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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 Miidirligi’niin yayin orgam olan bilimsel bir dergidir. Dergi li¢
(3) ayda bir (Mart, Haziran, Eyldl, Aralik) yayimlanir ve dort (4) sayida bir cilt
tamamlanir. Talep olmasi durumunda Ek Say1 ¢ikartilir.

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

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

I1) YAYIN iLKELERI

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

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

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

Makalelerin tibbi ve etik sorumlulugu yazarlara aittir. Makalelerin ve kaynaklarin
iceriginden, yayimlanan makalelerdeki veriler, fikirler ve ifadelerden yazarlar
sorumludur; editorler, yayin kurulu ve T.C. Saglik Bakanligi Halk Saglig1 Genel
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 tiim egitim faaliyetlerinde Ulcret 6demeden
kullanilabilme hakki,

-Ticari olmamak kosulu ile makaleyi ¢cogaltabilme hakki.

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

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

Tiirk 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
kullanmcisi olmadan da sistemdeki tim makaleler ulasiip okunabilmektedir.
Makale gonderme, degerlendirme ve yayimlama Ucreti ainmamaktadir.

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

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

Etik kurul izni gerektiren tiim arastirmalar icin Etik Kurul Onayr 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 agr1, aci ve rahatsizlik verilmemesi igin neler yapildigi aik 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.

VII) 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 yiksek, orijinal ve kaynak gosterilebilecek 6zellikte olmalidir.

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

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

dergimizin makale kabul sistemine yiiklenmelidir.

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

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

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

Tirk Hijyen ve Deneysel Biyoloji Dergisi

Halk Sagligi Genel Midirligu

Tel : (0312) 565 55 80

Faks : (0312) 565 55 91

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



TURK HIiJYEN VE DENEYSEL BiYOLOJi DERGISi YAYIN iLKELERi VE YAZIM KURALLARI

sirketle bir iliski yoksa, basvuru yazisinda belirtilmelidir.

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

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

4. Metin icinde gecen mikroorganizma isimleri ilk kullamldiginda tam
ve acik yazilmali, daha sonraki kullanimlarda kisaltilarak verilmelidir.
Mikroorganizmalarin orijinal Latince isimleri italik yazilmalidir: Ornegin;
Pseudomonas aeruginosa, P. Aeruginosa gibi. Yazida sadece cins adi gecen
ciimlelerde stafilokok, streptokok gibi dilimize yerlesmis cins adlan Tirkge
olarak yazilabilir. Antibiyotik isimleri dil 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 6zetler son
derece kapsamli hazirlanmali; gramer, imla ve yazim hatalar barindirmamalidir.

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

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

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 (Say1): ilk ve son sayfa numarasi.

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

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

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

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

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

- Kitap boliimii: Boliim yazar(lar)in soyadi adimin basharf(ler)i. Bolum basligr.
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. Aciklayic1 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 tiirii yazilarda tercihen yazar sayisi ikiden fazla olmamalidir.
Yazar(lar) daha once bu konuda calisma 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.

1I) PUBLISHING POLICY

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

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

The authors have the all the scientific and legal responsibilities of the articles.
The authors must fully obey the ethics of research and publication.
1l1) COPYRIGHT and LICENSING

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

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

-Registered rights rather than copyrights such as patent etc.

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

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

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

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

1V) OPEN ACCESS POLICY

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

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

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

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

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

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

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

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

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

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

VII) LANGUAGE of the JOURNAL

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

VIIl) WRITING RULES

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

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

Articles to be submitted for publication;

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

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

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

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

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

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

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

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

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

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

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

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

8. Research Articles;

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

9. Research articles should have up to 40 references.

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

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

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

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

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

ETiK iLKELER

Tiirk Hijyen ve Deneysel Biyoloji Dergisi Editor ve Hakemleri, Uluslararas
Tip Dergisi Editorleri Komitesi (ICMJE), Yayin Etigi Komitesi (COPE), Diinya Tip
Editorleri Birligi (WAME), Bilim Editorleri Konseyi (CSE), Avrupa Bilim Editorleri
Birligi (EASE), ABD Ulusal Tip Kitlphanesi (NLM), Diinya 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, uluslararasi
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,
stirecteki sorumluluklarini (akademik dristliik, 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 sireci ile ilgili tim gerekli bilgiler dergi
sekreterliginden edinilebilir. Editor ve hakemlerin isimleri yazarlara verilmez.
Tirk Hijyen ve Deneysel Biyoloji Dergisi’nin cift kor gozden gecirme ilkeleri
nedeniyle, yazarlarin ve hakemlerin isimleri diger kisilerce bilinmemektedir.
YAYIN POLITiKASI ve HAKEM DEGERLENDIRME SURECI

Tirk Hijyen ve Deneysel Biyoloji Dergisi (THDBD), ¢ift kor hakem
degerlendirmesi ile Tiirkce ve ingilizce dillerinde T.C. Saglik Bakanligi Halk
Sagligi 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 gére vyazilmayan makaleler
degerlendirilmeye alinmamaktadir.

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

ETHICAL PRINCIPLES AND PUBLICATION POLICY

ETHICAL PRINCIPLES

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

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

CONFLICT OF INTEREST POLICY
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Turk Hijyen ve Deneysel Biyoloji Dergisi

Kisspeptin ve norokinin genlerinin puberte tedavisindeki
potansiyel rollerinin degerlendirilmesi

Hale OKSUZ UCKAYABASI'
, Semiha DOGAN*

, Ali UCKAYABASI?

, Seda AKBOLAT*

, Nermin Seda ILGAZ'
, Mehmet Bertan YILMAZ'

, Halil ibrahim OKSUZ3

OZET

Amag: Kisspeptin (KP) ve norokinin (NK), hipotalamik

noronal aktivite ve pulsatilitesini dizenleyerek

tireme endokrin eksenini yoneten noropeptitlerdir.
Ureme sagligindaki kritik rolleri ilk olarak, KP veya
NK sinyalini kodlayan genlerin mutasyonlarina bagl
olarak fonksiyonunu yitirmesi sonrasi, konjenital
hipogonadotropik hipogonadizm ve pubertal gelisim
Bu
calismada, puberteye giriste etkili rol oynayan KP ve

NK’in mezenkimal kok kiicre (MKH) temelli tedavideki

anomalilerinin  gosterilmesi ile tammlanmistir.

etkinligini arastinlmis ve bu genlerin ekspresyonlarinin
pasaj sayisiyla iliskisi incelenmistir.

Yontem: Calismamizda, U¢ adet eriskin sican (Rattus
norvegicus) kullamlmistir. Sicanlarin  kemik iligi ve
adipoz dokusundan MKH elde edilmistir. Daha sonrasinda
yiizey belirtecleri kullanilarak akim sitometrisinde MKH
analizi yapilmis ve RNA (ribonikleik asit) izolasyonu

gerceklestirilmistir. Gercek zamanli polimeraz zincir

ABSTRACT

Objective: Kisspeptin (KP) and neurokinin (NK) are
neuropeptides that govern the reproductive endocrine
axis through regulating hypothalamic neuronal activity
and pulsatile. Their critical role in reproductive health
was first described by the demonstration of congenital
hypogonadotropic ~ hypogonadism  and pubertal
developmental anomalies following loss of function due
to mutations in genes encoding the KP or NK signaling.
This study aimed to investigate the efficacy of KP and
NK, in mesenchymal stem cell (MSC)-based treatment
of different origin, and examine the relationship of the

expression of these genes with the passage number.

Methods: Three adult rats (Rattus norvegicus) were
used in our study. MSCs were obtained from bone marrow
and adipose tissue of rats. The MSCs were analysed by flow
cytometry using surface markers and RNA (ribonucleic
acid) isolation was performed. Gene expressions of KP,

NK and their receptors were investigated by real-time
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reaksiyonu (RT-PCR) ile KP, NK ve reseptorlerinin gen
ifadeleri arastinlmis olup ve pasaj sayisiyla iliskisi
karsilastirilmistir. Her bir genin kendi icerisindeki farkli
pasajlardaki  ekspresyonlarinin  karsilastirilmasinda
Welch paired t-testi kullamlmistir. istatistiki 6nem
diizeyi 0,05 olarak kabul edilmistir (p<0,05).

Bulgular: Kiiltiiri yapilan kemik iligi ve adipoz
dokuya ait hicrelerin MKH olduklar1 tespit edilmistir.
Kemik iligi kaynakli MKH’lerin Real-time PCR sonuglar
degerlendirildiginde, dordiincli pasaja kiyasla altinci
pasajda kisspeptin reseptor gen ifadesinin 14, yedinci
pasajda ise 29 kat artigi gozlemlenmistir (p<0,05).
Tasikinin geninde dordiincli pasaja kiyasla besinci
pasajda gen ifadesinin neredeyse tamamen baskilandig
tespit edilmistir (p<0,05). Tasikinin resptor geninde,
besinci pasaj baz alindiginda ise altinci pasajda
gen ifadesinin tamamen indiklendigi belirlenmistir.
Adipoz doku kaynakli MKH’lerin RT- PCR sonuclari
degerlendirildiginde ise, dordiincli pasaja kiyasla
besinci pasajda tasikinin reseptor gen ifadesinin 15,
tasikinin gen ifadesinin 30 kat, yedinci pasajda ise KP
reseptor gen ifadesinin ¢ kat artig1 tespit edilmistir
(p<0,05).

Sonug: Kemik iligi ve adipoz doku gibi bulunmasi
kolay olan bir dokudan MKH elde edebilmenin ileri
ki donemler icin tip diinyasina bir 151k tutacag
distnulmustir. Ayrica puberte donemine geciste
cok onemli goreve sahip olan KP ve NK genlerinin
ifadelerini incelerken pasaj sayilarina dikkat edilmesi,
kullanilacak pasajdaki gen ifadeleri g6z onunde
bulundurularak pasaj sayisinin secilmesi gerektigi

sonucuna varilmistir.

Anahtar Kelimeler: Hicre kulturu, kisspeptin,

mezenkimal kok hiicre, norokinin, puberte, RT-PCR

polymerase chain reaction (RT-PCR) and their relationship
with the passages number was compared. Welch paired
t-test was used to compare the expression of each gene
at different passages. Statistical significance was accepted
as 0.05 (p<0.05).

Results: The cultured bone marrow and adipose tissue
cells were determined to be MSCs. When real-time PCR
results of bone marrow-derived MSCs were evaluated, it
was observed that kisspeptin receptor gene expression
increased 14-fold in the sixth passage and 29-fold in the
seventh passage compared to the fourth passage (p<0.05).
In the tachykinin gene, it was found that gene expression
was almost completely suppressed in the fifth passage
compared to the fourth passage (p<0.05). In the tachykinin
receptor gene, it was determined that gene expression
was completely induced in the sixth passage, compared
to the fifth passage (p<0.05). When adipose tissue-derived
MSC RT- PCR results were evaluated, it was observed
that tachykinin receptor gene expression increased 15-
fold, tachykinin gene expression increased 30-fold in the
fifth passage, and KP receptor gene expression increased
three-fold in the seventh passage compared to the fourth
passage (p<0.05).

Conclusion: MSCs can be obtained from an easily
available tissue such as bone marrow and adipose tissue
is thought to shed light on the medical science for the
future. In addition, it was concluded that the number
of passages should be considered when analyzing the
expressions of KP and NK genes, which have a very
important role in the transition to puberty, and the
number of passages should be selected by considering

the gene expressions in the passage to be used.

Key Words: Cell culture, kisspeptin, mesenchymal

stem cell, neurokinin, puberty, RT-PCR

GIRIS

MKH; mezoderm tabakasindan koken almakla

Kemik iligi, adipoz doku, gobek kordonu, kordon kani,
karaciger, beyin, dis pulpasi, deri ve fetal dokularda
bulunan farklilasmamis, cogalma kapasitesi yiiksek,

birlikte viicudun cesitli bolgelerinde noral krista kendini farklilasmadan yenileyebilme ozelligine
kaynakli mezenkim dokudan da gelisen hiicrelerdir (1).  sahip, mezoderm farklilasma yetisi cok fazla olan

4 Turk Hij Den Biyol Derg



MKH’ler kemik, kikirdak, kas gibi farkl
tiplerine donusum kapasitelerinin yaninda urettikleri

hiicre

bircok buyiime faktori ve sitokinler nedeni ile immiin
baskilayic1 ve trofik etki potansiyeline de sahiptir
(2,3). MKH’ler kemik iligi, deri, yag dokusu, tendon,
sinovyal membran, periodontal ligament ve sinir
sistemi gibi bircok dokudan kolaylikla elde edilebilir
(2). Ozellikle kemik iligi kokenli MKH’ lerin pluripotensi
ozellikleri nedeni ile tipta doku rejenerasyonu
calismalarinda kullanildigr bilinse de hiicre sayisinin,
proliferasyonun ve yasla farklilasma kapasitesinin
azalmasindan dolay1 klinik uygulanabilirligi simrlidir
(4,5). Bu nedenle, kemige alternatif olarak plasenta,
adipoz; fetal akciger, gobek kordon kani gibi dokular
arastinlmistir (4). Bunlardan ozellikle adipoz dokunun
elde edilebilirliginin kolay olmasi, kemik iligine kiyasla
daha fazla kok hiicre uretebilmesi, ayrica adipoz doku
kokenli kok hiicrelerin plastisitesinin  yiiksekliginin
hiicre ici ve hiicre disi calismalarda kanitlanmasi ile
birlikte, adipoz doku kokenli MKH’ler ve jeneratif doku
mihendisligi alaninda bircok tip bransinin dikkatini
calismalarda, MKH’lerin

farklilasma yeteneklerinin fazla olmasi, migrasyon

cekmistir  (6). Yapilan
ozellikleri, hasarli doku tamirine katki saglamalan,

hasarli olan hicrelerle flizyon yeteneklerinin
olmasi, genetik gecmislerinin kararli olmasi, tumor
olusturma riskinin diger kok hiicre tiirlerine gore az
olmasi1 gibi ozellikleri ile puberte bozukluklarn dahil
olmak Uzere bircok hastalik modeli ile iliski olduklar
gosterilmistir (7-17). Yetiskin cinsiyet ozellikleri ve
treme yeteneginin kazamldigi, cok cesitli fizyolojik
degisikliklerle karakterize bir gelisimsel donem
olan pubertenin baslangicinin temel endokrinolojik
pulsatil

salict hormon (GnRH) salgilanmast olup buradaki

ozelligi  hipotalamustan gonadotropin
aksakliklar puberteye gecisi engellemektedir (18,19).
Hipotalamik GnRH salgilayan noronlar, cinsiyete 6zgu
hormonlarin sentezini kontrol eden karmasik bir
noroendokrin agin merkezinde yer almaktadir (19,20).
Genetik, cevresel ve yapisal faktorler bu sureci
kontrol etmektedir (19).

gelisim, enerji homeostazinda rol oynayan hormonlar,

Embriyolojik donemdeki

noropeptidler,
faktorleri, noronal etkilesimler ve sinyal yolaklan

norotransmitterler,  transkripsiyon
gibi pek cok faktor GnRH salgi ve pulsatilitesinin
diizenlenmesinde gorev alir ve bu yolaklarda meydana
gelen aksakliklar, erken puberte, hipogonadotropik
hipogonadizm veya konstitlisyonel buyiime ve puberte
gecikmesi gibi patolojilere neden olur (18,19). GnRH
noronlarinin diizenleyicileri arasinda en onemlileri
kisspeptin (KP), norokinin (NK) B ve dinorfindir (20).
KP ve reseptorii (GPR54), GnRH salgilanmasinda kilit
role sahiptir. Ayrica, diger tasikininler; NK B (TAC3),
reseptort (TACR3) ve dinorfinin de bu yolakta gorev
aldig1 bilinmektedir (18). Bu calismada da kemik
iligi ve adipoz doku kaynakli MKH’lerin pubertal
bozukluklarin tedavisine destek olup olmayacaginin
arastirilmast amaclanmistir.  Calismamizda, sican
kemik iligi ve adipoz dokudan elde edilen MKH’lerin
hiicre kulturleri yapilmis olup farkli pasajlarda KP,
NK ve reseptorlerinin gen ekspresyonlar incelenerek

tedaviye yonelik kullanim potansiyelleri arastirlmistir.

GEREC ve YONTEM

Deney hayvanlarinin temini ve bakimi

Calismamizda Cukurova Universitesi Saglik Bilimleri
Deneysel Uygulama ve Arastirma Merkezi’nden temin

edilen Uc adet eriskin sican (Rattus norvegicus)

uygun
olarak normal oda kosullar altinda (22 °C sicaklik,
%30-70 nem, aydinlik/karanlik donglisii 12/12 saat)
ad libitum olarak beslenmis ve eter ile bayiltilarak

kullanmlmis,  asepsi-antisepsi  kurallarina

deney oncesinde servikal dislokasyonla sakrifiye

edilmislerdir.
Yag dokudan MKH eldesi ve hiicre kiiltiirii

Anestezi altinda bobrek arkasindaki yag dokudan
MKH eldesi saglanmistir (21). Oncelikle cikartilan yag
dokusu herhangi bir kontaminasyona karsi bircok kez
antibiyotik iceren fosfat tamponunda yikanmistir. Yag
dokusu kucuk parcalar seklinde kesilerek %0,075 tip
1 kollajenaz / 10 mL Ca*? icermeyen fosfat tamponu
icinde bir orbital calkalayic1 cihaza sabitlenerek
37 °C’de 60-90 dakika inkubatorde bekletilmistir.
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inkiibbasyon  sonunda tiipler  dokunun

parcalanmasi icin calkalanmis, Uzerine esit miktarda

iyice

fosfat tamponu eklenmis ve homojenize edildikten
sonra 1800 rpm’de 10 dakika santrifuj edilmistir.
Santrifiij sonrasi sipernatant (yag hicreleri ve
yikama sivisi) uzaklastinlmistir. Elde edilen hiicreler
70 pm’lik steril slizgecten gecirilmistir. Suzgecten
gecen hiucreler ve doku parcalar; a-minimum
esansiyel ortam (a-MEM), %15 fetal bovine serum
(FBS), %0,1

hicre kiltur ortaminda,

penisilin-streptomisin iceren iceren
kaltar

kabina aktanlmistir. 72 saat sonra kullanilmis ortam

25 cm? vyiizeyli

degistirilmistir. Hiicrelerin Uremesine gore kiltir
kabinin %75’i kaplandiktan sonra pasaj yapilmistir.
Huicreler %10 FBS ve %1 penisilin-streptomisin iceren
MEM (fenol kirmizisi icermeyen) besiyerinde 37 °C
ve %5 CO,’li ortamda inkibe edilmistir. KP ve NK
inhibitorleri ile ayrn ayn veya kombinasyonlan ile
muamele edilmistir. Daha sonra bu hucreler petri
kabinda %70’lik yayilma gosterdikten sonra 24 saat
boyunca besiyerinde (serum icermeyen) tutularak
muameleleri gerceklestirilmistir.

Kemik iliginden MKH eldesi ve hiicre kiiltiirii

Femur ve tibiadan MKH eldesi
(22).
temizlenmistir. Fosfat tamponu iceren baska bir kaba

saglanmistir

Kemikler kas tabakasindan olabildigince
aktanlmistir. insiilin enjektorleri hiicre kiiltiir ortam
ile doldurularak hazirlanmistir. Kemiklerin sirasiyla
epifiz uclan kesilmistir. Epifiz ucu kesilen kemikten
ic bosluktan insulin enjektoru icerisindeki hiicre
kultur ortam basincla akitilmistir. Tum kemik ilikleri
ayni tipe toplanmis, 1000 rpm‘de +4°C’de 5 dakika
santrifuj edilmistir. Supernatant uzaklastinldiktan
sonra hiicreler 15 adet 25 cm? yiizeyli kiiltir kabina
2,5 mL olacak sekilde aktanlmistir. Uzeri ortam ile
5 mlye tamamlanmis ve 37 “C’de %5 CO,’li %99
oraninda nem saglayan inkiibatore kaldinlmistir.

Akim sitometrisi ile MKH analizi

Hucre ortami atilip fosfat tamponlu salin (PBS) ile
yikandiktan sonra yogunlugu %85’e ulasinca tripsin
ile kaldinlmistir. Hiicre ortam1 eklenerek tripsin
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inaktive edilmistir. Hucreler suspansiyon seklinde
santrifuj tipunde toplanmis ve 5 dakika 300-400 g’de
santrifij edilmistir. Santrifiijden sonra hiicre pelleti
fosfat tamponu ile durulanms ve yeniden pellet
haline getirilmistir. Supernatant uzaklastinlmis ve
pellet fosfat tamponunda tekrar stispanse edilmistir.
Hiicre sayim yapilmis ve ardindan hiicreler soguk
fosfat tamponu icinde 10¢-107 hiicre olacak sekilde
seyreltilmistir. Seyreltmeden sonra 100 pL hacimde
10°-107 hiicre olacak sekilde floresan aktive hicre
ayirma tupine (FACS) alinmistir. Antikor eklenmis
ve karanlikta 30-60 dakika 4°C’de inkiibe edilmistir.
Hiicreler santrifiijlenmis ve soguk fosfat tamponu ile
yikanmistir. Hucreler 100-200 pL FACS solusyonu ile
yeniden siispanse hale getirilmis, karanlikta 4°C’de
saklanmis ve 24 saat icinde analizi yapilmistir.
Ornekler akim sitometrisi cihazi ile MKH vyiizey
belirtecleri acisindan analiz edilmistir. Pozitif marker
olarak CD90, CD29 ve negatif marker olarak CD45
secilmistir.

RNA izolasyonu, cDNA eldesi ve gen ekspresyonu

Total RNA izolasyonu TRizol (Sigma-Aldrich,
Waltham, ABD) reaktifi kullanmlarak saglanmistir
(23). cDNA eldesi icin 10XRT Buffer (2 pL), dNTP (0.8
pL), primer (2 pL), enzim (1 pL), deiyonize su (4,2
pL)’dan olusan bir karnisim hazirlanmis ve ependorf
tiiplere dagitildiktan sonra RNA eklenmistir. Daha
sonra ornekler termal cycler cihazina yiiklenmistir. iki
mikrolitre cDNA ve Tagman master mix (Thermofisher,
Waltham, ABD) kullanilarak gercek zamanli polimeraz
zincir reaksiyonu (RT-PCR) ABI 7500 PCR sisteminde
(AppliedBiosystems, Waltham, ABD) MKH’lerin KP,
NK ve reseptorlerinin ekspresyon seviyeleri tespit
edilmistir. Reaksiyon 50 °C’de 2 dk ve 95 "C’de 10
dk, takiben 40 dongu olarak gerceklesmistir. 95 *C’de
15 sn ve 60 °C’ 1 dk olarak inkube edilmistir. Kalip ve
enzim icermeyen kontroller kullanilarak genomik DNA
varlig1 ve reaksiyon 6zgiilligli kontrol edilmistir.

istatistiksel analiz

Gen ifadelerinin analizi, lic bagimsiz tekrarli
deneyin sonucunda elde edilen Ct (dongi esik)



degerlerinin  ortalamast  alinarak  yapilmistir.

Bu calismada B-actin geni referans gen olarak
kullamlmistir. Oncelikle arastirilmak istenen ilgili
genin Ct degeri, referans genin Ct degerinden
cikartilarak normalize edilmis ve delta Ct (ACt)
degeri hesaplanmistir. Sonrasinda kontrol grubunun
ACt degerleri, deney grubunun ACt degerlerinden
cikartilarak AACt degeri bulunmustur. Gen ifadelerinin
kat cinsinden artan ya da azalan degerleri 24
olarak hesaplanmistir. Gen ekspresyon bulgularimizin
istatistiksel analizi “StatView 5.0” istatistik program
paketi (SAS Institute, Cary NC, USA) kullanilarak
yapilmistir. Her bir genin kendi icerisindeki farkli
pasajlardaki ekspresyonlarinin karsilastirilmasinda
Welch paired t-testi kullamilmistir. Anlamliik a=0,05
ve B=0,20 olarak kabul edilmistir. Sekil 1 ve Sekil 2’de
mRNA degerleri ortalama + SEM (Standart error mean:
standart hata ortalamasi) olarak ifade edilmistir
(n=3).

Bucalisma, Cukurova Universitesi Hayvan Deneyleri

Yerel Etik Kurulu’nun onayr ile gerceklestirilmistir
(Tarih:04.11.2019, Karar no: 3).

BULGULAR

Kiiltiirii yapilan kemik iligi ve adipoz dokuya ait
hiicrelerin side scatter/ forward scatter (SSC/FSC)
akim sitometri analizleri gerceklestirilerek pozitif
(CD29 ve CD90) ve negatif (CD 45) yuzey belirtecleri
ile MKH olduklan tespit edilmistir (Sekil 3a, 3b).

Kemik iligi kaynakli MKH’lerin Real-time PCR
sonuclarinm degerlendirdigimizde, dordiincii pasaja
kiyasla altinci pasajda KP reseptor gen ifadesinin 14
kat, yedinci pasajda ise 29 kat artig1 gozlemlenmistir
(p<0,05). Tasikinin geninde dordiincu pasaja kiyasla
besinci pasajda gen ifadesinin neredeyse tamamen
(p=0,05).
reseptor geninde, besinci pasaj baz alindiginda ise

baskilandig1  g6zlemlenmistir Tasikinin
altinc1 pasajda gen ifadesinin tamamen indiiklendigi
gozlemlenmistir (p<0.05) (Sekil 1).

Kisspeptin Reseptor Geni Tasikinin Geni Tasikinin Reseptor Geni
35,000 * % 1,200 2 1,200
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Sekil 1. Kemik iligi kaynakli MKH’lerin Real-time PCR sonuclarinin degerlendirilmesi
(*p=<0,05 Welch paired testi. Veriler ortalama+SEM olarak ifade edildi (n=3).
Tasikinin Reseptor Geni wwe  Tasikinin Geni Kispeptin Reseptor Geni Tasikinin Reseptor Geni
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Sekil 2. Adipoz doku kaynakli MKH’lerin Real-time PCR sonuglarinin degerlendirilmesi
(*p=<0,05 Welch paired testi. Veriler ortalama+SEM olarak ifade edildi (n=3).
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MKH’ Real-time PCR
sonuglarint degerlendirdigimizde, dérdiincii pasaja

Adipoz doku kaynakli

kiyasla besinci pasajda tasikinin reseptor gen
ifadesinin 15 kat, tasikinin gen ifadesinin 30 kat,

yedinci pasajda ise KP reseptor gen ifadesinin uc

[Ungated] FSC-A / SSC-A

{A] CD29 FITC-A / CD90 PCS.5-A

kat artig1 gozlemlenmistir (p<0,05). Besinci pasaja
kiyasla ise yedinci pasajda tasikinin reseptor gen
ifadesinin 40 kat artigi gozlemlenmistir (p<0.05)
(Sekil 2).

~[A] CD29 FITC-A / CD45 PE-A

10+ C-+: 0.06%] -1 3,345 |
10
10° :‘.“ < C--: 0.82%
< w w
o g : 10°
10°4 o o
1074
C
5 oy r ' T -r oy 10 ey
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FSC-A CD29 FITC-A CD29 FITC-A

Sekil 3a. Graniilitesi SSC ve biytiklugu FSC olarak kemik iligi orjinli MKH’lerin genel popiilasyonunun degerlendirilmesi (a),
kullanlan pozitif ylizey belirteglerinin (CD90, CD29) MKH oldugunun tespiti (b), kullanilan CD45 ve CD29 yiizey belirteglerinin

yogunlugu (c).

FSC-A
b [Ungated] FSC-A / SSC-A 1oro [A] CD29 FITC-A / CD90 PC5.5-A .. [A] CD29 FITC-A / CDA45 PE-A
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7 3
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Sekil 3b. Graniilitesi SSC ve bilyiikliigli FSC olarak adipoz doku orjinli MKH’lerin genel popiilasyonunun degerlendirilmesi
(@), kullanilan pozitif yiizey belirteclerinin (CD90, CD29) MKH oldugunun tespiti (b), kullanilan CD45 ve CD29 yiizey

belirteglerinin yogunlugu (c).
TARTISMA

Mezenkimal stromal hiicreler olarak da bilinen
MKH’ler, osteoblastlar, kondrositler, miyositler ve
adipositler dahil olmak Uzere cesitli hiicre tiplerine
farklilasabilen multipotent stromal hucrelerdir
(24). MKH’lerin puberte anomalileri dahil cesitli
hastaliklarla iliskisi gosterildikten sonra bu alandaki
calismalar hiz kazanmistir (7-17). Ancak ne dinyada

ne de iilkemizde hem kemik iligi hem de adipoz doku
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kaynakli MKH’lere ait KP ve NK genlerinin birlikte
arastinldig1 bir calismaya rastlanmamistir. Ozellikle
bu genlerin arastirilmasinin nedeni KP ve NK’nin,
treme ve sinir sistemi de dahil olmak Uzere cesitli
fizyolojik sureclerde rol oynayan sinyal molekiller
olmalandir. Bu calismada, kemik iligi ve adipoz
doku hiicrelerinden izole edilen MKH’lerin KP ve
NK genlerini ve reseptorlerini eksprese etmeleri
ve bu genlerin puberte, hipogonadizm gibi lireme
sistemi Uzerindeki anahtar rolleri nedeniyle Ureme



sisteminde meydana gelen hastaliklar ile muhtemel
iliskisi arastirilmas1 amaclanmistir.

Calismamizda, hem kemik iligi hem de adipoz
doku orjinli MKH’lere ait KP gen ifadesi hicbir pasaj
grubunda ifade olmasa da KP reseptor gen ifadesi
ise pasaj sayisiyla korele bir sekilde artmistir.
Yapilan calismalarda da KP ve reseptorlerinin
(25-27)
dogrudan pasaj sayisiyla iliskisi irdelenmemistir.

puberte ile iliskisi arastinlms olsa da
Gottsch ve ve ark. (25), fareler uzerinde yapmis
olduklarn  calismada;  gonadotropin
KP’lerin
Arastirmacilar KiSS-1 mRNA dagiliminin  haritasin
KiSS-1 mRNA’nin

periventrikiiler cekirdek, periventrikuler cekirdek

salgisinin

diizenlenmesinde rolinl  arastirmistir.

cikarmislar  ve anteroventral
ve kavisli ¢cekirdek dahil olmak uzere gonadotropin
salgilanmasinin noroendokrin diizenlemesinde vyer
alan hipotalamus alanlarinda eksprese edildigini
gozlemlemislerdir. Ayrica, bu calismada Kisspeptin-54
veya Kisspeptin-10’un intraserebroventrikiler (ICV)
olarak verildiginde, luteinlestirici hormon (LH) ile
folikil
gosterilmistir (25). Diger noropeptidler icin tam doz-

uyarici hormon (FSH) salinimin1 uyardig
yamt egrilerini ve bunlarin yetiskin erkek farede

LH salgilanmasi uUzerindeki etkilerini gosteren,
dogrudan karsilastirilabilir hicbir calisma literatiirle
paylasilmamistir. Baska bir calismada ise, Voigt ve ark.
(26), yliksek lireme yetenegine sahip disi Damaraland
kostebek farelerinde KP ve RFamid gen ifadesini
incelemislerdir. RFamid peptidi, KP ve RFamid ile
ilgili peptid-3 (RFRP -3) gonadotropin salimminin
guclu duzenleyicileri olarak kabul edilmektedir.
Arastirmacilar bu calismalarinda Kiss1 ekspresyonu
anlamli derecede yuksek bulmustur (26). Yapilan
baska bir calismada ise anne sutunden elde edilen
MKH’lerin erkek sicanlardaki Kisspeptin/Kiss1r-GnRH/
GnlH sistemi Uzerindeki etkisi arastinlmistir (27).
Her ¢ calismada KP ve reseptorlerinin noroendokrin
ureme eksenini yoneten hipotalamik devrenin bir
parcast oldugu sonucuna varilmistir. Ancak, bu
calismalanin hicbirinde pasaj sayilanyla iliskileri

arastinlmamis, ayrica NK geni ya da reseptorleriyle

de birlikte degerlendirilmemistir.
MKH’lerin
ifadelerinin

Calismamizda, kemik iligi kokenli
NK ve
sayisiyla birlikte korele bir sekilde azaldigi, adipoz
doku kokenli MKH’lerin ise NK

korele bir sekilde arttigi sonucuna ulasilmistir.

reseptorlerinin  gen pasaj

reseptorlerinin

Voigt ve ark. (28), Damaraland kostebek fareleri
tizerinde yaptiklan bir diger calismada; reprodiiktif
sistemle ile iliskili dinorfin ve Tac3 geni tarafindan
ifadeleri
GnRH

bozulmas1 LH hormonunun yetersiz salgilanmasina

kodlanan NK B’nin gen incelenmistir.

Hipotalamustan  normal sekresyonunun

neden olmaktadir. Dolayisiyla gebelik engellenir.
Dinorfin ve NK B, KP ile birlikte eksprese edilir. Bu
noron popilasyonu KNDy noronlar olarak adlandinlir.
Arastirmacilar dinorfin ekspresyonunun azaldigini ve
Tac3 ekspresyonunun arttigini gostermislerdir. Her
iki noropeptidin de Damaraland kostebek farelerinde
tremenin diizenlenmesinde rol oynadig1 bildirilmistir.
KNDy néron agindan dinorfin salinimi, GnRH salinimin
durdurma sinyali olarak islev gormektedir. Calisma
sonuclari, Uremeyen disilerde normal pulsatil GnRH
salimminin  bozuldugunu, bunun nabiz genligini,
frekansin1 veya her ikisini birden etkileyebilecegini
gostermistir. Bu calisma noropeptidlerin pubertal
bozuklarin gelisim sureclerindeki etkilerinin ne kadar
onemli oldugunu vurgulamistir (28). Calismamizda da
benzer sekilde Uremenin diizenlemesinde ve puberte
bozukluklarinda one cikan genlerin MKH’de ifadesi
arastinlmistir.

Jeon ve ark. (29), 2016 yiinda yaptiklar calismada
ise insan kemik iligi, plasenta ve yag dokusu dahil
olmak Uzere farkli kaynaklardan gelen MKH’leri

fenotip, yuzey antijen ekspresyonu, farklilasma
yetenegi, proteom referans haritasi ve kan akisi geri
kazamimi acisindan karakterize etmislerdir. MKH’lerin
benzer fenotipik ve ylizey antijeni ekspresyonuna
sahip olmalarina ragmen hiicresel kaynaga bagli
olarak ayirt edici farklilasma potansiyellerine sahip
olduklarin1 belirtmislerdir. Bu calismada, hiicre
kulturi asamasinda Ucuncu ve dorduncu pasajlar

kullanilmisken, calismamizda ise dordiincii, besinci ve
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altinc pasajlar kullanarak MKH elde edilmistir. Ayrica
bu calismada, flow sitometride CD73, CD90, CD105,
CD44 ve (D45 yiizey antijenleri kullanmlmisken,
calismamizda CD90, CD45 ve CD29 yuzey antijenlerini
kullanilarak flow sitometrisinde elde ettigimiz kok
hiicrenin MKH olup olmadig tespit edilmistir. Yusop
ve arkadaslar1 2017 yiinda yaptiklar ¢alismada sican
kemik iliginden ve kompakt kemik hiicrelerinden
MKH izole etmisler ve osteojenik/adipojenik dokuya
farklilasmasin1 incelemislerdir (29). Arastirmacilar
MKH’lerin

goriintiilemisken, bizim yaptigimiz calismada ise

yuzey Dbelirteclerini  agoroz jelde

yuzey belirtecleri flowsitometride incelenmistir.
Patki ve ark. (30), da farkli dokulardan elde

MKH’lerin

olmadigim arastirmislardir. Davies ark., (31) ise 2015

edilen multipotent  oOzellikte olup
yilinda adipoz ve kemik iligi MKH’lerinin izolasyonu,
osteojenik ve adipojenik farklilasma kapasitelerini
calisma yapmislardir.

Ghorbani ark., (32) yaptiklarnn baska bir calismada,

degistirmesi lizerine  bir
enzimatik yontem kullanmadan adipoz dokudan
MKH izole etmislerdir. MKH’lerin pluripotente ve
adiposite ve osteoblasta farklilasma potansiyeli
sergiledigini gostermislerdir. Enzimatik yontemin
maliyetli, zaman alic1 olmasi ve heterojen bir hiicre
populasyonu ile sonuclanmasi nedeniyle tercih
Ayrica hucre kilturinde DMEM’i

Calismamizda;

etmemislerdir.
kullanmislardir. enzimatik yontem
kullanarak adipoz dokudan MKH elde edilmis ve
hiicre hasar1 ya da kontaminasyon gozlenmemistir.
Aynica hucre kilturinde a-MEM’i tercih edilmistir. Bu
calismalarda da flowsitometri kullanilsa da herhangi
bir gen ekspresyonuna bakilmamistir.

Yapilan bir diger calismada ise 43 yetiskin donorden
alinan kemik iligi ve adipoz doku kiiltiirlerininin ardisik
pasajlarda  imminofenotiplendirmesi  yapilmistir
(33). Erken pasajlarda (ikinci, uUclincu pasaj veya 14-
15 giin), kemik iligi ve adipoz dokudan tiiretilen MKH
kilturlerinin cogalma hmzim da karsilastirmislardir.
Kemik iliginden elde dilen MKH’lerin iiciinci-
dordiincii  pasajdan sonra yaslanmaya girdigini,

adipoz dokudan elde edilen MKH’lerin cogunun ise

10
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altinci-sekizinci pasaja kadar yaslanma ozellikleri
gostermedigini tespit etmislerdir (33). Kemik iligi ve
deri alt1 yag dokusu, terapotik uygulamalar icin olasi
MKH kaynaklar olarak kabul edilmektedir. Bununla
birlikte,
edilen MKH’nin fonksiyonel ozellikleri ve terapotik

ayn1 hastanin farkli dokularindan elde

etkinligi hala yeterince arastinlmamistir.  Bu
sonuglar, MKH’lerin ¢ogaltilmasi ve degerlendirilmesi
acisindan uygulamada ozel protokoller gelistirmek
ve optimize etmek icin farkli kaynaklardan gelen
MKH’nin de belirli 6zelliklerinin her zaman dikkate
alinmasi gerektigini géstermektedir.

Farkh MKH’lere ait KP ve NK gen

ekspresyonlarinin pasaj sayisiyla iliskisinin incelendigi

orjinli

ilk calisma ozelligi tasiyan calismamiz sonucunda
dikkat cekici sonuclara ulasilmistir. Kemik iliginden
elde edilen MKH’lere ait KP reseptor gen ifadesi
incelendiginde referansimizi pasaj (P) P4 alarak P6
ve P7 ile kiyaslandiginda pasaj sayisinin arttikca gen
ifadesinin de artig1 sonucuna ulasilmistir. Tasikinin
geninde ise P4 grubu referans alindiginda P5
neredeyse tamamen baskilanmistir. Tasikinin reseptor
geninde ise P5 grubu referans alindiginda Pé 6rnekleri
tamamen baskilanmisti.  Calismamizin  sonuclan
tasikinin ve reseptoriiniin korele bir sekilde azaldiginm
gostermistir. Adipoz dokudan elde edilen MKH’lere
ait KP reseptor geni icin P4 referans aldiginda P7
grubunun gen ifadesinin lic kat arttigi sonucuna
ulasilmistir. Tasikinin geninde ise P4 grubu referans
alindiginda P5 grubunun gen ifadesinin 30 kat arttig
belirlenmistir. Tasikinin reseptor geninde ise P4 grubu
referans alindiginda P5 grubu gen ifadesinin 15 kat; P5
grubu referans alindiginda P7 grubu gen ifadesinin 40
kat indiiklendigini gbzlemlenmistir. Bu sonuclar da KP
reseptor geni, tasikinin ve tasikinin reseptor genlerinin
ilerleyen pasajlardaki ifadelerinin korele bir sekilde
artigin gostermistir. Hem kemik iligi hem de adipoz
yag doku orjinli MKH’lere ait KP geni ise calisilan
hicbir

kisitlayan en onemli nokta MKH’ye ait farkli bir gen

grupta eksprese olmamistir. Calismamizi

ifadesine bakilamamasi ve ayrica bu genler protein
diizeyinde calisilmasin disundirmustar.



Sonu¢ olarak; kemik iligi ve adipoz doku gibi
bulunmas1 ve elde edilmesi kolay olan dokulardan
MKH elde edebilmenin ileriki donemler icin tip
diinyasina bir 151k tutacagi dustnilmistir. Ayrica
puberte donemine geciste cok onemli goreve sahip

TESEKKUR

olan KP ve NK genlerinin ifadelerini incelerken pasaj
sayilarina dikkat edilmesi, kullanilacak pasajdaki gen
ifadeleri goz onunde bulundurularak pasaj sayisinin
secilmesi gerektigi kanaatine varilmistir.
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Klebsiella pneumoniae suslarinda kolistin direncinin
saptanmasinda otomatize sistemlerin sivi mikrodiliisyon ile
karsilastirilmasi
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OZET
Amac: Coklu ila¢ direncine sahip Klebsiella
pneumoniae suslarinda kolistin direncinin

saptanmasinda otomatize sistemler altin standart
yontem olan sivi mikrodilisyon yontemine gore hatali
sonuclar vermektedir. Otomatize sistemlerin kolistin
direncini dogru saptamasiyla ilgili kiyaslama yapilan
calismalar literatirde kisithidir. Bu calismada; Uc
yillik donemde cesitli klinik orneklerden izole edilen
K.  pneumoniae suslarinda kolistin duyarliliklarin
belirlenmesinde sivi mikrodiliisyon yontemi referans
alinarak Vitek2 Compact otomatize sistemi ve
Phoenix otomatize sisteminin duyarlilik sonucglarinin

karsilastirilmas1 amaglanmistir.

Yontem: K. pneumoniae suslarimin tanimlanmasi
konvansiyonel mikrobiyolojik yontemler ve otomatize
bakteri (Vitek2
Marcyl’Etoile, Fransa) ve Phoenix otomatize sistem
(Bectondickinson, M50 , ABD)

tanimlama  sistemi bioMérieux,
kullanilarak yapilmistir.

Antibiyotik duyarlilik testleri de yine aynm cihazlarla

ABSTRACT

Objective: In the detection of colistin resistance
in Klebsiella pneumoniae strains with multidrug
resistance, automated systems give more erroneous
results than the gold standard method, the liquid
microdilution method. Comparative studies on the
correct detection of colistin resistance by automated
systems are limited in the literature. In this study;
it is aimed to compare Vitek2 Compact and Phoenix
automated systems by using liquid microdilution
method in the determination of colistin susceptibility
in K. pneumoniae strains isolated from various clinical

specimens over a three-year period.

Methods: I|dentification of K. pneumoniae strains
was performed using conventional microbiological

methods and automated bacterial identification
systems which are Vitek2 (bioMérieux, Marcyl’Etoile,
France) and Phoenix (Becton dickinson, M50 , USA).
Antibiotic susceptibility tests were also performed with

the same devices. Colistin sensitivity was determined
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yapilmistir.  Kolistin  duyarligi ise hem otomatize
yontemlerle hem de sivi mikrodilisyon yontemi ile es

zamanli olarak belirlenmistir.

Bulgular: Calismamzda; Vitek2 otomatize sistem
icin Kategorik Uyum (KU) oran1 %93,71 , Cok Buyik Hata
(CBH) oram %6,89 , Buyiik Hata (BH) orani ise %1,41 tespit
edilmistir. Phoenix otomatize sistem icin ise KU orani
%95,05, CBH orani %3,44, BH oran ise %1,50 olarak tespit
edilmistir. Vitek2 icin; 6zgiilliik %86,10, lambda degeri ise
0,82, kappa degeri 0,83 olarak tespit edilmistir. Phoenix
icin ise; ozglillik %88,20, lambda degeri ise 0,82, kappa
degeri 0,87 olarak tespit edilmistir.

Sonug: K. pneumoniae icin kolistin duyarliliginin
saptanmasinda Phoenix otomatize sisteminin Vitek2
otomatize sisteme gore referans yontemle daha uyumlu
oldugu tespit edilmis olup, bu konuyla ilgili destekleyici

cok merkezli daha fazla ¢alismaya ihtiyag vardir.

Anahtar Kelimeler: Vitek2, Phoenix, kolistin, direnc

simultaneously with both automated methods and liquid

microdilution method.

Results: In our study, for the Vitek2 automated
system, the Categorical Agreement (CA) ratio is 93.71%,
the Very Major Error (VME) rate is 6.89%, and the Minor
Error (ME) rate is 1.41%. For the Phoenix automated
system, the CA ratio is 95.05%, the VME rate is 3.44%,
and the ME rate is 1.51%.Vitek2; specificity is 86.10%,
lambda value is 0.82, and kappa value is 0.83. For the
Phoenix system, specificity is 88.20%, lambda value is
0.82, and kappa value is 0.87.

Conclusion: In determining colistin susceptibility
for K. pneumoniae, the Phoenix automated system
was found to be more compatible with the reference
method than the Vitek2 automated system, and more
supportive multicenter studies are needed on this

subject.

Key Words: Vitek2, Phoenix, colistin, resistance

GIRIS

Coklu
suslarinin goriilme sikligi diinya genelinde artmaktadir.

ilac direncine sahip K. pneumoniae
Karbepenem direncli K. pneumoniae (CRKP) saglik
hizmetli iliskili enfeksiyonlara siklikla yol acabilmekte
ve mortalitesi yiiksek salginlara neden olabilmektedir
(1). Karbapenem direncli suslar, tim beta laktamlara
in vitro direncli olup, genelde kinolon direncine de
sahip olduklar icin bu hastalarda son secenek olarak
kolistin tercih edilmektedir. Bundan dolay1 artan
kolistin direnci, bu vakalarin yonetimi acisindan
oldukca onemli bir sorun olarak gorulmektedir.
Plazmit aracili direncin kolay yayilabilme potansiyeli
nedeniyle kolistin direnci kiiresel bir sorun haline
gelmistir (2).

disk
difizyon yontemi, gradient difuzyon yontemi ve

Kolistin  duyarliigin  belirlenmesinde;

otomatize sistemlerin kullanilabilmesinin yani sira,
Klinik Laboratuvar Standartlar1 Enstitlisi (CLSI) -
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Avrupa Antimikrobiyal Testleri
(EUCAST)in  aldigr

Enterobacteriaceae, P. aureginosa ve Acinetobacter

Duyarlilik

Komitesi ortak bir Kkararla,
spp.’de kolistin duyarliiginin calisilmasinda en
guvenilir yontemin Mueller-Hinton buyyonda s
mikrodiliisyon (BMD) yontemi oldugu ve duyarliliklarin
BMD

belirtilmistir

belirlenmesinde yonteminin  kullanilmasi

3).

yontemi otomatik yontemlere gore calismasi daha

gerektigi Sivi mikrodillisyon

zahmetli yontemdir. Bu nedenle standardizasyon
ve karsilastirmali calismalarin yapilmasina ihtiyag
duyulmaktadir.

Bu calismada; iic yillik periyotta hastanemiz
izole edilen K.

klinik orneklerinde pneumoniae

suslarinda  kolistin duyarliliklarin belirlenmesinde
sivi mikrodilisyon yontemi referans alinarak Vitek2
Compact otomatize sistemi ve Phoenix otomatize
sisteminin duyarlilik sonuclarinin karsilastirilmasi

amaclanmistir.



GEREC ve YONTEM

Erbakan Universitesi
Fakiiltesi Tibbi Mikrobiyoloji Laboratuvarina Mayis
2019 - Ekim 2022 yillan arasinda kabul edilen klinik

orneklerden izole edilen K. pneumoniae suslan

Necmettin Meram Tip

calismaya dahil edilmistir. Ayn1 hastanin birden fazla
orneginde ireyen izolatlann ilki calismaya dahil
edilmistir.  Suslarin  tamimlanmas1  konvansiyonel
mikrobiyolojik yontemler ve otomatize bakteri
tanimlama sistemi Vitek2 (bioMérieux, MarcyL’Etoile,
Fransa) ve Phoenix otomatize sistem (Becton
dickinson, M50, ABD) kullamlarak yapilmis olup,
antibiyotik duyarlilik testleri de yine ayni cihazlarla
calisilmistir.  Kolistin duyarligi ise hem otomatize
yontemlerle hem de sivi mikrodiliisyon yontemi
ile es zamanli olarak belirlenmistir. Calismamiza
dahil edilen suslarin kolistin duyarliklar1 EUCAST
kriterlerine gore Enterobacteriace spp. icin minimum
inhibitér konsantrasyon (MiK) degeri >2 pg/mL ise
kolistine direncli kabul edilmistir (4). Antibiyotik
duyarliik testleri Ekim 2019- Mayis 2022 yillan
arasinda Phoenix ve Vitek2 otomatize sistem ile
calisiltmis fakat kolistin duyarliigi sivi mikrodiliisyon
testine gore bildirilmistir.

Orneklem blyiikligi icin G power 3.1 analizi
kullanilmis olup beklenen ve gozlenen degerler
olusturulmustur. Program uzerinden ki-kare goodness
testi kullanilarak hesaplamalar yapilmis olup alfa
degeri 0,05 alinmistir. Affect size W degeri 493 ornek
olan grupta 0,84; 465 ornek olan grupta ise 0,87
olarak bulunmustur. Beta degeri 1 olarak saptanmis,

calismanin gucu %100 olarak hesaplanmistir.

Sivi Mikrodillisyon Yontemi

Kolistin sulfat tozu Sigma (St Louis MO, USA)
temin edilmistir. 128 mg/L konsantrasyonda stok
soliisyonlar1 elde edilmistir. izolatlar stok soliisyon
dillisyonu yapildiktan sonra uygun konsantrasyonlarda
mikropleytlere eklenmistir.  Sivi mikrodiliisyon
yontemi, ISO kriterlerine uygun olcak sekilde 96

kuyucuklu polistiren iceren steril pleytlerde BBL

Mueller Hinton Il broth (Becton Dickinson) kullanilarak

yapilmistir.  Stok solusyonlardan seri dilusyonlar
(0,32-32 mg/L) yapilmistir. Son kuyucuk kontrol
olarak degerlendirilmistir. Tim izolatlardan 0,5
McFarland olcak sekilde suspansiyon hazirlanmistir.
Ardindan mikrodilusyon plaklarina 5x10% cfu/mL
bakteri konsanstrasyonu eklenip mikropleytler
36°C’de 18-24 saat inkube edilmistir. Negatif kontrol
olarak Escherichia coli ATCC 25922 susu, pozitif
kontrol olarak Escherichia coli NCTC 13846 susu

kullanmlmistir.
istatistiksel Analiz

Otomatize sistemlerin sivi mikrodiliisyon yontemi

referans alinarak  yapilan
(KU)
Kategorik uyum; test susunun EUCAST kriterlerine

gore yorumlanan duyarliik sonuclarinin (duyarli,

karsilastinlmasinda

kategorik uyum oran1 dikkate alinmstir.

orta duyarli, direncli) uyumu olarak tanimlanmistir.
Buyuk hata (BH) bir antibiyotik duyarlik testinde
direncli, referans testinin duyarli sonuc¢ vermesi;
cok blyik hata (CBH) ise bir antibiyotik duyarlilik
testinde duyarli
sonu¢ vermesi olarak tanimlanmistir (5).

iken referans testinin direncli
Referans
testi olan sivi mikrodiliisyon sonuclanyla, Vitek2
ve Phoenix sonuclarn karsilastinlip; KU, CBH ve BH
oranlari hesaplanmistir.  Uluslararast Standartlar
Teskilat1 (ISO) tarafindan belirlenen kriterlere gore
kabul edilebilir performans, KU icin >%90; CBH ve
BH’ler icin <%3 olarak belirlenmistir (6). Mikrotip
dilisyon yontemiyle; Vitek2 ve Phoenix otomatize
duyarlilik

karsilastirmak icin SPSS programi kullanilarak kappa

sistemlerinin kolistin sonuclarim
ve lambda degerleri hesaplanmistir. Ayrica, mikrotiip
dilisyon yontemiyle; Vitek2 ve Phoenix otomatize
sistemlerinin  kolistin duyarlilik sonuclar ki-kare
testi kullanilarak kiyaslanmisti. Hem Vitek2 hem
Phoenix otomatize sistemi icin; duyarlilik, ozgulluk,
negatif prediktif deger, pozitif prediktif deger ve
dogruluk degerleri Excell programiyla hesaplanmistir.
Vitek2 ve Phoenix icin guven araliklari ayrn ayri

hesaplanmistir.
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Bu calisma, Necmettin Erbakan Universitesi ilag
ve Tibbi Cihaz Dis1 Arastirmalar Etik Kurulu’nun onayi
ile gerceklestirilmistir (Tarih:10.02.2023, Karar no:
2023/4179).

BULGULAR

Calismaya alinan suslardan 493 K. pneumoniae
susunin kolistin duyarliliklar Vitek2 otomatize sistem

Tablo 1. K.pneuomoniae izole edilen drneklerin dagilimi (%)

ve sivi mikrodilusyon yontemiyle calisilmistir. Es
zamanli olarak 493 K. pneumoniae susunun 465’i
ise Phoenix otomatize sistem ve sivi mikrodiliisyon
yontemiyle calisilmistir. 28 K. pneumoniae susu
ise ihale doneminde baska bir otomatize cihaza
gecilmesinden dolay1 Phoenix ile sivi mikrodiliisyon
karsilastirilmasina dahil edilmemistir.

K. pneumoniae izole edilen drneklerin dagilimina
Tablo-1’de yer verilmistir.

Ornek cesidi Yiizde
Bronkoalveolar lavaj %43,82
Kan %22,69
Yara %11,61
idrar %9,83
Drenaj %4,18
Kateter (intravaskiiler) %2,61
Balgam %2,09
Apse %1,35
Beyin omurilik sivisi %0,5
Bogaz siiriintiisli %0,5
Periton sivisi %0,3
Plevra sivisi %0,2
Vajen suriintusi %0,2

Calismamizda  Vitek2  otomatize
elde edilen sonuclara gore 493

sistemde
izolatin 219’u
kolistin direncli (%44,4) olarak saptanmistir. Sivi
mikrodilusyon yontemi ile elde edilen sonuclara
gore de 493 izolatin 246 (%49,89)’s1 kolistin direncli
olarak bulunmustur. Sivi mikrodilisyon yontemi
ve Vitek2 otomatize sistemin ikisinin de beraber
kolistin duyarli saptadigi izolat sayis1 240 (%48,68)
olarak belirlenmistir. Sivi mikrodilisyon yontemi
ve Vitek2 otomatize sistemin ikisinin de beraber
kolistin direncli saptadigi izolat sayis1 212 (%43)
tespit edilmistir.

Sivi mikrodiliisyon yonteminin

kolistin duyarli, Vitek2 otomatize sistemin kolistin
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direncli saptadigi izolat say1s1 7 (%1,41) bulunmustur.
Stvi mikrodilisyon yonteminin kolistin direncli,
Vitek2 otomatize sistemin kolistin duyarli saptadig
izolat sayis1 34 (%6,89) oldugu goriilmistir. Ki-kare
testi sonucuna gore sivi mikrodilusyon ile Vitek2
yonteminin sonuclan arasinda istatistiksel derecede
anlamli bir fark bulunmustur (p<0,001). Ki-kare
testine gore anlamli bir fark olmasina ragmen Vitek2
testi altin standart sivi mikrodillisyon test sonuclarini
yiiksek derece dogru éngormektedir( lambda=0,824;
p<0,001). Vitek2 ve sivi mikrodillisyon test sonuclan
yiksek derecede uyumlu cikmistir (Kappa:0,834;
p<0,001).



sistemde
127’si
kolistin direncli (%27,31) olarak saptanmistir. Sivi

Calismamizda, Phoenix otomatize

elde edilen sonuclara gore 465 izolatin
mikrodilusyon yontemi ile elde edilen sonuclara
gore de 465 izolatin 136’s1 (%29,24) kolistin direncli
olarak belirlenmistir. Sivi mikrodiliisyon yontemi
ve Phoenix otomatize sistemin ikisinin de beraber
kolistin duyarli saptadigi izolat sayis1 322 (%88,21)
tespit edilmistir. Sivi mikrodilliisyon yontemi ve
Phoenix otomatize sistemin ikisinin de beraber
kolistin direncli saptadigi izolat sayis1 120 ( %25,8)
oldugu gorilmistir. Sivi mikrodillisyon yonteminin
kolistin direncli, Phoenix otomatize sistemin kolistin
duyarli saptadigi izolat sayist 16’dir (%3,44). S
mikrodilisyon yonteminin kolistin duyarli, Phoenix
kolistin saptadig

izolat sayisi ise 7 (%1,505) tespit edilmistir. Ki-kare

otomatize sistemin direncli
testi sonucuna gore sivi mikrodilisyon ile Phoenix
yonteminin sonuclari arasinda istatistiksel derecede
anlamli bir fark gorulmustur (p<0,001). Ki-kare
testine gore anlamli bir fark olmasina ragmen Phoenix
testi altin standart sivi mikrodillisyon test sonuglarin
yiiksek derece dogru ongormektedir( lambda=0,825;
p<0,001). Phoenix ve sivi mikrodillisyon test sonuclan

yuksek derecede uyumlu c¢ikmistir (Kappa:0,878;

p<0,001). Genel olarak, Phoenix ve Vitek2 otomatize
sistemleri altin standart sivi mikrodiliisyon yontemi
kadar iyi sonuc vermemesine ragmen ikisinin de sivi
mikrodilusyon yontemi sonucunu yiksek derecede
ongdérme ve uyum icinde oldugu saptanmistir. Phoenix
otomatize sistem sivi  mikrodilisyon sonucunu
ongormede ve uyum acgisindan Vitek2 otomatize
sistemine gore daha yuksek bulunmustur.

Tablo-2’de

mikrodilusyon , Vitek2 ve Phoenix otomatize sistem

kolistin  duyarliigi  icin  Sw

yontemlerinin  karsilastinlmasina yer verilmistir.
(%95 gliven araliklar degerlerine parantez icinde yer
verilmistir).

Vitek2 icin; duyarliik %97,1 (%95,1-99), ozgulluk
%86,1 (%84,1-88,0), negatif prediktif deger %96,8
(%94,8-98,7), pozitif prediktif deger %87,6(%85,6-
89,5), dogruluk orami %91,6 (%89,6-93,5), lambda
degeri ise 0,8 (0,6-0,9), kappa degeri 0,8 (0,6-0,9)
olarak tespit edilmistir.

Phoenix icin ise; duyarlibk %97,1 (%95,1-99),
ozglilliik %88,2 (%86,2-90,1), negatif prediktif deger
%94,5 (%92,5-96,4), pozitif prediktif deger %95,3
(%93,3-97,2), dogruluk oran1 %95 (%93-96,9), lambda
degeri ise 0,8 (0,6-0,9), kappa degeri 0,8 (0,6-0,9)
olarak belirlenmistir.

Tablo 2. Kolistin duyarliligi icin sivi mikrodiliisyon, Vitek2 ve Phoenix otomatize sistem yontemlerinin karsilastirilmasi

Yontem Direncli(%) Duyarli(%) KU BH CBH
S].\.” Mikrodilusyon %49,89 %50,11 Referans Referans Referans
Yontemi
Vitek2 Otomatize Sistem %44,42 %55,58 %93,71 %1,41 %6,89
Phoenix Otomatize sistem %27,31 %72,68 %95,05 %1.505 %3,44
TARTISMA
edilmektedir. CRE enfeksiyonlarinin tedavisinde
Coklu ilaca direncli organizmalar, kiiresel olarak  giicliikler yasanmaktadir ve simirli  antibiyotik

sagliksistemlerilizerindeartanbiryiikolusturmaktadir.
Karbapenem direncli Enterobacteriaceae (CRE) artik
diinya capinda rapor

secenekleri mevcuttur. Kolistin genelde CRE ile
meydana gelen enfeksiyonlarin tedavisinde son

secenek olarak kullanilan bir antimikrobiyal ajandir.
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Polimiksinler, yuksek nefrotoksisite ve
norotoksisite oranlarina iliskin endiseler nedeniyle
klinisyenler tarafindan daha az siklikla kullanilan
antibiyotiklerdendir (7). Ancak son yillarda artan
CRE enfeksiyonu oranlan nedeniyle polimiksinlerin
kullamimi  artmistir  (8). Bircok antibiyotigin
duyarliliklarin1 arastirmak icin cok degisik yontemler
kabul edilirken kolistin i¢in  durum farklilik
gostermektedir. Disk diflizyon yonteminin, kolistin
direncini tespit etmede giivenilir olmadigiyla ilgili
calismalar mevcuttur (9, 10).

Kolistin E-test sonuclarinin sivi mikrodiliisyon
yontemine gore %35,5 oraminda hatali sonuclar
verdigini tespit eden cesitli calismalar mevcuttur
(11). 2017 yilinda CLSI ve EUCAST tarafindan kolistin
duyarlilik testlerinde altin standart olarak sivi
mikrodilisyon yonteminin kullanilmas1 gerektigi
vurgulanmistir (12).

Antibiyotik  duyarlitiklarinin  belirlenmesinde,
otomatize yontemler MIK oranlarint bildirmesi
ve calisilmasindaki kolayliklardan dolayr bir cok
laboratuvarda tercih edilir hale gelmistir. Kiicik
laboratuvarlarda sivi  mikrodilisyon yonteminde
kaliteyi saglamak zordur. Ayrica egitimli teknik
personel yetersizligi ve sivi mikrodiliisyon yonteminin
rutin olarak uygulanamamasi nedeniyle yari veya tam
otomatik tanimlama/antimikrobiyal duyarlilik testi
(ID/AST) sistemlerinin kullanilmas1 yayginlasmistir.
Yogun bakim iinitelerinde siipheli sepsis tedavisi icin
kullanim1 artan kolistinin duyarliigin1 dogru tespit
etmek acisindan otomatize sistemlerin giivenilirliginin
sorgulanmas1 gerekmektedir (13). 2017 yilindaki
bir calismada; kolistin duyarlilik testi icin %36’lk
cok biiyiikk bir hata oramyla kolistin duyarliigim
tespit etmesinden dolay1 Vitek2 otomatize sistemin
glivenirliginin sorgulanmasi gerektigi belirtilmistir
(14). Baska bir calismada ise, Vitek2 otomatize sistem
tarafindan belirlenen kolistin MIK degerlerinin,
ozellikle Enterobacter cloacae ve Acinetobacter
baumannii kompleks izolatlari i¢in giivenilir olmadig
rapor edilmistir (15). Vitek2 otomatize sistem ve sivi
mikrodillisyon yonteminin karsilastirildigi baska bir
calismada ise KU oramim1 %96,7, CBH oranin %0, BH
oranini %3,3 olarak tespit edilmistir (16).

Calismamizda; Vitek2 ve Phoenix otomatize
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sistemleri kolistin duyarliiginda referans metod
kabul edilen sivi  mikrodilisyon yontemi ile
karsilastinlmstir.

Vitek 2 otomatize sistem icin KU oranm %93,71 ,
CBH oranm %6,89 , BH orani ise %1,41 bulunmustur.
Phoenix otomatize sistem icin ise KU oranm %95,05,
CBH oran1 %3,44, BH orani ise %1.505 tespit edilmistir.

Bu sonuclara gore CBH oraninin Vitek 2 ve Phoenix
otomatize sistem icin kabul edilebilir simirlarda
olmadigi, BH oranimin ve KU oraninin hem Vitek2
hem de Phoenix otomatize sistem icin kabul edilebilir
sinirlarda oldugu belirlenmistir (KU icin; >%90 , CBH
icin; <3, BH icin; <3).

Calismamizda; Phoenix otomatize sistemle
tespit edilen KU oraninin Vitek2 otomatize sisteme
gore daha yuksek olmasi; CBH oraninin da Phoenix
otomatize sistemde Vitek2 otomatize sisteme gore
daha dusiuk olmasindan dolayr, K. pneumoniae
icin kolistin duyarliliginin saptanmasinda Phoenix
otomatize sisteminin Vitek2 otomatize sisteme
gore referans yontemle daha uyumlu oldugu tespit
edilmistir. Negatif prediktif deger hari¢ duyarlilik,
ozglinlik, pozitif prediktif deger,dogruluk, lambda
degeri, kappa degeri Phoenix otomatize sistemde
daha yliksek oldugu icin Vitek2 otomatize sistemden
kolistin direncini saptamada referans yontemle daha
uyumlu sonuclar verdigi tespit edilmistir.

Calismamizin kisitliiklar, bakteriye ait cesitli
virlllans faktorleri ve izolatlarin gelistirdikleri farkli
diren¢ mekanizmalarinin bilinmemesidir.

Yapilmis calismalarda da genellikle Vitek2
otomatize sisteminin kolistin duyarliigin1 tespit
etmesinde beklentileri  karsilamadig1r  goriilmiis
olup; Vitek2 otomatize sistemin sivi mikrodiliisyon
yontemiyle yiiksek oranda uyum gosterdigini tespit
etmis olan calismalar da mevcuttur (17). Kolistin
duyarliiigin1 test etmek icin yapilan calismalar
genellikle VITEK 2 (bioMérieux) ile yapilmistir. 2021
yilinda merkezimizden yapilmis baska bir calismada KU
%93,3, BH oram %1,1, Kappa degeri 0,85 olarak tespit
edilmis olup calismamiza da benzer sonuclar elde
edilmistir. CBH oran ise calismamizda %6,89 olarak
daha dusuk saptanmistir (18). Calismamizda, CBH
oraninin daha dusuk saptanmasinin Vitek2 otomatize
sistemin gilincellemelerine bagli iyilestirmelerine



ve suslardaki direnc durumunun farkliigina bagli
oldugunu diisiinmekteyiz. Calismamizda ise Vitek2
otomatize sistemin yani sira Phoenix otomatize
sistem de kullamlmis olup, Phoenix otomatize
sistemle ilgili karsilastirma calismalan literatirde
daha azdir. Yapilan bir calismada, Vitek2 ve Phoenix
otomatize sistemlerinin Enterobacteriaceae ailesi
icin kolistin duyarlilg1 saptanmasinda yanlis duyarli
sonuclar verdigi ancak yanlis direncli sonuglar
vermediginden dolay1 otomatize sistemlerin kolistin
icin verdigi direncli sonuclarin kabul edilebilecegi
belirtilmistir (19). Giney Kore’de yapilan baska
bir calismada ise Phoenix otomatize sistemle Gram
negatif bakterilerde kolistin direncinin saptanmasi
incelendiginde, KU oraninin %90 dan fazla, CBH
ve BH oraninin da %3 den az oldugu tespit edilmis
olup, Phoenix otomatize sistemlerin Gram negatif

ETIK KURUL ONAYI

bakterilerde kolistin direnci saptamada daha
giivenilir oldugu calismamiza benzer sekilde
bildirilmistir (20). Sonuc¢ olarak kolistin direncini
saptamak icin otomatize sistemlerin kullanilmamasi,
sivi mikrodillisyon yonteminin kullanmilmasi gerektigi
gorulmektedir. EUCAST da yeterli teknik ekipman
ve eleman varliginda sivi mikrodiliisyon yonteminin
kolistin direncinin tespitinde kullamlmasini tavsiye
etmektedir (21). Kullanim gittikce artan kolistinin

direnc  oranlarinin  azimsanmayacak  dizeyde
oldugu, otomatize sistemlerle direncli suslarin
gozden kacabilecegi bilinmektedir (22). Otomatize

sistemlerden Phoenix otomatize sisteminin Vitek2
otomatize sisteme gore kolistin direncli suslarda
referans yontemle daha uyumlu sonuglar verdigi
calismamizda tespit edilmis olup, destekleyici cok
merkezli daha fazla calismaya ihtiyac duyulmaktadir.

* Bu calisma, Necmettin Erbakan Universitesi ilac ve Tibbi Cihaz Dis1 Arastirmalar Etik Kurulu’nun onayr ile gerceklestirilmistir

(Tarih:10.02.2023, Karar no: 2023/4179).
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Kan Kkiiltiirlerinde kalite gostergelerinin ve etken olan
mikroorganizmalarin dagiliminin degerlendirilmesi

Nadire Seval GUNDEM'

OZET

Amag: Kan kultiurd, kan dolasimi enfeksiyonlarinin
tanisinda en sik kullanilan yontemdir ve tedavinin

yonlendirilmesine, enfeksiyon kontrol onlemlerinin

alinmasina ve mortalitenin azaltilmasina katkida
bulunmaktadir. Kan kiiltlrii gostergeleri ise preanalitik,
analitik ve postanalitik sireclerin izlemini saglayan,
eksiklerin giderilmesi ve mevcut durumlanniyilestirilmesi
icin yapilabilecekleri belirleyen parametrelerdir. Bu
calismada, cesitli kliniklerde yatan hastalarin kan
kilturlerinde saglikta kalite yonetim sistemine gore
ve etken

kalite gostergelerinin  degerlendirilmesi

olan mikroorganizmalarin dagiiminmin  belirlenmesi

amaclanmistir.

Yontem: Ocak 2020-Aralik 2022 tarihleri arasinda
mikrobiyoloji laboratuvarina gonderilen toplam 6556 kan
kalturd ornegi geriye doniik olarak degerlendirilmistir.
Kan kulturlerinde kontaminasyon orani, pozitif sonuc
verme orani, tek sise alinan kan kiilturd sayisi, iki ve
Uzeri set alinan kan kilturiu sayisi, Gram boyama ile
son tanimlama arasindaki uyumsuzluk orani, reddedilen

orneklerin oran1 ve yalanci pozitif sonuc verme orani gibi

ABSTRACT

Objective: Blood culture is the most commonly used
method in the diagnosis of bloodstream infections and
contributes to manage the treatment, take infection
control measures and reduce mortality. Blood culture
indicators are parameters that provide monitoring of
preanalytical, analytical and postanalytical processes
and determining what can be done to eliminate
deficiencies and improve current situations. In this
study, it was aimed to evaluate quality indicators
according to health quality management system and to
determine distribution of causative microorganisms in

blood cultures of patients hospitalized in various clinics.

Methods: A total of 6556 blood culture samples
sent to microbiology laboratory between January 2020
and December 2022 were evaluated retrospectively. All
data regarding quality indicators such as contamination
rate in blood cultures, the rate of positive results, the
number of blood cultures taken from a single bottle,
the number of blood cultures taken from two or more
sets, rate of incompatibility between Gram staining

and final identification, rate of rejected samples and
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kalite gostergeleriyle ilgili tim veriler laboratuvar bilgi
yonetim sistemi Uzerinden taranarak elde edilmistir.
Kan kilturd siseleri otomatize kan kiiltirii cihazinda
inkiube edilmis, pozitif sinyal veren orneklerin kulturu
yapilarak izole edilen mikroorganizmalara otomatize
sistemle tanimlama ve antimikrobiyal duyarlilik testleri

calisitmistir.
534

Kontaminasyon

Bulgular: kilturiunun
(%8,1)’linde

saptanan ve reddedilen oOrneklerin oranm

Toplam 6556 kan
lreme  saptanmistir.
sirasiyla
%1,8 ve %0,7 bulunmustur. Cocuk yogun bakim initesi
(%53,6) ve cocuk servislerinde (%40,1) iki set ve Uzeri
kan kiiltiirii alim oranlarindaki yiikseklik diger servislere
gore istatistiksel olarak anlamli farkhilik gostermistir
(p<0,001). Yenidogan yogun bakim unitesinden gelen
orneklerin tek sise alim (%68,4), kontaminasyon (%33,3),
pozitif sonuc verme (%49,3) ve reddedilme oranlarinin
(%65,1) diger kliniklerden gelen oOrneklerin oranlarina
gore daha fazla oldugu gozlenmistir. En sik izole edilen
mikroorganizma Metisiline direncli
epidermidis (%35,4)

Staphylococcus hominis (%15,7) izlemistir. Klebsiella

Staphylococcus
ve bunu Metisiline direncli
spp. (%6,2) en sik izole edilen Gram negatif bakteri
olarak bulunurken, non-fermentatif bakteriler (%2,3)
ve Candida spp. (%0,9) ise kan kiltirlerinden daha az

siklikta izole edilen mikroorganizmalar olmustur.

Sonug: Bu calismada, hastalarin bilyiik cogunlugunu
yenidogan ve bir yas alt1 hastalar olusturdugu icin tek
sise kan kulturii alim gibi kalite gostergelerinde elde
edilen oranin yiiksek olmasi pediatrik populasyondan kan
kiltiri aiminin zorluklarin yansitmaktadir. Kan kilturi
kontaminasyon oranlar ideal sinirlar icerisinde bulunmus
olsa da etken-kontaminant ayriminin yapilmasinda
laboratuvar-klinik isbirliginin onemli oldugu gorilmustdir.

Anahtar Kelimeler: Kan kulturi, kan dolasim

enfeksiyonlari, kalite gostergeleri
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rate of false positive results were obtained by scanning
through laboratory information management system.
Blood culture bottles were incubated in automated
blood culture device, bottles giving positive signals
were cultured and identification and antimicrobial

susceptibility tests were performed to isolated

microorganisms by automated system.

Results: Growth was detected in 534 (8.1%) of
a total of 6556 blood cultures. The rates of samples
detected to be contaminated and rejected were 1.8%
and 0.7%, respectively. The higher rates of blood culture
collection of two sets or more in pediatric intensive
care unit (53.6%) and in pediatric wards (40.1%) showed
a statistically significant difference compared to other
services. It was observed that rates of single bottle
collection (68.4%), contamination (33.3%), growth (49.3%)
and rejection of samples (65.1%) sent from neonatal
intensive care unit were higher than rates of samples
sent from other clinics. The most frequently isolated
microorganism was Methicillin-resistant Staphylococcus
epidermidis (35.4%), followed by Methicillin-resistant
Staphylococcus hominis (15.7%). While Klebsiella spp.
(6.2%) was the most frequently isolated gram-negative
bacteria, non-fermentative bacteria (2.3%) and Candida
spp. (0.9%) were microorganisms rarely isolated from

blood cultures.

Conclusion: In this study, since the majority of
patients are newborns and patients under one year of
age, the higher rates obtained in quality indicators such as
single-bottle blood culture collection reflects difficulties
in collecting blood cultures from pediatric population.
Even if contamination rates were found to be within ideal
limits, laboratory-clinical cooperation is important in

distinguishing between agents and contaminants.

Key Words: Blood culture, blood stream infections,

quality indicators



GIRIS

Kan dolasim1 enfeksiyonlar1 dinya capinda
hastanede yatan hastalarda artmis oranda morbidite
ve mortaliteye neden olmaktadir. Kan kulturda, bu
enfeksiyonlarin tanisinda en sik kullanilan yontem
olmakla birlikte aynm zamanda klinik mikrobiyoloji
laboratuvarlarimn onemli ve acil islerinden biridir
(1-3).

belirlenmesi ve uygun antibiyotik secimi icin etken

Kan dolasimi enfeksiyonlarinin kaynaginin

mikroorganizmalarin hizli bir sekilde izole edilmesi
ve tanimlanmasi gerekmektedir. Gliniimuzde siklikla
kan kiltira siselerinin Ureme acisindan devaml
olarak izlenebildigi otomatize kan kiiltliri sistemleri
kullanilmaktadir (4).

Yapilan calismalarda, otomatize kan kiiltliru
hizli bir sekilde
(5). Kontaminant

sistemlerinin bakteri uUremesini

saptadig gosterilmistir
baglh

klinik agidan sorun olusturmaktadir.

mikroorganizmalara alinan  sonuclar ise
Kan kulturu
ornek alimi sirasinda

kontaminasyonu olusan

cogunlukla normal cilt florasindan kaynaklanan
bir durumdur. Uzun siire hastanede kalis, gereksiz
antibiyotik kullanimi ve mali yike neden olmaktadir.
Gercek enfeksiyon etkenleriyle kontaminantlar
arasindaki ayrim da guclukle yapilabilmektedir (6,7).

Mikrobiyoloji laboratuvarlarinda kan kilturleriyle
ilgili kalite
kapsaminda gosterge yonetiminin bir parcasi olarak

parametreler saglikta standartlan
kabul edilmektedir. Gostergeler; performans olcimi
ve kalite iyilestirme amaciyla kullanilan araclardir.
Kontaminasyon orani, pozitif sonu¢ verme oran, tek
sise alinan kan kulturu sayisi, iki ve Uzeri set alinan
kan kilturd sayisi, Gram boyama ile son tanimlama
arasindaki uyumsuzluk orani, reddedilen orneklerin
orani ve yalanci pozitif sonuc verme oran kan kulturu
kalite gostergeleri icerisinde yer almaktadir (8).

cesitli  kliniklerde
hastalarin kan kulturii orneklerinde etken olan

Bu calismada, yatan

mikroorganizmalarin dagiiminin belirlenmesi
ve saglikta kalite yoOnetim sistemine gore kalite

gostergelerinin degerlendirilmesi amaglanmistir.

GEREC ve YONTEM

Ocak 2020-Aralik 2022 tarihleri arasinda kadin
dogum ve cocuk hastaliklar1 hastanesinin yogun
bakim Uniteleri ve servislerinden mikrobiyoloji
laboratuvarina gonderilen toplam 6556 kan kultiri
ornegi geriye donik olarak degerlendirilmistir.
Kan kulturleriyle ilgili tum veriler laboratuvar
bilgi yonetim sistemi (LBYS) Ulizerinden taranarak
elde edilmistir. Kan kiilturleri standart enfeksiyon
kontrol onlemlerine uyularak periferik bolgelerin
venoz damarlarindan kan kilturu siselerine alinmis
laboratuvarina

ve mikrobiyoloji gonderilmistir.

Yenidogan ve cocuk hastalarda  pediatrik kan
kilturu siseleri kullanmilmis ve bu hastalardan en az
1-2 ml kan ainmistir. Uzerinde hastanin adi-soyadi,
ornek numarasi olmayan, etiketsiz veya hatali
etiketlenmis siseler, kink/catlak/sizdiran siseler ve
kan kiilturi sisesinde gonderilmeyen kan ornekleri
ilgili klinik aramp yeni ornek gonderilmesi istenerek
reddedilmistir. Kan kulturd siseleri 5 gun takip
edilmek lizere BACT/ALERT 3D (bioMerieux,

otomatize sisteminde inkiibe edilmistir. inkiibasyon

Fransa)

sonunda sinyal saptanmayan siseler negatif kabul
edilerek “lireme olmadi” olarak sonuc girilmistir. Kan
kilturu sisesine alinan kan miktarinin az olmasi, 6rnek
aliminin Uzerinden iki saatten fazla sure gecmis sise
gonderilmesi gibi durumlarda ornek isleme alinmis,
ureme olmamasi durumunda “yetersiz ornek” veya
“teslim suresi gecikmis ornek” ifadeleri kullanilarak
yalanci negatif sonuc olabilecegi rapor edilmistir.
Pozitif sinyal veren kan kultiru siseleri cihazdan
cikartilip, biyogiivenlik diizey 2 kabini icerisinde
isleme alinmistir. Sise basligi dezenfektanla (%70
kurumasi mikroskobik

etanol) silinip, beklenmis,

inceleme icin 1-2 damla kan 0©rnegi bir lama
damlatilarak ince yayma preparati hazirlanmis, Gram
(X100)

zamanli olarak bu orneklerin %5

boyama yapilmis, immersiyon objektifiyle
incelenmistir. Es
koyun kanli agar (KKA) (RTA, Tirkiye), cikolata agar
(CA) (RTA, Turkiye) ve gram-negatif secici besiyeri

olan eozin metilen blue agar (EMB) (RTA, Tirkiye)
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besiyerine tek koloni diistirme teknigiyle ekimleri
yapilmistir. KKA ve CA besiyerleri %5 CO,’li ortamda,
EMB plaklari normal atmosfer sartlarinda, 35-37 °C’de
24-48 saat sureyle inkiube edilmistir. Gram boyama
sonucuna gore gerektigi takdirde ek besiyerlerine
(Sabouraud dekstroz agar vb.) ekim yapilmis ve
uygun
Plaklar gunliuk kontrol edilmistir. Kultur plaklarinda

inkibasyon sartlarinda inkibe edilmistir.
treyen kolonilere Gram boyama, oksidaz, katalaz ve
koagulaz gibi konvansiyonel testler uygulanmistir.
Etken olarak kabul edilen mikroorganizmalar icin
VITEK 2 (bioMerieux, Fransa) otomatize sisteminde
identifikasyon ve antimikrobiyal duyarlilik testleri
(ADT) calisiltmistir. ADT, EUCAST (European Committee
on Antimicrobial Susceptibility Testing) oOnerileri
dogrultusunda yorumlanmistir (9). Koagiilaz negatif
stafilokoklar icin metisilin direnci otomatize sistem
sefoksitin tarama testi ve disk difuzyon testiyle
EUCAST onerilerine gore belirlenmistir.

Pozitif sinyal alinan fakat Gram boyamada bakteri
gorilmeyen ve kiltirlerde Ureme saptanmayan
sistem Uzerinden Ureme

orneklerin otomatize

egrisi incelenmis, lreme egrisinin mikrobiyal

tremeyi gostermedigi durumlarda yalanci pozitif
olarak degerlendirilmistir. Gram boyamada goriilen
mikroorganizma ile kiltiir sonucunda identifiye
edilen mikroorganizmanin farkli olmasi ise uyumsuz
1 yas alti

hastalar disindaki hastalardan tek sise kan kulturi

sonuc olarak bildirilmistir. Yenidogan ve

gonderilmesi durumunda ornek isleme alinmis, tireme
olmamas1 durumunda test “yalanci negatif sonuc
olabilir, en az iki set kan kulturi gonderilmelidir”
olarak sonuclandirlmstir. iki set ve iizeri kan kiiltiirii
gonderilen hastalarin ise ilk kulturiinde cilt florasi/
kontaminant oldugu diisiiniilen bir bakteri tirediginde,
diger kan kiltiirinde de aym etkenin {remesi
durumunda her iki izolat i¢in tir diizeyinde tanimlama
ve ADT uygulanmis, tamimlama ve ADT sonuclan
ayn1 olan izolatlar etken olarak kabul edilmistir.
Tanimlama veya ADT sonucu farkli olan izolatlar ise
kontaminant olarak degerlendirilmistir. Yenidogan ve
1 yas alt1 hastalarda tek kan kultir sisesinden izole
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edilen mikroorganizmaya tur diizeyinde tanimlama
ve ADT yapilip hastanin klinik ve laboratuvar bulgular
g0z oniuinde bulundurularak sonuclandirilmistir.
istatistiksel analizler SPSS 22.0 (SPSS INC, Chicago,
IL, ABD) programiyla gerceklestirilmistir. Tanimlayici
istatistikler frekans ve yilizde, ortalamazSS ile
sunulmustur. Kategorik veriler arasindaki iliskilerin
saptanmasi icin ki-kare analizi kullanilmistir. P<0.05
degeri istatistiksel olarak anlamli kabul edilmistir.

Bu calisma, Necmettin Erbakan Universitesi ilag
ve Tibbi Cihaz Dis1 Arastirmalar Etik Kurulu’nun onayi
ile gerceklestirilmistir (Tarih:21.07.2023, Karar no:
2023/4428).

BULGULAR

Bu calismaya Ocak 2020-Aralik 2022 tarihleri
arasinda Dr. Ali Kemal Belviranli Kadin Dogum ve Cocuk
Hastaliklann Hastanesinin yogun bakim uniteleri ve
servislerinden mikrobiyoloji laboratuvarina gonderilen
toplam 6556 kan kiiltiiri Ornegi dahil edilmistir.
Hastalann 2755’i (%42,0) kadin, 3801’ (%58,0) erkek
oldugu belirlenmistir. Yas ortalamasi 1.14+0,53 yil
olarak hesaplanmistir. Hastalarin biiyiik cogunlugunu
0-1 yas grubu (%91,2) olusturmustur. Bunu sirasiyla
2-5 (%4,5), 6-14 (%3) ve 15-18 yas grubu (%0,9) takip
etmistir. Calismaya dahil edilen 18 yas Ustu hastalarn
orani ise %0,4 tespit edilmistir.

Mikrobiyoloji laboratuvarina gonderilen toplam
6556 kan kiltirl orneginin 534 (%8,1)’inde lreme
saptanmistir. Uygunsuz bulunarak reddedilen ornek
say1s143 (%0,7) belirlenmistir. Kontaminasyon gozlenen
kan kulturu sayis1 ise 120 (%1,8) olarak bulunmustur.
Yalanc1 pozitiflik sadece alt1 ornekte (%0,1) gozlenmis
olup, Gram boyama ile son tammlama arasinda
uyumsuz sonuc hicbir ornekte saptanmamistir. Tek sise
olarak gonderilen kan kulturi orani ise %88.4 olmustur.

Kan kulturi gostergelerinin  kliniklere gore
dagiimina bakildiginda cocuk yogun bakim (Unitesi
(%53,6) ve cocuk servislerinde (%40,1) iki set ve Uzeri
kan kiiltird alim oranlarindaki yiikseklik diger servislere

gore istatistiksel olarak anlamli farklilik gostermistir



(p<0,001). Yenidogan yogun bakim {initesinden gelen
kan kulturu orneklerinin tek sise aim, kontaminasyon,
pozitif sonu¢ verme ve reddedilme oraninin diger
kliniklerden gelen orneklerin oranina gore daha fazla
oldugu gozlenmistir (Tablo 1). Bu bulgularla orantili
olarak 0-1 yas grubunda olan hastalarda tek sise

Tablo 1. Kan kiilturii gostergelerinin kliniklere gore dagilimi

kullamm orani daha yuksek (%95,3) iken 2-5 yas grubu
hastalarda iki set kullanim oran1 daha yiiksek (%20,8)
bulunmustur. Kontaminasyon, reddedilen ornek ve
tireme olan ornek oranlar1 0-1 yas grubunda diger yas
gruplarina gore daha fazla oldugu gozlenmistir (Tablo
2) (p=0,002).

- Ureme . . iki ve tizeri Yalanci
Klinik saptanmasi Kontaminasyon Red Tek Sise sise Pozitiflik p
n % n % n % n % n % n %
YYBU! 263 49,3 40 33,3 28 65,1 3963 68,4 0 0 5 83,3
CYBU” 60 11,2 19 15,9 0 0 0 0 407  53,6* 0 0
Coch i 199 37,3 60 50 15 34,9 1769 30,5 305 40,1* 1 16,7 <0,001*
servisleri
Acil servis 8 1,5 1 0,8 0 0 64 1,1 19 2,5 0 0
KHDS? 4 0,7 0 0 0 0 0 0 28 3,7 0 0
Diger* 0 0 0 0 0 0 0 0 1 0,1 0 0
Toplam 534 100 120 100 43 100 5796 100 760 100 6 100
*: p<0,05 diizeyinde anlamli
YYBU': Yenidogan yogun bakim iinitesi
CYBU2: Cocuk yogun bakim iinitesi
KHDS?: Kadin hastaliklar ve dogum servisleri
Diger*: Cocuk cerrahisi, dahiliye vb.
Tablo 2. Kan kiiltiirii gostergelerinin yas gruplarina gore dagiimi
Yas Ureme . . iki ve lizeri Yalanci
Gruplan saptanmasi gonteesyen 8 LS SRR sise Pozitiflik p
n % n % n % n % n % n %
0-1 496  92.9 105 87.5 42 97.7 5525 95.3 451 59.3 5 83.3
2-5* 22 4.1 4 3.3 0 0 139 2.4 158  20.8* 0 0
6-14 7 1.3 7 5.9 1 2.3 112 1.9 87 11.4 1 16.7
0.002*
15-18 5 0.9 4 3.3 0 0 18 0.3 38 5 0 0
18 yas 4 08 0 o o0 o 2 01 26 34 0 0
ustu
Toplam 534 100 120 100 43 100 5796 100 760 100 6 100

*: p<0,05 diizeyinde anlaml
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Kontaminasyon oranlar basta olmak lizere diger
kan kulturu gostergeleri acisindan erkek hastalarda
kizlara gore daha yuksek oranlar elde edilmis olsa da
cinsiyet ve bu parametreler arasinda anlamli bir iliski
saptanmamistir (Tablo 3) (p=0,900).

Kan kiilturlerinden izole edilen ve etken olarak
kabul edilen mikroorganizmalarin (n=407) %76,2’sini
koagulaz negatif stafilokoklar olusturmustur. Bunlarin
338’1 (%83) metisiline direncli olarak saptanmistir.
Metisiline direncli  Staphylococcus  epidermidis
(MRSE) %35,4 oraniyla en sik izole edilen bakteri
bulunmustur. Bunu %15,7 oraniyla Metisiline direncli
Staphylococcus
bakterilerden en sik izole edilen Klebsiella spp’dir
(%6,2) Non-fermentatif bakteriler (%2,3) ve Candida

hominis izlemistir. Gram negatif

Tablo 3. Kan kiltiri gostergelerinin cinsiyete gore dagilimi

spp- (%0,9) ise kan kilturlerinden nadir izole edilen
mikroorganizmalar olmustur (Tablo 4).

MRSE yenidogan yogun bakim Unitesinde diger
mikroorganizmalara gore daha yiksek oranda (%53)
gozlenirken, Metisilin direncli S. hominis cocuk
yogun bakim ({nitesinde yiiksek oranlarda (%56)
gorulmustur. Gram negatif bakterilerden Klebsiella
spp.nin (%58) yenidogan yogun bakim {nitesinde
daha sik goriildugl, Escherichia coli’nin (%68) ise
daha cok cocuk ve eriskin servislerinden izole edildigi
saptanmistir.  Mikroorganizmalarin kliniklere gore
dagilimi istatistiksel olarak anlamli bulunmamistir
(p>0,001). Sekil 1’de kan Kkulturlerinde siklikla
treyen mikroorganizmalarin kliniklere gore dagilim
gosterilmistir.

.. Ureme . . iki set ve Yalanci
Cinsiyet saptanmas Kontaminasyon Red Tek Sise lizeri Pozitiflik .
n % n % n % n % n % n %
Erkek 314 58,8 71 59,2 23 53,5 3382 58,4 419 55,1 2 33,3
Kadin 220 41,2 49 40,8 20 46,5 2414 41,6 341 449 4 66,7 0,900
Toplam 534 100 120 100 43 100 5796 100 760 100 6 100
O YyBU
H ¢YBU
O SERVISLER

MRSE

MRSH

KLEBSIELLA SPP.

E.COLI

Sekil 1. Kan kiiltirlerinde siklikla lireyen mikroorganizmalarin kliniklere gore dagilimi

MRSE*: Metisilin direncli Staphylococcus epidermidis, MRSH**: Metisilin direncli Staphylococcus hominis
E.COLI***: Escherichia coli, YYBU: Yenidogan yogun bakim iinitesi

CYBU: Cocuk yogun bakim iinitesi, SERVISLER: Kadin hastaliklarn ve dogum, Cocuk cerrahisi ve dahiliye servisleri.
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Tablo 4. Kan kiilturlerinde iireyen mikroorganizmalarin dagilimi

MIKROORGANIZMA

KOAGULAZ NEGATIF STAFILOKOK

MR Staphylococcus epidermidis

MR Staphylococcus hominis

MR Staphylococcus haemolyticus

MR KNS?(Diger): S°. capitis, S. warneri, S. lugdunensis, S. lentus
MS* Staphylococcus epidermidis

MS Staphylococcus hominis

MS KNS (Diger): S. capitis, S. warneri, S. lugdunensis, S. lentus
Streptococcus spp.

Staphylococcus aureus

Enterococcus spp.

Diger:(Listeria monocytogenes ve Rothia mucilaginosa vb)
ENTEROBACTERALES

Klebsiella spp.

Escherichia coli

Diger: Enterobacter.cloacae complex, Citrobacter braakii, Proteus mirabilis,

Salmonella spp. group vb.

NON FERMENTATIFLER

Acinetobacter spp.

Pseudomanas aeuriginosa

Diger: Morexella spp. ve Sphingomonas paucimobilis vb.
MANTAR

Candida spp.

Toplam

407

189

84

41

24

38

24

25

20

53

33

534

MR':Metisilin direncli, KNS?: Koagiilaz Negatif Stafilokok, S*:Staphylococcus MS*: Metisilin duyarli
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%

76.2

35.4

15.7

7ot/

4.5

7.1

4.5

4.7

3.8

1.5

0.7

9.9

6.2

0.7

2.3

0.4

0.6

0.9

0.9

100
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TARTISMA

Saglikta kalite degerlendirmeleri kapsaminda kan
kiltirlerinde gosterge adialtinda ayrintiliincelemeler
yapilmaktadir. Kan kulturii kontaminasyon orani da
kalite gostergelerinden biridir ve laboratuvarlarda
periyodik olarak izleminin yapilmasi gerekmektedir
(8). Kontaminasyonun en onemli nedeni, cilt
florasinda bulunan mikroorganizmalarin kan kultiiru
siselerine inokilasyonudur ve siklikla preanalitik
surecte meydana gelmektedir. Rehberlerde kabul
%3’Un altinda

Bu calismada

edilebilir kontaminasyon oraninin
olmasi gerektigi bildirilmistir (10-13).
kan kulturt kontaminasyon oran (%1,8) ideal sinirlar
icerisinde bulunmustur. Ulkemizde yapilan farkli
yas gruplarindan hastalarn kapsayan calismalarda
%8,1-17,8
bildirilmistir. Simr degerin {izerinde saptanan bu

kontaminasyon  oranlar arasinda

oranlarin kan kultiiri alim sirasinda enfeksiyon

kontrol onlemlerine vyeteri kadar uyulmamasina
ve egitimli personel sayisinin  yetersizligine
bagli olabilecegi disunilmistir (3,10,14). Bu

calismada yenidogan yogun bakimdan gelen kan
kiiltliri 6rneklerinde kontaminasyon oraninin diger
kliniklerden gelen 6rneklerin oranina gore daha fazla
oldugu gozlenmistir. Bu sonuclar yogun bakim, acil
servis ve hemodializ linitelerinde hasta yogunlugunun
fazla olmasi, egitimli personel sayisinin yetersizligi
ve cihazlarin dekontaminasyonundaki eksiklikler gibi
faktorlerle iliskili olarak kontaminasyon oranlarinin
diger servislere gore daha yiiksek oldugunu vurgulayan
calismalanin  verilerine  benzerlik
(2,3,6,15).

Hindistan’da 2020 yilinda yapilan bir calismada;

gostermistir

56-75 yas grubunda en yuksek kontaminasyon
Suudi
Arabistan’da yapilan bir calismada elde edilen veriler

oranlarina rastlandigi rapor edilmistir (2).
de bu sonuglar desteklemistir (1). Bu sonucglara
benzer sekilde bir Universite hastanesinde yapilan
bir calismada; 60-79 yas grubunda kontaminasyon
oranlan diger yas gruplarina gore daha yiiksek
(15).

bulunmustur Bildirilen bulgulardan farkl
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olarak bu calismada 0-1 yas grubunda saptanan
kontaminasyon oranlarinin diger yas gruplarina gére
daha yiiksek oldugu gozlenmistir. Hem ileri yaslarda
hem de bebeklerde kontaminasyon oranlarinin
yuksek olmasi her iki poplilasyonda da venoz kan
alimindaki giicliiklere bagli antisepsi uygulamalarinin
saglanamamasiyla iliskili olabilir. Kore’de bir cocuk
hastanesinde yapilan calismada elde edilen bulgular,
bu calismanin verilerini desteklemistir ve kan kultiri
alim gibi invazif girisimlerde yas grubu azaldikca
hasta uyumunun da azaldigini ortaya koymustur (6).

Bu calismada, kan kiiltirlerinde kontaminasyon
oranlanyla birlikte uUreme saptanmasi, reddedilme
oran1 gibi kalite gostergelerinde erkeklerde kizlara
gore daha yiksek oranlar elde edilmis olsa da
istatistiksel olarak anlamli bir iliski saptanmamistir.
Elde edilen bu veriler yapilan bazi calismalarin
sonuclariyla uyumlu bulunmustur (3,6).

Ulkemizde yapilan  bir  calismada, kan
kulturlerinde reddedilen ornek oram %1,7 olarak
bulunmus, preanalitik donemde olusan hatalarin
laboratuvar hatalarina doniismemesi icin uygunsuz
orneklerin reddedilmesi gerektigi belirtilmistir. Aym
calismada diger bir kalite gostergesi olan Gram
boyama ile son identifikasyon arasindaki uyum orani
ise %95-99 arasinda saptanmis, Gram boyamanin
hizli sonug veren, disiik maliyetli ve dogruluk oran
yiiksek bir yontem olarak taniya katki sagladig
sonucuna varilmistir (14). Bu calismada reddedilen
orneklerde daha dusiik bir oran (%0,7) elde edilmis
olsa da reddedilen orneklerin tamda gecikmeye,
tedavi surecinin uzamasina, artmis finansal yike ve is
glicu kaybina neden olmasindan dolay1 bu oranlarin
duzeltici-

periyodik olarak izleminin yapilmasi,

onleyici faaliyetler gerceklestirilerek en aza
indirgenmesi gerekmektedir. Ayrica, Gram boyama
ile son tammlama arasinda uyumsuz sonug higbir
ornekte saptanmamistir. Gram boyamayla elde edilen
sonucun zaman kaybetmeden klinige bildirilmesiyle
antimikrobiyal secimine ve tedavi surecine katkida
bulunuldugu disiinilmektedir.

Yapilan calismalarda, hastadan alinan kan kiiltiiru



seti sayisinin hastamin klinik durumuna ve stiphelenilen
enfeksiyona gore degisebilecegi bildirilmekte, etken
mikroorganizmanin yorumlanmasi ve tedavi kararinin
belirlenmesi icin iki set ve Uzeri kan kulturd alim
onerilmektedir. Tek kan kiiltiri seti ise yeni dogan
(3,12,16). Bu
calismada tek sise kan kiiltliri alim oran1 yenidogan

donemi haric onerilmemektedir
yogun bakim (nitesinde diger kliniklerden daha
fazla bulunmustur. Cocuk yogun bakim ve cocuk
servislerinde ise iki set ve uUzeri alinan kan kulturu
istatistiksel olarak anlamli

oranindaki artis, bu

oranin ilerleyen vyas gruplarinda yiikseldigini
gostermistir. Ulkemizde yapilan bir calismada ise
yenidogan yogun bakim initesinde de iki set kan
kilturt aliminin etken olan patojenin daha iyi
ayirt edilmesini sagladigr ve antibiyotik tedavisini
yonlendirmeye katkida bulundugu rapor edilmistir
(16). Bu calismanin verilerine benzer sekilde tek
sise alinan kan Kkiiltiirlerinin ¢ogunlukla yenidogan
ve cocuk servislerinden gonderildigi bildirilen baska
bir calismada, pediatrik populasyondan kan almanin
zorluklarninin yanisira etken-kontaminant ayriminin
yapilmasinda laboratuvar-klinik isbirliginin 6nemine
dikkat cekilmistir (14).

Ulkemizde kan Kkiiltiirii testleriyle ilgili yapilan
farkli
%7,5-29,4 arasinda degisen oranlarda bildirilmistir
(3,4,10,14,17).

oraninin  (%8.1) da bu sonuclara benzer oldugu

calismalarda mikroorganizma ureme orani

Bu calismada  saptanan Ureme
gorulmustiur. Yurt disinda yapilan bir calismada
ise daha dusuk bir oran (%6) elde edilmis olup, bu
durumun kultir aimindan once antibiyotik kullanimi,
yetersiz ornek alimi ve 6rnegin laboratuvara transfer
suresinin uzamasi gibi preanalitik faktorlerle iliskili
oldugu belirtilmis ve gerekli onlemlerin alinmasi
gerektigi vurgulanmistir (18).

stafilokoklar,
popiulasyon basta olmak uzere farkli yas gruplarindaki

Koagillaz  negatif pediatrik
hastalardan alinan kan kiiltlirlerinden en sik izole
edilen mikroorganizmalar olarak belirlenmislerdir
(4,10,17,19-21). Baz1 calismalarda ise en sik izole

edilen kontaminantlar olarak kabul edilmislerdir

(1,6,7,15,16). Kankilturlerinde Gireyen bu bakterilerin
etken-kontaminant ayrimlarinin yapilamamasi, klinik
ve laboratuvar acisindan zorlu bir sirec olarak
tamimlanmis, bu ayrimin yapilmasinda altin standart
bir yontem bulunamamstir (1,3,10-12).

stafilokoklar
ozellikle yogun bakim iinitelerinde yatan hastalarda

Son yillarda koagilaz negatif
kan dolasimi enfeksiyonu etkeni onemli nozokomiyal

patojenler olarak kabul edilmektedir. Biyofilm
olusturmalari, adezin genleri ve mecA genine bagli
olarak kazanilmis metisilin direnci sonucu tum
beta laktam antibiyotiklere direnc olusturmalari bu
bakterilerin patojenitesine katkida bulunmaktadir
(12,22). Metisilindirencibu calismada %83 bulunurken,
ulkemizde yapilan calismalarda %73-89,2 arasinda
degisen benzer oranlar bildirilmistir (4,17,21,23,24).
Yenidogan kan dolasimi enfeksiyonlarindan izole
edilen mikroorgamizmalar kapsayan calismalarda bu
calismanin bulgulanyla uyumlu olarak en sik koagulaz
negatif stafilokoklar izole edilmis bunu Klebsiella spp.
veya E. coli izlemistir. Non- fermentatif bakterilerin
ise daha az siklikta izole edildigi saptanmistir
(19,20).
cocuk hastalarin kan kilturlerinden izole edilen
Klebsiella spp.

Enterococcus spp.,ve Salmonella spp.’nin izledigi

Ulkemizde yapilan farkli calismalarda,
koagulaz negatif stafilokoklar,

gozlenmistir (17,21). Baska bir calismada ise farkli yas
gruplarindaki hastalardan alinan kan kulturlerinden
ilk swrada E.
aureus’un yer aldig

izole edilen bakteriler icerisinde
coli’nin, ikinci sirada ise S.
rapor edilmistir (24). Tirkiye Halk Saghigi Kurumu
tarafindan olusturulmus olan Ulusal Antimikrobiyal
Diren¢ Siirveyans Sistemi (UAMDSS) raporunda da
2016 yili verilerine gore E. coli, kan kilturlerinden
en stk izole edilen Gram negatif bakteri olarak
bildirilmistir (25). iran’da yapilan bir calismada ise
yenidoganda kan dolasimi enfeksiyonlarindan en sik
izole edilen bakteriler Pseudomonas aeruginosa ve
S. aureus olarak bulunmustur (7). Kanada’da yapilan
bir calismada bakteremi epidemiyolojisinin asilama
ve antimikrobiyal profilaksi prosedirlerine gore

ulkeden llkeye degisebilecegi rapor edilmistir (5).

Turk Hij Den Biyol Derg

29



Bu sonuclar 1s181nda kan kiiltirlerinden izole edilen
mikroorganizma profilinin hastalarin yas grubuna,
bagisiklik durumuna gore degisebilecegi gibi lilkeden
ulkeye hatta bir ulkede bolgeden bolgeye gore
farklilik gosterebilecegi sonucu ¢ikarilabilir.

Bu calisma, bir dal hastanesinde gerceklestirilen
ve ornekleminin biyiik cogunlugunu 0-1 yas grubu
hastalarin olusturdugu bir calismadir. Kan kiltird
orneklerinin  onemli bir kism
kontaminant/gercek
ayinmi icin iremelere ek olarak hastanin diger

tek sise olarak

gonderilmis  olup, etken
test parametreleri ve kliniginin de dikkate alinmasi
gerekmistir. Ayrica, belirli bir populasyonu iceren
tek merkezli bir calisma olmasi da bu calismanin
kisitlligidir.  Farkli yas gruplarini iceren daha biiyiik
olcekli calismalara ihtiyac vardir. Kisitliliklarina

ragmen bolgemizde kan Kkiltliri gostergelerinde

ETiK KURUL ONAYI

belirlenen oranlarn rapor eden ve ilerleyen
donemlerde yapilacak calismalara yon verecek
degerli veriler iceren nadir bir calisma oldugu
dusunulmektedir.

Mikrobiyoloji laboratuvarlarinda basta
kontaminasyon oranlari olmak tizere kan kiiltirleriyle
ilgili tim kalite gostergelerinin periyodik olarak izlemi
yapilmalidir. Preanalitik, analitik ve postanalitik
ilgili
oranlarin ideal sinirlar icerisinde olmasi saglanmalidir.
Saglik

enfeksiyon kontrol onlemlerine uyulmasi konularinda

sureclerle onlemler alinarak bildirilen bu

personeline  dezenfeksiyon/antisepsi ve
egitim verilmelidir. Egitimlerde kan kiiltliri alim
surecinden baslayarak etken-kontaminant ayriminin
yapilmasina kadar tiim asamalarda laboratuvar-klinik
isbirliginin 6nemi vurgulanmalidir.

*Bu calisma, Necmettin Erbakan Universitesi ilac ve Tibbi Cihaz Disi Arastirmalar Etik Kurulu’nun onay ile gerceklestirilmistir

(Tarih:21.07.2023, Karar no: 2023/4428).

CIKAR CATISMASI

Yazarlar bu makale ile ilgili herhangi bir ¢ikar catismasi bildirmemislerdir.
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Turk Hijyen ve Deneysel Biyoloji Dergisi

HBsAg negatif bagis kanlarinda izole anti-HBc pozitifligi ve
okiilt HBV enfeksiyonu arastirilmasi

Murat AFYON'

, Iismail Yasar AVCI?

, Cumhur ARTUK?

OZET
Amagc: Okult HBV enfeksiyonu (OHB), enfeksiyonun

pencere donemi disinda giincel duyarli testler ile HBsAg
negatif bireylerin karaciger dokusunda HBV DNA varligi
(serumda tespit edilebilen veya edilemeyen HBV DNA
ile) olarak tammlanabilir. Bu calisma bagis kanlarinin
HBsAg negatif plazma orneklerinde anti-HBc, HBV DNA
polimeraz zincir reaksiyonu (PCR) ve anti-HBs calisilarak
izole anti-HBc pozitifligi OHB arastirmak amaciyla

yapilmistir.

Yontem: 19 Mart 2010 ve 28 Nisan 2010 tarihleri
arasinda yapilan HBsAg, antiHCV ve antiHIV negatif 1063
bagis kaminin Ulusal Kan ve Kan Uriinleri Rehberi geregi
bir yil stire ile -80 °C’de saklanmis plazma oGrnekleri
calismaya dahil edilmistir. Calismaya dahil edilen
biitiin plazma orneklerinde anti-HBc ve HBV DNA PCR
calisilarak OHB arastinlmistir. Anti-HBc ve/veya HBV

DNA PCR pozitif orneklerde ise anti-HBs calisitmistir.

Bulgular: Calismada 87 (%8,2) donor

orneginde anti-HBc pozitifligi saptanmistir. Anti-HBc

plazma

pozitif donorlerin yas ortalamasinin 30+11,5 yil, izole

ABSTRACT

Objective: Occult HBV infection (OHI) can be
defined as the presence of HBV DNA in the liver
tissue of HBsAg negative individuals (with detectable
or undetectable HBV DNA in the serum) by current
sensitive tests, except window period of infection. This
study was carried out to investigate isolated anti-HBc
positivity and OHI, by using anti-HBc, HBV DNA PCR
and anti-HBs, in the plasma samples of HBsAg negative
donated blood.

Methods: The one thousand and sixty three plasma
samples of HBsAg, anti-HCV and anti-HIV negative blood
which were donated between 19 March and 28 April 2010
stored at -80 °C for one year in accordane with National
Blood and Blood Products Guide, were included in the
study. OHB was investigated by using anti-HBc and HBV
DNA PCR in all plasma samples which were included
in the study. In anti-HBc and/or HBV DNA PCR positive

samples, anti-HBs investigation was conducted.

Results: Anti-HBc positivity was detected in 87
(8.2%) donor plasma samples. The mean age of anti-
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anti-HBc pozitif donorlerin 38+15,9 yil ve anti-HBc ve
titreye bakilmaksizin anti-HBs pozitif donorlerin yas
ortalamasinin ise 28,8+10.4 yil olarak tespit edilmistir.
izole anti-HBc pozitiflik oranmimin %1,03 (n=11) oldugu
ve anti-HBs ile birlikte pozitiflige gére anlamli olarak
ileri yasta gorildigli bulunmustur (p=0,047). Dondr
plazma 6rneklerinin hicbirinde HBV DNA PCR pozitifligi

saptanmamistir.

Sonuc: Kan merkezine basvuran dondrlerde izole
anti-HBc pozitiflik oram Tiirkiye’de kan donorlerinde
daha once yapilmis calismalara gore dusik bulunmustur.
Her ne kadar yasal zorunluluk olmasa da Tirkiye’de de
Kizilay Bolge Kan Merkezleri 1 Kasim 2014 tarihi itibari ile
bagis kanlarinda niikleik asit amplifikasyon testleri (NAT)
calismaya baslamis olup kan donorlerinin taranmasinda
HBsAg’ye ek olarak anti-HBc ve/veya niikleik asit
amplifikasyon testlerinin kullamiminin gerekli oldugunu
ve konuya iliskin genis olcekli calismalarin yapilmasinin
uygun olacagim degerlendirmekteyiz.

Anahtar Kelimeler: Kan donorii, HBV DNA PCR,
okiilt HBV enfeksiyonu

HBc positive donors or isolated anti-HBc positive donors
or anti-HBc/anti-HBs positive donors were; 30£11.5
years, 38+15.9 years and 28.8+10.4 years, respectively.
Among all plasma samples included in the study; the
rate of isolated anti-HBc positivity was 1.03% (n=11)
and isolated anti-HBc positivity was seen significantly
in older age, compared to anti-HBc positivity with anti-
HBs positivity (p=0.047). As a result of this study, HBV
DNA PCR positivity was not detected in any of the donor
plasma samples.

Conclusion: The rates of isolated anti-HBc positivity
in blood donors admitted to our center was found lower
than earlier studies conducted among blood donors in
Turkey. In Turkey, although there is no legal obligation,
Kizilay Regional Blood Centers have started to work on
NAT in onated blood as of 1 November 2014. We suggest
that large-scale studies to investigate the use of antiHBc
and/or nucleic acid amplification tests in addition to

HBsAg for screening of blood donors.

Key Words: Blood donor, HBV DNA PCR, occult HBV

infection

GIRIS

Hepatit B Virlisu (HBV) enfeksiyonunun iyilesmesi,
klasik bilgilerde Hepatit B yiizey antijeninin (HBsAg)
kaybolmasi ile birlikte HBV deoksiribonikleik asidinin
(HBV DNA) negatiflesmesi olarak tanimlanmaktadir
(1). Ancak yapilan calismalarda pencere donemi
HBsAg
belirteclerin varliginda veya yoklugunda kan veya
dokularda HBV DNA varlig gosterilmis olup okiilt HBV
enfeksiyonu (OHB) pencere donemi disinda giincel

disinda, negatif iken diger serolojik

duyarli testler ile HBsAg negatif bireylerin karaciger
dokusunda HBV DNA varligi (serumda tespit edilebilen
veya edilemeyen HBV DNA ile) olarak tanimlanmistir
(2-8).
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HBV replikasyonunda viral prekirsorlerin sentezi
icin kalip gorevi goren uclan kovalent olarak birbirine
bagli kapali cembersel DNA'nin (cccDNA) hepatosit
cekirdeginde uzun sireli varliginin OHB’nin molekiiler
temelini olusturdugu genel bir goriistiir. OHB olusumu
multifaktoryel olarak degerlendirilmekle birlikte
bu duruma neden olan muhtemel mekanizmalar
HBV

apolipoprotein B messenger ribonikleik asit (mMRNA)

genomunda  mutasyonlar,  koenfeksiyon,
editing enzyme catalytic polypeptide (APOBEC) ile
HBV replikasyonunun baskilanmasi, konak immiin
cevabi, epigenetik degisiklikler, konak genomuna
integrasyon, imminkompleks olusumu ve periferal
kan mononikleer hicrelerinde HBV enfeksiyonu

basliklar altinda siralanabilir (6, 9).



Antikor profiline gore OHB, seropozitif (anti-HBc
ve/veya anti-HBs pozitif) veya seronegatif (anti-HBc
ve anti-HBs negatif) olarak iki gruba aynlabilir (6).
HBsAg ve anti-HBs negatifliginde anti-HBc pozitifligi
izole anti-HBc pozitifligi olarak degerlendirilmekte
olup seropozitif OHB prevalansini etkileyen onemli
bir etmen oldugu disiiniilmektedir (10). izole anti-
HBc pozitifligi akut enfeksiyonun uzamis pencere
donemi, uzun willar siiren HBV tasiyiciigindan
sonra dolasimdaki HBsAg’nin oOlculebilenden dusuk
seviyelere inmesi, HBV enfeksiyonundan iyilesme
sonrasi anti-HBs olusan bireylerde uzun bir siire sonra
anti-HBs’nin tespit edilemez hale gelmesi sonucunda
veya degisen oranlarda (%35’e varan) yalanc
pozitiflikler seklinde gorilebilir (3, 11).

Yapilan calismalarda OHB’nin kan transfuizyonu,
ile HBV

bulas1 acisindan risk olusturdugu ve OHB’nin neden

hemodiyaliz ve organ transplantasyonu

olabilecegi olas1 transfiizyon ile HBV bulasini, anti-
HBc taranmasinin onleyebilecegini belirten calismalar
mevcuttur (3-6). Bulasin onlenmesine yonelik anti-
HBc kullanan Ulkeler mevcut olsa da anti-HBc pozitif
orneklerde degisen oranlarda yalanci pozitiflikler
sonucu bagisci kaybi, anti-HBc prevelansinin %10’dan
yliksek oldugu iilkelerde ek bagisci kaybinda artis,
pencere donemi bulaslarini 6nlemede vyetersizligi
ve seronegatif OHB bulasin1 da onleyememesi anti-
HBc’nin tarama testi olarak kullaniminda karsimiza
cikan problemler olarak tariflenmektedir (12-14).
Turkiye’de  kan dondrlerinin  taranmasinda
HBsAg’ye ek olarak anti-HBc ve/veya nikleik asit
amplifikasyon testlerinin kullanimina yonelik bir yasal
zorunluluk olmamakla birlikte bu calismada bagis
kanlarinin HBsAg negatif plazma orneklerinde anti-
HBc, HBV DNA polimeraz zincir reaksiyonu (PCR) ve
anti-HBs calisilarak izole anti-HBc pozitifligi ve OHB
arastirilmas1 ve soz konusu testlerin gerekliliginin

arastinlmas1 amaclanmistir.
GEREC ve YONTEM

Giilhane Askeri Tip Fakiiltesi Kan Egitim Merkezi
ve Kan Bankas1 Midirligi’ne 19 Mart 2010 ve 28

Nisan 2010 tarihleri arasinda kan bagis1 yapan ve
HBsAg, HCV’ye kars1 antikor (anti-HCV) ve human
immundefincy Virus (HIV)’e kars1 antikor (anti-HIV)
testleri mikropartikiil Enzyme Immunoassay (Abbott,
Amerika Birlesik Devletleri) yontemi ile negatif olarak
tespit edilen 1063 adet bagiscinin Ulusal Kan ve Kan
Uriinleri Rehberi geregi bir yil siire ile -80 °C’de
saklanmis ve ilgili mevzuat geregi saklama siiresi
tamamlanmis sahit numunelerinden elde edilen
plazma ornekleri calismaya dahil edilmistir.

Calismaya dahil edilen numunelerde 16-31 Mayis
2011 tarihleri arasinda; butiin plazma orneklerinde
anti-HBc ve HBV DNA PCR calisilarak OHB arastirilmis
ve anti-HBc ve/veya HBV DNA PCR pozitif orneklerde
ise anti-HBs varligi calisilmistir.

Anti-HBs ve anti-HBc serolojik belirteclerini
arastirmak amaciyla kemiluminesen mikropartikul
imminassay prensibiyle calisan Architect i2000 SR
(Abbott/Almanya) cihazi, Architect anti-HBs ve anti-
HBc Il kitleri Uiretici firmanin onerileri dogrultusunda
kullamlmistar.

HBV DNA’nin arastirilmasi icin Gulhane Askeri Tip
Fakiiltesi Tibbi Viroloji Bilim Dali laboratuvarinda
once DNA izolasyonu yapilmistir. izolasyon sonrasi
dizayn edilen primerler ve prob (Tablo I) kullanilarak
PCR (Real-time PCR: RT- PCR)
islemi uygulanmistir. RT-PCR icin once ince duvarli

gercek zamanl

ve cihazimin optik okuyucusu icin uygun olan 0,2
mililitrelik tupler icinde her bir ornek icin son
hacmi 20 mikrolitre (uL) olacak sekilde PCR karisimi
hazirlanmis ve icine 5 pL DNA c¢ozeltisi konulmustur.
Hazirlanan karisimlar RT-PCR cihazina yerlestirilmistir.
PCR dongiileri Kubar ve ark.’nin (15) calismasina gore
(15).
edilmesi ve tum analizler ABI PRISM 7700 Sequence

uygulanmistir Amplifikasyon, verilerin elde
Detector cihazi ile yapilmistir. Standart dilusyonlarin
kullamldigr reaksiyonlarda tipe 6zgiil PCR’1n saptama
duyarliigr 10 plazmid/reaksiyon olarak bulunmustur.

Anti-HBc pozitif tespit edilen bagislarin yapildigi
tarihteki bagisclarin yasina kayitlardan ulasilarak izole
anti-HBc pozitifligi ve anti-HBs pozitifligi ile birlikte
olan anti-HBc pozitifliginin yas ile iliskisini saptamaya
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yonelik istatiksel analizler icin “Statistical Package for
Social Sciences (SPSS)” 15.0 istatistik paket programi
kullamlmistir. Kayitlardan yasina ulasilamayan alti
bagisc1 istatiksel analizlerin disinda tutulmustur.
Degiskenlerin normal dagilima uygunlugu gorsel
(histogramlar) ve analitik yontemler (Kolmogorov-
Simirnov/Shapiro-Wilk testi) ile test edilmistir.
Sirekli degiskenler ortalamazstandart sapma olarak
ifade edilmistir. Veri dagiliminin normalligine baglh

olarak stirekli degiskenleri karsilastirmak iizere Mann-

Tablo 1. HBV DNA PCR’da kullanilan primerler ve probu

Whitney U testi veya Student t testi kullamlmistir.

Analizlerde p<0,05 degerleri istatistiksel olarak
anlamli kabul edilmistir.

Bu calisma, Gulhane Askeri Tip Akademisi
Komutanligi  Yerel Etik Kurulu’nun onay1 ile
gerceklestirilmis (Tarih:17.05.2010, Karar no: 1491-
817-10/1539) ve Gilhane Askeri Tip Akademisi
Arastirma Bilimsel Kurulu Baskanligi’nca AR-2010/37

proje numarasi ile desteklenmistir.

Amplikon uzunlugu

Ad Primerler* ve prob** (5’®3’) (Baz cifti)
HBVP1 CAAAAATCCTCACAATACCRCA
HBVP2 CAAAAGAAAATTGGTAACAGCG
HBVPR FAM  TGTGTCYTGGCCWAAATTCGCAG BHQ 580

* R, W dejeneratif bazlarn gostermektedir (Wobble bazlar), burada R=A/G, W=A/T

** FAM ve BHQ proba ait floresan isaretlerdir.

BULGULAR

Calismamiz sonucunda 87 plazma oOrneginde
(%8,18) anti-HBc pozitifligi tespit edilmistir. Anti-
HBc pozitif 87 bagisci plazma oOrneginden 11’inde
(%12,64) anti-HBs
Calismaya alinan tiim bagisc1 plazma ornekleri icinde
izole anti-HBc pozitiflik orani1 %1,03 (11/1063) olarak
belirlenmistir.

Anti-HBc
29,96+11,47, izole anti-HBc pozitif donorlerin yas
38,09+15,90 ve anti-HBc ve titreye
bakilmaksizinanti-HBs pozitif donorlerinyasortalamasi

negatif olarak bulunmustur.

pozitif donorlerin yas ortalamasi

ortalamasi

ise 28,85+10,41 olarak tespit edilbelirlenmistir. izole
anti-HBc pozitif dondrlerin yas ortalamasinin ile
anti-HBc ve titreye bakilmaksizin anti-HBs pozitif
donorlerin yas ortalamasina gore istiatiksel olarak
anlamli (p=0,047) yiiksek oldugu bulunmustur.
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Calismamiz sonucunda donor plazma orneklerinin
hicbirinde HBV DNA PCR pozitifligi belirlenmemistir.
Anti-HBc pozitif donor plazma orneklerinde HBV
DNA PCR tekrarlanmis ancak yine buitin orneklerde
negatif sonuc elde edilmistir.

TARTISMA
HBV  enfeksiyonunun  tamisinda  kullanilan
serolojik  testler  enfeksiyonunun akut veya

kronik donemlerinin ayrilmasinda, enfektivitenin
degerlendirilmesinde, immiinitenin arastirilmasinda
ve kan ve organ dondrlerinin taranmasinda rutin
olarak kullanilmaktadir (1). Anti-HBc’nin pozitifligi
kisinin HBV ile karsilastigini gostermekle birlikte
akut, kronik veya eski enfeksiyonu birbirinden ayirt
etmemektedir. Anti-HBc pozitiflik oranlarn calisma

yapilan bolgenin HBV prevelansina ve calisilan



gruba bagl olarak degiskenlik gosterebilmektedir.
Turkiye ve benzer endemisiteye sahip bolgelerde kan
donorlerinde bildirilen HBsAg negatifken anti-HBc
pozitiflik oranlart %4,21-%18 arasinda bildirilmistir
(11, 13, 14, 16-20). Calismamiz sonucunda ise %8,18
oraninda anti-HBc pozitifligi tespit edilmistir.

HBsAg ve anti-HBs
HBc pozitifligi izole anti-HBc pozitifligi
degerlendirilmektedir. Calismamiz sonucunda tiim

negatifliginde  anti-

olarak

HBsAg negatif bagisc1 plazma ornekleri icinde izole
anti-HBc pozitiflik orani ise %1,03 (11/1063) olarak
belirlenmistir. Anti-HBc reaktif orneklerde degisen
oranlarda (%35’e varan) yalanci pozitiflikler de elde
edilmektedir (3, 11). Calismamiza dahil edilen bagisc
plazma ornek miktarlarinin yetersiz olmasindan
dolayr calismamizda pozitif orneklerde anti-HBc
tekrarlanamamistir.

izole anti-HBc pozitiflik oranlan da calisma
yapilan bolgenin HBV prevelansina ve calisilan
gruba bagli olarak degiskenlik gosterebilmektedir.
Turkiye’de yapilan calismalarda; izole anti-HBc
pozitifligi antiHCV pozitif hastalar ve hemodiyaliz
gibi farkli hasta gruplarinda %0-%13,6
arasinda ve kan bagiscilarinda ise %2-%2,5 oraninda
bildirilmistir (14, 19, 21, 22). Diger orta endemisite
ulkelerinde yapilan bazi calismalarda ise izole anti-
HBc pozitiflik oranlar kan bagiscilarinda %0,62-%1,93
arasinda rapor edilmistir (11, 16, 17). Bununla birlikte

hastalan

Tirkiye’de yapilan bir diger calismada ise calismaya
dahil edilen 57 191 kan bagiscisinin 5125 (%8,5)’inin
anti-HBc test sonucu pozitif oldugu, bu kisilerden
ulasilabilenlerde bagisc1 geri kazanim protokoli
geregince yapilan degerlendirme neticesinde ise
izole anti-HBc pozitiflik oraninin %7,5 (33/439) tespit
edildigi belirtilmistir (23).

Calismamiz sonucunda kan bagiscilarinda tespit
edilen anti-HBc pozitiflik oram (%8,18) ve izole
anti-HBc pozitiflik oram (%1,03) orta endemisite
bolgelerinde alinmis sonuclar ile benzer olarak
gorulmustur. Ancak Turkiye’de kan donorlerinde
daha once yapilmis calismalara gore izole anti-HBc
pozitiflik oram dusiik olarak degerlendirilmistir. Bu

sonucun calismanin yapildig1 tarihte farklilik, bagis
kan1 ve bagisci secim kriterlerinde artan hassasiyetler,
calismaya dahil edilen 6rnek biiyiikliigiinde ve anti-
HBc calisilan kitlerde farkliik nedeniyle olabilecegi
disunulmustur.
Calismamiz  sonucunda izole anti-HBc pozitif
bagiscilarin yas ortalamast 38,09+15,90 ve anti-
HBc ile anti-HBs pozitif donorlerin yas ortalamasi
ise 28,85+10,41 olarak tespit edilmistir. istatiksel
degerlendirme sonucunda iki grup arasinda anlamli
(p=0,047). Bu
enfeksiyonu

farkbibk  bulunmustur durumun
HBV

yaslarda anti-HBs titrelerinin dismesi ve sonunda

gecirilmis sonrast ilerleyen
anti-HBc’nin tek belirtec olarak kalmasi nedeniyle
oldugu dustinilmistiir. Farkli calismalarda anti-HBs
titrelerinin ilerleyen yaslarda anlamli olarak dustugii
gorulmustur (24).

OHB, pencere donemi disinda giincel duyarli
ile HBsAg

dokusunda HBV DNA varlig1 (serumda tespit edilebilen

testler negatif bireylerin karaciger
veya edilemeyen HBV DNA ile) olarak tanimlanabilir
ve bu bireylerde tespit edilebilirse serum HBV DNA
dizeyi HBsAg pozitif kisilere gore anlamli olarak
disuk gorulmustir (genellikle 200 1U/mL) (4, 6).
Calismamizda bagis¢1 plazma drneklerinin hicbirinde,
OHB veya HBV pencere donemi varligi diisiindiirecek
HBV DNA PCR pozitifligi tespit edilmemistir.

OHB hemodiyaliz hastalarinda %0-%50, intravenoz
ilag bagimlilarinda %45, hemofili hastalarinda %51,
karaciger rezeksiyonu veya abdominal cerrahi
sirasinda karaciger biyopsisi yapilarak intrahepatik
HBV DNA varligi
olmayanlarda %16 ve izole anti-HBc pozitifligi olan tip
2 diyabetik hastalarda %11 oraninda bildirilmistir (25-

31). Turkiye’de ise farkli hasta gruplarinda veya kan

arastinlan karaciger hastalig

bagiscilarinda yapilan calismalarda OHB prevalansi
%0-%36,4 olarak bulunmustur (19, 22, 23, 25, 31-34).
Transfuzyon ile iliskili HBV bulasim azaltmak
amaciyla goniilli bagiscilarin tercihi, yeni duyarl
HBsAg testlerinin gelistirilmesi, tarama testi olarak
anti-HBc veya titrasyonu, anti-HBs titrasyonu ve/veya
NAT kullanimi seklinde yaklasimlar mevcuttur (35).
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HBsAg testlerinde yenilikler olsa da ozellikle
kan bagislarinda HBV belirteci olarak tarama
testlerinde sadece HBsAg’nin kullanimi yetersiz
oldugu bilinmektedir (35). izole anti-HBc pozitifligi
durumunda HBV DNA pozitifligi oranmimin yiiksek
olmasindan dolay1 daha enfeksiy6z oldugu ve anti-
HBc’nin OHB icin bir On tarama testi olabilecegi
dusunulmektedir (36).

olasi

OHB’nin neden olabilecegi
HBV  bulasin1  anti-HBc
taranmasinin  Onleyebilecegini belirten pek cok

transfizyon ile

calisma mevcuttur (36). Ancak her ne kadar bazi
Ulkelerde kullanmyor olsa da ve bulasi azalttig
gosterilmis olsa da anti-HBc reaktif orneklerde
degisen oranlarda yalanci pozitiflikler sonucu bagisc
kaybi, anti-HBc prevalansinin %10’dan yiiksek oldugu
Ulkelerde ek bagisc1 kaybinda artis, pencere donemi
bulaslarin1 6nlemede yetersizligi ve seronegatif OHB
bulasin1 da onleyememesi anti-HBc’nin tarama testi
olarak kullamminda karsimza c¢ikan problemler
olarak tariflenmektedir (12-14, 35).

Anti-HBs iceren kan kompenentinin transfiizyonu
ile bulas durumu halen tartismalidir (7). Anti-HBs’nin
100 IU/mL Uzerinde hatta 1000 IU/mL ve Ustunde
varliginda bile HBV DNA pozitifligi gosterilmistir
(11). Avrupa Birligi’nde rehberlere gore anti-HBc
pozitiflerden kan bagis1 kabul edilmesi icin bagista
HBV DNA negatif ve anti-HBs titresinin en az 100 1U/
mL olmas1 gerekmektedir (37).

Kan giivenligini arttirmak amaciyla NAT, degisen
ornek miktarlarn havuzlanarak minipool NAT (MP-
NAT), tek serumda kullanilan individual NAT (ID-
NAT), HCV, HIV ve HBV icin ayn ayn, ikili (HIV/
HCV) ve ucli (HIV/HCV/HBV) multipleks sistemler
seklinde uygulanmaktadir. MP-NAT seklinde bile NAT
uygulamasinin HBsAg’den daha etkin oldugu ve HBsAg
oncesi veya sonrasi pencere doneminde enfekte

ETIK KURUL ONAYI

bagislan ekarte edebildigi ve lisansli glincel HBsAg
testleri ile karsilastirildiginda pencere doneminin
MP-NAT ile 9-11 giin, ID-NAT ile 25-36 giin kisaldig
bildirilmistir (38, 39). Gelismis Ulkelerde zaten dusuk
olan transfiizyon bulas riskini NAT’1n azalttigini,
ancak sifirlayamadigini da belirtmek gerekir. MP-
NAT ve ID-NAT taramasina ragmen transfiizyonla HBV
bulaslarn meydana gelmistir (40, 41). Her ne kadar
yasal zorunluluk olmasa da Tirkiye’de de Kizilay
Bolge Kan Merkezleri 1 Kasim 2014 tarihi itibari ile
bagis kanlarinda NAT calismaya baslamistir.

Sonuc olarak; calismamiz sonucunda kan
bagiscilarinda tespit edilen anti-HBc pozitiflik oran
(%8,18) ve izole anti-HBc pozitiflik oran1 (%1,03)
orta endemisite bolgelerinde alinmis sonuclar ile
benzer olarak gorilmektedir. Ancak Turkiye’de
kan donorlerinde daha once yapilmis calismalara
gore izole anti-HBc pozitiflik oram diisuk olarak
degerlendirilmistir.

Calismamizda, HBV DNA PCR pozitifligi tespit
edilmese de OHB’nin 6zellikle izole anti-HBc pozitifligi
durumunda karsimiza cikabilecegi ve dalgalanmalar
gosterebilecegi bilinmektedir. OHB tasiyicilarindan
ozellikle transfiizyon yolu ile HBV bulasin1 onlemek
icin endemik olan ve olmayan bolgelerde farkl
stratejiler gerekmektedir. Dusiuk endemisiteye sahip
bolgelerde anti-HBc taramasinin uygulanma durumu
halen tartismalidir. ID-NAT’1n sonunda HBsAg ve anti-
HBc testlerinin yerini alip almayacagini ise yapilacak
calismalar gosterecektir. HBV endemik bolgelerde
ise oncelik; genis capli calismalar ile kan bagiscilan
arasinda OHB prevelansinin tespit edilmesi ve
sonrasinda HBV bulas riskini azaltmak amaciyla ID-
NAT uygulanmasinin maliyet etkinliginin belirlenmesi

olmalidir.

* Bu calisma, Giilhane Askeri Tip Akademisi Komutanligi Yerel Etik Kurulu’nun onay ile gerceklestirilmistir (Tarih:17.05.2010,

Karar no: 1491-817-10/1539).
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CIKAR CATISMASI

Yazarlar bu makale ile ilgili herhangi bir ¢ikar catismasi bildirmemislerdir.
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Kitin sentez inhibitorii diflubenzuronun sivrisinek (Culex
pipiens) larvalarimin kiitikiilasina etkisinin belirlenmesi

Mehmet Salih YIKILMAZ'

, Leyla YILDIZ!

, Gamze TURGAY iZZETOGLU!'

OZET

Amag: Culex cinsine ait disi sivrisinek turleri
hastalik tasinimi bakimindan 6nemli bir bulasici hastalik
vektordr. Deri degisimi (ekdizis) sivrisinek gelisiminde
onemli rol oynamaktadir. Sivrisineklerde integiment tek
tabakali ektodermal hiicrelerden ve bunlarin salgiladig
kutikil

Saglik Orgiitii’niin larval miicadelede kullanmlmak iizere

tabakasindan meydana gelmektedir. Diinya
tavsiye ettigi bocek biylime dizenleyicileri (IGR) ve
baz1 biyoinsektisitler arasinda diflubenzuron (DFB) ticari
olarak en cok kullamlanlar arasindadir. DFB, boceklerde
kitikil olusumunu olumsuz etkiledigi icin kitin sentez
inhibitorii olarak tanimlanmistir. DFB kitin sentezini
inhibe ederek kiitikiil kompozisyonunu degistirip,
kitinin endokiitikiilada depolanmasi sirasinda anomaliler
olusmasina ve deri degisiminin olmasi gerektigi sekliyle
gerceklesmemesine sebep olmaktadir. Bu calismada,
DFB uygulanmis Uciinci ve dordiinciu evre sivrisinek
(Culex pipiens) larvalarinin kiitikiilalarinda meydana
gelen degisikliklerin, makro diizeyde ve histolojik olarak
belirlenmesi ve olasi anormalliklerin agiga c¢ikarilmasi

amaclanmistir.

ABSTRACT

Objective: Female mosquito species belonging
to Culex sp. are important infectious disease vectors
in terms of disease transmission. Ecdysis plays
an important role in mosquito development. In
mosquitoes, the integument consists of a single layer
of ectodermal cells and the cuticle layer secreted by
them. Among the insect growth regulators (IGR) and
somebioinsecticidesrecommended by the World Health
Organization for use in larval control, diflubenzuron
(DFB) is among the most used commercially. DFB has
been defined as a chitin synthesis inhibitor because it
negatively affects cuticle formation in insects. DFB
inhibits chitin synthesis, altering the composition
of the cuticle and causing anomalies in the storage
of chitin in the endocuticle, thereby preventing the
proper occurrence of molting in the integument. In
this study, it was aimed to determine the changes
occurring in the cuticles of third and fourth instar
mosquito (Culex pipiens) larvae treated with DFB at
the macroscopic and histologic levels and to reveal

possible abnormalities.
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Yontem: Sivrisineklerle miicadelede en iyi sonuglar
larval miicadele ile ainmaktadir. Bu sebeple, C. pipiens’in
liclincii ve dordiincii larval evrelerinin bulundugu su dolu
kaba m?’ye 2,5 mg olacak sekilde DFB uygulanarak, 2-3
glin boyunca larvalardaki deri degistirme davramsi takip
edilmistir. Aymi evrelere ait DFB uygulanmis (uygulama) ve
uygulanmams (kontrol) C. pipiens larvalan ayrintili bir
sekilde karsilastirilarak incelenmis ve makroskobik olarak
fotograflanmistir. Ayrica Bouin ile total olarak tespit
edilen kontrol ve uygulama grubu sivrisinek larvalari rutin
histolojik basamaklarin ardindan 5-6 pm enine kesitler
alinmistir. Bu kesitlere Pollak’s trikrom ve Heidenhain’s
Azan-Mallory boyama proseduru uygulanarak preparatlar
hazirlanmis ve detayli incelemelerin ardindan fotograflan
cekilmistir.

Bulgular: Uygulama yapilmis her iki evrenin de
larvalarinda makroskobik olarak sekil bozukluklari
belirlenmistir. Histolojik olarak da kiitikiilanin inceldigi
ve hemen altinda yer alan epidermal hiicre tabakasinin

da altinda yag doku yigilmalar oldugu goriilmistir.

Sonug: Sivrisineklerde buyiime esnasinda
meydana gelen deri degistirme siirecinde, kitin sentez
inhibitorlerinden biri olan DFB’nin kiitikil olusumunu
olumsuz etkiledigi hem morfolojik hem de histolojik

olarak belirlenmistir.

Anahtar Kelimeler: Culex pipiens, diflubenzuron,

histoloji, integliment, kitin sentez inhibitor, kiitikiila

Methods: The best results in mosquito control
are obtained with larvae control. For this reason, DFB
was applied at a rate of 2.5mg per m? to the water-
filled container containing the third and fourth larval
stages of C. pipiens, and to ecdysis behavior of the
larvae followed for 2-3 days. DFB-treated and non-DFB-
treated (control) C. pipiens larvae of the same stages
were compared in detail, examined and macroscopically
photographed. In addition, 5-6 pm cross-sections were
taken from the control and treatment groups mosquito
larvae, which were fixed as a total using Bouin fixative,
following routine histological steps. Preparations were
made by staining Pollak’s trichrome and Heidenhain’s
Azan-Mallory process, then detailed observation and

photographed.

Results: Macroscopic abnormalities were determined
in the larvae of both treatment stages. Histologically, it
was observed that the cuticle was thin and there were
fat body accumulations under the epidermal cell layer

just below it.

Conclusion: As a result, it has been determined both
morphologically and histologically that DFB, one of the
chitin synthesis inhibitors, negatively affects cuticle
formation during ecdysis that occurs during growth in

mosquitoes.

Key Words: Culex pipiens, diflubenzuron, histology,

integument, chitin synthesis inhibitor, cuticle

GIRIS

Culex cinsine ait disi sivrisinek turleri hastalik
tasimm bakimindan onemli bir bulasici hastalik
vektorudur (1).
olarak Lymphatic

Ayrica arbovirislerin  vektorleri

filariasis’e (fil hastaligr) yol
acan nematodlardan biri olan Wucheria bancrofti
parazitinin, St. Louis, West Nile, Eastern equine,
Venezuelan equine ve Japanese ensefalitleri ile
Sindbis atesi, Rift Walley atesi hastaliklarina neden
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olmaktadir (2-12). Sivrisineklerle miicadelede tiir,
gelisim safhasi, uygulama alam gibi bazi durumlar
g6z onilinde bulunduruldugunda, en iyi sonuclar larval
Bunun yaninda ergin
mucadelesi de goz ardi edilemeyecek kadar kullanilan

mucadele ile alinmaktadir.
bir diger yontemdir (13). Sivrisineklerle miicadelenin
onemli bir kismin insektisitler olusturmaktadir (14).

Diinya Saglik Orgiiti'niin larval miicadelede
kullamilmak Uzere tavsiye ettigi

dizenleyicileri (IGR) ve baz1 biyoinsektisitler (15,

bocek biyiime



16) arasinda diflubenzuron (DFB) ticari olarak en cok
kullanilanlar arasindadir (17-19). DFB’nin boceklerde
kitikul olusumunu olumsuz etkiledigi belirlenmis ve
takip eden yillarda boceklerdeki larvisidal ve ovisidal
etkisi onaylanarak kitin sentez inhibitori olarak
tanimlanmistir. DFB giiniimiize kadar bircok bocek
turlyle mucadelede kullanilmaktadir. Mulla ve ark.
(20), bes cins (Aedes, Anopheles, Culex, Culiseta ve
Psarophora) ve 16 tur sivrisinek larvasin1 DFB’ye maruz
biraktiktan sonra ergin olusumunun engellendigini
DFB
disik oranlarda (ppm ve ppb seviyesinde) bile

belirlemislerdir. sivrisinek larvalarinda cok
etki gostermektedir. Ayrica ortam kosullarina gore
degismekle birlikte suda 3-4 ay boyunca etkisinin
stirdiigl bilinmektedir (19).

Deri degisimi sivrisinek gelisiminde onemli rol
oynamaktadir (21). Sivrisineklerde integiiment tek
tabakali ektodermal hiicrelerden ve bunlarin salgiladig
kutikul tabakasindan meydana gelir (21-23). Kuatikul
genellikle epikitikila, ekzokiitikiila ve endokitikiila
olmak Uzere l¢ ayn katmandan olusur. Ekzo ve
endokitikila bazen prokitikila olarak da adlandinlir.
Son iki tabakadan herhangi biri indirgenebilir veya
(24).
degistirme esnasinda
iliskili

enzimleri salgilarlar (23, 25).

olmayabilir Tum epidermal hiicreler, deri

kitikal
olan kutikul

modifikasyonu ve
sindirilmesiyle bilesenleri ve

Boceklerin buyumesi kutikil ile simrlanmistir.
Bocegin biiylimesine izin vermek icin kiitikiil, eski
kitikulin enzimler tarafindan kismen parcalanmasini
ve vyeni kutikulin biyosentezini iceren surecler
yoluyla deri degistirme sirasinda periyodik olarak
atilmaktadir (26).

ekdizis olarak bilinir. Ekdizisden sonra, yeni kutikul

Bu iki surec sirasiyla apolizis ve

genisler ve kimyasal olarak modifiye edilir. Cogu
bocekte, yeni kitikiilin yogun birikimi deri degisim
aras1 (intermolt) periyodu boyunca devam eder (23).

Ekdizis’in
sonucunda hiicre sayis1 artar ve ekdizisi takip eden

baslangicinda mitoz  boluinme
suire boyunca keskin, nispeten kucuk bir dususe
ugrar. Toplam hiicre sayisinda net bir artis vardrr,

bu sebeple birim alan basina say1 orijinal degerine

geri donse de epidermisin genel alan1 ve dolayisiyla
olusturdugu kiitikiil artar (23,25). Deri degistirmeyi
takiben besleme doneminde, hiicrelerin Uzerindeki
kitikil ortaya ciktikca ve hiicreler yana dogru
yayildiginda hiicre yogunlugu azalir. Daha sonra,
mitoz gerceklestiginde ve hiicre sayisi arttiginda,
hiicre yogunlugu keskin bir sekilde artar. Larval-pupal
deri degistirmede, larva pupaya doniisiirken boyunun
kisalmasi1 ve hiicrelerin yeniden diizenlenmesinden
dolay1 yogunlukta bir miktar artis meydana gelebilir.
Epidermal hiicre yogunlugunda meydana gelen bu
degisiklerle birlikte hiicre sekillerinin degismesi de
gerceklesir (23). Ekdizis hemolenf basincinin artmasi
sonucunda, eski kitikulanin kalintilarinin dorsal hat
boyunca catlamasi ile meydana gelir. Ayrilan kitikiila,
eski epikutikula ve ekzokutikulanin sindirilemeyen
protein, lipit ve kitinlerini icerir. Yeni deri
degistirmis olan bir bocek, eski deri sinirlamasindan
kurtuldugunda, yeni kiitikiilasin1 genisletir. Bu olay,
kinsmis ve katlanmis epikitikilanin duzeltilmesi,
prokitikiilanin gerilmesi amaciyla vicudun farkl
bolgelerinde hemolenf basincinin artmasi veya su
alinimiyla gerceklesir (27).

Hiicre seklindeki degisikliklerin bir sonucu olarak,
epidermal hiicre yuzeyinde gerilme meydana gelir ve
bu da epidermal hiicrelerin kitikiilden ayrilmasina
neden olur. Bu olaya apolizis denir (23).

DFB,

diizenleyicisi

benzoil Ure ailesinden bocek blyime
Hedef

organizmalarin dis iskeletinin olusumunu ve larva

olarak simflandirnilmaktadir.

bliyiimesini kesintiye ugratan secici olmayan kitin
inhibitortidur (1). DFB kitin
inhibe ederek kitikil kompozisyonunu degistirir.

sentezi sentezini

Boylece kitinin endokitikilada depolanmasinda
anomaliler olusur ve deri degisimi olmas1 gerektigi
sekliyle gerceklesmez. Sivrisineklerde, larva deri
degistirirken meydana gelen yeni kiitikiila seffaflasir.
Baz1 durumlarda kutikula yer yer yarilip parcalanir.
Bazi durumlarda yeni deri tam olarak olusturulamaz
ve eski deri de atilmaz. Boylece hem eski deri
katmanlarinin hem de yeni deri katmanlarina sahip

larva veya pupalar gozlenir (28-30).

Turk Hij Den Biyol Derg
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Bu calismanin amaci, bir kitin sentez inhibitoru
olan DFB uygulanmis Ucunci ve dordunci evre
pipiens)
meydana gelen degisikliklerin, makro diizeyde ve

sivrisinek (C. larvalarinda kutikilada
histolojik olarak belirlenmesi ve olas1 anormalliklerin
aciga cikarilmasidir.

GEREC ve YONTEM

Hayvan Eldesi ve Yetistirilmesi

Calismada kullanilan C.  pipiens ucuncu ve
dordiincii evre larvalari, Ege Universitesi Fen Fakiiltesi
Egemikal Analiz Laboratuvar Hasere Grubu Biyolojik
Etkinlik Laboratuvari’ndaki kultirlerden 01.05.2023-
10.05.2023 tarihleri arasinda temin edilmistir. Larvalar
gelisimlerini devam ettirebilmeleri ve besleyici
olmas1 nedeniyle ogiitiilmus tavuk cigeriyle, erginler
ise %10’luk sekerli suyla beslenmistir. Sivrisineklerin
gelisimlerinin normal bir sekilde devam etmesi icin,
laboratuvar kosullar1 butun yetistirme siireci boyunca
25 °C sicaklikta, %65-70 nemde, 12 saat glindiiz/12
saat gece olacak sekilde sabit tutulmustur.
Laboratuvar ortaminda kalturt yapilan
sivrisinek populasyonlarinin, kucik su dolu bir
kaba biraktig dikkat bir sekilde

15cmx25cmx5cm  boyutlarindaki kaplara alinmistir.

yumurtalar

Acilan yumurtalardan cikan larvalar 6giitiilmis tavuk
cigeriyle beslenmistir. Uciincii larval evreye ulasan
sivrisinekler kontrol ve uygulama grubu olacak sekilde
iki farkli kaba alinmistir. Aynmi islem dorduncu larval
evre icin de tekrarlanmistir.

Diflubenzuron (DFB) Uygulanmasi

Culex pipiens’in Uciinci ve dordinci larval
evrelerini bulundugu su dolu kaba m?’ye 2.5 mg olacak
sekilde DFB uygulanmistir. 2-3 giin boyunca larval
evrelerde deri degistirme davramisi olup olmadig
takip edilmistir. Kontrol gruplan ile karsilastirmalar
yapilarak makro duzeydeki farklar belirlenmistir. Bu
asamada kontrol gruplar (uiclincu evre larvalar icin 10
adet, dorduincu evre larvalar icin 10 adet) ile Ucuncu
evre (10 adet) ve dordincu evre (10 adet) uygulama

gruplarindan olmak lizere toplamda 40 adet alinan
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ornekler histolojik durumlan belirlenmek lizere bouin
tespit solusyonunda fikse edilmistir.

Morfolojik inceleme

Kontrol ve uygulama grubu sivrisinek C. pipiens

ucunci ve dordincu larval evreleri Olympus
marka stereomikroskop altinda ayrintili bir sekilde
incelenmis, makroskobik fotograflari Kameram dijital

goruntl analiz yazilimi kullanilarak ¢ekilmistir.
Histolojik inceleme

Bouin (doymus pikrik asit 75mL, %40’ ik formaldehit
25mL, asetik asit 5mL) ile 24 saat boyunca tespit edilen
kontrol ve uygulama grubu sivrisinek C. pipiens’ler
%70’lik alkol ile bouinin etkisi orneklerden uzaklasana
kadar yikama yapilmistir. Sonra konsantrasyonlarn
artan alkol serilerinde tutulan orneklerden mevcut
suyun uzaklastirilmasi Daha sonra
orneklerden hem alkoliin giderilmesi hem de gomme

ortami

saglanmistir.

olarak kullanilacak olan parafinle uyum
saglamasi bakimindan kontrollii bir sekilde ornekler
ksilolde tutulmustur. Parafine gomme
ardindan mikrotom adi verilen cihazlar yardimiyla

isleminin

5-6 pym enine kesitler alinarak, once kesitlere obje
cevresinde bulunan parafinin giderilmesi icin ksilol
uygulamasi sonra da konsantrasyonlar azalan alkol
serilerine tabii tutularak boyamaya hazirlik asamalari
tamamlanmistir. Calismay1 olusturan yapilarda detay1
gorme amaciyla kesitlere Pollak’s trikrom boyama
prosediiri ve Heidenhain’in Azan-Mallory boyama
prosedirii (31, 32) yontemleri asagidaki sekilde
uygulanmistir.

Pollak’s (31,32): Rutin
basamaklarin tamamlanmasindan sonra Mayer’in
Hematoksileni’nde bes dakika bekletilmistir. Cesme

Boyama Prosediirii

suyunda mavilesene kadar yikama yapilmistir. Saf
sudan gecirilmistir. Sonra Trikrom boyasinda 7 dk
tutulmustur. Saf su ile calkalanmistir. Boyalan
sabitleme amacli birkag saniye saf su ile hazirlanmis
%0,2’lik asetik asitte bekletilmistir.

Azan Stain, Mallory Heidenhain’s boyama
prosediirii (31,

bekletilmistir. Ardindan saf su ile calkalanmistir.

32): Azokarmin’de 1 bucuk saat



Boyanin fazlaligi anilin alkol ile uzaklastirilmistir.
Boyayisabitleme amacli 1-2 dk %96 alkol ile hazirlanmis
%1’lik asetik asitte tutulmustur. Bu islemden sonra
fosfotungustik asitte 3,5 saat bekletildikten sonra saf
su ile calkalanip anilin mavisinde 3 saat bekletilmistir.
Fosfotungustik asitte tekrar 4 dk bekletildikten sonra
1-2 dk saf su ile hazirlanmis %1°lik asetik asitte
birakilmistir.

Son olarak ayr1 ayn uygulanan her iki boyamanin
ardindan dehidrasyon amaciyla konsantrasyonlar
artan alkol
tamamen giderilmesi ve kapatici

serilerinden ve ardindan alkoliin
kimyasal olan
entellan ile uyum saglanmasi icin ksilolde bekletilen
preparatlar sirasiyla lamel kapatilarak incelemeye

hazir hale getirilmislerdir. Preparatlar mikroskopta

gozlemlenmis ve ZEN goruntu
kullanilarak fotograflarn cekilmistir.

analiz  yazilim

BULGULAR

Morfolojik Bulgular

DFB
uygulanmis C. pipiens’in uclincu evre larvalarinda

Kontrol  grubuyla  karsilastinldiginda
morfolojik olarak sekil bozukluklar gorulmustur.
Bunlar; bas, toraks, sifon ve anal papilla kisminda
kitikilanin
birikmesiyle olusan kirisikliklar (Sekil 1. A-B), toraks

ile bas kisminin baglanti yaptig1 bolgede uzama,

kararmalar ile toraks kisminda

toraksta kararmalar, abdomen kisminda yer yer
seffaflasmalar gozlemlenmistir (Sekil 1. A-C).

Sekil 1. Uglincii evre Culex pipiens larvalarinda DFB’nin morfolojik etkileri.

A. Kontrol grubu, B, C. DFB uygulanmis grup. ab; abdomen, ap; anal papilla, b; bas, s; sifon t; toraks.

Kontrol grubuna gore; DFB uygulanmis C.
pipiens’in dordincu evre larvalarinda bas, toraks,
anal papilla ve sifon kisimlarinda kararmalar (Sekil 2.
B-C-D), larvalarin toraks kisminda seffaflasma (Sekil

2. C) ve toraksin dorsal kisminda yirtilmalar (Sekil

2. D) seklinde morfolojik bozukluklar belirlenmistir.
Ucincl ve dordincu larval evrede DFB
uygulanmis gruplardaki bireylerin hicbiri gerektigi

Aynica,

gibi deri degistirip pupa asamasina gecememistir.
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DIFLUBENZURONUN SiVRISINEK KUTIKULASINA ETKiSi

Sekil 2. Dordiincu evre Culex pipiens larvalarinda DFB’nin morfolojik etkileri.
A. Kontrol grubu, B, C. DFB uygulanmis grup. ab; abdomen, ap; anal papilla, b; bas, s; sifon, t; toraks.

Histolojik Bulgular

Uciinci larval evreye ait kontrol grubu C.
pipiens’lerden alinan enine kesitlerde kiitikiila
altinda tek sira epidermal hiicre tabakas1 yer
almistir (Sekil 3. C ve 4. A). Hiicre tabakasi, alt
kisimda yer alan yag doku ile iliskilidir (Sekil 3. C
ve 4. A). Ayrica epidermal hiicre nukleuslar da net
bir sekilde goziikmekte ve deri degistirme esnasinda
meydana gelen ve daha da ilerlemis apoliz olarak
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dislindligimiiz asama gozlenmistir (Sekil 4 A). Eski
kitikila, yeni olusmakta olan kitikiladan tam
olarak ayrilmamakla birlikte, birbirlerine yakin yer
almistir (Sekil 3. C). DFB uygulamasi sonrasinda bu
evre larvalarin kontrol grubuna gore kitikulasinin
kompakt yapisinin bozuldugu ve gevsedigini (Sekil
4. B), ayrica yok denecek kadar inceldigini soylemek
miimkiindiir (Sekil 4. B-C).




it um

LT AN T B

10 pm

C

Sekil 3. Kontrol grubu Culex pipiens tglinci ve dordiincii larval evrelerinin kiitikiila tabakasinin histolojisi.
A. Dordiincii larval evre, B. Dérdiincii larval evre, C. Uciincii larval evre (boya: Heidenhain’s Azan-Mallory).
V; epidermal hiicreler, A; kiitikiila, »; eski kitikiila, <; yeni kutikiila, %; yag doku.

B = N rin

Sekil 4. Culex pipiens lcuncu larval evrelerinin kitikila tabakasinin histolojisi.
A. Kontrol grubu, B, C. DFB uygulanmis grup (boya: Pollak’s trikrom).
V; epidermal hiicreler, A; kiitikiila, »; eski kiitikiila, <; yeni kiitikiila, %; yag doku.
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Dorduncu larval evreye ait kontrol grubu C.
pipiens’lerden alinan enine Kkesitlerde Kkiitikula
Azan Stain, Mallory Heidenhain’s boyasi mavi-mor
renklerinde boyanmistir (Sekil 3. A-B). Kutikulanin
hemen altinda (giincli larval evrede oldugu gibi
epidermal hiicre tabakasi yer almakta (Sekil 3.
A-B) ve yine kiitikiila ¢cok ince oldugu icin histolojik
diizeyde tabakalanmalar net bir sekilde ayirt
edilememistir. Epidermal hucre tabakasinin altinda
yag doku yigilmalan gozikkmistir (Sekil 3. A-B ve
5. A). DFB uygulanmis dordiinci evre larvalarin
enine kesitlerinin bazilarinda kitikulanin kompakt

yapisi kaybolmus ve epidermal hiicrelerle baglantisi
kopmustur (Sekil 5. B-C-D).
grubuna gore inceldigi DFB uygulanmis gruplarda net

Kitikulanin  kontrol

olarak gorulmustur (Sekil 5. B-C-D).

Uctiincii ve dérdiincii larval evre kontrol grubundan
alinan enine kesitler karsilastinldiginda gelisime
bagli olarak, Uclincii larval evre kiitikiilasinin (Sekil
6. C-D), dorduncu larval evre kutikulasina (Sekil 6.
A-B) gore ince oldugu gozlemlenmistir. Kiitikiilanin
en disinda, yer yer koyu mavi hat halinde epikutikila
tabakas1 gozukmiustur (Sekil 6. B). Epidermal huicreler
yag doku ile iliskili gorulmistir (Sekil 6).

Sekil 5. Culex pipiens dordiincu larval evrelerinin kitikila tabakasinin histolojisi.
A. Kontrol grubu. B, C, D. DFB uygulanmis grup (boya: Pollak’s trikrom).
V; epidermal hiicreler, A; kiitikiila, %; yag doku.
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e

Sekil 6. Kontrol grubu Culex pipiens tglinci ve dordiincii larval evrelerinin kiitikiila tabakasinin histolojisi.
A, B. Dérdiincii larval evre, C, D. Uciincii larval evre (boya: Pollak’s trikrom).
V; epidermal hiicreler, I; epikiitikiila, A; kiitikiila, »; eski kiitikiila, <]; yeni kiitikiila, %; yag doku

TARTISMA

Bircok temel entomoloji kitabinda bocek kutikulas
ve tabakalarn ayrintili sekilde verilmistir (21-23).
Ancak ornek olarak verilen bocekler daha cok karasal
olup, genellikle kutikiula tabakas1 kalindir. Ayrica
sivrisineklerle karsilastirildiklarinda epey blyuk
hayvanlar olduklar gozden oniinde bulundurulmalidir.
Sivrisinek larvalar sucul canlilardir ve oldukca narin
boceklerdir. Ayrica sifonlarinin yani sira deri solunumu
da yaptiklar bilinmektedir (33). Bu nedenle alinan
histolojik kesitlerde kutikil tabakalarinin net bir
sekilde ayirt edilememesi normal karsilanmalidir.
Kitikil tabakasinin tamaminin yer yer 1 ym’den bile
ince oldugu goérilmektedir.

Ozellikle dordiincii evre larvalarda kiitikiilays
olusturan epidermal hiicrelerin yag doku ile yakindan
iliskili oldugu goriilmiistir. Bu da yag dokuda da
depolanan protein, karbonhidrat ve yaglarin kiitikiil
olusumunda bir sekilde kullamldiklarin diistindirmiistdir.

DFB uygulanmis
Khater (34)’in sonuclanyla uyum gostermistir.
Larvalardaki genel sekil bozukluklari, bas-abdomen
ve torakstaki kararmalar benzerdir. Baz1 larvalarda

larvalarin genel goruntuleri

kitikiilada gozlenen seffaflasmalar da yeterince kitin
sentezi yapilamadigina isaret etmistir. Uciincii evre
larvada toraksta gozlenen kutikul kinsiklar apolizis
olayinin gerceklestigini, ancak ekdizis olayinin tam
olarak gerceklesemedigini, yani eski kiitikiilanin
atilamadigini ve bu nedenle s6z konusu kirisikliklarin
olustugu distinilmistir (Sekil 1.B). Bazi 6rneklerde
gozlenen seffaflasmalar ise kitin sentezinin yeterince
yapilamadigimt  ve eski kiitikiilamin  apolizise
ugradiktan sonra incelmesi ile 151k gecirgenliginin
arttigim ve mikroskop altinda seffaf bir goriinti
olustugu yoniindedir. Ozellikle dérdiincii evre bazi
larvalarda toraks kisminda kiitikiilanin yarilmasi, bu
evrede bir miktar kitin sentezlendigini ve apolizisin
gerceklestigini ancak ekdizis olayinin tam anlamiyla

meydana gelmedigini ve toraksta bir ayrilma olduktan
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sonra ekdizisin kesintiye ugradigi tahmin edilmistir.
Histolojik kesitlerde DFB’nin etkisini cok net
gormek mimkin olmamistir. Ancak baz isaretler
dolayli
olmustur. Sivrisinek larvasinin kutikilast zaten cok

olarak etkinin belirlenmesinde yardima
incedir. Etkinin belirgin bicimde gorilmesi 151k
mikroskobu asamasinda oldukca zordur. Buna ragmen
gevsemis, epidermal hiicrelerle baglantis1 kopmus
ve gorece incelmis kitikula etkinin yorumlanmasi
asamasinda yardimci olmustur. Ancak daha net
yorumlarda bulunabilmek icin elektron mikroskobu
teknikleriyle daha detayli incelemeler yapmak
yerinde olacaktir.

Bu calismayla, sivrisineklerde buyiume esnasinda
meydana gelen deri degistirme siirecinde, kitin
sentez inhibitorlerinden biri olan DFB’nin kitikul
etkiledigi
DFB halk sagligina yonelik sivrisinek ve ev sinegi

olusumunu  olumsuz belirlenmistir.

(=karasinek) larvalarimin kontroluniin yaninda bircok
tarim zararlisinin kontrolinde de kullanilmaktadir
(17-19). DFB, sivrisinek larvalarina kars1 Avrupa’da
mevcut olan c¢ok az aktif icerikten biri oldugundan,

ETIK KURUL ONAYI

* Bu calisma, Etik Kurulu onay1 gerektirmemektedir.

CIKAR CATISMASI

DFB direnci C. pipiens kontrolu icin buylk onem
tasimaktadir (35). DFB’nin kitin sentezini tam olarak
nasil inhibe ettigi kesin olarak aciklanamamistir
(18, 28).
icin uzun vyillardir yaygin olarak kullamlmistir. Bu

DFB sivrisinek larvalariyla micadele

sirecte icme sularinda da birikme gozlenmistir.
Etki
dolayisiyla insan sagliginda olusturmast muhtemel

mekanizmanin tam olarak aciklanamamasi

etkileri on goriilememektedir. Bu nedenle T.C. Saglik
Bakanlig1 tarafindan 2018’den itibaren sivrisinekle
mucadelede kullanilmasi yasaklanmistir.

DFB
mucadelede c¢ok dusuk miktarlarda bile etki

Sonuc olarak; sivrisinek  larvalanyla
gosterebilen bir sentetik maddedir. Bu maddenin
baska eklembacaklilarin bulunmadigi su kiitlelerinde
kullanim1 faydali olabilmektedir. Ayrica omurgalilara
DFB’yi

iriin haline getirmektedir.

zarar vermemesi kullanima uygun bir
Etki

aydinlatilmas1 DFB’yi potansiyel tehlike olmaktan

mekanizmasinin

cikaracak ve kullanimi tekrar gindeme gelecektir.

Yazarlar bu makale ile ilgili herhangi bir ¢ikar catismasi bildirmemislerdir.
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COVID-19 vaccine literacy in Cankir1 province

Ayse AYKURT'

, Sinan BULUT?

, Oguzhan AYKURT?

ABSTRACT

Objective: COVID-19 vaccines are at the forefront of
the most important protective factors in the fight against
the epidemic, but there are different attitudes towards
the vaccine. Vaccine literacy indicates the capacity
of individuals to obtain, process and understand basic
health information and services to make sound health
decisions about vaccines. This study aimed to evaluate
the vaccination literacy level of Cankir province and to

determine the factors affecting vaccination literacy.

Methods: The research is a cross-sectional type
research. The population of the research consists of
individuals aged 18 and over who are registered to the
family health center located in Cankir1 province and all
districts. In this study, a questionnaire was used as a
data collection tool. The survey consists of two parts.
In the first part, there are 12 questions, including socio-
demographic characteristics. In the second part, there
is the COVID-19 vaccine literacy scale. Research data
was collected between 01.12.2021 and 31.01.2022. The
determined sample was allocated in the research was

used in proportion to the district population and 400

OZET

Amag: Salginla miicadelede en onemli koruyucu
faktorlerin basinda COVID-19 asilar gelmekte, ancak asiya
kars1 farkli tutumlar goriilmektedir. As1 okuryazarligi,
kisilerin asilar hakkindaki dogru kararlar1 vermek icin
temel saglik bilgileri ve hizmetlerini elde etme, isleme
ve anlama kapasitesini gostermektedir. Bu arastirmada,
Cankin ilinde yasayanlarin COVID-19 as1 okuryazarlik
diizeyinin degerlendirilmesi ve asi okuryazarligina etki

eden faktorlerin belirlenmesi amaclanmistir.

Yontem: Calisma kesitsel tipte bir arastirmadir.
Arastirmanin evreni, Cankirt ili merkez ve cevre ilgelerde
yer alan aile sagligi merkezlerine (ASM) kayitli 18 yas ve
Uzeri bireyler olusturmustur. Arastirmada veri toplama
aract olarak anket kullanilmistir. Anket iki bolim
olarak hazirlanmistir. Birinci bolimde sosyo-demografik
ozellikleri iceren 12 soru, ikinci bolimde ise COVID-19
asis1 okuryazarlik dlcegi yer almistir. Arastirma verileri
01.12.2021 - 31.01.2022 tarihleri arasinda toplanmistir.
Arastirmada hesaplanan drneklem biyikligl ilce
nifuslarina oranlanarak kullamlmis ve 400 kisiye

ulasitmistir. Veriler SPSS 25.0 paket programinda analiz
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people were reached. The data were analyzed in the
SPSS 25.0 package program.

Results: COVID vaccine literacy level in Cankin
province was determined as medium level (2.80+0.53).
In the study, when the COVID-19 vaccine status and the
COVID-19 vaccine literacy levels were examined, the
literacy level was found to be higher in the individuals
who were vaccinated Although the COVID-19 vaccine
literacy levels are lower in districts with a high elderly
population, no statistically significant difference was
observed and in accordance with the literature, it
was found to be lower in the older age group than in
other groups. In the study, when the COVID-19 vaccine
status and the COVID-19 vaccine literacy levels were
examined, the literacy level was found to be higher in
the individuals who were vaccinated and showed similar

results with other studies.

Conclusion: Vaccination, one of the most
important methods of combating infectious diseases
and is necessary for public health. Vaccination has
increasingly become more important for protection
against COVID-19, which has emerged as an important
health problem in recent years. Within the scope of the
fight against pandemics, the vaccination literacy level
should be increased, especially in elderly individuals
aged 65 and over, and it is evaluated that disease rates
and deaths will be reduced by increasing vaccination

rates.

Key Words: Vaccine literacy, Covid-19, health

edilmistir.

Bulgular: Cankir ili COVID-19 as1 okuryazarlik diizeyi
2,80+0,53 ile orta diizeyde oldugu goriilmistur. COVID-19
asist olma durumu ile COVID-19 asi okuryazarligi
diizeyleri incelendiginde asi olan bireylerde okuryazarlik
dizeyi daha yiksek olarak saptanmstir. En yiksek
COVID-19 as1 okuryazarlik diizeyi Cankinn Merkez ilcede
bulunmustur. 60 yas ve ustu bireylerde COVID-19 asi
okuryazarlik diizeyi anlamli olarak diger gruplara gore
daha diisiik bulunmustur. Yashi niifusun fazla bulundugu
ilcelerde COVID-19 as1 okuryazarlik duzeyleri daha dusuk
olmakla birlikte istatistiksel olarak anlamli bir farklilik
gorilmemistir ve literatiir ile uyumlu olarak ileri yas
grubunda, diger gruplara gore daha diisiik saptanmistir.
Calismada, COVID-19 asis1 olma durumu ile COVID-19 as
okuryazarligi diizeyleri birlikte degerlendirildiginde asi
olan bireylerde okuryazarlik duzeyi daha yiksek olarak

saptanmistir.

Sonug:  Enfeksiyon  hastaliklarimin  onlenmesi

ve ortadan kaldinlmasi icin en onemli miicadele
yontemlerinden biri olan as1, toplum saglig icin gereklilik
tasimaktadir. Son yillarda 6nemli bir saglik sorunu
olarak ortaya cikan COVID-19’dan korunma icin de asi
onemini giderek artirmistir. Gelecekte yasanabilecek
pandemilerle miicadelede ozellikle 65 yas ve Ulzeri
yasli bireylerde as1 okuryazarlik dizeyi artirilmali ve
asilanma oranlan yikseltilerek hastalanma oranlarinin

ve olimlerin azaltilacagi degerlendirilmistir.

Anahtar Kelimeler: As1 okuryazarligi, COVID-19, saglik

INTRODUCTION

After the first cases were reported in December
2019 in Wuhan, Hubei Province, China, on January
7, 2020, the new type of coronavirus disease
(COVID-19), as defined by World Health Organization
(WHO), was first seen in Tirkiye on March 11,
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2020. The first case in Cankirnn was seen in a patient
originating from abroad on March 22, 2020, and the
first death was on April 12, 2020. Within the scope
of combating COVID-19 in Cankir, the Operations
Center and Filiation Center were first established
under the Provincial Health Directorate, and then
the detailed filiation of COVID-19 positive cases



was carried out, which was aimed at preventing
the increase in cases with follow-up. From past to
present, the medical world frequently encounters the
latest health-threatening pandemics under the name
of COVID-19. Learning the characteristics of epidemic
diseases, finding the necessary protection methods
against them, and exploring vaccine and treatment
options in order to end the disease are the most
important steps in the fight against the epidemic.
Immunization is one of the most effective methods
of combating epidemic diseases. Although COVID-19
vaccine studies in Turkiye are not effective at the
desired level, significant progress has been made in
immunization over the past few decades.

Although it is known that immunization studies
started in the 1700s during the Ottoman Empire, a
Rabies Treatment Institution was established under
the name of Dall-Kelp and Bacteriology Operating
Room in the clinic of the professor Alexander Zoeros
Pasha in 1887. This center became the first rabies
treatment center with the feature of being the first
in its region. Diphtheria serum was also successfully
produced in the center (1). Refik Saydam Hygiene
Institution was established in 1928 in order to carry
out social protection works for public health. This
establishment has also started to work on vaccine
and serum production. In 1936, 17 different types of
vaccines were started to be produced at the Hygiene
Institute; vaccines for typhoid, dysentery, plague,
cholera, meningococcus, brucellosis, pertussis, BCG,
diphtheria, tetanus, rabies, smallpox. Rabies serum
began to be produced in 1937 and scorpion serum in
1942. For the first time, powdered smallpox vaccine
was produced in 1965, and powdered BCG vaccine
was started in 1983. In 1961, the “Socialization of
Health Services Law” numbered 224 was enacted, and
vaccination studies became widespread. The Extended
Immunization Program has been implemented by the
Ministry of Health since 1981. With the vaccination
campaignsinitiated, the vaccination rates, which were
at the level of 25-35% until 1985, increased to 92%.
Hepatitis B vaccine in 1998, Hemophilus influenza

type B (Hib) in 2006, conjugated pneumococcal
vaccine (KPA) in 2008, and most recently hepatitis
A and varicella vaccines in 2013 were added to the
National Vaccination Schedule. Smallpox vaccine has
been abolished in our country since 1980, and the last
polio case was seen in November 1996. WHO in June
2002; Turkiye and the European region were declared
as “Polio-Free Zone” (2).

Infectious diseases are less common in adult
age groups, especially when compared to children.
However, due to reasons such as the fact that
individuals who could not be vaccinated in childhood
become more susceptible to diseases in adulthood,
that some vaccines do not have a lifetime protection
from the disease (e.g. tetanus, diphtheria, whooping
cough), and that they are more likely to encounter
many vaccine-preventable diseases in work and social
life. Continuation of vaccination services, especially
in old age, is very important for public health. The
frequent displacement of people in the world due
to various reasons, the fact that 214 million people
live as immigrants around the world, and this figure
reaches 405 million in 2050, according to estimates,
bring great risks in terms of the spread of infectious
Collective travel (cross
organizations, etc.) and vaccination of the population

diseases. organization,
exposed to migration have emerged as an important
health service need. Many studies have shown that
only 10-20% of the targeted groups in adults can
be vaccinated. Adult vaccination is not seen as an
important part of social preventive health services
due to the burden of immunization on the country’s
economy. In a rapidly changing world, there is a need
for an immunization program that will cover not only
children but also all life periods of people (3). Adult
immunization levels, including developed western
countries, cannot reach the desired target levels.
Between 2006 and 2015, WHO and the United Nations
Children’s Fund (UNICEF) developed the “Global
Immunization Vision and Strategy” program. In this
program, topics such as the coverage and integration
of immunization for all ages, the introduction of
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new vaccines and technologies, the importance
and realization of global vaccination were included
(4). Adult vaccine studies are cost-effective studies
because they play an important role in both the
prevention of infectious diseases and the control of
comorbid diseases (5).

There are various types of literacy in the field of
health due to the fact that health literacy has a very
comprehensive definition. One of them is vaccine
literacy. Vaccine literacy has been defined as the
degree to which one has the capacity to obtain, apply,
and understand basic health information and services
in order to make appropriate health decisions about
vaccines (6). In addition, vaccine literacy does not
only mean having knowledge about vaccines; it also
includes the transformation of vaccines into a system
that can be expressed in more detail (7).

Vaccination practice, which is one of the most
effective methods of protection from the disease
during the pandemic process, and the infodemic,
which is one of the difficulties that cause this process
to not be effective at the expected level, increase
the importance of COVID-19 vaccine literacy and
show the contribution of the COVID-19 vaccine
literacy level to the pandemic management.

The aim of the research is to evaluate the
COVID-19 vaccine literacy level of Cankin province,
determine the factors affecting COVID-19 vaccine
literacy, and show the COVID-19 vaccine literacy level,
demographic characteristics, and vaccine attitudes.

MATERIAL and METHOD

Population and sample

The universe of the research consists of individuals
registered in the Family Health Center (FHC) located
in Cankin province, the central district, and all
districts. In the study, the sample size and the number
of universes are known, the sample size calculation
method is based on the sample calculation method,
and the formula “n=N*p*q*Z2/ [(N-1)*d2)] + (p*q*Z2)”
was used and the sample size was calculated. The
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number was found to be 384.

The determined sample number was allocated
according to the FHC populations in the center and
districts, the total number of samples was taken as
400 (Table 1).

Data collection and analysis

In this study, a questionnaire was used as a data
collection tool. The survey consists of two parts. In
the first part, there are 12 questions, including socio-
demographic characteristics. In the second part,
there is the COVID-19 vaccine literacy scale.

COVID-19 Vaccine Literacy Scale: It was developed
by Ishikawa et al. (8) to assess health literacy in people
with chronic diseases and adapted as the COVID-19
vaccine literacy scale by Biasio et al. (9). Durmus et
al. (10) Turkish validity and reliability study of the
scale was carried out, and the scale’s validity and
reliability were found to be appropriate. The scale
consists of two dimensions and 12 statements. In the
study, between 01.12.2021 and 31.01.2022, all FHCs
in Cankir were visited, and individuals aged 18 and
over who came to the FHC were randomly selected,
and a face-to-face questionnaire was applied by
obtaining informed consent from the volunteers who
agreed to participate in the study.

In the study, data were recorded and analyzed
with the Statistical Package for Social Science (SPSS)
25.0 statistical program. It was accepted that the
data was normally distributed because the kurtosis
and skewness values were between -2.0 and +2.0.
Validity and reliability analyzes were performed in the
evaluation of the data, and numbers, percentages,
arithmetic mean and standard deviation values were
used in descriptive statistical methods. Pearson
Chi-Square Analysis was used for the relationship
between categorical variables, independent samples
t test was used to show the difference between two
independent samples, analysis of variance (ANOVA)
was used to compare the means of more than two
samples,
analysis was used as correlation analysis.

independent and pearson correlation



The study was approved by the Cankirn Karatekin
University, Health Science Research Ethics Committee
(Date: 09.11.2021 and Number: 3). Prior to the study,

informed consent form was also provided at the
beginning of the questionnaire for each participant.

Table 1. Sample distribution according to family health centers

City / County Family Health Center

Total Population Number of Samples

Tasmescit 21.401 50

Cumhuriyet 26.520 62

Aksu 7.375 17

Dr. Refik Saydam 9.854 23

Cankin

Ziibeyde Hanim 18.363 43

Esentepe 3.025 7

Emir Karatekin 2.549 6

Karatas 5.985 14

Yaprakli 2.357 6

Yaprakli

Yuklu 3.431 8

Atkaracalar 2.476 6
Bayramoren 1.618 4
Cerkes 13.805 33
Eldivan 3.733 9
llgaz 12.150 29
Kizilirmak 7.189 17
Korgun 3.846 9
Kursunlu 7.181 17
Orta 7.698 18
Sabanozi 9.280 22
Total 169.836 400

RESULTS

When the educational status is examined, the
Socio-demographic  characteristics ~ of  the most undergraduate graduates (43.5%) are high school

samples were summarized in Table 2. 43.5% of
the people participating in the study were male;
56.5% of them were women. 125 people (31.2%)
between the ages of 18 and 30; 163 people (40.8%)
between the ages of 31 and 40; and 112 (28%)
over the age of 40. 304 participants were married
(76.0%), and 96 participants were single (24.0%).

graduates (25.0%), followed by associate degree
graduates (14.5%) and graduate or doctorate graduates
(6.8%). While there are 213 people (53.3%) working in
the public sector, 83 people (20.8%) are not working.
Although their places of residence are proportional to
their family medicine population, 222 people (55.5%)
participated from Cankirn central district (Table 2).
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Table 2. Socio-demographic characteristics of the participants

Features N %

Gender Male 174 43.5
Female 226 56.5

18-30 125 31.2

Age 31-43 163 40.8
+44 112 28.0

Marital Status Married 304 76.0
Single 9% 24.0

Primary school 18 4.5

Secondary school 23 5.8

Educational Status achchico 100 25.0
Associate degree 58 14.5

University 174 43.5

Master’s / PhD 27 6.8

Public 213 53.3

Special 56 14.0

Working Statis Own working place 22 5.5
Student 26 6.5

Unemployed 83 20.8

Centrum 222 55.5

llgaz 29 72

Cerkes 33 8.3

Kursunlu 17 43

Atkaracalar 6 1.5

City / District Bayramaren 4 1.0
Orta 18 45

Sabanozi 22 55

Kizilirmak 17 43

Korgun 9 2.3

Eldivan 9 2.3

Yaprakli 14 35

In terms of the health histories of the participants,
it was seen that 28.7% of them smoked, 14.8% of
them had at least 1 chronic disease and used regular
medication, and the most common chronic disease
was hypertension (5.8%). It was determined that those
who had COVID-19 disease were 30.8% and those who
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had the COVID-19 vaccine were 88.0%. According to the
COVID-19 vaccine type, it was observed that the most
doses of mRNA vaccine (34.8%) were administered
by those in the heterologous vaccination group who
received 2 doses of inactivated and 1 dose of mRNA
and 2 doses of inactive and 2 doses of mRNA (Table 3).



Table 3. The health characteristics of the participants

Features N %
Smoker 115 28.7
Cigarette
Non-Smoker 285 71.3
Uses 59 14.8
Regular Medication
Not using 341 85.3
Hypertension 23 5.8
Diabetes Mellitus 11 2.8
Hypothyrodism 10 2.5
FMF 4 1.0
Presence of chronic disease Ankylosing spondylitis 4 1.0
Asthma 4 1.0
Gout 1 0.3
Pemphigus Vulgaris 1 0.3
Myastina Gravis 1 0.3
Yes 123 30.8
Get a Covid-19
No 277 69.3
Done 352 88.0
Covid-19 Vaccine
Not done 48 12.0
I’m not vaccinated 48 12.0
2 doses of inactivated vaccine 42 10.5
3 doses of inactivated vaccine 44 11.0
1 dose of mRNA vaccine 10 2.5
Covid-19 Vaccine Type
2 doses of mRNA vaccine 139 34.8
3 doses of mRNA vaccine 11 2.8
2 doses of inactivated and 1 dose of mRNA vaccine 54 13.5
2 doses of inactivated and 2 doses of mRNA vaccine 52 13.0

When a total of 48 people (12%) who did not
receive the COVID-19 vaccine were examined, the
most marked reasons for not getting vaccinated were
“l don’t believe in the effect of the vaccine” (33,1%),
“l am afraid of the side effects” (31,3%), and “l am
waiting for the Turkish vaccine” (18,8%) (Table 4).

When  COVID-19 literacy
were examined according to sociodemographic
characteristics, no statistically significant difference

vaccine levels

was found between vaccine literacy levels according
to gender, marital status, drug use, chronic disease,
or COVID-19 history.
significant difference was found between the COVID-19

In addition, a statistically

vaccination history and vaccine literacy and vaccine
literacy subgroups, and COVID-19 vaccine literacy
was found to be higher in those who were vaccinated.
When cigarette smoking and COVID-19 vaccine literacy
levels were examined, although they were lower in
smokers, no significant difference was found (Table 5).

When the education levels, vaccination literacy
levels, and subgroup skills are examined, it is observed
that functional skills increase as the education level
increases, and the functional skills of primary school
graduates are statistically significantly lower than all
other groups (p=0.0001) (Post Hoc Hochberg’s GT2).
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Table 4. Reasons for not being vaccinated against COVID-19

Reasons For Not Being Vaccinated N %

| do not believe in the effect of the vaccine 16 33.3
I’m afraid of the side effects 15 31.3
I’m waiting for the Turkish vaccine 9 18.8
| am pregnant / breastfeeding 7 14.6
| want natural immunity 1 2.1

TOTAL 48 100.0

Table 5. Vaccine literacy levels according to the socio-demographic characteristics of the participants

Functional Skills

Communication Skills Vaccine Literacy

N Mean Std p Mean Std p Mean Std p

Female 226 274  0.73 2.86  0.68 2.79  0.51

Gender 0.498 0.678 0.809
Male 174  2.79  0.84 2.83 0.64 2.81  0.56
Married 304  2.78  0.79 2.84  0.66 2.81  0.54

Marital Status 0.314 0.937 0.498
Single 9% 2.69 0.73 2.85  0.63 2.77  0.51
Yes 115  2.64  0.71 2.82  0.68 2.73  0.53

Smoking 0.052 0.645 0.087
No 285  2.81  0.79 2.85  0.65 2.83  0.53
Yes 59 2.73  0.89 2.81 0.70 2.77  0.67

Drug Use 0.788 0.695 0.664
No 341 2.76  0.75 2.85  0.65 2.80  0.51
3 ] Yes 123 277 0.78 2.78  0.62 2.78  0.49

E'St%“; ;’f ST 0.785 0.241 0.602
ovid- No 277 275  0.77 2.87  0.67 2.81  0.55
L 3 Yes 3%2 279 0.77 2.87  0.65 2.83  0.53

Coyid-19ivaccine 0.024 0.013* 0.002
status No 48 251  0.77 2.61 0.65 2.56  0.55

When the communicative skills subgroup was
examined, it was found that as the education level of
the groups increased, this skill level also increased,
and the communicative skill levels of the individuals
with primary and secondary education were found
to be statistically significantly lower than the other
groups (p=0.0001) (Post Hoc Hochberg’s GT2).
Considering the relationship between vaccination
literacy and education level, it was determined
that
had a statistically significantly lower vaccination

individuals with primary school education

literacy level than all other groups, and at the
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same time, undergraduate and graduate education
levels were statistically significantly higher than
individuals with primary, secondary, high school,
and associate degree education levels. It was
determined that the level of COVID-19 vaccine
literacy increased as the education level increased
(p=0.0001) (Post Hoc Hochberg’s GT2) (Table 6).

When the functional skills and communicative
skills are compared, the group that has the highest
subgroup score, which forms the subgroups of
COVID-19 vaccine literacy with their working status,
is followed by people working in the public sector,



those working in the private sector, those with their
own workplaces, students, and the unemployed.
When the
themselves,

subgroups were compared among

the functional skills, communicative

skills, and COVID-19 vaccine literacy levels of the
public working group were found to be statistically
significantly higher than those of the non-working
group (p=0.001) (Post GT2).

Hoc Hochberg’s

Table 6. Vaccine literacy levels of the participants according to their educational, working status and generations

Functional Skills

Communication Skills Vaccine Literacy

N Mean Std p Mean Std p Mean Std p
Primary School 18 1.73* 0.58 2.06** 0.12 1.90***  0.48
Secondary School 23 2.51 0.65 2.32**  0.72 2.41 0.46
Eg:tcuastion High S.chool 100 2.64 0.72 <0.001 2.57 0.64 <0.001 2.61 0.47 <0.001
Associate Degree 58 2.68 0.66 2.95 0.48 2.81 0.39
University 174 2.93 0.76 3.05 0.58 2.99**  0.47
Master’s/PhD 27 3.12 0.79 3.25 0.48 3.18**  0.43
Public 213 2.92* 0.74 2.96** 0.61 2.94**  0.49
Special 56 2.70 0.76 2.83 0.57 2.77 0.50
g{‘;‘;ﬁ‘:g Own Working 22 260 0.83 <0.001 278 0.71 <0.001 2.69 0.60 <0.001
Student 26 2.57 0.61 2.89 0.50 2.73 0.44
Unemployed 83 2.47  0.80 2.54* 0.76 2.51***  0.57
Generation Z 27 2.46 0.67 2.62 0.72 2.54 0.53
e Generation Y 271 2.83* 0.76 oy 2.89** 0.64 G 2.86***  0.48 B
Generation X 81 2.73 0.74 2.87** 0.65 2.80 0.55
Baby Boom 21 2.27 0.98 2.36  0.68 2.32 0.76

When vaccination literacy levels and subgroups are
investigated according to generations, in the functional
skills subgroup, the Y generation has the highest score
with 2.83 points, while the baby boom generation
constitutes the lowest score group with 2.27 points.
When subgroups were compared among themselves,
the Y generation was found to be statistically
significantly higher than both the BP generation
and the Z generation (p<0.05) (Post Hoc Gabriel).

Considering the subgroups of communicative
skills, the Y generation had the highest score (2,89),
while a statistically significant difference was found
between X-BP and Y-BP (p=0.01) (Post Hoc Gabriel).

When the total scores of COVID-19 vaccine literacy
levels are analysed by generation, the Y generation
scores 2.86; Generation X scores 2.80; Generation
Z scores 2.54; and the BP generation scores 2.32

points. Y generation was found to be statistically
significantly higher than Z generation and BP
generation (p = 0.023; p = 0.020) (Post Hoc Gabriel).

When the
vaccination literacy level and its sub-dimensions

correlation  analysis  between
was examined, a significant positive correlation was
found between vaccination literacy level and both
functional and communicative skills (p<0.01). There
was also a statistically significant positive correlation
between functional and communicative skills, which
are both sub-dimensions (p<0.05). At the same time,
a statistically significant negative correlation was
found between age and functional skills (p<0.05).
While there was no significant correlation between
communicative skills and age, a statistically significant
negative correlation was found between general
COVID-19 vaccine literacy and age (p<0.05) (Table 6).
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When the COVID-19 vaccine literacy level and
subgroup skills are examined according to Cankin
districts, the central district scores the highest
score in functional skills scoring, while the Korgun
district receives the lowest score. While central
district has the highest score in communicative
skills, the lowest score is seen in Eldivan district.

Table 7. Covid-19 vaccine literacy levels by district

When the COVID-19 vaccine literacy level is analysed
by district, the highest literacy level is seen in the
central district, the second rank is in the Sabanozi
district, and the lowest literacy level is found in the
Eldivan district. No statistically significant difference
was found between the districts, both in subgroups
and in the COVID-19 vaccine literacy level (Table 7).

Functional Skills

Communication Skills Vaccine Literacy

N Mean St.d p Mean St. d p Mean St.d p
Merkez 222 2.87 0.75 2.98 0.61 2.93 0.49
llgaz 29 2.64 0.79 2.63 0.78 2.64 0.64
Cerkes 33 2.74  0.69 2.73 0.81 2.73 0.53
Kursunlu 17 2.58 0.82 2.80 0.49 2.69 0.45
Atkaracalar 6 2.70 0.62 2.81 0.62 2.76 0.46
Bayramoren 4 2.56 0.23 2.43 0.84 2.50 0.51
District 0.061 0.061 0.073
Orta 18 2.62 0.77 2.63 0.50 2.63 0.50
Sabanozii 22 2.72 0.64 2.81 0.53 2.77 0.37
Kiziirmak 17 2.79 0.91 2.70 0.78 2.75 0.57
Korgun 9 2.23 0.51 2.79 0.36 2.46 0.30
Eldivan 9 2.27 0.98 2.21 0.55 2.22 0.62
Yaprakli 14 2.41 0.98 2.44 0.70 2.42 0.79
DISCUSSION many studies in the literature showing that there

The findings of this study, which was conducted
to show the COVID-19 vaccine literacy level in
Cankin province and to determine the factors
affecting the vaccine literacy level, were discussed
together with the studies in the relevant literature.

In this study, no significant difference was found
between gender and COVID-19 vaccine literacy
levels. Although there are no detailed studies
on COVID-19 vaccine literacy in the literature,
there are many studies on health literacy. In some
studies conducted with university students, health
literacy levels were found to be higher in women
than in men, and this was found to be statistically
significant (11,12). At the same time, there are
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is no significant difference between health literacy
and gender (13,14). In this study, no significant
difference was found between gender and COVID-19
vaccine literacy levels. It is thought that the reason
for such different results in the studies is that the
populations in which the studies are conducted are
different, and the socio-demographic and cultural
characteristics vary according to the sample studied.

Although there are not enough studies in the
literature comparing COVID-19 vaccine literacy and
marital status, there are various studies on health
literacy levels. In addition to studies in which singles
have higher health literacy levels than married
people (15,16), there are studies in which married
people have higher health literacy levels than singles



(17). In this study, although the COVID-19 vaccine
literacy levels of married people were higher than
those of singles, no statistically significant difference
was found. There are different results in many studies
in the literature. It can be thought that it may have
originated from different age and sociocultural groups.

Considering the chronic disease status, regular
drug use, and COVID-19 vaccine literacy levels in our
study, there was no statistically significant difference,
although the COVID-19 vaccine literacy levels were
lower in patients using regular medication. In the
literature, there are studies in which health literacy
levels decrease as the number of chronic diseases
increases (18). At the same time, in another study
conducted with patients using regular hypertension
drugs, no significant difference was found between
health literacy level and regular drug use (19). The
most important reason for the different results in
the literature has been evaluated as the difference
in chronic diseases and the variability of age groups.

When smoking and COVID-19 vaccine literacy
levels are examined, COVID-19 vaccine literacy
levels and sub-skill groups were found to be lower
in smokers, but no statistically significant difference
was found. In many studies in the literature, no
significant difference was found between smoking
and health literacy levels (20-22). Smoking: It is
thought that many factors such as age, gender,
economic situation, and smoking cessation policies
in countries affect it. For this reason, studies
with different results are found in the literature.
when the COVID-19 vaccine

status and COVID-19 vaccine literacy levels were

In  this study,

examined, the literacy level was found to be higher
in individuals who were vaccinated. In Durmus et al.
(10), the communicative skills subgroup and vaccine
literacy levels of those who have knowledge about
the COVID-19 vaccine were found to be higher,
which supports this study. Individuals with a high
vaccination literacy level show sensitivity to issues
that will affect the course of many epidemics,
reduction of

such as prevention of diseases,

transmission, and vaccination applications. They
also conduct research on the COVID-19 vaccine,
and these studies affect vaccine preferences.

The highest vaccination literacy level is seen
it has

been determined that the lowest is among primary

in postgraduate and doctoral graduates;

school graduates. It is seen that as education levels
COVID-19 vaccine
subgroup skills increase. Similar to this study, in other

increase, literacy levels and
studies in the literature, COVID-19 vaccine literacy
levels increase as the level of education increases
(9,10). It is obvious that the processes of accessing,
understanding, evaluating, and applying information
are based on certain education and training.

In our study, the highest vaccination literacy
level was seen in people working in the public
sector, but the lowest vaccination literacy level
was found in the non-working population. Although
there is no study on this subject in the literature, a
weak positive correlation was found between social
status and health literacy levels in the European
(23).
social status is in a close relationship with income,

Health Literacy Survey Considering that
education level, and welfare level, the fact that
COVID-19 vaccine literacy levels are lower in the
non-working group can be explained by this situation.

The vaccine literacy level in Cankirn province
is 2.80+0.53; functional level is 2.760.77; and the
communication level was determined at 2.84:0.66.
Scoring is made between 1-4 on the scale; the
vaccine literacy level increases as it approaches 4,
below 2.5 is considered limited, and the COVID-19
vaccine literacy level in ankiri province is determined
as medium level. When the districts are examined,
Korgun, Yaprakli, and Eldivan districts have a score
below 2.50. According to TUIK 2021 data, Cankin
is the 5th province with the highest rate of elderly
population (16.9%) and also the 5th province (32.1%)
with the highest rate of single-person elderly
households (24).
features of these districts are that they have the

At the same time, the common

highest proportion of elderly people. Based on these
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data, although COVID-19 vaccine literacy levels are
lower in districts with a high elderly population,
no statistically significant difference was observed.

In this study, vaccination literacy levels were
and the Y
generation (born in 1981-1996) was found to be

examined according to generations,

the age group with the highest vaccination literacy
levels (2.83) and subgroups. The Y generation is
followed by the X generation (born in 1965-1980)
(2,73), followed by the Z generation (born 1997-
2012), and the BP generation (born 1946-1964). In
this study, the Y generation was statistically found
to be significantly higher than the Z generation
Looking at the health
literacy levels according to the age variable in the

and the BP generation.
literature, it was seen that the highest age group

was 28-37 years old, and the health literacy levels
decreased as the age increased (13,25,26). It is

ETHICS COMMITTEE APPROVAL

thought that regression in cognitive functions with
ageing may cause problems in accessing information,
understanding and evaluating information, and then
using it, negatively affecting the level of literacy.
However, unlike other studies, it is thought that the
low level of COVID-19 vaccine literacy, especially
in the Z generation (18-25 years old), is due to the
different priorities of the young people in this age
period and their lack of interest in the field of health.

As a result, it is the vaccines that ensure
the formation of social immunity in the fight
against the COVID-19 pandemic,
our country and the whole world.

which affects
In order to
prevent COVID-19, which affects individuals aged
65 and over more, and to reduce the effect of
the virus in case of transmission, vaccination
and vaccination programmes should be better

explained, and society should be better informed.

* The study was approved by the Cankir Karatekin University, Health Science Research Ethics Committee (Date: 09.11.2021

and Number: 3).
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ABSTRACT

Objective: Due to the secondary metabolites, edible
plants have been a recent focus in the literature for their
biotherapeutic effects and functional food potentials.
Discovering the aromatic bioactive components of
plants consumed as food is of great importance in
an ethnobotanical vision. In this context, the study
investigated Helichrysum  arenarium L., Origanum
sipyleum L., Plantago major L., and Rumex spp. species

both in vitro and in silico.

Methods: The volatile composition and identification
of these plants were determined using carboxen-
polydimethylsiloxane /
(CAR-PDMS/SPME)  fiber
mass spectrometry (GC/MS) method. Moreover, the

solid-phase microextraction
with gas chromatography/
antioxidant activities of the plants were determined
using a 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical
and B-carotene-linoleic acid assays. To determine their
antioxidant activities and inhibitory effects on oral
cancer,
Also, ADMET

elimination and toxicity) properties were identified, the

molecular docking analysis was conducted.

(absorption, distribution, metabolism,

OZET

Amac: Yenilebilir bitkiler, sekonder metabolitleri

kaynakli, biyoterapotik etkileri ve fonksiyonel gida
potansiyelleri acisindan literatiirde son zamanlarin odak
noktasi olmustur. Gida olarak tiiketilen bitkilerin aromatik
biyoaktif bilesenlerinin kesfedilmesi etnobotanik vizyonda
biyik onem tasimaktadir. Bu calismada, Helichrysum
arenarium L., Origanum sipyleum L., Plantago major
L. ve Rumex spp. turleri hem in vitro hem de in siliko

olarak arastinlmistir.

Yontem: Bu bitkilerin ucucu bilesimi ve tanimlanmasi
karboksen-polidimetilsiloksan/kat1 faz mikroekstraksiyon
(CAR-PDMS/SPME)

kitle spektrometresi

fiber ile gaz
(GC/MS) yontemi

kromatografisi/

kullanilarak

gerceklestirilmistir. ~ Ayrica  bitkilerin  antioksidan
aktiviteleri 2,2’-difenil-1-pikrilhidrazil (DPPH) radikali
ve B-karoten-linoleik asit analizleri kullanilarak

belirlenmistir. Antioksidan aktiviteleri ve oral kansere
yonelik inhibitor etkilerini belirlemek amaciyla molekuler
docking (yanastirma) analizleri gerceklestirilmistir.
ADMET

eliminasyon ve

Aynica, (absorbsiyon, dagilim, metabolizma,

toksisite)  ozellikleri  belirlenmis,
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presence of carcinogenic and mutagenic components was
investigated, and their potentials for various diseases
were revealed through PASS (prediction of activity spectra

for substances) analysis.

Results: The results indicate that the plants exhibit
a rich profile of volatile bioactive compounds, with the
highest bioactive compound content found in Rumex spp.
Compared with other plants, Helichrysum arenarium was
found to have the highest antioxidant potential and in
silico anticancer potential. Additionally, it was determined
that the various volatile compounds of the plants could
have protective effects on the gastrointestinal system

and could be used particularly for stomach complaints.
Conclusion: This investigation shows that these
plants may have pharmaceutical and dietary potential as

functional foods.

Key Words: Gas chromatography-mass spectroscopy,

karsinojenik ve mutajenik bilesenlerin varlig1 arastinlmis
PASS

(maddelerin aktivite spektrumlarinin tahmini) analizi ile

ve cesitli hastaliklara yonelik potansiyelleri

ortaya konulmustur.

Bulgular: Sonuclar, bitkilerin zengin bir ucucu biyoaktif
bilesen profili sergiledigini ve en yiiksek biyoaktif bilesen
iceriginin Rumex spp.’de bulundugunu gostermistir. Diger
bitkilerle karsilastinldiginda, Helichrysum arenarium’un
en yiksek antioksidan ve in siliko antikanser potansiyeline
sahip oldugu bulunmustur. Ayrica, bitkilerin cesitli ucucu
bilesenlerinin gastrointestinal sistem Uzerinde koruyucu
etkileri olabilecegi ve ozellikle mide sikayetlerinde

kullamlabilecegi belirlenmistir.

Sonug: Buarastirmada kullanilan bitkilerin fonksiyonel
gidalar olarak farmasotik ve diyet potansiyeline sahip

olabilecegini gostermektedir.

Anahtar Kelimeler: Gaz kromatografi-kutle

spektrometresi, yenilebilir bitkiler, fonksiyonel gida,

molekiiler docking simiilasyonu

edible plants, functional food, molecular docking
simulation
INTRODUCTION

The exploration of plants and their significance
in therapeutic approaches dates to the early stages
of human civilization. These natural resources
contain various bioactive compounds resulting from
the production of plant secondary metabolites.
Ethnopharmacology and pharmacognosy stand out as
two major scientific fields dedicated to uncovering new
natural remedies from these plants (1). In addition,
an emerging discipline, reverse pharmacognosy, uses
computational tools to enhance the efficiency of
drug discovery and design processes. In addition, the
field of traditional phytotherapy, which encompasses
the medicinal use of plants, stands as both a
historical and contemporary precursor among disease
treatment options (2). Nowadays, in less-developed
countries, over 80% of the population primarily
relies on herbal products to obtain healing benefits.
Plant-derived components that provide these health
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benefits are referred to as phytochemicals, which
are also considered micronutrients in diets (3).
Phytochemicals exhibit not only high antioxidant
activities but also possess properties such as chelation
of metal ions, stimulation of detoxifying enzymes,
and inhibition of transcription factors that initiate
and support tumor development. Simultaneously,
they have a wide range of diverse features, including
preventive effects on degenerative diseases,

anti-allergenic, anti-inflammatory, antimicrobial,
antithrombotic, anticarcinogenic, antiatherogenic,
antiulcer, and vasodilator effects (4). Embracing a
diet rich in edible plants not only fulfills nutritional
requirements but also serves as a proactive approach
to promoting health and well-being through the
powerful influence of phytochemicals. According to
the plant database system of the Republic of Turkey
Ministry of Agriculture and Forestry, Tirkiye is home
to 12,141 different plant species, most of which are

actively consumed in diets. Among the taxonomic



diversity, Ankara, ranking seventh, has several
Anatolian culinary cultures based on these plants (5).

Turkiye has a rich diversity of species within the
Lamiaceae family, with 49 genera and 629 species
naturally distributed across the country. In addition,
this family harbors 360 endemic taxa in Turkiye.
Among these, Origanum stands out with 23 species
and 27 taxa naturally occurring in Turkiye with great
biotherapeutic potentials such as antimicrobial,
antioxidant, and antiviral properties (6). On the other
hand, the Helichrysum species is represented in the
Turkish flora by 27 taxa, 15 of which are endemic
and commonly found in Anatolia. These plant
species are known for their antibacterial, antifungal,
anti-inflammatory, antiradical,
hepatoprotective,

properties (7). Rumex is another plant group with

antiproliferative,
cholinergic, and detoxifying
a wide distribution in Tirkiye (22 species) and is
known for its appetite stimulant and blood purifier
features in traditional uses. Among the properties
tested on people in our healing books from the 15th
century, there are different biotherapeutic effects
of the plants, such as preventing intestinal worms,
antipyretic, and diuretic effects when consumed
raw (8).
Plantagiaceae family, have been used as a wound-

Lastly, Plantago leaves, belonging to the

healing herbal agent in traditional medicine for
many years. P. major contains high concentrations of
mucilaginous carbohydrates and is frequently used to
treat intestinal diseases (9). In addition, it has been
traditionally used as an analgesic and antipyretic in
wound healing and other skin diseases, for treating
infectious diseases, in problems related to digestive
and respiratory organs, and in reproductive and
circulatory problems (8). One of the important steps
in benefiting from plants considering their traditional
use is the correct selection of plant species. Most of
the time, the same plant species named in different
regions differ from each other. Because the basis of
regional naming is that people living in the region
recognize the plants and use them for different
purposes, plants that are similar in appearance,

taste, and smell can sometimes receive the same
name. Although this makes a great contribution
ethnobotanically, it can sometimes cause confusion
(10). Such differently named edible plants constitute
the basis of antioxidant sources for consumers.
While green edible plants are used to increase the
organoleptic qualities (aroma, flavor, and taste) of
many food products, their possible health-promoting
effects are one of the popular research topics.
Phytochemicals in edible plants can include hundreds
of different volatile and non-volatile compounds such
as polyphenols, terpenes, and alkaloids. In addition to
providing “sweetness”, “spicy”, “floral” and “herbal”
properties in plant species, volatile compounds
can also have a strong pharmaceutical effect (11).
Rumex, Plantago and other plant species, which are
very popular edible plants around the world, may
some of their components have a great bioactive
volatile compound potential. Therefore, in this study,
four different edible plant species were collected
and analyzed by solid phase microextraction- gas
(SPME-GC/
MS). Additionally, in vitro antioxidant and in silico

chromatography/mass  spectrometry

anticancer properties were investigated.

MATERIAL and METHOD

Chemicals and reagents

All the analytical grade chemicals were used to
perform both chemical and biological experiments.
Ethanol,
other solvents were purchased from Merck. The
2,2-diphenyl-1-picrylhydrazyl (DPPH) were purchased

methanol, hexane, acetone, and

from Sigma Aldrich. Milli-Q water was used for the
preparation of solutions.

Plant materials

Fresh plant samples (Helichrysum arenarium
L., Origanum sipyleum L., Plantago major L., and
Rumex spp.) consumed by local people in meals were
purchased from the local bazaar in Ayas, a region in
Ankara Province in Central Anatolia Region, Tirkiye,

in June-August 2023. The aerial parts of the plants
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were washed, cleaned, and shade-dried at room
temperature without an airflow (25 °C) for 15 days.

Isolation of the volatiles by SPME

First, the carboxen/polydimethylsiloxane (CAR-
PDMS) SPME fiber was conditioned in the GC/MS device
injection port at 220°C for 10 min. The conditioned
fiber was inserted into glass vials; the mouth was
tightly closed with a crimple containing 0.5 g of plant
sample through an SPME holder. Afterward, plant
volatile components were allowed to be absorbed
into the SPME fiber for 30 min at 80°C. Finally, the
fiber was drawn into the holder, taken from the vial,
and placed into the injection port of the device (12).

GC/MS analysis

The volatile compounds were analyzed via GC
using the Shimadzu GC-17A/QP5000 system equipped
with both a flame ionization detector (FID) and a
mass selective detector (MSD) (12). A supelcowax-10
capillary column (30 m x 0.32 mm i.d., 0.25 film
thickness) was employed, with helium serving as
the carrier gas at a flow rate of 1.8 mL/min. The
temperature program involved an initial hold at 40°C
for two minutes, followed by a gradual increase of
2°C per minute until reaching 220°C, where it was
maintained for 30 minutes. The injector and MSD
transfer line temperatures were set at 200°C and
250°C, respectively, while the FID temperature was
maintained at 300°C. The analytes were detected
via electron impact ionization (70 eV) in SCAN mode
over the mass range of m/z 50 to 550. Compound
identification relied on comparing spectra and
retention times against standards. This comparison
encompassed relative retention times to a C8-C32
n-alkanes mixture, mass spectra from various sources
including NBS75K, Wiley 7, NIST MS search 2.0 library
data, and literature references. All analyses were
conducted in triplicate.

Total antioxidant activities

The (DPPH)
and B-carotene-linoleic acid assays were used to

2,2-diphenyl-1-picrylhydrazyl

determine the antioxidant activities of aqueous plant
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extracts (13). For DPPH activity, 500 pL of 120 pM
DPPH ethanol solution and 500 pL of pure ethanol
were added to 200 pL of plant extracts prepared at
different concentrations, and the resulting mixture
was incubated at room temperature and in the dark
for 30 min. As a result of the incubation, the intensity
of the purple color (resulting from the reaction) in all
samples was determined by absorbance measurements
against blank (200 pL dH20, 500 pL DPPH, 500 pL
ethyl alcohol) at 517 nm. The results were evaluated
using the calibration curve created with different
concentration values of standard gallic acid
solutions. Antioxidant capacity was also determined
by investigating the inhibition of volatile organic
compounds and conjugated diene hydroperoxides
resulting from the oxidation of linoleic acid. This
method relies on the alteration of the yellow color of
B-carotene, depending on to its reaction with radicals
generated during linoleic acid oxidation which the
velocity of B-carotene bleaching is attenuated in the
presence of antioxidants. This alteration serves as
the basis for evaluating the antioxidant activity of
the plant samples in comparison to well-established
synthetic and natural antioxidants, such as butylated
hydroxytoluene (BHT). The antioxidative capacities of
the aqueous plant extracts were measured against BHT
at equivalent concentrations, with a blank comprising
only 350 pL of ethanol. All experiments were replicated

three times for robustness and reliability.

In silico studies
Molecular docking

Structures of target proteins were retrieved from
the Protein Data Bank (PDB) (Table 1). Each protein
structure was used as a receptor and remained rigid.
For the docking preparation procedure of proteins, the
following steps were applied: (i) energy minimization
was performed with 100 steepest descent steps with
a 0.02 A step size and an update interval of 10, (ii)
water molecules non-complex ions were removed,
and (iii) polar hydrogen atom and AM1-BCC charges
were added. For ligand structure retrieval and
preparation, chemical structures were downloaded



Table 1. Molecular docking parameters

Structure Name PDB ID  Target Activity Grid Box Center Coordinates Grid Box Size
center_x = 18 size_x = 21

Kelch-Neh2 complex 2FLU Antioxidant Activity center_y = 17 size_y = 21
center_z =8 size_z = 21
center_x = 24 size_x = 32

EGFR kinase domain 1XKK Oral Cancer center_y = 37 size_y = 26
center_z = 36 size_z = 26

from the PubChem database in .sdf format. To
determine anticancer and antioxidant properties at
the molecular level, semi-flexible molecular docking
simulations were performed by using AutoDock Vina
(14). The binding energy poses of each protein were

visualized with Discovery Studio Visualizer (15).
Carcinogenicity and mutagenicity prediction

The potential of any chemical to induce
carcinogenicity and mutagenicity in humans and
animals were predicted computationally by using
CarcinoPred-EL (16) (17)
web-based tools. To enable the system to perform
predictions computationally, the compounds in

chemical SMILES format were initially introduced into

and Lazar prediction

the system sequentially, and predictions were made
by selecting appropriate in silico analysis conditions.

PASS prediction

The PASS online web tool helps predict the expected
biological function profile of a chemical substance
with similarities to a drug molecule. Computational
predictions can be obtained by inserting chemical
SMILES (Simplified Molecular Input Line Entry System)
formats of the chemical structures. The PASS tool
prediction results in 2 category labels of “probability
to be active” (Pa) or “probability to be inactive” (Pi)
as biological activity (18).

ADME/T analysis

ADME/T analysis was performed as the last step
of the in silico experiments. SwissADME (19) web tool
and literature data were used for these predictions.
For analysis, the SMILES chemical data format of all
of the bioactive compounds was also retrieved from

the PubChem database.

Statistical analysis

The data underwent statistical analysis using a one-
way analysis of variance (ANOVA) with SPSS software
(version 27.0.0). To assess differences in biochemical
parameters across groups, a post-hoc Tukey test was
applied. Statistical significance was assighed to p
values below 0.05. Results are presented as the mean
+ standard error of the mean for each test group.

RESULTS

Volatile profiles of plants

Unlike other chemical extraction methods of
volatiles, SPME fiber can quantify the highly volatile
compounds of the plant samples. The bioactive volatile
composition of the plants is given in Table 2. A total
of 112 volatile compounds were identified from four
different plants. Compared to other plant species, the
highest emission of volatile compounds was observed
in Rumex spp. The component acetic acid was found to
be common for all four plants (Figure 1). Particularly,
a significant amount of shared volatile components
was identified between P. major and Rumex spp.
Antioxidant activities

The
from both experimental methods are presented

antioxidant analysis results obtained
in Table 3. As can be understood from the results,
the highest antioxidant activity was found in
H. arenarium according to the DPPH test, while
the results from the other test indicate that P

major exhibits the highest antioxidant activity).
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0. sipylewm 28

H. arenarium

Figure 1. Venn diagram distribution of the plant volatiles

Table 2. Volatile component analysis results with GC-MS after CAR-PDMS/SPME extraction

Volatile compounds of Plants CAR-PDMS/SPME fibre

Helichrysum Origanum Plantago
arenarium L.  sipyleum L. major L. TR,
Compound % % % % m::;;ﬁdcation
1 2-Pentadecyn-1-ol 2,47+0,03 - a
2 Acetaldehyde 0.11+0.01 1.02+0.02 0.98+0.03 a
3 Mercaptomethane 0.15£0.00 a
4 Acetone 0.70+0.02 0.27+0.02 0.19:0.01 a
5 n-Butanal 0.06+0.01 0.11+0.01 0.29:0.00 a,b
6 Isobutanal 0.40+0.03 a,b
7 2-Methylbutanal 0.22+0.01 0.68+0.03 a,b
8 Isobutyric anhydride 0.15+0.01 - a
9 Methyl Isobutyl Ketone 0.15+0.01 a
10  Acetic acid 0.08+0.01 0.11+0.00 0.24+0.05 3.39£0.05 a,b
11 2-Methylpentanol 0.16+0.01 - a
12 Furfural 2.68+0.02 - a
13 Alpha-pinene 1.65+0.08 0.39+0.02 - a
14  Camphene 0.09+0.01 0.21+0.01 - a
15  n-Pentanal 0.18+0.03 = a
72 Turk Hij Den Biyol Derg



Table 2 (cont.) Volatile component analysis results with GC-MS after CAR-PDMS/SPME extraction

Volatile compounds of Plants

CAR-PDMS/SPME fibre

Helichrysum

Origanum

Plantago

arenarium L.  sipyleum L. major L. RS
Compound % % % % Ihfstn;;fciication
16  2,4-Pentadienal- - 0.27+0.02 a
17  2-Pentenal, (E)- - 0.20+0.05 a
18  Sabinene - 0.39+0.02 a,b
19  2-Hexenal - 0.16+0.01 a,b
20  Furfuryl alcohol - 0.56+0.02 a
21 1,3-Cyclopentenedione - 0.53+0.03 a
22  2-.Beta.-pinene 0.06+0.04 0.29+0.01 a,b
23  Beta.-mycrene 0.95+0.01 6.15+0.00 a,b
24 2-Acetyl furan = 0.61:0.02 a
25  Pyrazine, 2,6-dimethyl- - 0.39:0.03 a
26 Benzaldehyde - 1.75+0.03 0.66+0.05 a,b
27  5-Methyl furfural - 1.62+0.03 0.57+0.03 a
28 3-Pentanone, 2,4-dimethyl- - 0.31+0.02 a
29  1-Octen-3-ol 1.24+0.08 0.65+0.02 a,b
30 Heptanoic acid 0.26+0.01 a,b
31 6-Methylhept-5-en-2-one 1.09+0.05 a
32 n-Octanal - 0.16+£0.01 a,b
33 2,4-Heptadienal, (E,E)- = 3.78+0.05 0.36:0.02 a,b
34  Benzeneacetaldehyde - 3.24+0.02 0.38£0.02 a
35  .Beta.-Phellandrene - 0.17+0.02 a,b
36  .Alpha.-Terpinene 0.39+0.04 a,b
37  Cymol 2.58+0.50 9.95+0.12 a,b
38  .Beta.-Terpinyl acetate 13.24+0.3 a
39 1,8-Cineole 7.75+0.21 1.47+0.01 a,b
40 l-Limonene - 1.44+0.02 a,b
41 Ethanone, 1-(1H-pyrrol-2-yl)- - 1.5620.05 a
42 1-Octanol = 0.18£0.02 a
43 zzfse?f:g;fe":e 3,7-dimethyl-, 1.15:0.08  0.59:0.03 a
44 .Gamma.-Terpinene 0.99+0.01 17.36+0.28 a,b
45  Thymol = 20.18+0.32 a,b
46  Carvacrol - 10.18+0.24 a,b
47  .Alpha.-Cubebene = 0.24+0.01 a
48  .Alpha.-Copaene - 2.67+0.03 a
49  3-Decanone 0.28+0.01 a
50  Alpha-terpinolene 0.75+0.01 1.45+0.02 a
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Table 2 (cont). Volatile component analysis results with GC-MS after CAR-PDMS/SPME extraction

Volatile compounds of Plants CAR-PDMS/SPME fibre

Helichrysum Origanum

Plantago

arenarium L.  sipyleum L. major L. I
Identification
Compound % % % % Method
51 Linalool 0.55+0.01 0.28+0.01 - a,b
52  Heptanoic acid 0.23+0.02 a
53 Nonanal 0.38+0.02 1.65+0.05 a
54 1H-Pyrrole-2-carboxaldehyde, 0.67+0.03
1-methyl-
4H-Pyran-4-one, 2,3-dihydro-3,5-
& dihydroxy-6-methyl- Py A
56  p-Cymene = 0.63+0.03 = a,b
57  D-Fenchyl alcohol 0.17+0.01 - a,b
58 Borneol 0.41+0.03 1.66+0.03 - a
59  Phenylethyl Alcohol 1.56+0.06 - a
60  Alpha-Terpineol 0.45+0.03 0.78+0.02 - a
61 Octanoic acid 0.68+0.00 - a
62  Linalyl propionate 0.35+0.02 - a
63  Trans-2,cis-6-Nonadienal 0.25+0.01 - a
64  2-Allylphenol 0.69+0.02 - a
65 Decanal 0.32+0.01 - a,b
66 4H-Pyran-4-one, 3,5-dihydroxy- 1.12:0.05 a
2-methyl-
67 Benzgneacetaldehyde,. alpha.- 0.39:0.03 a
ethylidene-
68  Benzofuran, 2,3-dihydro- 2.57#0.05 a
2-Furancarboxaldehyde,
69 5-(hydroxymethyl)- 2.30+0.05 5.27+0.07 a
70  Nonanoic acid 0.67+0.03 2.98+0.05 a
71 Trans-Caryophyllene 21.02+0.31 2.98+0.03 - a,b
7 2,6-D1'.methyl-3(2-methyl-1 -butyl) 0.98:0.04 a
pyrazine
73 .Beta.-Cyclocitral 0.14+0.01 - a
74  2-Methoxy-4-vinylphenol 0.1320.01 6.27£0.07 a
75 1-Octanol, 2,7-dimethyl- 0.18+0.03 - a
Propanoic acid, 2-methyl-, 3-hydroxy- }
i 2,4,4-trimethylpentyl ester Tk a
77  Decanoic acid 0.45:0.02 a,b
78  Limonene oxide 0.32+0.01 a
79 Na.nphthalene, 1,2-dihydro-1,1,6- 1.73+0.04 ) a
trimethyl-
80 Dodecane, 2,6,11-trimethyl- 0.48+0.06 - a
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Table 2 (cont.) Volatile component analysis results with GC-MS after CAR-PDMS/SPME extraction

Volatile compounds of Plants

CAR-PDMS/SPME fibre

Helichrysum

Origanum

Plantago

arenarium L.  sipyleum L. major L. T
Compound % % % % ;gee:ht;f(ijcation

81 Dodecan-2-one - 0.95+0.02 a
82  (E)-Geranylacetone = 0.58+0.03 1.55+0.05 a
83  Aromadendrene 0.25+0.01 0.23+0.02 a
84  .Alpha.-Humulene 30.77+0.31 0.65+0.01 a
85  .beta.-lonone = 2.62+0.03 1.38£0.06 a
86 :Ir?rp::;ttr'\]z:/lfne, 1,2-dihydro-2,5,8- B 1.54+0.02 a
87  5-Methyl-2-phenyl-2-hexenal - 0.85+0.02 a
88  Germacrene - 0.44+0.01 a,b
89  1-Hexadecanol - 0.28+0.03 a
90 Hexadecanal - 0.38+0.04 a,ba
91  Methanone, dicyclohexyl- = 0.82:0.03 a
92  Methyl pentadecanoate - 0.25:0.03 a
93  Neophytadiene - 12.45:0.13  1.25:0.03 a
94  B-Farnesene 0.28+0.02 a
95  .Gamma.-Cadinene 0.39+0.03 a
96  Eudesma-4(14),11-diene 2.28+0.02 a
97  Phytol - 7.3210.18 0.96:0.03 a
98  2-Undecanone, 6,10-dimethyl- - 8.95+0.13 a
99  Farnesylacetone - 0.23+0.00 4.3620.07 a
100 (+) Spathulenol - 0.63+0.01 a
101  (-)-Caryophyllene oxide - 0.83+0.02 a
102 1-Decanol, 2-hexyl- - 1.75+0.02 a
103 Unknown - 2.32+0.02 a
104 Hexadecane = 0.26:0.02 a,b
105 n-Hexadecanoic acid - 2.49+0.05 a,b
106 Isophytol - 0.21+0.00 a
107 .Beta.-selinene 1.04:0.02 a
108 Heptadecane 0.25+0.00 a
109 .Delta.-Cadinene 1.24+0.03 a
110 Hexadecanoic acid, methyl ester - 0.29+0.03 a
111 9-Octadecenoic acid - 0.18£0.02 a
112 n-Nonadecane - 0.43:0.05 a

a : Compounds listed in order of elution from a DB-5 column.
b : Identification of components based on standard compounds

All values are mean =+ standard deviation of triplicates (p<0.05), Percentage concentrations obtained by peak area

normalization
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Table 3. Antioxidant activities of the aqueous plant extracts

Inhibition %

Sample Inhibition IC50 (mg/mL) (DPPH) (-carotene- Linoleic acid)
Helichrysum arenarium L. 0.037+0.010 18.50 +0.09
Origanum sipyleum L. 1.043+0.094 85.40+1.98
Plantago major L. 0.085+0.003 89.07+0.75
Rumex spp. 1.985+0.125 56.43+0.25
BHT 3.457+0.092 97.55+1.45

BHT: Standard antioxidant

*Values are mean of three replicate determinations (n=3) + standard error. Mean values followed by different letters in a

column are significantly different (p<0.05).

In silico analysis

When mechanically applied force is exerted
during the chewing of plant-based foods, plant
tissues, including cell walls and other structures,
undergo fragmentation. This mechanical disruption
leads to the release of volatile compounds from plant
cells. Considering that areas exposed to volatile
compounds include the oral cavity, the potential
anticancer effects of these volatile compounds have
been evaluated in silico. The relevant ligands and
analysis results were presented in the heatmap
clustering provided in Figure 2 and Figure 3.
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The computational analysis results regarding the
probability of volatile compounds being mutagenic
and carcinogenic are presented in Table 4. The
average values calculated using the XGBoost method
for highly carcinogenic compounds are close to 1,
whereas the values obtained from plant volatiles
remain below the average carcinogenicity (0.5).
These bioactive compounds, currently utilized in
the pharmaceutical and cosmetic industries, as
evident from the results, do not possess carcinogenic
or mutagenic effects at moderate concentrations.
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Figure 2. Clustered hierarchical heatmap showing binding affinities from

a) 0. sipyleum and b) Rumex spp.
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Figure 3. Clustered hierarchical heatmap showing binding affinities from
a) P major and b) H. arenarium
Table 4. Carcinogenicity and mutagenicity prediction results
Carcinogenicity Score Mutagenicit Acute toxicity
Compounds (CarcinoPred -EL/ Predicted Result Pregictiony (Daphnia magna)
XGBoost Method) (mg/L)
Thymol 0.49 Non-Carcinogen non-mutagenic 7.4
.Gamma. -Terpinene 0.49 Non-Carcinogen non-mutagenic 1.85
4H-Pyran-4-one, 2,3-dihydro-3,5- i . .
dihydroxy-6-methyl- 0.43 Non-Carcinogen mutagenic
2-Methoxy-4-vinylphenol 0.49 Non-Carcinogen non-mutagenic 2.13
Neophytadiene 0.45 Non-Carcinogen non-mutagenic 0.473
2-Undecanone, 6,10-dimethyl- 0.46 Non-Carcinogen non-mutagenic 0.329
.Alpha.-Humulene 0.47 Non-Carcinogen non-mutagenic 0.57
Trans-Caryophyllene 0.49 Non-Carcinogen non-mutagenic 4.8

In this study, analysis of the possibilities of plant
volatiles activity through PASS online tool revealed
that all the most abundant plant volatiles exhibit
anticancer and have similarities with digestive system

drugs related activities (Table 5).

According to the

results of the obtained ADMET analysis, all analyzed
volatile components have the potential to be used
as drugs according to Lipinski’s Rule of 5 (Table 6).
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Table 5. PASS predictions

. . . . Anti- Mucomembranous Gastrin
Antimetastatic Antineoplastic . e
inflammatory protector inhibitor

Compounds Pa Pi Pa Pi Pa Pi Pa Pi Pa Pi
Thymol 0.28 0.08 0.29 0.09 0.54 0.04 0.92 0.004 0.64 0.01
Ak ulIERS 0.47 0.02 0.55 005 07  0.01 0.39 0.17 025 0.24
Terpinene
4H-Pyran-4-one,
Il R 5 0.44 0.03 0.54  0.05 0.47  0.06 - - - -
dihydroxy-6-
methyl-
o g 0.34 0.06 052  0.06 035 0.122 - - - -
vinylphenol
Neophytadiene 0.36 0.05 0.46 0.08 0.24 0.223 - - - -
L scaions 0.5 0.0 055 0005 041 001 08 0005 0.6 0.02
6,10-dimethyl-
AL 0.56  0.008  0.83 0.008 074 001  0.39 017 025  0.23
Humulene
ULl 0.57 0.008  0.91  0.005 074  0.01 0.44 0.15 025 0.24
Caryophyllene
Table 6. ADMET prediction

Molecular . ps s os Gl BBB s
Compound Weight L'p?i?:]g;"ty S(o;:;l;::lt)y (gastrointestinal)  (blood-brain L“::SSk'

(g/mol) s absorption barrier)

Thymol 150.22 2.32 9.74E-02 High Yes Yes
.Gamma.-Terpinene 136.23 2.73 4.79E-02 Low Yes Yes
4H-Pyran-4-one,
2,3-dihydro-3,5- 144.13 1.19 4.50E+01 High No Yes
dihydroxy-6-methyl-
Z i 150.17 2.14 2.31E-01 High Yes Yes
vinylphenol
Neophytadiene 278.52 5.05 4.74E-05 Low No Yes
2-Undecanone, .
6,10-dimethyl- 198.34 3.22 7.98E-02 High Yes Yes
.Alpha.-Humulene 204.35 3.29 2.17E-02 Low No Yes
Trans-Caryophyllene 204.35 3.25 2.78E-02 Low No Yes
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DISCUSSION

Volatile profiles of plants

In a study focused on the chemical composition of
0. sipyleum essential oil, our findings revealed the
presence of 10 common compounds, including thymol,
linalool, and carvacrol (20). In another study of the
same species, Semiz et al. (21), reported p-cymene
as the highest essential oil volatile component, and
15 of the 34 volatile compounds that analyzed were
determined to be the same as the volatile compounds
in our study. On the other hand, Judzentiene et al.
(22), reported palmitic acid (23.8 + 1.13) and myristic
acid (14.9 + 1.05) are the highest volatile constituents
of H. arenarium essential oil. It was determined that
6 out of 20 compounds, including beta-selinene were
common with our analysis. According to the results of
essential oil analysis of species collected from three
different regions in Bulgaria, a-pinene (34.64-44.35%),
sabinene (10.63-11.1%), germacrene D (3.56-4.86%)
and B-gurjunene (3.61%) components were dominant
(23). In the analysis of H. arenarium essential oil
collected from the Caucasus region, the largest
group of compounds was determined to be aliphatic
acids (34.6%), and 11.9% dodecanoic acid and 9.8%
decanoic acid were reported (24). On the other hand,
Lemberkovics et al. (25), reported that the dominant
compound was methyl palmitate (21.7-28.5%) from
Poland and Hungary regions. These discrepancies in
chemical profiles may be a consequence of different
environmental factors, such as plant harvesting
strategies, soil type, precipitation, etc. For the Rumex
spp., as a result of the volatile component analysis
of the hydroalcoholic extracts of the R. obtusifolius,
1, 2, 3-benzenetriol (pyrogallol) (62.8%) and for
the R. crispus 5-eicosene (31.7%) were reported as
the dominant volatile compound (26,27). Among the
four plants that were analyzed, P major emerges
as perhaps the species with the most changeable
chemical content ecologically. In the Iranian region,
Haghighi et al. (28), reported the volatile component
2-dodecen-1-yl (-) succinic anhydride (15.29%) as

the main compound of the P major. Jamilah et
al. (29), reported volatiles of P major differ with
varying solvents. The main constituents in petroleum
ether extract were reported as phytol 13.22%,
30.31% and glycol
118.91%; ethyl acetate extract was glycerine 30.70%,

and for methanol diglycerol,

benzene 21.81% and for aqueous extract were
ethno-phenol 27.47% and diathiapentene 14.53% .
Antioxidant activities

Popa et al. (30), reported the DPPH activity in
aqueous extracts of H. arenarium obtained from
Romania as 0.151 mg/ml while Czinner et al. (31),
found a similar 1C50 value of 0.14 for samples from
The DPPH value reported by

Karima et al. (32), for Algerian P. major is 0.1 mg/

the Hungarian region.

mL, while the inhibition value in the B-carotene/
linoleate test is 50.16%. The results indicate a higher
antioxidant activity in the plant species collected
from the Ankara region. It is known that Origanum
species generally exhibit high antioxidant activity and
obtained results confirm this assertion for the species.
Most of the antioxidant studies on O. sipyleum have
been conducted on samples from Turkiye, and these
studies generally report IC50 values ranging around
0.1 mg/mL and an average inhibition activity of
approximately 80% in the B-carotene/linoleic acid
assay (33). On the other hand, in the literature,
Rumex species have been reported to exhibit highly
variable results in terms of antioxidant activities.
The antioxidant analysis results conducted on
edible wild Rumex species in Russia have reported
IC50 values ranging from 3 to 69 mg/mL (34).
In silico analysis
Molecular docking

The heatmap was plotted by http://www.
bioinformatics.com.cn/srplot, an online platform for
data analysis and visualization. Based on the results
of the clustered hierarchical heatmap, the highest
antioxidant activity was detected in the volatiles
of H.
exhibited the most potent antioxidant activity with

arenarium species. Although O. sipyleum

trans-caryophyllene (-7.5 kcal/mol), the synergistic
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antioxidant effect of volatile components was
found to be the highest in this species. It has been
determined that the volatile components of edible
plants exhibit moderate binding affinities against
oral cancer with an average of -6 kcal/mol binding
affinity scores. The selected target in oral cancer
has been preferred due to its promising discovery
of upregulation in recent drug development studies
(35). As a result of our in silico analyses, docking
scores and binding positions that were obtained
(Food and Drug
Administration)-approved kinase inhibitors such as
afatinib, dacomitinib, and sapitinib. We could not find
a literature study directly investigating the effects of

showed similarities with FDA
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Figure 4. Two dimensional binding geometry of

these volatile compounds on oral cancer (Table 2).
However, in some studies exploring the potential of
essential oils and volatile components for oral cancer,
including aromadendrene, among other compounds,
identified (36,37).
level analyses are examined in 2D, it appears that

have been When molecular-
alkyl bonds are predominant. Since the formation
of alkyl bonds is dependent on hydrophobicity, it
is determined that this interaction between the
ligand and the protein arises from the protein’s
hydrophobicity. Unlike other molecular bindings,
the observed pi-sigma bond in the naphthalene,
1,2-dihydro-1,1,6-trimethyl-
from the ring structure’s active region (Figure 4).

ligand originates

VAL
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a) trans-Caryophyllene (O. sipyleum), b) .beta.-lonone (Rumex spp.),
c) naphthalene, 1,2-dihydro-1,1,6-trimethyl- (P major) and d) .beta.-selinene (H. arenarium)
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PASS prediction and ADMET results

It is known that Pa values above 60% indicate
strong similarity, as known from previous studies
(38). In addition to the absence of a structure
resembling digestive drugs in approximately 50% of
the compounds constituting the Rumex spp., there
was also an average resemblance to anticancer
notably high
antineoplastic and anti-inflammatory activity were

drugs. However, similarities in
observed in P major and H.
(Pa>0.7).
ethnomedicinal use of both plant species in addressing
issues related to digestion and indigestion (39).

In addition to drug similarities, these natural

arenarium species

These findings parallel the potential

volatile components themselves exhibit characteristic
pharmacological properties (40). In this study, which
sheds light on the potential of natural herbal volatiles
as drug molecules for oral cancer, it is expected that
the components provide permeability across the BBB
and exert an effect on the target organ. The obtained
results indicate that while some of the volatile
components abundant in plants provide permeability,
others do not. Having synergistic blood-brain barrier
permeability for plant volatiles is a significant

ETHICS COMMITTEE APPROVAL

* This study does not require Ethics Committee Approval.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

advantage in preventing adverse effects on the brain
and prolonged exposure to the active substance.

In conclusion, investigating the pharmacological
potentials of edible plants is crucial for both
pharmaceutical and food research. These plants
are known by different names in various regions of
our country and are actively consumed. During the
mechanical breakdown of edible plants in the mouth,
volatile compounds are also exposed directly to the
oral cavity. Analysis conducted in the study revealed
that all four plants are rich in volatile compounds,
which exhibit in vitro and in silico antioxidant
properties. Molecular-level analyses on oral cancer
also indicated that the volatiles of these plants
harbor anticancer potential without exhibiting
carcinogenic or mutagenic properties. It has been
determined that the species exhibiting the highest
pharmacological activity is H. arenarium. This
research evaluates in silico anticancer activity of
natural plant volatiles by targeting oral cancer and
antioxidant proteins. Further in vitro and in vivo
validations are necessary to investigate their safety

profile and potential interactions with other drugs.
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Turk Hijyen ve Deneysel Biyoloji Dergisi

Mardin’de birinci basamak saglik calisanlarinin as1 retleri
konusundaki tutumlar ve saha deneyimleri

Aysun EKSIOGLU' , Zeynur GUMUS?

, Esin Ceber TURFAN

, Raika DURUSOY?

OZET

Amag: Bu calismada, birinci basamak saglik
calisanlarinin asi retleri konusundaki tutumlarini ve saha

deneyimlerinin arastirilmasi amaclanmistir.

Yontem: Tammlayic1 tipteki arastirma Mardin

(ilce
saglik midurliikleri, saglikli yasam merkezleri dahil)

il Saglik Midirliigi’ne bagli tiim birimlerde

doktor, ebe, hemsire ve diger saglik calisanlar olmak
uzere toplam 201 kisi (kapsayiciik orani:%91,4) ile
gerceklestirilmistir. Arastirma verilerinin toplanmasinda
anket formu ve as1 karsithgr olcegi kullanilmistir.
Tamimlayic1 veriler say1 ve yuzdelerle gosterilmistir.
Olcek toplam ve alt boyut puanlar ile demografik
ve asi uygulamalarina yonelik degiskenler arasindaki
iliskilerin degerlendirilmesinde Mann Whitney U testi

kullanilmistar.

Bulgular: Saglik calisanlarinin %5,0’i as1 reddini
desteklemekte, %15,4’U as1 teredditu yasamaktadir. Asi
yaptirma konusunda en fazla bildirilen endise nedeni
as1 iceriklerini givenli bulunmamasidir. Katilimcilarin

neredeyse tamam cocukluk (%99,0) ve COVID asilan

ABSTRACT

Objective: The aim of this study was to investigate
the attitudes and field experiences of primary health

care workers on vaccine refusals.

Methods: This descriptive study was conducted
with a total of 201 people (inclusion rate: 91.4%)
including doctors, midwives, nurses and other
healthcare professionals in all units (including district
health directorates, Healthy Living Centres) of Mardin
Provincial Health Directorate. A questionnaire form
and antivaccination scale were used to collect the
data. Descriptive data are shown with numbers and
percentages. It was used to Mann Whitney U test to
evaluate the relationships between the total and
sub-dimension scores of the scale, demographic and

vaccination practice variables.

Results: 5.0% of healthcare workers supported
vaccine refusal, and 15.4% had vaccine hesitation. The
most commonly reported reason for concern about
vaccination was not finding vaccine ingredients safe.

Almost all participants have experienced vaccine refusal
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(%99,5)
karsitlig1 6lcegi toplam puani ile erkeklerde (ortanca 30
(24-54)) kadinlara (ortanca 25 (22-32)) gore, hekimlerde
(ortanca 27 (23-47)) diger calisanlara gore (ortanca

kapsaminda as1 reddiyle karsilamistir. Asi

25 (22-35)), as1 karsiti olan/tereddit yasayanlarda
(ortanca 58 (45-73)) olmayanlara gore ve asilarn givenli
bulmayanlarda (ortanca 75 (64-83)) guvenli bulanlara
gore (ortanca 25 (22-32)) daha ylksek saptanmistir
(p<0,05).

Sonug: Saglik calisanlarinin bélgedeki bagisiklama
hizmetleri kapsaminda yuksek oranda asi reddi ile
karsilastiklar ve dikkate deger bir diizeyde asi tereddiitii

yasandigi ortaya cikmistir.

Anahtar Kelimeler: Asi, as1 reddi, as1 tereddutd,

saglik calisan

for childhood (99.0%) and COVID vaccines (99.5%). The
total score of the vaccine opposition scale was higher
in males (median 30 (24-54)) than in females (median
25 (22-32)), in physicians (median 27 (23-47)) than in
other employees (median 25 (22-35)), in those who were
against vaccines/experienced hesitation (median 58 (45-
73)) than in those who were not, and in those who did
not find vaccines safe (median 75 (64-83)) than in those
who found them safe (median 25 (22-32)) (p<0.05).

Conclusion: It has been revealed that healthcare
workers are faced with a high rate of vaccine refusal/
hesitancy within the scope of immunization services in
the region, they are experiencing a significant level of
hesitancy about vaccination and they need training on

this subject.

Key Words: Vaccine, vaccine refusal, hesitancy,

healthcare worker

GIRIS

Bagisiklama, temel saglik hizmetlerinin 6nemli
bir bileseni ve tartisilmaz bir insan hakkidir. Asilar,
bulasic1 hastalik salginlarinin onlenmesi ve kontrolu
icin de kritik oneme sahiptir (1). Kiresel olarak,
2018’de 19,4 milyon cocugun (%14) tam asili olmadig
bildirilmistir (2). 2021°de ise yaklasik 25,0 milyon
cocugun asilanmamis veya eksik asilandigi, bu sayinin
5,9 milyon daha fazla oldugu belirtilmektedir (3).
Diinya Saglik Orgiitii ise kiiresel asilama kapsaminin
son on yilin en disuk seviyelerine gerileyerek 2019-
2021 doneminde sifir doz cocuk sayisinda %40’lik
bir artis gosterdigine dikkat cekmistir (4). COVID-19
salgim ve buna bagli aksakliklarin saglik sistemini
zorladig1 ve asilama calismalarini olumsuz etkiledigi
bilinmektedir (1). Bununla birlikte 2022 yilinda
difteri, bogmaca, tetanoz, grip ve kizamik gibi
hastaliklara kars1 bagisiklama oranlarinin arttigi, bu
dogrultuda her yil 3,5-5 milyon oluimiin onlendigi
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vurgulanmaktadir (4). Asilama, halk sagliginin en

onemli basanlarindan biri olarak gosterilse de;
dini, bilimsel ve politik distinceler dogrultusunda
asilan sorgulayan ve kimi zaman reddeden kisiler ve
gruplar olmustur (5). Ozellikle son on yilda basta
Amerika olmak uzere dunyamn pek cok ulkesinde
baslayan as1 karsitligi iilkemizde de bir hayli fazla
sayida taraftar edinmeye baslamistir (6). As1 reddi
ve tereddiitii diinyada oldugu gibi Tirkiye’de son
yillarda artis gostermektedir. Ulkemizde cocuklarina
as1 yaptirmak istemeyen ailelerin sayisi; 2011 yilinda
183 iken, 2013’te 980, 2015 yilinda 5 bin 400, 2016
yiinda 12 bin seviyesine yukselmis, as1 reddi ile
ilgili 2018 w1l itibari ile belirtilen aile sayisi ise 40
bin diizeyine ulasmistir (7). As1 karsitligiyla ilgili

tartismalarda, saglik calisanlarinin,  toplumun
asilara yonelik glivenini insa etmede onemli bir etki
olusturdugu bahsedilmektedir (8-11). Bu nedenle
saglik calisanlarimin asilara yodnelik endiselerinin

dinlenmesi 6nemlidir. Saglik calisanlarinmin as1 bilgisi,



kabulu veya reddinin toplumun asilanmasinda etkili
olabilecegi diisiiniildiiglinden, bu calismada birinci
basamak saglik calisanlarinin as1 retleri konusundaki
tutumlan

saha deneyimleri, ve bunu etkileyen

faktorlerin arastirilmas1 amaclanmistir.
GEREC ve YONTEM

Tanmimlayic1 tasarimdaki arastirmanin  evrenini
Subat - Haziran 2022 tarihleri arasinda Mardin il
Saglik Mudiirliigii’ne bagl tiim Birinci Basamak Saglik
Hizmeti birimlerinde (bulasici ve bulasici olmayan
hastaliklar birimi, egitim birimi, cevre saglig1 birimi,
aile hekimligi birimi, ruh saghig1 birimi, agiz ve dis
saglig birimi, saglikli beslenme ve obezite danmisma
birimi, ilce saglik mudiirliikleri, Kanser Erken Teshis,
Tarama ve Egitim Merkezi (KETEM), saglikli yasam
merkezleri dahil) gorev yapan doktor, ebe, hemsire
ve diger tim saglik calisanlart olusturmustur. Bu
birimlerde gorev yapan toplam saglik calisani sayisi
220 kisi olup, veri toplama tarihlerinde izinli ve
raporlu olanlar haricinde 201
(%91,4 kapsayiciik). Calisma verileri, katilimcilarin

kisiye ulasilmistir

ardindan veri
tarafindan doldurulmasiyla

onamlarinin  alinmasinin
formlarimin  kendileri

toplanmistir.

toplama

Katilimcilara, ozelliklere
yonelik 10
goruslerine yonelik 32 soru olmak uzere toplam
42 soruluk bir Calismada

“as1 tereddidi (kararsizligr)” asiy1 kabullenmekte

sosyo- demografik

soru, as1 uygulamalari konusunda

anket uygulanmistir.

gecikme veya asiya ulasilmasina ragmen uygulatmay1
reddetme; “as1 reddi” ise tum asilarn reddetme
iradesi ile yaptirmama durumu olarak kabul edilmistir
(12). As1 karsitligina iliskin tutumlan ise Kilingarslan
ve ark.(13) tarafindan gelistirilen as1 karsitligi lcegi
ile degerlendirilmistir.  Olcek, dort faktérden 21
maddeden olusmakta, maddeler likert tipte siniflanmis
olup, ‘1 kesinlikle katiyorum’, ‘2 katiliyorum’, ‘3
kismen katiliyorum’, ¢ 4 katilmiyorum’ ve ‘5 kesinlikle
katilmiyorum’ biciminde puanlanmistir.  Olcegin,
“As1 yaran ve koruyucu degeri”, “As1 karsitligi”,

“As1 olmamak icin cozumler” ve “Asi1 tereddudinin

mesrulastinlmas1” olmak Uzere dort alt boyutu
bulunmaktadir. As1 yarar ve koruyucu degeri alt 6lcegi
maddeleri ters puanlanmaktadir. Olcegin kesme
degeri bulunmamaktadir, puan arttikca as1 karsitligi/
tereddudu artmaktadir. Uzun form icin Cronbach
alfa ic tutarlilik katsayis1 0.855 olup bu calismada
Olcegin Cronbach alfa giivenilirlik katsayr degeri 0,96
bulunmustur.

istatistik analizler icin IBM SPSS (Statistical
Package for the Social Sciences) paket programi
kullamlarak yapilmistir.  Sosyo- demografik ve
tanimlayic1 6zelliklere iliskin degiskenler, say1 ve
ylizde dagilimi ile gosterilmistir. Asi reddi tutum olcegi
ile bagimsiz degiskenler arasindaki karsilastirmalarda
-degiskenler normal dagiim gostermediginden- Mann
Whitney U testi kullanilmistir. p<0,05 degeri istatiksel
olarak anlamli kabul edilmistir.

Bu calisma, Ege Universitesi Tibbi Arastirmalar
Etik  Kurulu’'nun  onay1 ile gerceklestirilmis
(Tarih:08.07.2021, Karar no: 21-7T/26) ve calisma
oncesinde Mardin il Saglik Midiirligiinden veri

toplama izni alinmistir.
BULGULAR

Arastirma kapsaminda toplam 201 (%91,4) saglik
calisanina ulasiltmistir. Katilimcilarin %24,4’G doktor
(n=49), %33,8’i ebe (n=68), %17,4’lu hemsire (n=35),
%9,5’1 saglik memuru (n=19), %3,5’i ATT (n=7) ve
%11,4 diger saglik calisan1 (n=23) oldugu goriilmistiir.
Arastirmaya %64,2 kadin, %35,8’i erkek saglik calisani
katilmistir (Tablo 1).

Saglik calisanlarinin kendileri ve cocuklarimin asi
uygulamalan ile as1 retleri konusundaki goruslerine
ait veriler Tablo 2’de sunulmustur. Katilimcilarin
yaklasik beste biri asilar hakkindaki bilgi diizeyinin
biraz yeterli oldugunu belirtmistir. Genel bagisiklama
programi konusunda ise her dort katiimcidan biri
egitim aldigim bildirmistir. Katiimcilarin  %79,6’s1
%5,0’1 as1
destekledigini, %15,4’U ise as1 tereddidi yasadigim
%85,1’1

as1 reddini desteklemiyorken, reddini

belirtmistir. Cocugu olan katilimcilarin
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Tablo 1. Arastirmaya katilan bireylerin demografik ozellikleri

Ozellikler N=201 %
Yas (y1l) 32,77+6,13 (min:22,maks:53)
Kadin 129 64,2
Cinsiyet
Erkek 72 35,8
Lise 7 3,5
On lisans 27 13,4
Egitim durumu
Lisans 151 75,1
Lisansusti 16 8,0
0-5 yil 68 33,8
6-10 yil 68 33,8
Hizmet y1h
11-20 yil 53 26,4
21 yil ve Uzeri 12 6,0
Aile Saglig1 Merkezi 80 39,8
Bulasici Hastaliklar ve Bagisiklama 17 8,5
Calistig1 Birim ilce Saglik Merkezi 68 33,8
Saglik Evi 4 2,0
il Saglik Miiduirlugii 32 15,9
Var 101 50,2
Cocuk sahibi olma durumu
Yok 100 49,8

“as1 takviminde yer alan rutin cocukluk asilarim”
dizenli olarak yaptirmis/yaptirmakta olup, %2,0’si
yaptirmadigimi, %12,9’u da eksik asilar1 oldugunu
belirtmistir. Saglik calisanlarimin  kendi asilarim
yaptirma durumlan degerlendirildiginde en fazla
Hepatit B, uygulandig
bulunmustur.
Saglik

uygulamalan sirasinda karsilastiklar asi retleri ve ilgili

en az pnomokok asisi

calisanlarinin bagisiklama saha
degiskenlere Tablo 3’te yer verilmistir. Katiimcilarin
neredeyse tamami hem Genisletilmis Bagisiklama

Program1 kapsamindaki cocukluk asilarinda hem de
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COVID-19 bagisiklamasi uygulamalarinda asi reddi ile
karsilasmistir. As1 uygulamalarinda en yuksek siklikta
goriilen as1 reddi nedeni “asi iceriginde zararl
maddeler olmasi”dir. As1 reddi ile karsilasildiginda
saglik calisanlarinin neredeyse yarisi aileleri ikna
etmeye calistigini belirtmistir.

Saglik calisanlarinin Genel Bagisiklama Programi
ve COVID Bagisiklama Programi kapsaminda sahada
en sik karsilastig1 as1 reddi nedenleri Sekil 1 ve Sekil
2’de verilmistir. As1 iceriginde zararli maddeler
olmasi en fazla bildirilen neden olmustur.



[ ] ]
Tablo 2. Saglik calisanlarinin kendilerinin, cocuklarinin asi uygulamalan ve asi reddi konusundaki gorisleri
Ozellikler N=201 %
Yetersiz 4 2,0
Biraz yeterli 41 20,4
Asilar hakkinda bilgi diizeyi
Yeterli 99 49,3
Cok yeterli 57 28,3
Bagisiklama konusunda resmi bir egitime Eyet 48 259
katilma durumu (son 1 y1l icinde) Hayir 153 76,1
Evet 189 94,0
Asilan etkin bulma
Hayir 12 6,0
Evet 183 91,0
Asilan giivenli bulma
Hayir 18 9,0
Ulusal as1 programi zorunlu uygulanmali Zorunlu 142 70,6
midir? Goniilliiliik esasina dayali 59 29,4
As1 reddi fikrine kars 160 79,6
As1 reddine iliskin gorusu As1 reddini destekleyen 10 5,0
As1 tereddiidii/kararsizligi 31 15,4
As1 reddinin azalmasinda saglik calisanin rolii Evet 183 91,0
var midir? Hayir 18 9,0
Geleneksel/alternatif yontemler asinin yerini Evet 15 7,5
tutar mi? Hayir 186 92,5
Gerekli bulmuyorum 7 3,5
Rutin ¢ocuk as1 takvimindeki asilan gerekli NGtr 10 5,0
bulma
Gerekli buluyorum 184 91,5
Evet 86 85,1
Cocugunun rutin asilarin yaptirma durumu* Hayir 4 2,0
Eksik asilar var 14 12,9
Evet 70 34,8
COVID gecirme durumu
Hayir 131 65,2
Evet 182 90,5
COVID asis1 yaptirma durumu
Hayir 19 9,5

*Cocugu olan bireyler analize dahil edilmistir.
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Tablo 3. Saglik calisanlarinin bagisiklama saha calismalarinda karsilastig1 durumlar

Ozellikler N=201 %
As1 reddi ile karsilasma (Cocuk Karsilasan 199 99,0
Aslari) Karsilasmayan 2 1,0
Asilarin iceriginde zararli maddeler olmasi 162 80,6
A;llfmn sakatlik/hastalik vb. durumlara yol acma 159 791
riski olmasi
As1 yan etkilerinden ¢ekinme 138 68,7
Karsilastig1 asi reddi nedenleri® Dini acidan dogru bulunmamasi 103 51,2
Hizmete ulasma sorunu olmasi 45 22,4
Dogal olmamasi 43 21,4
Saglik calisanina giivenmeme 28 13,9
Pahali olmasi 11 5,5
ikna etmeye calisma 93 46,3
s lelple Liellepiar e Bilimsel kanit sunma 74 36,8
davranms1 (Cocuk Asilart)
Fikrine sayg1 duyarak, miidahale etmeme 34 16,9
As1 olmamas1 durumunda karsilasabilecekleri
146 72,6
sorunlar aktarmak
As1 karsitlarin ikna etmede Asilarin giivenli oldugunu sylemek 136 67,7
izledigi yontem* =
(Cocuk Asilart) Asilarin hem kendisini hem de tiim toplumu 127 63.2
’ ’ korudugunu sdylemek ¢
Bilimsel calismalarin sonuclarin1 paylasmak 79 39,3
COVID bagisiklamasi ile ilgili Evet 177 88,1
uygulamalarda gorev aldiniz mi? Hayir 24 11,9
COVID asi reddi ile karsilasma Evet 200 99,5
durumu Hayir 1 0,5
Asilann icerigine giivensizlik 178 88,6
Yan etkileri hakkinda endise 151 75,1
Vucudfl zarar vergcegi , baska bir hastaliga yol 146 72,6
acacag distincesi
As1 ureten firma/tilkelere giivensizlik 129 64,2
COVID as1 uygulamalarinda en sik Medyadaki haber, bilgi vb 115 57,2
karsilasilan asi reddi nedenleri® Gerekli oldugunu diistinmeme 68 33,8
Dini sebepler 50 24,9
Tibbi nedenler 35 17,4
Saglik calisanlarina glivensizlik 33 16,4
Baska uygulamalarla (Alternatif Tip vb.) hastaliga
K . 20 10,0
ars1 korunmak isteme
Asilar/bagisiklama ile ilgili Evet 118 58,7
egitim/glincelleme egitimi
almaya ihtiyaci Hayr 83 41,3

*Birden fazla yanit verilmistir
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A. EKSIOGLU ve ark. - Cilt 82 W Sayr 1m 2025

Asilari dogal bulmama

Hizmete ulasma sorunu

Dini sebepler 103

As1 van etkileri 138

Asilarin hastaliga yol agmasi 159

162

Asi igeriginde zararli madde olmas:

0 20 40 60 80 100 120 140 160 180

Sekil 1. Saglik calisanlarinin Genel Bagisiklama Programi kapsaminda karsilastig1 asi reddi nedenleri

N 35

B 50

N 3
I 115
I 129

i —————— Y VY
I 151
I (78

0 50 100

Sekil 2. Saglik calisanlarinin COVID Asilar1 Programi Kapsaminda karsilastig1 as1 reddi nedenleri

Tibbi nedenler (kronik hastalik, ilag
Dini sebepler

Gerekli oldugunu diisiinmeme
Medyadaki haber, bilgi vb.

Asi tireten firma/iilkelere gilivensizlik
Hastaliga yol agacag diisiincesi

Yan etkileri hakkinda endise

Asilarin igerigine giivensizlik

150 200

Ast  karsitlig
alt  boyutlarinin
yapildiginda,

olcegi
bazi

toplam
degiskenler

puani ile anlamli olarak daha yiiksek bulunmustur (p<0,05).

acisindan  As1 karsit1 oldugunu belirtenlerde ve asilan giivenli

karsilastirmasi cinsiyetler arasinda  bulmayanlarda as1 karsitlig1 lceginin toplam ve alt

fark olup, erkeklerde olcek puanlar daha yiksektir
(p<0,05). Hekimlerde diger saglik calisanlarina gére
alt boyutu,
cocuk sahibi olan bireylerde ise olmayanlara kiyasla
ast karsitigr alt boyutundan elde edilen puan

as1 tereddidinin mesrulastirilmasi

boyut puanlari anlamli olarak daha yiiksek tespit
edilmistir (p<0,05). As1 konusunda resmi bir egitim
alan ve almayanlar agisindan ol¢ek puanlari agisindan
anlamli bir fark elde edilmemistir (p>0,05) (Tablo 4).
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TARTISMA

Bagisiklama hizmetleri {ilkemizde bilyiikk oranda
birinci basamak saglik kuruluslarinda yapilmaktadir
ve burada gorev yapan saglik calisanlari da asi
reddi ile karsilasma olasiig1 yiiksek bir gruptur. Bu
calisma birinci basamak saglik hizmetleri kapsaminda
gorev vyapan saglik calisanlarimi kapsamaktadir.
Katilimcilarin  yaklasik beste biri asilar hakkinda
glivenle tartisabilecek olclide bilgi diizeyi acisindan
kendini biraz yeterli bulmus, yarisindan fazlasi egitim
alma ihtiyaci duydugunu belirtmistir. Asilar konusunda
farkindalik ve bilgi saglik calisaminin asiy1 tavsiye
etme istegini artirmaktadir (14). Isparta’da birinci
basamak saglik calisanlarina yonelik as1 konusunda
egitim midahalesi uygulanan bir calismada, bolgedeki
asilama oranlarindaki artisin, saglik calisanlarinin
egitimi ile iliskili oldugu gosterilmistir (15). Bosna
Hersek’te yapilan bir calismada; saglik calisanlan
asilama programlarina iliskin bilgilerini tatmin edici
oldugunu, ancak as1 tereddiitlerini ele almak igin
ek egitime ihtiyac duyduklarini belirtmistir (16).
Birlesik Krallik’ta ebeleri kapsayan bir calismada,
katiimcilarin %76’s1 gebelere rutin olarak asilama
konusunda tavsiyede bulunmalar gerektigini kabul
etmis, ancak sadece %25’i bu konuda kendini
yeterli bulmustur (17). Nigde’de aile sagligi merkezi
calisanlarina yapilan bir calismada, mesleki ve
hizmet ici egitimlerde as1 reddi konusunda egitim
alma oranlan %15 dolaylarinda tespit edilmistir (18).
Yapilan calismalarin biyiik kismi asilar konusunda
saglik calisanlarimin bilgi gereksinimi olduguna isaret
etmistir (18-20). Saglik calisanlarinin, asi retlerini
azaltmak icin toplumda as1 karsitligina karsi bilimsel
kanitlara dayali bilgi sunmalar, asilarin giivenligi
ve etkinligi hakkinda yanlis bilgilere karsi miicadele
etmeleri onemlidir (9,21). Ailelerle temas halinde
olan saglik calisanlarinin yeterince bilgilendirilmesi,
acik ve dogru mesajlar iletebileceklerinden emin
olunmasi gerekir.

Bu calismanin onemli bulgularindan biri, saglik
calisanlarinin biyiik bir kisminin ulusal as1 programinin

zorunlu olmasi gerektigini distinmesidir. Bu sonuc
italya’da pediatristlerin asilamaya yonelik tutumlarini
inceleyen ve hekimlerin ulusal asilama programini
gerekli goren calisma bulgusuyla uyumludur (10).
Bircok lilkede, asilarin zorunlu olup olmadigi hakkinda
tartismalar yasanmaktadir. Bazilar, asilamanin
toplumun genel sagligi icin onemli oldugunu ve
asilarin zorunlu olmasi gerektigini savunurken, bir
kismi bireysel oOzgiirliiklerin korunmas1 kapsaminda
zorunlu olmamasi gerektigini savunmaktadir (22-24).
Arastirmanin yiritiildigl ilde asilama oranlarinin
diger illere kiyasla daha dusiik seyrettigi ve asi
retleriyle karsilasma durumunun daha yiiksek oldugu
distiniildiigiinde, as1 uygulama zorunlulugu saglik
calisanlan tarafindan bir alternatif olarak goriliyor
olabilir.

As1reddi tum asilan kendi iradesiyle yaptirmamay1
ifade ederken as1 tereddiiti asiy1 kabullenmekte
gecikme veya asiya ulasilmasina ragmen reddetme
durumudur. As1 tereddutu bir ya da daha fazla asi icin
gecerli olabilir (12). Katiimcilarin %79,6’s1 as1 reddini
desteklemiyorken, %5’i as1 reddini destekledigini,
%15,4’U ise as1 tereddidiu yasadigini belirtmistir.
Bunun yani sira hekimlerde diger saglik calisanlarina
gore as1 karsithig alt boyutundan elde edilen puan
anlamli olarak daha yiksek bulunmustur. Akar ve
Oztiirk’iin (25) hekimlerin as1 karsithg konusunda
bilgi ve tutumlarim ele aldiklari calismalarinda,
as1 sonrasi gelisebilecek komplikasyon riski, otizm
gelisebilecegi dusiincesi, asilarin uygun kosularda
saklanmadig1 ve asilarin yurt disinda Uretilmesinden
kaynakli endiseler tasidiklarn gorulmustur. Hekimlere
yonelik baska bir calismada, %10,5’inin herhangi
bir asiya kars1 tereddiit yasadigi dile getirilmistir
(11).

%16’sinin as1 teredditii yasadigim gostermistir (20).

Mersin’de hemsirelere yonelik bir calisma

Bu sonug, Tirkiye’de saglik calisanlarn arasinda

yurutulen benzer calismalara ek olarak, asi
tereddiidiinin yalnizca genel popiilasyonda degil,
saglik calisanlarinda da var oldugunu gostermektedir.
Paterson ve ark. (14)’in 185 makaleyi inceledigi

calismasinda Turkiye’de as1 reddi oram %6 olarak
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belirtilmis, Kanada, Fransa, Cin ve Israil’de de
benzer veriler ortaya konmustur. Karlsson ve ark.
(8)’min calismasinda; saglik calisanlarinin %13,0’U asi
kararinda tereddiit ettigini, %6,3’U asiy1 erteledigini
ve %4,1’i cocuklarina as1 yaptirmayi reddettigini
bildirmistir. Aym1 zamanda %13,8’i cocukluk asilar,
%26’s1 da grip asis1 konusunda tereddut ettiklerinde
belirtmistir (8).
Saglik calisaninin asi reddi ya da teredduitii tutumuna

hastalarin1  yonlendirmediklerini
sahip olmasi, as1 konusunda tereddutlu ebeveynler
ile karsilastiginda dogru bir yaklasim sergilemesini
etkileyebilecegi gibi ailelere asiy1 onermesini de
engelleyebilir.

Saglik calisanlarinin ¢ogu cocuklan icin tim
cocukluk asilarini kabul ettigini bildirmistir (%95,9).
Cocugu olan katiimcilarin biyiik kismi rutin asilan
dizenli olarak yaptirmis/yaptirmakta olup, %2’si
yaptirmadigini, %13’G de eksik asilarn oldugunu
belirtmistir. Bu sonuc endise vericidir ve bircok
hakkindaki
tutum ve bilgilerinin kendilerinin ve cocuklarinin

calisma, saglik calisanlarinin  asilar
asilanmasini etkiledigini, yam sira hastalarina asi
onerme niyetlerini etkileyebilecegini gostermektedir
(8,20,26).

Saglik calisanlarinin asilarn yaptirma konusundaki
en onemli endiseleri as

iceriklerini  guvenli

bulmamalandir. Asilarn icerigine gliven duymama
yaygin
argiimanlardan biridir (27-29). Barselona’da yapilan

ast  karsithgr  konusunda bildirilen en
bir calismada kamu pediatri uzmanlarinin genel
asilama programini destekledikleri, ancak her dort
kisiden birinin en az bir as1 hakkinda stuiphe duyduklar
ortaya konmustur. Hiikimete ve ilac enduistrisine olan
giivensizlik, as1 icerikleri konusunda bilgi eksikligi ve
toplumsal mitlerin bu algiyi etkileyen faktorler oldugu
gosterilmistir (9). Tirkiye’de asilanmama nedenleri
cesitlilik gostermektedir (30). izmir’de bir hastanede
gorevli saglik calisanlan ile yapilan calismada, asi
yaptirmama nedenleri arasinda asilarin yeteri kadar
denenmedigini disiinme (%17,0), yan etkilerden
(%12,9),
oldugunu distinme (civa, aliminyum, eter) (%6,9) ve

cekinme asilarin icinde zararli madde
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inanc (%0,9) gibi nedenler bildirilmistir (31). Turkay
ve Aytekin’in (32) Antalya’da yaptig1 calismada,
katiimcilarin %65’ asilarin yan etkilerine yonelik
endise tasidigini bildirmistir. Tiirk Tabipleri Birligi’nin
yayinladigi  ‘Tirkiye’de Bagisiklik Hizmetlerinin
Durumu’ adli raporda asi reddi icin en sik belirtilen
nedenler sirasiyla as1 icerigine ve asiya glivenmeme
olmustur (33).
Katiimcilarin  yaklasik icte biri  COVID-19
%90,5’i COVID-19 asisim

yaptirmistir. As1 olma durumu zorunlu COVID-19 asis1

enfeksiyonu gecirmis,

uygulamasi kapsaminda yiiksek olabilir. Bu calismada
diger asilarin yapilmasi konusunda oranlarin degistigi
goze carpmistir; hepatit, influenza ve tetanoz asisi
yliksek orandayken su cicegi ve pnomokok asilarinin
Hastalik
etkeniyle karsilasma riskinin artmasi, asiya ozel

daha az uygulanmasi soz konusudur.
uygulamay etkileyen bir faktor olarak disunulebilir.
genel
kapsaminda as1 tereddiitii/karsitligi ile karsilasma

Katilimcilarin bagisiklama hizmetleri

durumlan  sorgulandiginda neredeyse tamam
reddi

basamak saglik calisanlarinin

cocukluk asilarinda as ile karsilasmistir.
Samsun’da birinci
%75’ (34); Ankara’da yapilan baska bir calismada
ise aile hekimlerinin %58’i as1 tereddudiu olan bir
ebeveyn ile karsilastigini bildirmistir (35). Yalgin
ve ark. (19)’min Mersin’de aile sagligi elemanlariyla
yaptig1 calismada katiimcilarin lcte biri en az bir
defa as1 reddi ile karsilastigini belirtmistir. Bu veriler
degerlendirildiginde as1 reddi diizeyinin Mardin’de
diger illere gore daha yiiksek oldugu soylenebilir. Asi
reddi oranlarinin yiiksek olmasi asilama kapsaminin
risk altinda oldugunu diisiindiirmektedir. Hekimoglu
ve ark. (36)’1n influenza kapsamini degerlendirdikleri
calismalarinda hastalik morbidite ve mortalitesinin
kontrol altina alinmasinda asilama kapsaminin
iyilestirilmesinin énemine deginilmistir. Ozellikle risk
gruplarinda asilama kapsamina ve etkili faktorlere
dikkat Turkiye’de

cocuklara yonelik as1 uygulamalarinda en yiiksek

odaklanmaya cekilmektedir.

siklikta goriilen as1 reddi nedeni “asi iceriginde zararli
maddeler olmasi”dir. As1 reddi ile karsilasildiginda



%46,3’U aileleri ikna etmeye calistigimi, %36,8’i
bilimsel aciklamalar yaptigini ve %17’si ise saygi
duyarak miidahale etmedigini dile getirmistir. Nigde
ilinde aile sagligi merkezleri ve saglik evlerinde gorev
yapan saglik calisanlarinin %76’s1 as1 yaptirilmadiginda
ortaya cikabilecek olumsuz sonuclarla ilgili bilgi
verecegini, %28’i ikna etmeye calisacagini, %15’
kararin ebeveyne ait oldugunu belirtmistir (18).
Kamerun’da insan papilloma virlsi (HPV) asisi ile
ilgili
saglamak icin hemsireler arasinda dikkate alinan en

bir calismada, asinin kabul edilebilirligini
onemli faktorlerin, asimin etkinligini ve giivenligini
oldugu (37). Saglik
calisanlarinin asilarin icerigine olan giivensizliklerinin

anlamak vurgulanmistir
yiiksek olmasi, topluma asilar konusunda glivenilir
bilgi saglamada ya da as1 tereddiitii yasayanlar ikna
etmede yetersiz kalmalarina yol acabilir.

Saglik calisanlarimin  %88’i  Mardin ilindeki
COVID-19 as1 calismalarinda gorev almistir. Bu
slirecte neredeyse tiim saglik calisanlar1 as1 reddi ile
karsilasmistir. Mardin il Saglik Midiirliigii verilerine
gore, 2019 yilinda as1 reddi sayis1 95 iken bu sayi
2020 yiinda 241’e yukselmistir (38). Karsilastiklar
bildirilen en sik as1 reddi nedeni ise “asi icerigine olan
guvensizlik”tir. Turkiye’de COVID-19 asilanma oranlar
bolge ve iller bazinda farklilik gostermektedir. Mardin
ili COVID-19 asist olma yiizdesi bakimindan 2021
yilinda en dusiik iller arasinda (%45,3) olup, Saglik
Bakanligi’nin 2023 verilerine gore benzer sekilde
disiuk seyretmekle birlikte %67’dir (36,37). Benzer
COVID-19 asisina
yonelik bireylerin goriislerini degerlendiren nitel bir

verilere sahip Bitlis ilinde (%68),

calisma as1 kararsiziginin, asinin yeni ve yeterince
denenmemis olmasina ve sosyal medyadan farkli
bilgi aktariminin giivensizlige yol actigina dikkat
cekmistir (39-41). Asilama oranlan, cesitli faktorlere
bagli olarak bolge ve il bazinda degisebilir. Bu
faktorler arasinda niifus yogunlugu, erisim kolayligi,
bilinclendirme calismalarinin etkisi ve asiya olan
talepler etkili olabilir.

Asilarin  kabulu, salginla micadelede oldukca
onemlidir (42).

Saglik calisanlarn asilanan ilk

grup arasinda olmasindan dolay1 as1 kabulunin
onundeki engelleri daha iyi ele almak icin asi retleri
hakkindaki tutumlan dikkate alinmalidir. As1 karsiti
olan bireylerde, genellikle as1 karsitlig1 olceginden
alinan puanlarin yiksek olmasi beklenir(13). Bu,
asilan kabul etme konusunda daha supheci, endiseli
veya guvensiz bir tutuma sahip olduklarini gosterir.
As1 karsitligi Olcegi toplam puani ve alt boyutlan
acisindan cinsiyete ve mesleki role gore farklilik soz
konusudur. Erkeklerde kadinlara gore; hekimlerde
ise diger saglik calisanlarina gore as1 karsitligr 6lgek
puanlart anlamli olarak daha yiiksektir. Bu konuda
yapilan bazi calismalar, kadin saglik calisanlarinin
ast karsitign  konusunda daha yiiksek bir tutum
gosterdigini one sirerken bu calismada farkli bir
sonu¢ elde edilmistir. Kadinlarin genellikle saglikla
ilgili konulara daha fazla ilgi duymasi ve saglikla
ilgili kararlar1 daha fazla arastirma ve analiz etme
egiliminde olmalar bunu etkilemis olabilir. Ancak,
her bireyin as1 karsitigr egilimi kisisel ve bireysel
bir tercih olabilir ve genelleme yapmak dogru
olmayabilir. As1 karsitligi konusunda cinsiyet veya
meslek bazinda genellemeler yapmak yerine, her
bireyin endiselerini anlamak, bilimsel bilgi saglamak
ve dogru iletisim stratejileri kullanmak onemlidir.
Amerika’da yapilan COVID-19 as1 kabuluyle ilgili
bir calismada ise kadin saglik calisanlan erkeklere
gore; dogrudan hasta ile ilgilenen saglik calisanlan
(hekim, asistan, tip Ogrencileri ve hemsireler),
dogrudan bakim sunmayanlara gore (hasta bakim
teknisyeni/paramedik/rehabilitasyon hizmetleri,
beslenme uzmani, sosyal hizmet uzmani vb.) daha
yiksek as1 kabul oranlarina sahiptir (42). Bunun
yani sira literatirden farkli olarak bu calismada
cocuk sahibi olan bireylerde olmayanlara kiyasla asi
karsitigr alt boyutundan elde edilen puan anlamli
olarak daha yuksek saptanmistir (20,26). Bu durum,
cocuk sahibi olan bireylerin, cocuklarinin sagligindan
ve givenliginden daha fazla endise duyduklarim

gosterebilir.
Bu calismanmin sonuglar, saglik calisanlan
arasinda as1 reddinin varligina dair varsayim
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dogrulamakta ve bunu etkileyen nedenlere iliskin bir
fikir vermektedir. Katiimcilarin goruslerinin genel
olarak olumlu olmasina ve asilara yiksek oranda
giiven duymalarina ragmen, asi1 icerigine yonelik
endise ve glivensizlik s6z konusudur. Mardin ili birinci
basamak hizmetlerde gorev alan saglik calisanlarinin
bolgedeki bagisiklama hizmetleri kapsaminda yiiksek
oranda as1 reddi ile karsilastiklari, dikkate deger
bir diizeyde as1 tereddiitii yasiyor olduklar ve bu
konuda egitim alma ihtiyaci duyduklan ortaya
ctkmistir. Verilerimiz, as1 karsitigin1 azaltmak ve asi
olmay1 tesvik etmek icin saglik calisanlarina yonelik
cabalarin ozellikle bu bolgede arttinlmasinin yararli
olacagin1 gostermektedir. Ayrica as1 tereddiiti ile
iliskili belirleyicilerin dikkate alinmasi, gelecekteki
asilama

kampanyalarimin  tasarlanmasinda  yol

TESEKKUR

gosterebilir. Bu amacla, yeni ve gelistirilmis egitim
programlarinin ve bilgilendirme materyallerinin
miimkiin olan en kisa siirede saglik profesyonellerine
stirekli egitim seklinde sunulmasi énerilmektedir.

Bu calismada as1 tereddutleri genel olarak
tereddut/karsitlik

Calisma kapsamina birinci

sorgulanmus, aslya ozel
degerlendirilmemistir.
basamakta calisan tiim saglik calisanlari katilmis olup,
as1 uygulamalarinda gorevli olanlar ile olmayanlarin,
as1 reddi ile karsilastiklarindaki yaklasimlar ve ikna
etmede kullandiklar yontemler farkliik gosterebilir.
Ayrica calisma COVID-19 bagisiklama hizmetlerinin
gorece daha yogun oldugu bir dénemde yiiritildigi
icin hem as1 kabuli hem de COVID-19 asilarina karsi

tutum degismis olabilir.

Arastirma verilerinin toplanmasinda saglik calisanlarina ulasmada destek sunan Mardin il Saglik Miidiirliigii yetkililerine,
arastirmaya katilan ve samimi gorislerini aktaran tiim saglik calisanlarina tesekkiir ederiz.

ETIK KURUL ONAYI

* Bu calisma, Ege Universitesi Tibbi Arastirmalar Etik Kurulu’nun onayi ile gerceklestirilmistir (Tarih:08.07.2021, Karar no:

21-7T/26).

CIKAR CATISMASI

Yazarlar bu makale ile ilgili herhangi bir ¢ikar catismasi bildirmemislerdir.
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A machine learning approach for predicting familial and
sporadic disease cases based on clinical symptoms:
introduction of a new dataset
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ABSTRACT

Objective: Neurofibromatosis type 1 (NF1)
is a common yet complex neurogenetic disorder
characterized by a highly variable clinical presentation,
influenced by both genetic and environmental factors.
While its genetic basis is well understood, the variability
in symptoms among patients presents significant
challenges for diagnosis and management. This study
focuses on examining the differences in clinical features
between sporadic and familial NF1 cases. Additionally, it
evaluates the potential of machine learning techniques
to predict sporadic NF1 cases based on clinical symptoms,
offering insights into how computational approaches can

complement traditional diagnostic methods.

Methods: Aretrospective analysis was conducted on
the medical records of 241 NF1 patients, including 121
sporadic and 120 familial cases. The frequency of various
clinical features, such as Lisch nodules, pseudoarthrosis,
and hypertension, was compared between the groups.
analysis of variance (ANOVA) was used to identify the
most important features distinguishing sporadic cases

from familial ones. Furthermore, multiple machine

OZET

Amac: Norofibromatozis tip 1 (NF1), hem genetik

hem de cevresel faktorlerden etkilenen, oldukca
degisken bir klinik sunumla karakterize, yaygin ancak
karmagsik bir norogenetik bozukluktur. Genetik temeli
iyi anlasilmis olsa da, hastalar arasindaki semptomlarin
degiskenligi tanm ve yonetim icin onemli zorluklar ortaya
koymaktadir. Bu calisma, sporadik ve ailesel NF1 vakalan
arasindaki klinik ozelliklerdeki farkliliklar1 incelemeyi
amaclamistir.  Ayrica, makine 0grenimi tekniklerinin
klinik semptomlara dayali olarak sporadik NF1 vakalarini
tahmin etme potansiyelini degerlendirerek, hesaplamali
geleneksel tam nasil

yaklasimlarin yontemlerini

tamamlayabilecegine dair i¢cgdriiler sunulmustur.

Yontem: 121 sporadik ve 120 ailesel vaka dahil
olmak lzere 241 NF1 hastasinin tibbi kayitlar lizerinde
Lisch nodiilleri,
klinik

ozelliklerin sikig1 gruplar arasinda karsilastirnilmstir.

retrospektif bir analiz yapilmistir.

psodoartroz ve hipertansiyon gibi cesitli
Sporadik vakalar ailesel olanlardan ayiran en onemli
(ANOVA)

kullamilmistir. Ayrica, belirlenen ozelliklere dayanarak

ozellikleri belirlemek icin varyans analizi
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learning algorithms, including k-nearest neighbors,
artificial neural networks, support vector machines,
decision trees, and XGBoost, were employed to predict

sporadic cases based on the identified features.

Results: Among the machine learning models
tested, the XGBoost algorithm demonstrated the
highest predictive accuracy at 62.86%, indicating
moderate reliability in identifying sporadic cases.
this limitation, revealed

Despite the analysis

significant differences in clinical manifestations
between the two groups. These differences suggest
that shared genetic modifiers may play a critical
role in shaping the observed genotype-phenotype

relationship in NF1.

Conclusion: This study represents the first
detailed comparison of a broad spectrum of clinical
familial NF1

cases. While machine learning models showed only

symptoms between sporadic and
moderate success in prediction, the findings provide
valuable insights into the phenotypic variability of
NF1 and underscore the importance of larger, more
diverse datasets for improving predictive accuracy.
These results hold significant potential for guiding
personalized diagnostic and therapeutic strategies for

NF1 patients.

Key Words: Neurofibromatosis type 1, sporadic

cases, familial cases, machine learning

sporadik vakalar tahmin etmek icin k-en yakin komsular,
yapay sinir aglan, destek vektér makineleri, karar
agaclan ve XGBoost dahil olmak iizere coklu makine

ogrenimi algoritmalar kullanilmistir.

Bulgular: Test edilen makine 6grenimi modelleri
arasinda XGBoost algoritmas1 %62,86 ile en yuksek
tahmin dogrulugunu gostermis ve sporadik vakalarin
belirlenmesinde orta diizeyde giivenilirlige isaret
etmistir. Bu simrlamaya ragmen, analiz iki grup arasinda
klinik belirtiler agisindan onemli farkliiklar oldugunu
ortaya koymustur. Bu farkliliklar, paylasilan genetik
NF1’de

iliskisini sekillendirmede kritik bir rol oynayabilecegini

degistiricilerin gozlenen  genotip-fenotip

dustndurmektedir.

Sonug: Bu calisma, sporadik ve ailesel NF1 vakalar

arasinda genis bir klinik semptom spektrumunun

ilk ayrintib  karsilastirmasim  temsil  etmektedir.
Makine 6grenimi modelleri tahminde yalnizca orta
diizeyde basan gosterirken, bulgular NF1’in fenotipik
degiskenligi hakkinda degerli bilgiler saglamakta ve
tahmin dogrulugunu artirmak icin daha biiyiik, daha
cesitli veri kimelerinin oneminin altin1 cizmektedir.
Bu sonuclar, NF1 hastalar icin kisisellestirilmis tani ve
tedavi stratejilerine rehberlik etme konusunda onemli

bir potansiyele sahiptir.

Anahtar Kelimeler: Norofibromatozis tip 1, sporadik

vakalar, ailesel vakalar, makine 6grenmesi

INTRODUCTION

Neurofibromatosis type 1 (NF1; OMIM 162200) is
the most common neurogenetic disorder, affecting
approximately 1 in 3,500 individuals worldwide. It
is caused by mutations in the NF1 gene located on
chromosome 17q11.2 (1). This gene spans 350 kb
of genomic DNA and contains 60 exons, coding for
neurofibromin, a cytoplasmic protein that negatively
regulates RAS proteins (2). The loss of neurofibromin
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leads to the activation of the RAS cascade, resulting in
increased cell proliferation, categorizing NF1 as a tumor
suppressor gene. The NF1 gene also has one of the
highest germline mutation rates reported in humans.
About 50% of NF1 patients have sporadic cases,
where de novo germline mutations occur without
a family history of the disease (3-5). The clinical
presentation of NF1 is highly variable and includes
symptoms such as café-au-lait spots (CALS), cutaneous
neurofibroma (cNF), plexiform neurofibroma (pNF),



freckling, peripheral nerve sheath tumors (MPNST),
malignancies, and juvenile myelomonocytic leukemia
(6).

the expression of clinical

Despite its autosomal-dominant inheritance,
symptoms is highly
unpredictable, with no clear genotype-phenotype
correlations, making diagnosis and management
challenging (7). Modifier genes and environmental
factors, such as nutrition and lifestyle, may contribute
to the observed clinical variability (8).

TOBB University Faculty of Medicine has been
at the forefront of NF1 research, establishing a
multidisciplinary “NF Study Group” in 2003. This
group includes physicians from various clinical
departments, as well as researchers from the basic
sciences, focusing on the molecular aspects of NF1.
When examining the incidence of clinical phenotypes
such as 1Q expression and learning disability,
differences between familial and sporadic cases have
been observed (9, 10). Through the evaluation of a
national NF1 database, encompassing 241 probands
(121 sporadic and 120 familial cases), we aimed to
explore the differences in clinical symptom expression
between sporadic and familial cases.

In this study, we introduce a novel machine
learning-based approach to predict sporadic NF1
cases based on clinical symptoms. Utilizing a range
of algorithms, including k-nearest neighbors, artificial
neural networks, support vector machines, decision
trees, and gradient boosting, we sought to classify
patients as sporadic or familial. The coexistence of
NF1 symptoms has been previously published (11).
This is the first study to employ machine learning
in the prediction of sporadic NF1 cases, leveraging
detailed clinical data from a well-characterized

national cohort.

MATERIAL and METHOD

Dataset

In this study a national NF1 database with 241
probands (121
was evaluated. DNAs from patients were used for

sporadic and 120 familial cases)

mutation analysis and various number of known and
novel mutations were characterized in our study and
published elsewhere (12). The National Institutes
of Health NF1 (NIH-NF1) clinical criteria were used
for diagnosis of patients with NF1 (1, 13, 14). All
participants had filled up the informed consent through
a questionnaire with detailed clinical information of
patients and completed by a dermatologist, a pediatric
neurologist, or a clinical geneticist prospectively. The
questionnaire encompassed clinical features of NF1
such as tumors and other neurological problems. The
guidance of the Declaration of Helsinki were turned
to account for clinical and genetic analyses and the
questionnaire approved by the ethical committee
of Hacettepe University. Clinical data were saved
in our in-house developed database. The data that
support the evidence of this study are available from
the corresponding author upon reasonable request.
You can access the dataset at “UCI Machine Learning
Neurofibromatosis Clinical

Repository, Type 1;

Symptoms of Familial and Sporadic Cases.”

Machine Learning Methods

We perform k-nearest neighbors, artificial neural
networks, support vector machines, decision trees
and gradient boosting techniques to predict whether
a person has a sporadic or not based on the symptoms.
In the next section, we describe these algorithms.

K-Nearest Neighbors (KNN)

The KNN (15) is a supervised machine learning
method of the classification of unassigned data to
the most ideal class according to the distance with
other data in training set. The algorithm classifies
new data points based on the comparison of features
with the labeled data points in the training set. Since
KNN does not need any training data points for model
generation, it is a lazy algorithm. It uses all training
data in the testing phase.

Artificial Neural Networks (ANN)

Artificial Neural Networks (16) is a machine
learning model that makes decisions in a manner
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similar to the human brain. Every neural network
consists of layers of nodes, or artificial neurons, an
input layer, single or multiple hidden layers, and an
output layer. Each node connects to others, and is
associated with a particular weight and threshold.
If the output of any individual node crosses the
specified threshold value, then the node is activated
and it transmits the data to the next layer in the
network. Neural networks learn and improve their
accuracy over time by training the data.

Support Vector Machines (SVM)

The SVM (17) used in machine learning is an
effective learning algorithm for classification and
regression problems. Its main purpose is to classify
data points by creating the best hyperplane between
two classes. In this process, support vectors are
important points that maximize the marginal gap
between classes. SVM can also work successfully in
high dimensional spaces by using kernel functions.
It exhibits strong performance in classification and
regression tasks.

Decision Tree (DT)

The DT (18) used in machine learning is a
modelling technique used to analyze data sets and
extract patterns. This model consists of decision
nodes and branches connecting these nodes. Each
and the
branches represent the values of the features. The

node represents a particular feature,

tree divides the data set into subgroups and makes
predictions for each subgroup. The learning process
takes place by routing the instances to the branches
of the tree according to their feature values and
making decisions at each node. DTs are used in
classification and regression tasks; the parameters
affect the performance of the model. In machine
learning, this model is an effective tool for solving
data analytics and classification problems.

Gradient Boosting (XGBoot)

XGBoost is an enhanced variant of gradient

boosting, intertwining gradient descent with
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boosting techniques. By integrating multiple
weak base classifiers into a robust ensemble, the
XGBoost algorithm achieves superior classification
capabilities. Unlike conventional boosting algorithms,
which balance positive and negative samples,
XGBoost ensures global convergence by tracking
the direction of a negative gradient. This method is
elucidated in (19). Furthermore, XGBoost introduces
advanced regularization techniques such as L1
regularization (Lasso) and L2 regularization (Ridge),
refining model generalization capabilities. Through
these regularization methods, XGBoost mitigates
overfitting more effectively compared to traditional
gradient boosting algorithms, thereby enhancing
model performance and robustness.

The study was approved by the Institutional Ethics
Committee of Hacettepe University (Date: 08.11.2016

and Number: 16969557-1117).
RESULTS

The medical records of 241 patients diagnosed
with NF1, comprising 121 sporadic and 120 familial
cases, were retrospectively analyzed. The occurrence
rates of various phenotypes across sporadic, familial,
and total NF1 patients were assessed. This study
also aimed to evaluate the effectiveness of several
machine learning techniques in predicting sporadic
cases based on clinical symptoms. In the following, we
present the experimental setup and the performance
metrics used to assess the machine learning models.

Performance Measures

All computational analyses were conducted on a
system powered by an Intel Core i7 processor (2.6
GHz) with 16 GB of RAM, running Ubuntu 18.04.03 LTS.
The machine learning algorithms were implemented
using the Scikit-learn library, a comprehensive open-
source toolkit in Python. The dataset was divided
into training and validation sets with a 70:30 split,
whereby 70% of the data was utilized for training
the models and the remaining 30% for validation.



Evaluation Criteria performance of these models is summarized in
the subsequent sections. Initially, we assessed the

The machine learning models were evaluated

based on four key metrics: precision, recall, importance of different features using the analysis of

. . variance (ANOVA) method, with theresults presentedin
F-measure, and accuracy, as detailed in Table 1.

Table 2. According to these results, significant features

Evaluation of Machine Learning Techniques for detecting sporadic cases include Lisch nodules,

for Predicting Sporadic Cases Using the Newly pseydoarthrosis, hypertension,  myelodysplastic

Created Dataset syndrome, leukemia, and bone dysplasia. Conversely,

Various machine learning techniques were scoliosis, maternal age, rhabdomyoma, and mental

employed to identify sporadic cases of NF1. The retardation were among the least important features.

Table 1. Metrics for evaluating machine learning model performance

Measure Formula

Precision (TP) / (TP+FP)

Recall (TP) / (TP+FN)

F-measure (2 x Precision x Recall) / (Precision+ Recall)
Accuracy (Acc) (TP+TN) / (FN+TP+TN+FP)

Table 2. Feature importance based on ANOVA F-score

Feature Name F-Score  Feature Name F-Score Feature Name F-Score
Lisch Nodule 1.95 Ganglioblastoma 1.05 cNF 0.67
Pseudoarthrosis 1.67 MPNST 0.96 CALS 0.54
Hypertension 1.48 Astrocytoma 0.95 pNF 0.41
Myelodysplastic Syndrome 1.36 Hamartoma 0.85 Patient age 0.31
Leukemia 1.36 Tumor 0.80 Sex 0.12
Bone Dysplasia 1.13 Paternal age 0.77 Rhabdomyoma 0.07
Optic Pathway Glioma 1.09 Epilepsy 0.69 Maternal age 0.05
Cranial Involvement 1.06 Axillary freckling 0.68 Scoliosis 0.02

(Café-au-lait spots: CALS, Cutaneous Neurofibroma: cNF, Plexiform Neurofibroma: pNF, Malignant Peripheral Nerve Sheath
Tumor: MPNST)
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The performance of the machine learning classifiers
on the proposed dataset is presented in Table 3.
Precision scores ranged from 0.50t0 0.68, recall values
varied between 0.38 and 0.56, F-measure values

spanned 0.43 to 0.57, and accuracy scores ranged
from 51.43% to 62.86%. The XGBoost method achieved
the highest performance, with an accuracy of 62.86%.

Table 3. Performance evaluation of machine learning classifiers on the proposed dataset

Method Precision Recall F-measure Accuracy (%)
KNN 0.58 0.56 0.57 58.57
ANN 0.61 0.50 0.55 60
SVM 0.59 0.56 0.58 60
DT 0.50 0.38 0.43 51.43
XGBoost 0.68 0.44 0.54 62.86
DISCUSSION consists of a limited number of samples (121 sporadic

This study evaluated a cohort of NF1 patients from
TOBB University, focusing on the differences in clinical
symptom frequency between sporadic and familial
cases. While the genetic and clinical aspects of NF1
have been extensively studied, there is a notable
gap in the literature regarding the specific frequency
of symptoms in sporadic versus familial cases.

In this study, machine
were employed to predict sporadic cases based

on clinical symptoms, with the XGBoost algorithm

learning techniques

achieving the highest accuracy at 62.86%. While
this result demonstrates the potential of machine
learning in differentiating between sporadic
and familial cases, it also indicates the need for
further data collection and feature refinement
to improve predictive accuracy. The inclusion of
additional clinical features and larger datasets
could enhance the model’s performance, allowing
for more precise identification of sporadic cases.

In machine learning studies, it is recommended to
divide the datasetinto three parts: learning (training),

validation and test data sets. However,our dataset

Turk Hij Den Biyol Derg

and 120 familial cases). Thus, we used for 70% training
and 30% testing strategy in this study and we will
follow the mentioned strategy in our future studies.
the
influence of both

Overall, our findings underscore

and the
genetic and environmental factors in its clinical

complexity of NF1
manifestation. Continued research in this area,

coupled with advanced analytical techniques,
will be essential for developing more accurate
diagnostic tools and improving patient outcomes.

In conclusion; this study provides a novel
perspective on the phenotypic differences between
sporadic and familial NF1 cases, utilizing machine
learning to explore these distinctions. While the
accuracy of the predictive models was moderate,
the findings underscore the complexity of the
genotype-phenotype relationship in NF1, suggesting
that factors beyond the NF1 gene itself may play a
significant role in clinical outcomes. The observed
differences in learning disabilities between familial
and sporadic cases point to the potential influence
of shared genetic or environmental modifiers within

families. This research marks a step forward in



understanding the variability of NF1 symptoms and
highlights the need for more comprehensive data
and advanced analytical approaches to improve
diagnostic accuracy. Future studies should focus

on expanding datasets and refining predictive
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models to better capture the nuanced interactions
between genetic factors and clinical manifestations
in NF1 patients. Such efforts will be crucial in
advancing personalized medicine and improving

patient care in neurogenetic disorders like NF1.
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Clinical quality assessment of coronary artery bypass graft
surgery

Zuhal CAYIRTEPE!

, Afsun Ezel ESATOGLU?

, Atilla ARAL? , Sahin KAVUNCUBASI*

ABSTRACT

Objective: Clinical quality (CQ) describes the
technical quality of healthcare services and explains
how healthcare system affect patient outcomes. This
study aims to assess CQ on the patient scale by using
and outcome measures in the

structure, process,

context of coronary artery bypass graft (CABG) surgery.
Methods:

NDEA) was used to assess the CQ levels of patients

Network Data Envelopment Analysis

undergoing CABG. The structure, process, and outcome
quality measures of CABG surgery which include clinical
factors of the patient as well as the medical procedures,
costs, inpatient days, and quality of life, are examined
simultaneously. These variables are used to assess CQ

and to determine the quality improvement points.

Results: According to the results of NDEA three
patients had the highest level of CQ. Detailed profiles
were generated for CABG surgery and for patients with
low-clinical quality levels. This research highlighted
areas for quality improvement to maximize resource

utilization and clinical efficiency.

OZET

Amag: Saglik hizmetlerinin  teknik  kalitesini
tanimlayan “klinik kalite (KK)” saglik sisteminin hasta
sonuclarint nasil etkiledigini aciklayan bir kavramdir.
(KABG)

ameliyatinin yapi, siirec ve sonuc olcitlerini kullanarak

Bu calismada, koroner arter bypass greft

hasta bazinda KK’nin degerlendirilmesi amaclandi.

Yontem: KABG uygulanan hastalarin KK diizeylerini
degerlendirmek icin Network Veri Zarflama Analizi
(NVZA) kullanildi. Hastanin klinik bulgularinin yani
sira tibbi prosedirler, maliyetler, hasta yatis gunleri
ve yasam kalitesini iceren KABG ameliyatinin yapi,
siirec ve sonug olcitleri es zamanli analiz edildi. Bu
degiskenler KK’yi degerlendirmek ve kalite iyilestirme

noktalarini belirlemek icin kullanildi.

Bulgular: NVZA sonuclarina gore en yiksek KK
diizeyinin iic hastada saglandig1 tespit edildi. KABG
ameliyat1 ve KK diizeyi disik olan hastalara yonelik
ayrintili  profiller olusturuldu. Calisma bulgular ile
kaynak kullanimin1 ve klinik verimliligi en ist dizeye

cikarmak icin kalitenin iyilestirilme noktalarn belirlendi.

'Health Institutes of Tiirkiye (TUSEB), Tiirkiye Health Care Quality and Accreditation Institute, Ankara, Tiirkiye
2Ankara University Institute of Health Sciences, Department of Health Management, Ankara, Tiirkiye

*Ankara University, Faculty of Medicine, Department of Cardiovascular Surgery, Ankara, Tiirkiye

“Baskent University, Faculty of Health Sciences, Department of Health Management, Ankara, Tiirkiye

letisim / Corresponding Author : Zuhal CAYIRTEPE

Saglik Bakanhig Bilkent Yerleskesi Dumlupinar Bulvart 6001 Cad. No: 9 Cankaya, Ankara - Ttirkiye

E-posta / E-mail : zuhalcayirtepe@gmail.com

Gelis Tarihi / Received : 21.02.2024

Kabul Tarihi / Accepted : 05.11.2024

Cayirtepe Z, Esatoglu AE, Aral A, Kavuncubasi $. Clinical quality assessment of coronary artery bypass graft surgery. Turk Hij Den Biyol Derg, 2025; 82(1): 107 - 118.

107


https://orcid.org/0000-0002-9507-9916
https://orcid.org/0000-0001-8279-0891
https://orcid.org/0000-0001-7924-2819
https://orcid.org/0000-0003-3658-9788
https://dx.doi.org/10.5505/TurkHijyen.2025.21208

108

Conclusion: As a result of this study, CQ with the
NDEA on a patient scale, encompassing the structure,
process, and outcome quality measures across the
entire healthcare cycle of CABG surgery and the
analysis model demonstrated its potential as a useful
tool for assessing and improving CQ. The intensive care
unit and postoperative length of stay, the duration of
cardiopulmonary-bypass and cross-clamp, and the use
of fresh frozen plasma were identified as the areas
requiring quality improvement. The study recommends
creating disease-specific standard data packages
including multiple quality measures for CQ assessment,
and employing the NDEA method for further quality

improvement studies.

Key Words: Coronary artery bypass graft, clinical

quality, network data envelopment analysis

KABG

sonrasi elde edilen KK hasta bazinda degerlendirildi.

Sonug: Calisma sonucunda ameliyati
Yogun bakim ve ameliyat sonrasi hasta yatis giini,
kardiyopulmoner bypass ve kros klemp suresi, taze
donmus plazma kullanimi, kalitenin iyilestirilmesi
NVZA ile

olusturulan modelinin KK’nin degerlendirilmesi ve

yapilabilecek alanlar olarak belirlendi.

iyilestirilmesinde yararli bir ara¢ oldugu sonucuna

ulasildi. Bu calisma ile KK degerlendirmesinde,
hastaliga 0zgl kalite olcitlerinin icerildigi standart
daha kalite

NVZA  yonteminin

veri paketlerinin olusturulmasi, ileri

iyilestirme  calismalar1 icin

kullanilmasi onerilmektedir.

Anahtar Kelimeler: Koroner arter bypass greft,

klinik kalite, network veri zarflama analizi

INTRODUCTION

Each year, unsafe care imposes a significant
economic burden on European Union countries,
totaling €21 million, and in the United States, this
The
prominence of healthcare quality has increased due

burden escalates to $1 trillion annually (1).

to unsafe healthcare delivery and financial stress.
CQ, representing the technical outcome quality of
healthcare, encompasses the tangible outcomes

cQ
indicators focus on specific aspects of quality rather

derived from healthcare interventions (2).
than assessing the entire service cycle. Unfortunately,
these indicators are rarely specific enough to
evaluate the performance of healthcare professionals
cQ

measurement is anticipated to elucidate the intricate

or a patient’s condition. (3) Nonetheless,
connections between the structure, process, and
outcome characteristics of a healthcare service.
(4) CQ assessments initiate by prioritizing prevalent
health phenomena, considering both their impact and

Turk Hij Den Biyol Derg

measurability. (5) Consequently, this study selected
CABG surgery, a treatment option for cardiovascular
disease—a leading global cause of death affecting
17.9 million individuals in 2019—as the focal point for
CQ measurement. (6)

The CABG outcome for each patient is influenced
by various factors of the whole healthcare cycle
including the severity of the disease, medical
interventions, treatment protocols, and duration of
postoperative care both in the intensive care unit and
in the clinic. (7) This study aims to assess patients’
relative CQ levels by employing structure, process,
and outcome quality measures in the context of CABG
surgery.

MATERIAL and METHOD

This prospective, cross-sectional research was
conducted at a tertiary training and research hospital
in Ankara. The study included inpatients with a pre-
diagnosis of CABG between December 15, 2018, and



March 15, 2019, making up the research population.
Data were collected from 139 patients who provided
informed consent to participate. Excluded from the
study were patients who were discharged without
surgery (n=38), and passed away during their hospital
stay (n=3). The CQ levels of 98 patients aged 18 and
above were assessed using a two-stage NDEA. The
measures affecting CABG surgery CQ were identified
as follows:

EuroSCORE  risk
2=Intermediate; 3=High).

Structure: score  (1=Low;

Process: Coronary angiography, ECHO cardiography

ejection fraction, level of evidence supporting
the efficiency and effectiveness of the procedure
(LESEEP),

(CPB) and aortic cross-clamp (CC) duration, carotid

comorbidities, cardiopulmonary-bypass
endarterectomy, CABG application on a beating heart,
blood product transfusion (erythrocyte suspension,
fresh frozen plasma), the use of inotropic agents,
intra-aortic balloons, Extracorporeal Membrane
Oxygenation(ECMO), number of bypassed vessels,

reoperation, length of stay (LOS).

Outcome Measures: Postoperative serum creatinine,
urea, AST, ALT, CRP values, quality of life (QoL), and
healthcare costs (operation and preoperative, ICU,
postoperative period).

Data Collection Process: Data on all variables was
gathered. The Carotid Endarterectomy, Intra-aortic
Balloon, and ECMO, LESEEP class remained uniform
across all patients; hence, these variables were
omitted from consideration in the NDEA.

Data were sourced from both written and
electronic health records. The hospital invoices
were meticulously categorized by the research
distinct  subcategories,
radiology-laboratory, blood products, consumables,
medications, and other transaction costs. The QoL
evaluated by EQ-5D5L questionnaire. The initial

team into including

assessments conducted face-to-face before surgery
and follow-up assessments conducted via telephone
three months post-surgery. The difference between

the two EQ-5D5L scores was defined as the “ QoL

improvement value.” Furthermore, an Adjusted
Functional Health Value was calculated by scoring the
results of ECHOcardiography, serum urea, creatinine,
AST, ALT, and CRP as positive or negative based on
the determined cutoff points established by the
researcher (cardiovascular surgeon).

We conducted statistical analyses to examine the
relationships among demographic characteristics,
structure, process, and outcome measures. In
addition to descriptive statistics, we employed the
Mann-Whitney U test and two-stage NDEA. p-value of
<0.05 was considered statistically significant. In the
two-stage Network DEA, each patient was defined as a
Decision-Making Unit (DMU). This method was chosen
because it accounts for networks with distinct stages
and interactions, allowing for the examination of sub-
processes as well as sub-inputs and outputs of each
process (8). In addition, it can also manage multiple
measures simultaneously, highlights improvement
points, and is a sensitive method in identifying waste
of resources and evaluating performance (8,9).

The scores obtained through NDEA analysis
were assessed in terms of efficient and inefficient.
The literature revealed that, even when close to
the efficiency frontier, subjective cutoff points or
quartiles can be employed to identify DMUs whose
characteristics might have been overlooked due
to their classification as inefficient (10,11). In our
analysis, to provide a clearer distinction between
efficient and inefficient patients, the NDEA scores
were divided into quartiles and categorized as
follows: marginally inefficient, most inefficient,
above the median, and below the median. Marginally
inefficient patients fell within the fourth quartile
with efficiency scores ranging from 0.775 to 1 in
the Clinical Efficiency Stage (CES) and 0.849 to 1 in
the Resource Efficiency Stage (RES). In this research
“efficient and marginally inefficient patients were
termed “high-CQ patients(efficient)”. Conversely,
the most inefficient patients were situated in the first

quartile, characterized by efficiency scores ranging
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from 0 to 0.513 in the CES and 0 to 0.535 in the RES.
Patients identified as being in the “Most Inefficient,”
“Above Median,” and “Below Median” categories,
indicative of low CQ in the analyses, were collectively

CLINICAL QUALITY OF CORONARY ARTERY BYPASS

termed “ low-CQ patients(inefficient)”.

The study was approved by the Ankara University
Health Sciences Sub-Ethics Committee (Date:
06.12.2018 and Number: 218).

Figure 1. Swo-Stage NDEA Model -CQ Assessment of CABG Surgery

RESULTS

Ninety-eight patients who underwent CABG
surgery were enrolled in the study. Descriptive
findings for the patients are presented in Table
1. Among the study participants, eighty (81.63%)
were male. The distribution of patients based on
the EuroSCORE revealed 49 (50%) in the low-risk
category, 37 (37.75%) in the moderate-risk category,
and 14 (14.28%) in the high-risk category. The most
prevalent comorbid condition was diabetes, affecting
42 (41.58%) patients, while 50 patients had no
comorbidities. The mean LOS prior to surgery, in the
ICU, and during the postoperative period were 6.24 +
4.48,1.8 £1.55, and 5.5 + 3.02 days, respectively. The
average duration of CPB and CC were 106.46+ 37.25
and 67.24 + 25.58 minutes, respectively. In terms of
QoL assessment, the EQ5D5L score was 0.706 + 0.227
upon initial evaluation and increased to 0.880 + 0.181
in the subsequent assessment. The utilization of
erythrocyte suspension (ES) amounted to an average
of 3 + 2.89 units, while fresh frozen plasma (FFP) use
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averaged 2.27 + 2.24 units. Researchers determined
the adjusted functional health level tobe 11.56 +2.01.

The central efficiency score derived from the
NDEA analysis indicated that three patients achieved
the highest CQ level. The average efficiency score
among the 98 patients included in this study’s analysis
was determined to be 0.43. It was observed that 15
patients had an efficiency score of 0.68 in the RES, and
11 patients also had an efficiency score of 0.68 in the
CES. The distribution of patient efficiency scores in
both the RES and CES is visually depicted in Figure 2.

It was determined that the patients who were
efficient in the CES were not efficient in the RES,
except for five patients (Figure 2). It was determined
that 20 of 25 patients, which were considered
inefficient in RES, were not efficient at the CES and
a relatively high-CQ level could not be achieved in
these patients. Table 2 provides the mean values and
statistical test results for patients categorized as high-
CQ and low-CQ in both the RES and CES, with respect
to the structure, process, and outcome measures.
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Figure 2. Distribution of the NDEA Result RES and CES Scores

In the RES, although there was no statistically
significant difference, the costs were found to be
relatively higher in the low-CQ patient group except
for preoperative operative and post-operative period
costs. The average preoperative and operative
period cost was $1327.23+998,43, whereas radiology
laboratory costs amounted to $635.87+$907.28, and
post-operative period costs were $173.24+5$126.96
for low-CQ patients. It was found that there was
a statistically significant difference not only in
preoperative costs but also in post-operative costs.
There is a statistically significant difference between
high-CQ and low-CQ patientsespecially regarding the
radiology and laboratory costs during the preoperative
and operative period and ICU medicine costs (Table 2).

In the CES, although there was no statistically

significant difference the costs were found to
be relatively higher in the low-CQ patient group
transaction and
The
average preoperative other transaction cost is

except for preoperative other
operative post-operative consumable costs.

$380,79+157,56, while post-operative consumable
costs are $10,61+16,44 for low-CQ patients (Table 2).

In the RES preoperative period, inpatient days are
3,20+2,31 in high-CQ patients while 7,30x4,57 days in
low-CQ patients, and there is a statistically significant
difference between them. Also, ICU inpatient days
have statistically significant differences between high-
CQ patients (2,04+ 1,02 days) and low-CQ patients
(1,71£1,42 days). There are no significant differences
between high-CQ and low-CQ patients in both RES
and CES about other inpatient day values (Table 3).
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Table 1. The descriptive statistics of patients

Patient characteristics N=98

n (%)
Male 80 (81.63)
Female 18 (18.36)
EuroSCORE
“1” n (%) 49 (50)
“2” n (%) 37 (37.76)
“3” n (%) 12 (12.24)
Comorbidity Situations
Diabetes 42 (42.85)
Chronic renal failure 2 (2.04)
Other and combined comorbidities 4 (4.08)
Number of patients without comorbid disease 50 (51.02)
LOS mean. std
preoperative period 6.24 +4.48
ICU period 1.8+1.55
postoperative period 5.5+3.02

EQ5D5L Quality of Life Survey

First application
Postop 3rd month

0.706+0.227
0.880+0.181

CPB duration (min)

106.46+37.25

CC time (min) 67.24+25.58
Use of blood and blood products

Erythrocyte suspension (ES) (unit) 3+2.89
Fresh frozen plasma (FFP) (unit) 2.27+2.24
Harmonized functional health value 11.56 +2.01

Table 2. Average values of efficient and inefficient DMUs (Patients) according to the NDEA results by stages

Resource Efficiency Stage Clinical Efficiency Stage

Efficient-marginal Inefficient DMU
Measures inefficient DMU (<0,84)
(20,84) (n=25) (n=73)

Efficient-marginal
inefficient DMU
(20,77) (n=25)

Inefficient DMU
(n=73)

Operation and preoperative

] 956,73+623,9*
period costs ()

1327,23+998,43 * 1137,55 + 734,56 1265,31+ 988,96

Radiology laboratory ($) 348,98:657,57* 635,87+907,28* 559,24 +730,25 563,50+900,46

Blood and blood products

16,25:23,92
)

24,09+31,77 18,21+28,00 23,42+30,78

Other transaction ($) 329,25+87,69 373,82+157,54 308,91+72,09* 380,79+157,56*

Consumables ($) 167,35+114,5 190,42+ 1330,23 160,46+124,37 195,71+156,86
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Table 2 (cont). Average values of efficient and inefficient DMUs (Patients) according to the NDEA results by stages

Resource Efficiency Stage

Clinical Efficiency Stage

Measures

Efficient-marginal Inefficient DMU

inefficient DMU
(20.84) (n=25)

(<0.84)
(n=73)

Efficient-marginal
inefficient DMU
(20.77) (n=25)

Inefficient DMU
(n=73)

Medicine ($)

94.9+46.28

103.03+45.07

99.28+41.15

101.53 +46.87

ICU period costs ($)

356.82+269.74

455.83+374.04

354.25+206.34

456.71+387.03

Radiology Laboratory ($)

32.26+70.98

95.17+166.90

55.90+88.43

87.07+166.44

Blood and Blood Products
(%)

31.72+41.40

36.12+51.98

26.83+34.43

37.79+53.48

Other Transaction ($)

234.78+207.77

231.59+236.87

200.25+166.06

243.42+246.63

Consumables ($)

23.60+48.28

17.67+£20.97

12.10£14.14

21.61+33.70

Medicine ($)

34.46+50.48*

75.28+92.29*

59.18+63.68

66.81+91.82

Post-operative period costs

$)

137.86+126.69*

173.24+126.96*

147.56+101.10

169.92+135.12

Radiology Laboratory ($) 38.36+55.48 55.71+71.40 42.95+51.58 54.14+72.69
BI Blood P
( $;’°d and Blood Products 26.57+28.71 25.82+27.86 20.62+21.35 27.86+29.76
Other Transaction ($) 29.99+22 93 33.89+24.10 229.24+19.54 34.15+25.03
Consumables ($) 9.03+18.97 8.86+13.32 4.26+6.81* 10.61+16.44*
Medicine ($) 33.90+51.72 44.48+47 14 37.75+50.45 43.1647.81
P ti iod inpatient
d;?fpera Ve period inpatien 3.20:2.31% 7.30 £ 4.57* 5.96 £ 3.49 6.36 £ 4.78
ICU inpatient day 2.04+ 1.02* 1.71 £ 1.42* 1.44 +0.77 1.92 + 1.46
Post-operative period
e 5.68+ 4.03 5.73+2.52 544 +1.64 5.81 £ 3.29
inpatient day
CPB duration (m) 111.64+ 28.92 101.14+ 27.95 87.72 +25.98* 109.33  +27.25*
CC duration (m) 68.88+ 23.33 64.93+ 22.75 54.56 +17.98* 69.84+  23.13*
Amount of Blood and Blood
products used 2.48+ 1.58 2.85+ 2.20 2.08 £ 1.32 2.99 +2.21
ES
FFP 2.16+ 1.60 2.03+ 1.50 1.44 1.04* 2.27 * 1.60*
Harmonized functional
11.36% 1.35 11.63+ 2.19 11.68 +2.43 11.52 + 1.86

health value
EQ5D5L quality of lif

QSDSL quality of life 0.410 £0.220 0.386 + 0.225 0.354 0.219 0.406 + 0.224

improvement value

Preoperative EQ5D5L

0.643 £ 0.217*

0.738 £ 0.215*

0.543 +0.254*

0.773 £ 0.170*

EQ5D5L Postoperative 3.
month

0.898+0.124

0.910+ 0.085

0.914 + 0.080

0.905+0.101

Note: * Statistically significant p <0,05
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Table 3. Distribution of EuroSCORE, comorbidity situations, number of bypassed vessels in resource and clinical efficiency

stages and test results

Number of bypassed

EuroSCORE Comorbidity Situations
vessels
Efficient Efficient Efficient
-marginal Inefficient -marginal Inefficient -marginal Inefficient
inefficient inefficient inefficient
Mean and
D 1.44+0.651 1.67 +0.708 0.24 +0.436 0.53 +0.502 3.32 +0.988 2.96 + 1.006
Rank
42.90 51.76 38.76 53.18 56.24 47.19
Resource average
Efficiency u 747.500 644.000 744.000
Stage
z -1.489 -2.535 -1.437
p 0.137 0.011* 0.151
M d
easnDan 1.96£0.790 1.49+0.626 0.60 £ 0.500 0.41+0.495 2.48 +0.872 3.25+0.983
Rank 61.46 45.40 56.40 47.14 34.48 56.64
Clinical average
Efficiency u 613.500 740.000 537.000
Stages
z -2.698 -1.629 -3.203
p 0.007* 0.103 0.001*

It is determined that in the CES variable affecting
clinical outcomes such as CPB duration have statistically
significant differences between high-CQ patients
(87,72+25,98m) and low-CQ patients(109,33+27,25m),
and low-CQ patients’ duration of CPB is longer.
In terms of CC duration, it was determined that
this time lasted 69,84+23,13 minutes in low-CQ
patientsand was statistically significant. While no
significant difference was found in both RES and
CES in terms of the use of ES, it was found that the
use of FFP was statistically significantly overused
in patients that were low-CQ at the CES (Table 2).

While the QoL had
statistically significant differences between high-

preoperative score
CQ and low-CQ patients, no significant difference
was found in the post-operative QoL 3rd month
score and the improvement value in QoL (Table 2).

At the CES, it was found that there was a statistically
significant difference (p <0.05) between the high-CQ
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and low-CQ patients in the number of bypassed vessels
and the EuroSCORE (Table 3). It was determined that
the number of bypassed vessels was high in low-CQ
patients. In the RES, there was a significant difference
between the two groups in terms of the patient’s
comorbidity status. More comorbid diseases were found
in patients who were found to be low-CQ (Table 3).

A reference group is formed based on the results of
the NDEA. The patients in this group are compared with
other patients, and improvement points to be intervened
are recommended so that the clinical results are close
to the best. In this study as a result of the NDEA, 22
patients were accepted as the reference group. The
most efficient patient, P6, has been referenced 85
times. P59, referenced 46 times, and P41, referenced
34 times, are the other most efficient patients. The
optimal values suggested by the NDEA in intermediate
products in the RES and CES stage are provided in Table
4 to increase the CQ of patients determined as low-CQ.



In this study, it has been found that low-CQ patients,
tend to have longer durations of CPB and CC, extended
stays in the ICU, and prolonged inpatient postoperative
days compared to high-CQ patients both in the RES and
CES.Additionally, according to the profile created by
the NDEA, the patients classified as low-CQ in RES have
higher preoperative and postoperative costs compared to
high-CQ patients. Notably, the increase in preoperative
radiology-laboratory and ICU drug costs is statistically
significant for patients considered low-CQ in RES.
Patients in this group also exhibit lower preoperative
QoL and experience longer durations of preoperative and
ICU care. To enhance efficiency, optimizing the length
of postoperative hospitalization is crucial. Furthermore,
comorbid diseases are more prevalent in this category

of patients, and the duration of CPB and CC is longer.

Similarly, the profile created by the NDEA for
low-CQ in CES reveals higher pre-operative other
transaction costs, and post-operative consumable costs
in these patients in comparison to high-CQ patients.
Preoperative QoL in these patients is lower as well.
Low-CQ patients require more ICU care, and their
postoperative recovery time is prolonged. Statistically
significant differences are noted in EuroSCOREs and
the number of bypassed vessels in clinically low-CQ
patients. Moreover, CPB and CC durations are longer
among clinically low-CQ patients, and these patients
require a significant quantity of blood products, with
a statistically significant amount of FFP being used.

Table 4. Recommended optimal intermediate product values for low-CQ patients

Average of Proposed Values

Proposed Percentage of Change

Resource Clinical Efficiency Resource Clinical
Efficiency Stage Stages Efficiency Stage Efficiency Stages

ICU inpatient day 1 1 20% 27%
Postoperative inpatient day 3 3 50% 52%
CPB Time (M) 70 67 32% 37%
CC time (M) M 40 37% 42%
Amount of blood and blood

3 3 45% 49%

products (unit)

DISCUSSION

As a result of the research, we assessed the CQ
of CABG surgery for each patient by using the NDEA
and considering the entire healthcare service cycle.

The NDEA (two-stage) enabled us to analyze
simultaneously all the structure, process, and outcome
measures of CABG to assess CQ. Furthermore,
the research has delineated, the frontiers of best
practices and quality improvement points within
the context of CABG surgery. To increase CQ and
ensure resource and clinical efficiency, improvement
points were identified such as ICU and postoperative

inpatient days, the duration of CPB and CC, as well
as the utilization of blood products as key areas for
potential enhancement. Obtaining the fact that these
results align with findings in the existing CABG surgery
literature obtained that NDEA, which is used to assess
technical efficiency and productivity in healthcare
(12, 13), could also be used in the CQ assessment.
CQ with
indicators for specific aspects of quality at the

Several previous studies assess

institutional scale (14,15). Our results provide a
new model by which CQ can be assessed at the
patient scale, considering the entire healthcare

cycle, and improvement points can be identified.
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Literature has consistently demonstrated a notable
directly proportionate connection between lower CQ
levels and increased resource consumption (like cost and
inpatient days etc.) and emphasized CQ can be achieved
through the utilization of quality improvement tools
(16-19). Our results indicate that the resource use of
patients with similar CQ levels is not uniform and could
be optimized. Contrary to prevailing literature our study
highlights the challenge of simultaneously achieving
optimal resource utilization and maintaining high CQ
in cardiovascular surgery. These results have been
interpreted as potentially stemming from variancesin the
examination, treatment, and follow-up practices among
physicians. The challenge of simultaneously achieving
optimal resource utilization and maintaining high-CQ
underscores the complex interplay between clinical
efficiency and resource allocation, which demands
further investigation and strategic considerations
for  healthcare providers and policymakers.

The impact of disease severity and risk level
on clinical outcomes has been well-documented in
disease-specific studies. EuroSCORE has been proven
as a determinant to be associated with increased
mortality after CABG surgery (4,20,21). Our research
findings concluded that the EuroSCORE is one of the
variables influencing the level of CQ and significantly
differs between high and low CQ. And also, there is
a statistically significant difference between the high
and low CQ in terms of QoL. A high level of CQ was
achieved in patients with a low preoperative QoL score
and a high EuroSCORE. This result was attributed to
the more significant impact of surgical treatment on
patients with relatively low QoL and higher disease
severity. Studies investigating the QoL in CABG surgery
have indicated that CABG surgery positively impacts
and improves the patient’s QoL (22,23). Our result of
an increase in the QoL aligns with these prior studies.

Our CQ assessment results revealed that the
presence of comorbidity significantly affects the
CQ results negatively. Numerous
CABG surgery literature indicate that comorbidities

studies within

are associated with elevated risks of adverse
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health outcomes, and extended
inpatient days following CABG surgery (20,24-26).

The findings showed that there was a significant

complications,

difference between the high-CQ level and low-CQ level
patients in the use of the FFP. Particularly, it was noted
that low-CQ level patients required more FFP. Several
other studies indicate that not applying intraoperative
FFP in CABG surgery is safer and cost-effective and
the perioperative use of FFP is the major determinant
of mortality. Also, the use of blood products has an
increasing effect on the risk of developing adverse
clinical outcomes after CABG surgery, especially
mortality (27,28). Our finding using FFP affects the CQ
negatively is in line with the findings of these studies.

The longer duration of CPB and CC in patients with
relatively low CQ levels is consistent with the CABG
surgery literature. Multiple studies have reported that
prolonged CPB and CC duration during CABG surgery are
linked to unfavorable clinical outcomes, substantially
elevating the risks of mortality and morbidity (26,29).
This particular study identified a statistically significant
difference in the number of bypassed vessels between
patients with low-CQ and high-CQ levels in the RES and
CES. Consistent with this research, previous studies
in the field of CABG surgery have shown the effect
of differences in the number of vessels bypassed on
patients’ clinical prognosis (29). However, the effects
of vessel numbers on CQ need to be examined in more
detail to determine CQ improvement points on this issue.

The strength of this study is that the entire
healthcare cycle is analyzed simultaneously at the
patient scale to assess CQ. This allowed us to determine
the relationship between structure, process, and
outcome and to identify improvement points to increase
CQ. To measure the efficiency of a process using the
NDEA method, the variables used in the research should
be representative of the service and be influenced by
direct action. However, the availability and reliability of
data, and the ability to capture variation in application,
limit the choice of measures. It was planned to include
as an output variable the influence of the surgeon and
other staff who performed the operation and their



influence on the operation process. However, the
variables related to the characteristics of the surgeon
and other staff were accepted as constants and were
not included in the study because of the inability to
measure direct effects on the patient’s level of health
and the lack of sufficient data. These data are not
available and each patient is operated on by different
doctors and teams. DEA models, developed using the
results of measurements of the impact of the surgeon
and other team members, can be used to evaluate
the performance of doctors and health professionals.
this
the NDEA on a patient scale, encompassing the

In  conclusion; study assessed CQ with
structure, process, and outcome quality measures
across the entire healthcare cycle of CABG surgery.

We determined the CQ improvement points to
increase CQ. The NDEA (two-stage) model facilitated
the assessment of CQ analyzing multiple measures

ETHICS COMMITTEE APPROVAL

simultaneously, and demonstrated its potential
as a valuable tool for assessing and enhancing CQ
in healthcare contexts. During the research, the
patients with the best CQ level were determined,
and patient profiles with lower CQ were created.

The ICU day,
cardiopulmonary bypass and cross-clamp duration, and

use of fresh frozen plasma were determined as the

and postoperative inpatient

CABG surgery points requiring quality improvement.
This study recommends the creation of disease-specific
standard data packages that include disease-specific
structure, process, and outcome measures, and
suggests using multiple measures simultaneously in
the evaluation of the CQ. The study also recommends
the use of the NDEA as a method for evaluation and
conducting further studies on quality improvement

points determined from the results of the analysis.
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Goz dokusunun farkh fiksatifler ve farkli doku takip yontemleri
kullanilarak histolojik olarak incelenmesi

Ebru ALIMOGULLARI' , Hazal DEMIR’ , Bahar KARTAL'

OZET

Amag: Tum dokularin 151k mikroskop altinda
incelemesinde fiksasyon ana basamaktir ve sonraki
Farkli

yontemleri vardir ve bu amag icin farkli fiksatifler

basamaklar etkilemektedir. fiksasyon

kullanilmaktadir. Bu calismada, g0z dokusunun

incelenecegi calismalarda  hangi fiksatifin secimi
sonuc elde edilebileceginin arastirilmasi
doku

goz dokusunda alt1 farkli doku takibi

ile iyi

planlanmistir; bitinlugiinin ~ korunmasi
acisindan,

yonteminin karsilastirilmasi amaglanmistir.

Yontem: 12 adet disi Wistar Albino cinsi ratlardan
alinan 24 adet goz dokularina alti farkli doku takip
yontemi farkli dehidrasyon ajanlar1 (aseton ve alkol)
ve farkli fiksatifler (%10’luk formalin, Bouin ve %4’lik
paraformaldehit) uygulanmistir. Elde edilen bloklardan
alinan kesitler hematoksilen ve eozin boyasi ile
boyanarak histomorfolojik olarak 151k mikroskop
altinda incelenmistir. Uygulanan farkli fiksatiflerin ve
dehidrasyon ajanlarinin g6z dokulari icin uygunlugu ve

dokularda olusan farkliliklar belirtilmistir.

ABSTRACT

Objective: Fixation is the basic step in the
investigation of the tissues by light microscopy and
affects the following steps. There are different fixation
methods and different fixatives are used for this
purpose. In this study, it was planned to examine which
fixative gives the best result in the examination of the
eye tissue. In terms of preserving tissue integrity, the
study aimed to examine the effects of six different

tissue preparation methods on eye structure.

Methods: Six different tissue processings methods,
different dehydrating agent (alcohol and acetone)
and different fixatives (10% formaline, Bouin and 4%
paraformaldehyde) were applied to 24 eye tissues taken
from 12 female Wistar Albino rats. Sections taken from
the obtained blocks were stained with hematoxylin and
eosin dye and evaluated histomorphologically under
the light microscope. The suitability of the different
fixatives and dehydration agents applied to eye tissues
and the differences that occur in the tissues are

indicated.
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Bulgular: GOz preparatlarinda kornea, sklera,

koroid, retina, iris ve siliyer cisimdeki histolojik
yapilar ele ainmistir. Bu dogrultuda, degerlendirilen
tum parametreler grup I, grup Il, grup Ill, grup IV,
grup V ve grup VI’da doku butiinligii ve tim yapilar
goz oOniline alindiginda genel olarak morfolojik
acidan benzer sonu¢ verdigi gozlenmistir. Ancak
g6z dokularinin butiinligli degerlendirildiginde g6z
kiiresindeki histolojik katmanlarin bitiinligiiniin en
iyi sekilde grup IV bouin fiksatifiyle asetonlu grupta
korundugu izlenmistir. Gruplar arasinda katmanlar tek
tek incelendiginde ise kornea, sklera, koroid ve retina
yapilarinin anlamli derecede farklilik gostermedigi
tespit edilmistir.

Sonug: En iyi seviyede histomorfolojik incelemeler
icin, doku takibi dikkat edilmesi gereken onemli bir
surectir. Bu surec ne kadar basarili ise mikroskoptaki
goruintl diizeyi de o kadar iyi olacak ve histomorfolojik
incelemelere uygun bir zemin olusturacaktir.
Calismamizdan elde ettigimiz verilere dayanarak goz
doku takibi slirecinde fiksatif olarak bouin, dehidratif
ajan olarak ise aseton kullanimin1 Onermekteyiz.

Bu calisman sonuclarinin  genellenebilmesi ve
gelistirilebilmesi icin daha fazla yapilacak calismalara
ihtiyac duyulmaktadir.

Anahtar Kelimeler: Aseton, dehidrasyon, doku

takibi, fiksasyon, goz, histoloji

Results: The histological structure of rat eye
samples was investigated in terms of the cornea, sclera,
choroid, retina, iris and ciliary body. There was not any
important difference among the groups. Accordingly, it
was observed that all evaluated parameters generally
gave similar results in terms of morphology when tissue
integrity and all structures were considered in group
I, group Il, group lll, group IV, group V, and goup VI.
However, when the integrity of the eye tissues was
evaluated, it was observed that the integrity of the
histological layers in the eyeball was best preserved in
the group IV Bouin fixative and acetone group. When the
layers were examined individually between the groups,
it was determined that the cornea, sclera, choroid and

retina structures did not differ significantly.

Conclusion:  For optimal histomorphological
examinations, the tissue preparation process is important
to follow. The more successful this process is, the better
the level of detail in the microscope will be and it will
provide a suitable basis for basic histomorphological
examinations. According to the findings of our study, we
can recommend using Bouin as a fixative and acetone
as a dehydrating agent in the eye tissue preparation
process. Further studies are needed to generalize and

improve the results of this study.

Words:

preparation, fixation, eye, histology

Key Acetone, dehydration, tissue

GIRIS

Dokularin 151k mikroskobu altinda incelenebilmesi
icin hazir hale getirilmesi amaciyla yapilan islem
basamaklarina doku takibi adi verilmektedir. Doku
takibi
seffaflandirma, sertlestirme ve gomme asamalan

surecinde fiksasyon (tespit), dehidrasyon,

bulunmaktadir (1).
Doku takinde ilk asama fiksasyon basamagidir
dokunun ozelliklerini

(2). Fiksasyonun amaci,
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canli durumundakine en yakin sekliyle sabitlemek,
muhafaza etmek ve dis etkenlerden korumaktir
(3). Fiksasyon isleminde dokular otolize yol acan
bakteriyel faktorlerden,
ajanlardan korunmaktadrr,

ve enzimsel enfeksiyoz
hiicreler ve hiicreler
arasi komponentler stabilize olmaktadir (4-6). Ayrica
fiksasyon isleminin dokularda sertlesme,

biizisme ve molekiler kayiplar gibi histokimyasal

sisme,

calismalan etkileyebilecek dezavantajlar da vardir

(4).



Tespiti etkileyen faktorler osmolarite, pH,
dokunun boyutu, konsantrasyon, sicaklik ve tespitin
suresidir (7). Kullanilan fiksatif konsantrasyonuna
bagli olarak dokularin boyanmasinin da farklilik
gosterdigi bildirilmistir. Dokunun tespit soliisyonuna
maruz kalma sureside fiksasyonu etkileyen faktorler
arasinda c¢cok onemli yer tutmaktadir. Dokunun
birlikte genellikle

24-48 saat civarinda dokularin yeterince tespit

buylkligine bagli olmakla
olduklar bilinmektedir. Bu surenin gerekenden kisa
olmas1 yetersiz fiksasyona, uzun olmasi ise dokuda
kirilmalara yol acmaktadir (8).

Tespit icin  kullanilan solusyonlara fiksatif
ad1 verilmektedir. Farkli fiksasyon yontemleri
ve bu yontemlerde kullanilan farkli fiksatifler

bulunmaktadir. Tum dokular icin uygun tek bir
fiksatifin olmamasi nedeniyle bazen fiksatiflerin
kombine kullanilmasi, birinin eksikliginde karisimda
bulunan diger fiksatif ile kompanse edilmesiyle
sorunlara ¢ozim bulunmaya calisiltmistir  (9).
Genellikle yaygin kullanilan fiksatif, formalindir ve
aldehit grubu fiksatiflerden biridir. 24 saat slirede
%10’luk formalin soliisyonu 2-3 mm’lik doku tespiti
ve penetrasyonu saglar (10). Fiksatifler; aldehidler
(formaldehit, glutaraldehit vb.), oksitleyici ajanlar
(potasyum dikromat, osmium tetroksit, potasyum
permanganat) protein denatiirasyonu yapanlar
etil alkol), fiziksel

(mikrodalga, 1s1) ve digerleri (pikrik asit, civa klorur,

(asetik asit, alkol, metil
v.b.) olarak belli basliklar altinda toplanirlar (11).

Fiksasyon sireci tamamlanan dokular ikinci
basamak olan dehidrasyon asamasina gecerler.
Dokudan

dehidrasyon asamasinda kullanilan ajanlarin ¢ogu

suyun uzaklastirilmas1 olarak bilinen

alkolden olusur. Dokunun dehidrate olmasi icin
dokular dereceli yiikselen alkol serilerinden gecirilir
ve dokunun icindeki su alkol ile yer degistirir (10).
Dehidrasyon asamas1 dokunun parafin vb. sert
maddelere gomilebilmesiicin gereklidir. Dehidrasyon
ajanlan icerisinde alkoller (butanol, denature alkol,
etil alkol,

(dioksan, etoksi etonol, polietilen glikol) ve diger

isopropanol, metanol), glikol-eterler

dehidrasyon ajanlann (aseton,

2,2 dimetoksipropan) yer alir. En yaygin kullanilan

tetrahidrofuran,

dehidrasyon ajani etil alkoldiir. Berrak, renksiz,
orta derece organik, kolay alev alabilen ve toksik
cozeltiler ile karsabilen bir maddedir. Hizl etkili ve
hidrofilik bir dehidrasyon ajani olarak bilinmektedir.
Dehidrasyon basamagi icin artan konsantrasyonlarda
kullanmilmaktadir. Diger bir dehidrasyon ajani ise
asetondur. Aseton renksiz, berrak, alev alabilen ve
karekteristik kokulu bir dehidrasyon ajanidir. Aseton
hizla dehidrasyon yapmaktadir. Aseton hizlica
buharlasip dokularin sertlesmesini saglamaktadir.
Asetonun etanol ve metanol ile karsilastidiginda,
cozilicl etkisinin daha ¢ok oldugu goriilmistiir, bu
ozelliginden dolayr da yaglhi dokularin takibinde
kullanilmas1 onerilmektedir (2).
Goz histolojik olarak distan ice dogru g
katmandan olusmaktadir. En dista kornea ve
skleredan olusan korneaskleral katman bulunur.
Ortada vaskiilar katman (diger adi uvea) koroid,
siliyer cisim ve irisi icermektedir. En icteki Ucunci
katman retina kendi icinde dista retinal pigment
epiteli (tek katlhi prizmatik epitel) ve icte noral
retinadan meydana gelir. Kornea goziin 6n 1/6 sim
kaplayan konveks bicimli, avaskuler transparan
yapidir. Limbus bolgesiyle skleraya gecis gosterir.
Histolojik olarak bes tabakadan olusur. Distan
ice dogru swrasiyla bu tabakalar; kornea epiteli
(keratinizasyon gostermeyen cok katli yass1 epitel),
Bowman membrani, kornea stromasi, Descemet
membranive korneaendoteli seklinde dizenlenmistir.
Sklera goziin arka 5/6 sin1 kaplayan beyaz, mat
yapidir. Siki fibréz bag dokusu yapisindadir. Koroid,
sklera ile retina arasinda bulunan orta tabakadir.
Kan damarlar1 ve melanin pigmentinden zengindir
ve koyu kahverengi renktedir. Bu vaskiiler tabaka
retina icin besin maddelerini saglar. Skleranin on
bolumiinde yer alan siliyer cisim koroidin lens
hizasinda 6ne dogru genislemesiyle olusan, epitel
ve stromadan meydana gelir. iris, lens yiizeyinin 6n
kisminda bulunan kontraktil bir diyaframdir. Gozin

en ic tabakasi olan retina ise ince bir tabakadrr. icte
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vitroz humore bakan noral retina ve dista koroide
bakan retinal pigment epitelinden olusur. Dis
tabakada yer alan retinal pigment epiteli tek katli
kiibik epitelden olusur. ic tabakada yer alan néral
retina 1518a duyarli reseptor hiicreleri ve néranal ag
iceren kendi icinde dokuz histolojik tabakaya ayrilan
katmandir (12).

Bu calismanin amaci g6z dokusunun incelenecegi
calismalarda fiksatiflerin tespit oOzelliklerine gore
en ideal kullammlarint ortaya ¢ikarmak ve doku
tespit islemindeki etkilerini belirlemektir. %10 luk
formalin, Bouin ve %4’luk paraformaldehit cozeltileri
olmak uzere uc farkli fiksatif ile hazirlanmistir.
Ayrica alkol ve aseton dehidrasyon ajanlarn da
karsilastinlmistir.
acisindan, goz dokusunda alt1 farkli doku takibi

yonteminin karsilastirilmas1 amaclanmistir.

Doku bitinliiginin  korunmasi

GEREC ve YONTEM

Calismamizda, Nesa Deney Hayvanlar Uretim ve
Uygulama Laboratuvarindan temin edilen 12 adet
disi Wistar albino tipi sicanlarin 24 adet g6z dokulan
materyal GOz dokusunun
calisilacag

gruplara ait gozlerin lateral kisimlarindan kiicuk

olarak kullamlmistir.
kissm g0z onunde bulundurularak,

kesiler atilarak vitroz sivisi cikarilmistir. Boylece
organin en ic kisimlarina fiksatiflerin nifuz etmesi
ve goziin i¢ tabakalarinin fikse olmasi saglanmistir.
Sicanlardan alinan dokular farkli fiksatifler ile
(formalin, bouin, paraformaldehit) 24 saat slreyle
tespit edilmistir. Tespit basamaginin ardindan akan
su altinda yikanan doku ornekleri, alt1 farkli doku
takip yontemi ile dereceli alkol serilerinden gecirilip
dehidratasyonlar1 saglanmis ve parafinde gomiiliip
parafin  bloklardan
mikrotom (Thermo Fisher Scientific, ABD) ile 4-5 ym
kaliniginda kesitler alinmistir. Alinan bu kesitlere

bloklanmistir.  Hazirlanan

genel histolojik goriinimi degerlendirmek (zere
Hematoksilen & Eosin (H&E) boyas1 uygulanmistir.
Oncelikle, kesitler H&E boyama icin 58 °C etiivde
2 saat inkibe edilmistir. Sonra, kesitler 30 dakika
boyunca ksilen ile muamele edilmis ve ardindan ucer
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dakika boyunca dereceli azalan alkol serilerinden
gecirilmistir. Slaytlar musluk suyu altinda yikadiktan

sonra, bunlann Gill’'s hematoksilende (Merck,
Darmstadt, Almanya) 5 dk bekletilmistir. Akarsuda
yikamanin ardindan eozin (Bio-Optica, Milano,

italya) ile 1 dk boyanmistir. Slaytlar dereceli artan
alkol serilerinden gecirilmis ve kapatma oncesi
ksilende bekletilmistir. Daha sonra, slaytlar entellan

(107960, Sigma Aldrich, Darmstadt, Almanya)
kapatma solusyonu ile kapatilmistir.
Alt1 farkli doku takip yontemleri uygulanan

gozlere ait tabakalarindaki
histolojik yapilar ele alinmistir. Goz dokusundaki

yapilarin incelenmesi saglanarak gruplar arasindaki

slaytlarda gozin

farklan ortaya cikarmak amaclanmistir. Hazirlanan
preparatlar morfolojik ozellikleri analiz etmek
icin 151k mikroskobunda (Olympus BX43, Japonya)
incelenmis ve ilgili kisimlardan fotograflar
cekilmistir.

Altn farkli doku takibi islemi manuel olarak
yapilmistir.

Bu calisma, Nesa Deney Hayvanlari Uretim ve
Uygulama Laboratuvari Hayvan Deneyleri Yerel
Etik Kurulu’nun onayr ile gerceklestirilmistir

(Tarih:03.08.2024, Karar No: 052).

BULGULAR

Calismamizda, alt1 farkli doku takip yontemi
uygulanan gozlere ait preparatlarda kornea, sklera,
koroid, retina, iris ve siliyer cisimdeki histolojik yapilar
ele alinmistir. Belirtilen bitin bolgeler icin Grup |
(formalin fiksatifiyle asetonsuz doku takibi) (Sekil
1); Grup Il (formalin fiksatifiyle asetonlu doku takibi)
(Sekil 2); Grup 1l (bouin fiksatifiyle asetonsuz doku
takibi) (Sekil 3) ; Gup IV (bouin fiksatifiyle asetonlu
doku takibi) (Sekil 4); Grup V (paraformaldehit
fiksatifiyle asetonsuz doku takibi) (Sekil 5); Grup VI
(paraformaldehit fiksatifiyle asetonlu doku takibi)
(Sekil 6) ile hazirlanan goz preperatlari incelenmistir.
Aynica histolojik doku takibi protokolleri Tablo 1’de
sunulmustur.



Tablo 1. Histolojik doku takibi protokolleri

Grup I: Formalin
fiksatifiyle
asetonsuz doku
takip protokolii

Grup I
Formalin
fiksatifiyle
asetonlu doku
takip protokolii

Grup lll: Bouin
fiksatifiyle

asetonsuz doku
takip protokolii

Grup IV: Bouin
fiksatifiyle
asetonlu doku
takip protokolii

Grup V:
Paraformaldehit
fiksatifiyle
asetonsuz doku
takip protokolii

Grup VI:
Paraformaldehit
fiksatifiyle
asetonlu doku
takip protokolii

Formalin, %10 24
saat

Formalin, %10 24
saat

Bouin 24 saat

Bouin 24 saat

Paraformaldehit,
%10 24 saat

Paraformaldehit,
%10 24 saat

Akan su altinda
2 saat

Akan su altinda
2 saat

Akan su altinda 2
saat

Akan su altinda
2 saat

Akan su altinda
2 saat

Akan su altinda
2 saat

Alkol, %75 1 saat

Alkol, %75 1 saat

Alkol, %75 1 saat

Alkol, %75 1 saat

Alkol, %75 1 saat

Alkol, %75 1 saat

Alkol, %75 1 gece

Alkol, %75 1 gece

Alkol, %75 1 gece

Alkol, %75 1 gece

Alkol, %75 1 gece

Alkol, %75 1 gece

Alkol, %96 1 saat

Alkol, %96 1 saat

Alkol, %96 1 saat

Alkol, %96 1 saat

Alkol, %96 1 saat

Alkol, %96 1 saat

Alkol, %96 1 saat

Alkol, %96 1 saat

Alkol, %96 1 saat

Alkol, %96 1 saat

Alkol, %96 1 saat

Alkol, %96 1 saat

Alkol, %100 1 saat

Aseton 1, 20 dk

Alkol, %100 1 saat

Aseton 1, 20 dk

Alkol, %100 1 saat

Aseton 1, 20 dk

Alkol, %100 1 saat

Aseton 2, 20 dk

Alkol, %100 1 saat

Aseton 2, 20 dk

Alkol, %100 1 saat

Aseton 2, 20 dk

Ksilen 1-5 dk

Aseton 3, 20 dk

Ksilen 1-5 dk

Aseton 3, 20 dk

Ksilen 1-5 dk

Aseton 3, 20 dk

Parafin I’de 1 saat

Ksilen 1-5 dk

Parafin I’de 1 saat

Ksilen 1-5 dk

Parafin I’de 1 saat

Ksilen 1-5 dk

Parafin II’de 1 saat

Parafin I’de 1 saat

Parafin II’de 1 saat

Parafin I’de 1 saat

Parafin II’de 1 saat

Parafin I’de 1 saat

Parafin llI’de 1 saat

Parafin II’de 1 saat

Parafin llI’de 1 saat

Parafin II’de 1 saat

Parafin llI’de 1 saat

Parafin II’de 1 saat

Bloklara gomme

Parafin llI’de 1 saat

Bloklara gomme

Parafin llI’de 1 saat

Bloklara gomme

Parafin lll’de 1 saat

Bloklara gomme

Bloklara ggmme

Bloklara gomme

Uygulanan farkli fiksatiflerin ve dehidrasyon
ajanlarinin goz dokulart igin uygunlugu ve dokularda
olusan farkliiklar Tablo 2’de belirtilmistir. ilk
olarak gruplar arasindaki goz dokularinin biitlinligi
degerlendirildiginde g6z kiresindeki histolojik
katmanlarin biitiinligli en iyi sekilde Grup IV bouin
fiksatifiyle asetonlu grupta gozlenmistir.

Grup | formalin fiksatifiyle asetonsuz grupta,
koroid ile retina arasinda az miktarda ayrilmalar
oldugu ve g6z kiiresinin biituinligliniin bozuldugu H&E
boyanma sonuclarinda tespit edilmistir (Sekil 1).

Grup Il formalin fiksatifiyle asetonlu grup

incelendiginde g6z dokusunun biitiinliglini korudugu

ve yapilann histolojik ozelliklerinin normal oldugu
tespit edilmistir (Sekil 2).

GOz dokusunun katmanlarinda yer alan yapilar
kornea, sklera, koroid ve retina tek tek incelendiginde
formalin asetonlu ve formalin asetonsuz gruplarda
yapilarin  normal histolojik o&zellikleri  tasidig
gozlenmistir (Sekil 1,2).

Grup lll, bouin fiksatifiyle asetonsuz grupta ise goz
dokusunun histolojik katmanlar arasinda ozellikle
sklera ve retina arasinda ayrilmalar oldugu H&E
boyanma sonuclarinda gozlenmistir (Sekil 3). Ancak
katmanlar tek tek incelendiginde kornea, sklera ve

retinada herhangi bir hasar tespit edilmemistir.

Turk Hij Den Biyol Derg

123



Cilt 82 W Say1 1 B 2025 =———————r

GOZ DOKUSUNUN FARKLI DOKU TAKIPLERI

Tablo 2. Farkl fiksatiflerin ve dehidrasyon ajanlarinin g6z dokulari icin uygunlugu ve dokularda olusan farkliliklar

Kornea +H+++ +++++ +H+++ +++++ ++++ ++++
Sklera e+t ++++ e+t ettt +++ ++
Koroid ++++ ++++ ++++ +++++ +++ +
Retina +++ ++++ +++ ++++ ++ +
iris ++ +++ +++ +++++ ++ ++
Siliyer

. ++ ++++ +4++ +Ht+t +++ +4++
Cisim

“r+++t: Cok iyi; ++++: Iyi; +++: Orta; ++: Kotil; +: Cok kotii.
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Sekil 1. Grup I: Formalin fiksatifiyle asetonsuz doku takip protokolii 6rnegi ile elde edilen bir

ratin goz kesiti (HE, 2X, 10X, 20X, 40X).
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Sekil 2. Grup Il: Formalin fiksatifiyle asetonlu doku takip protokolii 6rnegi ile elde
edilen bir ratin goz kesiti (HE, 2X, 20X, 40X).

Sekil 3. Grup llI: Bouin fiksatifiyle asetonsuz doku takip protokolii 6rnegi ile elde edilen
bir ratin goz kesiti (HE, 2X, 10X, 20X).

Grup IV bouin fiksatifiyle asetonlu grupta H&E oldugu, kornea ve skleranmin, koroid ve retinanin
boyanma sonuclarinda  korneaskleral katman, normal histolojik yapida oldugu gozlenmistir (Sekil
vaskiiler katman ve retina arasinda bir bitinlik 4).
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Grup V paraformaldehit fiksatifiyle asetonsuz
(Sekil 5) ve Grup VI paraformaldehit fiksatifiyle
asetonlu (Sekil 6) gruplarin her ikisinde de doku
bitiinliginiin  bozuldugu, g6z kiiresinin her ¢
histolojik katmanlar arasinda aynlmalar, yer yer

GOZ DOKUSUNUN FARKLI DOKU TAKIiPLERI

yirtilmalar ve bozulmalar oldugu tespit edilmistir.
Ancak katmanlar tek tek incelendiginde kornea,
sklera, koroid ve retina yapilarinin anlamli derecede
hasarli olmadig1 gozlenmistir.

len bir ratin goz kesiti (HE, 2X, 40X).

Sekil 4. Grup IV: Bouin fiksatifiyle asetonlu doku takip protokolii 6rnegi ile elde edi-

Sekil 5. Grup V: Praformaldehit fiksatifiyle asetonsuz doku takip protokol

i ornegi ile

elde edilen bir ratin goz kesiti (HE, 2X, 20X, 40X).
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Sklera ve Retinz
arasinda ayrima

*

Sekil 6. Grup VI: Paraformaldehit fiksatifiyle asetonlu doku takip protokolii 6rnegi ile
elde edilen bir ratin goz kesiti (HE, 2X, 10X, 20X).

TARTISMA

Cesitli fiksasyon methodlan ve bu methodlarda
kullamlan farkl fiksatifler bulunmaktadir. Tum farkl
dokular icin uygun olan tek bir fiksasyon ajaninin
bulunmamasi arastirmacilarin farkli fiksasyon ajanlan
Uzerine yogunlasmasina yol acmistir. Literatiirde
yapilan calismalara bakildiginda, formalin fiksatifinin
bir ya da birkac farkli fiksatifle karsilastirildig
gozlenmistir. Literatiirde yer alan farkli calismalarda,
cesitli fiksasyon tipleri karaciger dokusunda (13), ince
igne aspirasyonlarinda (14), akciger (15) ve kolon
kanserlerinde (16), normal kolon mukoza orneklerinde
(17) ve tiroid dokusunda (18) incelenmistir. Bu ideal
fiksatif arayislarindan dolayi, dehidratif alternatifleri
geri planda kalmistir.

Dehidrasyon ajanlan seciminde dikkat edilmesi
gereken hususlar arasinda doku takibinde kullanilan
diger solusyonlar ile uyumlu olmasi, ekonomik
olmas1 ve dokuyu ne kadar kiiciilttiigii sayilabilir.
Dehidrasyonun yeterli olmadigi durumda infiltrasyon
ve seffaflandirma basamaklar da giizel olmayacagi

icin ortast yumusak, camur gibi dokular elde
edilebilmektedir. Tam tersine fazla dehidrasyon
durumu ise zor kesit alinabilen, kirilgan ve cok sert
dokular elde edilmesine yol acar (19).

Diagnostik patolojide, yiiz yili askin siredir
rutin fiksatif olarak %3.7°lik formaldehit cozeltisi
(%10 luk formalin) kullanmlmaktadir (20).

en onemli nedeni, formaldehit soliisyonunun kolay

Bunun
uygulanabilmesi, iyi mikroskobik goruntli elde
edilebilmesi ve pahali olmamasi gibi avantajlarn
olmasidir (21).

Yapilan bir calisamada, farkli fiksatifler
kullanilarak hayvanlardan alinan goz ve testis
dokulan Geleneksel Davidson
fiksatifinden farkli oranlarda alkol, asetik asit ve

formalin kullanmlarak hazirlanan modifiye edilmis

karsilastinlmstir.

bir Davidson fiksatifinin, hem immiinohistokimyasal
boyama hem de detayli histopatolojik inceleme icin
Bouin sivisina benzer ve bircok acidan daha ustiin bir
koruma sagladigin1 gosterilmistir. Ayrica, hiicresel
koruma kalitesi Davidson fiksatifininkinden daha

diisiik olmasina ragmen, gozler icin kabul edilebilir
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bir fiksatif sagladig1 bildirilmistir (22). Baska bir
calismada ise proliferatif vitreoretinopati tavsan
modeli kullanilarak, fiksatif seciminin sonucu onemli
olclide etkiledigi bulunmustur. %4 formaldehit ile
fiksasyonun, fiksasyonla iliskili retina dekolmanina
yol actigr gosterilmistir. Bu nedenle, proliferatif
vitreoretinopati veya ila¢ testi calismalarinda goz
dokularint degerlendirmek icin 36-48 saat boyunca %1
tamponlu formaldehitle birlikte %1,25 glutaraldehit
kombinasyonu onerilmistir (23).

Sican  pankreas dokularinda yapilan  bir
calismada iki farkli fiksasyon yontemi (immersiyon
ve perfuzyon), uc¢ farkli fiksatif solusyonu (%4
paraformaldehit+%7.5 pikrik asit, Bouin sivisi, notral
formalin) ve degisik fiksasyon siireleri denenmistir.
Oda sicakliginda 24 saat Bouin fiksatifinde tutmayi
ya da oda sicakliginda 48 saat nétral formalinde
tutmay1 onermislerdir. Fiksasyonu hizli bir sekilde
tamamlamak istenilen durumlarda ise; Bouin’in
fiksatifi ile 15 dk 1slatma asamasindan sonra 45 sn
mikrodalga 1s1n1m1 uygulamasi onerilmistir (24). Kedi
ovaryumlarinda yapilan bir calismada ovaryumun
cerrahi operasyonlarn sirasinda uygulanan ligasyon
sonrasinda dokunun uzaklastinilmasi arasindaki gecen
surede Bouin ve %10 tamponlu formalin fiksatiflerinin
doku korunmasi ve folikuller uzerine etkilerinin
ortaya konulmasi dogrultusunda uygun fiksatifin
belirlenmesi amaclanmistir.  Sonuc olarak Bouin
fiksatifinin formalin fiksatifine gore belirgin oranda
daha iyi bir folikil ve hiicresel bitiinlik gostermekle
beraber genel tiim yapinin korunumunu sagladig
bildirilmistir (25).

Farkli fiksatifler
calismada Zenker, Bouin, Orth, %10’luk formalin,
B5, Regaud, ve alkol-

formalin fiksatiflerinin duodenum, karaciger, mide,

kullanilarak  yapilan  bir

Schaudin, Clark, Carnoy,

dalak, ve bobrek dokularimin bazi bolgelerindeki
uygunluklarinin belirlenmesi amaclanmistir.  Sonuc
olarak, mide ve bobrekte incelenen tum bolgeler,
duodenumda tunika muskularis, lamina propria,

lamina epitelyalis icin en uygun olan fiksatifin Clark
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oldugu bildirilmistir. Ayrica Bouin soliisyonunun
dalak dokusu icin ve alkol-formalin solusyonunun
ise karaciger dokusu icin uygun fiksatifler oldugu
belirlenmistir (26).

Bu c¢alismada g6z dokusunun incelenecegi
fiksatifin  ve
ajaninin secilmesi ile iyi sonuc elde edilebilecegi

calismalarda hangi dehidrasyon
arastinlmistir. Diger calismalardan farkli olarak goz
dokusuna dehidrasyon ajanlarn ve fiksatifleri farkli
olan alt1 adet doku takip yontemi uygulanmistir. Uc
doku takip protokoliinde dehidrasyon ajani olarak
alkol diger lciinde alkol ve aseton kullamlmistir.
farkli  fiksatifler

paraformaldehit) uygulanmistir.

Ayrica (formalin, bouin,

farkli
ajanlan ve farkli doku takipleri ile elde ettigimiz

Calismamizda  kullanilan dehidrasyon
kesitler, mikroskobik olarak alisilagelmis morfolojiye
benzer ya da daha iyi ozellikte sonuclar vermistir.
Degerlendirilen tim parametreler Grup |, Grup
I, Grup Ill, Grup IV, Grup V ve Grup VI’da doku
biitlinligli ve tim yapilar goz oniine alindiginda
genel olarak, morfolojik acidan benzer sonuclar
verdigi dokularinin

gozlenmistir.  Ancak goz

biitinligi degerlendirildiginde gdz kiiresindeki
histolojik katmanlarin bitiinligiiniin en iyi sekilde
Grup IV bouin fiksatifiyle asetonlu grupta korundugu
gorulmistur. Gruplar arasinda katmanlar tek tek
incelendiginde ise kornea, sklera, koroid ve retina
yapilarinin anlamli derecede farkliik gostermedigi
tespit edilmistir.
Sonu¢ olarak, rutin histolojik incelemelerde,

doku morfolojisinin  korunmasindaki en onemli
basamak doku takibidir. Bu strec ne kadar basarili
ise mikroskoptaki ayrint1 diizeyi de o kadar iyi olacak
ve temel histomorfolojik incelemeler icin en uygun
zemin olusacaktir. Bizde bu calismada elde ettigimiz
verilere dayanarak goz doku takibi siirecinde fiksatif
olarak bouin, dehidratif ajan olarak ise aseton
kullanimin1 onermekteyiz. Bu calisman ciktilarinin
genellenebilmesi ve gelistirilebilmesi icin daha fazla

yapilacak calismalara ihtiyac duyulmaktadir.
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Identification and prevalence of Coenurus cerebralis in sheep:
Diyarbakir example

Delil Adem CiFTCi!

, Banucicek YUCESAN?

ABSTRACT

Objective: Taenia multiceps is a cestode that lives
in the small intestines of domestic and wild carnivores
such as dogs, foxes and jackals. The larval stage of
T. multiceps, Coenurus cerebralis, develops in the
central nervous system. The parasite is usually seen
in rural areas; it is the most contagious agent in dog-
sheep contact, including foxes and wild ruminants.. It
can be transmitted when the farmers open the skulls
of sick animals and feed the cysted tissues to dogs.
The presence of the cyst results in typical neurological
symptoms and, in most cases, leads to the death of
the animal. Coenurosis caused by C. cerebralis is a
parasitic disease that causes high economic losses in
small ruminants. In this study; it was aimed to find C.
cerebralis by molecular methods in nine of the samples

found to have coenurosis.

Methods: This study was conducted on 1200 sheep
slaughtered in Diyarbakir province between September
2022 and April 2023. Phylogenetic studies were conducted

with nine of the 122 sheep considered positive.

Results: Coenurus cysts were observed in 12 out of
122 animals (9.8%). Cysts of nine out of 12 sheep were

genetically analyzed and confirmed as T. multiceps

OZET

Amagc: Taenia multiceps, kopek, tilki ve cakal gibi
evcil ve vahsi etoburlarin ince bagirsaklarinda yasayan
bir sestoddur. T. multiceps’in larva evresi olan Coenurus
cerebralis, merkezi sinir sisteminde gelisir. Parazit
genellikle kirsal alanlarda goriulmekte; tilki ve yabani
gevis getiren hayvanlar da dahil olmak lizere kopek-koyun
temasinda en bulasici etkendir. Ciftciler hasta hayvanlarin
kafataslarini acip kistli dokulan kopeklere yedirdiginde
bulasabilir. Kistin varligi tipik norolojik semptomlara
neden olur ve cogu durumda hayvanin oliimiine yol
acar. C. cerebralis’in neden oldugu coenurosis, kiicik
ruminantlarda yiiksek ekonomik kayiplara neden olan
paraziter bir hastaliktir. Bu calismada; coenurosis oldugu
tespit edilen orneklerin dokuzunda molekiiler yontemlerle

C. cerebralis tespiti amaclanmistir.

Yontem: Bu calisma, Eylul 2022 ile Nisan 2023
arasinda Tiirkiye’de Diyarbakir ilinde kesilen 1200 koyun
lzerinde yurutulmustir. Filogenetik calismalar, pozitif

kabul edilen 122 koyundan dokuzu ile yapilmistir.

Bulgular: 122 hayvandan 12 (%9,8)’sinde coenurus

kisti gozlenmistir. 12 koyundan dokuzunun kistleri

genetik olarak analiz edilmis ve COX1 (sitokrom c

oksidazi alt unitesi 1 gen dizisi analizi ile . multiceps
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metacestodes by COX1 (cytochrome c oxidase subunit 1)
gene sequence analysis. Accession numbers; OR239756,
OR239757, OR239758, OR239759, OR239760, OR239761,
OR239762, OR239763, OR239764. Similarities of these
data with other strains in NCBI (National Center for

Biotechnology Information) were compared.

Conclusion: For a definitive identification of T.
multicepsin Turkiye, further studies may be required using
various molecular protocols on biological characteristics,
long sequence genes in the mitochondrial and nuclear
genome, other hosts and samples from different
geographical regions to improve our understanding of the

epidemiological distribution in Tirkiye.

Key Words: Coenurus cerebralis, sheep, Taenia

multiceps, Southeast Anatolia, Turkiye

metacestodes oldugu dogrulanmistir. Erisim numaralari;
OR239756, OR239757, OR239758, OR239759, OR239760,
OR239761, OR239762, OR239763, OR239764 olarak
kaydedilmistir. Bu verilerin NCBI’daki diger suslarla

benzerlikleri karsilastinlmistir.

Sonug: Tirkiye-Diyarbakir ilindeki bazi1 koyunlarda
coenurus kisti belirlenmistir. . multiceps’in dogru
tammlanmasr icin, Tirkiye’deki epidemiyolojik dagilima
gore biyolojik ozellikler, mitokondriyal ve niikleer
genomdaki uzun dizili genler, diger konaklar ve farkli
cografi bolgelerden alinan ornekler tizerinde molekiiler
protokoller kullanilarak daha fazla calisma yapilmasi

gerekebilir.

Anahtar Kelimeler: Coenurus cerebralis, koyun,

Taenia multiceps, Glineydogu Anadolu, Tirkiye

INTRODUCTION

Small ruminants play a significant role in animal
production systems worldwide (1). Helminth-borne
infections are among the most important global
diseases affecting sheep and goats productivity (2).
C. cerebralis, the larva of T. multiceps, has been
known for more than 300 years to cause coenurosis,
a disease that negatively affects the productivity of
sheep and goats (3,4).

T. multiceps is a taeniid cestode that lives in
the small intestines of dogs and other carnivores
in its adult form. Its larvae, C. cerebralis, settle
in the major nervous systems of domestic and wild
ruminants, including their brains and spinal cord.

C. cerebralis, the larva of T. multiceps, causes
coenurosis, which is a disease that negatively impacts
the productivity of sheep and goats. The life cycle
of the parasite is generally in rural areas, and dog-
sheep contact, including foxes and wild ruminants,
is the most contagious area. It can be transmitted
when farmers open the skulls of sick animals and feed
the cysted tissues to dogs (4). The presence of the
cyst results in typical neurological symptoms and,
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in most cases, leads to the animal’s death. Lambs
whose immune systems are not yet fully developed
can contract the disease by eating contaminated
grass leading to significant economic losses to sheep
farms (5-7).

C. cerebralis is a slowly progressing infection
and can take a very long time to develop. Symptoms
may temporarily resolve on their own. Therefore,
clinical symptoms may appear three months after
infection (6,8). The clinical picture during this period
depends on the number of infected eggs ingested by
the host, the immune status of the host, the severity
of the inflammatory response and the location of the
parasite in the central nervus system (CNS) (9). The
acute phase of the disease causes high fever within one
to three weeks. Movement disorders, incoordination
and abnormal head holding, opisthotonus, circular
rotation and teeth grinding may be observed
(9,6,5). Single lesions located in sensitive areas in
the cerebral hemispheres are more dangerous than
multiple lesions. After the acute phase, C. cerebralis
enters a quiescent phase in which cysts mature and
transient symptoms can be observed (5). Diagnosis of
C. cerebralis can be made by necropsy in the acute



form. In this case, it is difficult to detect localized
changes made by the larvae as they migrate along the
brain and spinal cord.

The chronic phase is more evident in 9-18 month
old sheep (10). In infected animals, udder edema,
blindness, agitation, paralysis, abnormal posture,
abnormal head holding, nystagmus, lethargy and
death may occur (6,8). In sheep, thinning and
swelling of the skull indicate progressive infection
of the brain (9,11). This thinning is important for
the epidemiology of the parasite. Other symptoms
are retinal hemorrhage and papillary edema. It has
been reported that the most preferred location for
C. cerebralis is the right frontal lobe of the brain. In
symptomatic sheep, C. cerebralis has been observed
to develop to completely cover the left hemisphere of
the brain. Sudden death can occur even in clinically
normal animals.

Zoonotic diseases may occur when T. multiceps
eggs are accidentally ingested by humans along with
contaminated food and water (12). The change in
demographic and socioeconomic structures due to
migration in the last decade increases poverty and
poor hygiene conditions. This provides an environment
for the development of parasitic, bacterial and
vector-borne zoonotic diseases. Today, zoonotic
pathogens pose a rapidly increasing threat in Turkiye
and European countries (12,13).

Prevalence of coenurosis infections has been
reported from countries (14,15). In the Middle East,
coenurosis is a significant endemic disease affecting
small ruminants, most notably in Turkiye, Egypt, Iraq,
and Jordan (16-22).

There has been a significant amount of attention
given to the ecological, epidemiological, and
taxonomic studies of T. multiceps, mainly due to
their medical and veterinary importance. While
molecular characterization of several species
within the Taeniidae family, particularly within the
Echinococcus genus, has been extensively studied,
research on the genetic variability of coenurus has

been scarce. Moreover, there are documented studies

on the genetic variability of T. multiceps in Turkiye.

In the present study, the prevalence of C.
cerebralis in sheep was investigated and molecular
characterizations of T. multiceps metacetodes
from naturally infected sheep are described. DNA
sequence variability was investigated within the

COX1 mitochondrial genes.

MATERIAL and METHOD

The study was conducted from September 2022
to April 2023 in Diyarbakir province is located in
southeast part of Tirkiye. The brains of sheep
were examined in slaughterhouses in Diyarbakir
province and its surroundings, and biosafety rules
were followed during sampling and transportation of
positive samples, as infected material was used. The
study implicated 1200 sheep slaughtered at a local
abattoir in Diyarbakir. Throughout the study period
of eight months, the abattoir was visited once every
week. At the abattoir, 30-50 sheep were examined for
coenurosis before slaughter each week, and the heads
of coenurosis suspicious animals were purchased.

During each visit, after the slaughtering process,
the skulls of each sheep were dissected, and the
brain of each sheep was systematically inspected by
visual inspection, palpation, and incisions against C.
cerebralis cysts.

The cysts obtained from the brain tissues were
opened with a sterile scalpel, and 20 mg pieces were
cut from the cyst walls and taken into sterile 1.5 mL
falcon tubes. Genomic DNA isolation was performed
using the ‘Thermo Scientific GenelJET Genomic
DNA Purification Kit.” Isolation was performed in
accordance with the company’s recommendations
(23).

For molecular analysis, the mitochondrial COX1
gene region was amplified by PCR using primers
JB3 (TTTTTTTGGGCATCCTGAGGTTTTAT) and JB4.5
(TAAAGAAAGAACATAATGAAAATG) (23). PCR reaction
mixtures were adjusted to a total volume of 50 pL
containing 10 x PCR buffer, 2.5 mM MgCl2, 0.2 mM
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dNTP, 20 pmol of each primer and 2 U Tag DNA
polymerase. PCR amplification was performed under
conditions of 35 cycles of initial denaturation at 95°C
for 5 min, 94°C for 50 s, 45°C for 45 s and 72°C for 50
s and final extension at 72°C for 7 min.

The product obtained from the polymerase chain
reaction was mixed with 10 pL PCR product and 2 pL
loading solution in a 1.4% agarose gel, loaded into
the wells of the gel and allowed to react in 1X TAE
buffer at 100 volts for 40 minutes. A 100 bp marker
was used to determine the molecular weight of the
bands and analyzed for the presence of bands with an
agarose gel UV transilluminator. In each PCR reaction,
T. multiceps DNA samples previously obtained from
Dicle University Faculty of Veterinary Medicine
Parasitology Laboratory were used as positive control,
while distilled water was used as negative control.

The isolates obtained both directions using an ABI
PRISM 3100 genetic analyzer (Applied Biosystems,
Foster City, CA, USA). PCR amplicons were sequenced
in Multiple sequence alignments were made with
the ClustalWmethod with MEGA7 genetic software
program. Phylogenetic trees and pairwise calculations
were obtained by using MEGA 7 software (24). The

sequence results obtained were analyzed in the
GenBank database blastn (http://blast.ncbi.nlm.nih.
gov/Blast.cgi) and registered in GenBank.

According to Article 8 ([19]-k- 2) of the “Regulation
on the Working Principles and Procedures of Animal
Experiments Ethics Committees” published in the
Official Gazette dated 15.02.2014 and numbered
28914, it is stated that “Procedures performed
with dead animals or their tissues, slaughterhouse
materials, waste fetuses” are not subject to the
permission of the Local Animal Experiments Ethics
Committee (HAYDEK).

RESULTS

122 out of 1200 sheep had clinical signs such
as depression, moving in a circle, head deviation,
The skulls of
these animals were removed opened and their brains

ataxia and blindness of ceornorisis.

examined. 12 out of 122 (9.8%) animals C. cerebralis
cyst was observed. C. cerebralis cysts were found on
the cerebellum, right and left cerebral hemisphere.
Figure 1 shows C.
brains. Of all positively detected animals, two were

cerebralis obtained from sheep

Figure 1. Appearance of Coenurus cerebralis cysts of various sizes located in the brain tissue
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female (16.7%) and 10 were male (83.3%). Again,
all of the positive animals were under 1 year old.

The cysts from nine of infected sheep were
genetically analyzed and confirmed to be T. multiceps
metacestodes by COX1 gene sequence analysis. The

sequences were deposited to GenBank with the
following accession numbers; OR239756, OR239757,
OR239760,

OR239758, OR239759, OR239761,

k)

OR239762, OR239763, OR239764. The phylogenetic
tree of isolates obtained from sheep is given in Fig 2.

Dyb 2 OR239757, 100%
homology with our dyb4, dyb7, dyb8, dyb9 isolate,
OR239759, OR239762, OR239763, OR239764,
and dyb 1 isolate OR239756, 100%
dyb5 isolate OR239760 in the present study.
intraspesifik divergence is 0.0024 (0.000-0.066).

isolate, showed

identic

Taoma multiceps KR604310.1 (Greece-Goat)

Taema multiceps KRE04311.1 (Greece-Sheep)

=
33 —
p ——— Taenia mulliceps EF393620 1 (Turkey-Sheap)
1 ® Taenia multiceps LC271736.1 (Egypt-Sheep)

Taenia multiceps OP782685.1 (India-Capnne)
— Taenia saginata JQ756971 1 (kan-Cattle)
Echinococcus granulosus KT320886.1 (ran-vestock)
Taenia solium KM030025 1 (Nigeria-Pig)

13

Taenia multiceps KX547637 1 (Chins-Goat)

7 — Taema multiceps MZ713180.1 (India-Goat)

=
i
e

0.10

el

& Taenia multiceps OR239761 (Turkey-Sheep)

e{— 1. Taenia multiceps OR239756 (Turkey-Sheep)

)
~ Taenia multiceps MZ713179 1 (India-Gost)

4 - — &-Taenia multicaps OR238760 (Turkey-Sheap)
7 Taenia multiceps KX547641.1 {China-Goat)

2- Tasma multicaps OR239757 (Turkey-Shesp)
7- Taenia multicaps OR239762 (Turkey-Shasp)
Taenia multiceps KX522646 1 (China-Goat)

3. Taenia multiceps OR233758 (Turkey-Sheap)
Taeniz multiceps MW546063 1 (China-Goat)
8- Taenia multiceps OR239763 (Turkey-Sheep)
4-Tsenia multiceps OR239759 (Turkey-Sheep)
Taenia multiceps KX547654.1 (China-Dog)
Taenia multiceps KRE04308 1 (Greece-Sneep)
9- Taenia multiceps OR239764 (Turkey-Sheep)

Figure 2. Relationships of T. multiceps isolates from sheep of Diyarbakir, Tiirkiye with some other species of Taenia based

on COX1 sequence data using the Maximum Likelihood method (MCL).

The accession numbers of individual sequences

determined in the present study are shown in each tree. A scale bar indicates estimated distance. There was concordance
in the topology between trees constructed using the MCL method

DISCUSSION

The disease is more common in lambs and less
common in adult sheep, but adaptive immunity has
been reported to play an important role (25). In
this study, C. cerebralis was observed in the brain
tissue of 4-6 month old lambs. In previous studies on
this parasite, it was reported that the larvae mainly
settled in the cerebral hemispheres (18, 26-28). In
this study, as in previous studies, large C. cerebralis
cysts embedded within the cerebellum were observed

in the cerebellum of sheep. Clinical findings in
affected animals vary depending on the location,
size and pressure of the cysts in the brain (28,29).

In studies conducted on sheep in different
regions of Turkiye, the prevalence of C. cerebralis
was reported as 16.3% in Konya (18), 15.5% in
Kars (27), 12% in Kirnkkale (30) and 64.7% in Van
(31). The present study showed occurrence of
C. cerebralis cysts in 9.8% of sheep examined in
Diyarbakir, Turkiye. This rate is lower than infection
rates of previously reported in sheep in Tirkiye. In
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other countries, prevalence of C. cerebralis was
reported 4.5% in sheep in Ethiopia (32,33), 2.88% in
India (34), in 9.8% and 18.65% in sheep in different
areas in Iran (34,35), 14.8% in Mozambique (36)
and 42.1% in sheep and goats in Tanzania (37). It
is thought that the differences in the rates reported
in our country and around the world are related to
feeding and care conditions, animal population sizes
and especially the presence of uncontrolled dogs.

Based on the BLAST analysis, it was found that the
COX1 sequence (dyb isolate) of T. multiceps (COX1)
larval stage had a high percentage identity of 100-
98.82% (with a query coverage of 100-96%) with the
COX1 sequences of T. multiceps isolates in GenBank
that were collected from various countries around
the world. The 1st group (OR239757, OR239759,
OR239762, OR239763, OR239764) was identical to
sequences MZ713180 and MZ713179 obtained from T.
multiceps from goat in Indian, and %99 identical to
sequence KR604808 from sheep in Greece. The second
group (OR239756, OR239760) was showed 100%
homology with China isolate JX507230 from goat, and
99% homology with Greece isolate (KR604808) from
sheep. OR239761 showed 99% and 100% identity with
isolates from dog of China KX547654, and KX547641,
respectivy. Phylogenetic relationship among T.
multiceps isolates from sheep Diyarbakir and the
other Taenia isolates as inferred by neighbor-joining
analysis of the COX1 sequences are presented in Fig 1.

Mitochondrial DNACOXIgeneregioncestode species
has been successfully used in the differentiation of
species (38). There is limited data available on DNA
sequence information of T. multiceps. An initial
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detection of genetic variation in T. multiceps was
found in a study on Italian sheep. The genetic variants
Tm1, Tm2, and Tm3 were identified through analysis
of COX1 and nicotinamide adenine dinucleotide
dehydrogenase subunit 1 (NAD1). Likewise, analysis
of sheep isolates from inner Mongolia and China
using COX1 gene sequences revealed three genotypes
with variation rates between 0.25% and 0.75%,
consistent with findings from Italy (39). Low genetic
diversity was observed in Egyptian sheep due to
a low number of haplotypes in the COX1 and NAD1
genes of T. multiceps (40). Similarly, in our study, T.
multiceps isolates showed low genetic variation (up
to 0.24%) among COX1 gene sequences. In opposite,
T. multiceps isolates from sheep and goats In Iran
exhibited significant genetic heterogeneity. The
low genetic diversity detected in our study suggests
that new variants and even strains may emerge as a
result of new mutations that may occur in the future.

The current study presents findings on the
prevalence, localization of cysts, and molecular
characterization of C. cerebralis (the larval stage of T.
multiceps) found in the brains of slaughtered sheep in
Diyarbakir, Turkiye. We identified genetic differences
between isolates of the same species that we
submitted to GenBank and other species. To achieve a
more precise identification and characterization of T.
multiceps in Turkiye, further research on biological
traits, long sequence genes in the mitochondrial and
nuclear genome, from other hosts, and from different
geographical areas, using various molecular protocols
may be necessary to enhance our understanding
of the epidemiological distribution in Turkiye.
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Evaluation of O rh-negative blood transfusion practices in
emergency cases: A one-year study

Emine SARCAN'

ABSTRACT

Objective: In conditions leading to hemorrhagic
shock, the transfusion of erythrocyte concentrate (EC) may
be necessary. The primary goal of transfusion is to reduce
mortality caused by tissue hypoxia. In critically ill patients
where time is of the essence, such as those with trauma
or gastrointestinal bleeding, the administration of O Rh-
negative EC without cross-matching can be life-saving. This
study aims to evaluate the effectiveness of emergency O
Rh-negative EC transfusion in patients with hemorrhagic
shock by analyzing its impact on hemodynamic parameters,
the need for surgical intervention, and patient outcomes.
Additionally, it seeks to highlight the importance of O Rh-
negative EC transfusion in gaining the necessary time for

bleeding control.

Methods: This retrospective study was conducted in
the Emergency Department of a tertiary hospital between
June 1, 2023, and June 1, 2024.The study included 95
patients aged 18 years and older who received O Rh-
negative EC transfusion without cross-matching. The
patients’ vital signs, complete blood count, biochemical
and blood gas values, transfusion indications, surgical

intervention rates, and 30-day mortality were recorded.

OZET

Amag: Hemorajik soka neden olan durumlarda
(EK)

Transfiizyonun

eritrosit konsantresi transfizyonuna ihtiyac

duyulabilmektedir. temel
doku

azaltmaktir.

amaci,

hipoksisi sonucu olusabilecek mortaliteyi

Travma veya gastrointestinal kanama
kritik hastalarda,

(capraz karsilastirma)

gibi zamanla yansilan Cross-

match testi yapilmadan 0
Rh negatif EK verilmesi hayat kurtarici olabilir. Bu
calisma, hemorajik sok gelisen hastalarda acil O Rh-
negative EK transfiizyonunun etkinligini; hemodinamik
cerrahi mudahale

parametreler, gereksinimi  ve

hasta sonuclarn Uzerindeki etkisini analiz ederek
degerlendirmeyi amacladi. Ayrica, O Rh-negative EK
transflizyonunun kanama kontrolu icin gerekli zamam

kazandirmadaki onemini vurgulamay1 hedefledi.

Yontem: Bu retrospektif calisma; 1 Haziran 2023-
1 Haziran 2024 tarihleri arasinda iiclincli basamak
bir hastanenin Acil Servisinde yurutuldi. Calismaya,
cross-match yapilmadan O Rh-negatif EK transfiizyonu
yapilan, 18 yas ve lizerindeki 95 hasta dahil edildi.
Hastalarin vital bulgulari, hemogram, biyokimya ve

kan gazi degerleri, transfiizyon nedenleri, cerrahi
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In my hospital, the preparation of erythrocyte concentrate
with a cross-match test takes an average of 60-90 minutes,
whereas the preparation of O Rh-negative EC without
cross-matching is completed in a significantly shorter time,

approximately 5-20 minutes.

Results: Among the patients, 72% (n=68) were male,
and the most common indication for transfusion was trauma
(69.5%), followed by gastrointestinal bleeding (24.2%).
The most frequent trauma-related causes were liver
injuries (n=20) and extremity injuries (n=17). Endotracheal
intubation was performed in 64% of the patients, 63%
underwent emergency surgery, and 82% were admitted to
the intensive care unit. The mortality rate in the emergency
department was 16%, while the overall mortality rate
was found to be 56%. A significant relationship was found
between mortality and systolic blood pressure, diastolic
blood pressure, Glasgow Coma Scale score, and lactate
levels (p=0.022, p=0.001, p<0.001, p<0.001). Additionally,
higher International Normalized Ratio (INR) values and
lower platelet counts were significantly associated with
survival status (p=0.01, p=0.002).

Conclusion: The transfusion of O Rh-negative EC was
found to provide critical time before surgical intervention
and improve survival in patients with trauma and
gastrointestinal bleeding. It is suggested that initiating
blood transfusion during the pre-hospital period may
further reduce mortality rates. This study is expected
to contribute to the establishment of a database for the

appropriate and effective use of blood and blood products.

Key Words: Emergency transfusion, O Rh-negative
erythrocyte concentrate, hemorrhagic shock, trauma,

gastrointestinal bleeding

mudahale oranlan ve 30 giinlik mortalitesi kayit edildi.
Hastanemde cross-match testi ile EK hazirlanmasi
ortalama 60-90 dakika slirerken, cross-match
yapilmadan O Rh-negatif EK hazirlanmasi 5-20 dakika

gibi daha kisa bir siirede gerceklestirilmektedir.

Bulgular: Hastalarin %72’si (n=68) erkek, %28’i
(n=27) kadin idi. En sik transfiizyon nedeni travma
(%69,5) olup, bunu gastrointestinal kanamalar (%24,2)
takip etti. Travmaya bagli en yaygin nedenler ise
karaciger (n=20) ve ekstremite (n=17) yaralanmalan
olarak saptandi. Hastalarin %64’u entibe edildi, %63’u
acil cerrahiye alindi ve %82’si yogun bakima yatirildi.
Acil serviste olum oran1 %16, toplam mortalite orani
ise %56 olarak tespit edildi. Sistolik ve diyastolik kan
basinci, Glasgow Koma Skalasi skoru ve laktat diizeyleri
ile mortalite arasinda anlamli bir iliski bulundu
(p=0,022, p=0,001, p<0,001, p<0,001). Ayrica, yuksek
Uluslararasi Normallestirilmis Oran (INR) degerleri ve
diislik platelet sayilariile sag kalim arasinda istatistiksel

olarak anlamli bir iliski saptand1 (p=0,01, p=0,002).

Sonug: O Rh-negatif EK transfiizyonunun, travma
ve gastrointestinal kanamali hastalarda cerrahi
miidahale oncesinde kritik zaman kazandirdigi ve sag
kalimi artirdig tespit edildi. Hastane oncesi donemde
baslatilacak kan transflizyonunun mortalite oranlarini
daha da azaltabilecegi diisiiniilmektedir. Bu ¢alismanin,
kan ve kan drlnlerinin dogru ve etkili kullammina
yonelik bir veri tabani olusturulmasina katki saglamasi

beklenmektedir.

Anahtar  Kelimeler: Acil transfiizyon, O Rh-
negatif eritrosit konsantresi, hemorajik sok, travma,

gastrointestinal kanama

INTRODUCTION

EC has been a part of anemia treatment

due to aging, critical illnesses, trauma, and surgical
indications is considered a predictor of poor
outcomes (1). In acute hemorrhage, blood loss

strategies for many years. Approximately 40% of exceeding 1500 mL typically necessitates transfusion.
critically ill patients receive blood transfusions The primary goal of transfusion is to prevent adverse
during hospitalization. Particularly, blood transfusion outcomes associated with tissue hypoxia (2). The
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most common indications for emergency transfusion
include trauma, gastrointestinal bleeding (GIB), and
hemorrhages due to warfarin overdose (3). Trauma
is the third leading cause of death, and hemorrhagic
shock is a major cause of mortality, particularly in
the early hours of trauma (4). In patients who do
not respond to fluid resuscitation and have a shock
index exceeding 0.9, early blood transfusion should
be considered (5). Timely EC transfusion in trauma
patients with active bleeding can provide critical
time for surgical intervention and improve survival.
This period is recommended to be approximately 10
minutes. For every minute of delay in transfusion,
the 30-day mortality rate increases by 5% (6). In GIB,
another cause of hemorrhagic shock, the hemoglobin
threshold for EC transfusion is determined based
on the presence of cardiovascular disease (CVD). In
patients with CVD, the target hemoglobin (Hgb) level
istoincrease it to 10 g/dL or above if Hgb is <8 g/dL. In
the absence of CVD, the threshold for EC transfusion is
Hgb <7 g/dL, with the desired hemoglobin range being
7-9 g/dL. However, in unstable patients, a flexible
transfusion strategy is applied instead of a fixed
threshold value (7). Rational EC transfusion in acute
blood loss is of great importance in terms of mortality
and morbidity. High-volume blood transfusion has
been found to be associated with increased mortality,
as well as prolonged hospital and intensive care unit
stays. Studies have shown that as the transfusion rate
increases, mortality rates also rise (8).

The primary aim of this study is to assess the
clinical impact of emergency O Rh-negative EC
transfusion in patients with hemorrhagic shock.
Specifically, i aimed to evaluate the relationship
between transfusion and changes in hemodynamic
the
intensive care unit admission rates, and short-term

stability, need for surgical intervention,
mortality. My secondary objective is to highlight
the importance of O Rh-negative EC transfusion in
gaining the necessary time for surgical interventions
and endoscopic procedures required for bleeding

control.

MATERIAL and METHOD

This study was designed as a single-center,
retrospective study conducted at the Emergency
Department of Ankara Etlik City Hospital. Patients
aged 18 years and older, both male and female, who
received O Rh-negative EC transfusion without cross-
matching in the emergency department between
June 1, 2023, and June 1, 2024, were included in the
study. All patients under 18 years of age, preghant
women, those who had received any blood transfusion
within the last month, and patients with insufficient
data required for the study were excluded. During
the study period, a total of 108 patients received O
Rh-negative EC transfusion without cross-matching.
However, six patients were excluded after cross-
matching confirmed that their actual blood type was
0O Rh-negative, and seven patients were excluded due
to missing parameters. Consequently, a total of 95
patients were included in the study.

All patient data were obtained from the hospital
database and patient records. The parameters
analyzed in the study included sociodemographic
characteristics (age, sex, and comorbidities), vital
parameters [systolic and diastolic blood pressure,
body temperature, heart rate, respiratory rate,
(SpO2)],
consciousness status assessed by the Glasgow Coma
Scale (GCS). Complete blood count (CBC) values,
including white blood cell, lymphocyte, neutrophil,
(Hte),
count, were recorded. Biochemical parameters such

and peripheral oxygen saturation and

monocyte, Hgb, hematocrit and platelet
as glucose, blood urea nitrogen (BUN), creatinine,
(AST),

aminotransferase (ALT), and sodium levels were also

aspartate aminotransferase alanine
analyzed. Blood gas parameters, including pH, SpO,,
partial oxygen pressure (PaO,), partial carbon dioxide
pressure (PaCO,), bicarbonate (HCO3), and lactate
levels, were evaluated. Additionally, coagulation
parameters such as activated partial thromboplastin
time (aPTT) and INR were documented. The imaging

studies performed, including X-ray, ultrasonography,
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and computed tomography (CT), were also recorded.
The indications for transfusion (diagnosis and reason),
the number of O Rh-negative EC units transfused,
hospitalization status, and 30-day mortality were
documented.

Recent trauma guidelines recommend avoiding
aggressive fluid replacement in the management of
hemorrhagic shock. Instead, permissive hypotension
is advocated for these patients.
1000 mL of
replacement in the pre-hospital and emergency

Following the
administration of isotonic  fluid
department settings, EC transfusion is recommended
(5). The patients included in the study received 100 to
500 mL of isotonic solution in the pre-hospital period,
while the total amount of isotonic fluid administered
in the emergency department was limited to 1000
mL.

According to the classification of hemorrhagic
shock, Class 1 hemorrhage triggers a mild systemic
response and indicates blood loss of less than 15% of
total blood volume. Class 2 hemorrhage occurs when
blood loss ranges between 15% and 30%, leading
to the activation of compensatory mechanisms.
Sympathetic activation leads to tachycardia. In
Class 3 hemorrhage, at least 30% blood loss occurs,
resulting in tissue hypoxia, increased lactate levels,
and base excess. Patients experience reduced urine
output. When blood loss exceeds 40%, it is classified
as Class 4 hemorrhage. At this stage, urine output
ceases, severe hypotension and tachycardia develop,
ultimately leading to multiple organ failure (9).

The hospital setting, the cross-match test in blood
transfusion aims to prevent hemolytic transfusion
reactions by detecting alloantibodies in the recipient’s
red blood cells (against ABO, D and other antigens) that
may react with corresponding antigens on donor red
blood cells. When no complex serological issues were
present, the routine cross-match test typically took
between 30 and 60 minutes. Additionally, the process
of drawing the patient’s blood for cross-matching
and transporting it to the blood bank required at
least an additional 30 minutes. Considering these
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factors, the total preparation time for a compatible
transfusion was at least 60 to 90 minutes. In contrast,
the preparation and administration of O Rh-negative
EC without cross-matching took approximately 5 to
20 minutes.

The analysis of the research data was conducted
using the SPSS 22 (Statistical Package for Social
Science; SPSS Inc., Chicago,IL) package programe,
and quantative data were given as percentages and
the qualitative data as meansstandart deviation and
median.Mann Whitney U tests were used to compare
independent variables. Two tailed Pearson Corelation
test were used to compare mortality between study
parameters. The results were expressed as 95%
confidence interval and p<0.05 as significant.

The study was approved by the Ankara Etlik City
Hospital Scientific Researches Ethics Committee (Date:
25.09.2024 and Number: AESH-BADEK-2024-891).

RESULTS

Of the 95 patients included in the study, 72%
(n=68) were male, and 28% (n=27) were female. The
mean age of male patients was 42.3 + 19.9 years
(min-max: 18-88), while the mean age of female
patients was 47 + 20.2 years. No comorbidities were
present in 85.3% of male patients and 63% of female
patients. CVD was the most common comorbidity
in both sexes. The most common indication for
emergency O Rh-negative EC transfusion was trauma,
accounting for 69.5% (n=67) of cases, followed by
GIB at 24.2% (n=22). Among trauma-related causes,
liver injury was the most frequent indication (n=20),
followed by extremity injury (n=17). Other trauma-
related transfusion indications included splenic injury
(n=11), thoracic injury (n=9), pelvic injury (n=8), and
renal injury (n=2), respectively. A total of 64.2% of
the patients were intubated, and 63.1% underwent
emergency surgical intervention. Additionally, 82.1%
of the patients were admitted to the intensive
care unit (Table 1). Regarding medication use, 82%
(n=78) of the patients were not on any medications.



Table 1. Bleeding sources distribution of the patients

Variable n (95) %
Comorbidities

None 75 79
Hypertension 2 2.1
Cardiovascular Disease 8 8.45
Cerebrovascular Disease 2 2.1
Liver Disease 2 2.1
Malignancy 3 3.1
Gastritis 2 2.1
Bleeding Diathesis 1 1.05
Emergency Surgery

Yes 60 63.1
No 35 36.9
Intubation

Yes 61 64.2
No 34 35.8
Hospitalization

Ward 2 2.1
Intensive Care 78 82.1
Emergency Death 15 15.8
Bleeding Site

Gastrointestinal Bleeding 22 24.2
Trauma 67 69.5
Aortic Dissection 4 4.2
Urinary System 1.05
Vaginal Bleeding 1 1.05

Acetylsalicylic acid was used by 7% (n=7), warfarin by
3% (n=3), and direct oral anticoagulants by 7% (n=7).
In the emergency department, 16% of the patients
died, while the overall mortality rate was 56% (n=53).
A total of 67% (n=64) of the patients were classified
as having Class 3 hemorrhagic shock, whereas
33% (n=31) were in Class 4 hemorrhagic shock.
Regarding EC transfusions, 27 patients received
1 unit, 30 patients received 2 units, 12 patients
received 3 units, 19 patients received 4 units, and
7 patients received 5 units. Fresh frozen plasma
(FFP) transfusion was administered to 57 patients,

with 51 receiving 1 unit and 6 receiving 2 units. A
total of 38 patients did not receive FFP transfusion.

The initial blood pressure, pulse rate, blood gas,
biochemical, and CBC results of the patients upon
arrival at the emergency department are summarized
in Table 2. When analyzing the correlation between
patients’ vital signs, blood values, and mortality, a
moderate negative correlation was observed between
systolic and diastolic blood pressure and mortality.
Similarly, lactate and HCO; levels showed a moderate

negative correlation with mortality (Table 3).
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Table 2. Results of the patients vital signs and blood tests

Variable (n=95) MeanzSD Min-Max
Systolic Blood Pressure (mmHg) 82.34+17.11 50-198
Diastolic Blood Pressure (mmHg) 51.77+12.15 30-98
Pulse (beats per minute) 110.37+£26.19 25-145
pH 7.1320.21 6.2-7.5
Partial Pressure of Carbon (mmHg) 46.80+18.20 19-112
Partial Pressure of Oxygen) (mmHg) 41.14+21.80 16-211
Bicarbonate (mmol/L) 14.66+5.34 4.7-31
Lactate (mmol/L) 7.24+3.81 2-21
Glucose (mg/dL) 178.01+85.91 5.4-604
Urea (mg/dL) 48.73+45.77 9.8-227
Creatinine (mg/dL) 1.40+0.73 0.6-5.5
Aspartate Aminotransferase (U/L) 170.25+244.17 5-1310
Alanine Aminotransferase (U/L) 146.63+227.33 5-1457
Sodium (mmol/L) 139.97+5.53 125-159
Potassium (mmol/L) 4.25+0.95 1.2-6.2
aPTT (seconds) 45.55+35.58 21-245
INR 2.58+3.93 0.9-28
Hemoglobin (g/dL) 8.76+2.44 3.3-14
Hematocrit (%) 27.88+7.55 11-47.8
White Blood Cell (x10"3/pL) 17.18.1 8.7-39.1
Platelet (x10"3/pL) 193.47+90.30 30-45.9

aPTT: Activated Partial Thromboplastin Time, INR: International Normalized Ratio

When examining the relationship between patient (p<0.001). Additionally, lactate levels (p<0.001) and
parameters and mortality, a significant association Hgb levels (p=0.033) were significantly associated with
was found between systolic blood pressure (p<0.001), mortality. The relationship between mortality and
diastolic blood pressure (p<0.001), and GCS score other patient parameters is summarized in Table 4.
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Table 3. Correlation between the patients vital signs, blood parameters and mortality

Variable Pearson’s r* p

Age (years) 0.179 0.083
Systolic Blood Pressure (mmHg) -0.235 0.022
Diastolic Blood Pressure (mmHg) -0.325 0.001
Pulse (beats/min) -0.23 0.025
Saturation (%) -0.239 0.02
Temperature (°C) -0.057 0.584
Glasgow Coma Scale -0.475 <0.001
Erythrocyte Suspension (units) 0.19 0.065
Fresh Frozen Plasma (units) -0.031 0.769
pH -0.451 <0.001
Partial Pressure of Carbon (mmHg) 0.33 0.001
Partial Pressure of Oxygen) (mmHg) 0.102 0.323
Bicarbonate (mmol/L) -0.402 <0.001
Lactate (mmol/L) 0.403 <0.001
Glucose (mg/dL) 0.026 0.804
Urea (mg/dL) 0.195 0.059
Creatinine (mg/dL) 0.155 0.134
AspartateAminotransferase (U/L) 0.075 0.47
Alanine Aminotransferase (U/L) 0.111 0.283
Sodium (mmol/L) 0.277 0.007
Potassium (mmol/L) 0.39 <0.001
aPTT (seconds) 0.235 0.022
INR 0.035 0.743
Hemoglobin (g/dL) -0.142 0.171
Hematocrit (%) -0.155 0.133
White Blood Cell (x10”3/pL) 0.009 0.935
Platelet (x10"3/pL) -0.306 0.003

* Two-tailed Pearson’s Corelations test, aPTT: Activated Partial Thromboplastin Time, INR: International Normalized Ratio
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Table 4. Analysis of parameters grouped by mortality

Groups

Variable Live (n=53) Death (n=42) p*
Age (years) 40.41+18.45 47.59+21.39 0.122
Systolic Blood Pressure (mmHg) 85.90+10.09 77.85+22.48 <0.001
Diastolic Blood Pressure (mmHg) 55.28+9.70 47.35£13.55 <0.001
Pulse (beats/min) 115.71+15.23 103.64+34.58 0.339
Glasgow Coma Scale 12.83+2.79 9.38+3.65 <0.001
pH 7.22:0.14 7.02:0.24 <0.001
Partial CO2 (mmHg) 41.48+12.62 53.51+21.79 0.007
Partial 02 (mmHg) 39.16+10.93 43.63+30.44 0.802
Bicarbonate (mmol/L) 16.57+4.72 12.26+5.17 <0.001
Lactate (mmol/L) 5.88+2.55 8.96x4.44 <0.001
Glucose (mg/dL) 176.05+83.39 180.48+89.94 0.961
Urea (mg/dL) 40.85+40.86 58.69+50.03 0.004
Creatinine (mg/dL) 1.30+0.77 1.52+0.65 0.009
Aspartate Aminotransferase (U/L) 154.01+227.84 190.73+264.72 0.078
Alanine Aminotransferase (U/L) 124.20+184.53 174.92+271.71 0.059
Sodium (mmol/L) 138.62+4.52 141.69+6.22 0.018
Potassium (mmol/L) 3.92+0.82 4.67+0.96 <0.001
aPTT (seconds) 38.14+35.51 54.90+33.81 <0.001
INR 2.43+3.28 2.78+4.66 0.01
Hemoglobin (g/dL) 9.19+2.29 8.23+2.54 0.033
Hematocrit (%) 28.92+6.74 26.57+8.36 0.085
White Blood Cell (x10"3/pL) 17+8.27 17.2+8.05 0.843
Platelet (x10"3/pL) 21.8+8.57 16.26+8.72 0.002

* Mann Whitnet U tests, aPTT: Activated Partial Thromboplastin Time, INR: International Normalized Ratio
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DISCUSSION

This study demonstrated the relationship between
vital signs, blood parameters, and mortality in
patients who received emergency O Rh-negative
EC transfusion after developing hemorrhagic shock.
Blood pressure, consciousness level, and blood gas
measurements were found to provide significant
data in the patient group with fatal outcomes.

Upon analyzing the data from this study, it
was observed that the need for O Rh-negative EC
transfusion was more common among male patients
and those in their fourth decade of life. The majority
of patients had no comorbidities and were not on any
regular medication. The most frequent indication
for transfusion was trauma-related blood loss,
followed by GIB as the second most common cause.
In this study, the vast majority of patients requiring
O Rh-negative EC transfusion belonged to these
two groups. While trauma was the most common
cause of hemorrhagic shock, GIB was the second
most frequent cause. Trauma is one of the leading
causes of death worldwide, with approximately
half of these patients succumbing to hemorrhage.
Additionally, trauma is the most significant cause
affecting individuals aged 1 to 44 years. A study has
shown that more than 62% of patients who received
blood transfusions did so due to trauma (10). These
findings are consistent with the results of this study.
Hemorrhagic shock is one of the leading preventable
causes of death in trauma. The primary approach
to managing trauma-related bleeding is achieving
hemostasis at the bleeding site. However, to mitigate
the adverse effects of hemorrhagic shock and gain
time until surgical intervention can be initiated, blood
transfusion is recommended (11). In this study, more
than half of the patients with hemorrhage underwent
Additionally, a
significant number of patients died in the emergency

emergency surgical intervention.
department. To reduce hemorrhage-related mortality
setting, pre-hospital blood
transfusion is increasingly being implemented (12).

in the emergency

Some military units have adopted this approach in
combat zones to improve survival rates (13). The
absence of pre-hospital blood transfusion in Turkey
suggests that it may not effectively prevent the
worsening of hemorrhagic shock before hospital
admission. All patients included in the study were
classified as stage 3 or 4 hemorrhagic shock.
Trauma guidelines recommend allowing permissive
hypotension and avoiding high-volume fluid therapy
for shock management. In patients who do not
respond to fluid resuscitation, early initiation of blood
transfusion is advised (14). Studies have shown that
aggressive fluid replacement disrupts the coagulation
cascade, leading to worsening shock. Since it does
not reduce mortality, restricted crystalloid fluid
administration is recommended (15). GIB is a major
cause of mortality and morbidity. Hemorrhagic
shock due to GIB is among the common indications
for blood transfusion.
transfusion strategy is preferred (16). In this study,

Currently, a restrictive
patients who received blood transfusion due to
GIB were consistent with the literature. To reverse
hemorrhagic shock and facilitate urgent endoscopy, O
Rh-negative EC transfusion was rapidly administered.
As blood pressure decreases in hemorrhagic shock,
the severity of shock and, consequently, the risk of
death
to reduced organ perfusion, potentially resulting in

increase exponentially. Hypotension leads
multiple organ failure and death (17). Studies aimed
at mitigating this condition have shown that initiating
blood transfusion in the pre-hospital setting can
reduce mortality by 10% (18). In this study, a negative
relationship between hypotension and mortality was
also observed. The administration of emergency
O Rh-negative EC transfusion did not sufficiently
reduce mortality in the emergency department.
The prolonged transport time of patients with
acute bleeding and their presentation in stage 3-4
shock upon arrival are considered significant factors
contributing to increased emergency department
mortality rates. Prehospital fluid replacement and
blood transfusion have not demonstrated a clear
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difference in preventing organ failure to mitigate this
risk. However, mortality was found to be 7% lower
in the group that received blood transfusion (19).
Deterioration in consciousness may occur earlier
than hypotension and tachycardia and is associated
with mortality. At this stage, the patient may already
be in an advanced phase of shock. Additionally, the
metabolic changes induced by shock can contribute
to this impairment (20). In this study, a decrease in
GCS score was associated with an increase in patient
mortality. Additionally, worsening acidosis was found
to be linked to higher mortality. Lactic acidosis also
demonstrated a positive correlation with mortality.
This process develops due to inadequate oxygen
delivery to tissues as a result of reduced blood
volume. In response to oxygen deficiency, tissues
shift to anaerobic metabolism, leading to the
development of lactic acidosis (21). The effects of
hypoperfusion, heat loss, and acidosis in hemorrhagic
shock are collectively known as the lethal triad.
This process can subsequently lead to coagulopathy.
Prolonged coagulation times have been found to be
directly associated with mortality. Although genetic
factors are thought to contribute to this condition,
hypoperfusion and the activation of the protein C
system also play a significant role. While coagulation
factors are activated to stop bleeding, an opposing
mechanism simultaneously functions to prevent
abnormal thrombus formation inintact tissues (17,22).
In this study, a significant relationship was found
between coagulopathy and mortality in patients.
Both an increase in INR and a decrease in platelet
count can be explained by the pathophysiology of
coagulopathy in hemorrhage. Additionally, the fact
that the patients included in the study were in stage
3-4 shock and a pre-arrest state accounts for the
observed coagulation and platelet abnormalities.
Despite this, rapid O Rh-negative EC transfusion and
emergency intubation enabled 63% of the patients
to undergo surgery. Similarly, most GIB patients
received urgent endoscopic treatment. | believe
that these interventions contributed to improved

Turk Hij Den Biyol Derg

survival. My emergency department is a major
center with rapid access to a blood bank. Emergency
radiological imaging, interventional procedures, and
surgical teams are always readily available. This
management system not only facilitates the care of
critically ill patients but also has a positive impact
on survival. In this study, a significant relationship
was found between decreased hemoglobin levels
and mortality. This finding underscores the necessity
of rapid EC transfusion. | believe that patients
experiencing acute blood loss undergo an average
blood loss of 30% or more in the pre-hospital period.
The primary reason for this is that our patients
presented in stage 3 and 4 hemorrhagic shock. This
condition can be explained by the development of
hyperlactatemia and coagulopathy in patients who
did not survive. Hemoglobin, another indicator of
bleeding, may not always exhibit a direct correlation
with blood loss. However, a decrease in hemoglobin
levels can serve as a crucial indicator of the rate at
which fluid is drawn from the tissues (23). Elevated
lactate levels are a key indicator of tissue hypoxia.
High lactate concentrations reflect impaired oxygen
delivery and, consequently, significant blood loss
(23, 24). Although massive transfusion was not
performed in my study, FFP transfusion was applied
to a significant portion of patients. The role of FFP
in hemorrhagic shock management has been well-
documented, particularly in massive transfusion
protocols. However, its wuse in non-massive
transfusion settings remains a subject of debate.

The

retrospective design and being a single-center study,

limitations of my study include its
which restricts the generalizability of the results.
However, the strengths of this study include being
a large medical center, receiving continuous patient
referrals, the high patient volume brought in by the
emergency ambulance system, and functioning as
a trauma center. Another limitation of this study
was the inability to access complete pre-hospital
data. The onset time of the event and pre-hospital

interventions may have influenced patient outcomes.



| included only patients who received emergency
O Rh-negative EC transfusion in my study. Although
this reduced the overall study dataset, my primary
aim was to evaluate the outcomes of using this
critical blood product and to identify the parameters
guiding the decision for its administration. The lack
of comparison between pre- and post-transfusion
values in patients may be considered a limitation.
However, this can be explained by several factors:
patients
transfusion required urgent surgical intervention,

some who received emergency EC
some experienced cardiac arrest and died in the
emergency department, while others had altered
transfusion requirements following
Additionally,

in transfusion indications, variations in transfusion

emergency
endoscopic procedures. differences
volumes, inconsistencies in surgical durations, and
diverse treatment regimens would have compromised
the homogeneity of the patient group. This issue
would have significantly impacted the analysis of
pre- and post-transfusion values. Additionally, the
lack of a standardized time frame for obtaining post-
transfusion control blood values and the uncertainty
regarding laboratory processing times were major
limitations of the study. Due to these constraints,
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ABSTRACT

Objective: Healthcare  managers  spend
approximately 20% of their time addressing conflicts,
which is common in this labor-intensive sector. While
conflict is inevitable in healthcare, ensuring job
satisfaction among healthcare workers and enhancing
service quality are critical for the success of healthcare
systems. Proper conflict management is essential to
minimize its adverse effects on job satisfaction and
support patients and workers.The study examined
the

healthcare conflict levels among healthcare workers.

relationship between job satisfaction and
It also evaluated how sociodemographic characteristics

influence job satisfaction and conflict levels.

Methods:

with 276 healthcare workers employed at a tertiary

This descriptive study was conducted

public hospital. Data were collected via an online survey
(Google Forms) with three sections: sociodemographic
data, Job
Conflict Scale. Exploratory Factor Analysis (EFA) and

Satisfaction Scale, and Healthcare
Confirmatory Factor Analysis (CFA) ensured validity,

while Cronbach’s alpha assessed reliability. Due to non-

OZET

Amag: Saglik yoneticileri, zamanlarinin yaklasik %20
’sini catismalarla ilgilenmeye ayirmakta olup, bu durum
emek yogun bir sektor olan saglik alaninda oldukca
yaygindir. Saglik sektdriinde catisma kaginmilmaz olmakla
birlikte, saglik calisanlarimin is tatminini saglamak ve
hizmet kalitesini artirmak, saglik sistemlerinin basarisi
icin kritik oneme sahiptir. Catismamn is tatmini Uzerindeki
olumsuz etkilerini en aza indirmek ve hasta ile calisanlarn
desteklemek icin uygun catisma yonetimi gereklidir.
Bu calisma, saglik calisanlarimin is tatmini ile saglik
alanindaki catisma diizeyleri arasindaki iliskiyi incelemeyi
amaclamistir. Ayrica sosyodemografik 6zelliklerin is tatmini

ve catisma diizeyleri iizerindeki etkisi degerlendirilmistir.

Yontem: Bu tammlayici calisma, ucunciu basamak
bir kamu hastanesinde calisan 276 saglik calisam ile
gerceklestirilmistir. Veriler, sosyodemografik bilgiler,
is Tatmini Olcegi ve Saglik Hizmetlerinde Catisma
Olcesi olmak iizere iic bolimden olusan cevrimici
anket (Google Forms) araciligiyla toplanmistir. Kesifsel
Faktor Analizi (EFA) ve Dogrulayici Faktor Analizi (CFA)

gecerligi saglarken, Cronbach’s alfa katsayisi glivenirligi
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normal distribution, Mann-Whitney U and Kruskal-Wallis
H tests were used. Structural Equation Modeling (SEM)

was performed.

Results: The findings showed no statistically
significant differences in job satisfaction based on
sociodemographic characteristics (p>0.05). However,
significant differences in healthcare conflict levels
were observed based on age and years of professional
experience (p<0.05). Weak positive correlation was
also identified between job satisfaction and healthcare

conflict levels (r=0.15, p=0.019).

Conclusion: The study reveals weak positive
relationship between job satisfaction and healthcare
conflict levels. While conflict levels were significantly
influenced by age and professional experience, job
satisfaction showed no significant sociodemographic
variation. These findings highlight the need for further
research to understand better the interplay between
conflict and satisfaction in healthcare settings and to

develop effective conflict management strategies.

Words:
conflict, job satisfaction, healthcare workers

Key Health services administration,

degerlendirmek icin kullanilmistir. Normallik varsayimi
saglanmadigindan, Mann-Whitney U ve Kruskal-Wallis H
testleri uygulanmistir. Ayrica, Yapisal Esitlik Modellemesi
(SEM) gerceklestirilmistir.

Bulgular: Sosyodemografik ozelliklere gore is
tatmini acisindan istatistiksel olarak anlamli bir fark
(p>0,05).

birlikte, yas ve mesleki deneyim yilina gore saglik

bulunmadigim  gdstermektedir Bununla
alamindaki catisma dizeylerinde anlamli farkliliklar
gozlemlenmistir (p<0,05). Ayrica, is tatmini ile saglik
alamindaki catisma duzeyleri arasinda zayif pozitif
korelasyon tespit edilmistir (r=0,15, p=0,019).

Sonug: Calisma, is tatmini ile saglik alamindaki
catisma diizeyleri arasinda zayif pozitif iliski oldugunu
ortaya koymustur. Catisma diizeylerinin yas ve mesleki
deneyimden anlamli bir sekilde etkilendigi, ancak is
tatmininin sosyodemografik acidan anlamli bir farkliik
gostermedigibelirlenmistir. Busonuclar, saglikortamlarinda
catisma ve tatmin arasindaki etkilesimi daha iyi anlamak
ve etkili catisma yonetimi stratejileri gelistirmek icin daha

fazla arastirmaya ihtiya¢ duyuldugunu vurgulamaktadir.

Anahtar Kelimeler: Saglik hizmetleri yonetimi,

catisma, is tatmini, saglik calisanlan

INTRODUCTION
Conflict is defined as the confrontation of
emotions, thoughts, and beliefs. Another definition
describes it as environments that give rise to
problems due to conflicting needs, expectations,
demands, and interests (1). Conflict can occur
at individual, societal, and organizational levels.
Organizational conflict refers to a process in which
differing perceptions emerge among workers toward
organizational goals (2).

The concept of conflict has undergone significant
changes in perspective over time. Between the 1930s

and 1940s, it was considered a negative phenomenon

Turk Hij Den Biyol Derg

to be avoided; during the 1940s to 1970s, it was
viewed as a natural occurrence; and today, it is
thought to positively impact individual performance
(3). Conflict is frequently experienced in healthcare
organizations and requires a collaborative approach
(3). The parties involved in conflicts may include
nurses, doctors, and other healthcare providers or
patients and even their relatives (4). Conflict, which
can arise at any level, directly or indirectly affects
the quality of healthcare provided to patients in
institutions. A study on conflict in intensive care units
revealed that conflicts stemming from communication
breakdowns lead to mistrust among staff and create
a burnout-inducing work environment, negatively



impacting patient safety.

The conflict has both positive and negative aspects.
On the positive side, conflict provides workers with
a platform to express their problems, fosters an
environment for self-criticism and change, supports
creativity, and stimulates interest and curiosity
among workers. In this regard, it is constructive,
promotes innovation, and enhances performance.
As a result of conflict, changes in leadership models,
increased energy for achieving work success, and a
boost in motivation may occur. Additionally, workers
may become more aware of their strengths (5).

The negative consequences of conflict include
stress, deterioration of health, prioritization of

personal goals over organizational objectives,
disruption of workplace harmony, hostility, aggression,
feelings of defeat and humiliation among workers,
creation of an insecure environment, waste of time
and energy, reduced motivation and satisfaction, and
a decline in productivity (5, 6). Unresolved conflicts
harm not only workers but also the organizations.
Furthermore, workplace conflict is considered a
source of stress that undermines an organization’s
efforts and performance (7).

Job satisfaction refers to individuals’ subjective
thoughts about how much they enjoy or dislike their
work. It also enhances work enthusiasm and success.
Moreover, it improves organizational efficiency,
motivation, work quality, organizational commitment,
and performance. A decrease in job satisfaction leads
to alienation from work, reluctance, resignations,
dissatisfaction, conflicts, and increased workplace
accidents (8).
factors influence

Several job

including the organization’s size, structure, design,

satisfaction,

and physical conditions; compensation, rewards, and
incentives; employee-friendly organizational policies;
communication environment; occupational health
and safety; organizational culture; leadership style;
training programs; career opportunities; working
hours; social conditions; and the nature of workers’

work (its difficulty or ease), position, benefits,

education level, and personality traits (9, 10).

Job satisfaction and conflicts are considered to be
closely related to patient and employee satisfaction
as well as performance. High job satisfaction among
healthcare staff enhances employee and patient
satisfaction (11). Effectively managing workplace
conflicts and ensuring job satisfaction are crucial
Conflicts
negatively impact hospital staff’s performance and

for improving employee performance.

job satisfaction (12). Managers reportedly spend
approximately 20% of their time resolving conflicts,
which are frequent in healthcare. Unresolved conflicts
harm the healthcare system and adversely affect
patient safety. An increase in conflicts experienced
by physicians in hospital settings reduces the quality
of patient care (13).

However, studies indicate that low levels of conflict
can lead to productivity gains for both patients and
workers. Appropriately managed low- and medium-
level conflicts can be essential and beneficial for
healthcare organizations. These benefits include
improved performance and the fostering of innovative
thinking (3).

A study investigating the effects of organizational
conflict, job satisfaction, and stress on performance
found that job satisfaction was the most influential
factor affecting the performance of healthcare staff
(14).

Studies
satisfaction

investigating the differences in job
levels of healthcare workers based
on sociodemographic characteristics reveal mixed
results. Some studies found that job satisfaction
levels differed significantly by gender (15, 16), while
others reported no significant differences (17-20).

In the literature, a significant relationship between
job satisfaction and age has been observed in some
studies (16, 21-23), while Ashraf (20) found no such
association. Education level has been identified as
a significant variable influencing job satisfaction in
healthcare workers (21, 24, 25), though Ashraf (20)
concluded that job satisfaction was not related to
education level.
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Additionally,
relationship between job satisfaction and years

some studies have reported a

of work experience (21, 26). However, Ashraf (20)
and Yew, et al. (27) found no significant correlation
between work experience and job satisfaction.

As seen in the literature, while variables such as
gender, age, and education often show significant
relationships with job satisfaction, studies presenting
differing results also exist. Although most findings
indicate no significant relationship between job
satisfaction and years of work experience, there are
exceptions suggesting otherwise. These conflicting
findings highlight the need for further research to
clarify these associations.

Studies
among healthcare workers based on sociodemographic

examining conflict-level differences
characteristics reveal mixed findings. Some research
indicated a relationship between age and conflict
level (28), while others suggested no such relationship
(29, 30). Additionally, studies found that variables
such as profession, gender, and marital status were
associated with exposure to violence resulting from
conflict, though the same research indicated no
relationship between working hours and exposure to
violence (22).

In the literature on the relationship between
conflict and job satisfaction, factors such as job
stress stressful workplace environments, managerial
support, workplace role conflicts, and work-family
conflict (31-33)
job satisfaction. For nurses, job satisfaction was

were found to be associated with

identified as a mitigating factor in the relationship
between work-family conflict and anxiety. Improving
working conditions, minimizing work-family conflicts,
and increasing job satisfaction among nurses were
considered to reduce the negative effects of work-
family conflicts on anxiety (34). Furthermore, work-
family conflict was reported to have negatively
affected nurses’ health and job satisfaction (35). High
levels of conflict were noted to impact organizational
but
levels of conflict might be beneficial particularly

efficiency and satisfaction adversely, low
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in organizations where tasks beyond routine duties
were assigned (36).

The that
multidimensional issue with significant implications

literature shows conflict is a

in healthcare institutions. This study aims to
examine the relationship between conflict levels
involving patients and their relatives in healthcare
from the perspective of healthcare workers and
the job satisfaction of healthcare workers. The
following alternative hypotheses were proposed to
achieve the research objectives: Hypothesis 1: The
job satisfaction levels of healthcare workers differ
statistically significantly based on sociodemographic
characteristics. Hypothesis 2: The healthcare conflict
levels experienced by healthcare workers differ
statistically significantly based on sociodemographic
characteristics. Hypothesis 3: Astatistically significant
relationship exists between healthcare workers’ job

satisfaction and healthcare conflict levels.

MATERIAL and METHOD

The population of this descriptive, cross-sectional
study consists of 970 healthcare professionals
employed at a tertiary hospital in Ankara as of
01-30, 2023.
determined using a known population formula

November, The sample size was
with equal probability sampling, calculated at a
95% confidence level and a 5% margin of error.
The resulting sample comprised 275 participants.
A convenience sampling method was used for data
collection, and 276 analyzable surveys were obtained
during the data collection process.

The data for this study were collected with an
online survey, Google Forms, a commonly used
method for primary data collection. The survey
consisted of three sections.

The first section included seven questions related
to sociodemographic characteristics, such as age,
gender, years of service in healthcare, profession,
education level, department, and working style.

The second section utilized the Job Satisfaction



Scale developed by Ekici, et al. (37). This scale consists
of five Likert-type items with no reverse-coded items,
measuring job satisfaction on a scale ranging from 1
to 5 points, where higher scores indicate higher levels
of job satisfaction. The Cronbach’s alpha for the
orginal scale was 0.880.

The third section employed the Healthcare
Conflict Scale, developed Forbat, et al. (38) and
adapted into Turkish by Ercan and Yurdakos (39).
This scale is a three-dimensional measurement tool
with five-point Likert-type items. As a single item
measured one dimension, construct validity analyses
were conducted again for this study to ensure validity
during the adaptation process. The Cronbach’s alpha
for the original scale was 0.750, while the Turkish
adaptation achieved a Cronbach’s alpha of 0.790.

The ethical approval of the study was obtained
from the Clinical Research Ethics Committee of
Yildinm Beyazit University Yenimahalle Training
and Research Hospital on December 27, 2023. After
approval of the study, the data collection process was
carried out between January 1, 2024, and August 31,
2024.

Since the theoretical structure of the Healthcare
Conflict Scale includes a single-item dimension, an
exploratory factor analysis (EFA) was conducted.
Kaiser-Meyer-Olkin (KMO) sample adequacy score was
0.862 and Bartlett’s Test of Sphericity was 865.969 (p
< 0.001). The variables clustered under a single factor
(Eigenvalue = 4.01) with 57.27% of the total variance.
Factor loadings ranged from 0.731 to 0.800. The fit
indices of the structural regression model in Figure
1, were found to be at acceptable levels (CMIN/DF
= 2.19, NFI = 0.982, RFI = 0.982, GFI = 0.988, AGFI
= 0.983, SRMR = 0.051). The standardized regression
coefficients for the Healthcare Conflict Scale ranged
from 0.642 to 0.772, and for the Job Satisfaction
Scale, from 0.781 to 0.875 (p < 0.05). Cronbach’s
alpha values for the Healthcare Conflict Scale and
the Job Satisfaction Scale were 0.874 and 0.917,
while their Composite Reliability Scores were 0.876
and 0.917. These results confirmed that both scales

possessed structural validity and internal consistency
reliability.

The data collected in this study were analyzed
using SPSS 26 and AMOS 24 statistical software.
Descriptive statistics included frequency, percentage,
mean, standard deviation, minimum, maximum, and
median values. The normality of data distribution
was assessed using the Kolmogorov-Smirnov test and
skewness and kurtosis values.

Since the assumption of normal distribution was
not met for the group analyses, non-parametric tests
were employed. The Mann-Whitney U test was used
for comparisons among three or more groups, while
the Kruskal-Wallis H test was applied for comparisons
among three or more groups. For post hoc analysis,
the Mann-Whitney U test with Bonferroni correction
was utilized.

EFA and CFA were conducted for validity analysis.
Reliability analysis utilized Cronbach’s alpha and
composite reliability coefficients.

The relationship between the Healthcare Conflict
Scale and the Job Satisfaction Scale, along with CFA,
was evaluated using the structural regression model
within the framework of a structural equation model.
Since the dataset did not meet the multivariate
normality assumption (Multi Kurtosis = 38.089, c.r.
= 17.104), the Unweighted Least Squares (ULS)
estimation method with bootstrap resampling at a
95% confidence interval was employed for analysis. A
p-value < 0.05 was considered statistically significant

The study was approved by the Yildinm Beyazit
University Scientific Researches Ethics Committee
(Date: 27.12.2023 and Number: E-2023-85).

RESULTS

Most participants were female (60.5%, n = 167),
while males constituted 39.5% (n = 109), reflecting
the predominance of women in healthcare (Table
1). The mean age of the participants was 36.91
years (SD = 8.42), with 30.8% (n = 85) aged < 30
years, 29.7% (n = 82) aged 31-40 years, and 39.5%
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(n = 109) aged
the largest group consisted of participants with a
bachelor’s degree (58.0%, n = 160), followed by
those with a postgraduate degree (19.9%, n = 55).
The profession most frequently represented was
nursing (47.5%, n = 131), followed by health officers/
technicians (16.3%, n = 45) and emergency medical

> 41 years. In terms of education,

technicians/paramedics (14.5%, n = 40). Regarding
the departments where participants worked, 21.0%

services, and 19.6% (n = 54) in administrative units.
In terms of professional experience, 36.2% (n =
100) had <10 years of experience, 37.3% (n = 103)
had 11-20 years, and 26.4% (n = 73) had >20 years.
Analysis of work schedules revealed that 51.1%
(n = 141) worked rotational shifts (day/night),
46.0% (n =
day, and 2.9% (n = 8) worked exclusively at night.

This study analyzed job satisfaction levels among

127) worked exclusively during the

(n = 58) were in clinics, 20.3% (n = 56) in emergency healthcare workers based on gender, age, education,

Table 1. Descriptive findings of sociodemographic characteristics of healthcare workers

Characteristics Subcategory n %
- Male 109 39.5
Female 167 60.5
Age Up to 30 years' 85 30.8
Range: 22-55, 31-40 years? 82 29.7
Mean = SD: (36.91 + 8.42) year 41 years and above? 109 39.5
High School 10 3.6
ET Associate degree 51 18.5
Bachelor’s Degree 160 58.0
Postgraduate Degree 55 19.9
Emergency Medical Technician/Paramedic 40 14.5
Physician 19 6.9
e Midwife 10 3.6
Nurse 131 47.5
Administrative Personnel 31 11.2
Health Officer/Technician 45 16.3
Emergency Services 56 20.3
Operating Room/Interventional Lab 47 17.0
Administrative Units 54 19.6
Department Clinic 58 21.0
Laboratory 19 6.9
Outpatient Clinic 20 7.2
Intensive Care Unit 22 8.0
Less than 10 years' 100 36.2
Years of Experience 11-20 years? 103 37.3
More than 21 years? 73 26.4
Night Shift Only 8 2.9
Work Schedule Day Shift Only 127 46.0
Rotational (Day/Night) 141 51.1
Total 276 100.0
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profession, department, years of experience, and
work schedule (Table 2). The median job satisfaction
score was 16.0 for males and 14.0 for females, with no
significant difference (p = 0.218). Health workers aged
41 and older had a median score of 16.0, compared
to 14.0 for those 30 and younger, but this was not
statistically significant (p = 0.066). Postgraduate
workers scored a median of 17.0, while high school
graduates scored 15.0, with no significant difference (p

=0.188). Physicians (median =17.0) and administrative
staff (median =16.0) reported higher scores, but post
hoc tests found no significant differences between
professions (p = 0.034). Operating room staff had the
highest median score (median =17.0), while intensive
care staff scored the lowest (median =11.0), but
department differences were not significant (p =0.258).
Years of experience and work schedule also showed
no significant impact on job satisfaction (p > 0.05).

Table 2. Evaluation of job satisfaction levels based on sociodemographic characteristics of healthcare workers

Job Satisfaction Post
Characteristics Subcategory p
Median Min-Max Hoc
Male 109 16.0 5.0 - 25.0
Gender 0.218
Female 167 14.0 5.0 - 25.0
Up to 30 years' 85 14.0 5.0 - 25.0
== 31-40 years? 82 14.0 5.0 - 24.0 0.066"
41 years and above? 109 16.0 5.0 - 25.0
High School 10 15.0 8.0-21.0
Associate degree 51 14.5 5.0 - 25.0
Education 0.188"
Bachelor’s Degree 160 14.0 5.0 -25.0
Postgraduate Degree 55 17.0 5.0 - 25.0
Emergency Medical Technician/Paramedic 40 14.5 5.0 - 25.0
Physician 19 17.0 5.0 - 25.0
Midwife 10 10.0 5.0 - 16.0
Profession 0.034" >0,05
Nurse 131 14.0 5.0 - 25.0
Administrative Personnel 31 16.0 5.0 - 25.0
Health Officer/Technician 45 16.0 5.0 - 25.0
Emergency Services 56 14.0 5.0 - 25.0
Operating Room/Interventional Lab 47 17.0 5.0 - 25.0
Administrative Units 54 16.0 5.0 - 25.0
Department Clinic 58 14.0 5.0 -25.0 0.258"
Laboratory 19 11.5 5.0 - 19.0
Outpatient Clinic 20 12.5 5.0 - 24.0
Intensive Care Unit 22 11.0 5.0-21.0
— Less than 10 years' 100 13.0 5.0 - 25.0
Experience 11-20 years? 103 15.0 5.0 - 25.0 0.231"
More than 21 years? 73 16.5 5.0 - 25.0
Night Shift Only 8 16.5 9.0 - 20.0
Work Schedule Day Shift Only 127 16.0 5.0 -25.0 0.184"
Rotational (Day/Night) 141 13.0 5.0 - 25.0

U: Mann Whitney U Test, H: Kruskal Wallis H Test, Post Hoc: Mann Whitney U Test with Bonferroni Correction at 95%

Confidence Interval, ***p < 0.001, **p < 0.01, *p < 0.05
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The findings on healthcare conflict levels among
workers are as follows: the median conflict score
was 18.0 for males and 19.0 for females, with no
significant difference by gender (p = 0.975) (Table 3).
In terms of age, a significant difference was observed
(p = 0.004). Workers under 30 years had a median
score of 17.0, rising to 21.0 in the 31-40 age group,

with the difference being statistically significant (p <
0.01). High school graduates had a median score of
16.0, compared to 20.0 for those with postgraduate
education, but this difference was not significant
(p = 0.114). No significant differences were found
between professions (p = 0.350), although emergency
medical technicians and paramedics had the highest

Table 3. Evaluation of healthcare conflict levels based on sociodemographic characteristics of healthcare workers

Healthcare conflict

_— Post
Characteristics Subcategory TR T p Hoc
S Male 109 18.0 7.0 - 35.0 G
Female 167 19.0 7.0 - 33.0
Up to 30 years' 85 17.0 7.0 - 35.0
Age 31-40 years? 82 21.0 7.0 - 35.0 0.004" 1-2%*
41 years and above* 109 19.0 7.0 - 31.0
High School 10 16.0 7.0 - 35.0
SRR, Associate degree 51 18.0 7.0 - 32.0 DA
Bachelor’s Degree 160 19.0 7.0 - 35.0
Postgraduate Degree 55 20.0 11.0 - 29.0
Emergency Medical Technician/Paramedic 40 21.0 7.0 - 32.0
Physician 19 20.0 11.0 - 29.0
RS Midwife 10 19.0 7.0 - 25.0 i
Nurse 128 18.0 7.0 - 33.0
Administrative Personnel 31 20.0 7.0 - 35.0
Health Officer/Technician 45 19.0 7.0 - 35.0
Emergency Services 56 21.0 7.0 - 32.0
Operating Room/Interventional Lab 47 19.0 7.0 - 35.0
Administrative Units 54 19.5 7.0 -35.0
Department Clinic 58 18.0 7.0 - 33.0 0.885"
Laboratory 19 20.0 8.0-31.0
Outpatient Clinic 20 15.5 11.0 - 32.0
Intensive Care Unit 22 18.0 12.0 - 28.0
" Less than 10 years! 100 17.0 7.0 - 35.0
Experience 11-20 years? 103 21.0 7.0 - 35.0 0.006" 1-2*%*
More than 21 years? 73 18.0 7.0 - 31.0
Night Shift Only 8 16.0 7.0 - 25.0
Work Schedule Day Shift Only 127 20.0 7.0 - 32.0 0.269%
Rotational (Day/Night) 141 18.0 7.0 - 35.0

U: Mann Whitney U Test, H: Kruskal Wallis H Test, Post Hoc: Mann Whitney U Test with Bonferroni Correction at 95% Confi-

dence Interval, ***p < 0.001, **p < 0.01, *p < 0.05
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score (median =21.0). For departments, workers
in emergency services had a median score of 21.0,
while those in outpatient clinics scored 15.5, but the
differences were not significant (p = 0.885). Years of
experience showed a significant impact (p = 0.006).
Workers with less than 10 years of experience scored
17.0, compared to 21.0 for those with 11-20 years, a
statisticallysignificantdifference (p<0.01). Finally, the
median conflict score was 16.0 for night-shift workers
and 20.0 for day-shift workers, with no significant
differences observed by work schedule (p = 0.269).
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Figure 1 presents the structural
the

healthcare conflict and job satisfaction

regression

model evaluating relationship  between

levels.
According to the structural equation model

depicted in Figure 1, a statistically significant
but weak positive relationship was identified
between the healthcare conflict and job

satisfaction level (r = 0.185, p = 0.019). It was
determined that the level of healthcare conflict
explains 0.3% of the variance in job satisfaction.

Figure 1. The structural regression model of healthcare conflict and job satisfaction

CMIN/DF=2.19, NFI=0.982, RFI=0.982, GFI=0.988, AGFI=0.983, SRMR=0.051
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DISCUSSION

This study evaluates the relationship between
job satisfaction and healthcare conflict levels
among healthcare workers. Additionally, the study
aims to assess healthcare workers’ job satisfaction
and conflict levels based on their sociodemographic
characteristics. In this context, structural validity
analyses were conducted for the Job Satisfaction
and Healthcare Conflict Scales used in the study.

The Job Satisfaction Scale’s structural validity and
internal consistency were demonstrated as consistent
with its original theoretical structure (37), confirming
its unidimensional structure. The Healthcare Conflict
Scale, developed with a three-dimensional structure
by Forbat, et al. (38), was adapted in Turkish by
Ercan and Yurdakos (39) without modification. In
the three-dimensional structure of the scale, the
“Discordant Communication Dimension” is measured
with a single item. The limitations of measuring
phenomena with a single item were highlighted
in several studies (40). Therefore, in this study,
the structural validity of the Healthcare Conflict
Scale was assessed using EFA and CFA. The findings
confirmed the structural validity of its unidimensional
structure. Based on these findings, the necessity for
further studies to establish the structural validity of
the Healthcare Conflict Scale has been emphasized.

According to the findings of this study, no
significant relationship was identified between
sociodemographic factors such as age, education,
profession, and department and job satisfaction.
Therefore, Hypothesis 1 was rejected. This finding
aligns with several studies in the literature (17-20).
However, there are studies in the literature indicating
that job satisfaction levels among healthcare
workers differ significantly based on gender (15, 16).

The findings of this study support those of (20),
which concluded that job satisfaction does not differ
significantly based on age and education variables.
However, contrary findings exist in the literature, with
studies identifying a relationship between age and job

Turk Hij Den Biyol Derg

satisfaction among healthcare workers (16, 21-23).
Similarly, other studies reported an association
between education level and job satisfaction among
healthcare workers (21, 24, 25). The findings of
this study align with those of Ashraf (20) and Yew,
et al. (27), which found no relationship between
healthcare workers’ years of experience and job
satisfaction. However, other studies, such as
those by Yu, et al. (26), reported a relationship
between years of experience and job satisfaction
among healthcare workers. The discrepancies
the
job
levels and sociodemographic characteristics may

in the literature regarding relationship

between healthcare workers’ satisfaction
stem from variations in the study populations.

Hypothesis 2 examined the relationship between
healthcare workers’ sociodemographic factors and
conflict levels. The findings of this study revealed
significant differences in conflict levels based on age
and years of experience. Specifically, the median
conflict score for the group aged under 30 years
was 17.0, rising to 21.0 in the 31-40 age group. The
difference between these two groups was found to
be statistically significant. Similarly, a significant
difference was observed in conflict levels based on
years of experience, particularly between those with
less than ten years and those with 11-20 years of
experience. These findings evaluated that middle-
aged healthcare workers in their active working
period had higher levels of healthcare service conflict.
It is considered that healthcare workers with less
working experience may have lower conflict levels
due to limited experience and authority, while older
healthcare workers may exhibit lower conflict levels
due to burnout or reduced expectations over time.

While conflict
education levels, this difference was not statistically

levels increased with higher
significant. Additionally, no significant differences
were identified in conflict levels based on gender,
profession, or work schedule. These findings are
consistent with the study by Akman and Yakut (28),
which identified a significant relationship between age



and conflict levels. However, they differed from the
studies by Meric (29) and Ozdemir and Ozdemir (30),
which reported no statistically significant differences
in conflict levels based on age or years of experience.
Furthermore, this study’s findings do not support
those of Ozdamar et al. (22), who found a relationship
between factors such as profession and gender and
exposure to violence as an outcome of conflict.

The findings of this study indicate a significant
difference between years of experience and conflict
levels. These results contrast with those of Ozdamar
et al. (22), which reported no relationship between
work hours and exposure to violence. However,
in a labor-intensive sector like healthcare, where
shift-based services are provided, the relationship
between years of experience and conflict levels
could be considered an expected outcome.

The study also found a statistically significant
but weak positive relationship between healthcare
workers’ job satisfaction levels and healthcare
It was determined that 0.3% of the

variance in job satisfaction could be explained by

conflict levels .
healthcare conflict levels . When comparing these
findings with the literature, they align with Jehn (36)
conclusion that high levels of conflict in institutional
settings negatively affect organizational efficiency
and satisfaction, whereas low levels of conflict in
institutions assigning tasks beyond routine duties
can be beneficial. Additionally, the findings support
Bastyr (3), who observed that low levels of conflict
have meaningful and positive outcomes on job
satisfaction and that conflict can positively influence
individual performance. Furthermore,Hussein and Al-
Mamary (5) stated that conflict facilitates changes in
leadership models, increases energy and motivation
for work success, and helps workers recognize
their strengths. The findings of this study are
consistent with those of Hussein and Al-Mamary (5).

The findings of this study differ from those of
other research. For instance, Jungst and Blumberg
(6) reported that workplace conflict reduces job
satisfaction. et al. (35) stated

Haji Matarsat,

that work-family conflict experienced by nurses
negatively impacts their health and job satisfaction.
Additionally, Monyei, et al. (7) identified workplace
conflict as a source of stress that undermines
organizational performance, while Bayar and Mete
(12) emphasized the negative impact of conflicts on
hospital staff’s job satisfaction and performance.

This study presents findings contrary to these
results, which is significant as it offers a new
perspective to the literature. The difference lies in
the conflict measured in this study, which specifically
focuses on conflicts experienced by healthcare
workers with patients and their relatives. This distinct
focus provides unique insights into the dynamics of
healthcare-related conflicts. High levels of conflict in
the workplace reduce the motivation of healthcare
workers and negatively impact the quality of patient
care. Therefore, conflict is closely related to
organizational commitment, job dissatisfaction, and
burnout among healthcare workers. While the adverse
effects of conflict are well-documented, this study
has summarized findings regarding these outcomes.

One significant result of this study is the finding
that low levels of conflict can positively affect
job

satisfaction. Managing workplace conflicts

experienced by healthcare workers through
effective interventions emerges as a critical
necessity at both institutional and individual

levels. Creating a healthier work environment that
considers the needs and expectations of workers
is believed to enhance employee satisfaction and
improve service quality in healthcare institutions.

In this study, data were collected using a
convenience sampling method from healthcare
workers employed at a tertiary hospital in Ankara,
limiting the generalizability of the findings. While
this study addresses mainly psychosocial factors to
explain the relationship between job satisfaction and
conflict, it does not extensively examine structural
and functional elements related to the work
environment and conditions. Future studies should

collect data from a larger and more representative
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sample across different geographical regions and

healthcare institutions. Furthermore, developing

the
relationship between job satisfaction and conflict

more comprehensive models to explain
and conducting intervention-focused studies could
provide valuable contributions to the literature.

In conclusion; conflicts are a natural occurrence
in the healthcare sector due to its labor-intensive
nature. However, effectively managing these
conflicts is crucial for maintaining efficient and
effective healthcare. This study examined the
relationship between conflict and job satisfaction in
healthcare institutions and the demographic factors
influencing this relationship. The findings revealed
no significant differences between sociodemographic
factors and job satisfaction. However, age and
years of experience were associated with conflict
levels. The differing results on these findings in the

literature highlight the need for further research.

ETHICS COMMITTEE APPROVAL

Additionally, a weak positive relationship was
identified between healthcare conflict levels and
job satisfaction among healthcare workers. This
finding suggests that low levels of healthcare
conflict might positively influence job satisfaction.
The scale used in this study specifically measures
how conflicts experienced by patients and their
relatives in healthcare are perceived from the
perspective of healthcare workers. This relationship
carry deeper significance when viewed as a systemic
critique by healthcare workers. However, further
research is

necessary considering the study’s

limitations and weak statistical relationship.

The study draws attention to the potential of
low-level conflicts to enhance job satisfaction.

It is recommended that managers develop
new strategies for conflict management and
that future studies support these findings.
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ABSTRACT

Efflux systems are transport proteins that are
crucial for bacteria in maintaining their internal
environment and ensuring survival. Efflux pumps
extrude a lots of harmful substrate that endogenous
and exogenous from bacteria to the environment.
These systems have gained considerable attention
due to their role in drug resistance mechanisms,
which has significant implications of infection
disease. This review provides the main characteristics
of efflux pumps in bacteria, including the structure
of pumps and provides also a perspective to efflux
pump inhibitors that nacavt antibiotic resistance.
Efflux pump strongly related to biofilm infection
and necessary to deliver quorum sensing signal
molecules. Understanding the structure and function
of efflux systems may provide valuable insights into
the development of novel therapeutics for infectious
diseases and combating drug resistance in bacteria.
The rise of multidrug-resistant bacteria poses a
serious threat to global public health. International
authorities, such as the World Health Organization
(WHO), recognize the urgent need for effective

treatments against these resistant strains. With the

OZET

Eflux sistemleri, bakteriler icin i¢c ortamlarinm
korumada ve hayatta kalmalarim saglamada cok onemli
olan tasima proteinleridir. Eflux pompalan, bakterilerden
cevreye endojen ve eksojen bircok zararli substrati atar.
Bu sistemler, enfeksiyon hastaliginda onemli etkileri
olan ila¢ direnci mekanizmalarindaki rolleri nedeniyle
biiyik ilgi gormustur. Bu derlemede, eflux pompalarinin
bakterilerdeki temel ozelliklerinin, pompalarin yapisini
ve antibiyotik direncini ortadan kaldiran eflux pompasi
inhibitorlerine bir bakis agis1 sunmasi amagclanmistir.
Eflux pompasi, biyofilm enfeksiyonu ile glicli bir sekilde
iliskilidir ve quorum sensing (cevreyi algilama sistemi)
molekiillerini iletmek icin gereklidir. Eflux sistemlerinin
yapisini ve islevini anlamak, bulasici hastaliklar icin yeni
terapotiklerin gelistirilmesi ve bakterilerde ila¢ direnciyle
micadele konusunda degerli bilgiler saglayabilir. Yakin
zamanda hizla artan coklu ilaca direncli bakterilere
kars1 etkili mevcut antibiyotiklerin yeterli olmayacagi
ve bu etkenlerle enfekte hastalara etkili bir tedavi
sunulamayabilecegi konusu Diinya Saglik Orgiitii (DSO) gibi
uluslararasi otoritelerin de giindeminde bulunmaktadir.
Diinya Saglik Orgiitii beklenmekte olan bu felaketi

onlemek adina bir taraftan yeni antibiyotiklerin kesfi
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potential exhaustion of current antibiotics, the WHO
is leading multidisciplinary efforts to discover new
antibiotics and increase the efficacy of existing ones.
Efflux pump inhibitors have emerged as a promising
approach to combat resistant bacteria by enhancing
While
toxicity issues have hindered the clinical use of many

the effectiveness of existing antibiotics.

efflux pump inhibitors, new strategies such as the
discovery of novel agents or the use of bacteriophages
show potential to overcome these obstacles. The
main is to provide an overview of current approaches
in efflux pump inhibitors to provide a solution to the

treatment of multidrug resistant bacterial infections.

Anahtar Kelimeler: Efflux-mediated resistance,

efflux pump inhibitors, antibiotic resistance, biofilm

konusunda diger taraftan eldeki antibiyotiklerin etkinligini
arttirmak konusunda c¢ok disiplinli olarak calismalar
ylriitmektedir. Bu baglamda eflux pompa inhibitorleri
mevcut antimikrobiyallerin etkinligini arttirarak coklu
ilaca direncli bakterilerin tedavisinde yeni yaklasimlar
sunmaktadir. Gilinimiize kadar tanimlanmis cok sayida
eflux pompa inhibitor adayr toksisite problemleri
nedeniyle heniiz klinik kullanima giremese de yeni eflux
pompa inhibitorii ajanlarninin kesfi veya bakteriyofajlarin
eflux pompa inhibitorli ajan1 olarak kullamm gibi
yaklasimlar gelecekte belki de secici toksik etkinin
saglanmasi yoluyla engel teskil eden toksisite probleminin
asilmasini  saglayabilecektir. Bu derleme coklu ilaca
direncli bakterileri enfeksiyonlarinin tedavisine bir cozim
sunabilmek adina eflux pompa inhibitorlerinde giincel

yaklasimlara bir bakis sunulmaktadir.

Key Words: Eflux pompasi aracili direng, eflux

pompa inhibitorleri, antibiyotik direnci, biyofilm

INTRODUCTION

Multidrug (MDR)
significant challenge to the current healthcare

resistant bacteria pose a
system as they are one of the most pressing threats
to public health (1).
commonly associated with nosocomial infections,

Typically, MDR bacteria are

but the emergence of some MDR strains as prevalent
causes of community-acquired infections is a crucial
development that has significant implications (2).
The expansion of MDR bacteria into the community
is linked to elevated levels of morbidity, mortality,
healthcare costs and antibiotic use, underscoring the
urgency of addressing this issue. The rise of antibiotic
resistance poses a serious threat to public health
globally. There are growing concerns that the efficacy
of current antibiotics will diminish rapidly making it
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challenging to prevent, treat infections and rendering
classical infections one of the leading causes of
mortality. Bacteria have evolved a multitude of
strategies to evade the effects of antibiotics, which
encompass diverse mechanisms such as chemical
alterations, enzymatic inactivation of antibiotics,
modification of the antibiotic’s target site, modulation
of intracellular antibiotic concentrations via changes
in membrane permeability or upregulation of efflux
pumps (EP) (3). EP, which are pump proteins located
in the all eukaryotic and prokaryotic cell membrane,
are responsible for the excretion of various substances
that include exogenous and endogenous out of the
cell. Siderephores, quorum sensing (QS) related
compounds and toxic metabolites are among the
endogenous substances excreted by EP; exogenous
substances include antibiotics and pollutants such



as heavy metals and solvents. Efflux pumps can be
found in different types of Gram positive (GP) and
Gram negative (GN) bacteria. EP, can use a single
substance or several different substances as their
substrate. This means that bacteria can be protected
from the effects of many different chemicals such
as disinfectants, dyes, biocides, antiseptic agents,
as well as antibiotics, by means of efflux pumps (4).
These pumps are mainly chromosomally encoded,
exhibiting a highly conserved arrangement (5). To
solve the antibiotic resistance problem researchers
have explore various approaches, such as the
development of antibiotic analogues, the use of
adjuvants in combination with antibiotics, the use
of multidrug EP inhibitors as alternative therapeutic
agents which hold the potential to re-sensitize
bacteria to antibiotics. The emergence of antibiotic-
resistant bacteria is a complex issue resulting from
various factors such as the inappropriate use of
antibiotics in humans and animals, the lack of new
antibiotics and the failure to implement effective
infection control measures. Given the limited options
for the development of new antibiotics, it is critical
to address this problem urgently by promoting
rational use of existing antibiotics and implementing
measures to prevent the spread of antibiotic-resistant
bacteria (6).

EP Family: Their Structure and Regulation

EP systems are a major contributor to multidrug
resistance in microorganisms and cancer cells. These
pump systems are broadly categorized into two types:
prokaryotic and eukaryotic efflux pumps. Prokaryotic
efflux pumps function primarily in bacteria, while
eukaryotic efflux pumps are responsible for drug
resistance in fungi, protozoa and cancer cells.
However, the division between these two categories
is not clear-cut, as some pumps mediate resistance in
both prokaryotic and eukaryotic cells. It is imperative
to understand the mechanisms of EPs to develop
effective strategies for combating drug resistance in
various organisms (7). Prokaryotic efflux pump proteins

play a critical role in the bacterial cell membrane by
regulating the transport of toxic substances from the
internal to the external cell environment. These non-
specific systems are capable of identifying and expelling
diverse compounds, including antibacterial agents and
structurally unrelated chemicals, without modifying or
degrading the drug. By extruding antimicrobial agents
from the cell, efflux pumps reduce the intracellular
concentration of antibiotics, which can lead to a
decrease in the bactericidal effect of antibiotics and
prolonged bacterial survival. This extended survival
period can facilitate the accumulation of spontaneous
mutations on target proteins, eventually leading to
drug resistance. The six superfamilies of efflux pumps
are classified based on their structural features and
energy requirements, including ATP binding cassette
(ABC); (SMR);
facilitator superfamily (MFC); multidrug and toxin

small multidrug resistance major
extrusion (MATE); resistance-nodulation division (RND)
and proteobacterial antimicrobial compound efflux
(PACE) family (3, 8). The ABC superfamily harnesses
the energy from ATP hydrolysis to drive the extrusion
of substrates across cellular membranes. Its signature
ATP-binding domains and transmembrane regions
contribute to a well-defined structure essential for its
pump function. In contrast, the SMR superfamily relies
on proton motive force for substrate efflux, featuring
four transmembrane helices that facilitate substrate
transport. The MFS employs a diverse array of substrate-
specific transporters, utilizing the electrochemical
gradient to facilitate efflux. Another superfamily MATE
utilizes ion gradients, particularly protons, for the
extrusion of diverse substrates. The RND superfamily,
predominantly found in GN bacteria, plays a pivotal
role in antibiotic resistance through a tripartite
structure involving inner and outer membranes and
a periplasmic linker protein. Lastly, the PACE family
is recognized for its involvement in resistance to
antimicrobial compounds, employing diverse energy
sources for efflux. Some antibioticsexcreted by efflux
pumps are mentioned in Table 1.
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Table 1. Families of EPs in bacteria and their associated drug substrates (9)

The Family of EP

Extruded Drug

ABC superfamily

Numerous drugs

Gram positive MFS family Acriflavine, benzalkonium, cetrimide, chlorhexidine, pentamidine
bacteria MATE family Aminoglycosides, fluoroquinolones, cationic drugs

SMR family Acriflavine, benzalkonium, cetrimide

RND family Numerous drugs

Gram negative

ABC superfamil
bacteria P o

Numerous drugs

MFS family

Nalidixic acid, novobiocin

The EPs’
characteristic that ranges from narrow to wide,

substrate specificity is a variable

depending on the pump type. For instance,
tetracycline pumps exhibit a limited substrate range,
while multidrug resistance efflux pumps can transport
a broad range of substrates (9). The regulation of
multidrug efflux pumps involves the participation of
numerous transcriptional regulators or modulators,
which are essential for controlling the expression of
these drug EPs through complex pathways (10). It is
well-established that mutational changes, exposure
to antibiotics, diverse compounds or modulators can
significantly alter the expression of efflux pumps,
thereby impacting the efficacy of antimicrobial
agents (5).

Efflux pumps require energy to transport
The

transport of substrates against their concentration

drugs against the concentration gradient.

gradient through efflux pumps necessitates energy
expenditure, thus rendering efflux pumps reliant on
energy sources. Two broad categories of efflux pumps
are recognized based on the energy source utilized in
their mechanism. Primary efflux pumps obtain their
energy through the active hydrolysis of ATP, whereas
secondary efflux pumps utilize the chemical gradient
established by protons or ions such as sodium to
derive energy (11). Efflux pump proteins are arranged
in a way that provides a detailed understanding of
the structure and mechanism of substrate transport.
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Mutations in the promoter site or regulatory proteins
can lead to the overexpression of these pumps,
resulting in antibiotic resistance (12). The emergence
of drug resistance in GN bacteria primarily has been
linked to the cytoplasmic membrane located efflux
transporters, which function to expel drugs out of the
bacterial cell. The efflux pumps found in GN bacteria
exhibit a greater level of complexity due to their
multi-layered cell envelop. Specifically, GN bacteria
possess both inner and outer membranes that are
separated by the periplasmic space, thus forming a
tripartite protein channel that facilitates drug efflux.
Among the various efflux pumps in GN bacteria, the
RND family efflux pumps have a tripartite organization
and are recognized as the primary contributors to
intrinsic antibiotic resistance (11). Monopart efflux
proteins have the ability to transport the antibiotic
from the cytoplasm into the periplasmic space. These
efflux proteins are characterized by their limited
range of substrates they can recognize, making
them narrow-spectrum in nature. Otherwise, three-
part efflux systems are responsible for transferring
the antibiotic from the cytoplasm to the external
environment. This type of efflux system is capable
of recognizing a broad spectrum of substrates, which
in turn, leads to the development of multidrug
resistance. Efflux pumps for GN and GP bacteria
are shown in Figure 1. In summary, monopart efflux
proteins and three-part efflux systems have distinct



modes of action in expelling antibiotics from bacterial
cells, with the latter being associated with a higher
potential for multidrug resistance.

EPIs can be categorized based on their origin. The
first category is plant-derived EPIs, which are further
divided into subclasses: plant alkaloids, phenolic
diterpenes, flavonoids, and polyphenols. The second
category is EPIs of synthetic origin, which are further
divided into subclasses: peptidomimetic compounds,

arylpiperidines and arylpiperazine derivatives,
pyridopyrimidine and pyranopyridine derivatives, and
quinoline derivatives. Finally, the third category is
EPIs derived from microorganism. As an example of
this category Streptomyces spp., with compounds like
EA-371a and EA-371d being recognized as definitive
inhibitors of the MexAB-OprM pump in Pseudomonas

aeruginosa (10).

Gram Positive Bacteria

Gram Negative Bacteria

Figure 1. Efflux pump Gram positive and Gram negative bacteria

Antibiotic Resistance and Its Mechanisms

Efflux pumps are an essential component of
bacterial physiology, as they facilitate the efflux
of various compounds from bacterial cells. These
pumps play a crucial role in the development of
antibiotic resistance, as they can extrude antibiotics
from bacterial cells, making the bacteria resistant
Overexpressed EP cause
acquired resistance in bacteria. This is due to the

to these antibiotics.

ability of efflux pumps to expel antibiotics from the
bacterial cell, thereby reducing the efficacy of these
antimicrobial agents. Efflux pumps play a significant
role in both resistance and virulence. Efflux pumps
have been shown to enhance the virulence properties

of bacteria directly or indirectly. For example,
efflux pumps can facilitate the secretion of toxins
and other virulence factors and necessary to form
biofilm formation. Efflux pumps present in bacterial
pathogens play a crucial role in the development of
antibiotic resistance, as they demonstrate a range
of functions in intrinsic, acquired, and phenotypic
resistance mechanisms (5). The development of
potential pump inhibitors has become an interesting
research area in the fight against resistance. The use
of pump inhibitors in combination with traditional
antibiotics has the potential to prevent efflux-induced
resistance or to re-sensitize resistant bacteria to the
antimicrobial agents (13).
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EPIs are a class of compounds that can inhibit
the function of efflux pumps, thereby reducing the
ability of bacteria to resist antibiotics. EPIs work by
binding to efflux pumps and blocking their ability
to pump out antibiotics. EPIs allowing antibiotics
to remain within bacterial cells and effectively kill
the bacteria. Studies have shown that the use of
EPIs can enhance the effectiveness of antibiotics
against drug-resistant bacterial infections. However,
the development of effective EPIs that are safe for

human use remains a significant challenge in the
field. Figure 2 presents the re-sensitization of drug-
resistant bacteria. After the administration of drug-
EPI therapy antimicrobial resistance change from
resistant to sensitive. However, this observation is
valid if there is only efflux pump resistance except
all resistance mechanism. Presence of additional
resistance mechanisms may prevent re-sensitization

of resistant bacteria.

Figure 2. EP and drug resistant bacteria (l), EPI and to re-sensitized bacteria from drug resistant bacteria (Il)

Efflux pump-inhibitors (EPI) are a type of antibiotic
adjuvant that do not exhibit direct antimicrobial
effects on their own, but rather enhance the activity
of antibiotics when used in combination. By blocking
the function of efflux pumps, EPIs can increase the
intracellular concentration of antibiotics, which
leads to improved efficacy against multidrug-
resistant bacteria. One of the key advantages of
using EPIs is their ability to restore the sensitivity of
antibiotics that have become ineffective due to the
overexpression of efflux pumps (14). Secondly, these
pumps are thought to maintain low intracellular
antibiotic concentrations, thereby promoting the
In addition to their
ability to enhance antibiotic activity, EPIs can also

accumulation of mutations (15).

extend the lifespan of antibiotics by reducing the
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development of resistance in bacterial populations.
The use of EPIs represents a promising strategy
for combating antibiotic resistance, as it provides
a means of improving the efficacy of existing
antibiotics without requiring the development of
new drugs. Thirdly EPI supports the formation of
ant-biofilm activity.

Ideal EPIs should be capable of restoring the
activity of an antimicrobial against both intrinsic
and acquired resistance. Furthermore, they have a
broad range of activity against GP and GN bacterial
pumps to ensure its effectiveness against a wide
Additionally,
adverse effects, they should not interfere with the

range of pathogens. to minimize

physiological efflux pumps, which are essential for
the normal functioning of the cell. Thus, efficient



EPIs should meet these criteria to be a promising

candidate for combating multidrug-resistant
pathogens (7).

Multiple studies have demonstrated that the use
of EPI results in a reduction of the minimum inhibitory
concentration (MIC) values of antibiotics. The study
found that the MIC values of various anti-tuberculosis
agents, namely ciprofloxacin; levofloxacin; ofloxacin;
moxifloxacin, were decreased when combined with
certain antibiotics and EPI such as CCCP (carbonyl
cyanide m-chlorophenyl hydrazone), reserpine and
The addition of EPI inhibitors to

tuberculosis treatment is hypothesized to induce an

verapamil (16).

increaseinkilling, whichis attributed to the inhibition
of macrophage calcium transporters. This inhibition
results in phagolysosome acidification and activates
the hydrolases necessary for the subsequent killing
of intracellular Mycobacterium tuberculosis (17).
Verapamil, an EPI, when administered concurrently
with tuberculosis treatment, has been observed
to enhance both the bactericidal and sterilization
effects of standard tuberculosis treatment in an
animal model (18).

Antibiotic persistence, a phenomenon in which a
small subpopulation of bacterial cells survive lethal
antibiotic treatment, has been a topic of interest in
the field of microbiology. Recent studies have shown
that persisters accumulate fewer antibiotics as a
result of increased efflux rates, which is attributed
to higher expression of efflux-associated genes.
Specifically, high expression of the AcrAB-trimeric
outer membrane channel (TolC) gene has been
found to be critical in promoting persister formation
(19, 20). Persisters are able to survive antibiotic
attack by combining active efflux with passive
dormancy, allowing them to evade the effects of the
antibiotic and subsequently resume growth once the
antibiotic is removed. These findings shed light on
the mechanisms behind antibiotic persistence and
may lead to the development of novel strategies for
combating persistent infections (20).

EPIs have demonstrated potential as adjuvants

to conventional antimicrobial agents, effectively

reversing multi-drug resistance in pathogenic
bacteria. Such a combination therapy has been
shown to increase the efficacy of antibiotics against
resistant strains, making them susceptible to
multiple classes of antibiotic agents. Despite the
availability of numerous potential EPIs described in
the literature, significant challenges related to their
using as therapeutic compounds, such as toxicity
and limited efficacy (21).

The EPI as a candidate, must fulfill the subsequent
requirements:

° Ability to effectively inhibit efflux pumps:
The primary function of an EPI is to inhibit the
function of efflux pumps, so a candidate should
demonstrate a high level of potency in this regard.

° Synergy with antibiotics: An effective
EPlI candidate should be able to enhance the
activity of one or more antibiotics when used in
combination, resulting in a significant improvement
in antimicrobial efficacy.

° Low toxicity and side effects: Since EPIs
are administered in combination with antibiotics,
they should have a low risk of toxicity and side
effects when used in humans. The neurotoxicity of
certain EPIs, such as reserpine, has been noted at
the concentrations employed for bacterial infection
management, as will be elucidated subsequently.
The toxicity of certain EPIs can be attributed to
their serotonin-agonist properties.
ideal EPI

candidate should be effective against a wide range

° Broad-spectrum activity: The

of GP and GN bacteria, as well as against different
classes of antibiotics.

° Low potential for resistance development:
An EPI should not promote the development of
resistance in bacterial populations, as this would
undermine its ability to restore antibiotic sensitivity.

e  Ability to penetrate bacterial cells: An EPI
must be able to effectively penetrate bacterial cells
to inhibit the function of efflux pumps and enhance
antibiotic activity.
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Ideal EPI
particularly in

should be
resource-limited

° Cost-effectiveness:
cost-effective,
settings where the burden of antibiotic resistance is
high (22).

There exist limitations in the use of multi-drug
flow pumps for the administration of antimicrobial
agents in combination therapies. The incorporation
of EPIs for the management of antibiotic resistance
introduces an additional layer of complexity,
given their potential for adverse interactions with
co-administered antimicrobial agents. A notable
example of such limitations is the fatal outcome
observed upon co-administration of verapamil and
clarithromycin, which resulted in renal dysfunction,
hypotension (23).

Over the past two decades, a substantial
number of inhibitors have been uncovered and
patented. Despite this, the discovery, testing, and
commercialization process remains notably sluggish.
Among the notable inhibitors are energy decouplers,
phenothiazines, analogs of widely used antibiotics,
and inhibitors of serotonin re-uptake (24).

The Significance of EPI
Resistant Pathogens

in Combating Drug-

The emergence of multidrug-resistant bacterial
infections has become a major public health concern
worldwide. The escalation of antibiotic-resistant
bacterial infections has emerged as a critical and
pressing issue within contemporary global health
contexts. Among these infectious agents, the ESKAPE
(Enterococcus faecium, Staphylococcus
Klebsiella pneumoniae, Acinetobacter baumannii,

aureus,

Pseudomonas aeruginosa, Enterobacter spp. and
Escherichia coli) pathogen group has been identified
as a primary contributor to this growing concern.
Among the various multidrug-resistant pathogens,
the ESKAPE group has been identified as the leading
cause of these infections. Efflux pump have been
found to be one of the most critical mechanisms
for the evolution of multidrug resistance in ESKAPE

pathogens. In this regard, upregulation of efflux
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pump expression represents a major mechanism
employed by these pathogens to attain and sustain
antibiotic resistance (21).

The WHO classifies pathogens into three priority
tiers based on their degree of resistance to drugs.
Among these, GN bacteria are of significant concern,
given their high incidence of infections that exhibit
resistance to multiple antibiotics. Table 2 presented
that WHO priority pathogens list. In some cases,
these strains demonstrate pan-resistance facilitated
by the expression of resistance-nodulation-division
(RND) superfamily efflux pumps, which are commonly
found in GN bacteria. To counteract the problem of
antibiotic resistance, the use of EPIs as adjuvants
has emerged as a crucial strategy for restoring the
effectiveness of antibiotics against drug-resistant
GN bacteria (26).

EPIs assume paramount importance in addressing
the antibiotic resistance exhibited by ESKAPE
pathogens, as these inhibitors have the potential
to enhance the efficacy of existing antibiotics.
By selectively targeting and inhibiting efflux
pumps, EPIs offer a strategic means to counteract
the multidrug resistance mechanisms employed
by ESKAPE pathogens,
therapeutic potential of antibiotics and mitigating

thereby revitalizing the

the challenges posed by these elusive and clinically
significant pathogens.

Types of Resistance

In the absence of efflux pump expression,
susceptibility to antimicrobial agents is generally
observed. However, other additional resistance
mechanisms may also contribute to resistance
in the organism. Therefore, it is important to
consider the presence of such mechanisms when
evaluating susceptibility to antimicrobial agents
in microorganisms. The absence of efflux pump
expression alone may not be sufficient to confirm
susceptibility if
mechanisms are present in the organism. Efflux-

other additional resistance

mediated antibiotic resistance can be two types:



Tablo 2. WHO priority pathogens list (24)

WHO Priority Pathogens List for Research - Development of New Antibiotics

Acinetobacter baumannii, carbapenem-resistant

Priority 1: Critical

Pseudomonas aeruginosa, carbapenem-resistant

Enterobacteriaceae spp., carbapenem-resistant, ESBL-producing

Enterococcus faecium, vancomycin-resistant
Staphylococcus aureus, methicillin-resistant, vancomycin-intermediate and resistant

Priority 2: High

Helicobacter pylori, clarithromycin-resistant

Campylobacter spp., fluoroquinolone-resistant
Salmonellae spp., fluoroquinolone-resistant
Neisseria gonorrhoeae, cephalosporin-resistant, fluoroquinolone-resistant

Streptococcus pneumoniae, penicillin-non-susceptible

Priority 3: Medium

Haemophilus influenzae, ampicillin-resistant

Shigella spp., fluoroquinolone-resistant

intrinsic and acquired (5). Intrinsic resistance is the
inherent ability of an organism to resist the effect of
an antibiotic, while acquired resistance is defined as
the alteration in the genetic material of an organism.
Intrinsic resistance is characterized by the presence
of efflux pumps that are expressed at basal levels,
such as MexAB-OprN in Pseudomonas aeruginosa
or TolC in E. coli. Acquired resistance is related to
increased expression of efflux pump genes, which can
be caused by mutations of the regulatory proteins.
Phenotypic resistance is another type of acquired
resistance where the expression of efflux pumps can
be activated by specific inducers. It is possible to
downregulate the expression of efflux pump genes
by using transcriptional repressors. Understanding
the different types of antibiotic resistance is crucial

in developing effective strategies to combat the
growing problem of antibiotic resistance (10).

The findings presented in Figure 3 reveal a
positive correlation between the level of antibiotic
resistance and the degree of efflux pump expression.
Efflux pumps play a crucial role in antibiotic
resistance through three distinct mechanisms.
Firstly, basal expression of efflux pumps such as
coli AcrAB-TolC,
contribute to the inherent antimicrobial resistance

P. aeruginosa MexAB-OprN or E.

of these bacteria. Secondly, acquired resistance that
is stable may arise due to mutations in regulatory
proteins resulting in the de-repression of efflux
pump expression. Lastly, the presence of specific
inducers can trigger the expression of efflux pumps,
leading to transient phenotypic resistance (5).
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Figure 3. Efflux mediated antibiotic resistance profiles are presented in the figure.

Sensitivity of the bacteria: lack of efflux pump expression (l); intrinsic resistance: efflux pump expression at basal level (ll);
phenotypic resistance: triggered expression of efflux pump by inducer molecules (lll); acquired resistance: de-repression of
efflux pump expression as a result of mutations in regulatory proteins (IV).

The Mechanism of Efflux Pump Inhibitors as
Novel Therapeutic Agents: Current Developments

and Future Prospects

Efflux pump inhibition is considered to be a
potentially highly efficacious strategy in combating
resistance, which consequently ensures the sustained
provision of the therapeutic benefits associated
with existing antibiotics in the context of treatment
(4). Targeting efflux pumps is a promising strategy
(28). There
are several distinct approaches to achieve the

for combating antibiotic resistance

abolishment of efflux pumps, including:

1. Downregulating the expression of efflux
pump genes: This can be done by interfering with
genetic regulation, for example, by using small
interfering RNA (siRNA) or antisense oligonucleotides
(ASOs) to target the efflux pump genes and reduce
their expression (29). SiRNAs, which are composed
of 21-23 base pairs (bp), have demonstrated their
effectiveness as exogenous agents in manipulating
gene expression in cultured cell- and animal-based
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systems experimentally. Additionally, siRNAs exhibit
high stability and low toxicity, further enhancing
their potential as therapeutic agents. The efficacy
of siRNAs was determined in a murine model of
chronic P aeruginosa lung infection. Specifically,
the research elucidates that MexB-siRNAs effectively
downregulated both mRNA expression and activity of
P. aeruginosa in vitro. In vivo, the siRNA intervention
demonstrated significant efficacy in reducing the
bacterial load and mitigating the P aeruginosa-
induced pathological changes in the chronic lung
infection model. These findings suggest that siRNAs
targeting MexB could serve as a promising therapeutic
approach for chronic P aeruginosa lung infection
(30).

2. Redesigning antibiotics that are no longer
recognized as substrates: This can be achieved by
modifying the chemical structure of antibiotics to
make them less susceptible to efflux pumps, which
can increase their effectiveness against resistant
bacteria. The current understanding regarding efflux
pumps is that they exhibit variable sensitivity to agents



within the same antibiotic group and the underlying
mechanism remains incompletely elucidated. Notably,
the efflux of new generation agents is recognized at
lower rates by efflux pumps relative to their older
counterparts, thereby facilitating their evasion. For
instance, 3rd and 4th generation quinolones are less
prone to efflux compared to 1st and 2nd generation
quinolones, ketolides relative to macrolides, and
glycylcyclines with respect to tetracyclines. These
findings suggest that an appreciation of resistance
mechanisms should be integrated into the design
of novel antibiotics targeting existing groups of
antibiotics (31).

3. Inhibiting the assembly of functional efflux
pumps: This can be done by targeting the proteins
involved in the assembly of efflux pumps, such as
chaperones, to prevent the formation of functional
pumps.

4.  Blocking the Pump: A Strategy for Inhibiting
Substrate Binding to the Active Site: This can be

achieved by designing inhibitors that target the efflux
pump’s active site, preventing the pump from binding
to antibiotics and pumping them out of the cell.

5.  Collapsing the energy mechanism responsible
for energizing these pumps: This can be achieved by
targeting the proton motive force that drives the
efflux pump, for example, by using inhibitors of the
ATP synthase, which can lead to the collapse of the
energy mechanism and the inhibition of efflux pump
activity (24).

6. Competitive or non-competitive pump
inhibitors can effectively hide the antibiotic that
possesses the efficacy from the pump. This approach
has been proposed as a potential solution to combat
antibiotic resistance, which has become a major
global health concern. By using pump inhibitors, it may
be possible to prevent the efflux of antibiotics from
bacterial cells, thereby increasing their concentration
and effectiveness (32). Figure 4 presented that some

inhibition strategies for efflux pump.

Figure 4. Inhibition strategies for EPs in bacterial cells to combat antimicrobial resistance: (Suppressed EP Gene Expres-
sion a), Disruption of Pump Assembly b), Altered Drug Structure c) and the application of competitive and non-competitive

inhibitors with drugs.)
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Ethidium bromide (EtBr) is a well-established
substrate for assessing the activity of efflux pumps.
EPIs have been developed as a potential strategy to
restore the activity of antimicrobial agents against
drug-resistant pathogens. EtBr is a fluorescent dye
that is commonly used to estimate the potency of
EPIs in vitro. EtBr is a substrate of efflux pumps and
its accumulation within bacterial cells is inversely
proportional to the activity of efflux pumps. In the
presence of an EPIl, the accumulation of EtBr is
expected to increase, resulting in higher fluorescence
intensity compared to the control without EPI
(33). The potency of an EPI can be estimated by
measuring the concentration at which it achieves 50%
inhibition of efflux pump activity, known as the half-
maximal inhibitory concentration (IC50). The use of
EtBr as a marker for efflux pump activity is a well-
established method for evaluating the potency of
EPIs and is widely used in the field of antimicrobial
drug discovery. However, it is important to note that
in vitro results may not always translate to in vivo
efficacy and additional studies are needed to validate
the activity of EPIs in animal models and clinical
trials (34).

The Role of Efflux Systems in Modulating Bacterial
Virulence

It is widely believed that a symbiotic connection
exists between the expression of efflux pumps and
the formation of biofilms (35). Multiple investigations
conducted on pathogenic organisms, have revealed a
marked rise in the biofilm-producing ability of strains
exhibiting specific pump protein genes. Conversely,
a decrease in biofilm formation has been noted in
mutants that lack the genes responsible for encoding
such proteins (36).

According to several investigations, efflux
pumps can perform four distinct functions in biofilm
formation. First, they can transport extracellular
polymeric substances (EPSs) and/or QS molecules
to aid in biofilm matrix formation and regulate QS,

respectively. Second, they can indirectly regulate
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genes involved in biofilm formation. Third, they
can expel harmful molecules, such as antibiotics
and metabolic intermediates that could potentially
damage or inhibit biofilm growth. Finally, efflux
pumps can influence aggregation by promoting or
preventing adhesion to surfaces and other cells.

The growth of microorganisms in the deep
layers of biofilms is markedly inhibited due to their
exposure to limited oxygen and nutrient availability,
enabling them to evade the effects of antimicrobial
agents. Inter-bacterial signaling pathways modulate
the biofilm’s physiology, facilitating the expression
of efflux pumps by bacteria. Persister cells exhibit
a dormancy-like state in the presence of antibiotics,
whereby they evade cell death, but upon the cessation
of drug exposure or stress response, they revert
to a proliferative state, forming normal bacterial
colonies (37). Due to the recurrence of biofilm
infections and the difficulties in their treatment, new
treatment approaches for biofilm removal are being
investigated. QS signal is a critical step in the process
of biofilm formation. The QS signal can upregulate
the efflux pumps of the cell. Upregulate efflux pumps
are responsible for the effective effect of the QS
signal. There is a mutual relationship between efflux
pumps and QS that feeds each other. Considering
efflux pumps as a door, QS is one of the signaling
molecule that can upregulate or downregulate these
doors. In this case, EPI acts as a key that locks these
open doors. EPIs provide bilateral therapeutic benefit
by preventing both antibiotic resistance development
and biofilm formation.

Recent studies have demonstrated that certain
EPIs have the ability to inhibit biofilm formation due
to their anti-biofilm activity. This finding highlights
the potential of EPIs as agents that can be used in
combination with antibiotics to overcome antibiotic
resistance. However, despite the potential of EPlIs,
only MP-601205, has been tested in clinical trials.
The phase 1b trial of MP-601205 in cystic fibrosis
patients was eventually discontinued due to toxicity-
related issues. The high doses required for EPIs to



be effective are the main reason for their toxicity,
thus restricting their systemic use. Nonetheless,
EPIs could be locally applied to medical devices such
as catheters to prevent biofilm formation and the
emergence of antibiotic-resistant pathogens (38).

Future Perspectives

Bacteriophages are viruses that infect bacteria by
recognizing specific receptor binding proteins (RBPs)
on the bacterial cell surface. These RBPs can include
efflux pump proteins, which are capable of expelling
a wide range of molecules from the bacterial cell. The
recognition of these efflux pump proteins by multiple
phages suggests that they may play an important
role in bacterial defense against viral infection (39).
The process of phage infection is initiated by the
binding of viral tail fibers to particular receptors on
the bacterial cell wall, such as lipopolysaccharide,
teichoic acid, pili, outer membrane proteins, efflux
pumps, and polysaccharide, which leads to irreversible
attachment. This strict receptor specificity results in
the specificity of phages against their bacterial hosts
(40). When the phage binds to the EP irreversibly, the
EP undergoes modification and loses its residual drug
efflux function. The investigation of bacteriophages
that are specifically designed to target bacterial
efflux systems represents a critical area of research,
as it holds considerable potential for the discovery
of novel EPIs. To develop new phage therapies and
manage bacterial infections, it is necessary to
understand how phages recognize their bacterial
hosts, including the role of efflux pump protein.

CONCLUSION

Efflux-mediated resistance has become prevalent
in clinical settings and is of significant concern,
especially for antibiotics that exhibit resistance to
Efflux-mediated
MDR is a major challenge in the development

specific resistance mechanisms.

of effective antibacterial agents. One potential
strategy to address the challenge of antimicrobial
resistance is to employ EPIs in combination with

traditional approaches such as the discovery of novel
antimicrobial agents or the modification of existing
ones to minimize efflux susceptibility. By targeting
EPs, EPIs have the potential to increase the efficacy
of existing antibiotics and restore susceptibility to
previously resistant bacterial strains. This approach
may enhance the efficacy of existing antimicrobials
by reducing their expulsion from bacterial cells and
increase the likelihood of successful treatment of
resistant infections. Therefore, the use of EPIs in
conjunction with conventional methods represents a
promising avenue for combating antibiotic resistance
and improving the efficacy of antibacterial therapies.

Preliminary findings have shown that the EPI
approach can bring about multifaceted benefits in
combating drug resistance and biofilm infection that
related efflux pump. Specifically, the use of EPI is
anticipated to reduce intrinsic resistance, broaden
the spectrum of activity of antibiotics to previously
non-susceptible bacterial species, reverse acquired
resistance, and importantly, decrease the incidence
of resistant strains emergence.

Most important characteristic of an ideal EPI
would be the ability to provide selective toxic
effect, targeting bacterial efflux pumps while sparing
mammalian efflux pumps. It has been demonstrated
that EPIs are capable of inhibiting a broad range of
bacterial efflux pumps from different superfamilies,
however, it is crucial that their mechanism of action
does not lead to any adverse effects on mammalian
cells by avoiding targeting mammalian efflux pumps.
The utilization of efflux inhibitors is intrinsically
linked to a pre-existing medication, given that such
inhibitors typically function by augmenting the
intracellular concentration of antibiotics rather than
directly inhibiting bacterial growth. As a consequence,
the combined use of these inhibitors and antibiotics
presents a considerable challenge with regards to the
compatibility of their pharmacokinetic properties
(41).

The development of EPIs requires consideration
of multiple factors, such as the physiochemical
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structure of efflux pumps, their overexpression in
bacteria, their poly-specificity properties, bacterial
adaptation to toxic substrates, the mechanisms of

CONFLICT OF INTEREST

The authors declare no conflict of interest.

REFERENCES

1. Schindler BD, Jacinto P, Kaatz GW. Inhibition
of drug efflux pumps in Staphylococcus
aureus: current status of potentiating existing
antibiotics. Future Microbiol, 2013;8(4):491-
507.

2. Chung PY. The emerging problems of Klebsiella
pneumoniae infections: carbapenem resistance
and biofilm formation. FEMS Microbiol Lett,
2016;363(20).

3. Kumar G, Kiran Tudu A. Tackling multidrug-
resistant Staphylococcus aureus by natural
products and their analogues acting as NorA
efflux pump inhibitors. Bioorg Med Chem, 2023
15; 80:117187.

4. Temel A, Erac B. A global threat: Acinetobacter
baumannii infections, current condition in
antimicrobial resistance and alternative
treatment approaches. Turk Hij Den Biyol Derg,
2020; 77(3): 367-78.

5. Blanco P, Hernando-Amado S, Reales-Calderon
JA, Corona F, Lira F, Alcalde-Rico M, et all.
Bacterial multidrug efflux pumps: much more
than antibiotic resistance determinants.
microorganisms, 2016 16;4(1):14.

1 78 Turk Hij Den Biyol Derg

drug transport across bacterial membranes and the

energy utilization of efflux pumps.

10.

Livermore DM. Has the era of untreatable
infections arrived? J Antimicrob Chemother,
2009;64 Suppl 1: i29-36.

Ughachukwu P, Unekwe P. Efflux pump-mediated
resistance in chemotherapy. Ann Med Health Sci
Res, 2012;2(2):191-8.

Du D, Wang-Kan X, Neuberger A, van Veen HW,
Pos KM, Piddock LJV, et al. Multidrug efflux
pumps: structure, function and regulation. Nat
Rev Microbiol, 2018;16(9):523-539.

Watkins K, Unnikrishnan M. New strategies
and targets for antibacterial discovery In:
Kesharwani P, Chopra S, Dasgupta A, eds. Drug
Discovery Targeting Drug-Resistant Bacteria.
London. Academic Press, 2020:259-72.

Singh T, Dar SA, Das S, Haque S. Importance
of efflux pumps in subjugating antibiotic
resistance. In: Kesharwani P, Chopra S, Dasgupta
A, eds. Drug Discovery Targeting Drug-Resistant
Bacteria. London. Academic Press, 2020: 273-
99.



11.

12.

13.

14.

15.

16.

17.

18.

19.

Sharma A, Gupta VK, Pathania R. Efflux pump
inhibitors for bacterial pathogens: From bench
to bedside. Indian J Med Res, 2019;149(2):129-
45.

Webber MA, Piddock LJ. The importance of
efflux pumps in bacterial antibiotic resistance.
J Antimicrob Chemother, 2003;51(1):9-11.

Mohanty H, Pachpute S, Yadav RP. Mechanism
of drug resistance in bacteria: efflux pump
modulation for designing of new antibiotic
enhancers. Folia Microbiol (Praha),
2021;66(5):727-39.

Biot FV, Valade E, Garnotel E, Chevalier J,
Villard C, Thibault FM, et all. Involvement of
the efflux pumps in chloramphenicol selected
strains of Burkholderia thailandensis: proteomic
and mechanistic evidence. PLoS One, 2011
6(2):€16892.

Panagiotou AV, Traykovska M, Penchovsky R.
Mechanisms of antibacterial drug resistance
and approaches to overcome. In: Kesharwani
P, Chopra S, Dasgupta A, eds. Drug Discovery
Targeting Drug-Resistant Bacteria. London.
Academic Press, 2020:9-37.

Valiyeva G, Durupinar B, Coban AY. Efflux pump
effects on Mycobacterium tuberculosis drug
resistance. J Chemother, 2023 30:1-9.

Da Silva PEA, Machado D, Ramos D. Efflux
pumps in mycobacteria: antimicrobial
resistance, physiological functions, and role in
pathogenicity. Efflux-Mediated Antimicrobial
Resistance in Bacteria: Mechanisms, Regulation
and Clinical Implications, 2016:527-59.

Gupta S, Tyagi S, Almeida DV, Maiga MC,
Ammerman NC, Bishai WR. Acceleration of
tuberculosis treatment by adjunctive therapy
with verapamil as an efflux inhibitor. Am J
Respir Crit Care Med, 2013; 188(5):600-7.

Wan Y, Wang M, Chan EWC, Chen S. Membrane
transporters of the major facilitator superfamily
are essential for long-term maintenance of
phenotypic tolerance to multiple antibiotics in
E. coli. Microbiol Spectr, 2021;9(3): e0184621.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Pu Y, Zhao Z, Li Y, Zou J, Ma Q, Zhao Y, et
all. Enhanced efflux activity facilitates drug
tolerance in dormant bacterial cells. Mol Cell,
2016;62(2):284-94.

Brooks LE, Ul-Hasan S, Chan BK, Sistrom MJ.
Quantifying the evolutionary conservation of
genes encoding multidrug efflux pumps in the
ESKAPE pathogens to identify antimicrobial
drug targets. mSystems, 2018;3(3): e00024-18.

Shriram V, Khare T, Bhagwat R, Shukla R, Kumar
V. Inhibiting bacterial drug efflux pumps via

phyto-therapeutics to combat threatening
antimicrobial resistance. Front Microbiol,
2018;9:2990.

Gandhi S, Fleet JL, Bailey DG, McArthur E, Wald
R, Rehman F, et all. Calcium-channel blocker-
clarithromycin drug interactions and acute
kidney injury. JAMA, 2013;310(23):2544-53.

Bhardwaj AK, Mohanty P. Bacterial efflux
pumps involved in multidrug resistance and
their inhibitors: rejuvinating the antimicrobial
chemotherapy. Recent Pat Antiinfect Drug
Discov, 2012;(1):73-89.

Santajit S, Indrawattana N. Mechanisms of
antimicrobial resistance in ESKAPE pathogens.
Biomed Res Int, 2016:2475067.

Rathi E, Kumar A, Kini SG. Computational
approaches in efflux pump inhibitors: current
status and prospects. Drug Discov Today,
2020;(10):1883-90.

WHO publishes list of bacteria for which
new antibiotics are urgently needed, 2017.
http://www.who.int/mediacentre/news/
releases/2017/bacteria-antibiotics-needed/
en/., [Accessed Dated : 19.03.2023].

Venter H, Mowla R, Ohene-Agyei T, Ma S. RND-
type drug eux pumps from Gram-negative
bacteria: molecular mechanism and inhibition.
Front Microbiol, 2015;6:377.

Turk Hij Den Biyol Derg

179



29.

30.

31.

32.

33.

34.

180

Chen R, Zhao X, Hu K. Efflux pump inhibition to
enhance brain targeting delivery. In: Gao H, Gao
X, eds. Brain Targeted Drug Delivery Systems: A
Focus on Nanotechnology and Nanoparticulates.
London. Academic Press, 2019:185-96.

Gong FY, Zhang DY, Zhang JG, Wang LL, Zhan
WL, Qi JY, et al. siRNA-mediated gene silencing
of MexB from the MexA-MexB-OprM efflux
pump in Pseudomonas aeruginosa. BMB Rep,
2014;47(4):203-8.

Aygul A. Antibiyotik direncinde disa atim
sistemlerinin ve direncle miicadelede disa atim
pompa inhibitorlerinin onemi. Mikrobiyol Bul,
2015;49(2):278-91.

Pagés JM, Amaral L. Mechanisms of drug efflux
and strategies to combat them: challenging the
efflux pump of Gram-negative bacteria. Biochim
Biophys Acta, 2009;1794(5):826-33.

Martins M, McCusker MP, Viveiros M, Couto |,
Fanning S, Pages JM, et al. Simple method for
assessment of MDR bacteria for over-expressed
efflux pumps. Open Microbiol J, 2013;7:72-82.

Kaatz GW, Moudgal VV, Seo SM, Kristiansen
JE. Phenothiazines and thioxanthenes inhibit
multidrug efflux pump activity in Staphylococcus
aureus.  Antimicrob  Agents  Chemother,
2003;47(2):719-26.

Turk Hij Den Biyol Derg

35.

36.

37.

38.

39.

40.

41.

Reza A, Sutton JM, Rahman KM. Effectiveness of
efflux pump inhibitors as biofilm disruptors and
resistance breakers in Gram-Negative (ESKAPEE)
bacteria. Antibiotics (Basel), 2019;8(4):229.

Soto SM. Role of efflux pumps in the antibiotic
resistance of bacteria embedded in a biofilm.
Virulence, 2013;4(3):223-9.

Sezgin S. The Use of Therapeutic Ultrason in
Control of Biofilm Infections. Aurum J Health
Sci, 2020; 2(Supplement 1): 33-6.

Alav I, Sutton JM, Rahman KM. Role of bacterial
efflux pumps in biofilm formation. J Antimicrob
Chemother, 2018;73(8):2003-20.

Barber OW, Miramontes IM, Jain M, Ozer EA,
Hartmann EM. The future of bacteriophage
therapy will promote antimicrobial
susceptibility. mSystems, 2021;6(4).

Luong T, Salabarria AC, Roach DR. Phage therapy
in the resistance Era: Where do we stand and
where are we going? Clin Ther, 2020;42(9):1659-
80.

Verma P, Tiwari M, Tiwari V. Efflux pumps in
multidrug-resistant Acinetobacter baumannii:
current status and challenges in the discovery
of efflux pumps inhibitors. Microb Pathog,
2021;152:104766.



Derleme/Review
Makale Dili “Tiirkge”/Article Language “Turkish”

Turk Hijyen ve Deneysel Biyoloji Dergisi

Atik su siirveyans1 COVID-19 pandemisi izlemi icin uygun bir
yontem midir?

Tiilin COBAN'

, Cavit Istk YAVUZ?

OZET

2020 yiinda ilan edilen COVID-19 pandemisi,
pandemi yanitinda sirveyans aktivitelerinin onemini
gozler onine sermistir. Atik su surveyansi, cesitli
konularda cografi ve zamansal egilimler hakkinda
gercek zamanli verileri izleme potansiyeline sahip, hizla
gelisen bir bilimsel disiplindir. Cesitli Ulkelerde basta
poliovirus olmak iizere, norovirus, hepatit A, aichivirus,
influenza hastaliklarin  eliminasyon

gibi  bulasic1

programlarinda, yasadisi ila¢ kullamm takibi ve
antimikrobiyal direnc siirveyansinda basarili sekilde
kullanilmaktadir. COVID-19 pandemisi siirecinde de atik
su izlemi ile enfekte birey sayisi ve hastalik prevalansi
bu yolla tahmin edilebilmektedir. Retrospektif tarama
veya erken uyar1 amaciyla kullanilabilen atik su
stirveyansinin  halk sagligi miidahaleleri icin karar
alma ve varyant yayilimini izleme siireclerine de katki
sunabilecegi dusiiniilmektedir. Atik suda SARS-CoV-2
izlemi calismalan pek cok ulkede devam etmektedir.
Bu calismalar, atik suda tespit edilen viral yik ile
vaka sayisi arasinda belirgin bir zamansal korelasyon
oldugunu ve atik su siirveyansina dayali vaka sayisi
tahminlerinin

klinik dogrulanmis vakalara dayali

olarak beklenenden anlamli diizeyde daha yiiksek

ABSTRACT
The COVID-19 pandemic, declared in 2020, has

demonstrated the importance of surveillance activities
in the pandemic response. Wastewater surveillance is a
rapidly developingscientific discipline with the potential
to monitor real-time data on geographic and temporal
trends on a variety of subjects. It is successfully used in
the elimination programs of infectious diseases such as
poliovirus, norovirus, hepatitis A, aichivirus, influenza,
illegal drug use follow-up and antimicrobial resistance
surveillance in various countries. During the COVID-19
pandemic, the number of infected individuals and the
prevalence of disease can be estimated by wastewater
monitoring. It is thought that wastewater surveillance,
which can be used for retrospective screening or early
warning purposes, may also contribute to decision-
making for public health interventions and monitoring
spread of variants processes. SARS-CoV-2 monitoring
studies in wastewater have revealed that there is a
marked temporal correlation between the viral load
detected in wastewater. However, there are important
uncertainties and limitations on the subject due to
the complexity of the methods and processes and

the unique biological characteristics of SARS-CoV-2.

'Altindag ilgeﬂ Saglik Midiirltigi, Ankara, Tiirkiye
’Hacettepe Universitesi T1p Fakiiltesi Halk Sagligi AD., Ankara, Tiirkiye

letisim / Corresponding Author : Tilin COBAN
Altindag llce Saglik Miid. Hacettepe mah. Talatpasa Bulvart No: 44/A Alundag / Ankara - Tiirkiye

E.posta / E-mail : tulincoban87x@gmail.com Gelis Tarihi / Received : 26.01.2023

Kabul Tarihi / Accepted : 27.12.2023

Coban T, Yavuz Cl. Atik su siirveyanst COVID-19 pandemisi izlemi icin uygun bir yontem midir? Turk Hij Den Biyol Derg, 2025; 82(1): 181 - 196

181


https://orcid.org/0000-0003-1665-129X
https://orcid.org/0000-0001-9279-1740
https://dx.doi.org/10.5505/TurkHijyen.2025.84669

182

oldugunu ortaya koymustur. Ancak yontem ve siireclerin
karmasikligi ve SARS-CoV-2’nin kendine 6zgii biyolojik
ozellikleri nedeniyle konuyla ilgili onemli belirsizlik ve
kisithiliklar mevcuttur. Enfeksiyonun farkli asamalarinda
diskiyla atilan viral yiik ve bunun atik suda saptanan gen
sayisiyla iliskisi, diskida viral atilim siiresi, viral RNA’nin
dis ortamdaki yikim hiz1 ve atik suda kaliciigi gibi pek
cok konu konu hakkinda net bilgiler bulunmamaktadir.
Potansiyel fekal-oral yolla bulasma riskine kars1 hijyen
ve sanitasyon altyapisinin gelistirilmesi ve aritma
tesislerinde etkili dezenfeksiyon yapildigindan emin
olunmasi énerilmektedir. Diinya Saglik Orgiitii (DSO) de,
COVID-19 pandemisi yonetimde kullanilabilecek olan
siirveyans tirlerinden biri olan “atik su siirveyansi”’nin
tim yararlarina ragmen, klinik slirveyansa “alternatif”
olarak degil “tamamlayic1” olarak kullanilabilecegini
belirtmektedir. Butin bu bulgular bir arada
degerlendirildiginde, llkemiz icin finansal kaynaklarin
ve insan guclinin atik su surveyansi yerine salginla
miicadelede ise yaradigi epidemiyolojik olarak kesin
kanitlanmis olan onlemler icin kullanilmasinin daha
uygun olacagi distniilmektedir. Bu derlemede, atik su
stirveyansimin  ornekler iizerinden degerlendirilmesi,
olas1 faydalarinin ve konuyla ilgili olasi sorun ve
kisithliklarin ortaya konmasi ve oneriler sunulmasi

amaclanmistir.

Anahtar Kelimeler: Halk sagligi siirveyansi, atik
su, lagim, SARS-CoV-2, COVID-19, pandemi

There is no clear information on many subjects such
as the viral load excreted in the feces at different
stages of the infection and its relationship with the
number of genes detected in the wastewater, the
viral excretion time in the feces, the degradation rate
of the viral RNA in the external environment and its
persistence in the wastewater. It is recommended to
develop hygiene and sanitation infrastructure and to
ensure effective disinfection in treatment facilities
against the potential risk of fecal-oral transmission.
Also, World Health Organization (WHO) states that
despite all the benefits of “wastewater surveillance”,
which is one of the types of surveillance that can be
used in the management of the COVID-19 pandemic,
it can be used as a “complementary” rather than an
“alternative” to clinical surveillance. When all these
findings are evaluated together, it is thought that it
would be more appropriate for our country to use
financial resources and manpower for measures that
have been epidemiologically proven to be effective in
the fight against the pandemic, rather than wastewater
surveillance. In this review, it is aimed to evaluate
wastewater surveillance through examples, to reveal
its possible benefits, possible problems and limitations

on the subject, and to present recommendations.

Key Words: Public health surveillance, wastewater,
sewage, SARS-CoV-2, COVID-19, pandemics

GIRIS

Koronaviriisler, soguk alginligi gibi
yaygin gorilen ve kendi kendini sinirlayan hafif
Orta

Respiratory Syndrome,

toplumda

tablolarindan, Dogu Solunum
(Middle East

MERS) ve Agir Akut Solunum Sendromu (Severe

enfeksiyon
Sendromu

Acute Respiratory Syndrome, SARS) gibi daha ciddi
enfeksiyon tablolarina neden olabilen biyiik bir
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virus ailesidir. 7 Ocak 2020’de daha once insanlarda
tespit edilmemis yeni bir koronaviriis (SARS-CoV-2)
tanimlanmistir. Bu etkenin neden oldugu hastaligin
(Yeni Koronaviriis Hastaligi, COVID-19) hizla yayilan
bir salgin haline gelmesiyle, DSO 30 Ocak 2020’de
“uluslararast boyutta halk sagligi acil durumu”, 11
Mart 2020’de ise “pandemi” ilan etmistir. Turkiye’de
ilk COVID-19 vakasi da 11 Mart 2020’de gorulmustur
(1). Mevcut tum kanitlar, SARS-CoV-2’nin zoonotik bir



kaynag1 oldugunu disiindiirmiistiir. insandan insana
bulas 0zelligi kazanmas1 nedeniyle COVID-19 pozitif
kisiler de kaynak haline gelmektedir. Hastalik esas
olarak damlacik yoluyla bulasmaktadir. Asemptomatik
kisilerin solunum yolu salgilarinda da virus tespit
edilebildigindenbukisiler de bulastiriciolabilmektedir.
Solunum yolu ornekleriyle karsilastinldiginda,
diski ornekleri daha yiiksek viral yike, daha yiiksek
pozitiflik ylizdesine ve farkli hastalik seyri ve cesitli
semptomatik duruma gore daha stabil pozitiflige
sahiptir (1,2). Solunum yolu ve diski 6rneklerinde viral
yayilmanin, son maruz kalimdan sonra sirasiyla 45 ve
40 giine uzadig1 gosterilmistir (3). Virisiin lagimda li¢
giin, kat1 diskida 3-4 giin yasamin1 devam ettirdigini,
enterositlerde cogalabildigini ve vakalarin yaklasik
%10’unun gastrointestinal semptomlarla (ishal gibi)
ortaya ¢iktigim gosteren calismalar olmakla birlikte
calismalarda celiskili bulgular da bulunmaktadir
(4,5). Kesin vakalarin hem orofaringeal hem de fekal
ornekler negatiflestiginde “negatif” olarak kabul
edilmesi gerektigini ve yanlis negatiflik olasiigindan
kacinmak icin diski 6rneklerinin de test edilebilecegini
savunan gorusler mevcuttur (2).

Salgin boyunca Tiurkiye’nin yaklasimi kademeli
olarak salginin sinirlandirilmasi, baski altina alinmasi
ve zararlarinin azaltilmas1 seklinde ilerlemistir. Saha
ve klinik isbirligi ile salgin egrisindeki yiikselisin
yavaslatilmasina ve COVID-19’a bagli tibbi sonuclarin
(agir hastalik, yogun bakim gereksinimi, olim,
engellilik vb)
calisilmistir (1).
kullanilabilecek olan

agirlasmasinin ~ oniine  gecilmeye
Bu derlemede, salgin yonetimde
sirveyans turlerinden biri
olan “atik su siurveyansi”’nin ornekler Uzerinden
degerlendirilmesi, olasi faydalarinin ve konuyla ilgili
olas1 sorun ve kisitliliklarin ortaya konmasi ve oneriler

sunulmasi amaclanmistir.
SURVEYANS TANIMI VE AMACLARI

Halk
uygulamalarinin
degerlendirilmesi icin gerekli olan saglikla ilgili
verilerin surekli, sistematik bir sekilde toplanmasi,

“halk
uygulanmasi  ve

sagligi  sirveyansi, saglig

planlanmasi,

analizi ve yorumlanmas1” seklinde tanimlanmaktadir
(6). Etkili bir siirveyans sistemi saglik olaylarinin
tespiti ve bildirimi, ilgili verilerin toplanmasi ve
birlestirilmesi, vakalarin veya salginlarin arastirilmasi
ve klinik ve/veya laboratuvar agisindan dogrulanmasi,
rutin analiz ve raporlanin olusturulmasi, veriyi
saglayanlara geri bildirim yapilmasi, verilerin daha
merkezi seviyelere ve yonetim mercilerine iletilmesi

gibi bilesenleri icermelidir (6).

COVID-19 iZLEMINDE KULLANILABILECEK

SURVEYANS YONTEMLERI

DSO ve Avrupa Hastalik Onleme ve Kontrol
Merkezi’ne (European Center for Disease Prevention
ECDC) COVID-19
stirveyansinin amaclarn ve bu amaclara gore COVID-19

and Control, gore kiiresel
izleminde kullamlabilecek
Tablo-1’de verilmistir (7, 8).

Cevresel sirveyans, su kaynaklar veya atik suyun

slrveyans yontemleri

patojen kamti acisindan test edilmesidir. Ulkemizde
rutin cevresel sirveyans ile takip edilen en onemli
hastaliklardan biri Lejyoner hastaligidir. Lejyoner
hastaliginda vaka siirveyansi tani ve bildirimi kapsarken
cevresel slirveyans kaynagin arastirilmasi ve hastaliga
yol acan kontamine su kaynaklarinin belirlenmesi
amaciyla yapilmaktadir. Temel amac vakanmin bulas
kaynagin1 bularak bu kaynaktan baskalarina bulas
engellemektir. Ulkemizde hastaligin klinik 6zellikleri,
tam ve bildirimi, cevresel surveyans cercevesi ve
kontrol stratejileri mevzuatla belirlenmistir (9).

ATIK SU SURVEYANSI

Cevresel surveyansin bir alt bileseni olan “atik
su sirveyans1”, cesitli konularda cografi ve zamansal
egilimler hakkinda gercek zamanli verileri izleme
potansiyeline sahip, hizla gelisen bir bilimsel
disiplin olarak one cikmaktadir. Atik su surveyansinin
temel prensibi kanalizasyon yoluyla atilan vicut
salgilarinda belirli kimyasal ve biyolojik ajanlarin
tespit edilmesidir. Olciilen konsantrasyon, ajani atan
populasyonun bliyiikliigii hakkinda ¢ikarim yapmak

ve topluluk diizeyinde saglik bilgisi elde etmek igin

Turk Hij Den Biyol Derg
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Tablo 1. Surveyans amaclarina gore COVID-19 izleminde kullanilabilecek stirveyans yontemleri (7,8)

Siirveyans Amaclan

Siirveyans Yontemi

Hastalik yikiinii tahmin etmek, egilimlerin yonuni degerlendirmek
ve uygun hafifletme onlemlerini belirlemek amaciyla COVID-19’un

toplumdaki yogunlugunu, cografi yayilimini ve siddetini izlemek

- Kapsamli siirveyans

- Sentinel sendromik suirveyans

- Hastane tabanli SARI* siirveyansi

- Mortalite stirveyansi

- Telefon hatlan aracili katiimli stirveyans
- Aktif stirveyans

- Cevresel siirveyans

illac ve as1 gelisimine katkida bulunmak ve ciddi enfeksiyon

belirteclerini belirlemek icin viriisteki degisimleri izlemek

- Virolojik suirveyans
- Genomik siirveyans

- Cevresel surveyans

Onleme cabalan icin hedefleri daha spesifik hale getirmek icin risk

gruplarinin en cok etkilendigi durumlar izlemek

- Hastaneye yatinlan vakalarin gelismis surveyansi

- Mortalite siirveyansi

Salgin egrisinin gidisatim tahmin etmek icin salginin saglik sistemi
izerindeki etkisini izlemek ve kaynak tahsisi ve acil durum destegi

hakkinda bilgi edinmek

- Saglik hizmetleri slirveyansi

- Telefon hatlar aracili katilimli suirveyans

Onlem secimini ve zamanlamasim ayarlayabilmeleri icin etkilileri
bilgilendirmek lizere herhangi bir etki azaltma onleminin etkisini

izlemek

- ILI/ARI suirveyansi**
- Telefon hatlan aracili katiimli stirveyans
- Toplum tabanli seroprevalans calismalar

- Temasl takibi

Saglik calisanlarinmi ve hastalari korumak icin hastane salginlarim

tespit etmek ve kontrol altina almak

Agir hastalik ve kotii saglik sonuglar acisindan en fazla risk altinda
olanlart korumak icin uzun sireli bakim tesislerinde ve diger kapali

topluluklarda salginlan tespit etmek ve kontrol altina almak

- Nozokomiyal salginlarin ve uzun siireli bakim

tesislerindeki salginlann rutin siirveyansi

*SARI: Severe Acute Respiratory Infections (Agir Akut Solunum Yolu Enfeksiyonlari)

**ILI: Influenza-like Illness (Influenza-benzeri Hastalik);

ARI: Acute Respiratory Infections (Akut Solunum Yolu Enfeksiyonlar)

kullamlr. ilk olarak 1990’larda sivi evsel atiklarin
cevresel etkilerini izlemek icin kullanilan yontem, o
zamandan beri cesitli Ulkelerde basta poliovirus olmak
Uzere, norovirus, hepatit A, aichivirus, influenza gibi
bulasici hastaliklarin eliminasyon programlarinda,
yasadisi takibi
direnc siirveyansinda basarili sekilde kullanilmistir ve

ilag  kullanim ve antimikrobiyal
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kullanilmaya devam etmektedir (10). Ornegin; 2018
yiinda yeni bir norovirus varyantinin atik sularda
izlenmesi ile ilk vakanin tan1 almasindan once virlsun
toplumda dolasimda oldugu saptanmistir (11).
Ozellikle, polio eradikasyonu icin altin standart
akut flask paralizi (AFP) surveyansidir. Ancak enfekte
bireylerin (semptomatik olsa da olmasa da) birkac



haftaya kadar diskilarinda virus sactiklar ve virls

partikiillerinin  enfeksiyoz  ozelliklerini  degisken
siirelerde devam ettirdigi bilinmektedir. Bu nedenle
bagisiklama kapsayiciligi diisiik, AFP siirveyansi kisitli
ve dolasimda vahsi virus ya da as1 kaynakli poliovirus
VDPV)

kamtlanmis olan ulkelerde atik su slrveyansi da

(vaccine-derived  polivirus, bulundugu
onerilmektedir. Israil’de 2013 yilinda vahsi poliovirus
tip-1’in yeniden yayilmaya baslamasi hicbir klinik
vaka raporlanmaksizin atik sularda yapilan rutin
cevresel siirveyans ile tespit edilmistir. DSO, poliovirus
ile micadelede cevresel surveyans kullaniminda
karsilastinlabilir veri elde edebilmek icin yayimladig
rehberlerde analiz protokolinun basamaklarini
aynntili olarak aciklamistir (12). italya’da SARS-
CoV-2 icin yapilan atik su analizinde, bahsedilen DSO
protokolunden yararlanilmis ve bu protokolun gerekli
modifikasyonlardan sonra zarfli virusler icin de uygun
oldugu gosterilmistir (13).

Giniimiizde atik su siirveyansinin yogun ve etkili
sekilde kullamldigi alanlardan biri “antimikrobiyal
direnc”tir. Atik sudan elde edilen verilerin klinik
siirveyans ile korele oldugunu gosteren calismalar
mevcuttur. Atik su siirveyansi, hastane disi toplumdan,
genis, temsil edici, birlestirilmis veri sagladig gibi
sadece siklikla kiltlrd yapilanlarn degil, tim bakteri
tlrlerini incelemeye olanak saglar. (14). Atik sular,
ayni zamanda uyusturucu ve endokrin bozucular
gibi cesitli kimyasal atiklar1 da bulundurmakta ve
benzer prensip ile bu kimyasallarin da epidemiyolojik
izleminde kullanilmaktadir. Bu yonleriyle atik sularin
icerigi, toplum sagligi ile ilgili onemli veriler iceren
bir bilgi kaynagi olarak degerlendirilmektedir. Atik su
surveyansi, ayn1 zamanda ucuz ve kolay bir yontem

olarak kabul edilmektedir (15).
COVID-19’DA “ATIK SU SURVEYANSI”

SARS-CoV-2 virusunun diskiyla atilimi soz konusu
oldugundan salgimin takibi ve yonetimi konusunda
atik arac olup olmadig
tartisilmaktadir.  Atik sularin  enfekte kisi
tahminini saglayabilecegi, salgin dinamiklerini ortaya

sularin  elverisli  bir

sayisi

koyabilecegi, erken uyarn icin ise yarayabilecegi
ilgili
yapilan arastirma sayisi giderek artmaktadir (16).

belirtilmekte; konuyla cesitli  Ulkelerden
Cesitli yontem ve formillerle atik sularda SARS-
CoV-2 miktan saptanarak potansiyel olarak enfekte
olmus birey sayis1 tahmin edilebilmekte ve COVID-19
prevalans1 hesaplanabilmektedir. Model verisi ile
klinik strveyans verisinin karsilastirilmasi, beklenen/
glincel enfeksiyon hizindaki trendleri anlamaya ve
asemptomatik ve/veya presemptomatik vaka sayisin

tahmin etmeye yardimci olmaktadir (17).

COVID-19’DA “ATIK SU SURVEYANSI”NIN OLASI

FAYDALARI

Onceki deneyimlerden ve yeni calismalardan yola
cikilarak COVID-19 icin atik su sirveyansinin kullanim
alanlan ve olas1 faydalarn tamimlanmistir. Salginda
tiim topluma test yapmak zor oldugundan hastaligin
sicak noktalarin1 saptayarak izolasyon ve tedavi
calismalarint bu noktalardan baslatmanin faydali
olabilecegi ve diinyada bulunan yaklasik 105.600 atik
su aritma tesisinin siirveyans amaciyla kullanilmasiyla
saglik profilinin  monitorize
Ozellikle klinik
(saglik kuruluslarina ulasim,

milyarlarca insanin
edilebilecegi ifade edilmektedir.
stirveyans imkanlari
test kapasitesi) kisitli, sanitasyon olanaklar yetersiz
olan ve fekal-oral bulasin olasi oldugu toplumlarda
ise yarayabilecegi disiiniilen bir yontemdir. Erken
dolasimi1 saptamak icin retrospektif tarama amaciyla
kullanilabilmektedir, 6rnegin; italya’da atik su
SARS-CoV-2 RNA’sinin  Kuzey
italya’da Aralik 2019’dan bu yana dolasimda oldugunu

gostermistir (18). Toplumu temsil etme potansiyeli,

orneklerinin analizi

bireysel klinik testten daha kolay ve daha ucuz olmasi
bu yontemin onemli avantajlaridir (19).

COVID-19 siirveyans1 baglaminda “erken uyan”
terimi, salginin erken donemde sinyal vermesi ve
enfekte birey sayisinda ivmelenen bir artisin onceden
Atik su
sirveyansinin aktif bir erken uyar araci olmasi igin

gozlenmesi acisindan yorumlanmaktadir.

zamaninda uygulanmas1 ve bulgularin dogru yerlere,
dogru zamanda ulastirilmasi gereklidir. Prevalansin
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yeterince yiiksek oldugu iilkelerde nicel bulgular,
saglik kurumlarina hazirlanma siiresi saglar. Bu
yoniiyle klinik siirveyansa “tamamlayic1” bir yaklasim
sunar (19). Uc biiyilk COVID-19 dalgalanmasinm
kapsayan 86 haftalik bir surveyans calismasinda,
Houston sehrindeki SARS-CoV-2 RNA viral yukleri 39
atik su aritma tesisinde ol¢ulmustir. Sonug olarak atik
sudaki pozitiflik stkiginin, hastanelerde COVID-19 ile
ilgili genel yatak kullanim sikligi ile giiclii bir sekilde
iliskili oldugu gosterilmistir (20).

Atik su slrveyansi; huzurevi, cezaevi, okul ve
yurt gibi kurumlarda “birlestirilmis (pooled) test”
yapilabilmesini saglayarak zaman kazandirmaktadir
(21-23). ABD’de 16 eyaletten farkli sosyoekonomik
ve politik cesitlilikteki kirsal ve kentsel ortamlan
temsil eden 25 dUniversitede yapilan bir atik su
izlemi calismasinda; bu yontemin tiim ogrencileri
taramaktan daha ucuz oldugu saptanmistir. Aym
calismada klinik test icin oncelik verilecek olan ve
enfekte birey tespit edilen alanlarda test yapilana
kadar
belirlenmesini

karantinaya alinacak olan 6grencilerin

sagladigi
izolasyon sliresini tamamladiktan sonra yatakhaneye

belirlenmistir.  Ancak
donen ogrencilerin virlisi diskiyla atmaya devam
etmesi sonuglart yorumlamayr karmasiklastirmaktadir
(22). Arizona Universite’sinde 6grenci yatakhanesinde
atik suda SARS-CoV-2 viral genomu saptandiktan
sonra 311 6grencinin tamamina test yapilmis ve iki
asemptomatik tasiyici

tespit edilmistir. Boylece

potansiyel bir salginin onlenmesi saglanmistir.
Atik su verileri, bireysel veriler ve universitenin
kendine 0zgli kurumsal ve sosyal dinamikleri ile
birlikte yorumlanarak veri gorsellestirme araclar ile
ogrencileri bilgilendirmek icin kullanilmistir (23).
Atik su silirveyansinin, halk sagligi miidahaleleri
icin karar alma ve bu kararlarin etkisini degerlendirme
siireclerinde de katki sunabilecegi diistiniilmektedir
(24-26). SARS-CoV-2

dinamikleri degerlendirmek

Fransa’da kapanmanin

lzerindeki etkisini
amaciyla Paris’te bulunan ug¢ atik su aritma tesisinden
ornekler alinarak gerekli analizler yapilmistir. Bu

analizler sonucunda kapanmanin beklendik bir sonucu
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olarak yeni COVID-19 vaka sayilarindaki azalmaya
paralel sekilde viral genomda daha belirgin bir
azalma oldugu dikkat cekmistir (24). Mart-Temmuz
2020 tarihleri arasinda Birlesik Krallik’ta yapilan uc
milyonluk nufusu temsil eden bir calismada kapanma
onlemlerinin uygulanmasini takiben atik sudaki SARS-
CoV-2 viriis yiikiinde belirgin bir dislis gozlendigi
saptanmistir. Aynm1 calismada klinik vaka sayisi ile viral
RNA konsantrasyonu arasindaki iliskinin vaka sayisinin
az oldugu bolgelerde zayif oldugu tespit edilmistir
(25). ABD’ye bagli Hawai adalarinin Honolulu kentinde
dort haftalik bir karantina siirecinde iki atik su aritma
tesisinden gelen atik sudaki SARS-CoV-2 RNA’nin
gunlik dinamiklerini izleyen bir calismada da SARS-
CoV-2 RNA konsantrasyonu ile vaka sayilar ornekleme
donemi boyunca benzer gunluk dalgalanmalar ve
genel disiis egilimi sergilemistir (26).

Atik su slrveyansi, sekanslama ve filogenetik
analiz yoluyla varyant yayiiminin izlenmesine ve
klinik acidan onemli mutasyonlarin saptanmasina
da imkan vermektedir. Arastirma sonuclari, asilama
doneminde ortaya cikan asidan kacan SARS-CoV-2
mutantlarina yonelik izleme cabalar icin son derece
onemli olan yeni varyantlar tespit etme potansiyelini
dogrulamaktadir (27-30). ispanya’da atik su izlemi
sayesinde klinik veri tabanlariyla karsilastirdiktan
sonra alt1 yeni varyant belirlenmistir (27). isvicre’de
Temmuz-Aralik 2020 tarihleri arasinda u¢ atik su
aritma tesisinden toplanan 48 ham atik su 6rneginde
SARS-CoV-2’nin genomik analizi, B.1.1.7 susunun,
isvicre’den bir hasta érneginde ilk dogrulamasindan
iki hafta Once tespit edilebilecegini gostermistir
(28). Orneklerin cogunlugunun Arizona Maricopa
County’yi temsil ettigi ABD’deki 11 eyaletten 91 atik
su 6rneginin analizinde; atik sudan elde edilen SARS-
CoV-2 sekans verileri, orneklenen toplumlarda klinik
verilerde temsil edilenden daha fazla susun dolastigini
gostermektedir (28). ABD’nin Montana eyaletinde
yapilan bir calismada ise sekanslama ile saptanan
%98,5
benzerlik gosterdigi, 11 tane tek-niikleotid varyasyonu

genomun GenBank’taki referans genomla

bulundugu ve bu genomun en cok Kaliforniya ve



Victoria’da (Avustralya) saptanan genomla benzerlik
gosterdigi  belirlenmistir  (30). Isvicre’nin  Basel
kentinde atik sudaki SARS-CoV-2 tespiti ile resmi
olarak kaydedilen COVID-19 vaka sayilari ve B.1.1.529
Omicron varyant1 sikligr arasindaki korelasyonlan
saptamak icin yapilan bir calismada, 01 Temmuz-31
Aralik 2021 tarihleri arasinda, 273.075 niifuslu toplama
alanindan atik su alan yerel atik su aritma tesisinin
girisinden haftada alt1 kez atik su ornekleri alinmistir.
Toplama alanindaki gunluk vaka sayis1 ve medyan
yedi gunlik SARS-CoV-2 enfeksiyonu insidansi, atik su
numunelerindeki SARS-CoV-2 olclimleriyle yiiksek bir
korelasyon gostermistir. Omicron B.1.1.529 varyanti,
bir klinikte resmi onayindan once 21 Kasim 2021’de
toplanan atik su numunelerinde tespit edilmistir (29).

COVID-19’DA  “ATIK SU SURVEYANSI” iLE IiLGiLi
ORNEKLER

ABD, Kanada, Avustralya, italya, ispanya, Fransa,
Almanya, Birlesik Krallik, Danimarka, isvec, Hollanda,
iran, Hindistan, Giiney Afrika, Banglades, Pakistan,
Macaristan, Sirbistan, Cin, Turkiye, BAE gibi pek
cok ulkede farkli teknikler kullamlarak atik sularda
SARS-CoV-2 tespiti ve prevalans tahmini calismalan
yapilmistir (32). Avrupa Birligi liye devletleri, SARS-
CoV-2 varyantlarinin ortaya cikisi ve yayilmasina
odaklanarak, atik su slirveyans sistemleri kurma
konusunda desteklemek icin ortak yontemlerin
kullanimin tesvik eden bir tavsiye karari yayimlamistir
(33). Yapilan calismalarda, genel olarak vaka sayilan
ile atik suda saptanan viriis yuki arasinda belirgin
bir zamansal korelasyon oldugu tespit edilmistir.
Ayrica atik su siirveyansina dayali olarak yapilan vaka
sayis1 tahminlerinin, klinik kesin vakalara dayanarak
beklenenden anlamli diizeyde daha yiiksek oldugu
saptanmistir (34). Hucre kilturlerinde enfektivite
yapilan calismalarda,
sularinda patojenite saptanmadig
birlikte “ihtiyatlilik ilkesi” dogrultusunda hareket
edilmesi gerektigi vurgulanmistir (35).

ABD’de yapilan bir calismada; Montana’daki atik
su arima tesisinden 74 giin siiresince 17 farkli numune

analizi atitk su ve yiizey

belirtilmekle

alinmis, Mart sonu ve Nisan basinda SARS-CoV-2 duizeyi
tespit limitinin altinda saptanirken Mayis sonunda
(toplumdaki COVID-19 vakalarindaki artisla eszamanli
olarak) atik su analizleri tekrar pozitif c¢ikmaya
baslamistir. Bu calismada, atik su numunelerinin yeni
vakanin raporlanmasindan 2-4 giin dnce pozitiflestigi
hafif

yakalanabilmesinin
(30).
Ottawa’da yurutulen arastirmalar Uzerinden toplumu

gorulmastur.  Bu  sekilde semptomlu/

asemptomatik vakalarin da

mimkiin olabilecegi belirtilmistir Kanada,
COVID-19 ile miicadelede acisindan bilgilendirmeye
yardimci olmak icin atik sudaki giinliik SARS-CoV-2 viral
sinyali duzeyleri raporlanmistir. Bu raporda; Temmuz
2020 ortasinda COVID-19 vakalarindaki artistan ¢ gun
once atik sudaki viral sinyalde %580’lik artis dikkat
cekmistir (36).

ispanya’da resmi COVID-19 prevalansimin diisiik
oldugu Murcia bolgesinde 12 Mart-14 Nisan 2020
tarihleri arasinda alt1 atik su antma tesisinde yapilan
calismada; atik su surveyansi verileri resmi vaka
verileri ile karsilastirilarak ilk vakalar raporlanmadan
once SARS-CoV-2’nin toplumda dolasmakta oldugu
(37).
calismada ise Frankfurt metropol bolgesine hizmet

tespit edilmistir Almanya’da yapilan bir
veren iki atik su artma tesisi girisinden (Niederrad
ve Sindlingen) haftada iki kez surekli olarak 24
COVID-19
vakalarinda farkli yerel dinamikler gosteren farkli

saatlik kompozit numuneler toplanmistir.

ornekleme noktalarinda farkli zamansal dinamikler
gozlenmistir. Calismada, atik su siirveyansi ile SARS-
CoV-2 tespitinin yerel gelismeleri izlemek icin umut
verici bir yontem oldugu vurgulanirken bu calismada
incelenen orneklerin yalnizca kuru hava orneklerini
icerdigi belirtilmistir. Aynm1 calismada, gelecekteki
calismalarda mevsimsel olaylarin SARS-CoV-2 virus
yukleri Uzerindeki etkisinin daha fazla dikkate
alinmasi gerektigine dikkat cekilmistir (38).
Macaristan’da Budapeste’nin  tum  nufusuna
hizmet veren Uc¢ atik su antma tesisinden haftalik
olarak numune alinmasi yoluyla vyurutulen bir

calismada; kanalizasyonda ilk pozitif sinyali,

vaka sayilarindaki artistan iki hafta oOnce tespit
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edilmistir. Aym1 calismada, viral konsantrasyon ile
vaka sayis1 arasindaki korelasyon salginin yiikselen
evresinde daha belirgin olarak saptanmis ve atik su
surveyansinin Macaristan’daki salgimin ikinci dalgasim
tahmin etmede etkili oldugu bulunmustur (39). Giiney
Afrika’nin  Kwazulu-Natal kentinde Temmuz-Ekim
2020 tarihleri arasinda yurutiulen bir calismada da
atik suda tespit edilen viral yukiin ilgili bolgelerdeki
aktif klinik vaka sayisiyla uyumlu oldugu ve kapanma
onlemlerinin gevsetilmesiyle atik suda SARS-CoV-2
tespitinin arttig1 saptanmistir. Bu calismada, atik su
slirveyansinin erken uyari sistemi olmadigi, toplumun
saglik durumunun zamana bagli nicel bir gostergesi
oldugu, aktif vaka sayilarina ait verilerin gercegi tam
olarak yansitmadig1 ve test imkanlan yetersiz olan
gelismekte olan ulkelerde mukemmel bir surveyans
araci oldugu belirtilmistir (40). Atik suda saptanan
viral yik ile gercek COVID-19 vakalarn arasindaki
iliskiyi arastiran farkli bir calismada ise Dubai’deki
49 farkli bolgeden gelen 2940 belediye atik su
ornegininin %28,6’s1; Dubai Havalimani’na gelen 198
ticari ucaktan alinan atik su orneklerininin ise %13,6’s1
pozitif sonuc¢ vermistir. Kaydedilen viral yik ile
gercek COVID-19 vakalar arasinda dogrudan bir iliski
bulunmus, ayrica atik su izlemi klinik nazofaringeal
stirlintiilerle karsilastinldiginda daha uygun maliyetli
olarak kabul edilmistir (41).

Japonya’da Agustos 2020’den Subat 2021’e kadar
360.000 nifusa sahip bir kentsel topluluktan gelen
atik sudaki SARS-CoV-2 RNA olusum zaman serisini
belgeleyen bir calismada, atik sudaki viral RNA'nin
oram COVID-19 salgin olaylarn sirasinda artmistir.
Ayn1 calismada, en yiiksek viral RNA konsantrasyonu,
calisma donemindeki en ciddi salgin olayinin
ortasinda, 2021 Ocak ayinin basinda kaydedilmistir
(42). ingiltere’de New Hampshire (NH) ve Vermont’ta
(VT) dokuz belediye atik su tesisinden toplanan
numunelerdeki viral konsantrasyonlarin bes ay
boyunca (2020 Eylil sonu - 2021 Subat bas1 arasinda)
izlendigi bir calismada, calisma siiresi boyunca tim
sahalardan toplam 283 atik su numunesi alinmistir. Bu
bolgedeki sehirler ve kiiciik kasabalar da dahil olmak
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uzere test edilen dokuz belediyenin tamamindan
alinan numunelerde SARS-CoV-2 RNA tespit edilmis
ve bazi bolgelerde aktif vaka sayisi artislarinin erken
bir gostergesi olarak atik su pozitifligi gosterilmistir
(43). Ikinci ve lciincii pandemi dalgalan sirasinda
italya’daki
atik su bazh

Kuzeybati Piedmont’ta  gelistirilen
sirveyans sistemini arastiran bir
atik SARS-CoV-2

konsantrasyonu ile salgin gelisimi arasinda giiclu

calismada, antilmamis sudaki
bir korelasyon saptanmistir. Bunun yanm sira karar
vericilerin devam eden salginin etkilerini azaltmak
ve onumuzdeki on yillarda ortaya ¢ikmasi kesin olan
salginlar icin mudahale planlari hazirlamak icin etkili
politikalar uygulamalarina yonelik ongorii potansiyeli
gozlemlenmistir (44).

Kanada, Alberta’da 12 atik su aritma tesisinden
gelen atik sudaki SARS-CoV-2 RNA seviyeleri ile
on toplulugun yeni COVID-19 vakalan arasindaki
korelasyonlar 17 ay boyuncaincelenmistir. Surveyansin
analizi, atik sudaki SARS-CoV-2 RNA seviyelerinin
her topluluktaki COVID-19 vakalarinin zamansal
degisiklikleriyle iyi bir korelasyon gosterdigini ortaya
koymustur. En glicli korelasyon, uclncu dalga
(r=0,97) sirasinda bulunmustur (45). ABD, Ohio Eyalet
Universitesi’nde 2020-2021

SARS-CoV-2 atik su surveyans programi yurutulmus ve

akademik yilinda bir

kampiiste COVID-19 enfeksiyon yayginligim izlemek
icin universite tarafindan zorunlu kilinan haftalik
COVID-19 tukiruk testiyle sonuclar karsilastinlmistir.
Sonuglar, atik su sinyalinin, cogunlugu asemptomatik
olan enfekte bireylerin sayisiyla istatistiksel
olarak anlamli (p<0,05) bir korelasyonla arttigim
gostermektedir (46). COVID-19’un cevresel siirveyansi
icin alt1 ay boyunca Yunanistan’in Attica kentindeki
ham atik sudaki SARS-CoV-2 RNA yiki RT-gPCR ile
olculmistir. Sonuclar, ham atik sudaki RNA yiikiinun,
sirastiyla 5, 8 ve 9 gin icinde pozitif COVID-19
vakalarinin, yeni hastaneye yatislarin ve yogun bakim
uUnitelerine yatislarin 6nde gelen gostergesi oldugunu
gostermistir (47).

Ulke capinda siirveyans calismasi yapan iilkeler

arasinda yer alan Tirkiye’de Mayis-Haziran 2020



tarihleri arasinda 81 ilde bulunan 189 su aritma
tesisinin  (ATT) giris, cikis ve camur orneklerinde
SARS-CoV-2 olcumleri ile ulke genelinde COVID-19
Atk suda
en vyiiksek viral yiik; istanbul, Bursa, Konya ve Orta
Anadolu’da saptanmistir (48). Haziran 2020°de 22
sehirde rutin érnekleme baslatilmistir. istanbul’dan

vakalarinin iliskisi degerlendirilmistir.

haftalik, diger illerden ise iki haftalik periyotlarla
alinan atik su numuneleri ile COVID-19 yayilim
rutin sekilde incelenmeye baslamistir. Rutin atik su
surveyans calismasi sonuclar, rapor edilen vaka
sayllarina dayali olarak ayrica degerlendirilmistir
(49). Ulkemizde yapilan bir baska calismada, Ekim-
Kasim 2020 tarihleri arasinda Corum Kentsel Atiksu
Antma Tesisi’nden toplanan yedi atik su numunesi
incelenmistir. Rutin yontemlerden farkli olarak virtsu
yakalamak ve konsantre etmek icin sorbent torbalar
kullamlmistir. Sonuc olarak yedi antilmamis atik su
numunesinin ¢l SARS-CoV-2 acisindan pozitif olarak
saptanmistir (50).

Atik su
bolgelerde COVID-19 salginm izlemenin onemli bir

sirveyans sistemleri, yiksek gelirli
bileseni haline gelmistir. Bununla birlikte, dustk gelirli
bolgelerde kullanimi iyi calisilmamistir. Etiyopya,
Addis Ababa’da SARS-CoV-2 RNA’y1 izlemek icin atik
su slirveyans sisteminin faydasini degerlendiren bir
calismada, dokuz atik su isleme tesisinde numuneler
iki ayr zaman serisinde toplanmistir. Ulusal COVID-19
vaka yiikiiniin dislik oldugu ilk zaman serilerinde
toplanan orneklerin timi negatif olup aksine, ikinci
zaman serisinde toplanan numunelerin tiumu pozitif
olarak saprtanmistir ve Etiyopya’da gunluk bildirilen
en yuksek yeni COVID-19 vakalaryla ayn1 zamana denk
gelmistir. Calisma, COVID-19 atik su surveyansina
dayali epidemiyolojik yaklasimin diger diisiik gelirli
bolgelerde COVID-19 dinamiklerindeki kanit boslugunu
potansiyel olarak doldurabilecegini gostermistir (51).
Afrika’da SARS-CoV-2 atik su siireyansinin kullanimina
iliskin arastirma kanitlarin1  degerlendirmek icin
yapilan hizli derlemede sekiz calisma dahil edilme
kriterlerini karsilamistir. Dahil edilen calismalardan
elde edilen bulgular, atik suda tespit edilen SARS-

CoV-2 viral RNA miktarinin, incelenen alanlardaki
iliskili

koymustur. Dahil edilen calismalar, SARS-CoV-2 atik

yeni vakalarin sayisiyla oldugunu ortaya
su surveyansinin epidemiyolojik oneminin yam sira

cevresel risklerini de ortaya cikarmistir (52).

COVID-19’DA  “ATIK SU SURVEYANSI” iLE iLGiLi
BiLINMEYENLER, OLASI SORUN VE KISITLILIKLAR

Atik su surveyansinin COVID-19 izlemi acisindan
uygunlugu; biyolojik,
ekonomik acilardan degerlendirilmelidir. Yontem ve
slireclerin karmasiklig1 nedeniyle onemli belirsizlikler

epidemiyolojik, teknik ve

ve pek cok olast kisitlilik mevcuttur. Su anki bilgilerle
yapilan tahminler,
ve varsayimlara dayali

dogrulugu net olmayan sayi
hesaplamalar Uzerinden
yapilmaktadir. Kisiler arasi varyasyon nedeniyle atiim
dinamiklerinin daha kolay tahmin edilmesi ve daha iyi
sekilde genellenebilmesi icin ulasilabilen verilerin
matematiksel bir modelde bir araya getirilmesi tercih
edilmektedir. Ancak SARS-CoV-2’nin kendine 0zgti fekal
atiim ozellikleri ve farkli biyolojik mekanizmalan
oldugu icin mevcut varsayimlarin ve matematiksel
SARS-CoV-2
olmadig1 belirsizdir. Ote yandan atik suda saptanan
SARS-CoV-2 RNA diizeyindeki ne kadarlik bir yukselisin
anlamli kabul edilip harekete gecmek icin bilgi verici
olacagi hakkinda da net bilgiler bulunmamaktadir
(53,54).

Enfekte bireyin diskistyla atilan SARS-CoV-2
RNA miktan; yas, cinsiyet ve hastalik evresi gibi

modellerin icin uygulanabilir olup

durumlardan etkilenmektedir. Enfeksiyonun farkl
asamalarinda diskiyla atilan viral yuk ve bunun atik
suda saptanan gen sayisiyla iliskisi, diskilarinda
viral RNA atan enfekte hasta ylizdesi, diskida viral
atilim suresi, viral RNA'min dis ortamdaki yikim hizi
ve atik suda kaliciigi, atik su tesisine uzaklik, lagim
hatlarinda viral partikiil kayb1, deney prosediirleri
sirasinda viral RNA kaybi, virlisiin canliigini devam
ettirmeye yardimci etmenler (biyofilm gibi) bulunup
bulunmadigi tam olarak bilinmemektedir. Ayrica
fekal virlis atiim paterninin solunum yoluna gore

daha belirsiz ve degisken olmasi 6nemli bir kisitlayici
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etmendir. Atilimin uzun siirmesi yeni enfekte olan
bireylerin maskelenmesine neden olabilmektedir.
Enfekte birey sayisinin az oldugu durumlarda ise atik
suya yeterli miktarda viral RNA atilamayacaginda tan
mimkiin olmayacaktir (53,54).

Atik suda bulunan viral yiik, giinlikk atik su akim
hizindan ve tuvalet bosaltimindan etkilenmektedir.
Toplumun tuvalet kullanma paternine bagli olarak giin
icinde varyasyonlar gorilebilmektedir. Yuksek niifus
hareketliligi (turizm gibi) olan bolgelerde “gercek”
(de facto) niufusun tam olarak bilinmemesi onemli
bir belirsizlik kaynagidir. Lagimda virisiin yikilma
hiz1 atik suyun sicakligina, pH’sina, organik madde
ve ¢oziinmils oksijen konsantrasyona, érnegin alindig
yerin kaynaga uzakligina (viriisiin kanalizasyon icinde
katettigi mesafeye) gore degiskenlik gostermektedir.
Ornek toplama yontemi ve érnekleri muhafaza etme
stratejisi de izlemi etkilemektedir. Daha dogru sonuc
alabilmek icin sik ve buyiik hacimli ornekler alinmasi
gerekmektedir. Ornek alma siklig1 da isyiikii ve verim
uzerinden bulgulan etkileyebilmektedir (53,54).

Asin yagis, sicaklik ve nem dalgalanmalan gibi
cevresel degisiklikler ve uygunsuz artim SARS-CoV-2
viral genetik materyalinin kantitatif durumunda
anlamli degisikliklere neden olabilmekte; bu durum
ozellikle yagisli bahar ve kis mevsimlerinde 6nemli
sorun teskil edebilmektedir. Alinan 6rnek laboratuvara
ulastinlana kadar gecen siure ve 1s1-151k maruz kalimi
viriis yiikiinii etkileyebilir. Ornegin alindig1 yer de
onemlidir; atik su aritma tesisi, hastane ve izolasyon
merkezleri gibi pandeminin sicak noktalar, aritimin
yetersiz oldugu bdlgeler, akarsular, yolcu ucaklar
gibi pek cok farkli yerden ornek alinabilmekte olup
bunlarin temsil edecegi sonuclar farkli olabilecektir.
atik
bolgede, saglik kurulusu olup olmadigi ve buralarda

Bulgular degerlendirilirken suyun alindig
yerinde aritim uygulanip uygulanmadigi g6z oniinde
bulundurulmalidir. Ayrica atik su aritma tesislerinin
farkli bolgelerinden alinan camur ve tortu numuneleri
de atik sudan farklilik olusturmaktadir. Atik su
altyapisinin  fiziksel

yerlesimi ve kanalizasyonun

sisteminin haritasi, atik suyun kanalizasyonda kat
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ettigi mesafe, popiilasyon heterojenitesi (6rnek alma
bolgesine daha yakin yerlerde yasayanlar tarafindan
uretilen atik suyun kanalizasyonda gecirdigi siire
daha az) onemlidir (53,54).

En onemli zorluklardan biri de, nikleik
asitleri degisiklige ugratmadan virus partikillerini
yikacak uygun prosediri secmektir. Virls tespiti
sirasinda  kullanilan  konstrasyon yontemlerinin
tamaminin etkililigi onaylanmis olsa da birbirinden
oldukca farklh verebilmektedir.

sonuglar Ayrica

laboratuvarlar aras1 varyasyon nedeniyle ayni

dahi farkliik
gorulebilmektedir. Kanalizasyonda, ornek tasinmasi

yontemi  kullanan calismalarda
ve saklanmasi sirasinda gerceklesen virus yikimi
ile analiz surecinde (viris konsantrasyonu ve RNA
(ribonuikleik asit) ekstraksiyonu sirasinda ve PCR
(polimeraz zincir reaksiyonu) inhibisyonu nedeniyle)
gerceklesen kayiplar atik suda olciilen SARS-CoV-2
konsantrasyonunu etkilemektedir. Atik su, ayrica
virtsu yikabilen ve PCR’1 inhibe edebilen bilesenler
(kalsiyum iyonlan, Ure, etanol, bazi proteinler vb.)
icermektedir. Bu zorluklar 6zellikle atik suda dusuk
konsantrasyonda SARS-CoV-2 bulunmasi durumunda
kritik hale gelmektedir. Yapilan calismalarin hemen
tamaminda gecerlik ve giivenirligi artinlmis ileri
molekuler analiz yontemlerinin gelistirilmesine
ihtiyac bulundugu belirtilmektedir. Ozel laboratuvar
imkanlarina ve surdiriilebilir finansal kaynaklara
gereksinim de  onemli olarak
gorulmektedir (53,54).

Atiksusurveyanssistemlerinin kurumsallastirilmasi

dezavantajlar

konusundaki zorluklar1 anlamak icin Japonya,
Vietnam ve Endonezya’nin karsilastirildigi bir calisma
yuratulmastur. Bu Uc Ulkede merkezi atik su aritma
tesisi (AAT) bulunan, merkezi olmayan/yerinde AAT
bulunan ve atik su arntiminin olmadig1 bolgelerin
orani farklidir. Zorluklarina ragmen merkezi olmayan
aritima sahip olan veya aritim yapilmayan toplumlarin
atik su siirveyansindan elde edecegi kazanimin daha
fazla olacagi saptanmistir (55).

hem halk

ozgurliklerini

Bu yeni teknolojilerin sagligim

hem de toplumun sivil olumsuz



etkileyebilecegine dair yasal ve etik sorunlar da
giindeme gelmektedir. Onemli sorunlar veri gizliliginin
saglanamamasi ve bireysel onam alinmamasidir.
Netlik kazanmamis olan bu etik sorunlarin yaninda
sosyal damgalanma gibi problemlerin de giindeme
gelmesi olasidir (56).

ATIK SUDA COVID-19 SAPTANMASININ RiSKLERI

Atk sudaki SARS-CoV-2’ye maruz kalimin cevresel
slirveyans icin veri kaynagi olmanin yaninda bir saglik
riski olusturduguna dair goriisler bulunmakla birlikte;
yapilan arastirmalar, rutin dezenfeksiyon islemlerinin
virisli  saptanamayan  diizeylere  dusurdiguni
gostermektedir. Ancak SARS-CoV-2’nin COVID-19 ile
enfekte hastalarin diskisinda bulunmasi1 potansiyel
fekal-oral yolla bulasma riskini gindemde tutmaktadir.
Ayrica2003 yilinda yasanan SARS salgininda virusin atik
su aerosolizasyonuyla bulasabildiginin gosterilmesi bu
konuda ihtiyatli olmay1 gerektirmektedir. SARS-CoV-
2’nin fekal bulasmasiyla iliskili risklerin arastirilmasi,
(WASH)
zamankinden daha onemli hale getirmistir. Atik su

su, sanitasyon ve hijyen ilkelerini her

surveyansin1 desteklemek, surdirilebilir kalkinma
amaclarinin temel bilesenlerinden biri olan sanitasyon
altyapisim gelistirmeyi (SKA-6) icermektedir. insan ve
cevreye olas1 ikincil bulasmay1 en aza indirmek icin
SARS-CoV-2 ile kirlenmis atik suyun yonetimi icin
stratejiler gelistirilmelidir. Ozellikle diizenlenmis bir
merkezi aritma tesisinin yoklugunda, tibbi tinitelerde,
karantina merkezlerinde, izolasyon koguslarinda,
test tesislerinde tek veya coklu dezenfeksiyon
bariyerli merkezi olmayan atik su aritma unitelerinin
kurulmasi, atik su bulasma riskini en aza indirmek icin
acil gorinmektedir (16,57).

Tiirkiye’de, her tesiste dezenfeksiyon bulunmadigi
ve atik su artma tesislerinin ozellikle sulama amacli
kullanlan cikis sularinda dezenfeksiyon uygulanmasi
gerektigi bilinmektedir. T.C. Tarim ve Orman
Bakanligi’nin Nisan 2020’de yayimladig1 raporda;
atik sularin yeniden kullaniminin s6z konusu oldugu
uygulamalarin tarimsal ve peyzaj sulama faaliyetleri

oldugu belirtilerek atik su antma tesislerindeki

her bir antma adiminin virisle ilgili potansiyel

risklerin azaltilmasim sagladig1 ifade edilmistir.

Antma tesislerinin  dogru ve projelendirildigi
sekilde calistinldigindan ve etkili dezenfeksiyon
yapildigindan emin olunmasi, dezenfeksiyon iinitesi
bulunmayan tesislerin uygun sekilde revize edilmesi
ve cikis sularinin kalitesinin duzenli olarak izlenmesi

onerilmistir (58).
SONUC

DSO, atik su siirveyansimin COVID-19 izleminde
standart bir yaklasim olarak yaygin sekilde onerilmesi
icin kanitlarin yetersiz oldugunu belirtmektedir.
Tim vyararlarina ragmen atik su siirveyansi, klinik
slirveyansa alternatif olarak degil “tamamlayic1”
olarak kullanilabilmektedir. Atik su sirveyansinin
uygulanabilir olmas1 icin daha iyi anlasilmas
gerekmektedir. Toplumu temsil edecek ornekleme
stratejisinin yamsira kosullara ve ihtiyaclara gore
giincellenen ve analiz surecindeki tim adimlarn
duyarliliklarini hesaba katan optimize ve standardize
bir protokole ihtiyac vardir. izlem stratejisi, temsil
edici ve ayrintili bilgi verecek sekilde gelistirilmelidir
(59). Ulkemiz acisindan, siirece ait belirsizlikler de
goz oOniinde bulunduruldugunda, zaten simrli olan
finansal kaynaklarimizin ve insan giicimuziin salginla
miicadelede ise yaradigi epidemiyolojik olarak kesin
kanitlanmis onlemler (asilama, el yikama, maskenin
etkili kullamimi, kisisel hijyen onlemleri konularinda

farkindalik) icin kullanilmasinin daha uygun olacagi

disunulmektedir.
Klinik surveyans verileriyle birlikte
degerlendirilerek hangi diizeydeki RNA artisinin

harekete gecmeyi tetiklemek icin bilgi verici oldugu
dogru sekilde belirlenmelidir. Nakil yontemi ve 6rnek
alinan bolge ile laboratuvar arasindaki uzakliktan
kaynaklanan zorluklar1 bertaraf edebilmek icin
tasimasi kolay olan “yerinde nukleik asit amplifikasyon
testlerinin (kagit-bazli hizli test kitleri)” alternatif
Atk  su

surveyansindan elde edilen bulgular sonucu verilecek

olarak  kullanilmas1  onerilmektedir.

olan nihai karar, klinik raporlar ve modellerden elde
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edilen veri ve tahminlerle birlikte degerlendirme
sonras1 verilmelidir. Mevcut surveyans sistemlerine
COVID-19 sirveyansinin da entegre edilebilmesi
icin gereken maliyetler tespit edilmeli, prosedurler
dusuk-orta gelirli Ulkeler icin uyarlanmalidir. Suyla
bulasan hastalik tehditleri acisindan COVID-19
pandemisi sona erdikten sonra da duzenli atik su
izlemine devam edilmelidir. Atik su izlemi yerel
baglamda siirdiiriilmeli ancak uluslararasi ve bolgesel
bir ag araciligiyla bilgi ve deneyim paylasimindan tiim
tlkelerin yarar saglayacagi unutulmamalidir. Kamu,
saglik ve cevre yetkilileri, Universiteler, sivil toplum
kuruluslari ve toplum arasinda etkili esgudim ve
isbirligi saglanmalidir. Risk iletisiminde halka verilen
mesajlar acik olmali, gereksiz korkuya yol acacak
belirsiz ifadeler kullamlmamalidir. Ayrica atik su
hizmeti saglayicilarla saglik yetkilileri arasinda yakin
diyalog kurulmasi degerlidir (60,61).

Onceki arastirmalar, atik su aritma tesislerinde
calisan insanlar icin standart koruyucu onlemlerin
patojenlere  karsi koruma

yeterli sagladigim

CIKAR CATISMASI

gostermistir. Bu onlemler ayn1 zamanda SARS-CoV-
2’ye kars1 da etkilidir. Konuyla ilgili calisan onde gelen
kuruluslar antilmamis atik su ile calisilirken gerekli
mihendislik kontrolleri ve yonetsel diizenlemelerin
yapilmasini, giivenli calisma uygulamalarinin hayata
gecirilmesini ve atik su ile olasi temasa yol acan
tum faaliyetler sirasinda kisisel koruyucu ekipman
(koruyucu giysi, eldiven, bot, gozlik, yliz maskesi veya
FFP3 solunum maskesi) kullanilmasini onermektedir.
Ayrica atik su ile calisan kisiler atik su ile dogrudan
temastan, atik suyu yutmaktan ve/veya solumaktan,
yikanmamis ellerle gz, burun ve agza dokunmaktan
kacinmali ve ellerini sik sik yikamalidir (58,59).

ileride yapilacak calismalarda ise viriisiin atik suda
canliigim devam ettirmesini kolaylastiran cevresel
etmenler ve fekal ornekteki virlis konsantrasyonunu
etkileyen faktorler ile ilgili belirsizlikler giderilmeye
calisilmali, atik suyun tarimda yeniden kullaniminin
giderek artan bir uygulama oldugu g6z oOniinde
bulundurularak bu viruslerin bitkiler ve toprak
tzerindeki etkisi arastinlmalidir (60,61).

Yazarlar bu makale ile ilgili herhangi bir ¢ikar catismasi bildirmemislerdir.
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Antimikobakteriyel ilaclarin molekiiler diren¢ mekanizmalarina
genel bir bakis

Elif CiFTCi

, Dilek SATANA'

OZET

Bulasic1 ve olduriict bir hastalik olan tiberkiloz
diinyada en onemli saglik sorunu olmaya devam
etmektedir. Hali hazirda uygun dozda ve kombinler ile
uygulanan tedaviye cevap soz konusudur; ancak dusuk
doz, yanlis kombinasyon ve hastanin tedaviyi terk etmesi
gibi nedenlerle ilaca karsi direnc gelisebilmektedir.
Bunun sonucunda tek ilaca direnc olusabildigi
gibi birden fazla ilaca direncli suslar da ortaya
cikabilmektedir. Bakterilerde direnc gen aktarimi yoluyla
gerceklesmektedir. Ancak mikobakterilerde direng
gen aktarim yoluyla degil spontan nokta mutasyonuyla
olusmaktadir. Bilinen ilaclarin mikobakteri Uzerindeki
etki bolgesinin bilinmesi, tedavide ilac birlikteligi
ve uyumu acisindan onem tasimaktadir. Mikobakteri
duyarlilik testlerinin uzun siirede sonuclanmasi hem
hastanin tedaviye baslama suresini hem de direng
varliginin belirlenmesini geciktirmektedir. Bu problemin
coziimlenmesi amaciyla hizli  molekiiler duyarlibk
testleri gelistirilmistir. Molekuler ila¢ duyarlilik testleri
kisa siirede direnci belirleyebilen, ilgili gen bolgesinde

mutasyonlarin varligi ya da yoklugunu saptayan ve direnc

ABSTRACT

Tuberculosis, a contagious and lethal disease,
continues to be one of the most significant health
problems worldwide. Currently, treatment with
appropriate doses and combinations is effective;
however, resistance to medication can develop due to
factors such as low dosage, incorrect combinations, and
patient abandoning treatment. As a result, resistance
to a single drug may occur, as well as strains resistant
to more than one drug. Resistance in bacteria occurs
through gene transfer. However, mycobacteria develop
resistance through spontaneous point mutations
rather than gene transfer. Understanding the effect
area of known drugs on mycobacteria is crucial for
determining drug combinations and compatibility
in treatment. The long duration of mycobacterial
susceptibility tests delays both the initiation of
treatment and the identification of resistance. Rapid
molecular susceptibility tests have been developed
to address this issue. Molecular drug susceptibility
tests are rapid methods that can determine resistance

quickly, detect the presence or absence of mutations

mekanizmasin1 ortaya koyabilen hizli yontemlerdir. in the relevant gene region, and exposes the resistance
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Molekiiler testler tim bu olumlu yonlerinin disinda,
bazen genotipik olarak direncli gibi gorulen, ancak
fenotipik olarak bu direncin yansimadigi durumlara
neden olabilmektedir. Bazen de molekiiler testler ile
duyarli oldugu belirlenen ancak fenotipik olarak direncli
olan suslara da rastlanmaktadir. Tiiberkiiloz tedavi
surecinin uzun surmesi, hastanin tedaviyi terk etmesi,
hastaligin yeniden niiksetmesi gibi olasi sorunlar dikkate
alindiginda molekiiler testlerin kullanimi klinisyenlere
biiylik yarar saglamaktadir. Ancak elde edilen sonuclarin
mutlaka klasik antibiyotik duyarliik deneyleri ile
dogrulanmasi gerektigi unutulmamalidir. Sonug olarak;
yeni teknolojilerin varligi ve klasik ila¢g duyarliik
deneylerinin birlikte kullanimiyla, ilac etkisi-direng
mekanizmasinin anlasilabilecegi, tiiberkiiloz tedavisinde
yeni nesil ilaclarin da gelisimini etkileyebilecegi ve yeni
ilaclara kars1 direnc gelisiminin en aza indirilmesini

olanakli hale getirecegi distiniilmektedir.

Anahtar Kelimeler: Tuberkiloz, ila¢ direnci,

mikobakteri, duyarlilik

mechanism. However, molecular tests may sometimes
result in cases where phenotypic resistance is not
reflected despite genotypic resistance appearing to
be present. Additionally, strains that are determined
to be susceptible by molecular tests may exhibit
phenotypic resistance. Given the potential challenges
such as the long duration of tuberculosis treatment,
patient abandonment, and disease relapse, the
use of molecular tests provides significant benefits
to clinicians. However, it is essential to verify the
obtained results with classical antibiotic susceptibility
tests. In conclusion, it is believed that the existence
of new technologies and the use of classical drug
susceptibility tests will allow for the understanding
of drug effect-resistance mechanisms, influence the
development of next-generation drugs in tuberculosis
treatment, and enable the minimization of resistance

development against new drugs.

Words:

mycobacteria, susceptibility

Key Tuberculosis, drug resistance,

GIRIS

Tuberkiiloz (TB), tim dinyada yaygin olarak
goriilen, insan sagligini tehdit eden bulasici ve
hastaliktir.
(DSO)’niin 2022 yilina ait TB raporu incelendiginde
2020 yii Mart ayinda ilan edilen COVID-19 pandemisi
ile birlikte TB teshisi konan ve TB vakasi bildirilen

oldiriicii  bir Diinya Saglik Orgiitii

kisi sayis1 ve hasta yuku (mortalite ve insidans)
2020 yilinda
yeni TB teshisi konan bildirimlerde dusiis oldugu

uzerindeki etkilerini belirtmislerdir.

belirtilmis olup bu donemdeki TB vakalarinin
tespitinde azalmalan yansittigi ve TB hizmetlerindeki
aksakliklarin hastaligin yiiki izerinde biiyiik bir etkisi
oldugu belirtilmistir. 2021 yilinda diinya genelinde
TB ile hastalanan kisilerin 10,6 milyon oldugu bu

vakalarin %6.7’si insan bagisiklik yetmezligi viriisu
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(HIV) ile enfekte oldugu ifade edilmistir. Son yirmi
yilda yaklasik %2 oranindaki dususin ardindan 2020-
2021 yillan arasinda %3,6 ile arttig1 belirtilmistir.
TB mortalite oranina bakildiginda; 2005-2019 yillan
arasindaki diisiistin, 2020 ve 2021 de tersine dondiigd,
HIV negatif insanlar arasindaki tahmini olimin 1.4
milyon oldugu gosterilmistir. Bitirme Stratejisi’ne
(End TB) gore belirlenen %35’lik azalma hedefi
2015-2021 yillan arasinda sadece %5,9 olarak kayit
edilmistir. Cok ilaca direncli (CID)- TB vakalar1 2020
yiina kiyasla %3,1 oranlik artis ile 2021’de tahmini
450.000 olarak kayitlara gectigi, bu artisin COVID-19
pandemisinin TB tespiti Uzerindeki etkisinin bir
sonucu olarak meydana geldigi tahmin edilmektedir.
Pandemi dénemindeki TB insidans artisinin, CiD- TB
nedeniyle 191.000 olim meydana gelmesine neden

oldugu belirtilmistir (1).



Diinya genelinde yasanilan ve tiim insanligi olumsuz
yonde etkileyen COVID-19 pandemisinin TB lzerindeki
etkisi, uzun yillar lzerinde calisilan tespit ve tedavi
stratejilerine olan negatif yondeki egilimi, End TB
stratejisinin 2030 y1l1 icin belirlenen hedefe olan farkin
toparlanabilmesi ulkelerin belirlenen tespit, tedavi ve
takibin is birligi ile yapilmasi ile mimkiin olacaktir.
Bu surecte belirlenen ila¢ duyarliik testlerinin
yapilarak var olan direncin belirlenmesi, buna yonelik
stratejilerin yurutulmesi onem arz etmektedir. TB
tedavisi icin belirlenen yeni nesil ilaclann direnc
profillerinin belirlenmesi, ilke ve diinya genelinde
yayginliginin saptanmasi ve tedavideki kullanimlarinin
g0z onuine alinmasi gibi arastirmalarin yapilmasi hedefe
yonelik calismalara katki saglayacaktir.

Mikobakteri ve Antimikobakteriyel Direnc

%97-99
tuberculosis

TB hastaliginin  sorumlusu oraninda

Mycobacterium bakterisidir.
Mikobakteriler hucre duvarlaninda bulundurduklar
uzun zincirli yag asiti olan mikolik asit sebebiyle aside
direnc ozellik gostermektedir. Yavas Ureme gosteren ve
hiicre ici bir basil olan hastalik etkeni, Gram negatif
ve Gram pozitif simflandirmaya dahil edilmezler (2).
Hastaligin ana sorumlu etkeni M. tuberculosis’le
birlikte kompleks grup altinda yer alan M. africanum,
M. bovis, M. canetti, M. pinnipedii, M. microti,
caprae
dizilim calismalan ile M. orygis ve M. mungi turleride

kompleks grubuna dahil edilmistir (3).

ve M. turleri yer almaktadir. Son genom

M.  tuberculosis yaklasik 4.000 gen kodlayan
genoma sahiptir ve % 61-71 oranminda guanin ve
sitozin icermektedir. M. tuberculosis diger bakteri
gruplarindan yiiksek oranda gen kodlama kapasitesine
sahip olmasi ve cesitli enzimleri Uretilebilmesi ile
ayrilmaktadir (4). Mikobakterilerin antibiyotiklere
direnc gosterme ozellikleri, kompleks hiicre duvar
yapilarina sahip olmalan ve B- laktamaz gibi yikic
enzimleri Uretmesi ile baglantiidir. TB tedavisinde
kullanilan ilaclara karsi direncin gelisiminden gen
mutasyonlart sorumludur. Yerleri ve mekanizmalar

birbirinden bagimsiz olan bu spontan mutasyonlar ilacin

hedef noktasinda degisikliklere neden olmaktadir (5).
Bu ozellikleri nedeniyle ilac direncinden sorumlu genler
molekiiler yontemler ile tanimlanabilmektedir. TB’nin
tedavisinde kullamlmak Uzere gelistirilen ilaclara
M. tuberculosis susunun gelistirecegi mutasyon bu
noktada onemli bir sorun olarak gorulmektedir. Tim
genom analizleme (Whole Genom Sequencing (WGS))
gibi son teknoloji sistemler ile bu mutasyonlarin
saptanabilmesi mumkindur (6).

Dinyada TB tedavisinde kullamma girmis yeni
nesil ilaclarin tlkemizde antimikrobiyal etkinliklerinin
arastirilarak Turkiye’de de kullamiminin baslanmasi
ile s6z konusu direncli olgularin oranlarninda dususe
ve tedavi rejiminin daha etkin kullanimina olanak
hali
hazirda kullamimi devam eden standart ilaclar ile yeni

saglamas1 dustinilmektedir. Bu derlemede,
nesil ilaclarin etki mekanizmalari ve gen bolgelerinde
hangi mutasyonlarla direncin ortaya ciktigi konusu ele

ele alinmas1 amaglanmistir.
izoniyazid

Mikobakterilerde izoniyazid (INH) direncinin meydana
gelmesine neden olan en sik gen mutasyonu katG
mutasyonlandir (7). KatG mutasyonu katalaz/peroksidaz
enzim aktivitesini diistirmekte; ancak sifirlamamaktadir.
INH ilacina direnc gosteren klinik izolatlarda mutasyonun
%50-95 oraninda $315 mutasyonu oldugu belirtilmektedir
(8). Serin aminoasidinin yerine treonin aminoasidinin yer
aldig1 S315 mutasyonunda peroksidaz enzim aktivitesi
yarilanmakta, katalaz aktivitesi ise alt1 kat azalmaktadir.
M. bovis izolatlarinin bircogunda 463. kodondaki arjinin
yerine Gsinin yer aldig1 katG mutasyonu goriilmektedir.
Bu durumda M. bovis INH’a kars1 M.
gore daha az duyarlidir. M. bovis’in 463. kodonunda

tuberculosis’e

meydana gelen bu mutasyon katalaz-peroksidaz enzim
aktivitesini degistirmemektedir (9). Ulkemizde yapilan
bir calismada, INH direncli suslarda gen mutasyon bolgesi
ve minimal inhibisyon konsantrasyonlar (MiK) arasindaki
iliski degerlendirilmistir. S6z konusu calismada INH’a
karst en yiiksek MIK degerine sahip olan izolatlarda
saptanan mutasyon katG S315T kodonunda gorulmustur
(10).
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INH direncli 949 M. tuberculosis izolatinin
degerlendirildigi bir meta-analiz calismasinda,
909 (%95,8) susta gen mutasyonlart saptanmis,

bu mutasyonlarin %95,8’inin katG 315, %5,9’unun
inhA promotor bolgesinde oldugu belirlenmistir.
Suslarda katGMUT1(S315T1) prevalansinin  %89,2,
inhAMUT1(C15T) yayginliginin ise %77,5 oldugu ifade
edilmistir (11).

INH
mutasyonlarindan

katG
inhA
Bu mutasyon ile

direnci  gosteren izolatlarda
%15-35 oraninda

mutasyonlar saptanmaktadir (7).

sonra

inhA protein ekspresyonunun artmasi soz konusu
olmakta ve buna bagli olarak INH agisindan hedeflerin
cogalmasi gerceklesmektedir. Bu durum da bir seri
hizli mekanizma ile INH direnci olusmaktadir. inhA
protein Urliniiniin NAD’1n baglandig1 yerdeki aminoasit
yapisinda degisiklige neden olmasiyla INH direnci
meydana gelebilmektedir (9). Ayrica katG bolgesinde
meydana gelen mutasyonlar yuksek dlizeyde INH
direncine neden olurken, inhA mutasyonlarni daha
disuk diizeyde dirence neden olmaktadir (7).

Rifampin

Rifampin (RIF) RNA polimeraz enzimini inhibe
ederek mikobakteriler Uzerinde bakterisidal etki
gostermektedir. Mikobakterilerde RIF ilacina gelisen
direnc diger bakteri gruplan ile karsilastinldiginda
daha vyavas seyretmektedir. INH,
etambutol ve diger ilaclardan biriyle beraber
kullanimi direnc gelisimini onlemektedir. RIF’in tek

pirazinamid,

basina kullanilmasi, INH’a gore yan etkilerinin daha
az ve bakteri lizerindeki etkisinin INH’a yakin olmasi,
diger ilaclara karsi gelisen diren¢ durumunda da
etkinligini gostermesi gibi nedenlerden dolay1 oldukca
onemli bir ilac olmaya devam etmektedir (12).

M.  tuberculosis suslarimin RIF direnci, RNA
polimeraz enziminin B-alt Unitesini kodlayan rpoB
genindeki 507-533 kodonlar arasinda delesyonlar,
insersiyonlar veya yanlis anlamli mutasyonlar
araciligiyla gelismektedir. Tek bir kodonda bir
niikleotidin degismesi ile mutasyon olabilecegi gibi

birden fazla niikleotidin degismesiyle de dirence

Turk Hij Den Biyol Derg

neden olan mutasyonlar gelisebilmektedir (13). RIF
direncli 847 susun dahil edildigi bir meta-analiz
calismasinda, suslarin %90,8’inde rpoB mutasyonlan
oldugu bildirilmistir. Bu mutasyonun %74,2’si
rpoBMUT3 (S531L) bdlgesinde oldugu ifade edilmistir
(11).
belirleyen bolge (RRDR) de en sik goriilen mutasyonlar
531, 526 ve 516. kodonlarda gerceklesmektedir (14).

RIF direncinde rpoB geninin RIF direncini

Pirazinamid

M. tuberculosis’ te pirazinamid (PZA) direncinin
ana mekanizmasi pncA genindeki mutasyonlardan
kaynaklanmaktadir.
pirazinamidaz (PZAz) ile aktif olan PZA, pirazinoik
PZA
tuberculosis suslarinda PZAz aktivitesi

Bu gen bolgesinden iretilen

aside donuserek etkisini gostermektedir.
direncli M.
bulunmamaktadir (15). PZA’ya direncli M. tuberculosis
suslarimin - %85’inde pncA gen bolgesinde mutasyon
saptanirken, bazi suslarda mutasyon bulunmadig
bildirilmistir (16).

PZAnin M.
enerji uUretiminin engellenmesi, trans-translasyonda
ribosomal protein S1 (rpsA), patotenik ve co-enzim
A sentezini (panD) inhibe etmesi seklinde siralanan
bircok etkisi vardir (17).

Ulkemizde 46 PZA direncli M.

izolatimn yer aldig1 bir calismada; %73,9 oraninda

tuberculosis Ulzerinde; membran

tuberculosis

direnc ile iliskili gen mutasyonlarn saptanmistir.
izolatlarin %71,7’sinde pncA, %28,2’sinde rpsA ve
%4,3’unde panD mutasyonlar bildirilmistir. Mutasyonlu
izolatlarin 12’sinde pncA/rpsA gen mutasyonlari ve
iki’sinde pncA/panD gen mutasyonlarinin birlikteligi
belirlenmistir (18).

Ethambutol
Ethambutol (EMB), hiicre duvarindaki
arabinogalaktanin  biyosentezini inhibe ederek

mikolik asitlerin birikmesine ve hiicre 6limine neden
olmaktadir. Primer ilaclar arasinda yer almakta olup
1966 y1linda TB tedavisi icin kullanilmaya baslanmistir
(19).

M. tuberculosis’in embB geninin 306. kodonundaki



mutasyonlar, tim EMB’ye direncli klinik izolatlarin %30
ila 68’inde bulunmaktadir. EmbB306 mutantlarinin TB
tedavisi siresince birden fazla birinci basamak ilaca
kars1 antibiyotik duyarliigini etkileyebilecegi ileri
surulmustur (20).

Bir calismada, EMB direncli 44 izolatin %68,2’sinde
embCAB
saptanmistir. Bu izolatlarin 29’unda embB gen bolgesi

operonunda genomik mutasyonlar
306. kodon pozisyonunda en yaygin mutasyon oldugu
belirlenmistir (21).

Hicre duvan sentezinde yer alan decaprenyl-
5-phosphoribosyltransferase (DPPR)
(Rv3806c), M.

tuberculosis’de etambutol direnci ile iliskili oldugunu

phosphate
sentezini kodlayan ubiA geninin
gostermislerdir. M. tuberculosis’deki ubiA geninin
asin  eksprese edilmesinin EMB’ye orta/ yiksek
diizeyde diren¢ sagladig1 bildirilmistir. Bazi XDR-TB
izolatlarinda da embB mutasyonu olmaksizin ubiA gen

bolgesinde mutasyonun varligi ifade edilmistir (22).
Streptomisin

Streptomisin  (SM)’in  bakteri
gosterdigi asil yer rrs geninin kodlandigi 16SrRNA
ve rpsl geninin kodlandig1 ribozomal S12 proteinidir.

tzerinde direng

SM direncinin %60-70’inden bu genlerde gerceklesen
mutasyonlar sorumludur (23).

SM direncli calismalarda rpsl gen bolgesindeki
43. ve 88. kodonda mutasyon varligi gosterilmistir.
SM direnci ile iliskili olan rpsl, rrs ve gidB genlerinde
mutasyon olmaksizin da baz1 izolatlarda dusik
seviyeli direnc gelisiminin goriildiigl bildirilmistir.
Bu direncin gelisiminde effluks pompalarinin etkili
oldugu gosterilmistir (24). Aym1 zamanda SM direnci
ile bir 16S rRNA metiltransferaz olan gidB’deki bir
mutasyon arasinda bir iliski oldugu bildirilmistir.
M. tuberculosis’de gidB’nin duyarli bir susa gore
MiK’te 16 kat artisla diisiik seviyeli SM’ye direncli bir
fenotipik 6zellik kazandirdigr belirtilmistir (25).

Florokinolon

Florokinolonlar bakteriler icin onemli olan

DNA giraz ve topoizomeraz IV enzimlerini inhibe

etmektedir. M.
bulunmadigindan, florokinolonlarin asil hedefi DNA

tuberculosis’te topoizomeraz IV

giraz enzimidir (26).

DNA giraz, sirasiyla gyrA ve gyrB genleri tarafindan
kodlanan iki A ve iki B alt biriminden olusmaktadir.
(QRDR) M.
tuberculosis’in de dahil oldugu cogu bakteri tiiriinde

Kinolon direncini belirleyen bolge
gyrA ve gyrB gen bolgelerindeki mutasyonlardan
kaynaklanmaktadir (27).
Florokinolona direncli 1220 izolatin %64’Unde
QRDR bolgesinde gyrA da mutasyon so0z konusu
iken, %0,6’sinda bu bolgenin disinda mutasyona
sahip oldugu, direncli suslarin %37’sinde gyrA’daki
94. kodonda cesitli

bildirilmistir.

mutasyonlarin  var oldugu

Yine aynm calismada; florokinolon
direncine sahip izolatlarda 90., 91. ve 94. kodonda,
gyrB gen bolgesine ait mutasyon orani ise %17 olarak

rapor edilmistir (28).
Kanamisin, Amikasin, Kapreomisin, Viomisin

TB tedavisinde ikinci basamak ilaclar olarak
kullanilan bu dort ila¢ protein sentezini inhibe ederek
etkisini gostermektedir. Kanamisin (KM) ve amikasin
(AMK),
protein sentezini inhibe etmektedir (29).

On sekizden fazla ilkenin yer aldig

analiz degerlendirmesinde; rrs, tlyA, eis promoteri

16S rRNA seviyesinde degisiklik yaparak
meta-
ve gidB genlerindeki mutasyonlar AMK, KM ve/

(KAP)  kars
iliskilendirilmistir (30). KM ve AMK’sine direncli olan

veya kapreomisine TB direnci ile
izolatlarda rrs 1400 gen bolgesinde adenin yerine
guanin gelmesi sonucu meydana gelen mutasyon
varligi gosterilmistir. CID TB Estonya izolatlarinin
43’iinde (%54) KM direnci ve AMK duyarliigi gérilmiis;
M. tuberculosis’te aminoglikozit ilaclardan KM ve
AMK arasinda capraz diren¢ oldugu disiintldiigiinde
her iki ilaca karsi direnclerin test edilmesi gerekliligi
(31). Yine KM direncli
%93,1’inde rrs gen bolgesinin 1401 pozisyonundaki

gosterilmistir izolatlarin

mutasyon varligi bildirilmistir (32).

kars
diger

Kanamisine direncin gelismesine

sebep olan bir mutasyon aminoglikozit
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asetiltransferazi  kodlayan eis geni promotor
bolgesinde gerceklesmektedir. Eis promotorinin 35.
ve 10. pozisyonlarindaki mutasyonlar, proteinin asin
ekspresyonuna sebep olarak AMK yerine KM’ye karsi
dusuk duzeyde dirence yol acabilmektedir. Klinik
izolatlarin %80’inde gorilen bu mutasyonlar, KM’ye
dusuk seviyede direnc gelistirmektedir (33).

Kapreomisin ve viomisin (ViO) ribozomdaki bilyiik
ve kiiclik alt birimlerin ara yiiziine baglanarak etkisini
gostermektedir (12). Bir calismada, rrs genindeki
ucfarkli mutasyonun (A1401G; C1402T; G1484T) KM,
KAP ve VIO direnci ile iliskili oldugu gésterilmistir.
ilgili gen bolgesinde birden fazla bulunabilecek
mutasyonun ilaclar arasinda capraz dirence sebep
olabilecegi bildirilmistir (34).

Yirmi iki arastirmanin degerlendirildigi bir sistemik
KM, AMK, KAP’a direncli

M. tuberculosis suslarinda rrs genindeki A1401G

derleme calismasinda;

mutasyonunun oldugu belirtilmistir. Aym calismada
direncli suslarda tlyA ve eis promotor bolgelerinde
de baz1 mutasyonlarin var oldugu belirtilmistir (30).
Cin’de direncli izolatlarla yapilan bir calismada en
stk gozlemlenen mutasyonun rrs geninde A1401G
oldugu, tly ve eis promotor bdlgesindeki mutasyonun
KAP’a kars1 disiik seviyeli direncten sorumlugu
(35).
direncli izolatlarda rrs ve tlyA genlerinde mutasyona

oldugu bildirilmistir ikinci nesil ilaclara

rastlanmayip eis protomor bolgede mutasyonun

varligi da gosterilmistir (36).
Etionamid

Yapisal olarak izoniyazide benzeyen etionamid

ethA gen bolgesindeki mutasyon ile direnc
gostermektedir.  Etionamid  enoil-ACP  rediiktaz
enzimini inhibe eden NAD ile eklenti olusturarak

INH
direnci ile ilgili olan inhA geninde ortaya cikan

mikolik asit sentezini inhibe etmektedir (37).

mutasyon, etionamide kars1 direnc olusumundan da
sorumludur (38). izoniyazid ve etionamid direncin
katG, ethA, ethR, mshA ve
mutasyonlardan kaynaklandigin1 gésteren calismalar
mevcuttur (39).

inhA genlerindeki
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Para-Amino Salisilik Asit

Bakteriyostatik ozellikte olan para-amino salisilik
asit (PAS) folik asit yolagini inhibe ederek etkisini
gostermektedir. folC geninde meydana gelen mutasyon
PAS’a direncten sorumlu tutulmustur. Cok ilaca direncli
suslarin kullamldig1 bir calismada, thyA geni ve dfrA
kodlama bolgesindeki mutasyonlar tamimlanmistir. PAS
asit direnc mekanizmalarimin ilacin konsantrasyonu
ile de iliskili oldugunu belirtilmistir (40). PAS direnci
mutasyonunun tammlanabilmesi icin tam genom
dizilimi yapilan klinik izolatlarda, thyA ve folC gen
bolgesi ile dfrA kodlama bolgesinde mutasyon varligi
gosterilmistir (41).

Sikloserin

Sikloserin  genis spektrumlu bir antibiyotik
olup D-alanin analogudur. ikincil basamak ilaclar
arasinda yer alan sikloserin, bakteriyostatik ozellik
gostermektedir (19).

M. tuberculosis susunun tum genom diziliminin
yapildigi bir calismada, ald gen bolgesindeki mutasyonun
sikloserin direnci ile iliskili oldugu bildirilmistir (42).
Sanger dizi analizi ile dogrulama yapilan bir baska
calismada ise sikloserine direncli suslarda alr gen
bolgesindeki mutasyonun varligi belirtilmis, diger gen
bolgelerinin (dd(, cycA, ald) ise bu calismadaki mutant

suslarda tespit edilmedigi belirtilmistir (43).
Yeni nesil antitiiberkiiloz ilaclar
Bedakulin
Bedakulin (BDQ), diger antitiiberkiiloz ilaglardan
farkli olarak, etkisini ATP sentezini inhibe ederek

Bedakulin, ATP
mikobakteriyel

sentezinin
ATP
kompleksinin donustiimiinden sorumlu olan membran
bagimli C halkasin1 hedeflemektedir (44). Bedakulinin
CID-TB hastalarinda kullammiyla hastalarda balgam
kilturiniin negatife donustimini kisalttig1 ve negatif
kiltur oramint arttirdigr (%9’dan %48’e) bildirilmistir.
Bununla birlikte ilacin kullanmiminin umut verici oldugu

gostermektedir.

gerceklesmesi icin sentaz

goriilmiis ve 2012 de ABD Gida ve ilac idaresi (Food
and Drug Administration-FDA) onay1 almistir (45).



Bedakulin direnci ile iliskili olan gen bdlgeleri atpE,
pepQ ve RV0678’dir. Bu gen bolgelerinde bir veya
birkaginin mutasyona sahip oldugu ifade edilmisse de
(46) dirence sahip olup bu mutasyonlardan herhangi
birini barindirmayan mikobakteri suslarinin varligi da
gosterilmistir (47).

Delamanid

DSO’niin 2014 yilinda onayladig1 nitroimidazol
Mikobakteriler etki
mekanizmasint mikolik asit sentezini inhibe etme
Delamanid (DLM)
mikobakteri cinsi icin spesifiktir. Diger bakteri tiirlerine

simfi  bir ilactir. uzerindeki

yoluyla gerceklestirmektedir (48).

karsi1 in vitro aktiviteye sahip degildir (49). Delamanid
direnci F420 sinyal yolundaki genlerin mutasyonlan
ile ortaya cikabilmektedir. M. tuberculosis’de bilinen
gen bolgeleri dnn, fed1, fbiA, fbiB, fbiC ve FbiD
olarak siralanmaktadir (50). Delamanid kullanimi ile
XDR-TB hastalarinda olumlu tibbi sonuclara ulasildig
bildirilmistir (51).

Fenotipik olarak DLM direncli M.
(MTBC)

bolgelerindeki mutasyonun varligi gosterilmistir (52).

tuberculosis
kompleks suslarinda ddn veya fbiA gen
Delamanid ilacinin BDQ ile kombine kullaniminin
tedavi stratejisindeki basarli sonuclarin elde edildigi
calismalarda var olup (53), maliyet etkin olmas
nedeniyle de tercih edilmektedir (54).

Tedizolid, Linezolid

Tedizolid,
antimikrobiyaldir.

oksazolidinon
50S alt
baglanarak 70S baslangic kompleksinin olusumunu
inhibe
ederek etkisini gostermektedir. Tedizolid, linezolid

yeni  bir grubu

Ribozomun Uinitesine

bozmakta ve boylece protein sentezini
benzeri etki mekanizmasiyla direncli Gram pozitif
mikroorganizmalar ve M. tuberculosis’e kars1 guclu bir
aktivite gostermektedir (55). Anti-tiiberkiloz ilaclar
ile capraz direnc gostermemesi, MTBC’ye karsi giiclu
aktivite gostermesi ile CID-TB hastalarinin tedavi
rejimlerinde yerini almaktadir (56).

TB ve
TDM infeksiyonlarinin tedavi rejimlerinde yer alan

Linezolid FDA tarafindan onaylanan,

ilk oksazolidinon grubu antimikrobiyaldir (57). M.

tuberculosis  klinik izolatlarinin  linezolid direnci
ile iliskili genlerindeki (rplC, rplD ve 23S rRNA)
mutasyonlar calismalarda yerini almistir (58).

Antitiiberkiiloz ilaglara Karsi Direng

TB basilinde
sonucu meydana gelmektedir.

gorilen ilac direnci genetik
Cogu
bakteride gorlilenin aksine M. tuberculosis’de plazmid

ve transpozonlar araciligi ile direnc goriilmemektedir.

mutasyonlar

Direncin ortaya cikmasi, nokta mutasyonu sonucu
kromozomal DNA’min degisiklige ugramasi seklinde
gerceklesmektedir (59).

Antituberkiiloz ilaglara direnc primer ve sekonder ilac
direnci olmak uzere iki sekilde gorulmektedir. Daha once
TB ilact kullanmamis ya da bir aydan kisa bir suire kullanmis
hastalarda goriilen direnc primer ilag direncidir. Sekonder
ilac direnci, gecmiste TB tedavisi almis hastalarda ortaya
cikan en yaygin direnc tiiriidiir. ilac direnci TB tedavisinde
kullamlan antitiberkuloz ilaclardan herhangi birine ya da
birkacina karsi ortaya cikabilmektedir (60).

Molekiiler ilac duyarlilik testleri kisa stirede direnci
belirleyebilen, ilgili gen bolgesinde mutasyonlarin
ve direng
mekanizmasin ortaya koyabilen hizli yontemlerdir.

varigi ya da yoklugunu saptayan
Molekiiler testler tim bu olumlu yonlerinin disinda,
bazen genotipik olarak direncli gibi gorulen, ancak
fenotipik olarak bu direncin yansimadigi durumlara
neden olabilmektedir. Bazen de molekiiler testler
ile duyarli oldugu belirlenen ancak fenotipik olarak
direncli olan suslara da rastlanilmaktadir. TB tedavi
sirecinin uzun surmesi, hastanin tedaviyi terk etmesi,
hastaligin yeniden nilksetmesi gibi olasi sorunlar
dikkate alindiginda molekiiler testlerin kullanimi
klinisyenlere bliyiik yarar saglamaktadir. Ancak elde
edilen sonuclarin mutlaka klasik antibiyotik duyarlilik
deneyleri ile dogrulanmasi gerektigi unutulmamalidir.

Sonuc olarak; yeni teknolojilerin varligi ve klasik ilac
duyarlilik deneylerinin birlikte kullammiyla, ilac etkisi-
diren¢c mekanizmasinin anlasilabilecegi, TB tedavisinde
yeni nesil ilaclarin da gelisimini etkileyebilecegi ve yeni
ilaclara kars1 direnc gelisiminin en aza indirilmesini
olanakli hale getirecegi diistiniilmektedir.
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CIKAR CATISMASI

Yazarlar bu makale ile ilgili herhangi bir ¢cikar catismasi bildirmemislerdir.
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