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TURK HIJYEN VE DENEYSEL BiYOLOJi DERGISi YAYIN ILKELERI VE YAZIM KURALLARI

1) AMAC ve KAPSAM

Turk Hijyen ve Deneysel Biyoloji Dergisi (THDBD), T.C. Saglik Bakanligi, Halk
Sagligi Genel Miidurligi’niin yayin orgam olan bilimsel bir dergidir. Dergi li¢
(3) ayda bir (Mart, Haziran, Eyldl, Aralik) yayimlanir ve dort (4) sayida bir cilt
tamamlanir. Talep olmasi durumunda Ek Say1 ¢ikartilir.

Dergimizin amaci tip alaninda asagidaki konularda yapilan, bilimsel agidan
nitelikli ve literatiire katki saglayacak klinik ve deneysel arastirma yazilarim
yayimlamaktir.

Dergide biyoloji, mikrobiyoloji, enfeksiyon hastaliklari, farmakoloji,
toksikoloji, imminoloji, parazitoloji, entomoloji, kimya, biyokimya, gida,
beslenme, cevre, halk sagligi, epidemiyoloji, patoloji, fizyopatoloji, molekiiler
biyoloji, genetik ve biyoteknoloji ile ilgili alanlardaki 6zgiin arastirma, olgu
sunumu, derleme, editore mektup ve teknik rapor tiiriindeki yazilar yayimlanir.

I1) YAYIN iLKELERI

Dergiye, daha once baska yerde yayimlanmamis ve yayimlanmak iizere baska
bir dergide inceleme asamasinda olmayan yazilar kabul edilir.

Dergi Yayin Kurulu tarafindan uygun goriilen yazilar, konu ile ilgili en az iki
Bilimsel Damisma Kurulu Uyesi’nden (Hakem’den) olumlu gériis alindiginda
yayimlanmaya hak kazanir. Hakemlerin ve yazarlarin isimleri gizli tutulur.
Hakemler degerlendirme siireclerini en gec Ulc ay icinde tamamlar. Bu
kurullarin, yazimn igerigini degistirmeyen her tirlii dizeltme ve kisaltmalar
yapma yetkileri vardir.

Yazilarin bilimsel ve hukuki sorumlulugu yazarlara aittir.
Yazarlar arastirma ve yayin etigine tam olarak uyum gostermelidir.
I1l) TELIF ve LISANS

Makalelerin tibbi ve etik sorumlulugu yazarlara aittir. Makalelerin ve kaynaklarin
iceriginden, yayimlanan makalelerdeki veriler, fikirler ve ifadelerden yazarlar
sorumludur; editorler, yayin kurulu ve T.C. Saglik Bakanligi Halk Saglig1 Genel
Miidurlugt bu konularda herhangi bir sorumluluk kabul etmemektedir. Yazarlara
telif licreti 6denmez.

Yazarlar, makalenin yayina kabul edilmesi halinde telif haklarin1 Tiirk Hijyen ve
Deneysel Biyoloji Dergisi’ne devretmeyi kabul ederler. Ancak yazarlar asagidaki
haklara sahiptir:

-Telif haklarimin disinda kalan patent vb. tescil edilmis haklar,

-Dergi ve kitap yayim disinda tim egitim faaliyetlerinde Ulcret 6demeden
kullanilabilme hakki,

-Ticari olmamak kosulu ile makaleyi ¢cogaltabilme hakki.

Yazarlar, Telif Hakki Devir Sozlesmesini imzalayarak, makalenin Tirk Hijyen
ve Deneysel Biyoloji Dergisi tarafindan yayimlanmak Ulizere kabul edilmesi
durumunda Creative Commons Alint1 GayriTicari-Tiretilemez 4.0 Uluslararas
(CC BY-NC-ND 4.0) kapsaminda lisanslanacagini kabul ederler.

Tirk Hijyen ve Deneysel Biyoloji Dergisi tarafindan yayimlanan tim makaleler,
Creative Commons Alint1 GayriTicari-Tiretilemez 4.0 Uluslararasi (CC BY-NC-
ND 4.0) lisansina tabidir. Bu Lisans, makalenin uygun sekilde belirtilmesi,
kullanimin ticari olmamasi ve herhangi bir degisiklik veya uyarlama yapilmamasi
kosuluyla, herhangi bir ortamda kullanima, dagitilmasina ve cogaltilmasina izin
verir. Lisansin kosullar hakkinda daha fazla bilgi icin litfen bakimz: https://
creativecommons.org/licenses/by-nc-nd/4.0/. Bu lisans altinda yayimlanan
materyalin ticari amagli kullanim (satis vb.) durumunda telif hakki sahibi ve
yazar haklarimin korunmast icin izin gereklidir. icerik bilimsel yayinlarda ve
sunumlarda referans olarak kullanilabilir. Bu kosullar disinda, makalelerin
yeniden kullammina iliskin izinler THDBD Edit6rlugii’nden alinmalidir.

IV) ACIK ERISIM POLITIKASI

Tirk Hijyen ve Deneysel Biyoloji Dergisi acik erisim politikasin1 benimsemistir.
Acik erisim politikasi Budapeste A¢ik Erisim Girisimi (BOAI) kurallan esas alinarak
uygulanmaktadir. BOAI’'ye gore Acik Erisim, “Hakem degerlendirmesinden
gecmis bilimsel makalelerin, internet araciligiyla; finansal, yasal ve teknik
engeller olmaksizin, serbestce erisilebilir, okunabilir, indirilebilir, kopyalanabilir,
dagitilabilir, basilabilir, taranabilir, tam metinlere baglant1 verilebilir,
dizinlenebilir, yazilima veri olarak aktarilabilir ve her tirlii yasal amag icin
kullamlabilir olmasi”dir.  https://www.budapestopenaccessinitiative.org/
boai-10-translations/turkish-translation

Dergide yayinlanan bilimsel yazilara, Creative Commons Alinti-GayriTicari-
Tiiretilemez 4.0 Uluslararas1 Lisansi cercevesinde Ucretsiz erisilebilir.
Dergimiz, hakem degerlendirmesinden gecmis bilimsel literatiiriin, herkese

serbestce ulasilabilir kilinmasi, daha genis bir kiresel bilgi alisverisini
desteklemesi ilkesine dayanarak icerigine aninda acik erisim saglar. Tiirk
Hijyen ve Deneysel Biyoloji Dergisi’nde yayimlanan tiim makaleler Acik Erisim
talimatlarina uygundur.

Tirk Hijyen ve Deneysel Biyoloji Dergisi yayimladigi makaleleri tiim diinyada
serbestce cevrimici erisilebilir kilmak icin makalelere aninda acik erisim
saglamaktadir. Makalelere erisim icin abone olunmasinda gerek yoktur. Dergi
kullanicist olmadan da sistemdeki tim makaleler ulasiip okunabilmektedir.
Makale gonderme, degerlendirme ve yayimlama Ucreti ainmamaktadir.

V) UCRET POLITIKASI
Makale gonderilmesi, degerlendirilmesi ve yayimlanmasi icin licret alinmaz.
VI) ETiK KURALLAR

Arastirma ve yayin etigi kurallarina uymak yazarlarin sorumlulugundadir.
Yazarlar Helsinki Bildirgesi’nde ana hatlar ¢izilen ilkeleri izlemelidir. Yazarlar,
bu tur bir calisma s6z konusu oldugunda, uluslararasi alanda kabul edilen
kilavuzlara ve yiirirlikte olan tiim mevzuatta belirtilen hiikiimlere uymalidir.

Etik kurul izni gerektiren tiim arastirmalar icin Etik Kurul Onay1 alinmis olmali,
belgelendirilmeli; kurul adi, tarih ve sayisi “Gere¢ ve Yontem” boliminde
belirtilmelidir.

Klinik arastirmalarda, calismaya katilanlardan bilgilendirilmis olur alindiginin
gerec ve yontem boliminde belirtilmesi gerekmektedir. Gonilli ya da
hastalara uygulanacak prosedirlerin 6zelligi tiimiiyle anlatildiktan sonra
kendilerinin bilgilendirilip onaylarinin alindigim1 gosterir beyan “Gere¢ ve
Yontem” kisminda bulunmalidir. Olgu sunumlarinda ve arastirma makalelerinde
hasta kimligini iceren herhangi bir dokiiman kullanilmamalidir. Hasta kimligini
ortaya ¢ikaracak bilgiler (fotograf vs.) kullamldiginda hastanin yazili onay:
gonderilmelidir.

Hayvanlar iizerinde yapilan calismalar icin de gereken izinler alinmali; yazida
deneklere agri, aci ve rahatsizlik verilmemesi icin neler yapildigi acik bir sekilde
belirtilmelidir. Hayvan deneylerinde, calisma “Laboratuar Hayvanlarinin Bakim
ve Kullanimi Kilavuzunda” (www.nap.edu/catalog/5140.html) belirtilen etik
diizenlemelere gore yapilmalidir ve yazarlar etik kurul onayr alindigini ve
etik kurul tarih ve sayisim “Gerec ve Yontem” kisminda beyan etmelidirler.
Deneysel ve klinik ilag ¢alismalarinda Tirkiye Cumhuriyeti Saglik Bakanligi
diizenlemelerine uygun olarak yapildigi ve etik kurul onay1 alindigi metin icinde
belirtilmelidir.

Makalenin formati ICMJE (International Committee of Medical Journal Editors)

ve COPE (Committee on Publication Ethics) rehberlerine uygun olmalidir.

VIl) YAZI DiLI

Dergimizin yazi dilleri Tiirkce ve ingilizcedir. Dili Tiirkce olan yazlar ingilizce

“abstract” ile, dili ingilizce olan yazilar da Tiirkce &zetleri ile yer alirlar.

Ozet ve “Abstract” béliimleri bire bir cevirileri seklinde yer almalidir. Yazinin

hazirlanmas sirasinda, Tiirkce kelimeler igin Tirk Dil Kurumundan (www.tdk.

gov.tr), teknik terimler icin Tiirk Tip Terminolojisinden (www.tipterimleri.com)

yararlamlmasi énerilir. Dili ingilizce olan yazilarin mutlaka yazim ve dilbilgisi

acisindan yeterliliklerinin kontrol edilmis olmasi gereklidir. Dil agisindan

yetersiz goriilen yazilar degerlendirmeye alinmazlar..

VIIl) YAZIM KURALLARI

Dergide yayimlanmak lizere gonderilen yazilar, Tiirk Hijyen ve Deneysel Biyoloji

Dergisi yazim kurallarina gére hazirlanmalidir.

Basvurular www.turkhijyen.org adresinden “Cevrimici Makale Gonder, Takip

Et, Degerlendir” programi araciligiyla on line olarak yapilmaktadir.
Yayimlanmak Uizere gonderilecek yazilar;

* Bilimsel diizeyi yuksek, orijinal ve kaynak gosterilebilecek 6zellikte olmalidir.

* Bilgiler ve kaynaklar son 5 (bes) yila ait giincel verileri icermelidir.

1. “Telif Hakki Devir Formu” tim yazarlarca imzalanarak onaylandiktan sonra

dergimizin makale kabul sistemine yiiklenmelidir.

2. Makale bashigi, Ingilizce baslik, kisa baslik, yazar ad(lar), yazar(lar)in
calistigi kurum(lar) ve birim(ler), yazisma isini Ustlenen yazarin acik adresi,
telefon numaralar (sabit ve cep), elektronik posta adresi belirtilmelidir.

a. Yazinin basligi kisa olmali ve kiiciik harfle yazilmalidir.
b. Sayfa baslarina konan kisa baslik 40 karakteri gegmemelidir.

c. Calisma bilimsel bir kurulus ve/veya fon ile desteklenmisse dipnot veya
tesekkir bolimiinde mutlaka yazilmalidir. Herhangi bir ticari Uriin ve/veya

Tirk Hijyen ve Deneysel Biyoloji Dergisi

Halk Sagligi Genel Mudurligiu

Tel : (0312) 565 55 80

Faks : (0312) 565 55 91

e-posta : hsgm.thdbd@saglik.gov.tr



TURK HIiJYEN VE DENEYSEL BiYOLOJi DERGISi YAYIN iLKELERi VE YAZIM KURALLARI

sirketle bir iliski yoksa, basvuru yazisinda belirtilmelidir.

d. Makale, kongre/sempozyumda sunulmussa sunum tiirii ile birlikte dipnot
seklinde mutlaka belirtilmelidir.

3. Yazilardaki terimler mimkiin oldugunca Tirkce ve Latince olmali, dilimize
yerlesmis kelimelere yer verilmeli ve Tiirk Dil Kurumu’nun giincel sozliigi
kullamlmalidir. Yazilarin dili agik ve anlasilir olmali, imla ve yazim hatalan
olmamasina 6zen gosterilmelidir.

4. Metin icinde gecen mikroorganizma isimleri ilk kullamldiginda tam
ve acik yazilmali, daha sonraki kullanimlarda kisaltilarak verilmelidir.
Mikroorganizmalarin orijinal Latince isimleri italik yazilmalidir: Ornegin;
Pseudomonas aeruginosa, P. Aeruginosa gibi. Yazida sadece cins adi gecen
ciimlelerde stafilokok, streptokok gibi dilimize yerlesmis cins adlan Tirkge
olarak yazilabilir. Antibiyotik isimleri dil bitiinligii agisindan okundugu gibi
yazilmali; uluslararasi standartlara uygun olarak kisaltilmalidir.

5. Metin icerisinde bahsedilen birimlerin sembolleri Uluslararasi Birimler

Sistemi (SI)’ne gore verilmelidir.
6. Yazilar bir zorunluluk olmadikca “gecmis zaman edilgen” kip ile yazilmalidir.

7. Metnin tamami 12 punto Times New Roman karakteri ile ¢ift aralikla yazilmali
ve sayfa kenarlarindan 2.5 cm bosluk birakilmalidir.

8. Arastirma yazilar;

Tiirkce Ozet, ingilizce Ozet, Giris, Gerec ve Yontem, Bulgular, Tartisma,
Tesekkiir (varsa) ve Kaynaklar bolimlerinden olusmalidir. Bu bolim basliklar
sola yaslanacak sekilde biiyiik harflerle kalin yazilmalidir. ingilizce makalelerde
de Tirkce baslik, kisa baslik ve 6zet bulunmalidir.

Dergimizin ve makalenizin olabildigince fazla atif alabilmesi icin 6zetler son
derece kapsamli hazirlanmali; gramer, imla ve yazim hatalar barindirmamalidir.

a) Tirkce Ozet: Amac, Yontem, Bulgular ve Sonug, alt basliklarindan
olusmalidir (yapilandinlmis 6zet) ve en az 250, en fazla 400 sozciik
icermelidir.

b) ingilizce Ozet (Abstract): Tiirkce Ozet bolimiinde belirtilenleri birebir
karsilayacak sekilde “Objective, Method, Results, Conclusion” olarak
yapilandirilmalidir.

c) Anahtar Sozciikler: 3-8 arasinda olmali ve Index Medicus Medical Subject
Headings - (MeSH)’de yer alan sozcikler kullamlmalidir. Tirkce anahtar
sozcilklerinizi olusturmak icin http://www.bilimterimleri.com/ adresini
kullammz.

d) Girig: Arastirmanin amaci ve gerekcesi giincel literatiir bilgisi ile
desteklenerek iki sayfayr asmayacak sekilde sunulmalidir.

e) Gere¢ ve Yontem: Arastirmanin gerceklestirildigi kurum/kurulus ve
tarih belirtilmeli, arastirmada kullanilan arag, gerec ve yontem sunulmali;
istatistiksel yontemler agikca belirtilmelidir.

f) Bulgular: Sadece arastirmada elde edilen bulgular belirtilmelidir.

g) Tartisma: Arastirmanin sonunda elde edilen bulgular, diger arastiricilarin
bulgulanyla karsilastirilmalidir. Arastirici, kendi yorumlarim bu bolimde
aktarmalidir.

h) Tesekkiir: Ana metnin sonunda kaynaklardan hemen once yer almalidir.
Tesekkiir bolimiinde calismaya destek veren kisi, kurum/kuruluslar yer
almalidir.

i) Kaynaklar: Yazarlar kaynaklarin eksiksiz ve dogru yazilmasindan sorumludur.
Kaynaklar, metnin icinde gegis sirasina gore numaralandiriimalidir. Numaralar,
parantez icinde cimle sonlarinda verilmelidir. Kaynaklarin yaziimi ile ilgili
asagida ornekler verilmistir. Daha detayli bilgi icin “Uniform Requirements for
Manuscripts submitted to Biomedical Journals” (J Am Med Assoc 1997; 277:
927-934) (http://www.nejm.org/) bakilmalidir.

Makalenizin Kaynaklar boliimiinde Turk Hijyen ve Deneysel Biyoloji Dergisinde
yayimlanmis makalelere atif yapilmasina 6zen gosterilmelidir.

- Siireli yayin: Yazar(lar)in Soyadi Adinin bas harf(ler)i (alt1 veya daha az yazar
varsa hepsi yazilmalidir; yazar sayisi yedi veya daha ¢oksa yalmz ilk altisim
yazip “et al.” veya “ve ark.” eklenmelidir). Makalenin basligi, Derginin Index
Medicus’a uygun kisaltilmis ismi, Yil; Cilt (Say): ilk ve son sayfa numarasi.

- Standart dergi makalesi icin ornek: Demirci M, Unlii M, Sahin U. A case
of hydatid lung cyst diagnosed by kinyoun staining of bronco-alveolar fluid.
Turkiye Parazitol Derg, 2001; 25 (3): 234-5.

- Yazan verilmemis makale igin ornek: Anonymous. Coffee drinking and
cancer of the panceras (Editorial). Br Med J, 1981; 283:628.

- Dergi eki icin ornek: Frumin AM, Nussbaum J, Esposito M. Functinal
asplenia: Demonstration of splenic activity by bone marrow scan (Abstract).
Blood, 1979; 54 (Suppl 1): 26a.

- Kitap: Yazar(lar)in soyadi adimin bas harf(ler)i. Kitabin adi. Kacinci baski
oldugu. Basim yeri: Yayinevi, Basim yili.

- Ornek: Eisen HN. Immunology: an Introduction to Molecular and Cellular
Principles of the Immun Response. 5th ed. New York: Harper and Row, 1974.

- Kitap boliimii: Boliim yazar(lar)in soyadi adimin basharf(ler)i. Bolum basligi.
In: Editor(ler)in soyadi adinin basharf(ler)i ed/eds. Kitabin adi. Kaginci baski
oldugu. Basim yeri: Yayinevi, Basim yili: Boliimiin ilk ve son sayfa numarasi.

- Ornek: Weinstein L. Swarts MN. Pathogenic properties of invading
microorganisms. In: Sodeman WA Jr, Sodeman WA, eds. Pathologic Physiol ogy:
Mechanism of Disease. Phidelphia. WB Saunders, 1974:457-72.

- Web adresi: Eger dogrudan “web” adresi referans olarak kullanilacaksa
adres ile birlikte parantez icinde bilgiye ulasilan tarih de belirtilmelidir. Web
erisimli makalelerin referans olarak metin icinde verilmesi gerektiginde DOI
(Digital Object Identifier) numarasi verilmesi sarttir.

- Kongre bildirisi: Entrala E, Mascaro C. New stuructural findings in
Cryptosporidium parvum oocysts. Eighth International Congress of Parasitology
(ICOPA VIII). October,10-14, Izmir-Turkey. 1994.

- Tez: Bilhan O. Labirent savaklarin hidrolik karakteristiklerinin deneysel olarak
incelenmesi. Yiiksek Lisans Tezi, Firat Universitesi Fen Bilimleri Enstitiisii, 2005.

GenBank/DNA dizi analizi: Gen kalitim numaralar ve DNA dizileri makale icinde
kaynak olarak gosterilmelidir. Konuyla ilgili ayrintili bilgi i¢in “National Library
of Medicine” adresinde “National Center for Biotechnical Information (NCBI)”
béliimiine bakimz.

- Sekil ve Tablolar: Her tablo veya sekil ayr bir sayfaya basilmali, alt ve
st cizgiler ve gerektiginde ara siitun cizgileri icermelidir. Tablolar, “Tablo
1.” seklinde numaralandintmali ve tablo bashigi tablo st cizgisinin Ustiine
yazilmalidir. Aciklayici bilgiye baslikta degil dipnotta yer verilmeli, uygun
simgeler (*,+,++, v.b.) kullamlmalidir. Fotograflar “jpeg” formatinda ve en az
300 dpi olmalidir. Baski kalitesinin artirilmasi icin gerekli oldugu durumlarda
fotograflarin orijinal halleri talep edilebilir.

9. Arastirma Makalesi tiirli yazilar icin kaynak sayisi en fazla 40 olmalidir.

10. Derleme tiirli yazilarda tercihen yazar sayisi ikiden fazla olmamalidir.
Yazar(lar) daha once bu konuda c¢alisma ve yayin yapmis olmali;; bu
deneyimlerini derleme yazisinda tartismali ve kaynak olarak gostermelidir.
Derlemelerde Tiirkce ve ingilizce olarak baslik, 6zet (en az 250, en fazla 400
sozciik icermelidir) ve anahtar sozcikler bulunmalidir. Derleme tiirii yazilar
icin kaynak sayis1 en fazla 60 olmalidir.

11. Olgu sunumlarinda metin yedi sayfay1 asmamalidir. Tiirkce ve ingilizce
olarak baslik, 6zet ve anahtar sozciikler ayrica giris, olgu ve tartisma bolimleri
bulunmalidir. Olgu sunumu tiirii yazilar icin kaynak sayis1 en fazla 20 olmalidir.

12. Editore Mektup: Daha 6nce yayimlanmis yazilara elestiri getirmek, katkida
bulunmak ya da bilim haberi niteligi tasiyacak bilgilerin iletilmesi amaciyla
yazilan yazilar, Yayin Kurulu’nun inceleme ve degerlendirmesinin ardindan
yayinlanir. Editére Mektup bir sayfayr asmamali ve kaynak sayisi en fazla 10
olmalidir.

13. Teknik Rapor tiirii yazilar ilgili alanda onemli katkisi olabilecek bilgileri
icermelidir. Teknik raporlarda Tiirkce ve ingilizce baslik, tek paragraf olacak
sekilde Tiirkce ve ingilizce &zet, Tiirkce ve Ingilizce olmak lizere anahtar
kelimeler yer almalidir. Kaynak sayisi en fazla 10 olmalidir.

14. Bu kurallara uygun olmayan metinler kabul edilmez.

15. Yazarlar teslim ettikleri yazinin bir kopyasini saklamalidir.

Tirk Hijyen ve Deneysel Biyoloji Dergisi
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Tel : (0312) 565 55 80
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TURKISH BULLETIN OF HYGIENE AND EXPERIMENTAL BIOLOGY PUBLISHING POLICIES AND WRITING RULES

1) AIM and SCOPE

The Turkish Bulletin of Hygiene and Experimental Biology (TBHEB) is a
publication of the “Republic of Turkey, Ministry of Health, General Directorate
of Public Health “. The Journal is published every three months (March, June,
September, December) and one volume consists of four (4) issues.

Goal of the our journal is to publish clinical and experimental research articles
which are scientifically qualified and will provide a new contribution to the
literature.

The journal publishes biology, microbiology, infectious diseases, pharmacology,
toxicology, immunology, parasitology, entomology, chemistry, biochemistry,
food safety, environmental, health, public health, epidemiology, pathology,
pathophysiology, molecular biology, genetics, biotechnology in the field of
original research, case report, reviews, letters to the editor and technical
reports.

1I) PUBLISHING POLICY

Articles which are not previously published in another journal or not currently
under evaluation elsewhere can be accepted for the journal.

Articles approved by the Scientific Committee and Editorial Board are eligible
to be released after receiving at least two positive opinions from the Scientific
Committee members. The names of the reviewers and authors are kept
confidential. Reviewers complete the evaluation processes within three months
at the latest.Those committees have the authority to make all corrections and
abbreviations but not to change the content of the article.

The authors have the all the scientific and legal responsibilities of the articles.
The authors must fully obey the ethics of research and publication.
1I1) COPYRIGHT and LICENSING

The authors are responsible for the scientific and ethical liability of the
manuscripts. Authors are responsible for the contents of the manuscript and
the references. The data, opinions and statements of published articles are
authors’ responsibility, and the Editors, Editorial Board and Republic of Turkey
Ministry of Health General Directorate of Public Health deny any responsibility
on these subjects. Copyright fee is not paid to the authors.

The authors agree to transfer the copyright to The Turkish Bulletin of Hygiene
and Experimental Biology if the article is accepted for publication. However,
the authors retain the following rights:

-Registered rights rather than copyrights such as patent etc.

-The right to use it no charge in all educational activities except for publication
in journals or books.

-The right to multiply manuscript provided that it is not commercial.

By signing the Copyright Transfer Form, authors agree that the article, if
accepted for publication by The Turkish Bulletin of Hygiene and Experimental
Biology, will be licensed under a Creative Commons Attribution-NonCommercial-
NoDerivatives 4.0 International (CC BY-NC-ND 4.0).

All articles published by The Turkish Bulletin of Hygiene and Experimental
Biology are subject to the Creative Commons Attribution-NonCommercial-
NoDerivatives 4.0 International License (CC BY-NC-ND 4.0). This License
permits use, distribution, and reproduction in any platform, provided that the
article is properly cited, the usage is noncommercial, and no modifications
or adaptations are made. For more information on the conditions of the
license please look at: https://creativecommons.org/licenses/by-nc-nd/4.0/
Permission is required for the protection of copyright holder and author rights
in the case of commercial use (sales etc.) of material published under this
license. The content can be used as a reference in scientific publications and
presentations. Except these conditions, permissions for re-use of manuscripts
should be obtained from TBHEB editorial office.

1V) OPEN ACCESS POLICY

The Turkish Bulletin of Hygiene and Experimental Biology has adopted
open access policy. Open Access Policy is based on rules of Budapest Open
Access Initiative (BOAI). According to BOAI, Open Access states, “Scientific
articles that have been evaluated by the referee, via the Internet; be
freely accessible, readable, downloadable, copied, distributed, printed,
scanned, linked to full texts, indexed, transmitted as data and used for any
legal purpose, without financial, legal and technical barriers. https://www.
budapestopenaccessinitiative.org/read

Scientific articles published in the journal are freely available under the
Creative Commons 4.0 International License (CC BY-NC-ND 4.0). Our Journal,
provides immediate open access to its peer-reviewed scientific literature on

the principle of making it freely available to the everyone and supporting
a greater global exchange of knowledge. Published articles in The Turkish
Bulletin of Hygiene and Experimental Biology are fully comply with Open
Access instructions.

The Turkish Bulletin of Hygiene and Experimental Biology instant open access
to the articles is provided to make the articles published in journals freely
available online all over the world. There is no need to subscribe to access
articles. All articles in the system can be accessed and read without being a
journal user. There is no fee for article submission, evaluation and publishing.

V) PRICE POLICY
Article submission, evaluation and publication are free.
VI) ETHICAL RULES

The Turkish Bulletin of Hygiene and Experimental Biology expects the authors
to comply with the ethics of research and publication. In case the authors do
not have a local ethics committee, the principles outlined in the “Declaration
of Helsinki” should have been followed. Authors must comply with the
internationally accepted guidelines and provisions set out in all applicable
legislation when it comes to this type of work.

Ethics Committee Approval must be obtained and documented for all
researches requiring ethics committee approval; The name, date and number
of the committee should be stated in the method section of the article.

In human research, a statement of the informed consent of those who
participated in the study is needed in the section of the “Materials and
Methods”. In case of procedures that will apply to volunteers or patients, it
should be stated that the study objects have been informed and given their
approval before the study started. In case reports, information about the
signed informed patient consent form should be included in the article. In
case patient information (photograph, etc.) is used which shows patient ID, a
written informed consent of the patient must be submitted.

In case animal studies, approval also is needed; it should be stated clearly
that the subjects will be prevented as much as possible from pain, suffering
and inconvenience. In animal experiments, the study should be conducted in
accordance with the ethical regulations specified in the “Guide to the Care
and Use of Laboratory Animals” (www.nap.edu/catalog/5140.html) and the
authors should declare that the ethics committee approval was obtained and
the date and number of the ethics committee in the “Materials and Methods”
section. Experimental and clinical drug studies performed in accordance with
the Republic of Turkey Ministry of Health regulations and ethics committee
approval must be stated in the article.

The format of the article should be in accordance with ICMJE (International
Committee of Medical Journal Editors) and COPE (Committee on Publication
Ethics) guidelines.

VII) LANGUAGE of the JOURNAL

The official languages of the our Journal are Turkish and English. The
manuscripts written in Turkish have also abstracts in English, and the articles in
English have also abstracts in Turkish. The Turkish and English abstracts should
be literal translations of each other. When preparing manuscripts, the Turkish
Language Institution (www.tdk.gov.tr) is advised for consulting Turkish words
and Turkish Medical Terminology (www.tipterimleri.com) for technical terms.
Manuscripts in English must absolutely be checked for spelling and grammar.
Manuscripts considered insufficient in language will not be considered for
evaluation.

VIIl) WRITING RULES

Manuscripts submitted for publication in the journal should be prepared
according to the writing rules of the Turkish Journal of Hygiene and
Experimental Biology.

Applications are made online at www.turkhijyen.org via the “Online Manuscript
Submit, Track, Evaluate Program”.

Articles to be submitted for publication;

* Should have a high scientific level, be original and suitable for reference.

* Information and references should contain up-to-date data for the last 5
(five) years.

1. The “Copyright Transfer Form” (Copyright Release Form) after being signed
by all authors should be uploaded using the article accepting system of the
journal.

2. The title of article, Turkish title, short title, author name(s), names
of institutions and the departments of the author(s), full address of the
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corresponding author, telephone numbers (landline and mobile), e-mail
address should be given.

a. The title should be short and written in lower case.
b. The short title should not exceed 40 characters.

c. The study supported by a fund or scientific organisation must be
mentioned in a footnote or in the acknowledgements.

d. The study presented in a conference/symposium must be mentioned with
the type of presentation in footnotes or in the acknowledgements.

3. For Turkish studies; Terms used in articles should be in Turkish and Latin as
much as possible, according to the latest dictionary of the “Turkish Language
Institution”. The language of the articles should be clear, and care should be
taken to avoid spelling and writing mistakes.

4. Latin names of microorganisms used for the first time in the text have to
be written in full. If these names are used later, they should be abbreviated in
accordance to international rules. The original Latin names of microorganisms
should be written in Italic: for example, Pseudomonas aeruginosa, P.aeruginosa.
Names of antibiotics should be abbreviated in accordance with international
standards.

5. Symbols of the units mentioned in the text should be according to “The
Systeme International (SI).

6. Articles should be written in one of the “past perfect, present perfect and
past” tenses and in the passive mode.

7.0nly one side of A4 paper should be used and should have a 2.5 cm margin on
each side. 12 pt, Times New Roman font and double line space should be used.

8. Research Articles;

Research papers should consist of Turkish abstract, English abstract,
Introduction, Materials and Methods, Results, Discussion, Acknowledgements
(if any), and References sections. These sections should be written in bold
capital letters and aligned left. English articles should have a Turkish abstract
and title in Turkish. (If the all of the authors from abroad the manuscript and
abstract can be write English language).

Abstracts should be prepared in an extremely comprehensive way; it should not
contain grammatical, spelling and writing errors.

a) Turkish Abstract should consist of the subheadings of Objective, Methods,
Results and Conclusion (Structured Abstract). It should be between 250 and
400 words.

b) English Abstract: The abstract should be structured like the Turkish abstract
(Objective, Methods, Results, and Conclusion). It should be between 250 and
400 words.

c) Key words The number of keywords should be between 3-8 and the
terminology of the Medical Subjects Headings (Index Medicus Medical Subject
Headings-MeSH) should be used.

d) Introduction: The aim of the study, and references given to similar studies
should be presented briefly and should not exceed more than two pages.

e) Materials and Methods: The date of the study, institution that performed
the study, and materials and methods should be clearly presented. Statistical
methods should be clearly stated.

f) Results: The results should be stated clearly and only include the current
research.

g) Conclusions: In this section, the study findings should be compared with
the findings of other researchers. Authors should mention their comments in
this section.

h) Acknowledgements should be placed at the end of the main text and before
the references. In this section, the institutions/departments which supported
the research should be stated.

i) References: Authors are responsible for supply complete and correct
references. References should be numbered according to the order used
in the text. Numbers should be given in brackets and placed at the end of
the sentence. Examples are given below on the use of references. Detailed
information can be found in “Uniform Requirements for Manuscripts Submitted
to Biomedical Journals” (J Am Med Assoc 1997 277: 927-934) and at http://
www.nejm.org/general/text/requirements/1.htm.

- Periodicals: Author(s) Last Name initial(s) name of author(s) (if there are six

or fewer authors, all authors should be written; if the number of authors are
seven or more, only the first six of the authors should be written and the rest as
“et al”). The title of the article, the abbreviated name of the journal according
to the Index Medicus, Year; Volume (Issue): The first and last page numbers.

- Example of standard journal article: Demirci M, Unli M, Sahin U. A case
of hydatid cyst diagnosed by kinyoun staining of lung bronco-alveolar fluid.
Tirkiye Parazitol Derg, 2001; 25 (3): 234-5.

- Example of an article with authors unknown: Anonymous. Coffee drinking
and cancer of the pancreas (Editorial). Br Med J, 1981; 283:628.

- Example of journal supplement: Frumin AM, Nussbaum J, Esposito M.
Functional asplenia: Demonstration of splenic activity by bone marrow scan
(Abstract). Blood, 1979; 54 (Suppl 1): 26a.

- Books: Surname of the author(s) initial name(s) of author(s). The name of the
book. The edition number. Place of publication: Publisher, Publication year. -
Example: Eisen HN. Immunology: an Introduction to the Principles of Molecular
and Cellular Immune Response. 5th ed. New York: Harper and Row, 1974.

- Book chapters: The author(s) surname of the chapter initial(s) letter of the
name. Section title. In: Surname of editor(s) initial (s) letter of first name(s) ed
/ eds. The name of the book. Edition number. Place of publication: Publisher,
year of publication: The first and last page numbers of the chapter.

- Example: Weinstein L. Swarts MN. Pathogenic properties of invading
microorganisms. In: Sodeman WA Jr, Sodeman WA, eds. Pathologic Physiology:
Mechanism of Disease. Phidelphia. WB Saunders, 1974:457-72.

- Web address: If a “web” address is used as the reference address, the web
address date should be given in brackets with the address. The DOI (Digital
Object Identifier) number must be provided, when a web access article used
in the text as a reference.

- Congress papers: Entrala E, Mascaro C. New structural findings in
Cryptosporidium parvum oocysts. Eighth International Congress of Parasitology
(ICOPAVIII). October, 10-14, Izmir-Turkey. 1994.

- Thesis: Bilhan O. Experimental investigation of the hydraulic characteristics
of labyrinth weir. Master Thesis, Science Institute of Firat University, 2005.

- GenBank / DNA sequence analysis: DNA sequences of genes and heredity
numbers should be given as references in the article. For more information,
check “National Library of Medicine” and “National Center for Biotechnical
Information (NCBI)”.

- Figure and Tables: Each table or figure should be printed on a separate
sheet, the top and bottom lines and if necessary column lines must be included.
Tables should be numbered like “Table 1.” and the table title should be written
above the top line of the table. Explanatory information should be given in
footnotes, not in the title and appropriate icons (*,+,++, etc.) should be used.
Photos should be in “jpeg” format. In case the quality of the photos is not good
for publication, the originals can be requested.

9. Research articles should have up to 40 references.

10. In reviews, it is preferred to have not more than two authors. Author(s)
must have done research and published articles previously on this subject; they
should discuss their experience and use as reference in the review. Reviews
should have Turkish and English titles, abstracts (it should contain minimum
250, maximum 400 words) and key words. Reference numbers for the review
should be maximum 60.

11. Case reports should have a maximum of seven pages of text. Case
report should have a Turkish and English title, abstract, keywords and also
introduction, case description and discussion sections should be given. Number
of references should be maximum 20.

12. Letters to Editor: Written to make criticisms, additions to previously
published articles or scientific updates are published after review and
assessment of the Editorial Board. Letters should not exceed one page of text
and must be supported with up to 10 references.

13. Technical report should contain information that may contribute
significantly to the relevant field. Technical reports should include Turkish and
English titles, Turkish and English abstracts in a single paragraph, keywords in
Turkish and English. The number of references should be maximum 10.

14. The articles which do not comply with the journal rules are not accepted.
15. Authors should keep a copy of the article that they submit.
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ETiK iLKELER VE YAYIN POLITiKASI

ETiK iLKELER

Tiirk Hijyen ve Deneysel Biyoloji Dergisi Editor ve Hakemleri, Uluslararas
Tip Dergisi Editorleri Komitesi (ICMJE), Yayin Etigi Komitesi (COPE), Diinya Tip
Editorleri Birligi (WAME), Bilim Editorleri Konseyi (CSE), Avrupa Bilim Editorleri
Birligi (EASE), ABD Ulusal Tip Kiitiphanesi (NLM), Dinya Tip Birligi (WMA) ve
Ulusal Bilgi Standartlan Orgiitii (NISO) rehber kurallarina uymaktadir.

Yazarlara yonelik; dergi politikasi geregince, uluslararasi anlasmalara uygun
bir etik kurul tarafindan arastirma protokollerinin onaylanmasi gereklidir.
[WMA Helsinki Deklarasyonu - insan Denekleri iceren Tibbi Arastirmalar icin
Etik ilkeler (son giincelleme: Ekim 2013, Fortaleza, Brezilya)”, “Tiim arastirma
calismalan icin laboratuvar hayvanlarinin bakim ve kullanimi kilavuzu (8.
baski, 2011) “ve / veya” Hayvanlar iceren Biyomedikal Arastirmalara Yonelik
Uluslararast Rehber ilkeler (2012)]. Gonderilen makale, etik kurul onayi
icermemesi durumunda degerlendirme icin isleme alinmaz.

GIKAR GATISMASI POLITIKASI

Tirk Hijyen ve Deneysel Biyoloji Dergisi’nin editor incelemesi, uluslararas:
editor organizasyonlarnn (ICMJE, EASE, WAME, COPE, CSE,..) tarafindan
belirlenen iyi Editérlik Uygulamalarina uygundur. WAME, yayin siirecinde
(makalenin gonderilmesi, hakem incelemesi, editor kararlan ve vyazarlar,
hakemler ve editorler arasindaki iletisim) yazar, hakem veya editorlerin,
stirecteki sorumluluklarini (akademik diristliik, calismanin ylritilmesinde
ve raporlanmasinda yaniltma olmamasi, karar ve hiikiimlerin uygunlugunu)
etkileyebilecek herhangi bir rekabetci catisma varsa ¢ikar catismasinin mevcut
oldugunu belirtmektedir.

Tirk Hijyen ve Deneysel Biyoloji Dergisi, tiim yazarlarin, hakemlerin ve
editorlerin, WAME tarafindan yukarida belirtilen herhangi bir rekabet ¢ikarinin
yani sira, ailevi, kisisel, finansal, politik veya dini konularla ilgili herhangi bir
cikar catismasini editore bildirmesini istemektedir. Herhangi ¢ikar catismasi ve
finansal destegin olup olmadigi, makalelerin sonunda beyan edilmelidir.

Yazarlar inceleme siirecinde bolim editorlerinden hicbiri ile iletisime
gecmemelidir. Makalelerin siireci ile ilgili tim gerekli bilgiler dergi
sekreterliginden edinilebilir. Editor ve hakemlerin isimleri yazarlara verilmez.
Tirk Hijyen ve Deneysel Biyoloji Dergisi’nin cift kor gozden gecirme ilkeleri
nedeniyle, yazarlarin ve hakemlerin isimleri diger kisilerce bilinmemektedir.
YAYIN POLITIKASI ve HAKEM DEGERLENDIRME SURECI

Tirk Hijyen ve Deneysel Biyoloji Dergisi (THDBD), ¢ift kor hakem
degerlendirmesi ile Tiirkce ve Ingilizce dillerinde T.C. Saglik Bakanlig1 Halk
Saglig1 Genel Mudiirligu tarafindan yayimlanmaktadir. THDBD yayin ilkelerinde
belirtilen konularda yazilan makaleleri kapsamaktadir. Sadece cevrimici
(online) basvurular kabul edilmektedir. Dergiye kabul edilme sirecindeki
degerlendirilmelerde aranan temel ozellikler 6zgunlik ve bilim literatiiriine
katkidir.

Makaleler gonderildikten sonra oncelikle editorler tarafindan
degerlendirilmektedir.  Editorler  hakem  degerlendirme  sirecinden
once makalelerin THDBD yazim kurallarina uygun yazilip yazilmadigim
degerlendirmektedirler.  Bu  kurallara gore yazilmayan makaleler
degerlendirilmeye alinmamaktadir.

Sonrasinda, makalenin degerlendirilmesi icin iki hakem atamir. Hakemler aym
alanda yayinlan olan uzmanlar arasindan secilir. Makaleler ihtiyac halinde
istatistik editérii tarafindan da kontrol edilebilir. Tim makaleler ingilizce
dil editoru tarafindan da incelenir. Hakemlere degerlendirme icin 20 giin
stire verilmektedir ve eger herhangi bir diizeltme istenirse yazarlarin gerekli
diizeltmeleri yapmak icin 30 giin siresi vardir. Editor, editor yardimcilan,
istatistik editorii ve ingilizce dil editorii kabul edilen makalenin asil anlamini
degistirmeyen kiicik diizeltmeler yapabilirler.

ETHICAL PRINCIPLES AND PUBLICATION POLICY

ETHICAL PRINCIPLES

The Editorial Board and Reviewers of the Turkish Bulletin of Hygiene
and Experimental Biology adhere to the guidelines of the International
Committee of Medical Journal Editors (ICMJE), Committee on Publication
Ethics (COPE), World Association of Medical Editors (WAME), Council of Science
Editors (CSE), European Association of Science Editors (EASE), the US National
Library of Medicine (NLM), the World Medical Association (WMA), and National
Information Standards Organization (NISO).

For Authors; as journal’s policy, an approval of research protocols by an ethics
committee in accordance with international agreements “WMA Declaration
of Helsinki - Ethical Principles for Medical Research Involving Human Subjects
(last updated: October 2013, Fortaleza, Brazil)” ,“Guide for the care and
use of laboratory animals (8th edition, 2011)” and/or “International Guiding
Principles for Biomedical Research Involving Animals (2012)” is required for
all research studies. If the submitted manuscript does not include ethics
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Makale Dili “ingilizce”/Amcle Language “English”

In vitro efficacy of Hypericum perforatum and Urtica dioica on
Leishmania tropica

Fatma iSLAMOGLU!' , Mehmet Sami iSLAMOGLU? (ID), Murat HOKELEK?

ABSTRACT

Objective: Leishmania parasites cause a wide
range of human diseases from localized self-healing
cutaneous lesions to fatal visceral disease. Failure of
the drugs used in the treatment of leishmaniasis, side
effects, and drug resistance has increased the need for
new drugs. As an alternative to treatment under these
requirements, the use of herbal extract comes up. The
aim of this study is to research the anti-leishmanial
effect of herbs that Urtica dioica and Hypericum

perforatum.

Methods: Our study was designed 1n vitro efficacy
of herbal products. In this study, the promastigotes
these are growth and passaged RPMI-1640 medium
with L-glutamine buffered and supplemented with
10% Fetal calf serum (FCS) are inoculated in mixed
solutions prepared with different herbal drug extract
concentrations and medium. Parasites were allowed
to incubate at + 26 °C for 72 hours. End of time, the
parasites were incubated in the plate are counted on
the Thoma slide. The 50% inhibitory concentrations are

calculated.

OZET

Amag: Leishmania cinsi parazitler, kendiliginden
iyilesebilen lokalize cilt lezyonlarindan, 6limciil visseral
hastaliklara kadar bir grup insan hastaligina neden
olabilir. Leishmaniasis tedavisinde kullanilan ilaclarin
yetersizligi, yan etkileri ve diren¢ sorunuyeniilaclara olan
gereksinimi arttirnistir. Bu gereksinimler dogrultusunda
tedaviye alternatif olarak bitkisel ekstraktlarin kullanimi
glindeme gelmektedir. Bu calismanin amaci Urtica dioica
ve Hypericum perforatum bitkilerinin anti-leishmanial

etkinliklerini arastirmaktir.

Yontem: Yaptigimiz calismada, %10 Fetal calf serum
(FCS) RPMI-1640 besiyerinde
cogaltilan ve degisik

eklenmis L-glutaminli
pasajlanan promastigotlar,
konsantrasyonlarda hazirlanan bitkisel ilac ekstrakti-
besiyeri karisimina inokiile edildi. 72 saat boyunca
+26°C’de inkiubasyona birakildi. Bu siire sonunda plakta
inkiibe edilen parazitler thoma laminda sayildi ve %50

inhibitor konsantrasyon degerleri (IC50) hesaplandi.

Bulgular: U. dioica kok tenturuniin 0,07 mg/ml
konsantrasyonunda promastigotlarin uremesini inhibe
9,37 mg/ml

etmedigi, konsantrasyonunda uremeyi
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Results: It was observed that concentration of
U. dioica root tincture 0.07 mg/ml doesn’t inhibit
promastigote proliferation, in case 9.37 mg/ml inhibits
growth completely, the concentration of U. dioica leaf
fluid extract 250 mg/ml inhibitors growth completely
The concentration of H. perforatum essential oil 0.02
mg/ml don’t inhibit promastigote proliferation, in
case 3.12 mg/ml inhibits growth completely. The 50%
inhibitory concentration (IC50) values for root and leaves
of U. dioica were calculated that respectively 579.93
pg/ml, 244.16 pg/ml, and H. perforatum essential oil

was calculated that 189.88 pg/ml.

Conclusion: It was found that U. dioica and H.
perforatum had inhibitory effects on Leishmania tropica
promastigotes in vitro. H. perforatum essential oil has
the best antileishmanial activity of the drugs used in this
study. The high effect of the H. perforatum essential
oil, U. dioicaroot, and leaf extracts, against Leishmania
promastigotes has been reported with this study, so this
issue will lead to other studies. It was thought that both
of them can be used as an alternative treatment option
in the future because they are less toxic than many

drugs in routine.

Key Words: Leishmania, Hypericum perforatum,

Urtica dioica, antileishmanial effect, herbal

treatment

tamamen inhibe ettigi, U. dioica yaprak ekstraktinin
250 mg/ml konsantrasyonda Uremeyi tamamen inhibe
ettigi gorildi. H. perforatum esansiyel yaginin ise 0,02
mg/ml konsantrasyonda promastigotlarin Uremesini
inhibe etmezken, 3,12 mg/ml konsantrasyonda tremeyi
tamamen inhibe ettigi goriildi. U. dioica kok ve
yapraklari icin IC50 degerleri sirasiyla 579,93 pg/ml,
244,16 pg/ml olarak hesaplanmistir. H. perforatum
esansiyel yag icin ise 1C50 degeri 189,88 pg/ml olarak

hesaplanmistir.

Sonug: U. dioica ve H. perforatum’un Leishmania
tropica promastigotlarina karsi in vitro ortamda anti-
leishmanial aktivitelerinin varligi tespit edilmistir.
Calismamizda kullandigimiz ilaglar arasinda Hypericum
perforatum esansiyel yagi en etkili anti-leishmanial
aktivitesi olan ilactir. H. perforatum esansiyel yaginin,
U. dioica kok ve yaprak ekstraktlarinin, Leishmania
promastigotlarina karsi yiiksek diizeyde etki gosterdiginin
ilk defa bu calisma ile rapor edilmis olmasi, bu konuda
yapilacak diger calismalara onciiliik edecektir. Bu
ekstraktlarn rutin kullammdaki bircok ilactan daha
az toksik olmalar1 nedeniyle ileride alternatif tedavi

secenegi olabilecekleri disiiniilmektedir.

Anahtar Kelimeler: Leishmania, Hypericum

perforatum, Urtica dioica, antileishmanial etki, bitkisel

tedavi

INTRODUCTION

Leishmaniasis is a vector-borne infectious disease
caused by the Leishmania species that can lead to
different clinical conditions (1). More than twenty-
one species of Leishmania transmitted by the sand
fly vector can cause leishmaniasis (2). Leishmaniosis,
are visceral

whose two main clinical forms

leishmaniasis and cutaneous leishmaniasis, is seen

Turk Hij Den Biyol Derg

in approximately 100 endemic countries, with 0.7-1
million new cases reported annually (3). In endemic
regions where the poorest segments of the global
population reside, the risk of infection increases due
to poor housing conditions, insufficient environmental
cleanliness, a lack of personal protective measures,
work, and migration, depending on the economy
(4). World Health Organization (WHO)
leishmaniosis as a neglected tropical disease due

defines



to the difficulty and cost of diagnosis, treatment,
and follow-up, lack of control tools, insufficient
investment in research, and the fact that the affected
people live in rural areas where access to treatment
is inadequate (5).

Pentavalent  antimonials, = amphotericin B,
paromomycin, and miltefosine are used as first-line
therapies in the treatment of leishmaniosis and
these medicine may lead to adverse events such
as renal failure, cardiotoxicity, pancreatitis, and
impaired liver functions. However, increased parasite
resistance against these chemotherapeutics can be
observed (6). There is no proven vaccine against the
disease in humans, and less costly immunotherapy
approaches that have limited side effects and do not
create parasite resistance are emphasised (1). Given
the increased demand for herbal products, for which
there is insufficient data on their efficacy and safety

profile, studies have been conducted on their use

Figure 1. Hypericum perforatum flowers

in the treatment of leishmaniosis (7). Most studies
have been performed using promastigote forms
of Leishmania in vitro. Further studies need to be
conducted in vivo and in host macrophages (8).
Among natural products, essential fatty acids
showed significant activity against Leishmania
promastigotes (9). With their hydrophobic structure,
they can penetrate cells and show a broad spectrum
of biological activity (10). The chemical composition
the pharmacologically

antinociceptive,

and antidepressant,

and inhibition of monoamine
oxidase, antiviral, antibacterial, antifungal, and anti-
proliferative activity of Hypericum perforatum (H.
perforatum) , known as Saint John’s Wart, is a genus
of Hyperceae (11,12). H. perforatum, which grows in
Europe, North America, North Africa, and East Asia,
and has more than 450 species, is the most important
of the Hyperium species due to its pharmacological

activity (13) (Figure 1-2).

Figure 2. Hypericum perforatum leaf
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Stinging Nettle (Urtica dioica (U. dioica)), is
known to be in the Urticaceae plant family, can be
seen in different parts of the world, such as India,
Iran, Malaysia, and the United States. It has long been
known as a fibre and medicinal plant and has been
used for the control of hypertension, the regulation

of blood sugar, prostatic hyperplasia, and anti-

inflammatory treatment (14,15) (Figure 3).

In our study, we aimed to show the in vitro anti-
leishmanial effect of H. perforatum essential oil and
anti-leishmanial effect of U. dioica root and leaf
extract due to their inhibitory effects on Leishmania
promastigotes.

Figure 3. Urtica dioica

MATERIAL and METHOD

Preparation of the Medium

Roswell Park Memorial Institute (RPMI) 1640 (Sigma
Chemical Co, USA) broth containing L-glutamine and
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
(HEPES) was used as the medium for sensitivity and
passages in the production of Leishmania. The PH
value of the medium was adjusted to 7.3-7.4. To
prevent contamination, 80 pg/ml of gentamicin was
added to the medium to be used for passage. The
medium mixture was sterilised by filtering it into
sterile bottles with 0.45 pm filters and stored at
+4°C until use. Before use, the medium was brought
to room temperature, and 10% inactivated fetal calf

serum (FCS) (Pan Biotech, Germany) was added.
Obtaining Leishmania tropica Promastigotes

The study was conducted at the istanbul Aydin
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University Faculty of Medicine Medical Microbiology
In the study, L. tropica
promastigotes, which were isolated from a cutaneous

Research Laboratory.

leishmaniasis patient and produced by passage
into RPMI 1640 medium with HEPES containing 10%
inactivated FCS and gentamicin in a culture flask,
were used.

The culture medium was checked with an inverted
microscope to look for promastigotes.

Herbal Medicine Solutions

As an active ingredient, H. perforatum essential
oil (Bristol Botanicals, UK), U. dioica leaf liquid
extract (Bristol Botanicals, UK), and Urtica dioica
root tincture (Bristol Botanicals, UK) were used. H.
perforatum essential oil (1,000 mg/ml) was dissolved
in 10% dimethylsulfoxide (DMSO, 10% solution in PBS)
at a ratio of 1/10, and subsequent dilutions were
made with RPMI medium at a ratio of 1:2 each time.



Urtica dioica leaf extract (1,000 mg/ml, 25%
ethanol) and root tincture (300 mg/ml, 25% ethanol)
were prepared in an RPMI medium in 1/2-1/4096

dilutions.

Inoculation of Parasites in Herbal Medicine
Solutions

Parasite cultures in an RPMI 1640 medium and 2%
formol-PBS solution were taken in equal amounts and
mixed in a micro-test tube, and the promastigotes
were immobilised. Parasites were counted on Thoma
slides. Serial dilutions of herbal medicine extracts
were prepared in

96-well plates. After the dilutions were prepared,
promastigotes were inoculated into each well, the
number of which was determined by counting on the
Thoma slide.

A total of 200 pl of parasite-herbal medicine in
dilutions of 500-0.244 mg/ml for the U. dioica leaf
extract, 150-0.07 mg/ml for the U. dioica root
tincture, and 50-0.02 mg/ml for H. perforatum

essential oil extract mixtures were obtained.
Evaluation of Incubation and Growth

The inoculated plate was incubated at 26-26.5
°C for 72 hours. At the end of the incubation, the

contents of the wells in the plate were transferred to
the Thoma slide, and a parasite count was performed.
Tables were created by determining the inhibition
and growth rates for each concentration, and herbal
medicine extract-promastigote growth inhibition
curves were drawn. Concentration values (IC50)
inhibiting 50% of promastigotes were calculated
online (16).

Experiments were run at least three times for each
herbal medicine extract. The drug concentrations
causing 50% inhibition (IC50) are shown in the graph
drawn with the % inhibition values calculated against

the herbal drug extract concentrations.
RESULTS

When the growth and inhibition rates were
determined by counting the parasites on Thoma
slides in the cultivations made on the media,
after 72 hours of incubation at +26°C, the U.
dioica root tincture did not inhibit the growth of
promastigotes at concentrations of 0.07 mg/ml but
it was observed that it inhibited reproduction by
100% at concentrations of 9.37 mg/ml (Table 1).

Table 1. Promastigote growth rates and inhibition rates for Urtica dioica root tincture

U. dioica root tincture Dilutions (mg/ml)

Growth rate (%) inhibition rate (%)

Control 100 0
0,07 100 0
0,14 77 23
0,29 61 39
0,58 42 58
1,17 23 77
2,34 13 87
4,68 3 97
9,37 0 100*
18,75 0 100
37,5 0 100

75 0 100
150 0 100

*U. dioica root tincture inhibited reproduction of 100% at concentrations of 9.37 mg/ml
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The IC50 value for the U. dioica root tincture extract. It was observed that the U. dioica leaf
was calculated as 579.93 pg/ml (Figure 4). Dilutions extract inhibited the growth of promastigotes by
were prolonged because inhibition continued 100% at a concentration of 250 mg/ml (Table 2).
even in the last dilution with the U. dioica leaf
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Figure 4. Effect of U. dioica root tincture on the growth of Leishmania tropica promastigotes

Table 2. Promastigote growth rates and inhibition rates for Urtica dioica leaf extract

U. dioica leaf extract dilution (mg/ml) Growth rate (%) Inhibition rate (%)
Control 100 0
0,003 92 8
0,007 72 28
0,015 67 33
0,030 77 23
0,061 62 38
0,122 43 57
0,244 48 52
0,488 29 71
0,976 25 75
1,953 24 76
3,906 24 76
7,812 24 76
15,625 18 82
31,25 18 82
62,5 8 92

125 3 97
250 0 100*
500 0 100

* U. dioica leaf extract inhibited the growth of promastigotes of 100% at a concentration of 250 mg/ml
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The IC50 value for the leaf extract of the U. concentration of 0.02 mg/mL and inhibited growth
dioica was calculated as 244.16 pg/ml (Figure 5). by 100% at a concentration of 3.12 mg/ml (Table
It was observed that H. perforatum essential oil 3). The IC50 value for H. perforatum essential
did not inhibit the growth of promastigotes at a oil was calculated as 189.88 pg/ml (Figure 6).
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Figure 5. Effect of U. dioica leaf extract on the growth of Leishmania tropica promastigotes

Table 3. Promastigote growth rates and inhibition rates for Hypericum perforatum essential oil

H. perforatum essential oil dilution (mg/ml) Growth rates (%) Inhibiton rates (%)
CONTROL 100
0,02 100
0,04 84 16
0,09 82 18
0,19 47 53
0,39 37 63
0,78 18 82
1,56 5 95
3,12 0 100*
6,25 0 100
12,5 0 100
25 0 100
50 0 100

* Hypericum perforatum essential oil inhibited the growth of promastigotes at a concentration of 3.12 mg/ml
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Figure 4. Effect of H. perforatum essential oil on the growth of Leishmania tropica promastigotes
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Amphotericin B was used as a positive control.
It inhibited growth at a concentration of 2ug/ml.
The contribution of 25% ethanol in the content
of the U. dioica plant solutions to the inhibitory
effect on promastigotes was investigated. It was
determined that the inhibitory effect detected
in the dilutions made with U. dioica did not
persist in the dilutions made with ethanol. The
contribution of 10% DMSO, which we used to
dissolve the essential oil, to the inhibitory effect on
promastigotes was also investigated. No inhibitory
effect of DMSO on promastigotes was detected.

DISCUSSION

In our study, the presence of the anti-leishmanial
activities of H. perforatum and U. dioica against L.
tropica promastigotes was determined. The IC50 value
was the lowest for the H. perforatum essential oil,
which was found to be more effective than the others.

Leishmaniasis is a disease caused by the obligate
intracellular parasite Leishmania and Leishmania
exists in two forms in its life cycle: as promastigote
in a vector and amastigote in the mammalian host
(17,18). Leishmaniasis can occur in various clinical
forms, ranging from self-healing skin lesions to
severe fatal diseases with organ involvement (19).
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Meglumine antimoniate and pentamidine, which are
used in the treatment of leishmaniosis because of
without effective vaccine, require long injections.
New drugs are needed because of the toxic effects
of amphotericin B and pentamidine (20). A total of
65% of the 15 antiparasitic drugs approved between
1981 and 2006 consisted of natural products or the
derivatives of natural products (21). In the treatment
of leishmaniosis, many plants with different medicinal
effects collected from the tropical region are used
(18). Chincinella-Carmona et al. investigated the
anti-Leishmanial effect of 67 fresh or dried extracts
of plants measuring % 50 inhibitory concentration
(IC50) in their study and found that 16 plants were
more effective than others (22). Montesino et al.
investigated the invitro activities of 58 herbal extracts
against Leishmania, Trypanosoma, and Plasmodium
and found that 16 extracts were effective (23).

Previous studies have noted the effectiveness of
U. dioica root tincture in allergic rhinitis, arthritis,
cardiovascular diseases, and prostate diseases.
Badirzadeh et al. conducted the only study in the
literature on anti-Leishmania activity (15). They
investigated the in vivo mice infected with Leishmania
major and in vitro activity of U. dioica aqueous
extract against Leishmania and determined that U.
dioica was effective against the Leishmania parasite.



In our study, besides determining the in vitro activity
of the U. dioica root tincture against Leishmania
promastigotes, we used the U. dioica leaf extract
for Leishmania activity for the first time. When their
efficacy was evaluated according to IC50 values, we
found that the U. dioicaleaf extract was more effective
against Leishmania than the U. dioica root tincture.

Hypericum perforatum, which grows in many
parts of the world and is accepted as a nutritional
supplement, is an invasive species, especially in
Asia and Europe. It has antidepressive, anxiolytic
effects and is used in the treatment of depression,
postmenopausal symptoms, obsessive-compulsive
disorder, behavioural disorders, and psoriasis (24).
Some bioactive molecule derived from Hypericum
species is studied for leischmanicidal activity by
measurement of IC50. For example a study by Dagnino
et al. indicated that substances obtained from the
Hypericum species may be high leischmanicidal
activity against promastigot by inducing mitochondria
and reactive oxygen compounds in Leishmania
promastigotes (25). In their other study, Dagnino et al.
found that the lipophilic extracts of four Hypericum
species were effective against L. amazonensis (26).
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Molecular detection of leptospirosis from genital system in
mares
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ABSTRACT

Objective: Leptospirosis is a worldwide zoonotic
disease and well recognized infectious disease of
horses. Equine leptospirosis is to cause the birth of weak
foals, neonatal deaths and abortion after pregnancy
period. Studies on leptospirosis in horses are generally
investigations of urine samples and serological studies.
Although leptospirosis causes reproductive disorders,
genital sample studies that may be a source of infection
have been ignored. The aims of this study were to study
the prevalance of Leptospira by PCR using vaginal swab

from apparently healthy horses.

Methods: A total of 92 vaginal swab samples were
collected and transferred to the bacterial diagnosis
laboratory of Selcuk University Veterinary Faculty. The
vulva and vagina were cleaned before swab samples
were taken. All samples were stored in the refrigerator
at -20°C and taken to the laboratory for processing.
These samples were sent to the laboratory under cold
chain conditions. DNA was extracted from suspicious
samples and conventional PCR was used to detect
Leptospira spp. Specific primers were selected and PCR

was finalized for Leptospira spp.

OZET

Amagc: Leptospirosis, diinya capinda zoonotik olan
ve atlarin iyi bilinen bir enfeksiyoz hastaligidir. Atlarda
leptospirosis, zayif taylarin dogumuna, yenidogan
olumlerine ve gebelik sonrasi abortlara sebep olmaktadir.
Atlarda leptospiroz ile ilgili calismalar genellikle idrar
orneklerinin arastirilmasi ve serolojik calismalardir.
Leptospirosis, reprodiiktif bozukluklara yol acmasina
ragmen, enfeksiyon kaynagi olabilecek genital 6rnek
calismalann goz ardi edilmistir. Bu calismamin amaci,
herhangibir klinik semptom gostermeyen kisraklardan
alinan vajinal suriinti orneklerinde PCR ile Leptospira

prevalansini incelemekti.

Yontem: Toplam 92 adet vajinal surintii ornegi
toplanarak Selcuk Universitesi Veteriner Fakiiltesi
bakteriyel tam laboratuvarina aktarilmistir. Siriinti
ornekleri alinmadan 6nce vulva ve vajina temizlenmistir.
-20°C’de

ve islenmek iizere laboratuvara goturilmistiir. Bu

Tum  ornekler buzdolabinda saklanmis

numuneler soguk zincir kosullarinda laboratuvara

gonderilmistir. Sitipheli orneklerden DNA ekstrakte
edilmis ve Leptospira spp.’yi saptamak icin spesifik

primerler secilmis ve konvansiyonel PCR kullamlmistir.
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Results: As a result of the study, it was found that
out of 92 mare’s vaginal swab samples 7 (7.6%) were
positive for Leptospira spp. This study is the first report
from our country due to the detection of Leptospira spp

DNA in asymptomatic mares.

Conclusion: It revealed that the Leptospira PCR
positive mare were not showing any signs and symptoms.
When the results and observations were evaluated, it was
thought that Leptospira PCR positive mares could play a
role as a carrier in the transmission of leptospirosis. Our
study is one of the rare studies on mares carrying the
possible causative agent. Detection of leptospirosis by
PCR can be considered as a reliable method for early
detection of Leptospira shedding in asymptomatic
animals. In addition, molecular studies from vaginal
swab samples were observed as a rapid and definitive
diagnostic option, considering the difficulty of isolation
of the Leptospira agent and possible contaminations.
According to the results of our study, it is recommended
to reevaluate the control measures against the disease
and to carry out molecular characterization and

vaccination studies in risky areas.

Key Words: Leptospirosis, mare, PCR

Bulgular: Calismanin sonucunda, 92 kisrak vajinal
stirlintli 6rneginden 7 (%7,6)’sinde Leptospira spp.
pozitif oldugu saptanmistir. Bu calisma, asemptomatik
kisraklarda Leptospira spp DNA’sinin tespit edilmesi

sebebiyle Glkemizden ilk rapordur.

Sonuc: Leptospira PCR testipozitif bulunankisraklarin
herhangi bir belirti ve semptom gostermedigi belirlendi.
Sonuclar ve gozlemler degerlendirildiginde, Leptospira
PCR testi pozitif kisraklarin leptospirosis bulasmasinda
tasiyict  olarak  rol

oynayabilecegi  distindurdii.

Calismamiz, olas1 etkeni tasiyict kisraklar izerine

yapilan ender calismalardan biridir. Leptospirosisin
PCR ile tespiti, asemptomatik hayvanlarda Leptospira
saciliminin erken tespiti icin guvenilir bir yontem
olarak kabul edilebilir. Aynca, Leptospira etkeninin
izolasyon gicligli ve gelisebilecek kontaminasyonlar
goz online alindiginda, vajinal siriintii 6rneklerinden
molekiiler calismalar, hizli ve kesin bir tam secenegi
olarak gozlemlendi. Calismamizin sonuclarina gore,
hastaliga kars1 kontrol tedbirleri yeniden degerlendirilip
riskli alanlarda molekiler karakterizasyon ve asilama

calismalar1 yapilmasi onerilmektedir.

Anahtar Kelimeler: Leptospirozis, kisrak, PCR

INTRODUCTION

Leptospirosis is a zoonotic infectious disease with
multi-organ involvement caused by Leptospira spp.,
a gram-negative, non-sporeless, non-encapsulated
and aerobic bacterium (1). Leptospiras are bacteria
belonging to the Leptospiraceae family in the class
Spirochaetales. Spirochetes are approximately 0.1
pm in diameter and 6-20 pm in length (1).

Leptospirosis is a zoonosis that has gained great
importance in terms of public health. Transmission
of the disease to humans occurs through animal
reservoirs, contact with urine, and exposure to
contaminated environments. In addition, floods that
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may occur as a result of natural disasters such as
excessive precipitation and earthquakes contribute
to the spread of the disease (2).

Diagnosis of leptospirosis is done by clinical
signs, autopsy findings, microscopy, culture, animal
Chain
Reaction (PCR) (3). Microscopic Agglutination Test

experiments, serology and Polymerase
(MAT) is the most widely used serological test in
reference laboratories of our country and known as
the “gold standard” test (4). MAT has good specificity.
However, the sensitivity of MAT in the early period is
low (4). There is a high probability of false negative
cases. Apart from these tests, complement fixation

and immunofluorescence tests are also used in the



diagnosis of Leptospira. However, all these tests
are not sufficient to identify subclinically infected
animals (5). There is dire need for rapid diagnosis of
the disease to detect carrier animals that do not show
any symptoms at early stage of infection are possible
with polymerase chain reaction (PCR). PCR is based
on the molecular detection of amplified bacterial
gene fragments found in pathogen. For the diagnosis
of Leptospira, 16S rRNA target genes and real-time
quantitative PCR has been used successfully (6).

This infection has been commonly observed in
areas with tropical climates with a rainy season and
high temperatures (7). Bacteria can survive in water
or soil for days or months (8). The prevalence of
infection is increasing due to flooding of many areas,
poor hygiene and improper maintenance (8).

Leptospirosis can be controlled by adapting
precautionary measures, e.g. stay away from animals
and/ or areas contaminated with their urine. In
addition, rodent control, treatment of carriers,
occupational hygiene and routine vaccination of
healthy animals are among the other recommended
methods (9).
options are the leading antibiotic treatment options

control Doxycycline and penicillin
and are considered to be more effective if the
treatment is started within the first 3-4 days (9).

Leptospira spp. can causes reproductive disorders
in animals. Especially, this disease symptoms have
been observed in domestic animals such as cattle,
sheep, pig and horse (10-12).

Molecular methods based on detection of DNA
have higher sensitivity/ specificity rates compared to
other diagnostic methods. Therefore, these methods
are increasingly being used in the diagnosis of
leptospirosis (13).

This study was designed to detect molecular
prevalence of Leptospirosis in mares. Suspected
samples were collected from mares and PCR was used
to detect the DNA of Leptospira. PCR is considered
to be rapid, more specific and sensitive method as
compare to the microbial culture, isolation and
serological studies.

MATERIAL and METHOD

Sampling and storage

A total of 92 vaginal swab samples were collected
and transported to the Selcuk University Faculty of
Veterinary Medicine, bacterial diagnosis laboratory..
For this study, samples were taken from mares
aged 2-5 years in individual horse farms from rural
settlements in Konya. The vulva and vagina were
cleaned before swab samples were taken. All samples
were kept at -20°C in a refrigerator and taken to the
laboratory for processing. These samples were sent to
the laboratory under cold-chain conditions.

Polymerase chain reaction

DNA was extracted from all swab samples using
the Wizard® Genomic DNA Purification Kit (Promega,
USA) following the manufacturer’s instructions. The
DNA samples were stored at -20°C until PCR analysis.
A total of 92 DNA extractions and positive control
were used in PCR. As positive control, L. interrogans
serovar pomona (Leptovac 5®/Vetal, Turkey) were
used in PCR.

PCRs were performed for Leptospira spp. using
specific primers (14). The thermal conditions were as
follow; 95°C 15 min, 40 (94°C 1 min, 50°C 1 min,
72°C 1 min) and a final extension at 72°C 10 min. The
detection limit was 10 ng/pL of extracted DNA in all
reactions. The PCR assays were carried out according
to the conditions listed in Table 1.

All PCRs were performed using 5 pL 5x
FIREPol®Master Mix (Solis Biodyne, Estonia), 20 pmol
of each primer, and DNA template (50 ng/pL), and 1
pL water (negative control). Positive control DNA was
used in each PCR series. PCR products were analyzed by
electrophoresis on 1.5% agarose gels at 60 mA for 1 h,
stained with ethidium bromide and visualized under UV
illumination. A 100 bp DNA ladder (Thermo Scientific,
SM0373) was used for comparison of DNA sizes.

The study was approved by the SUVDAMEK Local
Ethics Committee (Date: 16.02.2021 and Number:
2021/07).
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Table 1. PCR primers, cycle conditions, and product sizes

Microorganism Target gene

Primer sequences (5’--3’)

Termal conditions Product (bp) References

Leptospira
16S rRNA

spp. TTCCCCCCATTGAAGCAAGATT

GGCGGCGCGTCTTAAACATG

95°C 15 min,
40 (94°C 1 min,
Tramuta et
50°C 1 min, 331

72°C 1 min)

al., 2011

72°C 10 min

RESULTS

The vaginal swab samples were collected from
apparently healthy mares. The mares (92) were
observed/ examined clinically and no signs or
symptoms of the disease were observed. DNA was
extracted from vaginal swabs and PCR was performed
to detect the asymptomatic mares. The primers
used were derived from 16S rRNA target gene (16S)
of Leptospira spp. Leptospira spp. were detected
in seven vaginal swab samples (Figure 1). Results
revealed that 7.6% mares (7/92) were positive as
carriers and shedding pathogen (Leptospira spp.).

S28

DISCUSSION

Leptospirosis is responsible for several chronic
infection in domestic and wild mammals in many
countries of the World. Colonization of Leptospira
has been widely reported in various animals via
the renal route. Particularly, canine leptospirosis
is characterized by an acute or chronic illness.
Some dogs are known as asymptomatic carriers by
urinary excretion (15). It has been shown that the
bacterium can also be found in the female genital
tract in ruminant animals and can be transmitted
sexually between animals by these means (16).
Abortion, stillbirth and neonatal death has been

S35 S42 S70 S87

Figure 1. An ethidium bromide-stained agarose gel of PCR products that shows the sensitivity of the assay. M: DNA marker
(100bp); P: positive control; S9-522-528-535-542-570-S87:positive sample numbers)
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noticed in mares with Leptospira infection in
different studies (17-19). Till now, there have been
no reports of evidence of Leptospira in the vaginal
fluid of healthy mares (11).

DNA of leptospira spp was detected for the first

During this study

time in vaginal fluid of apparently healthy mare.

“PCR is a very sensitive and specific test in the
acute phase of leptospirosis, it detected 50% of cases
that were negative with other serological tests. In the
light of various studies, it has been shown that the
PCR method has advantages over other serological
tests in the early diagnosis of leptospirosis. Rapid
diagnosis of Leptospirosis with a correctly applied
molecular method is necessary for the efficient
implementation of both animal and public health
measures (10). Erol et al.compared the results of real
time PCR, FAT and MAT in mare abortion cases and
found that molecular methods are effective diagnostic
method in the diagnosis of leptospiral abortion (20).

During this study we analyzed a total of 92 mare
vaginal swab samples by conventional PCR assay using
specific primers. Results revealed the presence of
Leptospira especially in asymptomatic animals. During
ourstudy, none of the animals developed abortion while
Leptospira spp. DNA was detected in seven samples.

The most important outcome of this study
was evidence of leptospiral DNA in vaginal swab
samples from mares with absolutely no clinical/
reproductive symptoms. Previously, It has been
reported by researchers that leptospirosis can be
transmitted between animals through direct or
indirect contact with the urine of carriers. (16,21).

spp.
genital

Therefore, detection of

DNA

Leptospira
in an apparently healthy mare’s

ETHICS COMMITTEE APPROVAL

tract sample is a significant/ important finding.
suggested that
may be associated with spread of

So, it s the carrier mares
leptospiral
(11,22).

This study also revealed the possibility of sexual

infection through mucous membranes
transmission of leptospirosis in horses (female to
male). Early detection of asymptomatic carriers
may play an important role in prevention and
control of the disease. Di Azevedo et al. reported a
systematic review of data on equine genital infection
of leptospirosis (23). As a result of the study, it
was reported that Leptospirosis can cause sexually
transmitted “Equine genital leptospirosis” in horses.
They emphasized the inadequacy of serological
diagnosis for this disease and the contribution of
molecular studies. Thisinference is consistent with our
study. In order to adequately recognize this syndrome,
clinical findings and molecular studies should be

evaluated simultaneously, especially in mares.

Moreover, the results  suggested that
comprehensive  further studies are required
to investigate the disease in mares.

It was concluded that 7.6% apparently healthy
mares were carriers of the leptospira, which is a
great concern of animal and public health. Moreover,
PCR was found to be a suitable method for early and
rapid detection of leptospirosis in carrier animals.
As a suggestion, genotypic characterization of
Leptospira strains affecting mares by molecular
methods should also be defined. At the same time,
it will be evaluated in terms of public health and
vaccinating horses in risky areas will make important
contributions to protection and control measures.

* The study was approved by the SUVDAMEK Local Ethics Committee (Date: 16.02.2021 and Number: 2021/07).
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Turk Hijyen ve Deneysel Biyoloji Dergisi

Halk Saghgi Laboratuvarlarinin mikrobiyoloji alanindaki kalite
gelismelerinin dis kalite calismalar1 ve akreditasyon acisindan
degerlendirilmesi

Edibe Nurzen NAMLI BOZKURT'

, Goktug BAYRAM'

OZET

Amagc: Halk Saglig1 Laboratuvari, toplum sagliginin
korunmasi ve iyilestirilmesi kapsaminda birey ve toplum
sagligim etkileyen ve/veya etkileyebilecek etmenleri
inceleyen ve gorev alaniyla ilgili klinik ve klinik disi
laboratuvar hizmetleri sunan laboratuvardir. TS EN
ISO/IEC 17025 standardinin gerekliliklerini saglayarak
akredite olmak isteyen laboratuvarlar icin kalite
kontrol calismalari son derece onemlidir. Boylelikle
laboratuvarlar, kalite gerekliliklerini yerine getirerek
dogru sonuc lretip kaliteli hizmet sunduklarin ispat
etmis olurlar. Bu calismanin amaci; 2012-2021 yillan
arasinda Halk Sagligi Laboratuvarlarinda yiiriitiilen
kalite ve akreditasyon siirecleri ile katiim saglanan D1s
Kalite Degerlendirme programlarinin, mikrobiyolojik
analiz alanindaki kalite Uizerine yaptiklan etkilerini

arastirmaktir.

Yontem: Laboratuvarlarda vyuritilen tim kalite

calismalan grafiksel ve ortalama degerler olarak

irdelendi. Uygulanan Dis Kalite Degerlendirme cevrim

ABSTRACT

Objective:  Public Health Laboratory is the
laboratory that examines the factors that affect and/
or may affect individual and public health within the
scope of protection and improvement of public health,
provides clinical and non-clinical laboratory services
related to their field of duty. Quality control studies are
extremely important for the laboratories wishing to be
accredited by meeting the requirements of the TS EN
ISO/IEC 17025 standard. In this way, laboratories prove
that they produce correct results and provide quality
service by fulfilling quality requirements. The aim of
this study is to investigate the effects of the quality
and accreditation processes carried out in Public Health
Laboratories between 2012-2021 and External Quality
Assessment programs attended, on quality in the field of

microbiological analysis.

Methods: All
laboratories were analyzed as graphical and average
values. 1SO 13528:2005 Robust Analysis Method was used

quality studies carried out in
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sonuclarinin Z degeri hesaplanmasi islemi icin 1SO
13528:2005 Robust Analiz Yontemi kullamildi. Her bir
laboratuvarin performansi ISO 13528 standardi ve IUPAC
Protokoll ile uyumlu olarak Z degeri cinsinden ifade
edildi.

Bulgular: 2012-2021 yillar arasinda kalite calismalarn
ile D1s Kalite Degerlendirme cevrimlerinden elde edilen
veriler degerlendirilmis, kalite ve akreditasyon lzerine
pozitif etkileri belirlenmistir. 2015-2018 yillar arasinda
kurumsal olarak uygulanan Dis Kalite Degerlendirme
cevrimleri incelendiginde, programlara katilan tim

laboratuvarlarin ~ “Koliform bakteri”, “Escherichia

coli” ve “Intestinal enterokok”
%90-100 basanl,

“Pseudomonas

parametrelerinde
“Clostridium perfringens” ve
aeruginosa” parametrelerinde ise
%80-90 oraninda basarili olduklar goriilmistir. Kalite
calismalan sonrasinda TS EN ISO/IEC 17025 standardina
gore akredite olan Halk Sagligi Laboratuvarlari, Dis
Kalite Degerlendirme programlarinda da basanli Z
degerleri elde etmislerdir. Bu calismalar sayesinde,
laboratuvarlarda yillar icinde akredite parametre sayisi
ve calisilan numune sayisinda belirli dizeyde artis
saglandig1 gorilmistir.

Halk

altyapilar gelistirilip kalite glivence sistemleri kurularak

Sonug: Sagligi  Laboratuvarlari, kalite
ic ve dis denetim mekanizmalari ile dogru sonug ireten
laboratuvarlar haline gelmislerdir. Sonucta Dis Kalite
Degerlendirme programlarindan basarili sonuclar alan ve
kendini ispatlayan 19 adet L1 hizmet tipi laboratuvarin
standartlar akredite oldugu

ilgili dogrultusunda

gorulmektedir.

Anahtar Kelimeler: Dis kalite degerlendirme, kalite

gelisimi, mikrobiyoloji, su, halk sagligi

for calculating the Z score of External Quality Assessment
cycles results. The performance of each laboratory was
expressed in terms of Z score in accordance with the ISO
13528 standard and IUPAC Protocol.

Results: The data collected from the Quality and
External Quality Assessment were evaluated between
2012-2021, their

accreditation were determined. When the External

positive effects on quality and

Quality Assessment cycles which were institutionally
applied between 2015-2018 are examined, it is seen
that all laboratories participating in the programs are
90-100% successful in “Coliform bacteria”, “Escherichia
coli” and “Intestinal enterococci” parameters, and
80-90% successful in “Clostridium perfringens” and
“Pseudomonas  aeruginosa” parameters. After the
quality studies, Public Health Laboratories accredited
according to the TS EN ISO/IEC 17025 standard have
also obtained successful Z scores in the External
Quality Assessment programs. Thanks to these studies,
it has been observed that the number of accredited
parameters and the number of samples studied have

increased to certain level in laboratories over the years.

Conclusion: Public Health Laboratories have become
laboratories that produce accurate results with internal
and external control mechanisms by improving quality
infrastructures and establishing quality assurance
systems. As a result, it is seen that 19 L1 service type
laboratory, which achieved successful results from
the External Quality Assessment programs and proved
themselves, are accredited in line with the relevant

standards.

Key Words: External quality assessment, quality

improvement, microbiology, water, public health

GiRiS toplum sagligin1 etkileyen ve/veya etkileyebilecek
etmenleri inceleyen ve gorev alaniyla ilgili klinik ve

Halk Saglig1 Laboratuvar (HSL), toplum sagigimn  klinik disi laboratuvar hizmetleri sunan laboratuvardir.

korunmas1 ve iyilestirilmesi kapsaminda birey ve HSL, halki saglik tehlikelerinden korumada hayati
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bir rol oynamaktadir. Bu laboratuvarlar ayrica ozel
organizmalar icin laboratuvar dogrulamasini saglar
ve halk sagligimin hastalik gozetim isletmesinin bir
parcasidir, salginlar sirasinda bulasici organizmalarin
veya toksinlerin dogru, zamaninda tespitini saglar (1).

HSL’ler, Halk Saglhigi Genel Mudirligii (HSGM),
Tiiketici Giivenligi ve Halk Saglhigi Laboratuvarlar
Dairesi Baskanligi (TGHSLDB) koordinasyonunda 81
ilde 19 adet L1 ve 65 adet L2 tipi olmak lzere 84
merkezde yapilanmis olup, hizmet tipine gore L1 ve
L2 tipi olmak lizere ikiye ayrilmaktadir. Merkezde ise
Ulusal Halk Saglig1 Referans Laboratuvar ile hizmet
verilmektedir.

Laboratuvarlarda kalite sistemlerinin kurulmasi
ve kalite alt yapilarinin giiclendirilmesi icin gerekli
destegi vermek, kalite sistemlerini ve akreditasyon
siireclerini izlemek, degerlendirmek ve bu konuda
koordinasyonu saglamak TGHSLDB’nin en oOnemli
gorevlerindendir (2). Referans ve L1 Hizmet Tipi HSL,
hizmet kapsamindaki ilgili standartlara gore akredite
olan ve DKD testleri konusunda test numunesi

hazirlayabilen  laboratuvarlar olup  kapsamlari
cercevesinde bu calismalar yurutmeleri beklenir (3).

Akreditasyon, yetkili bir kurulusun, laboratuvarin
inceleme yapmaya yetkin oldugunun resmi olarak
taninmasint  saglamak icin laboratuvarlarin agik
kalite yonetim kriterlerini karsilamasini sagladigi bir
hakem degerlendirme siirecidir (4). EN ISO 17025’in
uygulanmasi, gunlik

stirekli iyilestirilmesi icin bir sistem saglar (5).

laboratuvar uygulamalarinin
Akreditasyon, ilgili standartlara gore dogru, giivenilir
sonuclar iretilmesini ve sonucta uluslararasi taninirligi
saglayan bir yaklasimdir (6).

Calismamizin  amaci, HSL'lerde mikrobiyoloji
laboratuvarlarinin yillar icerisinde kalite alaninda
sagladig1 gelismeleri ve izledigi yol haritasinda ne

oranda basarili oldugunu incelemektir.
GEREC ve YONTEM

Bu calismada 2012-2021 yillan arasinda HSL’lerde
yiriitilen, Dis Kalite Degerlendirme ve Yeterlilik

Testi
standardizasyon ve

(DKD) calismalarninin, mikrobiyolojik kalite,

akreditasyon faaliyetlerinin
gelisimi Uzerine etkileri ele alinarak grafiksel ve
ortalama degerler olarak incelendi.

DKD cevrim sonuglarinin Z degeri hesaplanmasi
islemi icin, 1SO 13528:2005 Robust Analiz Yontemi
esas alinarak, hesaplanan ortalama Robust ortalama
(atanmis deger) olup, hesaplanan standart sapma
Robust standart sapmadir. Daha sonra atanmis degerin
Olclim belirsizligi ve Z degeri hesaplanir (7). Her bir
laboratuvarin performansi ISO 13528 standardi (8) ve
IUPAC Protokolii ile uyumlu olarak Z degeri cinsinden
ifade edilir (9).

Kalite sistem calismalarimin her asamada elde
edilen sayisal verileri

derlendi, toplu grafikleri

olusturuldu ve bunun kalite gelisimi Uzerindeki

etkileri degerlendirildi.
BULGULAR

Standardizasyon ve akreditasyon calismalarina,

5 akredite HSL ile baslanmis 2021 yili sonunda Sekil
1’de de goriildiigii gibi tiim L1 hizmet tipi HSL lerin TS
EN ISO/IEC 17025 standardi akreditasyonu hedefine
(10). 2016 yiina kadar
ile tecrubesinin artmasindan sonra

ulasitmistir laboratuvar
bilgi

akreditasyon sureci basan ile tamamlanmistir. Tablo

diizeyi

I’ de ilgili standartlara gore akredite olan HSL'ler
gosterilmektedir (11).

2016
mikrobiyolojik

HSL’lerde
su akredite parametre sayisinda
ortalama olarak %44-46 oranindaki artis Sekil 2’de
gorulmektedir. Yine Sekil 3’de 2016 yili sonrasinda

yiindan  sonra calisilan

toplam akredite parametre sayilarinda ortalama
%30 kadar bir artis gorulmektedir. Daha sonra bu
artis oran ortalama %40 duzeyinde dengelenmistir.
Sekil 4’de ortalama numune sayilar incelendiginde
2017 ve 2018 yiinda numune sayilarinda %11-13 artis
belirlenirken 2020 yilina kadar sabit kalan ortalama
numune sayilarinin 2020-2021 yillarinda 2016 yilina
gore %54 oraninda arttig1 saptanmistir.
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Tablo 1. TS EN ISO/IEC 17025 kapsaminda akredite olan HSL’ler, parametre sayilar ve gecerlilik sureleri (Tfemmuz 2023)

Akredite Parametre  Akreditasyon Akreditasyon Gecgerlilik

L Sayisi Tarihi No Siiresi
TS EN ISO/IEC 17025:2017
ADANA 185 2.01.2014 AB-653-T 10.05.2026
AFYONKARAHISAR 42 18.01.2018 AB-1276-T 17.01.2026
ANKARA 52 30.01.2017 AB-1075-T 29.01.2025
ANTALYA 55 14.11.2014 AB-0791-T 3.03.2027
AYDIN 41 2.10.2017 AB-1225-T 1.10.2025
BURSA 180 22.04.2011 AB-445-T 13.11.2023
DIYARBAKIR 51 25.04.2019 AB-1401-T 23.04.2027
ERZURUM 138 5.03.2008 AB-205-T 29.09.2024
GAZIANTEP 95 20.03.2020 AB-1502-T 19.03.2024
ISTANBUL 1 NOLU 96 10.02.2015 AB-828-T 28.09.2023
iISTANBUL 2 NOLU 215 21.03.2017 AB-1167-T 19.03.2025
ISTANBUL 3 NOLU 89 26.04.2016 AB-1005-T 25.04.2024
KAYSERI 52 18.11.2016 AB-1073-T 17.11.2024
KONYA 119 4.08.2015 AB-860-T 04.11.2023
NEVSEHIR 22 25.06.2019 AB-1462-T 23.10.2023
SAMSUN 30 11.05.2015 AB-834-T 05.09.2023
TRABZON 33 22.04.2022 AB-1706-T 22.04.2026
VAN 30 27.03.2018 AB-1244-T 26.03.2026

ULUSAL HALK SAGLIGI REFERANS LAB.

(Mikrobiyolojik ve Kimyasal Analiz Lab.) 84 (sabit kapsam) 30.12.2015 AB-949-T 29.12.2023

ULUSAL HALK SAGLIGI REFERANS LAB.

(Kimyasal Savas Ajanlan Tam ve Dogrulama Lab.) 30 (esnek kapsam) 26.12.2019 AB-949-T 25.12.2023

TS EN ISO/IEC 15189:2014

ADANA 3 12.10.2017 AB-0041-TL 11.10.2025

iSTANBUL 3 NOLU 11 25.06.2020 AB-0058-TL 24.06.2024

TS EN ISO/IEC 17043:2013

ISTANBUL 3 NOLU 79 01.12.2022 AB-0026-YT 30.11.2026

OECD lyi Laboratuvar Uygulamalan

ULUSAL HALK SAGLIGI REFERANS LAB.

(Biyosidal Uriin Lab.) ILU uygunluk beyan 04.07.2019 AB-0001-IL 03.07.2027

TS EN ISO/IEC 17020:2012 | C tipi Muayene Kurulusu

ULUSAL HALK SAGLIGI REFERANS LAB.

(Sterilite Kontrol L) 14 15.12.2017 AB-0368-M 14.12.2025
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2015 yiinda DKD cevrim programina katiim
saglayan 31 adet laboratuvardan; “Koliform bakteri”
ile “Intestinal enterokok” parametrelerinde tim
laboratuvarlarin %100 basarli oldugu, “Escherichia
coli” parametresinde basar1 oraninin %90,3 olarak
adet
laboratuvarin Z degerinin > + 2 oldugu gorilmektedir
(12).

2016 yiinda DKD cevrimine katilan 82 adet
“Koliform bakteri”, “E.
ve “Intestinal enterokok”

gerceklestigi  belirlenmistir.  Sadece ¢

laboratuvardan; coli”
parametrelerinde tim
“22°C’de Toplam
Koloni Sayim” ve “36°C’de Toplam Koloni Sayim”
%98,73 olarak

gerceklestigi, sadece bir laboratuvarin Z degerinin >

laboratuvarlarin %100 basanli;

parametrelerinde basar1 oraninin
+ 3 oldugu goriilmektedir (13).
2018 yiinda DKD cevrimine katilan 121 adet
laboratuvardan; “Toplam Koliform bakteri”, “E. coli”
ve “36°C’de Toplam Koloni Sayim1” parametrelerinde
laboratuvarlarin = %100 basanli; “intestinal
parametresinde %97,09 ve “22°C’de
Toplam Koloni Sayimi” parametresinde ise %96,33

tim
enterokok”

basar elde ettikleri, sadece li¢c adet laboratuvarin
Z degerinin > + 3 oldugu goriilmektedir. Clostridium
perfringens parametresi icin basar oram %83,75 ve
Pseudomonas aeruginosa parametresi icin basar
orani %80,67°dir (14).

TARTISMA

2012 yiindan sonra HSL’lerde yeniden yapilanma
ile gelisen kaliteli hizmet sunumu, mikrobiyoloji
ve tum akredite parametrelerde artis ile kendini
gostermektedir. Sekil 2 ve Sekil 3’de goriildiigu gibi
2016 yilindan sonra mikrobiyoloji ve tum akredite
parametrelerde bir artis olmustur. Bu artis ve
stireklilik, kalite yapisinin akreditasyon geleneginin
yerlestigini kanmtlamistir. Ozellikle numune sayilan
Sekil 4’de goriilduigli gibi akreditasyon siirecleri
sonrasinda artmis ve ortalama numune sayilan
incelendiginde belli bir dengeye ulastig1 goriilmiistiir.
2018-2020 illan ortalama

arasinda numune

sayillarinda gorulen sabitlik, akreditasyon sartlarinin
ilk yillarda laboratuvarlarda yerlesmesi ve kazanilan
ilk y1l deneyimlerinden kaynaklanmaktadir. Nitekim
bu say1, 2020 yiindan sonra artarak belli bir dengeye
ulasmistir. Bu, HSL’lerin hem kamu hem de ozel sektor
tarafindan tercih edilir olduklarini gostermektedir.

Laboratuvarlarin akreditasyon ¢calismalarinda, DKD
cevrim programlarina katilmak, uygun sonuclar almak
ve bunun devamliigim saglayabilmek biyiik onem
tasimaktadir. Mikrobiyoloji laboratuvarlar, akredite
oldugu parametrelerde ilgili standardin gereklerine
ve Tirk Akreditasyon Kurumu’nun (TURKAK) ilgili
dokimanina gore bir dis kalite kontrol programina
katiim saglar (10). ilgili ydnetmelige gére, D1s kalite
kontrol degerlendirmelerinde kantitatif analizlerde,
test sonucunun |Z| < 2 olmasi basarili sayilir. (3)
Yine TURKAK’1n ilgili dokiimamina gére test sonuclar
degerlendirildiginde, Z < + 2 Basarili performans, + 2
< Z < + 3 Sorgulanabilir performans, Z > + 3 Basarisiz
performans olarak kabul edilir (15).

Kurumsal olarak 2015 yiinda 31 adet HSL ile
dizenlenen, sularda mikrobiyolojik analizlere
yonelik DKD cevrimi (12), 2016 yilinda tim HSL'ler
icin organize edilmis ve basan ile gerceklestirilmistir
(13). 2018 yiinda DKD cevrimleri, HSLlerin tumi
ile Yuzme Suyu Analizi Konusunda Yetkilendirilmis
Ozel Laboratuvarlar olmak iizere toplam 121 adet
laboratuvar1 kapsayacak sekilde Turkiye capinda
dizenlenmistir (14). Bu cevrimlerde laboratuvarlarin
cogu basanli Z degerleri elde etmislerdir. Bitiin
bu DKD calismalan yillara gore incelendiginde;
hem basar oranlan yikselmis hem de katiima
laboratuvarlarin sayisi ve katilim saglanan parametre
sayis1 artmistir.
tibbi
standardizasyon, akreditasyon ve kalite bilincinin
15189 standardinin
diizenlemelere dahil edilmesinin yararli olacagin
(16).

Uras, Turkiye’de laboratuvarlarda

artmaya devam ettigi, ISO
laboratuvar

vurgulamistir Gaunt ve ark.,

performansinin zaman icinde degistigi ve DKD
cevrimlerine  diuzenli  katiimin  uzun  vadeli
iyilestirmeler sagladigim belirtmistir (17).
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Berwouts ve ark.’na gore, Dis Kalite Kontrol
(DKK) verileri, Avrupa’da kalite glivencesinin onemi
konusunda farkindaligin arttigin1  gostermektedir.

DKD planinin c¢iktilan, calismalarda laboratuvar
raporlarinin  kalite guvencesinin  yillar icinde
gelistigini gostermektedir. Ayrica, DKK’ya daha

stk katiimin, sonuclarin yorumlanmasinda faydali
oldugu gorilmektedir. Hem akreditasyon hem DKK
calismalarinda alinan sonuclarin, test hizmetlerinin
kalitesinin artinlmasinda iyi araclar
belirtmektedirler (18).

Rautemaa-Richardson ve ark., Kalite glivence

oldugunu

sistemi olarak ele alindiginda, standart yontemlerle
calismanin, laboratuvarda kullanilan proseslerin,
malzeme ile yontemlerin etkinligini ve glvenligini
degerlendiren DKK’nin 6nemini vurgulamistir (19).
Buchta ve ark. calismalarinda, DKD verileri ve
DKD hizmeti sunanlardan elde edilecek bilgilerin,
laboratuvarlara ve saglik yetkililerine faydali
olacagin belirtmistir (20).

klinik
mikrobiyoloji alaninda duzenlenmesi, Sri Lanka’daki

Kakc ve ark., DKD programlarinin
mikrobiyoloji hizmetleri Uzerinde onemli bir olumlu
etki yaptigin1 belirtmistir. Bu calismaya gore, DKD
uygulamalannin gelistirilmesinin Sri Lanka Ulusal
DKD programina faydali olacag disiiniilmektedir
(21). 2021
uygulanan dogru

yuzdesinin baz1 kriterlere gore 2020 yilina gore

Przybyt-Hac ve Ciechowicz, yilinda

DKD programlarinda, sonuc
biraz daha yiiksek oldugunu belirlemislerdir. Ayrica
yillk  kalite
verilerinin de 2020’de degerlendirilen sonuclarla

2021°’de uygulanan programlardaki

karsilastinlabilir diizeyde oldugu gorilmistir (22).
Baska bir calismada, DKK programlarina katilan

laboratuvarlarin, mikrobiyolojik calismalarda
basarili oldugu gosterilmistir. Elde edilen sonuglarin,
mikrobiyolojik ic kalite kontrol calismalarinda da, yol
gosterici oldugu vurgulanmistir (23).

laboratuvarlar

DKD calismalart ile katiima

tecrubelerini arttirarak kendilerini  gelistirmis,
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test glivenirliklerini ispat ederek dogru sonug
Akredite HSL’lerin

artmasi, akreditasyon bilincinin olusmasi ve bunun

urettiklerini  ispatlamislardir.
devamliligi, yapilan tiim calismalarin bir sonucudur.

DKD calismalan, standardizasyon ve kalite
katki

Laboratuvarlarca iretilen hizmetlerin dogrulugu ve

sistemlerine  cok  buyik saglamistir.
kalitesi saglanmistir. Ayn1 zamanda bu cevrimler,
katkida

bulunmustur. Basarili Z degerleri, laboratuvarlarin

sistem ici denetim mekanizmalarina
analiz yetkinligine sahip oldugunu vurgulamaktadir.
Mursaloglu Kaynar incelemesinde laboratuvar
TS EN 1SO/
IEC 17025 standardr revizyonundan sonra vurgulanan

akreditasyonunun onemini aciklamis,

risk temelli diisiince, karar kurali, 6lciim belirsizligi,
meteorolojik izlenebilirlik gibi
getirmistir (24).

Akreditasyon bir yetkinlik gostergesidir. Yine Sekil

terimlere agiklik

2, Sekil 3 ve Sekil 4’de akredite parametre ile numune
sayilarinin artis1 olarak gorilen yukar1 yonli ivme
bize kalite anlayisinda devamlilik ve siirdurilebilirlik
anlaminda da degerli bilgiler vermektedir. HSLler,
DKD programlarnn ve Kkalite glvence sistemleri
kurularak dogru laboratuvar sonucu irettiklerini

ilgili
olarak

kamtlamislardir. Tum calismalardan sonra

standartlar dogrultusunda akredite
uluslararas1 normlarda hizmet veren laboratuvarlar
haline gelmislerdir.

Sonuc olarak, tum akredite HSL'ler ve L2 hizmet
tipi HSLlerin cogunlugunun analiz yetkinligine
sahip oldugu goriilmektedir. Ancak sonuclarinda
sapma gorulen laboratuvarlarda, neden-sonuc
analizi ile sorunlarin kaynagini belirlenecek ve
uygulanacak duzeltici faaliyetler sayesinde sonuc
Akredite

dogrultusunda

kalitesinin iyilestirilmesi saglanacaktir.

olunan parametrelerin ihtiyaclar
arttinlmasi, dis kalite kontrol calismalarinin  aktif
olarak surdurilmesinin HSL’lerin sunduklar hizmet

kalitesine katki saglayacagi kanaatine varnlmistir.



TESEKKUR

* Bu calismada emegi gecen HSGM, Tiketici Gilivenligi ve Halk Saghigi Laboratuvarlar Dairesi Baskanligi, Mikrobiyoloji
Referans Laboratuvarlari ve Biyolojik Urlinler Dairesi Baskanligi ile HSL personeline tesekkiir ederiz.

ETIK KURUL ONAYI

* Bu calisma, Etik Kurulu onay1 gerektirmemektedir.
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Yazarlar bu makale ile ilgili herhangi bir cikar catismasi bildirmemislerdir.
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Kirklareli ili icme-kullanma sularinin organoleptik ozelliklerinin
koliform Kkirliligiyle iliskisinin degerlendirilmesi

Ahmet Burak DUMLU' , Ahmet Onder PORSUK' , Cigdem CERIT!

OZET

Amag: Bu calisma ile Kirklareli ilinde koagilant
ajan ile antim olmaksizin insani tiiketime sunulan icme-
kullanma sularinin organoleptik ozelliklerinden olan
renk, koku ve bulaniklik parametrelerinin degisiminde
koliform bakterilerin etkisinin olcllmesi ve bu
parametrelerdeki degisimlerin birbirleriyle iliskilerinin

istatistiki olarak belirlenmesi amaclanmistir.

Yontem: Arastirma kapsaminda Kirklareli ili
genelinde Kasim 2019 - Kasim 2021 tarihleri arasinda
218 noktadan toplam 1022 tane icme-kullanma suyu
numunesi alinmistir. Numunelerin Escherichia coli ve
diger koliform bakteri analizi numunelerin membran
filtrasyon isleminden sonra geleneksel kiltiir metoduyla
100 ml’de kantitatif olarak; renk, koku ve bulaniklik
ise 98/83/EC
edilebilir

uygunluguna gore kalitatif olarak degerlendirilmistir.

parametreleri normu dogrultusunda

tiiketicilerce kabul durumda oldugunun

Bulgular: 1022 numune icerisinde E. coli ve diger
koliform bakteri remesi goriilen numune sayisi sirasiyla

229 ve 244 olup (toplam koliform lireyen numune 352)

ABSTRACT

Objective: In this study, it was aimed to measure
the effect of coliform bacteria on the change of
organoleptic characteristics of the color, odor and
turbidity parameters of drinking water offered for human
consumption without treatment with coagulant agents
in Kirklareli province and to determine the statistical

relationship between the changes in these parameters.

Methods: Within the scope of the research, a total of
1022 drinking water samples were taken from 218 points
throughout the province of Kirklareli between November
2019-2021. Escherichia coli and other coliform bacteria
(OCB) analysis of samples were quantitatively in 100
ml by traditional culture method after membrane
filtration process of samples; color, odor and turbidity
parameters were evaluated qualitatively according to
the conformity of being acceptable to consumers in line
with the 98/83/EC norm.

Results: The number of samples with E. coli and
OCB growth in 1022 samples is 229 and 244, respectively

(total coliform growing sample is 352) and the number

*Bu calismamin verilerinin bir kismi 01-04 Aralik 2022 tarihleri arasinda Antalya’da diizenlenen 6. Uluslararasi ve 24. Ulusal Halk Sagligi
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rengi, kokusu ve bulanikligi tiiketicilerce kullamma
uygun olmayan numune sayisi sirasiyla 79, 51 ve 145’tir.
E. coli ve diger koliform bakteri iiremelerinin suyun
rengi, kokusu ve bulaniklig1 Gizerindeki etkisi %95 gliven
araliginda ikili (binomial) lojistik regresyon analizi
ile arastinlmistir. Buna gore ortaya cikan regresyon
modeli “Koku” parametresi icin anlamli bulunmus
olup (Hosmer&Lemeshow p>0,05), renk ve bulaniklik
parametreleri icin anlamli degildir. Arastirmanin
bagimsiz  degiskenleri suyun kokusu Uzerindeki
degisimlerin ylizde 8,9’unu aciklamaktadir (Nagelkerke
R2 =0,089; Omnibus Ki Kare = 30,265; Sd =2; p<0,001).
Ayrica analiz sonucu ikili kategorik olarak degerlendirilen
renk, koku ve bulaniklik parametrelerinin birbirleriyle
iliskisini belirlemeye yonelik gerceklestirilen Ki Kare
(X?) analizine gore; bulaniklik-renk, bulaniklik-koku ile
renk-koku parametreleri arasinda %95 gliven araliginda
anlamli bir iliski bulunmaktadir (Sirasiyla X? = 260,690;
53,492; 94,352. Hepsi p<0,001). Sularin bulankligi ile
rengi arasindaki iliski glicli, bulanikligi ile kokusu ve
rengi ile kokusu arasindaki iliski ise zayiftir (Sirasiyla
Cremers V = 0,533; 0,229; 0,034. Hepsi p<0,001).

Sonug: Calismamzda incelenen su orneklerinin
organoleptik ozellikleriyle mikrobiyal kirliligi arasinda
iliski olabileceginin tespit edilmis olmasi nedeniyle,
icme-kullanma sularinda organoleptik yontemlerle
uygunsuzluk saptandiginda, bakteriyolojik  kirlilik
de olabileceginin daima goz oniine alinmasi ve aksi
ispatlanincaya kadar bakteriyolojik kirlilik acisindan

dikkatli olunmasi gerektigi soylenebilir.

Anahtar  Kelimeler: icme suyu, organoleptik,

koliform basil, Escherichia coli, su mikrobiyolojisi

of samples whose color, odor and turbidity are not
suitable for use by consumers are 79, 51 and 145,
respectively. The effect of E. coli and OCB growth on
the color, odor and turbidity of water was investigated
by binary logistic regression analysis at 95% confidence
interval. Accordingly, the resulting regression model
was found to be significant for the “Odor” parameter
(Hosmer&Lemeshow p>0.05), but not for the color and
turbidity parameters. It explains 8.9% of the changes in
the odor of water in the independent variables of the
research (Nagelkerke R2 =0.089; Omnibus Chi-Square
=30.265; Sd =2; p<0.001). In addition, according to
the Chi-Square (X?) analysis carried out to determine
the relationship between color, odor and turbidity
parameters, which are evaluated as binary categorical
analysis; There is a significant relationship between
turbidity-color, turbidity-odor and color-odor parameters
at the 95% confidence interval (X?=260,690; 53.492;
94.352, all p<0.001). The relationship between turbidity
and color of water is strong, while the relationship
between turbidity and odor and color and odor is weak
(Cremers V=0.533; 0.229; 0.034, all p<0.001).

Conclusion: Since it has been determined in our study
that there may be a relationship between the organoleptic
properties of the water samples and their microbial
pollution, it can be said that when non-suitable condition
is detected with organoleptic methods in drinking water,
the possibility of bacteriological pollution should always
be taken into account and should be careful in terms of

bacteriological pollution until proven otherwise.

Key Words: Drinking water, organoleptic, coliform

bacilli, Escherichia coli, water microbiology

GIRIS

Su; tim organik dokularda bulunan tatsiz,

nedenle, siirekli bir icme suyu kaynagina ihtiyacimiz
bulunmakta ve bu icme sularinin insan sagligim
bozmamasin1 saglamak amaciyla siirekli olarak

kokusuz ve milkkemmel derecede QOZUCU bir sividir. kontrollerinin yap][mas] gerekmektedir (1)_ Diger
Su insan viicudu hacminin yaklasik %75’ini olusturur  yiyecek ve icecekler gibi, tiiketiciler de musluk

ve bilindigi Uzere yasam susuz dusunilemez. Bu suyunu oncelikle duyusal nitelikleriyle degerlendirir.
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icme suyunun icerik olarak giivenli olmasimin yaninda

ayn1 zamanda fiziksel ozellikleri bakimindan da
kabul edilebilir olmas1 tuketicilerce yuksek oncelik
olusturmaktadir. Tuketiciler genellikle kendi i¢cme
sularinin glivenligini kendi kendilerine yargilamak igin
fiziksel olarak degerlendirmek haricinde baska bir
araca sahip degildir. Tlketicilerin bulanik, rengi farkl
gorunen ya da hos olmayan bir tada veya kokuya sahip
suya siipheyle bakmalar dogaldir, ancak bu 6zellikler
kendi baslarina suyun sagliga uygun olup olmadigin
belirlemek icin dogrudan bir gosterge olmayabilir.
icme suyunda insan sagliginda olumsuz herhangi bir
etki olusturmayacak diuzeyde bulunan bir etkenin,
suyun tuketicilerce kullanilmasini etkileyecek kadar
fiziksel gibi,
sagliginda olumsuz etki yaratabilecek bir etkenin ise

ozelliklerini degistirebilecegi insan
suyun fiziksel oOzelliklerini degistirmeden iceriginde
bulunabilmesi miimkiindir. Bilesenlerin tuketiciler
icin sakincali oldugu konsantrasyon degiskendir.
Ayrica toplulugun alistig1 suyun kalitesi cesitli sosyal,
cevresel ve Kkilturel hususlar dahil olmak lizere
bireysel ve yerel faktorlere de baglidir. Olumsuz saglik
etkileriyle dogrudan baglantisi olmayan ancak su
kalitesini etkileyen bilesenler icin referans degerler
olusturulmamstir. Ancak icme sularinda fiziksel etkiye
neden olabilecek bazi maddeler icin tiketicilerin
bunlari duyulan ile algilama yetenekleri cok genis bir
aralikta oldugundan dolay1 diisiik konsantrasyonlarda
referans degerler olusturulmustur. Bu referans
degerler uluslararasi standartlar ve yerel dinamikler
dogrultusunda sekillendirilmektedir. Su aritma ve
dagitim uygulamalarinin igme suyunun tiiketicilerce
kabul edilebilirligini ve saglik acisindan sorun riskini
en aza indirgemek icin yonetimini saglamak onemlidir.
Ornegin, uygun sekilde yonetilmeyen kloraminasyon
islemi kabul edilemez tat veya kokuya neden olabilen
trikloraminlerin olusumuna yol acabilir. Ayrica dagitim
sistemlerinde akis bozuldugunda veya degistiginde
tiketicilere ulastirilan suyun goruntisunde
bozulmalar meydana gelmis olabilir. Koku, renk,
bulaniklik gibi suyun fiziksel parametreleri dogal

organik ve inorganik maddeler, sentetik kimyasallar,

korozyon ve kloraminasyon gibi dagitim ve aritim
islemlerinden kaynakli problemler, dogal biyolojik
kaynak (akuatik mikroorganizmalar) ya da prosesler
veya fekal mikrobiyal kontaminasyon gibi bircok
etkenden oturu cesitlilik gosterebilir (2).

Halk ve cevre sagliginin korunmasi, glivenli icme
suyu saglanmasiyla mimkindir. Suyun “glivenli”
olarak kabul edilmesinin en onemli sartlarindan
biri

kaynaklarinda yayilan patojenler arasinda en sik

de patojenik bakterileri icermemesidir. Su
rastlananlan enterik patojenlerdir. Bu nedenle insan
kullanimina ayrilmis sulardaki fekal kirlilik kaynaklar
s1ki bir sekilde kontrol edilmelidir (3). icme sularinda
bulunan koliformlar, tim dinyada kirlilik gostergesi
olarak kabul gormektedir. Toplam koliform terimi,
35-37 °C’de 24 saatte Ureyebilen gram negatif,
genis aralikli aerob ya da fakiiltatif anaeorab, spor
olusturmayan, laktozu fermente edip asit veya
aldehit olusturabilen ve yiksek konsantrasyonlardaki
bakteri
tanimlanmasi icin kullanilmaktadir. Escherichia coli

safra tuzunda Ureyebilen grubunun
ve termotolerant koliformlar, yuksek sicakliklarda
laktoz fermente edebilen toplam koliform grubunun
bir alt kumesidir. Laktoz fermantasyonunun bir
parcast olarak, toplam koliformlar B-galaktosidaz

).

yiksek konsantrasyonlarda

enzimini  Uretir bakterilerden
daha

koliformlar, su

Patojenik
tespit edilen
ortamlarinda entero-patojenlerin
potansiyel varliginin bir indeksi olarak kullanilir.
daha

coli’nin mikrobiyolojik su kalitesinin

Koliform  grubunun ve spesifik  olarak
Escherichia
bir gostergesi olarak kullanimi, 19. ylizyilin sonunda
diskidan

Koliformlarin bazilari cevresel kokenli olduklarindan,

ilk izolasyonlarindan kaynaklanmaktadir.

cesitlendirilmis dogal ortamlarda da rutin olarak
bulunur, ancak icme suyu onlar icin dogal bir ortam
olarak degerlendirilmemelidir. icme  suyundaki
mevcudiyetleri sagligi tehdidi olarak, mikrobiyolojik
su  kalitesi  bozulmasinin  gostergesi  olarak
dusunulmelidir. Genellikle koliform icermeyen bir
icme suyunda, aritma ve dezenfeksiyon kaynakli

problemler, kontamine su bulasi ya da dagitim
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sistemlerindeki pasif koliformun aktif hale gelmesi
gibi
goriilebilir. Bu nedenle hanelere dagitilan icme sular

nedenlerden otiirii  tekrar koliform varligi
surekli kontrol altinda tutulmalidir (4-6).

insani tilketime sunulan sular gerek ulusal
gerekse uluslararas1 diizeyde regiilasyonlara tabii
tutulmaktadir. Bu mevzuatta da belirtildigi lzere
sularin  mikrobiyolojik, kimyasal, radyoaktif ve
fiziksel kontrolleri diizenli olarak yapilmalidir. Bu
parametreler arasindan koliform bakterilerin tespiti
ve sularin organoleptik ozelliklerinin kontrolleri
sik sik gerceklestirilmektedir. Buna gore ulkemizde
ylrirliikte olan ve 98/83/EC Avrupa Birligi direktifine
olarak 2020/2184 direktifi)

insani

(gtincel paralel

olarak hazirlanan Tuketim Amacli  Sular
Hakkinda Yonetmelik kapsaminda suda koliform
bakterilerin varlig1 istenmezken, suyun organoleptik
ozelliklerinde ise (tat, koku, bulaniklik, renk) suyun
kalitesine uygun olarak tuketicilerce kabul edilebilir
olmas1 ve anormal degisiklik olmamas1 istenir. Bu
calisma kapsaminda Kirklareli ilinde koagiilant

ajan ile antim olmaksizin insani tuketime sunulan

KIRKLARELI,TURKEY

sularin  organoleptik ozelliklerinden olan renk,
koku ve bulaniklik parametrelerinin degisiminde
istatistiki

degerlendirilmesi amaclanmaktadir.

koliform bakterilerin etkisinin olarak

GEREC ve YONTEM

Su Orneklerinin Toplanmasi

Analiz edilecek su ornekleri Kasim 2019- Kasim
2021 tarihleri arasinda Kirklareli ilinin sekiz ilcesinde
yaklasik olarak esit sayida numune sayisina sahip
toplam 218 numune alma noktasindan insani olarak
tiketime sunulan musluk sularn arasindan elde
edilmis olup toplam 1022 adettir (Sekil 1). Numuneler
1000 mlU’lik sodyum

tiyosulfatli steril siselerde, organoleptik analiz icin

mikrobiyolojik analiz icin
ise 1500 mU’lik steril saydam plastik siselerde aseptik
sartlara uygun olarak alinmis olup soguk zincirde
en gec 8 saat icerisinde laboratuvara ulastirilmis
ve analize baslanmistir. Arastirmanin konusu ve
materyalleri Etik Kurul Onay1 kapsaminda degildir.

Sampling point

Sekil 1. Kirklareli ilinin Tirkiye’deki konumunu ve il icerisindeki numune alim noktalarini gosteren harita

Turk Hij Den Biyol Derg



Koliform Bakterilerin Analizi

Numunelerdeki  Koliform bakterilerin  varlig
TS EN ISO 9308-1: 2014 standardina uygun olarak
tespit edilmistir. Analiz icin membran filtrasyon
yontemi (0,45 pm por capli  Sartorius™ marka
seliiloz nitrat filtre kagidi) kullamlmistir. 100 ml
numuneler, membran filtrasyon isleminden sonra
filtreler kromojenik koliform besiyerine (Sartorius™)
18-24 saat

sonrasinda

yerlestirilmis ardindan 36+2 °C’ de
inkiibasyona birakilmistir.  Inkiibasyon
ureme gorllen koyu lacivert (B-D-galaktosidaz ve B-D-
glukuronidaz reakiyonu pozitif) koloniler Escherichia
coli olarak tespit edilmis, pembe-leylak rengi (sadece
B-D-galaktosidaz reaksiyonu pozitif) koloniler ise
supheli koliform olarak belirlenerek oksidaz testi ile
dogrulamalarinin yapilabilmesi icin pasajlanmis, bu
maksatla Triptik Soy Agar (TSA) (Merck™) besiyerine
inokile edilerek 37°C’de 24

birakilmistir. inkiibasyon sonrasinda TSA’da gelisen

saat inkiibasyona
supheli koliform bakteri kolonileri oksidaz testine
alinmis, oksidaz negatif olan koloniler koliform olarak
degerlendirildikten sonra E. coli sayisi da eklenerek
toplam koliform sayisi elde edilmistir.
Organoleptik Parametrelerin Analizi

1500 ml’lik
numuneler tamamen duyusal olarak kokusuna, rengine

saydam steril siselerde alinan
ve bulanikligina bakilarak en az iki analist ile cift kor
yontemiyle analiz edilmis olup, estetik ozelliklerinin
insani Tiiketim Amacli Sular Hakkinda Yonetmelik

dogrultusunda tiiketicilerce kabul edilebilir durumda

oldugunun uygunluguna gore “Uygun” ya da “Uygun
Degil” olarak sonuglandirilmistir. Analistler arasi
uyumsuzluklarda Uciincl bir analist devreye alinarak
karar verilmistir.

istatiksel Analiz

Kantitatif olarak sonuclandirilan E. coli ve diger
koliform bakteri (E.
B-D-galaktosidaz reaksiyonu pozitif olan koliform

coli olmayan, sadace sadece

bakteriler) verileri ile aynt numuneye ait ikili kategorik
veri olarak sonuclandinilan renk, koku, bulanklik
parametreleri istatistiksel analize alinmistir. i¢cme
sularinda indikator olarak tespiti yapilan toplam
koliform parametrelerinin (E. coli ve diger koliform
bakteri) %95 giiven araliginda suyun rengi, kokusu
ve bulanikligindaki degisimine etkisi ayr ayr olarak
ikili lojistik regresyon analizi ile arastinlmistir. Ayrica
sularin renk, koku ve bulamklk parametrelerinin
birbirleriyle bagimsiz iliskisi Ki Kare (x?) testi ile
analiz edilmistir. Bulunan sonuclarin istatiksel acidan
degerlendirilmesinde, p degeri 0,05’in altinda olan
bulgular anlamli kabul edilmistir. Istatiksel analizler
icin IBM SPSS 22 programi ile Python yazilimi lizerinde
calisan
yararlamlmistir.

Pandas ve Seaborn kutuphanelerinden

BULGULAR

Kirklareli ili geneli 218 noktadan alinan toplam
1022 adet aritimsiz su numunesinin gerceklestirilen
mikrobiyolojik analizlere gore elde edilen verilerin
ozeti Tablo 1’de gosterilmistir.

Tablo 1. Numunelere ait mikrobiyolojik analiz verileri (N=1022)

Parametre Ortalama kob* Standart Sapma
Toplam Koliform Bakteri 27,68 129,407**
Esherichia coli 16,60 110,502**
Diger Koliform Bakteri 11,08 65,134**

*kob = koloni olusturan bakteri (100 ml numune i¢gin)
**mod=0, medyan=<0,001
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1022 numunenin 352 tanesinde toplam koliform

bakteri uUremesi, 229’inde ise E. coli Uremesi
gorilmistir. E. coli ile birlikte diger koliform
bakteri Uremesi gorulen numune sayist 121°dir.

Numunelerde gorilen minimum ve maksimum uUreme
sayllarn 100 ml icin sirasiyla 1 ila 1000 kob olmak
lizere degerlendirmeye alinmisti. Numunelerde

tespit edilen mikrobiyolojik koloni Greme sayilarina

gore numune sayilarimin siniflandirmasi Tablo 2’de
gosterilmistir.

Analiz edilen toplam 1022 numunenin renk, koku
ve bulaniklik parametrelerinin degerlendirmesinde
“Uygun” ya da “Uygun Degil” olarak sonuclandirilan
numune sayisinin capraz olarak siniflandirilmasi Tablo
3’te gosterilmistir.

Tablo 2. Numunelerin goriilen mikrobiyolojik ireme say1 araligina gore simflandirilmasi (N=1022)

Parametre/ kob* 0 1-10 11-50 50-100 101-500 >500
Toplam Koliform Bakteri 670 137 126 49 23 17
Escherichia coli 793 134 54 22 6 13
Diger Koliform Bakteri 778 101 101 26 12 4
*100 ml’de goriilen koloni tireme sayisi
Tablo 3. Numunelere ait organoleptik analiz verilerinin capraz tablo olarak gosterimi (N=1022)
Renk Koku
Parametre Degerlendirme — — Toplam
Uygun Uygun Degil Uygun Uygun Degil
Uygun 860 17 851 26 877
Bulamklik
Uygun Degil 83 62 120 25 145
Uygun 914 57 - - 971
Koku
Uygun Degil 29 22 - - 51
Toplam 943 79 971 51 1022

Analiz sonucu ikili kategorik olarak degerlendirilen
renk, koku ve bulaniklik parametrelerinin birbirleriyle
iliskisini belirlemeye yonelik gerceklestirilen analize
gore; bulaniklik-renk, bulaniklik-koku ile renk-koku
parametreleri arasinda %95 gliven araliginda anlaml
bir iliski bulunmaktadir (Sirasiyla x* = 260,690;
53,492; 94,352. Hepsi p<0,001). Sularin bulaniklig ile
rengi arasindaki iliski giicli, bulanmklig ile kokusu ve
rengi ile kokusu arasindaki iliski ise zayiftir (Sirasiyla
Cremers V = 0,533; 0,229; 0,034. Hepsi p<0,001).
Ayrica tum organoleptik parametreler acisindan
tuketicilerce kullanima uygun olarak belirlenmis
838 numune icerisinde 100 ml’de toplam koliform
tremesi gorilen numune sayist 281 olmakla birlikte
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bu numuneler arasindan 171’inde E. coli Uremesi,
207’sinde ise E. coli harici diger koliform lremesi
gozlenmistir.

Kirklareli ili genelinde halkin kullanimina sunulan
icme-kullanma sularinda goriilen E. coli ve diger

koliform bakteri varliginin, suyun organoleptik

parametrelerine yonelik etkisinin hesaplanmasi
amaciyla %95 giiven araliginda ikili(binomial) lojistik
regresyon analizi test edilmistir (Tablo 4).
Gerceklestirilen binomial (ikili) lojistik regresyon
analizi testi sonucunda ortaya cikan regresyon
modeli koku parametresi icin anlamli bulunmus
olup, renk ve bulaniklik parametreleri icin anlaml

degildir. Arastirmanmin bagimsiz degiskenleri olan



E.
tzerindeki

coli ve diger koliform bakteriler suyun kokusu
degisimlerin  %8,9’unu agiklamaktadir.
Modelin icme-kullanma sularinda koku parametresini
gozlenen verilere gore “Uygun” olarak tahmin etme
yiizdesi %99,4 iken “Uygun Degil” olarak tahmin etme
ylizdesi ise %13,7; tahmin dogrulugu genel yiizdesi
ise %95,1°dir. Bulaniklik ve Renk parametrelerinin
test
otiiri  degerlendirmeye alinmamistir. Ayrica elde

verileri varsayimlarnt  saglanamadigindan
edilen analiz verilerinin dogrulamasinin yapilmasi

maksadiyla toplam koliform parametresinin tekil

olarak koku, renk ve bulamklk paramatreleri
tizerindeki etkisi %95 giiven araliginda binomial (ikili)
lojistik regresyon analizi gerceklestirilmis, E. coli
ve diger koliform bakterilerinn etkisinin olculdiigi
analiz sonuclarina benzer sekilde koku lizerine etkisi
anlamli bulunmus (Nagelkerke R2 =0,087; Omnibus Ki
Kare = 29,656; Sd =1; p<0,001; Hosmer&Lemeshow
= p>0,05),
anlamli bulunmamistir (Hosmer&Lemeshow = p<0,05)

(Sekil 2).

diger parametreler izerindeki etkisi ise

Tablo 4. E.coli ve diger koliform bakteri parametrelerinin organoleptik parametreler lizerindeki etkisi (N=1022)

Exp (B) %95 Giiven

Parametre B S.E. Wald Sd p Exp(B) Arahgi
Diisiik Yiiksek
D.Koliform 0,002 0,001 4,587 1 0,02 1,002 1,000 1,005
E.coli 0,003 0,001 32,680 1 <0001 1,003 1,002 1,005
Kok Sabit 3,154 0,159 392,633 1  <0,001 0,043

Nagelkerke R2 =0,089; Omnibus Ki Kare = 30,265; Sd =2; p<0,001; Hosmer&Lemeshow = p>0,05

D.Koliform -0,002 0,003 0,314 1 0,575 0,998 0,992 1,005

E.coli 0,003 0,001 28,098 1 <0,001 1,003 1,002 1,004
Renk
Sabit -2,583 0,126 420,504 1 <0,001 0,076
Nagelkerke R2 =0,062; Omnibus Ki Kare = 27,034; Sd =2; p<0,001; Hosmer&Lemeshow = p<0,05

D.Koliform -0,002 0,002 0,638 1 0,425 0,998 0,993 1,003

E.coli 0,003 0,001 17,610 1 <0,001 1,003 1,001 1,004
Bulaniklik
Sabit -1,848 0,094 385,468 1 <0,001 0,158
Nagelkerke R2 =0,032; Omnibus Ki Kare = 18,642; Sd =2; p<0,001; Hosmer&Lemeshow = p<0,05
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Toplam Koliform Bakteri (cfu/100ml)

E.coli (cfu/100ml)

Diger Koliform Bakteriler (cfu/100ml)

Sekil 5. Kirklareli ili icme-kullanma sularindaki koliform bakteri variginin suyun organoleptik parametrelerinden olan koku
parametresi lizerindeki %95 giliven araliginda anlamli etkisini gosterir lojistik regresyon grafigi
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TARTISMA

WHO’nun da rehberinde bahsettigi Ulzere
tiketicilerce kullanima sunulan sularin duyular
araciligiyla algilanan renk, bulaniklik ve koku gibi
organoleptik ozellikleri su kaynaginin cografik

ozellikleri, sularin kimyasal ya da mikrobiyal
kontaminasyonu ya da kloraminasyon gibi aritim
ve dagitim asamasi siirecindeki islemler de dahil
olmak Uzere cesitli faktorlerden etkilenmektedir.
detayl

konuda gerceklestirilen calismalar icme-kullanma

Literatur olarak incelendiginde ise bu
sularinda goriilen fekal mikrobiyal kontaminasyonun
suyun organoleptik oOzellikleri Uzerindeki etkisinin
onemini vurgulama konusunda yetersiz kaldig
disunilmektedir.

Kocak ve Guner tarafindan 2009 yiinda Erzurum’da
yapilan bir calismada, toplamda 70 numunenin
incelendigi ve bunlardan yalmzca bir tanesinde
bulanmiklik degerinin izin verilen maksimum degerden
diisiik oldugu, diger numunelerin hepsinin (%98,5) izin
verilen degerin lizerinde oldugu bildirilmistir. Buna
karsin numunelerin %48,5’inde (n=34), calismanin
yapildigi tarihlerde yiiriirlikte olan mevzuata gore
bakteriyel uygunsuzluk oldugu belirtilmektedir (7).
Bu bulgular sularin bulamklig ile bakteriyel kirliligi
arasinda birebir olmasa dahi bir iliski olabilecegini
disundirmektedir. Buna mukabil yine Erzurum’da
2019 yilinda Gokcen ve Atasever tarafindan yapilan
bir calismada, il merkezi ve ilce merkezlerinden
%8,6’sinda

uygunsuzluk oldugu bildirilmistir. Bu calismada ise

alinan numunelerin bakteriyel
alinan numunelerin tamaminin gerek bulaniklik
ve renk degerleri, gerekse koku ve tat degerleri
acisindan  yirirlikteki mevzuata uygun oldugu
belirtilmektedir (8). Brooks ve arkadaslar tarafindan,
Bat1

icme-kullanma

Kenya’da hanelere dagitilan depolanmis

sularinin  kullanicilarla  algilanan
parametreleri(organoleptik) ile genel kalitelerinin
E. coli Uremeleri arasinda anlamli bir iliski olup
olmadigim tespit etmeye yonelik gerceklestirdikleri

calisma neticesinde Colilert araciligiyla tespit edilen

Turk Hij Den Biyol Derg

E. coli kontaminasyonu (>1 MPN/100 ml) varligi ile
sularin tat veya kokusu acisindan mikemmelden
daha az olarak degerlendirenler arasinda istatistiksel
olarak anlamli bir iliski oldugu belirtilmistir. Ayrica
CBT (Compartment Bag Test) ile gerceklestirdikleri E.
coli analizleriyle ise tat ve koku algilan icin benzer
fakat bu
olarak anlamli olmadigin1 ifade etmislerdir (9).

sonuclar bulmus, iliskinin istatistiksel
Kambocya’da ise yapilan bir calisma kapsaminda

Orgill ve arkadaslann E. coli ile organoleptik
parametreler arasinda istatistiki olarak bir iliski
saptayamamistir (10). ABD’nin Alabama eyaletinde
calismada

hanelere sunulan sularin estetik

gerceklestirilen  bir ise  Wedgworth
ve arkadaslar
parametreleri ile toplam koliform verileri arasinda
anlamli bir iliski gozlenmedigini ifade etmistir (11).
Dianty ve arkadaslan ise icme sularindaki toplam
koliform ve E. coli mevcudiyetinin insanlarca
algilanan parametreler Uzerindeki etkisini anlamli
bulmamisken tuketicilerin  bireysel tercihlerine
gore sonucun farklilastigin1 belirtmislerdir (12). Son
yillarda ise Hu ve arkadaslarinin gerceklestirdigi
bir calisma sonucunda, ozellikle koliform uremeleri
nispeten yiiksek olan (ortalama 8 kob/100 mL) icme
sularinin kokusunun tiiketicilerce uygun bulunmadig
anket ve istatistik calismalar sonucu acikca ifade
edilmistir (13).

Literatir  kapsamli  olarak incelendiginde
icme-kullanma sularimin  gerek estetik, gerekse
bulanmklik,

renk ve koku parametrelerinin degisiminin her

organoleptik olarak degerlendirilen
zaman tek faktorle agiklanamayacagi, bazen de
cesitli maddelerin sinerjik etkisiyle ya da cografi
farkliliklara gore degisim gosterecegini ortaya
koymaktadir (14). Stauber tarafindan kaleme alinan
bir editoryel makalede ise icme suyu kalitesinin
organoleptik algis1 Uzerine yapilan arastirmalarin
cogunlukla gelismis llkelerde tiiketici tercihini
anlamaya yonelik karmasik yaklasimlardan olusmakta
oldugunu, suyun tiiketicilerce algilanan ozellikleri
lzerine metodoloji gelistirilmesinin ihtiyacim ve

su kalitesinin degerlendirilmesinde organoleptik



parametrelerin  birincil
gerektigi ifade edilmistir (15).

Ulkemizde degisik bélgelerde yapilan pek cok
calisma birlikte

verdigimiz Erzurum’da yapilan iki farkli calisma

olarak degerlendirilmesi

sonuclan degerlendirildiginde,
orneginde oldugu gibi bazi calisma sonuclari icme-
kullanma amaciyla kullanilan sularin bulaniklik, tat,
koku gibi ozellikleriyle, bakteriyel kirliligi arasinda
iliski olabilecegini diisiindiriirken, baz1 calismalar
da tersine bulgular icermektedir (16-18). Ancak
yapilan literatur incelemesinde, ulkemizde yapilmis
icme-kullanma sularinin organoleptik ozellikleriyle
mikrobiyal kirliligi arasinda iliski olup olmadigim
degerlendiren bir calismaya rastlanmamistir.

Kirklareli ili

Calismamizda, genelinde halkin

kullamimina  sunulan  i¢cme-kullanma  sularinin
organoleptik oOzelliklerinden koku parametresinin
degisiminde, yapilan lojistik regresyon analizine
gore FIO parametrelerinden E. coli ve diger koliform
bakterilerin istatistiki olarak %95 giiven araliginda
%8,9 oraninda yordayici oldugu belirlenmistir. Ayrica
suyun organoleptik parametrelerinin degisimlerinin

birbirleriyle olan iliskisi analiz edildiginde suyun

ETIK KURUL ONAYI

* Bu calisma, Etik Kurulu onay1 gerektirmemektedir.

CIKAR CATISMASI

bulamkligi ile renginin degisiminin giicli sekilde
iliskili oldugu gozlenmistir. Ancak calismamizin en
onemli kisithligi belli bir bolge ve zaman dilimini
kapsayan bir kesitsel calisma olmasidir. Ayrica yine
cok onemli kisithlik da, calismamizda organoleptik
parametrelerle yalmzca koliform bakteri varliginin
etkisinin  karsilastinlmis  olmasidir. Numunelerde
koliform disinda bulunabilecek ve organoleptik
ozellikleri degistirebilecek bir flora olup olmadigi,
yani kanstinc faktorler bu calisma kapsaminda
degerlendirilmemistir. Bu itibarla benzer ¢calismalarin
ulke genelinde yapilmas1 konu hakkinda daha kapsamli
bilgi birikiminin olusmasi acisindan gereklidir.
Calismamizin en onemli sonucu, incelenen su
orneklerinin organoleptik ozellikleriyle mikrobiyal
kirliligi arasinda iliski olabileceginin tespit edilmis
olmasidir. Bu nedenle, icme-kullanma sularinda
organoleptik yontemlerle uygunsuzluk saptandiginda,
bakteriyolojik kirlilik de olabileceginin daima
goz Onune alinmasi ve aksi ispatlanincaya kadar
bakteriyolojik kirlilik acisindan dikkatli olunmasi

gerektigi soylenebilir.

Yazarlar bu makale ile ilgili herhangi bir ¢ikar catismasi bildirmemislerdir.
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Giiniibirlik tedavi iinitesinde ayaktan parenteral antibiyotik
tedavisi alan hastalarin degerlendirilmesi

Belgin COSKUN!

, Miige AYHAN'

, Rahmet GUNER?

OZET

Amagc: Artan antimikrobiyal direnc nedeniyle genis
spektrumlu parenteral antibiyotik kullanimi giderek
artmaktadir. Bu ylizden ayaktan parenteral antibiyotik
uygulamalarinin yapilacagi giniibirlik tedavi tinitelerinin
(GTU) 6nemi yiikselmektedir. Bu calisma ile hastanemiz
GTU’niin

degerlendirilerek, enfeksiyon hastaliklar tedavisindeki

blinyesinde  hizmet veren calismalan

yerinin  belirlenmesi ve Oneminin  vurgulanmasi

amaclandi.
Yontem: Calismamiz retrospektif kesitsel calisma
Aralik 2021-Subat 2022 tarihleri

arasinda Unitemizde parenteral antibiyotik alan 18 yas

olarak planlandi.

Uistii hastalar calismamiza dahil edildi. Hasta bilgileri GTU
defter kayitlarindan ve hastane bilgi islem sisteminden
tarandi. Hastalarin demografik ozellikleri, eslik eden
hastaliklar, hastalarin initeye yonlendirildigi birim,
enfeksiyon odagi, etken mikroorganizma, antimikrobiyal
direnc ozellikleri, kullanilan antibiyotik, tedavi siiresi ve

yaniti incelendi.

Bulgular: Calismaya, belirlenen kriterleri tasiyan

toplam 101 hasta dahil edildi. Calismamiza dahil edilen

ABSTRACT

Objective: Due to increasing antimicrobial

resistance, the use of broad-spectrum parenteral
antibiotics is increasing. For this reason, the importance
of outpatient parenteral antibiotic treatment (OPAT) is
increasing. With this study, it was aimed to evaluate the
OPAT unit of our hospital, to determine its use in the
treatment of infectious diseases and to emphasize its

importance.

Methods: Our study is a retrospective cross-sectional
study. Patients over the age of 18 who received parenteral
antibiotics in our OPAT unit between December 2021
and February 2022 were included in our study. Patients
data were obtained from medical records of hospital.
The demographic characteristics of the patients, their
comorbidities, the unit they were referred to, the site
of infection, the causative microorganism, antimicrobial
resistance characteristics, antibiotics used, duration of

treatment and response were examined.

Results: One hundred and one patients were included
in the study. The mean age of the patients included in
our study was 58.4+15.51 years, and 54.5% (n=55) of the
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hastalarin ortalama yas1 58,4+15,51 olup, hastalarin
%54,5 (n=55)’i erkekti. Hastalarin %62,4 (n=63)’unde ek
hastalik mevcuttu. En sik eslik eden hastalik Diyabetes
mellitus (%18,8, n= 19) idi. Hastalarda en sik enfeksiyon
odagi Uriner sistem enfeksiyonu (n=53, %52,3), en
sik kullanilan antibiyotikler ise sirasi ile ertapenem
(n=57,%56,4) ve (n=37, %36,6) idi.

Escherichia coli en sik goriilen Gram negatif etken iken,

teikoplanin

Staphylococcus aureus en sik goriilen Gram pozitif etken
idi (Tablo 4). Enterobacteriaceae ailesinde genisletilmis
spektrumlu beta laktamaz (GSBL) direnc oran %96,36,
Staphylococcus spp.’lerde metisilin direnc oran1 %100
idi. Antibiyotik baslanan hastalarin tamaminda herhangi
bir yan etki olusmadan tedavileri tamamlandi. Bir hasta

disinda tedavi alan tim hastalar sifaya kavustu.

GTU

hastalarinin tedavilerinde hem de yatan hastalarin

Sonug¢:  Hastanemizde hem  poliklinik
ardisik tedavilerinde 6nemli bir yer tutmaktadir. Direncli
mikroorganizmalarin artisi nedeniyle oral antibiyotik
seceneklerinin  kisitlanmasi  parenteral antibiyotik
tedavisinin artisina neden olmustur. Bu calisma ile
lic aylik kisa bir siire zarfinda bile GTU sayesinde
101 hastanin hastane yatis1 olmadan tedavisinin
tamamlandigi gérilmistiir. Bu nedenle iilkemizde bu tir
Unitelerin yayginlasmasi onemlidir.

Anahtar Kelimeler: Antibiyotik, direnc, GSBL,

parenteral, Uriner

patients were male. Comorbidity was present in 62.4%
(n=63) of the patients. The most common comorbid
disease was Diabetes mellitus (18.8%, n= 19). The most
common focus of infection was urinary tract infection
(n=53, 52.3%). The most commonly used antibiotics were
ertapenem (n=57, 56.4%) and teicoplanin (n=37, 36.6%),
respectively. Escherichia coli was the most common
Gram-negative agent, while Staphylococcus aureus
was the most common Gram-positive agent (Table 4).
Extended-spectrum beta-lactamase (ESBL) resistance
rate in Enterobacteriaceae family was 96.36%, and
methicillin resistance rate in Staphylococcus spp. was
100%. All of the patients who were started on antibiotics
were treated without any side effects. Except for one

patient, all patients who received treatment recovered.

Conclusion: In our hospital, OPAT has an important
place both in the treatment of outpatients and in the
consecutive treatments of inpatients. The limitation of
oral antibiotic options due to the increase in resistant
microorganisms has led to the increase in parenteral
antibiotic therapy. With this study, it was observed that
even in a short period of three months, 101 patients
completed their treatment without hospitalization
through OPAT units. For this reason, it is important that
these units become widespread in our country.

Words: Antibiotics, ESBL,

Key parenteral,

resistance, urinary

GIRIS

Ayaktan parenteral antibiyotik tedavisi (APAT),
antibiyotik tedavisi bir klinik
destege ihtiyac duymayan hastalara uygulanan bir

disinda herhangi

tedavi rejimidir. Direncli mikroorganizmalarin artisi
nedeniyle gerek hastane kaynakli enfeksiyonlarda,
enfeksiyonlarda
spektrumlu parenteral tedavi seceneklerine ihtiyac
duyulmaktadir (1).
yatis endikasyonu dogurmakta ve sosyoekonomik

gerekse toplum kokenli genis

Bu durum hastalara gereksiz
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problemleri beraberinde getirmektedir. Bu nedenle
APAT uygulamalan iyi bir secenek olarak karsimiza
cikmaktadir. APAT ilk defa 1974 yilinda Amerika
Birlesik Devletleri’nde uygulanmistir (2). Yaklasik
50 yildir da bircok farkli ulkede APAT uygulamalar
devam etmektedir. Ginubirlik tedavi
(GTU) iilkemizde cok yaygin degildir. Ancak artan
antimikrobiyal direnc oranlar ve ekonomik maliyetler

Uniteleri

nedeniyle, APAT uygulamalarinin yapilabilmesi icin
GTU’ye giderek daha fazla ihtiyac duyulmaktadir.
Calismamizda hastanemiz bunyesinde hizmet veren



GTU’niin
hastaliklar tedavisinde yerini belirlemek ve onemini

verileri  degerlendirilerek, enfeksiyon

vurgulamak amaclandi.

GEREC ve YONTEM

Calismamiz  retrospektif kesitsel bir calisma
Hastanemizde GTU Mart 2019

hizmet vermektedir.

olarak planlandi.
tarihinden beri Hastanemiz
3. basamak bir hastane olarak hizmet vermektedir.
GTU biinyesinde dermatoloji, néroloji ve enfeksiyon
hastaliklar1 uzmanlarinin gozetiminde ilgili kliniklere
ait parenteral tedaviler bu birim icin gorevlendirilen
hemsireler tarafindan uygulanmaktadir.

Hastanemiz GTU biriminde Aralik 2021-Subat
2022 tarihleri arasinda on sekiz yas uzeri, parenteral
antibiyotik tedavisi alan hastalar calismaya dabhil
edildi.
bulunmayan,

Bu hastalar hastane yatis endikasyonu
polikliniklerden birime yonlendirilen
veya hastane yatis sonrasi genel durumu duzelip
yatis endikasyonu kalmayan, ardisik tedavi icin
yonlendirilen hastalardi. Hastalara ait ilk basvuru
anindaki veriler degerlendirmeye alindi.

Hasta bilgileri GTU defter kayitlarindan ve hastane
bilgi islem sisteminden tarandi. Hastalarin demografik
ozellikleri, eslik eden hastaliklan, hastalarin Uniteye
yonlendirilme durumu, enfeksiyon odagi, etken
mikroorganizma, antimikrobiyal direnc ozellikleri,
kullamlan antibiyotik, tedavi suresi ve yamti
incelendi. Hastalar GTU’de giinlik olarak etkinlik
ve yan etki gelisimi acisindan enfeksiyon hastaliklar
uzmani ve iinite hemsiresi tarafindan degerlendirildi.
Her hasta uzman doktorun 6nerdigi araliklarla tam
kan, biyokimya, enfeksiyon odaklarindan kiiltir ve
radyolojik goriintileme ile kontrol edildi. Tedavi
bitiminde klinik semptomlari gerileyen ve enfeksiyon
hastaliklarn uzman tarafindan degerlendirilerek sifa
dustnilup tedavisi kesilen hastalarda APAT basarli
olarak belirlendi. APAT surecinde yatis endikasyonu
dogan, yan etki veya klinik/ laboratuvar yamti
alinamayip tedavisi kesilen hastalarda APAT tedavisi

basarisiz olarak tanimlandi. Klinik yanit semptomlarin

gerilemesi, laboratuvar yanit ise lokositoz, C-reaktif
protein (CRP), eritrosit sedimantasyon hizinda (ESR)
gerileme, kontrol kiilturlerde lireme olmamasi
ve radyolojik gorlintulemelerde diizelme olarak
degerlendirildi.

Calisma icin istatistiksel analiz SPSS versiyon
26.0.0 paket programi kullanilarak yapildi. Devaml
degiskenler ortalama + standart sapma ve ortanca
(minimum- maksimum) seklinde bildirildi. Kategorik
degiskenler olan hastalara ait cinsiyet, ek hastaliklar,
GTU’ne
yonlendirilme sekli say1 ve yiizde olarak tanimlandi.

Bu calisma, Ankara Sehir Klinik
Etik  Kurul onayr ile
gerceklestirilmistir (Tarih:
E.Kurul-E1-23-3180).

enfeksiyon odagi, verilen antibiyotik,
Hastanesi
Arastirmalar Baskanlig

11.01.2023, Karar no:

BULGULAR

GTU’de calismamizin  yapildigi {ic aylik siire
icerisinde 354 hastaya parenteral tedavi uygulandi. iki
yuz elli ¢ hasta antibiyotik dis1 tedavi almasi nedeniyle
calisma dis1 birakildi ve toplam 101 hasta calismaya dahil
edildi. Calismamiza dahil edilen hastalarin ortalama
yasi 58,4+15,51 olup, hastalarin %54,5 (n=55)’i erkekti.
Hastalarin %62,4 (n=63)’lnde ek hastalik mevcuttu.
Diyabetes mellitus hastalarin %18,8 (n= 19)’inde olup,
en sik eslik eden hastalikti. Diyabetes mellitusu sirasi
ile kronik bobrek hastaligi (%11,8, n=12), bobrek tasi
(%10,9, n=11) ve benign prostat hiperplazisi (%7,9 n=8 )
takip ediyordu (Tablo 1).

APAT’a yonlendirilen hastalarda en sik enfeksiyon
odag Uriner sistem enfeksiyonuydu (n=53, %52,3).
Deri yumusak doku enfeksiyonu hastalarin %17,8
(n=18)’inde gorlilirken, kemik eklem enfeksiyonlar
%21,7 (n=22)’sinde,
%5,9 (n=6)’unda,
ise %1,9 (n=2)’unda goruldi. Bu endikasyonlarda

kan dolasimi enfeksiyonlan

intraabdominal enfeksiyonlar

antibiyotiklerin APAT ile verilme ortanca stresi 10 (3-
30) guindii (Tablo 1).
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Tablo 1. Gunubirlik tedavi Unitesinde tedavi alan hastalarin 6zellikleri (n=101)

Yas, ortalama+SS* 58,4+15,508

Cinsiyet, n (%)

Erkek 55 (54,5)
Kadin 46 (45,5)
Ek hastalik, n (%) 63 (62,4)
Diyabetes mellitus 19 (18,8)
Kronik bobrek hastaligi 12 (11,8)
Bobrek tasi 11 (10,9)
Benign prostat hiperplazisi 8(7,9)
Malignite 5 (4,6)
Hipertansiyon 3(2,9)
Bobrek transplantasyonu 3(2,9)
Gebelik 2 (1,9)

Enfeksiyon odagi, n (%)

Uriner sistem enfeksiyonu 53 (52,5)
Deri-yumusak doku enfeksiyonu 18 (17,8)
Kemik- eklem enfeksiyonu 22 (21,7)
Osteomyelit 17 (16,8)
Protez eklem enfeksiyonu 5 (4,9)
Kan dolasimi enfeksiyonu 6 (5,9)
intraabdominal enfeksiyon 2 (1,9)
Tedavi siiresi, ortanca (min-maks) 10 (3-30)

Hastalarin %47,5 (n=48)’i enfeksiyon hastaliklari  (n=9)’unu olusturmaktaydi (Tablo 2).

poliklinigine ayaktan basvuran hastalar iken, %43,6 GTU’de en sik kullamlan antibiyotikler sirasi ile
(n=44)’s1 yatarken antibiyotik baslanip sonrasinda ertapenem (n=57,%56,4), teikoplanin (n=37, %36,6),
ardistk parenteral antibiyotik tedavisi icin  amikasin (n=5, %4,9), daptomisin (n=3, %2,9),

yonlendirilen hastalardi. Acil servisten tarafimizca  seftriakson (n=2, %1,9) ve vankomisin (n=2, %1,9) idi
APAT icin yonlendirilen hastalar ise hastalarin %8,9  (Tablo 3).

Tablo 2. Hastalarn giiniibirlik tedavi unitesine yonlendirilme sekli, n (%)

Poliklinikten yonlendirme 48 (47,5)
Yatis1 sonrasi ardisik antibiyotik tedavisi amaciyla yonlendirilme 44 (43,6)
Acil servisten yonlendirilme 9 (8,9)
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Tablo 3. Giiniibirlik tedavi Unitesinde kullanilan antibiyotikler (n=106)

Ertapenem 57 (56,4)

Teikoplanin 37 (36,6)

Amikasin 5 (4,9)

Daptomisin 3(2,9)

Seftriakson 2 (1,9)

Vankomisin 2 (1,9)

Verilen antibiyotik tedavilerinin %80,2  de ampisilin direncinin %100 oldugu gordildii.

(n=81)’si etkene vyonelik iken, %19,8 (n=20)%i GTU’de antibiyotik baslanan hastalarin tamami

ampirik olarak baslanmisti. Escherichia coli en sik
gorilen Gram negatif etkenken, Staphylococcus
aureus en sik gorilen Gram pozitif etkendi (Tablo
4). Enterobacteriaceae
spektrumlu beta laktamaz (GSBL) duretimi oran
%96,36, Staphylococcus spp.’lerde metisilin direnci

oranm %100 idi. Aym sekilde Enterococcus spp.’lerde

ailesinde  genisletilmis

Tablo 4. Hastalarda kiiltiir sonuglarinin degerlendirilmesi

antibiyotik tedavisini tamamladi. Herhangi bir yan etki
gelismeyen hastalarda tedavi degisikligi yapilmadi.
Protez enfeksiyonu nedeniyle planlanan siire boyunca
antibiyotik tedavisi alan bir hastada tedavi bitiminde
yanmit alinamadigina karar verildi ve tekrar opere
olmak icin ortopedi klinigine yonlendirildi. Diger 100
hastada sifa izlendi.

Kiiltiir n (%)
Yok 20 (19,8)
Var 81 (80,2)
Gram-negatif etkenler n (%)
Escherichia coli 51 (50,5)
Klebsiella pneumoniae 3(2,9)
Pseudomonas aeruginosa 2 (1,9)
Morganella morgagnii 1(0,9)
Gram pozitif etkenler n (%)
Staphylococcus aureus 10 (9,9)
Koagiilaz negatif stafilokok 6 (5,9)
Enterococcus spp. 6 (5,9)
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TARTISMA

Antibiyotik direncinin giderek artmasi ile oral
tedavi secenekleri kisitlanmis ve parenteral tedavi
seceneklerine daha fazla ihtiyac duyulmustur. ELlli
yili askin siredir dinyada kullanimda olan APAT,
lilkemizde 2010 yiindan beri cesitli merkezlerde
uygulanmaktadir. Hastanemiz 2019 yilinda ac¢ilmis
olup, o giinden itibaren GTU aktif olarak hizmet
vermektedir. Bu calismada ozellikle pandemi
doneminde yatak sayilarimin kisitlanmasi ile islev
ve onemini bir kez daha hissettig§imiz GTU’niin
retrospektif kesitsel bir degerlendirmesi yapilmistir

Hastanemiz 3. basamak referans bir hastanedir.
Poliklinigimize tedavi deneyimli, tedaviye yanit
alamamis hasta basvurular siklikla olmaktadir.
Bu nedenle poliklinik hastalarinda da direncli
siklikla

Hastanemizde daha once yapilan bir calismada

mikroorganizmalar izlenmektedir.

poliklinigimize basvuran toplum kokenli {riner
sistem enfeksiyonlarinda GSBL tipi direnc E. coliicin
%48,3, K. pneumoniae icin %60 oraninda izlenmistir
(1). Yine enfeksiyon servisinde 65 yas ustu Uriner
sistem enfeksiyonu ile yatis yapilan hastalarda GSBL
tipi direng E. coli icin %56, Klebsiella spp. icin %40
olarak bildirilmistir (3).
enfeksiyonlarinda oral

Bu durum uriner sistem
tedavi seceneklerimizin
ne kadar kisitlandigini gozler oniine sermektedir.
Diinyada da iilkemizde oldugu gibi iriner sistem
enfeksiyonlarinda yillar icinde giderek artan
GTU’de

giinde tek doz uygulama avantaji olan ertapenemin

direncli mikroorganizmalar nedeniyle
kullanim artmaktadir (4,5). Bizim calismamizda da
APAT tedavisine yonlendirilen hastalarin %52,3’linde
enfeksiyon odag1 iriner sistem, en sik kullanilan
antibiyotik ise ertapenem olarak
APAT ile
hastalarda, hem de yatarken baslanan tedavinin
ayaktan parenteral siklikla tercih
ettigimiz bir antibiyotiktir. Ulkemizde 2020 yilinda

Bastug ve arkadaslarinin yapmis oldugu APAT’in

izlenmistir.

Ertapenem, hem ayaktan izlenen

devaminda

degerlendirildigi bir calismada da calismamizla
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benzer sekilde en sik enfeksiyon odagi Uriner sistem
olarak bildirilmistir (6). APAT, hem direncli alt Uriner
sistem enfeksiyonlarinin tedavisinde, hem de yatarak
izledigimiz st driner sistem enfeksiyonlarinin
tedavisinde
birlikte

olanak saglar. Ozellikle geriyatrik yas grubunda

yatis  endikasyonunun bitmesiyle

parenteral tedavinin tamamlanmasina
uzun hastane yatisi, hastalarda deliryum, sekonder
enfeksiyonlar icin risk olusturmaktadir. Geriyatrik
hasta grubunda da diger popiilasyonlarda oldugu gibi
uriner sistem enfeksiyonlarinda GSBL tipi direncin
arttigr bildirilmistir (3).
hasta grubunda klinik destek ihtiyacinin bitmesi ile

Bu nedenle ozellikle bu

birlikte APAT’a gecilmesi buyuk onem tasimaktadir.

Kemik eklem enfeksiyonlar1 ile izlenen

hastalar, bu enfeksiyonlarin  tedavisi icin

uzun sireli parenteral antibiyotik gerekmesi

nedeniyle  sosyoekonomik acidan  problemler
yasayabilmektedir. Uygun hastalarda APAT secenegi,
hastalara rutin yasamlarint devam ettirebilme
sanst sunmaktadir. Bizim calismamizda da Uriner
sistem enfeksiyonlarindan sonra APAT’1n en sik
kullanildigr hasta grubu kemik eklem enfeksiyonuyla
izlenen hastalardi. Bu hasta grubunda Gram pozitif
etkenlerin sik karsimiza c¢ikmasi nedeniyle gerek
etkene yonelik tedavide gerekse ampirik tedavide

teikoplanini siklikla tercih edilmektedir. GTU’de

de teikoplaninin  %36,6 oraninda kullanildig
gorulmustar.
Calismamizda hastalarin tamami enfeksiyon

odagina yonelik ongoriilen siirede APAT almistir.
Calismamiz suresince APAT alan hastalarda herhangi
bir yan etki izlenmemistir. Hastalarda tedavi
basaris1 %99 olarak izlenmistir. Daha once yapilmis
benzer calismalarda tedavi basar1 oranlart %91-
92,4-98,5 olarak bildirilmisti (5-7). APAT’ta yiksek
basari icin enfeksiyon hastaliklari uzmani tarafindan
yakin izlem ve deneyimli bir hemsire tarafindan
uygulanan tedavi onerilmektedir (8). Hastanemizde
de APAT uygulamalar enfeksiyon hastaliklari uzmani
kontrolinde ve bu konuda deneyimli hemsireler

tarafindan uygulanmaktadir. Calismalarda hastalarin



laboratuvar degerleri etkinlik ve yan etki takibi icin
haftalik olarak takip edilmesi onerilmistir (9). Bizim
calismamiz retrospektif olmasi nedeniyle hastalarin
%80’ninde takiplerin haftalik olarak yapildigi ancak
%20 hastada bu takiplerin aksadig1 ve takip aralarinin
10-15 giine kadar uzadig1 gorilmistir. Hastalarin
hicbirinde yan etki ile karsilasilmamistir. Protez
enfeksiyonu ile takipli bir hastamizda o©ngoriilen
sirede antibiyotik tedavisini aldiktan sonra alinan
laboratuvar testlerinde CRP degerinde artis izlenmesi
nedeniyle antibiyotik tedavisi kesilerek enfeksiyon
kaynak kontrolu icin ortopediye yonlendirilmistir.
APAT ile yanmit alamadigimiz hastada baslangic
tedavisinin etkene yonelik baslanmis olmasi ve
yatarak alacagi antibiyotik tedavisinin de APAT ile
ayn1 antibiyotik olacag1 disindldugiinde tedavi
basarsizlig1 APAT ile iliskilendirilememistir.

ETIK KURUL ONAYI

APAT yiiksek basar oranlari nedeniyle antibiyotik
tedavisinde onemli bir alternatif olarak yerini

almisti.  Hastane vyatisinin olmamasi nedeniyle
hastalarin hastane kaynakli ikincil enfeksiyonlara
maruz kalmamasi onemli bir avantaj saglamaktadir.
etkinlik

yapilamamistir. Bu durum calismanin bir kisitliigidir.

Bu calismada maliyet hesaplamasi
Ancak daha once yapilmis calismalarda APAT ‘in,
yatarak tedaviye kiyasla cok daha maliyet etkin
(6,10). Bu

uygun hastalarda APAT tercih edilmesi

oldugunu  bildirilmistir nedenlerle
avantaj
saglamaktadir. Ulkemizde hastanelerde GTU’ler son
yillarda giderek artmaktadir. Ancak GTU’lerin iilkeye
ve hastaya kattig1 faydalar géz oniine alinarak, bu
unitelerin sayilarinin arttinlmas1 ve etkin sekilde

kullanilmasi gerektigi diistinilmiistir.

* Bu calisma, Ankara Sehir Hastanesi Klinik Arastirmalar Etik Kurul Baskanligi onayi ile gerceklestirilmistir (Tarih: 11.01.2023,

Karar no: E.Kurul-E1-23-3180).

CIKAR CATISMASI

Yazarlar bu makale ile ilgili herhangi bir cikar catismasi bildirmemislerdir.
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Larvicidal and ovicidal effects of selected chemicals found in
plant-derived essential oils for mosquito control

Fatma BURSALI'

ABSTRACT
Objective: Aedes aegypti (L., 1762) (Diptera:

Culicidae) is a vector for numerous viral diseases
including dengue fever, Chikungunya, Zika fever,
and yellow fever in densely populated urban areas.
Mosquito control programs rely heavily on applying
larvicides in breeding areas and applying insecticides

aegypti
populations. Essential oils are primarily composed

targeting adult mosquitoes in the Ae.

of terpenoids and phenylpropanoids and have a
range of beneficial properties, including insecticidal

activities.

Methods: This study primarily investigated the
ovicidal and larvicidal activity of selected chemicals
(verbenone, propionic acid, lactic acid, 1-butanol,
2-butanol and citronellol) identified in essential oils
of plants against Ae. aegypti in wells of 24-well

plates.

Results: Verbenone, propionic acid and lactic
acid were observed to present a dose dependent
effect on mosquito larvae. Verbenone emerged as

the most effective against larvae with an LC,, value

OZET

Amacg: Aedes aegypti (L., 1762)

Culicidae), diinya niifusunun biiytk bir kismini etkileyen

(Diptera:

dang hummasi, Chikungunya, Zika hummasi ve
sarthumma gibi cok sayida viral hastaligin vektoriidur.
Sivrisinek kontrol programlari biiylk olcide ireme
alanlarinda larvasitlerin uygulanmasina ve Ae. aegypti
ergin populasyonlarini hedef alan bocek ilaclarinin
uygulanmasina  dayanmaktadir.  Esansiyel  yaglar
temel olarak terpenoidler ve fenilpropanoidlerden
olusmaktadir ve bocek oldiuricu aktiviteleri de dahil

olmak lizere cesitli faydali ozelliklere sahiptir.

Yontem: Bu calismada c¢esitli bitkilerin ucucu
yaglarindan tamimlanmis bazi kimyasal maddelerin
(verbenon, propiyonik asit, laktik asit, 1-butanol,
2-butanol ve sitronellol) Ae. aegypti larva ve
yumurtalarina kars1 ovisidal ve larvisidal aktiviteleri 24

gozenekli plakada arastinlmistir.

Bulgular: Verbenon, propiyonik asit ve laktik asidin
sivrisinek larvalar iizerinde doza bagli etki gdsterdigi
gbzlenmistir. Verbenon, 29.369 ppm LC, degeri ile

larvalara karsi en etkili madde olarak belirlenmistir.
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of 29.369 ppm. Propionic acid and lactic acid were
highly effective with LC,, values ranging between
40.45-47.63 ppm. 1-butanol, 2-butanol and citronellol
did not cause any mortality. This study is among the
few studies that have assessed the ovicidal effects
of essential oils on mosquito eggs. After 120 hours of
exposure, verbenone, propionic acid and 1-butanol
were observed to present a dose dependent effect on
mosquito eggs. Verbenone also emerged as the most
effective against eggs with an LC,; value of 11.877
ppm. At 200 and 100 ppm <25% hatched but afterwards
a drastic increase in egg hatching was observed with

decreased with concentration.

Conclusion: EOs have promising potential as a safe
and effective larvicidal and ovicidal agent for controlling
Aedes mosquito populations. Such studies pave the
way for developing new mosquito control formulations

utilizing these effective essential oils.

Key Words: Aedes, verbenone, citronellol, essential

oil, vector control

Propiyonik asit ve laktik asit, 40.45-47.63 ppm arasinda
degisen LC,, degerleri ile oldukca etkili olmustur.
1-biitanol, 2-biitanol ve sitronellol herhangi bir etki
gostermemistir. Bu calismada ayrica ucucu yaglarin
sivrisinek  yumurtalart lzerindeki ovisidal etkileri
de degerlendirilmistir. Verbenon, propiyonik asit ve
1-biitanoliin 120 saatlik degerlendirme siireci sonunda
sivrisinek yumurtalar1 lizerinde doza bagli bir etki
gosterdigi gozlemlenmistir. Verbenon 11.877 ppm LC,;
degeri ile yumurtalara karsi en etkili madde olarak ortaya
ctkmistir. 200 ve 100 ppm’de <%25 yumurtadan cikma
orani gozlemlenmis ancak daha disiik konsantrasyonlarda

yumurta acgilma oraninda artis ortaya cikmistir.

Sonug: Esansiyel yaglarda bulunan bazi etken
maddeler Aedes sivrisinek popiilasyonlarinin kontroliinde
larvisidal ve ovisidal olarak giivenli ve etkili bir miicadele
yontemi olma potansiyeline sahiptir. Bu tir calismalar
sivrisinek miicadelesinde esansiyel yaglar kullamlarak

yeni formiilasyonlarin gelistirilmesi yolunu acacaktir.

Anahtar Kelimeler: Aedes, verbenon, sitronellol,

esansiyel yag, vektor miicadelesi

INTRODUCTION

Aedes aegypti (L., 1762) (Diptera: Culicidae),
commonly known as the yellow fever mosquito, poses
a significant threat to public health due to its role as
a vector for numerous viral diseases including dengue
fever, Chikungunya, Zika fever, and yellow fever. This
mosquito thrives in densely populated urban areas,
where it preferentially feeds on humans, even when

aegypti
exhibits primarily diurnal biting behavior that is often

other mammals are available (1,2). Ae.

inconspicuous with peak activity occurring around
sunrise and sunset. However, they can also bite at
night in well-lit areas (3,4). This mosquito exhibits a
cosmo-tropical distribution in tropical regions year-
round, its reach. Additionally, its geographic range
extends beyond its African origins and now encompass
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more temperate areas during the summer months (5).
Human activities, particularly international travel
and trade have significantly facilitated this global
spread. Historically, maritime transportation played
a major role in establishing Ae. aegypti populations
across continents (6-8).

Mosquito control programs rely heavily on
monitoring Ae. aegypti populations to assess their
prevalence, dispersal patterns, and abundance. This
involvesinspecting potential breedingsites, employing
traps for both adult mosquitoes and eggs (ovitraps),
and eliminating potential breeding sites or applying
larvicides (chemicals that kill mosquito larvae) in
these areas and applying insecticides targeting adult
mosquitoes (adulticides) can be used (9,10). Common
chemical

adulticides including organophosphates

(like malathion) and pyrethroids (like permethrin)



can be applied through various methods, such as
indoor residual spraying, bed net impregnation, or
aerial spraying (11-13). The effectiveness of chemical
insecticides is often short-lived, as mosquitoes can
develop resistance with continuous use, and many are
associated with potential health and environmental
concerns (14). Biocontrol agents like bacteria (Bacillus
thuringiensis israelensis) or Insect growth regulators
(IGRs) which kill or disrupt mosquito’s development
cycle can also be used to control mosquitoes as they
pose minimal risk to humans, and other beneficial
organisms (15,16) .

Essential oils (EOs) are a class of concentrated,
aromatic, and volatile liquids extracted from various
plant parts (flowers, leaves, stems, bark, and fruits)
using established techniques (hydro distillation, steam
distillation, dry distillation) or more ecologically
friendly methods (supercritical fluid extraction,
microwave-assisted extraction, ultrasound-assisted
(17,18). These EOs

composed of terpenoids and phenylpropanoids and

extraction) are primarily
have a range of beneficial properties, including
antioxidant, antibacterial, and insecticidal activities
(19). Consequently, EOs have potential applications
in various fields, including pharmaceuticals, food
science, and agriculture. Notably, their insecticidal

properties have been explored against a diverse array
of pests (17,20,21).

This study primarily investigated the ovicidal and
larvicidal activity of some chemicals identified in
essential oils of plants against Aedes aegypti.

MATERIAL and METHOD

Aedes aegypti mosquitoes were reared in cages
within an insectary maintained at a temperature
of 28-30°C and 70-80% relative humidity, with a
12-hour photoperiod in Vector Control Laboratory
at Aydin Adnan Menderes University, Tirkiye. To
facilitate blood feeding, females were presented
with defibrinated sheep blood via an artificial feeder
(4). Eggs were hatched in plastic containers, and
the larvae were subsequently fed crushed fish scale
(Tetramin®) for larvicidal experiments. Eggs were air
dried for 2 days before use in ovicidal experiments.

Commercially available chemicals (purity > 85%)
found in plant essential oils were obtained from
Sigma Aldrich (Table 1, Figure 1). Stock solutions of
200, 100, 50, and 25 ppm (ug/mL) were prepared by
dissolving these chemicals in distilled water for use in
the bioassays.

OH Q
1-butanol 2-butanol Propionic acid
CH,
H OH
H
HyC” “CHy
Verbenone Lactic-acid Citronellol

Figure 1. Chemical structures of verbenone, propionic acid, lactic acid, 1-butanol, 2-butanol and citronellol
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Table 1. Information and lethal values of the selected chemicals from plant-derived essential oils

Larvicidal Ovicidal
X Compound Company Chi- Chi-
Chemicals Plant source U I
type (purity) LC,, (ug/mL) square LCy, (hg/mL) square
(95% CL) - (95% CL) -
Rose, geranium 205% 138.037
Citronellol and lemongrass terpenoid (S_i m;) ND ND (101.190- 2.462
(22,23) 8 243.685)
$93% 29.369 11.877
Verbenone Rosemary (41) terpene (S_i m;) (27.718- 0.769 (0.911- 2.194
8 31.662) 24.481)
40.454 30.576
Rhynhosia bedd- boxyli >99.5%
Propionic acid ﬁ;,::iame) cara:i);y ¢ (;, . (22.800- 15.330  (15.294- 3.924
8 55.619) 43.212)
Jack fruit,
Ja aiceseru;n er, >99.9% 80.634
1-butanol panese ginger, alcohol 277:7% ND ND (25.312-  12.666
maize, musk (Sigma)
56.627)
melon (24,25)
85.535
>99.8%
2-butanol Truffle (43) alcohol . ND ND (7.246- 12.894
(Sigma)
45.751)
47.631 99. 416
S lant boxyli >85%
Lactic acid W‘;gsi;:(i:) Cara:i’;y ¢ (;, m‘;) (41.648- 4.627 68.171-  0.314
g 53.451) 190.042)
Negative control 0.0 £0.0 0.0 £0.0 - -
Mortality
(%) SD
Positive control 100+0.0 100+0.0 - -

LC values are expressed in ppm (ug/mL) and they are considered significantly different when 95% CL fail to overlap. Values
are means + S.D. Negative control: distilled water. Positive control: Vectobac® 12AS 0.19 ml/L for larvicidal. ND: Not

determined.

Larvicidal bioassay

Ten third instar mosquito larvae were dispensed
into wells of 24-well plates (Sigma, Corning Costar
Multiple Well Plates, CLS3524) and exposed to
varying concentrations of chemicals (200, 100, 75,
50, 25 ppm), while a negative control group received
only distilled water and a positive control the
commercial Bti (0.19 ml/l), (Bacillus thuringiensis
var. israelensis), (VectoBac 12AS, Valent Biosciences,
USA). Each well contained a total volume of 1 ml
and 10 larvae per well. Required concentrations of
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the compounds were dissolved in distilled water.
The plates were incubated at 24°C, and larval
mortality was assessed after 48 hours. Larvicidal
activity was determined by calculating the LC,
which represents the concentration (in pg/ml) that
induced 50% mortality within 48 hours. Larvae were
considered dead if they remained immobile after
probing. Each treatment had six replicates and the
entire experiment was repeated three times (26).
Experiments were done under laboratory conditions.



Ovicidal bioassay

Ten intact and healthy mosquito eggs were
dispensed into wells of 24-well plates (Sigma,
Corning Costar Multiple Well Plates, CLS3524) using
a fine brush and exposed to varying concentrations of
chemicals (200, 100, 75, 50, 25 ppm), while a negative
control group received only distilled water. Required
concentrations of the compounds were dissolved in
distilled water. Each well contained a total volume of
1 ml and 10 eggs per well. The plates were incubated
at 24°C, and egg hatching rates was assessed after 120
hours. Ovicidal activity was determined by calculating
the LC,, which represents the concentration (in pg/
ml) that induced 50% mortality. Eggs were considered
dead if there is no eggshell fracture with no rising
of the egg buster and there was no L1 stage in the
well. Each treatment was replicated six times, and
the entire experiment was repeated three times (26).
Experiments were done under laboratory conditions.

Statistical analyses

LC values and their 95% confidence interval of
the compounds against eggs (ovicidal) and larvae
(larvicidal) was evaluated using probit analysis. Data
from control groups with less than 5% mortality were

of variance (ANOVA) followed by Tukey’s post-hoc test
(p < 0.05) was employed. Prior to ANOVA, the data
underwent arcsine transformation. A p-value of less
than 0.05 was considered statistically significant.

RESULTS

Larvicidal bioassay

The larvicidal effects of the chemicals found in
various plant derived EOs against Ae. aegypti larval
mortality is given in Figure 1. After 48 hours of
exposure, verbenone, propionic acid and lactic acid
were observed to present a dose dependent effect
on mosquito larvae. At 200, 100 and ppm these
compounds caused 100% mortality but afterwards a
drastic drop in efficacy was observed with decreased
with concentration. The LC,, value of Verbenone,
propionic acid and lactic acid against Ae. aegyptiwere
determined as Table 1. 1-butanol, 2-butanol and
citronellol did not cause any mortality. Analysis of
variance results showed that there were significant
differences between the chemical compounds (F
(5, 150) = 366; p<0.0001), tested concentrations (F
(4, 150) = 593.3; p<0.0001) and their interaction

excluded from the analysis. To compare differences (F (20, 150) = 142.4; p<0.0001) (Figure 2).
on the effects of the compound, a one-way analysis
Larvicidal effects
* ¥ *ok
ns ns | ko kK
100 Em verbenone
£ 8o Bm propionic acid
2 Bm |actic acid
g o ' == 1-butanol
g 40 A k% e 2-butancl
‘_é = Gitronellol
0 1 I L
& &
) N R R )
Q Q o9 < )
S A LA
Concentration

Figure 2. Larvicidal effects of different doses of verbenone, propionic acid, lactic acid, 1-butanol, 2-butanol and citronellol

against 3rd instar Aedes aegypti larvae
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Ovicidal bioassay

The ovicidal effects of the chemicals found in
various plant derived EOs against Ae. aegypti larval
mortality is given in Figure 3. After 120 hours of
exposure, verbenone, propionic acid and 1- butanol
were observed to present a dose dependent effect
on mosquito eggs. At 200 and 100 ppm <25% hatched

The LC,, value of the chemicals against Ae.
aegypti eggs were determined as Table 1. Analysis of
variance results showed that there were significant
differences between the chemical compounds (F
(6, 175) = 25.56; p<0.0001), tested concentrations
(F (4, 175) = 35.01; p<0.0001) and their interaction

but afterwards a drastic increase in egg hatching (F (24, 175) = 2.369; p=0.0007) (Figure 3).
was observed with decreased with concentration.
100
Bl Lactic acid
9 80 Bl Citronellol
5 m 1-Butanol
E 60 Bm Propionic acid
[ = -
:E 40 B 2-Butanol
& Em Verbenone
T 2 i" Bl control
0 | | |
& &
R Q R R
R R Q < Q
mﬁo NQQ & &

Figure 3. The hatching rate of the mosquitoes after treatment with chemicals

DISCUSSION

Essential oils (EOs) possess complex chemical
compositions and are characterized by a diversity of
distinct compounds (phytochemical diversity) with
different biological properties. Some EOs and their
components can kill insects or disrupt their growth
at various stages of their life cycle (17,27). This
study assessed the effects of six chemicals found in
various plant derived EOs against Ae. aegypti eggs
hatching and larval survival. Results showed that
the chemicals tested showed varying effects. After
24 hours of exposure, verbenone, propionic acid
and lactic acid were observed to present a dose
dependent effect on mosquito larvae. Verbenone
emerged as the most effective against larvae with
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an LC,, value of 29.369 ppm. Propionic acid and
lactic acid were highly effective with LC,, values
ranging between 40.45-47.63 ppm. 1-butanol,
2-butanol and citronellol did not cause any mortality.

Numerous studies have explored the potential of
essential oils and their components for mosquito larvae
control, these studies have shown that commercially
available oils like turmeric (Curcuma longa), sweet
orange (Citrus sinensis), lemongrass oil, cinnamon
bark oil and lemon (Citrus limon) are particularly
effective against different mosquito species belonging
to the Culex, Aedes, and Anopheles genera (28-33).
For instance, (34) investigated the potential of four
essential oils (lemon, lavender, peppermint, and
neem) as larvicides against Ae. aegypti and revealed

high larvicidal activity for lemon, peppermint, and



lavender oils, with lemon oil exhibiting the strongest
effect (LC,, =
displayed the lowest larvicidal potency (LC,, =

10.676 ppm). Conversely, neem oil

38.058 ppm). Manimaran et al. (28) evaluated the
larvicidal and knockdown effects of 25 essential oils
against Cx. quinquefasciatus, An. stephensi and Ae.
aegypti. Eight oils (calamus, cinnamon, citronella,
lemon, mentha,

clove, eucalyptus, and orange)

demonstrated complete larvicidal activity at a
concentration of 1000 ppm and complete knockdown
effect at 10% concentration. Such studies pave the
way for developing new mosquito control formulations
utilizing these effective essential oils. Selvi et al. (45)
evaluated the activities of some naturally growing
medicinal plants (Salvia verticillata, Leucanthemum
vulgare, Inula vulgaris and Matricaria chamomilla)
in Turkiye. Plant extracts had high larvicidal activity
on Ae. albopictus larvae. Similarly, Usta et al.
(46) evaluated oviposition deterrent, ovicidal and
skin repellent activities of Salvia verticillate and
Matricaria chamomilla against Aedes albopictus and
stated that these plants have potential in this sense.

While research on larvicidal effects of EOs is
extensive, ovicidal effects remain less explored.
This study demonstrated that after 120 hours of
exposure, verbenone, propionic acid and 1- butanol
were observed to present a dose dependent effect
on mosquito eggs. At 200 and 100 ppm <25% hatched
but afterwards a drastic increase in egg hatching
was observed with decreased with concentration.
Few studies have assessed the ovicidal effects of
essential oils on mosquito eggs. Muturi et al. (35)

investigated the chemical composition and ovicidal

activity of essential oils from garlic and asafoetida
on Cx. pipiens and Cx. restuans. They identified
ten and twelve distinct compounds in garlic and
asafoetida essential oils, respectively with Allyl
disulfide found as the most prevalent compound in
garlic oil. These EOs exhibited significant impact
on egg hatching as majority of the Culex egg rafts
exposed to either garlic or asafoetida oil failed to
hatch. In another study (36), Cinnamomum verum
EO and its main compound, trans-cinnamaldehyde,
showed strong ovicidal activity against mosquito
eggs at high concentrations (30,000 ppm). EOs have
promising potential as a safe and effective ovicidal
agent for controlling Aedes mosquito populations.
Research shows promise for using extracts from
various plants to kill mosquito eggs (37). Studies
have demonstrated the ovicidal activity of crude
extracts from plants such as Andrographis paniculata
(Lamiales: Acanthaceae), Cassia accidentalis
(Fabales: Fabaceae), Euphorbia hirta (Malpighiales:
Euphorbiaceae), Eclipta alba (Asterales: Asteraceae),
(Sapindales:
(Sapindales:

Cardiospermum halicacabum

Sapindaceae), Aegle marmelos

Rutaceae), Andrographis lineata (Lamiales:

Acanthaceae), Cocculus hirsutus (Ranunculales:

Menispermaceae), Tagetes erecta (Asterales:
Asteraceae), Melothria maderaspatana (Cucurbitales:
Cucurbitaceae) and Acalypha alnifolia against various
mosquito species, including An. stephensi, An.

subpictus, Ae. aegypti, and Cx. quinquefasciatus
(38-40). Further research is needed to optimize

their use and develop practical control strategies.
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Determination of biofilm formation capacity of Metschnikowia
reukaufii strain

Tuba BUYUKSIRIT BEDIR’

ABSTRACT

Objective: Biofilm is a community of microorganisms
attached to biotic or abiotic surfaces. Microorganisms
that form biofilms cause much more serious medical and
industrial problems than their planktonic forms. In this
sense, the ability of microorganisms to form biofilms
must be known and precautions must be taken. The aim
of this study is to create stress in the Metschnikowia
reukaufii MN622824 strain, whose inhibitory substance
production increases under stress conditions, by trying
different environmental conditions and to determine
its effect on biofilm formation. In addition, to observe
its effect on biofilm formation on stainless steel (SS)

surfaces, which are frequently used in food machines.

Methods: Biofilm formation was compared with the
tube method and the microtitration plate method. For
this purpose, 5 different media compositions containing
5% glucose, 10% glucose, 5% NaCl, 10% NaCl, containing
no glucose and NaCl (sodium chloride), and 3 different
incubation periods consisting of 3, 5 and 7 days were
tested. Additionally, scanning electron microscopy
imaging was performed to examine the adhesion of

biofilm to stainless steel coupons.

OZET

Amacg: Biyofilm, biyotik veya abiyotik
yuzeylere tutunan mikroorganizmalardan olusan bir
topluluktur.  Biyofilm olusturan mikroorganizmalar,
planktonik formlarina gore cok daha ciddi tibbi ve
endustriyel sorunlara neden olmaktadir. Bu nedenle
mikroorganizmalarin biyofilm olusturma yeteneklerinin
bilinmesi ve onlem alinmas1 gerekmektedir. Bu calismanin
amaci stres kosullarinda inhibitor madde uretimi artan
MN622824 susunun, farkl

cevre kosullarim1 deneyerek stres olusturmak ve bunun

Metschnikowia reukaufii
biyofilm olusumuna etkisini belirlemektir. Ayrica, gida
makinelerinde siklikla kullanilan paslanmaz celik (SS)

yuzeylerde biyofilm olusumuna etkisini gozlemlemektir.

Yontem: Biyofilm olusumu tup yontemi ve
mikrotitrasyon plak yontemi ile karsilastinlmistir.
Bunun icin glikoz ve NaCl (sodyum kloriir) icermeyen,
%5 glikoz, %10 glikoz, %5 NaCl, %10 NaCl iceren
bes farkli ortam kompozisyonu ve 3, 5 ve 7 ginlik
periyotlardan olusan u¢ farkli inkiibasyon siresi

denenmistir. Ayrica, biyofilmin paslanmaz celik

kuponlara yapismasini incelemek icin taramali elektron

mikroskobu goriintiilemesi yapilmistir.
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Results: In the tube method, the highest biofilm
formation was observed after three days of incubation
in tubes with 5% glucose added. No biofilm was formed
in the tubes that were kept for seven days or 10% NaCl
was added. In the microtitration plate method the
strong biofilm formation (1.3022) was obtained after
three days of incubation in a medium containing 5%
glucose. In the control group without glucose and NaCl,
moderate biofilm formation were observed on the 3rd
day (0.7385) and the 5th day (0.6882). Biofilm formation
was evaluated as absent or weak in media containing
10% glucose or NaCl. As glucose and NaCl concentrations
increased, biofilm formation decreased. Reticular bond
structure showing biofilm formation were imaged with
a scanning electron microscope in the control group on
days 3-5-7, 5% NaCl and 5% glucose concentration on the

3rd day, and 5% glucose concentration on the 5th day.

Conclusion: Biofilm formation in food factories
poses a significant health problem. It was observed that
increasing NaCl, glucose concentration and incubation
time negatively affected the biofilm formation of the
Metschnikowia reukaufii strain. Biofilm formation
decreases or disappears in yeasts exposed to stress
conditions. It is thought that the data obtained will help

in biofilm control.

Key Words:

glucose, sodyum chloride, biocontrol

Metschnikowia reukaufii, biofilm,

Bulgular: Tip yonteminde en vyiiksek biyofilm
olusumu %5 glikoz ilaveli tuplerde ic guinluk inkiibasyon
Yedi
eklenen tuplerde biyofilm olusmamistir.
%5 glikoz

bir ortamda ¢ ginlik inkibasyonun ardindan gucli

sonrasinda gozlenmistir.
%10 NaCl

Mikrotitrasyon plak yonteminde,

glin bekletilen veya

iceren

biyofilm olusumu (1.3022) elde edilmistir. Glikoz ve NaCl
bulunmayan kontrol grubunda 3. giin (0.7385) ve 5. glin
(0.6882) orta derecede biyofilm olusumu gozlenmistir.
%10 glikoz veya NaCl iceren ortamlarda biyofilm olusumu
yok veya zayif olarak degerlendirilmistir. Glikoz ve NaCl
konsantrasyonlar arttikca biyofilm olusumu azalmistir.
Biyofilm olusumunu gosteren retikiller bag yapisi
taramali elektron mikroskobu ile kontrol grubunda 3., 5.
ve 7. glinlerde, %5 NaCl ve %5 glukoz konsantrasyonunda
3. ginde, %5 glukoz konsantrasyonunda ise 5. giinde
goruntilenmistir.

Sonuc: Gida fabrikalarinda biyofilm olusumu onemli
Artan NacCl,

konsantrasyonu ve inkiibasyon suresinin Metschnikowia

saglik sorunu olusturmaktadir. glikoz
reukaufii susunun biyofilm olusumunu olumsuz etkiledigi
gozlenmistir. Stres kosullarina maruz kalan mayalarda
biyofilm olusumu azalmakta veya ortadan kalkmaktadir.
Elde edilen verilerin biyofilm kontrolinde yardimci

olacag distiniilmektedir.

Anahtar  Kelimeler: Metschnikowia reukaufii,

biyofilm, glikoz, sodyum klorir, biyokontrol

INTRODUCTION
The complex matrix containing EPS
(exopolysaccharide or extracellular polymeric

eDNA
and the microorganism

substance), proteins, (extracellular DNA),
enzymes itself
secreted by bacteria, yeast, mold, algae and protozoa

is called biofilm (1). Biofilm can be found attached

various

to a surface or embedded in an extracellular matrix
(2). This biofilm matrix makes them resistant to harsh

Turk Hij Den Biyol Derg

conditions and resistant to antibacterial drugs (3,4).
Additionally, this resistance makes infections difficult
to treat and causes a wide variety of chronic diseases
(5). At the same time, biofilm formation protects
microorganisms against various harsh environments
(ultraviolet  radiation, extreme temperature,
poor

increases microbial

extreme pH, high salinity, high pressure,

nutrients, antibiotics, etc.),
competitiveness in environments, and is also used in

some cellular functions (6,7). In particular, biofilms



formed by pathogenic microorganisms (8) and
decaying microorganisms are inappropriate sources
of microbial contamination. Such microbial cells are
likely to contaminate raw materials and food during
processing, leading to food spoilage and economic
losses for producers (9). They are also major obstacles
in the food industry and healthcare industry, as their
ability to form biofilms protects them from ordinary
cleaning procedures and allows them to persist in the
environment. This persistence results in increased
microbial load in the food processing environment
and the final food product; this leads to spoilage and
shortened shelf life, as well as increased risks from
infectious disease outbreaks from food sources (10).
Therefore, biofilm formation must be prevented at
the initial stage or the resulting biofilm structure
must be eliminated in the food industry. As biofilm-
related infections become common, knowing the
various aspects and functionality of biofilm formation
will facilitate the implementation of methods to
prevent these structures and will help determine the
measures to be used to combat these infections (11).

Yeasts form biofilms by adhering to abiotic surfaces
such as wood, stainless steel, glass and plastic
polymers. Many yeast species such as Saccharomyces
Candida
neoformans are known to form biofilms.

cerevisiae, albicans and Cryptococcus
Some
strategies, such as good hygiene practices, including
regular cleaning and disinfection of surfaces, can
help reduce biofilm formation. Using antimicrobials
and alternative methods to eliminate yeast biofilms
can also help ensure food safety (12).

Metschnikowia

reukaufii (Ascomycota,

Saccharomycetales) are yeasts commonly found
in flowers and flower nectar, environments with
high sucrose concentrations (400 g/l). It is found
predominantly in the nectar of plants such as
Helleborous foetidus (13,14). Although the ecological
function of this yeast is relatively unknown, many
studies relate it to nectar sugar composition,
synthesis of volatile compounds and even increased

temperature of nectars, all factors that can influence

the behavior of pollinators (15,16).

The objectives of this study were to compare
the biofilm formation ability of the Metschnikowia
reukaufii MN622824 strain, which is not pathogenic
but increases the production of inhibitory substances
under stress conditions, using the tube method and the
microtitration plate method, and its biofilm formation
capacity was evaluated. Its effect on stainless steel
(SS) surfaces, which are frequently used in the food
industry, was determined by observing the scanning
electron microscope (SEM).

MATERIAL and METHOD

Strains and growth conditions

In this study, M. reukaufii (Genbank Accession
Number: MN622824, http://
gov/blast)) strain isolated from flower at Siileyman
Demirel

www.ncbi.nlm.nih.

University, Faculty of Engineering,
Department of Food Engineering was used. M.
reukaufii strains were activated in Malt Extract broth
(Merck, Germany) adjusted to pH 5.5. The inoculated
tubes were incubated at 30°C for 24 hours. Then,
the absorbance was adjusted to 0.5 at 570 nm on the

spectro-photometer for each culture.
Testing different glucose and NaCl concentrations

Malt Extract broth was used as a medium to
observe the effect of different stress conditions on
biofilm formation. After adjusting the pH value of
the media, different concentrations of glucose and
NaCl were added. Five different media compositions
including without glucose and NaCl, 5% glucose,
10% glucose, 5% NaCl, 10% NaCl and three different
incubation periods as 3, 5 and 7 days were applied.

Biofilm analysis with tube method

Biofilm formation was examined by adding
different amounts of glucose and NaCl to Malt Extract
broth, whose pH value was adjusted to 5.5. Yeast
strains growing in these media were discharged
from the tubes after 3-5-7 days of incubation. The
evacuated tubes were washed with sterile phosphate
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buffer saline (pH 7.3) and dried. Then, 10 mL of the
solution prepared with distilled water containing 0.1%
crystal violet was added to the tubes and incubated
for 10 minutes. After incubation, the crystal violet
solution in the tubes was drained and the excess dye
was washed with ionized water. After this process,
the tubes were left to dry. After the tubes dried,
values of absent/weak (1), medium (2) and strong
(3) were given according to the density of the crystal
violet solution adhering to the tube (17).

Biofilm analysis with microtitration plate method
Biofilm formation of M. reukaufii yeast strain by
the microtitration plate method was performed as
previously described in Zhang et al. (18) with a few
modifications. Overnight culture was diluted into Malt
Extract broth prepared with different specifications
(without glucuse and NaCl, %5 glucose, %10 glucose,
%5 NaCl, %10 NaCl) at a ratio of 1:100. Diluted cultures
were added to a 96-well plate, 100 pL per well. It was
then incubated at 30°C for 3-5-7 days. Additionally,
negative control wells contained Malt Extract broth
only. After incubation, total cell-mass was measured
as absorbance at 630 nm by spectro-photometer.
After the measurement, the plates were emptied,
the wells were washed with sterile water and then
the drying process was carried out. Following the
drying process, 125 pL of 0.1% crystal violet solution
was added to each well and incubated for 20 minutes
at room temperature. It is known that the dye bound
to adhered cells in the wells can be resolubilized
and measured in optical density with a spectro-
photometer. With this method, the unbound crystal
violet solution was washed with distilled water
and dried. 100 pL of 95% ethanol was transferred
to each well to dissolve and release the bound
dye. The dye solution dissolved in ethanol in each
well was transferred to a clean plate, respectively.
Finally, absorbances at 492 nm were measured with
a spectro-photometer. The results obtained were
calculated with the formula B= A492/A630 and the
degrees of biofilm formation were determined: No
biofilm producer (B<0.1), Weak biofilm producer

Turk Hij Den Biyol Derg

(0.1<B<0.5), Moderate biofilm producer (0.5<B<1),
Strong biofilm producer (B>1).

Scanning electron microscope analyzes

The yeast strains were then tested to form
biofilms on SS surfaces in food machines frequently
used in the fermentation industry. SS coupons with
biofilm formation were examined with SEM and
biofilm structures were visualized. For this purpose,
steel coupons were cleaned with 70% ethanol
for 10 minutes. Then, it was washed with sterile
distilled water and dried at 60 °C for 2 hours. The
dried coupons were placed in heat-resistant glass
containers, covered first with aluminum foil and then
with their own lids, and sterilized in an autoclave at
121°C for 15 minutes. Steel coupons were placed in
24-well microplates. 2 mL of the media in different
compositions including without glucose and NaCl, 5%
glucose, 10% glucose, 5% NaCl, 10% NaCl was added
to each well. Then, the absorbance of the freshly
prepared cultures was adjusted by incubating them
at 30°C for 24 hours using Malt Extract broth. For
each different concentration, it was incubated at
30°C for 3, 5 and 7 days. After incubation, the steel
coupons removed from the plates were washed three
times with 10 mL of sterile distilled water to remove
non-adherent cells.

Steel coupons were prepared to be examined
with SEM as described previously Kaya et al. (19).
For this purpose, the coupons were fixed in 2.5%
glutaraldehyde (prepared with 0.1 M phosphate-
buffered saline (PBS), pH 7.4) overnight at 4°C. They
were washed twice with 0.1 M PBS. Then, it was fixed
in 1% osmium tetroxide (Electron Microscopy Sciences,
Hatfield, Pa) for 1 hour and then washed with distilled
water. For dehydration, the samples were passed
through ethyl alcohol series for 15 minutes (30%, 50%,
70%, 90%, and 96%), and in the final stage, they were
treated with absolute alcohol for 30 minutes and
dried. Steel coupons are placed on aluminum stabs
and plated with gold. It was examined with the FEI /
Quanta 450 FEG brand SEM within the Hitit University
Scientific Technical Application and Research Center.



RESULTS

Tube method

To observe the effect of different stress conditions
on biofilm formation, different concentrations
of glucose and NaCl were added after adjusting
the pH value of the media. Biofilm formation was
compared with the tube method in five different

media compositions including without glucose and

18 3th day

NaCl, 5% glucose, 10% glucose, 5% NaCl, 10% NaCl
and 3 different incubation periods as 3, 5 and 7
days. The results obtained are shown in Figure 1.

According to the tube method results, the highest
biofilm formation was observed after three days of
incubation in tubes with 5% glucose added. No biofilm
formation was observed in the tubes incubated for
Additionally,
prevented in tubes to which 10% NaCl was added.

seven days. biofilm formation was

“.5th day M 7th day

Figure 1. Biofilm formation of M. reukaufii strain by tube method

0%: without glucose and NaCl, %5N: 5% NaCl, %10N: 10% NaCl, %5G: 5% glucose, %10G: 10% glucose

Microtitration plate method

In detecting biofilm formation with the tube
method, visual qualitative analysis is performed
according to the density on the bottom and/or walls of
the tubes (17). Since grading this staining in the tubes
may vary from person to person, biofilm formation
should be tested with the microtitration plate method
as well as the tube method. The microtitration plate
method is a quantitative method that is based on
the optical density of the crystal violet solution
added to the biofilm matrix and gives numerical
results by measuring spectrophotometrically (18). To
observe biofilm formation under different conditions,
absorbances were measured with a spectrophotometer
first at 630 nm and after fixation at 492 nm. The

obtained absorbance values were calculated with
the formula and the results are given in Table 1.

According to the microtitration plate method
results, moderate biofilm formation was observed on
day 3andday 5inaglucose and NaCl-free environment,
while no biofilm formation was observed on day 7.
Biofilm formation was observed on the 3rd day in the
medium supplemented with 5% NaCl, but no biofilm
was formed as the incubation period was prolonged.
While M. reukaufii strain produced the most biofilm in
the medium supplemented with 5% glucose, no biofilm
was observed in the medium supplemented with 10%
glucose. As the amount of added glucose increased,
biofilm formation decreased. Comparable results
according to biofilm formation are shown in Figure 2.
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Table 1. Biofilm formation of M. reukaufii strain by microtitration plate method

0% %5N %10N %5G %10G
3t day 0.739+0.25 0.627+0.07 0.240+0.05 1.302+0.15 0.255+0.01
5t day 0.688+0.31 0.510+0.05 0.396+0.06 0.603+0.19 0.124+0.01
7™ day 0.275+0.05 0.374+0.02 0.414+0.02 0.658+0.14 0.118+0.01

Data are expressed as means + standard deviation

0%: without glucose and NaCl, %5N: 5% NaCl, %10N: 10% NaCl, %5G: 5% glucose, %10G: 10% glucose

L0 PFlRpERE NN W
ONB O NBO NN BO W

0% %5N

| 3th day

%10N %5G %10G

“:5th day M 7th day

Figure 2. Biofilm formation of M. reukaufii strain by microtitration plate method

0%: without glucose and NaCl, %5N: 5% NaCl, %10N: 10% NaCl, %5G: 5% glucose, %10G: 10% glucose

Scanning electron microscopy analysis

The effect of incubation time on the adhesion of
M. reukaufii strain grown in Malt Extract Broth in
different environments (without glucose and NaCl,

5% glucose, 10% glucose, 5% NaCl, 10% NaCl) to SS
surfaces was investigated. Biofilm conditions and SEM
images formed on steel coupons are given in Figure 3.

Figure 3. SEM images of biofilm formation of M. reukaufii strain on SS coupons

(A) 0%-3th day, (B) 0%-5th day, (C) 0%-7th day, (D) 5% NaCl-3th day, (E) 5% glucose 3th day, (F) 5% glucose 5th day
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DISCUSSION

The majority of yeast species operate between
water activity values of 0.9-1.0. It has been stated
that the optimum water activity value for the growth
of S.
when this value falls below 0.94, the yeast cannot

cerevisiae is between 0.975 and 0.999, and

develop. It is also known that the ethanol produced
by yeast causes water stress in the cell by reducing
the water activity value. In this case, the hydrogen
bonds in the hydrated cell components interact and
the enzyme and membrane structure in the cell is
disrupted (20).
amount of NaCl and glucose increased, water activity

In light of this information, as the

decreased, which prevented biofilm formation.

The effect of glycerin concentration, also
known as sugar alcohol, on biofilm formation of S.
cerevisiae strain was investigated. It was observed
that by adding glycerin to the liquid medium, the
water activity of the medium decreased and the
yeast could not grow. According to this information,
it is thought that as the concentration of glycerin
increases to 5%, the metabolic activities of the yeast
slow down and they cannot form biofilms. It is also
known that environmental factors are very important
for the development of microorganisms and biofilm
production (21). In another study, biofilm formation of
the A. hydrophila strain was investigated at different
glucose concentrations using the microtitration
plate method. Biofilm formation decreased with
the addition of glucose to the medium. While the
addition of 0.05% glucose did not significantly
reduce biofilm formation compared to the control
(0% glucose), biofilm formation was significantly
inhibited at 0.25% (22).

In a study, biofilm formation of S. cerevisiae strains

glucose concentration

was investigated at different NaCl concentrations. The
highest biofilm formation was observed when the pH
of the medium was 5.0 and in the tube without NaCl
addition. It was determined that biofilm formation
decreased as the NaCl ratio increased, and biofilm
did not form when the ratio reached 10% (21). It has

been reported that high NaCl concentration prevents
cells from adhering to surfaces (23). Similarly, it was
determined that biofilm formation of Salmonella
enterica strains was restricted by the increase
in the amount of NaCl (24). Increasing the NaCl
concentration in the environment causes a decrease
in cell hydrophobicity. Therefore, the presence of
different amounts of NaCl in the environment changes
cell surface properties and biofilm distribution. It
has been reported that high NaCl ratio inhibits cell
adhesion (25). It is thought that yeast cell adhesion is
inhibited by the increase in NaCl concentration, as a
result of which the cells cannot attract each other and
form biofilms. Giaouris et al. (23) showed that high
sodium chloride concentration (10.5% NaCl; aw 0.95)
prevented cells from adhering to the plate. Mizan
et al. (26) reported that Vibrio parahaemolyticus
produced the best biofilm at 2% NaCl concentration.
It has been observed that when this rate reaches 5%,
it produces the least. Studies show that increasing
NaCl ratio at the same temperature disrupts the
structure of the cell and prevents biofilm formation.

It is known that increasing the NaCl concentration
in the environment disrupts the ion balance in the
cell. High amounts of NaCl intake causes an increase
in the amount of Na+ and Cl ions in the cell. This
situation causes low water potential and ion toxicity
(27). Although the sensitivity of the microorganism
to NaCl increased at higher osmotic pressures, the
harmful effect of salts on the development of this
microorganism was determined to be due to the
specific ion effect rather than the osmotic effect
(28). In the light of this information, it is understood
that as the amount of NaCl ions in the cell increases,
yeast activity is affected and biofilm formation
decreases. It has been observed that the growth of
yeast slows down as the NaCl ratio increases in the
medium (29). Since the high amount of NaCl in the
medium prolongs the development time of the yeast,
it is thought that after 24 hours of incubation, the
yeast cannot grow much in the medium and cannot
reach sufficient cell density for biofilm formation.
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Compared to this study, this study supports the
conclusion that as the NaCl concentration increases
in the medium, the yeast cannot complete its
development and the level of biofilm formation
decreases. According to the study, it was observed
that microorganism cells in the biofilm were under
more osmotic stress than planktonic cells and that high
osmotic potential prevented biofilm formation (30).

According to the SEM analysis, the reticular bond
structure indicating biofilm formation was visualized
in the SS coupons of the control group incubated for
3-5-7 days. However, biofilm formation gradually
decreased in coupons incubated for 5 and 7 days.
This showed that 3 days of incubation period was
sufficient for the M. reukaufii strain to form a biofilm.
This can be explained by the fact that the cells lose
or decrease their viability after 3 days. Similarly,
biofilms were observed on day 3 in the tube with
5% glucose addition. No biofilm was observed on SS
coupons in environments containing NaCl, except for
the tube containing 5% NaCl (3 days incubation). As in
the tube and microtitration plate method, no biofilm
formation was observed on SS coupons in media
prepared at 10% NaCl concentrations. This showed
that NaCl concentration prevented the growth of
yeasts. Betts et al. (29) concluded in a study that the
S. cerevisiae strain could not grow at 8% NaCl, whereas
the maximum NaCl rate suitable for the growth of the
yeast was 4.8%. It is stated that S. cerevisiae needs
high water activity (0.65) to carry out its metabolic
activities. This yeast needs water to ferment. It
has been noted that environments containing high

Turk Hij Den Biyol Derg

sugar can impose osmotic stress to negatively affect
cell physiology. It is thought that a decrease in the
amount of biofilm formation is observed because
the metabolic activities of the yeast are limited by
reducing the water activity of the environment (31).
Microorganisms and biofilm formation are affected by
changes in environmental conditions. The ability of
Salmonella enteritidis to form biofilms on SS surfaces
was examined at different temperatures (5, 20 and
37°C), pH (4.5, 5.5, 6.5 and 7.4) and water activity
values (0.5, 1.5, 5.5 and 10.5% NaCl) (23). It has been
reported that maximum biofilm formation is reached
in 6 days at 20°C. It has been reported that biofilm
formation after seven days of incubation at 20°C was
not dependent on pH change and that high sodium
chloride concentration (10.5% NaCl, aw 5 + 0.94)
clearly inhibited the adhesion of cells to the coupons.

In conclusion; microorganisms produce a gel-
like layer defined as biofilm in order to be more
resistant to adverse conditions. In the food industry,
heat treatments to extend the shelf life of foods and
chemicals used to clean the materials in the process
do not affect the biofilm formed by microorganisms.
For this reason, biofilm formation in food factories
It was observed that
increasing NaCl, glucose concentration and incubation

poses a health problem.

time negatively affected biofilm formation. It is very
important for food factories that biofilm formation
disappears under these stress conditions. The data
obtained as a result of this study is intended to shed
light on practices to prevent biofilm formation.
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Intraarticular injectional evaluation of dextrose prolotherapy;
an experimental study in rat knee osteoarthritis model

Altay SAVALAN'

ABSTRACT

Objective: Osteoarthritis (OA) of the knee with
a prevalence of 365 million is the most common joint
disorder in the world and is frequently encountered in
the older population. However, the pathogenesis of
osteoarthritis remains unclear, and yet it is not possible
to effectively prevent the progression of OA. Therefore,
it is of great importance to find more appropriate and
effective treatment modalities for osteoarthritis.
Although Hypertonic Dextrose Prolotherapy (HDP) appears
to be a promising interventional treatment for knee OA,
the dosage and immediate effects of this application

require preliminary clinical as well as clinical studies.

Methods: In this study, to provide new information in
the treatment of OA, animal models of OAwere developed
and used for assesment of different concentration
of Dextrose prolotherapy. In accordance with this
purpose and before starting the model development
and treatment, the volume optimization of injectable

solution in knee joint performed using trypan blue dye.

Results: According to the results, injection of more
than 50 pl has the capacity of leakage out of the knee joint.

Animal models of OA were developed by intra-articular

OZET

Amac: Diz osteoartriti (OA) 365 milyon prevalansi
ile diinyada en sik goriilen eklem hastaligidir ve siklikla
yasli popiilasyonda goriilmektedir. Ancak osteoartritin
patogenezi belirsizligini korumasina ragmen OA’nin
ilerlemesini etkili bir sekilde 6nlemek mimkiin degildir.
Bu nedenle osteoartritte daha uygun ve etkili tedavi
yontemlerinin bulunmasi blyik onem tasimaktadir.
Hipertonik Dekstroz Proloterapisi (HDP), diz OA’s1 icin
umut verici bir girisimsel tedavi gibi goriinse de bu
uygulamanin dozaji ve anlik etkileri, klinik calismalarin

yani sira on klinik calismalar da gerektirmektedir.

Yontem: Bucalismada, OAtedavisinde bilimsel destek
sunmak amaciyla, OA hayvan modelleri gelistirilmis
ve bu modeller farkli konsantrasyonlarda dekstroz
proloterapisi degerlendirilmesinde kullamlmistir. Bu
amac¢ dogrultusunda model gelistirmeye ve tedaviye
baslamadan o©nce tripan mavisi boya kullanilarak
diz eklemine enjekte edilebilir soliisyonun hacim
optimizasyonu gerceklestirildi.

Bulgular: Sonuclara gore 50 pl’den fazla
enjeksiyonun diz eklemi disina sizma kapasitesi

vardir. OA’nin hayvan modelleri, 50 pl’lik nihai hacime
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injection of 1 mg freshly prepared single dose Sodium
Monoiodoacetate (MIA) in a final volume of 50 pl. Then,
for the first time, the effect of different concentrations
of Dextrose prolotherapy on the treatment of OA was

investigated on these rat knee OA models.

Conclusion:  After 28 days of follow-up, all
(5%, 10%, 15%

and 25%) demonstrated the capacity to significantly

applied concentration of Dextrose

(p<0.05) decrease hind paw weight distribution in a

dose-independence manner. In conclusion, dextrose
prolotherapy appears to be a safe treatment method for
effective treatment, recovery and pain control in knee
osteoarthritis. Future studies may also demonstrate the
synergistic effect of dextrose prolotherapy with other

therapeutic methods.

Key Words:
(OA),
Hypertonic Dextrose Prolotherapy (HDP)

Dextrose Prolotherapy (DP), Knee

Osteoarthritis Sodium Monoiodoacetate (MIA),

sahip ve 1 mg taze hazirlanmis tek doz Sodyum
Monoiyodoasetat (MIA) iceren solusyonun eklem ici
enjeksiyonu yoluyla gelistirildi. Daha sonra ilk kez
farkli konsantrasyonlarda dekstroz proloterapisinin
OA tedavisine etkisi bu sican deney hayvani diz OA

modelleri Gzerinde arastirildi.

Sonug: 28 giinlik takipten sonra, uygulanan tim
Dekstroz konsantrasyonlar (%5, %10, %15 ve %25), dozdan
bagimsiz bir sekilde arka pence agirlik dagiimini 6nemli
olclide (p<0.05) azaltma kapasitesini gosterdi. Sonuc
olarak dekstroz proloterapi, diz osteoartritinde etkili
tedavi, iyilesme ve agn kontrolu icin glivenli bir tedavi
yontemi

olarak goriinmektedir. Gelecekte yapilacak

calismalar dekstroz proloterapinin  diger terapdtik

yontemlerle sinerjik etkisini de gosterebilir.

Anahtar Kelimeler: Dekstroz Proloterapisi (DP),
Diz Osteoartriti (OA), Sodyum Monoiyodoasetat (MIA),
Hipertonik Dekstroz Proloterapisi (HDP)

INTRODUCTION

Knee Osteoarthritis (OA) is the most common
chronic, progressive, and disabling joint disease,
often resulting in a poor quality of life. According to
clinical and radiographic assessments, the prevalence
of OA is 50% over the age of 60 and over 80% at the
age of 75 (1,2). The main clinical symptom of OA is
pain, which is one of the leading causes of disability
in OA (3,4).Current treatments of OA mainly include
analgesic agents and viscosupplementation. However,
these treatment and supplementations only reduce
OA symptoms such as joint pain. Furthermore, some
studies suggest that these drugs are not sufficiently
beneficial and may cause adverse drug reactions
(5,6).

Osteoarthritis has often been described as a
non-inflammatory, and simply a degenerative joint
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disease that predominantly caused by mechanical
factors and genetic predisposition. However, there is
increasing evidence that shows inflammation is high
in OA and the pathogenesis of this disease is much
more complex than just a degenerative process that
may contribute to the progression of this disease
(7,8).

Prolotherapy is one of the promising options for
the treatment of painful musculoskeletal conditions
such as knee OA, particularly when other standard
treatments have proved to be ineffective (9). Intra-
articular or extra-articular applications of hypertonic
dextrose (a natural form of glucose normally found
in the body) as prolotherapy agent is an effective
injectional therapy with few adverse effects, that
can be used in treating many chronic musculoskeletal
(OA) (10-12).
Dextrose prolotherapy was thought to

problems, including osteoarthritis

Initially,



contribute to the treatment of OA by inducing
inflammatory pathways. Studies in this direction
reveal that the inflammatory environment created
after dextrose prolotherapy is very short-term
and transient. The study conducted by Jensen and
colleagues, shows that although the inflammatory
effect of Dextrose prolotherapy is seen initially (at 6
and 24 hours), this effect is not seen after 72 hours.
More importantly, when the inflammatory effects were
compared, Dextrose prolotherapy and saline (control
group) produced the same level of inflammatory effect.
This study suggests that the inflammatory effect is
more likely to be due to damage to the injection site
(13). Dextrose itself works through repairing injured
musculoskeletal tissue by stimulating the body’s
natural healing mechanisms. Dextrose prolotherapy
stimulates different growth factors such as platelet

derived GF, ILGF and transforming growth factor B,
which in turn results with the expression of type | and
Il collagens. According to recent studies, adequate
supply of glucose to chondrocytes during inflamatory
conditions and matrix degradation can interrupt the
detrimental inflammatory cycle and induce synthesis
of hyaluronan, thereby promoting cartilage repair
(14,15). Despite its long history and widespread use
as a form of a single or complementary therapy, there
are still disparities over Dextrose optimal effective
concentrations. In the light of the abovementioned
information, in this study it was aimed to analyse
different concentrations of Dextrose to determine
the optimal effective concentrations of this cheap,
easy-to-use and harmless prolotherapy factor for the
treatment or relieving pain of knee OA (Figure 1).

HO.

H o//n.

Dextrose

6> ,
}"\ P D W T
—* L : \\.-. i
- = : ; (e

Before Injections \ For 20 days For 28 days
Measurement of Mono-sodium | | Measurement of Intra articular injection Measurement of
restricted weight bearing iodo-acetate (MIA) 5 restricted weight bearing restricted weight bearing
values values values

Figure 1. Flowchart of the in vivo experiment. Created by biorender.com

MATERIAL and METHOD

Creating the OA Model

In this study, 40 male 10-12 weeks Wistar rats
(200 + 30 g) were supplied by Koc University- Animal
Facility and kept under animal breeding conditions.
The experimental protocol was approved by the Local
Ethics Committee for Animal Experimentation of Koc

University (2018-31). Animals were fed with standard
rat chow and provided with pure water. They were
kept in individually ventilated cages under 22 °C room
temperature with air filter.

Single intra-articular injection of mono-sodium
iodoacetate (MIA), an inhibitor of glycolysis, into the
rat knee femorotibial joint causes cartilage damage
and degeneration, similar to the signs of human
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OA (1,2,16). To create an animal model of OA, the
Restricted Weight Bearing values in the left and right
legs of rats were measured with the incapacitance
device (Figure 1a) and their suitability for the study
was checked by the % hind left leg weight (17). Both
legs of the animals to be included in the study should
have equal or very close weight bearing power and
the hind left leg weight value should be 50%. During
the experiment, rats were allowed to get used to
the apparatus and were obtained five times and
the average were considered as a data. For this
purpose, the rats were placed in the chambers of
the apparatus (made of angular plexiglass). Thus,
the animals placed their hind left and right legs on
two separate pressure plates as shown in the figure
(Figure 1a). Avideo on the formation of the OA model,
available on the Jove website, was used to visually be
trained and perform the in vivo experiment (18,19).
Then, evaluation of the volume and optimization of
the point of intraarticular injection was assessed
applying Intraarticular injection of water soluble
blue stain (Trypan Blue) solution.

The limited weight bearing value was calculated
by incorporating the following formula into the
microsoft exel-2010 program (Formula 1).

Hind left leg weight ]
( Hind left leg weight + Hind right leg weight))

Formula 1. Formula for measuring the limited weight
bearing value of the left leg (the leg to be administered
physiological serum or MIA)

Hind left leg weight % =

For induction of MIA-induced osteoarthritis, rats
were anesthetized with isoflurane and positioned on
their backs.After shaving and disinfection of knee
area, the knee was positioned at a 90° angle to reveal
the white patellar tendon below the patella. Pressing
the patellar tendon with the fingertip 1 mg of freshly
prepared MIA (experimental) and blank (control)
solution in 50 pL sterile saline was injected vertically
(5 mm) into the joint cavity in the junction of the
gap and the lateral patellar tendon of male wistar
rats using 26 G needle. It was important to not felt a
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resistance when the needle was in the articular space
(19). The pain related behavior were tested at 2, 5,
8, 12, 16, and 20 days after injection.

Animals with a left leg weight bearing value in the
range of 42 + 3% were considered as OA developed
and suitable for the study, and rats below (advanced
OA) and above (no OA or initial OA) this value were
removed from the study with the least painful method
within the framework of ethical rules.

OA Model Treatment

From 40 animals with MIA injected as OA model
in left leg and saline injected as control in right legs,
those with a limited restricted weight bearing values
for left leg closest to 42% were selected and randomly
assigned to four different treatment groups consisting
of six animals each, for therapeutic administration
in left legs. Dextrose injections were performed
intraarticularly into the knee joint (lateral) as a
single dose under anesthesia (3% isoflorane).

Post-treatment Pain Assessment (posterior left
leg limited weighted pressure value)

After the treatment, the limited weight bearing
value was measured five times a day at different
intervals in all
calculated. The results obtained were then compared

with the pre-treatment results and the recovery rates

animals and the average was

of the different groups calculated. The recovery
curves were compared by evaluating the differences
within and then between the groups.

This study was approved by the Koc University
Local Ethics Committee for Animal Experimentation
(Date: 07.11.2018 and Number: 2018-31).

RESULTS

Creating the OA Model

Rats are one of the mostly used animal models
in the preclinical studies for both investigating the
pathophysiology and developing treatments for joint
disorders namely, osteoarthritis, rheumatoid arthritis,
etc (20). The injection volume of solutions differs



in wide ranges, from 20 to 200 pL in intraarticular
injection experiments that was carried out with rat
knees. Large differences in applied volume between
the samples can certainly effect the outcomes of
the studies. In addition excess amount of injection
will end up with leakage from the articular (21).
Therefore, not only the site of injection, but also the
volume of injectible solution are important in knee

[E] INCAPACITANCE TESTER |

joint injections. According to our study injection
over 50 pl will pave the way for the leakage of
blue stain out side of the joint into the leg (figure
2b). Therefore freshly prepared MIA (OA model
leg), saline (control leg) and dextrose (treatmemt)
solution were injected into the joint cavity in the
junction of the gap and the lateral patellar tandons
of animals in 50 pl final solutions using 26 G needle.

Figure 2. a) Position of the rat’s legs pressed against the plate of the incapacitance device. b) injection of water-slouble
blue stain material into rat knee joint. red arrow shows the stain leaking in the leg through the ankle and white arrow

indicated the stainin in the injection site of the joint

According to Formula 1, a healthy Wistar rat
should have equal or very close weight-bearing power
of both legs around 50% (17). However, this value was
expected to decrease by about 8% from the normal
value for the leg that developed model OA due to MIA
injection and thus to be around 42%. Animals with a
left leg weight bearing value in the range of 42 + 3%
were considered as animals with osteoarthritis and
suitable for the study. The left and right leg values
measured for each rat with incapacitance meter and
calculated according to Formula 1. Each formula
result was summed and averaged. Standard deviation
data prepared from Excel were added below these
For 24 Wistar male rats,
obtained from each average formula value (Figure 3).

values. graphs were

In general, pattern formation was observed. As
can be seen from the sharp decrease in the values,
a response occurred immediately after the first

injection in the majority of the animals. Although
there was a recovery period in animals afterwards,
the model maintained its success. Response results
were generally in the range of 42 + 3 (Figure 3).

OA Treatment

The t-test and two-way analysis of ANOVA
(Graphpad Prism 9 Software) were used for statistical
evaluation after Dextrose treatment. As seen in Figure
2, statistically significant (p<0.05) improvement was
observed in 24 animals after Dextrose prolotherapy
treatment compared to MIA injection (Figure 4a).
On the other hand, when compared according to the
Dextroseratiosinjected atdifferentrates (5%, 10%, 15%
and 25%); although improvement (increase in weight
bearing capacity) was observed after injection of each
Dextrose ratio, no statistical significant difference
was observed between the groups (Figure 4b).
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Figure 3. Effect of MIA injection into the rat left knee in different groups (1-4). Left leg weight bearing percentages of four

different groups (a-d) at different days after MIA injection
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Figure 4. a) Statistical analysis showing the effect of Dextrose injection on the Left leg weight bearing capacity of animals
(24 rats) with OA after Dextrose injection p<0.05 b) Statistical analysis showing the effect of Dextrose injection at different
ratios (5%, 10%, 15%, 25%) on the left leg weight bearing capacity of animals (6 rats in each ratio) with OA after Dextrose

injection

Incapacitance measurements of Dextrose-treated
animals (0.5 ml/1 dose) were performed starting from
day 2 for four weeks. According to the left leg weight
bearing measurments, the improvement mostly starts
from day 14 after treatment (Figure 5a-d). When leg
weights at the end of MIA injection were compared
with those of at the end of Dextrose treatment,
some, but not complete, recovery was observed.
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In the left legs measurements several days
after Dextrose injection, the rats put less weight
on their left legs in a stable state may be due to
the damage to the injection site (13). Although,
the recovery starts several days after Dextrose
injection, the rate of recovery increases after two
weeks. The effects of dextrose percentages on
treatment from day 2 are given in Figures 6 (a-d).
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DISCUSSION

Knee osteoarthrit remains as one the most common
degenerative disease and pain associated with this
disease still continues to remain as a major unmet
medical need. Therefore, effective therapeutic
options to treat OA pain are still very much warranted.

In vitro studies on the dose of Dextrose to be
administered have shown that lower doses are
effective in the treatment of OA, while higher
doses trigger the inflammatory environment (22).

In in vivo studies on dextrose prolotherapy
injections demonstrated early inflamatory response
overall, similar to that of saline injections or
needlestick procedures which was
(13).

inflammatory

resolved by
72 h ostinjection Prolotherapy injections
but this

not uniformly

create an response,
response is variable and overall,
different from that caused by saline injections
or needlestick procedures (13). Although short
term therapeutic effects of dextrose prolotherapy
were more abundant, there are some studies that
show improvements with dextrose prolotherapy
treatment in the long term up to two years (23).

Our current in vivo study on rat demonstrated
that injection of more than 50 pl has the capacity
of leakage out of the knee joint and pave the way

for fake results. Our study showed no significance
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diffirence in the therapeutic effects of different
concentration of dextrose on developed rat animal
OA model. The current study adds two important
findings. Considering the post-treatment results in
our in vivo study, in general, it can be suggested that
Dextrose treatment was statistically and significantly
effective four weeks after injection at all doses of
Dextrose. However, no significant difference in pain
reduction efficiency between Dextrose doses was
observed. Therefore, dextrose at any concentration
between 5% to 25% can be used as treatment strategy
in OA patients alone or in combination with other
therapeutic techniques. However, generalisability of
this statement requires further studies in combination
with other therapetic techniques and clinical studies

In conclusion; Dextrose prolotherapy is one of
the most inexpensive and safe therapeutic methods
for effective treatment, recovery and pain control
of knee osteoarthritis. In experiments for which rat
is used in developing and treatment of animal Knee
OA model, application of 50 pl injecable solutions
seams to be the optimal effective volume. It also
comes out that no significant difference presence
in the effeciency of applied concentration of
Dextrose alone. However, there is a need for further
studies related to synergistic effect of prolotherapy
with  other methods.

together therapeutic

The authors would like to thank Arzu Temizyurek and Hatice Turan Pestel for their assistanse with animals

Turk Hij Den Biyol Derg



ETHICS COMMITTEE APPROVAL

* This study was approved by the Koc University Local Ethics Committee for Animal Experimentation (Date: 07.11.2018 and
Number: 2018-31).

CONFLICT OF INTEREST

The authors declare no conflict of interest.

REFERENCES

1. Woolf AD, Pfleger B. Burden of major 7. Ayral X, Pickering E, Woodworth T, Mackillop N,
musculoskeletal conditions. Bull World Health Dougados M. Synovitis: a potential predictive factor
Organ, 2003;81(9):646-56. of structural progression of medial tibiofemoral

knee osteoarthritis-results of a 1 year longitudinal
arthroscopic study in 422 patients. Osteoarthritis

2. Shapiro LM, McWalter EJ, Son M, Levenston and cartilage, 2005;13(5):361-7.

M, Hargreaves BA, Gold GE. Mechanisms of
osteoarthritis in the knee: MR imaging appearance. 8

J Magnetic Res Imag, 2014;39(6):1346-56. Kulkarni P, Martson A, Vidya R, Chitnavis S, Harsulkar

A. Pathophysiological landscape of osteoarthritis.
Adv Clin Chem, 2021;100:37-90.

3. Fu K, Robbins SR, McDougall JJ. Osteoarthritis:

the  genesis ~ of  pain.  Rheumatology, 9. Distel LM, Best TM. Prolotherapy: a clinical review
2018;57(suppl_4):iv43-50. of its role in treating chronic musculoskeletal pain.
PM&R, 2011;3:578-81.

4. Hunter DJ, McDougall JJ, Keefe FJ. The symptoms

of osteoarthritis and the genesis of pain. Med Clin 10. Kim SR, Stitikk TP, Foye PM, Greenwald BD,
North Am, 2008;34(3):623-43. Campagnolo DI. Critical review of prolotherapy
for osteoarthritis, low back pain, and other
musculoskeletal conditions: a physiatric
perspective. Am J Phys Med Rehab, 2004;83(5):379-

5. Rashad S, Hemingway A, Rainsford K, Revell P, 89.

Low F, Walker F. Effect of non-steroidal anti-

inflammatory drugs on the course of osteoarthritis.

Lancet, 1989;334(8662):519-22. 11. Rabago D, Patterson JJ, Mundt M, Kijowski R,
Grettie J, Segal NA, et al. Dextrose prolotherapy
for knee osteoarthritis: a randomized controlled

6. Kubomura D, Ueno T, Yamada M, Nagaoka l. trial. Annal Fam Med. 2013;11(3):229'37.

Evaluation of the chondroprotective action

of N-acetylglucosamine in a rat experimental
osteoarthritis model. Exp Ther  Med, 12. Rabago D, NouraniB. Prolotherapy for osteoarthritis

2017;14(4):3137-44. and tendinopathy: a descriptive review. Curr
Rheumatol Rep, 2017;19:1-8.

Turk Hij Den Biyol Derg 3 l 5



18k,

14.

153

16.

17s

18.

316

Jensen KT, Rabago DP, Best TM, Patterson JJ,
Vanderby Jr R. Early inflammatory response of knee
ligaments to prolotherapy in a rat model. J Ortho
Res, 2008;26(6):816-23.

Vaishya R, Pariyo GB, Agarwal AK, Vijay V. Non-
operative management of osteoarthritis of the
knee joint. J Clin Ortho Traum, 2016;7(3):170-6.

Rotter Sopasakis V, Wickelgren R, Sukonina V,
Brantsing C, Svala E, Hansson E, et al. Elevated
glucose levels preserve glucose uptake, hyaluronan
production, and low glutamate release following
interleukin-18  stimulation of differentiated
chondrocytes. Cartilage, 2019;10(4):491-503.

Kuyinu EL, Narayanan G, Nair LS, Laurencin CT.
Animal models of osteoarthritis: classification,
update, and measurement of outcomes. J Ortho
Surg Res, 2016;11(1):1-27.

Gregersen LS, Rosland T, Arendt-Nielsen L,
Whiteside G, Hummel M. Unrestricted weight
bearing as a method for assessment of nociceptive
behavior in a model of tibiofemoral osteoarthritis
in rats. J Behav Brain Sci 2013;03(03):306-14.

Guingamp C, Gegout-Pottie P, Philippe L, Terlain
B, Netter P, Gillet P. Mono-iodoacetate-induced
experimental osteoarthritis. A dose-response study
of loss of mobility, morphology, and biochemistry.
Arthritis Rheum, 1997;40(9):1670-9.

Turk Hij Den Biyol Derg

19.

20.

21.

22.

23.

Xu J, Yan L, Yan B, Zhou L, Tong P, Shan L.
Osteoarthritis pain model induced by intra-
articular injection of mono-iodoacetate in rats.
JoVE, 2020;(159):€60649.

Bendele A. Animal models of osteoarthritis. J
Musculoskelet Neuronal Interact, 2001;1(4):363-76.

Aytekin K, Uysal M, Sahiner GG, Danisman M, Bas O,
Takir S, et al. Evaluation of different intraarticular
injection volumes to assess optimum efficient
amount; an experimental study in rat knee joints. J
Pharma Toxicol Method, 2020;101:106658.

Tsai TL, Manner P, Li WJ. Regulation of mesenchymal
stem cell chondrogenesis by glucose through protein
kinase C/transforming growth factor signaling.
Osteoarthritis Cartilage, 2013;21(2):368-76.

Dasukil S, Arora G, Shetty S, Degala S. Impact of
prolotherapy in temporomandibular joint disorder:
a quality of life assessment. Brit J Oral Maxillofacial
Surg, 2021;59(5):599-604.



Arastirma Makalesi/Original Article Tiirk Hijyen ve Deneysel Biyoloji Dergisi

Makale Dili “ingilizce”/Amcle Language “English”

Evaluation of metabolic syndrome and its biochemical parameters
in individuals with gouty arthritis and asymptomatic hyperuricemia
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ABSTRACT

Objective: Hyperuricemia, which occurs as a result
of high uric acid levels, the end product of purine
metabolism, is related with asymptomatic hyperuricemia
(ASH) when it does not show symptoms and gouty arthritis
(GOUT) when urate crystals occur. Hyperuricemia
may interact with metabolic syndrome components.
Therefore, the aim of the study was to assess the

relationship of GOUT and ASH with metabolic syndrome.

Methods: The study was conducted with 145
individuals diagnosed with GOUT and ASH. Data on
general characteristics, biochemical test results (serum
fasting insulin, fasting blood glucose, uric acid, and
blood lipids (such as low-density lipoprotein, total
cholesterol, triglyceride, and high-density lipoprotein)),
anthropometric (waist and hip circumferences, body
weight and height) and blood pressure (systolic
and diastolic) measurement results were collected.
Bioelectrical Impedance Analysis was used to measure
body composition. The National Cholesterol Education
(NCEP-ATP 1ll)

diagnostic criteria were used for the detection of

Program-Adult Treatment Panel Il

OZET

Amag: Pirin metabolizmasinin son urunu olan
urik asit diizeyinin yiiksek olmasi sonucu ortaya cikan
hiperiirisemi, semptom gostermediginde asemptomatik
hiperiirisemi (ASH) ve irat kristalleri olustugunda gut
artriti (GUT) ile iliskilidir. Hiperirisemi, metabolik
sendrom bilesenleriyle etkilesime girebilir. Bu nedenle
calismanin amaci, GUT ve ASH’nin metabolik sendromla
iliskisini degerlendirmektir.

Yontem: Bu calisma, GUT ve ASH tanis1 alan
145 birey ile gerceklestirilmistir. Genel ozellikler,
biyokimyasal test sonuclar1 [serum aclik insilini, aclik
kan sekeri, iirik asit ve kan lipitleri (dusiik yogunluklu
lipoprotein, toplam kolesterol, trigliserit ve yuksek
yogunluklu lipoprotein gibi)], antropometrik (bel ve
kalca cevresi, viicut agirligi ve boy uzunlugu) ve kan
basinci (sistolik ve diyastolik) olcum sonuclar ile ilgili
veriler toplanmistir. Viicut kompozisyonunu olcmek
icin Biyoelektrik Impedans Analizi kullamlmistir.
Metabolik sendromun saptanmasinda Ulusal Kolesterol
Egitim Programi Eriskin Tedavi Paneli Ill (NCEP-ATP

IIl) tam kriterleri kullamilmistir. Hastalardan yazili
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metabolic syndrome. Written informed consent form
was obtained from patients. Patients who were not
volunteers, who were pregnant or lactating, diagnosed
with cancer, chronic renal failure, chronic liver failure,
and individuals using diuretic drugs were not included
in the research. In the analyses of all hypothesis tests,

p<0.05 was accepted significant.

Results: The metabolic syndrome frequency was
significantly higher in the GOUT group than in the ASH
group (p<0.05). The difference between body mass
index (BMI) values according to gender and groups was
statistically significant among women (p<0.05). Mean
body fat percentage values were significantly higher in

women in both GOUT and ASH groups (p<0.05).

Conclusion: The frequency of metabolic syndrome
was significantly higher in the GOUT group. In addition,
BMI and body fat percentage values were significantly
higher in women. Abdominal obesity and possible
hyperinsulinemia may cause more serious problems in
the presence of hyperuricemia. Therefore, multiple
parameters (various biochemical and anthropometric

measurements) should be evaluated together.

Key Words: Uric acid, asymptomatic hyperuricemia,

gout, metabolic syndrome

bilgilendirilmis onam formu alinmisti.  Gonullu
olmayan, hamile veya emziren, kanser tanisi almis,
kronik bobrek yetmezligi ve kronik karaciger yetmezligi
olan ve diuretik ila¢ kullanan kisiler arastirmaya dahil
edilmemistir. Tum hipotez testlerinin analizlerinde

p<0.05 anlamli olarak kabul edilmistir.

Bulgular: GUT grubunda metabolik sendrom
prevalansi ASH grubuna gore anlamli derecede yuksekti
(p<0.05). Cinsiyet ve gruplara gore beden kiitle indeksi
(BKi) degerleri arasindaki fark kadinlar arasinda
(p<0.05).

viicut yag yiizdesi degerleri hem GUT hem de ASH

istatistiksel olarak anlamli idi Ortalama

grubundaki kadinlarda anlamli derecede yiiksek olarak

bulunmustur (p<0.05).

Sonug¢: GUT grubunda metabolik sendrom prevalansi
kadinlarda BKi
ve viicut yag ylzdesi degerleri anlamli derecede

anlamli derecede yiiksekti. Ayrica,

yuksekti. Abdominal obezite ve olasi hiperinsulinemi,
hiperiirisemi varliginda daha ciddi sorunlara neden
olabilir. Bu nedenle, birden fazla parametrenin (cesitli
birlikte

biyokimyasal ve antropometrik olclimler)

degerlendirilmesi gerekmektedir.

Anahtar  Kelimeler: Urik asit, asemptomatik

hipertrisemi, gut, metabolik sendrom

INTRODUCTION

Gout is a type of arthritis that occurs when uric
acid levels are irregular. It is a systemic disease
that results in the accumulation of monosodium
urate crystals in tissues. Elevated serum uric acid
levels above a certain threshold cause the formation
of uric acid crystals. The clinically gout is seen as
acute gouty arthritis, asymptomatic hyperuricemia,
chronic tophaceous gout, and intercritical period.
Furthermore, many people with hyperuricemia may
not develop gout, so uric acid crystals may not form
(1). Uric acid, the metabolic end product of purine
metabolism, has recently been related with many
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chronic diseases, including metabolic syndrome (2).
There are numerous primary and secondary
reasons of hyperuricemia. Modifiable factors that can
cause hyperuricemia are: high purine diet, obesity,
uncontrolled hypertension, alcohol consumption,
hypertriglyceridemia, some drugs (such as thiazides
and low-dose aspirin), and insufficient urine
output (<1400 ml/day). Chronic hyperuricemia is
dangerous for health because it causes urate crystal
accumulation, which can cause gout, urolithiasis, and
uric acid nephropathy. Asymptomatic hyperuricemia
is an elevated uric acid level (women: >6 mg/dL or
men: >7 mg/dL). However, there are no symptoms

associated with urate crystal formation. Detailed



health and nutritional history, physical examination,

and laboratory findings are important in the
treatment of asymptomatic hyperuricemia (3). The
comorbidities of gout vary according to the affected
system. Some of these are: stroke, hypertension,
coronary heart disease, heart failure, atherosclerosis,
nephrolithiasis, Alzheimer’s and Parkinson’s diseases,
osteoporosis, chronic kidney disease, osteoarthritis,
and diabetes. When evaluated in general, metabolic
syndrome, which includes different metabolic
components together, has an important place in
gout (4). According to the National Cholesterol
Education Program-Adult Treatment Panel Il (NCEP-
ATP 1ll) criteria, metabolic syndrome prevalence
was reported as 62.8% in gout patients and 25.4%
in those without gout (5). Metabolic syndrome is a
chronic low-grade inflammation status related with
genetic or environmental factors. Insulin resistance
visceral adiposity (high

atherogenic

or high blood glucose,

waist circumference), dyslipidemia
(especially declined high-density lipoprotein (HDL)
and enhanced triglyceride (TG)), and increased blood
pressure are the most important factors that cause
metabolic syndrome (6). A significant correlation
was found among metabolic parameters (TG, waist
circumference, HDL-cholesterol, and blood pressure)
and serum uric acid level. Especially, high triglyceride
level was shown as the most effective parameter on
serum uric acid level (7). Hyperuricemia is common in
individuals with metabolic syndrome. It was suggested
that there may be an increase in uric acid absorption
secondary to hyperinsulinemia (8).

The purpose of this research was to examine
the association of gouty arthritis and asymptomatic

hyperuricemia with metabolic syndrome.

MATERIAL and METHOD

Patients
The study included volunteers diagnosed
with gouty arthritis (GOUT) and asymptomatic

hyperuricemia (ASH) and presented to the Internal

Medicine Outpatient Clinic within 5 months. The study
included 145 individuals (52 men and 93 women) in
18-65 years old.

After the individuals were briefed about the
research, a written informed consent form was
obtained. Patients who were not volunteers, who
were pregnant or lactating, diagnosed with cancer,
chronic renal failure, chronic liver failure, and
individuals using diuretic drugs were not included in
the research.

In order to assess the socio-demographic features
(age, gender, and educational status etc.) and
general health information (such as smoking and
alcohol use status) of the people, a questionnaire
form with multiple-choice and open-ended items was
administered by the researchers through face-to-face
interviews.

Among the patients presented or consulted to
the Internal Medicine Outpatient Clinic, persons with
ASH or GOUT based on their biochemical and clinical
findings were included in the study.

Biochemical Indicators

The serum fasting insulin, fasting blood glucose,
uric acid, and blood lipids (such as low-density
lipoprotein (LDL), total cholesterol, TG, and HDL)
values were recorded from patient files. In the
evaluation of biochemical indicators, reference
ranges of the Private Lokman Hekim Ankara Hospital
Model

Assessment of Insulin Resistance (HOMA-IR) amounts

Laboratory were exerted. Homeostasis
were counted for the detection of insulin resistance.
A HOMA-IR of >2.7 was defined as insulin resistance
9).

Measurement of Blood Pressure

Blood pressures were measured with a manual
sphygmomanometer by a nurse assigned by hospital.
Blood pressures and diastolic)
recorded by receiving the mean of two consecutive

(systolic were

measurements while at rest. Hypertension is
described as systolic blood pressure-140 mm Hg

and greater and/or diastolic blood pressure-90 mm
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Hg and greater and/or receiving anti-hypertensive
treatment (10).

Anthropometric Measurements and Body

Composition

Waist-hip circumferences, body weight, height,
and body composition measurements were taken.
Bioelectrical Impedance Analysis (BIA) was used for
body weight measurement, while the patients were
in thin clothes, without socks and shoes. Height was
measured with a Seca stadiometer. While taking
the height measurements of the individuals, they
were in the Frankfort plane (eye and auricle are at
the same level) and their feet were together. Body
weights and heights were calculated using the body
mass index (BMI) formula: [BMI (kg/m?) = Body Weight
(kg) / Height (m?)], and the outcomes were classified
in accordance with the World Health Organization
(WHO) Accordingly, <18.50 kg/m?
was evaluated as underweight, 18.50-24.99 kg/m2-
normal, 25.00-29.99 kg/m?-overweight, and >30.00
kg/m?2-obese (11).

Waist circumference measurement was made by

classification.

measuring the circumference through the midpoint
between the lowest rib and the crista iliaca with
an inflexible tape measure. According to the WHO
classification, waist circumference values were
evaluated as <94 cm-normal, 94 cm-risk, and >102
cm-high risk in men; <80 cm-normal, >80 cm-risk, and
>88 cm-high risk in women (12).

The hip circumference was measured from the

highest point, parallel to the ground, and standing
on the side of the individual with an inflexible tape
measure. Waist/hip ratio was calculated with this
formula: [Waist/Hip Ratio = Waist Circumference
(cm) / Hip Circumference (cm)]. The outcomes
were assessed according to the WHO classification.
Accordingly, waist/hip ratio was determined as <0.90
normal and >0.90 risk in men; <0.85 normal and >0.85

risk in women (12).
Detection of Body Composition

The body composition of individuals (body
fat percentage etc.) was assessed using BIA. The
individuals were asked not to eat at least two hours
before the measurement, not to drink much water
before the measurement, not to drink tea/coffee 4
hours before the measurement, not to perform heavy
physical activity, and not to consume alcohol 24 hours
before. Body fat percentage was classified as <5%
lean, 6-24% normal, and >25% risk in men; <8% lean,

9-31% normal, and >32% risk in women (13).
Metabolic Syndrome Diagnostic Criteria

The NCEP-ATP Il diagnostic criteria were used for
the detection of metabolic syndrome (Table 1) (14).
Informed Consent

The authors declare that they obtained a written
informed consent from the patients and/or volunteers
included in the article and that this report does not

contain any personal information that could lead to
their identification.

Table 1. NCEP-ATP Il diagnostic criteria for metabolic syndrome (14)

» Abdominal obesity (waist circumference: >102 cm-men, >88 cm-women)

» Hypertriglyceridemia (=150 mg/dL for TG)

e Low HDL (HDL: <40 mg/dL-men, <50 mg/dL-women)

» Hypertension (>130/85 mm Hg for blood pressure)

» Hyperglycemia (=110 mg/dL for fasting blood glucose)

*Exhibiting at least three of the parameters is necessary for metabolic syndrome.
NCEP-ATP 1lI: National Cholesterol Education Program-Adult Treatment Panel Ill, TG: triglyceride, HDL: high-density

lipoprotein.

Turk Hij Den Biyol Derg



Statistical Analysis

Number (n) and percentage (%) were used for

categorical variables. Mean, standard deviation
(SD), minimum, and maximum values were used for
continuous variables. Whether the data were normally
distributed was assessed with the Kolmogorov-
Smirnov Test and histograms. In the assessment of
categorical variables, the Pearson’s Chi-square (x?)
Test was performed when the assumptions were met;
the Fisher’s Exact (x?) Test was performed when the
number of samples in the crosstab was insufficient
and the assumption could not be met. Statistical
Package for Social Sciences 22.0 was applied in the
statistical assessment of the data. In the analyses of
all hypothesis tests, p<0.05 was accepted significant.

This
University Non-Interventional Clinical Research Ethics
Committee (Date: 12.04.2016 and Number: 94603339-

604.01.02/12438).

study was approved by the Baskent

RESULTS

Basic Information of the Individuals

In the study, 63.4% (n=92) of the individuals were
women and 36.6% (n=53) were men. The mean age of
all individuals was 37.2+12.8 years; 34.0+12.7 years
for the ASH group and 41.0+12.0 years for the GOUT

group. In the ASH group, 15.0% were housewife, 7.5%
were civil servant, 17.5% were worker, 13.8% were
self-employed, 1.3% were retired, and 45.0% were
in other professions. In the GOUT group, 21.5% were
housewife, 18.5% were civil servant, 1.5% were worker,
21.5% were self-employed, 15.4% were retired, and
21.5% were in other professions (Data not shown).

In the ASH group, 71.3% were non-smokers, 10.0%
had been smokers before and quit smoking, and 18.8%
were current smokers; 50.8% of the GOUT group were
non-smokers, 1.5% had been smokers before and quit
smoking, and 47.7% were current smokers. In the ASH
group, 11.3% consumed alcohol, whereas 26.2% of
the GOUT group consumed alcohol. It was observed
that 88.8% of the ASH group and 73.8% of the GOUT
group did not consume alcohol (Data not shown).

Metabolic Syndrome Frequency

The
statistically significantly higher than the ASH group.

metabolic syndrome frequency was
The metabolic syndrome frequency of the individuals
participating in the study is shown in Table 2.

The distribution of metabolic syndrome frequency
by age and the groups (ASH and GOUT) is shown in Table
3. The highest metabolic syndrome frequency was
47.6% in individuals aged 20-29 for ASH group and 41.4%

in individuals aged 40-49 for GOUT group (Table 3).

Table 2. Comparation of metabolic syndrome in accordance with ASH and GOUT groups and gender

. ASH GOUT Total
Metabolic Syndrome (n= 80) (n= 65) (n= 145)
n % n % n % p
Women 15 71.4 13 44.8 28 56.0
G ORI LS 6 28.6 16 55.2 2 44.0
syndrome 0.061
Total 21 100.0 29 100.0 50 100.0
Women 51 86.4 13 36.1 64 67.4
Absence of metabolic
Eyndiome Men 8 13.6 23 63.9 31 32.6 <0.001*
Total 59 100.0 36 100.0 95 100.0
ASH: asymptomatic hyperuricemia, GOUT: gouty arthritis.
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Table 3. Metabolic syndrome frequency according to ASH and GOUT and age groups

Metabolic Syndrome

Disease Group n %
20-29 10 47.6
30-39 4 19.0
40-49 2 9.6

ASH ~G2 50-59 4 19.0
60-65 1 4.8
20-29 5 17.2
30-39 4 13.8
40-49 12 41.4

GOUT Age (year) —— . 70
60-65 1 3.4

ASH: asymptomatic hyperuricemia, GOUT: gouty arthritis.

Distribution of Anthropometric Measurements of
ASH and GOUT Groups

In the ASH group, 42.9% of men and 42.4% of
women were obese, 57.1% of men and 28.8% of
women were overweight, and 0.0% of men and 28.8%
of women were normal. In the GOUT group, 73.1% of
women were obese, 19.2% were overweight, and 7.7%
had normal BMI; these values were 56.4%, 41.0%, and
0.0% in men, respectively. The difference among BMI
values according to gender and groups was statistically
(p=0.021) (Table 4).

While the mean waist circumference of the
men was 106.3+20.29 cm in the ASH group, it was
104.1+17.26 cm in the GOUT group. It was 90.3+21.85
cm in women in the ASH group and 95.0+12.50 cm in
women in the GOUT group. There was no signification
among the mean values of waist circumference

important among women

between the groups (p=0.691 for men, p=0.302 for
women) (Data not shown). In the ASH group, 50.0% of
the men and 45.5% of the women were in the high-risk
group. In the GOUT group, 56.5% of men and 65.4%
of women were in the high-risk group. There was
no significant differentiation between the groups by

Turk Hij Den Biyol Derg

waist circumference classification (p=0.105) (Table 4).

Mean hip circumference of men was 109.2+11.20
cm in the ASH group and 110.0+£11.67 cm in the GOUT
group; it was 103.6+12.24 cm in women in the ASH
groupand 107.8+10.51 cminwomenin the GOUT group.
There was no statistical signification among the mean
hip circumference values between the groups (p=0.832
for men, p=0.126 for women) (Data not shown).

Mean waist/hip ratio was 0.97+0.10 for men
and 0.84+0.10 for women in the ASH group. The
mean waist/hip ratio was 0.93+0.09 for men and
0.87+0.06 for women in the GOUT group. There was
no statistical signification among the mean values
of waist/hip ratio between the groups (p>0.05)
(p=0.215 for men, p=0.103 for women). According to
the mean waist/hip ratio classification, in the ASH
group, 21.4% of the men were in the normal group
and 78.6% of the men in the risk group, while 48.5%
of the women were in the normal group and 51.5%
in the risk group. In the GOUT group, 28.2% of the
men were in the normal group and 71.8% in the
risk group; 30.8% of the women were in the normal
group and 69.2% were in the risk group. There was no



significative difference among waist/hip ratio values
according to gender and groups (p=0.123) (Table 4).

The mean body fat percentage (%) was 29.9+4.42
for men and 35.4+6.77 for women in the ASH group.
In the GOUT group, mean body fat percentage (%)
for men was 30.7+7.80 and 39.2+4.22 for women.
In both GOUT and ASH groups, mean body fat
percentage values were higher in women and the

difference among them was statistically important
(p=0.008) (Data not shown). In terms of the body fat
percentages, 92.9% of men and 72.7% of women in
the ASH group were in the risky class, while 92.3%
of both gender in the GOUT group were in the
risky class. There was a significant differentiation
between the groups by gender (p=0.040) (Table 4).

Table 4. Distribution of anthropometric measurements of ASH and GOUT groups by gender

Men Women
Anthropometric ASH GouT ASH GOUT Total Men  Women
Measurements
n % n % n % n % n % p p
BMI (kg/m?)
Underweight - - 1 2.6 1 0.7
Normal - - - - 19 28.8 2 7.7 21 14.5
Overweight 8 57.1 16 41.0 19 28.8 5 19.2 48 33.1  0.533 SO
Obese 6 42.9 22 56.4 28 42.4 19 73.1 75 51.7
Waist
circumference (cm)
Normal 2 14.3 9 23.1 25 37.9 4 15.4 40 27.6
Risk 5 35.7 8 20.4 11 16.6 5 19.2 29 20.0 0.542 0.105
High risk 7 50.0 22 56.5 30 45.5 17 65.4 76 52.4
Waist/hip ratio
Normal 3 21.4 11 28.2 32 48.5 8 30.8 54 37.2  0.735 0.123
Risk 11 78.6 28 71.8 34 51.5 18 69.2 91 62.8
Body fat
percentage (%)
Normal 1 7.1 3 7.7 18 27.3 2 7.7 24 16.6 1.000 0.040*
Risk 13 92.9 36 92.3 48 72.7 24 92.3 121 834
ASH: asymptomatic hyperuricemia, GOUT: gouty arthritis, BMI: body mass index.
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Metabolic Syndrome Frequency according to ASH
and GOUT Groups (Presence of Insulin Resistance
and Dyslipidemia)

In Table 5, the metabolic syndrome frequency was
evaluated by groups, the presence of dyslipidemia,
and insulin resistance of the individuals participating
in the study. While 71.4% of women and 28.6% of
men in the ASH group had metabolic syndrome,
86.4% of women and 13.6% of men did not have
metabolic syndrome. In the GOUT group, there was
metabolic syndrome in 44.8% of women and 55.2%
of men; metabolic syndrome was not found in 36.1%
of women and 63.9% of men. Insulin resistance was

72.7% in men with metabolic syndrome, while it
was 57.1% in women. The differentiation between
the groups was not important (p=0.061) (Table 5).

In terms of dyslipidemia status, 40.9% of men with
metabolic syndrome had total cholesterol >200 mg/
dL, 68.2% LDL >100 mg/dL, 18.2% HDL <35 mg/dL,
and 36.4% TG 2150 mg/dL. In women with metabolic
syndrome, 28.6% had total cholesterol >200 mg/
dL, 53.6% had LDL >100 mg/dL, 25.0% had HDL <35
mg/dL, and 28.6% had TG 2150 mg/dL. However,
no statistical significance was found among these
values (p=0.361 for total cholesterol, p=0.295 for
LDL, p=0.561 for HDL, p=0.558 for TG) (Table 5).

Table 5. Metabolic syndrome frequency according to ASH and GOUT groups, presence of insulin resistance and dyslipidemia

Metabolic Syndrome

Yes (n= 50) No (n= 95)

Hospital Reference Values (nlregz) r::mzesr; (nge; 1) x:m:‘{;

% n % n % n % n p' p?
ASH 28.6 6 71.4 15 13.6 8 86.4 51 0.061 0.644
GOUT 55.2 16 44.8 13 63.9 23 36.1 13
Insulin resistance
HOMA-IR <2.7 27.3 6 42.9 12 32.3 10 67.2 43 0.352 <0.001*
HOMA-IR >2.7 72.7 16 57.1 16 67.7 21 32.8 21
Dyslipidemia
Total cholesterol <200 mg/dL ~ 59.1 13 71.4 20 51.6 16 82.8 53 0.361  0.010*
Total cholesterol >200 mg/dL ~ 40.9 9 28.6 8 48.4 15 17.2 11
LDL <100 mg/dL 31.8 7 46.4 13 29.0 9 53.1 34 0.295 0.027*
LDL >100 mg/dL 68.2 15 53.6 15 71.0 22 46.9 30
HDL <35 mg/dL 18.2 4 25.0 7 6.5 2 0.561  0.010*
HDL 35-55 mg/dL 59.1 13 64.3 18 83.8 26 59.4 38
HDL >55 mg/dL 22.7 5 10.7 3 9.7 3 40.6 26
TG <150 mg/dL 63.6 14 71.4 20 83.9 26 100 64 0.558  0.030*
TG 2150 mg/dL 36.4 8 28.6 8 16.1 5

p': Men and women with metabolic syndrome.

p?: Evaluation of the metabolic syndrome frequency by men and women without metabolic syndrome.

ASH: asymptomatic hyperuricemia, GOUT: gouty arthritis, HOMA-IR: Homeostasis Model Assessment of Insulin Resistance,
LDL: low-density lipoprotein, HDL: high-density lipoprotein, TG: triglyceride.
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DISCUSSION

The current study provides insights into the
relationship of ASH and GOUT with metabolic
syndrome. We used the biochemical, blood pressure,
anthropometric, and body composition measurements
to assess the all participants with ASH, GOUT, and
metabolic syndrome. Hyperuricemia, abdominal
obesity, low HDL, hypertension, hypertriglyceridemia,
and hyperglycemia were the parameters used
in this research to determine the association of
ASH and GOUT with metabolic syndrome. In both
gout and asymptomatic hyperuricemia, metabolic
syndrome components may be affected. Thus,
factors that may cause hyperuricemia and metabolic
syndrome components should be evaluated together.

The mean of waist circumference, one of the
indicators of abdominal obesity, was 106.3+20.29 cm
inmenand 90.3+21.85 cmin women in the ASH group in
this study and it was concluded that both values were
higher than the reference values (12). In another study
conducted with 83 patients with ASH, a significant
relationship was found among hyperuricemia
with glucose intolerance, abdominal obesity, and
hypertriglyceridemia, which are components of
metabolic syndrome, excluding hypertension and HDL
(15). Therefore, blood lipid and glucose controls,
and certain anthropometric measurements (such as
waist and hip circumference) should be routinely
performed in treatment approaches in hyperuricemia.

In the cross-sectional study, there were 174 gout
patients, 48.3% women and 51.7% men. The metabolic
syndrome prevalence was 54.6% and no significant
difference was found between women (59.5%) and men
(50.0%) (16). In this study, 44.8% of women and 55.2%
of men in the GOUT group had metabolic syndrome.
Unlike the previous study (16), the metabolic syndrome
frequency was greater in men with gout in this study.

In this study, the men/women ratio was 3/2
among gout patients. In the research carried out
by Jung et al. (17) in Korean gout patients and

investigating the metabolic syndrome prevalence,

the men/women ratio was 10.6/1, which was higher
than our study. Furthermore, the mean age of gout
patients was 51.28+15.07 years in the same study
(17) and it was 41.0+12.68 years in our study, which
was lower. The variation in the prevalence of gout
according to age may be due to the socio-demographic
features of the persons participating in the study.

According to a cross-sectional study of 9,206
Chinese individuals, when compared with BMI and
waist circumference, waist/height ratio was accepted
as the independent variable in the estimation of
the presence of hyperuricemia (18). In a study
conducted in Taiwanese men, a significant and linear
relationship was found between waist/height ratio
and gout. In addition, it was emphasized that waist/
height ratio is a better anthropometric measurement
in defining gout when compared to BMI, waist/hip
ratio, and waist circumference (19). In this study,
it was noted that all of the men (100.0%) and 71.2%
of the women in the ASH group, 97.4% of the men
and 92.3% of the women were overweight and obese
in the GOUT group. In both groups, it was detected
that men were more in the overweight and obese
classes. In addition, it was found that 50.0% and
more of men in both groups (ASH and GOUT) were in
the high-risk group in terms of waist circumference
measurements. Therefore, the evaluation of different
anthropometric measurements together rather than a
single anthropometric measurement and the fact that
alcohol consumption is higher in men in nutritional
habits should not be ignored in treatment protocols.

In terms of body fat percentages, 92.9% of men
and 72.7% of women in the ASH group; 92.3% of
both men and women in the GOUT group were in
the risk group in this study. In a study examining the
relationship between body fat distribution and uric
acid metabolism, visceral fat accumulation elevated
the hyperuricemia risk in elderly and middle-aged
individuals, independent of neck circumference, BMI,
and waist circumference (20). In a study of Vietnamese
men with primary gout (n= 107) and healthy (n= 107)
Vietnamese men, mean total body and trunk fat
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masses in gout patients were found to be significantly
higher than control group. Therewithal, it was stated
that there was a strong and positive correlation
between BMI and total body fat mass; a strong and
positive correlation between trunk fat mass and
waist circumference in gout patients. In addition,
in accordance with the original and revised NCEP-
ATP Il criteria, the metabolic syndrome prevalence
was significantly greater in gout patients (21). The
balance of body fat composition and fat distribution
can be shown among the factors included in the
pathogenesis of systemic and metabolic diseases.

Gout patients in this study, 18.5% were in the age
range of 20-29, 24.6% were 30-39, and 30.8% were
40-49 and it was specified that the gout frequency
increased with age. On the contrary, according to the
results of a cross-sectional study, a significant and
negative relation was detected between age and uric
acid concentrations in 653 individuals with gout (22).
the
dyslipidemia prevalence was significantly greater in

In a study of 348 men gout patients,

those with excess fat (body fat percentage >25.0%)
compared to those with normal body fat percentage
(70.1%, 54.0%, respectively) (23).
primary gout patients to examine the metabolic

In a study of 41

syndrome prevalence and its constituents, 21 gout
patients (51.0%) exhibited three or more of the
metabolic syndrome components. Dyslipidemia
was determined as one of the most common
metabolic syndrome criteria with a rate of 73.17%
(30/41) (24). In this study, when the components
of dyslipidemia were examined, 40.9% of men with
metabolic syndrome had total cholesterol >200 mg/
dL, 68.2% had LDL >100 mg/dL, 18.2% had HDL <35
mg/dL, and 36.4% had TG 2150 mg/dL. In women
with metabolic syndrome, these values were
determined as 28.6%, 53.6%, 25.0%, and 28.6%,
respectively. The higher HDL levels in men than in
women can be demonstrated by the fact that men
are physically more active. The metabolic syndrome
prevalence in gout was

patients significantly

greater (43.6%) than the Korean control group. In
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comparison to the control group, gout patients had
more metabolic syndrome components. At the same
time, BMI and HDL were stated as important factors
in the emergence of metabolic syndrome in gout
patients (25). In order to prevent cardiometabolic
complications that may occur in gout patients
with metabolic syndrome, metabolic syndrome
components should also be targeted in the treatment.

It was noticed that individuals with insulin
resistance had a substantially greater rate of
metabolic syndrome. The mean serum uric acid
level was greater in those with insulin resistance
than in those without insulin resistance, but this
differentiation was not important. Similarly, the
mean serum uric acid level was greater in those
with metabolic syndrome in comparison to those
but

statistically important. It was revealed that there

without metabolic syndrome, it was not
was no relationship among serum uric acid level with
metabolic syndrome and insulin resistance (26). In the
study in which 46 patients (men) with primary gout
were classified according to the presence of metabolic
syndrome, gout patients had significantly greater
HOMA-IR levels. Furthermore, those with metabolic
syndrome had significantly greater uric acid levels.
In addition, gout patients with metatarsophalangeal
(big toe joint) joint erosion had significantly higher
insulin resistance values (27). In another study, the
metabolic syndrome prevalence in gout patients
was found to be 30.1% according to ATP Il criteria
and 50.6% according to WHO Asia-Pacific criteria. In
addition, the mean HOMA-IR value in gout patients
was determined as 2.63+1.36 and it was observed
that it was significantly greater than the control
group (28). In this study, insulin resistance was found
in more than half of men and women with metabolic
syndrome. Since there are common factors that can
cause hyperinsulinemia and hyperuricemia, care
should be taken when questioning a nutritional history.

The in both (ASH-GOUT)
were selected by the determined criteria and data

individuals groups

were collected through the questionnaire in face-



to-face interviews, which increased the originality
of the data. These were the strengths of the study.

The limitations of the study incorporated the
smaller sample size and it was a single centre study.
We recommend that further population-based studies
(epidemiological, meta-analysis etc.) and also
multicenter studies should be carried out in future
to evaluate the association of gouty arthritis and
asymptomatichyperuricemiawithmetabolicsyndrome.

In conclusion, while gout is seen more with
increasing age, asymptomatic hyperuricemia can
also occur at younger ages. As there is an increase

in blood uric acid levels without symptoms in

ETHICS COMMITTEE APPROVAL

asymptomatic  hyperuricemia, urate crystals
formed in gout may adversely affect the prognosis
and treatment approaches of the disease. In both
gout and asymptomatic hyperuricemia, metabolic
syndrome  components  (waist circumference,
HDL, TG, blood pressure, and blood glucose) may
be affected. Therefore, factors that may cause
should be

evaluated together. Furthermore, the development of

hyperuricemia and hyperinsulinemia

metabolic syndrome can be prevented by evaluating
various anthropometric measurements, biochemical
tests, and nutrition and health history together in
gout and asymptomatic hyperuricemia treatment.
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Evaluation of cultivable aerobic vaginal microbiota of repeat
breeder and healthy pregnant dairy cows

Elcin GUNAYDIN'

, Giilsen GONCAGUL?

, Emsal Sinem OZDEMIR SALCI

ABSTRACT

Objective: Vaginal microbiota on bovine fertility
has been minimally explored, and data on this are
limited, despite the fact that vagina itself is a first
barrier against ascending pathogens in the reproductive
tract and interacts with host mucosa. Contamination
of the female genital tract or dysbiosis of the vaginal
flora have risks for the development of reproductive
problems. Subclinical endometritis is one of the many
variables that might lead to repeat breeder syndrome,
and its significance has been neglected. In this study, we
aimed to examine cultivable aerobic vaginal microbiota
of repeat breeder (RB) cows and healthy pregranant

(HP) cows at 60" day following artificial insemination.

Methods: A total of 45 Holstein breed dairy cows
aged between 3 and 8 years including 20 repeat breeder
(RB) cows (Group | = RBG), alongside 25 healthy pregnant
(HP) cows (Group |I=HPG) that conceived within one
or two inseminations were used as study groups. The
vaginal swab samples collected from RBG and HPG
were incubated at 37 °C for 24 hours in fluid thiogly-
collate. On the next day, part of the initial culture was

inoculated onto blood agar and EMB agar examined for

OZET

Amac: Vajinal mikrobiyotanin sigir fertilitesi
Uzerindeki etkisi cok az arastinlmistir ve bu konuda
sinirll veri mevcuttur. Vajinanin kendisi tireme yolunda
yukari dogru cikan patojenlere karsi ilk bariyer olup
konak mukozasi ile etkilesime girer. Disi genital yolun
kontaminasyonu veya vajinal floranin disbiyozu, lireme
Subklinik

sendromuna yol

problemlerinin gelismesi icin risk tasir.

endometrit, tekrarlayan kizginlik
acabilecek bircok degiskenden biridir ve 6nemi g6z ard
edilmistir. Bu calismada, yapay tohumlamadan sonraki
60. giinde tekrarlayan kizginlik (RB) inekleri ve saglikli
gebe (HP) ineklerin kiltiri yapilabilir aerobik vajinal

mikrobiyotasini incelemeyi amacladik.

Yontem: Calisma gruplan olarak, 3 ila 8 yaslan
arasinda 20 tekrarlayan kizginlik (RB) inegi (Grup | =
RBG) ve bir veya iki tohumlama icinde gebe kalan 25
saglikli gebe (HP) inegi (Grup |I=HPG) olmak {izere
toplam 45 Holstein cinsi siit inegi kullamldi. RBG ve
HPG’den alinan vajinal suriintii ornekleri, siv1 tiyo-
glikolat icinde 37 °C’de 24 saat inkiibe edildi. Ertesi
giin, baslangic kultirinin bir kismi kanli agar ve EMB

agar lzerine ekilerek kiiltiirlenebilir vajinal mikrobiyota
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the cultivable vaginal microbiota. The identification of

bacteria was done with an automated system.

Results: A total of 26 species of 16 genera
distributed among 4 phyla including Proteobacteria,
Firmicutes, Actinobacteria, Bacteroiodetes were
identified. The relative abundance of Proteobacteria in
HP group comparing with the RB group was associated
with an increase in progesterone. HP group presented
relatively greater richness with 21 species followed
by the RB group with 17 identified species. HP group
possessed a more diverse microbiota in comparison
to those suffering from subclinical endometritis. The
relative abundance of Escherichia genus and Escherichia
coli in RB group might have induced supressing the

release of luteinizing hormone.

Conclusion: As a conclusion, the diversity of the
vaginal microbiota and numerically abundance of some
genus and species had favourable/unfavorable effects
on reproductive fertility. The consortium of vaginal
microbiota should be explored entirely in further
studies since vagina is the first entrance of pathogens

via ascending route in the reproductive tracts.

Key Words:

vaginal microbiota

Repeat breeder, pregnant, cows,

icin incelendi. Bakterilerin tanimlanmas1 otomatize bir

sistem ile gerceklestirildi.

Bulgular: Proteobacteria, Firmicutes,
Actinobacteria ve Bacteroidetes dahil olmak Uzere
4 subeye dagilan 16 cinse ait toplam 26 tir tespit
edilmistir. HP grubunda Proteobacteria’nin relatif
bollugunun RB grubuna kiyasla progesteron artisi
ile iliskili oldugu bulunmustur. HP grubu, 21 tir ile
nispeten daha buyuk bir zenginlik gostermis, bunu 17
tir ile RB grubu takip etmistir. HP grubu, subklinik
endometritis yasayanlara kiyasla daha cesitli bir
mikrobiyotaya sahipti. RB grubunda Escherichia cinsi
ve Escherichia coli’nin relatif bollugu, luteinize edici

hormonun salinimini baskilamis olabilir.

Sonuc: Sonuc olarak, vajinal mikrobiyotanin
cesitliligi ve bazi cins ve tiirlerin sayisal bollugu tireme
fertilitesi lizerinde olumlu/olumsuz etkilere sahiptir.
Vajina, lireme yolunda patojenlerin yukari dogru girisi
icin ilk giris noktasi oldugundan vajinal mikrobiyota
konsorsiyumu ayrintili

gelecekteki  calismalarda

arastirilmalidir.

Anahtar Kelimeler: Tekrarlayan kizginlik, gebe,

inekler, vajinal mikrobiyota

INTRODUCTION

The prospective origin of the reproductive tract
microbiota is diverse. Microorganisms can enter the
reproductive tract from other anatomical sites. In
particularly, weakened physical cervical barrier at
birth allows the introduction of bacteria into the
genital system either from the vagina or from the
environment via the vagina and also from the feces
and animal skin to the genital tract (1). Besides this,
negative abdominal pressure after parturition which
causes a craniad sinking of the anus and subsequently
of the vagina with increased craniad angulation of the
dorsal portion of the vulva in predisposed animals.

Turk Hij Den Biyol Derg

Air sucking in severely affected animals additionally
triggers a reflux of urine from the vestibule to the
vagina which results in urine accumulation in the
lower part of the vagina (pneumovagina) (2). The
cattle rumen typical flora such as Porphyromonas,
Fusobacterium, and Bacteroides (3) were excreted in
feces and then because of enviromental contamination
uterus infections increased, subsequently occurence
of metritis (4). Moreover, vaginal flora and uterus flora
shares the same pathogens as previously described
(5). Plausible pathogenicity of bacterial categories
isolated from the lumen of the uterus are divided into
three categories: Uterine pathogens, Trueperella,
Escherichia coli, Prevotella spp., Bacteroides spp.,



Fusobacterium spp.; Potential pathogens, Bacillus

licheniformis, Enterecoccus faecalis, Pasteurella
spp., Staphylococcus aureus,
spp., streptecocci;
contaminants, Clostridium perfringens, Klebsiella
spp., Proteus spp.,
Aspergillus spp., Streptecoccus spp., Haemolytic

streptecocci (6). The ascension pathway of bacteria

Peptostreptecoccus
Nonhaemolytic Oportunistic

pneumonia, Micrococcus

into the uterus is likewise plausible from vagina.
Additionally, all of these bacteria are the result of
fecal contamination of bedding, the environment,
and fur (7).

In cattle breeding, reproductive efficiency is the
most important criterion of productivity. Reproductive
yield is reduced due to genetic, nutritional, hormonal
or infectious problems. (8-10). In these reproductive
infections affect

problems, reproductive canal

fertility and cause economic loss (10). Changes in
vaginal microflora may lead to infertility in cattle

(11).

flora are in permanent interaction with the mucosa

Since the host microorganisms of the vaginal

they are the first protective barrier against the
pathogens and sperm carried by the ascending route
in the genital tract (11). On the other hand, presence
of specific bacterial populations in the vagina has
risks for the development of reproductive problems
(11,12). Contamination of the female genital tract
or dysbiosis of the vaginal flora leads to infections
of genital tract, abortion, premature parturition
(10,11). Repeat breeding syndrome is another major
infertility problems of herds (13). Animals exhibiting
regular estrus cycle and normal heat signs but failed
to conceive after three or more inseminations
are named as repeat breeders (13). Subclinical
endometritis is one of the many variables that might
lead to repeat breeder syndrome, and its significance
shouldn’t be overlooked.

Although studies on genital canal flora in
cattle generally focus on uterus. Considering the
significance of vaginal flora being the first entrance
of microorganisms to genital canal, this study aimed

to compare the vaginal cultivable aerobic bacterial

flora of repeat breeder cows and healthy pregnant
cows in order to discuss the effects on reproduction
in the light of literatures.

MATERIAL and METHOD

Study groups

A total of 45 Holstein breed dairy cows aged
between 3 and 8 years including 20 repeat breeder
(RB) cows (Group | = RBG) that have undergone three
or more inseminations without conception and showed
no genital pathology, alongside 25 healthy pregnant
(HP) cows (Group II=HPG) that conceived within one
or two inseminations were used as study groups
Sampling

The vaginal swab samples collected from RBG and
HPG were collected on the 60th day following artificial
insemination. Before vaginal swab sampling from cows
in order to prevent contamination, the tail was lifted
upwards, and the external genital area with vulval
lips was cleaned with benzalkonium hydrochloride
(Zefirolum®, Kimpa, Istanbul). Then, the area was
dried with a sterile towel. Subsequently, with gloved
hands, a sterile cotton swab on a polypropylene
shaft was rotated for more than 10 seconds between
the opened vulval lips (by the same individual each
time), sampling was done from the posterior and
dorsal aspects of the vagina. Swabs were transferred
into sterile tubes containing thioglycolate broth as a
transport media and transported to the laboratory at
4 °C and immediately processed for bacteriological
examination.

Bacteriological examination

For bacteriological examination, all vaginal swab
samples were incubated at 37 °C for 24 hours in
fluid thiogly-collate (Becton-Dickonson BBL, 221196,
USA). On the next day, part of the initial culture was
inoculated onto blood agar (Becton-Dickonson BBL,
297876, USA ) and EMB agar (Eosin-Methylenblue-Lac-
tose-Saccharose) (Becton-Dickonson BBL, 221355, USA)
and incubated at 37 °C for another 24 hours. According
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to colony morphology and Gram color features,
identified colonies were quantitatively assessed. For
the identification of the bacteria, their direct cultures
were performed using BBL Crystal (Becton-Dickinson,
Sparks, USA) Gram-Positive and Gram-Negative ID
system kits and its computer program.

According to the subparagraph k of the 8th article
of the “Regulation on the Principles and Procedures of
Animal Experiment Ethics Committees” published in
the Official Gazette dated 15.02.2014 and numbered
28914, the collection of fecal or bedding samples and
sample collection by swabbing are not subject to the
approval of the Local Ethics Committee for Animal
Experiments (HAYDEK).

RESULTS

Creating the OA Model

Frequency of 45 samples with bacterial
isolation was determined to be 86.66% (39/45).
All of the vaginal swab samples (100%) collected

18.75
15.79
14.58
13.15

10.42

7.9 79

417
208 2.08 2.08%

0 0

2.63
2.63

263 263
2.08

o
=}
o
o

0 2 4 6 8 10 12 14 16 18 20

Escherichia coli
Sphingomonas paucimobilis
Chromobacterium violaceum

Acinetobacter Iwoffii
Flavimonas oryzihabitans
Stenotrophomonas Maltophilia
Klebsiella oxytoca

Morgenella morgani
Pseudomonas stutzeri
Agrobacterium tumefaciens
Chromobacterium violaceum
Shewanella putrefaciens

Proteobacteria

2.63

2.
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from RBG exhibited bacterial growth whereas
19 out of 25 vaginal swabs (76%) from HPG were
found to be positive in terms of bacterial isolation.

A total of 26 species of 16 genera distributed
among 4 phyla including Protobacteria, Firmicutes,
Actinobacteria, identified
1). of phyla
distributed between two groups were as follows:

Bacteriodetes were

(Figure Comparing the number
Twenty-one Proteobacteria, three Actinobacteria
were determined in RBG. One Bacteriodetes, 32
Protobacteria, two Actinobacteria were detected
in HPG. Both groups shared the same number of
bacteria (n=14) belonging to Firmicutes phylum
(Figure 1). The most frequent species belonging to
predominant genera for RBG and HPG were Bacillus
(36.84%, n=14/38), Sphingomonas (15.78%, n=6/38),
5/38), Esherichia (7.89%,
n=3/38) Corynebacterium (7.89%, n=3/38) genera,
and Bacillus (31.25%, n=15/48), Sphingomonas (18.75,
n=9/48), Flavimonas (14.5%, 7/48), Actinobacter

Flavimonas (n=13.15%,

(6.25, n=3/48) genera, respectively (Figure 2).
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Figure 1. Distribution of species and phyla between Repeat Breeder Group (RBG) and Healthy Pregnant Group (HPG)
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Figure 2. Distribution of genera between repeat breeder group (RBG) and healthy pregnant group (HPG)

In RBG, the most isolated species shared the
first five places were Sphingomonas paucimobilis

(15.79%), Flavimonas  oryzihabitans  (13.15%),
Bacillus brevis (13.15%), Escherichia coli (7.90%),
Corynebacterium  pseudodiphtheriticum  (7.90%),

and Stenotrophomonas maltophilia
Sphingomonas

(7.90%) while
paucimobilis (18.75%), Flavimonas
oryzihabitans (14.58%), Stenotrophomonas
maltophilia (10.42%), Bacillus circulans (10.42%),
iwoffii (6.25%) was observed
as the first five species

and Acinetobacter
(Figure 1). Regarding
cows with RB syndrome Bacillus represented most
heteregenous group, including 6 different species
with a predominance of Bacillus brevis (13.15%)
while HPG represented 5 different species (Figure 1).

HPG presented relatively numerically greater
species followed by the RBG

group with 17 identified species. Bacterial species

richness with 21

common to both two groups were as follows: E. coli,
Enterococcus casseliflavus/ gallinarum, Sphingomonas

paucimobilis, Bacillus circulans, Bacillus brevis,

Acinetobacter iwoffii, Flavimonas oryzihabitans,

Paenibacillus  macerans, Bacillus  megaterium,

Stenotrophomonas maltophilia, Bacillus subtilis,
Klebsiella oxytoca (Figure 1). The following were the
bacterial species that were isolated in solely RBG:
Chromobacterium violaceum, Staphylococcus sciuri,
Corynebacterium pseudodiphtheriticum, Bacillus
macerans, and Morgenella morgani. Agrobacterium
tumefaciens, Staphylococcus haemolyticus,
Chromobacterium
Shewanella

putrefaciens, Enterococcus durans, Corynebacterium

Chryseobacterium indologenes,

violaceum, Corynebacterium bovis,
aquaticum were determined in solely HPG (Figure 1).
DISCUSSION
In postpartum dairy and beef cattle, colonization

by microbial infections in the reproductive system
can have a negative impact on reproduction. For
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instance, uterine infections brought on by harmful
bacteria found in dairy cows are common and have an
impact on fertility through mediating anovulation and
damaging developing oocytes in a way that hinders
fertilization or obstructs natural development (14).
Fertility disorders like “repeat breeder syndrome”
(RBS) can be brought on by postpartum disease that
progresses into a chronic subclinical infection (15).
According to Bhat et al. (15), uterine bacterial
colonization can result in inflammation, mucosal
denudation, alterations in secretion, and embryonic
mortality. It can also increase the number of services
provided per conception, early culling rates, and
days open (16). Infection takes place in the uterus of
the cow right after calving. The cow is usually able to
clear the infection within a few days after calving but
if this does not happen then metritis can develop, but
also other forms of uterine disease and inflammation
such as subclinical endometritis will take place (17).

Reproductive diseases may arise as a result of
the presence or absence of particular bacterial
populations in the vagina (5,18,19). Because the
microorganisms that live there constantly contact
with the host mucosa, they serve as the first line
of defense against sperm and ascending infections
in the bovine reproductive tract. The vaginal
microenvironment has recently been suggested to play
a significant role in bovine fertility (20-22), despite
the fact that research on the bacteria residing in the
bovine reproductive tract has historically focused
on pathogen populations that colonize the uterus
during the postpartum period (12). The abnormalities
in the vaginal communities in human females were
demonstrated to have been linked to reproductive
diseases like pelvic inflammatory illness, miscarriages,
and preterm births by Digiulio et al. (23). Therefore,
it is crucial to investigate the vaginal microbial
ecology in order to comprehend the possible impact
of a persistent and disrupted postpartum microbiota
on mother health (23), as well as cow health.

Regarding the reproductive performance dairy
cows affected by uterine diseases according to the
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results of existence of microorganisms in the genital
canal environment was controversial. In the current
study, we associated failed pregnancy outcomes
with possible subclinical endometritis based on
a rate of 100% bacterial isolation from the vaginal
samples of RBG. Contrary to our assumption, Sens
and Heusier (24) highlighted positive isolation of
microorganisms was not one of the main evidence
to subclinical endometritis. Moreover, Paiano et
al. (25) demonstrated that 40% of genital channel
samples from subclinic endometritis cows did not
exhibit bacterial isolation. On the other hand, it
was interpreted that the 76% bacterial isolation rate
determined in HPG was too high to be underestimated.
The positive bacterial microflora of genital canal
was thought to support pregnancy in line with Sens
and Heusier (24), and Gilbert and Santos (26).

Consistent with our findings, Firmicutes and
Proteobacteria were reported the most commonly
bacterial phyla found in the vagina of dairy cow
by Laguardia-Nascimento et al. (27) and Nesengani
et al. (28), but not for Bacteroidetes. The cause
of repeat breeder syndrome are categorized into
three main reasons comprising ovulation delay,
uterine microbiota and luteal deficiency (29). The
abundances of bacterial communities that fluctuate
during different phases of the estrous cycle in
cows are influenced by either high oestrogen or
low progesterone levels (30). Research has shown
that around days 10-12 after insemination, milk
and plasma progesterone concentrations are lower
in cows that do not conceive than in animals that
conceive over the same period. The consistently
low progesterone concentration throughout the
estrous cycle is associated with pregnancy failure.
Ault et al.
Firmicutes in the vagina was attributed to the

(21) reported that the increase of

decrease in progesterone concentration. However,
in this study, it was determined that the abundance
of the Firmicutes phylum was equal in both the
RBG and the HPG, in line with Moreno et al. (11).

However, the relative abundance of Proteobacteria



(n=32) in HPG comparing with the RBG was associated
with an increase in progesterone in line with the
declaration of Ault et al. (18). The results suggested
that fluctuation of vaginal bacterial population is
dependent on the circulating steroid hormones (31). In
contrast to the findings of Ault et al (18), the relative
abundance of Protobacteria phylum compared with
Firmicutes in RBG in the current study was associated
with repeat breeder syndrome (RBS) due to being the
one of the three phyla not only involved in postpartum
uterine infections but also commonly associated
with bovine necrotic vulvovaginitis (5, 32). Parallel
to Morena et al. (11), Protobacteria (N=21) was
determined the most abundant pylum with following
(n=14), (n=3).
Postpartum disease can evolve into chronic

Firmicutes and Actinobacteria
subclinical infection, causing fertility disorders such
as the RBS (15). Furthermore, it has been reported
that subclinical lesions and inflammation caused by
microbiota alteration in the genital system canal can
have negative effects during the transportation of
spermatozoa, sometimes hindering the formation of
fertilization (33). Within first two weeks of calving,
up to 40% of animals having a kind of metritis and in
10-15% of these animals infection persists for at least
another 3 weeks causing chronic uterine endometritis
was a general agreement (1). Moreover, 30-35% of cows
have subclinical endometritis between 4 and 9 weeks
postpartum (34). Salasel et al. (35) reported that
subclinical endometritis was one of the main reason
of cows to become repeat breeder. Actinobacteria,
Firmicutes and Proteobacteria phyla were reported
as an intrauterine bacteriological findings in repeat
breeder cows by Pothmann et al. (36). In our study,
the same phyla emphasized by Pothmann et al.
(36) were determined in both cultivable aerobic
vaginal microbiota of RBG and HPG. In the current
study, RBG presented numerically lower richness (38
identified species) whereas 48 bacterial species were
identified among HPG in line with the Paiano et al.’s
(25) results. In terms of the numerically variety of
bacteria present in the genital canal, researches

indicated that healthy cows possessed a more
diverse microbiota in comparison to those suffering
from subclinical and chronic endometritis (11, 25).

Sphingomonas paucimobilis, Flavimonas
oryzihabitans dominance in both groups did not make
sense regarding reproduction when we evaluated
the first two most frequently isolated species for
both groups. The most frequently isolated Bacillus
genus with the rate of 36.84% in RBG were found
to be concordent with a study conducted in Brazil
which declared the most frequent genus as Bacillus
in cows suffering from subclinical endometritis (25).
However, Ballas et al. (37) demonstrated that Bacillus
isolation rate from the genital channel samples of
healthy cows was more than the cows suffering from
endometritis. Whereas Bacillus genus with the rate of
31.25% in HPG was too high to ignore. The significant
of the presence of Bacillus macerans and abundance
of B. brevis (13.15%) in RBG when compared to
HPG

should be examined deeply in further studies.

in the current study regarding pregnancy

The relative abundance of Escherichia genus and
Escherichia coli with the rates of 7.89% and 7.90%
in RBG was found to overlap the study reported the
presence of Escherichia and Truperalla associated
with clinical endometritis (38). The presence of
numerous adhesion molecules in E. coli, particularly
its adhesion to the genital region via the fimH gene,
formation of biofilm with Type 1 pili, and its exotoxins,
have been shown to increase the severity of uterine
infections in studies (39). However, in our study, E.
coli isolation in RBG was not attributed to clinical
endometritis because no clinical signs observed
in cows. However, the abundance of subclinical
uterine colonization of E. coli was commented to
be considerable due to decreasing the fertility by
damaging uterus and inducing ovarian dysfunction
by influencing to some degree the pulsatile secretion
of luteinizing hormone, the lifespan of corpus
luteum and delaying uterine inovulation (11,31).
(40) that

cows with subclinical endometritis had greater

Pascottini et al. demonstrated
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relative abundance of Corynebacterium spp., and
Staphylococcus than cows with clinical endometritis.
Although the rate of 7.89% abundance was determined
in RBG, and Corynebacterium pseudodiphtheriticum
was determined in only RBG, the abundance of
Corynebacterium genus was thought to be no effect
on reproduction. Competible with our comment,
Pothmann et al. (36) reported the abundance of
Corynebacterium genus with the rate of 20.7% and
when the researchers measure progestrone and
eastridiol and combined with ultrasonographic
asssessment of ovaries, the results indicated an
ovarian activity was observed in 95% of the RB cows
suffering from subclinical endometritis. In contrast to
those, there were studies indicated the association
of subclinical endometritis with Corynebacterium
genus (41). The abundance of Stenotrophomonas
maltophilia was not thought to be associated with
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reproduction problems due to the rate of bacteria
in HPG was higher than RBG in the current study.

As a result, we thought that the bacterial
diversity of the bovine vagina, the differences in
vaginal microbial composition, and the dynamics of
vaginal bacterial communities may be associated
with This
study identifies differences based on the phylum

reproductive failures and successes.

composition of the naturally occurring aerobic

cultivable bacterial communities in the vagina
of RB and HP cows. Furthermore, this study also
contributes to the knowledge of the species-level
local aerobic cultivable bacterial consortium in the
vagina of RB and HP cows. The outcomes of the
study provides fundamental information that serves
as a resource in designing strategies, especially

those aimed at enhancing reproductive success.
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Coronavirus disease-19 risk factors
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ABSTRACT

Coronavirus disease-19 (COVID-19) has spread
around the world and been declared as a global
pandemic by the World Health Organization. The
disease has caused international social and economic
impact, and high mortality. Quarantine and vaccination
measures were used to control and prevent the
disease. Several different types of vaccines have
been developed against COVID-19, and novel drugs for
COVID-19 are currently under development. Severity
of disease can change depending on the predisposing
conditions and risk factors. Many studies have been
carried out to identify risk factors associated with
the occurrence of the disease and severity of clinical
manifestations, but different predisposing conditions
and potential risk factors have been reported in these
studies. Therefore, in this article, a review of studies
was conducted to identify risk factors related to the
COVID-19. The search was carried out in PubMed and
publicly available preprints. Results of the literature
review showed that age (>60 years old), male gender,
Black and Hispanic race, obesity (body mass index > 30),
underlying comorbidities such as chronic lung, kidney,

liver, and heart diseases, diabetes, immunosuppression

OZET

Koronavirlis hastaligi  (COVID-19) tiim diinyaya
yayilmis ve Diinya Saglik Orgiitii tarafindan kiiresel bir
salgin olarak ilan edilmistir. Hastalik uluslararasi sosyal
ve ekonomik etkiye ve yiiksek 6lim oranina neden
olmustur. Hastaligi kontrol altina almak ve onlemek icin
karantina ve asilama onlemleri kullamlmistir. COVID-
19’a kars1 farkli as1 turleri gelistirilmis olup tedavisi icin
de yeni ilac gelistirme calismalan sirdirilmektedir.
siddeti

faktorlerine bagli olarak degisebilmektedir. Hastaligin

Hastaligin predispozan kosullara ve risk
ortaya cikisi ve klinik belirtilerin siddeti ile iliskili risk
faktorlerini belirlemek icin bircok calisma yapilmis
ancak bu calismalarda farkli predispozan kosullarin ve
potansiyel risk faktorlerin iliskili oldugu bildirilmistir.
Bu nedenle, bu makalede COVID-19 ile iliskili risk
faktorlerini belirlemek icin yayinlann incelemesi
yapilmistir. Yayin taramasi, PubMed ve halka acik
on baskilarda gerceklestirilmistir. Literatir tarama
sonuclan, yas (>60 yas), erkek cinsiyet, Siyah ve
Hispanik 1rk, obezite (vicut kitle indeksi >30), kronik
akciger, bobrek, karaciger ve kalp hastaliklar, diyabet,
imminsupresyon ve hipertansiyon gibi altta yatan

komorbiditelerin, hastaligin olusma riskini artiran ana
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and hypertension are the major factors increasing the
risk of disease occurrence. It has been reported that
the mortality rate due to SARS-CoV-2 infection was
approximately three times higher in patients aged 41-
60 years than in patients aged 18-40 years. Patients
with active cancer are identified as at risk of severe
forms of COVID-19. Severe outcomes of the disease
are more common in pregnant women than non-
pregnant women. Furthermore, smokers have a nearly
two times higher risk of hospitalisation and have a six
times higher risk of mortality than never-smokers. To
establish a successful control program, it is important
to determine the potential risk factors associated with
the disease. Therefore, it is recommended to use risk
assessment tools to develop effective public health

strategies against pandemics.

Anahtar Kelimeler: COVID-19, SARS-CoV-2,

pandemics, risk factors

faktorler oldugunu gostermistir. Siddetli akut solunum
sendromu koronaviriis 2 (SARS-CoV-2) enfeksiyonuna
bagli 6lim oraninin 41-60 yas araligindaki hastalarda,
18-40 yas araligindaki hastalardan yaklasik lic kat
daha fazla oldugu bildirilmistir. Aktif kanseri olan
hastalar, siddetli COVID-19 formu riski altinda olarak
tamimlanmaktadir. Hamile kadinlarda, hamile olmayan
kadinlara gore hastaligin siddetli formu daha yaygindir.
Ayrica, sigara icenlerin hic sigara icmeyenlere gore
yaklasik iki kat daha fazla hastaneye yatis riski ve alti
kat daha yiiksek olum riski bulunmaktadir. Basarili bir
kontrol programi olusturmak icin hastalik ile iliskili
potansiyel risk faktorlerinin belirlenmesi onemlidir.
Bu nedenle, pandemilere karsi etkili halk sagligi
stratejilerini

gelistirmek icin risk degerlendirme

araclarimin kullanilmasi onerilmektedir.

Key Words: COVID-19, SARS-CoV-2, pandemi, risk

faktorleri

INTRODUCTION

The first case of Coronavirus disease-19 (COVID-19)
was reported in China at the end of 2019, and then it
has spread rapidly across countries due to the global
connectivity and transportation worldwide. On 11
March 2020, it was declared as a pandemic. A novel
coronavirus, the causative agent of the COVID-19
named as severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), belongs to the genus
Betacoronavirus within the family Coronaviridae
(1). The disease is characterised by fever, headache,
fatigue, cough, myalgia, diarrhoea, and pneumonia.
As of 18 March 2023, the total number of global
confirmed cases and deaths were 760,360,956 and
6,873,477 deaths, respectively (2). The case fatality

rate of disease ranged between 0.1% and 18.1% (3).
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SARS-CoV-2 is mainly transmitted person to
person via respiratory droplets and aerosols during
sneezing and coughing. It has been reported that
the proportion of asymptomatic COVID-19 cases
could be as high as 81% (4). Asymptomatic carriers
play role in the transmission of the disease. The
severity of disease can change from person to
person. Predisposing conditions and risk factors are
associated with disease occurrence and severity of
clinical manifestations (5).

Assessment of risk factors could be helpful
for clinicians in identifying high risk patients.

Furthermore, risk factors are important for
developing effective health strategies against the
next pandemic. Therefore, in this review available
literature on risk factors related to COVID-19 was

compiled (Table 1).



Table 1. The potential risk factors associated with severe outcomes of COVID-19

Strong associations Weak associations

More studies needed to assess associations

Age (> 60 years old)

Chronic kidney disease

Ethnicity

Male gender Smoking

Chronic liver disease

Chronic lung disease Alcohol consumption

Allergy and asthma

Cardiovascular disease Pregnancy

Diabetes

Cancer

Obesity

DEMOGRAPHIC FACTORS
Age and gender

The older age, especially >60 years, was frequently
reported as a demographic factor associated with
the severity of the disease (6,7). A study which was
carried out in China found that mortality rates due
to COVID-19 in patients <18 years, patients >18, <40
years, patients >40, <60 years, patients >60, <80 years
and patients >80 years were 0.8%, 1.1%, 3.4%, 9.8%
and 21.6%, respectively (8). Furthermore, a meta-
analysis study reported that the risk of mortality and
hospitalization due to SARS-CoV-2 infection increased
per age year by 7.4% and 5.7%, respectively (9). Older
age is associated with more comorbidities and weaker
immune response (5). Furthermore, reduced levels of
cells that express angiotensin-converting enzyme 2
(ACE-2) and lung progenitor cells in older adults may
contribute to disease severity (10).

In terms of gender, males are more likely to susceptible
to COVID-19 than females.
studies reported that morbidity and mortality rates

The epidemiological

were higher among males than females (8,11,12).
Furthermore, a meta-analysis study showed that male
patients were required more intensive treatment
unit admission than female patients (OR 2.84, 95% CI
2.06-3.92) (13). The differences in susceptibility to
COVID-19 between males and females could be due
to higher expression of ACE-2 in males, sex-based
immunological differences,

biology, genetics and

behaviours (11).

Ethnicity

Ethnicity has been linked with higher SARS-CoV-2
infection rates (14). Studies which were carried out in
the USA reported that Black and Latino patients had
higher rates of hospital mortality than White patients
(15,16). However, another study which was carried
out in the USA found that ethnicity was not related
to higher mortality in COVID-19 hospitalized patients
(17).
disease may be associated with social determinants

The ethnicity effect on the severity of the

of health such as employment, working conditions
and housing (15).

PRE-EXISTING COMORBIDITIES
Chronic lung disease

Some early studies suggested that having a
chronic lung disease is associated with high mortality
and hospitalization rates due to SARS-CoV-2 infection
(18, 19). A previous study which was carried out in
China reported that rate of patients with chronic
lung disease was highest in the critically ill group
(20). However, a population cohort study reported
that there was a lower risk of SARS-CoV-2 infection
in patients who had COPD or interstitial lung disease
(21). Severity of the disease in patients who had
chronic lung disease could be explained by limited
pulmonary reserve, restrictive ventilatory dysfunction
and use of inhaled steroids (18,21).
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Chronic liver disease

When compared to patients who had no pre-
existing liver diseases, patients with pre-existing
liver diseases have a higher susceptibility to SARS-
CoV-2 infection (12). It has been reported that
chronic liver diseases are at increased risk because of
immunosuppression and metabolic dysfunction (22).
A study which was carried out in the United States
found that patients with chronic liver disease had a
higher mortality rate (12%) than those without liver
disease (4%) (23). On the contrary, another study
found that having a chronic liver disease was not
related to increased risk of mortality (OR 2.33) and
severe outcomes of infection (OR 0.96) (24). Further
studies are required to improve our knowledge about
the impacts of pre-existing liver diseases on the
severity of the disease.

Chronic kidney diseases (CKD)

Previous studies found that there was an increased
risk of severe clinical manifestations in patients with
CKD (24-26). A previous study identified adverse
effects such as mechanical ventilation, intensive
treatment and acute respiratory distress syndrome
for the CKD patients with a RR of 2.63 (95% Cl 1.33-
5.17) (27). Studies reported that hospitalization
rates varied between OR 1.38 (95% Cl 1.19-1.60)
and OR 3.9 (95% Cl 2.4-6.3) in patients with CKD
and COVID-19 (25,28). CKD patients with COVID-19
have a higher risk because of the attenuated immune
system activation, which increases the susceptibility
to infections (29).

Cardiovascular disease

Epidemiological results suggest that cardiovascular
diseases are considered to be risk factors for increased
disease mortality (24,30). The Centers for Disease
Control and Prevention (CDC) (31) reported that
hypertension and cardiovascular diseases increase
the risk of severe outcomes. Hypertension is highly
prevalent among older adults. Therefore, older
adults have been reported to be at higher risk (24).

Turk Hij Den Biyol Derg

It has been reported that there is a nearly 2.5-fold
increase in the risk of severe outcomes for patients
with hypertension (32,33).

The mechanism underlying the severe form of
the disease in patients with cardiovascular diseases
remains unclear. However, it has been suggested that
high levels of ACE-2 expression on cardiomyocytes
may play a role in virus mediated injury and viral
susceptibility, and myocardial injury may lead to life-
threatening arrhythmias and severity of the disease
(30).

Antihypertensive drugs, such as angiotensin Il
receptor blockers (ARBs) and angiotensin-converting
enzyme inhibitors (ACEls), are frequently used for
treatment of cardiovascular diseases. Therefore, it
has proposed to use ARB and ACEI drugs in patients with
hypertension who are at higher risk (34). However, it
has been reported that COVID-19 positivity rates in
patients with ACEls/ARBs users were not significantly
different from non-users (35).

Allergy and asthma

Some of the epidemiological studies reported
that allergy and asthma were associated with severe
outcomes of the disease (36, 37). However, a study
which was carried out in England reported that
allergic rhinitis and asthma (aged less than 65) have
protective roles against COVID-19. Further studies
are needed to improve our knowledge about the
impacts of allergy and asthma on the severity of
clinical manifestations.

Diabetes

Severe and fatal cases were observed in diabetic
patients compared to non-diabetic patients (6,19).
Several studies reported that diabetic patients had
an almost two-fold greater risk for hospital admission
(38-40).

The association the

disease and diabetes can be explained by the

between severity of

immunosuppressive effects of hyperglycaemia and
higher expression of ACE-2 in diabetic patients (41).



The upregulation of ACE-2 causes endothelial cell
activation and chronic inflammation, which lead to
dysfunction of the alveolar-capillary barrier (42).

Cancer

Patients with active cancer are identified as at
risk of COVID-19 severity. It has been reported that
COVID-19 patients with hematologic cancers have the
highest mortality rates among cancer patients (43).
Mortality rate was 21% among COVID-19 patients who
had cancer and 7.8% in non-cancer patients (44,45).
A study which was carried out in the United Kingdom
involving
a higher risk of mortality for cancer patients, OR
1.13 (95% Cl 1.02-1.24) (46). Another study found
that cancer patients who were diagnosed less than
one year ago had a 2-fold increased risk of severe
outcomes (47). The high mortality rate among cancer

16,749 hospitalized patients, reported

patients could be related with comorbidities, age
and gender. Generally, cancer is common in older
age with coexisting chronic diseases. Type of cancer,
chemotherapy and duration may influence the

severity of COVID-19 (47).

Pregnancy

The CDC reported that severe COVID-19 outcomes
are more common in pregnant women than non-
pregnant women (48). A systematic review of 17
studies and 84 neonates reported adverse outcomes
of the disease in pregnant women were preterm birth
(21.3%), foetal distress (10.7%), low birth weight
(<2500g, 5.3%), neonatal death (1.2%), neonatal
asphyxia (1.2%) and stillbirth (1.2%) (49).

Although there
transmission, detection of SARS-CoV-2 in neonates has

is no evidence of vertical

been reported (49-51). During the first trimester of
pregnancy, high expression of ACE-2 in the placenta
makes this trimester the most susceptible period for
COVID-19 (52). Furthermore, it has been reported
that intrauterine transmission of SARS-CoV-2 seems
to occur in the last trimester of gestation (50). First
and third trimesters of pregnancy are characterized

as pro-inflammatory phases that are suitable for
the virus activity; therefore, there is a higher risk
for occurrence of the disease in the first and third
trimesters than the second trimester (53). Further
studies are required to determine whether the SARS-
CoV-2 can cross the placenta and cause infection in
foetal tissues.

LIFESTYLE
Obesity

Obesity is identified as a risk factor for
hospitalization due to COVID-19 (54, 55). A study
which was carried out in France found that severe
obesity (body mass index (BMI)>35) and obesity
(BMI>30) rates were 28.2% and 47.6% of the 124
COVID-19 patients, respectively (56).
males who were obese had a higher risk og having
severe COVID-19 (57). Obesity was also found to be
a risk factor for respiratory diseases in humans, such
as H1N1 influenza virus infection (58). Effects of the
obesity in severity of the disease might be related

Furthermore,

to inflammation, which effects lung parenchyma and
bronchi, and raised cytokines such as interleukin 6,
which may cause impaired immune response (59).

Smoking

Smoking increases the risk of respiratory diseases.
However, there are inconsistent reports on the
relationship between smoking and severe outcomes of
the disease. Some early studies suggested that there
was no relation between smoking and severe illness. A
population-based study in the United Kingdom found
that there was no association between SARS-CoV-2
related mortality and smoking (60,61). It has been
reported that nicotine may inhibit virus entry into
cells by downregulating the ACE-2 receptors and have
a pharmacological effect in COVID-19 (62).

On the contrary, a large, population-based study
reported that the SARS-CoV-2 related mortality
rate was increased among smokers (14,63). It has
been reported that current smokers had a nearly
two times (OR 1.80, 95% Cl 1.26-2.29) higher risk of
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hospitalisation and had a six times (OR 5.91, 95%
Cl 3.66-9.54) higher risk of mortality than never-
smokers. Smoking is identified as at risk of COVID-19
severity because it damages the lungs and immune
system, causing a decreased ability to fight the
disease (64).

Alcohol consumption

Alcohol consumption can increase the risk of acute
respiratory distress syndrome (ARDS) (OR 1.89; 95% Cl
1.45-2.48) through alcohol-induced oxidative stress,
interference of alveolar macrophage function and
alveolar epithelium dysfunction (65). Chronic ethanol
abuse increases the risk of developing ARDS because
it damages the respiratory ciliated cells and immune
system due to reduced T lymphocytes numbers and
decreased natural killer cells function (66).

It has been reported that drinkers had a lower
risk of COVID-19 compared to non-drinkers if they
were drinking below the guideline levels (67). A
study in the United Kingdom found that consumption
of champagne, fortified wine, red wine and white
wine had protective effect against the disease, but
consumption of cider, spirits and beer increased the
COVID-19 risk. They also did not find an association
between COVID-19 mortality and subtypes of
alcoholic beverages, amount and frequency (68).
Alcoholic beverages have phenolic compounds, which
have antioxidant properties. The concentration of
phenolic compounds is highest in red wine, whereas
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it is lowest in spirits (69). Phenolic compounds have
inhibitory effects against viruses such as influenza
virus and other respiratory viruses (70). Therefore,
it has been suggested that phenolic compounds have
beneficial effects on SARS-CoV-2 infection (68).

CONCLUSION

In conclusion, SARS-CoV-2 induces mild to severe
disease, and severity of disease can change from
person to person depending on the predisposing
conditions and risk factors. Severe outcomes of the
disease are more common in elderly males (> 60
years old) with obesity and/or comorbidities (such as
cardiovascular diseases, diabetes and cancer). Thus,
additional care for this population may be required.
An adequate, well-balanced diet and vaccination may
be protective against the disease in this population.
Furthermore, during pandemics, clinicians should pay
more attention to the management of weight gain in
patients with obesity.

The population aged 60 and over in the world is
rising over the years, so the number of individuals
susceptible to the severe form of the disease is
increasing. Therefore, specific measures to support
older people must be implemented during an
outbreak,
social support, and essential supplies in quarantine.

including access to medical services,

Furthermore, the vaccine needs to be made more
accessible for older people.
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