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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 hastaliklar1, 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 lc¢ 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
Miidurligt 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 lcret 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 amagl 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 Editorligii’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 ulasilip 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 vyazarlarin sorumlulugundadir.
Yazarlar Helsinki Bildirgesi’nde ana hatlar ¢izilen ilkeleri izlemelidir. Yazarlar,
bu tur bir calisma s6z konusu oldugunda, uluslararasi alanda kabul edilen
kilavuzlara ve yiirirlikkte olan tim 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” béliminde
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 igin 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” boliimleri 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 Saglig1 Genel Midirligu

Tel : (0312) 565 55 80

Faks : (0312) 565 55 91

e-posta : hsgm.thdbd@saglik.gov.tr
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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 bitiinliigii 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 zetler 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) Giris: 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 gecis 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 bolimiinde 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. Kacinc1 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 icin “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 numaralandinlmali 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 sayisi 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.

Il) 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.
1) 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 Editdrleri 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 organizasyonlarnt (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,
strecteki sorumluluklarint (akademik diiristliik, 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 tum 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 literatiriine
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 igin 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
committee approval, it will not be processed for evaluation.
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Turk Hijyen ve Deneysel Biyoloji Dergisi

Bir uiniversite hastanesinde COVID-19 tanili saglik calisanlarinin
antiviral kullaniminm1 etkileyen faktorler

Ayse SAGMAK TARTAR!

, Kevser TUNCER KARA?

, Serhat UYSAL' , Ayhan AKBULUT' ,

Kutbeddin DEMIRDAG!

OZET
Amag: 2019 yilinda tanimlanan COVID-19, kisa

sirede pandemiye donilsmiistlr. Saglik calisanlan
hem hastalar1 hem de toplumsal temaslari sebebiyle
risk altindadir. Bu calismanin amaci, bir hastanenin
COVID-19

yapilarini, antiviral tedavi kullanimlarini ve etkileyen

tamist alan calisanlarinin  demografik
faktorleri incelemek; ayrica hastane calisanlar1 ve

ilimizin vaka sayisi egrilerini karsilastirmaktir.

01.06.2020-28.02.2021

tarihleri arasinda COVID-19 gecirmis olan saglik

Yontem: Calismaya,
calisanlar dahil edilmistir. Kesitsel, retrospektif bir
calismadir. Hastalar demografik ve epidemiyolojik
acidan degerlendirilmis, antiviral ilag onerilen saglik

calisanlarinda tedavi uyumu irdelenmistir.

Bulgular: 693 saglik calisanminin 390 (%56,3)"1
erkekti. Yas ortalamasi 33,54+9,41 idi. 140 kisinin
(%20,2) kronik hastaligi vardi. Hastalardan 173 kisi
(%25,0) sigara kullanmyordu. Bulas kaynagin1 161 kisi
(%23,2) hastane olarak belirtti. Tan1 aninda semptomu
olanlarin sayis1 509 (%73,4) idi ve 116 kisiye (%16,7)

ABSTRACT

Objective: COVID-19 turned into a pandemic in a
short time. Healthcare workers are at risk of infection
due to their contact with both patients and the society.
The aim of this study is to examine the demographic
structures of a hospital’s employees diagnosed with
COVID-19, to examine the use of antiviral treatment
and the factors affecting it, and to compare the case

number curves of the hospital and the province.

Methods:
infected with the COVID-19 virus between 01.06.2020
and 28.02.2021 were included in the study. It is a

Healthcare workers who had been

cross-sectional, retrospective study. The patients were
evaluated demographically and epidemiologically, and
compliance treatment was examined in healthcare
professionals who recommended antiviral drugs.
Results: 390 (56.3%) of the 693 healthcare workers
were males. Mean age of the patients was 33,54+9,41.
140 (20.2%) of them had chronic diseases. 173 (25%)
were cigarette smokers. 161 (23.2%) individuals stated
the source of infection as hospital. 509 (73.4%) had
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tam sonrast semptom eklenmisti. En sik gorilen
semptomlar halsizlik (%48), myalji (%47,5) ve bas
agris1 (%46,9) idi. 693 hastadan 164 kisi (%23,7)
antiviral tedavi kullanmadi. Vaka sayilarinin aylara
gore dagiimi hastane ve il bazinda incelendiginde,
benzerlik  gostermekteydi. Lojistik  regresyon
analizinde tam sirasinda semptomu olanlar 1,779 kat,
kronik hastaligi olanlar 1,804 kat daha fazla antiviral

ilac kullanmisti.

Sonug: Toplumda ve saglik calisanlarinda benzer
vaka dagiiminin goriilmesi kisisel koruyucu ekipman
kullamiminin  etkisi  olarak  degerlendirilmistir.
Calismamizda, agir COVID-19 acisindan risk faktorleri
olan kisilerin antiviral tedaviye uyumunun daha yliksek
oldugu gorilmistir. Zaman icinde asilama galismalari
ve mutasyonlar nedeniyle COVID-19 klinik seyri ve
prognoz degisebilir. Bu sebeple saglik calisanlarinda
surveyans verileri toplanmali ve ara analizler ile
degerlendirmeler yapilmalidir. Antiviral tedaviler ile

ilgili bilgiler verilmelidir.

Anahtar Kelimeler: COVID-19, saglik calisanlari,
favipiravir, pandemi, SARS-CoV-2

symptoms at the time of diagnosis while symptoms
occurred later in 116 (16.7%). The most commonly
observed symptoms included fatigue (48%), myalgia
(47.5%) and headaches (46.9%). Of 693 patients, 164
(23.7%) did not use antiviral treatment. The distribution
of the number of cases by months was similar when
examined on the basis of hospitals and provinces. In the
logistic regression analysis, those with symptoms at the
time of diagnosis used antiviral treatment 1.779 times

and those with chronic diseases 1.804 times more.

Conclusion: The similarity of the case distribution in
the society and among healthcare workers supports the
effect of the use of personal protection equipment. In
our study, it was observed that healthcare workers with
risk factors for severe COVID-19 had higher adherence to
antiviral treatment. Along with the vaccination activities
and mutations, the clinical course and prognosis of the
COVID-19 might change in time. Therefore, surveillance
data should be collected from healthcare workers and
evaluations should be made through interim analyses.
Information about antiviral treatments should be given.
Words:

Key COVID-19,

favipiravir, pandemic, SARS-CoV-2

healthcare workers,

GIRIS

2019 wyiinin sonunda Cin’in  Vuhan kentinde
Covid-19,
donlismiistiir (1). Saglik calisanlart hem hastalarla

tanmimlanan kisa sirede pandemiye
olan temaslan sebebiyle daha fazla risk altindadrr,
hem de toplum kaynakli bulastan etkilenmektedir.
Saglik calisanlar1 Siddetli Akut Solunum Sendromu
(SARS), Orta Dogu Solunum Sendromu (MERS) ve

Ebola gibi salgin hastaliklardan da onemli olciide

etkilenmislerdir (2). 2003-2015 yillan arasinda
yasanan SARS ve MERS salginlarinda, vakalarin
yaklastk %25’ini saglik calisanlart olusturmustur
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(3). SARS-CoV-2 enfeksiyonu, SARS virlisi ve MERS
viriisiiniin neden oldugu enfeksiyonlara kiyasla daha
diisik olim oranmina sahip olmasina ragmen, uzun
kulucka siiresi ve disuk virulanst ile cok sayida
asemptomatik/semptomatik  enfeksiyona  neden
olmustur. Viruse tekrarlayan maruziyetler daha
yuksek SARS-CoV-2 viral yiikiine ve daha kotu klinik
sonuclara yol acabilecegi goz oOniine alindiginda,
saglik calisanlarinda klinik ozelliklerin ve sonuglarin
genel poplilasyondan farkli olup olmayacag:
bilinmemektedir (4,5). Saglik calisanlarinda COVID-
19’un sikligi ve epidemiyolojisi ile ilgili smiirl
sayida yayin ve ulusal durum raporu bulunmaktadir.



COVID-19’un klinik spektrumu genistir, cogu saglik
calisaninda hastalik hafif belirtilerle seyrederken,
olum dahil ciddi sonuclar da bildirilmistir (6).

Pandeminin basindan itibaren ¢ok sayida antiviral
COVID-19 tedavisinde kullanilmistir. Bu ilaclardan
bir kism1 farkli endikasyonlarda onayli iken yeniden
konumlandinlarak kullanmlmistir. COVID-19 tedavisinde
kullamlan ajanlarin yan etkileri sik tartisilan konularin
basinda gelmektedir ve gerek etkinlik gerekse yan etki
tartismalan antiviral tedaviye uyumu etkilemektedir.

Gerek asilama calismalar gerekse mutasyonlar
nedeniyle COVID-19’un klinik seyri ve prognozu
degisebilir. Saglik calisanlarinda siirveyans verilerini
toplamak ve ara analizler ile bu degisimi incelemek
topluma gore daha pratiktir. Bu calismanin amaci,
bir hastanenin COVID-19 tamsi alan calisanlarimin
demografik yapilarini, antiviral tedavi kullanimlarin
incelemek, ayrica hastane ve ilin vaka sayisi egrilerini
karsilastirmaktir.

GEREC ve YONTEM

Arastirmanin Tipi
Kesitsel, retrospektif bir calismadir.
Arastirmanin Yeri ve Katihmcilar

Bu calismaya, Firat Universitesi Tip Fakiiltesi
01.06.2020-28.02.2021
arasinda COVID-19 gecirmis olan saglik calisanlan
dahil edilmistir. iki doz COVID-19 agsisi olup ikinci
dozun iizerinden 14 giin gecen COVID-19 PCR pozitif

Hastanesi’nde, tarihleri

saptanan saglik calisanlar1 calisma dis1 birakilmistir.
SARS-CoV-2 PCR’1n pozitif olmasi veya semptomlarla
birlikte toraks bilgisayarli tomografisinde tipik buzlu
cam gorunimi bulunmasi halinde COVID-19 tanisi
konulmustur. Tam konulurken T.C. Saglik Bakanligi
Halk Sagligi Genel Mudurligi Tam Rehberi esas
alinmistir (7).

Verilerin Elde Edilisi

COVID-19 tamist konulan calisanlarla yuz ylze
goriisme yontemi ile “Saglik Calisan1 COVID-19 Temas/

Vaka Izlem Formu” Enfeksiyon Kontrol Komitesi

hemsireleri ve enfeksiyon hastaliklari uzmanlar

tarafindan  doldurulmustur.  Doldurulan  formlar
retrospektif olarak incelenerek veriler saglanmistir.
Calismanin yapildig1 tarih araliginda ilimizde aylara
gore COVID-19 vaka sayilannt Halk Sagligi Genel

Midirligi’nden temin edilmistir.
Verilerin Degerlendirilmesi

Arastirma sonucunda elde edilen veriler SPSS
istatistiksel
degerlendirmelerde tanimlayici 6zelliklerde kategorik

22.0 programiyla degerlendirilmistir.

verilerde n (%), ortalamazss degerleri verilmistir.
Verilerin normal dagilim Kolmogorov-Smirnov testi ile
degerlendirilmistir. Kategorik degiskenler icin ki-kare
testi, iki grup aras1 farkliiklarin degerlendirilmesinde
Man Whitney U
calisanlarinin

testi  kullamlmistir. Hastane

ozelliklerinin antiviral tedavi
kullamimina etkilerini incelemek Uzere binary lojistik
regresyon uygulanmistir. Binary lojistik regresyonda
modelin uyum iyiligi (anlamlligi, énemi) Omnibus
Tests of Model Coefficients ve Hosmer-Lemeshow
testleri ile degerlendirilmistir. p<0,05 istatistiksel

anlamlilik olarak kabul edilmistir.
Etik Kurul izni ve izinler

Bu calisma, Firat Universitesi Girisimsel Olmayan
Arastirmalar Etik Kurulu onayi ile gerceklestirilmistir
(Tarih: 16.09.2021, Karar no: 2021/09-20). Saglik
Bakanlig1 Bilimsel Arastirma Degerlendirme Komisyonu
tarafindan uygun bulunmustur.

BULGULAR

Hastanede calisan 2233 personelin yas ortalamasi
33,63+8,60, 1130°u (%50,6) kadindi. Toplam 2233
(%31,0) COVID-19
COVID-19 tamisi alanlarin yas ortalamasi 33,54+9,41
ve 390 kisi (%56,3) erkekti. Hastanede calisanlar
ile COVID-19 tanisi
fark olmadigr tespit edildi

calisanin  693’linde saptandi.

alanlarin yaslann acisindan
(p=0,317). COVID-19
tamis1 alanlar icinde cinsiyet acisindan istatistiksel
anlamli fark saptandi, erkekler kadinlara gore daha
fazlayd1 (p=0,001). COVID-19 tanili kesin olgu ile
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temas oOykusu olan vaka sayist 105 (%15,2) idi. 46
(%6,6) kisinin il dis1 seyahat Oykusu vardi, yurtdisi
seyahat Oykusii olan vaka yoktu. 140 (%20,2) vakada
kronik hastalik oykiusu mevcuttu. Hastalarin 7
(%1,0)’sinde kardiyovaskiiler hastalik; 16 (%2,7)’sinda
hipertansiyon; 19 (%5,2)’unda diabetes mellitus;
1 (%0,1)’inde kronik obstriiktif akciger hastalig
(KOAH) Hastalardan 173 (%25,0)’u
sigara kullamcisiydi, 11 (%1,6)’i gecmiste kullanip
birakmist1. 37 hasta (%5,3) serviste, bir (<%0,01)
hasta yogun bakim initesinde, 655 hasta (%94,5)

tams1 vard.

Tablo 1. Calisanlarin sosyo-demografik ozellikleri

ise ayaktan tedavi gormis ve mortal seyreden vaka
gorilmemistir (Tablo 1). 21 (%0,3) saglik calisam
ikinci kez SARS-CoV-2 ile enfekte olmustur.

Saglik calisanlarinda en sik goriilen semptomlar
halsizlik (%48,1), myalji (%47,5) ve bas agrs1 (%46,9)
idi (Sekil1).

Calismanin  yapildig1 siire icerisinde vaka
sayillarinin Agustos-Kasim aylar1 arasinda en fazla
oldugu saptandi (p=0,000). Vakalarin aylara gore

dagilim Sekil 2’de verilmistir.

n %

Erkek 390 56,3
Cinsiyet

Kadin 303 43,7

Hemsire 218 31,5

Teknisyen 201 29,0
Meslek Hekim 167 24,1

Temizlik Personeli 59 8,5

idari Personel 48 6,9

Evet 140 20,2
Kronik Hastalik

Hayir 553 79,8

Evet 509 73,4
Tan Sirasinda Semptom

Hayir 184 26,6

Evet 116 16,7
Semptom Eklendi mi

Hayir 577 83,3

Evet 529 76,3
Tedavi Kullandi m

Hayir 164 23,7

Ayaktan 655 94,5
Servis-YBU Yatisi Sevis 37 5,5

YBU* 1 0,0**

Hastane 161 23,2
Bulas Kaynag Hastane Dis1 491 70,9

Belirsiz 41 5,9

“YBU: Yogun Bakim Unitesi, **0,1’in altinda bir deger oldugu icin 0,0’a yuvarlanmistir.
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Sekil 2. Hastanemizde Covid-19 pozitif saglik calisanlarinin aylara gore dagilimi
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Calisma ile aym surecte il genelinde gorilen vaka
sayilarinin dagilim trendi Sekil 3’te verilmistir.
(%0,6)
proflakside klorokin kullanmisti. Hastalardan 164
kisinin (%23,7) antiviral tedavi kullanmadigi, 14 (%2)
hastaya da gebe/emziren olmasi sebebiyle antiviral

Vakalardan dort Kkisi temas sonrasi

tedavi Onerilmedigi belirlendi.  Antiviral tedavi
kullanmama nedenleri; 31 kisi (%4,5) “sikayetlerinin
(%1,6)

kendilerine ulasmamas1”, iki kisi (%0,3) “Onceden

olmamasi/az olmas1”, 11 Kkisi “ilaclarin

COVID-19 enfeksiyonu gecirmesi nedeniyle”, 45
kisi (%6,5) “vitamin kullaniminin yeterli oldugunu
diisiindugii icin”, 27 kisi (%3,9) “ilaclarin yan etkileri
nedeniyle” ve 34 kisi (%4,9) ise “herhangi bir sebep
olmadig1” idi.  Antiviral tedaviyi kullananlarin
yas ortalamast 34,1x9,71 wil, kullanmayanlarin
31,02+7,87 yilidi (p<0,001). Kronik hastaligi olanlarda

%85 (p=0,007) ve tanm sirasinda semptomu olanlarda

14000
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11541
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Sekil 3. Covid-19 vakalarinin il genelinde aylara gore dagilim
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%79,4 (p=0,002), idari personel %89,6 ve hekimlerde
%82,0 (p=0,005), servis ve yogun bakim {initesinde
takip edilenlerde %94,7 (p=0,006) antiviral tedavi
kullanma oram daha fazla idi (Tablo 2).
Calisanlarin  ozelliklerinin  antiviral tedavinin

kullamimina etkileri binary lojistik regresyonla
incelenmistir. Omnibus Tests of Model Coefficients
p<0,001

bulunmus olup modelin veri

ve Hosmer-Lemeshow p=0,139 olarak
uyumunun yeterli
diizeyde oldugunu gostermistir. Yas arttikca tedavi
alma artmisti (p<0,001, OR=1,044). Tam sirasinda
semptomu olanlarin olmayanlara gore 1,779 kat
(p=0,006), kronik hastaligi olanlarin olmayanlara
gore 1,804 kat (p=0,037), antiviral tedaviyi aldig
goruldi. Mesleklerin antiviral tedavi alma oranlan
degerlendirildiginde; temizlik personeline gore
hekimlerin 2,494 kat (p=0,009), hemsirelerin 2,130
kat (p=0,025) tedaviyi aldig1 tespit edildi (Tablo 3).

Ekim Kasim Aralik Ocak Subat



Tablo 2. COVID-19 tanili hastane calisanlarinin bazi 6zelliklerinin onerilen tedaviyi kullanimina gore karsilastirilmasi

Tedavi kullandi mi

Evet n (%) Hayir n (%) p

Erkek 303 (77,7) 87 (22,3) 0,340
Cinsiyet

Kadin 226 (74,6) 77 (25,4)

Evet 119 (85,0) 21 (15,0) 0,007
Kronik hastalik

Hayir 410 (74,1) 143 (25,9)

Evet 404 (79,4) 105 (20,6) 0,002
Tanm sirasinda semptom

Hayir 125 (67,9) 59 (32,1)

Hemsire 168 (77,1) 50 (22,9) 0,005

Hekim 137 (82,0) 30 (18,0)
Meslek Teknisyen 142 (70,6) 59 (29,4)

Temizlik 39 (66,1) 20 (33,9)

idari 43 (89,6) 5 (10,4)

Servis-YBU* 36 (94,7) 2 (5,3) 0,006
Takip

Ayaktan 493 (75,0) 162 (25,0)

*YBU: Yogun Bakim Unitesi
Tablo 3. Calisanlarin 6zelliklerinin onerilen tedavinin kullamimina etkileri
p B OR %95 GA

Yas <0,001 0,043 1,044* 1,021-1,067
Cinsiyet (referans=erkek) 0,369 -0,266 0,767 0,520-1,129
Tam Sirasinda Semptom* 0,006 0,576 1,779 1,209-2,618
Kronik Hastalik* 0,037 0,590 1,804 0,354-0,999
Meslek (referans=TP) 0,010
Hekim 0,009 0,914 2,494 1,261-4,932
Teknisyen 0,462 0,239 1,270 0,671-2,402
Hemsire 0,025 -0,756 2,130 1,102-4,117
idari Personel 0,060 1,065 2,901 0,957-8,788

*Referans deger sorulara verilen “Yok” cevabidir.

TP: Temizlik Personeli, OR: Odds Ratio, GA: Giiven Araligi
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TARTISMA

Bir hastanenin COVID-19 tanis1 alan calisanlarinin
demografik yapilarini, antiviral tedavi kullanimlarini
incelemek, ayrica hastane ve ilin vaka sayisi egrilerini
karsilastirmak amaciyla yapilan bu calismada,
COVID-19 tams1 alanlarin yas ortalamasi 33,5 ve
%56,3’Uniin erkek oldugu gorilmistir. Calisma ile
ayni siirecte incelenen hastane ve bulundugu il
genelinde goriilen vaka sayilarinin dagilim trendinin
benzer oldugu, ayrica antiviral tedavi aliminin yas
arttikca arttigl, kronik hastaligi olanlarin, tam
sirasinda semptomu olanlarin antiviral tedaviyi daha
fazla aldig1 tespit edilmistir. italya ve Ispanya’da
COVID-19 ile enfekte olan saglik calisanlarinin
orant sirasiyla %20 ve %12 olarak bildirilmistir.
ingiltere’de 1029 personel iizerinde yapilan bir
calismada, dogrudan hasta bakan, hasta bakmayan
ancak hastane maruziyeti riski daha yiiksek olan ve
klinik dis1 personel olmak uzere lc¢ grupta COVID-19
pozitifligi sirasiyla %15, %16 ve %18 olarak bildirilmistir
(8). COVID-19

degerlendirildigi bir metaanalizde saglik calisanlan

ile enfekte saglik calisanlarinin

arasinda SARS-CoV-2 enfeksiyonu prevalansinin daha
yliksek oldugu gosterilmistir (9). Bu fark, saglhk
calisanlarinin is yeri maruziyetlerine atfedilebilir;
ancak sadece birkac calisma bu popilasyondaki
potansiyel enfeksiyon kaynagin1 analiz ederek
hastane kaynakli enfeksiyona kars1 toplum kaynakli
enfeksiyonun etkisini degerlendirmistir.
Calismamizda, saglik calisanlar arasinda SARS-
CoV-2 pozitif hemsire sayisinin yuksek olmasi,
hemsirelerin genellikle dogrudan hasta bakimi icin
yatak basinda yapilan isler, ilac uygulamasi gibi
konularda harcadiklari zamanin daha fazla olmasi ve
herhangi bir komplikasyon durumunda ilk miidahalede
bulunan ekibin basinda yer almasi ile aciklanabilir
(9). Yapilan cesitli calismalarda da calismamizla
uyumlu olarak en fazla hemsirelerin enfekte oldugu
gorulmektedir ( 9-12).
COVID-19 31.866

analiz edildigi bir calismada;

tanili saglik  calisaninin

11.772 kiside ek

10
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komorbid durum saptanmistir. %7 hipertansiyon,
%3 kardiyovaskiiler hastalik, %4 tip 2 diyabet, %3
KOAH oldugu bildirilmistir (9). Bir baska metaanaliz
calismasinda ise %18 saglik calisaninda ek komorbidite
saptanmistir. Komorbid durumlarnn dagiimi; %2,5
hipertansiyon, %2,4 kardiyovaskiiler hastalik, %1,5
diyabet, %2,4 KOAH olarak bildirilmistir (13). Bu
calismada, komorbidite oram diger calismalarla
benzer sekildedir.

Semptomatik COVID-19 tamli saglik calisanlarinin
semptomlarinin degerlendirildigi meta-analiz
calismasinda; ates %57, oksuruk %57, halsizlik %48,
miyalji %44, basagris1 %36, bogaz agris1 %32, nefes
darlig1 %22, diyare %14, mide bulantis1 %9 ve gogiis
agris1 %8 olarak saptanmistir (9). Ulkemizden Eren ve
ark. (14); yapmis oldugu calismada ates %65, oksuriik
%54, kas-eklem agris1 %35 ve diyare %18 oraninda
saptanmistir. Yakin tarihte yayinlanan bir baska meta-
analiz calismasinda ise ates %24,6, oksuruk %23,0,
halsizlik %22,1, bas agris1 %15,1, bogaz agns1 %13,7,
diyare %9,8 ve bulant1 %11,8 olarak bildirilmistir (13).
Calismalardaki semptomlarin dagiim degiskenligi
zaman icindeki mutasyonlar ve enfekte saglik
calisanlarinin COVID-19 as1 durumunun bildirilmemis
olmasi nedeniyle olabilir. Bu calismaya COVID-19 asis1
yaptirmamis (asinin bulunmadigi donemde enfekte)
veya asi yaptirmis olsa bile -yeterli immun yanitin
gelismemis oldugu- 2. doz sonras1 14 giin gecmemis
COVID-19 pozitif saglik calisanlar dahil edilmistir.

Calismamizda, hastalarin %5,3’U serviste, %0,1’i
(bir kisi) yogun bakim {initesinde, geri kalan1 ayaktan
tedavi gordu. Bir meta-analiz calismasinda, COVID-
19’lu saglik calisanlarinin %15’inde hastaneye yatis
gerekmis ve %1’inde olum bildirilmistir. Aym calismada
saglik calisanlan icin COVID-19’un sonuclari, genel
popiilasyonda yapilan ¢ogu calismada bildirilenlere
kiyasla belirgin sekilde daha iyi bulundugu
vurgulanmistir. Bu iyi prognoz saglik calisanlarinin
calisma cagindaki genc bir popiilasyon olmasina
baglanmistir (13). Baska bir meta analiz calismasinda
ise calismamizla benzer sekilde ciddi seyir %5, olum

ise %0,5 gorllmistir (9). Calismamizda, saglik



calisanlarinda ciddi seyir ve olum oraninin disuk
olmasi, ulkemizde uzun bir siire COVID-19’un kotu
prognozu acisindan yiiksek riskli saglik calisanlarinin
izinli sayilmasi ve aktif calisanlarin daha genc yas
grubu olmasi nedeniyle olabilir. Calismada saptanan
vakalarin aylara gore dagilim trendi il bazindaki vaka
dagiim trendine benzerlik géstermektedir. Hastane
calisanlarindaki vaka sayisinin il vaka sayilan ile
benzer sekilde olmasi saglik calisanlarinda toplum
kaynakli bulaslarin da epidemiyolojik olarak onemini
gostermektedir.

Literatiirde iki calismada yiiksek riskli saglik
calisanlan SARS-CoV-2
onlemek icin hidroksiklorokin ile profilaksinin faydasi

arasinda enfeksiyonunu
degerlendirilmistir. Her iki calismada da profilaksinin
onemli olclide COVID-19 riskini azalttig1 gosterilmistir
(15, 16). Calismanin yapildig1 tarihlerdeki giincel
Saglik Bakanligi COVID-19 rehberinde yiiksek riskli
saglik calisanlarinda hidroksiklorokin giiclii kanitlar
olmamakla birlikte onerilmistir (17). Bu calismada,
saglik calisanlarinin yanlizca %0,6’s1 hidroksiklorokin
kullanmistir.

Saglik calisanlarinda antiviral tedaviye %23,7 gibi
bir uyumsuzluk olmasi, toplumda kullanim oranlarinin
cok daha diisiik olabilecegini disiindiirmektedir.
Calismamizda ileri yas, semptomatik olma ve kronik
hastalik varligi COVID-19 icin antiviral kullanma
oranmim artiran durumlar olarak belirlenmistir.
Agir COVID-19 acisindan risk olusturan durumlar
Bunlarin  baslicalan

tanimlanmistir. yaslilik,

ETiK KURUL ONAYI

gebelik, diabetes mellitus, obezite, kronik bobrek
yetmezligi, kronik karaciger hastaligi, hipertansiyon
ve diger kardiyovaskiiler hastaliklar, kronik akciger
hastatiklaridir (18). Calismamizda agir COVID-19
olan kisilerin antiviral

acisindan risk faktorleri

tedaviye uyumunun daha yilksek olmasi, saglik
calisanlarinin risk faktorleri acisindan farkindaliginin
yuksek olmasi ile aciklanabilir.

Retrospektif karakterde bir calisma olmasi,
enfekte saglik calisanlarinda kisisel koruyucu ekipman
uyumunun ve potansiyel enfeksiyon kaynaginin analiz
edilmemis olmasi, yan etkilerin kisilerin beyaninin
esas alinarak belirtilmesi, antiviral etkinlik ve yan etki
ile ilgili kaygilarin irdelenmemis olmasi calismamizin
baslica kisitliliklandir.

Sonug COVID-19

nedeniyle topluma gore vyiksek riskli gruptadir.

olarak, saglik calisanlan
Toplumda ve saglik calisanlarinda benzer vaka
dagitiminin goriilmistiir. Calismada yas ilerledikce,
kronik hastaligi ve tani sirasinda semptomu olanlarda
antiviral tedaviyi kullanma oranminin daha yiksek
olmas1 dikkat cekicidir. Gerek etkinlik, gerekse
etki saglik
antiviral tedaviye uyumu olumsuz yonde etkiledigi

yan tartismalarinin calisanlarinda
dusunulmistur. Surveyans ve filyasyon calismalarina
devam edilerek, tedavi uyumunu etkileyen faktorler
degerlendirilmeye devam edilmeli, uyumu arttirmak
adina, uyumu dusuk olan gruplar hedeflenerek

egitimler verilmelidir.

* Bu calisma, Firat Universitesi Girisimsel Olmayan Arastirmalar Etik Kurulu’nun onayi ile gerceklestirildi (Tarih:16.09.2021

ve Karar No: 2021/09-20).

CIKAR CATISMASI

Yazarlar bu makale ile ilgili herhangi bir cikar catismasi bildirmemislerdir.
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Anti-SARS-CoV-2 antikor taramasinda hizlh kaset test sonuclarinin
elektrokemiliiminesans immiinoassay yontemiyle dogrulanmasi

Nazife AKMAN' , Zeynep AKIDAGI'

, Pelin OZMEN? , Rukiye YALAP?

OZET

Amag: COVID-19 pandemisi nedeniyle ara verilen
yliz ylze egitimin Ekim 2020’de yeniden baslamasi,
genc yetiskinlerde SARS-CoV-2 enfeksiyon oranlarinin
hizli bir artista oldugu doneme denk gelmistir. Bu
calismada, sessiz bulastincilar olarak tanimlanabilecek
bulas zincirinin en biyuk halkasi olan genc yetiskinlerde
2019 koronaviriis hastaligi (COVID-19) seropozitifligini
iki farkli serolojik metodla saptayarak epidemiyolojik
veri saglamak, asemptomatik/hafif belirtili/
semptomatik vakalarin bulgu-test performansi iliskisini

degerlendirmek amaglanmistir.

Yontem: Aralik 2020 - Subat 2021 tarihleri arasinda
Kapadokya Universitesi on lisans saglik programlarinda
okuyan ve uygulama derslerine yiiz yuze katilacak
olan ogrencilerle kesitsel bir arastirma yapilmistir.
SARS-CoV-2  (siddetli akut

sendromu korona virlis 2) maruziyetine bagli olarak

Katiimcilara, solunum
COVID-19 semptomlar1 ve hastalik oykileri hakkinda
bir anket uygulanmistir. SARS-CoV-2 antikor tayini icin

katiimcilardan kan ornekleri alinmis ve tek bir lateral

ABSTRACT

Objective: Since the resumption of face-to-face
education in October 2020, which was suspended due
to the COVID-19 pandemic, coincides with the period
when SARS-CoV-2 infection rates in young adults are
on the rise. This study focuses on the 2019 corona virus
outbreak in young adults, the largest link in the chain of
transmission, which can be defined as silent contagious
agents. It is aimed to provide epidemiological data by
detecting virus disease (COVID-19) seropositivity with
two different serological methods, and to evaluate
the symptom-test

performance relationship  of

asymptomatic/mild symptom/symptomatic cases.

Methods: A cross-sectional study was conducted
with students studying at Cappadocia University health
programs between December 2020 and February 2021 and
who will attend practice courses face-to-face. Participants
were surveyed about their COVID-19 symptoms and
disease histories based on SARS-CoV-2 exposure. For SARS-
CoV-2 antibody detection, blood samples were taken from

the participants and investigated with a single lateral

*Bu calisma, 3. Viroloji Gunleri Kongresi’nde (18-20 Haziran 2021, Ankara, Turkiye) poster bildiri olarak sunulmustur.
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flow immunoAssay (LFIA, Novatech, Turkiye) kaset test
ile arastinlmistir. Test sonucu pozitif bulunan ornekler
daha sonra SARS-CoV-2 Anti-N IgM+IgG; SARS-CoV-2
Anti-S IgM+lgG; SARS-CoV-2 Anti-RBD IgG; Anti-SARS-
CoV-2 kiti (Roche, Almanya) ile elektrokemiliminesans
(ECLIA) yoOntemi
degerlendirilmistir.

immiinoassay kullanilarak yeniden

Bulgular: Calismaya katilan 239 ornekten LFIA
yontemine gore SARS-CoV-2 IgM/IgG sonucu pozitif olan
50 (%20,9) ornek daha sonra ECLIA yontemi ile tekrar
calisitmistir. ECLIA sonucuna gore hem niikleokapsid
(N), hem de spike (S) antijenine karsi bireylerin %72’si
(36/50), RBD antijenine kars1 %70’i (35) seropozitif olarak
saptanmistir. ECLIA test sonuclan referans alinarak 239
ornegin calisiip 50 ornegin IgM/IgG pozitif bulundugu
kart test kitinin duyarliigi %64 ve 6zgiilligi %93 olarak
saptanmistir. Her iki yontemle de seropozitif bulunan
hastalarin %46’sinda (n=23) temas oykusu bildirilirken
%30’u (n=15) COVID-19 klinigi gostermistir. Katilimcilarin
%540 (n=27) PCR (polimeraz zincir reaksiyonu) testi
yaptirmadigimi  bildirmis fakat tamaminda antikor
yanitinin olustugu gorilmustiir. Seropozitif hastalarin
ise yalmzca %28’inin (n=14) PCR sonucu pozitif rapor
edilmis olup bunlarin %4’ kronik bir hastaligi oldugunu

belirtmistir.

Sonug: Hizli kaset test ile ECLIA’nin performansinin
iyi bir uyum derecesine sahip olmadigi ve farkl
immunoassay testlerle dogrulamasinin yapilmasinin
epidemiyolojik siirveyans icin daha yararli olacagi
disiiniilmustir.  Ozellikle yeni COVID-19 varyantlan
baglaminda ve gencleri hedef alan toplu asilama
kampanyalarina ilginin azligindan dolay1 genclerin
serolojik durumlarim izlemeye devam etmek onemli

olacaktir.

Anahtar Kelimeler: SARS-CoV-2, COVID-19, LFIA,
ECLIA, seroepidemiyoloji
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flow immunoAssay (LFIA, Novatech, Turkey) cassette
test. The samples with positive test result were then
SARS-CoV-2 Anti-N IgM+IgG; SARS-CoV-2 Anti-S IgM+IgG;
SARS-CoV-2 Anti-RBD IgG; It was re-evaluated using the
electrochemiluminescence immunoassay (ECLIA) method
with the anti-SARS-CoV-2 kit (Roche, Germany).

Results: Of the 239 samples participating in the study,
50 (20.9%) samples that were positive for SARS-CoV2 IgM/
IgG according to the LFIA method were then studied again
with the ECLIA method. According to the ECLIA result, 72%
(36/50) of individuals against both nucleocapsid (N) and
spike (S) antigens, and 70% (35) against RBD antigen were
seropositive. Based on the ECLIA test results, 239 samples
were studied and 50 samples were found to be IgM/IgG
positive, with a sensitivity of 64% and a specificity of
93%. Contingence history was reported in 46% (n=23) of
patients who were seropositive by both methods, while
30% (n=15) showed a COVID-19 clinic. Fifty four percent
(n=27) of the participants reported that they did not have
a PCR (polymerase chain reaction) test, but antibody
response was observed in all of them. Only 28% (n=14)
of seropositive patients reported positive PCR results,
and 4% of them stated that they had a chronic disease. It
will be important to continue to observe the serological
status of young people, particularly in the context of
new COVID-19 variants and in the low interest in mass

vaccination campaigns targeting young people.

Conclusion: It is thought that the performance
of ECLIA with rapid casette test does not have a
good degree of agreement and confirmation with
different immunoassay tests would be more useful
for epidemiological surveillance. Especially the new
COVID-19 in the context of the variants and targeting
youth due to the lack of interest in vaccination
champaigns continue to monitor the serological status

of young people it will be important.

Key Words: SARS-CoV-2, COVID-19, LFIA, ECLIA,
seroepidemiology



GIRIS

SARS-CoV-2 tek sarmalli, pozitif polariteli bir
RNA virtsudiir ve COVID-19’a neden olur. SARS-CoV-
2’nin yuksek bulasicilik orani, cevresel stabilitesi ile
yiiksek riskli gruplardaki hastaligin ciddiyeti, COVID-
19’un pandemik hal almasina yol acmistir ve Mart
2020’de Diinya Saglik Orgiitii, COVID-19’u pandemi
olarak ilan etmistir (1,2). SARS-CoV-2 bulasmasini
kontrol etmek icin en onemli mudahalelerden biri
erken tespittir (3).

Diinya Saglik Orgiitii kilavuzlarina gére COVID-19
vakalari; balgam, bogaz siirlintiileri ve alt solunum
yolu orneklerinde gercek zamanli ters transkripsiyon
(RT-PCR) gibiniikleik asit amplifikasyon testleri (NAAT)
kullanilarak viriis RNA’sinin dizilerinin saptanmasiyla
dogrulanir (4,5). Hastaligin tanisinda altin standart
yontem RT-PCR olup (3), epidemiyolojik slirveyans
calismalarinda da tercih edilebilir. Ancak, RT-PCR’1n
zaman alici, pahali bir test olmasi ve deneyimli
laboratuvar personeli gerekliligi epidemiyolojik
calismalarda serolojik testlere daha cok yonelmeye
neden olmustur (5). Numune kalitesinin dusuk
olmasi, hastanin asemptomatik olmasi ya da erken
donemde numune alinmasindan dolayr dusik viral
yukun bulunmasi, PCR inhibisyonu gibi sebeplerden
RT-PCR ile yalanc1 negatif sonuclar ortaya cikabilir.
Hastalarda viral yikin dalgalanmalar gostermesi,
RT-PCR
oldugunda, serolojik tani cok degerli hale gelir
ve NAAT’leri
6,7).
baslangicindan >2 hafta), ozellikle viris atiiminin

testlerinin  saptama smmirinin  altinda

tamamlayic1 olarak kullanilabilir
Hastaligin ge¢ doneminde (semptomlarin
zamanla azalmasina bagli RT-PCR yalanci negatifligi
durumunda serolojik testler anlamlidir. Bu nedenle
saha taramalarinda molekiiler yontemlere kiyasla
serolojik testler daha disik maliyet ve is yiki ile
daha hizli gerceklestirilebilir (3,6). Serolojik testler
toplumdaki COVID-19 dolagiminin genisligini anlamak
icin seroepidemiyolojik calismalarda da kullanilabilir
(8-10).

Bu calismada, Kapadokya Universitesi saglik
programlarinda 6grenim goren 18-40 yas arasindaki
genc bireylerde SARS-CoV-2 seroprevalansin1 hizli
zamanda testin

tanm testleriyle saptamak aym

performansini  ECLIA  ydntemiyle  dogrulamak
amaclanmistir.

GEREC ve YONTEM
Calisma Tasarimi ve Ornek Toplama

2020-2021 egitim-ogretim yilinda, Kapadokya

Universitesi Kapadokya Meslek Yiiksekokulunda
egitim goren ve uygulama dersleri icin okula gelen
394 ikinci simf Ogrencisi arastirmanin evrenini
olusturmustur. Bu calismada ornekleme yontemi
kullanilmamis olup calismaya katilmay1 kabul eden
239 (%62,2) 6grenci calismada yer almistir.
Katiimcilarla, Aralik 2020-Subat 2021 tarihleri
arasinda

yuz yuze gorusulerek arastirmacilar

tarafindan hazirlanan sorular ile katilimcilarin
demografik verileri ve COVID-19 oykiileri arastinldi.
Her bir SARS-COV-2 1gG/IgM

antikorunu belirlemek icin EDTA’lL tipe 2 ml kan

katiimcidan

ornegi alindi ve test, iretici firma olan lateral flow
immuno assay (LFIA, Novatech, Turkiye) onerileri
dogrultusunda calisilmistir. Bu test sonucu pozitif
saptanan kisilerden 5 ml kan 6rnegi daha alinarak, oda
sicakliginda 1100 g’de 10 dakika santrifiijlenmistir.
Bes katilimci ikinci kez kan vermeyi onaylamadigi
icin calisma dis1 birakildi. Alikotlar, 2 ml kirmizi
kapakli kuru tiplere aktarildi ve hemen -20°C’ye
kaldinldi. Serumlar daha sonra biyogiivenlik nakliye
kosullar ile bir dis merkeze goénderildi. Ornekler,
Grubu’nda
proteinini hedef alan antikorlarin tarandigi Anti-
SARS-CoV-2 N (Roche), spike proteinini hedef alan
antikorlarin tarandig1 Anti-SARS-CoV-2 S (Roche) ve
SARS-CoV-2 Anti-RBD IgG Antikor yaniti Anti-SARS-
CoV-2 kiti (Roche) kullanilarak ECLIA yontemi ile
calisitmistir. (Sekil 1).

Diizen Laboratuvarlar nikleokapsid
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[ Calismadaki katilimailar

(n=239)

|

seropozitif katiimailar (n=55)

[ LFIA analiz sonucuna gore ]

UG

ikinci kez kan drnegi

vermeyen katihmailar (n=5)

[ ECLIA analiz sonucuna gére ]

Sekil 1. Deneysel calismanin akis semasi

Bu calismanin sonuclart SPSS 21 kullanilarak
analiz edilmistir. Surekli degiskenlere ait aciklayici
istatistikler ~olarak ortalama+standart sapma,
kategorik degiskenlere ait aciklayici istatistikler ise
say1 ve yiizdelerle ozetlenmistir. Verilerin dagilim
Kolmogorow Simirnov testi ile degerlendirilmis ve

verilerin normal dagilmadigi tespit edilmistir.
Etik Kurul izni ve izinler

Kapadokya Universitesi Bilimsel
Arastirmalar ve Yayin Etigi Kurulu onay1 ile
gerceklestirildi (Tarih: 29.01.2020, Karar no: 2020.29
ve Tarih: 08.03.20201, Karar no: 2021.51). Saglik
Bakanlig1 Bilimsel Arastirma Platformu tarafindan da
onaylanmistir (Onay no: 2020-09-20T23_25_44).

Bu calisma,

BULGULAR

Demografik Ozellikler

Calismaya katilan 239 6grencinin yas ortalamasi
21,5 sapma:3.085)
olup %67,7’si (n=162) kadindi. Arastirma yaptigimiz
donemde Turkiye’de 14 Ocak 2021 itibariyle oncelikli
olarak

(min=18, max=33, standart

saglik calisanlarinda asilama  baslanmis
ancak 40 yas alt1 bireyler heniiz rutin as1 programi
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kapsamina alinmamisti. Bu nedenle katilimcilarin
hicbirinde asilanma oykusu bulunmamaktadir.

Seropozitif bireylerin ozellikleri

Kart test yontemi ile 50 (%20,9) katibmcida
antikor pozitifligi bulunmustur. Bunlarin %70’nin
(n=35) kadin, %64’niin (n=32) 18-20 yas arasinda
ve %58’nin (n=29) Ic Anadolu bolgesinde yer alan
illerde ikamet ettigi belirlenmistir (Tablo 1). Calisma
grubunda kart test ile SARS-CoV-2 antikor pozitifligi
(23/50) PCR testi
yaptirdigini bildirmistir. Bunlarin en sik test yaptirdig

saptanan katiimcilarin  %46’s1

zaman araligi Ekim 2020 olarak belirtilmistir. PCR
testi yaptiran bu 23 katiimcidan 14’U pozitif sonuc
verildigini bildirmis ve en sik yasadiklarn hastalik
bulgularinin dagiimin halsizlik %92,8 (13/14), tat-
koku kayb1%71,4 (10/14) ve eklem agris1%71,4 (10/14)
olarak ifade etmistir (Sekil 2). PCR testi pozitif cikan
ve akciger tomografisi cekilen dort katiimcinin ikisi
akciger bulgulan tasimakta ve SARS-CoV-2 antikor
pozitif cikan bireylerin %18’ (9/50) evde ilac tedavisi
almistir (Tablo 1). Calisma grubunda kart test sonucu
pozitif olan bireyler arasinda kronik hastaligi olanlar
%4 (2/50) olarak tespit edilmis ve %8’i de (4/50)
tanimlanmis bir solunum yolu enfeksiyonu gecirdigini
soylemistir.



Kart test ile SARS-CoV-2 antikor pozitifligi
saptanan ve daha oOnce PCR testi yaptiran 23
katiimcidan 9’u negatif sonuc verildigini bildirmis ve
en sik rastladiklan bulgular halsizlik %55,5 (5/9) ve
eklem agris1 %44,4 (4/9) seklinde ifade etmistir (Sekil
2).

Kart test yontemi ile antikor pozitifligi saptanan
50 hastanmin %54’U (27/50), PCR testi yaptirmadigin

belirtmis ve yalmzca ucl yakin cevresinde supheli
temas oldugu icin evde izolasyona tabi tutuldugunu
bildirmistir. En sik yasadiklarn hastalik bulgularinin
dagitimini halsizlik %44,4 (12/27), eklem agris1 %33,3
(9/27) ve oksuruk %29,6 (8/27) olusturmustur. Bu
bireylerin sadece biri hastaligin tipik belirtisi olan tat
ve koku almada azalma hissettigini soylemistir (Sekil
2).

Tablo 1. Antikor test sonucu pozitif olan bireylerin 6zellikleri (n=50)

Kadin %70 (n=35)
Cinsiyet
Erkek %30 (n=15)
18-20 %64 (n=32)
Yas 21-22 %24 (n=12)
23 + %12 (n=6)
Ag1z ve Dis Sagligi %22 (n=11)
Anestezi %8 (n=4)
Beslenme ve Diyetetik %10 (n=5)
Dis Protez Teknolojisi %2 (n=1)
Fizyoterapi %12 (n=6)
Egitim programlari ilk ve Acil Yardim %12 (n=6)
Odyometri %2 (n=1)
Optisyenlik %2 (n=1)
Radyoterapi %4 (n=2)
Tibbi Laboratuvar Teknikleri %6 (n=3)

Tibbi Goriintiileme Teknikleri %20 (n=10)

Akdeniz Bolgesi %18 (n=9)

ic Anadolu Bélgesi %58 (n=29)

ikamet ettikleri bolgeler Karadeniz Bolgesi %6 (n=3)
Giineydogu Anadolu Bolgesi %12 (n=6)
Dogu Anadolu Bolgesi %6 (n=3)
Evet %4 (n=2)
Kronik hastaliginiz var m?
Hayir %96 (n=48)
Evet %30 (n=15)
COVID-19 gecirdiniz mi?
Hayir %70 (n=35)

Turk Hij Den Biyol Derg 1 7



Tablo 1 (devami). Antikor test sonucu pozitif olan bireylerin 6zellikleri (n=50)

Evet %8 (n=4)
Tanimlanmis solunum yolu enfeksiyonu gecirdiniz mi?

Hayir %92 (n=46)

Evet %46 (n=23)
PCR testi yaptirdimiz mi1?

Hayir %54 (n=27)

Agustos 2020 %2 (n=1)

Eyliil 2020 %4 (n=2)
Ne zaman PCR testi yaptirdimz?* Ekim 2020 %16 (n=8)

Kasim 2020 %10 (n=5)

Aralik 2020 %4 (n=2)

Pozitif %28 (n=14)
COVID-19 test sonucunuz nedir?

Negatif %18 (n=9)

Evet %10 (n=5)
Akciger tomografisi ¢cektirdiniz mi?

Hayir %34 (n=18)

Pozitif %4 (n=2)
Akciger tomografisi sonucunuz nedir?

Negatif %6 (n=3)

Evde ilac tedavisi %18 (n=8)
Tedavi sekliniz nasildi?

Sadece evde izolasyon %14 (n=6)

Evet %44 (n=22)
Karantinaya alindimiz mi?

Hayir %56 (n=28)

Evet %66 (n=33)
Cevrenizde COVID-19 vakasi olustu mu?

Hayir %34 (n=17)

Evet %46 (n=23)
Siipheli temasimz oldu mu?

Hayir %54 (n=27)
Aile bireyi, ev arkadasi gibi aym evi paylastiginiz kisilerin EVet %46 (n=23)
siipheli temas1 oldu mu? Hayir %54 (n=27)

*Test yaptirdigi tarihi hatirlayan katiimcilarin sayisi ve yiizdesidir

ECLIA Yontemi ile Anti-SARS-CoV-2 IgM, IgG, Anti-
RBD IgG Tespiti

Calismada; kart test yontemine gore SARS-CoV2
IgM/1gG sonucu pozitif olan 50 katilimciya pozitifligin
dogrulanmas1 amaciyla ECLIA yontemi uygulanmistir.
Bu yontemle katilimcilarda niikleokapsid (N),
spike (S) ve RBD antijenlerine kars1 antikor yaniti
Anti-N ve Anti-S pozitifligi 36
katilimcida, Anti-RBD pozitifligi 35 katiimcida tespit
edilmistir.

arastinlmistir.

l 8 Turk Hij Den Biyol Derg

Calismada kullanilan LFIA kitinin
Turkiye) duyarliligi %92 ve ozgilligli %97,89; hedef
antijenleri ise SARS-CoV2 niikleokapsit (N) ve spike
proteini (S) kullamlmistir. Duyarliig %98,8 (%95 Cl:
%98,1-%99,3) ve ozgiilligu %100 (%95 Cl: %99,7-100)
olarak bildirilen (Roche GmbH, 2021);
SARS-CoV2 testi sonuclarn referans alinarak 239 ornek

(Novatech,

Elecsys Anti

calisitmis 50 ornegin IgM/ 1gG pozitif bulundugu kart
test kitinin duyarliigr %64 ve 6zgilligi %93 olarak
saptanmistir.
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Sekil 2. SARS-CoV-2 antikor pozitif bulunan katiimcilarin COVID-19 bulgular*

*Katiicimlar birden fazla bulgu secebilmislerdir.

TARTISMA

Serolojik testler, COVID-19’un insandan insana
yayiiminm kontrol altina almak icin yararli bir arac
olabilir (11).
gosteren bireylerin oldugu popiilasyona ait gercek

Asemptomatik veya hafif semptomlar

enfeksiyon oranlart maskelenebilecegi icin serolojik
(12). Calismamizda,
asemptomatik 6grencilerde SARS-CoV-2 enfeksiyonu

testlerin kullanilmasi esastir

prevalansim tahmin etmek icin serolojik testler
yapilmistir. %11,29’unun
(27/239) semptom gostermedigi icin test yaptirmadigini
fakat antikor pozitifligine sahip oldugunu gostermistir

Sonuclarimiz, bireylerin

ve bulgulanimiz pek cok arastirma ile uyumlu olarak
SARS-CoV-2 testi pozitif ¢cikan ¢ok sayida kisinin hicbir
semptom gostermedigini dogrulammistir (13-16). Bu
durumun toplumdaki sessiz bulastiricilarin orani ve
hastaligin bulasindaki rolleri hakkinda farkindalik
yaratmasi gerektigi kamsina vanlmistir.

Calismaya baslanilan tarihte tilkemizde giinliik vaka
sayisinin 30 bin civari olmasi ve yiiz yiize egitim icin
okula gelen d6grencilerde asemptomatik, hafif/ gecici,
semptomatik enfeksiyonlarin olabilmesi, hastalig
gecirmis bireylerin saptanmasi gibi nedenlerle SARS-
CoV-2 antikorlarn arastinlms ve %20,9 (50/239)
oraninda antikor pozitifligi tespit edilmistir (17). Bu
durumun giinliik vaka sayisina baktigimizda olasi oldugu
dustunulmustur. Aym sekilde katiimcilarin neredeyse
yarisinin hastaneye basvurarak test yaptirdiklan
tarihlerin giiz aylarinda oldugu goriilmiistir (Tablo 1).

Universite 6grencileri arasinda iilkemize ait SARS-
CoV-2 antikor prevalansina iliskin veriler simrhdir.
Ciinkii Ulkemizdeki pek cok universitede egitim, 11
Mart 2020 tarihinden itibaren uzaktan olacak sekilde
surmustur. Bununla birlikte calismarmzdaki orneklerin
yikselen bir antikor titresi ile erken enfeksiyonu,
azalan antikor Uretimi ile onceki enfeksiyonu veya
baska bir viriisle capraz reaktiviteyi temsil edebilecegi
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distiniildiiglinde bireylerin kisisel koruyucu ekipmanlara
kars1 tutumu oldukca 6nemli yer tutmaktadir.

May1is 2020’de Los Angeles’ta iiniversite ogrencileri
Uzerinde yapilan bir seroprevalans calismasi, o zamanki
toplum seroprevalansina benzer sekilde sadece %4,0’lik
antikor pozitifligi oran bulmustur. Diisiik seroprevalans,
muhtemelen Mart 2020’de fiziki olarak Universite
(18).
ingiltere’de 2.905 iiniversite 6grencisi ile SARS-CoV-2

kampusunin  kapatilmasiyla aciklanmaktadir
seroprevalansinin arastinildigi  baska bir calismada,
antikor pozitifligi %17,8 (%95CI, 16,5-19,3) olarak
bildirilmistir (19).

Pandemi surecinde bircok insan grip benzeri
semptomlarla hastanelere basvurmustur. Olas1 pozitiflik
durumunda kendini izole etmeye yonelik tavsiyelere
rehberlik etmek ve hastaligin daha fazla yayilmasin
onlemek icin COVID-19’u en cok ongoren semptomlarin
(20).
tum seropozitif katiimcilarda tat ve koku kaybim
%26 (13/50), sirt agrisim %28 (14/50) oraninda tespit
edilmistir (Sekil 2).

Bu calismada,

kombinasyonu belirlenmistir Calismamizdaki

epidemiyolojik surveyans
calismalaninda kalabalik kitlelere daha hizli ulasmak
icin basvurulabilen hizli kaset test sonuclanni, baska
bir immunoassay testle dogrularken aym zamanda
daha etkin hedef molekiillerin dahil edilmesiyle bu
testlerin daha duyarli sonuclar ortaya cikarabilecegi
dusunulmustur. Bu nedenle spike ve nukleokapsid
antijenlerinin yamsira RBD molekiiline kars1 gelisen
antikor yanit1 da arastinlmistir. Anti SARS-CoV-2 S, N
ve RBD IgG antikor yamtlar ECLIA yontemi ile sirasiyla
(S ve N aym sekilde) %72 ve %70 olarak saptanmistir.
Her Uc antijene kars1 gelisen antikor yanitlan arasinda
anlamli bir farkllbik bulunmamstir. Ancak; RBD’ye
karsi gelisen antikorlann kristal yapilarinin arastinldigi
bu antikorlann ACE2
baglanmay1 inhibe ederek, viral girisi bloke ettigi ve

bir calismada, reseptoriine
diger koronaviriislerle capraz reaksiyon vermedigi bu
nedenle tiirlere 6zgii bir yamt olusturdugu bildirilmistir
(21).
gelismesi

Notralizan antikorlanin RBD proteinine kars
anti-RBD antikorlanmin tanisal degerini

ortaya koymaktadir. LFIA testinde arastinlan S ve N

20
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antijenlerine kars1 gelisen antikor yamtinin yanm sira
RBD molekiiliinde dahil edildigi kitlerin dizayn edilmesi
bu testlerin performansin arttirabilir.

Calismamizda; duyarliigi %92, ozgullugl %97,89
oldugu bildirilen bir kart test yontemini kullanarak SARS-
CoV-2 IgG ve IgM antikorlan taranmistir. Bulgularimiza
gore ilgili testin duyarliigim %64 ve ozgillliglini %93
olarak saptanmstir. Calismalarinda antikor taramasi
yapan Nicol ve ark. (22) CLIA (kemiliminesans immun
assay), ELISA (enzym linked immuno sorbent assay),
kart test yontemlerini kiyaslamislar ve calismamz gibi
diger yontemlere gore kart testin duyarliigim daha
diisiik, ozgiillligtinii benzer bulmuslardir. Bu sonuclara
gore kart testlerde capraz reaksiyon olma olasiligi
muhtemel sonuclar arasindadir. Roche anti-SARS-CoV-2
testini degerlendiren Lau ve ark. (23) calismalarinda;
kitin minimum capraz reaktivite ile mukemmel
performans gosterdigini bildirmislerdir. Merrill ve ark.
(24) arastirmalarinda, Roche anti-SARS-CoV-2 testinin
%98,9  bulmuslardr.
hedef antijenlerdeki (niikleokapsid ve spike protein)

duyarliigim Bu varyasyonda
ve immunoassay formatindaki (sandvi¢ ve indirekt)
farkliiklarin etkili olabilecegi diistintilmistdir.
Calismamizin en onemli kisitliigl, sadece LFIA
pozitif 6rneklerin dogrulanmasi yoluna gidilmesiydi.
ECLIA yaniti
yonunden taranmasi; kaset testlerde sik rastlamlan

Orneklerin  tamarmnmin ile antikor
prozone etkisinden dogacak yalanci negatif sonuclar
yakalayabilir ve bu sonuclar test performansini
etkileyebilirdi. Ancak calismamizda, kaset test sonucu
pozitif ¢ikan katiimcilarin ornekleri ECLIA ile calisitmis
olup calismanin orneklemini daraltrmstir.

Arastirmanin bir diger sinirliigi, kolayda 6rnekleme
stratejisinin benimsenmesidir. Test kitlerine erisimin
uzamasl, mevcut egitim-ogretim yii icerisinde daha
fazla sayida katiimciya ulasmayr engellemistir. Bu
nedenlerle orneklem daha genis 6grenci poplilasyonunu
tam olarak temsil edememistir. Tim bunlara ragmen
Subat 2021’deki bulgularimiz, sonbahar doneminde
artan vaka oranlarina ragmen ogrencilerin bliyik bir
bolimiiniin enfeksiyona karsi kendilerini koruyabildigini
gostermektedir. Ayrica, virtisiin yayilmasini durdurmak,



Universitelerde egitimin baslamasina paralel olarak
yurtlarda olabilecek biyuk salginlar onlemek icin
sipheli vakalarin erken tespiti, izolasyonu ve enfeksiyon
kontrol onlemlerinin hizli uygulanmasi ile halk sagligi
adim attigimizi diistiniiyoruz.

Saglik COVID-19
oranlarinin toplum prevalansina gére yiiksek oldugunu

calisanlarinin seropozitiflik

bildiren bircok calisma mevcuttur (25). Katiima
grubun saglik stajyerlerinden olusmasi ve bu gruplarin
seroepidemiyolojik envanterinin cikanlmasi,
nozokomiyal enfeksiyon risk yonetiminde degerli bir
yaklasimdir.

Calismamizda, genc bireyler arasinda asemptomatik

TESEKKUR

olarak hastalig1 gecirenlerin semptomatik bireylere
gore cogunlukta bulunmasi, geng bireylerin COVID-19
hastaliginin yayilmasinda 6nemli bir rezervuar oldugunu
gostermektedir. Bu nedenle ozellikle as1 karsit1 tutumlar
sergileyen veya as1 kararsizig1 yasayan geng bireylerin
asilama yoninde kazanilmasi toplum sagliginin
iyilestirilmesi adina buyik onem arz etmektedir.

hizh
kohort

numunenin alinis zamanina ve kullanilan hedef viral

Son olarak, antikor testlerinin analitik

performanslan gruplarinin  ozelliklerine,
antijenlerin yapisina baghi olarak degisse de baska bir
serolojik yontem ile dogrulanmasi; salgin yonetimi ve

izleminde dogru adimlar atilmasina olanak saglayacaktir.
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Ayaktan basvuran hastalarin idrar kiiltiirlerinde iretilen
Escherichia coli izolatlarinda antimikrobiyal diren¢ oranlar: bes
yillik analiz

Ayten GUNDUZ'

, Ahmet MANSUR'

OZET

Amac: Escherichia coli (E. coli), dinya capinda
bakteriyel enfeksiyonlarin en yaygin patojenidir ve
iiriner sistem enfeksiyonlarimn (USE) %80 kadarindan
sorumludur. Son vyillarda E. coli’nin neden oldugu
enfeksiyonlarin tedavisinde kullanilan antimikrobiyallere
kars1 direnc tum dinyada artmakta olup tedavi
basansizligim ve tedavi maliyetlerindeki artisi onlemek
icin direnc oranlarinin siirekli olarak izlenmesi ve ampirik

tedavi onerilerinin giincellenmesi gerekmektedir.

Yontem: Bu calismada, 2015-2019 yillan arasinda
Malatya Egitim ve Arastirma Hastanesi Mikrobiyoloji
laboratuvarina  tiim

polikliniklerden ~ gonderilen

idrar kultiri orneklerinde ureyen E. coli suslarinin

antimikrobiyal direnc oranlarn retrospektif olarak
incelenmistir. Anlamli sayida iiremesi olan plaklardaki
bakterilerin identifikasyonu ve antimikrobiyal duyarliik
testleri (ADT) icin konvansiyonel yontemler ve Vitek
2 Compact otomatize sistemi (BioMérieux, Fransa)
kullamlmistir. ADT sonuclan Antibiyotik duyarlilik testleri
Uzerinde Avrupa Komitesi (EUCAST) kilavuzlarina gore

duyarli ve direncli olarak belirlenmistir.

ABSTRACT

Objective: Escherichia coli (E. coli) is the most
common pathogen of bacterial infections worldwide and
is responsible for 80% of urinary tract infections (UTlIs).
In recent years, resistance to antimicrobials used in
the treatment of infections caused by E. coli has been
increasing all over the world, and it is necessary to
constantly monitor resistance rates and update empirical
recommendations in order

treatment to prevent

treatment failure and increase in treatment costs.

Methods: In this study, antimicrobial resistance
rates of E. coli strains grown in urine culture samples
sent from all polyclinics to Malatya Training and Research
Hospital Microbiology laboratory between 2015-2019
were retrospectively investigated. = Conventional
methods and Vitek 2 Compact automated system
(BioMérieux, France) were used for the identification
of bacteria in plaques with significant growth and for
antimicrobial susceptibility testing (AST). AST results
were determined as sensitive and resistant according to
the European Committee on Antimicrobial Susceptibility

Testing (EUCAST) guidelines.
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Bulgular: Bes yillik siirede poliklinik hastalarinin
idrar kultirlerinin %14,8 (22636/153006)’inde anlamli
treme tespit edilerek tamimlama ve ADT’ leri calisilmistir.
%68,3  (15475/22636)’linii

E. coli olusturmustur. Direnc oranlarinin en yuksek

Tanmimlanan etkenlerin

oldugu antimikrobiyal ilaclar sirasiyla ampisilin
(%65,2), amoksisilin/klavulanat (%38,5), trimetoprim/
sulfametoksazol (%36,3), sefaleksin (%35) ve sefuroksim
(%31,3) olarak tespit edilmistir. En az direnc oranlan
(%0,6-2,1),

(%3,6), nitrofurantoine (%5,8) ve amikasine (%7,5) kars1

sirasiyla;  karbapenemlere fosfomisine

bulunmustur. Kinolon direnc oranlar levofloksasine
%16,7 ve siprofloksasine %19,1 ve norfloksasine %21,9

olarak bulunmustur.

Sonug: Amerikan Enfeksiyon Hastaliklari Dernegi
[Infectious Diseases Society of America (IDSA)] rehberinde
USE tedavisinde

sulfametoksazol, alternatif olarak da kinolonlar tavsiye

ilk secenek olarak trimetoprim/

edilmektedir. Ayrica uluslararasi tedavi rehberleri,
komplikasyonsuz alt USE’lerin ampirik tedavisinde direnc
oranlan %20’den yiksek antimikrobiyallerin kullanimini
onermemektedir. Calismamizda; levofloksasin,
siprofloksasin ve norfloksasin direnc oranlar birbirine
yakin olup ampirik tedavi icin uygun gorinmektedir,
ancak trimetoprim/sulfametoksazol direnc oram yiksek
(%36,3).

orneklerinden bes yillik siirede izole edilen E.

goorulmustur Toplum kokenli hasta idrar
coli
izolatlarinda saptadigimiz %26,1’lik GSBL (genislemis
spektrumlu B-laktamaz) oraniyla birlikte, direnc oranlar
yuksek ampisilin, amoksisilin, amoksisilin/klavulanat,
trimetoprim/sulfametoksazol ~ ve  sefalosporinlerin
ampirik tedavi icin uygun olmadigini disiinmekteyiz.
Calismamizdaki sonuclara dayanarak fosfomisinin tek
doz oral kullanim avantaji, yliksek hasta uyumu ve diisiik
yan etki profili ile ayaktan hastalarda ampirik tedavi icin
ilk secilecek ila¢ oldugunu ve ozellikle nonkomplike
USE’lerin ampirik tedavisinde nitrofurantoinin alternatif

oldugunu diisinmekteyiz.

Anahtar Kelimeler:

Escherichia coli, GSBL

Antimikrobiyal direng,

Turk Hij Den Biyol Derg

Results: It was detected significant growth in 14.8%
(22636/153006) of urine cultures of outpatients over
a five-year period, and identification and ASTs were
studied. E. coli constituted 68.3% (15475/22636) of
the identified factors. The antimicrobial drugs with
the highest resistance rates were ampicillin (65.2%),
(38.5%),

cephalexin

amoxicillin/clavulanate trimethoprim/
(36.3%), (35%)

cefuroxime (31.3%) respectively. The least resistance

sulfamethoxazole and
rates were found against carbapenems (0.6-2.1%),
fosfomycin (3.6%), nitrofurantoin (5.8%) and amikacin
(7.5%),
were found to be 16.7% for levofloxacin, 19.1% for

respectively. Quinolone resistance rates

ciprofloxacin and 21.9% for norfloxacin.

Conclusion: In the guideline of the Infectious

Diseases Society of America (IDSA), trimethoprim/
sulfamethoxazole is recommended as the first choice in
the treatment of UTI, and quinolones are recommended
as an alternative. In addition, international treatment
guidelines do not recommend the use of antimicrobials
with resistance rates higher than 20% in the empirical
treatment of uncomplicated lower UTls. In our study,
the

and norfloxacin were close to each other and seemed

resistance rates of levofloxacin, ciprofloxacin

appropriate for empirical treatment, but the rate
of trimethoprim/sulfamethoxazole resistance was
high (36.3%).

amoxicillin,

It is thought think that ampicillin,
amoxicillin/clavulanate, trimethoprim/
sulfamethoxazole and cephalosporins with high resistance
rates are not suitable for empirical treatment, with an
ESBL (extended spectrum B-lactamase) rate of 26.1%
in E.

patient urine samples over a five-year period. Based on

coli isolates isolated from community-acquired

the results of our study, it is thought that fosfomycin
is the first drug of choice for empirical treatment in
outpatients with its advantage of single-dose oral use,
high patient compliance and low side-effect profile,
and nitrofurantoin is an alternative especially in the

empirical treatment of non-complicated UTls.

Key Words: Antimicrobial resistance, Escherichia
coli, ESBL



GIRIS

E. coli,diinyacapindabakteriyelenfeksiyonlarinen
yaygin patojenidir ve iriner sistem enfeksiyonlarinin
(USE) yaklasik %80’inden sorumludur (1, 2).
yillarda E.

Son
coli’nin neden oldugu enfeksiyonlarin
tedavisinde kullanilan antimikrobiyallere karsi
direnc tum dinyada artmaktadir. Toplum kaynakli
USE’lerde, beta-laktam grubu antibiyotiklerin ve
genis spektrumlu sefalosporinlerin uygunsuz kullanimi
GSBL ureten E. coli suslarinda artisa yol agmaktadir
(3,4). Bu durumda olusan tedavi basarisizligini ve
tedavi maliyetlerindeki artis1 onlemek icin direnc
oranlarinin surekli olarak izlenmesi ve ampirik tedavi
onerilerinin giincellenmesi gerekmektedir.
Calismamizda, bes yillik silrecte hastanemiz
polikliniklerine ayaktan basvuran hastalarin idrar
izole edilen E. coli

kilturlerinden suslarinin

antimikrobiyallere direnc oranlan arastirilmistir.

GEREC ve YONTEM

2015-2019 yillan Malatya
Arastirma Hastanesi mikrobiyoloji laboratuvarina
tim  polikliniklerden

arasinda Egitim

gonderilen idrar kulturd
orneklerinde ureyen E. coli suslarinin antimikrobiyal
direnc oranlan retrospektif olarak incelenmistir.
idrar 6rnekleri %5 koyun kanli agar (KKA) ve Eosin
Methylene Blue (EMB) agar besiyerlerine ekilerek
35°C’de 16-48 saat inkiibe edilmistir. Uremesi olan
plaklardan koloni sayis1 210° kob/mL olanlar isleme
alinmistir. ve ADT
icin konvansiyonel yontemler ve Vitek 2 Compact

otomatize sistemi (BioMérieux, Fransa) kullanilmistir.

Bakterilerin tanimlanmasini

ADT sonuclarn EUCAST klavuzlarina gore duyarli
ve direncli olarak belirlenmistir (5). Orta duyarl
suslar istatistiksel olarak direncli kabul edilmistir.
izolatlarin GSBL {iretimini tespit icin otomatize
sistem ve/veya seftazidim ve seftazidim/klavulanat
kombine disk yontemi calisilmistir. Kombine disk

yonteminde klavulanat iceren disk ile > 5 mm zon
cap1 tespit edilen suslar GSBL pozitif olarak kabul
edilmistir (6).

Verilerin istatistiksel analizi SPSS 17(SPSS
Incorporated, Chicago) programinda ki-kare yontemi
ile degerlendirilmis olup, p < 0,05 degeri istatistiksel
olarak anlamli kabul edilmistir.

Bu calisma, Malatya Turgut Ozal Universitesi
Girisimsel Olmayan Arastirmalar Etik Kurulu’nun
onay1 ile gerceklestirilmis (Tarih: 06.02.2022 ve
Karar No: 2022/22) Helsinki Bildirgesi ilkelerine

uygun olarak yapilmistir.
BULGULAR

Bes yillik slirede poliklinik hastalarinin idrar

kulturlerinin  %14,8 (22636/153006)’inde anlamli
Ureme tespit edilerek tanimlama ve ADT’leri
calisitmistir. Tanimlanan etkenlerin %68,3
(15475/22636)’Unu E. coli olusturmustur. E. coli

suslarinmin %73,4 (11359/15475)’4  kadin hasta
%26,6,4 (4116/15475)’s1 erkek
hasta orneklerinden (p<0,001).
Yas ortalamasi 25,2 (0-104) olup, suslar en sik
pediatri (%36,9) ve uroloji (%22,6) polikliniklerinden

gonderilen orneklerden izole edilmistir. E.

orneklerinden,
izole edilmistir

coli
izolatlarinin polikliniklere gore dagiim vyiizdeleri
Tablo 1’de verilmistir.

Kombine disk testi veya otomatize sistem ile
GSBL tespit edilen sus oranm %26,1 (3625/13892)
olarak bulunmustur. Direnc oranlarinin en yiksek
oldugu antimikrobiyal ila¢ ampisilin (%65,2) olup,
amoksisilin/klavulanat (%38,5)
ve trimetoprim/sulfametoksazol (%36,3), sefaleksin
(%35) ve sefuroksim (%31,3) olarak tespit edilmistir.
En az direnc oranlarn sirasiyla; karbapenemlere
(%0,6-2,1), (%3,6),
(%5,8) (%7,5)
izolatlarin antimikrobiyal direnc oranlar Tablo 2’ de

digerleri sirasiyla;

fosfomisine nitrofurantoine

ve amikasine kars1 bulunmustur.

sunulmustur.
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Tablo 1. Suslarin gonderildikleri polikliniklere gore dagilimi

Poliklinik %
Pediatri 36,9
Uroloji 22,6
Acil 19,9
Enfeksiyon Hastaliklar 7,0
ic Hastaliklar 6,0
Kadin Hastaliklar1 ve Dogum 3,8
Nefroloji 1,2
Diger 2,6
Toplam 100,0

Tablo 2. E. coli izolatlarinin antimikrobiyallere diren¢ oranlan

Antimikrobiyal Direncli izolat / calisilan izolat Direng (%)

Ampisilin 8725/13385 65,2
Amoksisilin/klavulanat 4971/12913 38,5
Piperasilin/tazobaktam 1317/7028 18,7
Sefaleksin 3115/8899 35,0
Sefuroksim 4290/13696 31,3
Sefiksim 3723/12439 29,9
Sefotaksim 2117/7695 27,5
Seftazidim 2702/10151 26,6
Sefepim 2396/11399 21,0
Ertapenem 244/11459 2,1

imipenem 72/10906 0,7
Meropenem 30/5087 0,6

Norfloksasin 2505/11457 21,9
Siprofloksasin 749/3915 19,1
Levofloksasin 167/1002 16,7
Amikasin 983/13104 7,5

Gentamisin 2311/14205 16,3
Trimetoprim/sulfametoksazol 5212/14340 36,3
Nitrofurantoin 829/14197 5,8

Fosfomisin 406/10709 3,8
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oran diger tim
antimikrobiyallere gore anlamli derecede yiiksek
(p<0,001). Piperasilin/tazobaktam
direnci amoksisilin/klavulanata gore disiik oldugu
belirlenmistir (p<0,001).
arasinda direnc orani
edilmistir(p<0,001).
Karbapenemlerden meropenem ile

Ampisiline direnc

bulunmustur

Sefepim sefalosporinler
en disik olarak tespit

imipenem
arasinda anlamli diren¢ farki olmayip (p:0,602),
ertapenem ile aralarindaki direnc farki anlamb
(p<0,001). dahil

diger tim antimikrobiyallere

bulunmustur Ertapenem
karbapenemlerin

gore direnc oranlart disiik oldugu belirlenmistir

(p<0,001).

Levofloksasin direnci siprofloksasin (p:0,074) ve
norfloksasin (p<0,001) direnc oranlarindan dusuk
gorulmustar.

Amikasin direnci gentamisin direncinden dusuk
oldugu belirlenmistir (p<0,001).

Karbapenemlerden sonra diren¢ orani en
dusuk antimikrobiyaller olan fosfomisin (%3,6) ile
nitrofurantoin (%5,8) arasindaki direnc oram farki
anlamli bulunmustur (p<0,001).

Ayaktan hastalara ampirik tedavide siklikla
tercih edilen antimikrobiyallerin yillara gore direnc

oranlarinin degisimi Tablo 3 ve Sekil 1’ de verilmistir.
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%2015 87,6 57.3 34,8 21,3 38 21,3 14,3 2,8
2016 76 64,2 32,8 19 38,5 193 9.3 2,4
= 2017 64,2 36 30,7 24 35,6 14,5 32 1,7
H2018 57.2 31,2 29,3 22,5 35 14,5 2,9 2,8
W 32019 59 26 316 21,2 36,3 15,2 5 6,4
H 2018 57,2 31,2 29,3 22,5 35 149 2,9 2,8
H 2019 &g 26 31,6 21,2 36,3 15,2 5 6,4

Sekil 1. Yillara gore E. coli izolatlarinin sik kullanilan antimikrobiyallere direnc oranlar (%)

AMP: Ampisilin, AMC: Amoksisilin/Klavulanat, CXM: Sefuroksim, NOR: Norfloksasin, SXT: Trimetoprim/Sulfametoksazol,

GM: Gentamisin, NF: Nitrofurantoin, FOS: Fosfomisin
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Tablo 3. Yillara gore E. coli izolatlarinin sik kullanilan antimikrobiyallere diren¢ oranlari (n/N)

Antimikrobiyal 2015 2016 2017 2018 2019

Ampisilin (AMP) 1501/1713 1040/1368 2001/3119 1888/3301 2295/3884
Amoksisilin/Klavulanat (AMC) 983/1713 884/1376 1014/2811 1100/3201 990/3812
Sefuroksim (CXM) 597/1713 433/1320 947/3081 1083/3695 1230/3887
Norfloksasin (NOR) 281/1317 223/1174 626/2647 579/2574 796/3745
Trimetoprim/Sulfametoksazol (SXT) 651/1711 750/1948 1113/3125 1286/3668 1412/3888
Gentamisin (GM) 364/1712 377/1948 431/2971 550/3691 589/3883
Nitrofurantoin (NF) 235/1643 175/1890 119/3115 107/3695 193/3854
Fosfomisin (FOS) 3/106 21/860 46/2711 89/3178 247/3854

TARTISMA

Hastane polikliniklere basvuran USE hastalarina
genellikle idrar kiltira istenmeden veya kiltur

sonuclart  beklenmeden hastanin  yakinmalan

ve biyokimyasal idrar analizi sonuclarina gore
antimikrobiyal ilac baslanmaktadir. ideal ampirik
tedavi etkenler

antimikrobiyal icin  muhtemel

ve duyarli olduklarn antimikrobiyaller dikkatle
izlenmelidir (7). E. coli toplum kokenli ve hastane
kaynakli USE etkenleri arasinda en yaygin bakteriyel
patojendir. Bu nedenle ozellikle toplum kokenli

USE’lerde E.

duyarlilik profili goz oniine alinarak baslanacak bir

coli icin guncel antimikrobiyal
ampirik tedavinin basar1 sansi cok yuksektir.
Diinyada oldugu gibi {ilkemizde de iropatojen
E. coli suslarimin neden oldugu USE’lerde tedavide
kullanilan antimikrobiyallere kars1t direnc artisi

gorulmektedir.  Direnc  oranlant  antimikrobiyal

farklitiklar
nedeniyle bolgeler arasinda degismektedir (2-4, 8, 9).

kullamm sikligi ve politikalarindaki
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Calismamizda, ampisilin  ve  amoksisilin/
klavulanat icin 2015 ile 2019 yillarinda direng
oranlan farki son derece belirgindir. Ancak bu farkin
en onemli nedeni antibiyogram plaklarinda disklerin
2015-2016 yillarinda CLSI

Standartlan Enstitisi) kriterlerine gore yorumlanmis

(Klinik Laboratuvar

olmasidir. Sonraki yillarda ayni icerikli diskler (AMP
10 pg ve AMC 20/10 pg) EUCAST kriterlerindeki
daha diisiik zon ¢ap1 degerlerine gore yorumlanmaya
baslayinca direnc oranlarinda belirgin dusme
olmustur. Ulkemizde yapilan calismalarda direnc
orani %50’ nin Uizerinde olup ampisilin ve amoksisilin
ampirik tedavide onerilmemektedir (7, 10-14).
Yakin zamanda yapilan calismalarda amoksisilin/
klavulanat direnc¢ oram da %39-47,4 arasinda
bildirilmistir (8, 13, 15, 16). Calismamizdaki bes
yilik
direnci %38,5 olup, bahsedilen yorumlama kriterleri
dikkate 2019 wyilinda
%26’ya dek dustuigt goriilmektedir. Oral kullanimi

surecte ortalama amoksisilin/klavulanat

alinarak

incelendiginde

nedeniyle USE ampirik tedavisinde énceki yillarda



sik recete edilen bu antimikrobiyale olan ilgi ylksek
direnc¢ oranlan nedeniyle son yillarda azaldigindan
direnc diisme egiliminde olabilir. Ancak uluslararasi
tedavi rehberleri, komplikasyonsuz alt USE’lerin
ampirik tedavisinde direnc oranlar %20’den yuksek
antimikrobiyallerin  kullanimini  onermemektedir
17). beta laktam/beta
laktamaz kombinasyonu olan piperasilin/tazobaktam
(TZP) diren¢ oran1 benzer c¢alismalardaki gibi
daha disik (%18,7) bulunmustur (8, 10, 18-20).
Son yillarda klinisyen ve laboratuvar uzmanlan

Calismamizdaki diger

tarafindan GSBL ireten Gram negatif bakterilerin
neden oldugu enfeksiyonlarda ilk tercih edilen
karbapenemlere kars1 direnc gelisimini onlemek
icin, karbapenemler yerine TZP kullanimina yonelik
calismalar giderek onem kazanmaktadir (21). GSBL
pozitif bakterilerin neden oldugu USE’lerde TZP’nin
etkinligini degerlendiren calismalar, bu ilacin etkili
bir tedavi secenegi olabilecegini bildirmislerdir (22).

Calismamizda, sefalosporinlerin direnc orani
%21-35 arasinda olup en disuk direng orani sefepime
aittir. GSBL orani ise %26,1 olarak bulunmustur ki;
bu yuksek GSBL orani nedeniyle sefalosporinlere
direnc oranlan da yuksektir. Ayaktan hastalarin
ampirik tedavisinde oral kullanim nedeniyle
(%31,3) ve

sefiksim (%29,9) icin direnc oranlar kabul edilebilir

siklikla tercih edilebilen sefuroksim

seviyenin Uzerindedir (17). Sefuroksimin yillara gore
direnc oranlari incelendiginde 2016’dan 2019’a
dogru direncte biyiik bir degisim gozlenmemistir.
Ulkemizde yapilan calismalarda; GSBL iireten sus
oranlarina baglh olarak sefalosporin direng oranlan
degismekle beraber genel olarak ampirik tedavideki
beklentileri karsilamaktan uzaktir (8-13, 15, 16, 19,
20).

Karbapenemlere direnc orani tum calismalarda
oldugu gibi bizim calismamizda da en diisiik olarak
bulunmustur. Ancak karbapenemlerin kullanimina
kultur antibiyogram testi sonucunda GSBL pozitif

ve alternatif antimikrobiyallere direncli suslar icin

basvurulmasi bu disiik direnc oranlarinin korunmasi

acisindan cok onemlidir (3, 4, 6, 7, 21, 23).
Calismamizda aminoglikozidlerin direnc oranlar

dusuk olup, ozellikle amikasin (%7,5) kombinasyon

tedavileri icin uygun bulunmustur.

ve SXT oral

nedeniyle yetiskin hastalarda ampirik tedavide en

Kinolonlar kullanim  kolaylig
stk kullanilan antimikrobiyal ilaclar arasindadir.
IDSA rehberinde, USE tedavisinde ilk secenek olarak
SXT onerilmekte, bu antimikrobiyal ajana %10’un
uzerinde direnc goriilen bolgelerde ise alternatif
olarak kinolonlar onerilmektedir (7). Calismamizda
(%16,7), (%19,1) ve
norfloksasin (%21,9) direnc oranlan birbirine yakin

,levofloksasin siprofloksasin
olup ampirik tedavi icin uygun gorunmektedir, ancak
SXT direnc orani yuksek bulunmustur (%36,3) (17).
Son yillarda GSBL pozitif E.
olusan enfeksiyonlar artmakta olup, oral tedavi

coli izolatlanyla

seceneklerinden kinolonlara ve SXT’ye direncte de
artis s6z konusudur. IDSA rehberinde oral kullanim
kolayligi ile komplike olmayan USE tedavisinde
dusuk direnc oranlarina sahip nitrofurantoin ve
2000-2012 yillan
arasinda, 14 Afrika ulkesini kapsayan cok merkezli

fosfomisin oOnerilmektedir (7).

calismada, fosfomisin direnc oram %0-2 arasinda
saptanmistir (24). Ulkemizde, lropatojen E. coli
suslarinda fosfomisin direng oranlarinin incelendigi
az sayida suslar ile yapilan calismalardaki veriler
Pullukcu ve ark. (25) tarafindan analiz edilerek,
toplam 6439 izolat icin ortalama direnc %1,9 olarak
bildirilmistir (25). Calismamizda 10709 izolat icin
direnc oram %3,8 olarak bulunmus ve 2019 yilinda
diren¢c oranminin arttigi (%6,4) saptanmistir. Disiik
direnc oranlarina sahip ve tek doz oral kullanim
avantaji nedeniyle fosfomisinin son zamanlarda
ampirik tedavide daha cok tercih ediliyor olmasi
bu diren¢ artisinin nedeni olabilir. Ancak yine de
%6,4 direnc oram karbapenemler hari¢ tim diger
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antimikrobiyaller ile kiyaslandiginda ampirik tedavi
icin cok uygundur.

E. coli suslarinda nitrofurantoin direnci icin
llkemizde yapilan calismalardan Duran ve ark. (8)
(%7,6), Soydan ve ark. (23) (%12), Alpay ve ark.
(26) (%14) direnc oranlarini bildirmislerdir. Aytac ve
ark.’nin (9) 11594 izolat ile yaptiklan calismada;
%3,3 direnc oranm Dbildirilmistir. Calismamizda,
14197 izolat icin nitrofurantoin direnc oram %5,8
olarak saptanmis olup uropatojen E. coli izolatlan
icin fosfomisinden sonra en dusuk direnc oranina
sahip oral antimikrobiyaldir.

Sonu¢ olarak toplum kokenli hasta idrar
orneklerinden bes yillik surede izole edilen E.
%26,1’lik GSBL

oraniyla birlikte, direnc oranlan yuksek ampisilin,

coli izolatlarinda saptadigimiz

ETiK KURUL ONAYI

amoksisilin, AMC, SXT ve sefalosporinlerin ampirik

tedavi icin uygun olmadigimi disiinmekteyiz.
Calismamizdaki sonuclara dayanarak
karbapenemlerden sonra sirasiyla fosfomisin,

nitrofurantoin, amikasin, levofloksasin ve TZP en
etkili antimikrobiyallerdir. Fosfomisinin tek doz oral
kullanim avantaji, yuksek hasta uyumu ve dusuk yan
etki profili ile ayaktan hastalarda ampirik tedavi icin
ilk secilecek ilac oldugunu ve ozellikle nonkomplike
USE’lerin
alternatif oldugunu disiinmekteyiz. Ancak tim

ampirik tedavisinde nitrofurantoinin
enfeksiyonlarin tedavisinde en dogru yaklasimin
mimkiin oldugunca kiltiir ve antibiyotik duyarlilik
testi sonucuna uygun antimikrobiyal ila¢c kullanimi

oldugu unutulmamalidir.

* Bu calisma, Malatya Turgut Ozal Universitesi Girisimsel Olmayan Arastirmalar Etik Kurulu’nun onay1 ile gerceklestirildi

(Tarih:06.02.2022 ve Karar No: 2022/22).

CIKAR CATISMASI

Yazarlar bu makale ile ilgili herhangi bir ¢ikar catismasi bildirmemislerdir.
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Determination of efficacy in inactive Newcastle disease vaccines
with an in-vitro method as an alternative to in-vivo methods

Mustafa KARS' (ID), Yamag TEKINTAS? D), Fethiye COVENS? D), Asiye DAKMAN* ,
Ismail OZTURK? , Sabahattin ICIN' , Mine HOSGOR LIMONCU?

ABSTRACT

Objective: In this study, applicability of an in-vitro
ELISA method, which reduces or eliminates the need
for animal trials in establishing the efficacy of inactive

Newcastle disease vaccines was investigated.

Methods: For this purpose, the efficacy of nine (9)
inactivated Newcastle disease vaccines and two non-
Newcastle related vaccines (negative controls) were
evaluated by in-vivo and in-vitro methods. As in-vivo
tests, vaccines were applied to the Spesific Pathogen
Free (SPF) chicks and antibody response was determined
via hemagglutination inhibiton test. As in-vitro, antigen
amount in vaccines were calculated with a sandwich ELISA
test based on the determination of hemagglutinin and
neuraminidase levels developed for inactive Newcastle
vaccines. Relative potency values of vaccines were
calculated by using the parallel line analysis method with
Combistats statistical analysis software program by using

optical density results obtained from ELISA test.

Results: Hemagglutination inhibition test results

were found to be between 233 and 2%'; immunization/

OZET

Amag: Bu calismada, inaktif, Newcastle hastaligi
asilanmin etkinligini belirlemede hayvan denemelerine
olan ihtiyaci azaltan veya ortadan kaldiran in-vitro bir

ELISA yonteminin uygulanabilirligi arastirilmstir.

Yontem: Bu amacla, dokuz (9) inaktif Newcastle
hastaligi asisinin ve iki Newcastle ile iliskili olmayan
asinin (negatif kontroller) etkinligi in vivo ve in-vitro
yontemlerle degerlendirilmistir. In vivo testler olarak
Spesifik Patojensiz (SPF) civcivlere asilar uygulanmistir
ve hemaglitinasyon inhibisyon testi ile antikor yaniti
belirlenmistir. in vitro olarak, asilardaki antijen miktari,
inaktif Newcastle asilar icin gelistirilen hemaglutinin
ve noraminidaz seviyelerinin belirlenmesine dayanan
bir sandvic ELISA testi ile hesaplanmistir. Asilarin nisbi
potens degerleri, ELISA testinden elde edilen optik
yogunluk sonuclar kullanilarak Combistats istatistiksel
analiz yazilimi programi ile paralel cizgi analiz yontemi

kullanilarak hesaplanmistir.

Bulgular: Hemaglutinasyon inhibisyon testi sonuclan

233 jle 2%' arasinda bulunmus; bagisiklama / meydan
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challenge results ranged between 56 and 136 PD,; and
ELISA test results were between 6,02 and 98,23 antigen
units. A correlation was found between the ELISA test
and in-vivo methods. Sensitivity and specificity were
found to be %89, %100 respectively.

Conclusion: In our study according to these results,
we have demonstrated the ability of ELISAmethod to give
similar results on the same samples, its compatibility
with the standard procedure and its applicability under

laboratory conditions.

Key Words: In-vivo, in-vitro, Newcastle disease,

relative potency, vaccine

okuma sonuclar 56 ve 136 PD50 arasinda degisirken,
ELISA test sonuclan 6,02 ve 98,23 antijen birimleri
arasinda oldugu goriilmustir. ELISA testi ile in vivo
yontemler arasinda bir korelasyon belirlenmistir.
Duyarliik ve ozgillik swrasiyla %89 ve %100 olarak

bulunmustur.

Sonug: Bu sonuglara gore, laboratuvar sartlarinda
ELISA metodunun uygulanabilirligi, standart prosediire
olan uyumu ve aym ornekler uzerinde benzer sonuclar

verebilme yetenegi gosterilmistir.

Anahtar Kelimeler: in-vivo, in-vitro, Newcastle

hastaligi, relatif potens, asi

INTRODUCTION

Newcastle disease (ND) is a highly contagious
viral disease that can be seen in domestic and
wild bird species (1). Although there are clinically
asymptomatic cases, the disease usually presents with
symptoms of the digestive, respiratory and nervous
system and rapidly progresses to a fatal stage (5). It
is one of the most important poultry diseases in the
world, with its high morbidity and mortality, which
rates up to 100% (5). This enveloped, single-stranded
RNA virus is endemic in many parts of the world
and also can cause outbreaks in domestic poultries.
There is no effective antiviral for the treatment of
Newcastle disease (20). Therefore biosecurity and
hygiene measures and vaccination practices should
be carried out in harmony since the disease can
infect different domestic and wild birds which also
can asymptomatically carry the virus and contribute
to the spreading (4).

34

Turk Hij Den Biyol Derg

Every year, hundreds of batches of inactivated ND
monovalent or combined vaccines are used. Unlike
pharmaceuticals, each batch is considered unique as
they are derived from living organisms. Manufacturers
and competent authorities should check each batch
to ensure product consistency, safety, and efficacy
(15). One of the most important features that
determine the test method is the type of vaccine. In
general, in-vitro titration tests and colony counting
determine the efficacy of live vaccines. However,
in inactive vaccines’ efficacy is determined by in-
vivo methods such as immunization-challenge, toxin
neutralization, and immunization-serology tests (18).
However, ethical concerns about animal welfare, it is
encouraged to reduce the number of animals used in,
or use alternative in-vitro methods (11, 13, 18, 22).

In this study, applicability of an in-vitro ELISA
method, which reduces or eliminates the need for
animal trials in establishing the efficacy of inactive
Newcastle Disease Vaccines was investigated.



MATERIAL and METHOD

Vaccines

In the study, nine oil-emulsion inactivated vaccines
from different companies containing different

lentogenic ND virus strains. Oil-emulsion inactivated

Table 1. Vaccines and their ingredients

vaccines of reovirus and Avibacterium paragallinarum
were included to detect possible false reactions.
The efficiency of the vaccines was evaluated by in-
vivo immunization-serology, immunization-challenge
test and in-vitro antigen ELISA. The contents of the
vaccines used are shown in Table 1.

Vaccine No: Vaccine strain Vaccine type Inactivation agent
#1 Lasota strain Combined Formaldehyde
#2 VH strain Monovalent Formaldehyde
#3 Clone 30 strain Combined Formaldehyde
#4 Lasota strain Combined Formaldehyde
#5 Lasota strain Combined Formaldehyde
#6 Ulster 2C Monovalent Formaldehyde
#7 Lasota strain Combined B-propiolactane
#8 Lasota strain Monovalent Ethylene-imine
#9 Lasota strain Combined Formaldehyde
#10 Reovirus strain Multivalent Formaldehyde
#11 Avibacterium paragallinarum serotype A, B, C Multivalent Formaldehyde

Immunization-serology test

For each vaccine sample, 10 chicks that were 21-
28 days old and obtained from the SPF flock were
used. At least five chicks were left unvaccinated as
a control group. One-fiftieth of the vaccine dose was
given by intramuscular injection (IM) to 10 SPF chicks
in each group with micro injectors. Seventeen-twenty-
one days after vaccination, at least 1 ml of blood was
taken from each chick and the sera were separated.
Serum samples were kept at 56 °C for 30 minutes
to inactivate the complement and stored at -20 °C.
Antibody titers were calculated by hemagglutination
(HA) and hemagglutination inhibition (HI) tests as
specified in World Organization for Animal Health

(OIE), Manual of Diagnostic Tests and Vaccines

for Terrestrial Animals Section 3.3.14 (21). The
effectiveness criterion of vaccines was determined as
HI titers 4.0 log2 and above in the vaccinated group
and 2.0 log2 and below in the unvaccinated group.

Immunization-challenge test

In the test, the protective dose (PD,,) of the
vaccines was calculated based on the survival rates of
the SPF chicks after immunization. The experiments
were done with the recommendations of the
European Pharmacopoeia monograph No. 0870 (21).
Test groups include 20 chicks that were 21-28 days
old and obtained from the SPF flock. The chicks were
vaccinated intramuscularly at varying rates (1/12.5,
1/25, 1/50, 1/100, 1/200) of the vaccine dose. Ten

chicks were left as the control group. After 17-21 days
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of vaccination, all groups, including the control group,
were intramuscularly epruvated with velogenic AA-1
(Herts 33/56) containing 6 log10 ELD50 / dose and
placed in the isolator. Chicks that survived without
showing Newcastle disease symptoms were identified
in all groups for 14 days after the application and
protective dose (PD,;) was calculated according to
the Reed and Muench method (23). For the control of
validity of the test, all animals in the control group
must have died within six days after epruvation.

Extraction Process of Vaccines and ELISA

For including the vaccines in the ELISA test, the
antigen must first be released to the water phase by
the degradation of the emulsion. For this purpose, 8
ml of isopropyl myristate (IPM) and 2 ml of vaccine
were mixed in a 15 ml tube. The suspension then
vortexed for 1 minute. Following, the mixture was
centrifuged for 10 minutes at 2500 rpm at 8 "C by
using a cooled centrifuge. Then the liquid part (oil
+ IPM) remaining in the upper part of the tube was
removed by pipetting (8). The double-antibody
sandwich (DAS) ELISA was used to determine the
potency of inactive ND vaccines, based on measuring
the HN protein’s amount of the AA-1 serotype.
The relative potency of the vaccine samples was
determined as the antigen unit (AU) by comparing the
reference antigen (6AU/vial) with known HN protein
content (7). In ELISA experiments, ND virus HN
protein-specific MoAb antibody was used for coating,
Horse radish peroxidasell (HRPO) conjugated ND virus
HN specific MoAb was used as the detection antibody.
The results of the ELISA experiments were analyzed
with the current version of the Combistats Statistical
Analysis Software Program provided by EDQM. The OD
values of the samples and the reference antigen were
converted into logarithmic values using the parallel
line analysis method, the relative potency (AU/ml).

Comparison of the methods

The relationship between immunization-serology,
and ELISA
evaluated using Minitab Statistical Program. The

immunization-challenge, results was

36

Turk Hij Den Biyol Derg

coefficient of variation (% CV) between OD values
of samples and % CV for the relative potency values
obtained from six replicates of six samples on different
days was calculated. The sensitivity, specificity, and
relative accuracy rate of the ELISA were calculated
based on in-vivo test results (10).

RESULTS

Hemagglutination Inhibition Test Findings

According to the HI test results of chicks used
in the control of ND vaccines. Five of nine ND
vaccines produced 2* or fewer antibody responses,
and four produced antibody responses above this
value. Two vaccines that do not contain ND virus
components did not produce any response as in the

control chicks. Results were summarized in Table 2.
Immunization-Challenge Test Findings

When the vaccine series that revealed an antibody
23,3, 23,5,
and 23° (below 2%) according to the results of HI test

response at an average level of 233, 234,

performed for each vaccine were evaluated for the
chick number that survived after the immunization-
challenge test, they exhibited 56, 60, 70, 75, and
71 PD,, protection level, respectively. When the
remaining four vaccine samples were taken into the
HI test, an average of 24!, 248 244 and 2%' antibody
responses were obtained, and in these vaccine
series, protection at the level of 100, 108, 100, and
136 PD,, values was determined, respectively. A
significant correlation was observed when HI levels
and PD,, values were compared with each other
(r* = 0.95) and the results were found statistically
significant  (p<0.001). All unvaccinated chicks
died by the 4th day of the experiments (Table 2).
ELISA Findings

The relative potency values of vaccines containing
ND components, found between 6.02 and 98.23 AU/
dose. The relative potency of the two vaccines,

which were the negative control, was found as 0.19
and 0.34 AU/dose. The correlation (r? = 0.93) was



found between the ELISA test and the Immunization-
challenge test (p <0.001). In addition, when all data
were analyzed, a significant relationship was found

Table 2. Test results of vaccines

between the ELISA and in vivo methods with the
%89 sensitivity and %100 spesificity. The ELISA test
results of all vaccines studied are given in Table 2.

Vaccine HI test results PD, /dose results ELISA
No: Vaccinated Control Result Acceptance Limit

#1 233 0 56 50 6,02

#2 713 0 60 50 8,93

#3 725 0 70 50 8,55

#4 72 0 75 50 10,33

#5 239 0 71 50 12,01

#6 214 0 100 50 36,91

#7 P2 0 108 50 75,67

#8 L 0 100 50 36,75

#9 725 0 136 50 98,23

#10 0 0 0,19

#11 0 0 0,34
DISCUSSION of (min.70) SPF chicks are used and evaluation of test
results is based on observation of disease symptoms
Although  challenge practices directed at and survival levels in animals. The alternative ELISA

determining potency in inactive ND vaccines clearly
demonstrate the effects of all vaccine components
(adjuvants, emulsifying agents) on the immune system,
the time from the initiation to the termination of the
test takes approximately two months, a large number

test is based on calculating the relative potency by
directly comparing the amount of antigen in inactive
ND vaccines with a reference antigen without any
immunization. Inour study, the compatibility between
in-vivo and in-vitro test methods used to evaluate
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the effectiveness of vaccines was investigated. Five
of the nine ND vaccines which were subjected to
the in-vivo immunization-serology protocol, gave
a serologic response which was 24 or below. When
these afore-mentioned vaccines were tested through
immunization-challenge; they were all found have a
value above 50 PD50. There are a lot of studies in
which serologic response to vaccination is similarly
evaluated, itissignificant that the serological response
level in which protection does not occur is below 22.
it was found out that none of the vaccines gave a
response below 23, only a certain group of vaccines
gave results below 24 which is the limit set by the
European Pharmacopoeia, and even these vaccines
were found to provide protection over 50 PD50. In
the monograph 0870 of European Pharmacopoeia,
it is required to conduct immunization-challenge to
decide the efficacy of the inactive ND vaccine when
serological tests do not yield the necessary antibody
titers (21). The vaccines with HI titers between 23
and 2* obtained in our study met the Pharmacopoeia
acceptance criteria of 50 PD50, it was thought that
values below 2 could be due to the difficulties in
vaccine administration. As administration doses
contained very low vaccine doses such as a 1/50 ratio,
vaccine delivery was possibly curtailed. In our study,
a significant correlation was observed when HI levels
and PD50 values were compared with each other (r?
= 0.95) and the results were found to be statistically
significant (p < 0.001). There are studies with similar
results to our results in in-vivo tests performed to
determine the effectiveness of ND vaccines (2, 14, 24).

The double antibody sandwich ELISA test, which
constitutes the in-vitro part of our study, is based on
the HN antigen in the vaccine conjugating with the
specific monoclonal antibody and the measurement
of the relative potency after the antigen antibody
complex is compared with a reference sample
with known antigen amount, without the need for
immunization and challenge in SPF chicks. It has
been reported that similar vaccine series, products
containing virus or bacterial subunits as well as
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microbial cultures can be used as reference products
(17).
analysis method using Combistats software 5.0

RP values were calculated with parallel line

program using OD values obtained in the ELISA test of
ND vaccines and they were between 6.02 AU / dose
and 98.23AU / dose. In a previous report the minimum
amount of antigen that vaccines should have in order
to be able to use the ELISA method in potency testing
of inactive ND vaccines was found to be 7 AU/dose
(7). When this study was taken into consideration,
all ND vaccines except one, had sufficient antigen
amount. In our study, eight of nine ND vaccines were
above 7 AU, and only one vaccine with a value of 6
AU remained below the limit even though it was very
close and had sufficient PD50 results. In our study, a
significant correlation (r2 = 0.93) was found between
the ELISA test and the immunization-challenge test
(p <0.001). There are studies in which the efficacy of
inactivated Newcastle disease vaccines is investigated
by comparing in-vitro and in-vivo tests (serological
and challenge), and the results obtained from our
study are similar to the results of the researchers
(6, 19). It was thought that the relatively insufficient
relative potency value of 6 AU in one vaccine may
be due to the inactivation agent (formaldehyde) or
due to the failure in separating the oil phase from
the water phase during the extraction process,
causing the oil phase to have a masking effect
even though the antigen amount is sufficient. In a
study on inactivation agent (formaldehyde), it was
emphasized that in vaccines using formaldehyde, less
antigen was detected compared to B propiolactone
and this was due to the mechanism of action of
the inactivation agent (16). In another study, it
was reported that insufficient AU amounts could be
detected due to the inability to completely separate
the oil phase from the water phase during the
extraction process or the masking with the oil phase
even though the amount of antigen was sufficient (3).

In our study, when we included a bacterial and
a viral vaccine without the ND component into the
ELISA test, RP was found at a much lower level (0.19



AU / dose and 0.34 AU / dose) than the detection
limit of 7AU / dose, and with these results, the
specificity of the test was verified. Maas et al. (19)
reported that six different vaccines could be classified
into insufficient, low and high antigen containing
groups. PD50 results of vaccines with high antigen
content were at maximum level, and the detection
of different ND strain vaccines by the same MoAb was
the most important outcome. In our study, vaccines
containing different strains such as Lasota, Ulster and
Clone30 were evaluated, and it was observed that all
vaccine series produced sufficient RP response except
for one vaccine sample, and vaccines with high RP
had high PD50 and HI results. In the validation study
carried out for ND vaccines, It was stated that the
threshold antigen level to be used in determining
the potency of vaccine series was calculated to be 7
AU / dose, this antigen level did not cause any false
positive results in in-vitro measurements performed
by the laboratories, and there were only a limited
number of false negative results. With this validation
study, the researchers revealed that vaccines with
high PD50 also have high antigen unit (AU) values
and they reported that this alternative method for
antigen quantification can be included in the European
Pharmacopoeia (7). In our study, while a limited
number of false negative results (only in one sample)
were obtained as a result of the ELISA test, there
were no false positive results, and the specificity,
sensitivity and relative accuracy rates were found to
be high. In accordance with the validation study, it
has been revealed that vaccines with high protective
dose (PD50) have high antigen unit (AU) values.

It was suggested by EDQM that the control
antigen which is the biological reference, should be
determined by each laboratory that will use the ELISA

test, and that the values obtained through repetitive
studies should not be greater than the value
determined during the method validation by 70% to
140%. In our study, the mean value of the control
antigen was determined to be 3.2 AU /vial, and the
alarm limit was 4.48 AU and 2.24 AU. When 18 results
for the control antigen were evaluated, the lowest and
highest values were 2.31 AU and 4.13 AU, respectively
and therefore they were not out of the alarm limits.

For the validation of ELISA test method in our
laboratory; six vaccines chosen from 11 different
vaccine samples were studied repeatedly at different
times along with the reference antigen. It was
observed that the intra-analysis variation evaluated in
the reproducibility study was less than 10%, excluding
and 14.25%
seen in two vaccine samples. It was thought that

the variation coefficients of 13.87%

plate wells going dry, pipetting errors and splashing
between the wells could play a role in the intra-assay
variation taking values above 10%. The coefficients
of variation between the relative potency values of
the vaccine samples that were analyzed on different
days to form the reproducibility data were found to
be less than 15% in all studies. These results seem
to be compatible with the criterion that within-assay
variation should not exceed 10% and inter-assay
variation should not exceed 15% in ELISA studies (9).

In our study according to these results, we
have demonstrated the ability of ELISA method
to give similar results on the same samples, its
compatibility with the standard procedure and
its applicability under laboratory conditions. As
a result, reliable test results may be obtained in
a short time with the alternative ELISA method,
which can be applied within the framework of the
3R approach without requiring the use of animals.

Turk Hij Den Biyol Derg

39



Cilt 80 W Say1 1 M 2023 =—————————— DETERMINATION OF EFFICACY INACTIVE NEWCASTLE

This study was produced from the Ph.D. thesis conducted in the Pharmaceutical Microbiology Program of Ege University
Institute of Health Sciences (Acceptance date: 12.06.2019).

This study was supported by Ege University Scientific Research Projects Commission with project number 16/ECZ/008.
General Directorate of Agricultural Research and Policies (TAGEM) also supported this project with the number TAGEM/
HSGYAD/A/18/A5/P2/715.

* The study was approved by the izmir/Bornova Veterinary Control Institute Ethics Committee (Date: 26.04.2017 and
Number: 71705440-170-2605 ).

The authors declare no conflict of interest.

40 Turk Hij Den Biyol Derg




REFERENCES

10.

Alexander DJ, Gough RE. Newcastle disease and
other avian paramyxovirus infections.In: Saif YM,
Barnes HJ, Glisson JR, Fadly AM, McDougal LR and
Swayne DE eds. Disease of Poultry. Ames: lowa
State University Press, Ames 2003: 63-87.

Allan WH, Lancaster JE, Toth B. Newcastle disease
vaccine: their production and use. FAO/UNO,
Rome, 1978; 57-62.

Aly SE, Hussein HA, Abdel-Baky MH et al. Assessment
of in vitro potency of inactivated Newcastle disease
oil adjuvanted vaccines using hemagglutination test
and blocking ELISA. Vet World, 2018; 11(9): 1222-8.

Bello MB, Yusoff K, Ideris A et al. Diagnostic and
vaccination approaches for Newcastle disease virus
in poultry : the current and emerging perspectives.
Biomed Res Int, 2018; 7278459.

Cattoli G, Susta L, Terregino C, Brown C.
Newcastle disease: a review of field recognition
and current methods of laboratory detection. J Vet
Diagn Investig, 2011; 23(4): 637-56.

Claassen |, Maas R, Daas A et al. Feasibility Study
to Evaluate the Correlation Between Results of a
Candidate In Vitro Assay and Established In Vivo
Assays For Potency Determination of Newcastle
Disease Vaccines. Pharmaeuro Bio, 2003; 1: 53-66.

Claassen I, Maas R, Oei H et al. Validation study to
evaluate the reproducibility of a candidate 1n vitro
potency assay of Newcastle diseases vaccines and
to establish the suitability of a candidate biological
reference preparation. Pharmeuropa Bio, 2004; 1:
1-15.

Claassen |. Case study of development, validation,
and acceptance of a non-animal method for
assessing veterinary vaccine potency. Procedia
Vaccinol, 2011; 5: 175-83.

Crowther JR . The ELISA guidebook. Methods Mol
Biol, 2000: 149:111-1V, 1-413

Duygu DY, Udoh AU. Validation of Microbiological
Testing Methods. Trak Univ J Nat Sci, 2017; 18(1):
65-9.

11.

12.

13.

14.

15.

16.

17.

18.

19.

European pharmacopoiea. Monograph
01/2007:20701. 9th ed. Strassbourg, France:
European Department for the Quality of Medicines
Within the Council of Europe; 2017.

European pharmacopoiea. Monograph
01/2007:0870. 9th ed. Strassbourg, France:
European Department for the Quality of Medicines
Within the Council of Europe; 2017.

European pharmacopoiea. Monograph
01/2017:50214. 9th ed. Strassbourg, France:
European Department for the Quality of Medicines
Within the Council of Europe; 2017.

Goddard RD, Nicholas RAJ, Luff PR. Serology-based
potency test for inactivated Newcastle disease
vaccines. Vaccine, 1988; 6(6): 530-2.

Hendriksen CFM. Replacement reduction and
refinement alternatives to animal use in vaccine
potency measurement, Expert Rev Vaccines, 2009;
8(3): 1-10.

Jagt HJ, Bekkers ML, Bommel SAet al. The influence
of the inactivating agent on the antigen content of
inactivated Newcastle disease vaccines assessed by
the in vitro potency test. Biologicals, 2010; 38(1):
128-34.

Karli SA, Rippke BE. Using software to estimate
relative potency united states department of
agriculture center for veterinary biologics standard
operating policy/procedure. CYBSOP 0102.03 2015;
1-8.

Kumar S, Sing MP, Bharti VK et al. Quality control of
vaccines-A journey from classical approach to 3Rs.
Microbiol Curr Res, 2018; 2(3): 45-61.

Maas RA, Winter MPM, Venema S et al. Antigen
quantification as in vitro alternative for potency
testing of 1nactivated viral poultry vaccines. 2000;
Vet Q, 22(4): 223-7.

Turk Hij Den Biyol Derg

41



20.

21.

22.

42

Miller PJ, Koch G. 2013. Newcastle disease, p 89-
138. In Swayne DE, Glisson JR, McDougald LR, Nolan
LK, Suarez DL, Nair V (ed), Diseases of poultry, 13th
ed Wiley-Blackwell, Hoboken, NJ.

OIE: Manual of diagnostic tests and vaccines for
terrestrial animals: mammals, birds and bees,
in Biological Standards Commision. Paris, World
Organization of Animal Health, 2012, vol 1, part 2,
Chapter 3.3.14, 1-22.

OIE: Manual of diagnostic tests and vaccines for
terrestrial animals: mammals, birds and bees,
in Biological Standards Commision. Paris, World
Organization of Animal Health, 2012, vol 1, part 2,
Chapter 2.3.4, 1-12.

Turk Hij Den Biyol Derg

223,

24,

Ramakrishnan MA. Determination of 50% endpoint
titer using a simple formula. World J Virol, 2016;
5(2): 85-6.

Zekic-Stosic M, Ratajac R, Lazic S et al. Potency
test of commercially available inactivated
Newcastle disease vaccines in Serbia. Vet Arh,
2014; 7(2): 111-21.



Arastirma Makalesi/Original Article Tiirk Hijyen ve Deneysel Biyoloji Dergisi

Makale Dili “ingilizce”/Arricle Language “English”

The effect of skin thickness on vitamin D levels! Where do you
measure from?

Emel GULER' (ID), Alper DOGANCI?

ABSTRACT

Objective: Vitamin D is a steroid hormone, about 80-
90% of which is produced by the skin. On the other hand,
its deficiency is very common and its treatment is of great
importance due to its multisystem effects. In addition
to factors affecting vitamin D levels such as skin color,
sunscreen used, geographical location, and obesity, there
are also studies related to the effect of skin thickness. It
was aimed to determine the effect of skin thickness and
subcutaneous adipose tissue measurements on vitamin D
results in the areas where there is the most contact with

the sunlight in our body, in the study.

Methods: A total of 116 (71 female, 45 male)
volunteers were included in the study. The results
of vitamin D in the last month, demographic data,
height, and weight were recorded. Skin thickness and
subcutaneous adipose tissue measurements performed
by ultrasound were recorded from the forehead, cheek,

hand dorsum, umbilicus, and trochanter major regions.

Results: The exposure time to the sun (r=0.637,
p<0.001), the statistically significant difference between
the results of the trochanter major subcutaneous adipose

tissue (r=0.347, p<0.001) and subcutaneous adipose

OZET

Amag: Vitamin D yaklasik %80-90’1 ciltten uretilen
bir steroid hormonudur. Eksikligi ise cok sik goriilmekte
ve multisistemik etkileri nedeni ile tedavisi buyiik
onem tasimaktadir. Cilt rengi, kullanilan giines kremi,
cografi konum, obezite gibi vitamin D seviyesini
etkileyen faktorler yaninda cilt kalinliginin etkisi
ile ilgili de calismalar mevcuttur. Calismamizdaki
amacimiz; vicudumuzda gines 1sinlan ile temasin en
fazla oldugu bolgelerde, cilt kalinliklarinin ve subkutan
yag dokusu ol¢climlerinin vitamin D sonuclarina etkisini

belirlemektir.

Yontem: Calismaya toplam 116 (71 kadin, 45
erkek) gonulli dahil edildi. Son 1 ay icerisindeki
serum vitamin D sonuclari, demografik verileri, boy ve
kilolar kayit edildi. Ultrason ile yapilan cilt kalinlig1
ve subkutan yag doku olcumleri alin, yanak, el
dorsum, umbilikus ve trochanter major bolgelerinden

yapilarak kayit edildi.

Bulgular: suresi
p<0,001),

(r=0,347, p<0,001) ve umbilikal bdlgenin subkutan yag

Glinese maruziyet (r=0,637,

trochanter major subkutan yag dokusu

dokusu (r=0,022, p=0,020) ve el dorsum cilt kalinlig
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tissue of the umbilical region (r= 0.022, p=0.020), hand
dorsum skin thickness (r= 0.242, p=0.010) and vitamin D
level (p<0.05). Statistically, a significant difference was
found between the umbilicus skin thickness and vitamin
D level (r=0.087, p<0.001).

Conclusion: The question of “whether vitamin
D deficiency is pandemic?” is sought worldwide, and
the reasons for deficiency are still being studied. The
literature on skin thickness has a limited number of
studies evaluated by objective data. In particular,
the thickness of the hand dorsum skin, and the effect
of regional obesity on vitamin D in our study, which
reveals the importance of exposure time to sunlight, are
remarkable. However, to demonstrate the effects of skin

thickness, many areas of our body need to be evaluated.

Key Words: Skin thickness, vitamin D, ultrasound

evaluation

(r=0,242, p=0,010) sonuclar ile vitamin D seviyesi
fark bulundu (p<0,05).
Umbilikus cilt kalinlig1 ile vitamin D seviyesi arasinda
istatistiki anlamli fark bulundu (r=0,087, p<0,001).

arasinda istatistiki anlamli

Sonug: Diinya capinda, “vitamin D eksikliginin
sebebi pandemi mi?” sorusuna cevap aranirken, eksiklik
nedenleri lizerinde calismalar devam etmektedir.
Cilt kalinligi ile ilgili literatiirde, objektif verilerle
degerlendirme yapilan simirli sayida calisma mevcuttur.
Ozellikle el dorsum deri kalinlig1, giines 15181na maruziyet
siresinin onemini ortaya ¢ikaran calismamizda, bolgesel
obezitenin vitamin D seviyesi Uzerine etkisi dikkat
cekicidir. Ancak ozellikle cilt kaliniginin etkilerini
gosterebilmek

icin vicudumuzda bircok bolgenin

degerlendirildigi cok sayida calismaya ihtiyag vardir.

Anahtar Kelimeler: Cilt kalinligi, vitamin D,

ultrason degerlendirmesi

INTRODUCTION

Why vitamin D? Vitamin D is a steroid hormone
that is known to affect many systems in our body.
In clinical practice, especially as physicians dealing
with the musculoskeletal system, many factors are
blamed for the causes of this vitamin deficiency,
which is associated with chronic pain and which we
have started treating (1, 2).

Vitamin D, which is a prohormone, has two main
sources. The endogenous source is produced from the
skin after exposure to sunlight, and the exogenous
source is a diet supplement. Its main source is
that ultraviolet B in the sunlight is absorbed by
7-dehydrocholesterol in both epidermal keratinocytes
and plasma membranes of dermal fibroblasts, into
previtamin D3, then 1,25-dihydroxycholecalciferol
vitamin D3 (calcitriol), which is an active form in
our body. An estimated 80-90% of it is due to skin
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synthesis by sunlight activation, while the rest is
provided through supplements or food (3, 4).

This is where the importance of skin in vitamin
synthesis occurs. It can also be sorted between skin
type, body mass index, gender, vitamin D receptor
polymorphism, the latitude of the area experienced,
season, use of sunscreen, and other factors affecting
vitamin D level (5).

The style of dressing has an important role in
them. Clothing choices can cause a decrease in the
amount of exposure to sunlight and, as a result, a
lack of vitamin D. Considering the cultural, belief
structure of our society and the effects of the
current geographical region on lifestyle, it becomes
important where the measurement of skin thickness
should be done in terms of vitamin D synthesis (6).

In studies where the relationship with obesity and
vitamin D is assessed as one of the other risk factors,
it is stated that the increase in fat tissue affects the



vitamin D synthesis in a negative way, and that there
is a reverse ratio between the body mass index and
the vitamin D level (7).

In this study, we aim to determine the relationship
of exposure time to the sunlight, skin thickness in
areas where there is most contact with the sunlight,
and subcutaneous adipose tissue measurements with
the current vitamin D results and to find the answer
to the question of where the effect of skin thickness,
which is very few in the literature, on the vitamin
level.

MATERIAL and METHOD

This observational study was conducted in a third-
line university hospital. 116 volunteers were included
in the study. Demographic data, height, and weight of
the volunteers were recorded. BMI (body mass index)
values were then calculated by dividing the weight
by the square of the height. As criteria for inclusion
in the study; it was that they were aged 18-80 years
and the level of vitamin D in the blood was evaluated
within the last one month before the skin ultrasound
assessment. The exclusion criteria were to have liver,
kidney disease, skin pigmentation, or any skin disease
that would affect vitamin D production by affecting
the level of keratinocyte, an intestinal disease that
would affect vitamin D absorption, and vitamin D
supplement in the last three months. The normal
range was defined as 30 to 100 ng/ml, insufficient
as 20 to 30 ng/ml, deficient as <20 ng/ml, and toxic
level as higher than 100 ng/ml (8). The volunteers
were divided into three groups according to vitamin
D level. Vitamin D levels were classified as group | for
those with 30-100 ng/ml, group Il for those with 20-
30 ng/ml, and group Il for those with <20 ng/ml. The
study protocol as volunteers of the skin, subcutaneous
fat tissue thickness and the thickness measurements,
the percent area (1 cm above the glabella), the
cheek region (zygomatic bone), back of the hand
(dorsi) (the middle point of the metacarpal bones),
and 2 cm lateral of umbilicus and the trochanter

major through 5-12 MHz linear ultrasound (US) probe
(voluson medical systems) according to individuals by
adjusting the frequency and depth were measured.
Skin (epidermis and dermis), and subcutaneous
adipose tissue (distance between dermis and muscle)
thickness measurements in the short axis view were
performed with the ultrasound device found in our
clinic. Vitamin D levels of 25 (OH) were noted from
medical records that were looked at in the serum in
the last one month. Vitamin D levels were taken in

the fall, winter, and spring.

Data normality was assessed with the Shapiro
Wilks test, histograms, and g-q plots. The Student’s t
test and Mann Whitnay U test were used to compare
the differences between continuous variables.
Correlations among the variables including age, BMI,
duration of exposure to sunlight, 25(0OH)D levels,
regional skin thickness and adipose tissue thickness
were analyzed by using Pearson or Spearman
correlation analysis. p<0.05 was considered as
statistically significant. Analyses were conducted

using SPSS version 22.

All participants were informed about the study
procedure and those who agreed to participate were
evaluated further. The study was approved by the
Sivas Cumbhuriyet University, Faculty of Medicine
Clinical Research Ethics Committee (Date: 23.11.2021
and Number: 2021-11/01).

RESULTS

A total of 116 patients, 71 male, and 45 female
were included in the study. The mean age of the
volunteers was 43.49+ 11.93, the duration of sun
exposure was 53.23+ 59.09 minutes and the BMI was
25.95+ 3.02 kg/m?2. Vitamin D levels were 16.52+
11.79 ng/ml. The volunteers were divided into three
groups according to vitamin D level. The demographic
data of all groups and the averages of BMI, duration
of exposure to sunlight, and vitamin D levels are
given in Table 1. There was a statistically significant
difference between decrease in vitamin D levels and
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reduction in exposure to sunlight duration (r=0.637,
p<0.001).
difference between age, BMI, and vitamin D level

There was no statistically significant

(p>0.05). Demographic data, duration of sunlight
exposure, vitamin D level and mean BMI data are
shown in Table 1.

The average forehead skin thickness of all

volunteers was 1.15 + 0.26 mm, adipose tissue 0.11
0.06 mm, cheek skin 1.15 + 0.32 mm, adipose tissue
0.42 + 0.23 mm, hand dorsum skin 1.04 + 0.20 mm,
subcutane adipose tissue 0.07 + 0.03 mm, umbilicus
skin 2.25 £ 0.51 mm, adipose tissue 2.85 + 1.34 cm,
the trochanter major skin was 2.00 + 0.47 mm, the
adipose tissue was 2.30 + 5.68 cm. Subcutaneous

Table 1. Demographic data, duration of sunlight exposure, vitamin D level, and mean BMI data

Group | Group I Group I
n=14 (%12.1) n=22 (%19) n=80 (%69)
Gender (W/M) 9/5 11/11 51/29
Age 40.93+ 12.39 47.00+ 11.55 42.97+ 11.90
BMI kg/m? 25.76x 2.74 26.30+ 3.11 25.89+ 3.07
Duration of sun exposure (min) 180.00+ 80.27 35.23+ 16.44 36.00+ 22.80
Vitamin D level ng/ml 41.29+ 13.30 22.27+ 2.96 10.61+ 4.19
W; woman, M; man BMI; body mass index, min; minute, mean+ standart deviation
Table 2. Statistical data of skin and adipose tissue thickness measurement results
Group | Group |l Group Il
n=14 (%12.1) n=22 (%19) n=80 (%69) 4
Forehead skin thickness (mm) 1.00 (0.20) 1.20 (0.60) 1.10 (0.40) 0.120
Subcutaneous adipose tissue of the
tbclitancolis adipose Lissu 0.10 (0.08) 0.08 (0.11) 0.08 (0.08) 0.371
forehead (mm)
Cheek skin thickness (mm) 0.95 (0.20) 0.90 (0.50) 1.10 (0.50) 0.220
Subcut di ti f th
tbeLtANeoLs adipose fissue of the 0.49 (0.29) 0.40 (0.46) 0.38 (0.23) 0.332
cheek (mm)
Hand dorsum skin thickness (mm) 0.90 (0.00) 1.10 (0.30) 1.00 (0.20) 0.010
Subcut di ti f th
HLERIEHIEOE SIS LRSS B i 0.06 (0.02) 0.07 (0.04) 0.06 (0.05) 0.100
dorsum of the hand (mm)
Umbilicus skin thickness (mm) 2.60 (0.40) 2.40 (1.05) 2.20 (0.48) <0.001
Subcut di ti f
LRCLANEOLS aCIpose RIssie 0 2.07 (5.50) 3.28 (3.07) 2.95 (1.28) 0.020
Umbilicus (cm)
Trochanter major skin thickness
Lt 1.85 (0.65) 2.10 (0.80) 1.90 (0.80) 0.471
(mm)
Subcutaneous adipose tissue of
Lbclitancolis adipose Lissu 1.56 (4.85) 2.28 (4.18) 2.43 (9.55) <0.001

Trochanter major (cm)

Data were presented as median (interquartil range), p<0.05 significant
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adipose tissue statistically significant difference
between the skin thickness of the hand dorsum
and the level of vitamin D (r=0.242). A statistically
significant difference was found between the
increase in umbilicus adipose tissue (r=0.022) and the
increase in trochanter major adipose tissue (r=0.347)
and vitamin D deficiency. A statistically significant
difference was found between the umbilicus skin
thickness and vitamin D level (r=0.087). The statistical
data of skin and fat tissue thicknesses and relation
with vitamin D level are given in Table 2.

DISCUSSION

Due to the multi-systemic effects of vitamin
D in our body, the deficiency of vitamin D remains
an important health problem worldwide, and the
question of why the endogenous source is insufficient
and what can be done in prophylactic treatment
is still being investigated. Skin thickness is listed
among these factors, but when we look at the
work done, we find conflicting results. One of the
connective tissue diseases in which skin thickness is
most affected is Scleroderma. In this disease, skin
thickness measurement was performed manually in a
study that included 38 scleroderma and 38 healthy
controls from studies conducted with vitamin D
levels, and no statistically significant correlation
was found with vitamin D levels (9). In a review in
which 40 studies were evaluated, different results
were explained regarding the relationship between
but the
modified Rodnan skin scoring, which is manually

skin involvement and vitamin D level,

checked, was used in the evaluation of skin thickness
(10). Skin and ultrasound studies were done by
dermatologists and using high frequency ultrasound,
but mostly used in the evaluation and follow-up of
skin diseases. No study included scleroderma (11).

There are limited studies in the normal population
where the effects of skin thickness on vitamin level
are evaluated. According to Ata, et al. (6) in a study

conducted by 116 volunteers, the effect on skin

thickness and vitamin D levels was investigated. Skin
thickness measurements from various parts of the
body were found statistically significant between
the decrease in the forearm and tibia anterior skin
thickness and the lack of vitamins and explained this
by the increased exposure to sunlight in these areas.
In another study, where the thickness of the hand
dorsum skin curve is evaluated with a special device,
they found it associated with vitamin D deficiency
and an increase in skin thickness (12). In our study,
in addition to the umbilicus and trochanter region,
we measured the skin thickness of hand dorsum,
cheek, and forehead, considering the clothing style
and the weather conditions in the geography. We
found statistically significant differences between
the thickness of the hand dorsum and umbilicus skin
and the vitamin D deficiency. The increase in skin
thickness in the umbilicus area, which is not affected
by the sunlight, has a weak positive relationship
with the decrease in vitamin D level, while it is
negatively associated with the dorsum of the hand,
Ata et al. (6) was correlated with the study data.

Exposure of more than 40% of the skin to sunlight
for about 20 minutes is important for the prevention
of vitamin D deficiency (13). Many studies have
shown that exposure to sunlight has an increasing
effect on the level of vitamin D (14, 15). In our
study, similar to the studies in the literature, we
found that the increase in the duration of exposure
to sunlight and the increase in vitamin D levels were
statistically significant in the positive direction.

It has been shown that there is a decrease in
endogenous vitamin production with increasing age
(16). The skin synthesis of vitamin D in elderly people
is compromised by many factors, including decreased
exposure to sunlight due to reduced mobility and
physiological atrophy,
performance of aging skin (17). However, in our study,

and decreased synthesis
therewasnostatisticallysignificantdifferencebetween
age and vitamin D levels, and the average age in our
study corresponded to the middle age group on the age
scale determined by the world health organization.
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In studies emphasizing the negative effect of
body mass index on vitamin D, volumetric dilution, an
increase in fat tissue storage because it is a fat-soluble
vitamin, and a decrease in sun exposure as a result
of obesity leading to reduced physical activity was
listed as the reasons (18). In a study that included 31
obese and 20 normal weight individuals, it was shown
that patients with obesity had lower vitamin D levels,
which normalized after significant weight loss, as a
result of pre-post vitamin D measurements following
weight loss and included in a diet program (19). The
another study in which adolescent was evaluated in
136 obese and 60 normal-weight, vitamin D deficiency
was found to be significantly higher in obese children.
In addition, decelerated physical activity, decreased
sunlight exposure, and increased time spent with
technological devices are listed among the reasons
(20). In the study of Ata et al. (6), no significant
relationship was found between BMI and vitamin D
level, but they found statistical significance between
the increase in subcutaneous adipose tissue and
decrease in vitamin D level as a result of ultrasound
measurement made from the trochanter region. It
has been interpreted that regional obesity will cause
this (6). In our study, we could not find a significant
difference between vitamin D level and BMI, but we
found statistical significance between the increase
in subcutaneous fat tissue in the umbilical and
trochanteric regions and the decrease in vitamin D
levels. This result supported the result of Ata et al.

ETHICS COMMITTEE APPROVAL

(6). In our study, the significant effect of the skin and
subcutaneous adipose tissue thickness in various parts
of the body of vitamin D levels in healthy volunteers
contributes to the limited number of literature data
available. At the same time, it has been shown
that more comprehensive studies are needed.

In conclusion, vitamin D deficiency is reported in
about a third of the world’s population (21). At the
same time, the answer to the question of whether
the lack of this vitamin is a pandemic is being sought
(22, 23). There are still many studies on the causes of
vitamin D deficiency, which also plays an important
role in immunomodulating, cardioprotective, and
fighting cancer, and the effect on many other
The
multifaceted evaluation such as skin color, clothing

systems has been proven. importance of
style, and geographical region effects is emphasized
persistently in its treatment. The effects of clothing
style and obesity on vitamin D synthesis have been
emphasized in many studies. However, in our study,
the effect of skin thickness in closed areas of the body
on vitamin D level and the lack of BMI effect, raises
questions in the direction of investigating different
mechanisms in endogenous production. In our study,
it is emphasized that skin thickness has an effect,
but more studies are needed to answer the question
of how much and to be included in this ranking.

The limitations of the study were that the
number of evaluated volunteers was small and the
ultrasound device used was not high resolution.

* The study was approved by the Sivas Cumhuriyet University, Faculty of Medicine Clinical Research Ethics Committee (Date:

23.11.2021 and Number: 2021-11/01).
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Embelin’in insan meme kanseri MCF-7 ve MDA MB-231 hiicre
proliferasyonu lizerindeki sitotoksik etkisinin tamoxifen ve
docetaxel ile karsilastirilmasi
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OZET

Amag: Meme kanseri son yillarda hizla gelisen
tanm ve tedavi stratejilerine ragmen kadinlarda en sik
goriilen kanser tiirii olup kansere bagl 6lim sebebidir.
Embelin, giiclu bir XIAP inhibitori ve antiostrojenik
etkileri olan bir bilesiktir. Calismamizda, hormon
reseptor negatif (MDA-MB-231) ve pozitif (MCF-7) olmak
uzere iki farkli insan kaynakli meme kanseri hiicre
hattinda, etkilerini farkli hiicresel yolaklarla gosteren
Embelin’in antitiimoral etkinliklerini, halen meme
kanseri tedavisinde yaygin olarak kullanilmakta olan
tamoksifen ve docetaxel’in etkileri ile karsilastirarak

arastirilmasi amaglanmistir.

Yontem: Embelin’in etkilerini hiicresel diizeyde

gostermek icin, gercek zamanli hiicre elektronik
algilamasistemi (xCELLigence) ile sitotoksisite analizleri
ve IC,, hesaplamalar yapilmistir. Bundan sonraki diger
tim calismalar icin hicreler Embelin’in sitotoksisite
analizlerinde belirlenen IC,; dozuyla muamele edilmis
ve histopatolojik ve immunohistokimyasal (Ki-67, Bax,

Bcl-2, Cyclin D1) analizleri gerceklestirilmistir.

Bulgular: Hucre sitotoksisite analizleri sonucunda,

ABSTRACT

Objective: Despite the rapidly developing diagnosis
and treatment strategies in recent years, breast cancer is
the most common type of cancer in women and is the cause
of cancer-related death. Embelin is a potent XIAP inhibitor
and a compound with antiestrogenic effects. In our study,
we aimed to investigate the antitumoral activities of
Embelin, which shows its effects through different cellular
pathways, in two different human breast cancer cell lines,
hormone receptor negative (MDA-MB-231) and positive
(MCF-7) and we compared the effects of Embelin with
tamoxifen and docetaxel, which are currently widely used

in the treatment of breast cancer.

Methods: To demonstrate the effects of Embelin
at the cellular level, cytotoxicity analyzes and IC,,
calculations were performed with a real-time cell
(xCELLigence).

subsequent studies, cells were treated with the IC,;, dose

electronic detection system For all

of Embelin which determined in cytotoxicity assays and
histopathological and immunohistochemical (Ki-67, Bax,

Bcl-2, Cyclin D1) analyzes were performed.

Results: As a result of cell cytotoxicity analyzes,
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Embelin’in, doz ve zaman bagimli olmak lizere, her
iki kanser hiicre tipinde antiproliferatif etki gosterdigi
gozlenmistir. Embelin uygulanan hiicrelerin proliferasyon
egrisi grafiklerinden, IC, degerleri MCF-7 icin 63 pM
ve MDA-MB-231

Hematoksilen-Eozin

icin 64 pM olarak hesaplanmistir.
(H&E) ve Ki-67

olan preparatlarin incelenmesi sonucunda,

ile  boyanmis
Embelin
uygulanan kanser hiicrelerinde, hiicre sayisinin ve Ki-67
proliferasyon indeksinin azaldig1 (p<0,05) bulunmustur.
Embelin’in hiicre siklusu Uzerine olan etkilerini analiz
etmek amaciyla, Cyclin D1 ile boyanan preparatlan
inceledigimizde, her iki bilesigin de hiicre siklusunun
S1 fazi icin gerekli olan Cyclin D1 diizeylerini azalttigi
(p<0,05) gorulmustur. Embelin’in apoptotik yolaklar
tzerine olan etkisini gormek icin, proapoptotik Bax
ve antiapoptotik Bcl-2 ile boyanmis olan preparatlar
incelenmistir. Buna gore, Bax ekspresyon diizeyi artarken

(p<0,05), Bcl-2 ekspresyon diizeyi azalmistir (p<0,05).

Sonug: Genel olarak Embelin’in, her iki meme kanser
hiicre tipinde de, doz ve zamana bagli olmak {izere
kanser hiicre proliferasyonunu inhibe ettigini, 6zellikle
hormon reseptorii negatif MDA MB-231 hiicrelerinde
hem Tamoxifen hem de Docetaxel ile kiyaslandiginda
Embelinin, istatistiksel olarak molekiiler diizeyde daha
etkin oldugunu ortaya cikarilmistir. Ozellikle de hormon
reseptor negatif olan meme kanserinde daha etkili
oldugu sonucuna varilarak Embelin, ileride meme kanser
tedavisinde alternatif yeni bir antitiimoral ajan olabilir.
Bu calismanin sonuclar gelecekteki in vivo calismalara

yol gosterici olabilir.

Anahtar Kelimeler: Meme kanseri, docetaxel,

embelin, tamoksifen

it was observed that Embelin had an antiproliferative
effect in both cancer cell types in a dose and time
dependent manner. IC,, values were calculated as
63 pM for MCF-7 and 64 pM for MDA-MB-231 from the
proliferation curve graphs of Embelin exposed cells.
As a result of the examination of the preparations
stained with Hematoksylin-Eosin (H&E) and Ki-67, it
was found that the cell number and Ki-67 proliferation
index decreased (p<0.05) in cancer cells treated with
Embelin. In order to analyze the effects of Embelin on
the cell cycle, when we examined the preparations
stained with Cyclin D1, it was observed that embelin
decreased the Cyclin D1 levels required for the S1
phase of the cell cycle (p<0.05). In order to see the
effect of Embelin on apoptotic pathways, preparations
stained with proapoptotic Bax and antiapoptotic Bcl-2
were examined. Accordingly, while Bax expression level
increased (p<0.05), Bcl-2 expression level decreased
(p<0.05).

Conclusion: In general, Embelin inhibits cancer
cell proliferation in both breast cancer cell types,
depending on dose and time. We found that Embelin
was statistically more effective at the molecular level
when compared to both Tamoxifen and Docetaxel,
especially in hormone receptor-negative MDA MB-231
cells. By concluding that it is more effective especially
in hormone receptor-negative breast cancer, Embelin
may be an alternative new antitumoral agent in the
treatment of breast cancer in the future. The results of

this study may guide for in vivo studies in future.

Key Words: Breast cancer, docetaxel, embelin,

tamoxifen

GIRIS

Pek cok risk faktorine sahip meme kanseri,
kadinlarda en sik gorulen kanserdir ve tedavi
modalitesindeki gelismelere ragmen meme kanserinin
genel sag kalim oranm dusiktir (1). Meme kanseri

insidansinda her ne kadar yasla beraber bir artis
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olsa da (2), Bat1 iilkelerinde ve Ortadogu bdlgesinde
ozellikle genc kadinlarda da meme kanseri gorilme
sikligr artmistir (3,4). Meme kanseri morbidite ve
mortalitesindeki bu artisin nedenlerinden birisi,

muhtemelen  kanser  hiicrelerinin  cogalmasina

neden olan ve geleneksel kemoterapiye direnc

kazandiran bircok agresif molekulin olmasi olabilir



(5, 6).
olarak hedeflenebilen ve aktif olan baz1 molekiillere

Bu nedenle, meme kanserinde terapotik

gereksinim vardir.

Meme kanserleri, hormon reseptor

ve negatif olmak Uzere hiicre ylizeyinde yer alan

pozitif

ostrojen ve progesteron reseptor dizeylerine gore
simflandinlmaktadir (7). Buna gore hormon reseptor
pozitif tiimorler, tamoksifen ve aromataz inhibitorleri
gibi anti-ostrojenlerle genel olarak tedaviye iyi yanit
vermekte ve bu nedenle hormon reseptor pozitifligi
iyi prognozla iliskilendirilmektedir. Boylece oOstrojen
reseptor (ER) antagonistleri ile yapilan terapilerde
genelanlamda basar elde edilmektedir (8). Progesteron
reseptoru (PR), ER ve insan epidermal bliyiime faktoru
reseptori 2’nin (HER2) patolojik olarak az ekspresyonu
ile karakterize olan ucli negatif meme kanseri (TNBC)
(9), yuksek metastaz potansiyeline sahip olup, standart
tedavilere direnc gostermekte ve teshis edilen
vakalann yaklasik %15-20’sini kapsamaktadir (10).
Meme kanseri, esasen kemoterapiye duyarli bir
timor olup, metastatik hastalikta sifa saglanamasa
bile, kemoterapi ve eger hormon reseptorleri pozitif
ise, tamoksifen veya aromataz inhibitoru ilaclarla uzun
stireli yasam saglanabilmektedir. Tamoksifenin yani
sira rutin tedavi protokolune gore en sik kullanilan
kemoterapotikler antrasiklin grubu (doksorubisin) ve
taksan grubu (paklitaksel ve dosetaksel) ilaclardir.
mekanizmalarin

Apoptotik disfonksiyonuyla,

transforme hicrelerin  hayatta kalma slresinin
uzamasi ve bu hiicrelerin proliferasyonuna yol acmasi,
kanserin en bariz 6zelligidir (11). Apoptoza direnc, cok
sayida kanser turiinde yaygindir ve tedavi direncinde
faktordur.

yollar kanser tedavisi icin hedef haline gelmistir.

cok onemli bir Dolayisiyla apoptotik

(12). Apoptozis inhibitor proteinler (IAP), kaspaz
aktivasyonunu ve programlanmis hiicre olumini
diizenleyen major protein ailelerinden biridir. XIAP,
bilinen en giiclu kaspaz inhibitoru olup, ozellikle de
kaspaz 3, 7, 9 lizerinde etkili oldugu gorulmustir (13).
Hemen hemen tim doku ve hicre tiplerinde eksprese
edilen fakat normal dokulara gore, timor hiicrelerinde

daha fazla eksprese edilen XIAP, kanser hiicrelerinin

direnc kabiliyeti kazanmasina neden olabilmektedir.
Bu nedenle, XIAP’yi hedeflemeye yonelik calismalara
egilim artmis olup, su anda temel tedavilere karsi
direncin Ustesinden gelmeye yardimci olmak icin XIAP
inhibitorleri gelistirilmektedir (14). XIAP ozellikle Orta
Dogu bolgesinde meme kanseri ve diger kanserlerde
umut verici bir terapotik molekiiler hedef olarak
bulunmustur (15).

Spesifik XIAP inhibitori olan ve kimyasal yapisi
koenzim Q10 (ubikinon)’e  benzeyen
(2,5-dihidroksi-3-undesil-1,4-benzokinon),
ribes bitkisinden elde edilen, hiicre gecirgen ozellikli

Embelin
Embelia

bir benzokinon derivatifidir (16). Yapilan calismalarda,
Embelin’in, proapoptotik etkileri ile birlikte, guclu
anti-ostrojenik ve zayif progestasyonel aktiviteye sahip
oldugu ve hatta giiclii bir kontraseptif etkisi oldugu
(17-19).
inflamatuar sitokinler, buylime faktorleri ve protein

gosterilmistir Cesitli onkojenik faktorler,
kinazlarin da araciik ettigi Embelin’in antikanser
aktivitesi, losemi, prostat, meme, mide ve beyin
glioma gibi farkli kanser hiicre hatlarinda incelenmistir
(20-24). Aynca Embelinin, anti-inflamatuar, analjezik,
farkl
etkilerinin oldugu da sdylenmektedir. (12).

antidiyabetik ve antioksidan gibi biyolojik

Kanser gibi goriilme siklig1 gittikce artan ve tedavi
sansi erken taniya bagli olan hastalik tirleri ile ilgili
olarak, toplumun saglik beklentilerinin karsilanabilmesi
icin, bu alanda yapilan calismalarin hiz kazanmasi
ve elde edilen bilimsel verilerin hizli bicimde urine
donustirilebilmesi gerekmektedir. Guiniimuzde
hastaya ve hastaliklara yaklasimda en onemli amag, en
erken donemde, miimkiinse patolojik degisim heniiz
tek hiicre diizeyindeyken tan koyabilmek ve tedaviye
baslayabilmektir. Bu, ancak in vitro yontemlerin
etkinligini arttirmakla miimkiin olacaktir.

Bu calismanin amaci, hormon sensitif MCF-7 (ER ve
progesteron reseptor pozitif) ve hormon non-sensitif
MDA MB-231 (ER ve progesteron reseptor negatif) insan
kaynakli meme kanseri hiicre hatlarinda, Embelin’in
molekiler dizeydeki antiproliferatif etkilerini,
meme kanserinin rutin tedavi protokoliinde yer alan

ve kullanmlan Tamoksifen ve Docetaxel’in molekiiler
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duzeydeki etkileri ile sitolojik, morfolojik ve sitotoksik
olarak karsilastirmaktir.

GEREC ve YONTEM

Kimyasallarin hazirlanmasi

Tamoksifen ile Embelin 1000 pmol/L, Docetaxel ise
1000 nmol/L olacak sekilde %0,1’lik DMSO’da coziilerek
0,2 pm capli steril filtreden gecirilmis ve -40°C’de
stoklanmistir. ilaclanin diger dozlart hazirlanan bu
stoklardan dillisyon yapilarak ayarlanmistir.

Hiicre kiiltiiri

Calismada kullanilan meme kanseri
hiicresi proliferasyonundaki etkilerinin gozlemlenmesi
acisindan ATCC den temin edilen insan meme kanseri
hiicre serisi olan MCF-7 ve MDA-MB-231 hiicre hatti
kullamlmisti.  MCF-7 ve MDA-MB-231 hiicreleri,
nemlendirilmis, %5 CO,’e sahip ve 37° C’lik atmosferde,

ilaclarin

%10 fetal bovin serum (FBS) ve %1 penisilin streptomisin
glutamin (PSG) iceren Dulbecco’s Modified Eagle
Medium (DMEM) besi yerinde kiltire edilmistir.
Hiicreler %70-80 konfliient oldugunda, tripsin-EDTA ile
kaldinlip 1000 rpm’de 5 dakika santrifiij edilerek 75
cm?’lik flasklarda besi yerine alinarak pasajlanmistir.

docetaxel’in  hiicre

Embelin, tamoxifen ve

proliferasyonuna etkilerinin belirlenmesi

Her iki hiicre hatt1 icin de onceden, 16 kuyulu
e-platelerin (mikroelektrot iceren ozel hiicre kulturu
kaplart) her bir kuyusuna 100’er pl DMEM eklenip,
DMEM’in yarim saat kuyulara yerlesmesi beklenilmistir.
Ardindan hucre sayimi yapilarak her bir kuyucukta
MCF-7 icin 1 x 10® ve MDA MB-231 icin 1,5 x 10 hiicre
olacak sekilde e-plate’lere, kuyucuk basina 100’er
pl hiicre ekimi yapilmistir. 24 saat sonra hiicreler
(12,5-100 pM), Tamoxifen (12,5-100 pM)
(12,5-100 nM)
edilerek,

Embelin
ve Docetaxel’in farkli dozlariyla

muamele hiicre  proliferasyonundaki
degisiklikler, mikroelektrot iceren 6zel hiicre kiiltiiri
(Roche

cihaz1 ile

kaplarinda, inkubator icindeki xCELLigence
Diagnostics GmbH, Penzbeerg, Germany)
gozlemlenmistir.

54

Turk Hij Den Biyol Derg

Sitolojik ve immiinositokimyasal analizler: hiicre
bloklarinin hazirlanmasi

her bir
ilacin belirlenen 1C50 dozu ile muamele edilmis

Hiicre bloklan, her bir ilac icin,
hiicrelerden hazirlanmistir. Hucreler, enzimatik islem
uygulanmaksizin, steril bir kaziyic1 ile kaldinlmis ve
supernatant atilmistir. Hucreler %90 etil alkol ve %10
notral tamponlanmis formalin ile oda sicakliginda 30
dakika tespit edilmis ve steril dibi konik eppendorf
tiplere transfer edilmistir. 2000 rpm’de 5 dakika
santrifuj edilmis ve tiplerin dibindeki pellet, sitoblok
kiti (Shandon Cytoblock Cell

System, Thermo Fisher Scientific Inc., Cheshire, UK)

Block Preparation

kullamlarak kasetler icerisine bloklanmistir. Kasetler,
oda sicakliginda 12 saat %10 ndétral formalinde
bekletilerek tespit edilmis ve daha sonra hiicre bloklan
parafine gomulmustdur.

Histolojik ve

immunohistokimyasal boyama

islemleri

Formalinde fikse edilmis ve parafine gomulmis
olan hiicre bloklarinin, 4 pm kalinliginda yan-
(Leica RM2245, Leica

Microsystems Inc., Bannockburn, IL, USA) ile kesitleri

otomatik rotary mikrotom

alinmistir.  Kesitler, H&E ile otomatik side stainer

ve coverslipper (Tissue-Tek Prisma/Film, Sakura
Finetek Inc., CA, USA) kullanilarak boyanmis ve 151k
mikroskobunda incelenmistir (Olympus BX51, Tokyo,
Japan). Immunohistokimyasal boyama islemleri icin
de otomatik slide staining sistem (Roche Ventana
BenchMark GX, Ventana Medical Systems, Inc., Tucson,
AZ, USA) kullamlarak, Ki-67 (rabbit monoclonal primary
antibody, clone 30-9, Roche), Bcl-2 (rabbit monoclonal
primary antibody, clone SP66, Roche), Cyclin-D1 (rabbit
monoclonal primary antibody, clone SP4-R, Roche) ve
Bax (rabbit polyclonal primary antibody, Dako) immin
boyamalar yapilmistir. Herhangi bir ilacla muamele
edilmemis hiicreler kontrol olarak kullamlmistir. H&E
ile boyanmis kesitler 1s1k mikroskobunda incelenmistir
(Olympus BX51). Rastgele secilmis 10 sahadan H&E
ile boyanmis hiicrelerin sayimi yapilarak ortalamalan
alinmistir. Ki-67, Bcl-2, Bax ve Cyclin-D1 boyamalan



151k mikroskobunda degerlendirilmistir  (Olympus
BX51). Rastgele secilmis alanlardan her 100 hiicrede
pozitif boyanmis hiicreler sayilarak pozitif boyanan

hiicre ylzdeleri hesaplanmistir.
istatistiksel analizler

istatistiksel analizler GraphPad Prism version
6.05 (GraphPad Software, Inc., CA, USA) programi ile
yapilmistir. Histopatolojik ve immiinohistokimyasal
skorlama degerlerinin karsilastiriimas ki-kare testi ile
yapilmistir. 0,05’den kiiciik olan P degerleri, anlamli

olarak kabul edilmistir.

BULGULAR

Embelin, Docetaxel ve Tamoksifen’in MCF-7 ve
MDA-MB-231 hiicreleri
antiproliferatif etkileri

tizerindeki sitotoksik ve

Tamoksifen, Docetaxel ve Embelin’in MCF-7 ve MDA-
MB-231 hicrelerinin proliferasyonuna doz ve zaman
bagimli etkisi, gercek zamanli hiicre elektronik algilama
sistemiyle analiz edilmistir. Embelin, Tamoksifen ve
Docetaxel’in, kontrol ile karsilastirildiginda; hiicreleri
doz ve zaman bagimli olarak inhibe ettigi gorilmiis
olup (Sekil 1), 1C50 dozlan Tablo 1’de verilmistir.
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Sekil 1. Embelin, Tamoksifen ve Docetaxelin MCF-7 ve MDA MB-231 hiicrelerine doz ve zaman bagimli etkileri

Tablo 1. Embelin, Docetaxel ve Tamoxifenin MCF-7 ve MDA MB-231 hiicreleri i¢cin hesaplanan IC,; degerleri

MCF-7 MDA-MB-231
Embelin (IC,,)( UM) 63 64
Tamoxifen (IC,)( M) 40 50
Docetaxel (IC,,)( nM) 43 32

IC50: hiicrelerin %50’sini inhibe eden inhibitor (ilac) konsantrasyonu, pM: mikromolar, nM: nanomolar
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Histokimyasal ve olarak
boyanmis hiicre bloklarinin degerlendirilmesi

immiinohistokimyasal

Her iki hucre hatti icin histopatolojik skorlar,
hem ilacla muamele edilmis hem de ilacla muamele
edilmemis meme kanseri hiicreleri icin Tablo 2’de
gosterilmistir. H&E, Bax, Bcl-2, Bax/Bcl-2, Ki-67 ve
Cyclin-D1 skorlama degerlerine gore, ilacla muamele
edilmemis hiicreler ile Docetaxel, Tamoxifen ve

Embelin ile muamele edilmis hiicreler arasinda

EMBELIN’IN MEME KANSERi HUCRELERINDEKi ETKiSi

istatistiksel olarak anlamli farkliliklar belirlenmistir
(p<0,05). Histopatolojik ve immiunohistokimyasal
skorlama degerleri icin sadece Tamoxifen, Docetaxel
ve Embelin ile muamele edilmis hiicreler kendi
aralarinda karsilastinldiginda; H&E (Sekil 2), Bax
(Sekil 3), Bcl-2 (Sekil 4), Cyclin-D1 (Sekil 5), Ki-67
(Sekil 6) ve Bax/Bcl-2 skorlama degerleri arasinda
istatistiksel olarak farkliliklar oldugu goriilmistir
(p<0,05).

Sekil 2. Kontrol, Tamoksifen, Docetaxel ve Embelin icin H&E ile boyanmis hiicre bloklarinin mikroskobik gortinimu ( H&E

X 400)

TAMOXIFEN

BOCETANED

{

=

DOCETAXEL

Sekil 3. Kontrol, Tamoksifen, Docetaxel ve Embelin icin BAX ile boyanmis hiicre bloklarinin mikroskobik gortinimu (BAX x

400).
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EMBELIM

UNTR A, TAMOXIFEN DOCCTAXED EMEBELIN

Sekil 5. Kontrol, Tamoksifen, Docetaxel ve Embelin icin Cyclin D1 ile byanm|§ hiicre bloklarinin mikroskobik goriinimii
(Cyclin D1 x 400).

HEN . 4 DOCETAXE \ £4 IN

xel ve Embelin icin Ki-67 ile boyanmis hiicre bloklarinin mikroskobik goriintimi (Ki-67 x 400)
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Embelin, Docetaxel ve Tamoksifen’in MCF-7 ve
MDA-MB-231 hiicrelerinde apoptoza etkileri
Docetaxel, Tamoxifen ve Embelin’in MCF-7 ve
MDA MB-231
etkisi icin antiapoptotik Bcl-2 ve proapoptotik Bax

hiicre hatlan iizerindeki apoptotik

veren skor degerleri Tablo 2’de verilmistir. Ayrica
apoptoz skorlama degerleri icin sadece Tamoxifen,
Docetaxel ve Embelin ile tedavi edilen hiicreleri kendi
aralarinda karsilastirdigimizda (Tablo 2); Bcl-2, Bax,
Bax/Bcl-2, skorlama degerleri, hiicreler arasinda da

analizleri yapilmis olup, ilaclarla muamele edilen Yine onemli farkliiklar gostermistir (p<0,05).

ve muamele edilmeyen hiicreler arasindaki farklan

Tablo 2. Kontrol hiicre bloklari ile Embelin, Tamoxifen ve Docetaxel uygulanan hiicre bloklarinda H&E, Ki-67, Bcl-2, Bax,
cyclin-D1 ve Bax/Bcl-2 orani patolojik skorlama degerlerinin karsilastirilmasi

MCF-7 Kontrol Embelin Docetaxel Tamoxifen X? p

H&E (n) 77 20 35 16 63,08 < 0.001
Ki-67 (%) 84 30 50 23 47,97 < 0.001
Bcl-2 (%) 79 35 55 32 28,15 < 0.001
Bax (%) 30 75 59 80 24,95 < 0.001
Bax/Bcl-2 0,38 2,14 1,07 2,50 187,00 < 0.001
Cyclin-D1 (%) 80 25 55 21 50,85 < 0.001
MDA-MB-231 Kontrol Embelin Docetaxel Tamoxifen X? p

H&E (n) 85 10 24 43 78,74 < 0.001
Ki-67 (%) 98 15 20 47 96,40 < 0.001
Bcl-2 (%) 85 25 35 59 42,20 < 0.001
Bax (%) 10 85 68 34 69,09 < 0.001
Bax/Bcl-2 0,12 3,40 1,94 0,58 434,04 < 0.001
Cyclin-D1 (%) 90 15 58 67,91 < 0.001

Bcl-2: B-cell lymphoma 2, Bax: Bcl-2-associated X protein. Patolojik skorlama degerleri ki-kare testi ile karsilastinlmistir.

0,05’den kiiciik olan P degerleri (p < 0,05) istatistiksel olarak anlamli kabul edilmistir.

TARTISMA

Stratejik olarak hedeflenen kanser tedavileri,
hiicre buylmesi ve hiicre olum yolaklan ile iliskili
mekanizmalan arastirmaya odaklanmistir (25-28).
Dogal bir benzokinon olan Embelin, in vitro olarak pek
cok kanser tiirlinde mitokondriye bagimli apoptozu
indiikleyerek antiproliferatif 6zelligini sergilemistir.
Mitokondriden salinan faktorlerle mitokondriyal yol,
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anti-apoptotik ( XIAP, Mcl-1, Bcl-xL ve Bcl-2) ve pro-
apoptotik (Smac, Bak, Bid ve Bax) dahil olmak uzere
Bcl-2 protein ailesi tarafindan duzenlenmektedir ve
sitokrom c¢’nin mitokondriden salinmasi ile kaspaz-9,
sitokrom c ve apoptotik proteaz aktive edici faktorden
olusan kompleksin olusmasina neden olan icsel 6lum
uyaranlan tarafindan aktive edilir. XIAP hem kaspaz-9
hem de kaspaz-3’l inhibe ederek kanser hiicrelerinde
apoptozun baskilanmasina yol acar (12). Daha once



yapilan calismalarda, Embelin’in XIAP’nin giclu bir
inhibitorii oldugu gosterilmistir (29, 30). Embelin’in
sitotoksik, antiproliferatif ve apoptotik etkileri
prostat kanseri, insan kolon kanseri, pankreatik
kanseri, multipl myeloma, glioma, mesane kanseri
gibi farkli turdeki kanser hiicre hatlarnyla yapilan
calismalarda gosterilmistir (21, 23, 31-34).

Embelin’in kanser

Literaturde, meme

hiicrelerindeki  etkisini arastiran  calismalar
mevcuttur. Li ve ark. (35) yaptigi bir calismada,
Embelin’in MCF-7 hiicrelerinde doza ve zamana baglh
olarak hiicre proliferasyonunu inhibe ettigi ve hiicre
siklusunu G2/M fazinda bloke ederek apoptosisi
indiikledigi gosterilmistir. Calismamizda da, benzer
olarak Embelin’in hiicre siklusunun G1 fazi icin gerekli
olan cyclin D1 ekspresyonunu azalttig1 goriilmiistiir.
Aynm calismada, bizim calismamiz ile benzer olarak,
Bcl-2
ekspresyonunu azalttigr gosterilmistir. Diger bir
calismada, Embelin’in MCF-7 ve MDA-MB-231 meme

kanser hiicre hatlarinda doza ve zamana bagiml

Embelin’in Bax ekspresyonunu artirdigi,

olarak, antiproliferatif ve apoptotik etki gosterdigi
bildirilmistir (22). Calismada, bizim calismamizla
benzer

olarak, Embelin’in Bcl-2 ekspresyonunu

baskiladigl, kaspaz-3  aktivasyonunu

Ek olarak, arastirmacilar,
calismamizda da oldugu gibi Embelin’in MDA-MB-231
MCF-7 hucreleri

etkisine gore daha efektif oldugunu bildirmislerdir.

artirdig
belirlenmistir. bizim

hucreleri Uzerinde, Uzerindeki
Lee ve ark. (36) yaptiklarn bir calismada, Embelin’in
MCF-7 ve MDA-MB-231 kanser hiicrelerinde invazyon
ve migrasyonu tetikleyen spesifik protein analizleri
yaparak, Embelinin antiproliferatif  etkileri
gosterilmistir. Bu calismanin sitotoksisite ve apoptoz
sonuclart calismamizin sonuclariyla uyumlu olup,
hiicre proliferasyon analizi metodu ve apoptoza
sebep olan protein analizleri farklidir. Ayrica kendi
calismamizda; Embelinin tim bu molekiiler etkileri,
rutin tedavi protokoliinde yer alan Tamoksifen ve
MCF-7 ve

hiicrelerinde yapilan baska

Docetaxelin etkileri ile kiyaslanmistir.
MDA-MB-231
bir calismada;, Embelin, matrix metalloproteinaz

kanser

(MMP-2), MMP-9, vaskiler endotelyal growth faktor
(VEGF), TNF-a converting enzim aktivasyonlarini
inhibe ederek antiproliferatif ve antimetastatik etki
bulunmustur (37). Ayrica bu calismalardan farkl
olarak Embelinle muamele edilen MCF-7 hucreleri
ile IL-18 ile uyarilan mezenkimal kok hiicrelerinin
ortak kilturli, meme kanseri hiicrelerinde etkin bir
sekilde apoptozu indiklemis olup, Embelin ve IL-18
ile uyarilan kok hiicrelerin birlesik etkilerinden dolay1
meme kanseri tedavisi icin yeni bir terapotik strateji
saglayabilecegini oOne siirmislerdir (38). Yani bu
calismada; sinerjistik bir etki mekanizmasiyla Embelin
ve IL-1B8 birlikte meme kanseri tedavisinde yeni ve
farkli bir terapi protokoliine oncliliik etmektedirler.
Tamoksifen ve Embelin’in etkilerinin karsilastinlmali
olarakincelendigidiger bir calismada, Embelin’in MCF-
7 kanser hicrelerinde proliferasyon ve migrasyonu
inhibe ettigi, Bcl-2 ekspresyonunu azaltarak, P53,
kaspaz-3 ve 9 ekspresyonunu artirarak apoptotik
etki (39).
proliferasyon ve apoptoz analizleri sonuclarn kendi

gosterdigi  bulunmustur Calismanin
calisma sonuclarimizla benzer olmakla beraber, bazi
farkliliklar gostermistir. Bu farkliliklardan en barizi,
ad1 gecen calismada Embelinin MCF-7 hiicrelerindeki
molekuler duzeydeki etkileri Tamoksifenin molekuler
diizeydeki etkilerine gore daha etkin olmasidir.
Bizim calismamizda ise Embelin ve Tamoksifenin
MCF-7 hicrelerindeki

proapoptotik etkileri

hem antiproliferatif hem
istatistiksel olarak onemli
bir farklilik gostermemistir. Calismamizin diger bir
kisminda yer alan MDA MB-231 hiicrelerinde ise bunun
aksi bir sekilde, hem proliferasyon hem de apoptoz
acisindan, Embelin Tamoksifene gore istatistiksel
MCF-7 ve MDA-MB-231 kanser
kullanildigi  baska bir calismada,

Embelin’in, G1 fazinda hiicre siklusunu inhibe ettigi,

olarak daha etkindir.
hicrelerinin

Bcl-2 ekspresyonunu azaltarak ve P53 ekspresyonunu
artirarak apoptotik etki gosterdigi ve normal hiicreler
Uzerinde cok az toksik etkisi oldugu belirlenmistir
(40).

Calismamizin asil amaci, hormon sensitif MCF-
7 ve hormon sensitif olmayan MDA-MB-231 iki farkli
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insan kaynakli meme kanser hucre hattinda, XIAP
inhibitori Embelin’in etkileri arastirilarak Embelin’in
molekiiler diizeydeki etkilerini, meme kanser
tedavisinde halen yaygin olarak kullanilmakta olan
Tamoksifen ve Docetaxel’in molekiler diizeydeki
etkileri ile kiyaslanmasidir. Embelin’in etkilerini
ortaya ¢ikarmak icin gercek zamanl hiucre elektronik
algilama sistemi ile hiicre kiiltlird, hicre sitotoksisite
analizi, histopatolojik ve imminohistokimyasal
analizlerden yararlamlmistir.

Calismamizin sonucunda, genel olarak
Embelin’in, her iki meme kanser hiicre tipinde de,
doz ve zamana bagli olmak ilizere kanser hiicre
proliferasyonu inhibe ettigini, dzellikle MDA MB-231
hiicrelerinde Ki-67 proliferasyon indeksi, cyclin D1
dizeyi ve Bcl-2 ekspresyonunu hem Tamoxifen hem
de Docetaxel’e gore azaltarak hiicre siklusunu inhibe
ettigini, aynm sekilde Bax/Bcl-2 oranim da her iki
ilacla kiyasladigimizda daha da artirarak apoptozisi
indiikledigini ortaya ¢ikarilmistir. Boylece, apoptozun
hem mitokondriyal hem de dissal yollarini inhibe
edebilen bir antiapoptotik protein olan XIAP’in,

meme kanseri hiicrelerinde terapotik duyarlilikta

TESEKKUR

anahtar bir rol oynama rolii olabilecegini bildirmis
olmaktayiz. MCF-7 hiicrelerinde ise Embelin doz ve
zaman bagimli olarak hiicre proliferasyonunu inhibe
etmesine ragmen molekiiler diizeydeki etkileri her
iki ilacla kiyaslandiginda, 6zellikle Docetaxel’e gore
daha efektif oldugu fakat Tamoxifenle istatistiksel
olarak ayni etkilere sahip oldugu gozlemlenmistir.
MDA-MB-231
lizerinde, MCF-7 hiicreleri Uzerindeki etkisine gore

Dolayisiyla  Embelin’in hiicreleri
daha efektif oldugunu soyleyebiliriz.

Sonuc olarak, tumor hicreleri invazyon ve
metastaz yapabilmek icin coklu hayatta kalma
yollar1 kullanir. Buna gore, coklu hiicresel ve redoks
yollarini baskilayabilen Embelin gibi ajanlar, kanserin
onlenmesi ve tedavisi icin giicli bir potansiyele
sahip olabilir. Embelin’in meme kanser hucrelerinde
antitimoral etkinligini gosterdigimiz bu in vitro
calisma, ileride yapilacak olan in vivo ve klinik faz
calismalarina destek ve yol gosterici olabilir. Embelin,
ileride ozellikle triple negatif olarak sinmiflandirilan ve
tedavi secenegi son derece sinirli olan daha agresif
meme kanser turunin tedavisinde, yeni antikanser

ajanlar olarak kullanima girebilir.

Bu calisma, Dumlupinar Universitesi Bilimsel Arastirma Projeleri Koordinatérliigii tarafindan 2014-69 proje numarastyla

desteklenmistir.

ETiK KURUL ONAYI

* Bu calisma, Etik Kurulu onay1 gerektirmemektedir.

CIKAR CATISMASI

Yazarlar bu makale ile ilgili herhangi bir cikar catismasi bildirmemislerdir.
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Polikistik over sendromlu kadinlarda adrenal ve ovaryan steroid
hormonlarla fenotipik ve klinik ozelliklerin iliskisi

Seda KILICSOY ASLAN'

, Raziye DESDICIOGLU?

, Giilin Feykan YEGIN? (1D), Ceylan BAL*

OZET

Amag: Bu arastirmamin amaci; polikistik over
sendromlu (PKOS) kadinlarda klinik ve fenotipik 6zellikler
ile plazma steroid hormon seviyeleri arasindaki iliskinin

arastirilmasidir.

Yontem: Rotterdam kriterlerine gore PKOS tamisi
alan, yaslar1 18-39 arasinda 50 gonulli kadin calismamiza
dahil edilmistir. Hastalar viicut kitle indeksine gore,
adet diizensizligi olup olmamasi ve hirsutismus olup
olmamasina gore gruplara aynlmistir. Hirsutismusu
degerlendirmek icin modifiye Ferriman Gallway skoru
kullanitmistir. Menstriiel siklusun 2-5. giinleri arasinda
8-10 saatlik acligi takiben alinan plazma 6rneklerinden
likit kromatografi ardisik kitle spektrofotometri (LC-MS/

MS) yontemi ile steroid hormon diizeyleri calisitmistir.

Bulgular: Hasta grubumuzda fazla kilolu-obez olan
hastalarin serbest testosteron seviyesinin, normal kilolu
hastalara gore daha fazla oldugu belirlenmistir (p=0,037).
Adet diizensizligi olan hastalarin DHT, androstenedion
ve total testosteron seviyelerinin adetleri diizenli olan
kadinlardan daha yiiksek oldugu ve bu farkin anlaml
oldugu goriilmistir (sirasiyla, p=0,021 p=0,010 p=0,049).

PKOS tanis1 almis hastalardan hirsutismusu olmayan

ABSTRACT

Objective: The aim of this study is to evaluate the
relationship between phenotypic features and ovarian
and adrenal steroid hormones in women with polycystic

ovary syndrome.

Methods: Fifty volunteer women aged 18-39 who
were diagnosed with PCOS according to Rotterdam
criteria, were included in our study. The patients were
divided into groups according to their body mass index,
whether they had menstrual disorders and whether they
had hirsutism. The modified Ferriman Gallway score
was used to evaluate hirsutism. Ovarian and adrenal
steroid hormones, lipid profiles and levels were studied
from plasma samples taken after fasting 8-10 hours at
the menstrual cycle day is 2-5. Steroid hormones were
analyzed by liquid chromatography sequential mass
spectrophotometry (LC-MS / MS) method.

Results: We found that the level of free
Testosterone in overweight-obese patients were higher
than in normal weight patients and this is statistically
significant (p=0.037). Women with menstrual disorders,
DHT, androstenedione and total testosterone levels

were higher in women with regular menses, and this
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kadinlarda androsteron seviyelerinin  hirsutismusu
olan kadinlara gore anlamli sekilde yiksek oldugu

bulunmustur (p=0,024).

Sonu¢: Plazma steroid diizeylerini ol¢mede en
duyarli yontemlerden biri olarak kabul edilen LC-
MS/MS yonteminin kullanmildigi bu arastirmada; PKOS
tamli kadinlarda viicut kitle indeksi yiiksek olan
grupta serbest testosteron duzeyi yuksek saptanmistir.
Hirsutismusu olan ve olmayan kadinlarin androjen
dizeyleri arasinda farklibk saptanmamistir. PKOS’lu
kadinlarda hirsutismus bulgularinin laboratuvar bulgular
ile anlamli iliskisinin olmadiginin gosterilmesi, klinik
hiperandrojenizmin plazma androjen diizeyleri disinda
genetik, enzimatik ve reseptor diizeyindeki farkliliklar
gibi pekcok faktoriin etkilesimi sonucunda ortaya
ctkmasindan kaynaklanmaktadir. Menstriiel diizensizligi
olan kadinlarda androjen parametrelerinden bir
kisminin yiksek olmasi folikiilogenez lizerine hormonal
mikrocevrenin etkisi ile aciklanabilir. Adet diizensizligi
olan PKOS tanli

degerlendirilmesi bu anlamda faydali olabilir.

kadinlarda androjen duzeylerinin

Anahtar Kelimeler: Hirsutismus, LC-MS/MS,

obezite, PKOS, steroid hormonlar

difference is significant (respectively, p=0.021 p=0.010
p=0.049). Androsterone levels of women diagnosed
with PCOS were significantly higher in women without

hirsutism than in women with hirsutism (p=0.024).

Conclusion: Methods for measuring plasma steroid
levels, which is accepted as one of the most sensitive
LC-MS/MS method was used in this study, women with
PCOS revealed high levels of free testosterone in
the group with high body mass index. There was no
difference between the androgen levels women with
and without hirsutism. The fact that the symptoms of
hirsutism in women with PCOS do not have a significant
relationship with laboratory findings is due to the
fact that clinical hyperandrogenism occurs as a result
of the interaction of many factors, such as genetic,
enzymatic and receptor level differences, except for
plasma androgen levels. The high level of some of
the androgen parameters in women with menstrual
disorders can be explained by the influence of the

hormonal microenvironment on folliculogenesis.

Key Words: Hirsutismus, LC-MS/MS, obesity, PCOS,

steroid hormones

GIRIS

PKOS; lireme cagindaki kadinlarda, kronik oligo-

anovilasyon, polikistik over morfolojisi, androjen
hormonlanin artis1 veya hiperandrojenizmin klinik
bulgularn ile karakterize, endokrin ve metabolik bir
hastaliktir. ilk olarak 1935 yilinda Stein-Leventhal
tarafindan polikistik overlere bagli gelisen amenore
ve androjen fazlaligi olarak tammlanmistir (1).
Toplumda lireme cagindaki kadin populasyonda sikligi
%6-10 arasindadir (2). Tam koymak icin farkli saglik
En sk

kullanilan tanm kriterleri Rotterdam’da 2003 yilinda

otoritelerinin farkli tammlamalan vardir.
diizenlenen toplantida kabul goren hiperandrojenizm

ve kronik anoviilasyona yol acan diger hastaliklar
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dislandiktan sonra PKOS tanisinin asagidaki li¢ kriterden
ikisinin saglanmasidir. Bunlar 1. Oligo-anoviilasyon, 2.
Klinik veya biyokimyasal hiperandrojenizm bulgular,
3. Ultrasonografide polikistik over morfolojisi- tek
overde 12 ve lzerinde 2-9 mm kist ve/veya over
volumiiniin 10 ml den fazla olmasi (1, 3).

olup

PKOS patogenezi net aydinlatilamamis

birkac teori ile agiklanmaya calisilmaktadir.
Gonadotropin sentez ve salilim bozukluklari, androjen
metabolizmasinda bozulma, genetik faktorler ve
insilin direncinin ic ice oldugu karmasik etyopatolojik
mekanizmalar one surilmektedir (4-9). Gonadotropin
GnRH  salinim
Bu durum LH

saliniminin dolayisiyla da teka hiicrelerinden androjen

metabolizmasindaki  bozulmalar

pulsasyonunun artmasi seklindedir.



salimmin artmasina sebep olur. insiilin direnci ve
eslik eden obezite, PKOS’ta androjen fazlaliginin
patogenezinde hem dogrudan hem de dolayli rol
oynar (1). Hiperandrojenizm PKOS patofizyolojisinde
temel bir unsur olarak karsimiza cikar. PKOS tanisi
alan kadinlarda guinliik ortalama androjen ve ostrojen
Uretimi artmistir. Bu durum klinige erkek tipi killanma,
adet diizensizligi, glikoz metabolizmasinda bozulma
gibi endokrinolojik ve metabolik bulgular olarak
yansir. Her ne kadar PKOS’ta androjen fazlaliginin
PKOS
hastalarinda asin adrenal androjen seviyeleri ve
(10).
kaynakli temel androjen testosteron, adrenal
kaynakli androjenler DHEA ve DHEAS’tir. PKOS’ta bu

hormonlarin yanisira over ve adrenal androjenler icin

ana kaynag1 overler olarak disiiniilse de,

adrenal disfonksiyon da gozlenmistir Over

prohormon olan androstenedion diizeylerinin arttig1 da
bilinmektedir (10).
kadinlarin %70-80’inde hirsutismus olarak karsimiza
ctkmaktadir (11, 12). Akne, erkek tipi kellik, kilo alim
menstruel diizensizlikler hiperandrojenizmin diger

Klinik hiperandrojenizm PKOS’lu

klinik yansimalandir (13). Hiperandrojenizm bulgular
kadinlarin ¢ogunda hafif olup sadece kozmetik
siddetli
semptomlara neden olarak daha kapsamli mudahale

tedavi gerektirirken, baz1 durumlarda

gerektirmektedir. PKOS’ta klinik hiperandrojenizm
siddeti ile biyokimyasal bulgular her zaman uyum
gostermemektedir. Ayrica hirsutismus olan kadinlarda
hangi androjenin klinik ile daha iliskili oldugu da net
degildir (14). Gerek androjen hormon diizeylerini
calisan
performanslan

yontemlerin  zor  standardizasyonlar,

gerekse periferde donisum ve
reseptor duyarliklannin kisisel farklilik gostermesi
PKOS’ta laboratuvar kullammin kisitlasa da ozellikle
hirsutismus skoru yiiksek olan kadinlarda androjenlerin
degerlendirilmesi onerilmektedir (15). Ozellikle total
ve serbest testosteron ile beraber androstenedion
(A4) PKOS’ta
metabolik degerlendirilmesinde
(16-21).
hastalarin fenotipik ozellikleri ile steroid hormon

olculmesi hiperandrojenizm ve

risklerin onemli
oldugu vurgulanmaktadir Arastirmamizda

diizeyleri arasindaki iliskinin arastinlmasi planlanmis

olup, hormonlarin analizinde Likit kromotografi
tandem mass spektrofotometri (LC-MS/MS) yontemi
kullamlmistir. Bu yontem steroid hormon olciimiinde
immunassay yontemlere gore yiksek spesifite ve
sensitivite oranina sahip olmasi acisindan giinimiizde
altin standart olarak tanmimlanmaktadir (22). Ozellikle
testosteron ve androstenedion diizeylerinin 6l¢liminde
bircok buyuk merkezde LC-MS/MS yontemi tercih
edilmektedir (23-25). Klinik klavuzlarda da androjen
diizeylerinin degerlendirilmesinde mutlaka gecerli ve
glivenli bir yontem kullanilmas1 onerilmektedir (15).
Bu calismanin amaci; PKOS tanisi olan kadinlarin farkl
klinik 6zelliklerine gore LC-MS/MS yontemi ile calisilan
steroid hormon diizeyleri arasinda fark olup olmadigim
arastirmaktir.

GEREC ve YONTEM

Calismamiz, gonulli olup Rotterdam kriterlerine
gore PKOS tamis1 alan kadinlarda, fenotipik ve klinik
ozelliklerin adrenal ve ovaryan steroidlerle iliskisini
arastirmak amaciyla prospektif bir calisma olarak
tasarlanmisti.  Calismaya katilan tim goniilliilere
aydinlatitmis onam formu okutularak, imzalan ve
onamlarn alinmistir. Calismaya katilan gruplar 1 Kasim
2019 -

polikliniklerine basvuran hastalar arasindan Rotterdam

31 Ocak 2020 tarihleri arasinda, jinekoloji

2003 kriterlerine gore PKOS tamsi alan 18-40 yas arasi
50 goniillu kadin dahil edilmistir. Son ¢ ayda herhangi
bir hormonal ila¢ kullanan hastalar arastirmaya dahil
edilmemistir. Tuylenme sikayeti olanlarda Ferriman-
Gallwey (Ferr-Gall) skoru 8 ve iizerinde olan kadinlar
hirsutik kabul edilmistir.  Her kadimin demografik
ozellikleri, menstriiel ve genel jinekolojik oykiisl, viicut
kiitle indeksi (VKI), Fer-Gall skorlan kaydedilmistir.
Kan ornekleri duzenli sikluslan olan kadinlarda
siklusun 2-5. ginleri oligo-amenoreik hastalarda
progesteron cekilme kanamasinin 2-5. giinleri arasinda
alinmistir. Steroid hormon analizi LC-MS/MS yontemi ile
yapilmistir. Plazma ornekleri bir gecelik aclik sonrasi,
antekiibital venden EDTA iceren tiplere alinarak

toplanmistir. Ornekler 4000 rpm’de 5 dakika santrifiij
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edilip, elde edilen plazma analiz yapilana kadar -20
°C derecede bekletilmistir. Steroid hormon analizi icin
AB Sciex marka 4500 model LC-MS/MS cihaz1 (Foster
City, CA) ve Eureka marka (Chiaravalle, Italy) Steroid
hormon kiti kullamlmistir. Bu kit bes seviye kalibrator
ve iic seviye kontrol icermektedir. internal standart
olarak testosteron-d3, aldosterone -d7, kortizol-d4
calisitmistir. Analitik kolon C18 (50x2.1 mm,1.8 pm)
kullamlmistir. Tim kalibratorler ve kontrol numuneleri
depolama sicakliklarinda tutulmus ve numuneler
kullamm talimatlarina uygun olarak analiz edilmistir.

SPSS  (Statistical
Package for the Social Sciences versiyon 25.0.0;

Tum istatistiksel analizler
SPSS Inc., Chicago, IL, ABD) program ile yapilmistir.
Normal dagiim gosteren sayisal veriler tablolarda
ortalama + standart sapma olarak gosterilirken

normal dagilmayan veriler ortanca (minimum-
maximum) seklinde ifade edilmistir. Kategorik veriler
ise n (say1) ve yuzdelerle (%) verilmistir. Calismada;
verilerin normal dagilim varsayimina uyup uymadig
ilk once Kolmogorov-Smirnov Testi ile incelenmis
daha sonrasinda da carpiklik ve basiklik katsayilarina
bakarak belirlenmis olup verilerin normal dagilima
sahip olmadig1 saptanmistir. Normal dagilim gdsteren
degiskenlerin iki grup karsilastirmalarinda t test,
normal dagilim gostermeyen degiskenlerin iki grup
karsilastirmalarinda Mann-Whitney U testi kullanilirken
uc ve uzeri gruplann karsilastirmalarinda Kruskal-
Wallis H testi kullamlmistir. Daha sonra PKOS tanisi
almis hastalarin fenotipik ozellikleri incelenmistir.
Son olarak degiskenler arasindaki iliskiler Spearman
Korelasyon testi ile uygulanmistir. Elde edilen tum
sonuclar istatistiksel anlamlilik p<0,05 diizeyinde

degerlendirilmistir.

Bu calisma, Yildinm Beyazit Universitesi Tip

Fakultesi Klinik Arastirmalar Etik Kurulu izni
ile yapilmistir (Tarih: 09.10.2019 ve Karar No:
26379996/114).

BULGULAR

Calismamiza katilan PKOS tamisi almis hastalarin
Tablo 1’de
Arastirmamiza katilan kadinlarin yas araligi 18-39

fenotipik  ozellikleri gosterilmistir.
arasinda oldugu goriilmustir. Klinik ozelliklerine gore

hastalar fazla kilolu-obez, menstriel diizensizlik

ve hirsutismus olup olmama durumlarina gore
kendi iclerinde gruplandinlmistir. Kadinlardan fazla
kilolu ve obez olanlarin sayis1 21, adet diizensizligi
bulgusu ile gelenlerin sayis1 27 ve Ferr-Gall skoru 8
ve uzerinde olanlarin sayist 31 olarak belirlenmistir.
Arastirmamzdaki kadinlarin  timine ait steroid
hormon diizeyleri Tablo 2’de gosterilmistir. PKOS
tams1 almis kadinlarin VKi’ne gére normal kilolu kabul
edilen kadinlar ile fazla kilolu-obez kadinlar arasinda
yapilan karsilastirmada, fazla kilolu-obez olan
hastalarin serbest testosteron seviyesi normal kilolu
hastalara gore daha yiksek ve bu durum istatistiksel
olarak anlamli bulunmustur. Diger hormonlarin plazma
diizeyleriiki grup arasinda farklilik gostermemistir. Adet
diizensizligi olan grupta DHT, 1,4 delta androstenedion
ve toplam testosteron seviyesi diger hastalara gore
daha yiksekti ve bu durum istatistiksel olarak anlamli
oldugu goriilmiistiir. Arastirma grubumuzdaki PKOS
tams1 almis kadinlarda hirsutismus olmayanlarda
androsteron seviyelerinin hirsutismusu olan kadinlara
gore anlamli olarak yiiksek oldugu belirlenmistir (Tablo

5).

Tablo 1. Kadinlarin demografik 6zelliklerinin ve antropometrik 6lcimlerinin tanimlayici analizi

Degisken (n=50) Min-Max
Yas 18-39

VKI 16,56-42,24
FERR-GALL skoru 1-29

VKI; Viicut Kiitle indeksi, FERR-GALL: FERRIMAN -GALLWEY
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Tablo 2. Arastirma grubundaki tiim kadinlarin steroid hormon diizeyleri

Degisken (n=50)

Ortanca (CAG)

Min-Max

Pregnanolon( ng/dL)

87,10 (69,55)

11,67-298,71

Kortikosteron (ng/dL)

213,55 (208,67)

15,55-930,12

11 Deoksikortikosteron (ng/dL)

5,31 (13,76)

0,73-99,85

Androsteron (pg/L)

2,66 (14,03)

0,22-99,85

Estron (pg/mL)

73,10 (97,16)

2,49-582,93

17-OH Pregnenolon (ng/dL)

133,09 (96,14)

5,89-434,17

DHT (pg/mL) 110,06 (78,83) 18,91-392,10
DHEA (ng/mL) 10,34 (32,14) 0,82-211,43
Aldosteron (ng/dL) 12,70 (18,18) 0,61-99,85

Androstenedion (ng/dL) 114,63(68,05) 11,48-346,74
17 OH Progesteron (ng/dL) 55,29 (34,25) 7,43-169,14
DHEAS (pg/L) 256,46 (142,07) 53,37-962,44
Serbest Testosteron (pg/mL) 2,33 (0,91) 0,94-4,59

Total Testosteron (ng/dL) 36,99 (11,76) 11,00-71,32

CAG; Ceyrekler Arasi Genislik, DHT; Dihidro testosteron, DHEA; Dehidroepiandrosteron, DHEAS; Dehidroepiandrosteron suilfat

Tablo 3. PKOS tanisi almis hastalarin VKi ile steroid hormon bulgularimin karsilastirilmasi®

qumal Kilolu
(VKi<25) (n=29)

(VKi225) (n=21)

Fazla Kilolu-obez

Degisken Ortanca (CAG) Ortanca (CAG) P
Pregnanolon (ng/dL) 72,16 (103,34) 60,80 (77,41) 0,101
Kortikosteron (ng/dL) 153,90 (244,07) 112,17 (195,05) 0,517
11 Deoksikortikosteron (ng/dL) 3,86 (2,75) 2,75 (2,07) 0,058
Androsteron (ug/L) 0,61(0,29) 0,54 (0,47) 0,746
Estron (pg/mL) 38,06(52,94) 39,60 (63,57) 0,937
17-OH Pregnenolon (ng/dL) 103,10(165,89) 105,79 (99,76) 0,149
DHT (pg/mL) 81,63(109,38) 111,08 (105,19) 0,562
DHEA (ng/mL) 3,87(3,88) 2,75 (3,24) 0,376
Aldosteron (ng/dL) 9,41 (11,65) 6,26 (8,48) 0,101
Androstenedion (ng/dL) 101,83 (85,11) 109,50 (87,63) 0,350
17 OH Progesteron (ng/dL) 52,23 (17,49) 52,18 (34,09) 0,415
DHEAS (ug/L) 254,90 (96,60) 257,30 (127,92) 0,673
Serbest Testosteron (pg/mL) 1,88(0,85) 2,11 (1,19) 0,037
Total Testosteron (ng/dL) 35,85 (12,95) 34,00 (21,48) 0,852

@ Mann-Whitney U

CAG: Ceyrekler Aras1 Genislik, DHT:
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Tablo 4. Adet diizensizligi olan ve olmayan grupta hormon diizeylerinin karsilastinlmasi 2

Adet diizensizligi olmayan

Adet diizensizligi olan (n=27) (n=23)
= 2]

Degisken Ortanca (CAG) Ortanca (CAG)
Pregnanolon (ng/dL) 82,33 (108,55) 47,67 (63,86) 0,397
Kortikosteron (ng/dL) 153,90 (208,89) 108,71 (246,93) 0,992
11 Deoksikortikosteron (ng/dL) 3,07 (2,62) 3,09 (3,02) 0,697
Androsteron (ug/L) 0,61 (0,33) 0,54 (0,40) 0,419
Estron (pg/mL) 44,40 (81,09) 36,76 (33,84) 0,823
17-OH Pregnenolon (ng/dL) 112,60 (123,64) 99,54 (156,27) 0,454
DHT (pg/mL) 116,00 (113,96) 56,89 (72,41) 0,021
DHEA (ng/mL) 2,90 (6,62) 2,90 (2,56) 0,448
Aldosteron (ng/dL) 7,75 (6,94) 9,41 (16,52) 0,946
Androstenedion (ng/dL) 123,90 (85,62) 80,00 (63,73) 0,010
170H Progesteron (ng/dL) 53,90 (21,10) 50,10 (31,80) 0,063
DHEAS (pg/L) 257,30 (150,72) 253,67 (108,03) 0,527
Serbest Testosteron (pg/mL) 2,08 (1,33) 1,89 (0,71) 0,224
Total Testosteron (ng/dL) 39,00 (14,60) 32,50 (15,70) 0,049
@ Mann-Whitney U testi CAG: Ceyrekler Aras1 Genislik, DHT: Dihidro testosteron, DHEA: Dehidroepiandrosteron,
DHEAS: Dehidroepiandrosteron silfat
Tablo 5. Hirsutism olan ve olmayan grupta hormon diizeylerinin karsilastirilmas *
Hirsutism Olmayan Hirsutism Olan
(FERR-GAL<8) (n=19) (FERR-GAL=8) (n=31)
Degisken Ortanca (CAG) Ortanca (CAG) p
Pregnanolon (ng/dL) 80,70 (104,78) 57,10 (77,69) 0,870
Kortikosteron (ng/dL) 217,78 (123,06) 99,85 (236,46) 0,161
11 Deoksikortikosteron (ng/dL) 3,86 (2,76) 3,07 (2,71) 0,173
Androsteron (ug/L) 0,75 (0,61) 0,55 (0,35) 0,024
Estron (pg/mL) 30,75 (94,65) 44,40 (56,40) 0,177
17-OH Pregnenolon (ng/dL) 140,18 (155,62) 99,85 (123,89) 0,230
DHT (pg/mL) 82,49 (127,61) 92,86 (102,94) 0,810
DHEA (ng/mL) 4,01 (7,09) 2,90 (3,63) 0,631
Aldosteron (ng/dL) 8,90 (11,06) 7,75 (11,30) 0,472
Androstenedion (ng/dL) 103,60 (88,86) 101,83 (88,55) 0,487
17 OH Progesteron (ng/dL) 53,89 (14,95) 51,67 (31,35) 0,398
DHEAS (pg/L) 286,91 (101,36) 253,67 (125,09) 0,071
Serbest Testosteron (pg/mL) 1,93 (0,53) 2,00 (1,05) 0,733
Total Testosteron (ng/dL) 34,70 (25,70) 35,32 (14,95) 0,705

2 Mann-Whitney U testi
CAG: Ceyrekler Aras1 Genislik, DHT: Dihidro testosteron, DHEA: Dehidroepiandrosteron, DHEAS: Dehidroepiandrosteron siilfat
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TARTISMA

PKOS etyolojisi tam olarak aydinlatilamamus,

genetik ve cevresel faktorlerden etkilenen
multifaktoriyel bir hastaliktir. PKOS etyopatogenezine
bakildiginda ilgili

calismalarin net bir veri icermedigi goriilmektedir.

steroidogenez  bozukluklari
Tam asamasinda da laboratuvar parametrelerinin
kullanim  simirlidir. Calismamizda androjenleri
degerlendirmede altin standart olarak kabul edilen
yontem olan LC-MS/MS yontemi ile calisilan steroid
hormon diizeyleri ile hastalarin klinik durumlan
arasindaki iliskiyi arastinlmistir. Bu yontem ile plazma
androjenlerinin diger yontemlere gore daha diisiik
oldugu bildirilmis olup yonteme &zel laboratuvar alt
ve Ust limit tamimlamalan net degildir.

Calismamizda, en belirgin klinik ve steroid hormon
iliskisi adet diizensizligi olan grup ile olmayan grup
arasinda gorulmistur. Ayrica fazla kilolu ve obez
grupta serbest testosteron diizeyi diger gruba gore
yiiksek bulunmus olup obezlerde azalmis SHBG diizeyi
ile aciklanabilir (26). Obez PKOS hastalari ile normal
kilolu PKOS hastalarinin steroid hormon profilinin
arastinldigi Deng ve ark. (27) yaptigi calismada;
normal kilolu PKOS hastalar1 daha yiiksek DHEAS,17-
hidroksi pregnanolon,17-hidroksiprogesteron, estron
dizeyine sahipken, daha dusik serbest testosteron
diizeyleri goriilmustdr.

Kadin dolasimindaki major androjenler DHEAS,
DHEA,
DHEAS,
aktivitesi olmayan prohormonlar olarak dusunulebilir.

androstenedion, testosteron ve DHT’dir.

DHEA ve Androstenedion nerdeyse hic
Androjenik etki olusturmalarn
Adet
androjenlerin etkisi baz1 calismalarda arastintmistir.

icin testosterona

donusmeleri  gerekir. donglisi  Uizerine
Folikuler gelisim sirasinda Ostrojen sentezi icin
substrat saglamanin yani sira, hem androjen fazlalig
hem de androjen eksikligi folikiiler gelisimdeki
anormalliklerle iliskili oldugundan uygun androjen
dengesinin saglanmasi onemlidir (1). Ayrica baz
veriler folikiler atrezinin onlenmesinde ve folikul

biyimesinin desteklenmesinde androjenlerin roliini

dusundurmektedir (5).
Calismamizda, adet diizensizligi
LC-MS/MS  yontemi

total

olan grupta
ile DHT, androstenedion ve
adet
yuksek

testosteron seviyesinin diizensizligi
kadinlara
folikil

metabolizmasinin  onemli

olmayan gore oldugunun

gosterilmesi gelisim basamaklarinda da
androjen olabilecegini
dusundurmektedir. Hiperandrojenizmin klinik bulgusu
olarak hirsutismus, erkek tipi kellik ve akne gibi
bulgular kabul edilmekte olup menstriel diizensizlik
ile androjen hormon iliskisi giinlik pratikte sk
kullanilmamaktadir. Oysa PKOS tanisi alan kadinlarin
oligo-amenore klinigi ile basvurma oranlar oldukca
yuksektir. Polikliniklere oligomenore ile basvuran
Ureme cagindaki kadinlarin %901 ileri incelemelerde
PKOS tanmis1 almaktadir (28). Adet diizensizligi 6n
planda olan PKOS’lu hiperandrojenizm klinik bulgular
eslik etmese veya belirgin olmasa bile androjenlerin
degerlendirilmesi tamsal gicli artirabilir.  Adrenal
androjenler (DHEA, DHEAS, androstenedion) PKOS’lu
kadinlarda artmaktadir. Bu androjenler ancak
periferde testosterona donuserek PKOS da gozlenen
hiperandrojenizm bulgularina yol acmaktadirlar (29).
Calismamizda, hirsutismusu olan PKOS’larda adrenal
androjen duzeylerinin istatistiksel olarak farklilik
gostermemesi androjen etkilerinin plazma diizeyinden
bagimsiz olmas1 ile aciklanabilir. Androsteron,
testosteron ve DHT’nin metabolitidir. Calismamizda,
hirsutismusi olmayan PKOS’larda hirsutismusi olan
PKOS’lara gore daha yiiksek saptanmasi literatiir
Lokal

seviyesi, androjen reseptor durumu, kil folikillerinin

bilgilerimizle cakismamaktadir. androjen
androjene duyarliigi ve 5 alfa rediiktaz aktivitesinin
ortak etkileriile hirsutismus meydana gelir. Dolayisiyla
hirsutismus durumu ve siddeti androjen seviyesi ile
korele degildir. Baz1 yiiksek androjen seviyelerine
sahip kadinlarda hirsutismus olmadan alopesi veya
akne gorilebilir. Irk ve etnik gruplar arasinda her
bir deri Unitesinin icerdigi kil folikiili sayis1 degisir
(29). Calismamizda kullanmlan LC-MS/MS yonteminin
steroid hormon

diizeylerinin  degerlendirmede

son vyillarda altin standart olarak kabul edildigi
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goz onune alinirsa; klinik hiperandrojenizmde

laboratuvar yontemlerinin tanida katkisinin halen
sinirll oldugu ifade edilebilir. Bunun yamisira aym
grup icinde menstruel dizensizlikleri belirgin olan
kadinlarda belli basli androjen diizeylerinin ylksek
tespit edilmis olmasi yontemin kiymeti acisindan
onemlidir. Calismamizin arastirma maliyeti nedeni
ile PKOS grubu kendi arasinda gruplandirilmis, ayrica
bir kontrol grubuna ait calisma yapilamamistir.
Yontem tum 14 hormonu bir arada ¢alisan bir ticari
kite dayanmasi nedeni ile steroid hormon sentez
yolagindaki bircok hormon calisilms fakat hepsi
klinik anlamda bilgi vermedigi icin tartismaya dahil
edilmemistir. Arastirmamiza katilan hasta sayisinin
az olmasi hastalari PKOS alt fenotiplerine ayirarak
degerlendirememize engel olmustur. Ayrica kontrol
kendi klinik

ozellikleri icinde karsilastirmamiz da calismamizin

grubumuzun olmamas1 ve hastalan

kisitliliklarindandir.
Sonuc olarak; PKOS etyopatogenezi hakkinda
cesitli

hipotezler olup etyopatogeneze yonelik

arastirmalar devam etmektedir. Nedene yonelik
PKOS’lu kadinlara icin
glinimiizde semptom ve bulgulara yonelik tedavi

uygulanmaktadir. Bu calismamizda PKOS’lu hastalarda

tedavi yapilamadigi icin

ETiK KURUL ONAYI

VKI, hirsutismus, adet diizensizligi durumuna gére
steroid hormon profilini degerlendirerek tanisal
katkida
Arastirmamizin sonuclarina gore adet diizensizligi

arastirmalara bulunmak amaclanmistir.
klinigi on planda olan kadinlarda da tipki hirsutismus
bulgusu olan kadinlardaki gibi androjen diizeylerinin
degerlendirilmesi 6nemli olabilir. Kilolu kadinlarda
androjenlerin  serbest  fraksiyonlarinin  yiiksek
olmas1 beklenen bir durum olup; calismamizda,
PKOS’lu

hiperandrojenizmde biyokimyasal marker olan serbest

kadinlarda kilo verilmesi durumunda
testosteron ve DHEAS diizeylerini azaltabilecegini
ve semptomlarin hafiflemesine katkida bulunacag
dusunulebilir.  Gunluk pratikte de kilo verilmesi
ve yasam tarzi degisiklikleri PKOS yonetiminde
ilk secenektir.

Ayrica klinik olarak saptanan

hirsutismus siddetinin  laboratuvar bulgularyla
korelasyon gostermediginin tespit edilmis olmasi
killanma durumunu etkileyen androjen hormon
dizeyi disindaki faktorlere yonelik arastirmalara
ihtiyac oldugunu disiindiirmektedir. Bu arastirmanin
sonucunda LC MS-MS yontemi ile PKOS’lu kadinlarin
kendi icinde androjen dizeyleri en yiksek tespit
edildigi grup menstriiel dizensizlikleri olan grup

oldugu sonucuna ulasilmistir.

* Bu calisma, Yildinm Beyazit Universitesi Tip Fakiiltesi Klinik Arastirmalar Etik Kurulu’nun onayi ile gerceklestirilmistir

(Tarih: 09.10.2019 ve Karar No: 26379996/114).
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Ficus carica extract causes cell cycle arrest and induces
apoptosis in MG-63 and HT-29 cancer cell lines

Tugba YALCINKAYA'
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ABSTRACT

Objective: Ficus carica (Fig) is a leafy tree of
Moraceae, which is used in local traditional medicine
to treat various diseases. Recent studies revealed an
impressive anti-cancer efficiency of F. carica extracts
in different types of cancer cells. This study aimed to
investigate the anti-cancer effects of F. carica extract
on colon cancer cell line HT-29 and bone cancer cell
line MG-63.

Methods: The human colon cancer cell line HT-
29 and bone cancer cell line MG-63 were used to
investigate the effects of £ carica extract. The effects
of F. carica on cell viability were evaluated using MTT
[3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyltetrazolium
bromide] assay. Complementary analyses for evaluating
membrane integrity and toxicity were performed
by estimating LDH (lactate dehydrogenase) assay.
Mechanisms of cell death were analyzed using Muse™
Annexin-V and TUNEL assays. Cell-cycle distribution

was examined using flow cytometri analysis.

Results: The results demonstrated that F. carica
extract caused a significant decrease in cell viability in

cancer cells in a dose-and time-dependent fashion, but

OZET

Amag: Ficus carica (Fig), geleneksel tipta cesitli
hastaliklan tedavi etmek icin kullanilan yaprakli bir
farkli

carica ozlerinin etkileyici bir anti-

Moraceae agacidir. Son arastirmalar, kanser
hiicrelerinde F
kanser etkinligini ortaya ¢ikardi. Bu calisma, F. carica
ekstraktinin kolon kanseri hiicre hatti HT-29 ve kemik
MG-63 Ulzerindeki

etkilerini arastirmay1 amacladi.

kanseri hiicre hatti anti-kanser

Yontem: F. carica ekstraktimin etkilerini arastirmak
icin insan kolon kanseri hiicre hatti HT-29 ve kemik
kanseri hiicre hatti MG-63 kullanildi. F. carica’mn hiicre
canliig1 Gizerindeki etkileri, MTT [3-(4,5-dimetilthiyazol-
2-il)-2,5 difeniltetrazolyum bromiir] metodu kullanilarak
degerlendirildi. LDH (laktat dehidrogenaz) metodu ile
membran biitiinliglini ve toksisiteyi degerlendirmek
icin tamamlayic1 analizler yapildi. Hucre olumu
mekanizmalari, Muse™ Annexin-V ve TUNEL testleri
kullanilarak analiz edildi. Hiicre dongiisti dagilimi, akis

sitometri analizi kullanilarak incelendi.

Bulgular: Elde edilen sonuglar, F. carica ekstraktinin
kanser hiicrelerinde doza ve zamana bagh bir sekilde

hiicre canliiginda onemli bir azalmaya neden oldugunu
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not in the healthy cell line. According to MTT analysis,
the optimal activity of F. carica in MG-63 and HT-29
cell lines was determined in 48 h at 1:100 dilution
and 24 h at 1:10 dilution, respectively. In addition,
the cell viability did not drop below 50% in the hFOB
1.19 cell line at any dose and time interval, indicating
that F. carica was not cytotoxic to normal cells. The
LDH activity in culture media showed that £ carica
had cytotoxic effects on cancer cell lines. A significant
increase in LDH activity in the cultured media through
the

pathways was observed in cancer cells, whereas the

loss of membrane integrity during apoptosis

extract did not have a cytotoxic effect in the control
cell line. According to HPLC analysis, F. carica used in
this study contained 8.17063x10" mg/L protocathecuic
acid. Cell cycle analysis showed that the F carica
extract did not affect the MG-63 cell line, but caused
an arrest at the S phase in HT-29 cells. In TUNEL assay,
fluorescent staining was detected in cancer cell lines
that underwent apoptosis, while there was no staining
in control cells. The Annexin-V and Dead Cell Assay

confirmed apoptosis in both cancer cell lines.

Conclusion: F. carica was found to have anti-cancer
effects on both colon and bone cancer cell lines. While
F. carica extract can activate different types of cell
death in cancer cell lines, it did not cause any cytotoxic
effects on healthy cells. A possible mechanism for the
anti-cancer activity of F. carica is through induction of
apoptosis as observed in the colon cancer cell line HT-29

and bone cancer cell line MG-63.

gostermektedir. MTT analizine gore F. carica’nin MG-63
ve HT-29 hiicre hatlarinda optimal aktivitesi sirasiyla 48
saatte 1:100 dilisyonda ve 24 saatte 1:10 diliisyonda
belirlendi. Ayrica hiicre canliigi, hFOB 1.19 hiicre
hattinda herhangi bir doz ve zaman araliginda %50’nin
altina dismedi, bu da F. carica’nin normal hiicreler
icin sitotoksik olmadigin1 gosterir. LDH aktivitesi, F.
carica’nin kanser hiicre hatlan Uzerinde sitotoksik
etkileri oldugunu gosterdi. Apoptoz sirasinda kanser
hiicrelerinde membran bitunliginiin  kayb1 yoluyla
LDH aktivitesinde onemli bir artis gozlenirken, ekstrakt
kontrol hiicre hattinda sitotoksik bir etkiye sahip
degildi. HPLC analizine gore bu calismada kullanilan
F. carica’nin, 8.17063x10" mg/L protokatesuik asit
icerdigi tespit edildi. Hiicre dongusii analizi, F. carica
ekstraktinin MG-63 hiicre hattin etkilemedigini, ancak
HT-29 hiicrelerinde S fazinda bir durmaya neden oldugunu
gosterdi. TUNEL testinde, kontrol hiicrelerinde floresan
boyanma olmazken, apoptoz geciren kanser hicre
hatlarinda floresan boyama tespit edildi. Annexin-V
ve Dead Cell Assay, her iki kanser hiicre hattinda da

apoptozu dogruladi.

Sonug: F. carica’nin hem kolon hem de kemik kanseri
hiicre hatlar iizerinde anti-kanser etkileri oldugu bulundu.
F. carica ekstrakti, kanser hiicre dizilerinde farkli hiicre
olumlerini aktive edebilirken, saglikli hiicreler iizerinde
herhangi bir sitotoksik etkiye neden olmadi. F. carica’nin
anti-kanser aktivitesi icin olasi bir mekanizma, kolon
kanseri hiicre hatt1 HT-29 ve kemik kanseri hicre hatti

MG-63’te gozlemlendigi gibi apoptozun indiiklenmesidir.

Key Words: Anti-cancer, apoptosis, cell death, Anahtar Kelimeler: Anti-kanser, apoptoz, hiicre
HT-29, colon cancer, F  carica extract, MG-63, oluimd, HT-29, kolon kanseri, F. carica ekstrakti, MG-63,
osteosarcoma osteosarkom
INTRODUCTION used as food and medicine in the Middle East (2).

Fruit, root and leaves are used in traditional medicine

F. carica (Fig) is a leafy tree of Moraceae and is  to treat various conditions such as gastrointestinal,

considered as one of the oldest fruits alongside with  respiratory and cardiovascular disorders (3). Although

apples and grapes (1). F. carica products are widely the anti-cancer effect has been shown in various
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cancer cell lines as in breast, colon and liver cancers,
no study on osteosarcoma has been identified yet.
According to 2018 data of the American Cancer
Research Institute, colon cancer is the third most
common cancer in men and the second most common
cancer in women. It is also estimated that over 1.8
million new cases of colon cancer and 881,000 deaths
occurred in 2018 (4). Similarly, osteosarcoma (OS)
represents the most common bone cancer (incidence:
0.3 per 100 000 per year) and the incidence is higher
in adolescents (4). Risk factors for OS include previous
radiation treatments causing germline abnormalities
such as Paget’s Werner

disease, Li-Fraumeni,

syndrome, Rothmund-Thomson syndrome, Bloom
syndrome, and hereditary retinoblastoma (5). The
two most common inherited syndromes linked with
colorectal cancers are familial adenomatous polyposis
(FAP) and hereditary non-polyposis colo-rectal cancer
(HNPCC). Lynch, Turcot and Peutz-Jeghers Syndroms
may also induce colorectal cancer (6).

In this study we focused upon the effect of F. carica
extract to observe its efficacy as anti-cancer agent
on bone and colon cancer cell lines. To elaborate
our study further, we analyzed the cell survival,
cytotoxicity, apoptosis, cell cycle progression of these
two lines after challenging them with the extracts
subjected to this study.

Resistance to chemotherapy drugs and poor
clinical outcome is a common encountered problem
in approximately 50% of cancer patients (7,8). In
addition, high-dose chemotherapy causes various
side effects and tumor recurrence (8). Therefore,
it is necessary to develop prognostic markers and
therapeutic targets in osteosarcoma in order to
improve treatment approaches (9).

Medicinal plants have been the subject of
therapeutic purposes past to present. According to the
data of the WHO, 80% of the human population have
been estimated to prefer treatments based on herbal
medicines rather than synthetic medicines (10).
Current treatment options based on synthetic drugs/

chemotherapy offer limited therapeutic success in

cancer, as they have toxic effects, are expensive and
change the functioning of the cell signaling pathways
(10,11). Natural compounds, such as phytochemicals,
minerals, and vitamins have emerged as promising
candidates to reduce cancer burden (11).

In this study, F carica extract was investigated
for anti-cancer effects in terms of cytotoxicity,
membrane and DNA fragmentation change, cell
cycle, cell death pathways in two cancer cell lines:
osteosarcoma cancer cell line (MG-63), colon cancer
cell line (HT -29).

Limited information has been obtained in the
literature regarding the effect of F  carica on
apoptotic induction on cancer cell lines. In our study,
it is aimed to obtain a prediction about the effect
of F. carica apoptotic induction and cell cycle by
detecting biochemical and morphological changes in
order to determine the apoptotic processes of the

cancer cell line.

MATERIAL and METHOD

Preparation of plant extract

F. carica extract (cas no: 90028-74-3) was
commercially available from Nante Kimya (Istanbul,
Turkey). The starting amount for the fractionation
process is 50 ml. To prepare the aqueous fraction, it
was extracted using solvents of varying polarity such
as hexane, dichloromethane, methanol, ethanol,
water, respectively. The extract was subjected to
evaporation under nitrogen at 70°C (FMS/SuperVap
6 Concentrators). Solvents were added at a ratio of
1:20 and sonicated in an ultrasonic bath (Bandelin
Electronic/Sonorex Digital 10 P). The separation
funnel and the phase formed in the upper part
were separated. The remainder was subjected to
evaporation under 70°C nitrogen. Finally, the ultra-
pure water was added to the dried extract to obtain
F. carica aqueous fraction (12). After fractionation,
the aqueous fraction of 3330 mg/ml F. carica extract
was obtained as the main stock.
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HPLC-DAD Analysis

Protocatechuic acid (Sigma Aldrich, Germany) in
F. carica extract was determined by HPLC method by
Tezcan et al. (12). Aqueous fractions were subjected
to HPLC analysis using Agilent Technologies/1200
Infinity. Reverse phase analytical HPLC experiments
were performed on a Thermo Fisher Scientific 5 uM
C18 column (250 x 4.6mm). A variable wavelength
ultraviolet visible detector was set at 235 nm. The
mobile phase consisted of 1% formic acid in water
(solvent A) and acetonitrile (solvent B). The standard
acid was prepared as 5 ppm, 10 ppm, 20 ppm, 40
ppm, 50 ppm, 100 ppm. The flow rate was maintained
column, at a rate of 5 mL/min at 25°C.

Cell Culture

Osteosarcoma cancer cell line (MG-63), colon
cancer cell line (HT-29) and human bone cell line
(hFOB 1.19, control cell line) were purchased from
The American Type Culture Collection (ATCC, US).
MG-63 cells, HT-29 cells and hFOB 1.19 cells were
cultured in MEM (Sigma Aldrich, Germany), Mc-
Coy’s 5A (Sigma Aldrich, Germany) and DMEM/F12
(Sigma Aldrich, Germany), respectively. Media were
supplemented with 10% fetal bovine serum (FBS) and
1% penicilin-streptomicin and cells were cultured at
37°C in a humified atmosphere with 5% CO,.

Cell Viability and Cytotoxicity Analyses
MTT Assay

The cells were seeded at 5.000 cells/well in a
96 well plates and incubated in media with various
concentrations of £ carica extract for 24 h, 48 h, or
72 h at 37°C in a humified atmosphere with 5% CO,.
The effect of £ carica on cell viability was assessed
by MTT assay (Biotium, USA). The plates were read at
490 nm using a microplate reader (Neales/MB-530).
All experiments were repeated three times at each
timepoint. IC,, values of £ carica (IC,; inhibition
value of 50% cellular proliferation) for each cell line
were determined.
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Cytotoxicity Assay

The cells were seeded in a 96 well plate at a
density of 25,000 cells/mL and incubated at 37°C in
a humified atmosphere with 5% CO,. The cells were
treated with five serial dilutions (1:10, 1:100, 1:1000,
1:10000, 1:100000) of F. carica extract. Cytotoxicity
assays were performed using Cytotoxicity Assay Kit
(Sigma Aldrich, Germany) and NYZ Bradford Reagent
(NZYTECH, Portugal). LDH assay measuring total
LDH activity was carried out at three timepoints, 24
h, 48 h and 72 h. The plates were read at 595 nm
using a microplate reader (Thermo Fisher Scientific/
Varioskan Flash 3001). The enzyme activity was
determined as the amount of enzyme/unit protein.

Cell Cycle Analyses, TUNEL and Apoptosis Assays
Cell-cycle Analysis

Cell cycle distribution in cells treated with
different concentrations of extract was evaluated
for washed with cold PBS and fixed in 70% ethanol
at +4°C for 30 minutes. Following, the cells were
resuspended in ice cold PBS containing %1 BSA and
50pL RNase incubated at 37°C for 20 minutes, and
then stained with a propidium iodide (PI) solution
37°C for 20 minutes. Cell cycle were analyzed by
flow cytometry (NovoCyte Flow Cytometer Systems
1-3 Lasers) (13).

TUNEL Assay

The cells were seeded in a chamber slides (Isolab,
Germany) at a density of 4000 cells/cm?. Apoptosis
was detected by the TUNEL method using the ApopTag
Plus Peroxidase In Situ Apoptosis Kit (Merck Milipore,
USA) according to the manufacturer’s instructions.
Cells were left for 15 seconds by applying 1 mL of PBS
per well and washed 2 times. 200pL of 100% methanol
was added per well and incubated at -20°C for 15
minutes. Methanol was removed from the wells. 1
mL of PBS was applied and left for 15 seconds then



washed 2 times. 1 mL of PBS containing 0.2% Triton
X-100 was added and incubated at room temperature
for 30 minutes. Cells were washed 2 times with 1 mL
of PBS. Cells were incubated with 100 pL Equation
Buffer for 5 minutes at room temperature. 50uL of
Tunnel Reaction Buffer + 1puL of enzyme was added.
3. well Tunnel Reaction Buffer was added, no enzyme
added. It was incubated at 37 °C for 80 minutes in a
humid and dark environment. The cells were washed
3 times with 0.1% Triton X-100 + 5 mg / mL BSA +
PBS. After each solution was added, it was left at
room temperature for 5 minutes. After washing,
the excitation wavelength was examined under
fluorescence microscopy at 450-500 nm and scanning
wavelength at 515-565 nm (Euromex/Oxion Inverso,
Holland).

Annexin-V and Dead Cell Assay

the
extent of apoptosis was investigated using Muse™
Annexin-V & Dead Cell Kit (Merck Milipore, USA) with
Muse cell analyzer. The assay utilizes annexin V to

After completing the incubation period,

detect phosphatidylserine on the external membrane
of apoptotic cells. Cells at a starting density of 1x10¢
cells were seeded onto regular plates and treated of
F. carica. The cells were harvested, and 100 pL of cell
suspension was added to 100 pL of the Muse™ An-nexin
V & Dead Cell reagent. After 20 minutes of incubation
at room temperature in the dark, the samples were
analyzed according to the manufacturer’s protocol.

HO

HO

Using designated programming on the cell analyzer,
the number of live, dead, early and late apoptotic
cells were determined. Total apoptosis was calculated
by combining the number of cells from late and early
apoptosis quadrants of the histograms.

Statistical Analyses

All experimental data are presented as mean + SD
of at least two independent experiments for in vitro
studies. For statistical analysis and calculations, IBM
SPSS Statistics 25.0 (IBM Corp. Released 2017. IBM
SPSS Statistics for Windows, Version 25.0. Armonk,
NY: IBM Corp), ANOVA (ANalysis Of VAriance), Mann
Whitney U test, and comparisons in the number of
repetitions Wallis test and MS-Excel 2016 program
were used for figures. All p values <0.05 were
considered statistically significant.

RESULTS

Active Compounds was present in Ficus carica extract

The water fraction from F. carica extract was
prepared using polar solvents. The presence and
amount of protocatechuic acid, a phenolic compound
for Ficus carica extract, were determined with HPLC
(12). The F. carica extract HPLC chromatogram is
shown in Figure 2. In the HPLC diagram, F. carica
extract appeared to be 8.17063x10" mg/L in the
water fraction.

OH

Figure 1. The chemical structure of the protocatechuic acid (3,4-dihydroxybenzoic acid)
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Figure 2. Arepresentative of HPLC chromatogram of F. carica in extract. HPLC chromatogram of water fraction of £ carica in
extract at 280 nm. Peak at 8,760 min. corresponding to protocatechuic acid. The first peak in the chromatographic analysis image
is due to solvents in the HPLC mobile phase. However, it does not have a negative effect on the peak formed by the reference

material

Treatment with extract of F carica inhibited cellular
proliferation of MG-63 and HT-29 cells, but not hFOB
1.19 cells

To investigate the anticancer effects of F carica
extracts, the inhibitory effect of MG-63, HT-29 and
hFOB 1.19 was evaluated using MTT after 24-72 hour
exposure of 3330 mg/ml F. carica at varying dilutions
(prepared from the origi-nal stock). The time and
dose were determined as the inhibitory concentration
(IC,,) when 50% of the cells were dead. MTT analysis
showed that F. carica extract treatment decreased
the proliferation level in cancer cell lines MG-63 and
HT-29 in a dose- and time-dependent manner (Figure

3b and 3c). IC,, could not be determined since the
decrease in proliferation level for hFOB 1.19 cell line
at any dose and time point as it was not below 50%.
Although this finding suggests that F carica does
not have a negative effect on proliferation for the
healthy cell line, future studies may need to confirm
this (Figure 3a). The IC,, dose, time interval and
proliferation percentage in MTT assay is as follow for
MG-63 and HT-29 cell lines; 1:100 concentration at
48th hour, 52%, 1:10 concentration at 24th hour, 54%,
respectively. The study was designed according to IC,;
determined by MTT assay for each cell line.

a hFOB 1.19
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Figure 3. Cell proliferation analysis results of Ficus carica extract.

MTT assay was performed after treatment with £ carica extract for (a) hFOB 1.19, (b) MG-63 and (c) HT-29. The cells were
seeded into 5000 cells/well in 96-well plates and were subjected to different concentrations over different incubation periods.
All experiments were repeated in triplicates for each time-point. IC is the inhibition value of 50% cellular proliferation.

LDH assay showed the cytotoxicity of the £ carica
extract against MG-63 and HT-29

LDH activity was determined using the LDH method
and Bradford experiment as the amount of enzyme
per unit protein. The extract was applied at the same
time points and doses to correlate with the MTT assay

results. LDH / Bradford analysis showed a decrease
in LDH activity in cancer cells in a time and dose
dependent manner which has a linear correlation with
proliferation data. This linear decrease in the amount
of LDH supported the MTT experiment results as the
number of cells decreased (Figure 4a, 4b and 4c). With
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increasing time and dose, LDH activity increased and  a significant increase in LDH release into the culture
toxic effect emerged, strengthening the idea that the medium through loss of membrane integrity during
cell’s membrane structures were disrupted and the apoptosis. Thus, it was confirmed that F. carica was
cell went into death. The results show that . carica cytotoxic for cancer cells and result of LDH test was
has a cytotoxic effect on cancer cell lines and there is  agreement with the finding of MTT result.
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Figure 4. LDH assay showed the cytotoxicity of the F. carica extract against MG-63 and HT-29.

(a) hFOB 1.19, (b) MG-63 and (c) HT-29 cells were treated with extract of F carica at different concentrations over different
incubation period. Cytotoxicity analysis of treatment cells evaluated LDH/Bradford assays. The experiments were performed in
triplicate and expressed as meanz+ SD values.

*Their values are different from the control groups (p <0.05).

F. carica extract did not arrest the cell cycle of cells in percentage of cells at the G2 / M, S, and GO / G1
To clarify how F. carica inhibits the proliferation stages between the F. carica treated and non-treated

of cancer cells, the effect of the extract on the cell cells in MG-63. In HT-29, although an arrest in the S

cycle was examined by flow cytometry method.As phase was detected (p<0.007).

shown in Figures 5a and 5b, there was no difference
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Figure 5. (a Cells were incubated with F. carica extract according to IC,; dose and time, stained with propidium iodide, and
cell number in different phases of the cell cycle analyzed by flow cytometry. (b) Cell percentages of MG-63 and HT-29 relative

to control cell line.
*Their values are different from the control groups (p <0.05).

F. carica extracts induced apoptosis in MG-63 and HT-  extract were fluorescence stained by TUNEL assay.
29 cell lines but in normal hFOB1.19 cells Increased fluorescence signal is present in MG-63 and

In order to detect DNA fragmentation and loss of ~HT-29, but not in hFOB1.19 (Figure 6).

mitochondrial membrane, cells treated with F. carica
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Figure 6. Microscopic detection of apoptosis using the TUNEL test in cells untreated and treated with F. carica extract.

TUNEL assay was performed after . carica was administered according to the IC,; dose and time for hFOB 1.19, MG-63 and HT-
29. Cells were seeded on chamber slides at a density of 4000 cells/cm?. Excitation wavelength was studied under fluorescence
microscopy at 450-500nm and scanning wavelength at 515-565nm. magnifciant science cular 10x (hFOB 1.19-HT-29), 20x (MG-63).

The formation of apoptosis was further confirmed
using the Annexin-V and Dead Cell Assay

Apoptotic analysis of control and cancer cell
lines was carried out by evaluating early stage, total
apoptosis and late apoptosis. A significant reduction
in cell survival was observed in both MG-63 and HT-29
cancer cell lines. However, the HT-29 cell line was
observed to undergo mainly early-stage apoptosis,
while late-stage apoptosis was observed in the MG-
63 cell line. Interestingly, no significant change was
observed in the hFOB 1.1.9 cell population in terms

of dead cell analysis. The effects of F. carica extract
on the growth of two cancer cell lines are shown in
Figure 7.

The dramatic reduction in the number of viable
cells in MG-63 and HT-29 cancer cell lines compared
to normal cells was determined by the fold change.
While a three-fold increase in early and total
apoptosis were detected in MG-63 cells, the increase
in early and total apoptosis for HT-29 cells is 12 and
1.5 folds, respectively. Mortality rate in MG-63 cell
line was 40% higher than control cell lines (p <0.03).
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Figure 7. Determination of percentage of the apoptotic cells by Muse™ Annexin-V&Dead Cell Kit on the Muse cell analyzer.

Annexin-V analysis was performed at a starting density of 1x10° cells were seeded onto regular plates. After treated with
extract of £ carica was administered according to the IC,, dose and time for hFOB 1.19, MG-63 and HT-29. The bar graph
shows the distribution of viable, early apoptotic, late apoptotic and total apoptotic cells by calculating the fold change of

cells treated and untreated with F. carica.

The IC,; dose and time interval were determined with MTT assay was accepted as the treatment protocol for the further
analyses in the study. According to MTT analysis, the optimal activity of F. carica in MG-63 and HT-29 cell lines was
determined in 48 h at 1: 100 dilution and 24 h at 1:10 dilution, respectively. In addition, the cell viability did not drop below
50% in the hFOB 1.19 cell line at any dose and time interval, indicating that F. carica was not cytotoxic to normal cells.

DISCUSSION

Aln cancer treatment, it is a necessity to develop
new therapeutic approaches to reduce drug costs,
prevent high toxicity, and resistance to multiple
drug combinations (14). Although studies have been
conducted on the cytotoxic effects of F. carica
extract on MCF7, HepG2, U20S, MDA-MB-231 and
T98G, U-138MG and U-87MG cell lines, its mechanism
of action on cancer cell lines has not yet been fully
explained (12, 15-17). Therefore, the anti-cancer
potential of F. carica extract encouraged us to study
its cytotoxic and apoptotic effects on the bone cancer
cell line MG-63 and the colon cancer cell line HT-29.

Within the study, for the
characterization of protocatechuic the

scope of the
acid,
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first standardization was carried out by HPLC
method. According to HPLC analysis, F  carica
used in this study contained 8.17063x10" mg/L
protocathecuic acid which has been identified as
an anti-cancer agent on various cancer cell lines
(22). Thus, we think that protocathecuic acid may
be partially responsible for the apoptosis inducing
property of F  carica on MG-63 and HT-29 cells.

To analyze the potential anti-cancer activity of F.
carica in 2 different cancer cell lines together with
healthy cell line, we first evaluated the cytotoxic
effect(s) of F. carica on MG-63, HT-29 and hFOB 1.19
cell lines using MTT assay. According to MTT analysis,
optimal activity of F carica in MG-63 and HT-29
cell lines was determined at 1:100 (33.3 mg/mL)
dilution in 48 hours and 1:10 (333 mg/mL) dilution



in 24 hours, respectively. MTT assay showed that the
two different cancer cell lines have different time
points and dose. There is no study for IC,; level for
MG-63 using F. carica, so far. There is only one study
performed in HT-29, the IC,, level was found 261 pg/
mL in whole fruit extract (23). On the other hand, IC50
dose in other cell lines which is not subjected to this
study using whole F. carica extract was determined
13.4 mg/ml in Huh7it (24), 2.42 mg/mL in A549,
0.65 mg/mL in MCF-7, 36.02 mg/mL in HepG2 (25).

In addition, cell viability did not lead to decrease
below 50% at any dose and time points in the hFOB
1.19 cell line. Future studies are needed to elucidate
whether the difference in IC,; dose among cancer
cell lines in previous studies is related to the origin
of cell (MG-63 is bone originated, HT-29 is epithelial
tissue). In the later stages of the study, £ carica was
applied to the cells according to the determined IC,;
doses and time points. A previous study has shown
that the intrinsic cell death pathway by F. carica can
be triggered as mitochondrial cytochrome C migrates
into the cytoplasm (26). This situation has revealed
that the necessity of clarifying the mechanism
by which cell death pathways are activated.

An earlier study has shown that LDH leakage
occurs only when cell death-related reactive oxygen
species responsible for mitochondria damage. On
the contrary, the MTT assay shows inhibition of cell
growth at lower anti-tumor agent concentrations
than the LDH assay. That is, the reduction of MTT
results in cell death (27). In order to analyze better
cytotoxicity in this respect, we measured the LDH
activity of the MG-63, HT-29 and hFOB 1.19 cell lines.

The LDH analysis is a test for determining the
cytotoxicity of an anticancer agent on cancer cells by
measuring the level of lactate dehydrogenase. LDH,
a cytoplasmic enzyme found in all cells is a marker
for cell membrane damage, apopto-sis or necrosis
(28). When the cells are exposed to toxic substances,
the membrane structure is disrupted and LDH leaks
out of the cells. Thus, the activity of intracellular
enzymes released as a result of membrane change

can be measured quantitatively with the LDH method
(29). Bradford assay is used to measure the amount
of released protein. In our study, the amount of
enzyme per unit protein was determined. F. carica
extract was applied at three different time points
and in five different doses. Similar results provided
as in MTT assay, LDH level was found low due to
decreasing living cell numbers. LDH/Bradford ratio
in all cells increased in direct proportion with dose
and time compared to control cells, even though the
increase in hFOB 1.19 relative to cancer cells was
very small. The increase in enzyme activity for MG-
63 is more aggressive. Since this linear increase in
the amount of LDH was in parallel to the MTT result,
this strengthened the idea that the cell’s membrane
structure was disrupted and the cell went into death.
So far, there is no published data other than this
study on lactate dehydrogenase enzyme activity in F.
carica anticancer studies. These results showed that
F. carica has a cytotoxic effect on cancer cell lines.

Insensitivity to growth inhibitors is one of the
hallmarksof cancersurvivalstrategy (26). Thissituation
leads to the regulation of the cell cycle in cancer
development. Flow cytometry method used for cell
cycle analysis provides us quantitative measurement
of fluorescence intensity. There is evidence that the F.
carica inhibits the cell cycle during S phase in breast
cancer cell line MDA-MB-231 (17). When MG-63 cells
exposed to F. carica, there was no change in at any
cell cycle stage. However, an arrest was determined
in S phase for HT-29 cell line. Although this data
strengthens the hypothesis that £ carica affects
signals that inhibit/control the growth of tumor cells,
additional studies are needed to confirm the findings.

Morphological manifestations of apoptosis are
membrane blebbing (early stage), cell shrinkage,
DNA
formation of small

chromatin condensation and nucleosomal

fragmentation (late stage),
vesicles and apoptotic bodies. In particular, the
flip-flop the

membrane to the outside of the cell is the signal

phosphatidylserine from plasma

detected by macrophages surrounding apoptotic cells
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(18-21). In this study, we applied TUNEL method to
observe the release of phosphotidyl-serine from the
cell membrane into the cytoplasm and the Annexin
V experiment to observe nuclear disintegration.

The TUNEL method has been used extensively
over the past two decades to evaluate cell death
in tissues. In fact, most dead cells stain positive for
TUNEL since most programmed cell deaths cause
double strand breaks (30). It has been proven that
F. carica extract causes DNA fragmentation in the
brain tumor cell line GBM (15). Within the scope of
our study, TUNEL method was applied to demonstrate
DNA fragmentation in control and cancer cell lines
to determine whether it would have the same
effect or not. As a result of the TUNEL study,
fluorescent staining and apoptotic morphology was
detected in cancer cell lines with apoptosis, but
no staining was observed in control cells. TUNEL
positivity is found in apoptotic cells, but contrary
to popular belief, TUNEL positivity is not limited to
apoptosis, regulated necrosis cells are also TUNEL
positive (31). From this point of view, additional
methods are required to elucidate the effect of F
carica on cell death mechanism for cancer cells.

Therefore, we further confirmed apoptosis using
Annexin-V and the Dead Cell Assay. Apoptosis marker,
annexin V can bind the membrane phospholipids which
are released after the loss of membrane integrity
(30). Apoptotic analysis in control and cancer cell
lines was performed by evaluating early stage and
total apoptosis since they may also show late stage
necrotic apoptosis. When compared, we detected
that cancer cell lines HT-29 underwent higher
apoptosis in the early period, while the cell death
ratio in MG-63 was higher in the late stage, raising
the question of which death pathways were activated
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in the cells. In addition to, these results support the
view that . carica induced apoptosis in anti-cancer
studies on the liver cancer cell line Huh7it (24).

This study indicated that F. carica leads HT-29
and MG-63 cells to apoptosis, with the formation
of DNA breaks, reduction of mitochondrial activity,
loss of cell membrane and Annexin V release, and
causes cytotoxicity and cell cycle arrest. On the
other hand, during the process of cell death, multiple
mechanisms can be triggered reciprocally to cause
several types of cell death to occur simultaneously.
While there are multiple signaling pathways that
control different types of cell death, these pathways
can concurrently be linked, activated, and operated
in parallel. Therefore, additional laboratory studies
are needed to elucidate the anti-cancer activity
of F. carica. Also, in the light of previous studies,
protocathecuic acid may be partially responsible
for the ability of F
in cancer cells.

carica to induce apoptosis
Furthermore, in future studies,
providing the data obtained by detailed examination
of all components in the F. carica extract; we will
focus on other prospective candidate molecules.
this
anticancer effects of . carica extract on MG-63 bone

In conclusion, study demonstrates the
and HT-29 colon cancer cell lines. The data showed
that while F. carica did not have a cytotoxic effect
in normal cells, it had a cytotoxic effect in cancer
cells, activated cell death pathways, arrested the
cell cycle, impaired membrane integrity and caused
DNA breaks. As a result, this study demonstrated
the anticancer effect of F. carica on MG-63 and HT-
29 cells and thus could be a potential resource for
developing anti-cancer medicine and shed light on
future research. More detailed studies are needed

on cell death pathways using £ carica extract.
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Calisanin siirdiiriilebilir performansi1 (CSP) olcegi: Tiirkce
gecerlik-giivenirlik calismasi

Yasin CiLHOROZ'

, Giilsen TOPAKTAS?

, Oguz ISIK3

OZET

Amag: Calisamin  surdurilebilir  performansi,

calisanlarin yasamlarn boyunca calisir ve uretken
olmalarini ifade eden ideal bir durumdur. Hedef, orgutin
gelecekteki calisma

ihtiyaclarinin  karsilanmasidir.

Bu calismada calisamin surdurilebilir  performansi
(CSP) olceginin Tirkce’ye uyarlanarak gecerlik ve
glivenirliginin yapilmasi amaclanmistir.

Yontem: Calismanin verilerine ulasmak igin Ji ve
digerleri tarafindan gelistirilen Calisanin Siirdurilebilir
Performansi (CSP) Olcesi kullamlmistir. Orijinal olcek
10 ifadeli ve tek faktorludir. Calismanin gecerlik
ve glivenirlik analizleri icin Ankara’daki bir egitim
arastirma hastanesinde calisan toplam 316 saglhk
calisam ornekleme dahil edilmistir. Kullamlan anket
saglik calisanlarina yiiz yiize uygulanmistir. Calisma
kapsamindailk olarak dil gecerligi saglanmistir. Ardindan,
yap1 gecerligi icin aciklayic1 faktor analizi (AFA) ve
dogrulayic1 faktor analizi (DFA) gerceklestirilmistir.
Son olarak, giivenirlik analizi icin icsel tutarlilik testi

yapilmistir.

Bulgular:  Gergeklestirilen analiz  sonucunda,

ingilizce dilindeki orijinal 6lcegin Tiirkce dil gecerligi

ABSTRACT

Objective: Employee sustainable performance is
an ideal state of employees to work and be productive
throughout their lives. The goal is to meet the future
working needs of the organization. In this study, it was
aimed to make its validity and reliability of the Employee
Sustainable Performance (ESP) scale by adapting it to

Turkish.

Methods: The Employee Sustainable Performance
(ESP) Scale developed by Ji et al. was used to reach
the data of the study. The original scale has 10 items
and one factor. For the validity and reliability analyzes
of the study, a total of 316 health workers working in a
training and research hospital operating in Ankara were
included in the sample. The questionnaire used was
applied face to face to health workers. Within the scope
of the study, first of all, language validity was ensured.
Then, exploratory factor analysis (EFA) and confirmatory
factor analysis (CFA) were performed for construct
validity. Finally, internal consistency test was performed

for reliability analysis.

Results: As a result of the analysis, the Turkish

language validity of the original scale in English was
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saglanmistir. Sonra, AFA gerceklestirilerek Kaiser-Meyer-
Olkin degerinin 0,94 ile normal aralikta ve Barlett
Kiresellik Testi anlamli (X2= 3039,130, df = 45, p<0,05)
oldugu belirlenmistir. Ayrica, temel bilesenler analizi
yontemi kullamlarak gerceklestirilen AFA sonuclarina
gore CSP odlceginde yer alan toplam 10 ifade tek faktor
altinda toplanmistir. Bu tek faktor toplam varyansin
%71,81’ini aciklamistir. Ardindan, DFA gerceklestirilerek
uyum indekslerinin timinin kabul edilebilir sinirlar
icinde oldugu tespit edilmistir. Boylece CSP olceginin
gecerli oldugu ortaya konulmustur. Son olarak, olcegin
0,956
hesaplanarak 6lcegin yiiksek diizeyde giivenilir oldugu

glivenirligi icin Cronbach’s Alpha katsayisi

bulunmustur.

Sonug: Orgiitlerde siirdiiriilebilir ~ stratejilerin
belirlenmesindeinsankaynaklarionemliroloynamaktadir.
Surdurulebilir  performansin gerceklestirilmesinin
calisanlarin kalite ve motivasyonunu artirmada onemli
bir etken olacag soylenebilir. Bu baglamda, gecerli ve

glivenilir bulunan CSP dlcegi kullanilarak calisanlarin

surdurulebilir  performans1 uygun sekilde olculip
yonetilebilecektir.
Anahtar  Kelimeler: Calisan, surdurulebilirlik,

performans, calisanin siirdirilebilir performansi

ensured. Afterwards, Then, EFA was performed and
the Kaiser-Meyer-Olkin value was found to be within
the normal range with 0.94 and the Barlett Test of
Sphericity was significant (X2= 3039.130, df = 45,
p<0.05). In addition, according to the results of EFA
performed using principal component analysis method,
a total of 10 expressions in the ESP scale were grouped
under a single factor. This single factor explains 71.81%
of the total variance. Then, CFA was performed and it
was determined that all of the fit indices were within
acceptable limits. Thus, it has been demonstrated
that the ESP scale is valid. Finally, Cronbach’s alpha
coefficient was calculated as 0.956 for the reliability of

the scale, and the scale was found to be highly reliable.

Conclusion: Human resources play an important role
in determining sustainable strategies in organizations.
It can be said that the realization of sustainable
performance will be an important factor in increasing
the quality and motivation of the employees. In this
context, the sustainable performance of the employees
will be measured and managed appropriately by using

the valid and reliable ESP scale.

Key Words: Employee, sustainability, performance,

employee sustainable performance

GIRIS

is performansina iliskin arastirmalarin pazarlama
(1), yonetim (2) ve psikoloji (3) alanlarinda zengin bir
gecmisi vardir. Zablah ve ark. (4); is performansim,
is roliyle ilgili beklentiler g6z 6niine alindiginda,
bir calisamin orgiitsel etkinlige ne olclide katkida
bulundugu olarak tanimlamaktadir.

ilk defa Katz ve Kahn (5), is performansin gérev
performansi ve baglamsal performans olarak iki gruba
ayirmistir. Bunu takiben, is performansinin cesitli
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boyutlariyla ilgili cok sayida calisma yapilmistir.

Gorev  performansi,  organizasyonun isleyisine
katkida bulunan faaliyetlerin etkinligi olarak
tanimlanmaktadir. Gorev performansindan farkli

olarak, is performansinin onemli bir unsuru olan ve
iliskisel performans olarak da adlandinlan baglamsal
performans ise, gorev faaliyetleri ve surecleri icin
katalizor gorevi goren sosyal ve kiiltiirel baglamlar
sekillendirerek orgiitsel etkinlige katkida bulunmak
ifade edilmektedir (6).
insan kaynaklar1i yonetiminde nihai kriter olarak

olarak is performansi,



kabul edilmektedir. Bu bakimdan is performansinin
degerlendirmesi ve analizi, personel secimi, licret ve
odiller veya egitim gibi farkli orgiitsel siirecler icin
hayati 6neme sahiptir (7).

Orgiitsel siireclerde, 6zellikle proje yonetiminde,
baglantii  olarak

calisanin is  performansiyla

strdirilebilirlige odaklanma egilimi g6z 6niinde

bulunduruldugunda calisanin surdurilebilir

performanst kavrami ortaya atilmistir. Calisanin
surdurulebilir performansi, bir calisamin hem kendi
hem de organizasyonunun surdirulebilir gelisimine
katkisini ifade etmektedir (6).

Surdurulebilir performansin olusturulmasi
hem calisanlarin hem de calistiklar kuruluslarin
sirdurilebilirligini saglamanin énemli bir yolu oldugu
dusunulmektedir. Unilever, Huawei, Lenovo gibi
bircok taninmis isletme uzun vadeli hedeflere ulasmak
icin calisan performansini ve stratejilerini iyilestirme
cabalarina “siirdiriilebilirligi” entegre etmektedir.
Bu nedenle, siirdirilebilir performans, uygulama

alaninda biyiik olciide desteklenmektedir (8).

“Calisan” ve  “Surdurilebilir  performans”
anahtar kelimeleri kullamlarak Turkce literatur
incelendiginde; kurumsal anlamda siirdirilebilir

performans konusunun incelenmesine ragmen (9-
11), calisamin surdirulebilir performanst konusunun
islendigi calismalara rastlanilmamistir (12,13). Bu
baglamda, bu calismada Calisanin Sirdirilebilir
Performansi (CSP) olceginin Tiirkce’ye uyarlanarak

gecerlik-giivenirliginin yapilmasi amaclanmistir.

KAVRAMSAL CERCEVE

atifta
kavrami

Surdurulebilir kalkinma kavramina

bulunularak aciklanan “surdirilebilirlik”
konusunda en yaygin kullanilan tanim Dunya Cevre ve
Kalkinma Orgiitii (World Commission on Environment
and Development) tarafindan 1987 yilinda yapilmistir.
Buna gore; “surdurilebilir kalkinma, gelecek nesillerin
kendi
vermeden bugiinun ihtiyaclarini karsilayan kalkinma”
seklinde ifade edilmektedir (14). Surdurulebilirlik,

sistemlerin ve sureclerin gelisme, buyume, bakim

ihtiyaclarim karsilama yeteneginden 0diin

ve dayanma kapasitesine atifta bulunan ekolojiden
tiiretilen bir kavramdir (15). Sirdirilebilirlik, dogal
kaynaklar verimli bir sekilde koruma, kullanma ve
geri donustirme cabasi olarak da tanimlanabilir (16).
Gunumuzun surdurulebilirlik anlayisi ise, orijinal dar
kapsaminin cok otesine gecmis ve ozellikle orgitsel
yonetim alaninda olmak uzere bircok disiplinin ve
arastirma alaninin icine girmistir (8). Dolayisiyla,
surdurilebilirlik orglitlere uzun vadeli biuyime ve
gelisme firsatlan, finansal uygulanabilirlik ve rekabet
avantajlan sagladigi icin orgiitlerin baslica ilgi alam
haline gelmeye baslamistir (17,18). Bununla birlikte,
tlim paydaslarin genis bir fikir birligi ve ortak cabalarin
gerektirdiginden, sirdurilebilir is operasyonlarini
gelistirmek ve siirdiirmek zorlu bir hedef olabilir (19).

Performans kavrami, herhangi bir isin/gorevin
geregi olarak daha dnceden belirlenen standartlara
uyan davranislarin sergilenmesi ve hedeflere ulasma
derecesi olarak tammlanabilmektedir (20). Orgiitlerin
surdirilebilirlik, rekabet avantaji vb. Ustlnluk
saglayabilmeleri icin orgiitsel hedeflerine ulasmalar
gerekmektedir.  Dolaysiyla, hedeflere  ulasma
surecinde yuksek performans ortaya koyan calisanlara
ihtiyac duyulmaktadir. Calisanlar yuksek performans
gostererek kendisinden beklenenleri gerektigi gibi
yerine getirip, basarli olacaklar; bu sayede daha iyi
bir kariyer, daha yiiksek gelir seviyesi vb. sonuclara
ulasabilecektirler (21).

Son 20 yilda,

hem de calisanlarin performansini artirmak icin

uzun vadede hem orgitlerin

sirdirilebilirligi olusturmaya yonelik artan bir ilgi
bulunmaktadir. “Surdurilebilirlik” ve “performans”
artik yaygin olarak kullanilan terimler haline
gelmistir. Ancak akademik literatirde bu iki konu
nadiren birlikte incelenmektedir (8). Ayrica, daha
belirli bir

siirdirilebilirligin ne anlama geldigini ve bir orgiitiin

once yapilan calismalar; orgit icin

genel performansinin sirdiriilebilirligini gelistirmek
icin mevcut programlarin ve girisimlerin nasil
kullanilabilecegini belirlemek amaciyla kavramsal bir
degerlendirme cercevesi olusturmustur (22). Ancak,
bireysel diizeyde, yani

calistiklart  kuruluslardan
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ziyade calisanlar icin surdurilebilir performansin
degeri genellikle goz ardi edilmekte ve hatta ihmal
edilmektedir (6).

Zamanla popliler hale gelen bir konu olan calisanin
surdurilebilir  performansi;  surdirilebilir  gorev
performansi ve iliski suirdirilebilir performansi olarak
ikiye aynlmaktadir. Surdirulebilir gorev performansi,
calisanlarin  gorevlerini yerine getirerek kendi
surdiirilebilir gelisimlerini ne olclide basardiklarin
ifade etmektedir. iliskisel siirdiiriilebilir performans
ise, calisanlarin orgut kilturinu tesvik etmede
organizasyonlarin surdirtlebilir gelisimine ne olclide
katkida bulundugunu ortaya koymaktadir (6).
hakkinda

ve ampirik arastirma

Calisanmin  surdirulebilir  performansi
sinirll sayida uygulamali
bulunmaktadir. Uygulama literaturiinde surdurdlebilir
performans, cogunlukla bir calisanin hem simdiki hem
de gelecekteki ideal calisma durumunu tanmimlamak
icin kullamlmistir. Bunun disinda, bazi insan kaynaklari
yonetimi egitmenleri Diinya Cevre ve Kalkinma Orgiitii
tanmimindan vyola c¢ikarak surdirilebilir kalkinma
calisan
icerecek sekilde genisletmislerdir. Yani, “gelecekteki

tammim  surdurulebilir performansini

calisma ihtiyaclarim1 karsilamak icin gelecekteki
performanstan odin vermeden performansin mevcut
calisma ihtiyaclarim  karsilayabilecegi ideal bir
calisma durumu” olarak ifade edilmistir (14).
Surdurulebilir performans konusundaki gozlemsel
arastirmalar goz oniine alindiginda, simdiye kadar
bu alanda cok az teori ve model gelistirilmistir
(16). (23) ile
Porath ve ark. (24) tarafindan gerceklestirilen

calismalarda ortaya koyulmustur. Bu calismalarda,

Bunlardan ilki, Spreitzer ve ark.

isyerinde gelismeye odaklanmirken, calisanin isyerinde
surdurilebilir performansina benzer bir kavram ortaya
koyulmustur. Gelismek (thriving at work), 6grenme
(yuksek performansa yol acmast muhtemel olan) ve
enerjiklik iceren olumlu bir psikolojik durum olarak
tanimlanmaktadir. Gelisen insanlarin akranlarindan
daha iyi genel performans ve cok daha az tukenmislik
sergilediklerini gosteren kanitlarla birlikte, gelisme
kavrami

calisanlanin  surduriilebilir  performansin
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tamimlamada onemli bir rol oynamaktadir. Gelisen
calisanlarin orgiite daha bagli ve islerinden daha
memnun olduklan, daha az devamsizlik yaptiklar ve
daha az saglik hizmeti kullandiklar belirtilmektedir.
Bu da saglik hizmetlerinde tasarruf ve orgiit icin
daha az zaman kayb1 anlamina gelmektedir (24,25).
Aynica, surdurilebilir performans konusunda yuksek
puanlara sahip calisanlar, yalnizca daha yiksek bir
refah diizeyine sahip olmakla ve akranlarindan daha
uretken olmakla kalmaz, aym zamanda kuruluslar
ve kendileri icin ortak, surdurilebilir bir gelecek
yaratmaya da katilmaktadirlar. Onlar sprinter degil
maraton kosucusudur (25).

Diger teori ise is yerinde canlilik (vitality at
work) kavramina dayanmaktadir. Baz1 arastirmacilar,
calisan
performansinin ¢ok onemli bir yonii oldugunu &ne
(16,26,27). (26),
surdurulebilir kavraminin

canliliginin calisanin surdurilebilir

sirmektedirler Dorenbosch’un
calisanmin performansi
bir boyutu olarak calisan canliliginin altinda yatan
varsayimlardan bazilarin1 test etmek icin yaptigi
bir c¢alismada, kavrami kaynaklarin korunmasi
(conservation of resources) teorisine dayandirarak
zaman icinde calisanin surdurilebilir performansinin
zaman kisitlamalari, enerji kisitlamalan ve yeterlilik
kisitlamalan gorebilecegini

nedeniyle  zarar

belirtmistir. Dolayisiyla calisanlarin, kendilerine
yuksek kaynak seviyeleri sunan durumlarda daha
yuksek seviyelerde surdirulebilir is performans

sergilemeleri s0z konusu olacaktir.

Farkli teori ve modeller yoluyla agiklanan
calisanlarin  surdurilebilir performansi isletmeler
tarafindan titizlikle incelenmesi gereken bir

yonetsel aractir. isletmeler tarafindan siirdiiriilebilir
stratejilerin belirlenmesi, deger yaratma siireclerinde
insan  kaynaklarinin  oynadigi  rolin  Onemini
artirarak, farkli orgitsel islevlerin dahil edilmesini
gerektirmektedir. Bu dogrultuda, sirdiriilebilir
performansin gerceklestirilmesinin calisanlarin kalite
ve motivasyonunu artirmada temel bir unsur oldugu

vurgulanmaktadir (28).



GEREC ve YONTEM

Bu calismada, Ji ve digerleri (8) tarafindan

gelistirilen Employee Sustainable Performance
[(Calisamin Siirdiriilebilir Performansi (CSP)] 6lceginin
Tirkce’ye

uyarlanarak gecerlik-glivenirliginin

yapilmas1 amaclanmistir.

Bu calismanin evrenini Ankara’daki bir egitim ve
arastirma hastanesinde calisan 1644 saglik personeli
olusturmaktadir. Tiim personele ulasmanin zorlugunun
yani sira zaman ve maliyet goz oniinde bulundurularak
orneklem secilmesine karar verilmistir. Arastirmanin
basit
Bu yontemde evrendeki

orneklemi rastgele ornekleme yontemiyle

secilmistir. her birimin
ornekleme secilme olasiligr esittir (29).
Orneklem biiyiikligiiniin belirlenmesinde evreni

bilinen 6rneklem biyiikligi yontemi kullamlmistir.

Buna yonelik formil ve aciklamalar asagida
sunulmustur.
Ntlpg
n=
d?(N-1) + t*pg

N= Evrendeki birey sayis1
n= Ornekleme alinacak birey sayisi
p= Incelenen olaym goriiliis sikhi1
(olasilifn)
q= Incelenen olayn goriillmeyis siklig1 (1-p)
t= Belirli serbestlik derecesi ve yamlma
diizeyinde t tablosundaki teorik defer
d= Olayin goriilils siklifina gére yapilmak
istenen + sapma

Buna gore, orneklem biylklugli %95 gliven
dizeyinde (a= 0,05) 312 olarak belirlenmistir. Ancak,
dagitilan anketlerin geri doniis oraninin disiik olma
ihtimali goz onune alinarak orneklem sayisinin %10

fazlasi olan 344 anket saglik calisanlarina dagitilmistir.

Dagitilan anketlerden 316’s1 toplanmistir.

Dolaysiyla anketlerin geri donus oran %91,86 olarak

geri

gerceklesmistir.

Bu calismada, Calisamin Suirdurulebilir Performansi
Olcesi (CSP)’nin Tiirkce’ye uyarlanarak gecerlik ve
giivenirliginin yapilmasi icin Ji ve ark. (8) tarafindan
gelistirilen ve gecerli ve guvenilir bulunan Employee
Sustainable Performance (E-SuPer) 6lceginin yer aldig
25 soruluk bir anket formu kullanilmistir. Anket formu
iki bolimden olusmaktadir. 1. Bolum calisanlara ait
sosyo-demografik 6zelliklerin (15 soru) yer aldig
sorulardan; 2. Bolim CSP dlcegine iliskin sorulardan
(10 soru) olusmaktadir.

CSP orijinal olcegi, 10 maddeden olusup besli
likert
1=kesinlikle katilmiyorum,

tipinde hazirlanmistir.  Olcek maddeleri
2= katilmiyorum, 3=
kararsizim, 4= katiliyorum ve 5= kesinlikle katiliyorum
seklinde belirlenmistir. Olcege gecerlik icin dil
gecerligi, aciklayici ve dogrulayic1 faktor analizleri
uygulanmistir.  Guvenirlik icin  Cronbach’s Alpha
degerine bakilmistir. Orijinal olcege iliskin gecerli-
guvenirlik analizi sonuclan bulgular boluminde bu
calismanin sonuclanyla birlikte sunulmustur.

Anket formu calismaya katilmay1 kabul eden saglik

calisanlarina yuzu yize uygulanmistir.

Calisma kapsaminda arastirma amacina uygun
olarak gecerlilik ve guvenirlik analizleri yapilmistir.
Gecerlilik analizi kapsaminda sirasiyla dil gecerliligi
sonrasinda aciklayici faktor analizi (AFA) ve dogrulayici
faktor analizi (DFA) kullamlarak yap1 gecerliligi test
edilmistir. Olcegin giivenirligini test etmek icin ise
Cronbach’s Alpha degeri hesaplanmistir. Olcegin
gecerlilik ve guvenilirlik analizine iliskin olusturulan
model Sekil 1’de sunulmustur.

Verilerin analizinde SPSS 22.0 ve SPSS Amos 22.0
istatistiksel paket programlarindan yararlanilmistir.

Bu calisma, Hacettepe Universitesi Etik Komisyonu
izni ile yapilmistir (Tarih: 21.12.2022 ve Karar No:
E-35853172-050.06-00002580432).
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Dil Gegerliligi

Yap: Gegerliligi

Aciklayic: Faktor Analizi

GECERLILIK

Dogrulayic: Faktor Analizi

[¢sel Tutarlilik

GUVENIRLIK

LI Cronbach’s Alpha

Sekil 1. Olcege iliskin Analiz Modeli

BULGULAR

Tanimlayic1 Bulgular

Arastirmaya katilan saglik calisanlarinin biyik
cogunlugunun (%70,6) kadin, %65,8’inin evli ve
%35,1%inin 22-30 yas araliginda oldugu bulunmustur.
Ayrica %53,2’sinin lisans mezunu oldugu goriilen
katiimcilarin %83,5’inin orta gelir grubunda oldugu
%56,3’Uni
olusturdugu katiimcilarin %19,6’s1 saglik teknisyen/

bulunmustur. hemsire/ebe  grubunun
teknikeri ve %17,7’sini hekimler olusturmaktadir.
Katiimcilarin %74,4’Uniin meslegini isteyerek sectigi,
(%44,0)
kismen uygun oldugu ve %63,6’sina mesleginin

yarisina yakininin mesleginin  kendisine

kisisel gelisimine katki sagladig1 goriisiinde oldugu
bulunmustur.
Gegerlik Analizine iliskin Bulgular
Dil Gegerligi

Dil gecerligini saglamak adina dlcegin Ingilizce
dilindeki orijinali, Ingilizce konusunda yetkin 3 (lic)
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akademisyen tarafindan birbirinden bagimsiz olarak
Turkceye cevrilmistir. Ardindan, alaninda uzman bir
ogretim iyesinin fikirleri dikkate alinarak olcekte
yer alan her bir maddeyi en iyi aciklayan ifadeler
belirlenmis ve Tirkce dilindeki ankete ulasilmistir.
Daha sonra, Tirkceye cevrilen bu anket profesyonel
yeminli bir terciiman tarafindan tekrar ingilizceye
cevrilmis (back translation) ve sonra ingilizce orijinali
ile karsilastinlmstir. ifadeler birbirine oldukca benzer
bulunmustur. Bu sayede 6lgege son hali verilmistir.

Yap1 Gegerligi

Yap1 gecerligi (construct validity), dogrudan

olclilemeyen bir 6zelligi 6lcen bir dlcegin bu 6zelligi
olcme derecesi olarak ifade edilmektedir. Yapi
gecerligini belirlemek icin kullanilan farkli yontemler
bulunmaktadir. Bunlardan ilki, grup farklibiklarindan
yararlanmaktir. Bu gruplar, gecerligi Olciilecek
Olcek acisindan aralarinda fark olacag1 disiniilen
gruplardir. Diger yontem, ilgili dlcek ile aym yapiyi

olcmeyi amaclayan dis bir 6lcegin korelasyonlar



hesaplanarak  uygulanmaktadir.  Sonuncusu ise,
literatiirde yap1 gecerligini test etmek icin sikca
kullanilan faktor analizidir. Faktor analizi sonucunda,
ilgili yapidaki yiiksek iliskili maddelerin ayni faktor
altinda toplanmas1 beklenmektedir (30).

Calisma kapsaminda yap1 gecerligini test etmek
icin ilk olarak AFA gerceklestirilmistir. AFA, bir veri
setinde bulunan degiskenlerin iliskileri kullanilarak
daha az sayida faktor olusturmayr amaclayan bir
yontemdir (31). AFA uygulayabilmek veri sayisinin
olcekteki madde sayisinin en az bes kat1 olmasi
gerekmektedir (32).

10 ve ulasilan veri sayisinin ise 312 olmasi bu sartin

CSP olceginin madde sayisinin

saglandigin gostermistir.

AFA yapilabilmesi icin bir diger kosul ise

Tablo 1. CSP 6lcegi aciklayici faktor analizi sonuclan

Kaiser-Meyer-Olkin orneklem vyeterlik olcumuniin
kabul edilebilir simirlar (>0,50) icinde olmas1 ve
Barlett Kuresellik Testinin anlamli (p<0,05) olmasi
gerekmektedir (33).

Tablo 1’de goriildugii lizere, Kaiser-Meyer-Olkin
degeri 0,94 ile normal aralikta ve Barlett Kiiresellik
Testi anlamli gorulmustar. (X?= 3039,130, df = 45,
p<0,05). Ayrica, temel bilesenler analizi yontemi
kullanilarak gerceklestirilen AFA sonuclarina gore, CSP
Olceginde yer alan toplam 10 ifade tek faktor altinda
toplanmistir. Bu tek faktor toplam varyansin %71,81’ini
aciklamistir. CSP olceginin ifadelerine iliskin faktor
yiikleri 0,722 ile 0,895 arasinda degismistir (Tablo
1). Faktor yuklerinin 0,30 ve lizerinde olmasi yeterli
kabul edilmistir (34).

No ifadeler YFSII::::;
M1 Tiim kariyerim boyunca, isimin hedeflerine siirekli olarak ulasacagim. 0,757
M2 Tlm kariyerim boyunca, is performansima yonelik gerekli kriterleri daima karsilayacagim. 0,879
M3 Tiim kariyerim boyunca, isimle ilgili tim gorevlerde siirekli olarak uzmanlik sergileyecegim. 0,831
M4 Tum k.ariyerim‘ bpyunca, gﬁrev!grimi be'n.den beklendigi gibi yerine getirerek isimin tiimiinde 0.881
stirekli olarak iyi performans gosterecegim. ?
M5 Tiim kariyerim boyunca, isimin tiim gereklerini siirekli olarak yerine getirecegim. 0,875
Mé Tiim kariyerim boyunca, isimin tiim alanlarinda daima yetkin olacagim. 0,885
M7 Tlm kariyerim boyunca, cogu durumda daima verilenden daha fazla sorumlulugu yonetecegim. 0,722
M8 T'L]m kariyerim bvoyunca, isimin hedeflerine ulasmak icin surdiiriilebilir bir sekilde isimi iyi organize 0.895
edip planlayacagim. ’
M9 Tum I.(a.riyerim. boyupca, isimin son teslim tarihlerini gecirmemek icin siirdirilebilir bir sekilde 0.878
isimi iyi organize edip planlayacagim. ?
M10  Tum kariyerim boyunca, isime daima uygun olacagim. 0,853
Kaiser-Meyer-Olkin 0,942
Barlett Kiiresellik Testi Ki Kare 3039,13
df 45
p 0,001
Aciklanan Varyans 71,808
Turk Hij Den Biyol Derg
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CSP olcegi orijinal Olcek olan Ji ve ark. (8)

tarafindan yapilan calismayla uyumlu oldugu
gorilmistiir. Orijinal dlcegin aciklayici faktor analizi
(AFA) kapsaminda 10 maddesinin faktor yapisi,
hem Bartlett kiresellik testi (X2 = 1126,27, p <
0,001) hem de KMO testi (0,90) ile analiz edilerek
korelasyon matrisinin faktorlenebilir oldugu (>0,60)
belirlenmistir. Maddeler toplam varyansin %58,10’unu
aciklamistir. Faktor yiikleri ise, 0,60 ile 0,85 arasinda
degismektedir.

CSP olgeginin yap1 gecerligini test etmek igin
ikinci asamada DFA gerceklestirilmistir. DFA, AFA

sonucunda belirlenen faktorlerin, onceden belirlenen

Analiz sonucunda olusan ilk vyapisal esitlik
modelinde RMSEA indeksi kabul edilebilir sinmirlarin
disinda kaldig
(modification

icin modele degisim endeksleri
Sekil 2’de
versiyonu

indices) uygulanmistir.

sunulan model degisim uygulanan
gosterilmistir.

Sekil 2 ve Tablo 2 incelendiginde, tek faktorlii CSP
olceginin iyi seviyede uyum gosterdigi bulunmustur.
Orijinal olcegin dogrulayic1 faktor analizi (DFA)
sonuclan ise, X? = 77,35, df = 34, p < 0,001; X?/df =
2,28; RMSEA= 0,09 (90% CI = 0,06-0,12); NNFI = 0,90;
CFI = 0,93; AGFI = 0,86. seklinde belirlenmistir.

Dolayisiyla, AFAve DFAbirlikte degerlendirildiginde

faktor yapilarina uygunlugunu test etmek icin  CSP Olgeginin gecerli oldugu ifade edilebilir.
gerceklestirilen bir faktor analizi turudur (31).
49
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Sekil 2. CSP Olcegi Dogrulayic Faktor Analizi Sonuclan
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Tablo 2. CSP 6lcegi dogrulayici faktor analizi uyum indeksleri

Uyum indeksleri

indeks Degerleri

Kabul Edilebilir Degerler ©¢5-37

X2/sd 2,67 <5

p 0,000 <0,05
RMSEA 0,073 0,05-0,08
GFI 0,957 >0,90
AGFI 0,913 >0,90
CFI 0,985 >0,90
TLI 0,975 >0,90
RMR 0,020 <0,08
IFI 0,985 >0,90

Giivenirlik Analizi Sonucglan

icsel tutarliik giivenirligini test etmek icin
Spearman-Brown Kuder-Richardson 20
ve 21 faktor
analizi ve en sik olarak Cronbach Alpha katsayisi

katsayisi,
katsayilari, korelasyon katsayilari,
kullanilmaktadir (30). CSP o6lceginin glivenirligini test
etmek icin Cronbach’s Alpha katsayis1 kullanmilmistir.
Yapilan analizi sonucunda 10 ifadeli ve tek faktorlu
CSP &lceginin Cronbach’s Alpha giivenirlik katsayist
(r) 0,956 olarak hesaplanmistir. Orijinal Olcegin
ise 0,90 oldugu
belirlenmistir. Cronbach’s Alpha katsayisinin en az
0,70 olmas1 gerektigi (30) dikkate alindiginda, CSP
olceginin oldukca giivenilir oldugu belirtilebilir.

Cronbach’s Alpha katsayisinin

TARTISMA

Bu calismanin amacina uygun olarak ilk asamada
orijinali Ingilizce dilinde olan 6lcek Tiirkce diline
CSp
Olceginin yap1 gecerligi test edilmistir. Bu anlamda
ilk olarak olcege SPSS 22.0 programi kullanilarak AFA

uygun hale getirilmistir. ikinci asamada,

uygulanmistir. Analiz sonucunda CSP 6lceginin orijinal
Olcek gibi 10 ifadeli ve tek faktor altinda toplandig
belirlenmistir. Yap1 gecerliginin ikinci adiminda CSP

olcegine DFA uygulanmistir. DFA’da yer alan uyum
indeks degerlerinin timiinin kabul edilebilir sinirlar
CsP
olceginin hem dil hem de yapr olarak gecerliginin
oldugu ifade edilebilir.

CSP gecerlik
olcege giivenirlik testi uygulanmistir. Bu baglamda,

icinde yer aldig1 belirlenmistir. Dolayisiyla,

olceginin analizi  sonrasinda

Cronbach’s Alpha katsayist kullamlmistir.  Analiz
sonucunda, 10 ifadeli ve tek faktorlii olcegin yliksek
diizeyde giivenilir oldugu goriilmistdr.

Gerceklestirilen gecerlik ve guvenirlik analizi
sonucunda CSP olceginin gecerli ve gilivenilir oldugu
soylenebilir. Ayrica, Ji ve ark. (8) tarafindan yapilan
calismanin sonuclariyla oldukca yakin sonuclara
ulasitmistir.

Calisan surdurilebilir performansi, hem kisa hem
de uzun vadeli kariyer acisindan is performansina
ve calisan refahina odaklanan kavramlar uzerine
(16, 24, 26)
degerlendirmeler sonucunda gelismektedir. Calisanin

daha once yapilan calismalardaki
strdiiriilebilir performansi, hem yiiksek diizeyde
calisan performansi hem de yuksek diizeyde calisan
refahi ile iliskilidir (16).
hem calisan hem de organizasyon icin faydal

Bu nedenle, bu kavram

olacak yiksek calisan performansinin uzun vadeli
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strdirilebilirligine odaklanmaktadir (8).

Bu calismanin birtakim guclu yonleri ve
sinirliiklart bulunmaktadir. Giicli yonleri arasinda,
calismanin yapildig1 tarihte Tiirkce literatiirde
calisanmin surdurilebilir performansin1 olcmek icin
kullanilan bir dlcek olmadig ve bu anlamda ilk olma
ozelligi tasimasimin onemli oldugu diistiniilmektedir.
Ayrica Olcekte yer alan ifadelerin regresyon agirliklan
(faktor ytkleri) 0,70 ve Uzerinde ¢cikmistir. Bu durum
olcegin yap1 gecerliginin giiclinii ortaya koyan bir
diger unsur olarak dikkat cekmektedir.

Calismanin sinirliliklan arasinda ise;

e Calismanin tek bir saglik kurumunda ve tek

bir orneklemde yapilmasi,

ETiK KURUL ONAYI

ilk DFA  modelinin
anlamiyla

e Olusturulan uyum

indeksleri tam referans degerlerde
olmadigindan degisim endeksleri kullamilmasi yer
almaktadir. Calismanin sonuclar1 degerlendirilirken
bu durumlar dikkate alinmalidir.

Sonug olarak bu calisma sayesinde CSP oOlcegi
hem tek basina ampirik olarak incelemek icin
kullanilabilecek bir olcek olacak hem de gelecekteki
calismalarda calisanin surduriilebilir performansi
ile iliskili yeni gorusler ve fikirler sunarak insan
kaynaklar yonetimi, orgutsel psikoloji ve is alaninda
yapilacak diger benzer calismalar icin yeni ufuklar

acilabilecektir.

* Bu calisma, Hacettepe Universitesi Etik Komisyonu’nun onayi ile gerceklestirilmistir (Tarih: 21.12.2012 ve Karar No:

E-35853172-050.06-00002580432).
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ABSTRACT

Objective: Arboviruses are a group of viruses
transmitted by arthropods, and are characterized by
a wide geographic distribution that causes various
infections in humans, both in the enzootic and urban
cycles, in environments associated with the presence
of vectors. Dengue (DENV), Chikungunya (CHIKV),
Zika (ZIKV), yellow fever, and West Nile virus (WNV)
infections are increasingly public health problems that
spread throughout the world. The best known vectors of
these viruses are the invasive vectors of Aedes aegypti
and Aedes albopictus. The aim of this study is located
in the Black Sea in northeastern Turkey located in
established populations of A. aegypti and A. albopictus
was to investigate the presence of viruses transmitted
by mosquito species.

Methods: From April to October 2016, it was studied

on mosquitoes in the provinces from the western border

OZET

Amac: Arbovirusler, eklembacaklilar tarafindan
bulasan bir virlis grubudur ve vektorlerin varligi ile
iliskili ortamlarda hem enzootik hem de kentsel dongiiler
icerisinde insanlarda cesitli enfeksiyonlara neden olan
genis bir cografi dagiim ile karakterizedirler. Dengue
virlisii (DENV), Zika virtst (ZIKV), Chikungunya virisi
(CHIKV) ve Bati Nil virusu (BNV) enfeksiyonlari, diinyaya
yayilan ve giderek artan halk sagligi problemleridir. Bu
virlslerin en bilinen vektorleri; invaziv vektorler olan
Aedes aegypti ve Aedes albopictus’tur. Bu calismanin
amaci, Tirkiye’nin kuzeydogusunda yer alan Karadeniz
bolgesinde kurulmus populasyonlarda bulunan A.
aegypti ve A. albopictus sivrisinek turleri tarafindan

bulastirilan virtslerin varligini arastirmaktir.

Yontem: 2016 yilinin Nisan-Ekim aylar arasinda
bat1 simir kapisindan Ordu iline kadar olan illerde ve ic

bolgelere giris noktalarnn olan bolgelerde sivrisinekler
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gate to the province of Ordu and areas with entry
points to the inner regions. A total of 267 mosquitoes
were collected from 51 different regions of the Black
Sea region. All samples were tested for the presence of

Dengue, Chikungunya, Zika, and West Nile virus.

Results: A total of 267 mosquito samples, 38 A.
aegypti and 229 A. albopictus, were obtained, of which
eight were male and 259 were female. No positivity was
detected in terms of DENV, CHIKV, ZIKV and WNV in A.
aegypti and A. albopictus mosquitoes included in the

study. No positivity was found in panflavivirus.

Conclusion: The fact that none of the investigated
viruses were detected in A. aegypti and A. albopictus
mosquitoes is an important data that vectors in this
region have not yet encountered DENV, CHIKV, ZIKV
and WNV. In our country, where cases of foreign travel
related to these viruses are seen, there may be a
possibility of autochthonous transmission in case of
encountering viruses that will come from outside and
existing vectors. For this reason, similar studies should
be carried out in other regions and healthy and up-to-
date maps should be created in terms of vector and
virus tracking. Thus, when the presence of these viruses
entering the country is detected, it will be possible to

take quick and effective measures.

Key Words: Zika virus, Dengue virus, Chikungunya

virus, West Nile Virus, Flaviviruses, Aedes

Uzerinde calisilmistir. Karadeniz boélgesinin 51 farkl
bolgesinden toplam 267 sivrisinek toplanmistir. Tuim
ornekler Dengue, Chikungunya, Zika ve West Nile

virisiiniin varlig agisindan test edilmistir.

Bulgular: 38 Aedes aegypti ve 229 Aedes albopictus
olmak Uzere toplam 267 sivrisinek ornegi elde edilmis,
orneklerin 8’i erkek, 259’u disi olarak belirlenmistir.
incelemeye alinan Aedes aegypti ve Aedes albopictus
sivrisineklerinde DENV, CHIKV, ZIKV ve BNV acisindan

pozitiflik saptanmamistir.  Panflavivirus  acisindan
pozitiflik bulunmamstir.

Sonuc: A. aegypti ve A. albopictus tiru
sivrisineklerde, arastirilan  viriislerden hicbirinin

saptanmamasi heniiz bu bolgedeki vektorlerin DENV,
CHIKV, ZIKV ve BNV ile karsilasmadiklarn yonunde
onemli bir veri elde edilmistir. Bu viriislere bagh yurt
dis1 seyahati kaynakli vakalarin goriildigl iilkemizde,
disardan gelecek olan virlslerle mevcut vektorlerin
karsilasmasi durumunda otoktanoz bulas ihtimali soz
konusu olabilecektir. Bu nedenle diger bolgelerde
de benzer calismalar yapilarak vektor ve virus takibi
acisindan saglikli ve giincel haritalar olusturulmalidir.
Boylece ilkeye giris yapan bu viriislerin varligi
saptandiginda hizli ve etkin tedbirler almak mimkiin

olacaktir.

Anahtar Kelimeler: Zika virus, Dengue virls,

Chikungunya viris, Bati Nil Virusu, Flavivirusler, Aedes

INTRODUCTION

Dengue, Chikungunya, Zika, Yellow Fever, and
West Nile Virus infections are increasingly public
health problems that spread throughout the world.
The best-known vectors of these viruses are the
invasive vectors of A. aegypti and A. albopictus.
The formation of arboviral diseases depends on

Turk Hij Den Biyol Derg

the
pathogen, and the environment. The sensitivity of

complex interactions between the vector,
mosquitoes to viral pathogens varies depending on
temperature, relative humidity, location, and many
other variables (1,2). There is a strong relationship
between the distribution of infectious diseases and
their vectors. Numerous studies have developed risk
maps of arboviral illnesses according to this vector



distribution (3-5). Dengue fever is the most common
disease among arboviral diseases and is known to
have pandemic potential. Dengue virus causes severe
influenza-like disease and can sometimes be severe
or even fatal (6). The incidence of the disease has
increased by 30 times in the last 50 years. Severe
dengue infections were first seen in the 1950s during
outbreaks in the Philippines and Thailand. Today it
affects Asian and Latin American countries, and it
has become a significant cause of hospitalization
and death in children and adults (7). Chikungunya
fever is the second most common arboviral disease.
It is usually characterized by sudden fever elevation
seen with joint pain. Other common symptoms are
muscle pain, headache, nausea, weakness, and rash.
The virus may cause acute, subacute, or chronic
disease. It is endemic in Africa but is increasingly
spreading across the Indian Ocean, Asia, the South
Pacific, Southern Europe, the Caribbean, and Central
America (6). The rapid emergence of the virus has
been linked to the geographic expansion of the
vectors A. aegypti and A. albopictus (9). Outbreaks
were observed in the Americas and some European
countries after 2005 (1,2,10). ZIKV was first detected
in Uganda in 1947, and then epidemics were recorded
in Africa, the Americas, Asia, and the Pacific (11). The
symptoms of the disease caused by ZIKV include mild
fever, skin rash, conjunctivitis, muscle and joint pain,
weakness, headache, and mild symptoms, which last
for 2-7 days. However, in 2015, with the association
of microcephaly and Guillain-Barré syndrome in
an outbreak in Brazil, it suddenly attracted the
attention of the whole world (12-14). The World
Health Organization (WHO) declared that ZIKV was
a global public health emergency in February 2016
(11). The geographical distribution of ZIKV is closely
related to the distribution of Aedes mosquitoes, the
primary vector of ZIKV transmission (15). A. aegypti
and A. albopictus are the primary mosquito vectors
for ZIKV (16-17). The presence of A. aegypti and A.
albopictus mosquitoes in Turkey has been shown in
previous studies (18,19). It is known that the West

Nile virus is transmitted by mosquitoes of the species
Culex pipiens, but this virus may also be transmitted
by mosquitoes of the genus Aedes (20,21). Infection
is often asymptomatic. Fever, polyarthropathy, rash,
lymphadenopathy, headache, and myalgia are the main
findings in symptomatic patients. In its neuroinvasive
form, CNS involvement is present and may be fatal.
West Nile virus is maintained in nature in a cycle
involving transmission between birds and mosquitoes.
People, horses, and other mammals can be infected.
It is widespread in Africa, Europe, Asia, the Middle
East, and Australia (22). In the past, Southern Europe,
Israel, the Middle East, Romania, and Russia have
had outbreaks. Recent epidemiological changes have
occurred, and infections leading to fatal meningitis or
encephalitis occurred during the 1999-2010 West Nile
virus epidemic seen in the Americas (23). In Turkey,
in 2010, autochthonous cases started to be detected
(24). The aim of study is located in the Black Sea in
northeastern Turkey located in established populations
of A. aegypti and A. albopictus was to investigate the
presence of viruses transmitted by mosquito species.
Thus, the possibility of autochthonous transmission of
these viruses in our country can be evaluated.

MATERIAL and METHOD

Study area, specimen collection and identification

From April to October 2016, mosquitoes were
collected in the provinces from the western border
gate to the province of Ordu and in areas with entry
points to the inner areas. Within this scope, samples
were collected from Artvin, Rize, Trabzon, and Ordu
provinces for ten days each month. Mosquito larvae
and pupae samples were collected with standard
larval pipettes, light traps.
Systematic evaluations of the samples were performed

larvae scoops, and
in the laboratory with stereomicroscopes. Thus, the
samples obtained from the field studies were grouped
according to their types, put into separate sampling
containers, and sent to the laboratory with labels.
Mosquitoes were grouped according to type and
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according to the field in which they were collected,
and a total of 46 pools were formed. A total of 267
mosquitoes were collected from 51 different areas in
the Eastern Black Sea region. The generated mosquito
pools were tested in the laboratory.

Specimen processing and viral RNA extraction

Mosquitoes were placed in Eppendorf tubes with
ten mosquitoes per pool and homogenized using
sterile sand in Dulbecco’s PBS supplemented with
0.2% BSA and antibiotics (100 IU of penicillin/mL and
100 g of streptomycin/mL). The homogenates were
clarified by low-speed centrifugation at 1500 rpm for
15 min at 4 °C, and supernatants were aliquoted and
stored at -80 °C. Viral RNA was extracted from 400
ML of supernatant using the QIAGEN EZ1 Virus Mini
Kit v2.0 and EZ1 advanced extraction robot (QIAGEN,
Hilden, Germany) according to the manufacturer’s
instructions with an internal control.

Table 1. Primers and probes

Real time RT-PCR

Each sample was tested for the presence of West
Nile virus (25), Zika virus (26), Chikungunya virus
(27), Dengue virus (28), and also panflavivirus (29),
using an ABI 7500 real-time PCR (polymerase chain
reaction) platform (Applied Biosystems, Foster City,
CA). Real-time RT-PCR was performed using the
SuperScript Il Platinum One Step gRT-PCR System
kit. Primers and probes used in this study was given
in Table 1.

Ethical Statement

Ethics committee approval was not required as
the study was a study conducted in vector mosquitoes
and was not conducted in humans or animals. The
study was carried out with the approval of the
Ministry of Health, Public Health Agency of Turkey,
dated 13.06.2016, number 10712557-136.99-E.397
and barcode 00025198221.

Virus Primer name 5 3
WN/ProC/10/F CCTGTGTGAGCTGACAAACTTAGT
West Nile virus WN/ProC/153/R GCGTTTTAGCATATTGACAGCC

WN/ProC/89-113/FT Probe

(FAM)-CTGGTTTCTTAGACATCGAGATCT-(Tamra

Zik1/835/F

AAGCTYCGCGTCCTTTACCAAG

Zika virus Zik1/911/R

CCAAATTGTCCYGGTCTTCCT

Zik1/860/FT Probe

(FAM)-CCAATGTCYTCMGCCTGGACACCTTT-(Tamra)

Chik/E1/10366/F

AAGCTYCGCGTCCTTTACCAAG

Chikungunya virus Chik/E1/10554/R

CCAAATTGTCCYGGTCTTCCT

Chik/E1/10486/FT Probe

(FAM)-CAATGTCYTCMGCCTGGACACCTTT-(Tamra)

DENV-F
Dengue virus PENVRT 5’-UTR region
: DENV-R2 (Trioplex, Real-time RT-PCR Assay (CDC))
DENV-P
Flavi all S TACAACATgATggggAARAgAgARAA
Panflavivirus Flavi all AS 2 gTgTCCCAgCCNgCKgTgTCATCWgC
DEN4 F TACAACATgATgggRAAACGTGAGAA
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RESULTS

A total of 267 mosquito samples were examined.
Female mosquitoes constitute 95.8% (254/267) of
the study group. A. albopictus accounts for 86.2%
(230/267) of mosquitoes. 62.5% (167/267) of the
samples were collected from Artvin, 18.4% (49/267)
from Trabzon, 14.6% (39/267) from Rize and 4.5%
(12/267) from Ordu provinces. All of the samples
collected in Trabzon consisted of albopictus, while

Table 2. Properties of the studied mosquitoes

albopictus species were seen as dominant in Artvin
and Ordu, and in Rize the type of aegypti was seen
at a higher rate (Table 2). All samples were tested for
the presence of Dengue, Chikungunya, Zika, and West
Nile virus and none of the samples were positive.
In addition, no positive results were found in the
panflavivirus PCR assay performed for all samples.
It was determined that these arboviruses were not
found in the Aedes mosquitoes collected from the
Eastern Black Sea region of Turkey (Figure 1).

Species
A. aegypti A. albopictus

8 3 ? 3 Total
Artvin 7 1 156 3 167 (62.5%)
Ordu 1 0 11 0 12 (4.5%)

Provinces

Rize 21 7 11 0 39 (14.6%)
Trabzon 0 0 49 0 49 (18.4%)

29 (10.8%) 8 (3%) 227 (85%) 3 (1.2%) 267

Figure 1. Provinces where mosquitoes are collected and viruses are investigated (https://earth.google.com/web)
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DISCUSSION

The presence of A. aegypti and A. albopictus
mosquitoes in the Black Sea region where mosquitoes
were sampled was shown previously (18). However,
the investigation of arboviruses in Aedes mosquitoes
in this region is necessary to determine whether the
people are at risk of these diseases. The presence
of these species of mosquitoes, which are the
primary vectors of those viral agents, poses a threat.
Therefore, the existence of viruses in these vectors
should be monitored at regular intervals. Although
the sensitivity of vectors to viruses varies according
to the conditions of the region in question, it is
possible that viruses will be able to enter a country
as international travels and trade are commonly
practiced.
foreign-origin infections with the Dengue, Zika, and

In Turkey, there are some cases of
Chikungunya viruses from time to time. These cases
are generally seen in citizens who return after a
trip abroad or in guests coming to visit Turkey from
abroad (30,31). In our country, autochthonous cases
have not been reported yet. However, the situation
for West Nile virus is different. Confirmed cases of
West Nile virus have been reported in Turkey since
2010 (24,31). West Nile cases in Turkey are diagnosed
more often in the southern provinces. In our study,
panflavivirus PCR tests were performed after Dengue,
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Zika, Chikungunya, and West Nile virus PCR tests
were found to be negative. As a result of those tests,
no positivity was found. It was shown that other
flaviviruses (yellow fever, Japanese encephalitis
virus) were not present in Aedes mosquitoes in this
region. However, a limitation of our study is that
these virus were not investigated in non-Aedes
mosquitoes. Especially for the West Nile virus, Culex
pipiens mosquitoes play the primary vector role, and
such mosquitoes need to be studied. In particular,
this virus has been previously researched due to
West Nile cases seen in the south of Turkey in 2010
(24,31). Some studies also investigated the presence
and transmission of the West Nile virus in Aedes
mosquitoes (20,21).

In conclusion, as a result of our research, none of
the viruses investigated in A. aegyptiand A.albopictus
mosquitoes were detected; it is an important finding
that the vectors in this region are not carrying the
Dengue, Zika, Chikungunya, or West Nile viruses.
Similar studies in other parts of the country are
needed to create a vector and arboviral infection
map of Turkey. New studies should be conducted in
which the number of samples is higher and more
diverse mosquitoes are investigated. Thanks to vector
and virus monitoring, it will be possible to take fast
and effective measures when the presence of these
viruses is detected.
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Tip 1 diyabetes mellitus tanili bir olguda
rinoserebral mukormikoz
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OZET

Mukormikoz, Mucarales takimi kif mantarlan

tarafindan olusturulan, oldukca hizli ilerleyen,

etkin tedaviye ragmen mortalitesi yiiksek olan
invaziv bir fungal enfeksiyonudur. Diabetes mellitus,
kanser immunoterapisi, kok hiicre transplantasyonu
gibi durumlar mukormikoz igin risk faktorudur.

Calismamizda, hastanemizde takip ettigimiz

bir rinoserebral mukormikoz vakasi bildirmeyi
amaclanmistir. Bilinen tip1 diyabeti olan 20 yasinda
kadin hasta, bogaz, boyun, bas agrisi, halsizlik ve
yiziinde uyusukluk sikayeti ile hastanemiz kulak
burun bagaz poliklinigine basvurmustur. Hastanin
fizik muayenesinde kanli nazofarengeal akinti
gorilmis ve servise yatirilmistir. Yatisinin birinci
glininde diyabetik ketoasidoza giren ve bilinci
bozulan hasta yogun bakim iinitesine yatirilmistir.
Hastanin manyetik rezonans (MR) goriintiilemesinde
paranazal siniislerde ve her iki mastoid hiicrede sivi
sinyalleri ve nazofarenks ve nazofarenkse komsu
yumusak dokularda mukormikoz ya da invaziv
Aspergillus disiindiren alanlar goriilmustir. Hastanin

difizyon MR’1nda akut iskemik lezyonlar izlenmistir.

ABSTRACT

Mucormycosis is an invasive fungal infection caused
by mold fungi of the Mucarales order, which progresses
quite rapidly and has a high mortality despite effective
treatment. Conditions such as diabetes mellitus, cancer
immunotherapy, stem cell transplantation are risk factors
for mucormycosis. In this study, we aimed to report a
case of rhinocerebral mucormycosis that we followed in
our hospital. A 20-year-old female patient with known
type 1 diabetes was admitted to the otolaryngology
outpatient clinic of our hospital with complaints of sore
throat, neck, headache, weakness and numbness on
her face.The patient was admitted to the ward due to
the presence of bloody nasopharyngeal discharge in the
physical examination. The patient, who entered diabetic
ketoacidosis on the first day of hospitalization and
disorder of consciousness, was admitted to the intensive
care unit. In the magnetic resonance (MR) imaging of the
patient, fluid signals in the paranasal sinuses and both
mastoid cells and areas suggestive of mucormycosis or
invasive Aspergillus were observed in the nasopharynx
and soft tissues adjacent to the nasopharynx. Acute

ischemic lesions were observed in the diffusion MRI
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Nazofarengeal siirlintii 6rneginin kiiltiiriinde septasiz
dik aci1 ile dallanan hifal yapilar ve rizoid yapilar
goriilmiis ve mucareles olduguna karar verilmistir.
Hastadan alinan nazofarengeal biyopsi materyalinde
olarak da mukormikozu

patolojik distindiren

hifal yapilar gorilmustir. Hastaya amfoterisin B
250 mg tedavisi baslamlmistir. Hasta yatisinin 35.
giininde kardiyopulmoner resiisitasyona cevap
vermeyerek vefat etmistir. Diabetes mellitus gibi
immin sistemin baskilandig1 hastalarda firsatci
mantar enfeksiyonlarinin goriilebilecegi ve cok hizli
yayilmasindan dolay1 enfeksiyonun kontrol altina

alinmasinin zor olacagi akilda tutulmalidir.

Anahtar Kelimeler: Diabetes mellitus tip 1,

mukormikoz, rinoserebral

of the patient. In the culture of the nasopharyngeal
swab, hyphal structures without septa and branching
at right angles were seen and it was decided that they
were mucareles. In the nasopharyngeal biopsy material
taken from the patient, hyphal structures and rhizoid
structures were seen pathologically suggestive of
mucormycosis. The patient was started on amphotericin
B 250 mg treatment. The patient died on the 35th day of
her hospitalization, not responding to cardiopulmonary
resuscitation. It should be kept in mind that such
opportunistic fungal infections can be seen in patients
with suppressed immune system such as diabetes
mellitus, and it will be difficult to control the infection

due to its rapid spread.

Key Words: Diabetes mellitus type 1, mucormycosis,

rhinocerebral

GIRIS

Mukormikoz
Mucorales takimr kuf mantarlan tarafindan olusturulan
firsatc1 mantar enfeksiyonlarina denir. Mukormikoz
bildirilen  patojenler
Rhizopusspp, Mucor spp. ve Lichtheimia spp. (eskiden
Absidia), spp.
spp. gosterilmektedir (1). En sik karsilasilan etken
Rhizopusoryzae’dir (2). Mukormikoz, hizli ilerleyen,
etkin tedaviye ragmen mortalitesi yiiksek olan invaziv

(zigomikoz olarak da kullanilir),

etkeni  olarak arasinda

Rhizomucor ve Cunninghamella

bir fungal enfeksiyonudur (3). Daha eski kaynaklarda
mortalite oranlar1 %70-90 olarak verilirken agresif
cerrahi debridman ve etkili antifungal tedaviyle
birlikte bu oran %40-80 olarak belirtilmektedir
(1,4,5). Bu mortalite oranlan hastaligin klinik formu
ve altta yatan predispozan faktorlere baglidir.
Yiiksek sag kalim oranlar1 immiinkompetan olan ve
komorbiditesi olmayan hastalarda raporlanmakta iken
santral sinir sistemi tutulumu ile giden ve kok hiicre
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transplantasyonu yapilan hastalarda prognoz daha
kotiilesmekte ve mortalite oranlart %80 diizeylerine
ulasmaktadir (1). Diabetes mellitus tanmli hastalarda
mortalite oran1 %44 olarak bildirilmektedir (6).
Mukormikoz  enfeksiyonu risk  faktorlerinin
onem siralamasinda,
birlikte

en onemli risk faktori diyabet iken, son yillarda

tip bilimindeki ilerlemelerle
degisiklikler olmustur. 20. yy ortalarinda

kanser immunoterapisi, kok hiicre transplantasyonu
ve akut losemiler de one cikmaktadir (1,4). Ayrica
imminkompetan kisilerde travmaya bagli goriilen
vakalar gorulmektedir (7). Ek olarak hematopoetik
kok hiicre transplantasyonu vyapilan vakalarda,
proflaktik olarak vorikonazol verilmesi de mukormikoz
enfeksiyonu acgisindan risk olusturmaktadir (8).
Mukormikozun; rinoserebral, pulmoner,
gastrointestinal, kutanoz ve dissemine olmak lizere
baslica bes klinik formu bulunmaktadir (1,5,8).
Pulmoner, gastrointestinal ve dissemine tutulum

yapan formlar derin notropenik, hematolojik



malignitesi olan veya solid organ transplantasyonu
yapilan hastalarda sik gorilurken; kutanoz form
genelde immiinsupresyonu olmayan travma ve yanik
hastalarinda goriilmektedir. Tum bunlarla birlikte
rino-orbito-serebral formu daha c¢ok kontrolsiz
diyabet ve bu durumun neticesinde ortaya cikan
diyabetik ketoasidoz hastalarinda izlenmektedir
(1,8,9).

Bu calismamizda, hastanemizde takip edilen bir

rinoserebral mukormikoz vakasi bildirmek amaclanmistir.
OLGU

20 yasinda, dort yildir bilinen tip 1 diyabeti olan
kadin hastanin, birinci giin bogaz agrisi ve bas agris
olmustur. ikinci giin halsizlik olmus ve tiim giinii
uyuyarak gecirmistir. Ardindan bir saglik kurumuna
bas agns1 ve bogaz agrisi sikayeti ile basvurmus ve
amoksisilin klavulinik asid 2x1gr baslanmistir. Saglik
kurumuna basvurduktan iki giin sonra boyun agrisi
artrms ve sesi kisilmistir. Bunun Uzerine hastanemiz
kulak burun bogaz polikligine basvuran hasta mevcut
sikayetlerine ek olarak yiiziinde uyusukluk oldugunu
belirtmistir. Fizik muayenesinde sag vokal kord
paralizisi ve nazofarenkste kanli akint1 goriilmesi
Uzerine mukormikoz, invazivaspergillus ©on tanisi

ile nazofarengial siriinti ornegi alinmis, Ornek
mikrobiyoloji laboratuarina gonderilmis ve hastanin
servise yatis1 yapilmistir.

Yatisinin birinci giinii gecesinde hastanin agzinda
kayma, sag goz kapaginda disiklik gozlenmistir.
Hastanin  goziini  kapatamadigi,  konusamadig
ve su icemedigi belirlenmistir. Yapilan norolojik
muayenesinde; sag pupilin fiks dilate ve sag goziin
donuk oldugu, sag fasiyalparaliz varligi, dilin orta
hatta donuk oldugu ve hareket etmedigi, ogiirme
refleksinin azaldig1 bas kontroliinii saglayamadig1 ve
omuzlarnm giicliikle kaldirabildigi tespit edilmistir.
Bilinen tip diyabeti olan hastamin yatisinin birinci
giininde kan glikoz degeri 368mg/dl, HbA1C:13,5
kan gaz1 incelemesinde kan pH:7,2, PO2:60 MMHG,

PCO2:18.4 MMHG, HCO3:7.1 MMOL/L, tam idrar tahlili

incelemesinde keton pozitif saptanmasi Uzerine
hastaya diyabetik kotoasidoz tanis1 konularak yogun
bakima yatinlmistir. Yatis1 esnasinda WBC mL de
15.400, CRP:80 mg/L olarak bulunmustur. Hastaya
diyabet ketoasidoz tedavisi icin hidrasyon ve insulin
inflzyon baslanarak yakin araliklarla kan sekeri ve
kan gaz takibi yapilmistir. Sekizinci Saatte diyabetik
ketoasidozdan cikan hastaya beslemeile birlikte saatlik
kan sekerine gore insiilin tedavisi diizenlenmistir. Biling
durumu bozuk, solunum sikintist olan hasta elektif
olarak entiibe edilmistir. Hastanin cekilen manyetik
rezonans goruntiilemesinde paranazal sinislerde ve
sag mastoid hiicrede daha belirgin olmak lizere her
iki mastoid hicrede sivi sinyalleri venazofarenks ve
nazofarenkse komsu yumusak dokularda mukormikoz
yada invaziv Aspergillus dusunduren kontrast tutulumu
gostermeyen hipointens alanlar goriildiigli rapor
edilmistir. Hastanin cekilen difiizyon MR’inda sagda
postsantralgirusda ve ventrikul govdesi dizleminde
pariyetal lobtafokal diflizyon kisitlayan akut iskemik
lezyonlar izlenmistir. Hastaya ilk giin vankomisin 500
mg 2x1 ve piperasilin tazobaktam 4,5 g 3x1 tedavisi
baslanmistir.

Hastanin yatisinin birinci giiniinde beyin omurilik
sivis1 kiiltlirti, bogaz kiiltuirl, tlberkiiloz kiltiirii ve
mikobakteri PCR istenmis ve bunlarnin hepsi negatif
olarak sonuclanmistir. Brucella acisindan Rose Bengal
ve Wright tup aglutinasyon testleri negatif olarak
bulunmustur.

Hastanin alinan nazofaringeal siiriintli 6rneginin
%901
polimorfo nikleer lokosit olan her alanda >25’den

direkt boyali mikroskobik incelemesinde;
fazla lOkosit varligi goriilmis ancak hifal yapilar

gozlenmemistir. Nazofaringeal siirlinti Orneginin

kilturu icin  kanli besiyeri, siklohekzimidsiz ve

siklohekzimidli Sabouraud dekstroz agara ekim
yapilmistir. Bir glin sonra hastanin kanli besiyerinde
metisilin direncli Staphylococcus aureus (MRSA) ve
beyaz renkli pamuk gibi kif kolonileri gortilmistur.
Siklohekzimidsiz Sabouraud dekstroz agardada bir giin
sonra beyaz renkli kuf kolonileri uremistir (Sekil1a ve

b). Kulturden Laktofenol pamuk mavisi ile yapilan
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boyamada dik aciyla dallanan, septasiz hifal yapilar gonderilen nazofaringeal siiriintii 6rneginde yine ayni
ve rizoid yapilan gorulmustur (Sekil 2a, b, c). Aym sekilde Mucorales uremesi saptanmistir. Daha sonra
zamanda lam kulturd yapilmis ve lam kiilturinde de  etken, Matriks aracili lazer dezorpsiyon iyonizasyon
septasiz hifal yapilar ve rizoid yapilari belirlenmistir  ucus zaman kiitle spektrometresi (MALDI-TOF MS) ile
(Sekil 3). Hastanin yatisinin Uclincu gununde tekrar  Rhizopus oryzae (score:2,29) olarak tammlanmistir.

Sekil 1a. Siklohekzimidsiz Saboraud dekstroz besiyeri Sekil 1b. Siklohekzimidsiz Saboraud dekstroz besiyeri
goriintlist birinci giin goriintlisii besinci giin

Sekil 2a. Kiltiirden Laktofenol Pamuk Mavisi ile boyanmis Sekil 2b. Kultiirden Laktofenol Pamuk Mavisi ile boyanmis
mikroskobik goriinti - 1 mikroskobik gorunti - 2

1 12 Turk Hij Den Biyol Derg



Sekil 2c. Kulturden Laktofenol Pamuk Mavisi ile boyanmis
mikroskobik goruntu - 3

Sekil 3. Lam kiltlirli goriintusu

Hastaya yatisinin yedinci gunu ve 20. giininde operasyon materyalinin patolojik incelemesinde
olmak uzere iki kez kulak burun bogaz klinigi mukormikozisle uyumlu hifal yapilar gorilmistir

tarafindan nazofarenks ve sert damaktaki nekrotik (Sekil 4).
alanlarinin debridman1 amaciyla operasyon yapilmis,

Turk Hij Den Biyol Derg l 13
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RINOSEREBRAL MUKORMIKOZ

Sekil 4. Nekrotik materyal icinde diizensiz, kalin, septa icermeyen mukormikozis hifalar1 (HE X400)

Nazofaringeal oOrnekte Mucorales ve MRSA
liremesi Ulzerine; enfeksiyon hastaliklar1 tarafindan
hastanin  piperasilin-tazobaktam ve vankomisin
tedavisi sonlandinlarak, linezolid 600 mg 2x1 ve
lipozomal amfoterisin B 5 mg/kg olacak sekilde
200 mg/glin olarak baslanilmistir. Hastanin yogun
bakima yatisinin dordinci giniinde trekeal aspirat
kiltirinde Acinetobacter =~ baumannii  lremesi
Uzerine hasta enfeksiyon hastaliklarina konsulte
edilmis ve tedaviye meropenem 1 gr 2x1, fosfomisin
4 gr 4x1 eklenmis ve amfoterisin B dozu 6 mg/kg
olacak sekilde 250 mg/gun ‘e cikarilmistir. Hastanin
yatisinin altinc1 glininde kan ve idrar kiiltirlerinde
de Acinetobacter baumannii Uremesi olmus ve
enfeksiyon hastaliklarinin onerisiyle tedaviye devam
edilmistir. Hastanmin linezolid tedavisi 25 giin sonra
sonlandirilmistir.  Tedavisi surerken, yatisimin  35.
glinunde kardio pulmoner arrest olan ve resiisitasyona
yanit vermeyen hasta vefat etmistir.

TARTISMA

Mukormikozis, Zygomycetes sinifindan
mantarlarin neden oldugu bir enfeksiyon hastaligidir.
Mukormikozis, hematolojik ve allojenik kok hiicre
transplantasyonu yapilan hastalarda kandidiyazis ve
aspergillozdan sonra en sik gorilen Ucuncu invaziv
mikozdur (10).

Mukormikoz ~ epidemiyolojisi gelismis  ve
gelismekte olan llkelerde farklilik gostermektedir.
Gelismis lilkelerde hastalik yaygin degildir ve su anda
cogunlukla diyabetes mellitus tamli ve hematolojik
maligniteleri olan kemoterapi goren hastalarda
gorilmektedir. Buna karsin gelismekte olan llkelerde,
ozellikle Hindistan’da, mukormikoz vakalari, sporadik
olmasina ragmen, esas olarak kontrolsiiz diyabet veya
travmasi olan hastalarda ortaya ¢ikmaktadir (10).

Mukormikoza yatkinllk yaratan en oOnemli
durumlar, kok hiicre transplantasyonu olan veya

1 l 4 Turk Hij Den Biyol Derg




olmayan malign hematolojik hastalik, uzun sureli
ve siddetli notropeni, diyabetik ketoasidozlu veya
diyabetik ketoasidozu olmayan kontrolsiiz diyabetes
mellitus, asin demir yuklenmesi, major travma,
uzun sureli kortiko steroid kullanimi, intravenoz ilac
kullanimi, yeni doganlarda prematiirelik ve yetersiz
beslenmedir (10). Roden ve ark. (6) 929 zygomikozis
vakasinin inceledikleri calismalarinda; altta yatan
(%36),
ikinci sirada malign hastaliklar (%17) ve solid organ
(%7)
Bu olguda da altta yatan kontrolsiiz tip 1 diyabet

hastalik olarak en sik diabetes mellitus

transplantasyonu oldugunu bildirilmislerdir.

hastaligt bulunmakta ve mukormikozis icin risk
olusturmaktaydi.

Klinik goriniimiine ve anatomik lokalizasyonuna
gore, invaziv mukormikozrino serebral, pulmoner,
kutanoz, gastrointestinal, dissemine ve endokardit,
osteomiyelit, peritonit ve bobrek enfeksiyonu gibi
nadir formlar olmak uzere altiya ayrnlmaktadir (10).
En yaygin gorilen form rinoserebral tutulumdur.
Rodenve ark. (6) da calismalarinda rinoserebral
form %39, pulmoner form %24, kutanoz form %19,
gastrointestinal form %7 ve dissemine form %3 olarak
tespit etmislerdir. Ulkemizden Arda ve ark. (8) 12
mukormikozis olgusunu inceledikleri calismalarinda;
hastalarin altisinda rinoorbital, dordiinde
rinoserebral, birinde pulmoner ve birinde de hem
pulmoner hem rinoserebral tutulum bildirmislerdir.
Rinoserebral tutulum diyabet hastalarinda en yaygin
gorilen formdur. Enfeksiyon, paranazal siniislerde
mantar sporangio sporlarinin solunmasindan sonra
gelismektedir. Daha sonra hizla bitisik dokulara

yayillarak; arkada sfenoid sinlsu, lateralde
kavernoz sinuse ve kraniyalde beyni istila etmek
icin yayilabilmektedir. (10). Bizim olgumuzda da
enfeksiyon nazofarenksten hizla paranazal sinislere
ve beyne yayilmis ve hastanin klinigi birkac giin i¢inde

kotulesmistir.

Mukormikoz tamist  mikolojik, histolojik ve
goruntulume laboratuvarlarinin birlikteligine
dayanmaktadir. Hastada mukormikozdan
sliphelenildiginde hizlica  ilgili goruntuliime

yontemleri calisilmali, mikolojik kultur ve histolojik
inceleme icin biyopsi
Histolojik
genis ve duzensiz, kalin duvarli ve septasiz hiflerin

materyalleri toplanmalidir.
incelemede, dokuda kurdele benzeri

gorilmesi tanmy1 desteklemektedir. Gorlntileme

yontemlerinde 6zellikle anjio invazyon varligi
mukormikoz enfeksiyonlar1 i¢in  karakteristiktir.
Mikolojik kultur icin 30 °C ve 37 °C olmak uzere iki
ayn siklohekzimid icermeyen standart mikolojik besi
yerlerine ekim yapilmalidir. Histolojik yontemlerle
%401inda  kultur

gorulebilmektedir. Tek basina kultir sonuclaryla

ispatlanmis olgularin negatifligi

tam1 kesin olarak konulamaz veya reddedilemez
(1,2,5,11). Tum tanisal yontemler ve klinik bulgular
esliginde hasta yonetimi saglanmalidir. Bu olguda
ise hastadan alinan nazofarengeal siiriintii 6rneginin
direkt mikroskobik
gorulmemis ancak kiltiirin mikroskobik incelemesinde

incelemesinde mantar hifleri

rizoid yapilan ile birlikte kalin duzensiz dik a¢i ile
dallanan septasiz hifler Mucor mikozis enfeksiyonunu
disundurmustir. Hastanin  nazofaringeal biyopsi
mucoral
Daha

sonra MALDI-TOF MS ile kesin tam Rhizopus oryzae

materyallerinin patolojik incelemesinde,
eshiflerinin gorilmesi tamy1 desteklemistir.

olarak konulmustur.

Mukormikoz suphesi veya tanmis1 acil tedavi

endikasyonudur.  Mukormikoz  tedavisi, cerrahi
debridman, etkin antifungal tedavi ve altta yatan
predispozan hastaliklarin tedavisine dayanmaktadir
(1,5,11). Cerrahi debridman temiz marginli olarak
yapilmalidir.  Hastanin  takiplerinde tekrarlayan
debridmanlar gerekebilmektedir. Medikal tedavide ilk
ilac olarak lipozomal amfoterisin-B onerilmektedir.
calismalarda;

de amfoterisin-B ile benzer sonuclar verdigi ve

Yapilan isavuconazol etkinliginin
isovuconazoliin, renal yetmezligi olan mukormikoz
enfeksiyonlarinda amfoterisin-B tedavisine alternatif
oldugu bildirilmektedir. Tedavi siiresi her hasta icin
degismekle birlikte lc yila kadar devam eden vakalar
belirtilmektedir. Baslangic bulgulan ve goruntuleme
diizelene kadar tedavi devam etmelidir. Isavuconazol

ve posakonazol idame tedavisinde kullanilmaktir
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(1). Bu vakada, tedavide lipozomal amfoterisin B
kullamlmis ve iki kez cerrahi debridman yapilmis,
ancak mucormikozisin hizla ilerlemesi ve ek baska
dolay1
kontrol altina alinamamis ve hasta kaybedilmistir.

bakterilerin de Uremesinden enfeksiyon

Sonuc olarak, kontrolsiiz tip 1 diyabeti olan

CIKAR CATISMASI

hastada gelisen mukormikozis vakasi bildirilmistir.
Diabetes mellitus gibi immun sistemin baskilandigi
hastalarda, bu tip firsatc1 mantar enfeksiyonlarinin
gorilebilecegi ve cok hizli yayilmasindan dolay:
enfeksiyonun kontrol altina alinmasinin cok zor
olacag akilda tutulmalidir.

Yazarlar bu makale ile ilgili herhangi bir cikar catismasi bildirmemislerdir.
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Antifungal susceptibility testing, reporting and antifungal
resistance: current status

Ali Korhan SIG!

ABSTRACT
Appropriate early treatment is crucial for
prognosis in invasive fungal infections (IFls).

Antimicrobial susceptibility has generally an
important role for treatment options and clinical
outcome. “The European Committee on Antimicrobial
Susceptibility Testing (EUCAST)” and “The Clinical
and Laboratory Standards Institute (CLSI)” defined
standard procedures and recommendations on
interpretations of minimum inhibitory concentrations
(MICs). However, they do not include epidemiological
cut-off values (ECOFFs) and/or clinical breakpoints
(CBPs)

only MIC values can be shared to guide clinicians.

for every fungi and antifungal agent, so

Microbiological resistance is determined by

interpreting the in vitro MICs with comparison
of CBPs. There are many mechanisms that lead to
antifungal resistance (AFR). There are increasing
trends in fluconazole and echinocandin resistance for
yeasts and in triazole resistance for molds. Although
clinical reflections of these high MICs are sometimes
very obvious, there is insufficient data to show in
every fungi. Clinical resistance is the event that an
infection does not resolve for various reasons despite

appropriate treatment, and can be attributed to many

OZET

Invazif fungal enfeksiyonlarda (IFE) erken tani
ve tedavi prognoz icin cok kritiktir. Antimikrobiyal
duyarlilik testleri, genel olarak tedavi secenekleri
ve klinik prognoz acisindan onemli bir role sahiptir.
“Avrupa Antimikrobiyal Duyarlilk Testleri Komitesi
(EUCAST)” ve “Klinik ve laboratuvar Standartlan
Enstitiisti (CLSI)” minimum inhibitor konsantrasyonlarin
(MiK) yorumlanmas1 icin standart prosediirler ve
yontemleri belirlemislerdir. Ancak, her mantar ve
antifungal icin epidemiyolojik esik deger (EED) ve/
veya klinik esik deger (KED) tanimlanmamistir, bu
nedenle klinisyenleri yonlendirebilmek adina sadece
MIK degerleri raporlanabilir. Mikrobiyolojik direnc, in
vitro MIK degerlerinin KED verileri ile yorumlanmasi
(AFD) yol acan

cok sayida mekanizma bulunmaktadir.

ile belirlenir. Antifungal dirence
Mayalarda
flukonazol ve ekinokandinlere, kiiflerde ise triazollere
direncte bir artis egilimi s6z konusudur. Her ne
kadar bazi durumlarda yiiksek MiK degerleri ile klinik
tablo dogrudan iliski gosterse de her mantar icin bu
durum gosterilememektedir. Klinik direng, dogru
tedaviye ragmen, enfeksiyon tablosunun cesitli baska
sebeplerle diizelmemesi olayidir ve bircok nedene

baglanabilir. Bu nedenle, antifungallere duyarli bir
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reasons. Thus, every infection caused by susceptible
organism is not always successfully treated, every
infection caused by resistant organism is not always a
failure. The aim of this review is to create an overall
perspective to antifungal susceptibility testing and
notify current condition of AFR worldwide and in our
country. As IFls show epidemiological changes and
become more frequently recognized, studies on the
use of antifungals have also increased, while AFR has
come to the fore as one of the current problems.
With Candida auris, it is clear that it is necessary to

put an end to the relative “ignorance of fungi”.

Key Words: Antifungal resistance, invasive fungal
infections, candidiasis, epidemiologic cut-off value,

clinical breakpoint

mikroorganizmanin olusturdugu her enfeksiyon basari
ile tedavi edilemez, ote yandan direncli organizma
ile olusan her enfeksiyonda da terapotik basarisizlik
olmaz. Bu derlemenin amaci; antifungal duyarlilik
testleri konusunda genel bir bakis sunmak ve diinyadaki
ve Uulkemizdeki glincel AFD durumunu tartismaktir.
IFE’ler icin bir epidemiyolojik degisim s6z konusudur
ve bu enfeksiyonlarla daha sik karsilasilmaktadir. Buna
bagh olarak da, antifungaller ile ilgili calismalar da
artmis, ote yandan AFD sorunu da gindeme oturmustur.
Candida auris ile birlikte gorulmustur ki, mantarlarin

gorece “goz ardi edilmesine” bir son verilmelidir.

Anahtar Kelimeler: Antifungal direng, invazif
fungal enfeksiyonlar, kandidiyaz, epidemiyolojik esik

degeri, klinik esik degeri

INTRODUCTION

Appropriate early treatment is crucial for
prognosis in invasive fungal infections (IFls) (1).
For this reason, especially
The European Society of Clinical Microbiology and
Infectious Diseases (ESCMID) have published various

In fact, joint scoring systems have

many organizations,

guidelines (2).
been developed with the cooperation of several
organizations to provide a practical approach to IFl
cases (3,4). The most important problems are the
processes of detecting and isolating the infectious
agent, defining to the species level, and performing
the antifungal susceptibility tests (AFSTs), that have
long turnaround time periods.

Antifungal Susceptibility Tests

Antifungal susceptibility tests are recommended
in case of i. isolates from sterile body fluids, ii.
isolates with potential of antifungal resistance (AFR),
iii. isolates that are rarely encountered, and iv.
particular clinical requests due to a valid reason (such
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as treatment failure) (5-8) (Table 1). Definition of
the minimum inhibitory concentrations (MICs) is not
enough to evaluate the isolate, but they should also
be interpreted according to the standards of “The
European Committee on Antimicrobial Susceptibility
Testing (EUCAST)” or “The Clinical and Laboratory
Standards Institute (CLSI)”. Epidemiological cut-off
values (ECOFFs) and clinical breakpoints (CBPs) were
determined for fungi and antifungals (9-11). ECOFFs
are obtained by forming a normal distribution curve
following the studies of many different strains from
different geographical regions in many centers with
the same method. CBPs can be defined with addition
of pharmacokinetic-pharmacodynamic animal and
human studies, Monte-Carlo simulation, and findings
of clinical studies. In other words, while ECOFF
only indicates whether the microorganism harbours
an adaptive/acquired resistance mechanism, CBP
actually gives data on whether therapeutic success
can be achieved (12).



Table 1. Recommendations for routine mycology (adapted from references 8 and 12)

Method Recommendation
Species level identification for strains isolated from sterile and deep infection sites
Species level identification of Aspergillus and genus level identification for other molds
Even if it is not recommended to make routine ssusceptibility tests for molds, four-well azole-
. containing agar screening test is advised for A. fumigatus complex
Routine
Treatment according to to recommendations of international guidelines (like ESCMID)
Report susceptibility for intrinsic resistance (IR) without performing
Fluconazole, voriconazole and echinocandin susceptibility tests for yeasts isolated from sterile and
deep infection sites
Amphotericin B susceptibility test
Treatment
Unresponsive Combination treatment
IFI

Search for reasons which could lead to clinical resistance (e.g. invasive catheters)

Susceptibility test possible but only MIC and for some species ECOFF values could be reported.

Rare isolates

Clinicians should be informed about WT, non-WT terminology.

In EUCAST standards, a limited number of fungi
have the threshold values, and wild type (WT), non-
wild-type (non-WT), susceptible (S), intermediate
() and resistant (R) categories are determined.
EUCAST considers only the broth microdilution (BMD)
technique as the reference method and has not
included caspofungin testing. In CLSI standards, there
is also a Susceptible Dose-Dependent (SDD) definition
in addition to other categories. CLSI accepts both
BMD and disk diffusion (DD)
methods. In molds, the concept of minimum effector

as the reference

concentration (MEC) is used instead of MIC, which’s
evaluation and interpretation methods are different
(9-11).

In routine AFST, it is recommended to study
fluconazole, voriconazole and an echinocandin

(micafungin or anidulafungin) for yeasts and

amphotericin B (AmB) when necessary (6). However,
CLSI and EUCAST standards do not have ECOFFs and/
or CBPs for every yeast and every antifungal agent.
Therefore, it is not possible to interpret some MIC
results. For example, for Candida krusei, EUCAST
gave only ECOFF, except for anidulafungin and AmB.
Again, EUCAST for Candida tropicalis did not share
CBP data for micafungin. For Candida kefyr, there
is no CBP data for either EUCAST or CLSI, and ECOFF
data is very limited. Since Candida famata is a rare
isolate, it is not included in both standards, only
the MIC value can be provided for this organism.
in the CLSI
standards, it is not generally recommended if another

Although caspofungin is included
echinocandin, such as micafungin, can be studied
due to interlaboratory variations (9,10,13).
Cryptococcus species, CLSI has determined genotype-

For
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specific ECOFFs, while EUCAST has published species-
specific values. Recently, EUCAST has also suggested
ECOFF values for Fusarium species (13). In addition
to all these, particular attention should be paid to
the epidemiological data of the country of origin
during reporting. Abnormal /unprecedented/unique
organisms with resistance profiles observed should be
sent to reference laboratories. For example, Candida
glabrata complex, which is phenotypically resistant
to echinocandins and whose molecular resistance
was also confirmed, has been recently reported (14).
Again, voriconazole and echinocandin resistance in
Candida albicans is very rare.

Broth microdilution (BMD) method takes a long
time and is expensive, its plates have a short lifespan
(six months or less at -70°C) and it requires serious
experience. Its routine application is barely possible
for most laboratories, and easier and more practical
methods are required. So far, many methods have
been tried, such as spectrophotometric devices
(VITEK 2 Yeast AST, bioMérieux, Marcy-l’Etoile,
France), BMD+colorimetric kits (The Sensititre
YeastOne - Thermo Scientific, Waltham MA, USA;
Micronaut AM - Merlin Diagnostika, Berlin, Germany)
and gradient strip tests (ETEST - bioMérieux, Marcy-
U’Etoile, France; MIC Test Strip - Liofilchem Srl. Roseto
degli Abruzzi, Italy). Also, studies are carried out
to examine antifungal susceptibility with “matrix-
assisted laser desorption ionization-time of flight
mass spectrometry (MALDI-TOF MS) (Bruker Daltonics
GmbH; Co. KG, VITEK®MS,
bioMérieux, Marcy-l’Etoile, France)”. However, there

Bremen, Germany;
are serious reliability issues with these tests. Actually,
ECOFF and CBP data are method specific, and
whether the threshold values determined for CLSI or
EUCAST for BMD can be used in the interpretation of
the results obtained by other methods have been the
subject of many studies. CLSI standards are generally
recommended with VITEK 2 Yeast AST (bioMérieux,
Marcy-UEtoile, France) and good agreement was
observed. On the other hand, it has been reported
that there may be problems in fluconazole analysis,
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especially for C. glabrata complex and C. kefyr.
In addition, interlaboratory variations have been
reported and the narrow MIC range for AmB causes
problems. It has been reported to have false-
resistant results for some strains and antifungals
(such as Candida auris) (5). The SensititreYeastOne
(SYO) (Thermo Scientific, Waltham MA, USA) is
a BMD-based method containing the alamarBlue
indicator. This technique, which is in good harmony
with CLSI, creates advantages such as long shelf
life and easy usability. It should be noted that the
lowest categorical agreement was observed with the
reference methods for C. glabrata complex and C.
tropicalis, although the researchers reported that
they observed less than 1% major and minor errors.
Micronaut AM (Merlin Diagnostika, Berlin, Germany)
is also a SYO-like kit based on EUCAST. However, this
technique still needs multicenter studies involving
many strains. When the gradient strip method was
performed with RPMI 1640 agar with 2% glucose, after
24 to 48 hours of incubation, azole and echinocandin
(except caspofungin) in Candida isolates showed a
90% or more agreement with reference methods.
Researchers especially stated that they did not
encounter “very major error (susceptible result to
resistant strain)” (5,7,15). Although such promising
results have been observed, the authorities are still
hesitant about the interpretation with ECOFF and
CBP values
values are method-specific and significant variations

in the routine laboratory, since these

were observed in interlaboratory studies. Therefore,
it is essential to use reference methods (12).
Recently, EUCAST recommended the four-well
azole-containing agar screening method (azole-agar
screening) for Aspergillus fumigatus complex. This
test is a method depending on whether there is a
growth after inoculation of certain inoculum isolates
on RPMI 1640 agar plates containing itraconazole,
posaconazole and voriconazole and incubation for 48
hours. However, as the name suggests, it is a screening
test, since resistant strains should be tested with
the reference method for confirmation (15,16). The



performance of this test is relatively poor with sibling
species (complex members other than A. fumigatus
sensu stricto) , also called cryptic strain (15,17).
There are studies indicating same method to be used
for echinocandins in Aspergillus species, but it has
not been included in the guidelines yet (18).

Identification of fungi with the MALDI-TOF MS
device has entered routine laboratory use. Since it
is basically a mass spectrophotometry, studies have
been carried out that it can also be used in the
determination of the AFR profile. The method is based
on the examination of the spectra of fungi exposed to
the antifungal agent at different dilutions and their
interpretation according to the minimum profile
change concentration (MPCC). However, for now,
there are problems of reproducibility, standardization,
validation and profile library (5,7,13,15).

Culture independent molecular techniques are
also in the agenda for the identification of fungi.
SeptiFast (Roche, Basel, Switzerland) and T2 Candida
system (T2 Biosystems, Lexington, MA, USA) for the
detection and identification of Candida species, and
AsperGenius (PathoNostics, Maastricht, Netherlands)
and MycoGENIE (Ademtech, Pessac, France) kits for
Aspergillus were developed. However, these kits do
not comment on antifungal susceptibility. Molecular
investigation of azole resistance in Candida species
is challenging, as multiple mechanisms for resistance
operate and their genetic origins are different. The
problem in Aspergillus is that in only 30% of the
azole-resistant strains the resistance mechanisms
have been elucidated. In this context, searching for
a resistance mutation for A. fumigatus complex by
AsperGenius (PathoNostics, Maastricht, Netherlands)
and MycoGENIE (Ademtech, Pessac,
may provide some clinical benefit, but it is not yet

France) Kkits

recommended in the routine laboratory. On the other
hand, echinocandin resistance in Candida species
is generally based on the FKS mutations. Especially
for C. glabrata complex, the demonstration of FKS
mutations in cases of therapeutic failure may indicate
that the strain may be resistant to echinocandins,

even in lack of any MIC data (7,12).

Clinical resistance can be encountered and
therapeutic failure may occur even in such cases
of susceptible MICs (90-60 rule) (12,15,19). Here it
is necessary to explain the concepts of resistance.
Microbiological resistance and clinical resistance
are defined as different concepts. Microbiological
resistance is determined by interpreting the MIC
value with comparison of CBPs. Two concepts have
also come into play for microbiological resistance;
intrinsic resistance (IR) and acquired resistance.
The terminology of IR is defined as the resistance
of the microorganism to an antifungal drug due to
its inherent functional or structural characteristics
(lack of drug target, inability of the drug to
penetrate the cell wall/membrane, etc.). This type
of resistance is seen in all strains of that species
and is independent of exposure to the antifungal
drug. Acquired resistance is seen in some strains
of that species that are normally susceptible to
the antifungal drug, usually following exposure

(clinical practice or environmental exposure).
These two resistance profiles generally use the
same molecular mechanisms. The IR status of fungi,
which are frequently seen as clinical agents, are
summarized in Table 2, whereas acquired resistance
can be highly variable within the species. Clinical
resistance, on the other hand, is the event that an
infection does not resolve for various reasons despite
appropriate treatment, and can be attributed to
many reasons (Table 3) (19,20). In other words,
while microbiological resistance is a laboratory
terminology, clinical resistance is based on a clinical
the

question of compatibility of microbiological and

condition. Of course, within this concept,
clinical resistance, how resistance affect clinical
success and at which MIC values comes into play.
Recommendations for reporting susceptibility
by considering both the type of microorganism, the
pharmacological properties of the antifungal, and the
type/location of infection are presented in Table 4

(6).

Turk Hij Den Biyol Derg

121



Table 2. Intrinsic Resistance (adapted from references 6 and 8)

Organism/Antifungal  Fluconazole Isavuconazole Itraconazole Posaconazole Voriconazole Echinocandins' Flucytosine Smphcteyiel

B

Candida krusei IR

Candida lusitaniae *
Cryptococcus spp. IR
Rhodotorula spp. IR

Trichosporon spp. IR

Order of Mucorales IR IR IR**

L. prolificans IR Ul IR IR o Ul ul
Fusarium spp. ul

Purpureocillium

P ul
lilacinum
Aspergillus terreus e

NR

complex
Aspergillus spp. IR NR**#**

IR: Intrinsic Resistance; NR: No Reporting; Ul: Under Investigation; 'Micafungin, Anidulafungin and Caspofungin
* C.lusitaniae is not intrinsically resistant to AmB, but resistance may occur during treatment.

** Order of Mucorales is accepted as intrinsically resistant to echinocandins in vitro. However, it can be effective in
combination therapies. It is not recommended as a monotherapy agent.

*** L. prolificans is intrinsically resistant to azoles except voriconazole.
**** MIC values do not correlate with clinical outcome, AFST is not recommended.

***+* For Aspergillus spp. flucytosine resistance cannot be detected due to pH issues in in vitro tests. Flucytosine can be
effective in combination therapies.

Table 3. Factors Which Cause Clinical Resistance (adapted from references 49 and 50)

Level of immunosuppression Directly related to immunity: Neutropenia, HIV etc.

Microorganism load Onset of treatment and number of microorganisms at the site of infection

Although AFR and virulance are inversely correlated, there is increased virulance of
Acquired increase in virulance
C. glabrata complex

Pharmacodynamic/
PD indexes, concentration in infection sites, presystemic elimination etc
Pharmacokinetic properties

Site of infection Drug penetration, biofilm, link with AFR

Underlying diseases Comorbidities

a. Incompatibility of clinician and/or patient with long term treatment protocols; b.
Duration of treatment
Clinicians’ perception of culture positivity as AFR despite successful antifungal treatment

Antibiotics ?? Some antibiotics’ promoting effect on fungal growth?
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Table 4. Recommendations for routine mycology (adapted from references 6, 8 and 13)

Antifungal Specimen

Recommendation

Amphotericin B All specimens

No limitation

Echinocandins Urine

Not report echinocandins. Passage of echinocandins to urine

below 1%.

Ocular samples
Echinocandins
(cornea, aqueous and vitrous fluid)

Not report echinocandins. Penetration of echinocandins to

ocular tissue is highly limited.

Central Nervous System (CNS)
Echinocandins
Specimens (Tissue, Abscess, CSF)

Can be reported. Passage of echinocandins to CNS and CSF

is weak, but they could reach to effective concentrations

against Candida.

Azoles Urine Only test and report fluconazole
Ocular specimens

Azoles Report fluconazole and voriconazole
(Cornea, aqueous and vitrous fluid)

Azoles CNS Specimen (Tissue, Abscess, CSF) Report fluconazole and voriconazole

Antifungal Susceptibility and Clinical Reflections

The relationship between clinical prognosis and
AFR is not always correlated. “90-60” rule (probability
of an infection caused by an antimicrobial-susceptible
strain to respond to the correct treatment is 90%, the
probability of response to treatment in an infection
caused by a resistant strain is approximately 60%.)”
is based on a large-scale study (15,19). On the
other hand, some studies have found a significant
relationship between outcome and microbiological
resistance in certain strains;

a. Although the
caspofungin MIC level and prognosis is controversial
for Candida species (it should be noted that EUCAST
and CLSI do not recommend the use of caspofungin

relationship  between

for testing), previous echinocandin exposure,

presence of FKS mutation, and echinocandin MIC
levels are significantly meaningful especially for C.
glabrata complex. It has been noted that the most

serious adverse effect on prognosis was that the
strain showed echinocandin resistance in addition to
previous echinocandin exposure. It seems clinically
difficult to make an interpretation based on the MIC
level alone (12). The issue of echinocandin resistance
for Aspergillus species is not clear, the studies are
very limited, and the place of echinocandins in the
treatment of invasive aspergillosis (IA) is mostly in
the form of combination therapies (21).

b.  Although there are many studies on Candida
infections and azole antifungals, it has not been
possible to directly demonstrate the prognostic
effect of azole resistance. Authorities draw attention
to the necessity of randomized controlled studies on
the subject (12). On the other hand, studies indicate
that fluconazole MIC values are directly related
to therapeutic success (22). The recommendation
derived from these data is that this antifungal
should not be preferred in infections of strains that
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are generally resistant or have high MIC values. In
Aspergillus species, the relationship between azole
resistance and prognosis is much more evident; such
that there are recommendations on this subject even
in the ESCMID guidelines (21). Azole resistance of
environmental origin (due to exposure to pesticides)
has become serious in Aspergillus species, especially
in some countries (such as the Benelux region).
Therefore, in countries where the incidence of azole
resistance is more than 10%, experts recommend
adding an echinocandin to the initial voriconazole
(12). The ESCMID guideline
recommends the azole agar screening test and the

therapy strongly
species-level determination of clinical Aspergillus
strains for routine laboratories, with a particular
warning about cryptic species (21).

c. The issue of cryptococcosis is still obscure.
Current treatment approach is with AmB (flucytosine
may be added to this). Although it is stated that
“step-down” can be realized later according to the
susceptibility test results, the data on outcome with
fluconazole MICs are very limited (12,23).

d. Studies for other rare yeasts and molds
are scarce and although there are not enough data,
the general principle is to pay attention to IR. Many
organizations, especially ESCMID,
published their guides (23,24).

have already

Mechanisms of Antifungal Resistance

Azole Resistance: Azoles target the enzyme
lanosterol 14-alpha demethylase, which is dependent
on cytochrome P450 in the synthesis of ergosterol.
The synthesis of this enzyme is controlled by ERG11
genes in yeasts and Cyp51 genes in molds. Disruption
of ergosterol synthesis in the cell membrane results
in fungistatic effects in yeasts and fungicidal effects
in molds. Azole resistance is basically based on three
main mechanisms: i) up-regulation of the coding of
the mentioned enzyme, ii) changes in the azole target
site, iii) up-regulation of efflux pumps. Although the
dominant mechanism varies according to the species,
more than one mechanism may be active in one
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strain (25).

In Candida species, these mechanisms include
point mutations in the ERG11 sequence, mutations in
the regulatory domains of ERG11 transcription (Upc2)
and its associated upregulations (gain-on-function
mutations - GOF) and/or Cdr1 and Cdr2 (ABC - “ATP”
binding cassette type carrier), and upregulated
by GOF mutations (in Tac1 and Mrr1 transcription
factors) in efflux pumps. In general, changes in efflux
pumps in Candida species are thought to be the most
rapidly developing resistance mechanism after azole
exposure. ERG11 mutations are mostly concentrated
in three “hot-spot (HS)” areas of the enzyme and for
C. albicans, is especially effective on fluconazole
MICs, itraconazole and voriconazole are not much
affected by this mutation. The only exception is the
Y132F substitution, where all three triazole MICs are
affected. In addition to GOF mutations in regulatory
domains in ERG11, there is chromosomal aneuploidy
(chromosome 5). There are also specific cases for C.
glabrata complex. The mutation of the MSH2 gene,
which encodes the protein involved in the DNA repair
mechanism, has been found in most of the resistant
strains, but a direct link with AFR has not been
established yet. In the case of inhibition of ergosterol
synthesis, C. glabrata complex also has a unique
tolerance mechanism, that it compensate for the loss
of its own ergostrol by ingesting serum cholesterol in
vivo. Although this ingestion also exists in C. albicans,
the mechanism of C. glabrata complex also works
under anaerobic conditions and works more rapidly.
In C. parapsilosis complex, the dominant resistance
mechanism is the ERG11 mutation (Y132F and K143R
substitutions). Cross-resistance to other azoles is
seen in 60% of fluconazole-resistant C. parapsilosis
complex strains. C. krusei is inherently resistant to
fluconazole (its mechanism has not yet been fully
elucidated) but is mostly susceptible to other azoles.
The major cause of resistance to other azoles is the
intense azole exposure of the microorganism due to
fluconazole prophylaxis. The high azole MICs seen in
Candida guillermondii complex are also thought to



be due to the ERG11 mutation. There is no or very
limited information on other Candida species showing
high MIC levels (such as Candida norvegensis, Candida
inconspicua, Candida lipolytica). It should be noted
here that the main cause of fluconazole resistance in
Cryptococcus species is ERG11 mutations (20,25,26).

Fluconazole should not be used for mold infections
and it has no in vivo activity. Two problems stand out
with regard to azoles in Aspergillus species; i) data
on the epidemiology of cryptic species are scarce,
but these species may exhibit different resistance
profiles, ii) due to environmental azole exposure
(such as pesticides), azole-resistant Aspergillus rates
of up to 30% have been observed in various regions
of the world. EUCAST and CLSI have identified a
limited number of ECOFF and CBPs related to molds.
Warnings regarding cryptic species can be found in
ESCMID’s directory. Azole resistance in Aspergillus
species is caused by polymorphisms in CYP51 protein
and changes in azole target, increase in target
enzyme coding and synthesis, and efflux pumps. In
addition to these, biofilm and enzymatic degradation
methods of the drug are also available. The CYP51
enzyme encoded by the CYP51 gene is essential in
Aspergillus azole resistance. A. fumigatus complex,
A. nidulans and A. niger complex carry two CYP51
paralogs (A and B), while A. flavus complex carries
three paralogs (additional C). Acquired resistance
is largely due to the CYP51A mutation and may be
accompanied by CYP51B. Single CYP51B mutation is
very rare and its association with resistance has not
been demonstrated. A. fumigatus complex showing
azole resistance but containing wild-type CYP571A
is very rare. In fact, there are especially A. flavus
complex strains that do not have a CYP51 mutation
but are evaluated as non-WT. Therefore, phenotypic
tests are more valuable than molecular tests, and
ESCMID/EUCAST or CLSI criteria should be followed
in terms of both AFST and treatment. In addition to
mutations, the “CYP51A promoter tandem repeat
(TR)” status causes up-regulation of the CYP51A
gene, leading to its increased coding, which brings

with it azole resistance. In this mechanism, TR34/
L98H and TR46/Y121F/T289A are the observed
changes. In efflux pumps (ATP Binding Cassette - ABC
and Major Facilitator Superfamily - MFS), very few
genes have been shown to be related. It is thought
that cdr1 (abcB) from ABC family for A. fumigatus
and A. flavus complex, and mdrA, mfsA, mfsB and
mfsC from MFS family for A. fumigatus complex are
thought to be related (21,25,26).

Echinocandin

Resistance: Echinocandins

(micafungin, caspofungin, anidulafungin, and
rezafungin) block glucan synthesis in the fungal cell
wall structure by targeting the (1-3)-B-D-glucan
synthase enzyme non-competitively. Acquired
resistance in Candida species is low (less than 3%).
The exception is C. glabrata complex, and its
resistance is reported to be increasing especially in
the world. Echinocandin resistance is mainly caused
by three mechanisms; i) stress response pathways
(increased chitin synthesis), ii) acquired mutations in
the FKS gene encoding the (1-3)-B-D-glucan synthase
enzyme, iii) inherent FKS variations (C. parapsilosis
complex and C. guilliermondii complex; MIC levels
higher than those of acquired mutations). Resistance
mutations in C. albicans and many other Candida
species occur in the “hot spot” areas of FKST1. In
addition, or singularly, FKS2 mutations are observed
in C. glabrata complex. The mutation disrupts the
drug affinity of the target enzyme and increases the
MIC levels. These heterozygous mutations in diploid
Candida species pose a serious ‘“cost & fitness”
problem, which may explain why resistant strains
are rare. It should be noted here that C. glabrata
complex is haploid and echinocandin-resistant
C. glabrata complex strains can even show cross-
resistance with polyene and azole group antifungals.
Although the resistance mechanisms of C. auris have
not been fully elucidated, FKS71 mutations have been
shown (20,26,27).

Echinocandin resistance has also been observed in
Aspergillus species, but FKS mutation has not been

demonstrated in these strains. As a matter of fact,
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although it was shown that FKST was encoded in
species such as the order of Mucorales and Fusarium
solani complex, which are intrinsically resistant
to echinocandins, there was not mutations. This
indicates that resistance develops in these molds by
a mechanism other than FKS, which needs further
studies (26).

Polyene Resistance: AmB is a fungicidal drug,
resistance is rare, as its resistance creates a serious
“cost & fitness” problem. C. guilliermondii complex,
A. terreus complex, some species of order of
Mucorales and most Fusarium species are inherently
resistant. It has been reported that some members
of the C.
show rapid resistance. Although it has been stated
that ERG11, ERG3, ERG2, ERG5 mutations which are
albicans and ERG2 and ERG6
mutations in C. glabrata complex cause AmB cross-

lusitaniae and C. haemulonii complex

heterozygous for C.

resistance, the mechanism of AmB resistance is still
obscure. Such that, except for the ERG6 mutation, all
of them also have cross azole resistance. It is thought
that methods of combating oxidative stress (such as
“heat shock” proteins-Hsp, superoxide dismutase,
catalase) are effective in A. terreus complex (20,26).

“Cost & Fitness”,
Heteroresistance: Although AFR ensures the survival

Antifungal Tolerance and

of the microorganism, it comes with a price.
Generally, the sporulation and growth rate of the
microorganism are adversely affected, which leads
to a decrease in its virulence. Studies on this subject
in azole resistance mostly focused on C. albicans and
fluconazole. It is noteworthy here that the loss of
“fitness” is not due to a single mechanism, but with a
cumulative effect. On the contrary, azole resistance
developed in C. glabrata complex contributes to the
virulence of the microorganism. A similar situation
is experienced in echinocandin resistance. While
FKS mutant C. albicans loses a degree of ability in
reproduction, their hyphal capacity decreases and its
virulence is negatively affected, there is no change
in this sense for C. glabrata complex. AmB causes
a great level of “Cost & Fitness”. AmB-resistant
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organisms are highly susceptible to external stressors,
including oxidative stress, and lose their virulence
extensively (26).

When an antifungal susceptible organism is
exposed to an antifungal, the ability of some
subpopulations of the microorganism to grow even
more slowly in the presence of that antifungal
This
subpopulation is thought to have this capability via

is considered as antifungal tolerance.
various mechanisms such as Hsp90 and calcineurin. In
fact, this situation is defined as the “trailing” effect
in in vitro AFST. In studies focusing especially on
fluconazole and C. albicans, it has been stated that
this is not exactly defined as resistance, it is directly
related to the drug concentration encountered by the
microorganism, but it has a therapeutic reflection,
and persistent candidemia cases are experienced in
such cases (26,28).

Heteroresistance is demonstrated especially in the
azole exposure of C. neoformans complex. The issue
here is that a “reversible resistance” is observed in
the subpopulation of the microorganism. This group,
which shows drug resistance on azole exposure,
loses its “resistance” after the exposure is ended.
This ability is thought to be due to the plasticity of
cryptococcal genes. Combination therapies seem to
be the key to therapeutic success in infections with
both tolerant and heteroresistant strains. Because
of this ability of cryptococci, combined antifungal
treatments have been recommended by the guidelines
in cryptococcosis infections (28).

Candida species are well-known for their ability
to form biofilms. Due to their ability to adhere to
surfaces, they can cause manifestations such as
Although  (1-3)-B-D-
glucan is the key molecule in the biofilm structure,

catheter-related infections.

biofilm formation is a multi-mechanical event.
Candida biofilms show severe tolerance to antifungals.
Although mutations that may cause resistance have
been encountered, the main mechanism is the
prevention of penetration of drugs by the glucan

matrix (27).



Epidemiology of Antifungal Resistance

AFST is an analysis that is laborious, expensive and
unnecessary in all cases. Therefore, epidemiological
data on AFR are of striking importance. On the other
hand, as epidemiological studies have increased,
microbiological resistance profiles that show serious
variations even at the species level have been
encountered (1).

Although C.
causative yeast all over the world, there are variations

albicans is the most common

according to geographical areas in following rankings.
C. glabrata complex, C. parapsilosis complex, C.
krusei and C. tropicalis are the leading yeasts, while
Aspergillus species lead among molds. Therefore,
various studies have been conducted on AFR of these
microorganisms. In general, fluconazole resistance
is less than 1% for C. albicans and up to 11% for
C. glabrata complex, for C. tropicalis (below 10%)
and C. parapsilosis complex (2-5%), however there
is an increasing trend in fluconazole resistance. C.
glabrata complex raises the alarm all over the world
in fluconazole resistance and the most serious rates
are obtained from North America (10.6%). In addition,
C. parapsilosis complex shows a similar trend in
Europe and Latin America. Unlike Candida species,
fluconazole resistance in Cryptococcus species is
stable, however, fluconazole resistance increases up
to 24% in relapsed cases (12,26,29,30).

The most serious problem in AFR is the increasing
pattern of echinocandin resistance in C. glabrata
complex and C. krusei. The cross-resistance of
C. glabrata complex with azoles indicates that
the treatment options are getting limited in the
infections of this microorganism (26,28,29). Multidrug
resistance (MDR) can also be seen in Candida species,
that is generally with both acquired resistance and
IR. MDR with singular acquired resistance is rare.
ERG3 and ERG2 alterations may cause azole and AmB
cross-resistance in C. albicans and C. dubliniensis.
Interestingly, previous fluconazole treatment may
be a trigger for echinocandin-resistant C. glabrata
complex. Again, the site of infection (exposure to drug

concentrations below therapeutic doses; abdominal,
mucosal areas, foreign body) and biofilm formation
are important parameters for the development of
MDR (31).

The most prominent representative of AFR today
is C. auris. 93%, 35% and 7% of strains are resistant
to fluconazole, AmB, echinocandins, respectively.
41% of strains are resistant to two different classes
of antifungals, and 4% of strains are resistant to three
different classes of antifungals. It has been on the
world’s microbiology agenda with its colonization,
ability to survive on surfaces for weeks, and high
(32).
the recognition of this microorganism in routine

resistance to disinfectants Unfortunately,
laboratories is directly related to the awareness
and technical capacity of laboratory specialists, as
the microorganism is misidentified even with many
semi-automated/automated methods. According to
the records of the US Centers for Disease Control and
Prevention (CDC), C. auris has been reported from
47 countries as of February 2021, but this is actually
thought to be higher (33). As a matter of fact, there
have been consecutive notifications from Turkey
(34,35). The CDC has published a recommendation
guideline on when and in which cases screening
programs for C. auris should be performed (33).

In the study of Calgin and Cetinkol (36), the
resistance profile of clinical Candida isolates were
studied with the VITEK 2 system (bioMérieux, Marcy-
I’Etoile, France) and AmB, flucytosine, fluconazole,
voriconazole, caspofungin and micafungin resistance
were 7.3%, 10%, 9.4%, 7.3%, 2% and 6.5%, respectively.
The problem here is the automated system to give
false resistant results, especially in some strains
and antifungals, and the rates of echinocandin and
AmB resistance are very remarkable. Yenisehirli et
al. (37) studied AFST with gradient strip test in non-
albicans Candida species, and they could not detect
any strains non-susceptible to echinocandins, except
for two C. tropicalis isolates, which were found to
be in intermediate zone. They also did not find a C.
parapsilosis complex strain with azole resistance. In
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another study that meta-analysed C. albicans studies
from Turkey, the average resistance to itraconazole
and voriconazole was 23.2% and 14.6%. Fluconazole
resistance was reported as 9.6% and none of the
cases were echinocandin-resistant (38). It is obvious
that C. parapsilosis complex has become a prevalent
problem in Turkey over time. In the multicenter
study of Hilmioglu-Polat et al. published in 2018 (39),
although only C. parasilosis sensu stricto strains were
studied, 9.4% of fluconazole resistance and 4.5% of
voriconazole resistance were found, and there was
not any echinocandin and AmB resistance. This was
followed by fluconazole-resistant C. parapsilosis
complex clonal spread including ERGT11 Y132F/
Y132F+K143R substitutions (40) and similar results
were also supported by Demirci-Duarte et al. (41) (C.
parapsilosis complex; fluconazole resistance is 13.3%;
Y132F type resistance is 71.7%)
fluconazole non-susceptible strains have also been

. Unfortunately,
reported in C. tropicalis isolates (42). In another
recently published study, fluconazole resistance
was observed in 9.2% and itraconazole resistance
in 45.8% in C. glabrata complex strains, while
43.4% of isolates were of the non-WT category for
voriconazole (43). Considering the cross-resistance
nature of C. glabrata complex, it has been claimed
that if high fluconazole MIC levels and echinocandin
FKS mutations are detected in coordination, it may
be a prognostic factor for therapeutic failure (44).
These studies show that azole treatment options
are being lost in various strains for Turkey and that
echinocandins are also under threat. As a matter
of fact, in the large multicenter candidemia study
of Arikan-Akdagli et al. (45), fluconazole resistance
(7.7%) was observed in C. parapsilosis complex
strains, but very low fluconazole resistance rates in
C. glabrata complex strains and absence of resistant
C. tropicalis strains were notifying. Furthermore,
none of the isolates showed echinocandin resistance.
On the other hand, this study was followed by the
detection of C. glabrata complex isolates without
phenotypic echinocandin resistance but with FKS
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mutation (44). Just recently, clinical C. glabrata
complex isolates with both phenotypic echinocandin
resistance and FKS mutations were reported (14).
Studies on the epidemiology of Aspergillus
infections and AFR in Turkey are very limited. The
largest study belongs to the recently published 12-
year data of Gilmez et al. (1), indicating that A.
fumigatus complex (50.4%) was most frequently
isolated in mold in lower respiratory tract samples,
as expected, followed by other Aspergillus species
(31.3%). However, the most important finding of this
study was that there was a significant decrease in
the isolation rates of A. fumigatus complex over a
12-year period, while numbers of other Aspergillus
species and non-Aspergillus molds (Penicillium spp.,
order Mucorales, Scedosporium spp., Alternaria
SPP., spp.,
and unidentified molds)

Paecilomyces dematiaceous fungi
increased significantly.
As a matter of fact, with the intensive use of
antimicrobials especially in cystic fibrosis patients
and the increase in the average life span of these
patients, the isolation of different types of molds
from the respiratory tract has also increased
significantly (46). A clinical strain showing a CYP51
mutation (TR34/L98H) which is resistant to azole
group (itraconazole, voriconazole, posaconazole)
drugs from Turkey was reported in 2015 during
retrospective screening of laboratory isolates (47).
Also in 2018, an A. fumigatus complex isolate
respiratory sample of a cystic fibrosis patient with
phenotypic azole resistance, but without CYP51A
mutation (48). Obviously, azole-resistant Aspergillus
is present in Turkey, but its prevalence is obscure.
Although the resistance profile in Turkey is not
generally threatening for Candida species, one
by one resistant cases are reported. It is obvious
that a national surveillance network on AFR should
be established in Turkey as well. In addition,
awareness on C. auris needs to be increased, as it
has already entered our agenda. Again, there is very
little data on the resistance of clinical Aspergillus

strains in Turkey, and the relationship of resistance



in Aspergillus species depending on the use of
fungicide should also be investigated.

In conclusion, as IFls show epidemiological changes
and become more frequently recognized, studies on
the use of antifungals have also increased, while AFR
has come to the fore as one of the current problems.
With C. auris, it is clear that it is necessary to put an
end to the relative “ignorance of fungi”.

Phenotypic AFST methods allow the demonstration

of resistance status regardless of fungal species, even
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