz edilen stt 6rneklerinde Pb dizeyi,
trafik yogun bdlgelerde 0,032+0,002 mg/L (0,023-
0,040 mg/L), sanayi bolgelerinde 0,049+0,001 mg/L
(0,042-0,058 mg/L) ve kirsal bolgelerde 0,018+0,00
mg/L (0,017-0,021 mg/L), Cu dizeyi trafik yogun
bolgelerde 0,58+0,026 mg/L (0,47-0,70 mg/L),
sanayi bdlgelerinde 0,96+0,038 mg/L (0,77-0,96
mg/L) ve kirsal bolgelerde 0,39+0,012 mg/L (0,33-
045 mg/L), Fe duzeyi trafik yogun bolgelerde
1,78+0,16 mg/L (1,26-2,60 mg/L), sanayi bolgelerin-
de 4,27+0,26 mg/L (2,65-5,30 mg/L) ve kirsal bolge-
lerde 1,01£0,029 mg/L (0,80-1,01 mg/L), Zn dizeyi
trafik yogun bolgelerde 4,49+0,39 mg/L (2,30-6,46
mg/L), sanayi bdlgelerinde 5,01+0,26 mg/L (3,75-
6,45 mg/L) ve kirsal bolgelerde 3,77+0,18 mg/L
(2,60-4,72 mg/L) olarak belirlenmis, sanayi bolge-
sinden alinan orneklerde Fe ve Cu miktari normal
degerlerin Uzerinde bulunmustur. Pb igin ise sanayi
ve trafik yogun bdlgelerden alinan 6rneklerdeki Pb
miktari icin Avrupa Birligi EC 315/93 direktiflerinde
belirtilen 0.02 mg/L'in lizerinde bulunmustur.

Algan (2002) tarafindan yapilan calismada Kon-
ya yoresinden alinan 61 slt drneginde bazi agir me-
tal miktarlarinin tespitini yapmislardir. Analiz edilen
stt orneklerinde Pb 0,0001 pg/L, Cd 0,04 ug/L ve
Zn 2,66 mg/L dlizeylerinde tespit etmislerdir. Yapilan
bu calismada Pb, Cd ve Zn yoniinden normal sinirlar
icerisinde olup bir kirlilik tespit edilmemistir.

Ozrenk (2002) tarafindan yapilan Van ili ve cevre
ilcelerinde Uretilen inek sitlerinin agir metal kirliligi
ve bazi mineral igeriklerinin belirlenmesi ¢alismasin-
da, yaz mevsiminde 130, kis mevsiminde 130 toplam
260 ornekte calisiimistir. Analiz edilen sit 6rnekle-
rinin 189'unda ortalama 0,002+0.01 mg/L (0.001-
0.007) Pb tespit edilmistir. Fe dizeyi 0,31+0,17
mg/L (0,050-0,890), Cu dizeyi 0,182+0,157 mg/L
(0,10-0,830) ve Zn 3,00+1,09 mg/L (0,17-5,28) ola-
rak tespit edilmistir. Analiz edilen d6rneklerde ilceler
arasi farklihk bulunmamasina ragmen, mevsimsel
degisiklik tespit edilmis ve bunun sebebinin Van gibi
kis glinlerinin soguk ve uzun gectigi bir ilde yakilan
soba ve kaloriferlerin yanma siiresinin uzun olmasi,
kullanilan kémr miktarinin fazla ve kalitesiz olmasi
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gOsterilmistir. Ozellikle Pb, Fe, Cu ve Zn dizeyleri-
nin kislk yemlerde daha yiksek oldugu ve bu artigin
kishk stitlerde de gozlemlendigi bildirilmistir.

Senol ve Ozdemir (2003) tarafindan yapilan Sa-
karya ili ve cevre ilcelerinde trafik yogunlugu fark-
Il (az yodun, orta yogun, ¢ok yogun) 3 bolgeden
alinan 45 adet st numunesinde c¢inko dizeyleriy-
le ilgili calismada Zn duzeyleri sirasiyla, 3,35 mg/L
(1,26-6,56), 3,70 mg/L (1,79-5,24), 3,85 mg/L (2,78-
5.41) tespit edilmistir.

Temurci (2006) tarafindan Ankara'da tuketi-
me sunulan st ve beyaz peynirlerde yapilan bir
calismada 36 st ornegi kullaniimis, bu drneklerin
hi¢ birinde Pb'ye rastlanilmamistir. Cd dizeyi ise
0,11+0,03 mg/L (0- 1,16), bakir dizeyi 4,30+0,36
mg/L (1,5-13,66), Fe dizeyi ise 52,19+4,09 mg/L
(17,16-128,42) bulunmustur.

Ayar ve ark. (2007) tarafindan Konya'da tuketi-
me sunulan sit ve Grlnleri degisik st isletmelerin-
den ve diger satici marketlerden 4 ay sureyle farkli
olacak sekilde 2 ser 6rnek, her birinden 8 adet ola-
cak sekilde toplam 96 6rnek alinmistir. Pb dizeyi
0.103 £0.14 mg/L, Cd diizeyi ise 0.017+0.010 mg/L
olarak tespit edilmistir.

Temiz ve Soylu (2012) tarafindan Samsun ilin-
de 144 adet 6rnekte indiktif eslesmis plazma kitle
spektrometre ile gerceklestirilen calismada 0.028-
0.068 mg/L araliginda Pb, 0.001-0.013 mg/L ara-
hginda Cd, 0.618-1.889 mg/L araliginda Cu, 0.12-
0.64 mg/L araliginda Fe, 11.597-14.907 mg/L ara-
iginda Zn tespit edildigi, Pb, Cd ve Cu yoniinden yaz
doéneminde toplanan drneklerin kis dénemine gore
daha yuksek oldugu, Pb, Cu, Zn yoniinden bu sit-
lerin glvenilir olmadigi, caisma alanindaki gevresel
bulasmanin yogun endustriye atfedildigi bildirilmis-
tir.

Kaptan ve ark. (2016) tarafindan Canakkale
Biga ilcesinde 3 farkli bélge (yogun endiistriye ya-
kin, gida Ureten fabrikalara yakin, otoyola yakin) ve
3 farkl ddnemde alinan érneklerde indiiklenmis Es-
lesmis Plazma Atomik Emisyon Spektroskopi ile ger-
ceklestirilen calismada (0.503-1.859 mg/L arasinda
degisen dizeylerde olmak tzere 1.011+0.36 mg/L
ortalama Pb tespit edildigi, en ytksek kursun diize-
yinin otoyola yakin olan boélgedeki siit 6rneklerin-
de bulundugu, 0.027-0.397 0 mg/L Cd (0.124+0.11
mg/L ortalama), 0.755-3.046 mg/L olmak Uzere
1.9005 mg/L ortalama Zn ve Cd'nin yine yogun
trafik bolgesindeki ineklerden toplanan &rneklerde
tespit edildigi, en yliksek Cu diizeyinin 1.564 pg/L
ile yaz doneminde tespit edildigi, sutteki Cu diizey-
lerinin yaz sezonunda bitki koruma Grind kullanimi

ve endUstriyel emisyonlar nedeniyle artabilecedi, li-
pit oksidasyonundaki katalitik etkisi yoninden sut
urlnlerinde potansiyel risk olusturan Fe icin en yik-
sek konsantrasyonun 4.207 mg/L olarak yogun trafik
bdlgesindeki ineklerden toplanan érneklerde tespit
edildigi bildirilmistir.

Bakircioglu ve ark. (2018) tarafindan indiiklen-
mis Eslesmis Plazma Optik Emisyon Spektroskopi
ile Edirne ilinden toplanan 90 adet siit érneginde
gerceklestirilen calismada dogal Grlinlerde ortalama
0.138 + 0.016 mg/L Cu, 3.1 + 0.5 mg/L Fe, 3.4 + 0.7
mg/L Zn, marketten alinan ticari 6rneklerde 0.138 +
0.041 mg/L Cu, 2.2 + 1.3 Fe, 3.5 £ 0.7 mg/L Zn tes-
pit edildigi, bu bilgilere gore ticari Urlnlerde dogal
drlinlere gore daha ylksek diizeylerde bulundugu
bildirilmistir.

Bu calismada elde edilen sonuglar Pb yoniinden
Algan (2002); Ozrenk (2002); Temurci (2006) ve Kap-
tan ve ark. (2016) tarafindan yapilan calismalardan
yuksek; Glltekin (1998); Ayar ve ark. (2007) ile Temiz
ve Soylu (2012) tarafindan yapilan calismalardan ise
disik bulundu. Giltekin (1998) tarafindan yapilan
calismada elde edilen trafik yogun bolge ve sana-
yi bolgesi drnekleri, Ayar ve ark. (2007) ve Temiz ve
Soylu (2012) tarafindan analiz edilen tim orneklerin
kursun dizeyleri kabul edilebilir limitin Gzerindedir.
Kursun yontnden kabul edilebilir maksimum limit-
lerin UGzerinde tespit edilen 10 6rnegdin doérdinin
Marmara, lciiniin Ege, ikisinin ic Anadolu ve birinin
de Akdeniz Bdlgesine ait sltlerde tespit edilmesi,
trafik acisindan yogun bolgeler ve sanayi bolgele-
ri orneklerindeki agir metal kirliligi ile uyumlu bu-
lundu. Sutlerde metal diizeyi topragin yapisi, bitki
ortisu, iklim sartlan ve endUstriyel faaliyet sartlarin-
dan etkilenmektedir. Dolayisi ile ¢alismalar arasinda
boyle bir farkliigin olmasi bu sebepler bagli olarak
degerlendirilebilir.

Kadmiyum yéniinden Ozrenk (2002) tarafindan
yapilan calismadaki elde edilen sonucun yaklasik iki
kati ylksek; Temurci (2006); Ayar ve ark. (2007); Te-
miz ve Soylu (2012) ve Kaptan ve ark. (2016) tarafin-
dan yapilan calisma sonuglardan ise oldukga dustk
bulundu.

Demir yoéniinden Ozrenk (2002) ve Temiz ve
Soylu (2012) tarafindan yapilan calismadaki elde
edilen sonuclardan biraz dislk; Giltekin (1998);
Senol (2004) tarafindan yapilan calismalardaki elde
edilen sonuclardan distk, Temurci (2006); Kaptan
ve ark. (2016) ve Bakircioglu ve ark. (2018) tarafin-
dan yapilan calisma sonuglardan ise oldukga dustk
bulundu.
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Bakir yéniinden Ozrenk (2002) tarafindan ya-
pilan calismadaki elde edilen sonuclardan yiksek;
Glltekin (1998); Temiz ve Soylu (2012) ve Bakirciog-
lu ve ark. (2018) tarafindan yapilan calismada elde
edilen kirsal bélge sonuglari ile uyumlu, trafik yogun
bdlge ve sanayi bolgesi drneklerinden disik bulun-
du.

Cinko yéniinden Giiltekin (1998); Ozrenk (2002);
Senol ve Ozdemir (2003) ve Bakircioglu ve ar. (2018)
tarafindan yapilan calismada elde edilen kirsal bdlge
sonugclari ile uyumlu; trafik yogun bdlge ve sanayi
bolgesi drnekleri ile Temiz ve Soylu (2012) dustuk,
Kaptan ve ark. (2016) calismalarindan yiksek bulun-
du.

Uluslararasi alanda sutlerde kalite degerlendir-
mesine yonelik veya cevresel kirliligin belirlenmesi
amaciyla yapilmis cok sayida ¢alisma Vidovic ve ark.
(1997); Lawal ve ark. (2006); Bilandzi¢ ve ark. (2016);
Qu ve ark. (2018); Norouzirad ve ark. (2018) ve Pei-
nado ve ark. (2020) vardir.

Vidovic ve ark. (1997) tarafindan Sirbistan'da ya-
pilan bir calismada 1996 ve 1997 yillari arasinda top-
rak, kuru ot ve sit 6rneklerindeki Pb, Cd ve Zn di-
zeylerini belirlemiglerdir.1996 yilinda 96 siit drnegin-
de, Pb dizeyi 0,078+0,042 ug/l, 1997 yilinda 0,089
+0,046 ug/l, Cd dizeyi 1996 yilinda 0,008+0,004
pg/l, 1997 yilinda 0,007 +0,003 pg/l ve Zn dizeyi
1996 yilinda 1,88+0,5 pg/l, 1997 yilinda 1,64 +0,4
Mg/l dlzeylerinde tespit edilmis ve toprak, kuru ot
ve siit arasinda dogru oranti tespit etmislerdir.

Lawal ve ark. (2006) tarafindan Nijerya'da me-
rada otlatilan sigirlara ait 24 sut 6rnegini Pb, Cd ve
Cu yonlinden incelemislerdir. Pb diizeyi 0,53+0,29
mg/L, Cd dizeyi 0,26+0,13 mg/L ve Cu dizeyi
0,062+0,026 mg/L bulunmustur. Bulunan sonuglara
gore, Pb dizeyinin WHO tarafindan belirlenen giin-
[Uk kabul edilebilir en fazla doz olan 0,05 mg/L viicut
agirhig ve Cd diizeyinin de WHO tarafindan belirle-
nen glnlik kabul edilebilir en fazla doz olan 0,02-
0,06 mg/L vicut agirhgi gectigini bildirmislerdir.

Bilandzi¢ ve ark. (2016) tarafindan yayinlanan,
Hirvatistanin kirsal alanlarindaki 249 adet inekten
toplanan c¢ig sut orneklerinde 2010-2014 yillarini
kapsayan, grafit firinli atomik absorbsiyon spektro-
metre ile gerceklestirilen calismada kursun miktari-
nin 10.8-12.2 pg/kg, en ylksek kursun seviyesinin
131 pg/kg oldugu bildirilmistir. Bu konsantrasyonla-
rin, izin verilen haftalik kursun aliminin % 1.37 katki
saglayacagi, bu verilere dayanarak sut tiketiminin
tuketici saghgi yoniinden risk olusturmadigi sonu-
cuna ulasildigi bildirilmistir.

Qu ve ark. (2018) tarafindan Cin'de 178 adet
inege ait sitlerde indlktif eslesmis plazma kit-
le spektrometre ile gerceklestirilen calismada
1.35 £ 0.32 pg/L dizeyinde kursun tespit edildigi,
kadmiyum tespit edilemedigi bildirilmistir. Tespit
edilen kursun dizeyinin tiketiciler yoniinden sag-
hk riski olusturmadigi bildirilmistir. Bununla birlikte
kursun tiketimine bagli risklerin bebekler ve geng
yastaki cocuklar icin yetiskinlere gore daha ciddi ol-
dugu ifade edilmistir.

Norouzirad ve ark. (2018) tarafindan 2015-
2016 yillarini kapsayan 118 adet inege ait sutlerde
grafit finnli atomik absorbsiyon spektrometre ile
gerceklestirilen calismada ortalama 47.0 £+ 3.9 pg/
kg kursun, 4.7 = 1.0 pg/kg kadmiyum tespit edil-
digi, orneklerin % 82.2'sinin kursun ydninden izin
verilen 20 pg/kg limitinin Gzerinde oldugu, calisma
sonuclarina gore petrol yataklarina yakin bolgelerde
kursun ve kadmiyum maruziyeti yoniinden sttlerin
risk olusturdugu belirtilerek izleme planlarina dahil
edilmesi dnerilmistir.

Peinado ve ark. (2020) tarafindan alevli atomik
absorbsiyon spektrometre ile Peru'da La Oroya me-
taltirjik kompleksi yakinindaki kirsal alanda yetisti-
rilen 20 inegin kanlarinda 0.38 = 0.041, sutlerinde
0.58 + 0.018 mg/L kursun tespit ettikleri, kursun se-
viyesinin sutteki oraninin kan konsantrasyonundan
% 54 yiksek oldugu, kadmiyum seviyelerinin kanda
0.016 + 0.002, sutte 0.02 + 0.007 mg/L oldugu, sut-
teki kadmiyum oraninin kandaki konsantrasyondan
% 28 yiksek oldugu bildirilmistir. Glnlik 200 ml'lik
sut tiketiminin 0.12 mg kursun ve 0.004 mg kad-
miyum saglayacagi; bu miktarlarin 180 glin sonra
kiimulatif olarak 216 mg kursun ve 0.72 mg kadmi-
yum alimini temsil ettigi, insan tiketimi icin uygun
olmayan bu miktarin halk saghgi yoninden ciddi
risk olusturdugu ifade edilmistir.

Boudebbouz ve ark. (2021) tarafindan, 2010 yi-
lindan itibaren dinya ¢apinda yayinlanmis 60 oriji-
nal arastirmanin dahil edildigi sistematik derlemede
en yuksek Cd seviyesinin Hindistan'da barit maden
sahasinda 12 mg/L, en yiksek Pb (60 mg/L), Cu
(36 mg/L) seviyelerinin Hindistan'da granit ve granit
gnaysdan olusan alanlarindan toplanan 6rneklerde,
en yuksek Fe dlzeyinin 37.02 mg/L yine Hindis-
tan'da tespit edildigi bilgisi paylasiimistir.

Bu calismada elde edilen sonuglar Pb yoniinden
Vidovic ve ark. (1997); Bilandzi¢ ve ark. (2016); Qu ve
ark. (2018) tarafindan yapilan galismalardan yuksek;
Lawal ve ark. (2004), Norouzirad ve ark. (2018) ile
Peinado ve ark. (2020) tarafindan yapilan calisma-
lardan dusik bulundu.
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Kadmiyum yoéninden Vidovic ve ark. (1997);
Peinado ve ark. (2020) tarafindan yapilan calisma-
lardan yiksek; Lawal ve ark. (2004); Norouzirad ve
ark. (2018); Peinado ve ark. (2020) tarafindan yapi-
lan calismalardan ise duslk bulundu.

Sonuglar yurt disi calismalarla karsilastinldigin-
da, Sirbistan’dan yuksek bulunmasinin sebebinin
iklim 6zelliklerinin daha iliman olmasi ve arastirma
yapilan bolgelerin endustriyel alanlardan uzak ol-
mas! dusltnulmektedir. Nijerya ve Peru'da yapilan
calismadan disik bulunmasinin sebebi ise, Nijerya
topraklarinin metalleri ylksek yogunlukta icermesi
(6zellikle demir ve aliiminyum), petrokimya endust-
risinin gelismis olmasi ve ¢ok sayida rafineri bulun-
masina bagl oldugu, Peru'da ylksek bulunmasi-
nin sebebinin de blyuk kapasitedeki bir metaltrjik
komplekse yakin olmasi disinilmektedir.

Bu calismada elde edilen sonuclar, bazi uluslara-
rasi limitlerle (Komisyon Direktifi EC No: 1881/2006)
karsilastirildiginda Pb yoniinden 6rneklerin 10'unun
(%8,3) maksimum kalinti limitlerini astigi, ancak ge-
nel ortalamanin bu degerin altinda oldugu goéraldd.

Sut, cesitli nedenlerle kontaminasyonlara du-
yarli bir Griindir. Sut sigirlarinin merada beslenme-
leri sirasinda toprakta dogal olarak da bulunan agir
metaller, otlara bulasan enddstriyel kalintilar, gesitli
pestisit kalintilari, hayvanlarin tedavisinde kullanilan
cesitli hormonlar ve ilaclar, kalitesiz yemlerden siite
gegis yapan aflatoksin ve mikotoksinler, parazitler ve
deterjan kalintilari direkt olarak slite gegebilmekte-
dir. St ve Urlnlerinde bulunma olasihgr yiksek olan
ve tuketici tarafindan fazla bilinmeyen saghga zarar-
I kalintt maddeler, toplum sagligi agisindan buyik
tehlike olusturmaktadir.

Kaliteli stt Gretimi, ekonomik anlamda ve saghk
acisindan ¢ok énemlidir. Stt sigirciiginin ve sit sa-
nayinin gelecekteki anahtaridir. Stt Uretim faaliyet-
lerinin muhtemel agir metal kirliligine yol acabilecek
alanlardan uzak yerlerde yapilmasi daha uygun ola-
caktir. Ulkemizde Pb ydéniinden limit degerleri be-
lirlenmekle birlikte Cd icinde limit degerinin Avrupa
ulkeleri ile uyumlu olarak belirlenmesi gerekmekte-
dir.

Gerek Pb gerekse diger metallerin sut ve sit
Urtnlerindeki diizeyinin asagiya cekilebilmesi icin;

« Daha bilingli ve daha kontrollli bir sekilde Gretim
islemi gerceklestirilmelidir.

« Ciftci ve isletmecilerin bilgilendirilmesi bir zorun-
luluktur.

« Agir metal kalintilarinin 6nemine iliskin kamuoyu
bilgilendirme calismalari yapilmalidir.

« Bilgilendirmenin yaninda etkin bir kontrol meka-
nizmasinin devlet tarafindan uygulanmaya konul-
mas! da bu metallerin kontaminasyonunun engel-
lenmesinde dnemli rol oynayacaktir.

« Agir metal kalintilarina iliskin 6zellikle riskli bolge-
ler de g6z 6nline alinarak genis 6lgekte kalinti ana-
lizleri yapilmaldir.

« Analiz noktasinda uygun laboratuvar sartlari/ekip-
man saglanmaldir.

« Sadece sut Uretiminin degil yem Uretiminin de en-
distriyel alanlardan uzak bdlgelerde yapilmasi ge-
reklidir.

Deney hayvanlari kullanimi etik kurulu ve diger
etik kurul kararlan ve izinler: Etik kurul kararina
gerek bulunmamaktadir.

Maddi destek ve cikar iligkisi Calismayr maddi
olarak destekleyen kisi/kurulus yoktur ve yazarlarin
herhangi bir cikara dayali iliskisi yoktur.
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Rodentlerde yaygin bir zoonotik etken: Bartonella
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Ozet: Zoonotik etkenlerin konakg! tiirlerinin belirlenmesi, ortaya cikabilecek hastaliklarin kontrol altina alinmasinda
oldukca dnem arz eder. Yapilan calismalar, kemirgenlerin bakteriyel ve viral bulasici mikroorganizmalarin eko-epi-
demiyolojisinde 6nemli rol oynadigi gdstermistir. Bunlar arasinda kemirgenlerin dogal rezervurlari veya konakgilari
oldugu Bartonella turleri de yer almaktadir. Bartonella spp. gibi gz ardi edilebilen patojenlerin izlenmesi ve epi-
demiyolojik calismalar yapilmasi énemlidir. Zoonotik 6zelligi ile halk saghgi yoninden risk olusturabilecek olan bu
etkenin tlkemizde rodentlerde takibi goz ardi edilmis veya ¢ok az irdelenmis durumdadir. Bu ¢alismada, rodentlerde
Bartonella spp.nin Real-time PCR yontemi ile arastirlmasi amaclandi. Turkiye'nin bes farkli yerlesim biriminden ka-
pan ile yakalanan 41 rodente (ev faresi, lagim sicani, tarla faresi, kor fare) ait dalak 6érneginde Bartonella spp. varlig
Real-time PCR ile arastirildi. Real-time PCR sonucu incelenen rodent dalak dérneklerinden 6'si (%14,63) Bartonella
spp. yoninden pozitif bulundu. Bartonella pozitifligi agisindan 6rneklem lokasyonlari arasinda istatistiksel anlam
saptanmadi (P> 0,05). Sonug olarak, yabani kemirgenlerin hastaligin olasi bulasi acisindan rezervuar olarak 6nem
arz ettikleri ve bu alanda daha fazla calismaya ihtiya¢ oldugu kanaatine varildi.

Anahtar kelimeler: Bartonella spp., Real-time PCR, rodent.

A common zoonotic agent in rodents: Bartonella

Abstract: Identifying the host types of zoonotic agents is one of the keys to controlling emerging infectious dis-
eases. Studies have shown that rodents play an important role in the eco-epidemiology of bacterial and viral infec-
tious agents. At the same time, rodents are natural reservoirs of Bartonella spp. It is important to monitor negligible
pathogens such as Bartonella spp. especially in rodents that act as hosts and reservoirs, and to conduct epidemio-
logical studies. This microorganism, which may pose a risk in terms of public health with its zoonotic feature, a
limited number of studies have been conducted in our country on the detection of Bartonella spp. In this study, ex-
istence of Bartonella spp. was investigated by Real-time PCR method in 41 spleen samples of rodent (house mouse,
field mouse, sewer rat, blind mouse) collected with trap from five different settlements of Turkey. A total number
of six (14.63%) rodent spleen samples studied with the Real-time PCR were found positive for Bartonella spp. There
was no statistical significance among sample locations in terms of Bartonella positivity. As a result of our study, it
was concluded that wild rodent species can be considered as possible reservoirs in the transmission of the disease
and further studies are needed in this area.

Keywords: Bartonella spp, Real time PCR, rodent.

Giris

Bartonella spp, Proteobacteria sinifi, Bartonellaceae
ailesinin, Bartonella cinsi icerisinde yer almaktadir
(Birtles ve Richard 2005). Etken, Gram negatif olup
rutin boyalarla zayif boyanmaktadir. Bartonella tir-
leri aerobik treyen, pleomorfik veya kokobasil yapili
fakiltatif hicre ici bakterilerdir. Bartonellaceae fa-
milyasinin, bircok memeli ve eklembacaklilarda var-
hgini strdirebilen bir bakteri grubunu temsil ettigi
bilinmektedir (Birtles ve Richard 2005).

Bartonella turleri, kene, pire ve bit gibi vektorler
tarafindan tasinmakta ve kemirgenlerde, gevis geti-
renlerde, kedi ve kdpek gibi bircok memeli tiriinde
yaygin enfeksiyonlara yol agmaktadir (Diaz ve ark.

2012). Yapilan calismalarda, kemirgenler, kediler ve
gevis getirenler olmak Uzerine Bartonella enfeksi-
yonlari agisindan bircok bildirim yapilmistir. Kediler-
de kronik bdbrek yetmezligi, kopeklerde endokardit
ve peliozis hepatis (karaciger lobullerinde konjesti-
yon'a bagh kan birikimleri) ve gevis getirelerde en-
dokardit yaptigi bildirilmistir (Chomel ve ark. 1996;
Buffet ve ark. 2013; Breitschwerdt ve Kordick 2000;
Chang ve ark. 2000; Kim ve ark. 2005).

insanlar enfeksiyonlar, Bartonella tirlerini ba-
rindiran gesitli kemirgenlerle temas veya ektopara-
zitlerine maruziyet sonrasi ortaya cikabilmektedir
(Li 2015). Bartonella cinsi icerisinde Bartonella (B.)
henselae, B. bacilliformis, B. quintina, B. elizabethe-
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ae, B. vinsonii ve B. koehlerae gibi tirler insanlarda
hastalik yapabilmektedir (Chomel 1995; Vayssier ve
ark. 2009). Ayni zamanda yapilan calismalarda, in-
san lenfadenopati bakteriyel endokardit vakalar ve
etiyolojisi bilinmeyen atesli hastalik vakalarinda be-
lirlenen Bartonella suslarinin es zamanl olarak, ya-
bani kemirgenlerde belirlenmesi, bu vakalarin olasi
bir kaynagi oldugunu 6ne slirmektedir. Bu bulgular,
kemirgenlerle temasi olan kisilerde, Bartonella spp.
enfeksiyonlarinin potansiyel kaynaklari olarak de-
gerlendirilmesi gerektigini gostermektedir (Malania,
2016).

Zoonotik Bartonella tirlerinden, B. henselae in-
sanlarda kedi tirmigi hastaligi; B. bacilliformis, Car-
rion Hastaligi ve B. quintana, siper atesi hastaligina
sebep olmaktadir (Avidor 2004; Diaz 2012). Bunlarin
yani sira Bartonella tirleri endokardit, miyokardit,
ates, splenomegali, lenfadenopati, nérolojik bozuk-
luklar ve menenijit gibi hastaliklarla da iliskilendiril-
mislerdir (Kosoy ve ark. 2003).

Bartonella enfeksiyonlarinin, bagisiklik sistemi
baskilanmis kanser hastalarinda, organ nakli yapilan
bireylerde ve HIV hastalarinda var olan klinik du-
rumu daha da kotlye gotirme ve siddeti arttirma
ihtimali yliksektir (Koehler 1995). Bu nedenle, Bar-
tonella spp. gibi zoonotik patojenlerin teshiste g6z
ardi edilmesi, tedavi agisindan olumsuzluklar olustu-
rabilir veya hayati tehdit edici olabilir.

Bartonella enfeksiyonlarinin laboratuvar tanisi
icin, orneklerden bakteri izolasyonu, indirek flore-
san antikor testi (IFAT) ve polimeraz zincir reaksiyo-
nu (PCR) gibi yontemler tercih edilmektedir (Celebi
2008). Bartonella enfeksiyonlarin teshisinde basvu-

rulan kultlr ve geleneksel PCR tekniklerinde karsila-
silan kontaminasyon ve yanlis pozitif sonuclar sebe-
biyle, Real-time PCR ydntemi iyi bir tani araci olarak
bilinmektedir. Real-time PCR, duyarhhk ve 6zgillik,
daha az kontaminasyon olasiligi ve genom kopya
sayllarinin 6lclilmesi gibi avantajlar saglamaktadir
(Cievro 2005).

Bu calismada, halk sagligi agisindan tehdit olus-
turabilecek Bartonella tirlerinin, hastahgin bula-
sinda potansiyel konakgl ve/veya rezervuar gorevi
Ustlenen rodentlerde varliginin Real-time PCR ile
arastirlmasi amacland.

Gereg ve Yontem
Calisma materyali

Bu calismada, Bartonella tirlerinin Real-time PCR ile
arastirilmasi amaciyla toplam 41 rodent (ev faresi,
lagim sigany, tarla faresi, kor fare) kullanildi. Calisma-
ya dahil edilen rodentler, Eylil 2011 ve Mayis 2012
tarihleri arasinda, Van, Ankara, Bursa, Yozgat, Sivas
ve Zonguldak kirsalindaki farkli yerlesim birimlerin-
den toplandi (Sekil 1). Kapan kurularak toplanan ya-
bani rodentler icin, her bir yerlesim biriminde, sulak
ve otlak alanlar, agaclhk bolgeler, dere kenarlar ve
evlerin gevresi 6ncelikli yakalama alani olarak tercih
edildi. Ayni zamanda, farelerin yuva yapabilecegi
alanlar da g6z 6nune alinarak, toplamda 186 kapan
kuruldu ve bir gece sonrasi kapanlardaki rodent-
ler toplandi. Toplanan rodentler, numune tasima
kaplari ile soguk zincir sartlar altinda laboratuvara
ulastinldi. Rodentlerin nekropsileri yapilarak, dalak
drnekleri steril numune kaplarina alindi. Ornekler
analizleri yapilana kadar -80 °C'de sakland..
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Sekil 1. incelenen rodent drneklerinin yerlesim birimlerine gére dagilimi.
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DNA ekstraksiyonu

DNA ekstraksiyonu icin, 1x0.5x0.2-0.4 cm boyu-
tundaki doku ornekleri, 500 pl fosfat tamponlu salin
(PBS, pH 7.2) ile birlikte homojenize edildi. Rodent
doku orneklerinin homojenizasyonu igin Magnaly-
ser homojenizasyon cihazi (Roche, Rotkreuz, isvicre)
kullanildi. Homojenize doku 6rneginden 100 pl alin-
di ve doku ekstraksiyon kiti (Qiagen, Hilden, Alman-
ya) kullanilarak, Uretici firma tarafindan bildirilen ta-
limatlar dogrultusunda DNA ekstraksiyonu yapildi.

Real-time PCR

Rodent doku o&rneklerinden Bartonella tirlerinin
analizi, Diaz ve ark. (2012)'nin bildirdigi ssrA primer
ve probe kullanilarak Real-time PCR esliginde ger-
ceklestirildi (Tablo 2).

Real-time PCR reaksiyonu, 6rnek basina 25 pl
olacak sekilde;12,5 ul Light Cycler probe master

Tablo 1. PCR ydntemi, hedef gen ve primer dizileri

miks (Roche, Mainnheim, Almanya), 1 pl primer ve
1 pl prob , 5,5 pl distile su ve 5 pl ekstrakte DNA
bilesenleri esliginde hazirlandi. Real-time PCR, Ligh-
tCycler96 (Roche, Mainnheim, Almanya) cihazinda
gerceklestirildi ve 1s1 dongist, 95°C 5 dk 6n dena-
trasyon, 40 dongtiden olusan ve 94 °C 20 sn dena-
trasyon, 60 °C 20 sn baglanma, 72 °C 15 sn uzama,
72°C 10 dk son uzama olacak sekilde uygulandi.
Real time PCR'de, RNAse/ DNAse ari su negatifkont-
rol olarak ve B. henselae (ATCC 49882) pozitif kont-
rol olarak kullanildi. Tim 6rnekler ikili tekrar seklinde
analiz edildi. Analiz edilen 6rneklerde amplifikasyon
egrisi gorilmeyenler veya Ct degeri (esik deger sik-
lusu) 37'den fazla olanlar Bartonella yoniinden ne-
gatif olarak kabul edildi. Negatif olan 6rnekler igin
sadece internal kontrol (IC) kanalinda sonuclar alin-
di. Ct < 37'de belirgin logaritmik faz gdsteren ampli-
fikasyonlar ise pozitif olarak degerlendirildi.

Etken Method Primer /prob dizilimi
. SsrA- F-GCTATGGTAATAAATGGACAATGAAATAA
Bartonella spp.  Real- time PCR Primer ssrA-R-GCTTCTGTTGCCAGGTG
Prob FAM-ACCCCGCTTAAACCTGCGACG-BHQ1

istatistiksel analiz

Verilerin istatistiksel analizi IBM SPSS Statistic 22.0
programi ile gergeklestirildi. Veriler % oran olarak
ifade edildi ve iki degiskenin veri analizi Pearson Ki
kare testi ile yapild.

Bulgular

Real-time PCR sonrasi analiz edilen 41 rodent dalak
orneginin 6'si (%14,63) Bartonella spp. yonlinden
pozitif saptandi. Belirgin logaritmik faz gdsteren ro-
dent 6rneklerinin, pozitif amplifikasyon egrileri Sekil
2'de gosterilmistir. PCR analizi ile pozitif saptanan
orneklerin 2 (%4,87)'si Zonguldak, 3 (%7,31)"l Bursa,
1 (%2,43)'i ise Sivas kirsalindan toplanan rodentlere
aittir (Tablo 3). Bartonella pozitifligi agisindan érnek-
lem lokasyonlari arasinda istatistiksel anlam sapta-
namamistir (P > 0,05).

Tablo 2. Yerlesim birimlerine gore Bartonella spp. pozitif sonuglar ve yiizde oranlari.

Lokasyon Ornek sayisi Real-time PCR pozitif 6rnek sayisi Pozitiflik % oran P degeri
Sivas 9 1 %2,43

Yozgat 5 - -

Bursa 10 3 %7,31

Ankara 10 = = > 0,05
Van 3 - -

Zonguldak 4 %4,87

Toplam %14,63
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Sekil 2. Bartonella spp. pozitif rodent drneklerinin amplifikasyon egrileri

Tartisma ve Sonug

Zoonotik Bartonella tirlerinden bazilarinin (B. eli-
zabethae, B. vinsonii subsp. arupensis, B. grahamii,
B. washoensis ve B. tribocorum) kemirgen populas-
yonlari ile iliskili oldugu rapor edilmistir (Vayssier
ve ark. 2009; Kosoy 2010; Vijay 2012; Kandelaki ve
ark. 2016). Glinlimuzde, kemirgen kaynakli zoonotik
hastaliklar agisindan molekdiler calismalarin sayisinin
arttinlmasi ve epidemiyolojik arastirmalarla destek-
lenmesi gerekmektedir. Bartonella spp. ile konakgi-
lari arasinda iliskilerin aciga cikarilmasi, hastaligin
yeterince taninabilmesi agisindan bu tir calismalar
onem arz etmektedir (Abbot ve ark. 2007). Bu ca-
lismada, sinirli drneklem blydkligline ragmen, Bar-
tonella turlerine konakgilik veya rezervuarlik yapti-
g1 bilinen rodentlerde etkenin molekdler prevalans
arastinlmis ve yayginligi %14,63 olarak tespit edil-
mistir. Dlinyada Bartonella spp. varligini belirlemeye
yonelik yabani memelilerde bir¢ok arastirma bulun-
maktadir (Jardine ve ark. 2005; Brinkerhoff 2008; Ab-
bot 2007; Karagoz ve ark. 2013, Celebi ve ark. 2015).

Karagoz ve ark. (2013), ic Anadolu Bélgesi'n-
de kiltir ve PCR yontemi ile tarla farelerinde total
Bartonella spp. pozitifligini %57,1 olarak bildirmis-
tir. Celebi ve ark. (2015), Bati Karadeniz Bolgesinde

yaptiklari molekiler bir calismada, Bartonella pozi-
tifligini yabani rodentlerde %63,6 olarak belirlemis-
lerdir. S6z konusu arastiricilarin 6rnekleri topladigi
cografi bolgeler goz 6éniine alindiginda, iliman ikli-
me sahip olan bu tur bolgelerde yiksek Bartonel-
la pozitifliginin saptanabilecegi 6ngdérmektedir. Bu
calismada Bartonella spp.nin molekiler prevalan-
sinin daha dusik olmasinin nedenleri net degildir.
Fakat, calisma alanlarinin daginikligi, ekolojik olarak
farkli bolgelerden ornek toplanmasi ve érneklenen
hayvanlarin habitatlar etkenin potansiyel vektor ve
konakgi tarlerinin farkligi temel nedenler olarak
sayilabilir. Ayni sekilde, ihman ve yagish iklime sa-
hip Zonguldak ve Bursa kirsalindan toplanan rodent
orneklerinde, diger yerlesim birimlerine kiyasla ¢ok
daha yiksek pozitiflik elde edilmesi, bu 6ngoériyi
dogrulamaktadir.

Memelilerde saptanan Bartonella enfeksiyon-
lari, etkenin bulastirilmasinda 6énemli rol oynayan
vektdr yogunluguna bagh olarak degisebilmekte-
dir (Chomel ve ark. 1995). Sigirci ve llgaz tarafindan
(2013), kedilerde B. henselae prevalansi kilttr yon-
temi arastirilmis ve 16S-23S rRNA interjenik bdlge
sekansi ile tir identifikasyon gerceklestirilmistir. Pire
istilasi olan kedilerde prevalansi %37,5 (48/18) be-
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lirlenirken, pire enfestasyonu olmayan kedilerde bu
oran %18,8 (48/9) olarak saptanmistir. Arastirmaci-
lar, drneklerin toplanma zamanlarindaki mevsimsel
farkliliklara ve donemsel pire enfestasyonlarina para-
lel olarak olusan bakteriyemi durumuna dikkat cek-
mislerdir. Buna paralel olarak bu ¢alismada, iliman
iklimli yerlesim birimlerinde 6rneklenen rodentlerde
saptanan ylksek pozitiflik, rodentlerde vektorel en-
festasyonlari akla getirmistir. Ayni zamanda, avlanan
kediler kemirgenlerin yakalanmasi veya yutulmasi
sirasinda Uzerindeki cesitli vektorlere (pire vb) ma-
ruz kalabilirler (Castle ve ark. 2004, Kamani ve ark.
2013). Bu sekilde gerceklesebilecek rodent kaynakli
bulasma senaryolari, kemirgen-kedi-insan déngu-
sU arastirilarak agikliga kavusabilir (Gutiérrez 2015;
Kevin ve ark. 2004). Bartonella spp. etkeninin akta-
riminda rol oynayan vektdrlerin, iklime bagli olarak
¢ogalma yeteneklerinin degisebilmesinden dolayi,
konakgi-vektor-bakteriyemi iliskisini gozlemleyebi-
lecegimiz ¢alisma modellerine ihtiya¢ duyulmakta-
dir.

Bartonella spp'nin kultirel yontemlerle tes-
hisinde, etkenin fakiltatif intrasellller olusu ve in
vitro kultlriinlin zor olmasina bagl olarak cesitli ak-
sakliklarla karsilasilmaktadir. Ayrica etkenin bu yon-
temlerle tanimlanmasi bazen haftalarca stirebilmek-
tedir (Diaz 2012). GUnumuzde Bartonella spp'nin
konvansiyonel yontemlerle tanimlanmasinda kar-
silasilan guclikler sebebiyle, molekiler yontemler
teshiste dnem kazanmistir (Celebi 2008; Polat 2010).
Bu calismada rodent doku 6rneklerinden Bartonella
spp-nin teshisi, Real-time PCR ile kisa zamanda ve
glvenilir bir sekilde gerceklestirilmistir. Bu sekilde,
hayvanlar ve insanlara ydnelik potansiyel bir tehdit
olusturan Bartonella etkenlerinin tespitinde, diger
calismalara benzer sekilde Real-time PCR'nin vete-
rinerlik ve halk sagligi alaninda etkili bir diagnostik
yontem olabilecegi belirlenmistir.

Calisma sonuglari, Bartonella spp. pozitif kemir-
genlerin, Bartonellozun bulasmasinda rol alabilece-
gini dustindurmustir. Bartonella turlerinin, bulasici
zoonoz etkenler olarak, farkli cografi birimlerde, kir-
sal ve kentsel alanlarda kemirgenler arasindaki yay-
ginhgi énemli halk sagligi problemleri olusturabil-
mektedir. Hastaligin ekolojik dongusiine katkisi olan
rodentler de dahil olasi tim konak ttrleriyle ilgili
yapilacak bu tir calismalarin koruma kontrol uygu-
lamalari agisindan fayda saglayacagi umulmaktadir.

Deney hayvanlarinin kullanimina iligkin Etik Ku-
rul, diger etik kurul kararlari ve izinleri: Bu calis-
ma, TC. Tarim ve Orman Bakanligi, Veteriner Kontrol
Merkez Arastirma Enstitisi Mudurligu Yerel Etik
Kurulu tarafindan 2011/4 sayi ve 19.07.2011 tarihli

izin ile onaylanmistir. Dogal ve Milli parklar Genel
Midurligu tarafindan 26.08.2011 tarih ve 8726 sa-
yili yazi ile arastirma izin belgesi diizenlenmistir.

Cikar catismasi: Cikar catismasi yoktur.
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Lactobacillus buchneri'nin silajdaki essiz etkinligi
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Ozet: Silajin daha iyi korunmasini saglamak ve gelistirmek icin cesitli katki maddeleri mevcuttur. Bu silaj katkilari
icinde en yaygin kullanima sahip olanlardan biri de laktik asit bakterilerini iceren mikrobiyal inokulantlardir. Havaya
maruz kaldiktan sonra birkag giin boyunca sasirtici sekilde sicakhgr artmayan (aerobik kararlilik gdsteren) misir silaj-
larindan izole edilen Lactobacillus buchneri bakterilerinin inokulant olarak silajlarda kullanimina iliskin ¢alismalar bu
alanda son 20 yilda en ilgi ¢ceken konulardan biri olmustur. Glinimuzde L. buchneri, silaj inokulantlarinda kullanilan
ana heterofermantatif laktik bakteridir. Bu bakteri laktik asidi asetik aside ve diger Urlinlere dénusturebilir. Asetik asit,
silajlarin 1sinmasina ve bozulmasina neden olan mayalarin ve kiflerin iyi bir inhibitortdur. Bdylece L. buchneri silajin
aerobik stabilitesini, baska bir deyisle silo ve yemlik dmrini artirir. Bu derlemede, L. buchneri'nin silaj agisindan éne
ctkan temel &zellikleri, silajin korunmasinda sagladigr olumlu etkiyi olusturma sekli ve silajda inokulant olarak kulla-
niminda etkinligini etkileyen etmenler hakkinda bilgi vermektedir.

Anahtar kelimeler: Aerobik stabilite, Lactobacillus buchneri, Silaj

The unique activity of Lactobacillus buchneri in silage

Abstract: A variety of additives are available to improve ensiling and to provide better protection for silage. Micro-
bial inoculants containing lactic acid bacteria are the most widely used among these silage additives. Studies on the
use of Lactobacillus buchneri bacteria as inoculant in silages, isolated from maize silages, whose temperature does
not increase surprisingly for several days after exposure to air (indicating aerobic stability), has been one of the most
interesting topics in this field over the last two decades. Today, L. buchneri is the main heterofermantative lactic acid
bacteria used in silage inoculants. These bacteria can convert lactic acid into acetic acid and other products. Acetic
acid is a good inhibitor of yeasts and molds that result in heating and spoiling of silage. In this way, L. buchneri in-
creases the aerobic stability of silage, in other words, life of silo and feeder. This review gives information about the
prominent characteristics of L. buchneri in terms of silage, the way it develops the positive effect in the preservation
of silage, and the factors affecting its effectiveness when used as an inoculant in silage.

Keywords: Aerobic stability, Lactobacillus buchneri, Silage

Giris

Bitki yuzeylerinde, bitkilerin dogal yapisinda oldugu
gosterilmis olan belirli turlerde laktik asit bakterileri
bulunur. Silaj yapimi temelde bu epifitik laktik asit
bakterilerine baglidir. Laktik asit bakterilerinin bitki-
ler Gzerindeki roli tam bilinmemekle birlikte hasarli
bitki kisimlarinda, hasarli olmayan bitki kisimlarindan
daha fazla sayida bulunmalarindan dolayi bitkileri
istenmeyen mikroorganizmalardan (organik asitler,
bakteriyosinler ve antifungal ajanlar gibi antagonis-
tik bilesikler treterek) koruduklari veya ¢cogalmalari-
ni sinirladiklarr distiniimektedir. Silolama strecinde
ise homofermentatif laktik asit Greten (Lactobacillus,
Streptococcus ve Pediococcus tirlerini iceren) bakte-
riler pH'y1 dlstrerek bozulmaya neden olan mikro-
organizmalari baskilar (Holzer ve ark. 2003).

Silaj havaya (oksijene) maruz kaldiginda, bazi
firsatgi mikroorganizmalar metabolik olarak aktif
hale gelir, 1s1 Uretir ve silajdaki besinleri (en basta lak-
tik asidi) tiketerek bozulmaya neden olur. Saccha-
romyces, Candida, Cryptococcus ve Pichia gibi laktat
asimile eden mayalar (laktik asidi hizla karbondioksit
ve suya metabolize ettigi icin) silajlarda aerobik bo-
zulmanin birincil nedeni olarak gosterilmistir. Ancak
daha az o6lcude kufler, basiller, asetik asit bakterileri
ve muhtemelen laktik asit bakterileri de bozulma-
da rol oynar. Bu nedenle homofermentatif laktik asit
bakterilerinin silajdaki koruyucu etkinligi kalici degil-
dir (Woolford, 1990).

Silolamanin ilerleyen asamalarinda mikrobiyal
cesitliligin degismesi (6zellikle farkl laktik asit bak-
teri trlerinin, Tablo 1), farkli tirlerin birbirinin yerine
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gecmesi, fermantasyon donemi boyunca gelisen ve
degisen dinamik bir sirectir (Drouin ve ark. 2019).
Bitki materyali silaj yapimi icin hasat edildikten, si-
kistirildiktan ve hava almayacak sekilde kapatildik-
tan sonra baslayan anaerob fermantasyon sirecinde
zamana bagli olarak baskin olan bakteri turleri fark-
hlagsmaktadir. Heterofermentatif laktik asit bakterile-
ri, silajdaki laktik asit bakterilerinin baskin grubudur.
Silolama periyodunun dordiincii glniinden sonra

fermantasyon sireci ilerledikge mikrobiyotada bas-
kinhk L. brevis, L. plantarum ve &zellikle L. buchne-
ri'ye dogru kayar (Holzer ve ark. 2003).

Bu derlemenin amaci, L. buchneri'nin silaj agi-
sindan one ¢ikan temel ozellikleri, silajin korunma-
sinda sagladigi olumlu etkiyi nasil olusturdugu ve si-
lajda inokulant olarak kullanimi sirasinda etkinligini
etkileyen faktorler hakkinda bilgi vermektedir.

Tablo 1. Silajda sik bulunan Lactobacillus cinsi homo- ve heterofermantatif laktik asit bakterileri (Holzer ve ark. 2003)

Laktik asit bakterileri Baskin fermente etme o6zellikleri Tiirler
L. acidophilus
Grup I L. delbrueckii
pL Bu turler, heksozlar Embden-Meyerhof yoluyla laktik aside L. helveticus
Obligat (zorunlu) P o
. donustiridr, ancak pentozlari veya glukonati fermente edemez. L. farciminis
homofermentatifler .
L. lactis
L. bovis
Bu mikroorganizmalar genellikle heksozlari homofermentatif . .
I . L. alimentarius
olarak laktik aside fermente eder, ancak 6zel kosullar altinda L casei
laktik asitten heterofermentatif metabolizma ile karbondioksit '
. I . T et ot L. curvatus
Grup Il ve etanol (veya asetik asit) meydana gelir. Asetik asit Gretimi, ;
S . L . L2 L. sakei
Fakultatif heterofermentatifler ~ 6rnegin fruktoz veya molekiiler oksijenin azaltilmasi yoluyla, . .
. . AT L. paralimentarius
NAD+'nin etanol olusmadan rejenere edilebildigi kosullar
. . L. plantarum
altinda meydana gelir. Pentozlar, fosfoketolaz yoluyla laktik ve
. . e L. pentosus
asetik aside fermente edilir.
L. buchneri
. I C . L brevis
Grup lII: Heksozlar laktik asit, karbon dioksit ve etanole (veya alternatif
! . - R - L. fermentum
Obligat (zorunlu) bir elektron alicisi varliginda asetik aside) fermente edilir. .
: . . . o L. reuteri
heterofermentatifler Pentozlar, laktik ve asetik aside donustaralir. .
L. fructivorans
L. sanfranciscensis

Lactobacillus buchneri'nin temel 6zellikleri

Henneberg tarafindan ilk kez 1903 yilinda Bacillus
buchneri olarak bildirilen L. buchneri, gram pozitif,
spor olusturmayan, anaerobik, ¢ubuk prokaryot ve
zorunlu heterofermantatif bir bakteridir. L. buchneri
disuk 1siya duyarldir ve yavas ¢ogalr (Vos ve ark.
2009). insan bagirsagi, domuz diskisi, rumen sisi,
biyoetanol isleme artiklari, tursu suyu, fermente sa-
latalik, filtresiz malt bira ve silajdan izole edilmistir
(Tanizawa ve ark. 2020).

Silaj acisindan L. buchneri'nin temel o6zellikleri
ise (1) Laktik asidi anaerobik yikimlamasi, (2) Ferulik
asit esteraz (FAE) ile (3) Bakteriyosin Uretmesidir.

(1) L. buchneri fermantasyon sireci sirasinda hem
aerobik hem de anaerobik kosullar altinda laktik asit
ve diger metabolitlerle birlikte bozulma mikroor-
ganizmalarini baskilayici aktiviteye sahip asetik asit
uretir (Danner ve ark. 2003; Eikmeyer ve ark. 2015).
Anaerobik ve asidik kosullar altinda laktik asidi ase-
tik asit, etanol ve 1,2-propandiole donustirebilen L.
buchneri'nin hicre canliliginin korunmasina katkida

bulunan bu metabolik yol Sekil 1'de gosterilmistir
(Oude Elferink ve ark. 2001).

Asetik asit olusumunu saglama L. buchneri'yi
silaj fermantasyonunu gelistirmek ve kif ile maya-
larin neden oldugu aerobik bozulmayi ve i1sinmayi
onlemek igin cogu ciftlikte yararl bir inokulant hali-
ne getirmektedir. Buna karsilik, L. buchneri salatalik
tursularinin korunma sireci agisindan zararli ve bira
Uretiminde kirletici (kontaminant) olarak tanimlan-
mistir. Bu nedenle L. buchneri, ekonomik ve hijyenik
acidan onemli bir gida starteri veya bir gida bozu-
cusu olarak birbirine zit aktiviteler sergiler (Tanizawa
ve ark. 2020).

L. buchneri, 1,2-propandioll propanol ve pro-
piyonik aside metabolize edememekte, silajda bulu-
nan L. diolivorans ve L. reuteri gibi Lactobacillus'lar
bu donlsiiml yapmaktadir (Muck ve ark. 2018). Fa-
kat yeni tur L. buchneri A KKP 2047 p'nin de labora-
tuvar kosullarinda 1,2-propandioll propiyonik aside
metabolize edebildigi bildirilmistir (Zielinska ve ark.
2017).
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Sekil 1. Lactobacillus buchneri'nin laktik asidi asetik
asit ve 1,2-propandiole anaerobik yikimlama yolu
(Oude Elferink ve ark. 2001)

(2) Asetik asit Uretebilmenin yani sira bazi L. buch-
neri suslar, FAE Uretebilme kapasitesi ile silajda lif
sindirilebilirligini arttirma potansiyeli de tasir (Nse-
reko ve ark. 2008; Kang ve ark. 2009; Muck ve ark.
2018) Ferulik asit, bitki hiicre duvarindaki lignin ve
hemiseliiloz arasindaki sekerlerle feruloil ester bag-
larini olusturur. FAE, kaba yem sindirilebilirliginin
birincil sinirlayici faktorlerinden biri olan bitki hiicre
duvarindan ferulik asidin ayrilmasini saglar ve boy-
lece dogrudan lif sindirimini, baska bir deyisle bitki
hiicre duvarinin selilolitik veya ksilanatik hidrolize
duyarliligini arttirir (Nsereko ve ark. 2008; Kang ve
ark. 2009; Raffrenato ve ark. 2017).

Silaja inokule edilen L. buchneri'nin in vitro lif
sindirilebilirligi Uzerindeki etkileri ise tutarsiz olmus-
tur (Kang ve ark. 2009; Comino ve ark. 2014; Muck
ve ark. 2018). istenilen etkiyi yaratmadaki bu tutar-
sizlik, silajda FAE'In etkinlik kosullarinin her zaman
saglanamamasi, ortamda yeterli miktarlarinin bu-
lunmamasi ve L. buchneri'nin FAE sentezleme kabi-
liyetine (susuna) bagli olabilir (Muck ve ark. 2018).

(3) L. buchneri'nin bir diger 6zelligi, patojenler de
dahil olmak Uzere bazi gram pozitif bakterilerin
blyumesini engelleyen antibakteriyel peptit buch-
nericin LB'yi Uretebilme yetenegine sahip olmasidir.

Buchnericin LB, test edilen farkli bakteri (Listeria,
Bacillus, Enterococcus, Micrococcus, Lactobacillus,
Leuconostoc, Pediococcus ve Streptococcus) tirlerine
karsi genis bir inhibitdr spektruma sahiptir (Yildirrm
ve Yildirim 2001, Yildirim ve ark. 2002)

Aerobik olarak bozulmus silajlarda gercekle-
sebilen Clostridia sinifi bakterilerin cogalmasi riski
L. buchneri inokulasyonu ile aerobik stabilite iyi-
lestirilerek azaltilabilir (Tabacco ve ark. 2009). Silaj
yapimi sirasindaki hatalar, fermantasyon yetersizli-
gi ve yemleme yonetimi eksiklikleri sonucu silajda
bulunabilecek patojen Escherichia coli (6zellikle E.
coli O157: H7) ve Listeria monocytogenes'e karsi L.
buchneri'nin tek basina veya kombine inokulasyonu;
sagladigi pH, asetik asit artisi ve bakteriyosin(ler) ile
bu bakteriler Gzerinde énemli bir baskilanma olus-
turmustur (Queiroz ve ark. 2018).

Lactobacillus buchneri'nin silajin bozulmasini
geciktirmesi

Bircok ciftlikte, silaj genellikle yemlemeden dnce ve
yemleme sirasinda degisen diizeylerde aerobik bo-
zulmaya maruz kalir. Ornegin, silolardan her 6giin
yeterli miktarda silajin ¢ikarilamamasi, silajin iyi si-
kistinlmamasi veya ortilmemesi/paketlenmemesi
yemlemeden &nce silajlarin bozulmasinin yaygin
nedenleridir. isgiiciinii azaltmak icin bazi Ureticiler
sadece her iki veya U¢ glinde bir yemleme yaparak
diveleri ve besi sigirlarini beslemeyi sectiginde veya
silaj kamyonlarla satin alindiginda ve tasindiginda
birka¢ giin boyunca acgikta havaya maruz kalir. Bu
gibi nedenlerle aerobik bozulmaya ugramis silajlar-
da kuru madde kaybi artar, besin madde degerleri
diiser, bozulan silaji tiketen hayvanlarin verimi ve
saghgr (mikotoksin Ureten kiflerin veya patojenlerin
gelisimi sonucu) olumsuz etkilenir ve bozuk silajdan
ctkan gazlar ile bozuk kisimlarinin atilmasi cevreye
zarar verir. (Driehuis ve Oude Elferink 2000; Ranjit ve
Kung 2000). Bozulmus silaj, besin kaybina ugradigi
ve bu silajla beslenen hayvanlar daha az verimli ol-
dugdu icin net ciftlik gelirinde duslise neden olur. Bu
nedenle, silajlarin aerobik stabilitesini iyilestirmek,
ureticilere ekonomik agidan énemli artilar saglaya-
bilir (Kleinschmit ve Kung 2006).

Silolama/saklama ve yemleme sirasinda havaya
maruz kalma, silajlarda bozulmanin hizla baglamasi-
na neden olur. Silajda bozulmanin birincil baslatici-
lari olan ve laktik asidi metabolize edebilen mayalar,
silaj pH'sinda artisa yol acar. Silaj ortamindaki bu
temel degisiklikler, firsatci bakteri ve mantarlarin da
¢ogalmasina yol agarak daha fazla bozulmaya ne-
den olur (Woolford, 1990).
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Gogu bakteriyel silaj inokulantlari, fermantas-
yon islemi sirasinda oncelikle laktik asit Uretir. Silaj
inokulantlarinda kullanilan en yaygin laktik asit tre-
ten bakteriler Lactobacillus plantarum, L. acidophilus,
Pediococcus cerevisiae, P. acidilactici ve Enterocccus
faecium'dur. Bu bakterilerin fermantasyon sirasinda
pH diststnd arttirdidy, silaj kuru madde kayiplarini
azalttig1 ve bir¢cok durumda hayvan performansini
arttirdigi gosterilmistir. Bununla birlikte, homofer-
mantatif bakteriyel inokulantlar tarafindan Uretilen
silaj fermantasyon Urinleri, bazen silaj havaya ma-
ruz kaldiginda inokulasyon yapilmamis silajlardan
daha az stabil olan silaja neden olabilir. Clinkl ho-
mofermantatif bakteriler tarafindan Uretilen laktik
asit, havaya maruz kalan silajda hizla ¢cogalan laktat
asimile edici bazi maya ve kuf tirleri tarafindan ko-
layca metabolize edilir (Combs ve Hoffman 2001).

Silolamada istenilen fermantasyonu kontrol et-
mek (laktik asidin hizli Gretimini ve bunun sonucun-
da pH'daki daha hizli ve fazla azalmayi saglamak)
icin kullanilan homofermantatif inokulantlar, misir
silajlarinin aerobik bozulmasini arttirir (Muck 2004).
Cunkl bu fermantasyonlarda silaji aerobik bozul-
ma mikroorganizmalarina karsi korumak icin ye-
terli ucucu yag asidi (6zellikle asetik asit) Uretilmez
(Moon 1983). Bu noktadan hareketle Muck (1996), L.
buchneri inokule edilmesinin silajlar havaya maruz
kaldiklarinda bozulmayi geciktirebilecegini (aerobik
stabilitenin artabilecegini) 6ne suren ilk kisidir.

Misir silajlarina inokule edilen L. buchneri'nin
olusturdugu ana degisiklikler asagida siralanmistir:

a) Laktik asit azalist ve asetik asit artist (Driehuis
ve ark. 1999; Filya 2003; 2006; Nishino ve ark. 2003;
2004; Kleinschmit ve ark. 2005; Kleinschmit ve Kung
2006; Hu ve ark. 2009; Kristensen ve ark. 2010; Sch-
midt ve Kung 2010; Queiroz ve ark. 2013; Drouin ve
ark. 2019)

b) Laktik asitin asetik asite oraminda diisme
(Ranjit ve Kung 2000; Kleinschmit ve ark. 2005; Kang
ve ark. 2009; Kristensen ve ark. 2010; Tabacco ve ark.
2011; Queiroz ve ark. 2013; Drouin ve ark. 2019)

¢) 1,2-Propanediol artist (Driehuis ve ark. 1999;
Nishino ve ark. 2003; 2004; Hu ve ark. 2009; Mari ve
ark. 2009; Kristensen ve ark. 2010; Schmidt ve Kung
2010)

d) Etanol artist (Nishino ve ark. 2003; Filya ve ark.
2006; Kleinschmit ve ark. 2005; Hu ve ark. 2009;
Kang ve ark. 2009; Schmidt ve Kung 2010)

e) Final pH'da artis (Driehuis ve ark. 1999; Ranjit ve
Kung 2000; Filya 2003; 2006; Nishino ve ark. 2003;

2004; Kleinschmit ve Kung 2006; Hu ve ark. 2009;
Kristensen ve ark. 2010; Schmidt ve Kung 2010)

f) Maya sayisinda azalma (Driehuis ve ark. 1999;
Ranjit ve Kung 2000; Filya ve ark. 2006; Kleinsch-
mit ve ark. 2005; Kleinschmit ve Kung 2006; Hu ve
ark. 2009; Kristensen ve ark. 2010; Schmidt ve Kung
2010; Tabacco ve ark. 2011)

g) Aerobik stabilite artist (Driehuis ve ark. 1999;
Ranjit ve Kung 2000; Filya 2003; 2006; Nishino ve
ark. 2004; Kleinschmit ve ark. 2005; Kleinschmit ve
Kung 2006; Hu ve ark. 2009; Kang ve ark. 2009; Mari
ve ark. 2009; Kristensen ve ark. 2010; Schmidt ve
Kung 2010; Tabacco ve ark. 2011; Queiroz ve ark.
2013)

h) Kuru madde kaybwnda artis (Driehuis ve ark.
1999; Filya 2003; 2006; Nishino ve ark. 2003; Kleins-
chmit ve Kung 2006; Hu ve ark. 2009)

L. buchneri inokule edilmis misir silajlarinda lak-
tat ve asetat konsantrasyonlarinda olusan farkliliklar,
hem bakteri hem de mantar populasyonlarini etkiler
ve fermantasyon sirecinde farkli etmenlere de bagl
olarak silaj mikrobiyal populasyon cesitliliginde spe-
sifik degisiklikler olusturur (Drouin ve ark. 2019).

Aktif fermantasyon sirasinda laktik asit ve daha
sonra laktik asitten bir miktar asetik asit Ureten L.
buchneri'nin silajin korunmasindaki temel rolQ, si-
lajda sagladigi asetik asit artisi ile bazi mayalarin
¢ogalmasini baskilamasi ve silajlarin aerobik stabi-
litesini (yedirilmek icin acildiginda oksijene maruz
kalan silajin 1sinmaya karsi gosterdigi direnci siire
acisindan) arttirmasi, diger bir anlatimla silajin bo-
zulmasini geciktirmesidir (Combs ve Hoffman 2001;
Borreani ve ark. 2018).

L. buchneriinokule edilmis silajdaki maya ve kif
¢ogalmasi, inokulasyon yapilmamis silajlara gore si-
lajin acilmasi sonrasi daha dislk olmaktadir. Sonug-
ta, silaj havaya maruz kaldiginda L. buchneri inokule
edilen silajin sicakligi kolayca yikselmez ve sicak
havalarda bile birkag giin boyunca ortam sicakligi-
na benzer olma egilimini korur (Combs ve Hoffman
2001).

Aerobik stabilite, 23+1°C'lik bir odada havaya
maruz kaldiktan sonra silaj kutlesinin sicakhginin
2°C artmasina kadar gegen siire (saat) olarak tanim-
lanir. Misir silajina L. bucheri inokulasyonu aerobik
stabiliteyi silolamanin 8-9. ayinda 46 saatten 76 sa-
ate (Mari ve ark. 2009) ve silolamanin 120. gliniinde
27 saatten 44 saate (Queiroz ve ark. 2013), yine silo-
lamanin 120. glinlinde 44 saatten 136 saate (Schmi-
dt ve Kung 2010) ¢ikartmistir.
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Silajin aerobik olarak stabil olmasi durumunda
L. buchneri'nin heterofermantatif fermantasyonuna
bagl olarak silaj kuru madde kaybi (yaklasik %1-2),
aslinda L. buchneri'yi homofermantatif bakteriyel
inokulantlara gore daha az arzu edilen bir silaj ino-
kulanti yapabilir (Contreras-Govea ve Muck 2006;
Kleinschmit ve Kung 2006; Borreani ve ark. 2018).
Ancak uzun siireli depolama ve yemleme sirasinda
silajin aerobik stabilitesideki iyilesmeler daha fayda-
hdir ve bu nedenle heterofermantasyondan kaynak-
lanan dustk kuru madde kayiplar daha az dnem-
li hale gelir (Nishino ve ark. 2003; Borreani ve ark.
2018; Muck ve ark. 2018). Heterolaktik fermantas-
yondan kaynaklanan kuru madde kayiplari ile daha
ylksek asetik asit dlizeylerinin yem tiiketimi tzerin-
deki olumsuz etkilerine iliskin endiselerin ise yersiz
oldugu kanitlanmistir (Muck ve ark. 2018).

Silaj inokulanti olarak Lactobacillus buchneri'nin
etkinligini etkileyen etmenler

L. buchneri'nin ne zaman en etkili olacagi konusunda
temel yaklasim, silajda zayif aerobik stabilite ile ilgi-
li sorunlarin beklendigi kosullar altinda L. buchneri
inokulasyonunun faydali olacagidir. Bunlar yaninda,
inokulant olarak kullanimi sirasinda dikkat edilmesi
gereken noktalar da L. buchneri'nin etkinligini degis-
tirebilir (Combs ve Hoffman 2001; Web 2020).

(a) Silajda aerobik stabilite sorunlarina yol
acabilecek etmenler

- Silo tipi: Genis aclk ylzeylere sahip toprak Uzeri
basit (yigin) silolar, yan duvarlari beton silolar, hen-
dek (cukur) silolar gibi aerobik stabilite acisindan
daha buyuk riske sahip olan silolarda L. buchneri
uygulamasi daha net sonuglar vermektedir (Web
2020).

- Silaj yonetimi: Silajin yapimi ve kullanimi sirasin-
da aerobik stabilitesini azaltabilen faktorler arasin-
da silolanacak Urtnin 6nerilen nem ve dograma
uzunlugunda olmamasi, yetersiz sikistirma/yogun-
luk, silaj yapimi sirasinda yiiksek ortam sicakliklari,
silonun yavas doldurulmasi, iyi kapatilmamasi veya
paketlenmemesi (sizdirmazlik), silodan dusik silaj
alimi (¢ctkarma orani) ve dagitim hizi ile zayif yemlik
yonetimi (yemlikte uzun kalis siiresi) yer alir. inoku-
lasyon yapilmamis veya laktik asit Greten bakteri(ler)
inokule edilmis silajlarin silodan alimi sirasinda 1sin-
ma gegmisine sahip oldugu durumlarda L. buchne-
ri'nin aerobik stabiliteyi iyilestirmesi olasidir (Combs
ve Hoffman 2001; Bernardes ve ark. 2018; Borreani
ve ark. 2018; Web 2020).

- Silaj cesidi: Misir silaji (0zellikle ylksek kuru mad-
deli musir silajlari), diger hasil silajlari ve yiksek

nemli tane misir silaji, havaya maruz kaldiktan sonra
baklagil veya cayir silajlarindan daha fazla bozulma-
ya karsl hassastir. Hassas olan silajlara L. buchneri
inokulasyonu yarar saglayabilir. Eger aerobik stabili-
te bir problemse, L. buchneri baklagil silajina da uy-
gulanabilir (Combs ve Hoffman 2001; Zhou ve ark.
2016; Borreani ve ark. 2018). Hibrit tohumun ¢esidi
de musir silajlarina uygulanan L. buchneri inokulas-
yonunun etkinligini degistirmektedir (Schmidt ve
Kung 2010).

- iklimsel kosullar: Sicak iklimlerde, tahil silajlarinin
bozulma olasiigi daha da yuksektir, ¢clink aerobik
mayalar yuksek sicakliklarda daha aktiftir (Contre-
ras-Govea ve Muck 2006; Kristensen ve ark. 2010;
Zhou ve ark. 2016; Borreani ve ark. 2018). Blylime
mevsiminin sicak ve iklimin nemli oldugu bdlgelerde
yetistirilen misirlardaki yiksek epifitik Lactobacillus
bakteri sayisi inokulantlarin etkinligini degistirebilir
(Queiroz ve ark. 2013). Misir silajinin silolanma stire-
cinde L. buchneri biyimesi icin alt sinir ¢evre sicak-
hgr 15°C'dir. Silolama surecinde gevre sicakligi 25°C
oldugunda fermantasyonun 60. giiniinde hakim La-
ctobacillus poplulasyonu L. buchneri olmustur (Zhou
ve ark. 2016).

- Bitkinin olgunluk dénemi: L. buchneri iceren bir
inokulantin farkl olgunluk asamalarinda hasat edi-
len misir silajinin fermantasyon Grtinleri ve aerobik
stabilitesi Gzerindeki etki dizeyleri birbirinden farkli
bulunmustur (Comino ve ark. 2014).

- Silolanacak iiriiniin bilesimi: Misinn Ozellikle
kuru madde ve suda eriyebilir karbonhidrat (seker)
icerigi silolamadaki fermantasyon akisi ve mikrobi-
yal populasyon lzerinde etkilidir (Bernardes ve ark.
2018). Orta derecede ylksek kuru madde icerigine
sahip silajlarin sikistinlmasi daha zor oldugundan
ciftlik silolarinin yonetilmesi daha zordur. L. buchne-
ri'nin etkisi, orta derecede yiiksek kuru madde iceri-
gine sahip misir silajinda daha belirgindir (Hu ve ark.
2009; Comino ve ark. 2014). Yiksek miktarda nisasta
veya seker iceren misirdan yapilan silajlar, mikrobiyal
aktivite igin icerdigi bol miktardaki substrat nedeniy-
le bozulmaya daha duyarl olacak ve olasilikla daha
fazla maya igerecektir (Contreras-Govea ve Muck
2006). Cok dustk pH'ya direng gosteremeyen L. bu-
chneri igin silolanacak misirin %33'Un altinda kuru
madde icermesi uygun degildir (Jones 2019).

(b) inokulant olarak kullanimu swrasinda dikkat
edilmesi gereken etmenler

- Spesifik sus: L. buchneri'nin silajlarin aerobik sta-
bilitesini gelistirmedeki etkinligi susa gore degisik-
lik gosterir. Daha etkin sus (laktik asitten asetik asit
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Uretebilme veya FAE sentezleme etkinligi) veya kaba
yem cesidine 6zgun etkin sug konulari hala arastiril-
maktadir (Ranjit ve Kung 2000; Muck 2004; Kleins-
chmit ve ark. 2005; Contreras-Govea ve Muck 2006;
Eikmeyer ve ark. 2015; Silva ve ark. 2018; Tanizawa
ve ark. 2020; Web 2019, 2020).

- Etkin doz: Silajda aerobik stabilite siresi L. bu-
chneri'nin uygulanan dozuna gore degisir ve 5x10°
CFU/g veya daha fazla inokulasyonun misir silajla-
rinda en etkili oldugunu bildirilmistir (Driehuis ve
ark. 1999; Filya ve ark. 2006; Ranjit ve Kung 2000;
Tabacco ve ark. 2011; Borreani ve ark. 2018). L. buch-
neriile daha yuksek inokulasyon orani, diger silajlara
gore misir silajlarinda daha tutarli bir sekilde etkili-
dir. inokulasyon yapilmayan misir silajinda aerobik
stabilite 25 saat iken 5x10° CFU/g'dan az L. buchneri
uygulananlarda 35 saat, 5x10° CFU/g'dan fazla L. bu-
chneri uygulananlarda ise 503 saat olarak belirlen-
mistir (Kleinschmit ve Kung 2006).

- Silajin bekleme siiresi: Veriler L. buchneri tara-
findan laktik asidin asetik aside anaerobik donUsu-
munun hizl bir sekilde gerceklesmedigini ve bunun
belirginlesmesi icin yaklasik 30-60 giin ge¢mesi ge-
rektigini gostermektedir (Kristensen ve ark. 2010;
Borreani ve ark. 2018; Muck ve ark. 2018; Silva ve
ark. 2018). Queiroz ve ark. (2013) ise bu streyi 120
glin olarak belirtmistir.

- Inokulantin sadece L. buchneri icermesi veya
kombine olmasu: L. buchneri ile birlikte birden fazla
bakteri susu iceren kombine inokulantlardaki bakte-
rilerin silolama silrecinde farkl yararh etkileri devam
etmektedir (Driehuis ve ark. 2001; Hu ve ark. 2009;
Schmidt ve Kung 2010; Borreani ve ark. 2018; Muck
ve ark. 2018). Farkh bakteri tirlerinin inokulantlara
dahil edilme oranlarinda goreceli farkliliklar ve be-
lirli bir tlrin suslari arasindaki farklliklar g6z 6niine
alindiginda, kombine inokulantlarla elde edilen so-
nuglardaki degisiklikler sasirtici olmamalidir (Reich
ve Kung 2010). Genel olarak kombine inokulantlarin
basarisizliklari, L. buchneri benzeri aktivite sergileyen
dogal popilasyonun varligi veya inokulanttaki L. bu-
chneri susunun herhangi bir nedenle fermantasyo-
nun sonraki asamalarina hakim olamamasi nedeniy-
le ortaya cikabilir (Muck ve ark. 2018).

- Diger etmenler: inokulantin formu (sivi veya
kuru), saklama kosullari, sulandirmada kullanilan su-
yun klor diizeyi, sulandirma sonrasi kullanim igin ge-
cen slire, Urtine uygulanma sekli de L. buchneri'nin
silajdaki etkinligi acisindan dikkate alinmasi gereken
etmenlerdir (Contreras-Govea ve Muck 2006).

Sonug

L. buchneri, anaerobik kosullar altinda yiksek mik-
tarlarda asetik asit Ureterek silajlarin aerobik stabili-
tesini arttirmak icin kullanilan heterofermentatif bir
laktik asit bakterisidir (Driehuis ve ark. 1999; Rabelo
ve ark. 2017). Laktik asitten ek asetik asit olusumunu
saglama L. buchneri icin benzersizdir. Aerobik bozul-
ma birincil endise oldugunda, misir silaji icin hem
geleneksel homofermentatif suslar hem de hete-
rofermantatif L. buchneri iceren kombine inokulant
kullanimi, fermantasyonun ilk asamalarinda pH'nin
hizli diststnd ve sonraki depolama asamalarinda
ise asetik asit Uretimini saglar (Holzer ve ark. 2003;
Borreani ve ark. 2018). Boylece, digerlerinden Ustiin
aerobik stabiliteye sahip yiiksek kaliteli (agilan siloda
ve yemlikte daha uzun siire bozulmadan veya taze
kalan) silajlar elde edilir.

Derlemede kisitlar

Bu derlemede sadece L. buchneri'nin misir silaji tize-
rindeki etkilerine yonelik calismalar irdelenmistir.
L. buchneri'nin (a) baska silajlar, (b) kombine ino-
kulantlardaki etki degisimi, (c) silajin besin madde
bilesimi, (d) silajin tiketimi ve sindirilebilirligi, (e) ru-
mende probiyotik etkisi olup olmadig, (f) verim ve
cevre kirliligi Gzerindeki etkileri ve (g) benzer amacla
kullanilan diger silaj katki maddeleri ile karsilastiril-
masi ele alinmamistir.
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Ozet: Mikrobiyota; canli viicudunda baslica, gastrointestinal, deri, solunum, Girogenital sistemin hayati organlarinda
bulunan, bakteri, virus, mantar ve arkeleri ifade eder. Mikrobiyotanin genomu, canli genomundan 1000 kat daha
fazla gen dizilimi icerir. Mikrobiyotanin viicutta enerji metabolizmasi, hepatik fonksiyonlar, immin sistem gelisimi,
motor sistem ve endokrin fonksiyonlari Gizerine etkileri vardir. Mikrobiyota kompozisyonu; diyet, antibiyotik kulla-
nimi, stres gibi faktorlerden dolay bozulabilmektedir ve mikrobiyotanin dengesinin bozulmasina “disbiyozis” denir.
2007 yihinda daha sonraki arastirmalara isik tutacak olan insan Mikrobiyom Projesi faaliyete gecirilmis ve insan
mikrobiyotasinin 6zelliklerinin belirlenmesinde biylk 6nem tasimistir. Ciftlik ve pet hayvanlarinda yapilan ¢alisma-
lar hentiz yenidir. Ciftlik hayvanlarinda verim 6zelliklerinin artmasinda, yemden yararlanmanin maksimum duzeyde
tutulabilmesinde, stt yaginin artisinda mikrobiyotanin ¢ok énemli bir roli vardir. Pet hayvanlar, 6zellikle de kdpekler
ilk caglardan beri insanogluna eslik edip, insanlarla hem yasam alanini hem de mikrobiyotasini paylasmaktadir. Evcil
hayvan varliginin hem yetiskinler icin, hem de 6zellikle yeni dogan ¢ocuklarin mikrobiyota gelisiminde biyik bir rolt
oldugu ve astim, alerjik rinit, atopik dermatit gibi alerjik hastaliklarin gériilme oranini azalttigi kanitlanmistir. Veteri-
ner sahada mikrobiyota calismalar diinyada heniz son yillarda calisiimaya baslanmis olup, giin gectikce daha fazla
arastirma yapilmaktadir ve hala arastirilmayi bekleyen bir¢ok konu bulunmaktadir.

Anahtar kelimeler: Ciftlik hayvanlari, kanatli, mikrobiyota, pet, probiyotik

Current microbiota concept in veterinary medicine

Abstract: Microbiota refers to bacteria, viruses, fungi and archaea which are found in vital systems such as the gas-
trointestinal system, skin, respiratory system and urogenital system. The genome of the microbiota contains 1000
times more gene sequences than the organism genome. Microbiota has effects on energy metabolism, hepatic
functions, immune system development, motor system and endocrine functions. Microbiota composition can break
down by diet, use of antibiotics, stress, etc., and the disruption of this balance on microbiota is called “dysbiosis".
In 2007, the Human Microbiology Project activity, which will shed light on further research, has been carried out
and has great importance in determining the character of human microbiota. The studies on microbiota of farm
animal and pets are unprecedented yet. Microbiota has a crucial role in increasing the milk yield in order to increase
the yield characteristics of farm animals and to maximize the utilization of feed. Pets, especially dogs, have been
accompanied by humans since the early ages and share both the habitat and the microbiota with humans. It has
been proven that the presence of the pet has a major role in the development of microbiota, both for adults and
especially for newborn children, and reduces the incidence of allergic diseases such as asthma, allergic rhinitis,
atopic dermatitis. Microbiota studies in veterinary medicine are relatively new and there is still many issues to be
investigated.

Keywords: Livestock, microbiota, pet, poultry, probiotic

Giris

Mikrobiyota; organizmada yasayan mikroorganiz-
malar sistemini, milyarlarca mantar, bakteri ve tek
hiicrelilerden olusan, hayati 5neme sahip, ¢ok has-
sas bir siper organi anlatmakta olup, canlilarla bir-
likte yasayan 6zel tirlerin tamamini ifade etmekte-
dir. Mikrobiyota, konakgi vicudundan 10 kat daha
fazla hiicreye ve 10" kat daha fazla gene sahiptir
(Suchodolski 2011).

Mikrobiyom ise mikroorganizmalarin toplam
sayisini ve bunlarin genetik materyalini ifade eder

ve mikrobiyota teriminden farklidir. Mikrobiyom ko-
nak icin bircok olumlu etki saglar: gegici bakterilere
karsi savunmaci bir bariyer gorevi gorir; besin yi-
kimina ve diyetten enerji kazanimina yardimci olur;
enterositler icin besin metabolitleri saglar ve ko-
nakgi bagisiklik sisteminin diizenlenmesinde 6nemli
bir rol oynar (Ackerman 2007). Saglikli ve stabil bir
mikrobiyom ayni anda pro ve anti inflamatuvar etki
yaparken, enfeksiyonlara verilen yanitta asiri yanguyi
onleyerek bir denge saglamaktadir (Pilla ve Sucho-
dolski 2020).

*ilk yazarin 2017 tarihli doktora seminerinden ézetlenmistir.
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Bagirsak mikrobiyomunun bilesimindeki olum-
suz degisimlere disbiyozis denir. insanlarda disbiyo-
zisin Ulseratif kolit ve Crohn hastaligi gibi yangisal
bagirsak hastaliklarina yatkinlik sagladigi ortaya ko-
nulmustur (Tomasello ve ark. 2016). Hayvanlardaki
akut veya kronik bagirsak yangilari gibi gastrointes-
tinal sistem disfonksiyonlarinin en belirgin nedeni
bagirsak disbiyozisidir. Disbiyozis'de mikrobiyota-
nin yani sira kisa zincirli yag asitleri ve triptofan gibi
bakteriyel metabolitlerde de fonksiyon bozuklukla-
r gorilmektedir (Pilla ve Suchodolski 2020). Yakin
zamanda gelistirilen ve “Disbiyoz indeksi” olarak
adlandirlan PCR tabanli bir algoritma, veteriner
hekimlerin bagirsak disbiyozunu 6l¢melerine ola-
nak taniyan bir aractir ve hastaligin ilerlemesini ve
tedaviye yaniti izlemek igin kullanilabilmektedir (Al-
Shawagqfeh ve ark. 2017). Yapilan son calismalar hay-
vanlarda ve insanlarda obezite Kieler ve ark.(2017),
metabolik hastaliklar Montoya-Alonsu ve ark.(2017),
kanser Zitwogel ve ark.(2017), norolojik sistem bo-
zukluklart Wu ve ark.(2016) ve diger hastaliklar ile
disbiyozisin iligkili oldugunu ortaya koymustur.

Bagirsak mikrobiyotasi, enterik sinir sisteminin
gelisimi icin gereklidir. Bir nérotransmitter olan ve
bagirsak-beyin ekseni teriminin ortaya cikmasini
saglayan serotoninin ylizde 90" bagirsak duvarindan
salgilanmaktadir ve burada enterik sinir sisteminden
motilite, sekresyon ve kan akisini dizenlemektedir
(De Vadder ve ark. 2018). Serotonin Uretimi ayrica
kismen mikrobiyom tarafindan, serotoninin bakteri-
ler tarafindan dogrudan Uretimi veya serotonin 6n-
clisii olan triptofan amino asidinin tiketimi ile kont-
rol edilmektedir (O' Mahony ve ark. 2015). Ayrica
bagirsak ve bagirsak bakterileri bazi nérokimyasallar
ureterek beynin ruh, hafiza ve 6grenme durumunu
etkiler. Buna bagh olarak, disbiyozisin stres, kaygi,
anksiyete, depresyon gibi durumlari tetikleyebildi-
gi ve sizofreni gibi mental bozukluklarin altyapisini
olusturma kapasitesine sahip oldugu bilinmektedir
(Dickerson ve ark. 2017; Pilla ve Suchodolski 2020).

Bagirsak mikrobiyotasinin bilesimi ayrica bagi-
siklik fonksiyonu Gzerinde 6nemli etkilere sahiptir
ve yerel antikor Uretimini dizenler (Tizard ve Jones
2018). Bagirsakta yardimci T (T helper) hicre pre-
klrsorleri, mikrobiyotadan alinan sinyale bagh ola-
rak Treg veya Th17 hiicrelerine farklilasabilmektedir.
Homeostazda Treg hicrelerinin Gretimi tercih edilir,
Treg hicreleri Th17 hiicrelerinin Gretimi baskilar ve
bagirsak duvarinda yanginin minimal diizeyde mey-
dana gelmesini saglar. Treg hticrelerinin yoklugunda
ise, efektdr T hiicreleri kontrolsiiz olarak mikrobiyal
antijenlere yanit vererek yangiy tetiklemektedir (Ti-
zard ve Jones 2018). Bazi spesifik bakteri gruplari bu

stireci etkileyebilir: Ornegin, Clostridium IV ve XIVa
grubu Uyelerinin Treg indlksiyonunu uyardigi, anti
yangisal yaniti indikledigi, segmentli filamentoz
bakterilerin ise yangi énclsu sinyaller treten Th17
hiicrelerini indikledigi gortlmustar (lvanov ve ark.
2009; Atarashi ve ark. 2011).

Sirtlan populasyonlarinda, ayni aile grubundaki
uyelerinin anal bezlerinde diger aile Uyelerine kiyas-
la daha fazla benzer mikrobiyal topluluk barindirdig
ve anal bezlerindeki bu mikrobiyal topluluklardan
gelen koku sekresyonlarinin, aile Uyelerinin, gru-
bundaki diger Uyelerini tanimasina olanak saglayan
faktorler oldugu ortaya konmustur (Theis ve ark.
2012). Patlayici tespit kdpeklerinde metronidazolun
oral yoldan verilmesinin, kdpeklerin tespit yetenegi-
ni degistirdigini bildirilmistir. (Jenkins ve ark. 2016).

Yapilan calismalar, farelerde diyet degistirerek
veya antimikrobiyallerin uygulanmasiyla bagirsak
mikrobiyotasinin maniptle edilmesinin beyindeki
zihinsel durumda, davranis ve gen ekspresyon di-
zeylerinde degisikliklere neden olabilecegini goster-
mektedir ve germ-free farelerde yapilan calismalar,
mikrobiyotanin olfaktorik epitelin fizyolojisini de
degistirebildigini ve normal bagirsak mikrobiyotasi
ile kolonize olan germ-free farelerde kolonizasyon-
dan sonra motor aktivitesinde artis ve anksiyete
tepkilerinde azalma gortlmdastir. (Diaz ve ark. 2011;
Dickerson ve ark 2017). Ayrica germ free farelerde
normal farelere gore ince bagirsak ylizey alanlarinin
azaldigi, bagirsak vilus ve kriptlerinin kisaldigi, la-
mina propria katmaninin inceldigi, gecis zamaninin
uzadigi, yag asidi konsantrasyonunun ve bagirsak
ozmolaritesinin azaldigi ortaya konulmustur (Al-As-
makh ve Zadjali 2015). Bu bulgular mikrobiyotanin
konagin fizyolojisini ve davranisini etkileyebilecegini
gOstermektedir.

Ciftlik Hayvanlarinda Mikrobiyota

Gevis getiren hayvanlar rumenlerinde, ¢ogunlukla
bakteri, arkea, siliyer protozoa, mantar ve virtsler-
den olusan cok cesitli simbiyotik bir mikrobiyota
bulundurmak Uzere evrimlesmislerdir (Firkins ve Yu
2015). Sigirlar rumen ve bagirsaklarinda bitkilerden
saglanan liflerin parcalanmasini saglayan, protein
yapisinda olmayan azotu proteine ceviren, ¢esitli vi-
taminleri sentezleyen ve sindirim sistemindeki zarar-
I bilesikleri temizlemeye yardimci olan ve bu sayede
yemden yararlanmayi ve verimi artiran ¢ok gtcla
ve kompleks bir mikrobiyotaya sahiptirler. Bu sindi-
rim sistemi mikrobiyotasi hayati bir Sneme sahiptir
ve rumen ve bagirsak mikrobiyotasinin disbiyozisi;
saglik durumu, metan salinimi, stt ve et gibi verim
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ozellikleri ve hayvan refahini dogrudan etkilemek-
tedir (Li ve Guan 2017; Difford ve ark. 2018). Sin-
dirim sistemi yollarinda bulunan bakteri tirlerinin
sayisinin 5,000'den fazla oldugu tahmin edilmekle
birlikte, diyet, beslenme stratejisi ve cografi konu-
ma bagli olarak degismektedir. Sigirlarda 6n mide
ve bagirsaklar; icerigin fermantasyonunu saglayan
bakteriler, arkealar, mantarlar, protozoonlar ve virls-
lerden olusan cesitlilik gosteren kalabalik bir mikro-
biyotay barindirmaktadir ve bakteriyel konsantras-
yonlari, icerigin mililitre’sinde(ml) 10'2-10™ hicreye
ulagmaktadir (Russel ve Rychlik 2001; Krause ve ark.
2013; Henderson ve ark. 2015).

Sigirlardaki rumen ve bagirsak mikrobiyotasi-
nin disbiyozunun; subakut ve akut rumen asidozu,
sut yaginda azalma, timpani gibi bircok metabolik
hastaligin yani sira, vajinal kanal ve meme dokusu
gibi vucuttaki diger bdlgelerin mikrobiyotalarini da
etkileyerek mastitis gibi hastaliklarin da ortaya cik-
masina veya siddetlenmesine sebep olabilmektedir
(Khafipour ve ark. 2009; Azad ve ark. 2015; Derakh-
shani ve ark. 2016; Plaizer ve ark. 2017).

Yapilan calismalarda rumen mikrobiyotasinin
tlr ve irk bazinda farkhhk gosterebilecegi ortaya ko-
nulmustur. Ornegin, ayni diyetle beslenen Holstein
ve Jersey irki sit sigirlar arasinda rumen mikrobi-
yotasinin bilesiminde farkliliklar tespit edilmistir (Paz
ve ark. 2016). Ayrica, bu calismada laktasyon déngu-
leri ve yas gibi bircok faktor karsilastiriimistir ve bu
faktorlerin rumen mikrobiyotasindaki farklilagsmaya
katkida bulundugu bildirilmistir (Jami ve ark. 2013;
Jewell ve ark. 2015).

Tablo 1. Sigir sindirim sisteminin mikrobiyal karakteri

Rumen Kalin Bagirsaklar
Bacteroidetes Buzagilarda;
Firmicutes Bacteroidetes
Fibrobacter Firmicutes
Arkeler Atopobium
Protozoa tiirleri Bifidobacteria
Sigirlarda;
Bacteroidetes
Firmicutes
Fibrobacter

Son yillarda, stt ineklerinin stt Gretim potansi-
yeli tim diinyada 6nemli 6lclide artmistir ve buna
bagli olarak st ineklerinin ihtiyaclarinin karsilanma-
s ve st verimlerinin artirilmasi icin rasyonlarinda
degisiklikler yapilarak ytksek enerijili diyetlere gecil-
mistir. Bu diyetler, mikrobiyotanin kompozisyonunu
ve islevselligini degistirerek ve firsatgl patojenlerin
kolonizasyonuna yol agarak sindirim sistemini mik-

robiyotasini olumsuz etkileyebilmektedirler (Russel
ve Rychlik 2001; Plaizer ve ark. 2008; Krause ve ark.
2013).

Kanath Mikrobiyotasi

Butlin omurgalilar gibi, kanathlar da bagirsaklarinda
cesitli konakgilara beslenme ve patojenlerden koru-
ma saglamada 6nemli gorevlere sahip cesitli mik-
roorganizma topluluklarini barindinr. Kanatli mikro-
biyotasi alaninda, arastirmalar daha cok tavuk gibi
yetistirme 6nemi olan kanath tirleri Gzerinde yo-
gunlasmistir. (Waite ve Taylor 2015). Tavuklarin gast-
rointestinal sistemi, bakterilerin yogunlukta oldugu
karmasik mikrobiyal topluluklarla (bakteriler, man-
tarlar, arkeler, protozoalar ve virlsler) yogun bir se-
kilde kusatilmistir (Wei ve ark. 2013). Tavuk gastroin-
testinal sistemi, diyet ve saglik arasindaki baglantiyi
saglayan karmasik ve biyogesitlilik acisindan zengin
bir mikrobiyal topluluga ev sahipli§gi yapmaktadir.
Tavuklarda sindirim sistemi mikrobiyotasi yaklasik
olarak 500 filotipe ve 1 milyon bakteriyel gene ev
sahipligi yapar ve bu da tavuk genomundaki sayinin
yaklasik 40-50 katina esittir (Maki ve ark. 2019). Bu
bakteriler vitaminler (K vitamini ve B vitamini grup-
lar), kisa zincirli yag asitleri (asetik asit, bUtirik asit
ve propiyonik asit), organik asitler (laktik asit) ve an-
timikrobiyal bilesikler (bakteriyosinler) Gretmekte ve
hayvan i¢in beslenme ve korunma saglayan non-pa-
tojenik bagisiklik yanitini uyarmaktadir (Jeurissen ve
ark. 2002; Apajalahti 2005; Dibner ve Richards 2005;
Yegani ve Korver 2008). Son yillarda yapilan calis-
malar ise bagirsak mikrobiyotasinin geng broilerle-
rin immdanolojik fonksiyonlarini modiile edebilece-
gini ve ayrica mikrobiyotanin metabolik ve immun
fonksiyonu gelistirmenin yani sira yangisal yanita
toleransi artirdigini da gostermektedir (Rodrigues
ve ark. 2020).

Kanath gastrointestinal sistemi kursak, provent-
rikdl, tashk, duodenum, jejenum, ileum, sekum, kalin
bagirsak ve kloakadan olusur (Yeoman ve ark. 2012).

Kursak yaklasik olarak 108- 10° koloni olusuran
birim/ gram (kob/gr) bakteriye ev sahipligi yapmak-
tadir ve kursaktaki baskin tir Lactobacillus tirleri
'dir (Gong ve ark. 2007). Tashktaki mikrobiyota kur-
saktakine benzer fakat pH daha distk oldugundan
dolay! bakteriyel aktivite daha dustktur. Tasliktaki
bakterileri turleri Lactobacilli, Enterococci, Enteroba-
cteria turleridir (Rehman ve ark. 2007). ince bagirsak
segmentleri arasinda en disik bakteriyel yogun-
luk kisa gecis sliresi ve salgilanan safra sivisindan
kaynakli olarak duodenumda bulunur ve genellikle
Clostridia, Streptococci, Enterobacteria ve Lactoba-
cilli tirlerinden olusmaktadir (Waite ve Taylor 2015).
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ileum'da baskin tiir Lactobacillus olmakla birlikte
bunu Clostridiaceae, Streptococcus Enterococcus ai-
leleri izlemektedir. Sekumda ise baskin olarak Firmi-
cutes ve Bacteroidetes filumlari tespit edilmistir (Ku-
mar ve ark. 2018).

Su Canlilarinda Mikrobiyota

Genetik, beslenme ve cevresel faktorlerden etkilene-
bilen deniz ve tatli su tirlerinin endojen mikrobiyo-
tasinda bulunan taksonlarda ¢ok cesitli varyasyonlar
bulunmaktadir. Aeromonas, Alcaligenes, Alteromo-
nas, Carnobacterium, Flavobacterium, Micrococcus,
Moraxella, Photobacterium, Pseudomonas ve Vibrio
tarleri cesitli deniz tirlerinin baskin mikrobiyotala-
rini olustururken (Balcazar ve ark 2010; Dhanasiri ve
ark. 2011; Askarian ve ark. 2012); tath su tlrlerin-
de ise Enterobacteriaceae ailesinden Acinetobacter,
Aeromonas, Flavobacterium, Lactococcus ve Pseu-
domonas, ve ayrica zorunlu anaerobik bakteri ttr-
lerinden Bacteroides, Clostridium ve Fusobacterium
baskin olarak bulunmaktadir (Li ve ark. 2012; Wu ve
ark. 2012).

Pet Mikrobiyota Calismalari

Kedi ve kopeklerde Uizerinde en ¢ok calisilan baslica
mikrobiyota alanlari; gastrointestinal sistem, solu-
num sistemi ve deri sistemi mikrobiyotasidir (Sucho-
dolski 2011).

insanlar ve ciftlik hayvanlariyla karsilastirildigin-
da, kedi ve kopekler nispeten daha basit bir gastro-
intestinal sisteme sahiptirler. Gastrointestinal sistem,
insan ve diger hayvan tirlerinde baslica mikrobiyota
yasam alanidir. Memeli sindirim sistemi mikrobiyo-
tasi gesitli ve karmasik, birbirlerine bagimli ve reka-
bet etmeyen cok sayida tlirden olusmustur (Eckburg
ve ark. 2005; Ley ve ark. 2008).

Mikrobiyota kompozisyonu gastrointestinal sis-
tem boyunca farkliliklar gosterir. Distal bolimlerde
anaerobik bakteri gruplarn agirlikta iken, proksimal
bélimlerinde ise aerobik ve anaerobik bakterilerin
daha esit dagildigi gézlemlenmistir (Simpson ve ark.
2002; Suchodolski ve ark. 2008).

Sindirim sistemi mikrobiyotasi bircok mekaniz-
ma araciligiyla konakgiya fayda saglar. Kommensal
bakteriler gecici patojenlere karsi savunma bariyeri
olusturur. Besin sindirimine yardimci olurlar, konakgl
icin 6nemli metabolitleri saglarlar ve ayrica konak-
¢inin bagisiklik sistemini moddle etmede énemli bir
islevleri vardir (Suchodolski 2011).

Midedeki ana bakteri tirleri Helicobacter ve La-
ctobasillus spp.dir. Kopeklerin mide biyopsisinden
bakteriyel kdlttr teknikleri kullanilarak yapilan bir

calismada midedeki bakteri sayisi 10 kob/g olarak
bulunmus ve bulunan dizinlerin en fazla Proteo-
bacteria filumuna (%99,6) ait oldugu saptanmistir.
Ayrica Firmicutes filumuna ait az sayida (%0,3) di-
zin bulunmustur. Proteobacteria filumundan ise en
cok Helicobacter spp. tirlerine rastlanmistir (%98,6)
(Benno ve Nakao 1992; Garcia-Mazcorro ve ark.
2012).

Tablo 2. Kedi ve Kdpeklerde Lokalizyona Gore Baskin Bakteri
Gruplari

KEDi
Helicobacter

KOPEK
Helicobacter

MIDE Lactobasillus spp. Lactobasillus spp
Proteobacteria Proteobacteria
Firmicutes,
Proteobacteria, L
Bacteroidetes Bgctgrlodles
DUEDENUM . ! Firmicotes
Spirochaetes, .
- Fusobacteria
Fusobacteria
Actinobacteria
Proteobacteria
Firmicutes
Actinobacteria Enterococcus
JEJENUM . Streptococcus spp
spirochaetes Lactobacillus s
Bacteroidetes PP
Fusobacteria
Proteobacteria
Firmicutes
iLEUM Actinobacteria Clostridium
Spirochaetes Bacteriodes spp.
Bacteroidetes
Fusobacteria
Streptococcus spp
Lactobacillus spp.
. Erysipelotrix spp.
KOLON Fusobacteria Clostridiom T+

Bacteroides Firmicutes Bacteriodetes

Proteobacteria
Actinobacteri

Duodenal mikrobiyota 6 filum icermektedir.
Bunlar; Firmicutes (%46,4), Proteobacteria (%26,6),
Bacteroidetes (%11,2), Spirochaetes (%10,3), Fusoba-
cteria (%3,6) ve Actinobacteria (%1) (Xenoulis 2008).

Jejenumda ise 10 farkl bakteri filumu tespit
edilmistir. Baslica bakteri filumlari Proteobacteria
(%46,7), Firmicutes (%15,0), Actinobacteria (%11,2),
Spirochaetes (%14,2), Bacteroidetes (%6,2) ve Fuso-
bacteria'dir (%5,4). Enyaygin bakteri tirleriise Gam-
ma-proteobacteria (~%40), Spirochaetes (~%13), Ac-
tinobacteria (~%12), Clostridia (~%10), Bacteroidetes
(~%6), Fusobacteria (~%4), ve Alpha-proteobacteria
(~%3) dir (Suchodolski ve ark. 2009).

Kalin bagirsaklar en fazla bakteri yogunluguna
ve ¢esitliligine sahip olan bdlgedir (10°- 10" kob/g).
Saglklh kopeklerde kolon mikrobiyotasinda baskin
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olarak Fusobacteria, Bacteroides ve Firmicutes (Her
biri %30 oraninda) icermektedir (Suchodolski ve ark.
2008).

Sindirim sistemi mikrobiyotasi sadece bakterile-
ri degil, ayni zamanda mantarlari, arkeleri ve virUsleri
de icerir. Bagirsak bolgesinden PCR (Polimer Zincir
Reaksiyonu) analizi yapilan bir calismada saghkh ko-
peklerin %61'inde, kronik enteropatili kopeklerin ise
%79'unda mantar DNA'sI tespit edilmistir ve en ¢cok
identifiye edilen mantar sinifi Saccharomycetes'tir
(Suchodolski ve ark. 2008).

Kedi ve kopeklerde bildirilmis viral filotipler Ro-
tavirus, Coronavirus, Parvovirus, Norovirus, Astrovi-
rus, Distemper virus, ve Paramyxoviruslar'dir (Mochi-
zuki ve ark. 2001; Kempf ve ark. 2010).

Solunum sistemi mikrobiyotasina iliskin arastir-
malarin ¢cogu insanlarda yapilmistir ve insanlarla bir-
likte cevreyi paylasan evcil hayvanlardaki hava yolu
mikrobiyotasinin bilesimi hakkinda bilgiler daha si-
nirlidir. Yangisal hava yolu hastaliklari, kdpeklerde ve
kedilerde kronik bronsitte ve kedilerde alerjik astim-
da yaygindir. insanlarda, saglkl ve astimli solunum
yollari arasindaki mikrobiyal bilesimdeki farkhliklar
bildirilmistir (Hilty ve ark. 2010; Marri ve ark. 2013;
Huang ve ark. 2015). Son zamanlardaki ¢calismalarda
kdpeklerde solunum yolu mikrobiyotasinda Proto-
bacteria, Tenericutes ve Actinobacteria'lar identifiye
edilmistir ve saglikli kdpeklerde ortaya konan bu ve-
riler, enfeksiyoz ve enfeksiydz olmayan yangisal so-
lunum hastaliklarinda mikrobiyal topluluklarin roli-
niin anlasiimasi agisindan dnemlidir (Ericsson ve ark.
2016). Kedilerde ise saglkl solunum yolu mikrobi-
yota kompozisyonunu belgeleyen bir ¢calisma ise he-
ntz yayinlanmamistir (Vientos-Plotts ve ark. 2017).

Kopeklerde yapilan mikrobiyota calismalarinda
atopik dermatitisli hayvanlarin mikrobiyotasindaki
bakteriyel ve fungal topluluklarin saglikli hayvanlara
gore daha az cesitlilik gosterdigi saptanmistir. insan-
larla benzer sekilde, her kdpekteki farkli deri bolge-
leri cesitli ve kendine 6zgli mikrobiyotayla kusatiimis
ve farkli kdpekler ve farkl bolgelerde ciddi kisisel
farkliliklar belirlenmis ve ayrica mukozal ylzeyle-
re nazaran (dudaklar, burun, kulak ve konjonktiva)
kil bolgelerde daha yiiksek mikrobiyal bir cesitlilik
tespit edilmistir. Burun deligi ve konjuctiva en di-
stk mikrobiyal yogunlugu icerirken, aksillar bolge ve
burnun dorsal kismi en yiksek mikrobiyal cesitliligi
goOstermistir. Ortalama olarak, kdpek burnu dorsa-
linde yaklasik 300 farkh bakteri cinsi tespit edilmistir.
Butlin bu ylzeylerdeki baskin filumlar, Proteobac-
teria, Firmicutes, Actinobacteria ve Bacteroidetes'dir
(Rodrigues-Hoffmann ve ark. 2014). Kedilerde ise

deri mikrobiyotasina Micrococcus, Acinetobacter,
Streptococci ve Staphylococci'nin egemen oldugu
bulunmustur (Krogh ve Kristensen 1976).

Hayvan ve insan Mikrobiyota Etkilesimi

Evcil hayvanlarin insan sagligina yarar sagladigi fikri,
ilk olarak 1989'da alerjik hastalik riskini asiri hijye-
nik ortamlara baglayan David Strachan tarafindan
ortaya atilmistir (Strachan 1989). Bebeklik evresinde
bagirsak mikrobiyal disbiyozun alerjik hastaligin ge-
lisimi ile iliskili olduguna dair daha fazla kanit ile bu
gorus mikrobiyota hipotezi olarak revize edilmistir
(Wold 1998; Hesselmar ve ark. 1999; Litonjua ve ark.
2002; Ownby ve ark. 2002; Lodge ve ark. 2012; Ner-
mes ve ark. 2013; Ezell ve ark. 2013).

Birlikte yasayan insan ve hayvanlarin mikrobi-
yotalarinda en ¢ok benzerligin oldugu bdlge deri
ve tlly bolgesidir. Mikrobiyal agidan yetiskinlerin cilt
mikrobiyotasi, diger kdpeklere kiyasla kendi kdpegi
veya kopeklerinin mikrobiyotasi ile daha benzerdir.
K&pekleri olan insanlar birbirleri ile, kdpekleri olma-
yan insanlardan daha fazla ortak bakteri filotipini
paylasirlar. Képekleri olan, fakat birlikte yasamayan
iki insan ortalama olarak; kdpekleri olmayan fakat
birlikte yasayan insanlardan daha ¢ok ortak filotipe
sahiptir (Song ve ark. 2013).

Kopekler ve sahipleri arasinda en ¢ok benzerlik
gOsteren taksonlar; Betaproteobacteria (Methylophi-
laceae) ailesi, Actinobacteria ailesi ve Acidobacteria
ailesidir (Lauber ve ark. 2009).

Ev hayvanlarina prenatal maruziyeti degerlendi-
ren alti calismanin bir meta-analizinde, 6zellikle pre-
natal kdpek sahipliginde, bebeklerde alerjik hastalik
(atopik dermatit, astim) riskinin azaldigi bildirilmistir
Ayrica 24 bebekte yapilan bir pilot calismada ise, ev-
cil hayvan varliginda 3 aylik bebeklerde bagirsakla-
rindaki mikrobiyal zenginliginin ve cesitliligin daha
fazla oldugu ve mikrobiyotalarinin daha fazla hay-
van spesifik Bifidobacterium pseudolongum icerdigi
ortaya konmustur ve bu hayvan-insan mikrobiyota
gegcisinin dnemli bir gdstergesi olarak kabul edilmis-
tir (Lodge ve ark. 2012; Azad ve ark. 2013; Nermes
ve ark. 2013).

Ayrica kopeklerin evcillesip insanlarla birlikte
yasamasini degerlendirmek amaciyla vahsi kurtlarla
evcil kdpeklerin bagirsak mikrobiyotalarinin karsi-
lastinldigi bir calismada kurtlarda bulunan Alistipies,
Pseudomonas, Slackia, Subdoligranulum, Eubacte-
rium coprostanoligenes grubu ve Barnesiella 'nin
kdpek mikrobiyotasinda bulunmadigi ve bunun da
vahsi atalarindan farkli olarak yasam tarzinin ve in-
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san etkisinin mikrobiyota Uzerinde etkili oldugunu
gostermektedir. Buna paralel olarak ayni ¢calismada
vahsi kurtlarda bulunmayan Indeed, Dorea, Paraba-
cteroides, Streptococcus, Bacteriodales ve Clostridia-
les ailelerinin insan ve evcil kopeklerde bulundugu
ortaya konulmustur. (Alessandri ve ark. 2019)

Antibiyotik Kullanimi

Mikrobiyota Uzerine etki eden en onemli faktor-
lerden birisi antibiyotik kullanimidir. Antibiyotikler
sadece hedef patojene spesifik toksisiteye sahip ol-
mayip, mikrobiyotaya da etkileri vardir. Yapilan bir
calismada 7 guin boyunca klindamisin uygulama
sonrasinda mikrobiyotadaki Bacteroides cinsinin 2
yil sonra bile tam olarak normal kompozisyonuna
donemedigi saptanmistir (Jernberg ve ark. 2007).

Antibiyotik kullaniminin tzerlerinde etkilerinin
fazla oldugu goézlenen ana bakteri gruplari arasinda
baslica Actinobacteria, Bacteroidetes, Firmicutes ve
Proteobacteria gruplari bulunmaktadir. Bu ana grup-
lardaki bazi cinsler Bifidobacterium, Bacteroides, Fa-
ecalibacterium, ve Escherichia goreceli olarak daha
fazla etkilerin gozlendigi cinslerdir. Diger etkilenen
bakteri gruplar arasinda Fusobacteria (Fusobacteri-
um), Planctomycetes (Gemmata) ve Verrucomicrobia
(Akkermansia) gibi bakteri gruplari bulunmaktadir
(Ladirat ve ark. 2013; Panda ve ark. 2014; Ferrer ve
ark. 2017).

Mikrobiyota Uzerindeki en fazla etki gosteren
antibiyotiklerin basinda sik kullanimlari nedeniyle
beta-laktam ve florokinolon grubu antibiyotikler
gelmektedir. Ote yandan kombine tedavi uygula-
malarina da ¢ok sik basvuruldugu icin, mikrobiyom
Uzerinde de kombine etkiler siklikla olusmaktadir
(Panda ve ark. 2014).

Texas Universitesi Kanin Mikrobiyota Disbiyozis
indeksinin verilerine gére pek cok kdpekte antibiyo-
tik kullanimi sonrasi birkag hafta icerisinde, bagirsak
mikrobiyotasi eski kompozisyonuna dénmekle bir-
likte, bazi hayvanlarda ise bu suire¢ oldukca uzamak-
tadir (Suchodolski ve ark. 2016).

Mikrobiyota-Diyet iliskisi

Besin bilesiminin ve yem iceriginin, gastrointestinal
fonksiyonunu, mikrobiyota bilesimini ve hayvan ba-
girsagindaki bakteriyel metabolik Grlinlerini dnemli
olclide etkiledigi bilinmektedir (Grzeskowiak ve ark.
2015).

Farkl tirlerde yapilan cesitli calismalar, diyet
kompozisyonunun- 6zellikle etobur ve otcul diyet-
lerinde bulunanlar gibi biytuk makro besin farklilk-
larinin farkli bagirsak mikrobiyom profilleri Gizerinde

etkileri oldugunu gostermistir (Pilla ve Suchodolski
2020).

Zorunlu etobur olarak siniflandirilmalarina rag-
men, glinimuzde evcil kedi ve kdpekler omnivordur
ve ticari mamalarda bulunan cok cesitli diyet kar-
bonhidratlarini metabolize edebilmektediler (Swan-
son ve ark. 2011; Rochus ve ark. 2014).

Son yillarda kopekler icin, Kemik ve Cig Gida
(Bone and Raw Food = BARF) diyeti olarak adlan-
dinlan yeni bir beslenme tirl oldukca popdtler hale
gelmistir. BARF diyeti, pismemis et, kemikler ve nis-
peten daha duslik seviyelerde sebze, yumurta ve sit
artnlerini icerir (van Bree ve ark. 2018).

Ticari mamalar ile Kemik ve Cig Gida (BARF)
diyetini karsilastiran bir ¢alismada BARF diyeti ile
beslenen kopeklerde Peptostreptococcus ve Faecali-
bacterium cinslerini iceren Firmicutes filumunda ve
ayrica Bacteroides ve Prevotella cinslerini iceren Ba-
cteriodetes filumunda azalma gorilmustir (Schmidt
ve ark 2018).

Kedilerde yapilan benzer bir calismada da di-
yetin mikrobiyota kompozisyonunu ve mikrobiyal
metabolitlerin seviyesini etkiledigi tespit edilmistir
(Wernimont ve ark. 2019).

Pet hayvanlarinda oldugu gibi ciftlik hayvan-
larinda da diyetin mikrobiyota Uzerine etkileri var-
dir. Sigirlarda diyetin mikrobiyota Uzerine etkilerini
degerlendirmek Uzere yapilan bir calismada mera
besisi ve toplam karisim rasyon ile beslenen sigir-
larin rumen mikrobiyotasini incelenmis ve rumen
mikrobiyotasindaki bakteri ve arkeler Uzerinde
onemli farkhhklar bulundugu ve ayrica rumen pro-
tozoalarinin diyet farkliklarindan mikrobiyotadaki
bakterilerden cok daha az etkilendigi belirlenmistir.
Aile diizeyinde, toplam karisim rasyon ile beslenen
hayvanlarda Fibrobacteraceae'nin ve mera besisi ile
beslenen hayvanlarda ise propiyonat Ureten Veillo-
nelaceae yiiksek bulunmus ve mikrobiyotanin diyet-
le iliskili oldugu ortaya konulmustur. (De Menezes
ve ark. 2011).

Probiyotik Kullanimi

Probiyotikler “yeterli miktarda alindiklarinda endo-
jen mikrofloranin &zelliklerini gelistirerek, konakgl
saghgini olumlu yénde etkileyen canli mikroorga-
nizmalar” olarak tanimlanmaktadir. Bir Grliniin pro-
biyotik olarak tanimlanabilmesi icin, mide asiditesi
ve safra asitlerine karsi direncli olmasi, sindirim ka-
nalinda canh kalabilmesi, bagirsak epiteline tutu-
nabilmesi, mikrobiyotaya adapte olmasi, sindirim
sisteminde kolonize olabilmesi, antimikrobiyal mad-
deler salgilayabilmesi (bakteriyosin gibi), patojen ve
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toksik olmamasi, konakgi saghgi Gizerinde olumlu et-
kileri olmasi ve Uretim ve depolama sirasinda stabil
olmasi, canli kalabilmesi gerekmektedir (FAO/WHO,
2002).

Probiyotiklerin konakgi Uzerinde; yag asitleri,
laktik asit ve asetik asit gibi antibakteriyel bilesiklerin
uretimi, potansiyel patojenler ile besin ve baglanma
bolgeleri igin rekabet etme, mikrobiyal metaboliz-
manin degistirilmesi, bagisikligin uyarilmasi gibi etki
sekilleri vardir (Sarowska ve ark. 2013).

Probiyotikler sitokin sentezini ve intestinal mik-
roflorayl diizenler. Enterositlerdeki Toll-like resep-
torleri (TLR) ve proteoglikan taniyici proteinlere et-
kilidir ve Th1 aktivasyonuna yol acarlar. Th1 sitokin-
leri artar ve Th2 sitokinleri azalir; boylece mukozal
IgA sekresyonu, alerjen spesifik B ve T hicre yaniti
dizenlenir (Winkler ve ark. 2007). Probiyotikler, ba-
girsak mukozasina badliliklarina midahale ederek
veya mukus / musin Uretimini indUkleyerek potansi-
yel patojenlerle rekabet edebilmektedirler (Collado
ve ark. 2007).

Lactobacillus acidophilus, Lactobacillus bulgari-
cus, Lactobacillus casei, Lactobacillus plantarum, La-
ctobacillus rhamnosus gibi baslica probiyotik tirleri
epitelyal hiicrelere yapisarak patojen kolonizasyonu
azaltip ayni zamanda metabolitlerin Uretimi ile pa-
tojen ve non-patojen bakteriler arasinda bir denge
saglamaktadir. (De Vrese ve ark. 2008).

Tablo 3. Bazi probiyotik bakterilerin yararlari.

Bakteri Adi Yararlan

Besinlerin sindirimini ve emilimini artirir,
Patojen bakterilerin kolonizasyonunu énler

Bifidobacterium spp. Bagisiklik fonksiyonunu uyarir

Lactobacilli spp.

Enterococcus spp. Patojen bakterilerin Gremesini engeller

Bacteroides spp. Vitamin Sentezi
Streptococci spp. Bagisiklik fonksiyonunu uyarir
Fusobacteria spp. Besinlerin sindirimini ve emilimini artirir
Eubacterium spp. Patojen bakterilerin Giremesini engeller

Saccharomyces
boulardii

Bagirsak bariyerini gelistirir,
Yangiyi baskilar

Evcil hayvanlarda probiyotik kullaniminin bazi
yararli etkileri; Bagisiklik sisteminin modulasyonu,

Tablo 4. Kedi ve kdpeklerde yetkilendirilmis probiyotikler

stres durumlarina yardimci olma, enteropatojenlerin
neden oldugu enfeksiyonlardan koruma, blyime ve
gelismede artis, alerjik hastaliklarin ve son zaman-
larda ise sikga gorilen obezite probleminin kontro-
[GduUr. (Grzeskowiak ve ark. 2015).

Veteriner hekimlikte probiyotiklerin canl tzeri-
ne olumlu etkilerini ortaya koymak tzerine yapilmis
bircok calisma bulunmaktadir;

Kopeklerde yapilan calismalarda Enterococcus
faecium SF68 tlrl uygulanan kdpeklerde plasebo
grubuna kiyasla fekal IgA ve distemper virlis asisi-
na 6zgu serum IgG ve IgA konsantrasyonunun daha
yuksek oldugu olctlmdstiir ve ayrica uzun sireli uy-
gulamalarda kedilerde ve kdpeklerde potansiyel bir
immun modulasyon etkisinin gorildigu ortaya kon-
mustur ve ayrica kopeklerde ilk asilamadan 4 hafta
sonra Enterococcus faecium SF68 uygulanan kopek-
lerde lenfosit proliferasyonu ve kuduz titresinin daha
yuksek oldugu tespit edilmistir (Benyacoub ve ark.
2003). Kedi ve kopeklerde barinaga ilk getirildiginde
E.faecium SF68 (2.1 x 10° kob/g) uygulanan kediler-
de uygulanmayanlara gore enterit ve ishal gortilme
ylzdesinin daha disik oldugu, fakat kopeklerde ise
bu insidanslarda bir degisme olmadigi saptanmistir;
bu veriler probiyotiklerin etkilerinin hayvan tirlerine
spesifik olabilecegini gostermektedir. (Bybee ve ark.
2011). Ayrica probiyotik organizmalarin kedi ve k-
peklerde serum lipid ve protein seviyelerini kontrol
etme potansiyelinin oldugu; probiyotik uygulamasi
sonucu kanda trigliserid ve albimin konsantrasyon-
larinda azalma sekillendirdigi, 16kositlerin fagositik
aktivitesinde artisin yanisira diisiik kolesterolli hay-
vanlarda kolesterol seviyelerinin fizyolojik seviyelere
geldigi gozlemlenmistir (Marcinakova ve ark. 2006;
Strompfova ve ark. 2014). Képeklerde yangisal ba-
girsak hastaliginda insan kaynakli VSL#3 (L. planta-
rum, L. delbrueckii subsp. bulgaricus, L. casei, L. aci-
dophilus, Bifidobacterium breve, B. longum, Bifido-
bacterium infantis ve Streptococcus salivarus subsp.
thermophilus turlerini iceren bir probiyotik) 112-225
x 10° kob/10 kg dozunda 60 giin boyunca uygulan-
mis ve klinik tabloda iyilesmenin yani sira CD3+ T
hiicre infiltrasyonunda azalma ve bagirsak mikrobi-
yotasinda normallesme gorilmustir (Rossi ve ark.
2014).

Yetkilendirme Numarasi  Katki Adi Hayvan Tiirii Minimum icerik (Kob/kg)
4b1820 Bacillus Subtilis DSM 15544 Koépek 1x10°
. Kedi 7x10°
4b1705 Enterococcus faecium NCIMB 10415 Kopek 2 5x10°
4b1715 Lactobacillus Achidophilus CECT 4529 K&di 5x10°
Kopek
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Kronik bdbrek hastalikli kedi ve kopeklerde ar-
tis gosteren proteinlere bagh tremik toksinlerden
indoksil siilfat ve p-creasol’'un bagirsak mikrobiyo-
tasi ile iliskili oldugu saptanmistir (Summers ve ark.
2019). Yapilan calismalarda probiyotik kullaniminin
kronik bdbrek yetmezliginde Uremik toksinler ve
glomertler filtrasyon hizi Uzerine pozitif etkileri ol-
dugu belirtilmistir (McCain ve ark. 2011; Lippi ve ark.
2017).

Sut sigirlarinda rasyona Lactobasillus spp., Ace-
tobacter fabarum ve Candida ethanolica iceren bir
probiyotik eklenerek sit verimi ve yagini degerlen-
dirildigi bir calismada probiyotik uygulanan grupta
sut veriminin ve yag oraninin artma egiliminde ol-
dugu ortaya konulmustur (Olchowy ve ark. 2019).
Buzagilarda probiyotiklerin blylme Uzerine etki-
lerini inceleyen calismalarda canl agirlik artisi (Dar
ve ark. 2017), vicut skoru (Windschitl ve ark. 1991)
ve kuru madde aliminda (Jatkauskas ve Vrotnia-
kiene 2010) artislar ortaya konulmustur. Blylme
performansinin incelendigi bir ¢alismada ise Lac-
tobacillus acidophilus ve prebiyotik uygulanan bu-
zag@ilarda uygulanmayanlara goére blyiime perfor-
mansinda ciddi olumlu farklar ortaya konulmustur
(Ratre ve ark. 2019). Buzag: ishallerinde 2 ve daha
cok glin probiyotik olarak Enterococcus faecium
M74 uygulanan buzagilarda buzagi ishali gorilme
ortalamasinin %50°den %30'a dustigu gorulmustir
(Jatkauskas ve Vrotniakiene 2010). Ayrica asilama
ve probiyotik takviyelerinin buzadi ishalleri izerine
etkisi incelendiginde maternal asilama ve probiyotik
kombinasyonunun tek basina maternal asilamadan
ve probiyotik takviyesinden daha iyi sonuglar verdigi
saptanmistir (Avila ve ark. 1995).

Broiler civcivlerinde 14 gunlik civcivlere de-
neysel olarak oral yolla Eimeria tenella ookistleri
verilerek enfekte edilmis ve 14. giin ile 35. glin ara-
sinda igme suyu ile birlikte Pediococcus acidilactici
ve Bacillus subtilis iceren probiyotik (1x107 kob/ml
dozunda) uygulanarak; yem tiketimi, canli agirlik ve
yemden yararlanmanin yani sira sekum ve ileumdaki
villus ylksekligi ve kript derinligi 6lcilerek bir anti-
koksidiyal olan salinomisin ile etkinligi karsilastiril-
mistir. Probiyotik uygulanan civcivlerin villus ylksek-
likleri, kript derinligi ve ayrica canli agirhk artisi anti-
koksidiyal grubuna gore daha olumlu bulunmustur
(Erdogmus ve ark. 2019). Broiler tavuklarinda ise
Lactobacillus spp. turlerinin Cjejuni’yi in vitro olarak
oldurmek icin yeterli miktarda laktik asit tGretebildi-
gini ve Uretilen laktik asitin C. jejuni’nin membran
bltlnligunu bozarak etki ettigi ortaya konulmustur
(Neal-McKinney ve ark. 2012).

Sonug

Mikrobiyota konusu &zellikle 2000'li yillarin bagin-
dan beri dikkat cekmeye baslamis ve kesfedilen
sasirtici fonksiyonlari sonucu, kisa strede kalin ba-
girsak "ikinci beyin” olarak adlandiriimistir. Veteriner
sahada ise mikrobiyotanin karmasik yapisi, fonksi-
yonlari ve organizma Uzerine etkileri yeni yeni aras-
tirnlmaya ve Ustline distinilmeye baslanmistir.

immun fonksiyonlardan, endokrin sisteme, dav-
ranis fizyolojisinden gelisim ve rejenerasyona cok
genis bir etki skalasi olan mikrobiyota kompozisyo-
nu; veteriner hekimlikte de insan-hayvan etkilesimi,
verim Ozellikleri ve surl saglhigina etkisi, ekonomik
ve toplumsal yonlerden hizla arastirilmasi gereken
bir sahadir.

Yapilan arastirmalar, hastaliklarda dogru mikro-
biyota maniptilasyonlarinin tedaviye katki sagladigi-
ni ortaya koymustur ve gortinen o ki prebiyotik ve
probiyotiklerin (sinbiyotik kombinasyon) potansiyel
terapotik etkinligi glinden gline aydinlanacaktir.

Diger yandan, veteriner klinik pratikte ¢ok yo-
gun karsilasilan rastgele probiyotik recete etme alis-
kanhginin ne derece fayda sagladigi oldukga tartis-
malidir. Pet klinik hekimligi ele alindiginda, ne yazik
ki henliz kedi ve kdpek barsagindan izole edilmis ti-
cari bir probiyotik mistahzari bulunmamaktadir. Bu
durumda insan probiyotikleri kullaniminda, kedi ve
kdpek gastrointestinal asidite, kompozisyon ve arzu
edilen koloni secimi blylk 6nem tasimaktadir. Bir
ornek vermek gerekirse, Bifidobacterium ailesine ait
koloniler, kedi ve kdpek midesindeki pH'a bagl ola-
rak, daha bagirsaga inemeden inaktive olmaktadir.

Guncel tip, bilimsel calismalari, saghgin anah-
tarinin koruyucu hekimlik oldugu gercegi bazinda
sekillendirmektedir. Mikrobiyota konusunda mev-
cut calismalar, veteriner hekimlikte de mikrobiyota
arastirmalarinin saglik ve ekonomik sahada énemli
karsiligr oldugunu isaret etmektedir. Bu nedenle ve-
teriner sahada gelecek perspektifinde kirilma nok-
tasi olabilme potansiyelini tasiyan mikrobiyota fe-
nomenine, en kisa siirede daha fazla odaklanilmasi
gerekmektedir.
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Ozet: Antikoagiilan rodentisitler kemirici miicadelesinde sik kullanilmaktadirlar. Tuzak yem formunda uygulanan
bu maddeleri kedi, kopek gibi evcil hayvanlar ya da serce, glivercin gibi kuslar kazara tliketerek zehirlenebilirler. Bu
durum primer (birincil) zehirlenme olarak isimlendirilir. Baykus, tilki, cakal gibi avci yaban hayvanlari ise genellikle
kemiricileri avlayarak beslenir ve tuzak yemlere ilgi gdstermezler. Tuzak yemi tiiketen kemiriciler anormal davranislar
sergiler; kacis durtiisu ve hareket kabiliyeti azalarak genellikle birkag giin icerisinde olirler. Béylece avci hayvanlar
tarafindan kolaylikla yakalanabilirler. Ancak, kemiricinin viicudunda biriken antikoagiilan rodentisitler avci canlinin
da zehirlenmesine sebep olabilmektedir. Bu durum ise sekonder (ikincil) zehirlenme olarak isimlendirilir. Bu der-
lemede, hayvanlarda antikoagiilan rodentisit zehirlenmeleri ile ilgili literatlirde bildirilmis veriler degerlendirilerek
antikoagilan rodentisit kullanimindan kaynaklanabilecek risk faktorlerini, 6zellikle yaban hayati agisindan aktarmak
amaglanmistir. Degerlendirilen bircok calismada, Amerika, Avrupa ve Avustralya'nin cesitli bolgelerinde yasayan evcil
ve yaban hayvanlarinda hem primer hem de sekonder antikoagiilan rodentisit zehirlenmesi bildirilmis; Glkemizde ise
yaban hayvanlarinda antikoagtiilan rodentisit zehirlenmelerinin arastirildigr herhangi bir calismaya rastlanmamistir.

Anahtar kelimeler: Antikoagilan rodentisitler, yaban hayvanlari, zehirlenme

Anticoagulant rodenticide poisoning in wild animals

Abstract: Anticoagulant rodenticides are often used in rodent control. Pets such as cats, dogs, or birds such as
sparrows and pigeons can be poisoned accidentally by ingesting rodenticide bait, which is regarded as primary
poisoning. Wild animals such as owls, foxes, jackals, on the other hand, usually hunt rodents and have no interest
in bait. When a rodent consumes an anticoagulant rodenticide bait, it exhibits abnormal behaviors such as move-
ment disorders, reduced flight response and usually dies within a few days. As a result, predators can easily hunt the
poisoned rodents. However, rodenticides that already have accumulated in the prey’s body may affect the predator,
leading to secondary poisoning. Secondary poisoning occurs more frequently, especially in areas where human
settlement is close to the wildlife. In this review, we evaluated the published data of rodenticide poisoning in animals
and showed the risks of anticoagulant rodenticides, particularly in the case of wildlife. Many studies have reported
both primary and secondary rodenticide poisoning in domestic and wild animal species in many parts of Europe,
America, and Australia. There is, however, no report on rodenticide poisoning in wild animals in Turkey.

Keywords: Anticoagulant rodenticides, poisoning, wild animals

Giris

Kemirici miicadelesinde kullanilan kapan, yapiskan
tuzak gibi fiziksel araglar kisith bolgelerde etkili
olurken, fare ve sicanlarin yogun olarak bulundugu
kentsel ve kirsal bolgelerde, kemirici kontrollniin et-
kin bir sekilde saglanabilmesi amaciyla rodentisitler
kullanilmaktadir. Norotoksik etki gdsteren striknin
ve brometalin, hayati organlarda kalsiyum minera-
lizasyonuna yol acan kolekalsiferol, viicut icerisin-
de zehirli fosfin gazi olusumuna neden olan ¢inko
fosflr gibi bircok madde genellikle tuzak yemlere
katilarak rodentisit olarak kullaniimaktadir (Gupta
2018). Kemiricilerin yasadigi bolgelere birakilan tu-
zak yemlerden, bolgede yasayan kedi, kopek, yaban

hayvanlari ve kuslar gibi hedef disi tirler de etkilene-
rek zehirlenebilir. Perakut zehirliligi cok yiiksek olan
bu maddelerin spesifik antidotu bulunmamakta ve
kazara gerceklesen zehirlenmeler genellikle 6limle
sonuglanmaktadir (Buckle ve Eason 2015). Bir diger
rodentisit sinifi olan antikoagulan rodentisitler (AR)
ise Vitamin K epoksit rediiktaz enzimini inhibe edip
kan pihtilasma mekanizmasini bozar ve kemirici-
lerde i¢ kanamaya yol acarak 6lime sebep olurlar.
Oliim, maruz kalinan AR miktarina bagl olmakla bir-
likte genellikle birkag gin icerisinde meydana ge-
lir (Murphy 2018). Rodentisit olarak kullanilan bazi
maddeler Tablo 1.de gosterilmistir.
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Tablo 1. Rodentisit olarak kullanilan bazi maddeler.

Antikogiilan Rodentisitler = Diger rodentisitler

Striknin

Brometalin

Varfarin
Bromadiolon

Brodifakoum Kolekalsiferol

Koumatetralil Sodyum floroasetat
Difenakoum Alfa-naftil tiyoure
Difasinon Cinko fosfr

Klorofasinon

Kemiriciler, neofobik karakterde canlilardir.
Farkli koku ve tatlara sahip besinlere (zellikle tu-
zak yemler) stuipheyle yaklasir ve reddederek tlket-
meyebilirler (Grau-Perales ve ark. 2019). Tuzak yem
uygulamasi yapilan bdlgelerde sag kalan kemirici-
lerin, daha sonra ayni yemi reddederek tekrarlayan
uygulamadan etkilenmedikleri gdzlenmistir. Bu tip
durumlar ozellikle striknin gibi perakut zehirliligi
yuksek rodentisitler kullanildiginda daha sik ortaya
ctkmaktadir. AR'ler ise tuzak yem alimini takiben ge-
nellikle uzun bir zaman diliminde (4 ila 10 giin ice-
risinde) etkilerini gdstermeye baslarlar. Bu nedenle,
kemirici canli tikettigi tuzak yem ile yasadigi semp-
tomlar veya zehirlenerek 6len diger kemiriciler ara-

sinda iliski kuramaz ve 6lene kadar yemi tiketmeye
devam eder. Dolayisiyla AR igeren tuzak yemlerde
yem reddi durumu ile nadiren karsilasilmaktadir
(Barnett 1988; Macdonald ve ark. 2015). Ayrica, ka-
zara gergeklesen AR zehirlenmelerinde spesifik anti-
dot olan vitamin K, kullanilarak tedavi gerceklestiri-
lebilir. Belirtilen nedenlerle AR'ler diger rodentisitle-
re oranla cok daha sik tercih edilmektedir (Eisemann
ve ark. 2018).

Antikoagiilan rodentisitler

Varfarin 1948 yilinda AR olarak kullaniimaya bas-
landiktan (Hayes 1950) kisa bir slre sonra varfarin'e
karsi kemiricilerde direng gelistigi tespit edilmistir
(Boyle 1960). Bunu takiben, varfarinle yapisal ola-
rak benzesen klorofasinon, difasinon ve koumatet-
ralil gibi rodentisitlere karsi direng gelisimi bircok
arastirmaci tarafindan tespit edilmistir (Greaves ve
Rennison 1973; Rennison ve Dubock 1978; Martin
ve ark. 1979; Buckle 2013). Birinci nesil AR'ler olarak
gruplandirilan bu maddelere karsi gelisen direncg ne-
deniyle sonraki yillarda daha guiclii ve etkili bilesikler
sentezlenerek 2. nesil AR'ler olarak adlandiriimistir
(Buckle 2013; Mooney ve ark. 2018). Bazi 1. ve 2.
nesil AR'ler Tablo 2.de gosterilmistir.

Tablo 2. Bazi 1. ve 2. nesil antikoagiilan rodentisitler ve kimyasal formalleri.

1. Nesil AR Kimyasal Formiili 2. Nesil AR Kimyasal Formiilii
Varfarin CH,0, Bromadiolon C,,H,;BrO,
Klorofasinon C,,H,.CIO, Brodifakoum C,,H,,BrO,
Difasinon C,;H, 0, Difenakoum G, H,,0,
Koumatetralil C,oH.O, Difethialon C,,H,,BrO,S
Koumafuril C,,H,,0, Flokoumafen C,,H,F.0,

ikinci nesil AR'ler oldukca lipofilik bilesiklerdir
ve biyolojik yarilanma dmuirleri uzundur. Birinci ne-
sil bilesiklere oranla karacigerde daha yogun birikim
gOsterir ve enterohepatik dolasima girerler. Ayrica,
2. nesil bilesikler vitamin K epoksit rediiktaz enzi-
mine daha fazla affinite gosterirler ve bu nedenle
etkileri daha gliclidir (Watt ve ark. 2005). Ornegin
brodifakoum, 2. nesil AR'ler icerisinde etki glicii en
ylksek bilesik olup, varfarin'den 40-200 kat daha et-
kilidir (King ve Tran 2015). Kemiricilerin 6limcil doza
maruz kalmasi igin 1. nesil AR iceren tuzak yemlerle
birkac kez beslenmesi gerekirken, 2. nesil AR iceren
tuzak yemden bir kez tiketmesi yeterli olabilmekte-
dir (Watt ve ark. 2005). Belirtilen Gsttinlikleri nede-
niyle 2. nesil AR'ler stiper varfarin olarak adlandiril-
mis fakat kullaniimaya baslandiktan bir siire sonra
bu bilesiklere karsi da direng tespit edilmistir (Lund
1984; Gill ve ark. 1992; Blazi¢ ve ark. 2018). Sliper

varfarinler giicli etkileriyle kemirici miicadelesinde-
ki basariyr artirmis; ancak ayni zamanda hedef disi
zehirlenmelerin daha tehlikeli hale gelmesine neden
olmustur.

Bu derlemenin amaci, hayvanlarda gerceklesen
antikoagllan rodentisit zehirlenme vakalarinin ve li-
teratlr verilerinin incelenerek, antikoagiilan roden-
tisit zehirlenmeleri ile ilgili risk faktorlerini 6zellikle
yaban hayvanlari agisindan ortaya koymaktir.

Antikoagiilan rodentisitlerle
zehirlenmeler

Hedef disi bir canlinin AR iceren tuzak yemi tiiket-
mesi primer zehirlenme olarak adlandirilir. Tuzak
yemi tiketen bir canlinin (kemirici, kus, bécek vb.)
baska bir canl tarafindan avlanmasi/yenmesi duru-
munda olusan zehirlenme ise sekonder zehirlenme

Etlik Vet Mikrobiyol Derg,

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

Cilt 32, Sayt 1, 2021, 89-98



Tokur O ve Aksoy A. Yaban hayvanlarinda antikoagiilan rodentisitler ile zehirlenmeler 91

olarak adlandirilir. Sekonder zehirlenmeler 6zellikle
yaban hayvanlari acgisindan dnem arz etmektedir
(Sénchez-Barbudo ve ark. 2012). Ayrica, bocekgil
canlilarin AR ile kontamine bocekleri tiiketmesi ve
avci canlilarin da bocekle beslenen canhilar avlama-
si/yemesi durumu tersiyer zehirlenme olarak adlan-
dirtlir (Brakes ve Smith 2005).

Antikoagiilan rodentisitlerle primer
zehirlenmeler

insanlarda rodentisit zehirlenmeleri kazara ya da su-
istimal (intihar) amach gerceklesmektedir. Tarim sek-
tortiinde calisan iscilerin ya da pestisit uygulamasi
yapan personelin kazara zehirlendigi, yetiskinlerde
ise intihar amach rodentisit kullaniminin daha yay-
gin oldugu bildirilmistir (Walker ve Beach 2002; Al-
tay ve ark. 2012; Altiparmak ve ark. 2016; Ozturk ve
Ugras 2018). Ng ve ark. (2018), 4 yillik strecte ince-
ledikleri 41 rodentisit zehirlenme vakasinin 30’'unun;
Xiang ve ark. (2014), 2 yillik stirecte gerceklesen 24
vakadan 5'inin intihar amaciyla gerceklestigini bil-
dirmistir. Ayrica, koruyucu ekipman kullanmadan ro-
dentisit uygulamasi yapan iscilerde, tekrarlayan der-
mal maruziyet sonucu zehirlenme meydana geldigi
tespit edilmistir (Svendsen ve ark. 2002; Bahadir ve
ark. 2015; Ozdemir ve ark. 2016). Rodentisit zehir-
lenme vakalarinin bircogunda 2. nesil AR'ler tespit
edilmektedir. Yu ve ark. (2013), 20 adet zehirlenme
vakasinda 12'sinde bromadiolon, 8‘inde brodifa-
koum tespit ederken Ng ve ark. (2018), 41 vakanin
31'inde bromadiolon tespit edildigini aktarmislardir.

insanlarda meydana gelen AR zehirlenmelerin-
de en fazla risk altindaki grup cocuklardir. Ozellikle
1-4 yas grubundaki ¢ocuklar, rodentisitlere kazara
maruz kalabilmektedir. Fransa'da gergeklestirilen bir
calismada, 4 yillik stirecte 280 adet AR zehirlenme
vakasl tespit edilirken bunun %41°inin 1-4 yas arasi
cocuklarda gerceklestigi bildirilmistir (Berny ve ark.
2010). Turkiye'de bir tip fakultesi cocuk acil servisine,
14 ayhk sire zarfinda zehirlenme siiphesiyle basvu-
ran 491 hastadan 14'Unlin rodentisit zehirlenmesi
yonlinden pozitif oldugu tespit edilmistir (Kondolot
ve ark. 2009). Pestisit zehirlenmeleri ile ilgili retros-
pektif bir calismada zehirlenme vakalarinin '4’liniin
1-4 yas arasi cocuklarda meydana geldigi ve toplam
709 vakadan 53'Unun AR'ler nedeniyle gerceklestigi
belirtilmistir (Caldas ve ark. 2008). AR zehirlenmele-
rinin arastinldigi baska bir calismada toplam vakala-
rin %70'den fazlasinin 5 yasindan kiictk cocuklarda
gerceklestigi ortaya konulmustur (Huntington ve
ark. 2016). Cocuklarda kazara olusan zehirlenmeler
genellikle tek sefer ve az miktarda AR alimi sonucu
gerceklestigi icin klinik belirtiler hafif olarak gozlen-

mekte ve cogu zaman tedaviye gerek kalmaksizin ve
bazen de profilaktik K vitamini uygulamasi ile tedavi
edilebilmektedir. Shepherd ve ark. (2002), bromadio-
lon‘a maruz kalmis 6 yas ve alti 10.762 cocukta, 6lim
ya da herhangi bir ciddi klinik belirti g6zlenmedigi-
ni belirtmistir. Ancak, bazi AR'ler fetal yolla yavruya
gecebilmekte ve bu durum hamilelik esnasinda olu-
sabilecek zehirlenmeler konusunda endise uyandir-
maktadir. Morgan (2006), koumatetralil'in fetal yolla
yavruya gecerek embriyotoksik ve teratojenik etki-
lere yol actigini tespit etmistir. AR'ye maruz kalmis
hamile bir kadinin kaninda 126 ng mL"; dogumun
hemen ardindan yeni dogan ¢ocugunun kaninda ise
94 ng mL" bromadiolon saptanmis; siddetli beyin
kanamasi geciren cocugun kurtarilamadig bildiril-
mistir (Ma ve ark. 2017). Kazara gerceklesen zehir-
lenmeleri engellemek icin tuzak yem istasyonlarinin
yapisinin degistirilmesi, ¢ocuklarin ulasamayacagi
yerlerde konumlandiriimasi, bazi tlkelerde ise sati-
sinin kisitlanmasi gibi ydntemlere bagvurulmustur.
1988 yilindan itibaren tuzak yemlere katilarak kul-
lanilan denatonyum benzoat (aci tat verici madde)
kemiriciler tarafindan tespit edilemezken insanlar
tarafindan aci olarak algilanip oral maruziyet riskini
oldukca distrmektedir. Bu madde toksik olmamasi-
nin yaninda rodentisit etkisini de engellememekte-
dir (Kaukeinen ve Buckle 1992; Rattner ve ark. 2014;
King ve Tran 2015).

Tuzak yemler, dusliik AR konsantrasyonlariyla
(%0,002-%0,005) ve denatonyum benzoat ile hazir-
lanmakta; tuzak yem istasyonlari ise genellikle 50-
100 gram arasi bloklar icermektedir (Johnston ve
ark. 2005). AR'ler icerisinde en zehirli bilesik olarak
tanimlanan brodifakoum’un %50 6limcil doz (ODSO)
degeri genel olarak kdpeklerde 3,5 mg kg™, kediler-
de ise 25 mg kg™ olarak belirtilmektedir (Kopanke
ve ark. 2018). Kedi ve kdpekler tuzak yemleri kazara
yeseler dahi aci tat nedeniyle tim blogu tiketmez
ve genellikle 6limcil olmayan miktarda rodentisite
maruz kalirlar. Bu nedenle evcil hayvanlarda primer
AR zehirlenmelerine nadiren rastlanmaktadir. An-
cak, uygulama esnasinda yapilan hatalar nedeniyle
hedef disi hayvanlar daha fazla rodentisite erisebilir
ve primer olarak 6limcil dozlara maruz kalabilirler.
Ayrica, AR'ler karacigerde yodun olarak akimile
olabildikleri icin tekrarlayan maruziyet sonucu he-
def disi canlinin viicudunda 6lime neden olabilecek
miktarda AR birikebilir (Godfrey 1985; Stone ve ark.
1999). Primer AR zehirlenmeleri basta sokak hay-
vanlari olmak Uzere kedi ve kdpeklerde (Berny ve
ark. 2010; Kirbas ve ark. 2012; Griggs ve ark. 2016;
Thomer ve Santoro 2018) bazen de serce, giivercin
gibi avcl olmayan kuslar ya da yaban hayvanlarin-
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da bildiriimektedir. Sarabia ve ark. (2008), klorofa-
sinon iceren bugday tanelerini tiketen ¢ok sayida
glvercinin éldigunu belirleyerek, nekropsi sonucu
glvercinlerin viicudunda yogun subkutandz ka-
namalar saptamis ve kursaklarinin zehirli tanelerle
dolu oldugunu bildirmistir. Tuzak yemlere maruziyet
ve zehirlenme, kis mevsimi gibi yem kaynaklarinin
azaldig1 zamanlarda daha sik sekillenmektedir. Tuzak
yemlerin agik alandan ziyade kapal kutularda sade-
ce kemiricilerin erisebilecegi sekilde dizayn edilmesi
primer zehirlenme riskini azaltsa da &zellikle kuslar
tuzak yem istasyonlarina kolaylikla erisebilmektedir.
Serce, glvercin gibi kiglk yapidaki kuslar yem is-
tasyonlarina direkt girebilir veya uzun gagali kuslar
disardan yeme erisebilirler. Kuslar ayni zamanda is-
tasyon etrafinda bulunan ve zehirli yemi tiketerek
kontamine olmus boceklerle de beslenebilirler (Vyas
2017). Ancak, sansar ya da baykus gibi tamamen
karnivor beslenme sekline sahip avcl tlrler tuzak
yemlere genellikle ilgi gdstermezler. Bu nedenle
AR'lere primer olarak maruz kalma ihtimalleri olduk-
ca zayiftir (Shore ve ark. 1999). Ciftlik hayvanlarinda
AR maruziyetine nadiren rastlanmasina ragmen ilgili
bilesiklerin hayvansal Urlinlere gecebildiginin goste-
rilmesi, halk saghgi acisindan 6nem arz etmektedir.
Kammerer ve ark. (1998), oral yolla varfarin uygu-
ladiklari tavuklarda yumurta ile varfarin ekskresyo-
nunun 14. gline kadar devam ettigini; Vries ve Sch-
mitz-Kummer (1994), fenprokumon’un siitle atildi-
gini bildirmistir. Bazi AR aktif maddelerinin rumende
yikimlanmamasi ve oral biyoyararlanim degerlerinin
ylksek olmasi (Berny ve ark. 2006) bu maddelerin
hayvansal Uriinlerde kalinti olarak bulunabilecegine
isaret etmektedir. Buna ek olarak Pitt ve ark. (2011),
pisirme isleminin difasinon Uzerine ¢ok az etkisi ol-
dugunu, ilgili maddenin en c¢ok karacigerde sapta-
nirken ete de gegebilecegini belirtmislerdir. Ancak,
literatlr arastirmasinda hayvansal gidalar aracihiy-
la olusan herhangi bir AR zehirlenmesi bildirimine
rastlanmamistir.

Antikoagiilan rodentisitlerle sekonder ve tersiyer
zehirlenmeler

Yaban hayati acisindan buyuk risk teskil eden se-
konder zehirlenmeler, kemiricileri avlayan tilki, ca-
kal, gelincik, vasak gibi memeli tirlerinin yani sira
baykus, sahin, kartal, atmaca gibi avci kus tarlerini
etkilemektedir. Ozellikle kis aylarinda besin sikintisi
yasayan gelincikler, gida ihtiyaclarinin blytk kismini
fare ve sicanlari avlayarak karsilamaktadir (Shore ve
ark. 1999; Zielinski ve ark. 2020). Kemiriciler ise yaz
aylarinda rahatlikla besin bulabilirken, kis aylarinda
yeterince besin bulamayarak tuzak yemlere daha

cok ilgi gostermekte ve bdylece soguk mevsimlerde
tuzak yemlerin etkisi artmaktadir (Lefebvre ve ark.
2017). Ayrica, kemiriciler kis mevsiminde soguktan
korunmak icin kentsel bolgelerde genel olarak kana-
lizasyon ve evlerde, kirsal bdlgelerde ise ciftliklerde
yogunlasmaktadir (Feng ve Himsworth 2014). Dola-
yisiyla insanlarin yogun olarak yasadiklari bolgelerde
rodentisit kullanimi 6zellikle kig aylarinda artmakta-
dir. Kirsal alanlarda yasayan yaban hayvanlarinda AR
maruziyetine daha az rastlanirken, kentsel alanlara
yakin bolgelerde yasamini sirdlrenlerde zehirlen-
me sikhginin ve drneklerde tespit edilen AR mikta-
rinin arttigi bildirilmistir (Lopez-Perea ve ark. 2015;
Lohr 2018; Lépez-Perea ve ark. 2019). Kemirici po-
pulasyonunun artisi nedeniyle yogun miktarda AR
kullanilmaya baslanan bolgelerde, cevrede yasayan
hedef disi canllarin primer ya da sekonder olarak
AR'lerden etkilenme riskleri artmaktadir (Fourel ve
ark. 2018). AR maruziyeti ile ilgili yaban hayvanlarin-
da yapilan bazi tarama calismalari, incelenen yaban
hayvanlari ve numunelerde tespit edilen antikoagu-
lan rodentisit miktarlari Tablo 3.te 6zetlenmistir.

Kemiriciler, avcilardan korunmak igin tigmotaksi
(aglk alandan ziyade duvar gibi dikey ylzeylere ya-
kin konumda ylrtiime) ve nokturnal yasam gibi dav-
ranislar gelistirmistir. AR’lere maruz kalan kemiriciler
ise acik alanda bulunma, glindiiz yuva disina ¢ikma,
sersemlik gibi cesitli davranis bozukluklari goster-
mekte (Cox ve Smith 1992); kacis dirtilerinin azal-
dig1 ve hareket kabiliyetlerinin distigu bildirilmek-
tedir (Brakes ve Smith 2005). ilgili durumlar, avcilarin
AR'den etkilenen kemiricileri daha kolay yakalama-
sina ve dolayisiyla sekonder zehirlenme riskinin art-
masina neden olmaktadir. Sekonder zehirlenmeye
katki yapan bir diger unsur ise 6zellikle 2. nesil AR'le-
rin karacigerde yuksek derecede akiimile olmasidir.
Birinci nesil AR'lerin karacigerde ortalama yarilanma
Omiuirleri 30-55 gtin iken 2. nesil bilesiklerde bu siire
220 glne kadar uzayabilmektedir (Sanchez-Barbu-
do ve ark. 2012). Kemirgenler, AR'lerin gecikmeli et-
kileri nedeniyle 6lmeleri icin yeterli miktardan daha
fazla rodentisit tlketebilir ve bu maddeler vicut-
larinda birikir. AR'lere direncli bazi kemirgenler ise,
normalde oliimcil olabilecek miktardaki AR’lerden
etkilenmez ve tuzak yemi tiketmeye devam eder.
Boylece, viicutlarinda ¢ok daha fazla miktarda AR
biriken bu direncli kemiriciler, avci canlilar agisindan
daha buyuk risk olustururlar (Smith ve Shore 2015;
Blazi¢ ve ark. 2018). AR maruziyeti sonucu sekillenen
davranissal degisiklikler avcl canlilari da etkilemek-
tedir. Saravanan ve Kanakasabai (2004), peceli bay-
kuslara, difetialon iceren yem ile beslenmis sicanlari
yedirerek baykuslari davranis degisikligi yoniinden
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incelemis; subletal dozlarda ele alinmaya kayitsizlik,
sersemlik gibi davranissal semptomlar belirlemistir.
Ayrica, baykuslarin siganlar parcaladiklari; ancak ge-
nellikle tamamen yemedikleri bildirilmistir. Benzer
bir calismada brodifakoum, difenakoum, flokouma-
fen iceren yemle beslenmis fareler (her bir fare sa-
dece tek bir AR iceren yemle beslenmis) pegeli bay-
kuslara sunularak bu maddelerin toksisiteleri (her
bir baykus tek bir AR'ye maruz kalmis) degerlendiril-
mistir. Bu calismada da baykuslarin fareleri parcala-

yarak bir kismini (6zellikle bagirsaklar) yemedigi ba-
zen ise fareyi tamamiyla reddederek yemedigi goz-
lenmistir. Kimulatif olarak brodifakoum 3,3 mg/kg,
difenakoum ve flokoumafen 1,9 mg/kg'a doza kadar
baykuslarin yasadigi; brodifakoum 5,4 mg/kg, dife-
nakoum 3,7 mg/kg, flokoumafen 2,2 mg/kg dozda
ise 0lim gergeklestigi tespit edilmistir (Gray ve ark.
1994). Ancak, ilgili calismada inceleme yapilan bay-
kus sayisi yetersiz (12 adet) oldugu icin kiimulatif
olduriiclt dozlar gercegdi tam olarak yansitmayabilir.

Tablo 3. Yaban hayvanlarinda tespit edilen antikoagtilan rodentisit miktarlari.

Tiir N N*e  N'up>1 2AR ortalama (pg/kg) Kaynak
350 (Riley ve ark.
Vasak (Lynx rufus) 39 35 27 (10 - 890) 2007)
. 340 (Poessel ve ark.
Kir Kurdu (Canis latrans) 5 5 1 (90 — 1200) 2015)
.. . 120 (Sainsbury ve ark.
Gelincik (Mustela putorius) 68 54 35 (1-3162) 2018)
S ? (Geduhn ve ark.
Kizil Tilki (Vulpes vulpes) 311 198 128 (1 - 2433) 2015)
) ? (Gabriel ve ark.
?
Balikcil Sansar (Martes pennanti) 58 46 ? (120 - 3400) 2012)
. 727
Kaya Sansari (Martes foina) 71 70 65 - 2361) (Elmeros ve ark.
N . 242 2018)
Gelincik (Mustela putorius) 69 65 47 (7 - 1466)
Kakim (Mustela erminea) 61 59 50 ? (Elmeros ve ark.
Bayagi Gelincik (Mustela nivalis) 69 65 48 (1-1290) 2011)
Kizil Kuyruklu Sahin (Buteo jamaicensis) 37 36 29
izgili Baykus (Strix varia 24 21 10
Cizg J ?(, ) ) 17 (Murray 2011)
Puhu (Bubo virginianus) 17 17 11 (10 —900)
Eastern Screech Owl* (Megascops asio) 16 16 12
Southern BooBook* (Ninox boobook) 73 53 28 _31 0 (Lohr 2018)
(? - 4002)
Kizil Kuyruklu Sahin (Buteo jamaicensis) 105 85 16 100 (Stansley ve ark.
Puhu (Bubo virginianus) 22 18 4 (10— 950) 2014)
Puhu (Bubo virginianus) 78 43
o e . . ? (Albert ve ark.
Cizgili Baykus (Strix varia) 25 23 67 (1- 1120) 2010)
Peceli Baykus (Tyto alba) 61 48
Bayagi Atmaca (Accipiter nisus) 14 6
Kulakli Orman Baykusu (Asio otus) 23 17
L. . 139 (Ruiz-Suarez ve
Kizil Enseli Dogan (Falco pelegrinoides) 16 5 38 (0.1 - 702) ark. 2014)
Bayagi Kerkenez (Falco tinnunculus) 21 14
Peceli Baykus (Tyto alba) 21 16
. . 155 (Hughes ve ark.
Kizil Caylak (Milvul milvus) 114 79 28 @ 2013)
A ? (Seljetun ve ark.
Kizil Tilki (Vulpes vulpes) 40 32 27 (1-192) 2020)

N: incelenen numune sayisi, N*: AR tespit edilen numune sayisi, N+(AR)>1: iceriginde birden fazla AR bilesigi tespit edilen 6r-
nek sayisi, YARortalama: Numunelerde saptanan ortalama rodentisit konsantrasyonu (minimum ve maksimum konsantrasyonlar)

*Tiirkce karsihgi bulunamadigi icin ingilizce ismi yazilmistir.
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AR toksisitesi omurgasiz canlilar Gzerinde daha
zayif olarak sekillenir. Omurgasiz canlilar genellik-
le memeli ve kuslarda toksik etkiye neden olan AR
dozlarindan etkilenmezler. Bu durum AR icerikli tu-
zak yemleri tiiketen omurgasizlarin, bécekgil meme-
li ve kus tirlerinde sekonder zehirlenmeye aracilik
edebilmesine neden olur (Johnston ve ark. 2005;
Dowding ve ark. 2010). Spurr ve Drew (1999), AR
iceren cesitli tuzak yemlerin basta Huberia brounii
tlrld karincalar olmak Uzere en az 45 farkh tirden
omurgasiz canli tarafindan tiketildigini saptamis ve
ilgili durumun 6zellikle bécekgil kuslar igin sekonder
zehirlenme riskine isaret ettigini belirtmistir. Benzer
sekilde Alomar ve ark. (2018), AR tuzak yemlerinin
sumuklt bocekler (Deroceras reticulatum) tarafin-
dan tlketilerek simikli boceklerin kontamine ola-
bildigini ve bu durumun sivri fare (Sorex araneus),
kirpi (Erinaceus europaeus) ve sigircik (Sturnus vul-
garis) gibi simikli boceklerle beslenen canlilarda
sekonder zehirlenmeye sebep olabilecegini; Booth
ve ark. (2003), yer solucanlarinin da benzer sekilde
sekonder zehirlenmeye aracilik edebilecegini belirt-
mistir. Dowding ve ark. (2010), 120 adet kirpi (Erina-
ceus europaeus) karacigerinde AR kalintisini arastir-
diklari calismada 80 kirpide AR bilesigi tespit etmis
ve pozitif drneklerin 27'sinde birden fazla AR bilesigi
bulundugunu ortaya koyarak bocekgil canlilarda se-
konder zehirlenmeye dikkat cekmistir. Ancak, bocek
vicudunda biriken AR miktarinin diisiik ve atiminin
memeli ve kuslara oranla daha hizli gerceklesmesi
nedeniyle boceklerin sekonder/tersiyer zehirlenme-
lere aracilik etme riskleri oldukca disuktur (Brooke
ve ark. 2013).

AR zehirlenmesi uyusukluk, zayiflik, algi ve ha-
reketin azalmasi, kanama gibi spesifik olmayan kli-
nik belirtilere sahiptir. Yaban hayatina dair toplanan
cogu 6rnek daha dnceden 6lmus hayvanlardan alin-
digi igin 6lim sebebine isaret edebilecek lezyonlar
ve bulgular kesin olarak ayirt edilememektedir. Ayri-
ca evcil hayvanlardaki 6ldurici AR konsantrasyonla-
rinin bilinmesine karsin yaban hayvanlarindaki 61du-
rtct konsantrasyonlar tam olarak tespit edilmemis-
tir. Bu nedenlerle yaban hayvanlarinda tespit edilen
AR miktarlari ile 6lim sebebi arasinda tam bir iliski
kurulamamaktadir (Elmeros ve ark. 2011; Lefebvre
ve ark. 2017; Sainsbury ve ark. 2018). Kemirgenleri
avlayan baykus, sahin gibi kus turleri veya karnivor
beslenme sekline sahip gelincik, tilki gibi memelile-
rin farkh tuzak yemlere ulasma sansi oldukga disik
ve bu yemleri tiketme istegi zayiftir. Bu baglamda
sekonder zehirlenme tespitini destekleyen bulgular-
dan biri travmatik hasar olmaksizin gerceklesen ig
kanama iken (Sekil 1.) (Stone ve ark. 1999), ikincisi ve

en 6nemlisi, analiz edilen érneklerde birden fazla AR
aktif maddesinin tespit edilmesidir. Christensen ve
ark. (2012), 5 farkli yirtici ve 6 farkli baykus turiinden
olmak Uzere toplam 430 adet 6rnegi analiz ederek
%92'sinde AR saptamis; AR saptanan drneklerin ise
%73'Unln birden fazla AR icerdigini tespit etmis-
tir. Lohr (2018), 73 adet baykus karacigerini analiz
ederek %72,6'sinda tek, %38,4'linde birden fazla AR
tespit etmis; 7 adet baykusta ise dis bakida herhangi
bir zehirlenme belirtisi (6rn; kanama) gozlemezken
disseksiyon esnasinda muhtemel AR kaynakli torasik
kavitede kanama, subdermal ve muskular kanama-
lar, agiz ve gaga cevresinde kanama gdzlemlemistir.
Sanchez-Barbudo ve ark. (2012), 2 farkl slrlingen,
18 farkl memeli ve 42 farkli kus tirinden olmak lize-
re toplam 401 adet evcil hayvan ve yaban hayvanini
inceleyerek %38,7'sinin AR ile kontamine oldugunu;
klinik belirtiler, nekropsi ve toksikolojik analizler so-
nucunda ise %34,9'unun AR'ler nedeniyle hayatini
kaybetmis olabilecegini bildirmistir. Albert ve ark.
(2010), cesitli hayvanlardan elde edilen 164 6rnegin
%10'unda (¢ farkli, sadece 1 6rnekte ise 4 farkli AR
tespit ederken; Elmeros ve ark. (2011), inceledikleri
4 adet kakim ve gelincigin tamaminda brodifakoum,
bromadiolon, koumatetralil, difenakoum, flokouma-
fen olmak lizere 5 farkli AR tespit etmistir. Yaban ha-
yatinda insanla karsilasma olasiligi diistik olan nadir
tlrlerin de AR'lerden etkilendigi gosterilmistir. Riley
ve ark. (2007), AR zehirlenmesi nedeniyle oldiguni
belirledikleri 2 adet pumanin karacigerlerinde sira-
siyla 1,27 ve 0,51 mg/kg bromadiolon, 0,57 ve 0,31
mg/kg brodifakoum tespit etmislerdir.

AR'lerin yavrulara aktariminin arastirildigi bir
calismada, tarla faresi micadelesi yapilan kirsal bir
bdlgede, 40 farkli kerkenez yuvasinda bulunan top-
lam 112 kerkenez yavrusundan alinan kanlar analiz
edilerek 19 6rnekte bromadiolon tespit edilmistir.
Bromadiolon'a maruz kalmis kerkenez yavrularinin
vicut agirliklarinin ise maruz kalmamis olanlara
gore %6,7 oraninda daha zayif oldugu belirlenmis-
tir (Martinez-Padilla ve ark. 2017). Gabriel ve ark.
(2012), AR zehirlenmesi nedeniyle 6len bir anne
sansarin, stl araciligiyla yavrusuna AR aktarmig
oldugunu tespit etmis; ancak yavruda AR zehirlen-
mesine iliskin herhangi bir belirtiye rastlanmadigini
bildirmistir. Salim ve ark. (2015), bromadiolon ya da
klorofasinon aktif maddelerine maruz kalan pegeli
baykuslarin yumurtalarinda ilgili maddeleri tespit
etmis ancak bu durumun yumurta kabugu kalinligi
ve yumurta seklini etkilemedigini bildirmistir.

AR'lerin yogun kullanimi, uzun vadede bolgede
yasayan avcl tirlerin sayisini da etkileyebilmektedir.
Proulx ve Mackenzie (2012), yogun ve seyrek ola-
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rak rodentisit uygulanan iki farkli bolgeyi avci yaban
hayvanlari sayilari yoniinden karsilastirmis; rodenti-
sit uygulamasinin az oldugu bolgedeki porsuk ve til-
ki sayisini yogun olan bdlgeye oranla sirasiyla 2,2 ve
6,4 kat fazla bulmustur. Ayrica, AR'lerin direkt etkileri
disinda tuzak yem hazirlanirken kullanilan bazi yar-
dimci maddeler de yaban hayvanlarina zarar verebil-
mektedir. Ozellikle pelet formundaki tuzak yemlerin
hava sartlarina dayanikliligini artirmak icin eklenen
parafin, bazi kuslarda tashk tikanmasina (gizzard
impaction) sebep olarak 6lime yol agabilmektedir
(Blus ve ark. 1985; Vyas 2017).

Sekil 1. Olimcil AR maruziyeti sonucu torasik kavi-
tede yogun kan birikimi (Gabriel ve ark. 2012).

Yaban hayatinda AR maruziyetini belirlemek
icin yapilabilecek genis capli calismalarda, 6l hay-
vanlari bulmak veya incelenecek hayvanlarin 6lmesi-
ni beklemek uzun ve yorucu bir ¢abadir. Bu nedenle
tarama ¢alismalarinda ana 6rnek olan karaciger ye-
rine diskida bulunan AR'lerin arastirilabilecegi ileri
strllmdstir. Ancak, taze diski 6rneklerinin analizi
gercek degerleri yansitsa da hava kosullarina bagl
olarak AR konsantrasyonunun hizla diistigu ve Uze-
rinden uzun zaman gecmis orneklerin gercek ma-
ruziyeti yansitmadigi belirtilmistir (Prat-Mairet ve
ark. 2017; Fourel ve ark. 2018; Seljetun ve ark. 2018).
AR zehirlenmesi tespitine yonelik calismalarda ka-
raciere diger bir alternatif olarak Newton ve ark.
(1994), baykuslarin beslenme sonrasi regurgitasyon
ile cikardiklari besin artiklarinin kullanilabilecegini
belirtmislerdir.

Sonug

Tuzak yemlerde bulunan AR konsantrasyonlari ol-
dukca dusuktir. Aci tat verici maddeler ise kaza-
ra olusabilecek yem tlketimini sinirlamaktadir. Bu
nedenle kedi, kopek gibi evcil hayvanlarda kasitli
eylemler disinda primer AR zehirlenme insidansi

disuktur. Sekonder zehirlenme bakimindan yaban
hayvanlarinin 8limcil doza maruz kalabilmesi ise
AR ile kontamine ¢ok sayida kemirici tiketmesi ile
ancak mumkin olmaktadir. Bu nedenle 6&zellikle
yaban hayatinda gerceklesen AR zehirlenmelerinin
oluimcdl etkilerinden ¢ok davranissal, reprodik-
tif ve hormonal bozukluklar ile ilgili cesitli suble-
tal etkilerinin aciga cikarilmasi gerekmektedir. AR
zehirlenmesinin kolaylikla tedavi edilebilir olmasi,
genel olarak insektisit ve herbisit zehirlenmelerine
nispeten daha hafif seyretmesi, insan ve evcil hay-
vanlarda zehirlenme riskini dlsliren baslica etkenler
arasinda yer almaktadir. Ancak, yaban hayvanlari ve
dolayisiyla ekosistem acisindan 6zellikle sekonder
zehirlenme riski halen yuksektir. Evcil hayvanlar ve
insanlarda gerceklesen zehirlenmelere dair kayitlar
diizenli olarak tutulabilmekte iken yaban hayvan-
larinda gerceklesen zehirlenmeler ancak tarama
calismalari sonucu ortaya cikmakta, bircok zehir-
lenme vakasi muhtemelen gézden kagirilmaktadir.
Yapilan literatiir taramasi sonucu, tlkemizde yaban
hayvanlarinda AR kalintisi arastirilan bir calismaya
rastlanmamistir. Dolayisiyla llkemizde yasayan ya-
ban hayvanlarinin AR maruziyetinin belirlenmesi ve
zehirlenme nedenlerinin ortaya cikarilabilmesi icin
cok sayida calismaya ihtiyac vardir.

Maddi destek ve cikar iliskisi: Calismayr maddi
olarak destekleyen kisi/kurulus yoktur ve yazarlarin
herhangi bir ¢ikara dayali iliskisi yoktur.
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Resmi gida kontrollerinde Covid-19 tedbirlerine
yonelik ilave gereklilikler
Sibel Oz¢akmak!

" Atakum Tarum ve Orman llce Miidiirliigii, Samsun, Tiirkiye

Sayin Editdr,

Covid-19 tedbirlerinin Ek.4 Onayli/Kayitl isletmelere Ait
Resmi Kontrol Formuna dahil edilmesi her iki kanunun
uygulanabilirliginin kontroli ve idari yaptirimlar acisindan
onemli kolayliklar saglayacagini dusiindigim “Resmi
Gida Kontrollerinde Covid-19 tedbirlerine Yonelik ila-
ve Gereklilikler” baslkli calismamla ilgili bazi gorislerimi
paylasmak istiyorum.

Bireysel ve sosyal hayatlarimiz tzerinde ani ve bek-
lenmedik etkilere yol acan pandemi déneminde, salginin/
bulasin toplum sagligi ve kamu diizeni agisindan olustur-
dudu riski y6netme, sosyal izolasyonu temin, sosyal me-
safeyi koruma ve salginin/bulasin yaylim hizint kontrol
altinda tutma amaciyla bircok tedbir kararlari alinarak
uygulamaya gecirilmistir. Diinya Saglk Orgiitd, viriisiin
bulagmasi ve yayllmasinin engellenmesi icin kamuoyuna
yonelik genel tavsiyeler yayinlamistir. Ulkemizde de bu
dogrultuda, hayatin her alanina yénelik uyulmasi gereken
kurallar ve dnlemler; Saglik Bakanhgi ve Koronaviris Bilim

Kurulunun 6nerileri, Cumhurbaskani talimatlari dogrultu-
sunda belirlenerek uygulamaya gegirilmektedir.

Kamu otoritelerinin Covid-19'u &nlemeye yd&nelik
kurallarinin ¢cogu genel hijyen ilkelerine dayanmaktadir.
isletme yetkilileri ve calisanlari, faaliyette olduklar siirece
Yeni Koronoviris hastaligina karsi isyerlerinde etkin mu-
cadele icin kamu otoritesi tarafindan bildirilen tedbirlere
uymak zorundadir. Gida isletmelerinin pandemi siirecinde
5996 sayili Veteriner Hizmetleri Bitki Saghgi Gida ve Yem
Kanunu'na ve 1593 sayili Genel Hijyen Kanununa (Umu-
mi Hifzissthha Kanunu) uymasi gerekmektedir. Denetim
ve kontrollerde gida operasyonlarinin emniyetli kosullar-
da saglanmasi, belirlenen kontrol &nlemlerinin alinmasi
ve tim bu islemlerin sirekliligi hedeflenmektedir. Resmi
incelemelerde sadece gida guvenligi kriterleri degil, Co-
vid-19 hastaliginin yayilmasini énlemek icin ek énlemler
de dikkate alinmaktadir (Anonim 2010; Anonim, 2011;
Anonim, 2020). Bu 6ngérii ile Onayli/Kayith isletmelere
Ait Resmi Kontrol Formu’na yapmis oldugum ilaveler, bil-
gilerinize sunulmustur. Oniimiizdeki dénemlerde bir katki
olarak degerlendirilmesini imit ediyorum.

Cizelge 1. Resmi Gida Kontrollerinde Covid-19 tedbirlerine Yénelik ilave Gereklilikler

A. GENEL HiJYEN

1. Koronaviris tedbirleri kapsaminda isletmelerin faaliyet 6ncesi, mola sonrasi ve faaliyet bitiminde temizlik ve dezenfeksiyon islemlerinin

uygulanmali, bu islemler giinliik olarak kaydedilmelidir.

2. Personeller arasindaki sosyal mesafenin korunacagdi ve personelin miimkiin oldugu kadar az kisi ile temas saglayacagi bir calisma diizenine
gecilmeli, Koronaviris tedbirleri kapsaminda isletmelerin alani sosyal mesafe ( en az 2 metre) kuralina uygun olacak sekilde olmali. Bulasik
alandan temiz alana mekanik hava akimi dnlenmeli, %100 temiz havanin sirkiilasyonu saglanacak sekilde havalandirma saglanmali, havalandirma
sisteminin filtrelerin temizligi, bakim-onarimi periyodik olarak yapiimalidir.

3. Depo yeterli kapasitede olmali, yeterli havalandirma saglanmali, gerekli durumlarda sicakliklarin izlenmesini ve kayit edilmesini saglamalidir.
Havalandirma, Covid-19 Kapsaminda Klima/iklimlendirme Sistemlerinde Alinacak Onlemlere uygun olmalidir.

4. Drenaj sistemi, bulasma riskini 6nleyecek sekilde olusturulmali, drenaj sistemleri cevreye zarar vermemeli, yeterli sayi ve boyutta drenaj kanali
bulunmali, atik su kanallari zararli girisine, koku yayilmasina ve atiklarin kanaldan geri dénusiine karsi gtivenilir, temizlenebilir-dezenfekte

edilebilir olmaldir.

5. lsletmenin girisinde dezenfektanli paspas ve her bélimiinde yeterli sayida lavabo ve el dezenfektani bulundurulmas, isletmede varsa banyolar
ve tuvaletlerin Sodyum Hipoklorit ile dizenli olarak dezenfeksiyonu saglanmali, atik su borularinda kagak, gatlak, vb. tespit edilerek onarilmall,

kanalizasyon sistemi disina yayilmasi engellenmelidir.

6. Lavabo girislerine dezenfektan paspas, sicak ve soguk akan su, el temizleme ve dezenfeksiyon malzemeleri, tek kullanimlik kagit havlu

bulundurulmalidir.

7. Gida yikama bolimleri, el yikama bolimlerinden ayri olmalidir. Gida yikama bolimiinde sicak akan su ve yeterli sayida ve buyuklikte yikama
havuzlari bulundurulmali, gidalarin yikanmasinda kullanilan su guvenilir olmaldir.

9. Drenaj sistemi, 6n aritma isleminden sonra desarj noktasindan 6nce dezenfeksiyon islemine tabi tutulmali, su ve atik su yonetimleri

olusturulmalidir.

10. Soyunma odalarinda, yemekhanede, servislerde, sosyal mesafenin korunmasi icin gerekli dnlemleri alinmasi saglanmalidir.

11. Temizlik ve dezenfeksiyon maddeleri gidanin bulundugu alanlarda depolanmamalidir.

12. isletme ici Salgin Tedbir Plani hazirlanmalidir.

B. OZEL HiJYEN GEREKLILIKLERI

1. Corona virlisiintin ylizeyde tutunma sureleri dikkate alinarak ginliik temizlik-dezenfeksiyon islemleri uygulanmali ve kaydedilmelidir.

2. Tavan yuksekligi, calisilan alanin m?'sine uygun havalandirma saglamalidir.
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3.

4.

Kapilar temizlenebilir, dezenfeksiyona uygun, plriizsiiz ve emici olmayan malzemeden tretilmis olmali, ginlik olarak temizlik-dezenfeksiyon
islemi yapiimali ve kaydedilmelidir.

Tum yuzeyler glinlik olarak en geg 2 saatte 1 kez olmak tizere temizlik-dezenfeksiyon islemi yapilmali ve kaydedilmelidir.
Pazar yerleri ile ilgili gereklilikler

Mevcut pazar yerlerinde ve yogunlugu dagitmak icin belirlenen yeni pazar/satis yerlerinde her bir satis yeri (tezgah/sergi) arasinda en az 3 metre
mesafe olacak sekilde pazar/satis yerlerinin diizenlenmesi, pazar/satis yerlerinde ambalajsiz satilan yas sebze ve meyvelerin tiketicilerce temas
edilmeden, dogrudan pazarci esnafi tarafindan hijyen kosullarina dikkat edilerek posetlenmesi/satisi yapilmalidir.

Bu yerlerde ¢op toplama (gida ve tibbi atik), hijyen ve dezenfeksiyon hususunda gerekli tedbirler alinmalidir.

Kisisel hijyen kurallarina uymasi konusunda gerekli koruyucu énlemlerin alinmasi (maske, eldiven, bone vb.), el dezenfektani bulundurulmalidir.
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TASIMA

Tasimada kullanilan araglarin 6zellikle fazla temas edilen yuizeyler basta olmak tzere sik araliklarla (en geg iki saatte bir) temizlik-dezenfeksiyonu
saglanmalidir.

EKiPMAN iLE iLGiLi GEREKLILIKLER

Kullanilan dezenfektan maddenin uygulanacak ylzeye spesifik olmasi, korozif etki géstermemesi ve etki spektrumunun tim mikroorganizmalari
kapsayacak sekilde (bakteri, maya-kuf, viris vb.) olmasi saglanmalidir.

Temizligi yapan kisi yaptigi islemin kaydini tutmali, uygulama sirasinda maske ve diger koruyucu tedbirler saglanmalidir.

TIBBi ATIK YONETIMi

Covid-19 pandemisine yonelik atik yonetim (tibbi, evsel, digerleri) sistemi olusturulmali, maske-eldiven-diger koruyucu ekipmanlari iceren
kontamine olmus atiklar tzerleri 6rtilebilen kaplar iginde toplanmali, 500 mg/L olan klor iceren bir dezenfektan ile muameleden sonra, agzi
kapali bir poset icinde tehlikeli ¢oplere atilmaldir.

SU TEDARIKi

Merkezi su aritma yontemleri tim bulasici hastalik etmenlerini inaktive edecek sekilde kurulmali, isletmede su giivenligi saglanmalidir.
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PERSONEL HiJYENi

Solunum yolu enfeksiyonu bulgular gésteren kisilerin bireysel izolasyonu saglanmali, son 14 giin icinde Koronavirus teshisi konmus herhangi
biriyle temas ettiyse bunu gida isletmesine bildirmeli, gida isletmesine gitmeyip kendisine ev karantinasi uygulanmalidir.

Biitin personel agiz ve burnu kapatacak sekilde tibbi maske kullanmali, ortak kullanim alanlarinda maskeye temastan sonra el hijyeni
saglanmalidir.

Olasi bir bulasi ortaya ¢ikmasi ya da siiphesi halinde iletisim ve acil durum senaryosu hazirlanmalidir. isletmede “Acil durumda ulasilacaklar listesi
ve iletisim bilgileri” gtincel tutulmalidir.

Gida isletmesine giren herkesin, basit bir formla saglk/seyahat anket kaydi tutulmali ve dijital termometre ile atesi 6lctimelidir.
Soyunma odalarinda, yemekhanede, servislerde, sosyal mesafenin korunmasi icin gerekli nlemler alinmalidir.

isletmenin girisinde ve her bslimde yeterli sayida el dezenfektani bulundurulmalidir.

Personelin kullandigr kirli maske-eldiven vb icin uygun tibbi atik prosediri uygulanmalidir.

Gida ile temas halinde galisan tim personelin herhangi bir bulasici hastalik tagimadigina dair saglik raporu beyan edilmeli, diizenli saglk
kontroli yapiimalidir. Bulasici hastalik agisindan izlenebilmesi icin personelden periyodik bilgi (HES kodu gibi) alinmalidir.

isletmenin Salgin Yénetiminden sorumlu personel bulundurulmalidir.

Gida ile tasinabilen bir hastaligi olan veya bu hastaligin tasiyicisi durumundaki personelin, gida ile temas etmesine veya gidalarin islendigi
alanlara girmesine izin verilmemelidir.

isletmede temizlik ve personel hijyeninden sorumlu kisi veya kisiler bulunmalidir.

Bulasici hastaliklarla miicadele doneminde ayni vardiyada ayni personel calistiriimalidir.

GIDALARIN AMBALAJLANMASINA VE PAKETLENMESINE iLiSKiN HUKUMLER

. Yeni tip koronavirlsin ylzeylerde tutunmasi sureleri (3 saat ile 5 glin arasi) ambalajlama ve paketlemede kullanilan materyalin bulasma kaynagi

olmamasi igin gerekli tedbirle alinmalidir. Depo ortami sik sik havalandirilmalidir.

Ambalaj materyali, bulasma riskine maruz kalmayacak bicimde korunakli halde depolanmali, capraz bulasmalara karsi dnleyici tedbirler
alinmaldir.

EGITIM

. Gida isinde calisan personelin yaptiklari isin gerektirdigi gida hijyeni ve Bulastct Hastaliklarla Miicadele konularinda belirli araliklarda

bilgilendirme ve egitimleri saglanmali, mutlaka bir" Kriz Yonetimi Ekibi" olusturulmali, bu ekip tarafindan siirecte gerekli olacak kisisel koruyucu
ekipman ve hijyenik malzeme miktari ve stok dizenli olarak gézden gegirilmelidir.

. Calisanlarin bilinglenmesi, kurallarin uygulanmasi ve alisma ortaminin iyilestirilmesi igin gida hijyeni ve pandemiye iliskin afis ve brostrler

bulundurulmalidir.

Gida isletmesinde calisan personelin “Gida Hijyeni” konusunda Egitim Sertifikasi bulunmalidir.
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