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TURK HIJYEN VE DENEYSEL BiYOLOJi DERGISI YAYIN iLKELERi VE YAZIM KURALLARI

1) AMAC ve KAPSAM

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

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

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

I1) YAYIN iLKELERI

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

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

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

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

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

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

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

-Ticari olmamak kosulu ile makaleyi ¢cogaltabilme hakki.

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

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

IV) ACIK ERISIM POLITIKASI

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

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

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

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

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

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

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

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

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

Makalenin formati ICMJE (International Committee of Medical Journal Editors)

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

VIl) YAZI DiLI

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

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

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

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

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

yararlamlmasi énerilir. Dili ingilizce olan yazilarin mutlaka yazim ve dilbilgisi

acisindan yeterliliklerinin kontrol edilmis olmasi gereklidir. Dil agisindan

yetersiz goriilen yazilar degerlendirmeye alinmazlar..

VIIl) YAZIM KURALLARI

Dergide yayimlanmak lizere gonderilen yazilar, Tiirk Hijyen ve Deneysel Biyoloji

Dergisi yazim kurallarina gére hazirlanmalidir.

Basvurular www.turkhijyen.org adresinden “Cevrimic¢i Makale Gonder, Takip

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

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

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

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

dergimizin makale kabul sistemine yiiklenmelidir.

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

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

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

Tirk Hijyen ve Deneysel Biyoloji Dergisi

Halk Sagligi Genel Mudurligiu

Tel : (0312) 565 62 23

Faks : (0312) 565 55 91

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



TURK HiJYEN VE DENEYSEL BiYOLOJi DERGISi YAYIN iLKELERi VE YAZIM KURALLARI

sirketle bir iliski yoksa, basvuru yazisinda belirtilmelidir.

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

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

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

5. Metin igerisinde bahsedilen birimlerin sembolleri Uluslararas1 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 yazilari;

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) Tiirkce Ozet: Amag, Yontem, Bulgular ve Sonug, alt basliklarindan
olusmalidir (yapilandinlmis ozet) ve en az 250, en fazla 400 sozciik
icermelidir.

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

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

d) Giris: Arastirmanin amaci ve gerekcesi giincel literatlir 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) Tartigma: Arastirmanin sonunda elde edilen bulgular, diger arastiricilarin
bulgulanyla karsilastirilmalidir. Arastirici, kendi yorumlarim bu bolimde
aktarmalidir.

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

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

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

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

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

- Yazan verilmemis makale icin 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 adinin bas harf(ler)i. Kitabin adi. Kaginci 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. Bolim baslig.
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 numaralari ve DNA dizileri makale icinde
kaynak olarak gosterilmelidir. Konuyla ilgili ayrintili bilgi i¢in “National Library
of Medicine” adresinde “National Center for Biotechnical Information (NCBI)”
béliimiine bakimz.

- Sekil ve Tablolar: Her tablo veya sekil ayri 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 c¢alisma ve vyayin 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 sozciikler bulunmalidir. Derleme tiirii yazilar
icin kaynak sayis1 en fazla 60 olmalidir.

11. Olgu sunumlarinda metin yedi sayfayr asmamalidir. Tiirkce ve ingilizce
olarak baslik, 6zet ve anahtar sozciikler ayrica giris, olgu ve tartisma bolimleri
bulunmalidir. Olgu sunumu tiirii yazilar igin 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 sayis1 en fazla 10
olmalidir.

13. Teknik Rapor tirl 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 sayis1 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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TURKISH BULLETIN OF HYGIENE AND EXPERIMENTAL BIOLOGY PUBLISHING POLICIES AND WRITING RULES

1) AIM and SCOPE

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

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

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

1I) PUBLISHING POLICY

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

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

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

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

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

-Registered rights rather than copyrights such as patent etc.

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

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

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

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

1V) OPEN ACCESS POLICY

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

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

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

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

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

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

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

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

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

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

VII) LANGUAGE of the JOURNAL

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

VIIl) WRITING RULES

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

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

Articles to be submitted for publication;

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

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

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

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

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

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

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

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

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

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

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

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

8. Research Articles;

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

9. Research articles should have up to 40 references.

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

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

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

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

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

ETiK iLKELER

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

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

GIKAR GATISMASI POLITIKASI

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

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

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

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

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

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

ETHICAL PRINCIPLES AND PUBLICATION POLICY

ETHICAL PRINCIPLES

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

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

Turk Hijyen ve Deneysel Biyoloji Dergisi

Klinik orneklerden izole edilen Campylobacter spp.’de makrolid
direnci ve mekanizmasi

Rukiye AYDIN'

, Nurver ULGER TOPRAK?

OZET

Amacg: Gram-negatif, mikroaerofil bir bakteri
olan Campylobacter, diinya genelinde gida kaynakli
gastroenteritlerin onemli bir etkenidir, artan enfeksiyon
siklig1 ve antimikrobiyal diren¢ nedeniyle halk sagligi
icin ciddi bir tehdit olusturmaktadir. insan ve hayvan
enfeksiyonlarinda florokinolonlarin yaygin kullanimi,
coklu ilaca direncli Campylobacter suslarinda artisa yol
acmistir. Makrolidler, bu enfeksiyonlarin tedavisinde
kritik oneme sahiptir ve mikroorganizmanin makrolidlere
tedavi

direnc durumunu bilmek etkili stratejileri

gelistirmek icin hayati onem tasir. Bu calismada,
hastanemizde izole edilen Campylobacter suslarinin
antibiyotiklere duyarliliklarinin belirlenmesi, ozellikle
makrolid direncinin fenotipik ve genotipik yontemlerle

degerlendirilmesi amaclanmistir.

Yontem: Calismaya, laboratuvarimizda son bir
yil icinde klinik orneklerden izole edilen ve MALDI-
TOF MS ile tanimlanan toplam 47 Campylobacter tiirii
dahil edilmistir. izolatlarin siprofloksasin, tetrasiklin ve
eritromisine duyarliliklari, EUCAST kilavuzlarn versiyon
14.0’a gore disk diflizyon testi ile belirlenmistir.

Eritromisine direncli izolatlardan DNA elde edilmis

ABSTRACT

Objective: Campylobacter, a Gram-negative,

microaerophilic bacterium, is an important cause
of foodborne gastroenteritis worldwide and poses a
serious threat to public health due to the increasing
frequency of infection and antimicrobial resistance. The
widespread use of fluoroquinolones in human and animal
infections has led to a rise in the incidence of multidrug-
resistant Campylobacter strains. Macrolides are critical
antibiotics in the treatment of these challenging
infections, and understanding the resistance profiles is
vital for developing effective treatment strategies. This
study aimed to determine the antibiotic susceptibilities
of Campylobacter strains isolated in our hospital,
and especially to evaluate macrolide resistance by

phenotypic and genotypic methods.

Methods: A total of 47 Campylobacter spp. isolated
from clinical specimens in our laboratory over the past
year, identified by MALDI-TOF MS, were included in this
study. Disk diffusion testing was performed to determine
the susceptibility of these isolates to ciprofloxacin,
tetracycline, and erythromycin, according to EUCAST

guidelines version 14.0. The DNA was extracted
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ozgun primerler kullanilarak 23S rRNA ile L4 ve L22
ribozomal proteinlerini kodlayan gen bolgeleri PZR ile
cogaltilmistir. Sanger yontemiyle dizilenen iiriinler NCBI-

Blast ile analiz edilmistir.

Bulgular: izolatin 43
diskidan, 1

apseden

Toplam 47
(%2,1)

izole edilmistir.
5 (%10,6)’i

Campylobacter sputorum ssp.

(%91,5)’u

(%6,4)’u
(%87,2)’i
Campylobacter

kandan ve 3

izolatlarin 41
Campylobacter jejuni,
(%2,1)’i

bubulus olarak tanimlanmistir. izolatlarin cogu (n=39,

coli ve 1
%82,9) 0-18 yas arasi hastalardan izole edilmistir.
C. jejuni izolatlarinda siprofloksasin, tetrasiklin ve
eritromisine direnc oranlari sirasiyla %90,0 %78,0 ve
%4,8 olarak belirlenmistir. Bes C. coli izolatindan
dordu siprofloksasine, dordi tetrasikline ve iki tanesi
eritromisine direncli saptanmistir. Iki yasindaki bir
cocuktan izole edilen bir C. coli susu, test edilen Uc¢
antibiyotige de direncli iken, C. sputorum ssp. bubulus
test edilen tim antibiyotiklere duyarli cikmistir.
Makrolid direnci gosteren dort izolatin ucinde 23S
rRNA bolgesinde A2075G ve C2113T mutasyonlan
saptanmistir. Ayrica, L22 proteininin C-terminal
ucunda cesitli delesyon, insersiyon ve amino asit
degisimleri gozlenirken, L4 proteinlerinde varyasyon
tespit edilmemis, ermB geni amplifiye edilmemistir.
Sonug: Her iki tlirde de siprofloksasin ve tetrasikline
kars1 yiiksek direnc oranlarn gozlenmistir. Eritromisin

direnci dustik olsa da yakindan izlenmesi gerekmektedir.

from erythromycin-resistant isolates, gene regions
encoding 23S rRNA and L4 and L22 ribosomal proteins
were amplified using specific primers by PCR and the
PCR products sequenced by the Sanger method were

analysed with NCBI-Blast.

Results: Of the 47 isolates, 43 (91,5%) were
isolated from stool, 1 (2.1) from blood, and 3 (6,4%)
from abscesses. 41 (87,2%) isolates were identified as
Campylobacter jejuni, 5 (10,6%) as Campylobacter coli,
and 1 (2,1) as Campylobacter sputorum ssp. bubulus. The
majority of isolates (n=39, 82,9%) were recovered from
patients aged 0-18 years. Resistance rates in C. jejuni to
ciprofloxacin, tetracycline and erythromycin were 90,0%,
78,0% and 4.8%, respectively. C. coli isolates, 4 of 5
resisted ciprofloxacin and tetracycline, and 2 of 5 resisted
erythromycin. Notably, one C. coli from a 2-year-old
child was resistant to all three tested antibiotics, while
C. sputorum ssp. bubulus remained fully susceptible.
Mutations A2075G and C2113T were detected in the
23S rRNA region in three of the four macrolide-resistant
isolates. Additionally, various deletions, insertions and
amino acid changes were observed in the C-terminal end
of the L22 protein, but no variations were found in the L4

proteins and the ermB gene not detected.

Conclusion: High resistance rates to ciprofloxacin
and tetracycline were observed in both species.
Erythromycin resistance, although low, is worrisome and

should be closely monitored.

Key Words: Campylobacter jejuni, Campylobacter

coli, macrolids

Anahtar  Kelimeler:  Campylobacter jejuni,
Campylobacter coli, makrolidler

GIRIS

Campylobacter, insanlarda gida  kaynakli

gastroenterit ve enterokolite neden olan Gram negatif
mikroaerofil bir bakteridir. Basta kiimes hayvanlar
ve domuzlar olmak uzere sicakkanli hayvanlarin
insanlara kontamine

mikrobiyotasinda  bulunur.

olmus, az pismis et urunlerinin tuketilmesiyle

Turk Hij Den Biyol Derg

bulasir. Ozellikle Campylobacter jejuni diinya
capinda insanlarda bakteriyel gastroenteritin onemli
nedenlerindendir (1,2). Enfeksiyonun klinik belirtileri
hafif ishalden Crohn hastaligina benzer durumlara
veya Guillain-Barré sendromu gibi norolojik sekellere
kadar degisebilir. Cogu enfeksiyon belirti vermese
de, cocuklar, yaslilar ve bagisiklik sistemi baskilanmis

bireylerde daha agir seyredebilir ve bu durumda



antibiyotik tedavisi gerekebilir (3-5).

Uzun yillar florokinolonlar  Campylobacter

enfeksiyonlarinin  tedavisinde ilk tercih edilen

antibiyotik  olmustur.  Ancak, florokinolonlarin

gerek tedavi amaciyla gerekse hayvancilikta
biiyime destekleyicileri olarak yaygin kullanilmasi
florokinolonlara direncli Campylobacter izolatlarinin
ortaya ¢ikmasina neden olmustur (6). Florokinolonlara
direncli izolatlarin diger antibiyotiklere de direng
gostermesi, bu cok ilaca direncli patojenleri kiresel
bir halk saghigi sorununa donistiirmistiir (7). Bu
baglamda Diinya Saglik Orgiitii Campylobacter’i
acil yeni antibiyotik ihtiyac1 olan yuksek oncelikli
patojenler simifina dahil etmistir (8). Florokinolon
direncindeki artisla birlikte makrolidler giinimiizde
ilk tercih edilen tedavi haline gelmistir. Ancak
cesitli merkezlerden eritromisine karst %10 ile %60
arasinda degisen direng oranlar bildirilmistir (9).
Makrolidlere direnc, genellikle 23S rRNA ve ribozomal
proteinlerdeki mutasyonlar, disa atim pompalan
veya ermB geni ile iliskilendirilmistir. Bu durum,
Campylobacter izolatlarinda diren¢ durumunun acil
ve aktif izlenmesini zorunlu kilmaktadir. Avrupa
Birligi ve Kuzey Amerika’da yakindan izlenirken, diger
ulkelerde ve llkemizde bu surveyans, yetersiz teshis
ve bildirimler nedeniyle sinirli kalmistir (9,10).

Bu calismada, hastanemizde izole edilen
Campylobacter

duyarliliklarinin  belirlenmesi,

suslarinin antibiyotiklere
makrolid direncinin
fenotipik ve genotipik yontemlerle degerlendirilmesi

amaclanmistir.

TN AT

GEREC ve YONTEM

Bu calismada, 650 yatakli Uciinci basamak bir
universite hastanesinde cesitli klinik materyallerden
izole edilen Campylobacter suslar1 incelenmistir.

Bakteri izolatlarinin Secilmesi

Hastanemiz mikrobiyoloji laboratuvarinda 01 Ocak
- 31 Aralik 2023 tarihleri arasinda ¢esitli kliniklerden
bliyiik cogunlugu acil servisten olmak iizere (n=43,
%91.4), (n=1, %2,0), dahiliye
(n=1, %2,0) yetiskin gastroenteroloji (n=1, %2,0), ve
enfeksiyon polikliniklerinden laboratuvara gonderilen

cocuk hastaliklan

orneklerden izole edilen toplam 47 Campylobacter
susu calismaya dahil edilmistir. Aynm1 hastaya ait
birden fazla izole edilmis olgularda sadece bir izolat
calismaya alinmistir.

Bakterilerin Tanimlanmasi

Eksi 80°C’de stoklanmis olan Campylobacter
spp. suslari, koyun kanli agara (bioMérieux, Fransa)
ekilmis, mikroaerofilik ortamda 37°C’de 48 saat
inkiibasyon sonrasi elde edilen kolonilerin morfolojileri
incelenmis ve hazirlanan preparatlara Gram boyama
uygulanmistir. Tipik koloni morfolojisi gosteren, Gram
boyamada spiral, marti kanadi seklinde kivrik Gram
negatif basiller gorulen (Sekil 1) kulturler oksidaz ve
katalaz aktiviteleri acisindan degerlendirilmistir. Son
olarak Matriks ile desteklenmis lazer desorpsiyon/
iyonizasyon ucus zamani kitle spektrometresi
(MALDITOF MS) (VITEK MS, bioMérieux, Fransa) ile
bakteri identifikasyonlar1 tamamlanmistir.
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Sekil 1. Gram yontemiyle boyanmis Campylobacter izolatimin mikrokopik gorinuimi
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Antibiyotiklere Duyarhliklarin Saptanmasi

izolatlarin siprofloksasin, tetrasiklin ve
makrolidleri temsilen eritromisine olan duyarliliklar,
EUCAST klavuzlar versiyon 14.0’a gore disk diffiizyon
(11). EUCAST onerileri

dogrultusunda eritromisin Campylobacter spp.’nin

testi ile belirlenmistir
makrolid duyarliigini belirlemek icin indikator olarak
kullanmilir.  Eritromisin tarama testi sonucu duyarli
ciktiginda, diger makrolidlere (klaritromisin ve
azitromisin) de duyarli kabul edilir; ancak tedavide
genellikle azitromisin ilk tercih edilen makroliddir
(12).

Bu metoda gore %5 defibrine at kan ve 20 mg/L
B-NAD (MH-F) iceren Mueller-Hinton agara, taze
kiiltlirden elde edilen, 0.5 McFarland bulanikligina
ayarlanmis bakteri suspansiyonundan steril ekiivyon
Ardindan
eritromisin (15 pg), siprofloksasin (5 pg), tetrasiklin
(30 pg) antibiyotik diskleri (Oxoid, ABD) yerlestirilip,

mikroaerofilik ortamda 37°C’de 24 saat

kullanmlarak inokilasyon  yapilmistir.

inklibe

edilmistir. inkiibasyon sonrasi disklerin cevresindeki
inhibisyon zon caplarn okunarak duyarlilk durumlan
degerlendirilmistir.

Molekiiler analizler

Eritromisine direncli Campylobacter suslarinda
direnc mekanizmasini arastirmak amaciyla molekuler
analiz yapilmistir. Bakterilerde DNA izolasyonu,
ZymoBIOMICS DNA Miniprep Kit (California, USA)
kullamlarak gerceklestirilmistir. 23S rRNA ve L4,
L22 ribozomal

proteinlerini kodlayan genlerdeki

mutasyonlarin  saptanmast ve ermB geninin

arastinlmas1 icin o6zgul primerler kullanmilmistir
(13,14). Kullanlan primerler Tablo 1’de sunulmustur.
Dizi analizi yapilan PZR iiriinleri (Triogene, istanbul)
NCBI-Blast ile incelenmistir.

Kalite kontrol susu olarak Campylobacter jejuni
ATCC 33560 kullamlmastir.

Bu calisma, Marmara Universitesi Saglik Bilimleri
Enstitisu Etik Kurulu’nun onay ile gerceklestirilmistir

(Tarih:16.09.2024, Karar no: 87).

Tablo 1. Calismada kullanilan primerler ve PZR reaksiyon kosullar

Sekans (5’- 3’)

Amplikon uzunlugu

(baz cifti) PZR reaksiyon kosullan

23S rRNA TCAAGCTGGTTAGCTA ACGGCGGCCGTAACTATA

308 95°C’de 5 dk.

TCCGGTTTATATTACTGAA
L22
CTTTAGTTGGAAACCATCTTG

95°C - 1 dk
50°C -1dk

623 72°C - 1dk
72°C - 7dk

GAAGTTGTATCTTATGATGCTGAAAA TAACTACGA-
L4 CACCTTGCTCTTG

95°C’de 5 dk.
95°C - 1 dk
60°C - 1dk
72°C - 1dk
72°C - 7dk

791

ermB

GAAGGAGTGATTACATGAACAA CATAGAATTATTTCCTCCCGT

94°C’de 5 dk.
94°C - 30 sn
60°C- 30 sn
72°C - 45 sn
72°C - 5 dk

760
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BULGULAR
Campylobacter suslar; agirlikli olarak diski
orneklerinden (n=43, %91,4), apselerden (n=3,

%6,3) ve bir multiple miyelom hastasinin kan
kilturinden (n=1, %2,0) izole edilmistir. 2023 yiinda
kiltur istemiyle gelen toplam 5.380 diski ornegi
incelendiginde, Salmonella spp. (n=64, %1,8) en sik
izole edilen etken olurken, Campylobacter spp. ikinci
sirada yer almstir (n=43, %0,8). Calismamiza dahil
edilen 47 hastanin yas ortalamas1 13,74 + 17,79 yil
(Ortanca: 8,00 yil; Minimum: 0 y1l, Maksimum: 67 yil)
olarak bulunmustur. Etkenlerin ¢cogu (n=39, %83,0) 18
yas ve daha genc hastalardan izole edilmistir.

izolatlarin 41 (% 87,2)i C. jejuni, 5 (10,6)’i C.
coli ve 1 (%2,0)’i C. sputorum spp. bubulus olarak
tammlanmistir. C. jejuni izolatlarinda siprofloksasin,
tetrasiklin ve eritromisine karsi diren¢ oranlan
sirasiyla % 90,0, % 78,0 ve % 4,8 olarak bulunmustur.
Bes C. coli izolatindan dort tanesi siprofloksasine,
dort tanesi tetrasikline ve iki tanesi eritromisine
direncli saptanmistir (Tablo 2). Iki yasindaki bir
cocuktan izole edilen bir C. coli susu, test edilen lc¢
antibiyotige de direncli iken (Sekil 2), C. sputorum
ssp. bubulus li¢ antibiyotige duyarli bulunmustur.

Tablo 2. Campylobacter tiirlerinin antimikrobiyallere diren¢c durumu

C. jejuni C. coli Toplam
Campylobacter
(n:41) (n:5) (n:46)
% 95 Gliven % 95 Gliven
Antimikrobiyaller n % . n n b y
aralig1 araligi
Eritromisin 2 4,0 0,8- 13,0 2 4 8,6 3,1-19,3
Siprofloksasin 37 90,0 78,6-96,1 4 41 89,0 76,5-95,9
Tetrasiklin 32 78,0 64,2-88,0 4 36 78,0 64,2-88,0
Eritromisin+ siprofloksasin 0 0,0 0,0-7,8 2 2 4,3 0,9-13,6
Siprofloksasin+ tetrasiklin 32 78,0 64,2-88,0 2 34 73,0 58,5-84,3
Eritromisin+ siprofloksasin+tetrasiklin 0 0,0 0,0-7,8 1 1 2,1 0,1-11,2

Sekil 2. Eritromisin, siprofloksasin ve tetrasikline direncli Campylobacter coli izolati
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Eritromisine diren¢ dort izolatin her birinde 23S
rRNA bolgesinde A2075G ve A-46-23 susu disindaki
lc izolatta C2113T mutasyonlarnn saptanmistir.

Suslarin  protein duzeyinde yapilan hizalama

calismalarinda, L4 proteinlerinde herhangi bir
varyasyon gozlenmemistir. Ancak, AZU51414 standart
susu ile karsilastinldiginda, L22 proteinin baz
bolgelerinde, ozellikle C-terminal ucunda birtakim
delesyonlar, insersiyonlar ve amino asit degisimleri

tespit edilmistir (Tablo 3.). En fazla degisim A-111-

23 izolatinda gozlenmistir, 102. aminoasit olarak
valin (V), 107. aminoasit olarak glutamik asit (E)
insersiyonu, 121. amino asit hizasinda prolin, alanin
ve lizin (PAAKK) grubunu kapsayan delesyon, V65lI,
A120T mutasyonlar1 gelismistir. Ayrica izolatlardan
A-346-21 de 50. noktada izolosin (1) delesyonu, A-389-
23 izolatinda ise 96. noktada treonin (T) delesyonu
saptanmistir.

izolatlanimizin hicbirinde ermB geni amplifiye
edilememistir.

Tablo 3. Eritromisine direncli Campylobacter izolatlarinin L22 ribozomal proteinde aminoasit insersiyon, delesyonu ve
degisim durumlar

izolat Aminoasitler
CLUSTAL 2.1 multiple sequence alignment
L22-346-21 MSKALIKFIRLSPTKARLIAREVQGMNAELAMASLKFMPNKGAKYIANASS-AVANGGFE
L22-46-23 MSKALIKFIRLSPTKARLIAREVQGMNAELAMASLKFMPNKGAKYIANAISSAVANGGFE
L22-389-22 MSKALIKFIRLSPTKARLIAREVQGMNAELAMASLKFMPNKGAKYIANAISSAVANGGFE
AZU51414.1  MSKALIKFIRLSPTKARLIAREVQGMNAELAMASLKFMPNKGAKYIANAISSAVANGGFE
L22-111-23 MSKALIKFIRLSPTKARLIAREVQGMNAELAMASLKFMPNKGAKYIANAISSAVANGGFE
kkkhhhhhhhkhkhkhkhkhhhhhhhhkkkhkhhhhhhhhhkhkhkhhkhhhhhhdkikdt * khkkkiidd
L22-346-21 ANEVVVKSCRVDAAAVLKRFRPRARGSASRIRKPTS-HILVEVAKAEVKAEEKKTVAKKA
L22-46-23 ANEVVVKSCRVDAAAVLKRFRPRARGSASRIRKPTS-HILVEVAKAEVKAEEKKTVAKKA
L22-389-22  ANEVVVKSCRVDAAAVLKRFRPRARGSASRIRKPTTSHILVEVAKAEVKAEEKKTVAKKA
AZU51414.1 ANEVVVKSCRVDAAAVLKRFRPRARGSASRIRKPTS-HILVEVAKAEVKAEEKKTVAKKA
L22-111-23  ANEVIVKSCRVDAAAVLKRFRPRARGSASRIRKPTSHILVEVVKAEEVKAEEKKTVAKKT
kkkkokhhhhkhhhkhkhkhhhhkhkhhhhhkhhkhkhkkke o * Kkkkkhkkkkkkk.
L22-346-21 PAAKKTTTTKAPA
L22-46-23 PAAKKTTTTKAPA
L22-389-22 PAAKKTTTTKAPA
AZU51414.1 PAAKKTTTTKAPA
L22-111-23 TTTKAPA------
cok .
TARTISMA karsilasilabilecek zorluklara isaret etmekte ve bu
antibiyotiklerin klinik kullaniminda dikkatli olunmasi
Calismamiz, laboratuvarimizda son bir yil  gerektigini vurgulamaktadir.
icinde elde edilen Campylobacter tirlerinin Hem C. jejuni hem de C. coli suslanmizda
dagiim ve antimikrobiyal direnc paternleri  siprofloksasin ve tetrasikline karsi gozlenen bu
hakkinda o6nemli bilgiler sunmaktadir. Duyarlilk ylksek direnc oranlan, dinya genelindeki benzer

testleri sonucunda, sik kullanilan antibiyotiklere
kars1 dikkate deger oranlarda diren¢ saptanmasi,
Campylobacter enfeksiyonlarinin ampirik tedavisinde
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calismalarda bildirilen sonuclarla uyumludur. Giney
ve Kuzey Amerika, Avrupa ve Asya verilerini kapsayan
bir derleme, klinik izolatlardaki siprofloksasin direng



oranlarinin  %25,3 ile %91,3 arasinda degistigini,
ciftlik hayvanlar ve urinlerindekilerin ise %30,3
ile % 100,0 degerlerine ulastigini gostermektedir
(6). Amerika Ulusal Antimikrobiyal Diren¢ izleme
(NARMS) verilerine gore,
enfeksiyonlarinda siprofloksasin direnci 1997’de %18,0
iken 2017’de %28,0’e yukselmistir (15,16). Hastalik
(CDC) tarafindan
2019’da
kinolonlara veya makrolidlere karsi artan direnc

Sistemi Campylobacter

Kontrol ve Onleme Merkezleri
Campylobacter’daki antibiyotik direnci
nedeniyle ‘Gnemli bir halk saglhigi tehdidi’ olarak
tanimlanmistir (17). Bunun lizerine alinan onlemlerle
2019 yilinda %34,9 olan siprofloksasin direnci 2020’de
%25,2’ye dusmustur ancak, besin hayvanlar ve
hayvansal gidalardan izole edilen Campylobacter
turlerinde direnc artis1 devam etmistir (18,19).

Ocak 2024’te yayimlanan Avrupa Gida Givenligi
Otoritesi (EFSA) ve Avrupa Hastalik Onleme ve Kontrol
Merkezi (ECDC) ortak raporu, Avrupa Birligi’nin 2021-
2022’de insanlardan, hayvanlardan ve gidalardan
elde edilen C. jejuni ve C. coli bakterilerindeki
antimikrobiyal direnc verilerini sunmaktadir (20). Bu
veriler 22 Avrupa Birligi lye iilkesi ve iki liye olmayan
ulkelerden derlenmistir. Rapora gore, direnc oranlan
gerek antimikrobiyallere gerekse C. jejuni ve C.
coli tirlerine gore buiyiik farkliiklar gostermektedir.
insan izolatlaninda siprofloksasine karst direnc
seviyeleri C. jejuni’de %20,6 ile %96,6 (ortalama
%69,1) arasinda, C. coli’de ise % 70’in Uzerinde
bulunmustur. Ulkeler bazinda bakildiginda, C. jejuni
izolatlarinda siprofloksasine en dusuk direng¢ oranlarn
Norvec (%20,6) ve izlanda’da (%25,6) goriiliirken,
Portekiz (%96,6), Litvanya (%96,2), Kibris (%94,0)
ve Polonya (%93,8) gibi Ulkelerde son derece yuksek
direnc seviyeleri bildirilmistir. C. coli izolatlarinda
ise Hollanda’dan herhangi bir direnc bulunmazken en
yuksek direnc Estonya (%100,0) ve Portekiz (%98,7)
tarafindan bildirilmistir. Vurgulanmasi gereken bir
husus besi hayvanlarindan yada hayvansal gidalardan
izole edilen Campylobacter suslarinin insanlardan
hastalik etkeni olarak izole edilenlerden daha direncli
olmalandir.

Yapilan calismalar, Campylobacter turlerinde

tetrasiklin  direncinin de yiksek seviyelerde
seyrettigini gostermektedir. Avrupa Birligi lilkelerinde
tetrasiklin direnci genel olarak yiksek bildirilmistir;
insanlardan izole edilen C. jejuni’nin ortalama
%46,6’s1 direncli bulunmustur. En dusik tetrasiklin
direnc oran1 Norvec’ten (%15,0), en yuksek oran ise
Polonya (%75)’dan rapor edilmistir. C. coli izolatlan
icin Avrupa Ulkeleri genelinde tetrasiklin direnci
seviyesi ortala %71,2 olmakla beraber, en dustik direng
Slovenya’dan (%35,5), en yiksek direnc ise Estonya
ve Portekiz’den (%94) bildirilmistir. Besin hayvanlan
veya hayvansal gidalardan elde edilen C. jejuni
izolatlarinda %68,8, C. coli izolatlarinda ise %67,5
ile %90,5 arasinda degisen yiiksek diren¢ oranlan
(20).

cok blyuk kisminda,

raporlanmistir Calismamizda izolatlarimizin

siprofloksasin  direncinin
tetrasiklin direnciyle birlikte seyrettigi goriilmustir;
ozellikle tetrasikline direncli C. jejuni izolatlarinin
tamami siprofloksasine de direncli bulunmustur.
Bu sonucumuz, Belcika’da ciftlik hayvanlaryla ve
Hirvatistan’da gastroenteritli hastalarla yapilan
calismalarda Campylobacter tirlerinde tetrasiklin
ve siprofloksasin direnci birlikteliginin sik oldugunu
bildiren literaturle uyumludur (21,22).
Florokinolonlara kars1

gelisen yuksek

direnc nedeniyle, agir seyirli Campylobacter

enfeksiyonlarinin ~ tedavisinde  makrolidler ilk
secenek haline gelmistir (10). Makrolidlere ait olan
eritromisine diren¢ oranlan incelendiginde, Avrupa
ulkelerinden insanlardan, kumes hayvanlarindan
veya gidalardan elde edilen C. jejuni izolatlarinda
ortalama %0,9 veya daha diisik oranda direng
gozlenmistir. ispanya (%4,6), Yunanistan (%2,6) ve
Finlandiya (%2,1) hari¢, bu cografyada onemli bir
direng prevalansi bulunmamaktadir. Aynm cografyada
C. coli izolatlarinda ise insanda hastalik etkenlerinde
ortalama %7,8 oranminda direnc gorulurken, bu oran
%38,5’e kadar yikselebilmektedir.

Gidalardan elde edilen C. coli izolatlarindaki direnc,

Yunanistan’da

ulkelere gore farkliik gostermekte olup %8,8 ile
%77,8 arasinda degismektedir (20).
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Calismamizda, C. jejuni izolatlarinda eritromisin
direnci %4,8 olarak belirlenmistir. NARMS verileri, C.
jejuni icin eritromisin direncinin 2006’dan 2015’e
kadar artis gosterdigini (%0,8’den %2,7’ye) ancak
sonraki vyillarda (2015-2017 arast %3’uUn altinda)
daha disiik seviyelerde seyrettigini belirtmektedir
(15, 16). Hastanemizdeki oOnceki calismalarla

CAMPYLOBACTER SPP.’DE MAKROLID DIRENCi

karsilastinldiginda  (2012-2013’te  %15,0, 2014-
2016’da %7,2 ve 2017-2018’de %3,4), mevcut
calismamizdaki %4,8’lik direnc oraninin belirgin
bir artis gostermemesi memnuniyet vericidir (Sekil
3). Ancak, bu kritik antibiyotige karsi direncin
varligi endise vericidir ve yakindan izlenmesini
gerektirmektedir (13,23,24).

Campylobacter tirlerinin yillar i¢indeki ti¢
antimikrobiyale direng oranlar (%)

100

80

0 II. II-

2012-2013 2014-2016

6

(o]

4

o

2

o

2017-2018 meveut calisma

m Siprofloksasin ~ ® Tetrasiklin ™ Eritromisin

Sekil 3. Hastanemiz laboratuvarinda izole edilen Campylobacter tiirlerinin yillar icindeki antimikrobiyallere direnc oranlar (%)

izolatlarimizdaki eritromisine direnc, molekiiler
diizeyde degerlendirildiginde, hicbirinde ermB
geni saptanamamistir. Yapilan calismalar, ermB
geninin yuksek minimal inhibitor konsantrasyonuna
(MIK) sahip olan eritromisine direncli izolatlarda
bulundugunu gostermistir (10,14). Calismamizda
duyarlilik testi olarak disk difflizyonu kullamldig
icin ermB geniyle direnc arasinda bir ilginin olup
olmadigini séylemek olanaksizdir. izolatlarimizdaki,
genetik olarak son derece kararli ve evrimsel olarak
korunmus, bakteri icin hayati oneme sahip 50S

1 92 Turk Hij Den Biyol Derg

ribozomal L4 proteininde herhangi bir mutasyon
saptanmamisti. Ama gerek 23S rRNA bolgesinde
gerekse L22 proteinlerinde goriilen mutasyonlarin,
delesyon veya insersiyonlarin eritromisine direncten
sorumlu olma olasiliklar giiclu gozikmektedir.

Sonuclarimiz, iilkemizdeki diger arastirmalarla
karsilastirildiginda birtakim benzerlikler ve farkliliklar
gozlenmektedir. Eritromisine direng oranlarimiz diger
calismalarinki ile uyumlu bulunirken, siprofloksasin ve
tetrasikline direnc oranlarimiz ise daha yiikseklerde
seyretmektedir (25-30).




Ulkemizdeki daha
incelendiginde; merkezimizin icinde yer almadigi,

veriler yakindan
Ulusal Enterik Patojenler Laboratuvar Sirveyans
Ag1 (UEPLA) kapsaminda 2008-2011 yillar1 arasinda
calisilan 55 Campylobacter izolatinda gradiyent
test ile siprofloksasin direnc oran1 %81,8, tetrasiklin
direnci ise %18,8 olarak saptanmistir (25). Yine
Turkiye’den 158 izolat ile yapilan baska bir calismada
siprofloksasin direnci %72,2 bulunmustur (26). Diger
ulusal merkezlerden Kayman ve arkadaslarn (27)
152 izolata gradiyent test ile yapilan duyarlilik
testinde siprofloksasine %74,3, tetrasikline %25,0
ve eritromisine %5,9 direnc bildirirken, Eryildiz
ve arkadaslarinin (28) 54 izolat {izerinde yaptig
calismada aym oranlan
sirasiyla %74,1, %59,3 ve %3,7 olarak raporlanmistir.

Eritromisine kismen daha fazla direnc saptanan

antibiyotiklere direnc

merkezlerden; %16.92 ve %22.3 direnc oranlan
bildirilmistir (29,30).
Sonuglarimiz ~ degerlendirildiginde, izolatlarin

sadece lic tanesinin (%6,4) test edilen iic antibiyotige
de duyarli olmasi dikkat cekicidir. Kalan izolatlarin
Ucli tek bir antibiyotige, digerleri ise en az iki
Ozellikle iki
yasindaki bir cocuktan izole edilen C. coli susunun

antibiyotige direncli bulunmustur.

test edilen siprofloksasin, tetrasiklin ve eritromisin

olmak lizere ii¢c antibiyotige de direncli saptanmasi,
tedavisi zor olgularin ortaya cikabilecegine dair

BiLGILENDIRME

onemli bir uyaridir. Bu tir coklu ilaca direncli
suslarin yayiiminin onlenmesi icin surekli siirveyans
calismalan ve akilct antibiyotik kullanimi bilylik onem
tasimaktadir. Ote yandan, C. sputorum ssp. bubulus
izolatinin test edilen tim antibiyotiklere duyarli
olmasina karsin, bu tir ile bilinenler simirlidir, bu
baglamda klinik yansimalar hakkinda daha kapsamli
verilere ihtiyac duyulmaktadir.

kisitliiklan

Arastirmamiz, tek bir Universite hastanesinden elde

Calismamizin  bazi bulunmaktadir.
edilen sinirli sayidaki izolatlarla gerceklestirilmistir.
Ayrica, hastalarnn ates, kanli diskilama, akut/kronik/
persistan ishal gibi klinik semptom ve bulgularinin
analiz edilememis ve oranlarinin belirtilememis
olmas1 da calismanin onemli bir kisithiligidir. Diger
yandan, eritromisin direncinde disa atim pompasi
gibi diger diren¢ mekanizmalar arastirilmadigi igin
izolatlarimizin makrolidlere karsi direncinin nedeni
yeterince agiklanamamistir.

Sonuc olarak; bu calisma, hastanemizde izole
edilen Campylobacter suslarinin yilksek oranda
ile birlikte,
seviyelerde makrolidlere

florokinolon ve tetrasikline direnci
daha dusuk
kars1 da direnc gosterdigini ortaya koymustur. Elde

nispeten

edilen bu bulgular, Campylobacter enfeksiyonlarinin

etkin yonetimi icin yerel direnc paternlerinin
periyodik olarak belirlenmesinin ve akilci antibiyotik

kullaniminin onemini vurgulamaktadir.

* Bu calisma, Marmara Universitesi Saglik Bilimleri Enstitiisii Mikrobiyoloji ve Klinik Mikrobiyoloji Anabilim Dali, Mikrobiyoloji
Tezli Yiiksek Lisans Ogrencisi Rukiye Aydin’in aym baslikli tez calismasindan hazirlanmustir.

* 1-3 Mayis 2025 tarihlerinde, The 3 International Azerbaijan Laboratory Medicine Congress’de poster bildiri olarak

sunulmustur.
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ETiK KURUL ONAYI

* Bu calisma, Marmara Universitesi Saglik Bilimleri Enstitiisii Etik Kurulu’nun onayi ile gerceklestirilmistir (Tarih:16.09.2024,
Karar no: 87).

CIKAR CATISMASI

Yazarlar bu makale ile ilgili herhangi bir ¢cikar catismasi bildirmemislerdir.
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Akut gastroenterit tanili hastalarda rotaviriis ve adenoviriis
prevalansinin arastirilmasi

Esra SAYLAM'

, Rugiyya SAMADZADE?

, Salih MACIN?

OZET

Amag: Akut gastroenterit (AGE); kisa suirede gelisen
ishal, karin agrisi, kusma ve bulanti gibi belirtilerle
karakterize klinik bir tablodur. Viral, bakteriyel veya
paraziter etkenlere bagli olarak gelisebilmekte ve
ozellikle bes yasindan kiclk cocuklarda ciddi morbidite
ve mortaliteye neden olabilmektedir. Rotavirls ve
adenovirls, AGE’nin yaygin viral etkenleri arasindadir.
Rotavirlis baslica diski-agiz yoluyla bulasirken, farkl
klinik tablolara neden olabilen adenovirisiin ozellikle
40 ve 41 tipleri gastroenteritle iliskilidir. Bu calismada,
son bes yilda hastanemize basvuran AGE tanili
hastalarda rotaviriis ve adenoviriis antijeni pozitifliginin
belirlenmesi ve pozitifligin demografik o6zellikler,
mevsimler ve yillara gore dagilimnin degerlendirilmesi

amaclanmistir.

Yontem: Ocak 2020-Aralik 2024 tarihleri arasinda
AGE on tamsiyla Tibbi Mikrobiyoloji Laboratuvarina
gonderilen diski orneklerinin rotaviris ve adenoviris
antijen testi sonuclan retrospektif olarak
degerlendirilmistir. Viral antijenlerin saptanmasinda
immunokromatografik kombine hizli test kullamlmistir.
Hastalarin demografik ozellikleri ile pozitif sonuclarin
mevsimlere ve yillara gore dagilimi laboratuvar kayitlar

uzerinden incelenmistir.

ABSTRACT

Objective: Acute gastroenteritis (AGE) is a clinical
condition characterized by the rapid onset of symptoms
such as diarrhea, abdominal pain, vomiting, and nausea. It
may be caused by viral, bacterial, or parasitic agentsand can
lead to considerable morbidity and mortality, particularly
among children younger than five years. Rotavirus and
adenovirus are among the common viral causes of AGE.
Rotavirus is primarily transmitted via the fecal-oral route,
whereas adenovirus, which can cause various clinical
conditions, is associated with gastroenteritis particularly
through types 40 and 41. This study aimed to determine
rotavirus and adenovirus antigen positivity among patients
diagnosed with AGE who presented to our hospital during
the last five years and to evaluate its distribution according

to demographic characteristics, seasons, and years.

Methods: Rotavirus and adenovirus antigen test
results from stool samples submitted to the Medical
Microbiology Laboratory with a preliminary diagnosis of
AGE between January 2020 and December 2024 were
evaluated retrospectively. Viral antigens were detected
using a combined immunochromatographic rapid test.
Patients’ demographic characteristics and the seasonal
and annual distributions of positive results were

examined using laboratory records.
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Bulgular: incelenen toplam 15.817 diski érneginin
1.432

antijeni saptanmistir. Orneklerin 1.022 (%6,46)’sinde

(%9,05)’sinde adenovirlis ve/veya rotavirlis
yalnizca rotavirus, 275 (%1,74)’inde yalnizca adenovirus
ve 135 (%0,85)’inde her iki virlis antijeni birlikte
pozitif bulunmustur. Birlikte pozitif ornekler de dahil
edildiginde toplam rotaviriis pozitifligi 1.157 (%7,31),
toplam adenoviriis pozitifligi ise 410 (%2,59) olarak
hesaplanmistir. Pozitif olgularin yas gruplarina gore
dagiliminda en yiiksek oran iki yasindan kiiciik cocuklarda
gorulmus; bu oran rotaviris icin %38,5, adenovirus icin
%33,5 olarak belirlenmistir. Rotaviriis en sik ilkbaharda,
adenovirls ise sonbaharda saptanmistir. Her iki antijen
acisindan en dusik pozitiflik 2020, en yiksek pozitiflik

ise 2022 yilinda belirlenmistir.

Sonug: Hastanemize basvuran AGE tanili hastalarda
rotaviris adenoviristen daha sik saptanmis ve pozitif
olgulanin en blyiik boliminu iki yasindan kucuk cocuklar
olusturmustur. Rotaviris pozitifligi ilkbaharda, adenoviriis
pozitifligi ise sonbaharda daha yiiksek bulunmustur.
Bulgular, AGE olgularinda viral etkenlerin diizenli olarak
izlenmesinin etkenlerin yasa, mevsime ve yillara gore
dagiimimin  belirlenmesine ve siirveyans verilerinin
gelistirilmesine katki saglayabilecegini gostermektedir.

Anahtar Kelimeler:

Adenovirls, gastroenterit,

rotavirus, pozitiflik, stirveyans

Results: Adenovirus and/or rotavirus antigens were
detected in 1,432 (9.05%) of the 15,817 stool samples
examined. Rotavirus alone was detected in 1,022 (6.46%)
samples, adenovirus alone in 275 (1.74%), and both viral
antigens in 135 (0.85%). When samples positive for both
viruses were included, overall rotavirus positivity was
1,157 (7.31%), whereas overall adenovirus positivity
was 410 (2.59%). In the distribution of positive cases by
age group, the highest proportion was observed among
children younger than two years, accounting for 38.5%
of rotavirus-positive and 33.5% of adenovirus-positive
cases. Rotavirus was most frequently detected in spring,
whereas adenovirus was most frequently detected in
autumn. For both antigens, the lowest positivity was
observed in 2020 and the highest in 2022.

Conclusion: Among patients diagnosed with AGE who
presented to our hospital, rotavirus was detected more
frequently than adenovirus, and children younger than
two years constituted the largest proportion of positive
cases. Rotavirus positivity was higher in spring, whereas
adenovirus positivity was higher in autumn. These findings
suggest that regular monitoring of viral agents in AGE
cases may contribute to determining their distribution by

age, season, and year and to improving surveillance data.

Key Words: Adenovirus, gastroenteritis, rotavirus,

positivity, surveillance

GIRIS

Akut gastroenterit (AGE) 14 giinden kisa sliren,
karin agrisi, sulu-kanli ishal, bulanti ve kusma gibi
semptomlara neden olan klinik bir tablodur (1).
Gastroenterit, tim yas gruplarinda gorulmekle
beraber ozellikle 5 yas alt1 cocuklarda iiclincli 6nde
gelen 6lim nedenidir. Diinya Saglik Orgiitii (DSO)
verilerine gore gastroenterit, her yil 5 yas alt1 yaklasik
443.832 cocugun ve 5-9 yas araliginda 50.891 cocugun
olumune neden olmaktadir. Diinya genelinde ise her yil
yaklasik olarak 1,7 milyar cocukluk ¢agi gastroenterit
gorulmektedir (2).

vakasi Yapilan calismalarda
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sosyodemografik diizey ile AGE nedenli olim oran
arasinda gicli bir iliski oldugu gosterilmistir (3).

Akut gastroenterit, virus, bakteri ve parazit gibi
cesitli etkenlere bagli olarak ortaya cikmaktadir.
En vyaygin viral etkenler;

rotavirlis, norovirus,

adenoviris,  bakteriyel etkenler;  Escherichia

coli, Salmonella, Shigella ve Campylobacter,
paraziter etkenler ise; Cryptosporidium, Giardia
ve Entamoeba’dir (2). Akut viral ve bakteriyel
gastroenterit klinik semptomlar ile birbirinden kesin
bir sekilde ayrilamamaktadir. Kanli-mukuslu ishal
ve yiuksek ates genellikle bakteriyel bir nedene

bagli iken viral etkenli AGE’de ise siklikla solunum



semptomlar ve kusma 0n planda gorulmektedir (4-7).

Rotaviriis, Reoviridae ailesinde siniflandirilan
zarfsiz bir virtstir. insanlara fekal-oral temas ve
Ozellikle

cocuklar arasinda oldukca bulasicidir ve yasamin

inhalasyon yol ile bulasabilmektedir.
ilk yillarinda birkac gastroenterit atagi ile farkl
viral suslarla tekrarlayan enfeksiyonlara neden
inkiibasyon  siiresi
10 giin

Rotaviriis enfeksiyonu asemptomatik olabilecegi gibi

olabilmektedir. yaklasik iki

gindir ve enfeksiyon surebilmektedir.
kendiliginden sinirl sulu ishal veya kusma, ates, karin
agnsi ile birlikte siddetli dehidratasyonlu sulu ishale
neden olabilmektedir (8-11). 2006 yiinda Rotarix™
(monovalent) ve RotaTeq™ (pentavalent) olarak iki
tane zayiflatilmis canli as1 lisanslanmistir ve su anda
100’den fazla Ulkede kullamlmaktadir.

asilar, yuksek ve orta gelirli ulkelerde oldukca etkili

Kullanilan

olmus ve rotaviris enfeksiyonu ile iliskili mortalite
olcude azaltmistir (9).
Adenovirus, Adenoviridae ailesinde siniflandirilan
DNA virusudur.

Adenovirus ile iliskili gastroenteritte en sik Adenovirls

ve morbiditeyi o©nemli

ikosahedral simetrili zarfsiz bir
40-41 tipini iceren F turu gorulurken, A, C ve D turleri
ile iliskili vakalar da bildirilmistir (12). Cocuklarda
akut gastroenteritin genel olarak %2-15’inin nedeni
adenoviristiir. Cogunlukla 4 yasin altindaki cocuklarda
goriilmektedir. Adenoviral diyarede, akut karin agrisi,
ishal, bulanti-kusma, ates, farenjit, konjonktivit ve
rinit gibi cesitli semptomlar gozlenebilmektedir (10).

Bu calismada, son 5 yilda hastanemize basvuran
AGE tanmili

seropozitifliginin demografik 6zelliklere, mevsim ve

hastalardaki rotaviriis ve adenovirus

yillara gore dagilimi geriye doniik olarak incelenmistir.

GEREC ve YONTEM

Ocak 2020 - Aralik 2024 tarihleri arasinda Konya
Numune Hastanesi Tibbi Mikrobiyoloji Laboratuvari’na
akut gastroenterit siipheli 15.817 hastanin gaita 6rnegi
gonderilmistir. Gaita orneklerinde rotaviris ve/veya
adenovirlise 6zgiil antijen pozitifligi arastinlmistir.
Viris antijenlerini saptamak icin kalitatif tespit

yapan renkli kromatografik bir test olan ‘Adenoviris
ve Rotaviriis (AV-RV) Kombo Test’ (Rapid Diagnostic
Systems, Turkiye) kiti kullanilmistir ve uretici firmanin
onerileri dogrultusunda testler calisilmistir.

Taze gaita orneklerinden kitin icinde hazir bir
sekilde bulunan tampon cozeltisine ornek toplama
aparati ile 50 mg alinmistir. Daha sonra karisim
vortekslenerek homojenizasyon yapilmistir. Homojen
olan karsimdan hazir kaset-disk testin lizerinde olan
bosluga yaklasik 3-5 damla damlatilmistir. Karisimin
damlatilmasiyla testin izerinde olan cizgili yerde
akim saglanmistir. Testin sonucu icin 15 dakika
beklenmistir.

C-kontrol
bagimsiz

Kullamlmis kaset testin uzerindeki

cizgisidir. Testin  sonucundan olarak

kontrol bolgesinde her zaman pembe-morumsu
kontrol bandi olusmalidir. Bu testin sonucunu dogru
oldugunu gostermektedir. Kitin lzerindeki T1- anti-
rotaviriis antikoru ile T2- anti-adenoviriis antikoru
ile kaplanmistir. Gaita 6rneginde rotaviriis antijenleri
varsa T1 cizgisinde, adenovirls antijenleri varsa ise
T2 cizgisinde olusan pembe-morumsu renk degisimine
bagli olarak pozitif sonu¢ verilmistir. Tim sonuclar
hastane otomasyonu lizerinden geriye doniik olarak
arastinlmistir.

Adenoviriis ve rotaviriis enfeksiyonlarina ait
veriler; yas gruplar, mevsim, ay ve yillara gore
kategorize edilerek analiz edildi ve pozitiflik oranlan
her bir grupta ornek sayisina gore yizde (%) olarak
ifade edildi.

Bu calisma, Selcuk Universitesi Rektorliigi
Yerel Etik Kurulu’nun onayir ile gerceklestirilmistir
(Tarih:07.11.2024, E-70632468-050.04-

870257).

Karar no:

BULGULAR

Calismaya dahil edilen 15817 gaita orneginin 1432
(%9)’inde adenoviris ve/veya rotaviris antijeni tespit
edildi. Pozitif saptanan orneklerin 1022 (%71,3)’sinde
rotavirls, 275 (%19,2)’inde ise adenovirls antijeni
tespit edildi (Tablo 1).
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Adenovirus ve rotavirus tum vyas gruplarinda
gorulmekle beraber en fazla pozitiflik oran1 0-1 yas
grubunda tespit edildi. Viral antijen pozitifligi yas

Tablo 1. Viral antijen pozitifliginin dagilimi

dagilimina gore incelendiginde; 0-1 yas grubunda
rotavirlis pozitifligi %38,4, adenoviriis pozitifligi
%33,5 oraninda saptandi (Tablo 2).

Mikroorganizma n (%)
Rotaviriis 1022 (71,37)
Adenovirls 275 (19,2)
Rotaviriis+Adenoviris 135 (9,43)

Tablo 2. Rotavirlis ve Adenoviriis antijeni pozitif hastalarin yas gruplarina gére dagilim

n (%)
Yas Gruplar
Rotavirdis Adenoviriis
0-1 yas 393 (38,45) 92 (33,5)
2-3 yas 245 (23,97) 68 (24,7)
4-6 yas 192 (18,79) 65 (23,6)
7-18 yas 135 (13,21) 42 (15,3)
>18 yas 57 (5,58) 8 (2,9)
Rotavirlis antijen  pozitifliginin  mevsimsel  Adenoviris antijen pozitifliginin mevsimsel dagilim

dagilimi incelendiginde, en cok ilkbahar mevsiminde
(%30,3), aylara gore degerlendirildiginde ise en
stk kasim ayinda (%13,6) goriildigi tespit edildi.

35¢
30
251

20

n (%)

iikbahar Yaz

incelendiginde, en cok sonbahar mevsiminde (%37),
aylara gore degerlendirildiginde ise en sik ekim
ayinda (%16,4) goriildiigii saptandi (Sekil 1-2).

Em Rotavirus
Hm Adenovirus

Sonbahar Kis

Mevsim

Sekil 1. Rotavirlis ve Adenoviriis antijen pozitifliginin mevsimsel dagilimi
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Sekil 2. Rotaviriis ve Adenoviriis antijen pozitifliginin aylara gore dagilimi

Rotavirlis (%35,7) ve adenoviris (%42,5) antijen  antijeninde de pozitiflik oran1 en yiiksek 2022 yilinda
pozitifligi yillara gore kiyaslandiginda, her iki tespit edildi (Sekil 3).
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Sekil 3. Rotaviriis ve Adenoviriis antijen pozitifliginin yillara gore dagilim
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TARTISMA

Viral kaynakli gastroenterit, cocukluk caginin
hastaliklanindan biri  olarak kabul
Viral

olan rotaviris ve adenoviris, ozellikle gelismemis

en onemli

edilmektedir. gastroenterit etkenlerinden
Ulkelerde cocuklarda ciddi salgin ve 6lumlere neden
olmaktadir (13).

etken oldugu akut gastroenterit prevelansi llkelere

Rotaviriis ve/veya adenovirisin

ve sehirlere gore degismektedir (14).

Yapilan cesitli calismalarda; AGE hastalarindaki
adenoviriis siklig1 Japonya, Fransa ve Avusturya gibi
sanayilesmis ulkelerde %3,1-5 arasinda, Nijerya’da
%22,3, %20, %14,6 olarak
saptanmistir (15). Ulkemizde son 5 yilda cesitli

iran’da Irak’ta ise
bolgelerde yapilan calismalarda, AGE hastalarinda
rotaviriis sikig1 %5-10,7 arasinda, adenoviris sikligi
ise %1,3-3,3 arasinda degistigi gozlenmistir (16-
18).
adenoviris pozitiflik orani ise %1,7 olarak saptandi.

Calismamizda rotavirus pozitiflik oram %6,5,

Bu oranlar ilkemizdeki siirveyans verileri ile uygunluk
gostermektedir.

Akut gastroenteritlerde birkac etken bir arada
goriilebilmekle beraber en sik viriis-viriis birlikteligi
saptanmaktadir. Ozdemir ve ark.’min yaptig1 bir
calismada, %0,6-9,6 oram arasinda farkli viruslerin
birlikteligi
adenovirtis birlikteligi gozlenmistir. Yapilan iki farkl

bildirilmis ve en fazla rotavirls-
calismada AGE hastalarinda rotavirus-adenovirus
birlikteligi %0,3 ve %0,4 olarak tespit edilmistir
(19). Calismamizda rotaviriis-adenoviriis birlikteligi
AGE hastalarinda %0,8 oraninda saptandi. Ancak
bu durumun klinik karsiigii yorumlamak zor
olabilmektedir.

Rotaviriis ve adenoviriise bagli AGE, en sik 2 yas
ve alt1 cocuklarda goriilmekte ve bu etkenlere bagh
AGE siklig1 yas ile birlikte azalmaktadir (13,17).
Calismamizda literature benzer sekilde rotavirus
(%38,4) ve adenoviriise (%33,5) bagli AGE vakalarinin
en cok 2 yas altinda oldugu ve yasa bagli olarak
sikligin azaldigr saptandi.

Rotaviriis enfeksiyonlarinin dagiimi mevsimsel

Turk Hij Den Biyol Derg

olarak degisiklik gosterebilmektedir (20). Polonya’da
yapilan bir calismada, rotavirlise bagli hastane
yatislarimin subat ve mayis aylarinda pik yaptigi
gosterilmistir (21). Ulkemizde rotaviriis enfeksiyon
pozitifligi ile ilgili Keser ve ark.’nin yaptigi calismada
pozitiflik en sik aralik ve mayis aylarinda saptanirken,
Kurugol ve ark. pozitifligi ocak ve mart ayinda, Borsa
ve ark. ekim, kasim ve aralik aylarinda, Yildiz ve
ark. ise en sik ilkbahar mevsiminde tespit etmistir
(20). Literatiire genel olarak bakildiginda, rotaviriis
enfeksiyonlarinin sonbahar ve kis aylarinda daha cok
gorildugiini belirten calismalar fazla iken kis ve
ilkbahar aylarinda artis oldugunu gosteren calismalar
da mevcuttur (22). Bizim calismamizda rotavirus
antijen pozitifligi en stk kasim ve mayis aylarinda
gorilurken, mevsimsel olarak ise en sik ilkbahar
mevsiminde tespit edildi. Bu bulgular lilkemizde
ve diger llkelerde yapilan calismalarla benzerlik
gostermektedir.

Adenoviriis enfeksiyonun onemli mevsimsel
degisikligi bulunmamakla beraber tiim yil boyunca
benzer oranlarda gériilebilmektedir (1). Ulkemizde
yapilan calismalarda, adenoviriis pozitifliginin
ilkbahar ve sonbahar aylarinda kismen arttig
fakat mevsimsel olarak anlamli farkin bulunmadig
tespit edilmistir (17,20). Calismamrmizda adenovirus
pozitifligi en sik ekim ayinda ve sonbahar mevsiminde
tespit edilmistir.

COVID-19 pandemisi enfeksiyon hastaliklarinin
sikigim dolayli veya direkt olarak etkilemistir.
calismada COVID-19

gastrointestinal  enfeksiyonlarda

Almanya’da yapilan bir
pandemisinde
disis oldugu ve en fazla azalan patojenin rotaviris
oldugu gosterilmistir (23). Cin’de vyapilan farkl
bir calismada, pandemi doneminde rotaviris ve
adenoviriis gastroenteritlerinin ciddi sekilde azaldig
belirtilmistir (24). Bursa’da Yildiz ve ark.’nin yaptigi
bir calismada ise pandemi doneminde rotaviris ve
adenoviriis pozitifliginin azaldig1 ve en az pozitifligin
Mart 2020-Subat 2021 tarihleri arasinda oldugu
saptanmistir (20). Hastanemizde 2014-2018 yillan
veriler

arasinda yapilan farkli bir calismadaki



(pandemi oncesi) ile bizim verilerimizi (pandemi
ve sonrasi) kiyasladigimizda, pandemi ve sonrasi
pozitifligin (%9,05) pandemi oOncesine (%13,8) gore
onemli Olclide dustiigli saptandi (1). Calismamizda
en az sayida pozitiflik 2020 yilinda saptandi, bunun
muhtemel sebebi ise COVID-19 pandemisinde alinan
kisisel onlemlerin artis1 ve okul-kreslerin uzun sure
kapali kalmasidir. Pandemide uygulanan ve temelde
onlemek

solunum yolu bulasin icin uygulanan

izolasyon onlemlerinin, hastanemize basvuran

kisilerde viral gastroenterit enfeksiyonlarim da
onemli derecede azalttig1 goriilmektedir.

Rotaviriis enfeksiyonundan korunmanin en etkili
yolu asilamadir. Rotaviris asisi, 2008 yi1linda Amerikan
Gida ve ilac Dairesi (FDA) tarafindan onaylandiktan
sonra bazi ulkelerde rutin asilama programlarina
dahil edilmistir. Yapilan calismalarda, asinin rutin
uygulandig1 iilkelerde rotaviriis enfeksiyonuna baglh
hastaneye basvuru- yatis ve olum oranlarinda ciddi
disiisler yasandi@i kaydedilmistir (25). Ulkemizde
rotaviriis asisi,
dahil

heniiz rutin asilama programina

edilmemistir ancak rutin harici o©nerilen

ETiK KURUL ONAYI

asilar arasindadir. Ulkemizde as1

programlarinin

bilgilendirme
yayginlasmasindan sonra yapilan
calismalarda, 2010 yilinda rotavirlis enfeksiyonunun
2006 yilina gore azaldigr tespit edilmistir (22). Bizim
calismamizdaki rotavirlis enfeksiyon pozitifliginin
(%6,49),
diger calismaya gore (%8,9) onemli olciide azaldig

saptanmistir (1). Bunun en onemli muhtemel sebebi

hastanemizde daha oOncesinde yapilan

ise as1 bilgilendirme programlarinin artisina baglh
olarak rotavirlis asilamasinin artmasi oldugu tahmin
edilmektedir.

Sonuc olarak, hastanemizdeki akut gastroenteritli
hastalarda en sik rotaviris antijeni saptanmistir.
Olgulardaki en vyuksek pozitiflik oranlart 0-1 yas
grubunda gorulmistir. Rotaviris enfeksiyonlarinin
en sik ilkbahar, adenoviris enfeksiyonlarinin ise
sonbaharda goriilmesi bu etkenlerin mevsimsel
dagilim acisindan farklilk gosterdigini gostermistir.
Bu veriler, yas grubu, mevsimsel ve yilik dagilimlar
dikkate alindiginda, AGE olgularinda viral etkenlerin
diizenli olarak izlenmesinin tan1 ve tedavi siirecleri
acisindan énemli oldugunu gostermektedir.

* Bu calisma, Selcuk Universitesi Rektorliigii Yerel Etik Kurulu’nun onayi ile gerceklestirilmistir (Tarih:07.11.2024, Karar no:

E-70632468-050.04-870257).

CIKAR CATISMASI

Yazarlar bu makale ile ilgili herhangi bir cikar catismasi bildirmemislerdir.
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Karbapenem direncli enterobacterales izolatlarinin karbapenemaz
tirlerinin molekiiler yontemlerle belirlenmesi

Elvan HORTAG iSTAR! (ID), Jiilide Sedef GOCMENZ (D), Hikmet Eda ALISKAN?

OZET

Amag: Enterobacterales takiminda karbapenemaz

iireten coklu ilaca direncli (CiD) izolatlarin sikligi

giderek artmaktadir. Bu nedenle karbapenem
direncinin ve diren¢ mekanizmalarimn izlenmesi
buylk onem tasimaktadir. Bu calismada, fenotipik

olarak karbapenemlere azalmis duyarlik gosteren
Enterobacterales izolatlarinda karbapenemaz genlerinin
varligimn ve cesitliliginin polimeraz zincir reaksiyonu

(PCR) yontemiyle belirlenmesi amaglanmistir.

Yontem: Calismaya, cesitli klinik orneklerden
izole edilen ve karbapenemlerden en az birine karsi
artmis minimum inhibitdr konsantrasyon (MiK) degeri
gosteren 75 Enterobacterales izolat1 dahil edilmistir.
Karbapenemaz genleri iic multipleks PCR reaksiyonuyla

arastinlmistir. Birinci reaksiyonda bla,,,, bla,, ve bla,

SPM?

IMP?
ikinci reaksiyonda bla,,, bla,,., bla,, ve bla, ; uclinct
reaksiyonda ise bla,,, bla,, blay, ve bla,, genleri

incelenmistir.

Bulgular: incelenen 75 izolatin 53 (%70,7)’linde en
az bir karbapenemaz geni saptanmistir. Karbapenemaz

geni saptanan izolatlarin 31 (%58,5)’inde bla,

OXA-48

ABSTRACT

Objective: The prevalence of carbapenemase-
producing multidrug-resistant (MDR) isolates among
members of the order Enterobacterales is increasing.
Therefore, monitoring carbapenem resistance and its
underlying mechanisms is of considerable importance.
This study aimed to determine the presence and
diversity of carbapenemase genes by polymerase
(PCR)
phenotypically exhibiting reduced susceptibility to

chain reaction in Enterobacterales isolates

carbapenems.

Methods: The study included 75 Enterobacterales
isolates recovered from various clinical specimens
and exhibiting an increased minimum inhibitory
concentration (MIC) for at least one carbapenem.
Carbapenemase genes were investigated using three
multiplex PCR reactions. The first reaction targeted
bla,. bla,, and bla,;
bla,, bla,, and bla

bla_,, bla,, and bla

GIM? SIM DIM*

the second targeted bla,,,,

and the third targeted bla

BIC’ AlM?

Results: At least one carbapenemase gene was
detected in 53 (70.7%) of the 75 isolates. Among the
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18 (%34,0)’inde bla,,, dokuzunda (%17,0) bla,,
Ucinde (%5,7) bla ikisinde (%3,8) bla,,, ve ikisinde

(%3,8) blay, pozitifligi belirlenmistir. Baz1 izolatlarda

SPm?

birden fazla karbapenemaz geni birlikte saptanmistir.
bla bla bla

bla,,. geni saptanmamistir. Kalan 22 izolat (%29,3)

Izolatlarin hicbirinde bla,,, e _ v Veya

arastirnlan karbapenemaz genlerinin tumi acgisindan

negatif bulunmustur.

Sonug: Karbapenem direnci, Enterobacterales

kaynakli enfeksiyonlarin tedavisini glclestiren ve

morbidite ile mortaliteyi artirabilen onemli bir halk
sagligi sorunudur. Karbapenemaz (lreten izolatlarin
laboratuvarlarda hizli ve dogru bicimde belirlenmesi,
uygun tedavinin yonlendirilmesi ve enfeksiyon kontrol
onlemlerinin onemlidir. Bu

uygulanmasi  acisindan

calismada bla en sik saptanan karbapenemaz geni

OXA-48
olmustur. Surveyans calismalarinda daha az arastirilan ve

genellikle sporadik olarak bildirilen blay. geninin gorece
yliksek oranda saptanmasi dikkat cekicidir. Bu bulgunun
dogrulanmas1 ve bolgesel yayiiminin degerlendirilmesi
icin daha genis orneklemli, molekiiler epidemiyolojik
calismalara gereksinim bulunmaktadir. Elde edilen
bulgular, karbapenemlere azalms duyarlilik gosteren
Enterobacterales izolatlarindaki direnc mekanizmalarinin
izlenmesine ve ulusal siirveyans calismalarinin kapsaminin

gelistirilmesine katki saglayabilir.

Anahtar Kelimeler: Enterobacterales,

karbapenemaz, multiplex PCR

carbapenemase gene-positive isolates, bla,,, ,
detected in 31 (58.5%), bla,, in 18 (34.0%), bla,  in
nine (17.0%), blag,, in three (5.7%), bla,,, in two (3.8%),
and bla,, in two (3.8%). More than one carbapenemase

was

gene was detected in some isolates. None of the
bla,,, bla
remaining 22 isolates (29.3%) were negative for all the

isolates carried bla bla, or bla,,.. The

NDM? AIM? GIM?

carbapenemase genes investigated.

Conclusion: Carbapenem resistance is an important
public health concern that complicates the treatment
of infections caused by Enterobacterales and may
increase morbidity and mortality. Rapid and accurate
laboratory identification of carbapenemase-producing
isolates is important for guiding appropriate treatment
and implementing infection control measures. In

this study, bla was the most frequently detected

OXA-48
carbapenemase gene. The relatively high prevalence
of bla

in surveillance studies and is generally reported

which is less frequently investigated

BIC’

sporadically, was noteworthy. Larger molecular
epidemiological studies are needed to confirm this
finding and assess its regional distribution. These
findings may contribute to monitoring resistance
mechanisms in Enterobacterales isolates with reduced
carbapenem susceptibility and expanding the scope of

national surveillance studies.

Key Words: Enterobacterales,

multiplex PCR

carbapenemase,

GIRIS

Enterobacterales turleri icerisinde coklu ilaca
direncli (CiD) izolatlar iilkemizde ve diinyada hizla
artmaktadir. Bunun yani sira bu tur bakterilerin neden
oldugu enfeksiyonlarin tedavisinde tercih edilen
karbapenem grubu antibiyotiklere karsi karbapenemaz
ireten izolatlarin varligi da giderek artmakta ve
karbapenemler kullanilamaz hale gelmektedir. Bazi
karbapenemaz ureten Enterobacterales tirlerinin
yalnizca karbapenemlere degil, son secenek tedavi

Turk Hij Den Biyol Derg

ajaniolarak saklanan kolistin ve seftazidim-avibaktam
gibi antibiyotiklere de direnc gelistirdigi gosterilmistir
(1). Ozellikle aktarlabilen karbapenemaz kodlayan

genlerin aracilk ettigi antimikrobiyal direnc
ciddi salginlara neden olmakta ve toplum saglig
acisindan risk olusturmaktadir (2). Bu nedenle

karbapenem direncinin izlenmesi onem tasimaktadir.
Enterobacterales turlerindeki direncin tespit

ve dogrulanmasi amaciyla bir takim fenotipik
Cift disk

sinerji, kombinasyon disk testi, kolorimetrik testler

ve genotipik yontemler gelistirilmistir.



ve lateral akim testleri karbapenemaz varligim

gostermede  kullanilan  fenotipik  yontemlerdir.
kodlayan bla
(PCR) ile

gosterilmesi altin standart kabul edilmektedir (3).

Genotipik olarak karbapenemaz
genlerinin polimeraz zincir reaksiyonu

Bu calismanin amaci  fenotipik  olarak
karbapenemlere  azalmis  duyarliik  goOsteren
Enterobacterales izolatlarindaki  karbapenemaz

genlerinin  varligim ve cesitlerini  belirlemektir.

GEREC ve YONTEM

Calismaya Ocak 2023 - May1s 2023 tarihleri arasinda
Baskent Universitesi Hastanesi Tibbi Mikrobiyoloji
Laboratuvarina farkli kliniklerden gonderilen ve
karbapenemlerden en az birine karsi artrmis minimal
inhibitor konsantrasyon (MIK) tespit edilen hasta
orneklerinden (kan, steril vicut sivilan, idrar, balgam,
trakeal aspirat) izole 75 bakteri dahil edildi.

Bakteri tanimlama ve antibiyotik duyarlilik testleri
VITEK 2® (bioMerieux, Fransa) otomatize sistemi
ile yapildi. EUCAST (The European Committee on
Antimicrobial Susceptibility Testing) sinir degerlerine
gore ertapenem, imipenem ve meropeneme azalmis
duyarlilik gosteren izolatlar belirlendi. Otomatize
sistemde karbapenemlerden en az birine yiiksek
dozda duyarli veya direncli bulunan izolatlarin
duyarlilik paterni gradient strip test yontemi (ETEST®,
bioMerieux, Fransa) ile dogrulanarak calismaya dahil
edildi (4).

Karbapenemaz genleri multipleks PCR yontemi
ile arastinldi (5,6). DNA ekstraksiyonu Poirel ve
arkadaslarinin tanimladigi alkalin lizis yontemi ile
gerceklestirildi (5). Benzer buyuklukteki amplikonlarin
IMP? blaVIM
bla,, ve bla,, ikinci;

yorumlama giicligli yaratmamasi adina bla
o Dirinci; bla,,., bla,,
bla,,, bla,, ve bla,, uclinci grup olacak
sekilde Ui¢c adet multipleks reaksiyonu hazirlandi.

ve bla
bla

AW GIM?

ilk iki reaksiyon icin 2 uL template DNA, 10’ar pmol
her bir primerden (Sentegen, Tiirkiye), 2 U Tag DNA
polimeraz, 0,125 mmol/L dNTP (herbirinden), 10
mM Tris-HCL (pH 8,3) ve 1,5 mmol/L MgCl2 iceren

tepkime karsimi (New England Biolabs, Birlesik
Krallik) hazirlandi. Uciincii reaksiyon icin MgCl2
konsantrasyonu 3 mmol/L'e cikanldi ve karnsima
3uL dimetil sulfoksid eklendi. 94°C’de 10 dakika ve
94°C’de 30 saniye denatirasyon, 52°C’de 40 saniye
primer baglanmasi, 72°C’de 50 saniye uzama ve
72°C’de 5 dakika son uzama olmak tzere 36 donguluk
PCR protokolu uygulandi (Multigene Optimax, Labnet
International, Inc., ABD).

Amplifiye Urinlere 0,05 mg/L etidium bromide
ilave edilmis %2’lik agaroz jelde (40 mmol/L Tris-
HCl, 2 mmol/L asetat, 1 mmol/L EDTA) 1 saat 100
V elektroforez uygulandi ve bantlar UV 151k altinda
degerlendirildi.

Pozitif kontrol suslar olarak EuSCAPE tarafindan
gonderilen K. pneumoniae 1943 (OXA-48), K.
pneumoniae 1945 (VIM), K. pneumoniae 1946 (NDM),
K. pneumoniae 1947 (IMP) ve K. pneumoniae ATCC
BAA-1705 (KPC) kullamldi. Ayrica nadir karbapenemaz
kodlayan genler icin pozitif bulunan klinik izolatlar
kullanildi.

Tum gen bolgeleri icin kullanilan primer dizileri
Tablo 1’de gosterilmistir (6).

Bu calisma, Baskent Universitesi Tip ve
Saglik Bilimleri Arastirma Kurulu’nun onayi ile
gerceklestirilmistir (Tarih:09.04.2013,

94603339/18-050.01.08.01-394).

Karar no:

BULGULAR

Enfeksiyon etkeni olarak kabul edilen 75 ornekten
21’i kan, 31’i idrar, 13’U yara, 5’i steril viicut sivisi,
5’i solunum yolu 6rnegi idi. Her hastadan izole edilen
bir adet 6rnek degerlendirmeye alindi. Calismaya
dahil edilen 75 izolattan 42 (%56)’si K. pneumoniae,
15 (%20)’i Escherichia coli, 11 (%14,6)’i Enterobacter
aerogenes, 4 (%5,3)’U Serratia marcescens ve 3
(%4)’U Citrobacter freundii olarak tamimlandi. VITEK
2 ® otomatize sistemi ile karbapenemlere azalmis
duyarlilk gosterdigi tespit edilip duyarlitiklan
gradient strip test yontemi ile dogrulanan izolatlarin

say1 ve yuzdeleri Tablo 2’de gosterilmistir.
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Tablo 1. Karbapenemaz genlerinin PCR ile tespitinde kullanilan primer dizileri ve bant buyiiklikleri

Primer Sekans (5’-3’) Biiyiikliik (baz cifti)
IMP-F GGAATAGAGTGGCTTAAYTCTC

232
IMP-R GGTTTAAYAAAACAACCACC
SPM-F AAAATCTGGGTACGCAAACG

271
SPM-R ACATTATCCGCTGGAACAGG
AIM-F CTGAAGGTGTACGGAAACAC

322
AIM-R GTTCGGCCACCTCGAATTG
VIM-F GATGGTGTTTGGTCGCATA

390
VIM-R CGAATGCGCAGCACCAG
OXA-F GCGTGGTTAAGGATGAACAC

438
OXA-R CATCAAGTTCAACCCAACCG
GIM-F TCGACACACCTTGGTCTGAA

477
GIM-R AACTTCCAACTTTGCCATGC
BIC-F TATGCAGCTCCTTTAAGGGC

537
BIC-R TCATTGGCGGTGCCGTACAC
SIM-F TACAAGGGATTCGGCATCG

570
SIM-R TAATGGCCTGTTCCCATGTG
NDM-F GGTTTGGCGATCTGGTTTTC

621
NDM-R CGGAATGGCTCATCACGATC
DIM-F GCTTGTCTTCGCTTGCTAACG

699
DIM-R CGTTCGGCTGGATTGATTTG
KPC-F CGTCTAGTTCTGCTGTCTTG

798
KPC-R CTTGTCATCCTTGTTAGGCG

Tablo 2. VITEK 2 ® otomatize sistemi ile karbapenemlere azalmis duyarlilik gosteren izolat say1 ve ylizdeleri (n=75)

Duyarh (S) Yiiksek Dozda Duyarli (1) Direncli (R)
(n) (%) (n) (%) (n) (%)
Ertapenem 8 (10,6) 0 67 (89,3)
imipenem 50 (66,6) 3 (4) 22 (29,3)
Meropenem 50 (66,6) 10 (13,3) 15 (20)

Karbapenemlere azalmis duyarlilik gosteren
75 izolatin 53 (%70,6)’unde genotipik olarak en az
bir karbapenemaz geni saptanmustir. izolatlarin 11
(%14,6)’inin en az iki karbapenemaz geni bulundurdugu
gorulmustur. En az bir karbapenemaz geni bulunduran
53 izolattan 31 (%58,4)’i OXA-48 olarak tespit
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edilmistir. Tkinci siklikta 18 izolatla (%33,9) VIM
pozitifligi saptanirken bunu 9 izolat (%16,9) ile BIC
pozitifligi izlemistir. 3 izolat (%5,6) SPM pozitifken, 2
izolatin (%3,7) IMP ve yine 2 izolatin (%3,7) DIM pozitif
oldugu goriilmistir. 75 izolatin hicbirinde NDM, AIM,
GIM ve KPC pozitifligine rastlanmamistir.



Karbapenemaz geni bulunduran izolatlarin
10 (%18,8)’unda en az iki karbapenemaz geni
bulunurken, 1 K. pneumoniae izolatinda uc¢ adet
karbapenemaz gen bolgesi (OXA-48, SPM, IMP)
tespit edilmistir. 4 izolatta (%7,5) BIC ve VIM birlikte
pozitifligine rastlanmistir. Diger izolatlarda VIM, SPM,
DIM pozitifligiyle OXA-48 birlikteligi gortlmistiir. 22

izolatta ise tum gen bolgeleri negatif bulunmustur.
En az bir karbapenemaz geni bulunduran
53 izolattan 26 (%49)’sinin K. pneumoniaee, 13
(%24,5)’unln E. coli, 9 (%16,9)’unun E. aerogenes,
4’Unun S. marcescens ve 1 (%1,8)’inin C. freundii
oldugu goriilmistiir. Karbapenemaz geni bulunduran
izolatlardaki tiir dagilimi Tablo 3’te gosterilmistir.

Tablo 3. Karbapenemaz pozitif Enterobacterales izolatlarinin tir dagilimm

K. pneumonae

E. coli Diger Toplam

Karbapenemaz geni Say1 (n) / Yiizde (%)

Say1 (n) Yiizde (%)

Say1 (n) / Yiizde (%) Sayi (n) / Yiizde (%)

OXA-48 14 / 58,3 87333 2/8,3 24 /100
VIM 5/ 50 2/20 3/30 10 / 100
BIC 2/ 40 0/0 3/60 5/ 100
SPM 0/0 0/0 1/ 100 1/ 100
IMP 0/0 1/ 100 0/0 1/100
DIM 0/0 1/100 0/0 1/100
BIC+VIM 1/25 0/0 3/75 4/ 100
OXA-48+VIM 17/33,3 17/33,3 17/33,3 3/100
OXA-48+SPM 1/50 0/0 1/50 2 /100
OXA-48+DIM 1/ 100 0/0 0/0 1/ 100
OXA-48+SPM+IMP 1/100 0/0 0/0 1/ 100

izolatlarin MIK degerlerine gore duyarliliklarina
bakildiginda yalnizca simf D (OXA-48) karbapenemaz
pozitif olan 24 izolatin 7 (%29,1)’si meropeneme, 8
(%33,3)’i imipeneme ve 21 (%87,5)’i ertapeneme
direncli iken yalnizca sinif B karbapenemaz pozitif
(DIM, SPM, VIM, IMP) 13 izolatin 4 (%30,7) ’Unun
meropeneme, 5 (%38,4)’inin imipeneme ve tamaminin
(%100) ertapeneme direncli oldugu goriildii. Bu
izolatlarin ikisinin (%15,3) meropeneme ve birinin
(%7,6) ise imipeneme azalmis duyarlik gosterdigi
goruldu. Yalmizca simif A (BIC) pozitif olan 5 izolatin
hicbirinde meropenem direncine rastlanmazken,

3 (%60) izolatin duyarliliginda azalma goriildii. Bu
izolatlarin tamami (%100) ertapeneme ve 2 (%40)’si
imipeneme direncli, biri (%20) imipeneme yiksek
dozda duyarli idi. Birden fazla karbapenemaz gen
bolgesi iceren 11 izolatin 10 (%90,9)’u ertapeneme,
2 (%18,1)’si meropeneme ve 4 (%36,3)’l imipeneme
direncli bulundu. Bu izolatlardan yalnizca birinin (%9)
meropeneme azalmis duyarliiginin oldugu goériildi.
Hicbir karbapenemaz gen pozitifligi bulunmayan
22 bakteriden 18 (%81)’i ertapeneme, 2 (%9)’si
meropeneme ve 3 (%13,6)’U imipeneme direncli
idi. Bu bakterilerin 4 (%18,1)’Uinde meropenem,
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1 (%4,5)’inde
idi. Calismaya katilan

imipenem yuksek dozda duyarl

tim izolatlar beraber
degerlendirildiginde ise ertapenem, imipenem ve
meropenem icin direncli izolat orani sirasiyla %89, 3-

%29,3 ve %20 olarak bulundu.

TARTISMA

Karbapenem direnci basta Klebsiella spp. ve E.
coli olmak Uzere Enterobacterales turlerinin neden
oldugu toplum ve hastane kaynakli enfeksiyonlarda
giderek artan oranda gorulmektedir. Gelecekte
E. coli’nin etken oldugu toplum kaynakli ve K.
pneumoniae’min etken oldugu hastane kaynakli iki
buylk epidemi beklenmektedir (7). Bu izolatlarin
laboratuvarlarda hizla tespit edilmesi enfeksiyon
kontrolii ve halk sagligi acisindan bliyiikk 6nem arz
etmektedir.

Calismalar E. coli ve K. pneumoniae’ya bagli
sepsis olgularinda karbapenemaz varliginin hastanin
morbidite ve mortalitesini artirdigini ve bu tip

izolatlarda GSBL ve karbapenemazlarin birlikte

bulunmasinin  hasta olim oranlarimm daha da
yiikselttigini gostermektedir (8).
Enterobacterales  ailesi  icerisinde  bircok

karbapenemaz tipi tanimlanmistir. Bunlardan en sik
gorilenler Ambler simf A (KPC, IMI, SME ve BIC tipi),
sinif B yani metallobetalaktamazlar (MBL) (VIM, GIM,
DIM, AIM, NDM, SPM ve IMP tipi) ve simif D (OXA-48
benzeri) enzimlerdir. Plazmid kaynakli sinif C (AmpC)
enzimler de karbapenem hidrolizi yapabilir (9).
Plazmit ile aktarilan OXA-48 enziminin 2001
yiinda llkemizde ilk kez tanimlanmasinin ardindan
basta Akdeniz ve Giiney Avrupa olmak uzere bircok
lilkede OXA-48 karbapenemazlarin neden oldugu
salgin ve sporadik olgular bildirilmistir (10). OXA-
48’in karbapenemleri disuk dizeyde hidroliz etmesi
sonucu enzimi bulunduran bakterilerin gorece
disiik MIK degerleri bu izolatlarin tammlamasini
zorlastirmakta ve direncin hizla yayilmasina neden
olmaktadir. OXA-48 pozitif izolatlarda es zamanli

olarak porin kayb1 veya atim pompasi aktivitesinde

Turk Hij Den Biyol Derg

artis gibi farkli diren¢ mekanizmalarinin beraber
bulunmasi daha yiiksek MiK degerlerine, dolayistyla bu
izolatlarin daha kolay tespit edilmesine olanak saglar
(11,12). 2015 senesinde 38 Avrupa Ulkesinde yapilan
karbapenemaz sirveyans calismasinda ulkemizin
Malta ile birlikte OXA-48 karbapenemaz varligi
bakimindan en yuksek epidemiyolojik seviyeye sahip
oldugu gosterilmistir. Calismamizda da karbapenemaz
rettigi gosterilen 53 izolattan 31 (%58,4)’i OXA-
48 olarak tespit edilmis ve halen ulkemizde en sik
goriilen karbapenemaz tiriinin OXA-48 oldugunu
gostermistir. Bu izolatlardan 24 (%45,2)’inde OXA-
48 tek basina pozitif saptamrken, 7 (%13,2)’sinde
diger birlikte
gozlenmistir. Ulkemizde yapilan benzer calismalarda

karbapenemazlarla bulundugu
da tek basina veya diger karbapenemazlar ile birlikte
OXA-48 pozitifligi halen ilk sirada yer almaktadir
(%31-72,7) (13,14). Yis ve arkadaslari calismasinda
karbapenemlere gosterdigi
belirlenen K. pneumoniae izolatlarinin tamaminda
OXA-48 pozitifligi saptamislardir (15). Yine Ortadogu
ve Kuzey Afrika’da yapilan calismalarda da OXA-

azalmis  duyarlilik

48 pozitifliginin siklikla karsimiza c¢iktigi ve bu
cografyalarin adeta bir OXA-48 rezervi gibi gorevi
gordiigu kabul edilmektedir (16).

Simif B karbapenemazlarin calismamizda %33,3 ile
ikincienyuksek siklikta tespit edilen karbapenemazlar
oldugu goriilmiistiir. Karbapenemaz pozitif izolatlarin
14 (%26,4)’linde bir adet, 11 (%20,7)’inde ise iki veya
daha fazla MBL geni saptanmisti. MBL sinifindaki
karbapenemazlarin onemli bir bolumu Asya kitasinda
bulunmaktadir ve NDM tip karbapenemazlar bu
sinifin en cok tespit edilen Uyesidir. ispanya, Italya
ve Macaristan gibi Akdeniz llkelerine bakildiginda ise
VIM predominansindan soz edilebilir ve bu ulkelerde
(16,17).
Bizim calismamiza da MBLler icinde en sik VIM

“bolgeler aras1 yayilim” kanitlanmistir
pozitifligi (%33,9) gorilmistir. Tirkiye’de yapilan
calismalardan Kutlu ve arkadaslarinin 112 izolattan
olusan calismasinda da OXA-48’in (%74,1) ardindan
VIM %8’lik oranla en sik pozitif bulunan gen olmustur

(18).



Turkiye’de 2014 yilinda yapilan 155 karbapenemaz
supheli izolattan olusan cok merkezli bir calismada
en stk OXA-48 pozitifligi (%84,6) goriilmis olup bunu
MBL pozitifligi (%15,4) izlemistir. MBLler icinde en
stk NDM (n=9) ve VIM (n=8) pozitiflikleri gorulmustur.
NDM pozitifligine o6zellikle Giineydogu Anadolu’da
rastlandig1 bildirilmistir (19). Calismamiz yalmzca
ic Anadolu Bolgesi’ni kapsamakta olup NDM pozitif
izolata rastlanmamistir.

Sinif Aicerisinde bulunan KPC enziminin tlkemizde
ilk olarak 2014 yilinda bir K. pneumoniae izolatinda
tanimlanmasinin ardindan KPC varligi halen yaygin
(20).
KPC pozitif izolata rastlanmamistir ve bu sonuc son

olarak gorulmemektedir Calismamizda hig
yillarda tilkemizde yapilan pek cok calisma ile uyumlu
bulunmustur (13,18,19).

Kromozomal olarak kodlanan bla,. geninin ilk
olarak 2010 yilinda bir Pseudomonas fluorescens
klinik
turlerinde

izolatinda tanimlanmasinin ardindan

orneklerden izole Enterobacterales
sporadik olgular ya da ufak capli salginlar seklinde
bildirildigi goriilmistir (20). Siirveyans calismalarinda
cok siklikla arastinlmayan ve genellikle sporadik
olarak gozlenen bu gen bolgesi calismamizda
dikkat cekici bir husus olarak 53 pozitif izolatin 9
(%16,9)’unda pozitif bulunmustur ve bu hem Turkiye,
hem de iran, Tunus gibi yakin cografyalarda yapilan
calismalardan farkli olarak cok yiiksek bir orandir
(15,17,18,21).

Calismamizdaki 22 izolatta (%29,3) tum gen
bolgeleri

karbapenemaz varligi gosterilemeyen bu izolatlarda

negatif bulunmustur. Molekiler olarak
farkli diren¢ mekanizmalarinin da bulunabilecegi

akilda tutulmalidir. Enterobacterales turlerinde

karbapenemaz enzimlerinin Uretimi karbapenem
direncinden en sik sorumlu mekanizma olmakla
birlikte porin kayb1 ve atim pompa aktivitesinin artisi
da karbapenem direncinden sorumlu gosterilmistir
(11,12). Bunun yanm sira AmpC asinn uretimi ve
CTX-M tipi genislemis spektrumlu beta laktamaz
(GSBL)

mutasyonlar1 da karbapenemlere karsi azalmis MiK

treten izolatlarin neden oldugu porin

degerleri ile karsimiza cikabilmektedir. Ozellikle
AmpC tipi beta laktamazlara coklu ila¢ direnci
eslik etmektedir (22). Calismaya dahil etmedigimiz
farkli gen bolgelerinin varligt da unutulmamalidir.
OXA-48 tipi karbapenemazlardan birkac aminoasit
mutasyonu ile farklilasan OXA-48 benzeri varyantlar
farkli antibiyotik hidroliz spektrumu gostermekte ve
diinyada giderek sayilar artmaktadir (23,24).
Calismaya katilan ve karbapenemlere azalmis
duyarlilik gosteren izolatlarin en sik ertapenem
direnci gosterdigi (%89,3), calisilan iic karbapenem
icinde en etkili karbapenemin ise %20 direnc orani
ile meropenem oldugu goriilmistiir. Bu sonu¢c hem
dinya, hem de ilkemizde yapilan cok merkezli
calismalar ile uyumludur (25). Meropenemin penisilin
baglayan proteinlere (PBP) diger karbapenemlere
oranla daha yuksek afinite gostermesi ve azalmis
porin ekspresyonunda minor porinlerden daha hizli
penetre olabilmesi bu antibiyotigin yiiksek etkinlige
sahip olmasinin onemli sebepleridir (26).
Karbapenemaz ireten Enterobacterales turleri
kirresel olarak yayilmaya devam etse de gelismekte
olan ulkelerde gelismis Ulkelere oranla cok daha
siklikta bildirilmektedir. Ornegin ABD’de
karbapenem direncli K. pneumoniae oram %11

fazla

olarak bildirilmisken, Hindistan’da bu oran %57’lere
kadar cikmaktadir. Avrupa kitasinda Yunanistan ve
italya’da en sik direnc oranlarina rastlanirken bu
oran Iskandinav iilkelerinde daha disiiktiir (27).
ABD, Giiney Amerika ilkeleri ve Avrupa’da KPC basta
olmak Uzere MBLler ve ardindan OXA-48 pozitifligi
gorulurken; Cin, Banglades, Hindistan, Pakistan gibi
Asya ulkelerinde NDM endemiktir (28). Bu bakimdan
ulkemiz hem jeopolitik, hem de sosyoekonomik
olarak bir kopru gibi islev gormektedir.

Sonuc olarak karbapenemaz Ureten izolatlarin
tespiti  bu
ve tedavinin

izolatlarin  yayiliminin  onlenmesi

dogru yonlendirilmesi  agisindan
onem tasimaktadi. Ozellikle Tirkiye gibi bircok
karbapenemaz  turlnun barindig ulkelerde
ozdegerlendirme ile mevcut durumun hizla tespiti;

enfeksiyon kontrol stratejilerinin dogru belirlenmesi
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ve uygun tedavi secimi icin onem arz etmektedir.
Karbapenemaz varligini saptayan hizli testlere ihtiyag
ozellikle NDM, VIM gibi karbapenemaz genlerini
tasiyan bakterilere karsi etkisiz olan seftazidim-
avibaktam gibi yeni nesil ve yiksek maliyetli
ilaclanin gereksiz kullanimim azaltacak ve direnc
oranlarnindaki artisin yavaslamasina neden olacaktir.

Gelecekte karbapenemazlarin goériilme sikligini ve

TESEKKUR

yayilimini izlemeye olanak taniyan laboratuvarlardan
olusan diinya capinda bir agin olusturulmasi onemli
bir gereklilik gibi goziikkmektedir. Bu baglamda

arastirmamiz  azalms  karbapenem  duyarliigi
gosteren izolatlardaki diren¢c mekanizmalarini analiz
etmesi ve lUlkemizde cok fazla lizerinde durulmayan
belirli direnc genlerini gostermesi acisindan ileride

yapilacak benzer calismalara 151k tutacak niteliktedir.
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Do companion animals represent a potential risk factor for Q fever
transmission to humans in Kastamonu?

Elcin GUNAYDIN' B \faémur Dilara YILMAZ? , Cagatax SALUM3 B
Pinar MURSALOGLU KAYNAR* (ID), Glilsen GONCAGUL>

ABSTRACT

Objective: A better understanding of the role of
cats and dogs in the epidemiology of Q fever is necessary
within the framework of the “One Health” approach.
The first step in this process should be to investigate the
presence of Q fever in dogs and cats. This study aimed
to examine Coxiella burnetii DNA (deoxyribonucleic
acid) in blood samples collected from randomly selected
cats and dogs in close contact with their owners in

Kastamonu.

Methods: Fifty-two blood samples were randomly
collected from two groups of companion animals in
Kastamonu between late March and September 2024,
a period considered favorable for tick infestations.
The animals comprised 32 dogs (29 stray dogs and
three owned dogs) and 20 cats (12 stray cats and eight
owned cats). Aseptically collected venous blood samples
from pets in EDTA (ethylenediaminetetraacetic acid)-
containing tubes were used for DNA extraction and blood

smear preparation. C. burnetii was examined in the

OZET

Amacg: “Tek Saglik” yaklasimi cercevesinde, Q
atesinin epidemiyolojisinde kedi ve kopeklerin roliiniin
daha iyi anlasilmas1 gereklidir. Bu surecte ilk adim,
kopek ve kedilerde Q atesinin varliginin arastirilmasi
olmalidi. Bu calisma, Kastamonu’da sahipleriyle
yakin temas halinde bulunan, rastgele secilmis kedi
ve kopeklerden alinan kan orneklerinde Coxiella
burnetii DNA (deoksiribo niikleik asit)’sin1 incelemeyi

amaclamistir.

Yontem: Kene enfestasyonlari icin uygun kabul
edilen bir donem olan Mart ay1 sonu ile Eylil 2024
arasinda, Kastamonu’da iki evcil hayvan grubundan
rastgele elli iki kan 6rnegi toplandi. Hayvanlar 32
kopekten (29 sahipsiz kopek ve lc sahipli kopek) ve
20 kediden (12 sahipsiz kedi ve sekiz sahipli kedi)
olusmaktaydi. EDTA

iceren tiplere evcil hayvanlardan aseptik olarak alinan

(etilendiamintetraasetik asit)

venoz kan ornekleri, DNA ekstraksiyonu ve kan yaymasi

hazirlanmasi icin kullanildi. Ekstraktlarda C. burnetii, C.
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extracts by touchdown polymerase chain reaction (PCR)
using primers complementary to the IS1111 fragment,
a transposon-like repetitive region of C. burnetii. The

expected amplicon size was 687 bp.

Results: Three of the 52 examined blood samples
(5.7%) were found to harbor C. burnetii DNA. The
proportions of cats and dogs positive for C. burnetii DNA
among all samples were 3.84% and 1.92%, respectively.
The positivity rates among cats and dogs were 10%
and 3.12%, respectively. Blood smears were negative.
No significant correlation was detected between the

variables in the study group.

Conclusion: Companion animals in close contact
with humans in the urbanized region of Kastamonu
showed a 5.7% positivity rate, although the sample
size in the present study was limited. Therefore,
more comprehensive studies including both companion
animals and their owners should be planned to evaluate
whether cats and dogs pose a risk for the transmission of

Q fever to humans.

Key Words: Q fever, PCR, cat, dog, hematological

assessment

burnetii’nin transpozon benzeri tekrarlayan bir bolgesi
1S1111

kullanilarak kademeli sicaklik diisirme PCR polimeraz

olan fragmentine komplementer primerler
zincir reaksiyonu (PCR) ile incelendi. Beklenen amplikon
biiyiikligli 687 bp idi.

Bulgular: incelenen 52 kan 6rneginin iiciinde (%5,7)
C. burnetii DNA’s1 bulundugu saptandi. Tim ornekler
icinde C. burnetii DNA’s1 pozitif olan kedi ve kopek
oranlan sirasiyla %3,84 ve %1,92 idi. Kediler ve kopekler
arasindaki pozitiflik oranlar sirasiyla %10 ve %3,12 idi.
Kan yaymalari negatifti. Calisma grubundaki degiskenler

arasinda anlamli bir korelasyon saptanmadi.

Sonug: Mevcut calismada Orneklem bilyiikligi
sinirll olmasina ragmen, Kastamonu’nun kentlesmis
bolgesinde insanlarla yakin temas halinde bulunan evcil
hayvanlarda %5,7 pozitiflik orani gosterildi. Bu nedenle,
kedilerin ve kopeklerin Q atesinin insanlara bulasinda
bir risk olusturup olusturmadigim degerlendirmek icin
hem evcil hayvanlari hem de sahiplerini iceren daha

kapsamli calismalar planlanmalidir.

Anahtar Kelimeler: Q fever, PZR, kedi, kopek,

hematolojik degerlendirme

INTRODUCTION

C. burnetii is mainly associated with farm
animals, particularly ruminants, in which it causes
reproductive disorders. The presence of large
numbers of bacteria, mainly in the placenta, birth
fluids, and milk, creates a high risk of infection for
workers, veterinarians, and owners who come into
contact with infected animals and their products
(1,2). Therefore, the number of human cases is
often correlated with the local livestock population.
Moreover, raw milk and unpasteurized dairy products
are risk factors for consumers (2).
from livestock, animals,

Apart companion

especially dogs and cats kept in close contact with
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their owners, are known to be important reservoirs
of C. burnetii during urban Q fever outbreaks (2-6).
However, data on the spread of C. burnetii in domestic
and/or stray cat and dog populations remain limited.
Therefore, a better understanding of the role of cats
and dogs in the epidemiology of Q fever is necessary
within the “One Health” framework (7, 8). It has
been suggested that dogs and cats may become
infected through tick bites, consumption of placenta
or milk from infected livestock, consumption of
raw meat, inhalation of aerosolized bacteria in the
environment, or predation on contaminated animal
species (6,9).

In particular, certain groups of dogs, such as
hunting dogs, stray dogs, and shepherd dogs, may



be exposed to this infection during outbreaks in
ruminants. Exposed barn cats and farm dogs have also
been reported to seroconvert, and some fluids, such
as vaginal secretions, have been suggested to test
positive by molecular methods (10). Infected pets
may pose a potential threat to human and livestock
health because infection in pets is often completely
asymptomatic (11). Human Q fever outbreaks linked
to pets have often resulted from contact with cats or
dogs during or shortly after parturition, particularly
in cases involving dystocia, stillbirths, and neonatal
mortality (12). Detections of Coxiella spp. have also
been reported after normal birth (13). However, the
presence of C. burnetii DNA in pet fluids appears to
be sporadic, and many studies have suggested limited
bacterial shedding (1). This study aimed to determine
the presence of C. burnetii in randomly collected
blood samples from cats and dogs and to assess the
early phase of infection. In addition, it investigated
whether companion animals may represent a potential
risk for humans living in Kastamonu.

MATERIAL and METHOD

Fifty-two blood samples were randomly collected
from two different groups of companion animals
in Kastamonu between the end of March 2024 and
September 2024. The study population comprised 32
dogs (29 stray dogs and 3 owned dogs) and 20 cats
(12 stray cats and eight owned cats). Of the 32 dog
blood samples, 18 were collected from female dogs,

including one owned dog and 17 stray dogs, while 14
were collected from male dogs, including two owned
dogs and 12 stray dogs. Of the 20 cat blood samples,
14 were collected from female cats, including nine
stray cats and five owned cats. Among the six male
cats, three were owned cats and three were stray
cats. The blood samples collected from dogs and cats
are summarized in detail in Table 1. No information
was available for stray dogs and cats. Information on
owned cats and dogs is presented in Tables 2 and 3.

Under aseptic conditions, approximately 4 mL
of venous blood was collected from the cephalic or
saphenous vein of each dog and cat and transferred
into labeled EDTA anticoagulant tubes. After one
drop of each blood sample was used immediately
to prepare blood smears, the remaining EDTA-
anticoagulated blood samples were stored at -20 °C
until DNA extraction.

MayGrunwald-Giemsa Staining: A drop of blood
was placed on a slide, and smears were prepared using
a coverslip, repeated at least three times, and air-
dried. The smears were stained as described by Konuk
(14). The presence of the agent within erythrocytes
was investigated under a light microscope at 100X
magnification on the same day.

DNA Extraction: DNA was extracted from blood
samples using a commercial DNA isolation kit (Blood
Genomic DNA Kit, EcoSpin, EcoBGD-50X) according to
the manufacturer’s instructions. The extracted DNA
samples were stored at -20 °C until use.

Table 1. Sample size of the blood collected from dogs and cats

Dogs Cats
Gender Female Male Female Male
Owned 1 2 5 3
Stray 17 12 9 3
Total 18 14 14 6
General Total 32 20
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Table 2. The information about owned dogs

Number of samples Gender Age (Year) Race Residing Place
1 Male 1 Shepherd Home
1 Male 1.5 Kangal Back yard
1 Female 13 German Shepherd Home
Table 3. The information about owned cats
Number of samples Gender Age (Year) Race
1 Female 1 Yellow cat
2 Male 3 Tabby cat
1 Female 2 Tabby cat
1 Female 2 Scottish
1 Female 1.5 Tabby cat
1 Female 2.5 Tabby cat
1 Male 1.5 Tabby cat

Primers: The primers previously described by
Hoover et al. (15) were used for the detection of C.
burnetii by touchdown PCR. The primer sequences
were as follows: Trans-1 forward, 5-TAT GTATCC ACC
GTA GCC AGT C-3; and Trans-2 reverse, 5-CCCAAC
AAC ACC TCC TTA TTC-3'. These primers are
complementary to the IS1111 fragment, a transposon-
like repetitive region of C. burnetii. The expected
amplicon size was 687 bp.

Touchdown PCR: Each reaction was performed in
a final volume of 25 pL, consisting of 22 pL of reaction
mixture and 3 pL of template DNA. The reaction
mixture contained 2.5 pL of 10X PCR buffer without
MgCL,, 0.5 pL of dNTPs (10 mM), 1.5 pL of MgCl2 (25
mM), 1 pL of each primer (10 pmol/pL), 0.25 pL of Taq
DNA polymerase (5 U/pL) (Fermantas; EP 402), and
15.25 pL of deionized water. The cycling conditions
were as follows: initial denaturation at 95 °C for 2
min; followed by five cycles of denaturation at 94 °C
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for 30 s, annealing at 66-61 °C for 1 min, with the
temperature decreased by 1 °C in each consecutive
cycle, and extension at 72 °C for 1 min; and a final
extension at 72 °C for 10 min. Touchdown PCR was
performed using a thermal cycler (Arktik, Thermo
Scientific).

Agarose Gel Electrophoresis: PCR products were
electrophoresed on a 1.5% agarose gel in TBE (Tris-
borate-EDTA) buffer containing 0.5 pg/mL ethidium
bromide at 100 V for 45 min and visualized under UV
light.

Statistical analyses were performed using IBM
SPSS Statistics for Windows, Version 23.0 (IBM
Corp., Armonk, NY, USA). Descriptive statistics were
presented as frequencies and percentages (n, %). The
distribution of PCR results (positive/negative) across
different categorical variables, including species
(cat/dog), sex (female/male), and living status
(stray/owned), was evaluated using Pearson’s chi-



square test and Fisher’s exact test.

Fisher’s exact test was specifically used when
the expected cell counts in contingency tables were
less than 5. A p-value of less than 0.05 (p <0.05) was
considered statistically significant for all analyses.

This study was approved by the Animal Experiments
Local Ethics Committee of Kastamonu University
Rectorate (Date: 10.11.2023 and Number: 9-42).

RESULTS

Three of the 52 examined blood samples (5.7%)
were found to harbor C. burnetii DNA. The proportions

of cats and dogs positive for C. burnetii DNA among
all samples were 3.84% and 1.92%, respectively.
The positivity rates among cats and dogs were 10%
and 3.12%, respectively. Two of the three positive
blood samples belonged to female stray cats, while
the remaining positive sample belonged to a male
household dog kept in the backyard of a house. The
remaining blood samples were negative for C. burnetii
DNA. Examination of the blood smears revealed
normal erythrocyte morphology, and no pathogen was
detected. No association was determined between
the variables in the study group.

Table 4. Distribution and statistical comparison of PCR results according to species, gender, and living status of animals

PCR Positive PCR Negative
Variable Total Pearson x2 (p) Fisher’s Exact (p)
n (%) n (%)
Animals
Dogs 1 (3.1%) 31 (96.9%) 32
0.301 0.551
Cats 2 (10.0%) 18 (90.0%) 20
Gender
Female 2 (6.3%) 30 (93.8%) 32
0.851 1.000
Male 1 (5.0%) 19 (95.0%) 20
Living Status
Stray 2 (4.9%) 39 (95.1%) 41
0.595 0.518
Owned 1(9.1%) 10 (90.9%) 1
DISCUSSION France (22), and 1% in Italy (23). No anti-C. burnetii
antibodies were detected in either dogs or cats in
Global studies conducted in cats have

demonstrated exposure to C. burnetii at rates of
14.2% in Japan (16), 9% in the United States (17), 13%
in Zimbabwe, 2% in South Africa (18), 4.9% in Turkiye
(19), and 13.1% in Australia (13). Similar surveys in
dogs have reported C. burnetii exposure rates of
26.1% in Australia (13), 66% in the United States (17),
59.3% in Bulgaria (20), 12% in Croatia (21), 9.8% in

Canada (24) or China (25). However, all of these studies
were based on serological responses. Serological tests
may not detect specific anti-C. burnetii antibodies
during the early stage of infection (22,23). Therefore,
we designed our study to detect the early stage of
infection during the tick infestation period, when
the favorable climatic and ecological conditions of
Kastamonu support the development of several tick
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species between April and September. Moreover, the
study period coincided with the peak birth season.
Considering the potential spread of Coxiella spores
mainly through the placenta, birth fluids, milk, and
resistant spores in the environment, this period may
increase the likelihood of detecting C. burnetii DNA
in blood samples during the early stage of infection.

The positivity rate of 1.92% determined in dog
samples in the present study was lower than those
Studies
investigating the presence of C. burnetii DNA in

reported in previous studies (23,26-29).

whole blood samples of dogs by PCR have reported
rates of 6.4% in Iraq (26), 10% in Zambia (27), 2.7%
in southern Italy (23), 10% in Algeria (28), and 11%
in Iran (29).
burnetii in the 29 stray dogs that had not received
DNA was
detected in only one of the 32 dog blood samples,

Although we expected to detect C.

antiparasitic treatment, C. burnetii
which belonged to a male owned dog kept in the
backyard of a house. Commenting on the potential
reasons for detecting the agent in this male dog
would be unreliable because of the limited dog
sample size. Nevertheless, a dog kept in the backyard
of a house may come into contact with livestock,
wildlife, and ticks, which could favor exposure to
C. burnetii (30). As previously emphasized, the
sampling period coincided with the tick infestation
period in Kastamonu. The negative results obtained
from dogs kept indoors were expected, because
animals in urban areas are less exposed to livestock,
wildlife, and ticks than those in rural areas (31).

Comparatively, studies focusing on the molecular
detection of Q fever in cats are scarce worldwide.
Similar to the results obtained from dog samples,
the positivity rate of 3.84% in the present study was
lower than the rates reported in domestic cats in Iran
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Tirkiye’de mikrobiyoloji laboratuvar calisanlarinda biyogiivenlik
ve afet hazirlik diizeyi: Tanimlayic1 bir calisma

Taylan BOZOK! (ID), ilke TOKER ONDER?
Banu SANCAK>

, ilvana CAKLOVICA KUCUKKAYA3 (1D), Emrah RUH* (ID),
, Aysegiil TAYLAN OZKANS (D), Hatice Nevgiin OZEN?

OZET

Amag: Tibbi mikrobiyoloji laboratuvarlan, biyorisklerin
yani sira deprem ve sel gibi afetlerin yol acabilecegi ikincil
risklere de aciktir. Ancak bu laboratuvarlardaki biyogtivenlik
ve biyoemniyet afet

uygulamalarinin hazirigiyla

bitiinlestirilmesini inceleyen calismalar sinirlidi.  Bu
calismada, Turkiye’deki tibbi mikrobiyoloji laboratuvan
calisanlarinmin algilanan giivenlik, afet hazirigi, acil durum
eylem plani ve ilk yardim konularnindaki bilgi diizeyleri
ile bunlan etkileyen bireysel ve kurumsal faktorlerin

degerlendirilmesi amaglanmistir.

Yontem: Tiurkiye genelindeki tibbi mikrobiyoloji
laboratuvar1 calisanlari arasinda 18-30 Temmuz 2023
tarihleri arasinda kesitsel, cevrim ici bir anket calismas
yurutulmustir. Yapilandinlmis anket formunda mesleki
deneyim, laboratuvar ozellikleri, biyogiivenlik egitimi
oykisl, afet odakli risk degerlendirmesi ve kalite
sistemlerinin yan sira algilanan giivenlik, afet hazirlig,
acil durum eylem plam bilgisi ve ilk yardim bilgisini
degerlendiren besli Likert tipi maddeler yer almistir. Bu
maddeler kullanilarak Algilanan Giivenlik Skoru (AGS), Afet
Hazirlik Skoru (AHS), Acil Durum Eylem Plam Bilgi Skoru

ABSTRACT
Medical

exposed not only to biorisks but also to secondary risks

Objective: microbiology laboratories are
associated with disasters such as earthquakes and floods.
However, studies examining the integration of biosafety
and biosecurity practices with disaster preparedness in
these laboratories are limited. This study aimed to evaluate
perceived safety, disaster preparedness, emergency action
plan knowledge, and first-aid knowledge among medical
microbiology laboratory staff in Turkiye and to identify the

individual and institutional factors influencing these domains.

Methods:

conducted among medical

A cross-sectional online survey was
microbiology
staff across Turkiye between July 18 and 30, 2023. The

structured questionnaire included five-point Likert-type

laboratory

items assessing perceived safety, disaster preparedness,
emergency action plan knowledge, and first-aid knowledge,
as well as questions concerning professional experience,
laboratory characteristics, biosafety training history,
disaster-focused risk assessments, and quality systems.
The Perceived Safety Score (PSS), Disaster Preparedness

Score (DPS), Emergency Action Plan Knowledge Score
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(ADEPS) ve ilk Yardim Bilgi Skoru (iYBS) hesaplanmistir.
Olceklerin ic tutarliligi Cronbach alfa katsayistyla; gruplar
arasindaki farklliklar ve skorlar arasindaki iliskiler ise
parametrik olmayan testler ve Spearman korelasyon
analiziyle degerlendirilmistir (p<0,05).

Bulgular: Calismaya 86 kisi katilmistir. Katiimcilarin
%44,2’sinin 15 yildan fazla mesleki deneyime sahip
oldugu ve %75,6’simin tibbi mikrobiyoloji laboratuvarinda
calistig1 belirlenmistir. Katiimcilarin %65,1’i lisans veya
lisansiistl egitimleri sirasinda, %61,6’s1 ise kuruma giriste
biyoglivenlik veya oryantasyon egitimi aldigim bildirmistir.
Katitmailarin %57,0’1 kurumlarinda en az yilda bir
biyogiivenlik egitimi verildigini, %54,7’si acil durum
ve afetlere yonelik risk degerlendirmesi yapildigimi ve
%59, 3’ biyogiivenlik odakli bir kalite sistemi bulundugunu
belirtmistir. AGS, AHS, ADEPS ve IYBS icin Cronbach alfa
katsayilan sirasiyla 0,843, 0,865, 0,930 ve 0,895 olarak
hesaplanmis ve olceklerin yiiksek i¢ tutarliliga sahip
oldugu belirlenmistir. AGS ile AHS arasinda cok giiclii
(r=0,842; p<0,001).

Arastirma gorevlilerinin ADEPS skorlan teknisyenlerin

pozitif korelasyon saptanmistir

ve ogretim elemanlarimin skorlarindan anlamli diizeyde
daha dusuk bulunmustur (sirasiyla p=0,003 ve p=0,001).
On yildan fazla mesleki deneyime sahip katiimcilar ile
diizenli biyogiivenlik egitimi, risk degerlendirmesi ve
kalite sistemi bulunan kurumlarda calisanlarin AGS,
AHS ve ADEPS medyanlan anlamli diizeyde daha yiiksek
bulunmustur (p<0,05).

Sonug: Turkiye’deki tibbi mikrobiyoloji laboratuvar
calisanlart rutin biyoglivenlik bakimindan kendilerini
gorece giivende hissetmekle birlikte, afetlere hazirlik
algilar daha dusik diizeydedir. Afet senaryolarini kapsayan
diizenli ve kurumsallasmis biyogiivenlik egitimlerinin, acil
durum risk degerlendirmelerinin, ilk yardim egitimlerinin
ve kalite sistemlerinin ozellikle genc ve daha az deneyimli
calisanlara yonelik olarak giclendirilmesi, afet riski
laboratuvarlarn

yiksek bolgelerde dayamkliligimin

artirilmasi acgisindan gerekli goriinmektedir.
Anahtar Kelimeler: Biyogiivenlik, afet hazirligi,

laboratuvar giivenligi, risk degerlendirmesi, kalite

yonetimi, tibbi mikrobiyoloji laboratuvan
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(EAPKS), and First-Aid Knowledge Score (FAKS) were
calculated using these items. The internal consistency of
the scales was assessed using Cronbach’s alpha coefficient.
Differences between groups and relationships between
scores were evaluated using non-parametric tests and

Spearman’s correlation analysis (p<0.05).

Results: A total of 86 individuals participated in the
study. Of these, 44.2% had more than 15 years of professional
experience, and 75.6% worked in medical microbiology
laboratories. Overall, 65.1% of the participants reported
receiving biosafety training during their undergraduate or
postgraduate education, whereas 61.6% reported receiving
biosafety or orientation training upon joining their
institution. Moreover, 57.0% stated that biosafety training
was provided at least annually at their institution, 54.7%
reported that risk assessments for emergencies and disasters
were conducted, and 59.3% reported that their institution
had a biosafety-focused quality system. Cronbach’s alpha
coefficients for the PSS, DPS, EAPKS, and FAKS were 0.843,
0.865, 0.930, and 0.895, respectively, indicating high
internal consistency. A very strong positive correlation was
found between the PSS and DPS (r=0.842; p<0.001). The
EAPKS scores of research assistants were significantly lower
than those of technicians and academic staff (p=0.003
and p=0.001, respectively). Median PSS, DPS, and EAPKS
values were significantly higher among participants with
more than 10 years of professional experience and those
working at institutions with regular biosafety training, risk

assessments, and a quality system (p<0.05).

Conclusion: Medical microbiology laboratory staff in
Tirkiye feel relatively safe regarding routine biosafety;
however, their perceived level of disaster preparedness
is lower. Strengthening regular and institutionalized
biosafety training that incorporates disaster scenarios,
emergency risk assessments, first-aid training, and quality
systems, particularly for younger and less-experienced
staff, appears necessary to enhance laboratory resilience
in regions at high risk of disasters.

Key Words: disaster
laboratory safety, risk assessment, quality management,

Biosafety, preparedness,

medical microbiology laboratory



GIRIS

Tibbi
hizmetlerin giivenilirligi ve kalitesi acisindan kritik

mikrobiyoloji  laboratuvarlan, tanisal
oneme sahip olmakla birlikte, rutin islemler sirasinda
calisan personelin basta biyolojik ve kimyasal olmak
Uzere cesitli tehlikelere maruz kaldigr yiiksek riskli
(1,2).
enfeksiyonlar, enfekte materyalle calisiirken uygun

calisma ortamlandir Laboratuvar kaynakli
kisisel koruyucu ekipmanlarin (KKE) kullanilmamasi,
igne batmas1 veya enfekte aerosollere maruziyet gibi
nedenlerle ortaya cikmaktadir. Ozellikle insan immiin
yetmezlik virlsu, hepatit B virusu, Mycobacterium
tuberculosis ve son zamanlarda olusan pandemi
etkenlerinin varligi nedeniyle biyogiivenlik konusu
onemini korumaya devam etmektedir (3). Bununla
birlikte, glincel rehberler laboratuvar biyogiivenliginin
yalmzca kisisel koruyucu donanmimlarin kullanimiyla
sinirli olmadigr; risk temelli, potansiyel kaynaklara
duyarli butiincil bir biyoguvenlik ve biyoemniyet

yaklasimini  gerekli ~ kildigint  vurgulamaktadir.
Biyoguivenlik (biosafety), calisanlarin/cevrenin
biyolojik etkenlere maruziyetini azaltmaya

yonelik uygulamalar; biyoemniyet (biosecurity) ise

onemli/tehlikeli biyolojik materyallerin yetkisiz

erisim ve kotiye kullanima karst korunmasina

yonelik  onlemler olarak tammlanabilir  (4).

kritik
Yapilan

Laboratuvar glivenligini
biri

bireysel

etkileyen en

faktorlerden insan  faktoruddur.

calismalar, dizeyde  gerceklestirilen
guvenli olmayan insan davranmslarinin, laboratuvar
glivenligi yonetimini etkileyen en kritik etmenler
(1,5).

tutum ve farkindaligin

oldugunu  gostermektedir
bilgi,

bu tur givenli olmayan davranislarin

Biyoglivenlik
konusunda yeterli
olmamasi,
ortaya cikmasinda temel rol oynamaktadir (5).

Turkiye’deki tibbi mikrobiyoloji laboratuvarlarin
kapsayan cok merkezli calismalar, calisan giivenligi
uygulamalarinin heniiz yeterli diizeyde olmadigin
gostermektedir (1). Bu sorunun asilmasi surekli
hizmet ici farkindalik egitimleri ve davranis degisikligi
mekanizmalarin

saglayacak gelistirilmesiyle

mumkundur. Nitekim, daha fazla deneyime sahip
olmanin ve diizenli biyogiivenlik egitimi almanin,
laboratuvar calisanlarinin  giivenlik protokollerine
uyumunu anlamli olclide artirdigin1 kanitlamistir (6).

Ancak, rutin laboratuvar giivenligine odaklanan
bu yaklasimlar, afet ve acil durumlar gibi laboratuvar
biitiinliglinii tehdit eden biylik 6lcekli olaylara
yonelik hazirlik diizeyini yeterince kapsamamaktadir.
Dogal afetler veya insan kaynakli acil durumlar,
etkeni
artirmaktadir (7).
hazirlik planlarini inceleyen sistematik derlemeler,

enfeksiyon mikroorganizmalarin  cevreye

yayilma riskini Hastane afet
altyapr ve sistem giivenligi gibi kritik hususlarin
siklikla g6z ardi edildigini ortaya koymaktadir (8).
Turkiye’'de 6 Subat 2023 depremleri gibi buyik olcekli
afetler, saglik altyapisinda yasanan hasar ve hizmet
kesintilerinin laboratuvar hizmetlerinin sirekliligi
uzerindeki etkisini carpici bicimde ortaya koymustur.
Birlesmis Milletler ve Diinya Saglik Orgiitii (DSO)
raporlan etkilenen bolgelerde saglik tesislerinde
ciddi yapisal hasarlar ve operasyonel aksakliklar
oldugunu bildirerek, laboratuvarlarda ikincil biyolojik
risklerin yonetimi ve guvenli bertaraf sureclerinin
afet planlarina acik ve sistematik bicimde entegre
edilmesi gerekliligini yinelemistir (9). Ayrica IPCC
(Intergovernmental Panel on Climate Change

Hiikiimetlerarasi iklim Degisikligi Paneli)’nin 2023
Sentez Raporu’nda hava olaylarinin artan siklik ve
siddetinin saglik altyapisi lizerinde giderek biliyiiyen
riskler olusturdugu vurgulanmaktadir. Bu durum,
laboratuvarlar agisindan sel, firtinaya bagh fiziksel
zararlar ve elektrik kesintileri gibi coklu tehlikelere
karst hazirligin, klasik biyogiivenlik  onlemleri
kadar kritik oldugunu gostermektedir (10). Bu risk
ortaminda, afet ve biyoglivenlik yonetimlerinin
kesisiminde yer alan protokollerin giincel, butuncil
ve uygulanabilir olmas1 yasamsal onem tasimaktadir.
tibbi

calisanlarinin  yalmizca gunlik rutin uygulamalara

Bu baglamda, mikrobiyoloji laboratuvar
degil, aym zamanda afet durumlarina 0zgii acil
durum eylem planlan ve ilk yardim bilgilerine ne

olclide sahip oldugunun belirlenmesi gerekmektedir.
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Bu calismamn amaci, Turkiye’deki mikrobiyoloji

laboratuvar  calisanlarinin  afet  durumlarinda
laboratuvar giivenligi ve biyogiivenlik uygulamalarina
iliskinalgilananguvenlik, afethazirlik, acildurumeylem
planiveilk yardim bilgi diizeylerini ve bunlan etkileyen
faktorleri

bireysel/kurumsal degerlendirmektir.

GEREC ve YONTEM

Calisma Tasarimi ve Orneklem

Bu calisma, Turkiye’deki mikrobiyoloji laboratuvar
calisanlarinin afet durumlarinda laboratuvar giivenligi
ve biyoguvenlik uygulamalarina iliskin bilgi, tutum
ve algilanm degerlendirmek amaciyla vyiriitiilen
tanimlayic1 bir calismadir.

Veriler, 18-30 Temmuz 2023 tarihleri arasinda
cevrimici ortamda uygulanan yapilandirnlmis bir anket
formu araciligiyla toplanmistir. Anket baglantisy, ilgili
dernek liyelerine ve tibbi mikrobiyoloji, halk saglig1 ve
arastirma laboratuvarlarinda calisan profesyonellere
mesleki e-posta gruplar ve sosyal aglar iizerinden
iletilmistir.

Calismaya dahil edilme olciitleri asagidaki sekilde
belirlenmistir:

-Turkiye’de tibbi halk sagligi,
referans veya arastirma laboratuvarlarindan birinde

mikrobiyoloji,

fiilen calisiyor olmak,

-Anket formunda yer alan aydinlatilmis onam
metnini elektronik ortamda onaylamak

-Anketi en az temel degiskenler (meslek, kurum,
laboratuvar turu ve ana Likert maddeleri) acisindan
tamamlamis olmak.

Bu olcutleri karsilayan toplam 86 katiimcinin
verileri analize dahil edilmistir. Orneklem, kolayda
belirli
bir laboratuvar ya da kurum ile simirli degildir.

ornekleme yontemiyle olusturulmus olup,

Anket baglantisinin e-posta gruplar ve sosyal aglar
uzerinden zincirleme bicimde paylasilmasi nedeniyle
ulasilan toplam kisi sayis1 izlenememis, bu nedenle
yanit oram hesaplanamamistir. Tum katiimcilardan
cevrimici

form araciligiyla aydinlatilmis onam

alinmistir.

Turk Hij Den Biyol Derg

Veri Toplama Araci

Veri toplama araci olarak literatur ve ilgili
rehberlere dayanarak arastirmacilar tarafindan
gelistirilen, kapali uclu sorulardan olusan bir

anket formu hazirlanmistir. Anket su ana bolumleri
icermistir;

Mesleki Ozellikler; meslek (6gretim eleman,
uzman doktor, arastirma gorevlisi, teknisyen, biyolog
vb.), meslekte calisma suresi (<1 yil, 1-5, 6-10, 11-15,
>15 yil), kurum tiirii (Universite, egitim ve arastirma
hastanesi, devlet hastanesi, 6zel kurulus, halk sagligi
laboratuvart), laboratuvar tirl (tibbi mikrobiyoloji,
halk
ve laboratuvar giivenligi acisindan ustlenilen rol

arastirma, referans, sagligi laboratuvari)

(laboratuvar  givenligi  sorumlusu, yoneticinin
direktiflerini uygulayan, faaliyeti olmayan) seklinde
olmustur.

Biyogiivenlik egitimi ve kurumsal uygulamalara
iliskin degiskenler asagidaki bashklar altinda
degerlendirilmistir;

-Lisans/lisansistl egitim siirecinde laboratuvar
biyogiivenligi egitimi alma durumu,

-Kurumda ise baslamadan once biyogiivenlik ve/
veya oryantasyon egitimi alma durumu,

-Kurumda en az yilda bir kez diizenli biyogiivenlik
egitimi yapilip yapilmadigi,

-Alinan biyogiivenlik egitimlerinin yeterli bulunma
durumu,

-Laboratuvarda afet ve acil durumlara yol
acabilecek olaylara yonelik risk degerlendirmesi
yapilma durumu,

-Laboratuvarda biyoguvenlikle iliskili bir kalite
yonetim sisteminin varligi ve kullanilan standart tiirleri

(Saglik Bakanlig1 SKS, 1SO 15189, 1SO 17025, CSI),

-Dernek tarafindan dizenlenmesi planlanan
biyogiivenlik egitimine katilma istegi,
Olciimler ve Skorlamalar

Katiimcilarin  laboratuvar giivenligi ve afet

hazirlik diizeyi, acil durum eylem plani bilgisi ve ilk
yardim bilgi diizeyi 1-5 araliginda Likert tipi sorular
kullanilarak degerlendirilmistir (1=hic/cok yetersiz,



5=cok iyi).

Algilanan Glivenlik Skoru (AGS), asagida yer alan
bes ifadeye verilen yanitlarin ortalamasi alinarak
hesaplanmistir:

1.  “Laboratuvarda calistiginiz siire boyunca
kendinizi glivende hissediyor musunuz?”

2. “Laboratuvarda kolayca ulasabileceginiz
yeterli sayida kisisel koruyucu ekipman mevcut mu?”

3. “Kisisel koruyucu ekipmanlari kullandiginizda
kendinizi glivende hissediyor musunuz?”

4.  “Uyan ve tehlike sembollerinin anlamina
iliskin bilgi diizeyiniz nedir?”

5.  “Sizce laboratuvar giivenligi ile ilgili, kolayca
erisebileceginiz yeterli diizeyde egitim kaynag
mevcut mu?”

Afet Hazirlk Skoru (AHS), asagida yer alan
uc ifadeye verilen yamtlarin ortalamasi alinarak
hesaplanmistir:

1. “Calistigimz  sirada  gelisebilecek  acil
durumlara ne kadar hazirtiklisiniz?”

2.  “Bir dogal afet durumuna laboratuvarinizin
yeterli diizeyde hazir oldugunu diisiiniiyor musunuz?”

3. “Kendinizi gelecekteki olasi afet durumlarina
kars1 laboratuvar biyogiivenligi acisindan hazir

hissediyor musunuz?”

Acil Durum Eylem Plani Bilgi Skoru (ADEPS), yangin,
kimyasal/biyolojik madde dokiilmesi, yaralanma, gaz
kokusu, elektrik kacagi, deprem ve su baskini gibi yedi
farkli acil durum senaryosunda uygulanmasi gereken
eylem planina yonelik bilgi diizeyini sorgulayan
maddelerin ortalamasindan hesaplanmistir.

ilk Yardim Bilgi Skoru (IYBS) ise kimyasallara
deri/mukoza yoluyla maruziyet, elektrik carpmasi,
kesici-delici

patlama/yangin ve yaralanma

durumlarinda uygulanmas1 gereken ilk yardim
yaklasimlarini sorgulayan dort maddeden elde edilen

ortalama puani temsil etmistir.

Bu skor temelli degerlendirmeler, bir olcek
gelistirme amaci tasimamaktadir. ilgili konuya ait
maddelerin ortalamasi verilerek ozet gosterge iiretme

hedeflenmistir. Her bir skorlandirma icin, katilimcinin

ilgili maddelerin en az %60’1na yanmit vermis olmasi
kosulu aranmistir; bu kosulu saglamayanlar icin ilgili
skor eksik birakilmistir. Tim skorlar 1-5 araliginda
siirekli degiskenler olarak analiz edilmistir.

Veriler, tanimlayic1 ve karsilastirmali istatistiksel
yontemler kullanilarak analiz edilmistir. Kategorik
degiskenler icin frekans (n) ve yiizde (%) degerleri
(Q1-

Q3) olarak, kategorik degiskenler ise frekans ve

hesaplanmistir.  Siirekli degiskenler ortanca
ylizde olarak sunuldu. Normal dagilim varsayiminin
analizinde Kolmogorov Smirnov testi kullanilmis ve
ikili gruplar arasindaki farklarin karsilastirilmasi icin
ki-kare ve Mann-Whitney U testleri uygulanmistir.
ikiden fazla grubu iceren karsilastirmalarda ise
Kruskal-Wallis H testi kullamilmistir. Kruskal-Wallis
testi ile anlamli fark saptanan durumlarda, farkin
hangi gruplardan kaynaklandigin1 belirlemek icin
Bonferroni diizeltmeli ikili Mann-Whitney U testi
kullamlmistir. AGS, AHS, ADEPS ve IYBS puan
setlerinin i¢ tutarliigt Cronbach alfa katsayisi ile
degerlendirilmistir. Skorlar arasi iliskiler Spearman
istatistiksel
anlamlilik diizeyi p<0,05 olarak kabul edilmistir. Tum
analizler IBM SPSS Statistics v.20 (IBM, Armonk, NY,
ABD) yazilimi kullanilarak gerceklestirilmistir.

korelasyon analizi ile incelenmistir.

BULGULAR

Katilimar Ozellikleri

Calismaya toplam 86 katilimci dahil edilmistir.

Katiimcilarin ~ meslek  dagiim1  incelendiginde,
arastirmada en fazla teknisyen (n=22, %25,6) ve
uzman doktorlarin (n=21, %24,4) yer aldigi; 6gretim
elemanlart (n=16, %18,6), arastirma gorevlileri (n=16,
%18,6) ve biyologlarin (n=8, %9,3) bu gruplan izledigi
gorulmustur.

Mesleki deneyim acisindan katiimcilarin %44,2
(n=38)’si 15 yil lzerinde, %12,8 (n=11)"i 11-15 yil
arasinda, %15,1 (n=13)’i 6-10 yil arasinda, %22,1
(n=19)’i

sahip oldugunu, %5,8 (n=5)’i ise 1 yildan daha kisa

1-5 yil arasinda laboratuvar deneyimine

stiredir calistigini belirtmistir.
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Kurum tiirii incelendiginde katiimcilarin %52,3
(n=45)’4 Universite, %20,9 (n=18)’u egitim ve
arastirma hastanesi, %12,8 (n=11)’i devlet hastanesi,
%11,6 (n=10)’s1 %2,3 (n=2)’l
halk sagligi baskanligi biinyesinde gorev yaptigini
bildirmistir. Calisilan
verilen yanitlara gore katilimcilarin biiyiik cogunlugu

ozel kurulus, ise

laboratuvar tirid sorusuna

tibbi mikrobiyoloji laboratuvarlarinda (n=65, %75,6),
daha kucuk bir kismi ise arastirma laboratuvarlarinda

(n=13, %15,1), referans laboratuvarlarinda (n=5,

Mesleginiz nedir?

m Teknisyen

= Uzman doktor

m Arastirma gorevlisi
m Ogretim elemani
= Biyolog

m Eczaci

u Ornek kabul birimi
® Yanitsiz

%24,4
%18,6

Galistiginiz kurum hangisidir?

m Universite

m EZitim ve Arastirma
Hastanesi
m Devlet Hastanesi

%12,8

= Ozel Kurulug

m Halk Saghgi Laboratuvari

Sekil 1. Katiimcilarin mesleki 6zelliklerine gore dagilimlan

Biyogiivenlik Egitimi, Risk Degerlendirmesi ve

Kalite Yonetimi

Katiimcilarin %65,1 (n=56)’i lisans veya lisansusti
egitimleri sirasinda laboratuvar biyogiivenligi ile ilgili
egitim aldigim, %29,1 (n=25)’i herhangi bir egitim
almadigini  belirtmis, %5,8 (n=5)’i ise bu soruyu

Turk Hij Den Biyol Derg

%5,8) ve halk sagligi laboratuvarlarinda (n=3, %3,5)
calismaktadir (Sekil 1).
Laboratuvar giivenligi acisindan katilimcilarin
%58,1 (n=50)"i
“laboratuvar yoneticisinin direktiflerini
%24,4 (n=21)"U
sorumlusu olarak aktif rol alan”,

stlendigi roller sorgulandiginda;
kendisini
uygulayan”, “laboratuvar giivenligi
%17,4 (n=15)"U
ise “laboratuvar gilivenligi konusunda herhangi bir

faaliyeti bulunmayan” konumunda tanimlamistir.

Meslekte kaginci yilinizi tamamladiniz?

m<]l
m1-5

= 6-10
= 11-15
m >15

%44,2

Cahistiginiz laboratuvar tlri hangisidir?

m Tibbi Mikrobiyoloji
Laboratuvari

m Aragtirma
Laboratuvari

= Referans
Laboratuvar

m Halk Saghg
Laboratuvari

yamtsiz birakmistir. Calistiklar1 kuruma baslamadan
once laboratuvar biyogiivenligi/oryantasyon egitimi
aldigim bildiren katitimcilarin orami %61,6 (n=53),
almadigin bildirenlerin orant ise %38,4 (n=33) olup bu
soruya yanit vermeyen katilimci bulunmamaktadir.



Kurumlarinda diizenli biyogiivenlik egitimi (en az
yilda bir kez) verildigini belirten katilimcilarin orani
%57,0 (n=49), verilmediginiifade edenlerin oran1%32,6
(n=28), bu konuda yanit vermeyen veya “bilmiyorum”
secenegini isaretleyenlerin oran1 ise %10,5 (n=9)
olarak saptanmistir. Diizenli egitimlere ragmen bu
egitimleri yeterli buldugunu belirten katiimc1 orani
%43,0 (n=37), yeterli bulmadigini belirten oran %16,3
(n=14), bu soruya yanit vermeyenlerin orani ise %40,7
(n=35) olarak bulunmustur.

Laboratuvarlarda acil durum (yangin, patlama,
dogal vb.)
olusturabilecek olaylara iliskin risk degerlendirmesi
%54,7  (n=47),
%20,9 (n=18),
“bilmiyorum/yanitsiz” oraniise %24,4 (n=21) olmustur.

kimyasal/biyolojik  yayiim, afet

yapildigin1  belirtenlerin  oram

yapilmadigin1 belirtenlerin oram
Benzersekilde, laboratuvarindabiyoguivenlikagisindan
kalite sistemi uygulandigin1 belirten katilimcilarin
%59,3 (n=51), uygulanmadigim1 belirtenlerin %12,8
(n=11), bu konuda bilgisi olmayanlarin ise %27,9
(n=24)
kalite standartlan incelendiginde, en sik bildirilen
standardin T.C. Saglik Bakanlig’’nin Saglikta Kalite
Standartlar (SKS) (n=39, %45,3) oldugu, ISO 15189
(n=8, %9,3), I1SO 17025 (n=4, %4,7) ve CSI’mn (n=6,
%7,0) daha sinirli sayida laboratuvarda uygulandig

oraninda oldugu goriilmistiir. Uygulanan

belirtilmistir. Katiimcilarin %66,3 (n=57)’l, dernek
tarafindan dizenlenmesi planlanan biyoguvenlik
%10,5 (n=9)’i

katilmak istemedigini, %23,3 (n=20)’u ise kararsiz

egitimlerine katilmak istedigini,

oldugunu bildirmis veya yanit vermemistir.

Algilanan giivenlik, afet hazirlik, acil durum eylem
plani ve ilk yardim bilgi diizeyi

Besli Likert olcegi ile degerlendirilen maddelere

verilen yanitlar Tablo 1’de  ozetlenmistir.
“Laboratuvarda calistigim siirede kendimi giivende
hissediyorum” ifadesinin ortalamas1 3,60+1,03;

“calistigim sirada gelisebilecek acil durumlara ne
kadar hazirlikliyim?”
3,36+1,08 olarak bulunmustur. Laboratuvarda kisisel

maddesinin ortalamasi ise

koruyucu ekipmana (KKE) erisim ve KKE kullanimi

ile ilgili maddelerin ortalamalan sirasiyla 3,60+1,17
ve 3,86+1,02 olarak hesaplanmistir. Uyan ve tehlike
sembollerini bilme dizeyine maddenin
3,99+0,95

alanlardan biri olurken, “laboratuvarimin bir dogal

iliskin
ortalamasi ile en yiksek puanlanan

afete hazir oldugunu disliniiyorum” ve “olas
afet durumlarnina kars1 kisisel hazirik diizeyim”
maddelerine verilen yanitlarin ortalamalan sirasiyla
2,98+1,28 ve 2,88+1,21 olup, afet hazirligina iliskin
alginin guvenlik algisina kiyasla daha dusuk dizeyde
oldugu gozlenmistir.

Acil durum eylem plam bilgi dizeyini sorgulayan
ADEPS maddelerinde yangin, kimyasal/biyolojik
madde dokiilmesi, yaralanma, gaz kokusu, elektrik
kacagi, deprem ve su baskin1 senaryolarn icin
ortalama puanlar genel olarak orta-iyi diizeyde
bulunmustur  (2,95-3,67 araliginda). ik yardim
bilgi iYBS maddelerinde

ise kimyasallara deri/mukoza maruziyeti, elektrik

diizeyini degerlendiren
carpmasi, patlama/yangin ve kesici-delici yaralanma
durumlarina iliskin ortalamalar 2,9-3,7 arasinda
degismekte olup, 6zellikle patlama/yangin ve elektrik
carpmasi senaryolarinda bilgi diizeyinin sinirli oldugu
izlenmistir.

Skorlarin olusturuldugu maddelerin i¢ tutarliik
analizinde Cronbach’s a katsayilar, AGS icin 0,843,
AHS icin 0,865, ADEPS icin 0,930 ve IYBS icin 0,895
olarak saptanmistir. Bu degerler, dort skorlandirmanin
da yilksek diizeyde ic tutarliiga sahip oldugunu
gostermektedir (a>0,80).

Skorlar arasindaki korelasyon analizinde; AGS
ile AHS (r=0,842, p<0,001) arasinda c¢ok gicli,
AGS ile ADEPS (r=0,685, p<0,001) ve AHS ile ADEPS
(r=0,691, p<0,001) arasinda guclu pozitif iliski
bulunmustur. 1YBS puanlarinin da diger skorlarla
orta-guclu duzeyde pozitif korelasyona
oldugu tespit edilmistir (r=0,395-0,602, timii igin
p<0,001) (Tablo 2).
laboratuvar giivenligi, afet hazirlik diizeyi, acil

sahip
Bu bulgular, katilimcilarin
durum eylem plam bilgisi ve ilk yardim bilgi

duzeylerinin birbirleriyle anlamli ve tutarli bicimde
iliskili oldugunu gostermistir.
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Tablo 1. Likert 6lcek maddelerinin tanimlayic istatistikleri

Likert Analiz Maddeler n Ortalama SS Medyan IQR
Kendini laboratuvarda glivende hissetme 86 3,60 1,03 4,0 3,0-4,0
Algilanan KKE varligi/yeterliligi 86 3,60 1,17 4,0 3,0-5,0
G“"e("l:g‘si"”” KKE kullandiginda giivende hissetme 86 3,86 1,02 4,0 3,0-5,0
Uyar ve tehlike sembollerini bilme diizeyi 86 3,99 0,95 4,0 3,0-5,0
Egitim kaynagina erisim yeterliligi 86 3,43 1,07 3,0 3,0-4,0
Afet Hazirlik  Acil durumlara hazirlikli hissetme 86 3,36 1,08 3,0 3,0-4,0
?Ilt:-,irsl; Laboratuvarimin dogal afete hazirligi 86 2,98 1,28 3,0 2,0-4,0
Kisisel afete hazirlik algisi 85 2,88 1,21 3,0 2,0-4,0
Yangin 84 3,35 1,15 3,0 3,0-4,0
Kl_fn)_lasal madde / biyolojik etken 83 3,65 1,12 40 3,0-5,0
dokulmesi
Acil Durum
Eylem Plan1  Yaralanma 85 3,67 1,07 4,0 3,0-4,0
Bilgi Skoru .
(ADEPS) Gaz kokusu 84 3,26 1,08 3,0 3,0-4,0
Elektrik kacag 84 3,06 1,18 3,0 2,0-4,0
Deprem 85 2,95 1,19 3,0 2,0-4,0
Su baskini 85 3,07 1,14 3,0 2,0-4,0
Klmyas.allara deri ve mukoza yoluyla 85 3,51 1,05 4,0 3,0-4,0
maruziyette
ilk Yardim Bilgi Elektrik carpmalarinda 85 2,95 1,20 3,0 2,0-4,0
Skoru (IYBS)
Patlama ve yanginlarda 85 2,91 1,08 3,0 2,0-3,5
Kesici-delici yaralanmada 85 3,72 1,01 4,0 3,0-4,0
Tablo 2. Skorlar arasindaki korelasyonlar
Olcekler Arasindaki iliski Spearman’s rho (r) p degeri Yorum

AGS - AHS 0,842 <0,001  Cok giiclii, pozitif iliski
AGS - ADEPS 0,685 <0,001  Giiclii, pozitif iliski
AGS - iYBS 0,395 <0,001  Orta diizeyde poxzitif iliski
AHS - ADEPS 0,691 <0,001  Giiclii, pozitif iliski
AHS - iYBS 0,437 <0,001  Orta diizeyde pozitif iliski
ADEPS - iYBS 0,602 <0,001  Giiclii, pozitif iliski

Egitim, deneyim ve kurumsal faktorlere gore AGS,

AH

skorlarin anlamli  sekilde vyikseldigi gorilmistiir

S, ADEPS ve iYBS

Katibimcilarin  calisma

siresi

arttikca

tlim

(Tablo 3). Meslekte >10 yil deneyimi olanlarin (n=49)
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AGS, AHS, ADEPS ve IYBS medyanlar sirasiyla 4,2
(3,6-4,6), 3,3 (2,8-4,0), 3,7 (3,0-4,0) ve 3,5 (2,5-4,0)
iken; <10 yil deneyimi olan grupta (n=37) bu degerler
3,0 (2,8-3,8), 2,7 (2,0-3,3), 2,8 (2,3-3,4) ve 3,0
(2,4-3,8) olarak bulunmustur (AGS, AHS ve ADEPS icin



p<0,001; 1YBS icin p=0,043). Lisans/lisansiistii egitim
doneminde biyogiivenlik egitimi almis olma ile AGS,
AHS, ADEPS ve IYBS skorlart arasinda anlamli bir fark
saptanmamistir (p>0,05). Benzer sekilde, kuruma
giriste  biyogiivenlik/oryantasyon egitimi  almis
oldugunu belirtenlerin AGS, ADEPS ve iYBS skorlar,
egitim almayanlara gore numerik olarak daha yiiksek
olmasina ragmen bu farklar istatistiksel olarak anlamli
degildir. Buna karsin AHS skorlar1 kuruma giriste egitim
alan grupta anlamli derecede yuksek bulunmustur
[3,3 (2,5-4,0) ve 2,7 (2,0-3,3); p=0,013].

Diizenli biyogiivenlik egitimi (en az yilda bir
kez) verilen kurumlarda calisan katilimcilarin (n=49)
AGS, AHS, ADEPS ve IYBS skorlari, diizenli egitimin
(n=28)
derecede daha yiiksek oldugu saptanmistir. Diizenli
egitim alan grupta AGS medyam 4,0 (3,2-4,6), AHS
medyan 3,3 (2,8-4,0), ADEPS medyam 3,6 (3,0-4,0)
ve [YBS medyam 3,5 (3,0-4,0) iken; diizenli egitim

bulunmadigini  belirtenlere gore anlaml

almayan grupta bu degerler sirasiyla 3,5 (2,9-4,0),
2,3 (2,0-3,2), 3,0 (2,5-3,9) ve 3,0 (2,0-3,8) olarak
bulunmustur (AGS icin p=0,010; AHS icin p=0,003;
ADEPS icin p=0,008; iYBS icin p=0,013). Biyogiivenlik
egitimlerini yeterli buldugunu belirten katilimcilarin
(n=37)
disunenlere

skorlar, egitimlerinin yetersiz oldugunu
(n=14) gore tuim alanlarda belirgin
bicimde daha yiiksek bulunmustur. Egitimi yeterli
bulan grupta AGS, AHS, ADEPS ve iYBS medyanlar
sirasiyla 4,0 (3,6-4,7), 3,5 (3,0-4,2), 3,9 (3,1-4,4)
ve 3,5 (3,2-4,4) iken; yeterli bulmayan grupta 3,1
(2,8-3,4), 2,0 (1,7-3,0), 2,9 (2,0-3,3) ve 2,8 (2,0-3,6)
olarak saptanmistir (AGS, AHS ve ADEPS icin p<0,001;
iYBS icin p=0,003). Dernek tarafindan diizenlenecek
biyogiivenlik egitimlerine katilmak istedigini belirten
katiimcilar ile istemeyenler arasinda AGS, AHS,
ADEPS ve iYBS acisindan anlamli bir fark izlenmemistir
(p>0,05). Laboratuvarinda acil durumlara yonelik risk
degerlendirmesi yapildigim ifade eden katiimcilarin
(n=47) AGS, AHS ve ADEPS skorlar, risk degerlendirmesi
(n=18)
derecede daha yiiksek olarak analiz edilmistir. Risk

yapilmadigini  belirtenlere gore anlaml

degerlendirmesi yapilan grupta AGS, AHS ve ADEPS

medyanlan sirasiyla 4,2 (3,6-4,6), 3,5 (3,0-4,0) ve 3,9
(3,0-4,0) iken; yapilmayan grupta 3,0 (2,8-3,4), 2,3
(1,7-2,3) ve 2,7 (2,3-3,3) olarak bulunmustur (timu
icin; p<0,001). iYBS skorlar1 da risk degerlendirmesi
yapilan grupta daha yiiksek olma egiliminde olmakla
birlikte, bu fark istatistiksel olarak anlamli degildir
[3,5 (3,0-4,0) ve 3,2 (2,4-3,9); p=0,072]. Calistig1
laboratuvarda herhangi
bir kalite standardimin uygulandigini  bildiren
katiimcilarin (n=51) AGS ve AHS skorlarinin, kalite
standard1 bulunmadigim ifade edenlere (n=11) goére

biyoguvenlik  acisindan

anlamli derecede daha yiiksek oldugu belirlenmistir.
Kalite sistemi olan grupta AGS medyan 4,0 (3,2-
4,6), AHS medyam 3,3 (2,7-4,0) iken; kalite sistemi
olmayan grupta bu degerler 3,0 (2,6-3,8) ve 2,3 (2,0-
3,0) olarak bulunmustur (AGS icin p=0,015; AHS icin
p=0,012). ADEPS ve IYBS skorlarinda ise kalite sistemi
bulunan grupta daha vyiiksek degerler izlenmekle
birlikte, fark istatistiksel olarak anlamli degildir
(ADEPS icin p=0,132; IYBS icin p=0,262).
Katilimcilarin meslek gruplarina gore skorlardaki
farkliliklar AGS, AHS ve IYBS
meslekler aras1 anlamli bir farklilk gostermemistir.

incelendiginde,

Ancak ADEPS ile meslekler arasinda istatistiksel
(p=0,009). Bu
farkin ozellikle teknisyenler ile arastirma gorevlileri
(p=0,003)
gorevlileri

olarak anlamli fark bulunmustur

ve Ogretim elemanlarn ile arastirma
(p=0,001) oldugu
gorulmustur (duzeltilmis anlamlilik diizeyi a=0,005).

arasinda belirgin
Buna gore arastirma gorevlilerinin ADEPS skorlar,
teknisyen ve oOgretim elemanlarina kiyasla daha
diusuk duzeyde olmustur. Kurum tiriine gore AGS
puanlan degerlendirildiginde de anlamli fark elde
edilmistir (p=0,025). Bu farkin egitim ve arastirma
hastaneleri ile devlet hastaneleri arasinda anlaml
oldugu gozlenmistir (p=0,004; diizeltilmis anlamlilik
diizeyi a=0,008). Egitim ve arastirma hastanelerinde
calisan katiimcilarin algilanan giivenlik skorlar,
devlet hastanelerinde calisanlara gore daha yiiksek
bulunmustur. Laboratuvar tiriine gore skorlarda
herhangi bir anlamli farkliiga rastlanmamistir (Tablo
4).
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TARTISMA

Bu calisma, Tirkiye’de tibbi

ve ilgili laboratuvarlarda calisan bireylerin afet

mikrobiyoloji

durumlarinda laboratuvar giivenligi ve biyogiivenlik
bilgi
duzeylerini butuncul bir yaklasimla ele alan sinirl

uygulamalarina iliskin algi, ve hazirlik
sayidaki calismalardan biridir. Bulgularimiz genel
olarak, katilimcilarin rutin laboratuvar giivenligi ve
KKE kullanimi acisindan kendilerini genel olarak orta-
iyi duzeyde guvende hissettiklerini, buna karsin afet
ve acil durumlara yonelik hazirlik algilarinin belirgin
bicimde daha diisiik oldugunu gostermektedir.
Buna ek olarak, diizenli biyogiivenlik egitiminin
verilmesinin, afet ve acil durumlara yonelik risk
degerlendirmelerinin yapilmasinin ve biyogiivenlikle
iliskili kalite sistemlerinin vartiginin hem AGS hem
AHS, hem de ADEPS ve IYBS iizerinde anlamli ve
tutarli olumlu etkisi oldugu ortaya konmustur.
Turkiye’den bildirilen cok merkezli bir calismada,
tibbi

glivenligi ve biyogiivenlik uygulamalarinin iilke

mikrobiyoloji  laboratuvarlarinda calisan
genelinde farkliliklar gosterdigi, egitim ve altyapi
acisindan onemli eksiklikler bulundugu, ozellikle
streklilik gosteren egitim programlarina ihtiyac
oldugu vurgulanmistir (1). Bizim c¢alismamizda
da lisans doneminde biyogiivenlik egitimi almis
olmak tek basina AGS, AHS, ADEPS ve iYBS iizerinde
anlamli bir fark yaratmazken; kurum icinde duzenli
(en az yilda bir) egitim alan, bu egitimleri yeterli
bulan ve laboratuvarinda risk degerlendirmesi ile
kalite sistemi bulunan katiimcilarin tim skorlarinin
anlamli derecede daha yuksek olmasi, bu bulguyu
destekler niteliktedir. Bu durum, yalmzca “bir
kez alinmis” teorik egitimlerden c¢ok, kurumsal
dizeyde yapilandinilmis ve siirdurilen biyogiivenlik

kiltiriniin  belirleyici oldugunu gostermektedir.

Libnan’daki universite laboratuvarlarinda
yurutilen bir calismada, kimyasal maruziyete
bagli laboratuvar kazalarinin siklikla gorildiigu

ve bu kazalarin tehlikeli Urlinlerin yonetimi, ilk
yardim, KKE ve acil dus/goz dusu gibi giivenlik
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onlemlerine yonelik egitim ve altyapi ile yakindan
iliskili oldugu bildirilmistir (11). Bu calismada ADEPS
ve IYBS skorlarimin, diizenli egitim alan ve egitimi
yeterli bulan gruplarda daha yiksek olmasi benzer
bir iliskiyi isaret etmektedir. Acil durum planm ve
ilk yardim bilgisi, yalnizca afet senaryolarinda
degil, giinlik laboratuvar kazalarinda da kritik
oneme sahiptir. Bu nedenle egitim programlarinin
“sadece biyolojik riskler” ile simirli kalmamasi,
kimyasal, elektriksel ve travmatik kazalarn da
kapsamas1 gerekmektedir. Kenya’da yapilan ulusal
diizeydeki biyoguivenlik anketinde, laboratuvarlarda
biyoglivenlik ve biyoemniyet kavramlarinin siklikla
kanstinldigi, biyogiivenlik farkindatiginin  sinirli
oldugu ve yetkisiz erisim ile kontrolsiiz depolamanin
onemli zafiyet alanlar oldugu gosterilmistir (12).
Calismamizda laboratuvar giivenligi  konumlarin
“laboratuvar giivenligi sorumlusu”, “yéneticinin
direktiflerini uygulayan” veya “herhangi bir faaliyeti
olmayan” olarak tanimlayan katiimcilarin varligi ve
bu rollerin skorlarla iliskisi, benzer bir kavramsal ve
kurumsal belirsizlige isaret etmektedir. Biyogiivenlik
sorumlulugunun  kurumsal olarak tanimlanmasi
ve gorev tanimlarinin netlestirilmesi, afet ve acil

durum hazirligin1 da giiclendirecektir.

Hastane afet hazirlik araclarinin incelendigi
sistematik derlemelerde, ozellikle altyap1, lojistik,
alanlarin

kapasite gelistirme ve iletisim gibi

degerlendirme araclarinda dahi kismen ihmal
edildigi, kimyasal, biyolojik, radyolojik ve niikleer
olaylara hazirligin daha da zayif oldugu gosterilmistir
(8). Calismamizda laboratuvarlarin dogal afetlere
hazirligina yonelik alginin, genel giivenlik algisina
kiyasla belirgin bicimde distik olmasi; deprem ve su
baskini gibi senaryolara yonelik ADEPS maddelerinde
ortalamalarin daha dusik bulunmasi, bu kuresel
egilimle uyumludur. Mikrobiyoloji laboratuvarlan
icin afet hazirlig, yalnmizca fiziksel giivenlikten ibaret
olmayip, biyolojik ajanlarin cevreye yayilmasini
onleyici mihendislik onlemleri, dekontaminasyon

ve bertaraf sureclerini de icermelidir.



Meslekte 10 yildan olan

katiimcilarin tim skorlarinin anlamli olarak daha

uzun deneyimi
yiiksek bulunmasi, deneyimin hem risk algisinthem de
ozyeterlik hissini giiclendirdigini diistindiirmektedir.
Benzer sekilde farkli ulkelerde yapilan calismalar,
laboratuvar calisanlarinda mesleki deneyim siiresi
arttikca biyoguvenlik bilgi ve uygulama dizeyinin
yiikseldigini ve uzun siire calisanlarin biyogiivenlik
farkindaliginin daha iyi oldugunu gdstermektedir
(6). Buna karsilik, genc ve az deneyimli calisanlarin
mesleki tehlikelere daha fazla maruz kaldig1 ve
daha kirilgan bir grup olusturdugu da bildirilmistir;
bu durum, calismamizda arastirma gorevlilerinde
gozlenen daha dusuk ADEPS skorlar ile uyumludur
(13).
hastanelerinde

Kurum tiiri agisindan, egitim ve arastirma
AGS
devlet hastanelerine gore daha yilksek olmasi, bu
kalite
enfeksiyon kontrol birimleri ve akreditasyon stirecleri

calisanlarin skorlarinin

merkezlerdeki daha oturmus sistemleri,
ile iliskili olabilir. Nitekim laboratuvar biyogiivenligi
kalite

sistemlerinin, yapilandinlmis risk degerlendirmesi

alaninda yapilan derlemeler, yonetim

ve standardize edilmis prosedirlerin, personel
glivenligini ve biyorisk yonetimini giiclendirdigini
vurgulamaktadir (14-16).

Diizenli biyogiivenlik egitimi ve egitimlerin
yeterli bulunmasi, tim skorlar tzerinde giclu ve
tutarli bir belirleyici olmustur. Bu durum, egitimlerin
yalmzca sayisinin degil, iceriginin, yonteminin ve
katiimcilanin ihtiyaclarina uygunlugunun da onemli
oldugunu gostermektedir (17). Ayrica, laboratuvarda
acil durum risk degerlendirmesi yapilmasi ve
herhangi bir kalite standardinin (ozellikle SKS, 1SO
15189 vb.) uygulanmasi, AGS ve AHS basta olmak
Uzere ADEPS lzerinde de olumlu etkilere sahip
oldugu gozlenmistir. Bu bulgu, literatiirde diizenli
risk analizi, standardize edilmis prosedurler ve
kalite yonetimi ile daha dusuk kaza maruziyet
riskleri arasinda bildirilen iliskiyle uyumludur (18-
20).

Bulgularin afet ve biyogiivenlik politikalarina
yansimalari

Calismamiz, laboratuvar calisanlarinin buyik
bir bolumunun rutin is akislarn sirasinda kendilerini
gorece giivende hissettiklerini; ancak laboratuvarin
ve bireysel olarak kendilerinin dogal afetlere hazir
olduguna iliskin alginin gorece diisik oldugunu
gostermektedir. Bu durum, Turkiye’nin deprem
kusaginda yer almasi ve saglik kurumlarinin afet
sonrasi hizmet strekliliginin saglanmasinda kritik bir
role sahip olmas1 goz oniinde bulunduruldugunda,
bu bulgu onemli bir uyan niteligi tasimaktadir. Afet
sonrast mikrobiyoloji laboratuvarlarinda ortaya
cikabilecek kimyasal, biyolojik ve elektriksel riskler;
yalmzca calisan giivenligini degil, ayn1 zamanda
toplum sagligin1 da tehdit edebilecek ikincil afet
etkileri yaratma potansiyeline sahiptir.

Bu nedenle, hastane ve laboratuvar afet
planlarinin; biyogiivenlik ve biyoemniyet boyutunu
iceren ozgul eylem planlanyla zenginlestirilmesi,
afet senaryolarinin (deprem, su baskini, yangin,
kimyasal sizint1 vb.) duzenli olarak tatbikatlarla
test edilmesi, acil durum eylem plani ve ilk yardim
modiillerinin biyogiivenlik egitimlerinin ayrilmaz
bir parcasi haline getirilmesi, genc personel ve
arastirma gorevlilerine yonelik mentorluk ve

gozetimli uygulamalara agirlik verilmesi énerilebilir.
Giiclii yonler ve kisithiliklar

Bu calisma, Turkiye’de farkli kurum turlerinden
(Universite, egitim ve arastirma hastanesi, devlet
hastanesi, 6zel ve halk saglig1 laboratuvarlari) ve
farkli meslek gruplarindan katilimcilarn icermesi,
yalmzca rutin biyogiivenlik uygulamalarin1 degil,
afet hazirligi, acil durum eylem plani bilgisi ve ilk
yardim bilgi diizeyini aym anda degerlendirmesi
acisindan giicliidiir. Ayrica AGS, AHS, ADEPS ve iYBS
icin yiiksek Cronbach alfa degerleri, kullanilan

skorlandirmalarin i¢c tutartiiginin iyi oldugunu
gostermektedir.
Bununla birlikte, calismanin sinmirli  sayida

katilmc1 icermesi (n=86) ve orneklemin kolayda
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ornekleme yontemi ile olusturulmus olmas1 onemli
kisitlibiklardir.
kisminin mikrobiyoloji

Ayrica, katiimcilarin onemli bir
alaninda calisan ve bu
konulara daha duyarli bireyler olabilecegi akilda
tutulmalidir. Bu nedenle, saptanan biyoglivenlik ve
afet hazirlik diizeyleri, tim laboratuvar calisanlarini
temsil eden genel ortalamadan daha yiksek olabilir.

Sonuc olarak, bu calisma Turkiye’de mikrobiyoloji
laboratuvar  calisanlarinin ~ afet  baglaminda
laboratuvar glivenligi ve biyogiivenlik uygulamalarina
yonelik bakisin1 nicel olarak ortaya koymakta;

diizenli ve nitelikli biyogiivenlik egitimi, afet ve

ETIK KURUL ONAYI

* Bu ¢alisma, Etik Kurul onay1 gerektirmemektedir.

CIKAR CATISMASI

acil durumlara yonelik risk degerlendirmelerinin
yapilmasi ve kalite yonetim sistemlerinin varliginin,
algilanan guvenlik, afet hazirlik ve acil durum/
ilk yardim bilgi anlamb

duzeylerini bicimde

gliclendirdigini gostermektedir. Calismamiz afet
riskinin yiiksek oldugu bir cografyada yer alan
Ulkemizde, laboratuvar giivenligi programlarinin
sadece rutin biyogiivenlik uygulamalariyla sinirli
kalmamasi, afet ve acil durum senaryolarina 6zgi
hazirlik unsurlarim da kapsayacak sekilde entegre

edilmesi gerektigine isaret etmektedir.

Yazarlar bu makale ile ilgili herhangi bir ¢ikar catismasi bildirmemislerdir.
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Determination of the presence of SARS-CoV-2 in wastewater
samples taken from wastewater treatment plant in Ankara
province (October 2020-April 2021)
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ABSTRACT

Objective: COVID-19 is an infectious disease caused
by severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) that has spread globally. Although
respiratory droplets and aerosols are the primary routes
of transmission, the detection of SARS-CoV-2 RNA in the
feces of symptomatic and asymptomatic individuals
has raised the possibility of fecal-oral transmission and
demonstrated the potential for monitoring the virus
in municipal wastewater. In this context, wastewater-
based epidemiology (WBE) has gained importance as
an early warning approach that can help monitor viral
circulation in communities and identify changes in
infection prevalence. This study aimed to investigate
SARS-CoV-2 RNA in municipal wastewater in Ankara and
evaluate the relationship between viral concentrations

in wastewater and the course of the pandemic.

Methods: The study was conducted at the Ankara
Central (Tatlar) Wastewater Treatment Plant, which

serves eight central districts of Ankara. A total of 23

OZET

Amac: COVID-19, siddetli akut

sendromu koronaviriisii 2’nin (SARS-CoV-2) neden oldugu

solunum yolu

ve kiiresel oOlcekte yayilan bir enfeksiyon hastaligidir.
Baslica bulasma yolu solunum damlaciklar ve aerosoller
birlikte,
bireylerin diskilarinda SARS-CoV-2 RNA’sinin saptanmasi,

olmakla semptomatik ve asemptomatik
diski-agiz yoluyla bulasma olasiligim ve sehir atik
sularinda virlisiin izlenebilirligini giindeme getirmistir.
Bu kapsamda atik su temelli epidemiyoloji (wastewater-
based epidemiology, WBE), toplumdaki virtis dolasiminin
izlenmesine ve enfeksiyon yayginligindaki degisimlerin
belirlenmesine yardimci olan bir erken uyarn yaklasim
olarak onem kazanmistir. Bu calismada, Ankara’daki
sehir atik sularinda SARS-CoV-2 RNA’s1nin arastirilmasi ve
atik sulardaki viriis konsantrasyonlarinin salginin seyriyle

iliskisinin degerlendirilmesi amaglanmistir.

Yontem: Calisma, Ankara’nin sekiz merkez ilcesine
hizmet veren Ankara Merkez (Tatlar) Atik Su Aritma
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influent wastewater samples were collected from
the plant between October 2020 and April 2021. The
samples were transported to the laboratory under cold-
chain conditions, and viral particles were concentrated
using the polyethylene glycol (PEG) 8000 precipitation
method. RNA was extracted using the IDEXX Water DNA/
RNA Magnetic Bead Kit. SARS-CoV-2 RNA was analyzed
by real-time reverse transcription-polymerase chain
reaction using the IDEXX Water SARS-CoV-2 RT-PCR Test
and a Rotor-Gene Q instrument. Quantification was
performed using a three-point standard curve prepared
with the ATCC VR-3276SD synthetic SARS-CoV-2 RNA
standard over a range of 103-10° copies.

SARS-CoV-2 RNA was detected in 13

(56.5%) of the 23 wastewater samples examined. Viral

Results:

concentrations in the positive samples ranged from
13.67 to 628.65 copies/L. The highest concentration
was detected in October 2020, whereas the lowest was
detected in January 2021. SARS-CoV-2 RNA was not
detected in samples collected between January 6 and
March 18, 2021, coinciding with a decline in the number
of cases reported nationwide. In late March and April
2021, SARS-CoV-2 concentrations in wastewater increased

again in parallel with the rise in reported case numbers.

Conclusion: The findings demonstrated that
SARS-CoV-2 RNA could be detected

wastewater and that WBE could serve as an effective

in municipal

complementary approach to outbreak surveillance.
Considering that chemicals such as detergents and
disinfectants in wastewater may interfere with viral
detection, increasing sample volumes and improving
concentration methods are recommended. Routine
implementation of wastewater-based epidemiological
surveillance may contribute to the early detection of
pathogens with outbreak potential and the evaluation
of the effectiveness of public health interventions.
Standardized and systematic studies are needed to
integrate this approach into epidemiological surveillance

systems.

Key Words: SARS-CoV-2, wastewater, virus, outbreak
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tarihleri arasinda tesisten toplam 23 giris suyu ornegi

alinmisti.  Soguk  zincir kosullarinda laboratuvara
ulastirilan orneklerdeki viris partikiilleri polietilen glikol
(PEG) 8000 coktiirme yontemiyle yogunlastinlmistir.
RNA izolasyonu IDEXX Water DNA/RNA Magnetic Bead
Kit kullanilarak gerceklestirilmis; SARS-CoV-2 RNA’s1,
IDEXX Water SARS-CoV-2 RT-PCR Test ve Rotor-Gene Q
cihazi kullanilarak gercek zamanli ters transkripsiyon-
polimeraz zincir reaksiyonu yontemiyle analiz edilmistir.
Nicel degerlendirme, ATCC VR-3276SD sentetik SARS-
CoV-2 RNAstandardi kullamlarak 103-10° kopya araliginda

hazirlanan (¢ noktali standart egri lizerinden yapilmistir.

Bulgular: incelenen 23 atik su o&rneginin 13
(%56,5)’inde  SARS-CoV-2 RNA's1 saptanmustir. Pozitif
13,67-628,65
kopya/L arasinda degismistir. En yiiksek konsantrasyon
Ekim 2020’de, en disuk konsantrasyon ise Ocak 2021’de

belirlenmistir. 6 Ocak-18 Mart 2021 tarihleri arasinda

orneklerdeki virtis konsantrasyonlar

alinan orneklerde SARS-CoV-2 RNA’s1 saptanmamis ve
bu donem lilke genelindeki vaka sayilarindaki azalmayla
paralellik gostermistir. Mart sonu ve Nisan 2021’de
vaka sayilarinin artmasina paralel olarak atik sulardaki
SARS-CoV-2 konsantrasyonlarinin yeniden yiikseldigi
gozlenmistir.

Sonug: Sehir atik sularinda SARS-CoV-2 RNA’simin
saptanabildigini gosteren bulgular, WBE’nin salginlarin
izlenmesinde kullanilabilecek etkili bir tamamlayici
yaklasim oldugunu ortaya koymustur. Atik sularda
bulunan deterjan ve dezenfektan gibi kimyasallarin
dikkate

alinarak ornek hacminin artirilmas1 ve yogunlastirma

virlisin ~ saptanmasint  giiclestirebilecegi
yontemlerinin gelistirilmesi oOnerilmektedir. Atik su
temelli epidemiyolojik izlemin rutin olarak uygulanmasi,
salgin potansiyeli tasiyan patojenlerin erken donemde
saptanmasina ve halk saglig1 miidahalelerinin etkinliginin
degerlendirilmesine katki saglayabilir. Bu yaklasimin
epidemiyolojik izlem sistemlerine entegrasyonu icin
standartlastinlmis ve sistematik calismalara gereksinim

bulunmaktadir.

Anahtar Kelimeler: SARS-CoV-2, atik su, virls,

salgin



INTRODUCTION

Coronavirus disease-2019 (COVID-19) is caused
by Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2) belonging to the species SARS-related
coronavirus in the subgenus Sarbecovirus of the
family Coronaviridae containing enveloped viruses
with positive sense single stranded RNA (1). COVID-19
was first detected in Wuhan, China in December 2019.
This disease was later reported in 114 countries and
therefore the World Health Organization declared
COVID-19 as a pandemic on 11th March 2020 (2,3).
As of 29th March 2023, the disease has affected
761,402,282 individuals and 6,887,000 deaths were
reported worldwide (3,4).

In December 2019, cluster of pneumonia like
disease cases with symptoms including fever, difficulty
in breathing, cough and invasive lesion on both lungs
were reported from Wuhan, China (4). First COVID-19
case was reported in Turkey on 11th March 2020.
SARS-CoV-2 is a member of the family Coronaviridae
that consists of a group of enveloped viruses with
single-stranded RNA genome, which cause diseases
ranging from common colds to acute respiratory
distress syndrome (5). The virus is transmitted from
person to person through droplet infections i.e. when
infected person is in close contact with another
person. For the patients infected with SARS-CoV-2,
various gastrointestinal symptoms such as diarrhea,
vomiting and abdominal pain are also being reported
in addition to fever and respiratory symptoms (6).

The primary routes of viral transmission (SARS-
CoV-2) was considered to be through droplet infections
and person to person close contact, but later it is
evident from various published studies that there
is increasing possibility of fecal-oral transmission,
however, environmental conditions that could facilitate
faecal oral transmission is not yet clear (7,8).

There has been growing evidence of gastrointestinal
symptoms caused by SARS-CoV-2 infections and the
presence of viral RNA not only in feces of infected
individuals but also in wastewater. In January 2020,

first report of detection of SARS-CoV-2 in faeces, has
made it clear that human wastewater might contain
this virus. This may illustrate the probability of
environmentally facilitated transmission, mainly the
sewage, however, environmental conditions that could
facilitate faecal oral transmission is not yet clear (1).
Studies have shown the survival of SARS-CoV-2 in stool
for up to 4 days (9). Viral shedding of SARS-CoV-2 in
stool samples occurs in a substantial proportion of
patients, making faecal-oral transmission plausible.
Furthermore, detection in stool samples or anal swabs
can persist long after negative respiratory testing (10).

The growing corpus of scientific evidence highlights
the potential of wastewater-based epidemiology (WBE)
as a useful approach for determining disease incidence
in different populations. WBE offers valuable insights
and addresses surveillance challenges that routine
clinical monitoring encounters. Human excretions,
comprising urine, feces, mucus, saliva, etc., are a
significant anthropogenic contributor to wastewater,
primarily directed into septic tanks and sewer lines.
These excretions, especially from infected individuals,
may contain biological markers of the causative agents
of various diseases, including respiratory viruses.
Sewer lines are the first point in the wastewater
drainage and treatment system where the detection
of viruses can occur, often before the diagnosis of
clinical cases. Sewer systems transport the drainage
water and waste matter to wastewater treatment
plants (WWTPs) for treatment before releasing it into
the environment. Despite the apparent usefulness of
wastewater-based monitoring, it does not provide
insights into individual disease severity. Nevertheless,
it offers the advantage of being unbiased, as it is not
influenced by variations in access to clinical testing
and health-seeking behavior (11).

Wastewater-based epidemiology (WBE) serves as
an important tool to trace the circulation of viruses
in a community, providing opportunities to estimate
their prevalence, genetic diversity, and geographic
distribution (12,13). The importance of wastewater
surveillance is also highlighted by its ability to
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detect low levels of viruses; this can happen when
the number of infected cases is decreasing following
public health interventions, which has been the case
for successful examples such as poliovirus eradication
programs (14). It is also useful to determine when a
new virus is introduced into a population (15,16) or
when fluctuations occur due to changes in seasons
or precipitation (17-19). Thus, such a surveillance
strategy can be useful as an “early warning” system
(13) to determine if re-introduction of SARS-CoV-2
had occurred in a community. The aim of the present
study was to investigate the presence of SARS-CoV-2
in wastewater samples during the outbreak in Ankara
Province.

MATERIAL and METHOD

Ankara was selected as pilot city for this study.
Samples were collected from the influent of the
treatment plant serving the 8 central districts. The
wastewater samples used in this study were collected
from Ankara Central (Tatlar) Waste Water Treatment
Plant. The wastewater of 8 central districts (Cankaya,
Kecioren, Yenimahalle, Mamak, Etimesgut, Sincan,
Altindag and Golbasi) are collected in this Plant.
(Figure 1). During the study, wastewater samples
collected between October 2020 and April 2021 were
used.

Figure 1. In the area marked with yellow, 8 central districts connected to the Ankara Central (Tatlar) Wastewater Treatment

Plant are shown

Detection of SARS-CoV-2 from wastewater samples
PEG 8000 method was used. The applicability of the
method was firstly tested by artificially inoculated
wastewater samples with virus strain produced by
cell culture method at National Virology Refrence

Laboratory of General Directotae of Public Health.
During analyses biosafety and biosecurity protocols
determined by CDC for SARS-CoV-2, was followed
(Figure 2).
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Figure 2. Applicability of PEG 8000 method in the laboratory

During the study, the wastewater samples were
delivered to the laboratory on the day it was taken, in
a plastic sample container, in the cold chain. Samples
were obtained as 1 L from the inlet of the wastewater
plant. The outer surface of the sample containers
containing waste water was decontaminated by
wiping with 70% alcohol. As the first step of the
analyses, wastewater samples were incubated at
60°C for 1.5 hours. After incubation, before starting
the concentration process of the wastewater, it was
cooled to 2-8°C and mixed by turning it upside down.
Then, samples were centrifuged for 30 min in a
swinging bucket rotor at 4700xg at 4°C. The resulting
supernatants were taken into a clean tube and 3.5 g
of PEG 8000 and 0.788 g of NaCl were added. Sample
tubes were centrifuged at 12000xg for 120 minutes
at 4°C in a fixed angle rotor. The supernatant formed
at the end of the process was removed without
damaging the pellet, and the pellet was dissolved
in 400 pL of nuclease-free water and was ready for
genetic analysis.

SARS-CoV-2 RNA isolation was carried out in
accordance with the instructions of the manufacturer

Cwcle

of the IDEXX Water DNA/RNA Magnetic Bead Kit (IDEXX
98-0014719-00, Germany). This process was followed
by Real-Time PCR analysis performed with IDEXX
Water SARS-CoV-2 RT PCR kit (IDEXX 98-0014718-
00, Germany) and Qiagen RotorGeneQ instrument
(Qiagen, Germany). In addition, quantitation was
performed with the standard ATCC VR-3276SD
Quantitative Synthetic SARS-CoV-2 RNA: ORF, EN of
SARS-CoV-2, and parallel dilutions containing 103-
10° copies were prepared in accordance with the
manufacturer’s instructions, and the analysis was
performed by creating a three-point standard curve.
During the study all analyses were performed in
parallel.

RESULTS

The applicability of PEG 8000 method to detect
SARS-CoV-2 in waste water samples were performed
in 4 replicates each composed of 2 parallel studies
(Figure 2). Afterwards, total of 23 waste water
samples obtained from Ankara Central (Tatlar) Waste
Water Treatment Plant between October 2020 and
April 2021 were analyzed in means of SARS-CoV-2
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presence. Of the analyzed 23 samples, 13 of them
were found positive. In Figure 3, the results of SARS-
CoV-2 anaylsis of samples were shown. Positive
samples were quantified with ATCC VR-3276SD
quantitative synthetic SARS-CoV-2 RNA. In Figure 4,
the quantitative evaluation of SARS-CoV-2 presence
in analysed wastewater samples were presented.
As it can be seen from Figure 4, the SARS-CoV-2
concentration of the positive wastewater samples
were between 13,67-628.65 copies/L. While the

DETERMINATION OF PRESENCE OF SARS-COV-2 IN WASTEWATER

minimum concentration was determined on January
2021, the maximum SARS-CoV-2 concentration was
detected on October 2020. As it was shown on Figure
4 the amount of SARS-CoV-2 detected in wastewater
was started to decrease since mid-November 2020,
and it was on an upward trend since mid-March 2021.
In addition, negative results for SARS-CoV-2 were
obtained in the wastewater samples sent to the
laboratory between 06.01.2021 and 18.03.2021.

= The positive results

» The negative results

Figure 3. Real-Time PCR investigation for the presence of SARS-CoV-2 in wastewater samples taken from Ankara water

treatment plant between October 2020 and April 2021
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Figure 4. The quantitative evaluation of SARS-CoV-2 presence in analysed wastewater samples
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DISCUSSION

Sewage systems, where instant data related
to public health can be collected, are considered
advantageous when appropriate markers are selected
to monitor viral epidemiology. Wastewater Based
Epidemiology (WBE), based on biological, chemical
monitoring of the sewage system, has been applied
in communities worldwide to study the emergence
and epidemiology of pathogenic viruses such as
polioviruses, noroviruses and hepatitis A (20,21). The
reason for this is shown as; patients not applying
to the hospital and the number of cases that have
their diseases at home may be quite high (22). When
monitoring for SARS-CoV-2 in wastewater was first
proposed, the prevailing scientific opinion was that
the virus might not be present in wastewater at
sufficiently high concentrations, and that detection
of both the virus itself and single-stranded RNA
(ssRNA) in wastewater could be highly variable (20).

The ongoing global pandemic of coronavirus
disease 2019 (COVID19), caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2),
has been a public health emergency of international
concern (23,24). It provides a meaningful opportunity
to test the hypothesis that WBE can be used to detect
and manage communicable disease transmission in
populations (18). SARS-CoV-2 ribonucleic acid (RNA)
has been reported to be detected in feces of not
only symptomatic but also asymptomatic patients.
These clinical observations suggest that municipal
wastewater in affected communities may contain
the virus. WBE is therefore a promising approach
to understand the prevalence of viruses in a given
wastewater treatment plant catchment population,
because wastewater contains viruses excreted
from symptomatic and asymptomatic individuals in
a catchment (21) Although the main transmission
routes of SARS-CoV-2 are known as inhalation of
(20,25),
another important transmission route is the fecal

infective droplets and direct contact

distribution as a result of SARS-CoV-2 replication in

the gastrointestinal system (26-29) . The virus causes
epidemics by the fecal-oral route, which results in
many sporadic cases and can even be fatal (21,30,31).

Many research groups around the world have taken
action to monitor SARS-CoV-2 RNA in wastewater for
this purpose (18). Several studies have reported the
presence of SARS-CoV-2 in municipal wastewater in
countries including Australia (21), Spain (26), ltaly
(28), the Netherlands (29), Japan (30) and Tirkiye
(31). These studies were planned either to monitor
the virus in wastewater, to obtain information about
the distribution and course of the epidemic in the
country, and to take necessary measures in the
light of the data obtained (32,33). According to the
literature; although virus concentration methods
varied among studies, it has been reported that the
duration of SARS-CoV-2 shedding in stool samples is
longer than in respiratory and serum samples (34).

Inastudy performedinAustralia (21) it wasreported
that two out of six samples of waste water taken within
a six-day period, were found positive in means SARS-
CoV-2. Also it was emphasized in the study that one of
the biggest challenges of quantitative determination
of the viral RNA concentrations measured in the
sewage is to predict the actual numbers of cases
in the community (21). Similarly, the percentage
of SARS-CoV-2 positive waste water samples were
found as; 43% in the present study (Figure 3).

According to recent studies, there is evidence
that SARS-CoV and MERS-CoV survive under different
The first
SARSCoV RNA in wastewater were obtained from

environmental conditions. reports of
studies conducted at different hospitals in Beijing
during the 2003 SARS outbreak. It was reported
that the coronavirus could survive in wastewater
from a few hours to a few days, depending on the
temperature and the amount of solid matter. As it was
stated in the previous studies the coronavirus persists
in raw wastewater for 2 days at 20-C and for 14 days
at 4-C. However, it was reported that suspended
solids in wastewater provide protection against the
virus. Therefore the presence of coronavirus in raw
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wastewater more than pre-treated wastewater
is stated to be related with its preservation by
suspended solid material in raw waste water (25).

SARS-CoV-2 viral ssRNA fragments detected in the
wastewater system is accepted as the indicator of
the virus entering the sewage system through human
feces and urine (20). In the researches performed to
qualify SARS-CoV-2 ssRNA, it was reported that the
amount of it is almost close to the amount in sputum,
was tested positive in stool samples at a rate of 67%
(34, 35). The data found is important because active
replication of viruses within the gastrointestinal
system is known as a significant factor affecting the
spread of infective virions through wastewater (20).

In a previous study, virus concentrations of the
samples taken from patients at hospital and the
wastewater system of the hospital, were compared.
It was mentioned that virus concentrations of samples
taken from patients were even higher (>106 copies
mL-1) compared to ssRNA of the wastewater system.
Therefore, it is not surprising that hospital wastewater
tests positive for SARS-CoV ssRNA, but not for infective
virions (34). Besides, the lower concentration of
infective virions in hospital wastewater can be
attributed to the lower detection limit due to the
heavy use of disinfectants and various surfactants
(26) reported that SARS-
CoV-2 RNA were detected in wastewater samples

Randazzo et al.

taken during the earliest stages of the epidemic in
Valencia, Spain when communicated cases in that
region were only incipient. Also the data in the
study showed that the wastewater viral RNA context
increased rapidly and anticipated the subsequent
(26).
Various virus concentration techniques have

ascent in the number of declared cases

been developed and applied for optimum recovery
of viruses from wastewater. When developing and
refining virus concentration methods, it is crucial
to consider factors such as recovery efficiency,
simplicity, cost, time taken to process wastewater
samples, analysis of sample volume, availability
of reagents, and scalability. Among the several
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virus concentration methods (e.g. adsorption to an
electronegative filter membrane in the presence
of a cation or an electropositive filter membrane,
ultrafiltration, centrifugation, ultracentrifugation,
precipitation using aluminum hydroxide adsorption
or activated charcoal or moringa seeds or Skimmed-
Milk, PEG, magnetic nanoparticle separation), PEG
precipitation is widely used for concentrating viruses
in wastewater due to its simplicity, cost-effectiveness,
and efficiency. The PEG method is well established
for its ability to concentrate viral particles and its
cost-effectiveness. While PEG precipitation is slightly
more time-consuming due to the centrifugation and
precipitation steps, it offers high recovery rates
for non-enveloped viruses like norovirus. On the
other hand, the NMP method is faster and requires
minimal handling, with its efficiency being especially
notable for enveloped viruses, such as SARS-CoV-2,
although the mechanism responsible this improved
performance was not assessed in this study (27).

Quantitative determination of the amount of
SARS-CoV-2 in wastewater is still important for
wastewater-based epidemiological research. Of the
analyzed 23 samples taken in Ankara between October
2020 and April 2021 in the study, 13 of them were
found positive. While the minimum concentration
(13,67 copies/mL) of SARS-CoV-2 was determined
the maximum SARS-CoV-2
concentration (628,65 copies/mL) was detected on

on January 2021,

October 2020. In literature it was also mentioned
that the presence of chemicals like detergents,
disinfectants etc. in wastewater can negatively
affect virus viability. Both positive and negative
effects of the composition of waste water should
be considered during epidemiological researches.

In a research performed with a similar
methodolgy in Italy (28), the percentage of SARS-
CoV-2 positive results in waste water were also
similar with our data. Also in another research,
sewage samples of six cities in Netherlands were
analyzed in means of SARS CoV-2 RNA. It has been

reported that no SARS-CoV-2 RNA was detected, 3



weeks before the first Dutch case was reported and
detection of the virus RNA in sewage, even when the
COVID-19 prevalence is low, could be achived with
concentrations of 2.6 - 30 gene copies per mL (29).

Also in a study performed in Japan (30), SARS-
CoV-2 detection methods in wastewater samples
were compared and quantity of the virus RNA
(copies/L) detected were found to increase
with the

The positive correlation between the concentration

increase in sample volume filtrated.

of SARS-CoV-2 gene copies in wastewater and the
number of confirmed clinical cases reinforces the
potential of wastewater surveillance as an early
(36).
Sewage surveillance relies on the assumption

indicator of community infection levels
that there is a, at least semi-, quantitative relation
between the circulation of SARS-CoV-2

population and the concentration of SARS-CoV-2 RNA

in the

in wastewater. The number of reported COVID19 cases
is an underestimation of the true number of infected
individuals, as not everybody is tested. Hence, the
reported laboratory-confirmed case numbers are an
underestimate of the number of virus shedders in the
population. The number of people shedding virus in
the population will depend on the number of infections
and the duration (number of days) over which each
individual sheds RNA. Seroprevalence studies provide
more complete data on the number of infected
individuals and demonstrate that reported case
numbers based on rhinopharyngeal swab testing can,
depending on the testing policy, vastly underestimate
the true percentage of the population that is infected
with SARS-CoV-2.
been generated to estimate the number of infectious

Infectious disease models have

individuals in a population, extrapolating via the
case fatality ratio or infection fatality ratio (https://
ourworldindata.org/covid-models).  Seroprevalence
data and epidemiological model prevalence estimates
have not been used in sewage surveillance studies
to relate to SARS-CoV-2 wastewater concentrations,
but would provide better estimates of the true

number of infectious individuals in a population. In

future modelling approaches, these prevalence data
can be used as priors, which can be updated using
wastewater-based estimates, or vice versa (37).

In Turkiye, the number of clinical cases were
announced as; two hundred thousand in November
2020 and decreased to around one hundred thousand
at the end of December, followed by a decrease
to fifty thousand in January and February of 2021
considering the number of cases reported on the
official website of the Ministry of Health (38). Also it
was reported that the number of cases, was started
to rise since the beginning of March, reached four
hundred thousand in April according to the SARS-
CoV-2 test results conducted throuhout the country.

Considering the sampling dates of the wastewater
samples used in this study; it has been observed
that the change in the number of cases across the
country is also reflected in the results of the SARS-
CoV-2 analysis in wastewater (Figure 3). Low SARS-
CoV-2 concentration was found in the wastewater
sample sent on January 06, 2021. Negative results
were obtained in the wastewater samples sent to
our laboratory from mid-January to early March,
in consistence with the decreasing in the clinical
cases. In parallel with the high number of clinical
cases in October and November of 2020 and in March
and April of 2021, high copy numbers of SARS-CoV-2
were determined in wastewater samples analysed.

In conclusion; although the data obtained in
this study are similar to the data in the literature,
the study is original as it includes data from the
Ankara region. When both the study results and
current literature are evaluated, it is evident that
the number of cases and the virus concentrations
in the wastewater can be harmonized and utilized
in epidemiological outbreak studies. However, it
should be taken into consideration that the virus
concentration in wastewater may be reduced
due to the inhibitory effect of chemicals such as
detergents and disinfectants, present in wastewater,
and therefore larger sample volumes should be
analyzed to overcome the challenges of detectability.
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The studies conducted to detect SARS-CoV-2
have demonstrated the important role of WBE as a
simple, cost-effective, and non-invasive approach
for monitoring the spread of SARS-CoV-2 within
communities (39). Moreover WBE is particularly
valuable for early warning of disease outbreaks
and for assessing the effectiveness of public health
interventions, as previously shown for enteric viruses,
such as norovirus, hepatitis A virus, and poliovirus, and
now for SARS-CoV-2. Nevertheless, further systematic
research is required covering aspects from effective
sampling and preservation to data interpretation.
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Extraction technology-driven changes in phenolic selectivity, color
quality and chemical composition of black carrot pomace extracts

Giilen YESILOREN AKAL'
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, Ozge SAKIYAN?

ABSTRACT

Objective: Black carrot pomace is a valuable agro-
industrial byproduct rich in anthocyanins and phenolic
compounds that can be utilized as natural colorants
and functional food ingredients. This study aimed to
compare conventional extraction, ultrasound-assisted
(VAE),
(MAE), and pressurized liquid extraction (PLE) for the

extraction microwave-assisted  extraction
recovery of anthocyanins and phenolic compounds from
black carrot pomace and to determine the effects of
extraction technology on phenolic selectivity, color
quality, antioxidant activity, and the co-extraction of

minerals.

Methods: The effects of solvent type [water, acidified
water containing 0.01% (w/v) citric acid, and 50%
(v/v) ethanol], solid-to-solvent ratio, extraction time,
and microwave power were investigated. Extraction
performance was evaluated in terms of total monomeric
anthocyanin (TMA) and total phenolic content (TPC),
antioxidant activity,

color characteristics, phenolic

profile determined by LC-HRMS, and mineral composition.

OZET

Amagc: Siyah havuc posasi, dogal renklendirici ve
fonksiyonel gida bileseni olarak degerlendirilebilecek
antosiyaninler ve fenolik bilesikler bakimindan zengin,
degerli bir agroendiistriyel yan iiriindir. Bu calismada,
siyah havuc posasindan antosiyanin ve fenolik
bilesiklerin geri kazanilmasinda geleneksel ekstraksiyon,
destekli (UDE),
destekli ekstraksiyon (MDE) ve basincli sivi ekstraksiyonu
(BSE)

teknolojisinin fenolik secicilik, renk kalitesi, antioksidan

ultrases ekstraksiyon mikrodalga

yontemlerinin  karsilastirilmasi;  ekstraksiyon
aktivite ve minerallerin birlikte ekstraksiyonu lizerindeki

etkilerinin belirlenmesi amaclanmistir.

Yontem: Cozicu tird [su, %0,01 (w/v) sitrik asit
iceren asitlendirilmis su ve %50 (v/v) etanol], kati/
coziicii orani, ekstraksiyon siiresi ve mikrodalga giictiniin
etkileri incelenmistir. Ekstraksiyon performansi; toplam
monomerik antosiyanin (TMA) ve toplam fenolik bilesik
(TFB) miktarlari, antioksidan aktivite, renk ozellikleri,
LC-HRMS ile belirlenen fenolik profil ve mineral bilesimi

acgisindan degerlendirilmistir.
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Results: Among the extraction systems evaluated,
MAE provided the highest TMA [1.74 mg cyanidin-3-
glucoside equivalents (C3G)/g dry matter], TPC [7.16
mg gallic acid equivalents (GAE)/g dry matter], and
antioxidant activity [60.3 pmol Trolox equivalents
(TE)/g dry matter] under the determined optimum
conditions [540 W, 1:20 solid-to-solvent ratio, 30 s, and
50% (v/v) ethanol]. UAE demonstrated high extraction
efficiency under milder processing conditions and
achieved antioxidant activity comparable to that
obtained by MAE. In both MAE and UAE systems, 50%
(v/v) ethanol was identified as the most effective
solvent, whereas acidified water did not improve
anthocyanin recovery under ultrasound conditions.
LC-HRMS analyses showed that extraction technology
had significant effects on the selective recovery of
phenolic compounds. MAE extracts exhibited a broader
phenolic profile and were richer in chlorogenic acid,
ferulic acid, isoquercitrin, vitexin, and isorhamnetin,
whereas UAE extracts had a more selective phenolic
composition. Color analyses showed that MAE and UAE
extracts had higher color intensity and lower L* values
than the extracts obtained by conventional extraction
and PLE. Extraction technology also affected the
transfer of minerals, particularly phosphorus and

calcium, into the extract phase.

Conclusion: The findings demonstrated that
extraction technology determined not only the recovery
of anthocyanins and phenolic compounds but also
the compositional selectivity, functional quality, and
color characteristics of the extracts. Therefore, the
extraction method should be selected by considering
not only the maximum extraction yield but also the
targeted compositional and functional properties of the
final product. MAE and UAE emerged as promising green
extraction technologies for producing anthocyanin-rich
natural colorants and functional ingredients from black

carrot processing byproducts.

Key Words: Black carrot pomace, anthocyanin
recovery, microwave-assisted extraction, ultrasound-

assisted extraction, green extraction
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Bulgular: Degerlendirilen ekstraksiyon sistemleri
arasinda MDE, belirlenen optimum kosullarda [540 W,
1:20 kati/c¢oziicti orani, 30 saniye ve %50 (v/v) etanol]
en yiiksek TMA [1,74 mg siyanidin-3-glukozit esdegeri
(C3G)/g kuru madde], TFB [7,16 mg gallik asit esdegeri
(GAE)/g kuru madde] ve antioksidan aktivite [60,3
pmol Trolox esdegeri (TE)/g kuru madde] degerlerini
saglamistir. UDE, daha 1imli islem kosullarinda yiksek
ekstraksiyon etkinligi gostermis ve MDE ile benzer
antioksidan aktivite degerlerine ulasmistir. Hem MDE
hem de UDE sistemlerinde %50 (v/v) etanol en etkili
coziict olarak belirlenmis; asitlendirilmis su ise ultrases
kosullarinda antosiyanin geri kazammini artirmamistir.
LC-HRMS analizleri, ekstraksiyon teknolojisinin fenolik
bilesiklerin secici olarak geri kazanilmasi Uzerinde
onemli etkileri oldugunu gostermistir. MDE ekstraktlar
klorojenik asit, ferulik asit, izokuersitrin, viteksin ve
izoramnetin bakimindan daha zengin ve daha genis bir
fenolik profil sergilerken UDE ekstraktlari daha secici
bir fenolik bilesime sahip olmustur. Renk analizleri, MDE
ve UDE ekstraktlarinin geleneksel ekstraksiyon ve BSE
ile elde edilen ekstraktlara kiyasla daha yuksek renk
yogunluguna ve daha dusiik L* degerlerine sahip oldugunu
gostermistir. Ayrica ekstraksiyon teknolojisinin, ozellikle
fosfor ve kalsiyumun ekstrakt fazina gecisini etkiledigi

belirlenmistir.

Sonugc: Bulgular, ekstraksiyon teknolojisinin yalnizca
antosiyanin ve fenolik bilesiklerin geri kazanimini degil,
aym zamanda ekstraktlarin bilesimsel seciciligini,
fonksiyonel kalitesini ve renk 6zelliklerini de belirledigini
ortaya koymustur. Bu nedenle ekstraksiyon yontemi
secilirken yalmzca maksimum ekstraksiyon verimi degil,
hedeflenen uriiniin bilesimsel ve fonksiyonel ozellikleri
de dikkate alinmalidir. MDE ve UDE, siyah havuc isleme
yan driinlerinden antosiyanin bakimindan zengin dogal
renklendiricilerin ve fonksiyonel bilesenlerin tretiminde
kullanilabilecek  umut

verici  yesil  ekstraksiyon

teknolojileri olarak one ¢ikmistir.

Anahtar Kelimeler: Siyah havug posasi, antosiyanin
geri kazanimi, mikrodalga destekli ekstraksiyon, ultrases

destekli ekstraksiyon, yesil ekstraksiyon



INTRODUCTION

Black carrot (Daucus carota ssp. sativus var.
atrorubens) is an important source of color and of
bioactive compounds that contain high levels of
acetylated anthocyanins and is intensively studied
both as a food colorant and for its potential health
benefits. It has been demonstrated that black carrot
anthocyanins consist primarily of cyanidin derivatives
and their acetylated forms with aromatic acids (e.g.,
sinapic, ferulic, and p-hydroxybenzoic acids); these
structural characteristics confer high stability against
changes in light, heat, and pH. For this reason,
black carrot extracts are used in the food industry
as a natural colorant and alternative to synthetic
dyes in various food matrices, such as beverages,
dairy products, confectionery, and baked goods.
Review and research articles published in recent
years regarding the extraction, structural properties,
health effects, and application potential of black
carrot anthocyanins clearly highlight the scientific
and industrial importance of this species (1).
the
generation of large amounts of pulp during juice

In the black carrot processing industry,

and concentrate production poses a significant
challenge in terms of sustainability and waste
management. Black carrot pulp is an agro-industrial
byproduct containing high-value components such
as anthocyanins, total phenolic compounds, dietary
fiber, and pectin; however, it is often considered low-
value feed material or waste. Therefore, converting
black carrot pulp into products such as bioactive
compound-enriched extracts, fiber fractions, or
pectin is viewed as a significant opportunity in terms
of resource efficiency within the circular economy
and the food industry. Indeed, studies comparing
microwave, ultrasonic, and conventional heating
for pectin extraction from black carrot pulp have
demonstrated that this byproduct holds high potential
for the recovery of functional components (2) .

For many years, traditional extraction methods
based on acidic organic solvents have been used for

the extraction of anthocyanins from food by-products;
however, these methods have drawbacks such as long
processing times, high solvent consumption, and often
limited yields. Recently, within the framework of the
green extraction approach, innovative techniques
aimed at obtaining anthocyanins in a shorter time,
with less solvent use, and lower energy consumption
have come to the fore. Methods such as ultrasound-
(UAE),
extraction (MAE), pressurized liquid extraction (PLE)

assisted  extraction microwave-assisted
have been successfully applied for the extraction
of anthocyanins and phenolic compounds from food
by-products. Comprehensive evaluations of these
methods regarding extraction kinetics, yield, product
quality, and environmental impacts have been
detailed in studies published in recent years (3).

A similar trend is evident in the literature on
black carrots and black carrot pulp. Gizir et al.
(2008) investigated the extraction of anthocyanins
from black carrots using pressurized acidified water
and demonstrated the effects of temperature and
pressure on anthocyanin degradation and yield (4).
Agcam et al. (2017), on the other hand, optimized the
application of thermo-sonication for the extraction of
anthocyanins from black carrot pulp; they reported
a significant increase in yield compared to the
traditional method due to the synergy of ultrasound
and temperature (5). In more recent studies,
approaches combining natural deep eutectic solvents
and ultrasound for the extraction of anthocyanins
from black carrots have led to the development of
systems that reduce solvent consumption and are
biodegradable and low in toxicity (6). However, a
review of the current literature reveals that while
studies focusing on a single innovative method
for the anthocyanins extraction from black carrot
pulp are predominant, there are only a limited
number of studies that systematically and directly
compare different “green extraction” techniques
on the same matrix. In particular, no study has been
found that compares ultrasonic-assisted extraction
(UAE), (MAE),

microwave-assisted extraction and
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pressurized liquid extraction (PLE) methods on black
carrot pulp—along with process parameters such as
extraction time, solid-to-solvent ratio, and solvent
type (water, acidified water, 50% ethanol) under the
same experimental design. Furthermore, in many
studies, the evaluation criteria are largely limited
to total monomeric anthocyanins and, occasionally,
total phenolic compound content; and parameters
that directly influence product quality and potential
applications—such as the phenolic and flavonoid
composition of the extracts, color properties (L,
a, b, color intensity, polymeric color ratio), radical
scavenging or antioxidant activity, and mineral
profile—are not comprehensively addressed. However,
extracts intended for use as natural colorants or
functional components in the food industry must
be characterized not only by high yield but also by
color stability, antioxidant capacity, and nutritional
composition.

In this context, the present study examines black
carrot pulp as a model agro-industrial material and
systematically compares conventional extraction,
(PLE),
assisted extraction (UAE), and microwave-assisted

pressurized liquid extraction ultrasound-
extraction (MAE) for the recovery of anthocyanins
and phenolic compounds from this matrix. In the
study, the effects of key process parameters—such
as extraction time, pulp-to-solvent ratio, and solvent
type—on total monomeric anthocyanins (TMA), total
phenolic contents (TPC), and extraction yield were
investigated for each method, and the phenolic
and flavonoid profiles, pH, °Brix, color intensity,
polymeric color ratio, antioxidant activity, and
mineral composition of the extracts obtained under
the conditions yielding the highest extraction yield

were determined.
MATERIAL and METHOD

Materials

The black carrot pulp, a byproduct generated
during the production of black carrot juice and

Turk Hij Den Biyol Derg

concentrate, was obtained from the Anadolu Etap
Penkon A.S. facility. Samples were stored at -18 °C
until analysis and were thawed under controlled
conditions prior to homogenization.

Solvent Selection

Extraction solvents were selected based on
the polarity-pH sensitivity of anthocyanins and the
conditions recommended in the literature (7-9).
Accordingly, three different solvent systems were
used: distilled water, 50% (v/v) ethanol in water, and
water acidified with 0.01% (w/v) citric acid.

EXTRACTION PROCEDURES
Conventional Extraction

The conventional solid-liquid extraction method
was applied based on standard procedures described
in the literature (10). Black carrot pulp was extracted
at pulp-to-solvent ratios of 1:10, 1:20, and 1:30 (g/
mL) in a water bath at 25 °C for 24 hours. After
extraction, the samples were filtered and stored in
amber bottles at -18 °C for analysis.

Pressurized Liquid Extraction

Pressurized liquid extraction was performed
using the Armfield Rapid Extractor (FT111, Armfield,
UK). The device operated at a maximum working
pressure of 9 bar, and extraction cycles of 12
minutes were conducted, consisting of a 5-minute
dynamic phase and a 7-minute static phase per
cycle. Extraction studies were conducted using
three different solid-to-solvent ratios (1:10, 1:20,
1:30) and three different extraction durations (36,
60 and 84 minutes). All extractions were carried out
using water in accordance with the manufacturer’s
recommendations. Acidified water and ethanol-
containing solvents were not evaluated in the PLE
system because the manufacturer recommends
water as the extraction medium for safe operation
of the equipment under the applied pressure and

temperature conditions.



Ultrasound-Assisted Extraction

UAE processes were carried out in a temperature-
controlled ultrasonic bath (Bandelin Sonorex RK
100 H, Germany; 35 kHz, 80 W). The extraction
temperature was maintained at 50 °C using the built-
in temperature control system of the ultrasonic bath
throughout the extraction process. Three solvent
systems were used, with solid-to-solvent ratios of
1:10, 1:20, and 1:30 and extraction times of 1, 10,
30, and 60 minutes. The temperature was maintained

at 50 °C during all extractions.
Microwave-Assisted Extraction

MAE processes were performed at atmospheric
pressure by coupling a microwave oven (GMOM 25,
General Electric, USA) to a condenser. Experiments
were conducted at power levels of 180, 360, and 540
W and at durations ranging from 0.5 to 20 minutes.
The solid-to-solvent ratios were kept consistent with
those used in UAE and conventional extraction (1:10,
1:20, and 1:30, w/v).

ANALYTICAL METHODS
Moisture Content

Moisture content was measured at 105 °C with an
infrared moisture analyzer (HB43-S, Mettler Toledo,
USA).

pH and Brix

Soluble solids content was determined using a
refractometer (RX5000a, Atago, Japan), while pH
values were measured directly with a pH meter
(AD8000, Adwa Instruments, Romania).

Calculation of Yield (Relative Anthocyanin

Recovery)

To facilitate comparisons
conditions, relative anthocyanin recovery (%) was
calculated according to Equation (1). The highest

among extraction

total monomeric anthocyanin (TMA) value obtained
among all extraction treatments was considered as
100%, and the anthocyanin contents obtained under

the remaining conditions were expressed relative to
this value.

TMA undera given condition (mg/gDM)

. . " =
Relative anthocﬁmn recovery ( /D) Highest TMA obtained among all treatments (mg/gDM)

X100 ()

where TMA under a given condition represents the
total monomeric anthocyanin content measured for
a specific extraction treatment, and the highest TMA
obtained among all treatments corresponds to the
maximum anthocyanin value observed in the study.

Total Monomeric Anthocyanin (TMA)

The total monomeric anthocyanin content
was determined by the pH differential method,
which exploits the reversible transformation of
anthocyanins from the colored flavylium form at pH
1.0 to the colorless carbinol form at pH 4.5. Samples
were diluted 1:35 with 0.025 M potassium chloride
buffer (pH 1.0) and 0.4 M sodium acetate buffer (pH
4.5). After 15 minutes of equilibration, absorbance
was measured at 516 nm and 700 nm using a UNICAM

UV2/UV VIS spectrophotometer (11) .

The net absorbance (A) was calculated using
formula (2)

A=(As1e Agoo) at pH 1.0 - (Asis— A7oo) at pH 4.5 2)

Total monomeric anthocyanin content
expressed as cyanidin-3-glucoside equivalents (C3G/g

DM, MW: 449.2 g/mol, €: 26,900 L/mol-cm).

was

Total Phenolic Content (TPC)

The total phenolic content (TPC) was quantified
using the Folin-Ciocalteu reagent-based colorimetric
assay. The procedure involved mixing 2.5 mL of 0.2
N Folin-Ciocalteu reagent, 5 mL of sodium carbonate
solution (75 g/L), and 0.5 mL of the diluted sample.
The mixture was incubated for 1 hour at room
temperature, after which the absorbance was
measured at 720 nm. Results were expressed as mg

gallic acid equivalent/g dry matter (12).
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the
Liquid Chromatography-High-Resolution
Spectrometry (LC-HRMS)

Determination of phenolic profile by

Mass

The phenolic compound profiles of the extracts
with the highest anthocyanin content were
determined using an LC-HRMS system. UHPLC-HRMS
analyses were performed using a DIONEX UltiMate
3000 RS UHPLC system coupled with an Exactive
Plus Orbitrap high-resolution mass spectrometer
(Thermo Fisher Scientific, USA) fitted with a heated
electrospray ionization (HESI) source. Separation was
conducted on a 3C18-EB UHPLC column (100 x 2 mm,
COSMOSIL) using ultrapure water containing 0.5%
(v/v) acetic acid (A) and LC-MS-grade methanol (B)
as the mobile phases. The column was maintained at
30 °C, while the flow rate and injection volume were
set at 0.3 mL min*' and 20 pL, respectively.

Extracted samples were dissolved in a methanol:
acetic acid-in-water (1:1, v/v) mixture prior to
analysis, filtered through a 0.22 pm PTFE filter, and
injected into the instrument. The identification
of phenolic compounds was performed using the
retention times and high-resolution mass spectra of
standard compounds.

Color measurements

Color analyses were performed by directly
reading the L*, a*, and b* values of the extracts using
a Konica-Minolta (USA) colorimeter. The average of
three readings was recorded. L* represents lightness
(brightness). L* can range from a maximum of 100
(white) to a minimum of 0 (black). Positive a* and
b* values indicate red and yellow, respectively, while
negative a* and b* values indicate green and blue,
respectively.

Color intensity and polymeric color (PC)

Color intensity was evaluated because it is an
important indicator of the stability and visual quality
of anthocyanin-rich extracts. The color intensity of
the extract is directly proportional to its anthocyanin
content. % PCis also a crucial parameter, as it provides
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insight into the polymeric compounds present in the
extract. The % PC serves as an indicator of anthocyanin
degradation in the polyphenolic extract. Color density
and polymeric color were analyzed according to the
method described by Khandare et al. (2011) (13).
The method is based on the principle that natural
monomeric anthocyanins react with sodium bisulfite
to form colorless compounds; polymeric anthocyanin-
tannin complexes and melanoidin pigments retain
their color despite the bleaching effect of bisulfites.
Color intensity and the percentage of polymeric
color were determined by measuring absorbance at
the sample’s maximum wavelength before bisulfite
addition and at 420 nm after bisulfite treatment.
These values were calculated based on the difference
in absorbance between the two conditions.

Determination of DPPH radical scavenging activity

The method was performed according to the
procedure developed by Brand-Williams et al. (1995),
which uses DPPH (1,1-diphenyl-2-picrylhydrazine) to
determine the radical scavenging activity of samples
(14). The method is based on detecting the decrease
in color intensity that results from the scavenging of
the DPPH radical by antioxidant molecules, measured
as absorbance at 515 nm, after treatment with
different sample concentrations. For this purpose,
a 6x10* M DPPH stock solution was first prepared.
Subsequently, the DPPH stock solution was diluted
with methanol to prepare a 6x10° M DPPH analytical
standard. After appropriate dilution, 0.1 mL of each
sample was taken, and 3.9 mL of the DPPH analytical
standard was added. Absorbance measurements of the
samples against methanol at 515 nm were recorded,
and the reaction was determined to be complete
after 30 minutes. The DPPH radical concentration
of the samples was calculated using the equation
derived from a calibration curve constructed from
absorbance measurements of DPPH solutions at
different concentrations at 515 nm. The percentage
of DPPH remaining in the solution at the equilibrium
point was calculated for all samples using equation 3.



Residual DPPH(%) = %ﬂtm
=0

3)

(DPPH)T represents the concentration of the
DPPH radical at the equilibrium point (30th minute),
while (DPPH)T=0 represents the initial concentration.

TEAC antioxidant capacity determination

The TEAC decolorization method described by
Miller et al. (1995) was used to determine total
antioxidant capacity (15). The method is based on
the comparison between the antioxidant capacity
(6-hydroxy-2,5,7,8-tetramethylchromen-
2-carboxylic acid) and that of the sample. The first

of Trolox

step of the method is the preparation of the ABTS
radical cation. For this purpose, potassium persulfate
(K,S,0,) is added to an ABTS solution (2,2’-azinobis-
3-ethylbenzothiazol-6-sulfonic acid). The ABTS
radical cation is a dark blue solution that exhibits
maximum absorbance at a wavelength of 734 nm.
When the solution is treated with an antioxidant, its
color lightens. The lightening of the sample’s color
serves as a measure of antioxidant capacity, which
is expressed in Trolox equivalents. For the analysis,
phosphate buffer (50 mmol/L), ABTS stock solution
(7000 pmol/L), ABTS working solution (140 pmol/L),
and Trolox stock solution (2.5 mmol/L) were prepared
first. The samples were diluted with phosphate buffer
to adjust their pH to 7.2-7.4. Two cuvettes were
prepared for the measurements: one for the blank
and one for the sample. Both cuvettes were filled with
1900 pL of ABTS assay solution; the blank received
100 pL of phosphate buffer solution, and the sample
received 100 pL of sample solution. The solutions in
the cuvettes were mixed, and the absorbance of the
sample was measured against the blank at 6 minutes.
Absorbance measurements were performed at a
wavelength of 734 nm using a spectrophotometer.
Antioxidant capacity was calculated by converting
the absorbance values to their Trolox equivalents
using the Trolox calibration curve.

Determination of Mineral Composition

The mineral profile of the extracts was determined
according to NMKL Method 161. Concentrations of
Mg, Na, Ca, K, and P were determined (16). Working
solutions prepared from 1000 pg/mL standard stock
solutions of the elements were analyzed using the
instrument to establish a standard calibration curve
with at least three data points. During the sample
preparation stage, a closed-system microwave (220
PSI, 180 °C, Ramp Time 15-25 min, Hold Time 10-15
min) was used. The sample, weighed to fall within
the calibration curve range, was subjected to a
combustion process in the microwave after adding 8
mL of concentrated HNO, and 2 mL of H,0,. Following
the combustion process, the samples were filtered
through ash-free filter paper and analyzed by the
instrument.

Statistical analysis

Statistical analyses were performed using MINITAB
version 15.1.1.0 (Minitab Inc., State College, PA,
USA). All extraction experiments were conducted in
triplicate (n = 3), and all analytical measurements
were performed in duplicate. Results are presented
as mean + standard deviation. Differences among
means were evaluated by one-way analysis of
variance (ANOVA), and significant differences were
determined at the 95% confidence level (p < 0.05).
Mean comparisons were performed using Tukey’s
multiple comparison test.

RESULTS

Effect of extraction technology, time, and solid-to-
solvent ratio on anthocyanin and phenolic recovery

When the solid-to-solvent ratio and extraction
time were evaluated together, the recovery of
anthocyanins and total phenolic contents from
black carrot pulp exhibited distinct kinetic profiles
depending on the extraction technique applied. In
the conventional maceration system, increasing the

solvent concentration (from 1:10 to 1:30) produced
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statistically significant increases in both TMA and
TPC; however, these increases were observed only

TMA, mg/g DW
o
I
=)

0.00 =
01:10

01:20
Solid:solvent

01:30

after a 24-hour extraction period (Figure 1).

TPC, mg/ g DW
N
w
(=]

0.00 e
01:10 01:20

Solid:solvent

01:30

Figure 1. Influence of solid-to-solvent ratio on TMA and TPC obtained by conventional extraction. Data are expressed as

mean + standard deviation

In pressurized liquid extraction (PLE), the highest
TMA and TPC values were obtained at a solid-to-
solvent ratio of 1:20 and an extraction time of 84 min
(Figure 2-A). Although PLE reduced the extraction
time substantially compared with conventional
extraction, the maximum TMA values obtained by
PLE were statistically similar to those achieved
by conventional extraction. Ultrasound-assisted
extraction (UAE) resulted in rapid anthocyanin and
phenolic recovery. At a solid-to-solvent ratio of 1:30,
a substantial proportion of both TMA and TPC was
recovered within the first 10 min of extraction (Figure
2-B). Similar TMA and TPC levels were also achieved
at lower solid-to-solvent ratios (1:10 and 1:20) when
longer extraction times were applied. In microwave-
assisted extraction (MAE, 360 W), the effects of the
solid-to-solvent ratio and extraction time on TMA
content were limited (Figure 2-C). Anthocyanins were
largely extracted within the first few minutes of the
extraction process. In contrast, TPC values increased

with increasing solvent loading.
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Solvent-dependent extraction selectivity

When comparing solvent types in the UAE system,
the highest TMA and TPC values were obtained with
a 50% (v/v) ethanol mixture. Under these conditions,
TMA and TPC increased by approximately 78% and
48%, respectively,
extraction (Table 1). In contrast, the use of acidified
water resulted in an average decrease of 15% in both
TMA and TPC values.

Solvent type significantly affected extraction
performance in extraction
(MAE). When water and acidified water were used as
extraction solvents, TMA and TPC contents increased
by approximately 35% and 55%,
compared with conventional extraction. In contrast,
MAE performed with 50% (v/v) ethanol resulted in
approximately 95% and 60% increases in TMA and
TPC contents, respectively (Table 1). In addition,

compared with conventional

microwave-assisted

respectively,

substantial anthocyanin recovery was achieved within
the first few minutes of extraction when 50% (v/v)
ethanol was used. However, the optimal conditions
for TMA and TPC recovery did not completely overlap.



(A) Pressurized Liquid Extraction (PLE) (B) Ultrasound Assisted Extraction (UAE) (C) Microwave Assisted Extraction (MAE)
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Figure 2. Influence of extraction time and solid-to-solvent ratio on TMA and TPC obtained by, pressurized liquid, ultrasound-
assisted, and microwave-assisted extraction using water as a solvent. For MAE, an intermediate microwave power level (360
W) was selected to allow comparative extraction behavior evaluation among extraction techniques. Data are expressed as
mean + standard deviation.

Table 1. Comparison of different solvents and conventional extraction methods that achieve maximum extraction

Solid:solvent Microwave
Extraction type Solvent type Time TMA* TPC**
ratio power
Conventional Water 1:30 24 hours - 0.89+0.04¢ 4.42+0.01<6
UAE Water 1:30 60 min 1.29 +0.01° 5.38 + 0.16°
Acidic water 1:30 10 min 1.08 +0.03¢ 4.46 + 0.05¢
Ethanol
1:30 60 min 1.58 + 0.022 6.53 +0.10 2
(50% (v/v)
Water 1:30 10 min 180 W 1.20+0.25° 5.96+0.85%¢
MAE Acidic water 1:30 10 min 540 W 1.40 + 0.06° 6.13+0.33%8
Ethanol
1:20 30 sec 540 W 1.74 £ 0.034 7.16 + 0.12*

(50% (v/v)

Different lowercase letters indicate significant differences among UAE treatments and the conventional extraction
(p < 0.05).

Different uppercase letters indicate significant differences among MAE treatments and the conventional extraction
(p < 0.05).*mg cyanidin-3-glucoside/g DM, **mg gallic acid/g DM
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Effect of microwave power

In MAE performed with water, increasing
microwave power at solid-to-solvent ratios of
1:10, 1:20, and 1:30 did not produce statistically
significant changes in TMA or TPC levels (p > 0.05).
In MAE performed with acidified water, the effect of
microwave power varied depending on the solid-to-
solvent ratio and extraction time. While increasing
microwave power did not significantly affect TMA
and TPC levels at a 1:10 solid-to-solvent ratio, a
positive effect of power was observed at shorter
extraction times when 1:20 and 1:30 ratios were
applied. At a 1:20 solid-to-solvent ratio, increasing
microwave power from 180 W to 540 W increased
TMA content by approximately 28% and 19% at the
1st and 5th min of extraction, respectively (p < 0.05)
(Figure 3-A). However, no significant effect of power
on TMA content was observed at longer extraction
times. Similarly, at a 1:30 solid-to-solvent ratio,
increasing microwave power from 180 W to 540 W
increased TMA content by approximately 29% (Figure
3-B) and TPC content by approximately 32% (Figure
3-D), but only during the first minute of extraction.
Similarly, in 50% (v/v) ethanol, increasing microwave
power at a 1:10 solid-to-solvent ratio did not affect
TMA and TPC extraction (p > 0.05). In contrast, at a
1:20 solid-to-solvent ratio, increasing the microwave
power from 180 W to 540 W during the first 30 s of
extraction resulted in an approximately 60% increase
in TMA content (Figure 3-C). However, the effect of
microwave power on TMA became insignificant as
extraction time increased. At a 1:30 solid-to-solvent
ratio, increasing microwave power did not affect
TMA content (data not shown), whereas TPC content
increased by approximately 29% during the 30-s
extraction period (Figure3-D). Considering all process
variables simultaneously, the highest TMA value in
50% (v/v) ethanol was obtained at a solid-to-solvent
ratio of 1:20, a microwave power of 540 W, and an
extraction time of 30 s, reaching 1.74 + 0.03 mg
cyanidin-3-glucoside/g DM. In contrast, the highest
TPC value (7.70 £ 0.29 mg GAE/g DM) was achieved at
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a solid-to-solvent ratio of 1:30, a microwave power of
180 W, and an extraction time of 5 min.

Quality attributes of optimal extracts: pH, Brix,
antioxidant activity

When evaluating the quality attributes of extracts
containing maximal anthocyanin content, it was
observed that the extraction technology significantly
affected not only the recovery of TMA and TPC but
also the functional properties of the extracts (Table
2). In particular, extracts obtained via UAE and MAE
exhibited higher values of TMA, TPC, and antioxidant
activity than those obtained from conventional
and pressure-assisted extraction systems. The MAE
extracts exhibited the highest values for TMA (1.74 mg
cyanidin-3-glucoside/g DM), TPC (7.16 mg GAE/g DM),
and TEAC antioxidant activity (60.3 pmol TEAC/g DM).
The UAE extract similarly exhibited high TMA (1.58
mg cyanidin-3-glucoside/g DM), TPC (6.53 mg GAE/g
DM), and antioxidant activity (53.5 pmol TEAC/g DM).

Using the maximum TMA and TPC values obtained
by MAE as benchmarks, conventional and pressure-
assisted extraction achieved approximately 50% of
the anthocyanin recovery obtained by MAE, whereas
UAE reached nearly 90% of the maximum anthocyanin
recovery. Similarly, when the highest TPC value was
used as the reference, UAE achieved approximately
91% phenolic recovery. The pH values of extracts
exhibiting maximum anthocyanin content ranged
between 4.3 and 5.2. UAE and MAE extracts showed
higher pH values than those obtained by conventional
extraction. The °Brix values of UAE and MAE extracts
were 16.9%, which was significantly higher than
those obtained by conventional and pressure-assisted
extraction methods. DPPH radical scavenging activity
and TEAC antioxidant activity results showed that
UAE and MAE extracts exhibited higher antioxidant
capacities than extracts obtained by conventional and
pressure-assisted extraction methods. In particular,
MAE extracts showed the lowest residual DPPH
percentage and the highest TEAC value among all
extraction methods (Table 2).
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Figure 3. Effect of microwave power on TMA and TPC recovery from black carrot pomace under different solvent systems
and solid-to-solvent ratios. (A) TMA obtained by microwave-assisted extraction with acidified water at a 1:20 solid-to-
solvent ratio. (B) TMA obtained by microwave-assisted extraction with acidified water at a 1:30 solid-to-solvent ratio. (C)

TMA obtained by microwave-assisted extraction with 50% (v/v) ethanol at a 1:20 solid-to-solvent ratio. (D) TPC obtained

by

microwave-assisted extraction with 50% (v/v) ethanol at a 1:30 solid-to-solvent ratio. Data are expressed as mean + standard
deviation. Different letters indicate statistically significant differences between microwave power levels within the same

extraction time (p < 0.05).

Table 2. pH, Brix, TMA, TPC, Radical Scavenging, and Antioxidant Activity values of extracts with the highest anthocyanin content

Radical
Antioxidant
Conditions TMA" TPC™ pH Brix ™ Scavenging
Activity ™
Activity ™
Conventional 0.89 +0.04° 4.42 +0.01>° 4.4:0.1%> 0.13 £ 0.01° 69.32 34.7 £0.0°
PLE (1:20 solid-to-solvent
F (1:20 solid-to-solvent ) 00 0,03 3.60:0.43> 4.320.16°  0.15 £ 0.03° 64.2° 33.20.0°
ratio, 84 minutes)
UAE (1:30 solid-to-solvent
ratio, 50% (v/v) ethanol, 1.58 +0.022  6.53 +0.10° 4.9 +0.04*  16.92 +0.06° 59.8° 53.5 +0.04?
60 min.)
MAE (1:20 solid:solvent,
540 W, 50% (v/v) ethanol, 1.74 +0.03*  7.16 +0.12® 5.2 +0.05*  16.87 +0.012 50.4° 60.3 +0.022
0.5 min.)

* mg cyanidin-3-glucoside/g DM, ** mg gallic acid equivalent/g DM, *** %, **** % residual DPPH, ***** pmol TEAC/g DM,

a, b Differences between values denoted by different letters in the same column are statistically significant.
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LC-HRMS fingerprinting of optimal UAE and MAE
extracts

LC-HRMS analysis of the UAE and MAE extracts
exhibiting the highest anthocyanin yields revealed
that both extracts were characterized by a phenolic
profile dominated by hydroxycinnamic acids and
flavonol derivatives. Chlorogenic acid, quinic acid,
quercetin, and isoquercitrin were identified as
common compounds in both extracts (Table 3).
Although the two extracts shared a similar phenolic
core, the MAE extract displayed a broader and more

intense phenolic fingerprint. Chlorogenic acid was the

predominant compound in both extracts, reaching
3859.6ug/g extract in UAE and 7940.6 ug/g extract in
MAE. UAE exhibited a narrower phenolic profile than
MAE. Major compounds such as chlorogenic acid and
quercetin were detected in UAE extracts; however,
ferulic acid, vitexin, and isorhamnetin, which were
identified in MAE extracts,
In contrast,

were not detected.
luteolin-7-rutinoside was detected
exclusively in the UAE extract. In addition, quercetin
and isoquercitrin concentrations were higher in MAE
than in UAE (Table 3).

Table 3. Phenolic compound profile and calculated concentrations of optimal UAE and MAE extracts determined by LC-HRMS

UAE MAE

Compound Class
(pg/g extract) (Hg/g extract)

Ethyl ester of protocatechuic acid Hydroxybenzoic acid derivative 29.06 51.33
Ferulic acid Hydroxycinnamic acid N/A 3.26
Chlorogenic acid Hydroxycinnamic acid/ caffeoylquinic acid 3859.58 7940.61
Quinic acid Organic acid / chlorogenic acid-related structure 4803.13 1621.56
Vitexin Flavone C-glucoside N/A 5.06
Luteolin-7-rutinoside Flavone glycoside 27.56 N/A
Quercetin Flavonol 500.87 635.80
Isoquercitrin Quercetin glycoside 204.60 351.80
Isorhamnetin Methoxylated flavonol N/A 15.49
Vitamin C Antioxidant vitamin 4.07 3.16

Color quality and polymeric color

Extraction technology affected not only the
recovery of TMA but also the color characteristics of
the extracts, including brightness and color intensity
(Table 4). UAE and MAE extracts exhibited lower
L* values and higher color intensity than extracts
obtained by conventional and pressure-assisted
extraction methods. A significant decrease in L*

values was observed in UAE and, particularly, MAE
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extracts compared with conventional and pressure-
assisted extraction methods (Table 4). Among the
color parameters, the lowest a* (redness) value was
observed in MAE extracts.

Mineral co-extraction profile

Extraction technology influenced not only the
recovery of phenolic compounds but also the transfer
of inorganic components into the extract phase (Table
5). Na content was lower in all alternative extraction



techniques than in conventional extraction (Table
5). No significant differences were observed in Mg
and K concentrations among the extraction methods
(p > 0.05). In contrast, significant differences were
detected for Ca and P. Ca concentrations were 17.0
and 17.3 ppm in conventional and PLE extracts,

Table 4. Color values of extracts with maximum anthocyanin content

of the conventional extract.

respectively, whereas they increased to 20.7 and 19.0
ppm in UAE and MAE extracts. The most pronounced
difference among the mineral elements was observed
for phosphorus (P) (Table 5). The P content of the UAE
extract was approximately 7.7-fold higher than that

Color Polymeric
Conditions L* a* b*
intensity color ratio (%)
Conventional 27.23+0.072  10.89+0.08° 2.29 +0.05° 0.36 + 0.03 ¢ 23°
PLE
26.2+0.63° 11.6+0.43%> 2.9+0.972 0.69+0.04°¢ 230
(1:20 solid-to-solvent ratio. 84 minutes)
UAE
(1:30 solid-to-solvent ratio, 50% (v/v) 23.0+0.1° 10.6 + 0.2 ° 2.6 +0.0° 1.20+0.00° 40?
ethanol, 60 min.)
MAE
21.0 +
(1:20 solid:solvent, 540 W, 50% (v/v) 7.4+£0.028< 2.9:0.0352 1.59+0.042 352
0.014 ¢
ethanol, 0.5 min.)
Different letters within the same column indicate statistically significant differences among values (p < 0.05).
Table 5. Mineral profile of extracts with the highest anthocyanin content
Conditions Na (ppm) Mg (ppb) P (ppb) K (ppm) Ca (ppm)
Conventional 42.4 +4.0° 3759 +3192 749.5 +11.5¢ 61.0 £8.2°  17.0 £0.5°
PLE
20.7 £2.1> 3199 +10812  2606.3 +15.7°  68.9 +12.52 17.3+0.0°
(1:20 solid-to-solvent ratio, 84 minutes)
UAE
(1:30 solid-to-solvent ratio, 50% (v/v) ethanol, 26.9 +2.1° 3180 +11.72  5748.2 +243? 53.5 +0.12  20.7 +0.42
60 min.)
MAE
(1:20 solid:solvent, 540 W, 50% (v/v) ethanol, 30.2 +0.2° 2366 +537.72 3493.2 £380.7° 55.2 £3.2*  19.0 £0.9°

0.5 min.)

Different letters within the same column indicate statistically significant differences among values (p < 0.05).
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DISCUSSION

Extraction efficiency

The observed dependence of anthocyanin
recovery on solvent loading suggests that mass
transfer during conventional extraction is largely
Under

solvent availability may

governed by diffusion processes. these

conditions, increasing
enhance the concentration gradient between the
plant matrix and the extraction medium, thereby
facilitating anthocyanin release. Similar observations
have been reported for black carrot and other
phenolic-rich plant by-products, where improved
extraction efficiency often requires higher solvent
volumes and extended extraction times (17). The
results suggest that pressure-assisted extraction
may enhance solvent penetration into the plant
matrix, allowing efficient recovery of anthocyanins
and phenolic compounds at lower solvent volumes.
However, despite the accelerated extraction process,
the comparable TMA values observed between PLE
and conventional extraction indicate that pressure
mainly improves extraction behaviour rather than
the ultimate extraction yield. Similar findings have
been reported in previous studies, which showed
that pressure can increase diffusion rates and mass
transfer efficiency without necessarily leading to
higher maximum recoveries (3). The rapid recovery
observed during the initial stage of UAE may be
attributed to acoustic cavitation, which enhances
mass transfer by disrupting plant cell structures
and facilitating the release of soluble phenolic
compounds into the extraction medium. The ability
to obtain comparable TMA and TPC levels at lower
solvent loadings by extending extraction time

suggests a compensatory relationship between
solvent availability and extraction duration. Similar
observations have been reported by Tao et al. (2014),
who demonstrated that the majority of anthocyanins
and phenolic compounds are recovered during the
first 10 min of ultrasound-assisted extraction, after

which the extraction rate gradually decreases. These
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findings indicate that UAE can achieve high extraction
solvent
The
rapid recovery of anthocyanins observed during the

efficiency without requiring excessive

volumes or prolonged processing times (8).

initial stage of extraction suggests that microwave
energy promotes rapid and homogeneous heating of
the plant matrix, facilitating the release of soluble
The different
of TMA and TPC to extraction conditions further

anthocyanin fractions. responses
indicate that the optimal extraction parameters for
anthocyanins and other phenolic compounds may
not fully overlap in MAE. Similar observations have
been reported in the literature, where short-duration
microwave treatments were found to be sufficient for
anthocyanin recovery, whereas longer extraction times
promoted the extraction of a broader phenolic profile
(18). In general, the extraction techniques exhibited
fundamentally different recovery dynamics. While
UAE provided rapid and efficient recovery through
the fragmentation of plant tissues via cavitation,
MAE facilitated the rapid release of anthocyanins
owing to volumetric heating and enhanced solvent
These findings indicate that the
extraction performance of black carrot pulp cannot be

penetration.

interpreted solely based on maximum recovery values;
rather, extraction kinetics, solvent efficiency, and
process-specific selectivity must also be considered.

Effect of solvent composition

The superior performance of 50% (v/v) ethanol
that
characteristics play a critical role in the recovery

suggests solvent polarity and solubility
of anthocyanins and phenolic compounds during
UAE. Similar findings have been reported for grape
pomace, apple pomace, and citrus by-products,
where ethanol-containing solvent systems enhanced
phenolic recovery by 6-35% (19). Conversely, the
lower recoveries observed in acidified water may be
associated with the highly acylated structure of black
carrot anthocyanins and the potential formation of
free radicals during ultrasonication under acidic

conditions. Previous studies have shown that organic



acids can accelerate free radical formation during
sonication, thereby promoting oxidative degradation
(2017)
reported lower anthocyanin and phenolic recoveries

reactions (20). Likewise, Machado et al.
in acid-assisted UAE systems compared with ethanol-
containing solvents (21). Collectively, these findings
suggest thatacidificationdoesnot provideanadvantage
for anthocyanin extraction and may adversely affect
pigment stability in anthocyanidin-rich matrices such
as black carrot pomace. The superior performance of
50% (v/v) ethanol indicates that solvent properties
play a crucial role in MAE efficiency. Ethanol-water
mixtures may not only improve the solubility of
phenolic compounds but also enhance microwave
energy absorption and volumetric heating within the
extraction matrix. Similar observations have been
reported for various plant materials, including tea
leaves, Herba Epimedii, and sugar beet molasses,
where ethanol-water mixtures containing 50-70%
ethanol were identified as highly effective extraction
media. Routray and Orsat (2012) further emphasized
that solvent dielectric properties and dipole rotation
behavior directly influence energy transfer efficiency
during microwave-assisted extraction. The rapid
anthocyanin recovery observed during the initial
extraction period supports the process-intensification
the
different optimal conditions obtained for TMA and

effect of microwave energy. Furthermore,

TPC suggest that anthocyanins and other phenolic
compounds exhibit distinct extraction behaviors under
microwave treatment. Therefore, solvent composition
and process parameters appear to influence not only
overall recovery but also extraction selectivity (22).
When all findings are considered collectively, solvent
composition can be regarded as a key determinant of
anthocyanin and total phenolic compound recovery in
both UAE and MAE. Nevertheless, the effectiveness
of a given solvent depends strongly on the extraction
mechanism, emphasizing that solvent selection
and process optimization should be performed
Under the conditions
yielded the

in an integrated manner.

investigated, a 50% (v/v) ethanol

highest recovery of anthocyanins and total phenolic
compounds in both extraction systems. Overall,
the results demonstrate that maximizing extraction
efficiency requires consideration of the synergistic
relationship between solvent properties and the

mode of energy transfer employed during extraction.

Microwave power and extraction selectivity

Microwave power is one of the fundamental

process parameters governing energy transfer,
heating rate, and matrix disruption during microwave-
assisted extraction. However, the present findings
indicate that its effect should not be considered
but

extraction time, solid-to-solvent ratio, and solvent

independently, rather in combination with
composition. The absence of significant changes in
TMA and TPC levels with increasing microwave power
in aqueous systems suggests that anthocyanin and
phenolic compound recovery may be constrained
not only by energy input but also by mass-transfer
limitations and  solvent-matrix  interactions.
Therefore, the benefits of microwave irradiation may
only be fully realized when combined with a solvent
system capable of efficiently solubilizing the target
compounds. These findings further emphasize the
importance of solvent selection for maximizing the
effectiveness of microwave-assisted extraction. The
greater effectiveness of microwave power during the
initial stages of extraction suggests that increased
energy input primarily enhances mass-transfer
rates before equilibrium conditions are reached.
As extraction time increases, the contribution
of higher microwave power appears to diminish,
indicating that the extraction system gradually
approaches equilibrium and becomes less responsive
to additional energy input. The substantial increase
in TMA observed during the initial extraction period
at a 1:20 solid-to-solvent ratio indicates that high
microwave power can enhance anthocyanin release
within a short processing time when ethanol is used
as the extraction medium. However, the diminishing

effect of microwave power with increasing extraction
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time suggests that the advantage of high-power
treatment is primarily limited to the early stages
of extraction. Furthermore, the different responses
of TMA and TPC to microwave power indicate that
anthocyanins and other phenolic compounds may
exhibit distinct extraction behaviors, suggesting
that different phenolic classes are recovered within
different power-time windows. The different optimal
conditions observed for TMA and TPC indicate that
anthocyanins and other phenolic compounds exhibit
distinct extraction behaviors during microwave-
assisted extraction. Short-duration, high-power
treatments appear to favor anthocyanin recovery,
whereas the extraction of a broader range of phenolic
compounds may benefit from longer extraction times
and higher solvent availability. These findings suggest
that the optimal MAE conditions depend on the target
compound group and that process parameters should
be selected according to the desired extraction
outcome. Similar observations have been reported
in previous studies. Recent MAE investigations have
demonstrated that optimal extraction performance is
achieved not only through high microwave power but
also through an appropriate balance between power,
(22).
Likewise, Aliano-Gonzalez et al. (2020) reported

extraction time, and solvent composition
that anthocyanins and total phenolic compounds
may respond differently to the same extraction
parameters during MAE of acai fruit (23). Similarly,
(2017)
treatment enhances the recovery of polyphenols,

Alvarez et al. showed that microwave

particularly anthocyanins, from grape pomace,
although the process must be optimized in relation
to both temperature and extraction time (24).

Extraction-dependent changes in physicochemical
characteristics and antioxidant capacity

Higher recoveries of TMA and TPC obtained

with microwave-assisted extraction, compared
with other methods, can be attributed to the
rapid volumetric heating of the solvent and plant

matrix by electromagnetic energy, which leads to
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more effective disruption of cellular structures. In
particular, the rapid increase in temperature during
microwave application may have facilitated the
transfer of phenolic compounds into the solvent phase
by increasing cell wall permeability. The decrease in
solvent viscosity and the increase in diffusion rate
at high temperatures are also considered important
factors supporting extraction efficiency (25). Routray
and Orsat (2014), on the other hand, noted that the
application of microwaves in blueberries particularly
increased the recovery of certain phenolic compounds
and that this might be related to the more effective
release of phenolics bound to the cell membrane
(10). that
assisted extraction can provide anthocyanin and

Findings demonstrate ultrasound-
phenolic recoveries comparable to those obtained
by microwave-assisted extraction. Consistent with
the present results, Tao et al. (2014) reported high
anthocyanin and phenolic recoveries from wine
pomace using ultrasound-assisted extraction, while
subsequent studies have highlighted the suitability
of UAE for anthocyanin-rich matrices because of
its ability to enhance extraction efficiency under
relatively mild temperature conditions (Tao et al.,
2014). Nevertheless, the ability of MAE to achieve
similarly high recoveries within substantially shorter
extraction times represents an important advantage
from the perspectives of process intensification and
industrial applicability (8). Black carrot anthocyanins
are generally considered relatively stable within the
pH range observed in the present study. Assous et al.
(2014) reported that approximately 19% degradation
of black carrot anthocyanins occurred at pH 5,
whereas degradation increased markedly at higher pH
values. The high degree of acylation characteristic of
black carrot anthocyanins may further contribute to
pigment stability under moderately acidic conditions.
Therefore, the higher pH values observed in UAE
and MAE extracts are unlikely to adversely affect
anthocyanin stability to a significant extent (26). The
higher soluble solids content observed in UAE and MAE
extracts may be associated with the more effective



disruption of plant cell structures by ultrasound and
microwave treatments. Enhanced cell wall disruption
can facilitate the release of soluble constituents
into the extraction medium, including compounds
associated with pectin, cellulose, and hemicellulose
fractions. Previous studies have demonstrated that
polyphenols can interact selectively with plant cell
wall polysaccharides (27) while anthocyanins in black
carrot have been shown to interact specifically with
pectin (28). Consequently, the greater disruption
of cell wall architecture achieved by UAE and MAE
may have promoted both anthocyanin release and
the transfer of dissolved solids into the extract
phase. The superior antioxidant capacity of UAE and
especially MAE extracts is likely associated with their
higher anthocyanin and phenolic contents. Previous
studies have reported a strong correlation between
anthocyanin concentration and antioxidant activity
(29). Likewise, Machado et al. (2017) demonstrated a
close relationship between total phenolic content and
antioxidant activity in ultrasound-assisted extracts
obtained from blueberry and blackberry pomace (21).
Such mechanisms may contribute to the enhanced
antioxidant performance observed in MAE extracts.
Collectively, that
extraction technology influences not only anthocyanin

these observations indicate

and phenolic recovery but also the functional
quality characteristics of the resulting extracts.

Influence of extraction technology on phenolic
composition and selectivity

Hydroxycinnamic acids and flavonol derivatives
are recognized as major phenolic constituents of
black carrot, together with anthocyanins. Previous
studies have shown that chlorogenic acid, caffeic
acid, ferulic acid, and related hydroxycinnamic
acids constitute
black carrot phenolic fraction (30) . The markedly

higher chlorogenic acid concentration observed in

important components of the

the MAE extract suggests that microwave-assisted
extraction may be more effective in recovering
hydroxycinnamic acid derivatives than UAE. This

observation is consistent with the broader and more
intense phenolic fingerprint obtained by MAE. Given
that chlorogenic acid is one of the major contributors
to antioxidant activity in black carrot, the enhanced
recovery of this compound may also partially
explain the superior antioxidant capacity observed
in MAE extracts (30). The high concentrations of
chlorogenic acid detected in the MAE extracts are
consistent with the elevated total phenolic content
and antioxidant activity observed in this study.
Notably, the MAE extract exhibited the highest TPC
and TEAC values among all extraction methods.
These findings suggest that the high antioxidant
capacity of the MAE extract may be attributed not
only to anthocyanins but also to the presence of
non-anthocyanin phenolic compounds, including
chlorogenic acid, quercetin, isoquercitrin, and ferulic
acid. Previous studies have emphasized that phenolic
compounds occur in different forms, including
glycosides, aglycones, and matrix-bound structures,
and that the extraction technique plays a crucial role
in determining the resulting phenolic profile (31).

The presence of minor compounds such as ferulic
acid, vitexin, and isorhamnetin in the MAE extract—
which were not detected in the UAE—suggests that the
microwave application can release a broader phenolic
fraction. In particular, the detection of ferulic acid
exclusively in the MAE extract is quite significant.
A significant portion of black carrot anthocyanins
consists of cyanidin derivatives acetylated with
hydroxycinnamic acids such as ferulic, sinapic,
and p-coumaric acids. This acetylated structure
contributes to the greater stability of black carrot
anthocyanins against changes in heat, light, and pH
(32). Therefore, the detection of free ferulic acid
in MAE suggests that microwave energy may have
exerted a stronger liberating effect on cell wall
structures and/or ester-bound phenolic fractions.
This interpretation is consistent with the literature
reporting that rapid volumetric heating and increased
intracellular pressure during MAE may allow for more
effective separation of phenolic compounds from the
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matrix (33). The differences in phenolic composition
between UAE and MAE indicate that extraction
technology influences not only the quantity but also
the selectivity of phenolic recovery. The detection of
luteolin-7-rutinoside exclusively in UAE may suggest
that ultrasound-assisted extraction provides a milder
extraction environment that favors the preservation
of certain glycosylated flavonoids. In contrast,
in  MAE
supports the hypothesis that microwave treatment

the broader phenolic profile observed

is more effective in releasing matrix-bound or less
accessible phenolic fractions. The higher recovery of
quercetin and isoquercitrin in MAE further supports
its enhanced ability to extract flavonols and flavonol
glycosides, which may have contributed to the greater

antioxidant capacity observed in MAE extracts.

Color characteristics and pigment stability

The lower L* values and higher color intensity
observed in UAE and MAE extracts indicate the
production of more concentrated pigment-rich
extracts. Enhanced recovery of anthocyanins and
other color-contributing compounds through these
extraction techniques may explain the greater color
intensity obtained compared with conventional
and pressure-assisted extraction methods. Lower
L* values are generally associated with darker and
more intensely colored extracts. The reduced L*
values observed in UAE and MAE may be related to
the enhanced recovery of pigments and other color-
contributing compounds achieved by these extraction
techniques. Similar observations have been reported
by Stintzing et al. (2002), who found that increased
recovery of anthocyanins and proanthocyanidins
contributes to the development of more intense
color characteristics in plant extracts (34). The lower
a* value observed in MAE extracts, together with
their high color intensity and polymeric color ratio,
suggests that microwave treatment may promote
pigment reactions in addition
to enhancing pigment extraction. Anthocyanin
polymerization can lead to the formation of darker

transformation
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pigment structures with lower redness values, which
may explain the simultaneous occurrence of low
a* values and high color intensity in MAE extracts.
Such behavior indicates the development of a more
complex pigment profile through the combined
effects of pigment release, co-pigmentation, and
polymerization reactions. Polymeric color formation
is widely recognized as an important indicator of
anthocyanin transformation during processing and
has been associated with pigment stability under
thermal conditions (35). Previous studies have shown
that anthocyanins may undergo structural changes
through mechanisms such as chalcone formation,
browning reactions, and phenolic-anthocyanin
polymerization in response to temperature exposure
(36).
pigments through interactions among anthocyanins

The formation of high-molecular-weight

or between anthocyanins and other phenolic
compounds may therefore contribute to reduced

redness and increased polymeric color development.
Mineral co-extraction and extract composition

The influence of extraction technology on both
organic and inorganic constituents supports the
concept of holistic extract characterization, which
has received increasing attention in recent green
extraction studies. According to this approach,
extract quality should be evaluated not only on
the basis of phenolic composition and antioxidant
activity but also by considering the accompanying
inorganic fraction. Previous studies have similarly
reported that ultrasound-assisted extraction may
affect mineral transfer in addition to phenolic
recovery, emphasizing the importance of assessing
organic and inorganic components together when
characterizing extract quality (37). The lower Na
concentrations observed in alternative extraction
techniques indicate that mineral transfer does not
occur uniformly for all elements and may depend on
the binding form of each element within the plant
matrix. Previous studies have shown that mineral
extraction is influenced not only by the applied



extraction energy but also by matrix interactions,
solvent characteristics, and the formation of
complexes with organic constituents. Kowaluk et al.
(2025), for example, reported that stable matrix-
associated complexes can limit the release of
macro- and microelements during ultrasound-assisted
extraction (38). The absence of significant differences
in Mg and K concentrations suggests that these
elements may occur in more readily soluble forms or
in fractions less affected by extraction conditions.
Conversely, the higher Ca concentrations observed
in UAE and MAE extracts may be associated with
enhanced disruption of cell wall structures during
extraction. Because calcium is frequently associated
with pectin-rich regions and structural components
of plant cell walls, greater matrix disruption may
facilitate its release into the extract phase. The
markedly higher phosphorus concentration observed
in the UAE extract suggests that ultrasound treatment
enhanced the release of phosphorus-containing
compounds from the plant matrix. Acoustic cavitation
generates microjets, localized pressure fluctuations,
and shear forces that can disrupt cell walls and
membrane structures, thereby facilitating the release
of matrix-bound mineral fractions. Previous studies
have demonstrated that extraction media influence
not only the recovery of phenolic compounds and
antioxidant activity but also the release of mineral
constituents, thereby affecting the overall chemical
composition of plant extracts (39). Recent studies on
fruit by-product valorization have highlighted that
these materials represent important sources of both
phenolic compounds and minerals such as K, Ca, and
Mg (40). Likewise, ultrasonic treatment has been
reported to promote the transfer of selected mineral
elements into the extract phase through cavitation-
induced disruption of cellular structures (37). The
differential responses of mineral and phenolic
fractions indicate that extraction technologies exhibit

selective effects on specific chemical constituents.

Whereas UAE enhanced the transfer of phosphorus
and calcium, MAE was more effective in the
recovery of phenolic compounds and anthocyanins.
These findings highlight the importance of adopting
a holistic approach to extract characterization,
considering both organic and inorganic fractions when
evaluating extraction efficiency and extract quality.

In conclusion; this study demonstrates that
extraction technology acts not only as a recovery
tool but also as a determinant of the chemical and
functional identity of black carrot pomace extracts.
Beyond differences in anthocyanin and phenolic
yields, the applied extraction approach significantly
influenced phenolic selectivity, antioxidant activity,
color quality, polymeric color formation, and mineral
co-extraction behavior. The results revealed that
extraction technologies generate extracts with
distinct compositional and functional profiles, even
when targeting the same raw material. The findings
further indicate that extraction process selection
should not be based solely on maximizing extraction
yield. Instead, the desired characteristics of the
final product—including phenolic composition, color
attributes, antioxidant potential, and overall extract
functionality—should be considered when designing
extraction strategies. In this context, MAE favored
the production of extracts with higher anthocyanin
recovery, broader phenolic diversity, and enhanced
antioxidant activity, whereas UAE provided a more
selective phenolic profile under comparatively
mild processing conditions. Overall, black carrot
pomace was confirmed as a valuable source of
anthocyanins and phenolic compounds that can
be efficiently valorized through green extraction
technologies. The study highlights the importance
of aligning extraction technology with the intended
application of the extract and provides a basis for
the development of natural colorants and functional
ingredients from black carrot processing by-products.
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A practical and multi-modal GC-based strategy for the verification
of chemical warfare agents in environmental samples

Havva BEKIROGLU ATAS'
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, Nurgiil OZCAN'

ABSTRACT

Objective: To demonstrate a straightforward
analytical approach for confirming the use of a nerve
agent chemical warfare agent in an environmental
This

identify Sarin-related compounds

sample using minimal laboratory resources.
study aimed to
in a soil sample using both mass spectrometry and
flame photometric detection functions on a single gas
(GC-MS) device,

thereby meeting the Organization for the Prohibition of

chromatography-mass spectrometry

Chemical Weapons (OPCW) criteria for chemical warfare

agent confirmation with limited instrumentation.

Methods: A simple extraction protocol was applied
to the soil sample containing compounds related to
sarin: non-polar components were extracted with

dichloromethane, while polar components were
extracted with water and then derivatized to detect
acidic degradation products. Analyses were performed
on a GC-MS instrument operated in both electron
ionization (EI) and chemical ionization (Cl) modes,
coupled to a dual flame photometric detector (dFPD)

for simultaneous detection. The degradation products

OZET

Amagc: Minimal laboratuvar imkanlarnyla, cevresel
bir numunede sinir ajam tipi bir kimyasal savas ajam
kullamiminin  dogrulanmasim1  saglayacak basit ve
sistematik bir analitik yaklasim gelistirmek. Bu calisma,
tek bir gaz kromatografisi-kiitle spektrometrisi (GC-
MS) cihazinda hem kiitle spektrometrisi hem de alev
fotometrik tespit islevlerini kullanarak bir toprak
numunesinde Sarin’e iliskin bilesikleri belirlemeyi ve
boylece sinirli cihazla Kimyasal Silahlarin Yasaklanmasi
Teskilat’’nin  (KSYT) kimyasal savas ajani dogrulama

kriterlerini karsilamay1 hedeflemistir.

Yontem: Sarine iliskin bilesikleri iceren toprak
basit  bir

uygulanmistir: polar olmayan bilesenler diklorometan

numunesine ekstraksiyon  protokolii

ile, polar bilesenler ise su ile ekstrakte edilmis

ve asidik bozunma Urinlerini saptamak amaciyla

turevlendirilmistir. Analizler, elektron iyonizasyonu

(El) ve kimyasal iyonizasyon (Cl) modlarinda calisan
bir GC-MS cihazinda gerceklestirilmis; aym cihazin
cift alev fotometrik dedektoru (dFPD) ile eszamanli

tespit yapilmistir. Sarin’in bozunma urunleri, izopropil
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of sarin, isopropyl methylphosphonic acid (IMPA) and
methylphosphonic acid (MPA), and a precursor/impurity,
diisopropyl methylphosphonate (DIMP), were identified
by comparing the retention times and characteristic
mass spectra of reference standards, in accordance with
OPCW criteria.

Results: IMPA, MPA and DIMP were successfully
detected in the soil sample. All target compounds
were unambiguously identified by their EI mass spectra
and further confirmed by Cl (observing characteristic
adducts) and by distinct peaks on the phosphorus-
selective FPD channel. No interfering compounds were
observed in blank samples. The library match scores
for each compound’s El spectrum exceeded OPCW'’s
reporting threshold (>800/999).

Conclusion: This study demonstrates that evidence
of chemical warfare agent use can be reliably confirmed
using a single GC-MS/dFPD instrument by leveraging
multiple detection
The

verification

principles on one platform.

resource-efficient approach met international
requirements and can facilitate CWA
analysis in laboratories with limited instrumentation.
The method strengthens evidentiary confidence through
independent confirmations and is broadly applicable to

environmental samples.

Key Words:

chromatography-mass

Chemical warfare agents, gas

spectrometry, dual-flame

photometric detector, nerve agents, soil samples

metilfosfonik asit (IMPA) ve metilfosfonik asit (MPA)
ile bir onciil/safsizlik olan diizopropil metilfosfonat
(DIMP), referans standartlarin allkkonma zamanlar1 ve
karakteristik kiitle spektrumlan karsilastirilarak KSYT

kriterlerine uygun sekilde tanimlanmistir.

Bulgular: IMPA, MPA ve DIMP, toprak oOrneginde
basariyla tespit edilmistir. Tim hedef bilesikler, El
modundaki kitle spektrumlariyla kimliklendirilmis
ve Cl modunda karakteristik adiiktler gozlemlenerek
ve fosfor-secici FPD kanalindaki belirgin piklerle

hedef
Her bir

bilesigin El spektrumuna ait kiitiiphane eslesme skorlari,

dogrulanmistir.  Bos numune analizlerde

bilesiklere ait bir girisim gozlenmemistir.

OPCW’nin raporlama esiginin iizerinde bulunmustur (>
800/999).

GC-MS/dFPD
kullanlarak

Sonu¢: Bu calisma, tek bir
cihazinda birden fazla tespit prensibi
kimyasal savas ajam kullamminin guvenilir bicimde
dogrulanabilecegini gostermektedir. Maliyet ve kaynak

acisindan verimli bu yaklasim, uluslararasi dogrulama

gerekliliklerini  karsilamakta ve cihaz olanaklan
kisith laboratuvarlarda kimyasal savas ajanlarinin
analizini kolaylastirabilmektedir. Yontem, bagimsiz

dogrulamalarla kanit givenirligini artinr ve cevresel

numunelere genis olcekte uygulanabilir.

Anahtar Kelimeler: Kimyasal savas ajanlari, gaz
kromatografisi-kitle spektrometrisi, cift alev fotometrik

dedektor, sinir ajanlari, toprak numuneleri

INTRODUCTION

Chemical warfare agents (CWAs) are toxic
chemicals intended to kill, injure, or incapacitate
through their chemical action on life processes (1).
Beyond direct lethal effects, CWAs may be employed
to degrade operational capability and cause
psychological harm, for example by contaminating
food, water, or other

resources, disrupting
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infrastructure, restricting movement, and inducing
panic in affected areas (2). The Chemical Weapons
Convention (CWC) is an international arms-control
treaty that prohibits the development, production,
stockpiling, transfer, and use of chemical weapons.
Implementation of the CWC is carried out by the
Organization for the Prohibition of Chemical Weapons
(OPCW) in cooperation with States Parties, including
verification through

inspections and laboratory



analyses (3).
Analytical that

international

findings from laboratories
investigate CWAs carry significant
weight because they inform treaty verification,
compliance assessments, and forensic investigations.
In line with this role, OPCW guidance requires that
each identified chemical be confirmed by at least one
independent method, with at least one primary, data-
rich technique (4). Confirmation can be achieved using
orthogonal evidence such as matched retention times
against reference standards, retention indices, high-
quality library matches, alternative ionization modes,
use of columns with different stationary phases, or
element-selective detection. Chemical derivatization
facilitates detection of certain analytes and can
provide supportive confirmatory features.

A wide range of instrumentation is employed for
CWA analysis, including gas chromatography-mass
spectrometry (GC-MS) with electron ionization (El) (5)
or chemical ionization (Cl) (6); gas chromatography
coupled to element-selective detectors (7); gas
(GC-
liqguid chromatography-tandem mass

chromatography-tandem mass spectrometry
MS/MS) (8);
spectrometry (LC-MS/MS) (9); infrared spectroscopy
(IR) (10); nuclear magnetic resonance (NMR) (11); and
high-resolution mass spectrometry (HRMS) interfaced
to GCor LC (12, 13). Ideally, laboratories select among
these platforms according to matrix and analyte. In
practice, however, access to multiple instruments
may be limited. In such cases, a pragmatic strategy
is to leverage orthogonal capabilities on a single
GC platform, e.g., combining EI and Cl on GC-MS,

O 8]
” Fast ”
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Sarin

Figure 1. Degradation pathway of Sarin
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using columns with different stationary phases,
and/or adding an element-selective detector—to
achieve independent confirmations consistent with
reporting guidelines while operating within resource

constraints.
CWC-related chemicals can be analyzed
qualitatively or quantitatively (14-19). For

incident reporting, particularly with environmental
matrices, OPCW guidance prioritizes qualitative,
(P/A)
evidentiary confirmation of use (4). A P/A objective

present/absent identification to establish
does not preclude rigor: laboratories should still
apply a comprehensive strategy (e.g., orthogonal
confirmations, blanks, retention criteria, and library
verification) to ensure specificity and reliability.
At the same time, the analytical plan should be
tailored to available resources, favoring approaches
that maximize confirmatory power while minimizing
instrument and method complexity.

A practical illustration of this resource-conscious
approach can be given using nerve agents. As a major
class of CWAs, many nerve agents hydrolyze under
typicalenvironmental conditionstotheircorresponding
alkyl phosphonic acids (20). For example, Sarin (GB)
yields isopropyl methylphosphonic acid (IMPA) as a
primary degradation product, and slower secondary
hydrolysis produces methylphosphonic acid (MPA)
(Figure 1). In samples associated with Sarin use, one
may also encounter diisopropyl methylphosphonate
(DIMP), a known precursor/impurity, alongside IMPA
and MPA (21).

IMPA
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In a hypothetical Sarin incident, reporting can be
performed using analytical platforms that provide
different detection principles. Moreover, if a GC-MS
system supports multiple operating modes, IMPA, MPA,
and DIMP can be confirmed on a single instrument. In
this study, a soil specimen deliberately contaminated
with putative Sarin impurities and degradation
products was analyzed using GC-MS operated in both
El and Cl modes, coupled to a dual flame photometric
detector (dFPD). IMPA, MPA, and DIMP were identified
in the specimen. GC-MS/EIl served as the primary,
data-rich technique, while GC-MS/CI and GC-dFPD
provided independent confirmations. All results
were evaluated in accordance with OPCW reporting

criteria (4).
MATERIAL and METHOD

Chemicals

Diisopropyl methylphosphonate (DIMP), isopropyl
methylphosphonic acid (IMPA), methylphosphonic
acid (MPA), N, O-bis(trimethylsilyl)trifluoroacetamide
(BSTFA) and sodium sulfate (Na,SO,) were purchased
from Sigma-Aldrich. Dichloromethane (DCM) and
acetonitrile (ACN) were purchased from Merck, and
all of the solvents were MS-SupraSolv grade.

Sample preparation

Aliquots of the soil were extracted with DCM
and with water using a conventional liquid-liquid
extraction protocol (22). In this scheme, non-polar
analytes partition into the organic phase (DCM),
whereas polar analytes are recovered in the aqueous
phase.

For the organic extraction, 1.00 g of soil was
placed in a screw-cap glass vial and 1.0 mL of DCM
was added. The vial was sealed and sonicated
in an ultrasonic bath for 10 min. The mixture was
centrifuged at 2000 G for 3 min, and the supernatant
was filtered through filter paper. The extraction was
repeated with an additional 1.0 mL of DCM. The
combined extracts were dried over approximately
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0.2 g of anhydrous Na,SO,, and the final aliquot was
analyzed by GC-MS/dFPD.

For the aqueous extraction, a separate 1.00 g soil
sub-sample received in a screw-cap vial and 1.0 mL
of water was added. The vial was sealed and shaken
manually for 10 min. The mixture was centrifuged at
2000 G for 5 min and filtered through filter paper.
The extraction was repeated with an additional 1.0
mL of water. The combined aqueous extracts were
evaporated to dryness on a rotary evaporator at 50
°C and 35 mbar. The residue was dissolved in 0.50
mL acetonitrile, followed by addition of 0.30 mL
BSTFA and derivatization at 60 °C for 30 min to form
the corresponding trimethylsilyl (TMS) derivatives.
After cooling to room temperature, 0.20 mL DCM was
added, and the silylated sample was analyzed by GC-
MS/dFPD.

Gas chromatography-mass spectrometry analysis

Analyses were performed on an Agilent 7890B gas
chromatograph coupled to an Agilent 5977B mass
spectrometer and an Agilent G3440B dual flame
photometric detector. Separations used an HP-5MS
capillary column (30 m x 0.25 mm i.d., 0.25 pm film).
Helium served as the carrier gas under constant-
pressure conditions, giving an average linear velocity
of 35 cm s' at 40 °C. Injections were splitless, and
the MS operated in full-scan mode. The acquisition
ranges were 40-500 m/z for electron ionization (El)
and 70-550 m/z for chemical ionization (Cl), with a
scan rate of 3.2 scans s''. The injection volume was
1.5 pL. MS parameters were: ion source 290 °C (El)
and 250 °C (Cl), electron energy 70 eV, inlet 250 °C,
quadrupole 150 °C, and transfer line 290 °C. The GC
oven program was 40 °C (1 min), ramped at 10 °C
min-' to 300 °C, and held for 5 min. dFPD settings
were: detector 290 °C, air 110 mL min', H, 60 mL
min', and He (make-up) 10 mL min'. Methane
was used as the reagent gas for Cl. Spectral library
searches were conducted against National Institute
of Standards and Technology (NIST, v2014) and the
OPCW Central Analytical Database (OCAD, v18).



RESULTS

General requirements for reporting CWAs

The analytical method must be sufficiently
selective to enable unambiguous identification of
each target analyte, that is, it must distinguish the
analyte from other matrix constituents (23). Potential
reagents,

instrumentation should be monitored using solvent

contamination from consumables, or

and/or matrix blanks. In accordance with OPCW
reporting guidance (4), a blank must be analyzed
immediately prior to each sample (within 3 h). The
solvent blank shall exhibit no peak at the analyte
retention time (within £ 0.1 min) with a signal-to-
noise ratio > 5 relative to the reported analyte in the
sample. In the present study, solvent blanks were
run before every injection and met these criteria; no
disqualifying peaks were observed.

As a second requirement in the OPCW guidelines
(4), identification of each chemical must be supported
by at least two independent analytical techniques, one
of which must be a primary, data-rich spectrometric
method (e.g., GC-MS in El mode, GC-MS/MS, LC-MS/
MS, NMR, or IR). For such techniques, laboratories
must employ appropriate references and cite their
sources. References may consist of authenticated
reference standards and/or library mass spectra
from recognized databases (e.g., NIST, OCAD). When
reference standards are used, the analyte’s GC
retention time in the sample must match that of the
standard within +0.1 min. Further implementation
details are provided in the following sections.

A laboratory may satisfy the secondary-technique
requirement in several ways. For example, conducting
GC-MS (El) analyses on two columns with different
stationary phases constitutes orthogonal methods;
likewise, employing alternative ionization (e.g., El
vs Cl) or adding an element-selective detector (e.g.,
dFPD/NPD)
Chemical derivatization (e.g., silylation) can aid

provides independent confirmation.
detection and offer supportive features (predictable

retention and fragment changes) but is best treated

as ancillary evidence, not a standalone technique.
Notably, many of these options can be implemented
on a single GC platform (e.g., column change, dual
detectors, switchable EI/Cl), which is advantageous
for resource-limited settings. In the present study,
we adopted this strategy: GC-MS (El) served as the
primary, data-rich technique, while GC-MS (Cl) and
GC-dFPD (phosphorus channel) provided independent
confirmations.

GC-MS (El) results for the soil sample

The soil sample was processed as described in the
Sample Preparation section and analyzed by GC-MS in
El mode under the conditions specified in Materials
and Methods section. DIMP was detected in the organic
extract, while the trimethylsilyl (TMS) derivatives of
MPA and IMPA were identified in the derivatized aliquot
obtained from the aqueous extract. For each analyte,
Figure 2 presents extracted-ion chromatograms (EICs)
for the blank, sample, and reference, together with
the corresponding mass spectra for the sample versus
reference.

No peaks were observed in any solvent blank
chromatograms at the analyte retention time (0.1
min) with a signal-to-noise ratio >5 relative to the
reported analyte in the sample. The GC retention
times of all target analytes in the samples matched
those of the reference standards within +0.1 min.

In addition to
matching was evaluated. According to OPCW guidance
for proficiency-test reporting (4), the NIST search
using the OCAD (v18) library should yield a match
factor >800/999. The observed match factors were
912/999 (DIMP), 937/999 (IMPA-TMS), and 928/999
(MPA-diTMS).

To further spectral
reference spectrum was added to a custom AMDIS

reference standards, library

assess similarity, each
library and the sample spectra were searched against
it. The resulting match factors were 97/100 (DIMP),
99/100 (IMPA-TMS), and 98/100 (MPA-diTMS), all
exceeding the >80/100 reporting threshold specified

in the OPCW guidance (4).
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Figure 2. GC-MS (El) chromatograms and spectra of: (a) DIMP, (b) IMPA-TMS and (c) MPA-diTMS; EICs of: (1) blank, (2) sample

and (3) reference, and spectra of; (4) sample and (5) reference
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GC-MS (Cl) results of the soil sample

The same GC-MS platform was operated in Cl mode
by switching the ion source. Blank and retention-
time criteria were identical to those applied for the
El analyses. For DIMP, IMPA-TMS, and MPA-diTMS,
Figure 3 presents EICs for the blank, sample, and
reference, together with the corresponding mass
spectra for sample versus reference.

According to these results, no peaks were
observed in any solvent blank chromatograms at the
analyte retention time (+0.1 min) with a signal-to-
noise ratio >5 relative to the reported analyte in the
sample. The GC retention times of all target analytes
in the samples matched those of the reference
standards within +0.1 min.

Inspection of the Cl mass spectra revealed the
expected [M+H]* ions for each target, along with the
common methane-Cl adducts [M+29]* and [M+41]"
(corresponding to [M+C,H,]* and [M+C,H,]"). These CI
data were deemed sufficient for confirmation and
reporting.

When reference standards are unavailable, Cl
identifications may still be reported based on expert
spectral interpretation, especially when supported
by corresponding El spectra for the same analytes.
In such cases, El and Cl chromatograms should be
acquired on the same column and phase under
identical chromatographic conditions (flow control
and injector temperature), and the allowable
difference between El and Cl retention times for a
given analyte should not exceed +0.2 min.

GC-dFPD results of the soil sample

Many CWC-related compounds contain nitrogen,
phosphorus, or sulfur. Accordingly, access to element-
selective detectors (e.g., NPD, FPD, or dFPD) is
advantageous for CWA laboratories, and signals
from such selective channels can serve as secondary
confirmation. When multi-channel GC detectors are
available, OPCW guidance encourages the use of
these selective data streams for verification (4).

In this study, the GC system was configured with
both an MS and a dFPD detector. A post-column
splitter (1:1) directed effluent simultaneously to
the MS and the dFPD. Phosphorus-channel dFPD
signals were acquired, and Figure 4 presents the
corresponding chromatograms for the blank, sample,
and reference for DIMP, IMPA-TMS, and MPA-diTMS.

All target compounds produced clear, well-
resolved signals on the dFPD phosphorus channel.
Quality-control criteria matched those used for the
El analyses: solvent blanks run immediately prior
to each injection showed no peak at the analyte
retention time (x0.1 min) with S/N > 5 relative to
the reported analyte, and the GC retention times
of the targets in the samples matched those of the
reference standards within +0.1 min.

DISCUSSION

In conclusion, this work presents a simple,
systematic approach for reporting the use of
CWAs with a single GC-MS platform augmented by
dual flame photometric detection. The workflow
was demonstrated on a soil sample deliberately
contaminated with putative Sarin-related impurities
and degradation products. DIMP, IMPA, and MPA were
identified by GC-MS in El mode and independently
confirmed by Cl and by the phosphorus-selective
dFPD channel, meeting OPCW reporting criteria.

the
orthogonal detection principles on one instrument

Beyond confirming identities, use of
illustrates how laboratories with limited resourcescan
still achieve robust confirmations. While biomedical
investigations often require complex, time-
consuming workflows, environmental matrices can
enable more streamlined reporting when appropriate
confirmatory criteria are applied. Where access
to multiple instruments is constrained, leveraging
multi-mode GC-MS (EI/Cl),

and element-selective detection can convert a

alternative columns,

potential limitation into an operational advantage.
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Figure 3. GC-MS (Cl) chromatograms and spectra of: (a) DIMP, (b) IMPA-TMS and (c) MPA-diTMS; EICs of: (1) blank, (2) sample
and (3) reference, and spectra of; (4) sample and (5) reference
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Figure 4. dFPD (P-channel) chromatograms of (a) DIMP; (1) blank, (2) sample and (3) reference; and (b) IMPA-TMS and MPA-
diTMS; (1) blank, (2) sample, (3) reference (IMPA-TMS) and (4) reference (MPA-diTMS)

The sample-preparation and analysis scheme are shared across CWC-related analytes, this
described here is broadly applicable to many polar, resource-efficient strategy can support incident
semi-polar, and non-polar CWC-related compounds confirmation for different CWAs. By reducing cost
in soil, with the caveat that certain classes (e.g., and infrastructure demands while maintaining
arsenical lewisites) may require specialized evidentiary rigor, the approach is well suited
derivatization or alternative methodologies. to a wide range of laboratories, including those
Because the core reporting requirements operating under significant resource limitations.
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Bir egitim ve arastirma hastanesi is ve meslek hastaligi poliklinigine
bir yillik siirede meslek hastalig1 on tanisi ile basvuran hastalarin
genel ozellikleri

Cigdem BASKARA' , Giilden SARI?

, Ozan EKiM3

, Adem KOYUNCU?(1D), Ceprail SIMSEK?

OZET

Amag: Meslek hastaliklarinin sayisini, nedenlerini
ve ciddiyetini bilmek oOnlemenin temelidir. Meslek
hastaliklarinda hastaliga 0zgli olan etken isyeri
ortaminda bulunmaktadir ve bu etkene maruziyet
kabul

meslek

olmadiginda hastaligin gelismeyecegi

edilir. Ulkemizde yayinlanan istatistikler

hastaliklarinin  tanmisinda yasal, idari ve yapisal
yetersizlikler oldugunu acikca gostermektedir. Meslek
hastaliklar1 bildirimi zorunlu hastaliklar grubundadir.
Tlrkiye’de meslek hastaligi tanist alan gercek
calisan sayisi, meslek hastaligi tanilarn ve mesleki
ozellikler halen belirsizligini korumaktadir. Ulkemizde
mevzuatta meslek hastaligi bildirimi yapmak {izere
yetkilendirilmis hastaneler belirlenmistir. Calisanlar
yetkilendirilmis saglik hizmeti sunucularina farkli
sekillerde basvurabilir.  Bu calismada, meslek
hastaliklar1 alaninda referans bir Uciinci basamak
saglik kurulusunda bir yillik siirede konulan meslek
hastalig1 tanilarinin ve hastalarin genel o6zelliklerinin

dagiiminin belirlenmesi amacglanmistir.

ABSTRACT

Objective: Knowing the number, causes and severity
of occupational diseases is the basis of prevention. In
occupational diseases, the specific agent of disease is
present in workplace environment, and it’s assumed
that the disease will not develop without exposure to
this agent. Statistics published in our country clearly
demonstrate the legal, administrative, and structural
deficiencies in the diagnosis of occupational diseases.
Occupational diseases are in the group of diseases
that must be reported. The actual number of workers
diagnosed with occupational diseases in Tirkiye, their
diagnoses, and their occupational characteristics remain
unclear. In our country, hospitals authorized to report
occupational diseases are designated in the legislation.
Paitents can contact authorized healthcare providers
through various methods. This study aimed to determine
the distribution of occupational disease diagnoses and
general characteristics of patients made over a one-year
period at a reference tertiary healthcare institution in

the field of occupational diseases.
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Atatiirk Sanatoryum Egitim ve Arastirma Hastanesi

Bu tammlayict calismanin

Meslek Hastaliklar1 Klinigine meslek hastaligi on tanisi
ile basvuran hastalar olusturmaktadir. 1 yilik sire
icinde basvuran 18-75 yas arasi 275 hasta calismaya
elde edilmesinde hastalarin

dahil edilmistir. Veri

dosyalarinin  retrospektif olarak incelenmesinin
yani sira meslek hastaliklari uzmanlar1 ve arastirma
gorevlileri tarafindan hasta ile yuz yize gorusme
sirasinda doldurulan meslek hastaligi hasta takip formu

kullanmlmistir.

Bulgular: Bir yil icinde basvuran 275 hastanin 214
(%77,8)’line meslek hastaligi tanisi konuldu. Kalan
61 hastanin 8 (%13,1)’ine isle iliskili hastalik tanisi
konmustur. Meslek hastaligi 6n tanisi ile degerlendirilen
hastalarin en sik basvuru nedenleri bel agnsi (%35,6),
nefes darlig1 (%33,8) ve boyun agris1 (%15,7) idi. Meslek
hastalig1 tanmis1 konulan hastalarin 125 (% 58,4)’ inde
mesleki akciger hastaligi, 90 (%42,1)’inda mesleki kas-
iskelet sistemi hastaliklar, 26 (%12,1)’sinda agir metal
maruziyeti, 15 (%7)’inde giiriiltliye bagli isitme kaybi ve
2 (%0,9)’sinde mesleki kanser tespit edilmistir.

Sonug: Sonu¢ olarak, calismamizda mesleki
maruziyetlerden en sik etkilenen solunum sisteminin
hastaliklar1 (en sik pnomokonyoz ve mesleksel astim)
ve kas iskelet sistemi hastaliklar1 (en sik lumbal disk
hernisi ve karpal tiinel sendromu) en sik goriilen meslek

hastalig1 grubudur.

Anahtar Kelimeler: Meslek hastaligi, pnomokonyoz,

kas- iskelet sistemi hastaliklan

Methods: The universe of this descriptive study
consists of patients who applied to the Occupational
Diseases Clinic of Ankara Atatirk Sanatorium Training
and Research Hospital with a preliminary diagnosis
of occupational disease between 01.10.2021 and
01.10.2022. 275 patients between the ages of 18-75 who
applied in a 1-year period were included in the study.
In addition to retrospective review of patients files,
occupational disease patient follow-up form filled out by
occupational disease specialists and research assistants
during face-to-face interviews with the patients was

used to obtain data.

Results: Of the 275 patients admitted in one year,
214 (77.8%) were diagnosed with occupational diseases.
8 (13.1%) of the remaining 61 patients were diagnosed
with work-related diseases. The most common causes
of admission in patients evaluated with a preliminary
diagnosis of occupational diseases were back pain (35.6%),
shortness of breath (33.8%), and neck pain (15.7%). Of
the patients diagnosed with occupational diseases, 125
(58.4%) had occupational lung disease, 90 (42.1%) had
occupational musculoskeletal diseases, 26 (12.1%) had
heavy metal exposure, 15 (7%) had noise-induced hearing

loss, and 2 (0.9%) had occupational cancer.

Conclusion: As a result, respiratory system
diseases (pneumoconiosis and occupational astma) and
musculoskeletal system diseases (lumbar disc herniation
and carpal tunnel syndrome) are the most common

occupational disease groups in our study.

Key Words: Occupational diseae, pneumoconiosis,,

musculosceletal diseases

GIRIS

Meslek hastaliklar ilkemizde ve tum diinyada
buyuk acilara ve kayplara neden olmaktadir.
Mesleksel faktorlerin  onemli bilesenler oldugu
klinik durumlar, ‘meslek hastaliklar’ ve ‘isle iliskili

hastaliklar’ olmak lizere iki grupta incelenmektedir.
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Meslek hastaliklarinda hastaliga 6zgii olan etken isyeri
ortaminda bulunmaktadir ve bu etkenle maruziyet
olmadigindahastaligingelismeyecegikabuledilir (1,2).

Ulusal mevzuatta meslek hastaligi tanisi iki farkli
kanunda tammlanmistir. 6331 sayili is Saghig1 ve
Givenligi Kanunu’na gore meslek hastaligi, mesleki
risklere maruziyet sonucu ortaya cikan hastalik olarak



tanimlanmistir. 5510 say1li Sosyal Sigortalar ve Genel
Saglik Sigortas1 Kanunu’na gore de meslek hastalig,
sigortalimin calistigi veya yaptig1 isin niteliginden
dolay1 tekrarlanan bir sebeple veya isin yurutum
sartlan yiiziinden ugradigi gecici veya siirekli hastalik,
(3,4).
Meslek hastaliklar bildirimi zorunlu hastaliklar
2022 vyiinda Sosyal
Glvenlik Kurumu (SGK) tarafindan 4/A kapsaminda
calisan sigortali icin bildirilen meslek hastalig:
hasta sayist 953, 2023’te 945, 2024’te ise 888’dir.
Bugiin icin llkemizde bilinen yillik meslek hastalig

bedensel veya ruhsal ozirlulik halleridir

grubundandir.  Tirkiye’'de

tanist alan calisan sayist SGK’nin meslekte kazanma
glicl kayip orant %10’un Ulzerine hesaplanan ve
olusmaktadir(5,6).
Oysa meslek hastalig1 sadece is akdi ile calisan isci

tazmin  edilen hastalardan
ozelinde degil 4A ve 4C kapsaminda calisanlarda
da tanilanabilmektedir. Ayrica tazmin edilmeyen
hastalarin  yillk SGK

sayidan cok daha fazla oldugu tahmin edilmektedir.

istatistiklerinde yayinlanan
Meslek hastaliklarinin  sayisini, nedenlerini ve
agirligint bilmek, onlemenin temelidir. Ulkemizde
yayinlanan istatistikler de, meslek hastaliklarinin
tanilanmas1 acisindan yasal, yonetsel ve yapisal
yetersizlik oldugunu gostermektedir. Bu durumun,
meslek hastaligi farkindaliginin  saglik  hizmeti
sunuculart ve saglik sorunu yasayanlar agisindan
yetersizligi, bildirimeksikligi (kayitdisiistihdamdadabhil
olmak lzere), sosyal giivenlik sisteminin yetersizligi,
is kaybetme korkusu gibi bircok nedeni olabilir (7-11).
Tirkiye’de gercek meslek hastaligi tanisi alan calisan
sayisi, meslek hastaliklari tanilar1 ve meslek ozellikleri
hala belirsizligini korumakta olup, bu calismada
meslek hastaligi tanist koymakla yetkilendirilmis
referans bir {clincii basamak saglik kurulusunda

bir yillik sirede tam konulan meslek hastaliklarn

tamlarinin  dagiimin1  saptamak amaclanmistir.
GEREC ve YONTEM
Tanmimlayic1 tipteki bu calismaya 01.10.2021-
01.10.2022 tarihleri arasinda Ankara Atatirk

Sanatoryum Egitim ve Arastirma Hastanesi Meslek
Hastaliklan Egitim Klinigine meslek hastaligi 6n tanisi
ile basvuran tiim hastalar dahil edilmistir.

Veri  kaynagi olarak hastalarin  dosyalar
retrospektif olarak incelenmis ve meslek hastaliklar
egitim kliniginde meslek hastaliklarn uzmanlar ve
arastirma gorevlileri tarafindan hasta ile yuz yuze
goriisme sirasinda doldurulan meslek hastaligi hasta
takip formundan bilgi edinilmistir. Bu formda hastalara
ait demografik veriler, ayrintili meslek ve maruziyet
oykusu, hobileri, komorbid hastaliklar, gecirilmis
cerrahi, sigara Oykusu gibi 0zgecmis ve soygecmis
ozellikleri bulunmaktadir. Ek olarak hastalarin meslek
hastalig1 dosyalan ve hastane otomasyon sistemine
kayitli laboratuvar (tam kan sayimi, kan biyokimyasi,
solunum fonksiyon testleri), radyolojik goriintuleme
bulgulan (akciger grafisi, tomografi ve varsa manyetik
rezonans goriintiileme tetkikleri), odyometri tetkiki,
elektromyografi tetkiki, ilgili branslarin konsultasyon
degerlendirmeleri
edildi.

Elde edilen veriler SPSS (Statistical Package for
Social Sciences) for Windows 21.0 (SPSS Inc., Chicago,
USA)

bulgular frekans, yiizde, ortalama deger ve standart

elde edilerek calismaya dahil

Illinois, programi kullanilarak incelendi ve
sapma degeri ile gosterildi.

Bu calisma, Saglik Bilimleri Universitesi Ankara
Atatirk Sanatoryum Egitim ve Arastirma Hastanesi
Etik Kurulu’nun

(Tarih:28.12.2022,

Klinik  Arastirmalar onay1 ile

gerceklestirilmistir Karar no:

2012-KAEK-15/2605).
BULGULAR

Calismaya bir yillik siire icinde meslek hastalig
on tanisi ile degerlendirilen 275 hasta dahil edildi.
Hastalarnin ortalama yast 44 +9,7 (min - maks: 22-
82) wil, 267 (%97,1)’si erkekti. Basvuru yapanlarin
89 (%32,4) ’'u seramik iscisi 46 (%16,7) ’s1 madenci
ve 27 (%9.8) ’si dokuimcu idi. Hastalarin sigara icme
durumlan, komorbid hastaliklar, sosyodemografik

verileri ve meslekleri Tablo 1 ve 2’de verilmistir.
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Biryilicinde bagsvuran 275 hastanin 214 (%77,8)’tune
meslek hastaligi tanist konulmustur. Kalan 61 hastanin
8 (%13,1)’ine isle iliskili hastalik (4 lomber herni, 2
servikal herni, 1 rotator kuf sendromu, 1 bisipital
tendinit) 53 hastada (%86,8)
mesleki olmayan hastalik degerlendirmesi yapildi.

tanis1  konulurken,

Tablo 1. Olgularin sosyodemografik verilere gore dagilimi

Bu hastalarin 197 (%71,6)’si SGK’dan sevk alarak, 69
(%25)’u baska bir hekimin yonlendirmesi ile (is yeri
hekimi/ ilgili brans hekimi) ,7 (%2,5)’si kendi istegi
ile ve 2 (%0,7)’si de mahkeme karan ile basvuru
yapmistir. Hastalarin tanm konulmus hastaliklara gore
dagilimi Tablo 3’te verilmistir.

Tum hastalar Meslek hastaligi olanlar

Hasta sayis1 % Hasta sayisi %
Erkek 267 %97,1 210 %98, 1
Cinsiyet
Kadin 8 %2,9 4 %1,9
Evli 262 %95,3 204 %95,3
Medeni durum Bekar 11 %4,0 9 %4,2
Bosanmis /Esi Olmiis 2 %0,7 1 %0,5
Hic icmemis 58 %21,1 46 %21,5
Sigara icmis Birakms 60 %21,8 44 %20,6
iciyor 157 %57,1 124 %57,9
Astim 21 %16,7 13 %6,1
Kronik obstriiktif akciger hastaligi 18 %14,3 14 %6,5
Diyabetes mellitus 16 %12,7 8 %3,8
Hipertansiyon 13 %10,3 10 %4,7
Guatr 7 %5,6 7 %3,3
Hiperlipidemi 7 %5,6 3 %1,4
Komorbidite Tuberkiloz (gecirilmis) 6 %4,8 6 %2,8
Kalp yetmezlligi 5 %4 5 %2,3
Akciger kanseri 1 %0,8 1 %0,5
Kistik fibrozis 1 %0,8
Chron hastaligi 1 %0,8 1 %0,5
Obsesif kompulsif bozukluk 1 %0,8
Epilepsi 1 %0,8 1 %0,5
Toplam 275 %100,0 214 %100,0
Turk Hij Den Biyol Derg



Tablo 2. Olgularin meslekleri

Tim hastalar

Meslek hastaligi olanlar

Meslek Hasta sayisi % Hasta sayisi %
Seramik iscisi 89 %32,4 76 %35,5
Madenci 46 %16,7 32 %14,9
Dokimcii 27 %9,8 26 %12,1
Kaynakgi 25 %9,1 20 %9,3
Geri donusum iscisi 15 %5,5 15 %7
Lastik operatori 12 %4,4 5) %2,3
Aki imalati 10 %3,6 10 % 4,6
insaat iscisi 7 %2,5 4 %1,8
Metal iscisi 5 %1,8 -
Temizlik iscisi 5 %1,8 -
Dis Teknisyeni 4 %1,5 4 %1,8
Mermer iscisi 3 %1,1 3 %1,5
Mobilyaci 3 %1,1 2 %1,3
Diger * 24 %8,8 17 %7,9
Toplam 275 %100,0 214 %100,0

* Diger olarak adlandirlan meslek grubunda (¢ kisi mobilya montaj iscisi , Uc kisi gida sektoriinde imalat iscisi, iki kisi biiro

personeli, iki kisi insaatta hamal, iki kisi is makinesi operatord, iki kisi boyaci, bir kisi atis poligonunda egitmen , bir kisi

stilist, bir kisi elektrik teknisyeni, bir kisi bekgi, bir kisi market iscisi, bir kisi depo gorevlisi, bir kisi hemsire, bir kisi matkap

operatord, bir kisi forklift operatorii, bir kisi cam kumlama iscisi olarak calismaktaydi.

Tablo 3. Hastalarin dagilim

Hasta sayisi %
Meslek hastaligi 214 %77,8
isle iliskili hastalik 8 %13,1
Mesleki olmayan hastalik 53 %9,1
Toplam 275 %100,0
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Basvuru yapan hastalanin 84 (%30,5)’Unun
herhangi bir sikayeti yoktu. Hastalarin 81 (%29,5)’inin
sadece bir sikayeti varken 110 (%40) hastanin birden
fazla sikayeti mevcuttu. Meslek hastaligi on tanisi ile
degerlendirilen hastalarin en sik basvuru nedenleri
bel agns1 (%35,6), nefes darligi (%33,8) ve boyun
agrist (%15,7) idi.

Meslek hastaligi 6n tanisi ile basvuran hastalarin
105 (%38,2)’inde kisisel koruyucu donanim (KKD)
kullandigi, 23 (%9,3)’iinde KKD kullanimi olmadigi
bilgisine ulasilirken 147 (%53,5) ’sinde KKD kullanimina
ait veri elde edilemedi. Meslek hastaligi tanisi alan
214 hastanin 74 (%34,6)’Unin KKD kullandigi, 21
(%9,8)’inin kullanmadig1 ve 119 (% 55,6)’unda KKD
kullanimina ait veri bulunmadig tespit edilmistir.

Mesleki akciger hastaligr tamisi alan hastalarin
% 54,2’sinde pnomokonyoz, % 1,9’unda mesleksel
astim, % 0,9’unda mesleksel KOAH ve % 0,9’unda

mesleksel hipersensitivite pnomonisi saptanmistir.

Tablo 4. Meslek Hastaligi Tanilarinin Dagilimi**

Mesleki kas iskelet sistemi hastaliklar icinde en sik
uc hastalik %27,6 lumbal herni, %11,7 karpal tunel
sendromu ve %9,8 servikal herni olmakla birlikte,
%7,9’unda omuz lezyonlar (tendinit/ tendinozis/
omuz darbe sendromu, rotator kuf sendromu),
%4,7’sinde diz lezyonlan (bag yirtig1 , meniskopati),
%1,4’Unde lateral epikondilit,
%0,5’inde medial epikondilit, %0,5’inde dupuytren

%1,4’Unde artroz,

kontraktiirli saptanmistir. Agir metal etkilenimi olan
hastalarin tuminde kursun etkilenimi mevcuttu.
Mesleksel bir kanser saptanmis olan iki hastadan
birinde akciger kanseri, digerinde ise tiroid papiller
karsinom ve derinin bazal hicreli karsinomu
birlikteligi saptanmistir. Odyometrik degerlendirmede
yliksek frekanslara dogru dislis ile birlikte saf ses
ortalamasinin normal oldugu 87 hastada giiriiltiiden
Meslek

hastalig1 tamlarinin dagiimi Tablo 4’de verilmistir.

etkilenim oldugu kanaati bildirilmistir.

Meslek hastaligi Hasta sayis1 %

Mesleki akciger hastaligi 125 %58,4
Mesleki kas iskelet sistemi hastalig 90 %42,1
Mesleki agir metal etkilenimi 26 %12,1
Giiriiltliye bagli isitme kayb1 15 %7

Mesleki cilt hastaligi 2 %0,9
Mesleki kanser 2 %0,9

** Meslek hastaligi ttanis1 koymus oldugumuz 214 hastanin 117 (%54,7)’sinde bir, 59 (%27,6)’unda iki, 21 (%9,8)’inde 3, 11

(5,1)’inde 4, 5 (2,3)’inde 5 ve 1 (%0,5)’inde 6 adet meslek hastaligi tanist mevcuttu. Calismamizda en sik saptanmis olan

mesleki solunum hastaligi olan pnémokonyoza siklikla mesleki lomber herni (22 olgu) ve mesleki servikal herninin (8 olgu)

eslik ettigi saptandi.
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TARTISMA

Meslek hastaliklar acisindan Tiurkiye’deki onemli
referans merkezlerden birinde bir yil icinde meslek
hastalig1 6n tansi ile tetkik edilen hastalarin verilerinin
degerlendirildigi calismamizda, degerlendirilen 275
hastanin 214 (%77,8)’ine meslek hastaligr tanisi
konuldu. SGK istatistik yilligina gore de 2024 yilinda
meslek hastaligi tamisi alan 888 hastanin %74,6’s
erkek (662), %24,6’s1 kadin (226) idi (5).
calismamizda da meslek hastaligi tamst konulan

Bizim

hastalarin Turkiye’de meslek hastaliklar verilerine
dair yapilmis olan diger simirli sayidaki calismalarla
uyumlu olarak cogunlugu erkek idi. Calismamizda
meslek hastaliklar1 tamsi alan hastalarin ortalama
yasi 44 yil olup literaturle uyumlu idi (11-13). Kadin
sayisinin az olmasi kadin istihdamindaki sorunlarla
ve risk grubunda bulunan agir ve tehlikeli islerde
erkeklerin daha fazla calismasina bagli olabilir.
Calisanlar  meslek hastaligi  degerlendirme
siirecine farkli sekillerde dahil olabilirler. Ulkemizde
mevzuatimizda meslek hastaligr bildirimi yapmak
uzere yetkilendirilmis hastaneler belirlenmistir.
Buna gore meslek hastaliklar hastaneleri, iiniversite
hastaneleri ve Uclinci basamak egitim ve arastirma
hastanelerinde meslek hastaliklar1 tanisina esas
teskil edecek belgeleri iceren dosya ve saglik
kurulu raporu hazirlanarak SGK il miidirlugiine
iletilir. Calisanlar vyetkilendirilmis  saglik hizmeti
sunucularina farkli sekillerde basvurabilir. Bir saglik
biriminden meslek hastalig1 stiphesi ile sigortalinin
yetkili hastaneye sevki, sigortalinin meslek hastalig
iddias1 ile sigorta mudurluklerine bireysel basvurusu
ve sigorta midirliikleri araciigiyla yetkili hastaneye
sevki, isyeri hekimlerince meslek hastalig1 siiphesi
olan sigortalinin yetkili hastaneye sevki veya meslek
hastalig1 iddias1 ile calisanin yetkili hastaneye sahsi
basvurusu ile, calisanlar degerlendirmeye alinirlar
(11).

saglik hizmeti

Calisanlarin  kurumca yetki verilmis olan
sunucularina basvuru  sekillerinin
degerlendirildigi bir calismada %38,2 (188) is yeri

hekimi, %35,8 (176) uzman hekim sevki, %22,4 (110)

bireysel basvuru, %2,6 (13) engellilik tespiti icin ve
%0,8 (4) mahkeme karari ile basvurmustur (13). Yine
ulkemizde yapilan bir baska calismada hastalarin
%58,5’1 meslek hastaligr siiphesiyle diger poliklinikler
veya yatan hasta servislerinden yonlendirilmis,
%23,8’i SGK’dan sevk edilmis ve %9,7’si Covid-19
gecirip maluliyet degerlendirmesi icin basvuran
saglik calisanlaridir (14). Bizim calismamizda da
hastalarin %71,6’s1 SGK sevkiyle, %25’i baska bir
hekimin yonlendirmesi ile (is yeri hekimi/ ilgili brans
hekimi), %2,5’i kendi istegi ile ve %0,7’si mahkeme
karar ile bagvuru yapmistir. Klinigimize SGK sevki ile
basvurularin fazla olmasinin nedeni klinigimizin uzun
siiredir bu alanda hizmet verdiginin hem hastalar hem
de SGK tarafindan bilinmesine bagli olabilir.

Meslekhastaliklaritanidagiimiverileritiimdiinyada
resmi istatistiklere dayanarak yayinlanmaktadir.
Ancak ulkeler arasinda bulunan yasal farkliliklar ve
endustriyel cesitlilik nedeniyle kiyaslama yapmak
zordur. Cin’de en sik pnomokonyozlar gorulirken
Finlandiya’da isitme kaybi1 ve asbeste bagli bagli
hastaliklar, Almanya’da mesleki deri hastaliklar1 daha
stk bildirilmistir (15-17). 2021/2022 Ingiltere saglik
istatistiklerinde 1.8 milyon calisanin herhangi bir isle
iliskili hastaligi oldugu bunlarin 914 bininde isle iliskili
stres, depresyon veya anksiyete oldugu; 477 bininde
de isle iliskili bir kas iskelet sistemi hastaligi oldugu
belirtilmistir (18).

Ulkemizde ise en sik tam konulan grup mesleki
ikinci siklikta kas iskelet
yer almaktadir (5). Cherry
yaptigi OPRA’ya
(Occupational Physicians Reporting Activity) gore
4 yillk periyotta (1996-1999) yillar1 arasinda 43464
iliskili hastalik bildirilmistir. Bildirilen
vakalarin neredeyse vyarnst (%49,1) kas iskelet
%20,9 mental hastalik, %20
deri hastaliklar1, %8,1 solunum hastaliklari ve %5
isitme kaybidir (19).
2024 yiinda ulkemizde solunum hastalig1 %16,4, kas
iskelet sistemi hastaligi %11,2, kulak hastaliklan
%5,5, norolojik hastalik %6, deri hastalig1 %1,8, g6z

solunum hastaliklaridir.
sistemi hastaliklan

ve arkadaslarinin calismada

yeni isle

sistemi hastaliklar,

SGK istatistik yilliklarina gore
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hastaliklar1 %0,3, enfeksiyon hastaliklar1 %0,1 idi
(5). Turk ve arkadaslarinin calismasinda en cok tani
konulan hastalik grubu kas iskelet sistemi hastaliklar
(%40,8) olup bunu isitme kayb1 (%28,9) ve mesleki
solunum sistemi hastaliklart  (%17,9) dermatit
(%4,1) psikiyatrik hastalik (%2,9) goz hast (%0,5)
takip etmistir (12). Alaguiney’in calismasinda meslek
hastaligi dagiim %49,3 (80) pnémokonyoz, %16 (26)
agir metal zehirlenmesi, %14,1 (23) kas iskelet sistemi
hastaliklar, %8 (13) mesleki dermatit, %6,1 (10)
mesleki astim, %2,4 (4) isitme kayb1 olarak verilmistir
(13). Hatman’in calismasinda meslek hastaligi taml
hastalarin %62’sinde solunum yolu hastaligi, ikinci
siklikta %22,4 ile kas iskelet sistemi hastaliklari, %5,6
mesleki isitme kayb1 ve %2,8 mesleki deri hastaligi
bildirilmistir (14). Bizim calismamizda da en ¢ok tam
konulan grup mesleki akciger hastaligi idi (%58,4).
Bunu takiben fiziksel etkenlere bagli hastaliklar
(gurultu etkilenimi) (%42,5) ve kas iskelet sistemi
hastaliklar1 (%42.1) saptandi. Dordinci siklikta ise
agir metal (kursun) etkilenimi (%12.1) mevcuttu.
Calismamizda ulkemizde yapilan iki calismaya paralel
olarak solunum sistemi hastaliklar ilk sirada yer
almistir (13,14).

Mesleki
sistemlerin basinda solunum sistemi gelmektedir.

maruziyetlerden en sk etkilenen
Literatirde mesleki astim en sik bildirilen mesleki
akciger hastaligidir ancak Tiirkiye’de pnomokonyozlar
bildirilen meslek hastaliklarinin basinda gelmektedir.
Pnomokonyoz inorganik tozlarin akcigerde birikimi ve
biriken toza kars1 akcigerlerde gelisen ve cogunlukla
geri donusumsiz fibrotik doku reaksiyonu olarak
tanimlanir (20). SGK’nin 2024 istatistik verilerine
gore en sik solunum hastaligi pnomokonyozlardir.
Bunu mesleksel astim izlemektedir (5). Cherry ve
arkadaslarinin  OPRA verilerine dayanarak yaptig
calismada en sik mesleki solunum hastaligi astim
olarak bildirilmistir (19). Ulkemizde yapilmis olan
iki calismada en sik mesleki solunum hastaligi
(12,13).
calismada en sik mesleki/

pnomokonyozlardir Ancak baska bir

isle iliskili solunum

hastaliklar1  sirasiyla hipersensitivite pnomonisi,
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astim ve diffliz interstisiyel akciger hastaliklaridir
(14). Bizim calismamiza gore de pnomonkonyoz en sik
mesleki solunum hastaligidir. Bu sonucun klinigimizin
pnomokonyoz acisindan referans merkezlerinden biri
olmast ile ilgili olabilecegini diisiiniiyoruz.

Kas iskelet sistemi hastaliklar1 calisma ortaminda
cesitli risklere maruz kalan calisanlarin oldukca
yaygin bir sorunu olarak karsimiza c¢ikmaktadir.
Mesleki
tekrarlayan, zorlayici hareketler,

kas iskelet sistemi hastaliklarn ozellikle
uygunsuz /kotu
durus ve ergonomik yetersizlikler nedeniyle ortaya
cikmaktadir. ise bagli hastaliklar icinde en sik gériilen
gruptur ve tiim ise bagli hastaliklarin yaklasik %50’sini
olustururlar (21,22). Ulkemizde bir meslek hastaligi
poliklinigine basvuran hastalarin degerlendirilmis
oldugu calismalarda kas iskelet sistemi hastaliklan
%14,1 oraninda saptanmistir (13). Yine Ulkemizde
baska bir merkezdeki is ve meslek hastaliklan
poliklinigine basvuran hastalarin degerlendirildigi
iki farkli calismada da sirasiyla %22,4 ve %40,8’dir
(12,14).
yapmis oldugu calismada ise hastalarin neredeyse

Cherry ve arkadaslarinin OPRA’ya gore

yarisinda (%49,1) kas iskelet sistemi hastalig1 tespit
(19).
kas iskelet sistemi hastaliklar1 %42,1 oraninda olup

edilmistir Bizim calismamizda da mesleki
literatiir ile uyumludur.

Calisma hayatinda en sik rastlanan ortam
faktorlerinden biri gurultudur. Eriskinlerde gurultuye
bagli isitme kayb1 olgularinin yaklasik %16’s1 is
yeri kaynaklidir (23). Griiltliye bagh isitme kayb1
sensorinoral tipte bir isitme kaybi olup genellikle
bilateral ve geri donussuzdur bu nedenle mesleki
isitme kayiplarin1 erken donemde tanimak oldukca
onemlidir. Cherry ve arkadaslarimn OPRA’ya gore
yaptigi
%5 olarak saptanmistir (19). Ulkemizde yapilan

calismada giriltiiye bagli isitme kaybn
calismalarda isitme kaybi sirayla %28,9, %2,4, %5,6,
%5,5 bulunmustur(12-14,24).
giirlilti fiziksel etkenler arasinda degerlendirilmis ve

Bizim calismamizda

giriiltiiye bagli isitme kayb1 %7 olarak bulunmustur.
Bu oran literatire gore kismen yiiksektir. Tan1 oraninin
klinigimize basvuran her hastanin kulak burun bogaz



bolumu ile konsulte edilip odyometrik inceleme ile
degerlendirmis olmasina bagli olarak artmis oldugunu
disunuyoruz.

Calismanin  kisithliklarindan biri tek merkeze
basvuran hastalar iizerinden degerlendirme yapilmis
olmasidir. Hasta sayisinin nispeten az olmasi da diger
kisitilik olarak degerlendirilmistir. Bu durum, elde

edilen bulgularin meslek hastaliklar1 populasyonuna

genellenmesini  zorlastirmaktadir. Bu  nedenle
sonuclarin  yorumlanmasinda  dikkatli ~ olunmasi
gerekmektedir.  ileride yapilacak calismalarda
ETiK KURUL ONAYI

farkli merkezlerden daha genis hasta gruplarinin
incelenmesi, sonuclarin glivenilirligini artiracaktir.
Sonug olarak; calismamizda mesleki
maruziyetlerden en sik etkilenen solunum sisteminin
hastaliklari (en sik pnomokonyoz ve mesleksel
astim) ve kas iskelet sistemi hastaliklar1 (en sik
lumbal disk hernisi ve karpal tunel sendromu) en sik
goriilen meslek hastaligi grubudur. Bu hastaliklarin
onlenmesine yonelik birincil koruma tedbirlerine
oncelik verilmesine ve erken tamisina yonelik

arastirma ve calismalara ihtiyac duyulmaktadir.

* Bu calisma, Saglik Bilimleri Universitesi Ankara Atatiirk Sanatoryum Egitim ve Arastirma Hastanesi Klinik Arastirmalar Etik
Kurulu’nun onay1 ile gerceklestirilmistir (Tarih:28.12.2022, Karar no: 2012-KAEK-15/2605).

CIKAR CATISMASI

Yazarlar bu makale ile ilgili herhangi bir cikar catismasi bildirmemislerdir.
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Bir aile hekimligi

Turk Hijyen ve Deneysel Biyoloji Dergisi

biriminde saghk hizmeti kullaniminin

degerlendirilmesi

Hamit Harun BAGCI'

, Abide AKSUNGUR?

OZET

Amag: Bu calisma, Ankara’nin Altindag ilcesindeki

bir aile hekimligi birimine basvuran bireylerin
sosyodemografik 6zelliklerini, saglik hizmeti kullanim
ozelliklerini ve kayit siiresine gore dizeltilmis basvuru
hiziyla iliskili faktorleri hizmet planlamasi agisindan

degerlendirmeyi amaclamistir.

Yontem: Retrospektif calismada, 2 Ocak-31 Aralik
2025 tarihleri arasinda ilgili aile hekimligi birimine en
az bir kez basvuran ve kayitlar eksiksiz olan 4.762
tekil bireyin elektronik saglik kayitlari incelenmistir.
kronik hastalik ve

Sosyodemografik  ozellikler,

engellilik durumu, basvuru sayisi, ilk basvurunun
yapildigi mevsim, tam kayitlar, recete durumu ve
aile hekimligi birimine kayit siiresi degerlendirilmistir.
Tanimlayici veriler sayi, yuzde ve medyan (minimum-
maksimum) ile sunulmustur. Basvuru sayisinin
sosyodemografik ve saglikla iliskili degiskenlere gore
dagilim1 Pearson ki-kare testiyle incelenmistir. Kayitl
bireylerde basvuru hiziyla iliskili faktorler, kayit
stiresinin dogal logaritmas1 offset olarak kullanilarak

negatif binom regresyon analiziyle degerlendirilmis ve

ABSTRACT

Objective: This study aimed to evaluate the
sociodemographic characteristics, healthcare utilization
features, and factors associated with the registration-
duration-adjusted visit rate among individuals attending
a family medicine unit in the Altindag district of Ankara,

with a focus on service planning.

Methods:

health records of 4,762 unique individuals who attended

In this retrospective study, electronic

the relevant family medicine unit at least once between
January 2 and December 31, 2025, and had complete
records were reviewed. Sociodemographic characteristics,
chronic disease and disability status, number of visits,
season of the first visit, diagnostic records, prescription
status, and duration of registration with the family
medicine unit were evaluated. Descriptive data were
presented as numbers, percentages, and medians with
minimum-maximum values. The distribution of visit
frequency according to sociodemographic and health-
related variables was examined using the Pearson
chi-square test. Among registered individuals, factors

associated with the visit rate were assessed using
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sonuclar diizeltilmis insidans hiz orani (alRR) olarak

raporlanmistir.

Bulgular: Bireylerin yas ortancasi 37 yil olup
%53,1’i kadn, %57,0"1 evli, %58,1’i ilkdgretim mezunu
ve %29,7’si kronik hastaliga sahiptir. Toplam 10.227
basvuru kaydedilmis; bireylerin %73,3’uU bir veya iki
kez, %26,7’si lic veya daha fazla kez basvurmustur. ilk
basvurularin %40,6’s1 yaz mevsiminde gerceklesmistir.
Kayithi bireylerde basvuru hizi kadinlarda erkeklere
(alRR=1,16),
olmayanlara gore %9 (alRR=1,09) ve Ankara disinda

gore %16 kronik hastaligi olanlarda
ikamet edenlerde Ankara’da yasayanlara gore %15
daha yiiksek bulunmustur (alRR=1,15). Buna karsilik,
birimin bulundugu mahalle disinda ikamet edenlerde
basvuru hizi %27 daha dusiktur (alRR=0,73). Yas,
egitim diizeyi, medeni durum ve ilk basvurunun
yapildig1 mevsim de basvuru hiziyla anlamli diizeyde
iliskili bulunmustur. En sik kaydedilen tami grubu
koruyucu saglik hizmetleri olup recete edilen ilaclar
arasinda analjezik, antipiretik ve antiinflamatuvar
ilaclar ilk sirada yer almistir.

Sonug: Aile hekimligi hizmetlerinin
planlanmasinda toplam basvuru sayisinin yani sira
nifusun sosyodemografik ozellikleri, kronik hastalik
yuki, hizmete fiziksel erisim ve donemsel basvuru
farkliiklarn da dikkate alinmalidir. Risk gruplarina
yonelik izlem programlarinin giiclendirilmesi ve
donemsel basvuru yogunluguna uyarlanmis personel,
randevu ve  kaynak

planlamasinin  yapilmasi

onerilmektedir.

Anahtar Kelimeler: Birinci basamak saglik hizmetleri,
aile hekimligi, saglik hizmeti kullanimi, saglik tesisleri ve

hizmetlerinin kullanmim, retrospektif calismalar

negative binomial regression, with the natural logarithm
of registration duration included as an offset. Results

were reported as adjusted incidence rate ratios (alRRs).

Results: The median age of the individuals was 37
years; 53.1% were female, 57.0% were married, 58.1% had
completed primary education, and 29.7% had at least one
chronic disease. A total of 10,227 visits were recorded.
Of the individuals, 73.3% made one or two visits, whereas
26.7% made three or more visits. The first visit occurred
during summer in 40.6% of individuals. Among registered
individuals, the visit rate was 16% higher in females than
in males (alRR=1.16), 9% higher in those with chronic
disease than in those without chronic disease (alRR=1.09),
and 15% higher in individuals residing outside Ankara than
in those residing in Ankara (alRR=1.15). In contrast, the
visit rate was 27% lower among those residing outside the
neighborhood where the unit was located (alRR=0.73).
Age, education level, marital status, and season of the
first visit were also significantly associated with the visit
rate. Preventive healthcare services constituted the most
frequently recorded diagnostic group, while analgesic,
antipyretic, and anti-inflammatory medications were the

most commonly prescribed drug group.

Conclusion: Family medicine service planning should
consider not only the total number of visits but also the
sociodemographic characteristics of the population,
chronic disease burden, physical accessibility to services,
and seasonal variations in healthcare utilization.
Strengthening follow-up programmes for high-risk groups
and adapting staffing, appointment systems, and resource

allocation to seasonal demand are recommended.

Key Words: Primary health care, family practice,
health services utilization, Facilities and Services

Utilization, retrospective study

GiRiS sistemiyle ilk tibbi temasin kuruldugu hizmet alanidir.
Saglik sisteminin temel bilesenlerinden biri olan bu
Birinci basamak saglik hizmetleri, bireylerin hizmetler, sunulan saglik hizmetlerinin etkinligi,

saglik gereksinimlerinin ilk karsilandi@i ve saglik sirekliligi ve erisilebilirligi agisindan kritik bir role
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sahiptir (1,2). Bu yapinin temelini olusturan aile
hekimligi birimleri, bireylerin saglik durumlarinin
izlenmesi, kronik hastaliklarin yonetimi, koruyucu
saglik hizmetlerinin sunulmasive periyodik taramalarin
yapilmas1 gibi onemli gorevleri Ustlenmektedir (3).

Birinci basamak saglik hizmetlerinin planlanmasi,

degerlendirilmesi ve saglik politikalarinin
gelistirilmesinde, aile  hekimligi  hizmetlerinin
hangi gruplar tarafindan, hangi gereksinimlerle

ve ne siklikta kullanildiginin belirlenmesi 6nem
tasimaktadir (1).
faktorler, bireylerin saglik hizmetlerine erisimini

Sosyoekonomik ve demografik

ve hizmet kullanim sikligimm belirleyen temel
unsurlar arasinda yer almaktadir. Yas ve cinsiyet gibi
hazirlayic1 ozellikler, gelir, egitim diizeyi ve saglik
hizmetlerine ulasilabilirlik gibi kolaylastiric1 faktorler
ile kronik hastalik varligi gibi ihtiya¢ bilesenleri,
saglik hizmeti kullamimim cok boyutlu bir yap1 icinde
(4,5).

ozellikle kadinlarin ve ileri yas grubundaki bireylerin

sekillendirmektedir Yapilan calismalarda

birinci basamak saglik hizmetlerinden daha sik
yararlandigi; bunun artan kronik hastalik yiiki
iliskili

gosterilmistir (6,7). Ayrica bireylerin basvuru tanilar,

ve duzenli takip gereksinimi ile oldugu
mevcut saglik sorunlar ve kronik hastalik varligi ile
birlikte egitim ve gelir diizeyi gibi sosyoekonomik
gostergelerin de saglik hizmeti kullamm davramsi
Uzerinde belirleyici oldugu bildirilmektedir (4,8).

Aile hekimligi birimlerinde basvuru sikligi hem
bireylerin sosyodemografik ozelliklerini hem de
saglik hizmeti kullanim davranislarini yansitan nemli
(1,4).
Tirkiye’de birinci basamak saglik hizmetlerine yillik

bir gosterge olarak degerlendirilmektedir

kisi basina dusen basvuru sayis1 2002 yilinda 1,1 iken,
2024 yiinda 5,3’e yukselmistir (9).
toplam hekim miiracaatlan icinde birinci basamagin

Buna karsin,

pay1 2024 i itibanyla %43,3 dizeyindedir. Bu
bulgular, basvurularin yillar icinde artmasina ragmen,
bireylerin dogrudan hastanelere yénelme egiliminin
devam ediyor olabilecegine isaret etmektedir (1,7,9).

Kronik hastalik varligi, hizmete erisim kolayligi
ve bireylerin saglik algisi gibi cok sayida faktoriin

etkisi altinda sekillenen basvuru sikligi ve birinci
basamakta tekrarlayan basvurular, yalnizca bireylerin
saglik durumunu ve hastalik yiikini degil, aym
zamanda saglik hizmetlerinin etkinligini ve toplumun
saglik okuryazarligim da vyansitmaktadir (8). Bu
nedenle, basvuru sikliginin sosyodemografik ve
saglikla iliskili faktorler cercevesinde incelenmesi,
birinci basamak hizmetlerinin kullanimin1 anlamak,
hizmet sunumunu gelistirecek kararlar almak ve

kaynaklarin daha etkin dagitimina yonelik planlama

yapmak acisindan buyuk onem tasimaktadir.

Calisma, Ankara’min Altindag ilcesinde bir
aile  hekimligi birimine basvuran bireylerin
sosyodemografik ozellikleri ile saglik hizmeti

kullanimina iliskin ozelliklerini retrospektif olarak
incelemeyi amaclamaktadir. Elde edilen bulgularin
hizmet planlamasi, kronik hastalik yonetimi ve
kaynak kullanimina yonelik politika ve uygulamalarin

gelistirilmesine katki saglayabilecegi distinilmektedir.

GEREC ve YONTEM

Bu calisma, retrospektif olarak yuritiulmustir.
Arastirmada, Ankara’min Altindag ilcesinde hizmet
veren bir aile sagligi merkezinin bir aile hekimligi
birimine 02 Ocak 2025-31 Aralik 2025 tarihleri arasinda
basvuran bireylerin sosyodemografik ozellikleri ve
saglik hizmeti kullamim &zellikleri incelenmistir.
Altindag
ilcesinde hizmet veren bir aile saglig1 merkezinin ilgili
aile hekimligi birimine, 02 Ocak 2025-31 Aralik 2025
tarihleri arasinda, en az bir kez basvuran bireyler

Arastirmanin  evrenini, Ankara’nin

olusturmustur. Aile hekimligi birimine basvuranlarin
dosya kayitlarinda incelenen degiskenlere iliskin
verisi eksiksiz bulunan toplam 4.762 tekil birey
calismaya dahil

edilmistir. Calismada orneklem

secimine gidilmemis, orneklem hesab1 veya giic
analizi yapilmamistir.

Arastirma verisi, retrospektif ve anonim olarak
Bilgi
Uzerinden taranarak toplanmistir. Tim hasta verisi

aile hekimligi biriminin Yonetim Sistemi

anonim olarak degerlendirilmis, kisisel kimlik bilgileri
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veri setlerine aktanlmamistir. Toplanan veri sunlar
kapsamaktadir:

. Sosyodemografik bilgiler: yas, cinsiyet,
medeni durum, egitim diizeyi, dogum ili, ikametgah
ili, AHB’nin bulundugu mahalleden basvurma durumu,

. Saglik hizmeti kullanimina iliskin bilgiler:
tan, kronik hastalik varligi, engellilik varligi, recete
edilen ilaclar, aile hekimine kayitli olma durumu,
AHB’ye kayit tarihi, basvuru tarihleri, basvuru sayisi

Tanilar, aile hekimligi biriminde kullanilan ICD-10
kodlarina gore simflandirilmistir. Aym bireyin farkh
basvurularinda tekrarlanan ayni ICD-10 tani kodlan
birey duzeyinde tekillestirilmistir. Bu nedenle toplam
tam kaydi sayis1 toplam basvuru sayisindan daha
disuk olabilir.

Kronik hastalik varligi ve engellilik durumu icin
tim basvurulardaki tanilar dikkate alinmistir.

Bir onceki basvurudan en az 10 giin sonra
gerceklesen basvurular ayri bir basvuru olarak kabul
edilmistir.

Birden fazla basvurusu bulunan bireylerde mevsim
degiskeni, arastirma donemindeki ilk basvurunun
gerceklestigi tarih esas alinarak belirlenmis; her
birey icin tek bir basvuru mevsimi tanimlanmistir.

Kayit suresi, bireyin AHB’ye kayit tarihi ile
arastirma donemindeki son basvuru tarihi arasindaki
sire olarak hesaplanmistir.

En az bir ila¢ recete edilen bireylere ait ilaglar
farmakolojik gruplarina gore siniflandinlmistir. Bir
recetede birden fazla ilac kalemi bulunabilmektedir.
ilac grubu yiizdeleri, ilgili farmakolojik gruptaki ilac
kalemi sayisinin recete edilen toplam ilac kalemi
sayisina oranlanmasiyla hesaplanmistir.

Veri analizi IBM SPSS 26 program kullamlarak
Surekli

Kolmogorov-Smirnov

degiskenlerin  normal
Testi
istatistikler,

gerceklestirilmistir.
dagiima  uygunlugu
ile degerlendirilmistir.  Tanimlayici
kategorik degiskenler icin say1 ve yiizde, normal
dagilim gostermeyen siirekli degiskenler icin medyan
(minimum-maksimum) olarak sunulmustur.

Basvuru sayis1 ortancasinin 2 olmas1 nedeniyle

bireyler, basvuru sayisina gore 1-2 kez ve ii¢ veya

Turk Hij Den Biyol Derg

daha fazla kez basvuranlar seklinde gruplandinilmistir.
Basvuru sayisinin bazi degiskenlere gore dagilimim
degerlendirmek amaciyla Pearson Ki-kare Testi
uygulanmistir.  Anlamli bulunan Ki-kare analizleri
sonrasinda, farkin kaynaginibelirlemekicin diizeltilmis
standartlastinlmis artiklar (Adjusted Standardized
ASR) ve coklu

kaynaklanabilecek Tip | hata olasiligini kontrol etmek

Residuals, karsilastirmalardan
icin Bonferroni diizeltmesi uygulanmistir. Diizeltilmis
anlamlilik diizeyine gore farkin kaynagi saptanmistir.

Aile hekimligi birimine gerceklestirilen basvuru
hizinin degerlendirilmesinde, aile hekimligi birimine
kayitli olma suresinin temel maruziyet zamani olmasi
nedeniyle, misafir hastalar analiz disinda birakilmistir.
Cok degiskenli analiz 4.661 kayith birey izerinden
gerceklestirilmistir. Cok degiskenli modelde; yas
gruplan (0, 1-5, 6-9, 10-21, 22-64 ve 265 yas),
cinsiyet (kadin, erkek), egitim diizeyi (ilkogretim ve
alti, ortadgretim ve onlisans/lisans), medeni durum
(bekar, dul/bosanmis/ evli/birlikte yasiyor), ikamet
edilen il (Ankara, Ankara dis1), aile hekimligi biriminin
bulundugu mahallede ikamet etme durumu (aile
hekimligi biriminin bulundugu mahalle, aile hekimligi
biriminin bulundugu mahallenin dis1), kronik hastalik
varligi (var, yok), ilk basvurunun yapildigi mevsim
yaz)
Basvuru sayisinin kesikli sayim degiskeni olmasi ve

(sonbahar, bahar, kis, degerlendirilmistir.
veride asin sacilim bulunmasi nedeni ile negatif
binom regresyon modeli kullanilmistir. Bireylerin aile
hekimligi biriminde kayitli olduklan siirelerin farkl
olmasi1 nedeniyle gozlem siiresindeki farkliligi kontrol
etmek amaciyla kayit siiresinin giin cinsinden dogal
logaritmas1 (LNkayitsuresigiin) modele offset olarak
dahil edilmistir. Bdylece model, mutlak basvuru
sayisindan ziyade kayit siiresine gore standardize
edilmis basvuru hizin1 tahmin edecek
Modelde

maksimum olabilirlik yontemi ile tahmin edilmistir.

sekilde
yapilandinlmistir. ancillary parametre
Model Fisher scoring, maksimum 200 iterasyon ve
maksimum 20 step-halving ile tahmin edilmistir.
Parametre, log-likelihood ve Hessian yakinsama

kriterleri 1x10 olarak belirlenmistir. Model etkileri



Type lll likelihood-ratio x2 testi ile degerlendirilmistir.
%95 guven araliklart Wald yontemiyle hesaplanmistir.
Log-link fonksiyonunda regresyon katsayilarinin Ustel
degerleri diizeltilmis insidans hiz oram (adjusted
incidence rate ratio; alRR) olarak raporlanmistir.
alRR>1 daha yiiksek, alRR<1 daha dusuk kayit siiresine
gore duzeltilmis basvuru hzin1 ifade etmektedir.
Modelin genel likelihood-ratio testi istatistiksel olarak
anlamUlibulunmustur (LRx?=1706,869; sd=16; p<0,001).
Model: negative binomial (MLE), log link, n=4.661"dir.
Model uyum olcitleri; Log-likelihood=-9812,780;
AIC=19661,561; AICC=19661,708; BIC=19777,606;
CAIC=19.795,606; Deviance/df=1,278; Pearson x2/
df=7,636’dir. Yakinsama saglanmistir.

istatistiksel anlamllik icin p<0,05 degeri kabul
edilmistir.

Bu calisma, Ankara il Saglik Miidiirliigii Miidahalesiz
Etik Kurulu’'nun onayr ile gerceklestirilmistir
(Tarih:11.03.2026, Karar no: 2026-02-05). Etik kurul
onayimin ardindan Ankara il Saglik Miidiirligii Halk
Sagligi Hizmetleri Baskanligi biinyesindeki Birinci
Basamak Saglik Hizmetleri Alaninda Yapilacak Olan
Arastirma Talepleri Degerlendirme Komisyonu’ndan
08.05.2026 tarihli ve E-51381736-771-314017925
sayili yazi ile arastirma izni alinmistir.

BULGULAR

Calismada, 4.762 bireye ait kayitlar incelenmistir.

Bireylerin  sosyodemografik  ozellikleri,  kayith

olma durumlar, AHB’ye kayit sureleri, basvuru
sikliklari, tam dagilimlan ve recete edilme durumlan

degerlendirilmistir.
Sosyodemografik Ozellikler

Bireylerin misafir ve AHB’ye kayitli olmalarina gore
sosyodemografik bazi 6zelliklerinin dagilimi Tablo 1’de
sunulmustur. Bireylerin yas ortancasi 37 (0-100) yildir.
Bireylerin %0,8’i bebeklik doneminde, %5,1’i 1-5 yas
grubunda, %5,8’i 6-9 yas grubunda, %19,6’s1 10-21 yas
grubunda, %56,1’i 22-64 yas grubunda ve %12,6’s1 65
yas ve lizeri gruptadir. incelenenlerin %53,1’i kadin,

%57,0’i evli, %40,7’si bekardur.
okul Oncesi donemde, %58,1’i ilkogretim, %20,6’s1

Bireylerin  %5,9’u

lise, %13,9’u onlisans/lisans mezunudur. Bireylerin
%52,1’1 Ankara disinda dogmus, %93,1’i Ankara’da
ikamet etmekte, %70,5’i AHB’nin hizmet bolgesindeki
mahalleden basvurmaktadir.

%97,9’u  (n=4.661)
aile hekimligi birimine kayith, %2,1’i (n=101) ise

Katiimcilarin basvurduklan
misafir hasta olarak basvurmustur. Birime kayitli olan
4.661 bireyin %39,8’inin (n=1.857) birime 11 yil ve
daha fazla siredir kayitli oldugu belirlenmistir. Bunu
sirastyla 6-10 yil kayitli olanlar (%28,3; n=1.319), 1-5
yil kayitli olanlar (%24,4; n=1.135) ve bir yildan daha
kisa suredir kayitli olanlar (%7,5; n=350) izlemistir.
Aile hekimligi birimine kayitli 4.661 kisinin kayit
suresi ortancasi 2537,0 giin (1,0-6944,0) giindur.
Misafir hastalarin %56,4’unu, kayitlh hastalarin
%56,1’ini 22-64 yas aras1 bireyler olusturmaktadir.
Misafir hastalarin %54,5’i, kayitli hastalarin %53,1’i
kadindir. Her iki grupta da en sik goriilen egitim diizeyi
ilkogretimdir. Misafir hastalarda lise mezunu olanlar
%26,7, kayith hastalarda %20,5 oranindadir. Onlisans/
lisans mezunu olanlar kayitli hastalarin %14,1’ini,
misafir hastalarin %5,9’unu olusturmaktadir. Misafir
hastalarin %48,5’i, kayitl hastalarin %57,2’si evlidir.
Misafir hastalarin %79,2’si Ankara, kayitli hastalarin
%52,7’si Ankara dis1 dogumludur. Misafir hastalarin
%16,8’1,
ikamet etmektedir.

kayith hastalarin %6,7’si Ankara disinda

Kronik hastalik varligi misafir hastalarda %23,8,
kayith hastalarda ise %29,8 olarak belirlenmistir.
Kayit  hastalarin  %0,1’inde  engellilik varligi
bildirilmistir.

Misafir hastalarin %85,1’i, kayitli hastalarin %73,1’i
1-2 kez basvurmustur. Misafir hastalarin %78,2’sinin
ilk basvurusu kis mevsiminde gerceklesirken, kayitl
hastalarin %41,3’Unun ilk basvurusu yaz mevsiminde

gerceklesmistir.
Basvuruya iliskin Ozellikler

Bireylerin basvuru ozelliklerinin dagiim Tablo
2’de sunulmustur.
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Tablo 1. incelenenlerin baz1 sosyodemografik ve basvuru 6zelliklerine gére aile hekimligi birimine kayitli olma durumunun
dagilimi, Ankara, 2025

Misafir Hasta Kayith Hasta Toplam
Degisken (n=4.762)
n (%) n (%) n (%)

Yas Gruplari

0 (bebeklik dénemi) 5 (5,0) 32 (0,7) 37 (0,8)
1-5 yas aras1 (cocukluk donemi) 10 (9,9) 232 (5,0) 242 (5,1)
6-9 yas aras1 (okul cagi cocukluk donemi) 3(3,0) 273 (5,9) 276 (5,8)
10-21 yas arasi (okul cagi ve adolesan donem) 13 (12,9) 921 (19,8) 934 (19,6)
22-64 yas arasi (eriskin) 57 (56,4) 2616 (56,1) 2673 (56,1)
65 yas ve Ustu (yasl) 13 (12,9) 587 (12,6) 600 (12,6)
Cinsiyet

Erkek 46 (45,5%) 2188 (46,9) 2234 (46,9)
Kadin 55 (54,5%) 2473 (53,1) 2528 (53,1)
Egitim Diizeyi

Okul Oncesi 15 (14,9) 264 (5,7) 279 (5,9)
Okuryazar Degil 2 (2,0) 36 (0,8) 38 (0,8)
Okuryazar 2 (2,0) 32 (0,7) 34 (0,7)

ilkogretim 49 (48,5) 2720 (58,4) 2769 (58,1)

Lise 27 (26,7) 954 (20,5) 981 (20,6)
Onlisans/Lisans 6 (5,9) 655 (14,1) 661 (13,9)
Medeni Durum

Dul/Bosanmis 5 (5,0) 106 (2,3) 111 (2,3)
Bekar 47 (46,5) 1891 (40,6) 1938 (40,7)

Evli 49 (48,5) 2664 (57,2) 2713 (57,0)
Dogum ili*

Ankara 80 (79,2) 2203 (47,3) 2283 (47,9)
Ankara Dist 21 (20,8) 2458 (52,7) 2479 (52,1)
ikametgah ili*

Ankara 84 (83,2) 4350 (93,3) 4434 (93,1)
Ankara Dis1 17 (16,8) 311 (6,7) 328 (6,9)
AHB’nin Bulundugu Mahalleden Basvurma Durumu

AHB’nin bulundugu mahalleden basvuranlar 67 (66,3) 3288 (70,5) 3355 (70,5)
AHB’nin bulundugu mahalle disindan basvuranlar 34 (33,7) 1373 (29,5) 1407 (29,5)
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Bir yillk donemde gerceklesen toplam basvuru
sayis1 10.227°dir. Basvuru sayisi ortancasi 2 (1-17)’dir.
incelenenlerin %48,7’si bir kez, %24,6’s1 iki kez

basvurmustur. Uc ve daha fazla basvurma %26,7’dir.

Bireylerin ilk basvurularimn %40,6’s1 yaz, %27,7’si
kis, %26,2’si bahar ve %5,6’s1 sonbahar mevsiminde
gerceklesmistir.

Tablo 2. incelenenlerin basvuru ézelliklerinin dagilimi, Ankara, 2025

Misafir Hasta Kayith Hasta Toplam

Degisken (n=4.762)
n (%) n (%) n (%)

Kronik hastalik varhg*
Yok 77 (76,2) 3273 (70,2) 3350 (70,3)
Var 24 (23,8) 1388 (29,8) 1412 (29,7)
Engellilik varhg
Var 0 (0,0) 5(0,1) 5 (0,1)
Yok 101 (100,0) 4656 (99,9) 4757 (99,9)
ilk Bagvurunun Yapildigi Mevsim
Sonbahar 8(7,9) 257 (5,5) 265 (5,6)
Kis 79 (78,2) 1238 (26,6) 1317 (27,7)
Bahar 5 (5,0) 1242 (26,6) 1247 (26,2)
Yaz 9 (8,9) 1924 (41,3) 1933 (40,6)
Basvuru Sayisr*
1-2 kez 86 (85, 3406 (73,1) 3492 (73,3)
> 3 kez 15 (14,9) 1255 (26,9) 1270 (26,7)

Tablo 3’te incelenenlerin sosyodemografik ve
basvuru ozelliklerine gore aile hekimligi birimine
basvuru sikliklar sunulmustur.

Basvuru sayis1; yas grubu, cinsiyet, egitim dizeyi,
medeni durum, ikamet edilen il, AHB hizmet bolgesine
gore basvuru, kronik hastalik varligi, engellilik durumu
ve basvuru zamani acisindan istatistiksel olarak
anlaml farklilik gostermistir (p<0,05). Aile hekimligi
birimine li¢ ve daha fazla basvuru yapanlarin dagilims;
0 yas grubunda %75,7, kadinlarda %30,9, okul oncesi
egitim diizeyindekilerde %38,0, okuryazarlarda %50,0,
evlilerde %27,9, Ankara’da ikamet edenlerde %27,2,
AHB hizmet bolgesindeki mahalleden basvuranlarda
%32,9, kronik hastaligi olanlarda %30,4,
bireylerde %80,0, yaz doneminde %40,7’dir. Engelli
birey say1sinin (n=5) oldukca duisiik olmasi nedeniyle bu

engelli

bulgu dikkatli yorumlanmalidir. Bonferroni diizeltmesi
uygulanmis dizeltilmis standartlastinlmis artik (ASR)

analizine gore, ki-kare testindeki anlamli farklilik O
yas grubundan (ASR=6,8; Bonferroni diizeltilmis esik
|ASR|>2,87), okul dncesi egitim diizeyindekilerden,
okuryazarlardan (sirasiyla ASR=4,1 ve ASR=3,1;
Bonferroni diizeltilmis esik |ASR|>2,87), evlilerden
(ASR=2,7; Bonferroni duzeltilmis esik |ASR|>2,64)
kaynaklanmaktadir. ilk basvurunun yapildigi mevsime
bakildiginda farklilik; baslica yaz (ASR=18,0) ve kis
(ASR=17,4) mevsimlerinden kaynaklanmis, sonbahar
mevsimi de anlamli katki saglamistir (ASR=4,1;
Bonferroni diizeltilmis esik |ASR|>2,73).

Uc ve daha fazla basvuru oram bebeklik ve erken
cocukluk donemindekilerde, kadinlarda, Ankara’da
ikamet edenlerde, AHB’nin bulundugu mahallede
yasayanlarda ve kronik hastaligi olanlarda daha
yuksek bulunmustur. Engellilik durumuna iliskin bulgu
ise birey sayisinin disik olmasi nedeniyle dikkatli
yorumlanmalidir.
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Tablo 3. incelenenlerin baz1 sosyodemografik ve basvuru 6zelliklerine gore aile hekimligi birimine basvuru sayisinin dagilim,
Ankara, 2025

B S %
Degisken (n=4.762) asvuru Sayist n (%)

1-2 kez > 3 kez p

Yas Gruplari

0 (bebeklik donemi) 9 (24,3) 28 (75,7)

1-5 yas aras1 (cocukluk donemi) 164 (67,8) 78 (32,2)

6-9 yas arasi (okul cag1 cocukluk donemi) 206 (74,6) 70 (25,4) <0.001
10-21 yas arasi (okul cagi ve adolesan donem) 695 (74,4) 239 (25,6) ’
22-64 yas arasi (eriskin) 2003(74,9) 670 (25,1)

65 yas ve Ustu (yasl) 415 (69,2) 185 (30,8)

Cinsiyet

Erkek 1744(78,1) 490 (21,9) <0.001
Kadin 1748(69,1) 780 (30,9) ’
Egitim Diizeyi

Okul Oncesi 173 (62,0) 106 (38,0)

Okuryazar Degil 24 (63,2) 14 (36,8)

Qkuryazar 17 (50,0) 17 (50,0) <0.001
Ilkogretim 2063(74,5) 706 (25,5) ’
Lise 729 (74,3) 252 (25,7)
Onlisans/Lisans 486 (73,5) 175 (26,5)
Medeni Durum

Dul/Bosanmis 88 (79,3) 23 (20,7)

Bekar 1448(74,7) 490 (25,3) 0,049
Evli 1956(72,1) 757 (27,9)

Dogum ili*
Ankara 1694(72,5) 681 (27,5) 0.193
Ankara Dis1 1798 (74,2) 589 (25,8) ’
ikametgah ili*
Ankara 3230(72,8) 1204(27,2) 0.005
Ankara Dis1 262 (79,9) 66 (20,1) ’
AHB’nin Bulundugu Mahalleden Basvurma Durumu
AHB’nin bulundugu mahalleden basvuranlar 2252(67,1) 1103(32,9) <0.001
AHB’nin bulundugu mahalle disindan basvuranlar 1240(88,1) 167 (11,9) ’
Kronik hastalik varligi*
Var 983 (69,6) 429 (30,4) <0,001
Yok 2509 (74,9) 841 (25,1)

Engellilik varhgr**
Var 1 (20,0) 4 (80,0) 0.020
Yok 3491(73,4) 1266(26,6) ’

ilk Basvurunun Yapildigi Mevsim

Bahar 919 (73,7) 328 (26,3)
Yaz 1147 (59,3) 786 (40,7) <0,001
Sonbahar 223 (84,2) 42 (15,8)

Kis 1203 (91,3) 114 (8,7)

*: Yates Diizeltmeli Ki-kare Testi

**: Fisher’s Exact Test
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Kayit siresine gore dizeltilmis aile hekimligi
basvuru hiziyla iliskili faktorleri degerlendiren negatif
binom regresyon modeli Tablo 4’te sunulmustur.

Yas grubu, cinsiyet, egitim diizeyi, medeni durum,
kronik hastalik varligi, ikamet edilen il, AHB’nin
bulundugu mahallede ikamet etme durumu ve ilk
basvurunun yapildigr mevsim basvuru hiziyla anlamli
iliski gostermistir.

Yas grubu, basvuru hiziyla gicli bicimde
iliskili degiskenlerden biri olarak 6ne c¢ikmaktadir
(p<0,001). Referans 265 yas grubu alindiginda, 0 yas
grubunda basvuru hiz1 yaklasik 92 kat daha yiiksektir
(alRR=91,74; %95 GA: 68,99-122,12; p<0,001). Basvuru
hiz1 1-5 yas grubunda da anlamli olarak daha yuksektir
(alRR=3,32; %95 GA: 2,78-3,96; p<0,001). Buna karsin
6-9 yas grubunda anlamli bir farklilik gozlenmezken
(alRR=1,13; %95 GA: 0,95-1,34; p=0,160), 10-21 yas
(alRR=0,82; %95 GA: 0,71-0,94; p=0,005) ve 22-64 yas
(alRR=0,79; %95 GA: 0,73-0,87; p<0,001) gruplarinda
basvuru hizlan referans gruba gore daha dusuktur.

Cinsiyet de basvuru hizi ile anlamli iliski
gostermistir (p<0,001). Erkekler referans alindiginda
kadinlarin aile hekimligi birimine basvuru hizi %16
daha yuksektir (alRR=1,16; %95 GA: 1,10-1,22;
p<0,001).

Onlisans/lisans  mezunlan  referans  kabul
edildiginde, ilkdgretim ve alt1 egitim diizeyine sahip
bireylerin basvuru hiz1 %12 (alRR=0,88; %95 GA: 0,81-
0,95; p=0,002), ortadgretim mezunlarinin ise %9 daha

dustiktir (alRR=0,91; %95 GA: 0,83-1,00; p=0,039).

Medeni durum, basvuru hiziyla bagimsiz olarak
iliskili bulunan bir diger degiskendir (p=0,011). Evli
veya birlikte yasayan bireylerle karsilastinldiginda
bekar bireylerin basvuru iz %14 daha disik
bulunmustur (alRR=0,86; %95 GA: 0,77-0,95; p=0,004).
Dul veya bosanmis bireylerde ise istatistiksel olarak
anlamli bir farklillk saptanmamistir (alRR=1,05; %95
GA: 0,88-1,27; p=0,574).

Kronik hastalik varligi basvuru hizinda artis ile
iliskilidir (p=0,018). Kronik hastalig1 olanlarin aile
hekimligi birimine basvuru hizi, kronik hastaligi
olmayanlara gore %9 daha yiksektir (alRR=1,09; %95
GA: 1,01-1,17; p=0,018).

ikamet edilen il, basvuru hiziyla anlamli iliski
gosteren degiskenler arasinda yer almistir (p=0,029).
Ankara disinda ikamet edenlerin basvuru hizi,
Ankara’da yasayanlara gore %15 daha yuksektir
(alRR=1,15; %95 GA: 1,01-1,30; p=0,028). Buna karsilik
AHB’nin bulundugu mahalle disindan basvuranlarin
basvuru hizi, AHB’nin  bulundugu mahalleden
basvuranlara gore %27 daha dusuktir (alRR=0,73; %95
GA: 0,68-0,78; p<0,001).

ilk basvurunun yapildig1 mevsim de basvuru hiziyla
anlamli duzeyde iliskili bulunmustur (p<0,001).
Yaz mevsimi referans alindiginda basvuru hizi
sonbaharda %24 (alRR=0,76; %95 GA: 0,66-0,87;
p<0,001), ilkbaharda %22 (alRR=0,78; %95 GA: 0,73-
0,83; p<0,001) ve kis mevsiminde %45 daha dusuktur
(alRR=0,55; %95 GA: 0,52-0,59; p<0,001).

Tablo 4. Kayit suresine gore diizeltilmis aile hekimligi birimine basvuru hzi ile iliskili faktorlerin degerlendirilmesinde

negatif binom regresyon modeli, Ankara, 2025

Degisken alRR %95 GA p

Yas grubu <0,001*
>65 yas 1,00 Referans

0 yas 91,74 68,99-122,12 <0,001
1-5 yas 3,32 2,78-3,96 <0,001
6-9 yas 1,13 0,95-1,34 0,160
10-21 yas 0,82 0,71-0,94 0,005
22-64 yas 0,79 0,73-0,87 <0,001
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Tablo 4 (devami). Kayit siiresine gore diizeltilmis aile hekimligi birimine basvuru hiziile iliskili faktorlerin degerlendirilmesinde
negatif binom regresyon modeli, Ankara, 2025

Degisken alRR %95 GA P

Cinsiyet <0,001*
Erkek 1,00 Referans

Kadin 1,16 1,10-1,22 <0,001
Egitim diizeyi 0,008*
Onlisans/lisans 1,00 Referans

ilkogretim ve alt1 0,88 0,81-0,95 0,002
Ortaogretim 0,91 0,83-1,00 0,039
Medeni durum 0,011*
Evli/birlikte yasayan 1,00 Referans

Bekar 0,86 0,77-0,95 0,004
Dul/bosanmis 1,05 0,88-1,27 0,574
Kronik hastalik 0,018*
Yok 1,00 Referans

Var 1,09 1,01-1,17 0,018
ikamet edilen il 0,029*
Ankara 1,00 Referans

Ankara disi 1,15 1,01-1,30 0,028
Mahalle <0,001*
Karapurcek Mahallesi 1,00 Referans

Karapurcek Mahallesi dist 0,73 0,68-0,78 <0,001
ilk Bagvurunun Yapildigi Mevsim <0,001*
Yaz 1,00 Referans

Sonbahar 0,76 0,66-0,87 <0,001
Bahar 0,78 0,73-0,83 <0,001
Kis 0,55 0,52-0,59 <0,001

alRR: adjusted incidence rate ratio; alRR’ler tim diger degiskenler ve kayit siiresi icin diizeltilmistir.
Offset = In(kayit siiresi giin). GA: giiven aralig1.

*: Degisken p degeri Type llI likelihood-ratio x2 testini; satirlardaki p degerleri kategoriye 6zgii Wald testini gostermektedir.

Tanm Dagilimlan
En sik goriilen ilk 10 ICD-10 tanisinin, bu tanilara

Calismaya  dahil  edilen  4.762  bireyin it toplam 4.064 kayit icindeki dagiim Sekil 2’de
10.227 bagvurusu kapsaminda, birey dizeyinde synulmustur. Koruyucu saglik hizmetleri, enfeksiyon
tekillestirilmis toplam 7.450 ICD-10 tanm1 kaydi pastaliklar,  kas-iskelet  sistemi  hastaliklan,
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bulundugu saptanmistir. Tam gruplarinin ICD-10 tan
kayitlar icindeki dagilimi Sekil 1’de sunulmustur.
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Sekil 1. Tam gruplarimin dagilimi, Ankara, 2025
NOT: Yuzdeler, ilgili tam grubundaki tam sayisinin toplam 7.450 ICD-10 tanm kaydina bolinmesiyle hesaplanmistir
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Sekil 2. En sik goriilen (ilk 10) tanilarin dagilimi, Ankara, 2025

NOT: Yizdeler, ilgili tan1 say1sinin sekilde sunulan ilk 10 taniya ait toplam 4.064 tan1 kaydina boliinmesiyle hesaplanmistir.

En sik kaydedilen tanm grubu %27,4 ile koruyucu ile en sik kaydedilen tamdir. Bu grupta “Z00.0 Genel
saglik hizmetleridir. Koruyucu saglik hizmetlerinden  Tibbi Muayene” %10,1 ve “Z00.1 Rutin Cocuk Sagligi
“Z10 Belirlenmis Alt Nufusun Rutin Kontroli” %20,3 Muayenesi” %8,1 oraniyla bunu izlemistir.
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Hastalik ICD-10 kodlan
degerlendirildiginde, enfeksiyon hastaliklarinin 6n

temelli tam
planda oldugu goriilmistir. En sik hastalik tamis
“JO3 Akut Tonsillit” %12,5 ile kaydedilmistir. Buna
ek olarak “JO0 Akut Nazofarenjit [Nezle]” tanisi
da %2,7 oraninda gorulmustir. “J30.2 Mevsimsel
Allerjik Rinit, J30.3 Allerjik Rinit, Diger, T78.4 Allerji,
Tammlanmamis” tanilariyla alerjik hastaliklar %5,1
oraninda saptanmistir.

Kas-iskelet sistemi yakinmalar da sik basvuru
nedenleri arasinda yer almistir. “M79.1 Miyalji” %11,1
oraninda one cikarken, “M54 Dorsalji” %6,9 ile dikkat
cekmistir.

Endokrinolojik ve metabolik hastaliklar %9,7
oraninda gorulmistur. Bu grup hastaliklar icinde
“E11 insiilin-Bagimli Olmayan Diyabetes Mellitiis ve
E13 Diyabetes Mellitiis, Diger” tam kodlanyla %6,7
oraninda diyabet on planda yer almaktadir.

Kalp damar hastalik tamilan incelendiginde,
%11,8 ile “110 Esansiyel (Primer) Hipertansiyon” tan
kodunun en sik kod oldugu belirlenmistir.

1400

24,2
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 ac kalemi savisi, n

Ayrica “K21 Gastro-6zofajial Reflii Hastaligi”
%6,4 ve “E55.9 Vitamin D Eksikligi” %6,0 oraninda
saptanmistir.

Tanmlar arasinda laboratuvar ve rapor amacl
basvurularin da dikkat cekici diizeyde oldugu
gorulmustur. “Z01.7 Laboratuvar Muayenesi” 133
basvuru (%2,8) ile onemli bir pay olustururken, “Z02.4
Ehliyet icin Muayene” basvurularinin da yaygin oldugu

belirlenmistir (n=98; %2,1).
ilac Recete Durumu

incelenen bireylerin %44,9’una herhangi bir ilac
recete edilmedigi saptanmistir. En az bir ilag recete
edilen bireylere ait ilaclar farmakolojik gruplarina
gore simflandinlmistir. ilac grubu vyiizdeleri, ilgili
farmakolojik gruptaki ilac kalemi sayisinin recete
edilen toplam ilac kalemi sayisina oranlanmasiyla
hesaplanmistir. Bir recetede birden fazla ila¢ kalemi
bulunabilmektedir. Recete edilen ila¢ kalemlerinin
farmakolojik gruplara gore dagiimi Sekil 3’te
sunulmustur.

—

Sekil 3. Recete edilen ilag kalemlerinin farmakolojik gruplara gére dagiimi, Ankara, 2025

NOT: Yizdeler, ilgili farmakolojik gruptaki ila¢ kalemi sayisinin recete edilen toplam 4.981 ila¢ kalemine bolunmesiyle
hesaplanmistir. Kan sekeri 6lcim cubuklart ve insiilin kalem igne uclar1 gibi tibbi malzemeler ila¢c kalemi olarak

degerlendirilmediginden analiz disinda birakilmistir.
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Recete edilen ilaclar farmakolojik gruplarina
gore degerlendirildiginde, ©ne c¢ikan  gruplar
arasinda analjezik-antipiretikler, antibiyotikler,
antihipertansifler, antidiyabetikler ve vitamin-mineral
preparatlan yer almistir. Recete edilen ilac kalemleri
icinde analjezik, antipiretik ve antiinflamatuvar ilaclar
%24,2 ile ilk sirada yer almistir. Bunu kardiyovaskiler
sistem ilaclan (%16,4), endokrin ve metabolizma
sistemi ilaclan (%9,9), solunum sistemi ilaclan (%9,7),
vitamin ve mineral preparatlar (%8,6), gastrointestinal
sistem ilaclan (%8,3), dermatolojik preparatlar (%8,0),
sistemik antibakteriyel ilaclar (%3,4), sinir sistemi ve
psikiyatrik ilaclar (%3,3), goz ve kulak preparatlan
(%3,0), antialerjik ve antihistaminik ilaclar (%2,5)
ve diger ila¢c gruplan (%2,7) izlemistir. Kan sekeri
Olciim cubuklan ve insiilin kalem igne uclar gibi tibbi
malzemeler ilag kalemi olarak degerlendirilmediginden
analiz disinda birakilmistir.

TARTISMA

Bu calisma, Ankara’nin kokli ve demografik acidan
dinamik ilcelerinden biri olan Altindag’da bir aile
hekimligi birimine basvuran bireylerin sosyodemografik
ve basvuru ozelliklerini, dagiimlanm ve
recete durumlanm hizmet planlamasi agisindan
degerlendirmektedir.

tam

Sosyodemografik Ozellikler

incelenenlerin cogunlugunun 22-64 yas grubunda,
kadin, evli ve ilkdgretim mezunu oldugu ve Ankara’da
ikamet ettigi gorilmistdir.

Basvuranlarin cogunlugunu eriskinler olustururken,
yashi bireyler de dikkat cekici bir paya sahiptir. Bu
dagiim, aile hekimligi birimine basvuran nifusun
agirlikl olarak eriskin bireylerden olustuguna isaret
etmektedir. Turkiye’de 65 yas ve lzeri nifusun
oran %11,1 olarak bildirilmektedir (10). Calismadaki
yasli birey oramimin bu degere yakin olmasi, ileri
yastaki bireylerin birinci basamak saglik hizmeti
kullammi icinde Onemli bir yere sahip olduguna
isaret etmektedir. Bu bulgu, Sekerci ve Karaca’nin
calismasiyla da uyumludur (11). Yasli bireylerin aile

hekimligi hizmetleri icindeki pay1; yasla birlikte
artan kronik hastalik yuku, duzenli izlem gereksinimi
ve recete yenileme basvurulanyla iliskili olabilir
(7,12). Chappell ve arkadaslar1 da birinci basamak
hizmet talebinin yas gruplarina gére degistigini ve
yuz yuze basvurulann ozellikle en genc ve en ileri yas
gruplarinda daha sik goriildigiini bildirmistir (13). Bu
nedenle hizmet planlamasinda eriskin ve yasli nifusun
koruyucu hizmet, kronik hastalik izlemi ve danmismanlik
gereksinimlerinin birlikte ele alinmasi onemlidir.

Arastirma grubunun sosyodemografik yapisinda
kadinlarin, evli bireylerin ve ilkogretim mezunlarimin
daha belirgin bir yer tuttugu goriilmiistiir. Kadinlarin
arastirma grubunda daha yuksek oranda yer almasi,
kadinlarin birinci basamak saglik hizmetlerini daha
fazla kullanabildigini bildiren ¢alismalarla uyumludur
(4,7,11,14). Evli bireylerin yiiksek oranda bulunmasi ise
medeni durum ile saglik hizmeti kullanimi arasindaki
iliski acisindan degerlendirilebilir (4,7,11). Kadinlardaki
bu goreceli fazlalik; tireme sagligi hizmetleri, gebelik
izlemleri, cocuk saghigi hizmetleri ve saglik arama
davramsindaki toplumsal ve kiltirel farkliliklarla
iliskili olabilir (15). ilkégretim mezunlarinin cogunlukta
olmasi, bu birime basvuran nifusta disik ve orta
egitim diizeyinin belirgin oldugunu ortaya koymaktadir.
Egitim diizeyi ile saglik hizmeti kullammi arasindaki
iliskinin saglik okuryazarligi, sosyoekonomik kosullar ve
hizmete erisim 6zellikleriyle birlikte degerlendirilmesi
gerekir (16,17).

Basvuranlanin buyilk bolimuinin Ankara’da ve
birimin hizmet bolgesinde ikamet etmesi, birimin biyiik
oOlciide yerel niifusa hizmet verdigini gostermektedir.
Bu durum, birinci basamak saglik hizmetlerinin
kullamminda fiziksel erisilebilirligin ve hizmet birimine
yakinligin  onemli olabilecegini disiindiirmektedir.
Literatiirde de aile sagligi merkezinin eve vyakin
olmasi ve ulasim kolayligi saglamasi, aile hekimligi
hizmetlerinin tercih edilmesini etkileyen faktorler
arasinda gosterilmektedir (7,16). Guven ve Aycan’in
calismasinda da aile sagligi merkezine yakin yasayan
ve merkeze yuruyerek ulasabilen bireylerin bu
merkezleri daha sik tercih ettikleri bildirilmistir (1).
Bu bulgular, hizmet planlamasinda birimin bulundugu
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mahallenin nifus ozellikleri ile hizmet kullanim
yogunlugunun birlikte degerlendirilmesi gerektigini
desteklemektedir.

Basvuru Ozellikleri

Bireylerin arastirma donemindeki ilk basvurularn
mevsimlere gore degerlendirildiginde, ilk basvurularin
en sk yaz aylarinda gerceklestigi
(%40,6). Bu bulgu, toplam basvuru hacminin
mevsimsel dagilimim degil, calismaya dahil edilen
bireylerin arastirma donemindeki ilk basvurularinin
zamanlamasini yansitmaktadir. Birinci basamak saglik

belirlenmistir

hizmetlerinde basvuru nedenleri ve hizmet yukunun
mevsimlere gore degisebildigi; dzellikle solunum yolu
hastaliklarina iliskin basvurularin kis doneminde daha
fazla olabildigi bildirilmektedir (18, 19). ilk basvurularin
yaz aylarinda daha sik goriilmesi; rutin kontroller, kronik
hastalik izlemleri, recete yenileme gereksinimleri ve
koruyucu saglik hizmetleriyle iliskili olabilir (16,20).
Bununla birlikte, calisma kapsaminda yalmizca ilk
basvurunun yapildigi mevsim degerlendirildiginden,
bu bulgu toplam hizmet kullanimindaki mevsimsel
degisim olarak yorumlanmamalidir.

incelenenlerin  %26,7’sinin iic veya daha fazla
kez basvurdugu saptanmistir. Bu bulgu, dortte
birlik bir grubun tekrarlayan hizmet gereksinimi
bulundugunu gostermektedir. Tirkiye’de 2024 yili
itibartyla birinci basamak saglik hizmetlerine kisi
basina yillik ortalama basvuru sayisimin 5,3 oldugu
bildirilmektedir (9). Calismada gozlenen tekrarlayan
basvuru oriintusi ile ulusal dizeyde bildirilen basvuru
siklig1 degerlendirildiginde, diizenli izlem gerektiren
bireylerin erken donemde belirlenmesi, risk gruplarinin
tanimlanmas1 ve kisiye ozgu takip stratejilerinin
uygulanmasinin birinci basamak saglik hizmetlerinde
sureklilik, etkinlik ve kaynak kullaniminin iyilestirilmesi
acisindan 6nemli oldugu anlasilmaktadr.

Aile hekimligi birimine kayitli bireylerin kayit
siresi ortancasinin 2537 giin, yaklasik yedi yil, olmasi,
bireylerin onemli bir boliminin uzun siredir ayni
birime kayitli olduguna isaret etmektedir. Benzer
sekilde Kaya ve Gamsizkan’in calismasinda da yash
bireylerin bir aile hekimligi birimine ortalama yaklasik
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yedi yil kayitl oldugu bildirilmistir (12). Uzun siireli
kayitliik, kronik hastalik izlemi, koruyucu saglik
hizmetleri ve damsmanlik uygulamalarinda hizmet
stirekliliginin saglanmasi agisindan 6nemli olabilir.
Misafir ve kayitli hastalarda yas grubu, ikamet ili,
ilk basvurunun yapildigi mevsim ve basvuru sikligina
iliskin dagilimlann farkli oldugu goriilmiistiir. Misafir
hastalarda ilk basvurunun daha cok kis mevsiminde ve
tek basvuru seklinde gerceklesmesi, kayith hastalarda
ise yaz mevsimindeki ilk basvurularin ve tekrarlayan
basvurularin daha fazla olmas, iki grubun saglik hizmeti
kullanim  bicimlerinin  farklilasabilecegine isaret
etmektedir. Bununla birlikte, misafir hasta grubunun
sayisinin  dusuk olmasi nedeniyle bu farkliliklarin
nedenlerine iliskin yorumlar sinirli tutulmalidir.

Basvuru hiziyla iliskili faktorler

Kayit siiresine gore diizeltilmis cok degiskenli
analizde yas grubu, cinsiyet, egitim diizeyi, medeni
durum, kronik hastalik varligi, ikamet edilen il,
AHB’nin bulundugu mahallede ikamet etme durumu
ve ilk basvurunun yapildigi mevsim basvuru hiziyla
iliskili bulunmustur. Yas grubu, basvuru mziyla belirgin
bicimde iliskili degiskenlerden biri olmustur. Altmis
bes yas ve lizerindeki bireylerle karsilastinldiginda
basvuru hizimin bebeklerde yaklasik 92 kat, 1-5 yas
grubunda ise yaklasik 3,3 kat daha yuksek olmasi;
yasamin ilk yillarinda yuritilen buyiime-gelisme
izlemleri, bagisiklama hizmetleri ve akut cocukluk ¢agi
saglik gereksinimleriyle iliskili olabilir (2,21). Buna
karsilik 10-21 ve 22-64 yas gruplarinda basvuru hizinin
daha disiik bulunmasi, egitim ve calisma cagindaki
bireylerin saglik hizmetlerinden daha cok belirli veya
zorunlu gereksinimler dogrultusunda yararlanmalariyla
aciklanabilir (8,16). Koh ve arkadaslar, adolesanlarda
sik basvuru taniminda kullanilan yillik basvuru esiginin
calismalar arasinda farklilk gosterebildigini ve bu
degiskenligin saglik sistemi ozellikleri ile kullamlan
tamma bagli oldugunu bildirmistir (22). Alti-dokuz
yas grubunda ise 65 yas ve uzerindeki bireylere gore
anlamli bir farklilk saptanmamistir. Kadinlarin basvuru
hizinin erkeklerden %16 daha yuksek olmasi; iireme
saglig1 hizmetleri, periyodik kontroller, cocuk izlemleri



ve saglik arama davramsindaki farkliliklarla iliskili
olabilir (7,15).

Egitim diizeyi de basvuru hziyla iliskili bulunan
sosyodemografik degiskenlerden biridir. Onlisans/
lisans mezunlanyla karsilastinldiginda, ilkégretim
ve alt1 egitim diizeyine sahip bireylerin basvuru hizi
%12, ortadgretim mezunlarnnin ise %9 daha disiik
bulunmustur. Bu durum, egitim diizeyinin saglik
okuryazarligi, koruyucu hizmetlerden vyararlanma,
saglik gereksinimini algilama ve hizmete basvurma
davrams1 Uzerindeki etkisiyle iliskili olabilir. Bununla
birlikte egitim ile saglik hizmeti kullanimi arasindaki
iliski; gelir, calisma durumu ve erisilebilirlik gibi bu
calismada degerlendirilemeyen degiskenlerden de
etkilenebileceginden dikkatli yorumlanmalidir. Medeni
durum agisindan ise bekar bireylerin basvuru hizinin
evli veya birlikte yasayan bireylere gore %14 daha dusiik
oldugu goriilmistir. Bu farklilik, sosyal destek diizeyi,
aile yapisi ve saglik hizmetine basvurma davramsindaki
farkliliklarla iliskili olabilir (6,23). Dul veya bosanmis
bireylerde ise anlamli bir farklilk saptanmamistir.

Kronik hastaligiolan bireylerin basvuru hizimin kronik
hastalig1 olmayanlara gore %9 daha yiiksek bulunmasi,
diizenli izlem, recete yenileme, laboratuvar kontroli
ve damsmanlik gereksinimleriyle iliskili olabilir (24).
Bu bulgu, kronik hastalik yukinin birinci basamak
saglik hizmeti kullanimim artiran temel gereksinim
belirleyicilerinden biri oldugunu bildiren calismalarla
uyumludur (4,12,25). Bununla birlikte, saptanan artisin
gorece sinirli olmasi, basvuru hizimin yalnizca kronik
hastalik varligiyla degil; hastaligin tiirli, sayis1, siddeti,
tedavi diizeni ve bireyin saglik hizmeti arama davranisi
gibi calismada degerlendirilemeyen etkenlerle de
sekillenebilecegini disiindiirmektedir.

ikamet yeriyle ilgili bulgular iki farkli egilime
isaret etmistir. Ankara disinda ikamet edenlerin
basvuru hizinin Ankara’da yasayanlara gore %15
daha yuksek bulunmasi, bu bireylerin birime daha
secici ya da belirli saglik gereksinimleri nedeniyle
basvurmasiyla iliskili olabilir. Buna karsiik AHB’nin
bulundugu mahalle disinda ikamet edenlerin basvuru
hizinin, aym mahallede yasayanlara gore %27 daha
diisiik olmasi, fiziksel yakinlik ve ulasim kolayliginin

hizmet kullammin1 destekledigini dustindirmektedir.
Literatiirde de aile sagligi merkezine yakinligin ve
ulasim kolayliginin birinci basamak saglik hizmetlerinin
tercih edilmesinde etkili oldugu bildirilmektedir
(1,16,26). Bununla birlikte ikamet ili ve mahalleye
iliskin bu sonuclar, bireylerin gecici ikamet durumu,
ulasim olanaklan ve baska saglik kuruluslarim
kullanma davranislar degerlendirilmedigi icin dikkatli
yorumlanmalidir.

ilk basvurusu yaz mevsiminde gerceklesen bireylerin
basvuru hizimin diger mevsimlere gore daha yiksek
oldugu goriilmiistiir. Yaz mevsimiyle karsilastirildiginda
basvuru iz sonbaharda %24, ilkbaharda %22 ve
kista %45 daha dusuk bulunmustur. Bu farklilik; rutin
kontroller, kronik hastalik izlemleri ve recete yenileme
gereksinimleriyle iliskili olabilir (18). Bununla birlikte
mevsim degiskeni, bireyin arastirma donemindeki ilk
basvuru tarihine gére tanimlandigindan, bu bulgu tiim
basvurularin mevsimsel dagilimim degil, ilk basvuru
zamaniyla iliskili basvuru hizin1 yansitmaktadir. Bu
nedenle sonuclar busimrlilik g6z 6ntinde bulundurularak
yorumlanmalidir.

Tan1 dagilimlan ve recete durumu

Bu calismada 4.762 bireye ait 10.227 basvuru
kapsaminda birey duzeyinde tekillestirilmis toplam
7.450 ICD-10 tam kaydi bulunmasi, bireylerde birden
fazla farkli saglik sorununun kayitli olabilecegini ve aile
hekimligi hizmetlerinin cesitli saglik gereksinimlerini
kapsadigim ortaya koymaktadir. Tam gruplan iginde
koruyucu saglik hizmetlerinin ilk sirada yer almasi,
aile hekimligi biriminin yalmzca hastaliklarin tan
ve tedavisinde degil; rutin kontroller, genel tibbi
muayeneler, cocuk saglig1 izlemleri ve damsmanlik
hizmetlerinde de onemli bir isleve sahip oldugunu
dusundurmektedir. Bu bulgu, aile hekimlerinin kayith
nufusa yonelik gebe, bebek ve cocuk izlemleri,
bagisiklama, taramalari, kronik hastalik
takibi ve diger koruyucu saglik hizmetlerini yiriitme
sorumluluklariyla uyumludur (27). Koruyucu hizmetlere
iliskin tamlarin one ¢ikmasi, bu hizmetlerin mevzuatla
tamimlanms, diizenli olarak yuritiilmesi ve kayit altina
alinmasi beklenen temel aile hekimligi uygulamalar

kanser
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arasinda yer almasiyla iliskili olabilir (28,29). Nitekim
birinci basamakta periyodik saglik muayeneleri,
bagisiklama, bebek ve cocuk izlemleri ile diger
koruyucu hekimlik uygulamalarinin temel hizmet
alanlan arasinda bulundugu bildirilmektedir (11,30).
Koruyucu saglik hizmetlerini enfeksiyon hastaliklari,
kas-iskelet sistemi yakinmalar, endokrinolojik-
metabolik hastaliklar ve kalp-damar hastaliklarinin
izlemesi, birinci basamagin hem akut saglik sorunlarinin
yonetiminde hem de kronik hastaliklarin izleminde
onemli bir basvuru alan1 olduguna isaret etmektedir.
Literatiirde de aile hekimligi basvurularinda akut
nazofarenjit, tonsillit, miyalji, dorsalji, hipertansiyon
ve diyabet gibi akut, semptom temelli ve kronik
hastaliklara iliskin tanilarin sik goriildiigi bildirilmistir
(12,18,20).

Tam dagiimiyla uyumlu olarak recete edilen
ilac gruplan icinde analjezik ve antiinflamatuvar
ilaclar, vitamin-mineral preparatlar,
metabolizma ilaclan, ilaclar,
kardiyovaskiiler sistem ilaclan ve antibiyotiklerin
one ciktigi goriilmistir. Bu dagiim, aile hekimligi
biriminde hem akut yakinmalarin hem de kronik
hastaliklarin yonetildigini distindiirmektedir. Bununla
birlikte bireylerin %44,9’una herhangi bir ilac recete
edilmemis olmas, aile hekimligi basvurularimin yalnizca
ilac recete edilmesi amaciyla gerceklesmedigini;
koruyucu bakim, izlem, damsmanlik,

endokrin ve

solunum sistemi

laboratuvar
degerlendirmesi ile saglik raporu, ehliyet raporu ve
benzeri tibbi belgelendirme islemlerinin de birimin
hizmet yiikii icinde yer aldigini disiindiirmektedir.
Delican ve arkadaslar da aile sagligi merkezlerinin
ilac yazdirma, rapor alma, gebe izlemleri, anne-
cocuk sagligi hizmetleri ve kicilik saglik sorunlar
gibi farkli gereksinimler icin kullamldigin bildirmistir
(16). Bu calismada rutin muayene, laboratuvar
degerlendirmesi, ehliyet muayenesi ve diger rapor
amacli basvurularin da bulunmasi, aile hekimligi
birimlerinin tan1 ve tedavinin yani sira koruyucu
hizmetler, izlem, damsmanlik ve tibbi belgelendirme
sureclerini kapsayan cok yonlu bir hizmet yukiine sahip
oldugunu desteklemektedir.

Bu bulgular birlikte degerlendirildiginde, aile
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hekimligi hizmetlerinin kullamimimin yas, cinsiyet,
egitim diizeyi, medeni durum, kronik hastalik varligi,
ikamet yeri ve ilk basvurunun yapildigi mevsim gibi
degiskenlerle birlikte ele alinmasinin onemli oldugu
distinilmektedir. Cocukluk caginda koruyucu saglik
hizmetleri ve bagisiklama izlemlerine, eriskin ve yash
nufusta ise kronik hastalik takibi, ilac yonetimi ve
danmismanlik hizmetlerine oncelik verilmesi onemlidir.
Ayrica donemsel basvuru farkliliklar dogrultusunda
ilac ve sarf malzeme gereksiniminin, personel
planlamasimin, randevu diizenlemelerinin ve yardimci
personel desteginin yapilandirilmasi, birinci basamak
hizmetlerinin siirekliligini ve niteligini gliclendirebilir.

Sinirhibiklar

Bu calismanmin cesitli simrtibklan bulunmaktadir.
Calismanin retrospektif tasarimi nedeniyle sonuclar,
kayit suresine gore duzeltilmis basvuru hizi ile
incelenen ortaya
koymakta olup nedensel olarak yorumlanmamalidir.

Calismaya yalmizca arastirma doneminde ilgili aile
hekimligi birimine en az bir kez basvuran bireyler dahil
edilmistir. Bu nedenle birime kayitli olup arastirma
doneminde basvuru yapmayan bireylerin saglik hizmeti
kullanmim ozellikleri degerlendirilememistir.

Mevsim  degiskeni,  her arastirma
donemindeki yalmzca ilk basvuru tarihi esas alinarak
olusturuldugundan, yil icindeki toplam basvurularin
mevsimsel dagilimim1 ve hizmet yiikiindeki donemsel
degisimleri tam olarak yansitmamaktadir.

Analiz, elektronik saglik kayitlarinda mevcut
degiskenlerle simrlidir. Verilerin rutin kayit sisteminden
elde edilmesi nedeniyle eksik kayit, yanlis kodlama
veya simflandirma hatasi bulunma olasilig1 g6z ardi
edilemez. Ayrica hastalik siddeti, ekonomik durum,
saglik okuryazarligi, saglik hizmeti arama davranisi,
ulasim olanaklar ve diger saglik kuruluslarindan alinan
hizmetler gibi potansiyel karstiricilar veri setinde
bulunmadigindan modele dahil edilememistir. Bu
nedenle artik karistincilik olasiligi tamamen ortadan
kaldirilamamastir.

Calismanin tek bir aile hekimligi biriminde ve tek
bir hekimin elektronik kayitlar Gizerinden yirutilmesi,

ozellikler arasindaki iliskileri

bireyin



sonuclann farkli cografi bolgelerdeki aile hekimligi
birimlerine genellenebilirligini sinirlamaktadir.
Tanm1 dagiimlan hekimin kodlama tercihleri ve Z
kodlarinm kullanma aliskanligindan etkilenmis olabilir.
Ayrica basvuru sayisinin yalmzca ilgili aile hekimligi
birimindeki kayitlar lizerinden degerlendirilmesi, baska
saglik kuruluslarinda gerceklestirilen basvurularin
yakalanamamasina neden olmus olabilir.

Bazi alt gruplardaki birey sayis1 disiiktiir. Ozellikle
engellilik kaydi bulunan birey sayisinin yalnizca bes
olmasi, bu gruba iliskin karsilastirmali bulgularin
dikkatli yorumlanmasini gerektirmektedir. Ayrica 0 yas
grubunda yalmzca 32 kayitl birey bulunmasi nedeniyle
bu gruba iliskin basvuru hizi tahmini oldukca yuksek
ve giliven aralig1 genistir (alRR=91,74; %95 GA: 68,99-
122,12). Bu nedenle bu bulgu dikkatli yorumlanmalidir.

Negatif binom regresyon modelinde Pearson x2/
df degerinin 7,636 olmasi, modelde agiklanmayan
heterojenitenin devam ettigine isaret etmektedir. Bu
nedenle modelin veri yapisim tam olarak acikladig
soylenemez. Kayit siiresinin offset olarak kullanilmasi,

ETiK KURUL ONAYI

bireyler arasindaki farkli gozlem surelerini kontrol
etmeye katki saglamakla birlikte, kayit siiresinin saglik
hizmeti kullanimindan tamamen bagimsiz oldugu
varsayimini ortadan kaldirmamaktadir.

Sonuc olarak; bu calismada, kayit suresine gore
diizeltilmis aile hekimligi basvuru hizimn yas, cinsiyet,
egitim diizeyi, medeni durum, kronik hastalik varligi,
ikamet edilen il, AHB’nin bulundugu mahallede
ikamet etme durumu ve ilk basvurunun yapildigi
mevsimle iliskili oldugu bulunmustur. Bu nedenle
birinci basamak saglik hizmetlerinin degerlendirilmesi
ve planlanmasinda yalnizca toplam basvuru sayisinin
degil, niifusun sosyodemografik 6zelliklerinin, kronik
hastalik yukinun,
donemsel basvuru farkliliklarinin da dikkate alinmasi
gerekmektedir. Bu dogrultuda diizenli izlem, koruyucu
saglik hizmetleri, kronik hastalik yonetimi ve hizmet
stirekliligini destekleyen biitiinciil bakim yaklasimlarinin
giiclendirilmesi, aile hekimligi hizmetlerinin etkinligine

hizmete erisim kosullarinin ve

katki saglayabilir.

* Ankara il Saglik Miidiirliigii Miidahalesiz Etik Kurulu’nun onay ile gerceklestirilmistir (Tarih:11.03.2026, Karar no: 2026-02-

05).
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Olgu Sunumu/Case Report
Makale Dili ”ingilizce"/Amcle Language “English”

Turk Hijyen ve Deneysel Biyoloji Dergisi

A rare cause of urinary tract infection: Pantoea agglomerans

Caner OKsUZ'

, Fatih CUBUK?

ABSTRACT

Pantoea agglomerans is a gram-negative bacterium
and a member of the Enterobacteriaceae family. It is
commonly isolated from environmental samples, though
it rarely causes infections in humans. Human infections
have been reported following plant injuries and the use
of contaminated medical products. We present a case
of urinary tract infection caused by P agglomerans in
a 50-year-old immunocompetent male patient with a
community-acquired infection. The patient presented with
fever and dysuria but had no urethral discharge, pruritus,
or other associated symptoms. Physical examination
revealed no significant findings. Routine urinalysis showed
a pH of 6.0, specific gravity of 1026, and positive results
for both nitrites and leukocyte esterase. Urinary system
ultrasonography revealed no abnormalities. Urine culture
grew P agglomerans at a concentration of >10° cfu/
mL. Identification was performed using conventional
microbiological techniques and the BD PhoenixTM (Becton
Dickinson, USA) automated system. The isolated organism
was found to be susceptible to all tested antibiotics.
Antimicrobial susceptibility testing was conducted using
the BD PhoenixTM (Becton Dickinson, USA) device, and

OZET

Pantoea agglomerans, Enterobacteriaceae ailesi
Uyesi gram negatif bir basildir. Siklikla cevresel
orneklerden izole edilen P. agglomerans nadiren
insanlarda hastaliga neden olur. Insanlarda bitki
yaralanmalari sonrasi ve kontamine tibbi Uriinler
kaynakli enfeksiyon olgular bildirilmistir. Toplum
kokenli ve imminkompetan 50 yasinda erkek bir
hastada P. agglomerans’in neden oldugu Uriner sistem
enfeksiyonunu bildirdik. Hasta ates ve idrarda yanma
sikayeti ile basvurdu. Uretral akinti, kasinti ya da
baska bir sikayeti saptanmadi. Fizik muayenesinde
bir bulgu yoktu. Tam idrar testinde pH 6.0, dansite
1026, nitrit pozitif ve lokosit esteraz pozitif olarak
raporlandi.  Uriner sistem  ultrasonografisinde
patoloji saptanmadi. idrar kiiltiiriinde >10° cfu/mL P.
agglomerans uremesi oldu. Tanimlama konvansiyonel
mikrobiyolojik yontemler ve BD PhoenixTM (Becton
Dickinson, ABD) otomatize sistemi ile gerceklestirildi.
izole edilen tir calisilan tiim antibiyotiklere
duyarli bulundu. Antimikrobiyal duyarlilik testleri
BD PhoenixTM ABD)

kullanilarak ve minimum inhibitor konsantrasyon

(Becton Dickinson, cihazi
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the minimum inhibitory concentration (MIC) values were
determined. Results were interpreted according to the
criteria set by the European Committee on Antimicrobial
Susceptibility Testing (EUCAST). The patient exhibited
no signs of systemic infection. Empiric treatment with
trimethoprim/sulfamethoxazole (160 mg/800 mg) 2x1
tablet was initiated, followed by a switch to cefixime
400 mg 1x1 tablet due to the potential hepatotoxicity
associated with trimethoprim/sulfamethoxazole. The
patient was successfully treated over a course of 14
days. The isolated species was fully susceptible to all
antibiotics tested, which is thought to be attributed to the
patient’s lack of immunosuppression and the community-
acquired nature of the infection. However, resistant
strains are more likely to be encountered in patients with
underlying conditions or in hospitalized individuals. The
rare nature of the pathogen in this case, along with the
absence of typical features and the successful outpatient
management, is noteworthy. Through this report, we aim
to highlight the rare and atypical clinical presentations
of this bacterium and contribute to the management of

similar cases.

Anahtar Kelimeler: Pantoea agglomerans, urinary

tract infection, community-acquired

(MIC) degerleri belirlenerek yapildi. Duyarlilik test
sonuclan
Susceptibility Testing (EUCAST)
Hastada

European Committee on Antimicrobial
kriterlerine gore
degerlendirildi. sistemik  enfeksiyon
bulgular1 yoktu. Komplike iiriner sistem enfeksiyonu
tanisiyla trimetoprim/sulfametoksazol (160 mg/800
mg) 2x1 tablet tedavisi ve bu antibiyotigin olasi
hepatotoksisitesi nedeniyle gecilen sefiksim 400 mg
1x1 tablet tedavisi ile toplam 14 giinde basarili bir
sekilde tedavi edildi. izole ettigimiz tiir calisilan
tum antibiyotiklere duyarli bulunmustur. Bu durumun
hastanin  immunsupresyonunun bulunmamasi ve
toplum kokenli olmasina bagli oldugu disiintilmistdr.
Altta yatan hastaligi olanlarda ve hastanede yatan
hastalarda direncli suslar ile karsilasmak miimkunddr.
nadir bir etkenle

Olgumuzun tipik ozellikler

gozlenmeden enfekte olmasi ve ayaktan tedavi
edilebilmesi ilgi cekicidir. Calismamizla bu bakterinin
nadir atipik klinik sunumlarina dikkat cekmeyi ve

vaka yonetimine katki sunmay1 distiniiyoruz.

Key Words: Pantoea agglomerans, uriner sistem

enfeksiyonu, toplum kokenli

INTRODUCTION

Pantoea agglomerans is a Gram-negative bacillus
belonging to the family Enterobacteriaceae. It was
previously known as Enterobacter agglomerans and
Erwinia herbicola (1). P agglomerans is frequently
isolated from environmental sources but only rarely
causes disease in humans (2,3). Human infections
typically occur in neonates and immunocompromised
individuals (3). Cases have also been described
following plant-related injuries and exposure to
contaminated medical products (4).

Turk Hij Den Biyol Derg

Here, we report a case of community-acquired
urinary tract infection caused by P agglomerans
in a b50-year-old immunocompetent male. By
presenting this case, we aim to highlight the atypical
and uncommon clinical manifestations associated
with this organism and contribute to the clinical

management of such rare infections.

CASE REPORT

A 50-year-old male presented to our Infectious
Diseases and Clinical Microbiology outpatient clinic



with complaints of fever and dysuria. He denied

urethral discharge, pruritus, or any additional

symptoms. His chronic medications included
acetylsalicylic acid, metoprolol, fenofibrate, and
rabeprazole. He had no history of hospitalization other
than a varicocelectomy performed approximately
20 years earlier. On presentation, his vital signs
were as follows: body temperature, 36.3°C; pulse
rate, 62/min; respiratory rate, 17/min; and blood
pressure, 110/80 mmHg. Physical examination was
unremarkable.

Routine blood tests showed a leukocyte count
of 11.9x10°/L, count of 10.5x10°/L,
neutrophil percentage of 88%, C-reactive protein
(CRP) of 64 mg/L (reference: 0-10 mg/L), blood

urea nitrogen of 20.5 mg/dL, creatinine of 1.0

neutrophil

mg/dL, alanine aminotransferase (ALT) of 33 U/L,
and aspartate aminotransferase (AST) of 32 U/L.
Urinalysis revealed a pH of 6.0, a specific gravity of
1026, and positive results for nitrite and leukocyte
esterase. No pathological findings were detected on
urinary system ultrasonography.

Following urine culture collection, the patient
was diagnosed with a urinary tract infection and
empirically started on trimethoprim-sulfamethoxazole
(160 mg/800 mg) twice daily. The urine culture
subsequently yielded P. agglomerans at >10° CFU/
mL. Identification was performed using conventional
microbiological methods in conjunction with the BD
Phoenix™ (Becton Dickinson, USA) automated system.
Antimicrobial susceptibility testing was carried
out using the BD Phoenix™ system, and minimum
inhibitory concentration (MIC) values were obtained.
The results were interpreted according to the
European Committee on Antimicrobial Susceptibility
Testing (EUCAST) guidelines (5).

On the sixth day of treatment, the patient was
asymptomatic, his physical examination remained
unremarkable, and his CRP level had decreased to
14 mg/L. However, biochemical analysis revealed
elevated levels of AST (248 U/L), ALT (277 U/L),
and gamma-glutamyl transferase (GGT) (106 U/L).

Hepatobiliary ultrasonography showed only grade 1
hepatosteatosis without any additional abnormalities.
These findings
possible
hepatotoxicity

were considered suggestive of
trimethoprim-sulfamethoxazole-induced
(6).

antibiotic therapy was switched to cefixime 400 mg

Consequently, the patient’s
once daily. In addition, based on recommendations
from the internal medicine team, N-acetylcysteine
effervescent tablets and adequate hydration therapy
were initiated.

By the tenth day of treatment, the patient’s ALT,
AST, GGT, and CRP levels had returned to within
normal limits. Urinalysis demonstrated negative
and the

follow-up urine culture was sterile. As the patient’s

leukocyte esterase and nitrite results,
symptoms had fully resolved, antibiotic therapy
was continued for a total duration of 14 days and
subsequently discontinued.

Since it is a case report, ethics committee approval
is not required; Written consent of the patient was
obtained for the presentation of the case.

DISCUSSION

Pantoea species are considered rare opportunistic
pathogens. In a study investigating the epidemiology
and antimicrobial resistance patterns of Pantoea
species, hospitalized patients were found to be
approximately 1.5 times more commonly affected
than outpatients. In that study, Pantoea isolates
were most frequently recovered from blood cultures,
abscesses, and surgical specimens, whereas only 3
of the 70 isolates were obtained from urine samples
of patients with indwelling urinary catheters (7).
In contrast, our patient was an immunocompetent,
community-acquired case without a urinary catheter.
This highlights that even in such individuals, this
uncommon pathogen should be recognized as a
potential cause of infection.

P agglomerans typically causes localized
infections in immunocompetent individuals, whereas

systemic infections are more commonly observed
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in immunosuppressed patients and neonates (8,9).
Consistent with this pattern, no signs of systemic
infection were identified in our immunocompetent
patient, who was successfully managed with oral
antibiotic therapy in the outpatient setting.
Olmos-Alpiste et al. reported a case of a
58-year-old woman who developed a Pantoea
agglomerans skin infection following a penetrating
plant injury (10). The patient did not respond to
empirical therapy with amoxicillin-clavulanic acid,
cloxacillin, and clindamycin. Clinical improvement
was achieved after the pathogen was isolated from
skin biopsy cultures and the treatment was switched
(10).  This
case is notable for demonstrating the pathogenic

to trimethoprim-sulfamethoxazole

potential of P agglomerans in immunocompetent
adults. In our case, there was no history of plant
exposure; however, similarly successful outcomes
were obtained with trimethoprim-sulfamethoxazole
therapy. These findings highlight that this pathogen
should be considered even in the absence of clear
environmental exposure.

Septic arthritis is most commonly caused by
staphylococci and streptococci. Koutserimpas et
al. described a case of septic arthritis due to P
agglomerans in a 67-year-old man, representing one
of only a few such cases reported in the literatire
(11).

Both the existing
demonstrate that P agglomerans can act as an

literature and our case

etiological agent in atypical patient profiles, including
immunocompetent adults with community-acquired
infections. Therefore, thorough microbiological
evaluation is essential, as it can identify unusual
pathogens that may not be adequately covered by
empirical therapy.

The vast majority of urinary tract infections are
caused by Escherichia coli (12,13). Other implicated
pathogens include Klebsiella, Proteus, Pseudomonas,

and Enterobacter species, as well as enterococci

Turk Hij Den Biyol Derg

and staphylococci. Trimethoprim-sulfamethoxazole,
fluoroquinolones, and beta-lactams are commonly
used as first-line treatment options (12). Our patient
was empirically initiated on oral trimethoprim-
sulfamethoxazole for presumed complicated urinary
tract infection. After P agglomerans was isolated from
the urine culture and confirmed to be susceptible,
the initial therapy was continued. Despite clinical
and laboratory improvement, the antibiotic regimen
was switched to cefixime due to elevations in hepatic
enzyme levels. Under cefixime therapy, both acute-
phase reactants and liver function tests normalized.
No bacterial growth was detected in follow-up urine
cultures. As the patient’s symptoms had resolved and
physical examination remained unremarkable, a total
14-day course of antibiotic therapy was completed.
The patient achieved full clinical recovery.

In the study by Gajdacs, all Pantoea species
isolates obtained from various clinical specimens
were reported to be susceptible to amikacin and
meropenem, with a 94.3% susceptibility rate to
trimethoprim-sulfamethoxazole. Higher resistance
rates were observed for amoxicillin-clavulanate
and ampicillin (7). Another study investigating the
resistance profiles of P agglomerans isolates causing
bacteremia reported very low resistance levels (14).
Consistent with these findings, the isolate recovered
from our patient’s urine culture was susceptible to
all tested antibiotics (Table 1). In contrast, Buyikcam
et al. reported carbapenem resistance in 21.4% of P.
agglomerans isolates (1). The authors attributed this
observation to the small sample size, the presence
of severe comorbidities in affected patients, and
the potential impact of coexisting pathogens (1).
Although the isolate in our case demonstrated
broad susceptibility, it should be emphasized that
resistant strains may be encountered in hospital-
acquired infections, particularly among patients with
significant comorbid conditions.



Tablo 1. Antimicrobial susceptibility results of Pantoea agglomerans isolated from urine culture

Antibiotic MIC Susceptibility
Ampicillin oral (uncomplicated UTI) <8 Susceptible
Amoxicillin-Clavulanate oral (uncomplicated UTI) <2 Susceptible
Piperacillin-Tazobactam 4 Susceptible
Cefixime (uncomplicated UTI) 0.5 Susceptible
Ceftriaxone <1 Susceptible
Ciprofloxacin <0.25 Susceptible
Levofloxacin <0.5 Susceptible
Amikacin <8 Susceptible
Gentamicin <2 Susceptible
Tobramycin <2 Susceptible
Ertapenem 0.5 Susceptible
Meropenem 0.25 Susceptible
Trimethoprim-Sulfamethoxazole <2 Susceptible

UTI: Urinary Tract Infection

In conclusion, clinicians should be aware that P,
agglomerans can cause urinary tract infections even in
immunocompetent, community-acquired individuals.

ETHICS COMMITTEE APPROVAL
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