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TURK HIJYEN VE DENEYSEL BiYOLOJi DERGISi YAYIN ILKELERI VE YAZIM KURALLARI

1) AMAC ve KAPSAM

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

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

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

I1) YAYIN iLKELERI

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

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

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

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

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

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

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

-Ticari olmamak kosulu ile makaleyi ¢cogaltabilme hakki.

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

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

IV) ACIK ERISIM POLITIKASI

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

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

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

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

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

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

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

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

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

Makalenin formati ICMJE (International Committee of Medical Journal Editors)

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

VIl) YAZI DiLI

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

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

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

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

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

yararlamlmasi énerilir. Dili ingilizce olan yazilarin mutlaka yazim ve dilbilgisi

acisindan yeterliliklerinin kontrol edilmis olmasi gereklidir. Dil agisindan

yetersiz goriilen yazilar degerlendirmeye alinmazlar..

VIIl) YAZIM KURALLARI

Dergide yayimlanmak lizere gonderilen yazilar, Tiirk Hijyen ve Deneysel Biyoloji

Dergisi yazim kurallarina gére hazirlanmalidir.

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

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

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

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

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

dergimizin makale kabul sistemine yiiklenmelidir.

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

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

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

Tirk Hijyen ve Deneysel Biyoloji Dergisi

Halk Sagligi Genel Mudurligiu

Tel : (0312) 565 55 80

Faks : (0312) 565 55 91

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



TURK HIiJYEN VE DENEYSEL BiYOLOJi DERGISi YAYIN iLKELERi VE YAZIM KURALLARI

sirketle bir iliski yoksa, basvuru yazisinda belirtilmelidir.

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

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

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

5. Metin icerisinde bahsedilen birimlerin sembolleri Uluslararasi Birimler

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

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

8. Arastirma yazilar;

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

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

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

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

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

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

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

f) Bulgular: Sadece arastirmada elde edilen bulgular belirtilmelidir.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

14. Bu kurallara uygun olmayan metinler kabul edilmez.

15. Yazarlar teslim ettikleri yazinin bir kopyasini saklamalidir.

Tirk Hijyen ve Deneysel Biyoloji Dergisi
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TURKISH BULLETIN OF HYGIENE AND EXPERIMENTAL BIOLOGY PUBLISHING POLICIES AND WRITING RULES

1) AIM and SCOPE

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

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

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

1I) PUBLISHING POLICY

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

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

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

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

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

-Registered rights rather than copyrights such as patent etc.

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

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

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

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

1V) OPEN ACCESS POLICY

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

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

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

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

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

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

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

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

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

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

VII) LANGUAGE of the JOURNAL

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

VIIl) WRITING RULES

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

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

Articles to be submitted for publication;

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

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

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

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

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

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

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

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

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

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

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

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

8. Research Articles;

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

9. Research articles should have up to 40 references.

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

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

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

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

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

ETiK iLKELER

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

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

GIKAR GATISMASI POLITIKASI

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

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

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

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

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

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

ETHICAL PRINCIPLES AND PUBLICATION POLICY

ETHICAL PRINCIPLES

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

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

Nadide ORS YILDIRIM!

OZET

Amagc: Bu calismanin amaci, tramadol hidrokloririin
anjiyogenez Uzerindeki etkilerini ex-ovo civciv
koryoallantoik membran (CAM) modeli kullanarak

incelemek ve anjiyogenez siirecindeki etkilerinin kanser
tedavisi ve metastazin onlenmesi lizerindeki potansiyel

etkisini degerlendirmektir.

Yontem: Anjiyogenezi degerlendirmek icin “ATAK-S”
soyundan fertilize tavuk yumurtalan kullanilmistir.
Yumurtalar, 37,5°C’de ve nemli ortamini koruyan
yumurta inkiibatériinde inkiibe edilmistir. inkiibasyondan
Uc gun sonra yumurtalar hassas bir seklilde steril tartim
kaplan icerisine kirilarak ex-ovo koryoallantoik membran
modeli uygunlanmistir. Calismada kontrol grup (n:18),
distik doz (n:18) ve yiksek doz (n:18) olmak lzere
gruplandinlmstir. Ex-ovo koryoallantoik membran tizerine
farkli dozlarda dusuk (1 pM/50 pL) ve yuksek (10 pM/50
pL) tramadol hidroklorir uygulanmis ve uygulama sonrasi
gruplar 0., 24. ve 48. saatte goruntiilenmistir. Elde edilen
goruntulerin kantitatif analizi Image J programi (National
Institutes of Health, Bethesda, MD, USA) kullanilarak

analiz edilmistir. Tum gruplarda 0. saatte elde edilen

ABSTRACT

Objective: The goal of this study is to find out how
tramadol hydrochloride affects angiogenesis using the
ex-ovo chick chorioallantoic membrane (CCM) model and
what that might mean for treating cancer and stopping

metastasis while angiogenesis is happening.

Methods: Fertilized chicken eggs from the “ATAK-S”
strain were used to evaluate angiogenesis. Eggs were
incubated at 37.5 °C in an egg incubator that maintained
a humid environment. After three days of incubation, the
eggs were gently broken into sterile weighing containers,
and the ex-ovo chorioallantoic membrane model was
fitted. There are three different groups in the study:
the control group (n=18), the low dose (n=18), and the
high dose (n=18). Different doses of low (1 pM/50 pL)
and high (10 pM/50 pL) tramadol hydrochloride were
applied to the ex-ovo chorioallantoic membrane. After
the application, the groups were monitored for 0, 24,
and 48 hours. Quantitative analysis of the obtained
images was performed using the Image J program
(National Institutes of Health, Bethesda, MD, USA). The

average of the images obtained at hour 0 in all groups
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goriintiilerin ortalamas1 % olarak hesaplanmis ve diger
24 ve 48 saat goruntileri ile standardize edilmistir. Elde

edilen sonuglar istatistiksel olarak degerlendirilmistir.

Bulgular: Calismamin sonucunda dusiuk (p<0,05)
ve yuksek doz (p<0,01) uygulanan gruplarda ilk 24.
saat sonunda vaskiiler proliferasyonda istatistiksel
olarak anlamli artis saptanmistir. Ancak embriyonun
periferal bolgelerinde yerlesmis ince vaskuler yapilarda
bozulmalar gozlenmistir. 48. saat sonunda ise diisik ve
yiksek doz uygulanan gruplarda vaskiiler proliferasyonun
azaldigi, yiiksek doz (p<0.001) uygulanan grupta

istatistiksel olarak anlamli bir azalis tespit edilmistir.

Sonug: Diisuk ve yiksek dozda uygulanan tramadol
hidrokloriir ilk 24 saatte vaskiiler proliferasyonu
arttirmasina ragmen vaskiler yapilarda bozulmalara
neden olmaktadir. 48. saatte ise tamamen vaskiler
yapiy1 bozdugu ve anti-anjiyogenik etki gostermistir. Bu
sonuclar, tramadoliin kanser tedavisinde ve metastazin
onlenmesinde potansiyel bir rol oynayabilecegini
dusiindirmektedir.  Ancak  anjiyogenezin  biyiik
rol oynadig1 organogenez donemi gbz Oniinde
bulunduruldugunda tramadoliin fetiis Uzerinde ve
laktasyon sirasinda potansiyel zararlan hala belirsizdir.
Yapilan bu calisma, tramadol hidrokloririn kanser
tedavisi alanindaki potansiyelini anlamak icin bir adim
olabilir. Ancak, etkin dozlari, pozolojiyi ve potansiyel
zararlarim tespit etmek icin daha fazla arastirmaya

ihtiyac duyulmaktadir.

Anahtar Kelimeler: Anjiyogenez, tramadol

hidrokloriir, ex-ovo CAM modeli, metastaz

was calculated as a percentage and standardized with
the other 24 and 48-hour images. The results obtained

were evaluated statistically.

Results: As a result of our study, a statistically
significant increase in vascular proliferation was detected
at the end of the first 24 hours in the low (p < 0.05) and
high dose (p < 0.01) groups. However, deterioration was
observed in the thin vascular structures located in the
peripheral regions of the embryo. At the end of the 48th
hour, vascular proliferation decreased in the low and
high dose groups, and a statistically significant decrease

was detected in the high dose group (p < 0.001).

Conclusion:  Although tramadol hydrochloride
applied in low and high doses increases vascular
proliferation in the first 24 hours, it causes deterioration
in vascular structures. In the 48th hour, it completely
disrupts the vascular structure and has an anti-angiogenic
effect. These findings suggest that tramadol may play a
potential role in cancer treatment and the prevention
of metastasis. However, considering the organogenesis
period in which angiogenesis plays a major role, the
potential harms of tramadol to the fetus and during
lactation are still unclear. This study we conducted
may be a step towards understanding the potential of
tramadol hydrochloride in the field of cancer treatment,
but more research is needed to determine effective

doses, posologies, and potential harms.

Key Words: Angiogenesis, tramadol hydrochloride,

ex-ovo CCM model, metastasis

GIRIS

Kanser, gunumizde dunya capinda olumlerin
en onde gelen nedenlerinden biridir. Agr ise bir
hastanin kanser tanis1 almasi icin ilk semptom
olabilir ve prognoz kotiilestikce agrinin siddeti artma
egilimindedir. Kanser agrisinin yonetiminde opioid ve

4 Turk Hij Den Biyol Derg

non-opioid analjezikler onemli bir rol oynamaktadir.
Tramadol temel etkisini selektif p opioid reseptorleri
Uzerinden gosteren zayif bir opioid anajleziktir. Ayni
zamanda noradrenalin (NA) ve serotoninin (5-HT7)
presinaptik re-uptake inhibitoru etkisi ile seratonerjik
bir etki saglamaktadir (1). Bu dual etkisi sayesinde
basta morfin olmak Uzere diger opioid analjeziklere



oranla daha az yan etki potansiyeli oldugu icin orta
ve siddetli kanser agrisinin tedavisinde giivenle tercih
edilmektedir.

daha
onceden mevcut olan damarlardan yeni damarlarinin

Anjiyogenez olarak adlandinlan sireg,

olustugu donem olarak tanimlanmaktadir ve basta
embriyonik gelisim, organogenez olmak Uzere yara
iyilesmesi, inflamasyon gibi bircok fizyolojik asamada
rol oynamaktadir (2). Timoral dokularin biylimesi
ve metastazin da anjiyogenez ile iliskili oldugu
bilinmektedir; bu nedenle anjiyogenezi baskilamayi
hedefleyen ajanlar ile tumor blyumesini ve
metastaz potansiyelini baskilamak giincel literatirde
tartisilmaktadir (3).

Anjiyogenez siirecini, pro-anjiyojenik ve anti-
anjiyojenik faktorlerin etkilerini gozlemlemek icin
literaturde pek cok deneysel model tanimlanmaktadir
(4-8). Tamimlanan bu deneysel modeller arasinda
uygulama kolaylig1, tekrarlanabilir olmasi ve kantitatif
olcuime imkan vermesi gibi avantajlar nedeni ile CAM
modeli en sik tercih edilen yontemlerden biri haline
gelmistir (6). CAM, yogun bir kilcal aga sahip olan
ekstra-embriyonik bir membrandir. CAM incelemesini
hedefleyen deneysel modeller in-ovo ve ex-ovo
modeller olarak iki grupta incelenebilmektedir. In-
ovo modellerde dollenmis yumurta kabuguna bir
pencere acilir ve deneyler yumurta kabugu icerisinde
gerceklestirilir. Literatirdeki mevcut CAM analizlerinin
cogunda in-ovo modeller tercih edilmistir ancak bu
metotta embriyonun sag kalim ihtimali daha yiiksek
olmakla birlikte CAM’a erisim ve goruntileme oldukca
sinirlidir (9). Ex-ovo metotta ise embriyo tamamen
kabugundan cikarilip bir petri kab1 veya uygun bir kap
icerisinde gelisim siirecinin devam saglanmaktadir.
Ex-ovo yontemde CAM’a ve embriyoya erisim,
goruintileme ve deneysel uygulamalar daha kolay
olmakla birlikte embriyonun sag kalim oranlari1 in-ovo
yonteme oranla daha dusuktur. Calismamizin amac,
yaygin kullanilan bir opioid analjezik olan tramadol
hidrokloririin anjiyogenez uzerindeki etkilerini ex-
ovo CAM modeli kullanarak incelemektir.

GEREC ve YONTEM

Bu calisma, Giilhane Egitim ve Arastirma Hastanesi
Tibbi
Laboratuvarinda gerceklestirilmistir.

Biyokimya Anabilim Dali Vaskuler Biyoloji
Anjiyogenezi
arastirmak icin ex-ovo CAM protokoli kullanilmistir.
Bu calisma, kanatli hayvan embriyolan uzerinde
gerceklestirilmis olup kanatli hayvan calismalar icin
etik kurul karan gerekli degildir. Calisma Helsinki

bildirgesi prensiplerine uygun olarak yapilmistir.
Ex-Ovo CAM Yontemi

Anjiyogenezi degerlendirmek icin ex-ovo CAM

prosediriinde kullanilmas1 icin dollenmis tavuk
yumurtalar Ulusal Tavukculuk Kurumu’nda (Ankara,
Turkiye) uretilen Atak-S tavuklarindan elde edilmistir.
Tum preparatlar deney boyunca sabit sicaklik (37°C)
ve nemde (%85 ila %90 bagil nem) takip edilmistir.
Literatirde ex-ovo CAM tahlili

uyularak, yumurtalar ilk once kuru yumusak bir

prosedirlerine

mendil ile kabuguna zarar vermeden hassasiyetle dis
yuzeyindeki diski, camur ve tly gibi materyallerden
temizlenmistir. Temizlenen yumurtalar, hareketli bir
tepsisi olan kulucka makinesinde (CIMUKA 40080 seri
no.lu kulucka cihazi) yatay yatinlip iki saat ara ile
dondiriilerek 72 saat inkiibe edilmistir (9). Kulucka
makinesinin inkiibasyon sicaklig1 ve nem orani calisma
suresince sabit tutulmustur.

inkiibasyon  siireci tamamlanan yumurtalar
kulucka makinesinden cikartildi ve bir 151k kaynag ile
bakilarak embriyonun bulundugu taraf isaretlenmistir
(9). Yumurtalar isaretlenen nokta ustte kalacak
sekilde tutularak tam zit tarafindan kirildi. Bu esnada
tek kullanimlik,

tartim kaplarina yumurta oldukca yakin tutularak

yumurtalarin  aktarilacagi steril
embriyonun ve yumurta sarisinin zedelenmemesine
O0zen gosterildi. Tartim kabina alinan yumurtalar
etilen oksit ile sterilize edilmis cam kapaklar ile
kapatilarak hareketli tepsinin kaldinldig inkiibator
CAM’ in daha gozle
gorulebilir hale gelmesi icin yumurtalar lc guin sure

icerisine tekrar yerlestirildi.

ile tekrar inkiibe edilmistir.
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Calismada; toplam 54 adet dollenmis tavuk
yumurtasi, kontrol grubu (n:18), dusik doz (n:18)
ve yiksek doz (n:18) olmak uzere randomize
gruplandinlmistir.  Ex-ovo koryoallantoik membran
tzerine farkli dozlar da disuk (1 pM/50 pL) ve yiiksek
(10 pM/50 pL) tramadol hidrokloriir uygulanmistir.
Uygulamanin belirli bir bolgede sinirli  kalmasi
icin tasiyic1 destek malzemesi olarak 6 mm capl
steril edilen filtre kagitlart kullanmilmistir. Uygulama
sonrasi gruplar 0. 24. ve 48. saatte stereomikroskop
(S6D; Leica Microsystems, Heerbrugg, Isvicre) ile

goruntulenmistir. Elde edilen goriintiilerin kantitatif

Tramadol
1 uM/50 pLL

TRAMADOLUN EX-OVO CAM MODELi UZERINDEKi ETKISi

analizi icin Image J programi (National Institutes
of Health, Bethesda, MD, USA) kullamlmistir.
Tum gruplarda 0. saatte elde edilen gorintilerin
ortalamas1 % olarak hesaplandi ve diger 24 ve 48
saat goriintiileri ile standardize edildi. istatistiksel
degerlendirme, Prism GraphPad 10 software (San
Diego, CA, USA)
uygunlugu test edilerek, normal dagilan o6zelliklerin
iki bagimsiz gruplarin karsilastinlmasinda Student

ile verilerin normal dagilima

t-testi ile analiz edilmistir. p<0,05 istatistiksel olarak
anlamli kabul edilmistir.

Tramadol
10 uM/50 L

L L 5 L
3 3 3 3
= 3 = ]

Sekil 1. Ex-Ovo CAM Modeli Ornek Gériintiileri

joi3uoy

Kontrol grubunda normal anjiyogenez izlenirken, diisiikk doz tramadol uygulamasi yapilan grupta 48. saatte daha belirgin
olmak lizere embriyonun periferal bolgelerinde yerlesmis, ince vaskiiler yapilarda bozulmalar gozlenmektedir. Yiiksek doz
tramadol uygulamasi yapilan embriyolarda ise 48. saatte embriyonun olimdi ile sonuclanmistir.
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BULGULAR

Calismamizin  sonucunda dusiik (p< 0,05) ve
yuksek doz (p < 0,01) tramadol hidrokloriir uygulanan
gruplarda 24. saat sonunda kontrol grubuna
oranla, vaskiler proliferasyonda istatistiksel olarak
anlamli artis saptanmis ancak embriyonun periferal
bolgelerinde vyerlesmis ince vaskuler yapilarda
bozulmalar gozlenmistir. 48. saatin sonunda ise
dusuk ve yuksek doz uygulanan gruplarda vaskuler
proliferasyonun azaldigi, yiiksek doz (p< 0,001)
tramadol hidroklorur uygulanan grupta ise vaskiiler
yapilarda istatiksel olarak anlamli bir azalma tespit

edilmistir.

Tramadoliin  anjiyogenez Uzerindeki etkisini
gostermek amaci ile tasarladigimiz bu deney protokolii
sonucunda yiksek dozda uygulanan tramadolin ex-
ovo CAM modeli iizerinde anjiyogenezi baskiladigini
tespit ettik.

Kontrol grubunda inkiibasyonun yedinci giiniinde
bir adet ve calisma suresi boyunca toplam uc¢ (%16,7)
adet yumurta kaybedilirken; dusuk doz grubunda
inkiibasyonun yedinci giuniinde bir adet olmak
uzere toplam bes (%27,8) ve yuksek doz grubunda
inkiibasyonun yedinci giinunde bes adet olmak uzere
toplam 11 adet (%61,1) yumurta kaybedilmistir.
Artms bu embriyo 6lum oraninin anti-anjiyogenik
etki

olabilecegini diistindirmistiir.

sonucunda bozulan organogenez ile iliskili
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Sekil 2. Gruplanin vaskiiler proliferasyon yiizdeleri

Gruplar aras: istatistiksel olarak *p < 0.05, **p < 0.01, ve ***p < 0.001 anlamli bulunmustur.

TARTISMA

Anjiyogenez mevcut damar yapilarindan olusan
yeni damarlar olarak tanimlanmaktadir ve basta
timor

biiyimesi, metastaz olmak Uzere vyara

iyilesmesi, fetal donemde organogenez gibi pek

cok hayati fizyolojik olayda rol oynamaktadir (3,
10). Anti-anjiyogenik etki gosteren medikasyonlarin
kanser ilerlemesini ve metastazi durdurarak
kanser hastalarinda olumlu gelismelere yol acacag
hipotezinden yola c¢ikarak umut vadeden ajanlar

glinumuz literaturiinde arastirilmaktadir.
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Tramadol giiniimiizde kanser hastalarinda agriyi
kontrol altina almak icin oldukca yaygin kullanilmakta
olan bir opioid analjezik olsa da tramadoliin
anjiyogenik etkileri Uzerinde yapilmis simrli sayida
calisma mevcuttur (11, 12). Bu calismalar ile bulunan
sonuclar birbirleri ile celismektedir. Karaman ve
ark. yaptiklari calismada in-ovo CAM modelinde
opioidlerin etkilerini arastirmislar ve tramadoliin
10 pM dozda anti-anjiyogenik etkileri oldugunu
gozlemlemislerdir (11). Ozgiirbliz ve ark. ise kolon
kanseri hiicreleri ile yaptiklan calisma sonucunda;
tramadoliin VEGF ekspresyonunun kontrol grubuna
gore anlamli

olarak arttirdigim ve anjiyogenik

potansiyelde etkisi olabilecegini belirtmislerdir
(12). Bu ex-ovo CAM modeli calisma sonucu ile
Karaman ve ark. calismasim destekler sekilde
10uM/50 pL dozda tramadoliin anti-anjiyogenik
Anti

anjiyogenik etkinin metastaz potansiyelini azaltacagi

potansiyelde etki gosterdigi belirlenmistir.
yonundeki hipotezimizi destekler sekilde tramadoliin
timor metastaz1 ile ilgisini arastiran calismalar
incelendiginde Gaspani ve ark. yaptiklari hayvan
calismasinda;  tramadoliin  sicanlarda  akciger
metastaz riskini azalttigini kanmitlamislardir (13).
Anjiyogenez kanser ve metastaz surecinde
oldugu gibi yara iyilesmesi siirecinde de bilyiik bir
rol oynamaktadir. Bu asamada vaskiler endotelyal
buyume faktoru (VEBF) basta olmak Uzere endotelyal
ve indiklenebilir nitrik oksit sentaz (eNOS ve iNOS)
araciligiile Uretilen nitrik oksit (NO) gorev almaktadir.
Opioid analjeziklerin dokulara NO uretimini artirarak
anjiyogenezi stimile ettigi bilinmektedir (14). Bu
nedenle tramadol dahil olmak izere cesitli opioidlerin
akut ve kronik yara iyilesmesi Uzerindeki etkileri
arastinlmisti. Ozkan ve ark. yaptiklan bir hayvan
calismasinda, ratlara cerrahi bir kesi olusturarak bu
insizyon hattina tramadol infiltrasyonu uygulamislar
ve tramadoliin yara iyilesmesi uzerinde olumsuz bir
etkisi olmadigin kanitlamislardir (15). Benzer sekilde
Hanci ve ark. ratlar uzerinde yaptiklar bir calismada;
cerrahi insizyon hattina uygulanan tramadolin

iyilesme sirecinde olumsuz bir etkiye neden
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olmadigim gostermislerdir (16). Cuvas-Apan ve ark.
ise korneal yaralanmalarda topikal kullaniminin doku
iyilesmesi uUzerindeki etkisini arastirdiklan calismada
da aynm sonuclar elde edilmis, hasarlanmis doku
izerinde olumsuz etkisinin olmadigim belirtmislerdir
(17). Bakr ve ark. ise farkli tasarlanmis bir calisma
sonucunda; tramadol uygulanan farelerden alinan
miyokard dokusu ve aorta kesitlerinde kontrol
grubuna oranla eNOS immiinoreaktivitesinde, eNOS
pozitif hlicrelerin sayisinda ve VEGF pozitif hiicrelerin
sayisinda belirgin bir azalma gozlemlenmistir (18).
Bakr ve ark.’nin calismasinda oldugu gibi tramadoliin
anti-anjiyogenik potansiyelde etkilerinin olabilecegi
sonucuna ulasmaktayiz (18). Ancak anti-anjiyogenik
etki
iyilesmesini sekteye ugratacagi hipotezi goz oniinde

potansiyelde gosteren  tramadoliin  yara

bulunduruldugu takdirde, bu celiskili sonuclara
tramadoliin seratonerjik etkisi ile yara iyilesmesi
lizerinde multifaktoriyel bir etki gosterebilecegini
disundurmustur.

Anjiyogenezin rol oynadigi en kritik fizyolojik
sureclerden biri ise tartismasiz organogenez surecidir.
Literatiirde gebelik siirecinde tramadol maruziyetinin
fetlis Uzerinde yapacag etkiler (Uzerine cesitli
calismalar olmakla birlikte gebeligin donemleri ve
maruz kalinan dozlarin doguracagi sonuclar arasinda
halen net bir ortak sonuca varilamamistir. Kallen
ve ark. 1997-2003 yillar1 arasinda gebelik siirecinde
tramadol kullandigi bilinen kadinlarin dogum kayitlar
lizerinden yaptiklan blyuk capli kohort calismasinda
tramadoliin fetuste kardiyovaskiler bozukluklar
ozellikle atriyal ve ventikiiler septal defektler ve
pes ekinovarus acisindan zayif bir teratojenik etkisi
oldugunu belirtmislerdir (19). Sorensen ve ark.
yayinladiklarn yakin tarihli bir kohort calismasinda
1997-2016 wyillann arasinda Danimarka’da gebelik
surecinde tramadol kullanimi olan kadinlarin kayitlan
incelenmis ve erken gebelik doneminde tramadol
maruziyetinin spontan dusiik veya major konjenital
malformasyon riskinde artis ile iliskili olmadig
gosterilmistir (20). Chomchai ve ark. tasarladiklan

hayvan calismasinda ise gebeligin 10-21. giinlerinde



50 mg/kg/gun dozunda sistemik tramadole maruz

kalan hamile ratlarda kontrol grubuna oranla
postnatal 7, 14 ve 21. giinlerde daha fazla dejenere
purkinje hucresi ve beyincikte daha fazla oksidatif
hasar oldugunu gozlemislerdir (21). Ezi ve ark.
tarafindan yapilan bir diger hayvan calismasinda ise
tramadol maruziyetinin norodejeneratif hastaliklarda
rol oynayan sinyal basamaklarinin diizensizligine
yol actigim belirtmislerdir (22). Elghait ve ark.
calismada ise

tramadol maruziyetinin juvenil ve eriskin farelerde

tarafindan tasarlanan farkli bir

testis dokulan lizerindeki etkisi arastinlmis ve juvenil
farelerde daha belirgin olmak lizere testis dokularinda
hasar, apoptoz, sperm iiretiminin azalmasina sebep
olan oksidatif stres gibi olumsuz etkiler dogurdugunu
(23).
Uzerinde olumsuz etkilerini ve 10 uM/50 pL dozunda
%61,1
Tramadolin,

gostermislerdir Bu calismada; anjiyogenez

uygulama yapilan civciv embriyolarinin
oraninda olumuyle sonuclanmistir.
organogenez surecini bozarak fetlis Ulzerinde ve
laktasyonda kullaniminin ozellikle preterm infantlar
tizerinde olumsuz etkileri olacagini diistindirmiis bu
nedenle laktasyon kullanimi gerekliligi goriilmustiir.
Gebelik,

tramadol

laktasyon ve erken c¢ocukluk caginda
maruziyetinin dogurabilecegi sonuclar
halen tartismalidir. Bu sureclerde kullanimiyla iliskili

tramadoliin zararli olup olmadiginin belirlenmesinde

ETiK KURUL ONAYI

* Bu calisma, Etik Kurulu onay1 gerektirmemektedir.

CIKAR CATISMASI

genis gozlemsel, epidemiyolojik veya laboratuvar
calismalan yararli olacaktir.

Tramadol karacigerde hepatik CYP2D6 izoenzimi
tarafindan aktif metaboliti olan O-Desmetiltramadol’e
(M1) metabolize edilmekte ve opioid analjezik
etkiden oldugu kabul
edilmektedir (24). Anjiyogenik etkinin daha ayrintili
incelenebilmesi ve daha glvenilir sonuclar elde

sorumlu metabolitin M1

edilebilmesi icin O-Desmetiltramadol ile yapilan ileri
in-vitro ve in-vivo calismalara ihtiyac duyulmaktadir.
farkl
anjiyogenez

Sonuc  olarak; dozlarda uygulanan

tramadoliin uzerindeki  etkilerin
arastinlan bu calismada yuksek dozda kullanilan
tramadoliin dusuk doza oranla daha etkili bir anti
Anti-

tedavisinde

anjiyogenik ajan oldugu gozlemlenmistir.
anjiyogenez neoplastik hastaliklarin
ve metastazin onlenmesinde etkili olabilecek
bir hedeftir.

ile ginumizde basta kanser hastalarinda olmak

Bu calismada elde edilen sonuclar

Uzere yaygin olarak kullanilan bir opioid analjezik
olan tramadoliin yiiksek dozlarda anti-anjiyogenik
etkisinden kanser tedavisinde ve metastatik surecin
onlenmesinde faydalanilabilecegini diistinmekteyiz.
Ancak tramadoliin yeni bir anti-anjiyogenik tedavi
protokolu olarak kullanilmasi ve etkin dozun tespit
edilebilmesi icin daha fazla in vivo ve in vitro
calismaya ihtiyac vardir.

Yazar bu makale ile ilgili herhangi bir cikar catismasi bildirmemistir.
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Evaluation of frequency, antimicrobial resistance and multidrug

resistance patterns of methicillin-resistant Staphylococcus

aureus isolates at a university hospital in Northern Cyprus,
2016 to 2020
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, Emrah GULER3

ABSTRACT

Objective: Staphylococcus aureus is a major
human pathogen which is responsible for a wide
variety of clinical manifestations both in nosocomial
and community settings. The presence of methicillin-
(MRSA)

treatment options. There are major gaps in literature

resistant  Staphylococcus aureus limits

regarding the epidemiological and antimicrobial

resistance characteristics of S. aureus in Northern
Cyprus. This study aims to define the frequency of MRSA
in a major hospital in Northern Cyprus and determine
MRSA susceptibility to currently available antimicrobials
in order to define the most effective regimen for the

treatment of S. aureus infections.

Methods:

samples collected between January 2016 to December

Four hundred and forty-nine clinical

2020 were retrospectively included in the study. Samples
were cultured on Eosin-Methylene Blue (EMB) and 5%
sheep blood agar and were incubated at 35°C for 24-48

h. Laboratory identification of isolates and antimicrobial

OZET

Amacg: Staphylococcus aureus, hem hastane hem de
toplum kaynakli enfeksiyonlara neden olabilen 6nemli
aureus (MRSA)

izolatlarinin varligi tedavi seceneklerini sinirlamaktadir.

bir patojendir. Metisilin-direncli S.

Kuzey Kibris’ta S.  aureus’un epidemiyolojik ve
antimikrobiyal direnc ozelliklerine iliskin literaturde
kisitli veri bulunmaktadir. Bu calismada, hastanemizde
MRSA goriilme sikliginin belirlenmesi ve hastalardan
izole edilen MRSA izolatlarinda antibiyotik direnc
oranlarinin tespit edilerek en etkili tedavi seceneklerinin

tanimlanmasi amaclanmistir.

Yontem: Ocak 2016-Aralik 2020 tarihleri arasinda
izole edilen 449 izolat retrospektif olarak calismaya
dahil edilmistir. Orneklerin Eozin Metilen Mavisi (EMB)
ve %5 koyun kanli agarlara ekimleri yapilmis ve 24-
48 saat suresince 35°C’de inkubatorde inkiibasyona
birakilmistir. izolatlarin tammlanmasi ve antibiyotik
duyarliik testleri icin Vitek-2 (bioMérieux, Fransa)

otomatize sistem kullamlmistir. Antibiyotik duyarlilig,

'Near East University, DESAM Institute, Microbial Pathogenesis Research Group, Nicosia, Cyprus
’Near East University, Faculty of Medicine, Department of Medical Microbiology and Clinical Microbiology, Nicosia, Cyprus :
’European University of Lefke, Faculty of Arts and Sciences, Department of Molecular Biology and Genetics, Lefke, Cyprus E iy

iletisim / Corresponding Author : Buket BADDAL
Near East Boulevard, Nicosia 99138 Nicosia - Cyprus
E-posta / E-mail : buket.baddal@neu.edu.tr

E 1

'-:_r IE-I.

Gelis Tarihi / Received : 24.05.2022
Kabul Tarihi / Accepted : 03.01.2023

Baddal B, Potindji TMF, Gller E. Evaluation of frequency, antimicrobial resistance and multidrug resistance patterns of methicillin-resistant Staphylococcus aureus
isolates at a university hospital in Northern Cyprus, 2016 to 2020. Turk Hij Den Biyol Derg, 2024; 81(1): 11 - 22

11


https://orcid.org/0000-0003-3319-2179
https://orcid.org/0000-0001-5610-5432
https://orcid.org/0000-0002-1635-0051
https://dx.doi.org/10.5505/TurkHijyen.2024.24892

12

susceptibility testing have been performed by Vitek-2

(bioMérieux, France) automated identification and
susceptibility testing system. Antibiotic susceptibility
was assessed according to European Committee on
Antimicrobial Susceptibility Testing (EUCAST) criteria.
Multi-drug resistance (MDR4) was determined by analyses
of beta-lactam resistance plus nonsusceptibility to three
additional classes of antimicrobial drugs. Data analysis
was performed using SPSS Statistics Software version 23.

A p value <0.05 was considered as statistically significant.

Results: Of the 449 S. aureus isolates, 40.5% (n=182)
were MRSA. In the inpatients group, MRSA infection
rate was statistically higher (p=0.001) compared to
outpatients. A significant correlation was observed
between older age and MRSA infection. MRSA isolates
exhibited higher resistance to erythromycin (85.4%),
clindamycin (52.9%), ciprofloxacin (23.8%), levofloxacin
(19.8%), (68.0%), (13.0%),
rifampicin (12.0%) and tobramycin (11.1%) compared to
MSSA isolates (p<0.05). MDR was detected in 30.8% of
the isolates. All isolates, MRSA and MSSA, showed high

susceptibility to daptomycin, linezolid, vancomycin,

tetracycline fosfomycin

fusidic acid, teicoplanin and gentamicin. The rate of
MDR MRSA was observed to decrease statistically in the
post-pandemic period compared to pre-pandemic period
(p=0.0001).

Conclusion: Over the five-year period, of the study,
MRSA isolates have shown an increased resistance to
several antibiotics. Therefore, the Infection Control
Committee should work actively and inappropriate
antibiotic use should be limited in order to prevent the

spread of MDR pathogens.

Key Words:

infection,

Methicillin-resistant Staphylococcus

aureus, hospital, frequency, resistance

patterns, Northern Cyprus
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Avrupa Antimikrobiyal Duyarlilk Test Komitesi

European Committee on Antimicrobial Susceptibility
Testing (EUCAST) standardlarina gore degerlendirilmistir.
Coklu ilag direnci (CiD4), beta-laktam direnci art1 iic
antimikrobiyal ilac sinifina kars1 duyarlibik analizleriyle

belirlenmistir.

Bulgular: 449 S. aureus izolatinin %40,5’i (n=182)
MRSA olarak tespit edilmistir. izole edilen MRSA
sayis1 yatan hastalarda istatistiksel olarak anlamli
derecede daha yilksek bulunmustur (p=0,001). ileri
yas ile MRSA enfeksiyonu goriilme sikligi arasinda
pozitif yonde anlamli bir iliski gozlenmistir (p<0,001).
MRSA izolatlari, MSSA izolatlarina kiyasla, eritromisin
(%85,4), klindamisin (%52,9), siprofloksasin (%23,8),
levofloksasin (%19,8), tetrasiklin (%68,0), fosfomisin
(%13,0), (%11,1)

antibiyotiklerine daha yuksek direng gostermistir

rifampisin  (%12,0) ve tobramisin
(p<0,05). izolatlarin %30,8’inde CiD tespit edilmistir.
Tim MRSA ve MSSA izolatlari, daptomisin, linezolid,
vankomisin, fusidik asit, teikoplanin ve gentamisine
kars1 yuksek duyarlik gostermistir. Pandemi oOncesi
doneme gore (2016-2019), pandemi sonrasi (2020) CiD
MRSA suslarinda istatistiksel olarak anlamli bir dusus
belirlenmistir (p=0,0001).

Sonug: Calismanin bes yillik suresi boyunca, MRSA
izolatlar cesitli antibiyotige karsi artan bir direng
gostermistir. Bu sebeple, CiD patojenlerin yayiliminin
onlenmesi adina, Enfeksiyon Kontrol Komitesi’nin aktif
olarak calismas1 ve uygunsuz antibiyotik kullaniminin

kisitlanmasi gerektigi disiiniilmektedir.

Anahtar Kelimeler: Metisilin-direncli Staphylococcus
aureus, enfeksiyon, hastane, goriilme sikligi, direnc

paternleri, Kuzey Kibris



INTRODUCTION

The steady rise of antibiotic resistance (AR) is
one of the major challenges of healthcare systems
worldwide (1) and is currently considered as a
global pandemic (2-4). World Health Organization
(WHO) reports indicate that the current research
and development (R&D) pipeline does not provide
the necessary interventions and initiatives for
adequate antimicrobial discovery (5). According to
the 2017 WHO priority pathogens list, categorized
according to the urgency of need for new antibiotics
as critical, high and medium priority, methicillin-
resistant Staphylococcus aureus (MRSA) remains a
high priority pathogen (6). MRSA has been reported
to become increasingly drug-resistant in both hospital
and community settings, and continues to be a major
cause of morbidity and mortality worldwide (7). As
a versatile bacterium, MRSA causes skin and soft-
tissue infections (SSTIs), endocarditis, respiratory,
nosocomial and serious bloodstream infections often
complicated by metastatic infections (8-10) .
the

susceptibility profiles of S. aureus have been globally

Dramatic  changes in antimicrobial
reported rendering treatment of S. aureus infections

challenging for clinicians, and limiting options
(11,12). However, several current alternatives are
actively being introduced, hence expanding the range
of drug choices against MRSA (13-15). MRSA expresses
resistance to methicillin and most of the currently
available B-lactams via carriage of either mecA, or
one of the several allotypes mecB, mecC or mecD
(16,17). These genes may be located on SCCmec as
well as plasmids, and encode the production of a
low affinity penicillin binding protein (PBP): PBP2’
(18,19). Apart from production of PBPs with modified
affinities for B-lactam drugs, MRSA may exhibit other
drug inactivation pathways such as production of
penicillinases which hydrolyze the beta-lactam ring
of penicillin (20).

The frequency of MRSA varies among different
countries or in hospitals and healthcare facilities

within the same country. Resistance Surveillance
Network (EARS-Net) 2018 report analysis of 30
European Union (EU) and European Economic Area
(EEA)
diminished rates of MRSA, several EU/EEA countries

countries suggest that, despite previous
are still reporting high level burden of MRSA infections
(21). In Turkey, the proportion of MRSA were reported
to be in 22.7% in 2016, 25.8% in 2017, 29.6% in 2018,
31.3% in 2019 and 33.4% in 2020 (22). Such increasing
trends of antibiotic resistance signify an urgent
necessity to address management and prevention
strategies by implementing continuous surveillance,
a key element to determine the burden of MRSA in
healthcare facilities and high-risk settings, guide
infection prevention and control strategies as well as
to assess their efficacy.

In Northern Cyprus, data on the frequency and
trends of antimicrobial susceptibility among MRSA
isolates circulating in the hospital setting is very
limited. This study aims to screen for the frequency
and antibiotic resistance patterns of MRSA in a
central hospital in Northern Cyprus, in order to
provide susceptibility data to guide clinical practice
along with decision making, and implementation of
management and prevention policies.

MATERIAL and METHOD

Study area and study design

This study was performed at Near East University
Hospital in Northern Cyprus. This hospital has 500
inpatient beds and serves about 146,000 outpatients
and 6,500 inpatients; approximately 3,000 surgeries
are performed annually. The hospital has 33-bed
intensive care capacity with the distribution of 14
beds for general intensive care, 14 beds for coronary
intensive care, three beds for cardiovascular surgery
intensive care and two beds for pediatric intensive
care.

A total of 449 S. aureus isolated from clinical
samples of patients admitted to the Microbiology
Laboratory at Near East University Hospital from

Turk Hij Den Biyol Derg
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January 2016 to December 2020 were included in
this study. Patient data such as age, gender, hospital
department and admission type were electronically
stored. The clinical samples included aspiration fluid,
blood, abscess/wound, urine, sputum, nasal/throat
swab, catheter tip, bronchoalveolar lavage and
pleural fluid. The samples were cultured on blood
agar and EMB agar, and were incubated aerobically
at 35°C for 24-48 hours. Repeating isolates from the

patients were omitted from the study.
Identification and antibiotic susceptibility testing

Identification of isolates and antimicrobial
susceptibility testing have been performed by Vitek-2
automated identification and susceptibility testing
system (bioMérieux, France). Antibiotic susceptibility
was assessed according to European Committee
(EUCAST)

clinical breakpoints (23). Bacterial cultures grown

on Antimicrobial Susceptibility Testing
on agar media were suspended in sterile saline
at McFarland 0.45-0.55 and were consequently
inoculated into Vitek-2 panels as per manufacturer’s
recommendations. Antimicrobial susceptibility of
each isolate to ciprofloxacin, cefoxitin, clindamycin,
daptomycin, erythromycin, gentamicin, levofloxacin,
linezolid, nitrofurantoin, penicillin G, teicoplanin,
tetracycline, trimethoprim/sulfamethoxazole and
vancomycin was recorded. Methicillin resistance
was assessed using the disc diffusion method with
cefoxitin (30pg) (Bioanalyse, Turkey) on Mueller-
Hinton agar (Difco, Becton Dickinson, USA) plates.
Cefoxitin susceptibility was assessed with EUCAST
guidelines and MRSA diagnosis was performed with

cefoxitin disc/MIC results.

Multi-drug resistance (MDR4) was defined as beta-
lactam resistance plus nonsusceptibility (inducible,
intermediate or high-level resistance) to any three
additional classes of antimicrobial drug including

macrolides,
glycopeptides,
lipopeptides, sulfonamides and ansamycins (24).

fluoroquinolones, tetracyclines,

aminoglycosides, oxazolidinones,

14
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Data analysis

All collected data was imported into SPSS
Software version 23.0 (IBM Corp., Armonk N.Y., USA)
and statistical analysis was performed using Pearson
Chi Square, Fisher’s Exact Test and One-Way ANOVA
test. A p value <0.05 was considered as statistically
significant.

The study was approved by the Near East
University Scientific Researches Ethics Committee
(Date: 26.11.2020 and Number: 2020/85-1190).

RESULTS

Socio-demographic characteristics

In this study, a total of 449 S. aureus clinicalisolates
from patients admitted to the hospital between
January 2016 to December 2020 were analyzed.
Among the patients, 57.2% (257/449) were male and
42.8% (192/449) were female. The mean patient age
was 51.36+25.70. There was no statistically significant
association between the mean age of male and
female patients and S. aureus infection (p = 0.998).

Frequency of S. aureus and MRSA

The number of S. aureus isolates was detected
to be 78 in 2016, 105 in 2017, 89 in 2018, 76 in 2019
and 101 in 2020. The frequency of MRSA in 2016-2020
are given in Table 1. The number of staphylococcal
infections was higher in inpatient care (n=268,
59.7%) compared to outpatients (n=181, 40.3%). The
distribution of inpatients and outpatients according
to year is given in Table 1. The highest rates of S.
aureus isolates were recorded in the cardiology
(n=75, 16.7%) (n=59,
13.10%), and infectious disease (n=57, 12.7%) among
all departments within the hospital for all the years
evaluated (Figure 1a). Infection by S. aureus were most

followed by dermatology

frequently found in abscess/would (n=174, 38.8%),
followed by aspiration fluids (n=77, 17.1%) and blood
(n=77, 17.1%) specimens (Fig. 1b). A higher frequency
of MSSA (n=55, 20.6%) was observed in bloodstream
infections compared to MRSA (n=22, 12.1%) (Table 2).



Table 1. Distribution of MRSA isolates according to gender, year, admission type and seasons

MRSA MSSA _value
(n, %) (n, %) P
Gender
Male 99 (54.4) 158 (59.3)
0.315
Female 83 (45.6) 109 (40.8)
Year
2016 38 (48.7) 40 (51.3)
2017 44 (41.9) 61 (58.1)
2018 15 (16.9) 74 (83.1) < 0.001*
2019 33 (43.4) 43 (56.6)
2020 52 (51.5) 49 (48.5)
Admission
Inpatient 125 (46.6) 143 (53.4)
0.001*
Outpatient 57 (31.5) 124 (68.5)
Season
Spring 49 (43.0) 65 (57.0)
Summer 42 (41.6) 59 (58.4)
0.550
Autumn 54 (42.5) 73 (57.5)
Winter 37 (34.6) 70 (65.4)
* statistically significant
Table 2. Distribution of sample type according to methicillin resistance in S. aureus
MRSA MSSA
(n, %) (n, %)
Abscess/wound 56 (30.8) 118 (44.2)
Urethral/vaginal swab 10 (5.5) 16 (6.0)
Pleural Fluid 1 (0.6) 1 (0.4)
Nasal/throat swab 14 (7.7) 7 (2.6)
Aspiration fluid 39 (21.4) 38 (14.2)
Sputum 15 (8.2) 9 (3.4)
Urine 17 (9.3) 18 (6.7)
Blood 22 (12.1) 55 (20.6)
Catheter tip 5(2.7) 4 (1.5)
Bronchoalveolar lavage 3(1.6) 1(0.4)
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Figure 1. Distribution of S. aureus isolates according to a) hospital departments and b) sample source

Distribution and risk factors for MRSA colonization

Among the S. aureus isolates collected in 2016-
2020, the frequency of MRSA was 40.5% (n=182),
whereas MSSA was observed in 59.5% (n=267) of
the samples (p <0.001). Over the 5-year period
evaluated, the frequency of MRSA was highest in
2020 (n=52, 51.1%) which was statistically higher
than previous years (n=38, 48.7% in 2016, n=44,
41.9% in 2017, n=15, 16.9% in 2018, n=33, 43.4% in
2019) (p < 0.001). Inpatients had statistically higher
rates of MRSA infections (n=125, 46.6%) compared to
outpatients (n=57, 31.5%) (p = 0.001). Of 182 MRSA
isolated, 99 (54.4%) were males and 83 (45.6%)
were females (Table 1). No statistically significant
association between gender and MRSA infection was
observed (p = 0.315). Patient age was between 0
and 96 with an average of 57.07+24.61.
the mean age of patients with MRSA infection

Importantly,

was statistically higher than those with MSSA
infections (p < 0.001; mean age: 57.07+24.61 and
47.47+25.74, respectively). Rates of MRSA infections

were similar in different seasons (p = 0.550).

Antimicrobial susceptibility patterns of S. aureus

Among the tested antibiotics, S. aureus isolates

were most resistant to erythromycin (39.5%,
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n=136/344), tetracycline (35.4%,
n=155/438), clindamycin (25.8%, n=114/442),
ciprofloxacin (14.6%, n=61/418), levofloxacin (11.8%,
n=52/443),

followed by

trimethoprim/sulfamethoxazole (9.9%,
n=42/422), fusidic acid (8.1%, n=14/174), rifampin
(6.9%, n=17/248), fosfomycin (6.8%, n=11/163)
and tobramycin (5.6%, n=13/232). On the contrary,
high susceptibility rates were detected in all S.
aureus tested for vancomycin (98.9%),
(98.9%), linezolid (98.8%),
gentamicin (96.8%) (Table 3). Antibiotic susceptibility
testing of MRSA isolates revealed statistically higher

daptomycin
teicoplanin (97.3%) and

resistance levels towards ciprofloxacin, clindamycin,
erythromycin, tetracycline, levofloxacin, fosfomycin,
tobramycin and rifampin compared to MSSA isolates.

Multi-drug resistance of the isolates was also
evaluated. MRSA isolates resistant to beta-lactams
plus three additional antimicrobial classes were
classified as multidrug resistant (MDR4).
fifty-six (30.8%) of the isolates were multi-drug
resistant in 2016-2020 period. The distribution
of MDR isolates was observed to vary among years
with the lowest rate (5.8%, n=3/52) detected in
2020 as shown in Figure 2. Overall, the rate of MDR
MRSA was observed to significantly decrease in the
post-pandemic period (p=0.0001) compared to the

Overall,



pre-pandemic period (55.3% in 2016, 36.4% in 2017, difference among gender. There was no statistically
26.7% in 2018, 36.4% in 2019). MDR phenotype was significant difference among MDR isolates isolated
found to be at similar rates in men (32.3%, n=32/99) from inpatients and outpatients (p = 0.852).
and women (28.9%, n=24/83) with no statistical

Table 3. Antibiotic resistance profiles (%) of MRSA and MSSA isolates to different antimicrobial agents between 2016-2020

Antibiotic MRSA (%) MSSA (%) p-value
Erythromycin 85.4 11.7 < 0.001*
Tetracycline 68.0 13.7 < 0.001*
Clindamycin 52.9 8.2 < 0.001*
Ciprofloxacin 23.8 8.7 < 0.001*
Levofloxacin 19.8 6.4 < 0.001*

Fosfomycin 13.0 1.2 < 0.005*

Rifampicin 12.0 4.2 < 0.05*

Trimethoprim/sulfamethoxazole 11.6 8.9 0.372

Tobramycin 11.1 3.1 <0.05*
Fusidic acid 7.3 8.7 0.739
Gentamicin 5.2 2.0 0.074
Teicoplanin 3.4 1.5 0.166

Linezolid 2.3 0.4 0.086
Vancomycin 1.6 0.7 0.326
Daptomycin 1.5 0.9 0.484

* statistically significant

% of MDR-MRSA

0-

2016 2017 2018 2019 2020
Figure 2. Rates of MDR-MRSA in 2016-2020 period
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DISCUSSION

MRSA is an important pathogen in healthcare (25-
27). In Northern Cyprus, an analysis of MRSA infections
and associated risk factors at a local scale are scarce.
This is the first study to document the frequency
as well as antimicrobial and multi-drug resistance
profiles of MRSA and MSSA in Northern Cyprus.

One of the significant observations over the
five-year study period was the higher rates of MSSA
observed compared to MRSA isolates (59.5% vs 40.5%)
(p <0.001). The European Antimicrobial Resistance
Surveillance Network data between 2015 and 2018
documented a frequency of MRSA as high as 38.4%
in Cyprus (27). Our observations indicate a higher
MRSA rate in 2016-2020 period. Compared to the EU/
EEA population-weighted mean percentage of MRSA
as 17.4% in 2014, our findings show higher rates of
MRSA in the study period in the hospital setting in
Northern Cyprus. In the current study, from 2016 to
2020, although fluctuating, the overall MRSA trend
was shown to be significantly higher in 2020 (51.49%)
compared with previous years, with a drop (16.85%)
in 2018. Evidence from previous studies show
that proportion of MRSA among S. aureus isolates
is variable. Although general trend in frequency
has been shown to increase previously (29), some
studies have reported declining rates. MRSA has
declined in England (30,31) and the USA (32,33).

With respect to patients demographics, evidence
from several studies indicated a greater proportion
of S. aureus infections among male and older age
groups (34,35). Our results show a significant age-
specific trend associated to MRSA frequency, and
although it was not statistically significant, the
gender-specific trend observed was consistent
with previous reports in the literature (36-38).

In general, clinical samples of wound/abscess
suggestive of staphylococcal SSTI are the most
(39).
regardless of the methicillin resistance in S. aureus,

common isolates recovered In this study,

sources indicative of SSTIs (wound/abscess) and
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invasive infections (blood, aspiration fluid) were more
commonly observed. This finding is in agreement
with previous reports indicating the frequency of
MRSA and MSSA isolated from these sources to be
predominant compared to other clinical sources
(35,40). However, regarding bloodstream infections,
a higher frequency of MSSA was observed in our
study. Such trend was also described in previously
conducted studies focusing on risk factors for S.
aureus infections (41, 42). Conversely, Wi et al and
Hindy et al have reported a significant predominance
of MRSA associated bacteremia (43,44). Although
we have found overall more MSSA cases in the study
population, inpatients were at significantly higher
risk to develop MRSA infections. Inpatients care
status has been associated with longer hospital stay,
thus prolonged exposure to medical procedures and
increased likelihood to develop MRSA infections
(45). Lakhundi et al. (46)
hospital length of stay, old age and invasive medical

Similarly, reported
procedures as risk factors for MRSA infections.

Several factors such as seasonal fluctuation
contribute to spatial and temporal occurrence of
infectious diseases (47). Conversely to many studies
that have demonstrated a strong and consistent
link between seasons and MRSA incidence rate, the
examination of MRSA rates over our study period
showed no statistically significant correlation. In
2017, Psoter and colleagues reported a predominance
of MRSA related respiratory infections during winter
season (48). Another study depicted a periodicity
pattern in MRSA peak and antibiotic consumption;
the latter occurring several month after the first was
detected (49). It appears that seasonality incidence
of MRSA, more than following a simple meteorological
(50).

Susceptibility of MRSA isolates investigated in this
study was reported to be over 90% for daptomycin,

pattern, is a multifactorial mechanism

vancomycin, linezolid, teicoplanin, gentamicin and
fusidic acid. One study reported similar rate of
susceptibility; yet, conversely to their report, MRSA
isolates were found to be slightly less susceptible



to rifampicin and trimethoprim/sulfamethoxazole
in the current study (51). A significantly decreased
susceptibility for antibiotics such as erythromycin,
clindamycin, ciprofloxacin, tetracycline, levofloxacin,
fosfomycin in MRSA was observed. Similar trends
were reported in 2017, in which MRSA were found
to be highly resistant to erythromycin, clindamycin,
ciprofloxacin compared to MSSA, and regardless
of the clinical source (38). Total susceptibility to
vancomycin and rifampicin (52) and gentamicin (38)
were also noted in literature. In the current study,
MDR4 MRSA rates were observed to decrease in 2020
compared to previous years, which can be attributable
to the decrease in antibiotic consumption mostly in
the primary care sector and may be the result of a
decrease in the number of primary care consultations,
either because of hesitancy to seek healthcare

LIMITATIONS OF THE STUDY

for mild self-limiting infections, or difficulties in
obtaining an appointment for a consultation during
the pandemic. It is likely that this has resulted in
fewer antibiotic prescriptions for mild and self-
limiting infections, and has had a more noticeable
effect in countries where overuse and inappropriate
use was common before the COVID-19 pandemic.

In conclusion; this five-year study presents the
frequency and antibiotic resistance profiles of MRSA
and MSSA isolates at a central hospital in Northern
Cyprus. An alarmingly high rate of MRSA infections in
older patients is reported. MRSA isolates were found
to have increased resistance to several antibiotics.
Given the fast-paced evolution of MRSA epidemiology,
constant monitoring of alterations in incidence
and resistance patterns is critical for the timely
adjustment of local control and prevention strategies.

This study is single-centered therefore does not represent the overall antimicrobial susceptibility patterns of S. aureus
in the region. The vancomycin, linezolid and teicoplanin resistance observed in MRSA isolates was not validated due to the
lack of a reference laboratory in Northern Cyprus. In addition, identification of antibiotic resistance genes with molecular
methods is lacking. Future multi-centered studies with molecular characterization of isolates would give an overview of the
antibiotic resistance patterns across the country would be beneficial.
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COVID-19 siipheli hastalarda SARS-CoV-2 ve yaygin solunum yolu
patojenleri ile koenfeksiyon
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OZET
SARS-CoV-2

cogunun klinik semptomlar yaygin solunum yolu viral

Amag: ile enfekte hastalarin
enfeksiyonunda goriilen semptomlara benzemektedir.
Calismamizda, COVID-19 suphesi
SARS-CoV-2 ve yaygin

degerlendirilmesi amaglanmistir.

olan hastalarda

solunum yolu virislerinin

Yontem: Mart 2020 - Mart 2022 tarihleri arasinda
multipleks solunum PCR paneli ve SARS-CoV-2 RT-PCR
testi calisilan 592 hastanin sonuclarn retrospektif olarak
degerlendirildi. Yaygin solunum yolu viral patojenler
multiplex real-time PCR paneli ile (FTD® Respiratory
Pathogens 21 Kit, Fast-Track Diagnostics, Liilksemburg)
SARS-CoV-2 Real-Time PCR testi, farkl
donemlerde olmak lzere Bio-Seepdy SARS-CoV-2 Double
Gene RT-gPCR Kiti, Bio-Speedy® SARS-CoV-2 Emerging
Plus, Diagnovital® HS SARS-CoV-2 real time PCR kiti,
DS CORONEX COVID-19 Multiplex Real Time-gPCR Test

Kitleri kullanilarak incelenmistir.

saptandi.

Bulgular: Orneklerin %63,2’sinde (374/592) viral
antijen pozitifligi bulunmustur. Tek etken pozitifligi
%46,3 (274/592), ikili %13,9 (82/592),
etken %2,9 (17/592), dortli etken pozitifligi %0,2
(1/592) saptanmistir. SARS-CoV-2 pozitif olan hastalarin

etken uclu

ABSTRACT

Objective: The clinical symptoms of most patients
infected with SARS-CoV-2 are similar to the symptoms of
common respiratory viral infection. Our study aims to
investigate SARS-CoV-2 and common respiratory viruses
in patients with suspected COVID-19.

Methods: The test results of 592 patients for
multiplex respiratory PCR panel and SARS-CoV-2 RT-
PCR between March 2020 and March 2022 were studied
and retrospectively evaluated. Common respiratory
viral pathogens were detected with the multiplex real-
time PCR panel (FTD® Respiratory Pathogens 21 Kit,
Fast-Track Diagnostics, Luxembourg). The SARS-CoV-2
Real-Time PCR test was evaluated using the Bio-Speedy
SARS-CoV-2 Double Gene RT-gPCR Kit, Bio-Speedy®
SARS-CoV-2 Emerging Plus, Diagnovital® HS SARS-CoV-2
Real-Time PCR kit, DS CORONEX COVID-19 Multiplex
Real-Time Test Kits.

Results: Viral antigen positivity was detected in 63.2%
(374/592) of the samples. The single-agent positivity was
46.3% (274/592), the dual-agent positivity was 13.9%
(82/592), the triple-agent positivity was 2.9% (17/592),
and the quadruple-agent positivity was 0.2% (1/592). In
51.5% of SARS-CoV-2 positive patients (17/33), SARS-CoV-2
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%51,5’inde (17/33) sadece SARS-CoV-2 pozitifligi ve
%48,5’inde (16/33) birden fazla solunum viriisti etkeni
birlikte saptanmistir. SARS-CoV-2 negatif hastalarin
%46’sinda  (257/559) sadece bir virlis pozitifligi ve
%36,3’linde  (203/559)
virlisi etkeni birlikte saptanmistir. SARS-CoV-2 pozitif

ise birden fazla solunum
hastalarda virius birliktelikleri en stk human rinoviris
(HRV) (7/16, %21,2),

solunum adenovirisleri (HADV) (n=3/16, %9,1), solunum

human bocavirlis (HBoV) ve

sinsityal virus (RSV) ve influenza A’da (n=2/16, %6,1) ve
SARS-CoV-2 negatif hastalarda virls birliktelikleri en sik
HRV 127 (%37,2), human parainfluenza virisleri (HPIV)
1-4 81 (%23,8), RSV A 76 (%22,3), HboV 47 (%13,8), HADV
38 (%11,1) tespit edilmistir.

Sonug: Calismamizda solunum vyolu enfeksiyonu
etkeni viris birliktelikleri SARS-CoV-2 pozitif hastalarda
daha fazla oranda goriilmistiir. Ozellikle COVID-19
pandemisinin devam ettigi siirecte solunum yolu viral
enfeksiyonu disuniilen hastalarda birden fazla viral
etken birlikteliklerinin arastinlmasi, dogru tedavi

yaklasiminin uygulanmasina yardimci olacaktir.

positivity was detected alone, while in 48.5% (16/33)
multiple respiratory viral agents were detected together.
Single virus positivity was found alone in 46% of SARS-
CoV-2 negative patients (257/559), and 36.3% (203/559)
of the patients presented more than one respiratory viral
agent. The most frequent coexistent viruses in SARS-
CoV-2 positive patients included human rhinovirus (HRV)
(7/16, 21.2%), human bocavirus (HBoV) and respiratory
adenoviruses (HADV) (n=3/16, 9.1%), respiratory syncytial
virus (RSV) and influenza A (n=2/16%, HPV-6.1%); whereas
the most frequent coexistent viruses in the SARS-
CoV-2 negative patients were HRV 127 (%37.2), human
parainfluenza viruses (HPIV) 1-4 81 (%23.8), RSV A 76
(%22.3), HboV 47 (%13.8) and HADV 38 (%11.1).

Conclusion: In our study, coexisting viral respiratory
infection agents were detected higher in SARS-
CoV-2 positive patients. The investigation of multiple
coexisting viral agents in patients who are considered
to have respiratory tract viral infection will help to
implement the correct treatment approach, particularly

throughout the ongoing COVID-19 pandemic.

Anahtar Kelimeler: SARS-CoV-2, solunum virisleri, Key  Words: SARS-CoV-2, respiratory viruses,
koenfeksiyon coinfection
GiRiS betakoronaviristiir (2). SARS-CoV-2 ile enfekte

Solunum yolu enfeksiyonlarinin biyuk bir kismi
viral etkenlerle olusmaktadir. Akut solunum yolu
enfeksiyonuna neden olan yaygin solunum virislerinin
baslicalar; influenzaAvirusu (INFA), influenza B virtisu
(INF B), solunum sinsityal virus (RSVA/B), enteroviris
(EV), rinoviris (HRV), solunum adenovirisleri (HADV),
insan metapnomovirust (HMPV), human parainfluenza
virtsleri (HPIV) 1-4 ve koronavirisler (HCoV) (NL63,
0C43, HKU-1 ve 229E)’dir (1).

Koronaviriis hastaligina (COVID-19) neden olan
siddetli akut solunum sendromu koronaviriisi 2
(SARS-CoV-2), ilk kez Cin’in Wuhan kentinde Aralik
2019°da pnomonili

hastalardan izole edilen bir
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hastalarin cogunun klinik semptomlari solunum yolu
viral enfeksiyonlarindan farkli degildir (3). Solunum
yolu virlslerinin tamisinda molekiiler yontemler
tercih edilmektedir (1). Ozellikle de gercek zamanli
multipleks PCR’nin kullanilmasi, cok cesitli solunum
yolu viruslerini ve bunlann alt tiplerini saptamada
yararlidir (4). COVID-19 enfeksiyonu tanisinda niikleik
asit amplifikasyon testleri (NAAT) referans test olarak
kabul edilmektedir (5).

Yaygin solunum virusleri ve SARS-CoV-2’nin
birlikte  degerlendirildigi  farkl  calismalarda
viruslerin tek ve birlikte goriilme oranlar degisiklik
(3,6,7). COVID-19
suphesi olan hastalarda SARS-CoV-2 ve yaygin solunum

gostermektedir Calismamizda,



yolu virislerinin  birlikteliginin degerlendirilmesi

amaclanmistir.
GEREC ve YONTEM

Mart 2020-Mart 2022 tarihleri arasinda multipleks
solunum PCR paneli ve SARS-CoV-2 RT-PCR testi
calisilan hastalarin  sonuclarn retrospektif olarak
degerlendirilmistir. Hastalarin demografik verilerine
hastane bilgi sistemi ve Halk Sagligi Yonetim
Sisteminden (HSYS) ulasilmistir.

Solunum orneklerinde viral patojenler influenza A
(INF A), influenza A subtype H1N1, influenza B (INF B),
human parainfluenzaviris 1-4 (HPIV), human rhinoviris
(HRV), human coronaviriis 0C43 (HCoV-0C43), 229E
(HCoV-229E), HKU1 (HCoV HKU1), NL63 (HCoV NL63),
human bocaviriis (HBoV), human metapneumoviris
(HMPV A/B), respiratuvar sinsityal viriis (RSV A/B),
human parechovirlis (HPeV), enteroviris (EV), human
adenovirus (HADV), multiplex real-time PCR paneliyle
(FTD Neuro9, Fast Track Diagnostics, Luksemburg)
uretici firmamin onerileri dogrultusunda calisilarak
tespit edilmistir. SARS-CoV-2 Real-Time PCR testi,
Diagnovital® HS SARS-CoV-2 real time PCR kiti (RTA
laboratuvarlar Biyolojik Uriinler ilac ve Makine San.
Tic. AS., Turkiye), DS CORONEX COVID-19 Multiplex
Real Time-gPCR Test Kiti (DS Nano and Biotechnology
Product Tracing and Tracking Co.,Tirkiye), Bioseepdy
SARS-CoV-2 Double Gene RT-gPCR Kiti ve Bio-Speedy®
SARS-CoV-2 Emerging Plus Kiti R&D

Technologies Ltd., Tirkiye) ile Roche Lightcycler480

(Bioeksen

ve Qiagen Rotor-Gene Q cihazlan kullanilarak Uretici
firmanin onerileri dogrultusunda degerlendirilmistir.
Hastalar SARS-CoV-2 RT-PCR sonucu pozitif ve negatif
olmak lizere ve <18 yas ve >18 yas olarak iki gruba
ayrilmistir.

Verilerin istatistiksel analizi SPSS Ver.25 [(IBM
SPSS Ver 25 (Armonk, NY: IBM Corp.)] istatistik paket
programiyla analiz edilmistir. Siirekli degiskenler
(IQR) kategorik
degiskenler say1 ve ylizde ile 6zetlenmistir. Kategorik

medyan, ceyrekler aras1 aralik

degiskenler ise ki-kare testi ile karsilastinlmistir.

istatistiksel analizlerde p<0,05 olmasi istatistiksel
olarak anlamli kabul edilmistir.

Bu calisma, Pamukkale Universitesi Girisimsel
Olmayan Klinik Arastirmalar Etik Kurulu onay ile
gerceklestirilmistir (Tarih: 07.06.2022, Karar no:
E-60116787-020-217419).

BULGULAR

Farkli kliniklerden mikrobiyoloji laboratuvarina
592 hastanin
ornekleri multipleks solunum PCR paneli ve SARS-
CoV-2 RT-PCR testi ile degerlendirilmistir.

Orneklerde viral antijen pozitifligi tiim 6rneklerde
%63,2 (374/592) bulunmustur. Tek etken %46,3
(274/592), iki etken %13,9 (82/592), lc etken %2,9
(17/592, dort etken %0,2 (1/592) birlikte pozitif
olarak saptanmistir.

Degerlendirilen %5,6 (33/592) hastanin SARS-
CoV-2 RT-PCR testi SARS-
CoV-2 RT-PCR testi pozitif hastalarin yas ortancasi
(IQR) 7.11 (1.19 - 14.51) ve negatif hastalarin yas
ortancast (IQR) 3.92 (1.72 - 9.45) saptanmistir. Kadin
hastalarin %5,6’s1 ve erkek hastalarin %5,6’s1 SARS-
CoV-2 pozitif gorulmustir. 18 yas alt1 hastalarda
SARS-CoV-2 pozitiflik oram %5,5 ve 18 yas ve ustu
hastalarda SARS-CoV-2 pozitiflik oran1 %6,1 olarak
belirlenmistir.

gonderilen nazofaringeal suruntu

olarak bulunmustur.

Ornekler gonderildikleri kliniklere
gore degerlendirildiginde poliklinikten gonderilen
%4,4’U,
%5,5’1

orneklerin yatakli servisten gonderilen

orneklerin ve yogun bakim Unitesinden

gonderilen orneklerin  %16’s1  SARS-CoV-2 pozitif
bulunmustur (Tablo 1).
SARS-CoV-2 (+) / diger solunum virisleri

(-) ornekler ile SARS-CoV-2 (+) / diger solunum
virisleri (+) oOrnekler Kkarsilastirildiginda cinsiyet,
yas gruplarina dagiim ve gonderildikleri klinikler
acisindan anlamli farkhiik bulunmamistir (sirasiyla
p=0,208, p=0,582, p=0,587) (Tablo 1).

SARS-CoV-2 RT-PCR testi pozitif olan hastalarin
%51,5’inde (17/33) sadece SARS-CoV-2 pozitifligi
ve %48,5’inde (16/33) birden fazla diger solunum

Turk Hij Den Biyol Derg
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virtsleri ile pozitiflik tespit edilmistir (Tablo 2).
Virus birliktelikleri siklik sirasiyla HRY, %21,2 (7/16),
HBoV ve HADV %9,1 (3/16) RSV ve influenza A %6,1
(2/16), HPIV, HCoV 0C43, HCoV NL63 ve EV’de %3
(1/16) olarak saptanmistir. influenza B, HIN1, HMPV,
HCoV 229E, HCoV HKU1 ve HpeV ile birlikte pozitiflik
gorulmemistir.

SARS-CoV-2 RT-PCR testi (-) / diger solunum
virtsleri (-) ornekler ile SARS-CoV-2 RT-PCR testi
(-) / solunum virisi (+) 6rnekler karsilastirildiginda
yas dagiimi ve gonderildikleri klinikler acisindan
istatistiksel olarak anlamli fark bulunamamistir
(swrasiyla p=0,361, p=0,591). Cinsiyetlere gore SARS-
CoV-2 (-) / diger solunum virisleri (-) ornekler ile
SARS-CoV-2 (-) / diger solunum viriisii (+) ornekler
karsilastinldiginda erkeklerde diger solunum viriisleri
ile enfeksiyon oranmi kadinlara oranla daha fazla
olarak bulunmustur (p=0,014) (Tablo 1).

COVID-19 supheli hastalarin %57,6’s1 (341/592)
diger solunum patojenleri icin pozitif goriilmustir.
SARS-CoV-2 RT-PCR testi negatif olan hastalarin
%61’inde (341/559) diger viral solunum patojenleri
saptanmistir. SARS-CoV-2 negatif orneklerin %46’sinda
(257/559) sadece bir viriis pozitifligi ve %36,3’inde
(203/559) ise birden fazla solunum virisu birlikte
pozitif olarak tespit edilmistir (Tablo 2). SARS-CoV-2
RT-PCR testi negatif olan hastalarda en sik sirasiyla

HRV 127 (%37,2), HPIV 1-481 (%23,8), RSVA76 (%22,3),
HboV 47 (%13,8), HADV 38 (%11,1) saptanmistir (Sekil
1). HCoV HKU1 pozitifligi belirlenmemistir.
SARS-CoV-2 negatif ve SARS-CoV-2 pozitif olan
hastalarda goriilen diger solunum virisleri oranlarn
karsilastinldiginda; HPIV’nin  SARS-CoV-2 negatif
hastalarda (p=0,020) ve HCoV NL63’Un SARS-CoV-2
pozitif hastalarda (p=0,001) daha fazla gorilmesi
istatistiksel olarak anlamli bulunmustur (Sekil 1).
SARS-CoV-2  pozitif ve SARS-CoV-2
hastalarda diger solunum virilisii birliktelik oranlar

negatif

karsilastinldiginda istatistiksel olarak anlamli fark
bulunmamistir (p=0,159).

SARS-CoV-2 pozitif hastalarda diger solunum
virisii  birlikteligi gorilme oranlari mevsimlere
gore incelendiginde; kis mevsiminde HRV’nin (n=5,
%38,5), ilkbaharda HRV, EV, HADV (n=1, %16,7) ve
Yaz mevsiminde HBoV’nin (n=2, %15,4) en sik etken
oldugu gorilmiistii. Sonbahar mevsiminde viriis
birlikteligi goriilmemistir (Tablo 3).

SARS-CoV-2 negatif hastalarda diger solunum
virtslerinin gorilme oranlari mevsimlere gore
incelendiginde; kis mevsiminde influenza A'nin
(n=25, %23,6), sonbahar HRV (n=22, %25), ilkbaharda
HRV (n=25, %20) ve HPIV 1-4 (n=24, %19,2) ve yaz
mevsiminde HRV (n=58, %24,2) ve RSV A’nin (n=57,

%23,8) en sik etken oldugu gorilmiistiir (Tablo 3).

Tablo 1. SARS-CoV-2 negatif ve pozitif hastalarin demografik 6zellikleri n (%)

i ) _ Sadece AL SARS-CoV-2 (-)  SARS-CoV-2 (-)
i S L SARS-CoV-2 S COY 2 / diger solunum / diger solunum
hastalar  CoV-2 (-) CoV-2 (+) koenfeksiyon 2 . S
_ _ _ (+) _ viriisleri (-) viriisleri (+)
(n=592) (n=559) (n=33) (n=17) (n=16) (n=218) (n=341)
Kadin 252 (42,6) 238 (94,4) 14 (5,6) 9 (52,9) 5 (31,3) 107 (49,1) 131 (38,4)
Erkek 340 (57,4) 321 (94,4) 19 (5,6) 8 (47,1) 11 (68,8) 111 (50,9) 210 (61,6)
<18 yas 543 (91,7) 513 (94,5) 30 (5,5) 15 (88,2) 15 (93,8) 197 (90,4) 316 (92,7)
>18 yas 49 (8,3) 46 (93,9) 3 (6,1) 2 (11,8) 1(6,3) 21 (9,6) 25 (7,3)
Poliklinik 183 (30,9) 175 (95,6) 8 (4,4) 4(23,5) 4 (25) 63 (28,9) 112 (32,8)
Servis 384 (64,9) 363 (94,5) 21 (5,5) 10 (58,8) 11 (68,8) 147 (67,4) 216 (63,3)
Yogun Bakim 25 (4,2) 21 (84) 4 (16) 3 (7,6) 1(6,3) 8 (3,7) 13 (3,8)
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Tablo 2. Solunum virislerinin goriilme ozellikleri

Viriisler Tek viriis iKili viriis Uglii ve .d?ha T?tf:l. Goriilme yiizdesi Viriis 'I'(oenf'eksiyon
fazla virlis pozitiflik % ylizdesi %

SARS-CoV-2 17 12 4 33 5,6 48,5
influenza A 17 10 4 31 5,2 45,2
influenza B 1 - - 1 0,2 0,0
H1N1 - 1 - 1 0,2 100,0
HPIV 1-4 51 22 9 82 13,9 37,8
HRV 83 39 12 134 22,6 38,0
HCoV OC 43 7 4 1 12 2,0 41,7
HCoV 229E 4 1 - 5 0,8 20,0
HCoV NL63 - 2 1 3 0,5 100,0
HCoV HKU1 - - - - 0,0 0,0
HBoV 23 20 7 50 8,4 54,0
HMPV A/B 2 1 - 3 0,5 33,3
RSV A 44 25 9 78 13,2 43,6
HPeV 1 3 1 5 0,8 80,0

EV 5 6 3 14 2,4 64,3
HADV 19 18 4 141 6,9 53,7

SARS-CoV-2= Severe acute respiratory syndrome coronavirus 2; H1N1= influenza A subtype; HPIV 1-4= human parainfluenza
viriis 1-4; HRV= human rhinoviris; HCoV-0C43, HCoV-229E, HCoV HKU1, HCoV NL63= human coronaviriis 0C43, 229E, HKU1,
NL63; HboV= human bocavirlis; HMPV A/B= human metapneumoviriis; RSVA=respiratuvar sinsityal viriis A; HpeV= human
parechoviriis; EV= enteroviriis, HADV= human adenoviris
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Solunum Virusleri

M SARS-CoV-2 negatif olan 6rneklerdeki solunum virusleri

M SARS-CoV-2 porzitif olan érneklerdeki solunum virusleri

Sekil 1. SARS-CoV-2 negatif ve pozitif hastalarda gorilen solunum virusleri

SARS-CoV-2= Severe acute respiratory syndrome coronavirus 2; H1N1= influenza A subtype; HPIV 1-4= human parainfluenza
virus 1-4; HRV= human rhinoviruis; HCoV-0C43, HCoV-229E, HCoV HKU1, HCoV NL63= human coronavirus 0C43, 229E, HKU1,
NL63; HBoV= human bocaviris; HMPV A/B= human metapneumoviris; RSVA=respiratuvar sinsityal viris A; HpeV= human
parechoviris; EV= enteroviris, HADV= human adenoviris, *p<0,05
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Tablo 3. COVID-19 siipheli hastalarda solunum virislerinin mevsimlere gore dagilimi n (%)

Kis Sonbahar ilkbahar Yaz
SARS-CoV-2  SARS-CoV-2  SARS-CoV-2  SARS-CoV-2  SARS-CoV-2  SARS-CoV-2  SARS-CoV-2  SARS-CoV-2
negatif pozitif negatif pozitif negatif pozitif negatif pozitif
hastalarda hastalarda hastalarda hastalarda hastalarda hastalarda hastalarda hastalarda

solunum solunum solunum solunum solunum solunum solunum solunum
virisleri virisleri virisleri virusleri virisleri virisleri virisleri virisleri

influenza A 25 (23,6) 2 (15,4) 2 (1,6) 2 (0,8)

influenza B - 1(1,1)

H1N1 - 1(0,8)

HPIV 1-4 13 (12,3) 8 (9,1) 24 (19,2) 36 (15) 1(7,7)

HRV 22 (20,8) 5(38,5) 22 (25) 25 (20) 1(16,7) 58 (24,2) 1(7,7)

HCoV 0C43 = 1(7,7) 2 (2,3) 3(2,4) 6 (2,5)

HCoV 229E 1(0,9) 1(1,1) 1(0,8) 2 (0,8)

HCoV NL63 = 1(1,1) 1(0,4) 1(7,7)

HCoVHKU1 =

HBoV 6 (5,7) 1(7,7) 2 (2,3) 6 (4,8) 33 (13,8) 2 (15,4)

HMPV A/B = 2 (2,3) 1(0,4)

RSV A 13 (12,3) 2 (15,4) 4 (4,5) 2 (1,6) 57 (23,8)

HPeV 2 (1,9) 1(0,8) 2 (0,8)

EV 7 (6,6) 1(1,1) 1(0,8) 1(16,7) 4(1,7)

HADV 13 (12,3) 1(7,7) 8 (9,1) 9(7,2) 1(16,7) 8(3,3) 1(7,7)

SARS-CoV-2 negatif 559 ve SARS-CoV-2 pozitif n=33 hasta bulunmaktadir.

SARS-CoV-2= Severe acute respiratory syndrome coronavirus 2; H1N1= influenza A subtype; HPIV 1-4= human parainfluenza
viris 1-4; HRV= human rhinoviriis; HCoV-0C43, HCoV-229E, HCoV HKU1, HCoV NL63= human coronaviriis 0C43, 229E, HKU1,
NL63; HBoV= human bocaviriis; HMPV A/B= human metapneumoviriis; RSVA=respiratuvar sinsityal virlis A; HpeV= human

parechoviris; EV= enteroviris, HADV= human adenovirlis

TARTISMA

Koronaviris enfeksiyonu siiphesi olan hastalarda
SARS-CoV-2 ve vyaygin solunum vyolu virislerinin
degerlendirildigi %5,6
COVID-19 enfeksiyonu ve %57,6 oramnda diger

calismamizda oraninda

solunum  virusleri
COVID-19’dan
bircok calismada oldugu gibi calismamizda da, diger

ile enfeksiyon saptanmistir.

suphelenilen hastalarla yapilan
solunum virusleri ile enfeksiyon oran1 COVID-19 ile
enfeksiyon oranina gore daha yuksek raporlanmistir

(3,8,9).

28

Turk Hij Den Biyol Derg

Calismamizda; 18 yaygin  solunum  virusu
degerlendirildi. SARS-CoV-2 pozitif hastalarda en
yaygin gorilen solunum virisi RV (%21,2), HBoV
(%9,1) ve HADV (%9,1), SARS-CoV-2 negatif hastalarda
RV (%37,2), HPIV (%23,8) ve RSV (%22,3) bulunmustur.
SARS-CoV-2 negatif hastalarda HPIV ve SARS-CoV-2
pozitif hastalarda HCoV NL63 daha fazla oranda
gorulmustur. COVID-19 pandemisinde uygulanan
onlemler ile ¢cogu solunum viriisiiniin goriilme oranin
azaltmistir. insan rinoviriis/enteroviriisiinde ise
gorulme oranlarinda dusiis meydana gelmemistir (10).

Calismamizda da en yaygin gorulen solunum virusu



HRV’dir. Kuzey Kaliforniya’da 3-25 Mart 2020 tarihleri
arasinda yapilan bir calismada; SARS-CoV-2 pozitif
hastalarda rinoviriis/enterovirlis (%6,9), respiratuar
sinsityal virus (%5,2) ve SARS-CoV-2 dis1 coronavirus
(%4,3), SARS-CoV-2 negatif hastalarda ise rinovirlis/
(%12,1),
SARS-CoV-2 dis1 coronaviris (%3,5) en yaygin gorulen

enterovirls metapneumovirus (%4,3) ve
viriisler olarak raporlanmistir (6). iran’da Aralik 2020-
Mart 2021 tarihleri arasinda yapilan bir calismada
ise SARS-CoV-2 pozitif hastalarda en yaygin gorulen
virtisler HMPV (%7,7), HCoV NL63 (%3,3), RSV (%2,2)
ve SARS-CoV-2 negatif hastalarda HMPV (%6,6), HCoV
NL63 (%4,7) ve influenza A/B, HKU1,RSV (%1,9) olarak
saptanmistir (11). Viruslerin gorilme oranlarindaki
bélge
calismanin yapildigi zaman diliminden kaynaklandig

farkligin  cografi farkliliklarindan ~ ve
dusundlmastur.
Calismamizda, SARS-CoV-2 pozitif hastalarda
negatif hastalara gore RSV’nin gorulme oram
daha dusuk, influenza A ve HRV’nin gorulme oram
daha yuksek gorulmistiir. Benzer epidemiyolojik
ozelliklere sahip baz1 viruslerin aym anda aynm
konakta bulunmalari bu viruslerin biytmelerinin
engellenmesi ya da baskilanmasi ile sonuclanabilir.
SARS-CoV-2 ve diger solunum yolu virisleri arasinda
da boyle bir etkilesim oldugu disiinilmektedir.
SARS-CoV-2’nin influenza, RSV ve HRV tarafindan
baskilanmasinin  arastirildigt  bir  matematiksel
RSV’nin  SARS-CoV-2’yi
baskiladigi, influenza ve HRV’nin ise baskilamaya

modelleme calismasinda
neden olmadig1 raporlanmistir (12).

Calismamizda, SARS-CoV-2 pozitif olan hastalarin
%48,5’inde birliktelikleri
saptanmistir. Onceki calismalarda SARS-CoV-2 pozitif
%1,5-%47,2
arasinda degismektedir (6,8,9,13-17). Calismamizda

diger solunum viriis

olan hastalarda koenfeksiyon oran

diger solunum virtsleri ile birlikte saptanma oraninin
bircok calismada bildirilenden fazla olmasi, hasta

ETiK KURUL ONAYI

profillerinin farkliigindan ve calismamizin iki yillik
genis bir araligi kapsamasindan kaynaklanmis olabilir.
SARS-CoV-2 pozitif hastalarda
negatif hastalara gore yaygin solunum virisleri ile

Calismamizda,

daha yiiksek oranda viriis birlikteligi goriilmistiir.
Baz1 calismalarda SARS-CoV-2 pozitif hastalarda baz
calismalarda ise SARS-CoV-2 negatif hastalarda daha
yuksek koenfeksiyon oranlar raporlanmistir (3,18).
Yaygin solunum virislerinin bir cogu mevsimsel
ozellik gostermekle beraber bazilar1 yil boyunca
goriilmeye devam eder (19). istanbul ilinde 2010-2018
yillar arasinda yapilan solunum virislerinin goriilme
oranlarinin mevsimlere gore degerlendirildigi bir
calismada influenza A virusu kis mevsiminde, influenza
B ilkbahar’da, RV ilkbahar ve sonbahar, SARS-CoV-2
dis1 HCoV'’lerin yaz, RSVA/B kis, HPIV yaz ve sonbahar,
HMPV ve HAdV’nin kis mevsiminde saptanan en
yaygin etkenler oldugu raporlanmistir (20). Solunum
yolu viral enfeksiyonlarinin mevsimselligine en fazla
cevresel ve insan davranisindaki degisiklikler katkida
(19). SARS-CoV-2
pozitif ve negatif hastalardaki diger solunum virisleri

bulunmaktadir Calismamizda,
ile enfeksiyonun mevsimsel goriilme oranlar farklilik
gostermektedir. SARS-CoV-2 pozitif hastalarda kis
mevsiminde HRY, ilkbaharda HRV, EV, HADV ve
yaz'in HboV ve SARS-CoV-2 negatif hastalarda kis
mevsiminde influenza A, sonbahar HRY, ilkbaharda
HRV ve HPIV 1-4 ve yaz mevsiminde HRV ve RSV A’'nin
en yaygin etken oldugu goriilmdistdr.

Sonuc olarak; calismamizda solunum yolu
enfeksiyon etkeni virls birliktelikleri SARS-CoV-2
pozitif hastalarda daha fazla oranda gorulmustur.
Ozellikle COVID-19 pandemisinin devam ettigi siirecte
solunum yolu viral enfeksiyonu dusinilen hastalarda
birden fazla viral etken birlikteliklerinin arastirilmasi,
dogru tedavi yaklasiminin uygulanmasina yardimci
olmasi ag¢isindan yararli olacaktir.

* Bu calisma, Pamukkale Universitesi Girisimsel Olmayan Klinik Arastirmalar Etik Kurulu onayi ile gerceklestirilmistir (Tarih:

07.06.2022, Karar no: E-60116787-020-217419)
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CIKAR CATISMASI

Yazarlar bu makale ile ilgili herhangi bir ¢ikar catismasi bildirmemislerdir.
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ABSTRACT

Objective: Hepatitis B is a common health problem
and deaths from acute or chronic hepatitis B are more
than 600,000 per year. Liver damage that develops
throughout the course of the disease forms the basis of
mortality and morbidity. The most accurate and most
difficult method to detect the extent of liver damage is
liver biopsy. There are conflicting data in the literature
regarding noninvasive methods.In HBeAg+ and HBeAg-
patients, liver cell damage develops by different
physiopathological mechanisms. We aimed to find more
sensitive results by evaluating HBeAg + and HBeAg -
patients in separate groups, which are biomarkers used

as an alternative to liver biopsy.

Methods: Patients over the age of 18, who were
followed by the Infectious Diseases Clinics of Diskapi
Yildinm Beyazit Training and Research Hospital and
Yildinm Beyazit University Yenimahalle Training and
Research Hospital between 2010 and 2020, with HBs ag
positivity for more than six months and with HBV DNA
>2000 IU were evaluated. The patients were divided

into two groups according to the presence of HBeAg.

OZET

Amag: Hepatit B yaygin bir saglik sorunudur ve akut
veya kronik hepatit B’den olimler yilda 600.000’den
fazladir. Hastaligin seyri boyunca gelisen karaciger
hasari, mortalite ve morbiditenin temelini olusturur.
Karaciger hasarinin boyutunu tespit edebilmenin en
dogru ve en zor uygulanan metodu karaciger biyopsisidir.
Biyobelirteclerle gelistirilen noninvaziv. metodlar
ile ilgili ise literatiirde celiskili veriler mevcuttur.
HBeAg+ ve HBeAg- hastalarda karaciger hiicre hasan
farkli fizyopatolojik mekanizmalarla gelisir. Karaciger
biyopsisine alternatif olarak kullanilan biyobelirtecleri
HBeAg+

degerlendirerek daha duyarl

ve HBeAg- hasta gruplarinda ayn ayn
sonuclara ulasmayi

amacladik.

Yontem: 2010-2020 yillar arasinda Diskap1 Yildirim
Beyazit Egitim ve Arastirma Hastanesi ve Yildinm
Beyazit Universitesi Yenimahalle Egitim ve Arastirma
Hastanesi Enfeksiyon Hastaliklari Klinigi’nde alt1 aydan
uzun siredir HBsAg pozitifligi ile takip edilen 18 yas
listii ve HBV DNA >2000 IU olan hastalar degerlendirildi.
Hastalar HBeAg varligina gore iki gruba ayrildi. Daha
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Afterwards, each group was divided into mild fibrosis or
non-fibrosis group with a fibrosis score of less than 3,
and patients with a score of 3 and above in the advanced
fibrosis group, according to the histologically determined
treatment indication. Indirect fibrosis indicators were

evaluated separately in all patients and in all subgroups.

Results: 191 CHB patients were included in the study.
89 male and 102 female patients comprised the entire
cohort. Among the patients, there were 89 patients with
fibrosis 3 or more, and 102 patients with fibrosis below
3. There were 48 HBeAg positive patients in the whole
patient group and the patients were equally distributed
regardless of fibrosis. No noninvasive marker was found to
detect fibrosis in the entire cohort, only the histological
activity index was associated with fibrosis. In the HBeAg-
positive patient group, the API score, which increased
with aging and low platelet counts, was associated with
fibrosis, while in the HBeAg-negative patient group, total

protein was associated with fibrosis.

Conclusion: Determining fibrosis by non-invasive
methods in chronic hepatitis B patients is important as it
can be an alternative to biopsy for patient follow-up and
treatment. When evaluating noninvasive methods that
can detect liver damage, we emphasize the importance
of evaluating patients by dividing them into appropriate
subgroups. More studies are needed to determine the
appropriate biomarkers to detect the severity of fibrosis

in chronic hepatitis B patients.

Key Words: Chronic hepatitis B, biomarker, fibrosis,
HBeAg

sonra her grup histolojik olarak Modifiye ishak Skoruna
gore fibrozis skoru 3’un altinda olan ve fibrozis skoru 3
ve lizeri olan hastalar olmak lizere ikiye ayrildi. Fibrozis
gostergesi olabilecek biyobelirtecler tum hastalarda ve

tim alt gruplarda ayr ayn degerlendirildi.

Bulgular: Calismaya 191 KHB hastasi dahil edildi.
Tuim kohortu 89 erkek ve 102 kadin hasta olusturdu.
Hastalar arasinda fibrozis skoru 3 veya daha fazla 89 hasta
ve fibrozis skoru 3 den az 102 hasta degerlendirildi. Tim
hasta grubunda 48 HBeAg pozitif hasta vardi ve hastalar
fibrozis skorundan bagimsiz esit olarak dagilmisti.
Tum kohortta gruplara ayrilmadan yapilan incelemede
fibrozis siddetini saptayacak invaziv olmayan bir belirtec
bulunmadi, sadece histolojik aktivite indeksi fibrozis ile
iliskilendirildi. Gruplara ayrildiktan sonra HBeAg pozitif
hasta grubunda API skoru fibrozis ile iliskilendirilirken,
HBeAg negatif hasta grubunda total protein fibrozis ile
iliskilendirildi.

Sonug: Kronik Hepatit B hastalarinda fibrozis
siddetini invaziv olmayan metodlarla belirlemek hasta
takip ve tedavisi icin biopsiye alternatif olabileceginden
onemlidir. Bu calismada karaciger hasarin1 tespit
edebilecek noninvaziv metodlar degerlendirilirken
hastalart uygun alt gruplara ayirarak degerlendirmenin
onemine deginiyoruz. Kronik Hepatit B hastalarinda
fibrozisin  siddetini  etkin  sekilde  saptayacak
biyobelirteclerin tespiti icin daha fazla calismaya ihtiyac

vardir.

Anahtar Kelimeler: Kronik hepatit B, biyobelirtec,
fibrozis, HBeAg

INTRODUCTION

Hepatitis B virus (HBV) infection is a significant

chronic HBV infection, which is moderately endemic
in Turkey, is present in more than 350 million people
worldwide (2). Although chronic HBV infection can

health problem worldwide. More than 600 thousand ysually cause cirrhosis or hepatocellular carcinoma,

patients die annually due to acute or chronic HBV it may also present with a clinical picture including
infections and related complications (1). Currently, persistent viremia with normal aminotransferase
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levels and liver histology. (3). While HBV continues
to multiply in liver cells during the chronic infection
process, liver damage develops mainly secondary to
the body’s immune response through T cells (4). The
HepatitisBeantigen (HBeAg)isanantigenic component
of HBV that indicates viral replication and cannot be
continuously detected in chronic HBV infection (5).
It has been shown that HBeAg suppresses T cells,
and the immune mechanism leading to its clearance
has not been clarified yet. This antigen suppresses
cellular immunity, allowing viral particles to multiply
and accumulate in hepatocytes, developing direct
cytopathic effects (6, 7). Otherwise cellular immune
response in CHB patients mostly develops after HBeAg
clearance, with decreased suppressive effects of this
antigen on T cells and liver cell cytopathy of cellular
immunity.

It was previously suggested that non-invasive
markers such as aspartate aminotransferase (AST)/
thrombocyte (PLT), red cell distribution width
(RDW)/PLT, AST/alanine aminotransferase (ALT)
and neutrophil/lymphocyte ratio could predict liver
(2,8,9).
efficacy of noninvasive biomarkers in predicting liver

damage These studies investigated the
fibrosis, but did not compare them between HbeAg
positive and negative patients. In addition, since
different pathophysiological processes can lead to
liver damage, the sensitivities of these non-invasive
indicators may differ in various settings.

It is widely accepted that the introduction of non-
invasive markers with high sensitivity can negate the
need for liver biopsy and facilitate the treatment and
follow-up of patients with liver damage. Therefore,
this study aimed to compare the efficacy of the non-
invasive markers in predicting liver fibrosis between
HBeAg positive and HBeAg negative patients.

MATERIAL and METHOD

Data of the adult (age>18) patients who were
followed-up at the Infectious Diseases and Clinical
Microbiology departments of the Ankara Diskapi

Yildirim Beyazit Training and Research Hospital and
Yildirim Beyazit University Yenimahalle Training and
Research Hospital were retrospectively reviewed.
Patients who were followed-up between January
2010 and December 2020 with the diagnosis of
HBsAg positive chronic HBV infection for more than
six months constituted the target population of this
study. All patients had an HBV DNA level of higher
than 2000 IU. All study participants were naiv chronic
HBV (CHB) patients. Patients who consume alcohol
regularly, are on or anti-inflammatory drugs, and
had a history of antiviral use, kidney failure, chronic
inflammatory disease, diabetes mellitus, malignancy,
or other liver disease were excluded.

Demographic, laboratory and radiological data
of the study participants were retrieved from
computerized patient databases of the hospitals and
the Turkiye Ministry of Health.

All study participants had undergone a liver
biopsy, and experienced histopathologists assessed
the specimens by histological activity index (HAI)
and fibrosis scoring via the modified Ishak scoring
system (10,11). First, the patients were divided into
two groups as per the presence or absence of HbeAg.
Subsequently, each group was divided into “mildly
fibrous” or “non-fibrous” (i.e., fibrosis score <3) and
“advanced fibrosis” (i.e., fibrosis score >3) subgroups
based on the fibrosis scores.

Laboratory data at the time of biopsy included the
measurements of serum aspartate aminotransferase
(AST), (ALT),
total globulin,
normalization ratio (INR), leukocyte, lymphocyte,
neutrophil, alpha-fetoprotein (AFP), HBV DNA levels,
red cell distribution volume (RDW) and platelet
distribution volume (PDW).

Indirect fibrosis indicators were calculated using

alanine aminotransferase albumin,

protein, platelet, international

the following formulas: neutrophil/lymphocyte ratio,
AST-platelet ratio index (APRI) [(AST/AST upper
limit)/PLT (109/L)x100], and age-platelet index (API)
[Age< 30:0, age 30-39:1, 40-49:2, 50-59:3, 60-69:4,
age>70:5, PLT count (109/L): =2225:0, 200-224:1,
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175-199:2, 150-174:3, 125-149:4, PLT count<125:5.
The index is calculated by summing the scores of
regarding age and PLT counts] (12-18).

Anti HBe were analyzed by chemiluminescent
microparticle immunoassay kits (ARCHITECT i2000
ARCHITECT, Abbott Park, Wiesbaden-
Delkenheim, Germany), and HBV-DNA levels were

system;

analyzed by LightCycler real-time polymerase chain
reaction (PCR) System (Corbett Research Rotor Gene
6000 and HBV QS-RGQ Kit, Qiagen, Germany). HBV
DNA PCR results were reported as international units
(V).

All statistical analyzes were performed using the
Statistical Package for Social Sciences (SPSS) software
(IBM SPSS Statistics v24). Frequency tables and
descriptive statistics were used for the interpretation
of the data. The independent samples t-test (t-table
value) was used to compare two independent groups.
The Analysis of Variance (ANOVA) test (F-table
value) method was used to compare three or more
independent groups. The Tukey test was performed for
pairwise comparisons of the variables with significant
differences between three or more groups. Two
independent groups were compared using the Mann-
Whitney U test (Z-table value) as per non-parametric
methods. A comparison of three or more independent
groups was made by performing the Kruskal-Wallis H
test (x2-table value). Bonferroni correction was used
for pairwise comparisons of three or more groups
with significantly different variables. Pearson-x2 cross
tables were used to analyze the relationships between
qualitative variables. Backward LR model was used
for binary logistic regression analysis to determine
the factors affecting the treatment requirement
and cirrhosis status (i.e., fibrosis scores). Receiver
operating characteristic (ROC) curves were used to
determine the variables’ diagnostic values.

The study was approved by the Ankara Yildirim
Beyazit Training and Research Hospital Clinic
Researches Ethics Committee (Date: 05.04.2021 and
Number: 108/04).
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RESULTS

After applying the inclusion and exclusion criteria,
191 patients were included in the study. Among these
patients, 89 were male, and 102 were female. The
mean age of all patients was 45,57. Histopathological
examinations revealed that 89 patients had fibrosis
scores of three or higher, while 102 patients had scores
of less than three. Demographic, histopathological,
and laboratory data of these patients are displayed
in Table 1. In the multiple regression performed
between two groups, no biomarkers that could
detected (Table 2).
There were 48 patients in the HbeAg positive

indicate fibrosis were
and 143 in the HBeAg negative patient groups.
The rate of the patients with fibrosis scores of

3 or above was 52.1% (n=25) and 44,8% (n=64)

in the HBeAg positive and HbeAg negative
patient groups, respectively (p>0,05) (Table 3).
Fibrosis-related parameters were compared

between HBeAg positive and negative patient
groups. A statistically significant difference was
found in the HBeAg negative patient group in
terms of AST, ALT, globulin, total protein, AFP,
HBV DNA, HAI, and APRI scores (p<0.05) (Table 4).

The logistic regression analysis revealed that
HAI and serum total protein levels were significantly
associated with fibrosis scores, and the cut-
off value was 5.5 as per ROC analysis (p<0.05,
OR=2.123, p<0.05, OR=10.516) (Table 5, Figure 1).

Comparison of demographic and laboratory
parameters according to fibrosis scores in
HbeAg positive patients revealed that the two
groups differed significantly in terms of age,
AST, ALT, HAI, APl and APRI (p<0.05) (Table 6).

The logistic regression analysis elucidated that HAI
andAPIscoresweresignificantlyassociatedwithfibrosis;
the cut-off value was 5.5 as per ROC analysis (p<0.05,

OR=2.944, p<0.05, OR=5.512) (Table 7) (Figure 2).



Table 1. Comparison of the demographic and laboratory parameters as per fibrosis scores

Fibrosis<3 (n=102)

Fibrosis> 3 (n=89)

— Median — Median Statistical Analysis *
XtS.S. o X+S.S. R

44.0 48.0 t=-1.549
Age (year) 44.17+12.17 [20.0] 47.19+14.81 [23.0] p=0.123
24.5 36.0 7=-5.23
AST 32.60+34.70 [12.3] 62.80+70.52 [46.5] p=0.000
23.7 43.0 7=-5.224
ALT 38.34+75.72 [18.1] 68.94+72.10 [53.0] p=0.000
235.0 218.0 Z=-0.586
PLT 236.59+57.73 [76.8] 231.18+63.68 89.0] p=0.558
. 4505.0 4900.0 t=-1.276
Neutrophil 4638.33+1446.77 [1945.0] 4911.12+1504.76 [2045.0] p=0.204
7110.0 7210.0 7=-0.903
Leukocyte 7147.06+1685.01 [2345.0] 7494.72+1991.73 [2760.0] p=0.367
2120.0 2190.0 Z=-1.056
Lymphocyte 2248.13+655.79 [800.0] 2395.76+861.86 [1000.0] p=0.291
1.0 1.0 Z=-0.200
INR 1.04+0.09 [0.1] 1.18+1.19 [0.1] p=0.842
13.4 13.5 Z=-0.706
RDW 13.69+1.66 [1.7] 14.34+4.66 [1.6] p=0.480
16.3 16.4 Z=-0.952
PDW 22.10+14.55 [2.1] 20.45+11.10 [1.5] p=0.341
. 4.4 4.3 7=-1.227
Albumin 4.34+0.34 [0.4] 5.09+5.55 [0.5] p=0.220
. 3.1 3.2 t=-2.861
Globulin 3.00+0.40 [0.6] 3.22+0.42 [0.4] p=0.005
X 7.4 7.6 t=-1.625
Total protein 7.41+0.49 [0.7] 7.57+0.54 [0.6] p=0.107
2.4 3.0 Z=-2.109
AFP 2.77+1.65 [2.1] 3.34+2.03 [2.1] p=0.035
4.8 6.0 Z=-3.568
HBV DNA 5.56+1.79 [1.6] 6.42+1.99 [3.2] p=0.000
4.0 7.0 7=-7.938
HAI 4.70+2.05 3.0] 7.73+2.56 [3.0] p=0.000
3.0 3.0 7=-2.061
API score 2.81+1.81 [2.3] 3.45+2.12 [3.0] p=0.039
0.3 0.4 7=-4.652
APRI 0.39+0.48 [0.2] 0.76+0.94 [0.7] p=0.000
Neutrophil/ 2.0 2.1 Z=-0.164
Sl 2.20+0.89 [1.1] 2.22+0.95 [0.9] p=0.870
Platelet/ 0.110 0.099 Z=-1.519
Lymphocyte 0.113+0.040 [0.004] 0.107+0.045 [0.050] p=0.129
1.0 0.9 Z=-1.299
AST/ALT 1.06+0.42 [0.5] 1.02+0.49 [0.5] p=0.194
0.059 0.061 Z=-0.991
RDW/Platelet 0.061+0.015 [0.020] 0.066+0.028 [0.020] p=0.322
0.005 0.005 7=-0.883
INR/Platelet 0.004:+0.001 [0.000] 0.006+0.005 [0.000] p=0.377

* “Independent Sample-t” test (t-table value) statistics were used to compare two independent groups with normal distribution. “Mann-

Whitney U” test (Z-table value) statistics were used to compare two independent groups with non-normal distribution.

AST: aspartate

aminotransferase, ALT: alanine aminotransferase, PTL: platelet, RDW: Red Cell Distribution Width, PDW: Platelet Distribution Width, AFP:
alpha fetoprotein, HAI: histological activity index, API: age-platelet index, APRI: spartate aminotransferase platelet ratio index.
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Table 2. Results of the logistic regression model based on fibrosis scores

95% Confidence Interval (OR)

Variable B S.H. Wald sd p OR Lower limit Upper limit

AST 0.028 0.017 2.834 1 0.092 1.029 0.995 1.063

ALT -0.011 0.007 2.532 1 0.112 0.989 0.975 1.003

Globulin 1.294 0.671 3.723 1 0.054 3.648 0.980 13.582

HAI 0.675 0.151 19.847 1 0.000 1.963 1.459 2.642
-8.599 2.326 13.663 1 0.000

x2,=3.525; p=0.897

AST: aspartate aminotransferase, ALT: alanine aminotransferase, HAI: histological activity index

Table 3. Analysis of the relationships between HbeAg status and fibrosis scores

Hbe Ag Negative (n=143) Positive (n=48) Statistical Analysis *
n % n %

Fibrosis<3 79 55.2 23 47.9 x2=0.509

Fibrosis>3 64 44.8 25 52.1 p=0.476

* “Pearson-x2” crosstabs were used to examine the relationships between two qualitative variables.

ROC Curve ROC Curve
o
0.8 J 04
o8 084
£ £
2 2
. H
® o4 @ 04
. 024
T T T T 0D Y U U T
02 o4 06 on 0 o0 02 o 0s o8 10
1 -Specificity 1-Specificity
Total proten A
AUC %95 G.A.
Variable Area Standard error p Cut-off value
Down Up
Total protein 0.673 0.064 0.013 0.548 0.798 7.5
HAI score 0.819 0.035 0.000 0.751 0.888 5.5

HAI: histological activity index

Figure 1. Determination of the serum total protein level and HAI score cut-off values by ROC analysis and comparison of
parameters based on fibrosis scores in HbeAg negative patients
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Table 4. Comparison of the demographic and laboratory parameters as per fibrosis scores in HbeAg negative patients

Fibrosis<3 (n=79)

Fibrosis> 3 (n=64)

Statistical Analysis
*

Variable E + 5.8 N;Tg;a]n i tS.5. Aﬁg:!a]n

Age (year) 44.09+11.88 [gg:g] 44.97+15.66 [;Z:g] t;g;?? 11
AST 31.54126.14 [ﬁ:g] 64.70:73.65 [gijgl f,i},‘f‘é‘éé
ALT 32.28:25.07 [f‘;:g] 67.35:63.54 [‘5‘?:2] ﬁ:‘éggg
PLT 234.34:58.82 [2;25.'0(; 233.97:62.55 [2913680] 2;3 o
Neutrophil 4571.77:1427.62 [‘1‘2‘1)8:8] 4920.94:1536.98 [‘2‘323:(5)] tr;-&.;tgzs
Leukocyte 7161.14:1598.29 [Zg’fg:g] 7630.78+20.73 [Zggg:gl ;3;‘?2
Lymphocyte 2291.27:604.45 [2;5622'0‘; 2448.64:915.34 [fé‘z‘gzg] zng o
INR 1.04:0.10 [(1):?] 1.23+1.40 [(1)::] 11—8.73355
RDW 13.63:1.63 [113.}33] 14.345.26 [113';5] zp==-g.§076t
PDW 23.56:15.88 [13%3] 22.15:12.76 [13666] f;}?_ P
o 4.33:0.35 [g:j] 5.4116.53 [3:21 Zp==-g..30357
Globutin 2.96:0.40 [332] 3.27:0.39 [(3):§] |t>==-o3.'3812
Total protein 7.36:0.51 [g:;‘] 7.68+0.43 [g:?] ;1'5_'33‘;
AFP 2.59+1.61 [fzg] 3.29+2.04 é:g] ,Z):oz.gf g
HBV DNA 5.72+1.82 [‘1‘:% 6.86+1.88 [§;§] f,i}f_’&?ﬁ
HAI 4.80:2.13 [‘;g] 7.67+2.46 [;:8] ﬁ:};"‘é’ég
115 e 2.91+1.88 [;:g] 3.16:2.22 [2:8] Z;:&:;:
APRI 0.39:0.41 [gj] 0.76:0.96 [8:‘11] ,Z,Z},“_ﬁgg
Neutrophil/Lymphocyte 2.09+0.76 [1 3] 2.17+0.95 [é:g] Z[;g;gg
Platelet/Lymphocyte 0.109+0.036 [gsgg] 0.105+0.038 [8833] 113301039
AST/ALT 1.07+0.44 [(1):2] 1.05:0.55 [gzz] Zp==gé)93;9
RDW/Platelet 0.062:0.017 [333331 0.064:0.023 [3;323] Z;g pe
INR/Platelet 0.005:0.001 [333331 0.006+0.005 [8:8831 szg o

* “Independent Sample-t” test (t-table value) statistics were used to compare two independent groups with normal distribution. “Mann-
Whitney U” test (Z-table value) statistics were used to compare two independent groups with non-normal distribution. AST: aspartate
aminotransferase, ALT: alanine aminotransferase, PTL: platelet, RDW: Red Cell Distribution Width, PDW: Platelet Distribution Width, AFP:
alpha fetoprotein, HAI: histological activity index, API: age-platelet index, APRI: spartate aminotransferase platelet ratio index.
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Table 5. Results of the logistic regression model in HbeAg negative patients based fibrosis scores

95% Confidence Interval (OR)

Variable B Selrks Wald sd p OR
Lower limit Upper limit
AST 0.050 0.037 1.766 1 0.184 1.051 0.977 1.131
Total protein 2.353 0.943 6.226 1 0.013 10.516 1.656 36.764
HAI 0.753 0.214 12.392 1 0.000 2.123 1.396 3.229
APRI -3.055 2.961 1.064 1 0.302 0.047 0.000 15.624
-23.108 7.786 8.808 1 0.003 0.00

X2, =8.307; p=0.404

AST: aspartate aminotransferase, HAI: histological activity index, APRI: spartate aminotransferase platelet ratio index.

Table 7. Results of the logistic regression model in HbeAg positive patients based on treatment risk status and fibrosis scores

95% Confidence Interval (OR)

B S.H. Wald sd p
Lower limit Upper limit
Age(year) -0.119 0.072 2.733 1 0.098 0.888 0.771 1.022
HAI 1.080 0.373 8.395 1 0.004 2.944 1.418 6.113
API score 1.707 0.772 4.887 1 0.027 5.512 1.214 25.033
-5.504 2.134 6.654 1 0.010 0.004
X?5=3.615; p=0.890
HAI: histological activity index, APRI: spartate aminotransferase platelet ratio index.
ROC Curve ROC Curve
0.5 0.5
-E. 0.6 g 0.6~
- -
S 7
“ 0.4 @ 0.4
0.2 2
oo T T T T o0 T T T T 1
00 02 0s 05 on 10 00 02 0s 05 on 10
1 - Specificity 1 - Specificity
HA) APl
AUC %95 G.A.
Varibale Area Standard error p Cut-off value
Down Up
HAI score 0.869 0.050 0.000 0.771 0.966 5.5
API score 0.794 0.065 0.000 0.666 0.922 2.5

HAI: histological activity index, APRI: spartate aminotransferase platelet ratio index.
Figure 2. Determination of the HAl and API score cut-off values by ROC analysis based on fibrosis scores in HbeAg positive patients
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Table 6. Comparison of the demographic and laboratory parameters as per fibrosis scores in HbeAg positive patients

Fibrosis<3 (n=23)

Firosisz 3 (n=25)

VE “rrss | M xass | e CEame
+S.8. L £S.5. [10R]
Age (year) 44.43:13 41 [‘z‘?:g] 52.88+10.66 [?éjgl ;1'3,'33‘;
AST 36.25:55.56 o 57.96+62.97 o po0.015
ALT 59.17:153.33 [f;:g] 72.99:91.87 [2‘2‘:2] ,Z;bz.'g;;
pLT 244.35:54.36 [263:'00] 224.04:67.28 [2;385% ;2):12‘;3
Neutrophil 4866.96+1520.83 ] 4886.00+1449.31 T o
Leukocyte 7098.70+1993.65 e 7146.40+1755.52 Tt 095
Lymphocyte 2100.00+805.86 [22)3%%(; 2260.40+705.46 [33‘3";;8] Z;S;;’fz’
INR 1.05:0.08 o 1.0740.13 il 02
RDW 13.92+1.79 [113.55] 14.35:2.72 [113'-45] Z;—g.;);:
PDW 17.1416.79 [116.65] 16.23+1.35 [106_'7‘; Z,;g, '373;
Albumin 4.38:0.30 Ky 4.2610.43 e o
Globulin 3.06:0.41 i 3.1640.45 o 0634
Total protein 7.50+0.46 [3:2] 7.410.64 [(7)::] Zp==(§)72873?
AFP 3.39+1.68 o 3.4742.05 o s
HBV DNA 5.03+1.65 [‘1‘:§] 5.32+1.85 [ijg’;] tp==-(()).'5533
HAI 4.35:1.72 [‘3‘:8] 7.88+2.85 [§;§] f,Z;,“,'SSS
API score 2.48+1.47 [;8] 4.20+1.66 [;:g] ;Z):gggg
APRI 0.42+0.68 [83] 0.77+0.90 [812] Iz;-oz..g:;
[‘;m”gﬁfch;g 2.5641.19 [f:ﬁ] 2.3410.95 [ﬁ] Zpi'g_ o
E;‘:;SLec’tc/yte 0.13020.051 [g: (%] 0.11240.057 [8:8281 Zp==3137702
AST/ALT 1.0240.34 [(1):2] 0.95:0.28 [g;j] ;Z?,:i‘ié
RDW/ Platelet 0.059:0.011 [g:g%] 0.072+0.037 [8:8%] ﬁi&fﬁ’
INR/Platelet 0.005:0.001 o] 0.006:0.003 B oS

* “Independent Sample-t” test (t-table value) statistics were used to compare two independent groups with normal distribution. “Mann-
Whitney U” test (Z-table value) statistics were used to compare two independent groups with non-normal distribution. AST: aspartate
aminotransferase, ALT: alanine aminotransferase, PTL: platelet, RDW: Red Cell Distribution Width, PDW: Platelet Distribution Width, AFP:
alpha fetoprotein, HAI: histological activity index, API: age-platelet index, APRI: spartate aminotransferase platelet ratio index.
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DISCUSSION

This study aimed to evaluate the sensitivity of the
biomarkers predicting the severity of liver fibrosis
between HbeAg positive and HbeAg negative patients.
Analysis of the entire cohort -without grouping
as per HBeAg positivity- revealed that none of the
biomarkers assessed was found to be related to the
severity of fibrosis. However, after dividing the entire
group into two according to the presence or absence
of the HbeAg antigen, our analysis revealed that the
API scores were associated with the fibrosis scores in
HbeAg positive patients. On the other hand, serum
total protein levels were associated with the fibrosis
scoresin the HbeAg negative patient group. Our results
show that noninvasive fibrosis assessment methods
should be performed in separate groups in HbeAg
positive and HbeAg negative patients.They also imply
that different biomarkers should be used to assess
fibrosis severity in these two patient populations.

Detection and accurate assessment of the severity
of liver fibrosis in CHB patients is essential for
initiation of therapy (19). Although these assessments
are conventionally performed by liver biopsies, the
use of non-invasive markers predicting the presence
and severity of fibrosis can help avoid unnecessary
biopsies and related complications (20). It was
postulated that HBV was not cytopathic and HBV-
related liver damage developed via cytotoxic T cells
(21). The resultant inflammation induces liver fibrosis
in the chronic period (22). It is known that elevated
serum total protein levels can be associated with
acute and chronic infections (23). In line with this,
we found a significant relationship between elevated
serum total protein levels and liver fibrosis in our
HbeAg negative patients in our study. The high total
protein level is indicated in the literature that can
be seen in chronic infections such as viral hepatitis
(24). It was stated that serum total protein increased
even in hepatotoxicity, which is known to develop
severe inflammation in the liver, except for infectious
factors (25,26). It was previously reported that in
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patients with HBV, the serum profile of both globulins
and proteins other than globulins differed according
to the degree of liver fibrosis (27-29). However, these
studies did not compare the serum total protein values
between HbeAg positive and HbeAg negative patients.
In line with this, we found a significant correlation
between high serum total protein, which can be a
sign of the severity of liver inflammation, and liver
fibrosis in our HbeAg-negative patients in our study.

It is known that the immune processes are
different between HBeAg positive and HBeAg negative
patients (30). This antigen has immunomodulatory
effects, suppresses T cell-mediated immunity, and
helps in developing tolerance in the host immune
response against HBV (30). It also attenuates the
CD4+ T helper cell response by several mechanisms,
including clonal deletion of HBV-specific T cells and
immune depletion (6). Since HBeAg suppresses HBV-
specific immunity, it facilitates viral replication
and is considered an indicator of viral replication
(5). As replication continues, the accumulation of
the envelope particles in the hepatocytes leads to
the formation of ground glass appearance in the
hepatocytes  histopathologically (31). Since the
extent of this damage will increase over time, not
surprisingly, age is a significant risk factor for liver
fibrosis during CHB (27). The fact that advanced
patient age was considered one of the main criteria
for determining the optimal treatment option in
the international guidelines is consistent with our
findings (32). We found a significant correlation
between API and fibrosis scores, and the ROC analysis
revealed a cut-off value of 2,5 in the diagnosis
of advanced fibrosis. In a study conducted using
Fibroscan, age was an independent risk factor for
fibrosis in HbeAg positive patients (33). Erdogan et
al. (34) reported that the API score was insufficient
to detect fibrosis in CHB patients. However, it
should be considered that only 15% of their study
participants were HbeAg positive. Kim et al. worked
on patients 55% of whom were HbeAg positive, and
noted that APl was significantly associated with



fibrosis (35). In our study, HbeAg positive patients
constituted 25%
analysis of the 48 HbeAg positive patients elucidated
that APl could be used to detect liver fibrosis.

Some studies suggested that low platelet counts

of the entire cohortHowever,

were associated with advanced liver fibrosis (36).
For example, Kekilli et al. (8) found that the mean
platelet count in the advanced fibrosis group was
significantly lower than counts in the mild fibrosis
and non-fibrosis group. On the contrary, some
studies suggested that platelet count was not
related to the degree of fibrosis (14, 20). Although
the exact relationship between low platelet count
and significant liver inflammation has not yet been
clarified, it has been reported that platelets could
attract the inflammatory cells to the liver parenchyma
in the setting of HBV infection (37). In our study,
platelet count was not associated with liver fibrosis.

Some studies worked on RDW and reported
that RDW and RDW/PLT ratios were independent
predictors of fibrosis scores in CHB patients (37, 38).
Nevertheless, we did not find an association between
these parameters and fibrosis scores in our study.

World Health Organization (WHO)
recommended using APRI to predict liver fibrosis

guidelines

severity in patients with CHB (39). It was also stated
that APRI was particularly useful in hepatitis C disease,
and hepatitis B and hepatitis C were different diseases
regarding prognosis, histopathological findings, and
the manifestation of fibrosis (40). However, there
are conflicting results in the literature for the APRI
score, and it was stated that this biomarker was not
cost-effective for predicting advanced fibrosis (41).
The APRI was associated with fibrosis severity in
univariate analysis in all groups in our study. However,
in multivariate analysis, no relationship was found
between fibrosis severity and APRI in any patient group.

The N/L ratio is an inexpensive indicator that

provides clues about the immune response to CHB and
about disease progression (13). Alkhouri et al. (12)
reported a significant association between N/L ratio
and fibrosis severity in nonalcoholic steatohepatitis
patients. However, the literature reported conflicting
results regarding the relationship between N/L ratio
and fibrosis severity in CHB patients (42). Yilmaz
et al. (42) stated that the N/L ratio could be used
as a sensitive marker to predict the severity of
fibrosis in CHB. On the other hand, some other
studies did not find a
between the N/L ratio and fibrosis severity (43,44).

significant relationship
In line with these findings, we did not find an
association between the N/L ratio and fibrosis.

Our study has some limitations which need to
be considered while evaluating its findings. First,
it is a single-centered study with a retrospective
design. Second, it should be considered that,
since different HBV strains have different HBV
integration patterns, fibrogenic processes may
(3, 45).

Despite these limitations, our findings showed

also be different among these strains

that APl score predicted liver fibrosis with high
sensitivity and specificity in HbeAg positive patients.
While analysis of our entire cohort without grouping
revealed that none of the biomarkers could
predict liver fibrosis, assessments performed after
grouping as per HbeAg positivity revealed that
different biomarkers could be used for predicting
liver fibrosis in these patient groups. While API
could predict liver fibrosis with high sensitivity and
specificity in HbeAg positive patients, high serum
total protein levels were associated with fibrosis
in HbeAg negative patients. Therefore, we suggest
that patients with CHB should be grouped based on
HbeAg status before performing a liver biopsy, and
different biomarkers should be used for predicting
the severity of liver fibrosis in these patient groups.
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Prognostik niitrisyon indeksi (PNi) oranlarinin batin operasyonu
sonrasi cerrahi alan enfeksiyonu gelisimi lizerine etkisi

Hakan BALBALOGLU'

OZET

Amag: Cerrahi alan enfeksiyonu (CAE) yaygin saglik
iliskili CAE risk
faktorlerinden biri olan progresif nutrisyonel indeks

hizmeti enfeksiyonlarindan biridir.
(PNi), beslenme degerlendirmesi icin basit ama faydali
bir yontemdir. Bu calismanin amaci batin cerrahisi
gecirmis hastalarda PNi oranlarin1 ve bu oranlarin CAE

gelisimini tahmin etmedeki yerini arastirmaktir.

Yontem: Calismaya 2014-2021 willann arasindaki
hastane kayitlar1 taranarak batin cerrahisi geciren
toplam 514 hasta dahil edilmistir. Preoperatif PNi
hesaplamasinda (PNi= 10 x serum albiimini (g/dl) + 0,005
x toplam lenfosit sayist (mm?) formuld kullanilmistir.
CAE tespit edilmis ve edilmemis hastalarda PNI oranlan

karsilastinlmistir.

Bulgular: Calismaya alinan 514 hastanmin 267’sinde
CAE tespit edilmistir. Geriye kalan 247 hasta ise kontrol
grubu olarak secilmistir. Hastalarin 222 (%43,2)’sinin
kadin ve 292 (%56,8)’sinin erkek oldugu belirlenmistir.
Bunlarin yas ortanca (medyan) degeri 64 (min:20 maks:93)
bulunmustur. CAE icin gecen siire ortalamasi (median)
13 giin (min: 6-maks:30) olarak hesaplanmistir. PNI,

CAE tespit edilen grupta 32 (min:27-maks:37), kontrol

ABSTRACT

Objective: Surgical site infection (SSI) is one of the
common healthcare-associated infections. Progressive
nutritional index (PNI), one of the risk factors for SSI, is
a simple but useful method for nutritional assessment.
The aim of this study is to investigate the rates of PNI in
patients who have undergone abdominal surgery and the

role of these rates in predicting the development of SSI.

Methods: A total of 514 patients who underwent
abdominal surgery between 2014 and 2021 were included
in the study by retrospective review of hospital records.
The formula (PNI= 10 x serum albumin (g/dl) + 0.005
x total lymphocyte count (mm?3) was used to calculate
preoperative PNI. PNI rates were compared in patients
with and without SSI.

Results: SSI was detected in 267 of the 514 patients
included in the study (case group: 267, control group:
247). The median age of the patients was 64 (min:20
max:93) years, 222 (43.2%) were female and 292 (56.8%)
were male. The median time to SSI was 13 days (min:6-
max:30). PNI the group in which SSI was detected was
32 (min:27-max:37), 36 (min:32-max:41) in the control
group. There was a statistically significant difference
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grubunda ise 36 (min:32-max:41) saptanmistir. iki grup
arasinda istatistiksel olarak anlamli fark tespit edilmistir
(p<0,000). CAE’li hastalarin 87 (%32,7)’sinde Enterococcus
spp., 71 (%26,3)’inde E. coli, 34 (%12,8)’Unde koagiilaz (-)
metisiline direncli Staphylococcus aureus, 18 (%6,8)’inde
Klebsiella pneumoniae, 16 (%6)’sinda Candida spp., 15
(%5,6)’inde Acinetobacter spp., 8 (%3)’inde Pseudomonas
spp., 8 (%3)’inde Enterobacter aerogenes, 5 (%1,9)’inde
koagiilaz (+) metisiline duyarli Staphylococcus aureus, 3
(%1,1)’Unde Proteus mirabilis ve 2 (%0,8)’sinde Bacillus

spp., bulunmustur.

Sonug: Preoperatif dénemde PNi degerleri diisiik
olan hastalarin, CAE gelisimi agisindan daha riskli oldugu
belirlenmistir. PNi diizeyleri CAE gelisecek hastalarin

yakin izlemi ve erken tespiti acisindan kullanilabilir.

Anahtar  Kelimeler: Cerrahi alan enfeksiyonu,

prognostik nutrisyonel indeks, PNi

between the two groups (p<0.000). In patients with
SSI, Enterococcus spp. were detected in 87 (32.7%), E.
coli in 71 (26.3%), coagulase (-) methicillin resistant
Staphylococcus aureus in 34 (12.8%) patients, 18 (6.8%)
in Klebsiella pneumoniae, Candida spp. in 16 (6%),
Acinetobacter spp. in 15 (5.6%), Pseudomonas spp. in
8 (3%), Enterobacter aerogenes in 8 (3%) coagulase (+)
methicillin sensitive Staphylococcus aureus in 5 (1.9%),
Proteus mirabilis in 3 (1.1%) and Bacillus spp. in 2
(0.8%).

Conclusion: It has been found that patients with
low PNI values in the preoperative period are at higher
risk for the development of SSI. PNI levels can be used
for close monitoring and early detection of patients who

will develop SSI.

Key Words: Surgical site infection, prognostic

nutritional index, PNI

GIRIS
Cerrahi alan enfeksiyonu (CAE) en sik saglik
iliskili
Hastanede vyatis sirenin uzamasina,

hizmeti enfeksiyon nedenlerinden biridir.
antibiyotik
kullanilmasina, tedavi maliyetlerinin artmasina ve
artrmis mortaliteye neden olur. Tum cerrahi girisimler
icin CAE gorulme orani, yurt disinda %2-11 iken
tlkemizde %13-36 arasinda oldugu bildirilmistir (1-
3). Operasyon siiresi, uygulanan cerrahi teknigin
yani sira hastanin kendisine ait risk faktorleri de CAE
gelisiminde etkilidir (4). Cerrahi Alan Enfeksiyonunu
Onleme Kilavuzu’nda yetersiz beslenmenin de CAE
gelisme riskini etkileyebilecegi belirtilmistir (5,6).
Beslenme durumu, bireyin immin sistemi, protein
dongiisui ve fiziksel durum dahil olmak lzere genel
saglik durumunun gostergesi olarak kabul edilir
(7). Bir kisinin beslenme durumu enfeksiyonlara
kars1 savunmada onemlidir. Prognostik nutrisyonel
indeks (PNi) bir immiino-beslenme tarama arac
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olup serum albiimin ve lenfosit konsantrasyonu ile
(8-11). tarafindan
sentezlenen albimin,

saptanmaktadir Hepatositler
plazmada en sk bulunan
proteindir. Ozmotik basinci etkileme roliine ek olarak,
beslenme durumunun da bir gostergesidir. Hem
antioksidan hem de anti enflamatuvar ozelliklere
sahip akut faz yamt proteinidir. Enflamatuvar
slirecte, hepatik sentezde azalma, interstisyel araliga
sivi kacisinda artis ve artan katabolizma nedeniyle
PNi, ilk olarak

gastrointestinal sistem cerrahisi olan hastalarinda,

albimin sentezi azalmaktadir (8).

perioperatif immuno-nitrisyonel durum ve cerrahi
riski degerlendirmek icin tamimlanmistir (9). PNi’nin;
koroner arter hastaligi, kalp yetmezligi ve pulmoner
emboli  gibi olan
hastalarda, yetersiz beslenmeyi degerlendirmede

kardiyovaskiiler hastaliklan
ve klinik sonuclarn ©6ngormede de yararli oldugu
bildirilmistir. Diisiik PNi skorunun kétii sagkalim ile
iliskili oldugu gosterilmistir (10-13).

Glinimuzde CAE insidansin1 azaltmadaki onemli



ilerlemelere ragmen, enfeksiyoz komplikasyonlar

modern cerrahinin en onemli sorunlarindan biri
olmaya devam etmektedir. Bu nedenle CAE’ye neden
olan risk faktorlerinin saptanmasi ve alinmasi gereken
onlemler konusundaki calismalar halen giincelligini
korumaktadir. Bu calismanin amaci, batin cerrahisi
gecirmis hastalarda PNi oranlari ve bu oranlarin CAE

gelisimini tahmin etmedeki yerini arastirmaktir.
GEREC ve YONTEM

Hasta Sec¢imi

Genel Cerrahi Klinigi’nde 2014 ile 2021 yillan
arasinda batin operasyonu yapilan hastalarin kayitlan
retrospektif olarak
degerlendirilmesi sonucunda toplam 514 hasta
calismaya dahil edildi. Ameliyat oncesi tam kan sayimi

incelendi. Hasta kayitlarinin

ve serum alblimin diizeylerini gosteren tim veriler
hasta kayit sisteminden (MIA Med.) alindi. Hastalarin
PNi diizeyleri, PNi = 10 x serum albiimini (g/dl) +
0,005 x toplam lenfosit sayis1 (mm?3) formulasyonu ile
hesaplandi (9).

Hari¢c tutma kriterleri

Baska merkezde opere olmus, preoperatif

donemde apse/enfeksiyon tanist almis, baska
bir klinik enfeksiyonu olan, kalp hastaligi, kronik
karaciger ve bobrek hastaligi tanisi olan, otoimmiin
ve enflamatuvar romatizmal hastalik, hematolojik
sistem hastaligi tams1 olan, preoperatif kemo-
radyoterapi alan, steroid ilac kullanan hastalar, viicut
kitle indeksi <18.5 kg/m? -

kayitlarina ulasilamayan hastalar haric birakilmistir.

>25 kg/m? olanlar ve tibbi

istatistiksel analiz

Verilerin analizi IBM SPSS Statistics for
Windows, Surim 21.0 yazilimi (IBM Corp., Armonk,
NY, ABD) kullamldi. Veriler kategorik degiskenler
icin say1 (n) ve yizde (%) kullamlarak ozetlendi.

icin

Kategorik degiskenlerin karsilastirilmasi Pearson ki-
kare ve Fisher’s exact testi ile yapildi. Normal dagilim
gostermeyen degiskenler ortanca (min-maks) olarak
ifade edildi. Nicel degiskenlerin karsilastirilmasinda

MannWhitney U testi kullamldi. CAE hem duyarlibik
hem de ozgulluik acisindan gosterecek optimal
PNi degerini belirlemek icin Receiver operating
characteristic (ROC) egri analizi yapildi. PNi degerleri,
>35 normal ve <35 dusuk olarak belirlendi (Sekil 1). p
<0,05 degeri istatistiksel olarak anlamli kabul edildi.

Bu calisma, Zonguldak Biilent Ecevit Universitesi
Girisimsel Olmayan Klinik Arastirmalar Etik Kurulu
onayi ile gerceklestirildi (Tarih: 12.01.2022, Karar no:
2022/01).

BULGULAR

Calismaya toplam 514 hasta alindi. Bunlardan,
267’si CAE vaka grubu ve 247’si kontrol grubu olarak
belirlendi. Hastalarin 222 (%43,2)’sinin kadin ve 292
(%56,8)’sinin erkek oldugu saptandi. Yas ortanca
(medyan) degeri 64 (min:20 maks:93) bulundu. CAE
icin gecen sure median 13 gin (min: 6-maks:30)
olarak tespit edildi. PNi diizeyleri vaka grubunda 32
(min:27-maks:37) ve kontrol grubunda 36 (min:32-
maks:41) (p<0,000).
preoperatif laboratuvar sonuclari ve PNi oranlari Tablo

olarak saptandi Hastalarin
1’de verilmistir. CAE olan grupta (n:267) hastalarin
87 (%32,7)’sinde Enterococcus spp., 71 (%26,3)’inde
E. coli, 34 (%12,8)’Unde koagulaz (-) metisiline
direncli S. aureus, 18 (%6,8)’inde K. pneumoniae, 16
(%6)’sinda Candida spp., 15 (%5,6)’inde Acinetobacter
spp., 8 (%3)’inde Pseudomonas spp., 8 (%3)’inde
E. aerogenes, 5 (%1,9)’inde koagilaz (+) metisiline
duyarli S. aureus, 3 (%1,1)’Unde P mirabilis ve 2
(%0,8)’sinde Bacillus spp., tespit edildi. PNi orani
35’in altinda olanlarda en sik E. coli (48 kisi; %28,6),
Enterococcus spp. (46 kisi; %27,4) ve koagilaz (-)
metisiline direncli S. aureus (22 kisi; %13,1) saptand.
CAE’yi hem duyarlilk hem de ozgulluk acisindan
optimal gosterecek PNi degeri 35 olarak belirlendi.
Bu esik deger kullamldiginda PNi’nin CAE’yi 6n gérme
duyarliigr %62,2, 6zgulligu ise %37,7 tespit edildi.
Egrinin altinda kalan alan (area under the ROC curve
=AUC) degerleri %95 0655 (0,608-0702) belirlendi
(p<0,001) (Sekil 1).
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Tablo 1. Hastalarin preoperatif laboratuvar sonuclari ve PNi oranlari

Grup
CAE (n:267) Kontrol (n:247) Total (n:514) p
Yas (y1)
Medyan (min-maks) 63 (20-93) 65 (20-92) 64 (20-93) 0,068
n (%)
Kadin 127 (%47,6) 95 (%38,5) 222 (%43,2) O GET
Erkek 140 (%52,4) 152 (%61,5) 292 (%56,8) J
Medyan (min-maks) Medyan (min-max)  Medyan (min-maks)
Lokosit x10° /mm? 9,8 (6,6-14,1) 9,2 (6,3-13,8) 9,6 (1-44,1) 0,340
Hemoglobin (g/dL) 11,3 (7,3-16,9) 11,0 (7,5-18) 11,1 (7,3-18) 0,515
Trombosit (x10° /mm? ) 247 (50-725) 225(64-548) 234 (50-725) 0,014
Lenfosit (10° /L) 1,3(0,1-5,2) 1,2(0,1-5,0) 1,2 (0,1-5,2) 0,206
Notrofil (10° /L) 7,2 (1,1-37,2) 6,7 (0,9-21,7) 7,0 (0,9-37,2) 0,327
Monosit (10° /L) 0,6 (0,1-6) 0,6(0,1-4,3) 0,6 (0,1-6) 0,051
Albumin (g/dL) 3,2 (1,2-4,9) 3,6 (1,6-6,5) 3,5 (1,2-6,5) 0,000
C-reactive protein (mg/L) 40,8 (2,8-339) 27,8 (1,6-333) 29,1 (1,6-339) 0,000
PNi 32 (12-49) 36 (16-65) 35 (12-65) 0,000

PNi esik deger

35<
35>

168 (%62,9)
99 (%37,1)

9 (% 38,9)
151 (%61,1)

264 (%100)
250 (%100)

Medyan (min-maks) veya say1 (ylizde) olarak ifade edilen degerler

PNi: Prognostik beslenme indeksi, PNi >35: (normal) ve PNi <35: (yetersiz beslenme)

Sensitivity
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Sekil 1. PNI degiskeninin ROC egrisi
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TARTISMA

Batin cerrahisi sonrasinda CAE olan ve olmayan
hastalarda PNi
calismada vaka grubu ile kontrol grubu arasinda PNi

oranlarinin  karsilastinldigr  bu
diizeyleri arasinda istatistiksel olarak anlamli fark
tespit edildi (p<0,000). Bilindigi kadariyla bu calisma,
batin cerrahisi sonrasinda CAE olan ve olmayan
hastalarda PNi oranlarinin karsilastinldigi ve kiiltiir
sonucunda ureyen mikroorganizmalarin belirtildigi ilk
calismadir.

Serum albimin duizeyi, cesitli hasta
popiilasyonlarinda malniitrisyonun, lenfosit orani ise
sistemik enflamatuvar durumun bir gostergesi olarak
kabul edilmistir (9,15,16). Bu nedenle, hem beslenme
hem de enflamatuvar durumu yansitan ameliyat
oncesi PNI’nin, postoperatif CAE gelisimini tahmin
etmek icin kullanmlabilecegi distiniildii. Albiimin, yara
iyilesmesinde en fazla tUizerinde durulan makro besin
ogesidir. Kollajen olusumu, anjiyogenez, eritrosit,
lokosit ve sitokin olusumunda rol oynamasi nedeniyle
PNi,
cesitli alanlarda beslenme degerlendirmesi icin de

yara iyilesmesine katkida bulunmaktadir (17).
yaygin olarak kullanilmaktadir (18,19). Hastanin
klinik sonucunu etkilemede beslenme durumunun
onemi yillar once belirtilmistir. 1955’te Rhoads ve
Alexander (20); postoperatif enfeksiyonlar ile kotu
beslenme durumu arasindaki iliskiyi gostermistir.
Siddetli protein-kalori malnitrisyonu olan hastalarda,
yara iyilesmesi bozularak CAE insidans1 ve mortalite
artmaktadir (21-24).
veya total lenfosit sayist CAE gelisimi icin risk

Distk serum albimin diizeyi
faktori olarak tanimlanan iki parametredir (25).
Yapilan
PNi’nin
yararli

calismalarda ameliyat O©ncesi ve sonrasi
komplikasyonlar1 ve sagkalimi ©ngoérmede
(26). Kolorektal
cerrahisi geciren 1194 hastanin beslenme durumunun

oldugu gosterilmistir
degerlendirildigi bir calismada yetersiz beslenmenin
CAE icin onemli bir risk faktorii oldugu belirtilmistir
(27).
nedeniyle yeniden yatis ve ameliyattan sonraki 28

Cerrahi sonras1 erken enfeksiyon, enfeksiyon

giin icinde olimle iliskili faktorlerin rapor edildigi

9016 olguluk bir arastirmanin sonucunda ise, azalan
albiimin ve artan yas, erken enfeksiyon olasiliginin
(28). 1115 vakalik
baska bir calismada, calisma sonuclan ile uyumlu

artmasiyla iliskilendirilmistir
olarak diisiik preoperatif PNi degerinin, omurga
cerrahisi sonras1 CAE gelisimi icin risk faktori oldugu
kabul edilmistir. Bu calisma da dusiuk preoperatif
PNi degerleri olan hastalar, CAE riski konusunda
uyarilmali ve yeterli bilgilendirilmis onam alinmalidir
(29).
fistul ameliyatlarinda enterektomi sonrasi CAE’leri

onerisinde  bulunulmustur Gastrointestinal
ongérmede preoperatif PNi ve C-reaktif protein
(CRP) diizeylerinin arastinldigi calismada ise PNi,
CRP’den daha iyi performans gosterdigi belirtilmistir.
Postoperatif CAE icin onemli bir risk faktorinin,
diisiik PNi skoru oldugu saptanmistir (19). Calismada;
vaka grubu ile kontrol grubu arasinda PNi diizeyleri
arasinda istatistiksel olarak anlamli fark tespit edildi
(p<0,000). Yapilan calismalarla uyumlu sekilde PNI
oraninin CAE gelisiminin iyi bir ongoriicisii oldugunu
disundurmustir.

CAE olusumunda, genellikle ciltte veya ameliyat
edilen organin icinde bulunan bakteriler dahil olmak
lizere endojen patojenler sorumludur. Avrupa hastalik
onleme ve kontrol merkezinin bir calismasinda CAE’de
en sik izole edilen mikroorganizmanin S. aureus
oldugu gosterilmistir (30). Gastrointestinal sistem
ameliyatlarinda gelisen CAE’de gram negatif basiller,
enterokoklar, anaerop mikroorganizmalar sorumlu
olabilmektedirler.  Alt1  yillk
yapildig1 bir calismada Gram negatif bakterilerin 6n
planda oldugu belirtilmistir. En sik E. coli (%26.16),
ikinci siklikta Acinetobacter spp. (%22.53), daha
sonra sirasiyla Staphylococcus spp. (%14.63) ve
Enterococcus spp. (%11.78) tespit edilmistir (31).

degerlendirmenin

Bu calismada da cerrahi tiriinin cesidine baglh
olarak farkliik olmakla birlikte vaka grubunda 34
(%12,8) kiside koagiilaz (-) metisiline direncli S.
aureus, 71(%26,3) kiside E. coli, 87 (%32,7) kiside de
Enterococcus spp. tespit edilmistir. PNi oram 35’in
altinda olanlarda ise en siklikla 48 kiside (%28,6)
E. coli, 46 (%27,4) kiside ise Enterococcus spp.
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saptanmistir.

Bu calismamin  birkac simirlamast  vardir.
Retrospektif ve tek merkezli bir calismadir. CAE
gelisimi multifaktoriyel olup insidansi, etiyoloji,
cerrahi prosedur, kisisel faktorler gibi bircok nedene
bagli olarak degisebilir. Bu calismada; degisken
etiyoloji ve degisken cerrahi prosediire sahip olgular
dahil edilmistir. Hastalarin hastaneye yatis oncesi
beslenme durumlarinin analizinin yapilmamis olmasi

calismamizin kisitliliklarindandir.

TESEKKUR

Sonuc olarak, CAE olusumu multifaktoriyel olmakla
birlikte, beslenme durumunun CAE gelisiminde etkili
oldugu bilinmektedir. PNi ise beslenme durumunun
degerlendirmesi icin kullanilan kolay ve ucuz bir
yontemdir. Bu calismada, batin cerrahisi gecirmis
hastalarda PNi oranlarn incelenmistir. Preoperatif
dénemde diisiik PNi degerleri olan hastalarin CAE
acisindan daha riskli oldugu sonucuna varilmaktadir.
PNi diizeyleri, CAE acisindan hastalarin yakin izlemi
ve erken tespiti acisindan kullanlabilir.

Biilent Ecevit Universitesi Tip Fakiiltesi Genel Cerrahi Klinigi Prof. Dr. Kemal Karakaya’ya makaleye katkilarindan dolay1
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CIKAR CATISMASI

Yazarlar bu makale ile ilgili herhangi bir ¢ikar catismasi bildirmemislerdir.
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ABSTRACT

Objective: In this study, the biochemical
compositions of fatty acids, amino acids, fat-soluble
vitamins (ADEK), cholesterol and phytosterols were
examined in raw milk samples of Simmental breed cows

fed with different forage combinations.

Methods: Milk samples were provided from their
farm in Kovancilar district of Elazig province in Tirkiye.
The cows were fed in different forage combinations the
spring season. These were Group 1: cows fed with Beet
pulp+Factory feed+Hay (n: 10); Group 2: cows fed with
Maize silage+Barley+Hay (n: 10), and Group 3: cows

free-fed in pasture (n: 10).

Milk samples were taken on the 15th day of feeding
and brought to the laboratory. Biochemical analyses
were performed on the milk samples brought to the
laboratory in accordance with the cold chain rules. After
the milk samples went through a number of biochemical
processes, fatty acid, ADEK vitamins, cholesterol and
amino acid analyses were performed. The analysis of
cholesterol and ADEK vitamins was performed with a high

performance liquid chromatography (HPLC) device, and

OZET

Amac: Bu calismada, farkli yem kombinasyonlar ile
beslenen Simmental 1rki ineklerin ¢ig siit orneklerinde
yag asitleri, aminoasitler, yagda c¢oOziinen vitaminler
(ADEK)

incelenmistir.

ve fitosterollerin biyokimyasal bilesimleri

Yontem: Sit ornekleri Elazig iline bagli Kovancilar
ciftlikten bahar

mevsiminde farkli yem kombinasyonlarinda beslenmistir.

ilcesindeki saglanmistir.  inekler
Bunlar; Grup 1: Pancar kispesi+Fabrika yemi+Saman ile
beslenen inekler (n: 10); Grup 2: Misir silaji+Arpa+Saman
ile beslenen inekler (n: 10) ve Grup 3: Merada serbest

beslenen inekler (n: 10) olarak gruplandinlmistir.

Beslenmenin 15. giiniinde sut ornekleri alinarak
laboratuvara getirilmistir. Soguk zincir sartlarina
uygun olarak laboratuvara getirilen sit orneklerinin
biyokimyasal analizleri yapilmistir. Sut ornekleri birtakim
biyokimyasal islemlerden gectikten sonra, yag asidi,
ADEK vitaminleri, kolesterol, fitosterol ve aminoasit
analizleri yapildi. Kolesterol ve ADEK vitaminlerinin
analizi yuksek performansli sivi kromatografisi (HPLC)

cihazi, aminoasit ve yag asitlerinin analizi ise gaz
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analysis of amino acids and fatty acids was performed
with gas chromatography (GC) and FID detector.

Results: 18 amino acids were detected in the milk
samples examined. Compared to Group 1, it was found
that theamountsof arginine (p<0.001), isolosine (p<0.05),
methionine (p<0.05), threonine (p<0.05), phenylalanine
(p<0.001), lysine (p<0.05) and tryptophan (p<0.001)
amino acids increased statistically, while the amounts
of alanine (p<0.001), glycine (p<0.05), leucine (p<0.05),
aspartic acid (p<0.01) and glutamic acid (p<0.05)
decreased statistically in Group 3. Compared to Group
1, it was found that the amounts of arginine (p<0.001),
threonine (p<0.05), phenylalanine (p<0.001) and lysine
(p<0.05)
the amounts of alanine (p<0.001), glycine (p<0.001),

amino acids increased statistically, while
proline (p<0.01), aspartic acid (p<0.05), glutamic acid
(p<0.001), histidine (p<0.001) and tryptophan (p<0.05)
decreased statistically in Group 2. Compared to Group
1, the amounts of lauric acid (p<0.05), myristic acid
(p<0.01), pentadecanoic acid (p<0.05), palmitic acid
(p<0.01), stearic acid (p<0.001), oleic acid (p<0.001) and
cholesterol (p<0.05) were statistically decreased, while
the amounts of linoleic acid (p<0.001), alpha-linolenic
acid (p<0.001), dihomo-gamma-linolenic acid (p<0.05),
vitamin K2 (p<0.001), y-tocopherol (p<0.001), vitamin
D2 (p<0.001), a-tocopherol (p<0.001),
acetate (p<0.05), vitamin K1 (p<0.001), stigmasterol
(p<0.01), (p<0.05)

increased in Group 3. Compared to Group 1, the

a-tocopherol

B-sitosterol were statistically
amounts of stearic acid (p<0.001), oleic acid (p<0.01),
a-tocopherol acetate (p<0.001) and B-sitosterol (p<0.05)
were statistically decreased, while the amounts of
vitamin K2 (p<0.001), y-tocopherol (p<0.01), vitamin
D2 (p<0.01), a-tocopherol (p<0.01), vitamin K1 (p<0.01)
and stigmasterol (p<0.01) were statistically increased
in Group 2. It was determined that the amounts of
palmitic, oleic, myristic, stearic, lauric, linoleic,
palmitoleic and pentadecanoic acids were found to be
above 1% in the fatty acid composition of milk among
the groups, respectively. It was determined that there
were significant changes in the amount of some fatty

acids among the groups. In addition, it was determined

Turk Hij Den Biyol Derg

kromatografi (GC) ve FID dedektori ile yapilmistir.

Bulgular: incelenen siit 6rneklerinde 18 aminoasit
tespit edilmistir. ile karsilastinldiginda,
arginin  (p<0,001), (p<0,05),
(p<0,05), threonin (p<0,05), fenilalanin (p<0,001),

lizin (p<0,05) ve triptofan (p<0,001) aminoasitlerinin

Grup 1

isolozin metionin

miktarlarinin  istatistiksel olarak arttigi, alanin
(p<0,001), glisin (p<0,05), losin (p<0,05), aspartik
asit (p<0,01) ve glutamik asit (p<0,05) miktarlarinin
istatistiksel olarak Grup 3’te azaldig1 tespit edilmistir.
ile karsilastirildiginda, arginin (p<0,001),
(p<0,05), (p<0,001) ve lizin

(p<0,05) aminoasitlerinin miktarlarinin istatistiksel

Grup 1
threonin fenilalanin
olarak arttig1, alanin (p<0,001), glisin (p<0,001),
prolin (p<0,01), aspartik asit (p<0,05), glutamik asit
(p<0,001), histidin (p<0,001) ve triptofan (p<0,05)
miktarlarinin istatistiksel olarak Grup 2’de azaldig:
belilenmistir. Grup 1 ile karsilastinldiginda laurik
asit (p<0,05), miristik asit (p<0,01), pentadekanoik
(p<0,05), (p<0,01),
asit (p<0,001), oleik asit (p<0,001) ve kolesterol

asit palmitik asit stearik
(p<0,05) miktarlarinin istatistiksel olarak azaldigi,
linoleik asit (p<0,001), alfa-linolenik asit (p<0,001)
ve dihomo-gamma-linolenik asit (p<0,05), vitamin
K2 (p<0,001), (p<0,001),
(p<0,001), (p<0,001),
asetat (p<0,05), vitamin K1 (p<0,001), stigmasterol
(p<0,01), (p<0,05)

3’te istatistiksel olarak arttigi belirlendi. Grup 1 ile

y-tokoferol vitamin D2

a-tokoferol a-tokoferol

B-sitosterol dizeylerinin  Grup
karsilastirnildiginda stearik asit (p<0,001), oleik asit
(p<0,01), a-tokoferol asetat (p<0,001) ve B-sitosterol
(p<0,05)
vitamin K2 (p<0,001), y-tokoferol (p<0,01), vitamin
D2 (p<0,01), a-tokoferol (p<0,01), vitamin K1 (p<0,01)

ve stigmasterol (p<0,01) miktarlarinin istatistiksel

miktarlar istatistiksel olarak azalirken,

olarak Grup 2’de arttigi gorilmustir. Gruplar arasinda
sitiin yag asidi bilesiminde sirasiyla,- palmitik asit,

oleik asit, miristik asit, stearik asit, laurik asit,

linoleik asit, palmitoleik asit ve pentadekanoik asit
miktarlarinin %1’in tizerinde bulundugu saptanmistir.

Gruplar arasinda bazi yag asidi miktarlarinda

onemli degisimlerin oldugu gorilmistur. Ayrica



that there were significant changes in the amounts of
cholesterol, phytosterol and some ADEK vitamins among

the groups.

Conclusion: According to these data, it is seen
that the use of different feed combinations in animal
nutrition by dairy producers is very important for
enriching the biochemical content of milk. It has been
determined that the nutrient content of milk changes
depending on different feed combinations and feeding
in the flora. In addition, it has been found that the milk
content of cows fed in pasture is more significantly

enriched with nutrients necessary for a healthy life.

Key Words: Amino acids, chemical composition,

dairy biochemistry, lipids, raw milk, vitamins

gruplar arasinda kolesterol, fitosterol ve bazi ADEK
vitaminlerin miktarlarinda 6nemli degisimlerin oldugu
tespit edilmistir.

Sonu¢: Bu verilere gore, sit Ureticilerinin
hayvan beslenmesinde farkli yem kombinasyonlarim
kullanmasimin siitiin biyokimyasal iceriginin zenginlesmesi
icin oldukca onemli oldugu goriilmektedir. Siitln
besin iceriginin farkli yem kombinasyonlar ve florada
beslenmeye bagli olarak siitiin biyokimyasal bilesiminin
degistigi saptanmistir. Ayrica merada beslenen ineklerin
stit iceriginin saglikli yasam icin gerekli besinlerce daha

belirgin bir sekilde zenginlestigi bulunmustur.

Anahtar Kelimeler: Aminoasitler, ¢ig siit, kimyasal

bilesim, lipitler, siit biyokimyasi, vitaminler

INTRODUCTION

The liquid obtained from the milk glands of
mammals such as cows, sheep, goats, buffaloes,
donkeys, horses, and camels is called milk (1). Cow
milk and dairy products have been part of the human
diet, from birth to old age, for millennia. Milk and
dairy products are important foodstuffs in daily life
as well as being used extensively in the preparation
of many foods. Milk is an excellent food that contains
micro and macronutrients essential for healthy living.
At the same time, human beings get an important
part of their daily fat, carbohydrates, essential
amino acids, vitamins and minerals from milk and
dairy products (2, 3). Milk compound in dairy cows
is acknowledged to be influenced by herbal forage
compound, flora composition, and plant development
status and rumen activity (4, 5). Milk yield and the
enrichment of milk in terms of nutrients are related
to the feeding of animals. Animal nutrition is very

important for high meat and milk yield in livestock.
As a result, cows need to be fed with different forage
and forage combinations to prevent protein, vitamin
and mineral deficiencies but also to increase milk
yield (6). Due to the nutritional and economic value
of cow’s milk, fertile dairy cow breeds have been
successfully selected, which has resulted in significant
success in milk production over the years. With
significant improvements in breeding and feeding and
animal husbandry practices, milk production has now
far exceeded the needs of the offspring. This excess
milk is then sold in grocery stores for the purpose
of human nutrition as fresh pasteurized milk. It is
also used in the production of foods such as yogurt,
butter, cheese, cream, ice cream, milk powder which
are important in human nutrition (7). Cow’s milk
consists of approximately 5% lactose, 3.2% protein,
4% lipid, 3.5% vitamin and 0.7% mineral, but these
figures may vary depending on animal nutrition and

environmental factors and other factors. Milk is
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a very important food for bone and dental health.
However, it has been recent data shown that milk
contains nutrients necessary for healthy nutrition, as
well as some active compounds important for healthy
living (8).

In order to sustain all biological activity in a
healthfully, the metabolism needs protein. One of
the most important sources of protein in the human
diet is milk, provides about 32 g protein/L. Its protein
fraction can be divided into two parts, soluble
protein and insoluble protein. Soluble proteins (whey
proteins), describe 20% of milk protein fraction,
while the insoluble, (caseins), describe 80 %. Both
groups are high-quality proteins. It is classified as a
source of amino acids with physiological properties
suitable for humans (9). Apart from its biological
function, some bioactive compounds formed as a
result of enzymatic hydrolysis of milk proteins and
some bioactive peptides have been shown to play an
important role in the protection of human health.
These bioactive compounds have been found to show
antibacterial, antiviral, antifungal, antioxidant,
antimicrobial, antihypertensive, antithrombotic and
immunomodulatory properties (8). Research is needed
on the effects of different forage combinations and
regional flora on milk composition in terms of human
health and nutrition. It has been reported that
there are changes in the biochemical composition
of raw milk in studies conducted with different feed
combinations (9, 10). It is seen that the feeds used
in this study are primarily used in animal nutrition
in our country. According to the literature research,
it seems that the effect of these feed combinations
on the biochemical composition of raw milk has not
been studied. It was aimed to investigate the effect
of this feed combination on raw milk biochemistry.
This study investigated changes in the compound
of amino acids, fatty acids, lipophilic vitamins,
cholesterol, and phytosterols in raw milk obtained
from cows living in the same environment but feeding
on different feed combinations.
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MATERIAL and METHOD

1. Feeding of Animals

In this study, the cow’s milk was obtained from
animal farm in Kovancilar District of Elazig province.
The cows were from the same farm. They were four
years old. These cows have usually given birth. The
animals on this farm were fed in three different ways
the spring season. These;

I. Group: Cows fed with Beet pulp (4
kilograms)+Factory feed (6 kilograms)+Hay (4
kilograms) (n:10),

II. Group: Cows fed with Maize silage (4
kilograms)+Barley (6 kilograms)+Hay (4 kilograms)
(n:10),

Ill. Group: Cows fed freely in pasture (n:10).

In this feed mixture, animals were given 14
kilograms per day (Morning 7 kilograms-Evening 7
kilograms). Hay and maize silage are prepared by
the farmers in the area. Raw milk samples were
taken on the 15th day of feeding and brought to the
laboratory, and implemented biochemical processes.
Ethical permission is not required in these studies.
The cows were milked by hand. The milk of each
cow was taken separately. The cows were milked
at five o’clock. Milking was done after dinner. The
necessary hygiene conditions were paid attention
to during milking. The analyses of milk samples
were performed in the laboratories of the Biology
Department of Firat University. Raw milk samples
were taken into 50 ml tubes directly after milking.
The raw milk samples were brought to the laboratory
in accordance with the cold chain rule and used in
biochemical processes.

2. Extraction of lipids

The extraction of lipids from the raw milk samples
was realized according to (11). For this purpose, milk
samples were centrifuged (at +4°C at 9050 g for 5
minutes-Hettich Universal 320) after homogenizing
3:2 (v/v) in the isopropanol-hexane mixture (Sigma
Aldrich). Consequently, liquid
was exercised for the determination of fatty acids,

this supernatant



Table 1. Factory feed composition

Analytical components

Crude protein %19

Raw oil %3.5

Raw cellulose %9

Ash %9
Vitamins and trace elements

Vitamin A 10000000 U
Vitamin D 2000000 1U
Vitamin E 40000 mg
Manganese 50000 mg
Iron 50000 mg
Zinc 80000 mg
Copper 12000 mg
lodine 500 mg
Selenium 300 mg
Biotin 1000 mg

lipophilic vitamins, cholesterol and sterol.

3. Measurement of lipophilic vitamins, cholesterol
and phytosterols

Methyl alcohol (Sigma Aldrich) KOH (Sigma Aldrich)
(5 %) solution was added on milk examples taken for
lipophilic vitamins, cholesterol and sterol analysis
and was immediately mixed. Milk samples were kept
for 15 minutes at 85 °C temperatures. After the
samples were cooled to room temperature, 5.0 mL of
pure water was added and mixed. Lipophilic phase in
the hexane were extracted. Hexane (Sigma Aldrich)
mixture was removed by nitrogen gas. It was solved
in 1.0 mL (60/40%, v/v) acetonitrile methanol (Sigma
Aldrich) solution and was analyzed. The analysis was
performed on the Shimadzu brand High-Performance
Liquid Chromatography (Shimadzu-HPLC) device. For
analysis, a solution of acetonitrile methanol (60/40%,
v/v) was used as the carrier phase. Mobile phase flux
rate was identified as 1.0 mL minute DAD-UV detector
was utilized for analysis of lipophilic vitamins.
Nucleodur LC 18 (15 x 4.6 cm, 5um; MN USA) column

was utilized as HPLC column. Detection wavelength
326 nm was used for lipophilic vitamin retinol, 202
nm was utilized for vitamin E, vitamins D and K
cholesterol and phytosterols (12, 13).

4. Preparation of fatty acid methyl esters from
milk sample

For chromatographic analysis, fatty acids must
be converted into methyl ester derivatives. For this
purpose, the acid-catalyzed esterification method
was utilized. According to the method, the hexane
isopropanol phase was transferred to the test tubes.
5.0 mL 2% methanolic sulfuric acid (Riedel-De-Haén)
was added and thoroughly mixed (14, 15). This mixture
was kept for about 15 hours at 55 °C temperatures for
methylation. At the end of the time, the test tubes
were cooled to room temperature, and then 5.0 mL
of 5% sodium chloride (Sigma Aldrich) was added
and thoroughly mixed. The formed fatty acid methyl
esters were extracted with 5.0 mL hexane. Then the
hexane phase was removed and 5.0 mL of 2% KHCO,
(Sigma Aldrich) was added. The test tubes waited five
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hours for phase separation. Solvents in the mixture
containing methyl esters were removed with the help
of nitrogen gas (45°C). Then the methyl esters were
dissolved in chloroform (Sigma Aldrich) and analyses
were performed on the gas chromatography device
(Shimadzu 2010 Plus).

5. Gas chromatographic analysis of fatty acid
methyl esters

Conditions of analysis, the column temperatures,
detector, and injection valve were 110-215, 245,
and 275°C, in turn. The analysis time was set at 28
minutes. Helium gas was utilized as the bearer gas.
Before the analysis of the fatty acid methyl ester
of milk samples, analyses of the standard fatty
acid methyl ester mixture were performed. At this
stage, the retention times of each fatty acid were
determined (16).

6. Amino acid analysis

with  N-tert-
butyldimethylsilyl-N-methyltrifluoroacetamide
(MTBSTFA (Sigma Aldrich)) reasons the synchronous
sialylation of the amino and carboxyl groups in a step
by step with modifications method explained by Buch

Derivatization of amino acids

etal. (17). Each sample protein was hydrolyzed by the
6 M HCl (Riedel-De-Haén) (0.5% phenol) at the 110°C
for 24 hours and then examples were added 1.0 mL
of the studying solution (1.5 pg) and then vaporized
to exact dryness. Then, 10 pL of dimethylformamide
and 60 pL of MTBSTFA were added and the flask was
closed with a cap. Eventually, the examples were
warmed at 70°C for 20 minute to obtain the chemical
derivatization of amino acid and the derivatives were
analyzed by Gas Chromatography-Mass Spectrometer
(Shimadzu-GC-MS).

7. Analysis of amino acids in gas chromatography

The analysis of amino acid derivatives, Shimadzu
gas chromatograph modified for glass-capillary work
and FID detector were utilized. Amino acid derivatives
were distinguished on a 20 m Supelco Slb 5 ms
capillary column (Supelco, Sigma, 0.25 mm ID 0.25
pm film thickness) working with helium bearer gas (45
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cm sec) under the following temperature program:
from 120 to 150°C at 120°C minute (five minute hold),
to 240°C at 7°C minute and eventually to 285°C at
20°C min (18 minute hold). The temperature of the
injector and detector was kept fixed at 240, 300°C,
in turn. The identification of amino acid derivatives
was based on compare of their FID chromatogram and
detention times with those of real acknowledgement
(18).

8. Statistical analysis

Data was analyzed using SPSS package (version
15.0; SPSS Inc., Chicago, IL, USA). The results were
shown as meanzstandard error. Statistical evaluation
was used in analysis of variance (ANOVA) and post-
hoc test (LSD). A P<0.05 was accepted significant.

RESULTS and DISCUSSION

milk of

Simmental cows fed with different nutrients (%)

1. Amino acids distribution in

Milk and dairy products are recognized as food
products of high nutritional and dietary value.
They are important sources of food that ensure
normal human growth and development as well
as vital functions of the body (19-21). Milk and its
products is a rich source of nutrients and considered
by many as a valuable element of diet for all age
groups especially for infants, children and elderly.
Cow’s milk contains many bioactive components
that boost the physiological processes in the body.
The compound of milk alters significantly across
species because milk composition is related to the
nutrient needs of newborns from each species (22).
The biochemical content of milk can vary depending
on different factors such as nutrition, genetic
characteristics, cow’s health and physiological status
(22, 23). Milk and dairy products are considered to
be a good source of protein in the nutrition. Cow’s
milk, which contains high quality protein, has an
average of 3-3.5% protein. Cow’s milk protein is a
heterogeneous mixture of non-protein compounds
containing enzymes and small amounts of nitrogen,



based on casein and whey proteins (24). The major
amino acids found in whey protein are leucine,
isoleucine, valine and lysine, while the major amino
acids found in casein are histidine, methionine, and
phenylalanine (9). In our study, eighteen amino acids
were detected in milk samples. Cow’s milk has been
found to be an important food in terms of protein
(Table 2). According to raw milk amino acids analysis
of Simmental breed cows fed with different rations,
the amounts of aspartic acid, cysteine, lysine,
phenylalanine and leucine amino acids were higher
than other amino acids. In general, it was found
that these amino acid values were higher than other

amino acid values (Table 2). In studies, it has been

determined that these essential amino acids are more
present than other essential amino acids (25). It has
been reported that the phenylalanine essential amino
acid is found more often than other essential amino
acids, especially in Group 2 and Group 3. Itisimportant
for the quality of milk that the proteins in milk
contain high levels of essential amino acids (Table 2).

Compared to Group 1, glycine (p<0.001), proline
(p<0.01), aspartic acid (p<0.05), glutamic acid
(p<0.001), histidine (p<0.001) and tryptophan (p<0.05)
amino acid amounts were statistically decreased,
(p<0.001), (p<0.001),
threonine (p<0.05), (p<0.001) and
lysine (p<0.05) amino acid amounts were statistically

while arginine alanine

phenylalanine

Table 2. Amino acids distribution in milk of Simmental breed cows fed with different forage combinations (%)

Amino acids Group 1 Group 2 Group 3
Arginine 0.49+0.02 1.17+0.18¢ 1.46+0.11¢
Alanine 7.89+0.78 2.91+0.26¢ 1.91+0.15¢
Glycine 6.70+0.56 1.87+0.41¢ 3.71+0.89°
Valine' 6.51:0.67 6.93:0.88 7.56x1.33
Leucine' 9.02+0.89 9.51+1.12 8.65+1.67°

Isoleucine’ 4.77+0.34 4.45+0.67 6.45+0.97°
Proline 3.97+0.32 1.66+0.08° 3.40+0.79

Methionine’ 1.45+0.05 1.54£0.07 2.01+0.75°

Serine 6.40+0.47 7.25+1.11 5.34+1.09

Threonine’ 3.89+0.36 5.29+0.86° 6.71+1.34°

Phenylalanine' 5.86+0.77 12.32+1.78¢ 13.56+2.06¢

Aspartic acid 13.57+1.16 10.65+1.34° 9.34+1.19¢

Cysteine 9.61+1.11 8.01+2.21 8.73+0.87

Glutamic acid 4.24+0.78 1.08+0.03¢ 2.76+0.56°

Lysine' 8.57+0.97 10.09+1.25° 10.89+1.36°
Histidine' 1.96+0.09 0.52+0.04¢ 2.09:0.67
Tyrosine 4.22+0.29 5.19+0.69 4.56+1.08
Tryptophan' 0.91+0.03 0.54+0.01° 1.11£0.56¢

': Essential amino acids

One-way analysis of variance (ANOVA) LSD post hoc test, (p<0.05)
: The difference between the groups is not statistically significant (p>0.05)

: The difference between the groups is statistically more significant (p<0.01)

®: The difference between the groups is statistically significant (p<0.05)
d

: The difference between the groups is statistically most significant (p<0.001)
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increased in Group 2. It was determined that the
changes in the amino acid values of valine, leucine,
isoleucine, methionine, serine, cysteine and tyrosine
were statistically insignificant (Table 2). Compared
to Group 1, it was determined that the amounts of
arginine (p<0.001), isoleucine (p<0.05), methionine
(p<0.05), threonine  (p<0.05), phenylalanine
(p<0.001), lysine (p<0.05) and tryptophan (p<0.001)
amino acids statistically increased, while the amounts
(p<0.001), (p<0.05),
(p<0.05), aspartic acid (p<0.01) and glutamic acid

of alanine glycine leucine
(p<0.05) amino acids statistically decreased in Group
3. It was determined that the changes in valine,
proline, serine, cysteine, histidine and tyrosine amino
acid values were statistically insignificant (Table 2).

When amino acid levels were compared between
the groups, it was found that arginine and lysine
amino acids were high in the second and third
groups (p<0.05, p<0.001). When amino acid levels
were compared between the groups, amino acid
levels such as isoleucine, methionine, threonine,
phenylalanine and tryptophan were determined
to be high in the third group (p<0.05, p<0.001).
When amino acid levels were compared between
the groups, it was found that alanine, aspartic acid
and glutamic acid levels decreased in the second
and third groups (respectively p<0.001, p<0.05,
p<0.01, p<0.001, p<0.05). It was determined that
there was a decrease or increase in amino acid
levels other than the above-mentioned amino acids
at different rates between the groups. But these
changes are not statistically significant (Table 2).

In this study, we observed that there were
significant changes in the milk obtained from cows
grazing freely in the pasture and that the milk content
was enriched in terms of nutrients. This is also true in
terms of protein content. This may be linked to the
amount of pasture cows receive more nitrogen through
nutrition and the conversion of excess nitrogen into
milk protein. Studies have announced that changes
in amino acid composition in milk are related to
the amount of nitrogen taken by nutrition (22).
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2. Fatty acid composition in milk of Simmental

cows fed with different nutrients (%)

Fatty acid composition in milk depends on factors
related to animal race, lactation stage, ruminal
fermentation and nutrition. In fact, the fatty acid
composition of milk depends on nutrition and ruminal
microbial activity. Milk is generally made up of
saturated fatty acids (70%) and unsaturated fatty
acids (30%) (9). In the fatty acid compound of the milk
content, palmitic acid (C16:0), oleic acid (C18:1),
myristic acid (C14:0), stearic acid (C18:0), lauric acid
(C12:0), linoleic acid (C18:2), palmitoleic acid (C16:1)
and pentadecanoic acids (C15:0) were determined to
be more. According to milk analysis, the dominant
saturated fatty acids are palmitic (C16:0), stearic and
(C18:0) myristic acids (C14:0), while the dominant
unsaturated fatty acids are oleic (C18:1), linoleic
(C18:2) and alpha-Llinolenic acids (18:3 n-3) (Table 3).

In general, according to our findings, it was found
that saturated fatty acid level decreased (p<0.05,
p<0.01, p<0.001), the unsaturated fatty acid level
increased (p<0.01, p<0.001) in Group 3 compared to
Group 1 and Group 2 (Table 3). There were significant
changes in milk fatty acid composition in Group 3
compared to Group 1 and Group 2 in terms of human
health. In Group 3, the reduction in the amount
of saturated fat acid is very important for human
health. The C18:0 (Stearic acid) fatty acid and C18:1
(Oleic acid) fatty acid levels were reduced in Group 2
and Group 3 compared to Group 1 (p<0.01, p<0.001).
The level of saturated fatty acids (C14:0-Myristic
acid, C18:0-Stearic acid) in Group 1 was increased
compared to Group 3. The level of saturated fatty
acids (C18:0-Stearic acid) in Group 1 was increased
compared to Group 2 (p<0.001). Compared to group
2, the level of oleic (C18:1-Oleic acid unsaturated
fatty acid) acid increased significantly in Group 1
(p<0.01). In Group 3, it was found that the amount
of some saturated fat acid decreased compared to
other groups. Also in Group 3, the levels of linoleic
and alpha-Llinolenic fatty acids, which are essential
fatty acids, were increased compared to other groups



Table 3. Fatty acids distribution in milk of Simmental breed cows fed with different forage combinations (%)

Fatty acids Group 1 Group 2 Group 3
Caprylic acid (8:0) 0.14:0.01 0.90+0.05¢ 0.70+0.03¢
'Capric acid (10:0) 0.36x0.06 3.68+0.78¢ 2.68+1.04¢
"Lauric acid (12:0) 5.35:1.08 4.87+0.88 3.87+1.06°
"Myristic acid (14:0) 14.04+1.89 14.30+£1.09 12.30+2.07¢
ZMiristoleik asit (14:1) 0.35+0.05 0.26+0.01 0.36+0.01
'Pentadecanoic acid (15:0) 1.49+0.45 1.42+0.33 1.02+0.04°
215:1 0.29:0.02 0.43+0.02° 0.23+0.06
'Palmitic acid (16:0) 38.05+2.67 39.89+2.76 35.20+2.81¢
ZPalmitoleic acid (16:1) 1.79+0.22 2.160.16° 2.75+0.06°
'Heptadecanoic acid (17:0) 0.79+0.08 0.64+0.04 0.74+0.07
117:1 0.63:0.07 0.32+0.01 0.42+0.03°
Stearic acid (18:0) 11.1821.67 7.74+1.03¢ 6.74+1.04¢
2Oleic acid (18:1) 22.19+2.23 19.88+2.67¢ 17.88+2.71¢
2Linoleic acid (18:2)" 2.3410.26 2.2910.67 8.29+0.88¢
2Gamma-linolenic acid (18:3 n-6) 0.32+0.04 0.150.01 1.15+0.04¢
2Alpha-linolenic acid (18:3 n-3)° 0.28:0.03 0.32:0.02 3.32+1.08¢
'Arachidic acid (20:0) 0.10+0.01 0.14:0.01 0.74+0.05¢
’Gadoleic acid (20:1) 0.11:0.02 0.21:0.02 0.81+0.06¢
2Eicosadienoic acid (20:2) 0.13+0.01 0.17+0.01 0.37+0.04°
2Dihomo-gamma-linolenic acid (20:3) 0.18+0.02 0.23+0.02 0.43+0.05°

': Saturated fatty acids
2: Unsaturated fatty acids
*: Essential fatty acid

One-way analysis of variance (ANOVA) LSD post hoc test, (p<0.05)
: The difference between the groups is not statistically significant (p>0.05)

: The difference between the groups is statistically more significant (p<0.01)

b: The difference between the groups is statistically significant (p<0.05)
d

: The difference between the groups is statistically most significant (p<0.001)

(Table 3). It is possible that due to free nutrition in
pasture, the level of saturated fat acid decreases and
the level of unsaturated fat acid increases in milk.
It is reported that there is a correlation between
saturated fatty acid consumption and diabetes with
cardiovascular diseases (22, 26). It has been stated
that there may be a decrease in the level of saturated
fatty acids in milk due to free nutrition in pastures
(27, 28). It has been stated that the milk fat acid
composition of cows may vary depending on diet. It

has been reported that oleic acid, polyunsaturated
fatty acids and saturated medium-chain fatty acids
are particularly affected in milk depending on the
diet (26). It has been reported that linoleic (C18:2),
alpha-linolenic and (C18:3 n-3) oleic acid (C18:1)
levels may increase in raw milk due to free feeding
in the pasture (29). This fatty acid-rich diet is very
important for human health (8, 29, 30). Many studies
have recognized the importance of diet in regulating
and disease-

and improving health-promoting
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inhibiting groups of fatty acid in cow milk. Milk fatty
acid profile varies depending on external and internal
factor (26, 29). Furthermore, seasonal differences in
pasture, flora of the region and characteristics of
forage will result in differences in milk fatty acids
composition (31). According to nutrition, fatty acids
such as C8:0 (Caprylic acid), C10:0 (Capric acid) and
C16:1 (Palmitoleic acid) were found to be higher in
Group 2 and Group 3 in milk. In Group 3 such as, C18:2
(Linoleic acid), C18:3 (Gamma-Llinolenic acid) (n-6),
C18:3 (Alpha-linolenic acid) (n-3), C20:0 (Arachidic
acid), C20:1(Gadoleic acid), C20:2 (Eicosadienoic
acid), C20:3 (Dihomo-gamma-linolenic acid) fatty
acids high, C12:0 (Lauric acid), C14:0 (Myristic
acid), C16:0 (Palmitic acid), C18:0 (Stearic acid) and
C18:1 (Oleic acid) fatty acids were low (Table 3).

3. Changes in the composition of
cholesterol, lipophilic vitamins and
phytosterols in the milk of Simmental cows
fed with different nutrients (pg/10 mL)

There was no difference in the amount of retinol
in milk between the groups. However, the levels of
K2 vitamin, a-tocopherol, D2 vitamin, y-tocopherol,
K1 vitamin and stigmasterol were observed to rise
at different rates in Group 2 and Group 3 (p<0.05,
p<0.001). In Group 3, there was a partial decrease in
cholesterol level in milk samples (p<0.05). In Group
1 and Group 3, partial increase in B-sitosterol level
was determined in milk samples (p<0.05) (Table 4).

In addition to being involved in the structure of
cell membranes, cholesterol is a molecule necessary
for the synthesis of bile acids and steroid hormones.
High plasma cholesterol levels are considered to be
an important risk factor for cardiovascular diseases.
Mortality rates from cardiovascular disease are high
all over the world. Cardiovascular diseases and other
metabolic diseases have been reported to be related
to high fat intake (32). The most important sterol
found in milk is cholesterol (3 mg/g fat, equivalent
to 100 mg/L cow’s milk), but phytosterols are also
present (33). Cholesterol levels were significantly
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reduced in Group 2 and Group 3 (P<0.05) compared
to Group 1 (Table 4). It has been stated that there
may be changes in the amount of cholesterol in
the milk of farm animals according to dietary fat
(34, 35).
diet is important against cardiovascular diseases

It is emphasized that low cholesterol

and metabolic diseases (36). Our study shows that
the amount of cholesterol in the milk of naturally
fed animals has decreased (Table 4). Therefore,
low cholesterol content in the milk of naturally
fed animals is very important for healthy living.
Hypercholesterolemia is evaluated as an important
cardiovascular risk factor. In terms of cardiovascular
health, healthy diet and healthy lifestyle are very
important. The diet rich in phytosterols (Stigmasterol,
B-Sitositerol) is recommended for the treatment
of hypercholesteroemia. Phytosterols are a widely
used approach in lowering plasma cholesterol levels
(37). The amount of stigmasterol was significantly
increased in Group 2 and Group 3 compared to Group
1 (p<0.01, p<0.01). The amount of B-sitosterol was
significantly reduced in Group 2 compared to Group 1
(p<0.05). The amount of B-sitosterol was significantly
increased in Group 3 compared to Group 1 (p<0.05)
(Table 4). In Group 3, phytosterol (Stigmasterol,
B-Sitosterol) level significantly increased in milk. In
general, group 1 and Group 2 are important sources
of phytosterol (Stigmasterol, B-Sitosterol) (Table
4). Sterol rich diet is a useful dietary strategy to
reduce the risk of cardiovascular and metabolic
disease. Epidemiological studies have shown that
cardiovascular diseases can be prevented based
on positive changes in diet and lifestyle. The main
plant-derived sterol in farm animal’s milk is B-
sitosterol (33). It was determined that there were
changes in sterol content in milk due to the feeding
of cows. Researchers have stated that changes in
milk composition may occur when animal nutrition
is interfered with (33, 34). Milk and dairy products
are an important component of a healthy diet due
to their capacity to provide vitamins, minerals,
macronutrients and micronutrients prominent for,



Table 4. Distribution of lipophilic vitamins, cholesterol and phytosterols in milk of Simmental breed cows fed with different

forage combinations (ug/10 mL)

Group 1 Group 2 Group 3
Vitamin A (Retinol) 0.03+0.001 0.03+0.001 0.04+0.001
Vitamin K, 0.09+0.01 0.34+0.09¢ 0.65+0.07¢
y-tocopherol 1.12:0.07 3.12+0.97¢ 5.3410.78¢
Vitamin D, 0.31+0.03 0.79+0.04¢ 1.34+0.05¢
Vitamin D, 0.15+0.01 0.46+0.03 0.57+0.03
a-tocopherol 0.64+0.07 1.47+0.06° 2.67+0.67¢
a-Tocopherol acetate 73.53+2.76 33.87+2.78¢ 87.67+3.09°
Vitamin K, 0.68+0.08 2.02+0.89¢ 3.04+0.88¢
Cholesterol 74.34+2.87 66.642.09 56.78+1.88°
Stigmasterol 8.16:0.98 18.21+1.12¢ 34.78+2.06°
B-Sitosterol 661.2313.45 531.23+5.56° 711.78+7.18°

One-way analysis of variance (ANOVA) LSD post hoc test, (p<0.05)

a: The difference between the groups is not statistically significant (p>0.05)

b: The difference between the groups is statistically significant (p<0.05)

¢: The difference between the groups is statistically more significant (p<0.01)
d: The difference between the groups is statistically most significant (p<0.001)

up growth, flourish and tissue care (38). Vitamin A
is particularly substantial in up growth, flourish,
immunity, and eye health. Its content in milk depends
fundamentally on fat quantity, but also on factors like
animal nutrition and season. In general, fatty milks
are richer in vitamin A (9). In our study, there were
no significant changes in vitamin A level in the milk of
cows fed with different foods (Table 4). Retinol comes
from the liver to the mammary glands, where it is
esterified and then given to milk (33). The amount of
vitamin D in cow’s milk is very low, but some countries
supplement vitamin D in milk and dairy products
from different sources. In previous studies, vitamin
D levels (5 and 35 IU/L) in cow’s milk were stated
to be low. Recently, people’s interest in vitamin D
has increased due to its protective property against
some important diseases. Studies have reported that
vitamin D protects against cancer, diabetes and heart
disease (39). In addition, vitamin D has important
effects on muscle and bone health due to calcium
absorption (9). The amount of fat-soluble vitamins in

cow’s milk varies depending on the breed, nutrition,
physiological conditions and health of the animal.
It has been reported that the amount of vitamin E
(alpha-tocopherol-0.2 and 1.0 mg/L) and vitamin A in
milk may vary depending on nutrition, forage content
and forage quantity (40). The amount of vitamin D
and vitamin K in milk varies depending on the time
the animal and food stay in the sun and the function
of the rumen (33). Vitamin K2 (p<0.001, p<0.001)
and vitamin D2 (p<0.01, p<0.001) were significantly
increased in Group 2 and Group 3 compared to Group
1 (Table 4). Because the animals live in the same
environmental conditions, the difference in milk
content may have been due to the forage content.
Studies have shown that the biochemical content of
milk can vary depending on nutrition (33). The amount
of &-tocopherol and a-tocopherol was significantly
increased in Group 2 and Group 3 compared to Group
1 (p<0.01, p<0.001). The amount of a-tocopherol
acetate was significantly increased in Group 1 and
Group 3 compared to Group 2 (p<0.001, p<0.05)
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(Table 4). Alpha-tocopherol is the fundamental
manner of vitamin E available in cow’s milk, referring
84-92% of the total, whereas gamma-tocopherol and
alpha-tocotrienol conduce approximately 5% each
one (33). According to feeding with different forage
combinations, the amount of tocopherol is higher
in the milk of cows grazing freely in the pasture.

In general, the amount of fat-soluble vitamins
depends on the fat content of milk. When the total
amount of fat or any amount of fatty acid changed
in milk and dairy products, the level of fat-soluble
vitamins can also change. In order to increase the
vitamin content of these products, it is necessary
to increase the content of synthetic or natural
vitamins or their precursors in the forage. It has
been reported that there may be significant changes
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in the micronutrient and macronutrient composition
of milk due to forage and forage content (33).

In conclusion; the effect of regional flora and
different forage combinations on milk composition
(amino acids, fatty acid, sterol, lipophilic vitamins)
was evaluated for the first time in this study. It was
determined that flora caused significant changes in
milk composition. In this study, changes in amino
acid, fatty acid, cholesterol, lipophilic vitamin and
sterol content were examined in milk samples of
cows living in the same conditions but fed different
forage combinations. Milk samples were taken in the
spring. As a result, milk content changes depending
on the feeding of animals, especially milk content of
cows fed freely in pasture is found to be enriched
in terms of nutrients necessary for healthy living.
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Tarcin ekstraktlarinin baz1 patojenler iizerine antibakteriyel
etkilerinin in vitro incelenmesi

Ayla UNVER ALCAY' (ID), Aysun SAGLAM?

, Nagihan CAGLARS (D), Kamil BOSTAN3

OZET

Amagc: Gida kaynakli enfeksiyonlar diinya capinda halk
sagligi sorunu olmaya devam etmektedir. Antibiyotiklerin
kesfi enfeksiyon hastaliklarinin tedavisinde onemli bir
mihenk tasi olmustur. Ancak glinumiizde antibiyotiklere
direncli enfeksiyonlar nedeniyle her yil cok sayida insan
yasamini yitirmektedir. Antibiyotiklere kars1 direnc yeni
antibakteriyellerin  gelistirilmesini zorunlu kilmstir.
Guniimuzde gida koruyucu dogal antimikrobiyallere
talep de artarak devam etmektedir. Ayrica COVID-19
pandemisiyle birlikte antimikrobiyal etkinligi olan
fonksiyonel gida takviyelerine yogun ilgi olmaktadir. Bu
calismada, mutfakta genis bir kullanim alanina sahip olan
ve sayisiz saglik yarari nedeniyle fonksiyonel gidalara
dahil edilen tarcin baharatinin cesitli coziciilerle (etanol,
metanol, kloroform ve su) hazirlanan ekstraktlarinin
baz1 gida ve suyla bulasan patojen bakteriler Uzerine
etkinliginin in  vitro

antimikrobiyal calismalarla

belirlenmesi amaclanmistir.

Yontem: Bu calismada; tarcimin metanol, etanol,
kloroform ve su ekstraktlarinin bazi onemli gida ve suyla
bulasan patojen bakteriler (Staphylococcus aureus,
Bacillus cereus, Listeria monocytogenes, Escherichia
coli, Enterococcus faecalis, Salmonella Typhi) uzerine

in vitro antimikrobiyal aktiviteleri agar kuyu difiizyon

ABSTRACT

Objective: Foodborne illnesses are still a major
public health concern across the world. Antibiotics
have been a critical component in the treatment of
infectious illnesses since their discovery. However,
the

countless individuals every year. Antibiotic resistance

antibiotic-resistant diseases claim lives of

requires the development of new antibiotics.
Nowadays, the demand for natural antimicrobials as
a food preservative is on the rise. Furthermore, with
the COVID-19 pandemic, functional food supplements
with antibacterial action are gaining popularity. The
focus of this research was to identify the in vitro
antimicrobial activity of cinnamon spice, which has
many culinary utilizes and is used in functional foods
due to its multiple health benefits, extracts prepared
with various solvents (ethanol, methanol, chloroform,
and water) against some food and water-borne

pathogens.
Methods:

chloroform, and water extracts were tested for in

Cinnamon methanol, ethanol,

vitro antimicrobial activity against a variety of food
and water-borne pathogens (Staphylococcus aureus,
Bacillus cereus, Listeria monocytogenes, Escherichia
Enterococcus Salmonella  Typhi)

coli, faecalis,
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ve mikrodilisyonla yapilan minimum inhibe edici

konsantrasyon (MiK) yontemleri ile belirlenmistir.

Bulgular: Tarcindan elde edilen etanol ve metanol

ekstraktlarimin incelenen bakterilere kars1 degisen

derecelerde antibakteriyel etkinlige sahip oldugu
gozlenmis, MIK degerlerinin sirasiyla 1,65 ila 6,82 mg/
mL, 1,12 ila 9,16 mg/mL arasinda degistigi saptanmistir.
Tarcinin etanol ve metanol ile elde edilen ekstraktlan
icin minimum inhibisyon zonlar (MiZ) ise sirasiyla 11,13-
14,35 mm ve 12,20-15,55 mm araliginda belirlenmistir.
Tarcinin kloroform ekstraktlar ve sulu ekstraktlari ile MiZ
ve MIK saptanamadigi icin istatistiksel degerlendirmede
kapsam dist birakilmistir. Yapilan istatistik
degerlendirmede; etanol ve metanol ekstraktlarinin
MiZ sonuclan karsilastinldiginda, antimikrobiyal etkinlik
acisindan farkliigin anlamli olmadig1 (E. faecalis
haric¢) belirlenmis ve bu ekstraktlarin benzer derecede
antimikrobiyal etkinlik gosterdigi saptanmistir (p<0,05).
E. faecalis’e karsi tarcinin metanol kullanilarak elde
edilen ekstraktinin etanolle elde edilene kiyasla daha

duyarli oldugu belirlenmistir.

Sonug¢: Bu calismada; incelenen tarcimin etanol

ve metanol ekstraktlarinin antibakteriyel aktivite
sonuclarimin, tarcin  ekstraktlaninin  daha  onceki
calismalarda belirlenen patojenler  izerindeki

antibakteriyel aktivitesine yakin hatta daha yiiksek

olabilecegi belirlenmistir. Elde edilen verilerin,
gidalarin formiilasyonlarinin hazirlanmasinda yardimci
olacagr dusiiniilmektedir. Bu calismanin sonuglar,
gecmiste tarcin ekstraktlarn ile yapilan antibakteriyel
aktivite calismalarinin verileri ile karsilastirildiginda
cok farkli sonuclar elde edildigi gozlenmistir. Bitkisel
antimikrobiyallerin etkinliginin belirlenmesinde,
antibiyotiklerde oldugu gibi standardize yontemlere

ihtiyac duyuldugu sonucuna da varilmstir.

Anahtar Kelimeler:  Tarcin  ekstraktlar,
antimikrobiyal etki, gida kaynakli patojen bakteri,

minimum inhibisyon konsantrasyonu

Turk Hij Den Biyol Derg

using agar well diffusion and minimum inhibitory
concentration (MIC) methods.

Results: MIC values for ethanol and methanol
extracts from cinnamon ranged from 1.65 to 6.82
1.12 to 9.16 mg/mL,

Inhibition zones for ethanol and methanol extracts

mg/mL and respectively.
were determined in the range of 11.13-14.35 mm and
12.20-15.55 mm, respectively. In order to assess these
extracts as food preservatives, more research on food
model systems is required. Since MIZ and MIC were not
determined cinnamon chloroform extracts and aqueous
extracts, they were excluded from the statistical
evaluation. In the statistical evaluation, when MIZ
results were compared for the antimicrobial effects
of ethanol and methanol extracts, it was determined
that the difference was not significant (except for E.
faecalis) (p<0.05). It was determined that the cinnamon
extract obtained using methanol was more sensitive to
E. faecalis than the cinnamon extract obtained with

ethanol.

Conclusion: It was determined that the
antibacterial activity results of cinnamon ethanol
and methanol extracts examined in this study may be
close to or even higher than the antibacterial activity
of cinnamon extracts on pathogens determined in
previous studies. It is thought that the data obtained
will help in the preparation of food formulations.
When the results of this study were compared with
the data of antibacterial activity studies conducted
with cinnamon extracts in the past, it was observed
that very different results were obtained by different
researchers. It has been concluded that standardized
methods are needed to determine the efficacy of
herbal antimicrobials, as for antibiotics to determine

antimicrobial efficacy.

Key Words: Cinnamon extracts, antimicrobial

effect, foodborne pathogen, minimum inhibition

concentration



GIRIS

Tarcin, diinya mutfaginda ve geleneksel tipta
genis bir kullanima sahip olan Lauraceae familyasi
Cinnamomum cinsinden her daim yesil bir tropikal
agacini¢ kabugundan elde edilen, oldukca aromatik bir
baharattir. Cinnamomum zeylanicum, Cinnamomum
loureirii, Cinnamomum burmanni ve Cinnamomum
aromaticum en turleridir.

cok bilinen tarcin

Antimikrobiyal, anti-inflamatuar, antialerjik,
antitumor, antilipemik, antidiyabetik, ates dusurucu,
antililserojenik, antihipertansif, mide koruyucu ve
imminomodiilator gibi bircok biyolojik aktiviteye
sahip oldugu bilinmektedir (1). Tiirkiye’de targin
obezite ve kilo kaybi icin halk tarafindan aktardan
alinarak kullanilan ilk bes bitkiden birincisidir (2).
Gida kaynakli patojen mikroorganizmalar tim
diinyada sorun olmaya devam etmekte, bozulmaya
yol acarak ve raf omrini kisaltarak onemli gida
kayplarina yol acmaktadirlar. Escherichia coli,
Bacillus cereus, Staphylococcus aureus ve Listeria
gida

Patojenik mikroorganizmalar

monocytogenes baslica kaynakli  patojen

bakterilerdir. veya
bozulma yapan mikroorganizmalara karsi onlem almak
icin gida endustrisi genellikle koruyucu maddeler
kullanir. Son yillarda, tiiketici bazinda, dogal koruyucu
maddelerin gelistirilmesine yonelik talep artmistir.
Dogal ve giivenli gida koruyucu maddeler olarak
bitki ekstraktlarinin kullanimi onemli seceneklerdir
(3). Bitkisel ekstraktlar; su, alkol, klorofom veya
hekzan gibi coziiciler kullanilarak bitkilerin taze veya
kurutulmus yapraklar, cicekler, meyve cekirdekleri
veya odunsu kisimlarinin belirli ekstraksiyon yontemi
ile elde edilen sivi, toz ya da viskoz bitki 0zlerine
Farkl
yontemlerle elde edilen bitki ekstraktlariyla gida

verilen isimdir. gida Urunlerinde, cesitli

koruma yontemleri gelistirmek icin arastirmalar
yapilmaktadir (4). Bitki ekstraktlarinin antimikrobiyal
aktiviteleri, pek cok bitki ucucu yaginda bulunan
terpenoidler (carvacrol, carvone, thymol, terpinen-
phenylpropanoidler
eugenol, anethol) gibi ikincil bitki bilesenlerinden

4-ol) ve (cinnamaldehyde,

kaynaklanmaktadir. Mazimba ve ark. (5), Cinnamomum

verum’un metanol ekstraktlarinin  fitokimyasal
analizini yapmislar; alkaloidler, flavanoidler, tanenler,
fenoller ve saponinlerin varligini saptamislardir. Targin
kabuk ucgucu yaginin temel bileseni sinamaldehit
(3-fenil-2-propenal fenol; C;H,0), targin yaprak ugucu
yaginin baslica bileseni ise 6jenoldiir (6-8). Yapilan
calismalar, sinamaldehit ve 0ojenol gibi aromatik
maddelerin ylksek antimikrobiyal etkisini ortaya
koymustur (9-11).

Gunimiizde saglikli beslenme, dogala yonelim
bitkilerin
buyuk ilgi

ve fonksiyonel ozellikleri nedeniyle,
ve ekstraktlarinin gidalara eklenmesi
cekmektedir. Bu calismada da cesitli ¢ozuculerle
hazirlanan  tarcinin  ekstraktlarinin  bazi  gida
ve suyla bulasan patojen bakteriler uzerine in
vitro  antimikrobiyal etkinliginin  belirlenmesi

amaclanmistir.

GEREC ve YONTEM

Laboratuvar calismalarn ve ekstraktlarin tretimi,
istanbul Aydin Universitesi, ABMYO Gida Teknolojisi
Laboratuvari’nda gerceklestirilmistir.

Uc farkli markaya ait (mensei Endonezya), kapali
ambalajda 100 gramlik altisar paket toz tarcin
istanbul’daki
marketlerden 2021 Ocak ayinda temin edilmistir.

(Cinnamomum  zeylanicum) yerel

Calismada, alti taninmis patojen bakteri turu
olarak Salmonella Typhi ATCC 14028, Escherichia
coli ATCC 25922, Bacillus cereus ATCC 14579,
Staphylococcus ATCC 25923,
monocytogenes ATCC 51780, Enterococcus faecalis
ATCC 29212) kullamlmistir. Suslar BD Diagnostics’ten

(Almanya) satin alinmis ve aerobik olarak 24 saat

aureus Listeria

sureyle 37°C’de Nutrient Agar besiyerinde (Merck,
105458) inklibe edilmistir (12).

Tum ekstraktlar Gupta ve ark.’nin (12) yontemi
modifiye edilerek hazirlanmistir. Her bir ekstrakti elde
etmek icin dort farkli coziicu [etanol (Merck 100986),
metanol (Merck, 106009), kloroform (Merck 102445)
ve fosfat tamponlu salin (PBS, Merck 109439 pH 7]
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kullamlmistir. Temin edilen tar¢in, 15 gram tartilarak
100 mL’'lik agz1 kapakli erlenlere aktarildiktan sonra
her ekstrakt icin ayriayr1 60 mLetanol, 60 mL metanol,
60 mL kloroform ve 120 mL PBS ilave edilmistir.
Karanlik bir yerde, oda sicakliginda iki giin, orbital
shaker (Scilogex, SK-0330-pro) ile calkalanmistir. Bu
islemden sonra, homojenizator (WiseTis, HG-15A) ile
iki dakika karistinlmistir. Orbital shaker calkalama
islemine bir gece (12 saat) daha devam edilmistir.

Tablo 1. Ekstraktlarin verimleri (mg/mL)

Ertesi glin ekstraktlar Whatman No.1 filtre kagidindan
gecirilerek suzulmus ve ardindan doner buharlastirici
(Heidolph Hei-Vap Value HL/G6) kullanilarak vakum
altinda 40°C’de konsantre edilmis ve kuru madde
miktar hesaplanmistir. Hazirlanan farkli ekstraktlarin
verimleri (mg/mL) Tablo 1’de verilmistir. Dimetil
sulfoksit (DMS, Merck 802912) 1/10 oraninda ilave
edildikten sonra ekstraktlar ¢ozulmus ve ekstraktlar
kahverengi siselerde -25°C’de muhafaza edilmistir.

Solvent Tipi Targin 1 Targin 2 Targin 3
Etanol 13,63 15 13,35
Metanol 18,325 26,33 17,92
Kloroform 13,38 14,75 14,4
PBS 6,61 8,64 6,62
Tarcin ekstraktlarinin antibakteriyel o6zelliklerini Ekstraktlarin ~ MIK  degerleri  mikrodiliisyon

arastirmak icin agar kuyu diflizyon yontemi
kullamlmistir (12). Her bakteribaslangicta, Brain Heart
Infusion (Merck, 110493) siv1 besiyerine ekilmis ve 24
saat 37°C’de aerobik kosullarda inkube edilmistir.
L. monocytogenes icin mikroaerofilik inkubasyon
kosullar saglanmistir. Her test bakterisinden 100
mikrolitre standartlastirilmis inokulum (10° CFU/mL;
0,5 MacFarland), Muller-Hinton Agar (MHA) besiyerine
uzerine yayilmistir. Petrilerin kurumasi icin bir sire
beklendikten sonra, agarda steril bir delici yardimyla
6 mm capinda kuyular acilmis ve her ekstraktdan
100 pL’'lik bir hacimde agar plakalarinin kuyularina
yerlestirilmistir. Daha sonra petri kaplar diflizyon
saglamak icin oda sicakliginda 1 saat bekletilip
37°C’de 24 saat inkube edilmistir. Her ekstrakt icin
alt1 paralel calisitmistir.  Olusan inhibisyon zonlan
dijital kumpas ile milimetre cinsinden olculmustur
(Sekil 1). Pozitif kontrol olarak gentamisin (10 pg)

kullamlmistir (Sekil 2).
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metodu kullamlarak saptanmistir (13). Incelenen
bakteri suslan Tryptic Soy Broth (Merck 105459)
besiyerine ekilmis ve 24 saat 37°C’de aerobik olarak,
L.  monocytogenes mikroaerofilik olarak inkibe
edilmistir. Steril 96 kuyucuklu mikrotitre plakalarinda,
her bir ekstraktin iki kat azalan seyreltmeleri steril
distile su ile yapilmisti.  Her sus Mueller-Hinton
Broth (Merck 110293) ile 0,5 McFarland elde etmek
icin (10° kob/mL) stspanse edilmistir. Daha sonra her
kuyucuga 50 pL bakteri siispansiyonu eklenmistir. Her
mikrodillisyon plakasinin, bir negatif buyiume kontrolu
(tek basina besiyeri) ve bir pozitif biiyime kontrolu
(100 pL besiyerinde bakteri siispansiyonu) icermesi
saglanmistir. Mikroplaka 48 saat 37°C’de aerobik
kosullarda inkiibe edilmistir. Kiiltiirde bulanikligin
gozlenmedigi, bakteri iremesinin olmadigini gosteren
en dusuk ekstrakt konsantrasyonu, minimum inhibitor
konsantrasyon (MiK) olarak belirlenmistir. Doksan alt1
kuyucuklu plakin her kuyusundan, steril bir pipet ile



A. UNVER ALCAY ve ark.

10 mikrolitre sivi alinarak Triptik Soy Agar plaklarina
aktarilmis ve hangi kuyucugun son tireme oldugu kesin
olarak dogrulanmistir (Sekil 3). Her ekstrakt icin lic
bagimsiz deney yapilmistir.

Tum analizlerin sonuclan ortalama olarak ifade
edilmisti. Calismamizda elde edilen verilerin
istatistiksel analizi  SPSS 25 (IBM) programi
kullanilarak gerceklestirilmistir. Zon caplarn ve MiK
degerlerinin tespiti icin sirasiyla alt1 ve li¢ paralel

e — Cilt 81 B Say1 1H 2024

calisilmistir. Analiz yapilan veri setlerinin normal
dagiim gosterdigi  Shapiro-Wilk testiyle kontrol
edilmistir. ikili gruplarin karsilastirmasi, Indipendent
Samples T-test kullamlarak gerceklestirilmistir. ikiden
fazla sayida bulunan gruplar arasindaki farkliliklar tek
yonlu varyans analizi (ANOVA) ve Games-Howel Testi
kullanilarak saptanmistir. p degerleri 0,05’ den kiiciik
oldugunda istatistiksel olarak anlaml farklilik oldugu
kabul edilmistir.

Sekil 1. Kuyu difiizyon testi ile tarcinin etanol, metanol ve kloroform ekstraktlarinin minimum inhibisyon bolgeleri

Sekil 2. Gentamisin pozitif kontrol minimum inhibisyon zonlan

Sekil 3. MHA besiyerinde MiK mikrodiliisyon testinin dogrulanmast
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BULGULAR

Farkli tarcin ekstrakt cesitlerinin verimleri (mg/
mL) Tablo 1’de gosterilmistir. Tarcin ekstraktlarinin
inhibisyon zonu ve MiK degerleri Tablo 2 ve Tablo 3’te
ozetlenmistir. Tarcin etanol ve metanol oziitlerinin
incelenen patojen bakterilere kars1 antibakteriyel
etkiye sahip oldugu belirlenmis, ancak targin
kloroform ve sulu ekstraktlarinin incelenen hicbir
bakteriye kars1 antibakteriyel etkisi gozlenmemistir.

inhibisyon zonu caplart etanol ve metanol
ekstraktlarn sirasiyla 11,13-14,35 mm ve 12,57-
15,55 mm araliginda belirlenmistir (Tablo 2). E.
faecalis haric ¢oziicti farkliiliginin (etanol, metanol)

ekstraktlarin antibakteriyel etkisinde degisiklige
sebep olmadigi belirlenmistir (p<0,05). E. faecalis’in
tarcinin metanol kullanilarak elde edilen ekstraktina
etanole kiyasla daha duyarli oldugu saptanmistir.
Etanol ve metanol ekstraktlan tek tek ele alindiginda
tim bakteri turlerine kars1 istatistiksel olarak ayni
oranda antibakteriyel etki gosterdigi bulunmustur
(p>0,05).

Tarcindan elde edilen etanol ve metanol
ekstraktlan icin MIK degerlerinin sirasiyla 1,65 ila
6,82 mg/mL, 1,12 ila 9,16 mg/mL arasinda degistigi
belirlenmistir (Tablo 3). Bakteri cesidinin MIK
degerleri agisindan istatistiksel olarak anlamli bir
farklilik yaratmadigi belirlenmistir (p>0,05).

Tablo 2. Tarcin ekstraktlarinin minimum inhibisyon zonu caplan

Zon Caplar1 (mm)

Bakteri Tiirii

Etanol ekstrakt

Metanol ekstrakt

. Typhi

13,48+2,26 2 A

12,64+3,20 A

. coli

13,60+2,80 2 A

15,55+2,68 2 A

cereus

14,35+2,84 2 A

12,57+1,20 2 A

. aureus

13,20+1,53 2 A

15,52+2,18 2 A

. monocytogenes

13,10+1,36 24

12,74+1,28 2 A

S
B
B.
S
L
B

. faecalis

11,13+0,51 a 8

15,20+2,85 2 A

a: Ayni siitunda farkli harflerle gosterilen ortalamalar birbirinden farklidir (p<0,05)
A-B: Aynmi satirda farkli harflerle gosterilen ortalamalar birbirinden farklidir (p<0,05)

Tablo 3. Tarcin ekstraktlarinin MiK degerleri (mg/mL)

Etanol ekstrakt

Metanol ekstrakt

Bakteri Tiirli

Min-Max Ortalama Min-Max Ortalama
S. typhi 2,75-3,41 3,152 1,65-4,58 3,57 2
E. coli 2,75-6,82 4,292 2,24-9,16 4,892
B. cereus 1,70-3,30 2,58 2 2,24-3,29 2,612
S. aureus 2,75-3,41 3,15 « 1,12-4,58 2,452
L. monocytogenes 2,75-3,41 3,152 2,24-3,29 2,612
E. faecalis 1,65-3,41 3,522 1,15-6,58 3,322

a: Ayni siitunda farkli harflerle gosterilen ortalamalar birbirinden farklidir (p<0,05)
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TARTISMA

Bu calismada, tarcin etanol ve metanol

cozuclleri ile elde edilen ekstraktlar incelenen
tum bakteri suslarina kars1 in vitro antibakteriyel
etkinlik gostermis, ancak tarcin kloroform ve sulu
hicbir  bakteri

gostermedigi belirlenmistir.

ekstraktlarinin uzerine etkinlik

Calismamizdan elde edilen verilere gore tarcin
ekstraktlannin S. Typhi’e karsi in vitro antimikrobiyal
literatirde benzer olarak

etkisi incelendiginde,

tarcimin  kloroform  ve  sulu  ekstraktlarinin
antibakteriyel etki gostermedigi calismalar oldugu
saptanmistir (14, 15). Cowan (16), tarcinin ana
aktivitesinin esas olarak 0Ojenol ve sinnamaldehit
iceriginden kaynaklandigini ve bu bilesiklerin tercihen
sudan cok etil alkol icinde ¢ozilduglinu bildirmistir.
Ismail ve ark. (14) ve Naveed ve ark. (17) tarafindan
gerceklestirilen calismalarin sonuclari; calismamizin
sonuclarina [2,75-3,41 mg/mL (min-max)] benzer
olarak tarcin etanol ekstraktlarinin S. Typhi’e karsi
MIK degerlerinin sirastyla 3 mg/mL ve ortalama 3,57
mg/mL olarak bildirildigi saptanmistir.

(18)

calismada ise tarcin etanol ve metanol ekstraktlarinin

Moon tarafindan  gerceklestirilen  bir
(w/v: 10 g/100 mL) E. coli icin belirlenen inhibisyon
zonlarinin calismamiza benzer olarak sirasiyla 10 mm
ve 18 mm olarak saptandigi gozlemlenmistir. Yine bir
baska calismada; tarcin metanol ekstraktinin E. coli
icin inhibisyon zonu 10 mm olarak bildirilmistir (5).
ismail ve ark. (14)’nin calsmasinda ise E. coli ATCC
5087’e karst MIK degeri 3 mg/mL olarak bildirilmis
olup, sulu ekstrakt icin MiK belirlenmemistir.

Yapilan cesitli
sonuclar elde edildigi
(19)
bir calismada; Cinnamomum verum (tarcin) sulu
ekstraktinin (w/v: 40/200 mL) E.
antibakteriyel

sonucunda farkli
Rakshit
tarafindan gerceklestirilen

calismalarin
de gorulmustur.
ve Ramalingam

coli acisindan
aktivitesini degerlendirilmis,
ekstraktlarda zon
(20)

baska calismada

yuksek dozda hazirlanan

olusumu gozlemlenmistir. Hoque ve ark.

tarafindan gerceklestirilen bir

ise tarcinin (Cinnamomum  cassia), etanol, sulu

ekstraktinin E. coli’ye kars1 antibakteriyel etkisi
olmadigi bildirilmistir. Tarcinin metanol ve etanol
ekstraktlarinin  E. coli’ye kars1 antibakteriyel
etkisinin olmadigin1 bildiren baska calismalar da
bulunmaktadir (21, 22).

calismalarin sonucunda elde edilen farkli sonuclarin

Genel olarak yapilan
ekstraksiyon yontemi, kullanilan tarcin cesidi ve
analiz yonteminin farkliliklarindan kaynaklandig
dusunulmektedir.

Albaridi
calismada da B.

ve Yehia (23) tarafindan yapilan
cereus ATCC 14579’a kars1 tarcin
sulu ekstraktimn MIK degeri 100 mg/mL, etanol
ekstraktinin ise 6,25 mg/mL olarak saptanmistir.
Calismamizdaki etanol ekstrakt1 B. cereus MIK
degeri 1,70-3,30 mg/mL (ortalama 2,58 mg/mL)
olarak belirlenmis olup bu calismadan oldukca
diisiik oldugu tespit edilmistir. inhibisyon zon caplan
karsilastinldiginda; sulu ekstraktlarda benzer olarak
inhibisyon zonu belirlenemedigi goriilmiis ve etanol
ekstraktinin minimum inhibisyon zon caplari bizim
calismamiza gore oldukca yuksek bulunmustur. Ayrica
yapilan farkli calismalarin MIK ve MIZ sonuclarinin
calismamizda elde edilen degerlerden yiiksek oldugu
belirlenmistir (12, 18). B.
metanol

cereus’a kars1 tarcimin
ekstraktinin antimikrobiyal aktivitesinin
incelendigi baska bir calismamin MIK degeri, bizim
calismamizdan elde edilen degerden yiiksek bulunmus
olmasina ragmen inhibisyon zon caplarinin (MIZ 15,4
+ 0,3 mm) yakin oldugu gorilmistir (11).

Hoque ve ark. (20)‘mn calismasinda tar¢inin
(Cinnamomum cassia), etanol ekstraktinda 10,0 mg/
mL miktarinda MiZ gézlenmemis; MiK degerleri etanol
ekstrakti icin saptanmamstir.

Ismail ve ark. (14)’'min calismasinda da Misir’da
baharat olarak kullanilan tarcinin etanol ve sulu
ekstrakt1 100, 200 and 300 mg/mL konsantrasyonda
aureus ATCC 6538 Uzerine

antimikrobiyal etkinligi agar jel difiizyon teknigi ile

hazirlanms ve S.
MIK belirlenerek degerlendirilmistir. Bu bakteri ile

tarcin etanol ekstraktinin MiK degeri 2 mg/mL olarak
saptanmistir. Belirlenen MiK degeri bizim calismamiza
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yakin oldugu tespit edilmistir. Sulu ekstraktta MiK
belirlenememistir. Hazirlanan tarcin sulu ekstraktinin
(100 mg/mL) MIK degeri saptanamamstir. Bu
calisma ile ve bizim calismamizda sulu ekstraktda
(15)
tarcinin (Cinnamomum  zeylanicum) kloroform ile
hazirladiklann ekstraktinin (15,625 ila 500 pg/mL)
S. aureus icin antimikrobiyal duyarliigi agar jel

MIK  belirlenmemistir. Mouas ve ark.’min

difiizyon ile olculdigi calismasinda da 10-13 mm
inhibisyon zonu belirlenmistir. Mazimba ve ark.
(5) Cinnamomum verum, govde kabugu metanol
ekstraktlarinin (100 pg/mL), S. aureus‘a karst MIZ
degerini 11 mm, MIK degerini ise 2,5 pg/mL olarak
(5) ile Mouas
ve ark. (15)’nmin calismasinda belirlenen sonuclar
oldugu
Cinnamomum burmannii ile hazirlanan Blume (targin

belirlemislerdir. Mazimba ve ark.

bizim calismamzla yakin gorulmastur.
cubugu) metanol ekstraktin (w/v: 1/25) S. aureus
icin MiZ 15.7 + 0.4 mm olarak belirlenmis ve calisma
sonucumuz ile yakin oldugu goériilmistiir. Hoque ve
ark. (20), tarcinin (Cinnamomum cassia), etanol
(w/v: 100 gram/400 mL), sulu ekstrakt ve solvent-
solvent ekstraksiyon metoduyla elde ettikleri
esansiyel yaglan dort farkli S. aureus sus lizerine
antimikrobiyal etkinligini agar disk difilizyon yontemi
ile belirlemislerdir. Tarcin etanol ekstrakti (10,0 mg/
mL) uc S. aureus susu uzerine 10,0+0,45- 11,0+0,20
mm arasinda inhibisyon zonu gostermis ve 13.208 mm
olan sonug, bizim sonuclarimiz ile yakin bulunmustur.
Tarcin esansiyel yagi (%10) ise dort S. aureus susuna
2,0+0,81 - 44,0+0,50 mm araliginda inhibisyon zonu
gostermistir. MiK degerleri iic farkl1 S. aureus iizerine
2,0-3,5 mg/mL araliginda belirlenmis ve bu sonug
2,75-3,41 mg/mL (ortalama 3,15 mg/mL) olan bizim
sonuclarimiz ile yakin goriilmus ve sus farkliiklarinin
onemi ortaya konulmustur. Tarcin esansiyel yag1 dort
farkl S.
belirlenmistir.

aureus susu icin MIK degeri %2,5 olarak
Gupta ve ark. (12)’min tarcin (Cinnamomum
zeylanicum) ekstrakti (w/v: 1/5) (%50 etanol) ve
yaginin S. aureus kars1 inhibisyon caplar sirasiyla 16
mm ve 20 mm olarak hesaplanmistir. Tarcin etanol
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ekstrakti MiZ sonucu bizim sonuclarimiza yakin oldugu
goriilmiistiir. Tarcin etanol ekstraktt MIK degeri 62,5
mg/mL olarak belirlenmis; calismamizda belirlenen
etanol ekstrakti sonucumuzun 2,75-3,41 mg/mL’in
bu degerden oldukca diisiik oldugu goriilmiistiir.

(24)’nin
tarcimn (Cinnamomum  zeylanicum) etanol (%90)
ekstraktinin (20 g/100 mL) L.
kars1 antimikrobiyal etkinligini agar kuyu diflizyon

Bayoub ve ark. calismasinda,

monocytogenes’e

ve mikrodilusyonla belirlenmistir. MiZ 22 mm,
MIK degeri ise 0,4 mg/mL olarak saptanmistir. MiZ
degerinin calismamizdan yiiksek; MiK degeri ise daha
disuk bulunmustur.

Gupta ve ark.’min (12), tarcin (Cinnamomum
zeylanicum) ekstraktinin (w/v: 1/5) (%50 etanol) L.
monocytogenes’e kars1 inhibisyon capin1 10 mm olarak
belirlenmis ve calismamizin sonuglarina yakin deger
oldugu goriilmustir. 500 mg/mL hazirlanan targin
ekstraktin MIK degerinin ise calismamizdaki degerden
yliksek oldugu belirlenmistir. L. monocytogenes, C.
cassia’dan ekstrakte edilen bilesenler tarafindan
ve kullanilan maksimum konsantrasyonda (MiK:2640
mg/L) inhibe edildigi belirlenmistir (25). MIK degeri
bizimkinden oldukca yiiksek oldugu gorilmistiir.

Cinnamomum verum’un (tarcin) sulu ekstraktinin
(w/v:40g/200 mL), E. faecalis’e kars1 antimikrobiyal
aktivitesi oldugunu bildiren calismalar bulunmaktadir
(9, 19). Calismamizda; sulu ekstraktlar icin MiZ
ve MIK degeri belirlenmemistir. Adarsh ve ark. (9)
tarafindan, Cinnamomum zeylanicum’un metanol,
etanol ve su ekstraktlarina (50 gram/200 mL c¢ozucu)
yonelik yapilan calisma sonucunda; E. faecalis’e
kars1 inhibisyon zonlan kloroform ekstrakt (ortalama
11 mm), metanol ekstrakt (ortalama 7 mm) ve sulu
ekstrakt (ortalama 6 mm) seklinde tespit edilmistir.
Calismamizda su ve kloroform ekstraktlarinda

inhibisyon  zonu gozlenmemis olup metanol
ekstraktinda bu calismadan daha biyiik inhibisyon
zonlan olculmustir. Yapilan bir calismada; E. faecalis
ATCC 33186 susunun metanol ekstraktlarina karsi
en dayanikli sus olarak belirlenmistir. Gram negatif

bakterilerin Gram pozitif bakterilere gore daha fazla



etkilendikleri tespit edilmistir (21).

Bitkilere ozgl antimikrobiyal etkili bilesiklerin
miktan tir, yetistirildigi topragin 6zellikleri, iklim,
sulama gibi faktorlerden etkilenmesi, ayni zamanda
bu bilesenlerin ekstraksiyonunda kullanilan farkl
yontemler,
gibi
derecesi lizerinde belirleyici olmaktadir. Tim bunlar
farkli etkinlik
belirlemesinde aciklayici olabilir.

ekstraksiyonda kullanilan c¢oziicinin

niteligi unsurlar da antimikrobiyal etkinin

calismalarin  farkli antimikrobiyal

Farkli calismalar, bitkisel ekstrakt ve esansiyel
yaglarin antimikrobiyal etkinligi acisindan Gram
pozitif bakterilerin Gram negatif bakterilerden
daha duyarli oldugunu aciklasa da calismamizdaki
istatistiksel degerlendirmeye gore Gram negatif ile
Gram pozitif bakterilerin MiZ caplan arasindaki fark
anlamsiz bulunmustur (p>0,05). Shan ve ark. (11)’nin
calismasi ile daha onceki bircok calismada (26-28),
cogu baharat ekstraktinin Gram pozitif bakterilere
kars1 Gram negatif bakterilere gore daha aktif
oldugunu gostermistir. Bunun nedeni Gram negatif
ve Gram pozitif bakterilerin dis katmanlarindaki
onemli farkliiklardan oldugu seklinde agiklanmistir.
Ancak bizim yaptigimiz calismada boyle bir sonuca
varilmamistir. Ojagh ve ark. (29) ’min calismasinda,
Gram pozitif ve Gram negatif bakteriler icin
farkli duyarlilikta MIK sonuclar1 saptanmistir. Kose
(21), bu calismalarin aksine bazi baharat tarcin
(Cinnamomum  zeylanicum), kimyon (Cuminum
cyminum L.), kekik (Thymus vulgaris L.) ve nanenin
(Mentha spicata L.) metanol ekstraktlarinin E. coli,
E. faecalis, B. cereus, Pseudomonas aeruginosa ve
S. Typhimurium’a kars1 agar diflizyon yontemi ile
in vitro antibakteriyel etkisini inceledigi calismada;
Gram negatif bakterilerin Gram pozitif bakterilerden
daha fazla etkilendigini belirlemistir. Ayrica baz
calismalarda, farkli bakteri suslarindan kaynaklanan
duyarlibik farki bildirilmistir (17, 20, 30, 31).

Bitkiler, in vitro olarak antimikrobiyal ozelliklere

sahip oldugu bilinen

alkaloidler, flavonoidler, flavonlar ve flavonoller gibi

tanenler, terpenoidler,
metabolitler acisindan zengindir. Mikroorganizmalara
kars1 aktif olan bitkilerden tanimlanan bilesenlerin
neredeyse tamami aromatik veya doymus organik
bilesikler oldugundan, bunlar cogunlukla ilk etanol
veya metanol ekstraksiyonu yoluyla elde edilir.
Polisakkaritler (6rnegin nisasta) ve polipeptitler
gibi istisnai suda cozunur bilesikler disinda, aslinda,
bircok calismada sulu fraksiyonlamadan cogunlukla
kacimlmistir (16). Tarcin biyoaktif bilesikleri alkol,
eter, kloroformda ¢6ziindiigli ve suda az ¢oziindiigu
bildirilmistir. Aydin (32)"in tarcin, kimyon ve sumak
tizerinde yaptig1 calismasinda, toplam fenolik bilesik
miktarlarinin metanol ve etanol-su ekstraktlarinda
en vyiksek, kloroform ekstraktlarinda en disuk
oldugu belirlenmistir. Ekstraktlar arasindaki toplam
fenolik bilesik miktarlar siralandiginda ise kloroform
< metanol < etanol-su < su ekstraktlarn seklinde
siralanmistir. Tarcinin iki ana aktif bileseni olan
sinnamaldehit ve sinnamik asit ekstraksiyonunda
etanol (40,1 ve 3,4 mg/g), ardindan metanol (38,6
ve 3,21 mg/g), kloroform (35,7 ve 3,3 mg/g) ve su
(15,2 ve 1,7 mg/g) en yiksek verimini gostermistir
(10).
sonuclar ile uyumludur. Calismamizda da en dusuk

Bu calismamin sonucu bizim c¢alismamizin

antimikrobiyal etkinlik sulu ekstrakt ve ardindan
kloroform ekstraktinda belirlenmistir.

etkinligi
sonuclar

Tarcin  ekstraktlarinin  antimikrobiyal
yoniinden calismalarda farkli
tespit Bitkisel
etkinliginin belirlenmesinde, antibiyotiklerde oldugu
gibi
goriilmektedir. Sonuclar, dogru ve giivenilir MK

yapilan
edilmistir. antimikrobiyallerin

standardize yontemlere ihtiyac duyuldugu
ve MIZ degerlerine ihtiyac duyuldugunu acikca
vurgulamaktadir. Ayrica bitkisel antimikrobiyallerin
varlig1 disiiniilerek gida takviyelerinin dozajlarinin
ve vicuttaki etkilerinin belirlenmesi icin daha fazla
calismaya ihtiyac vardir.
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TESEKKUR

~ Bucalismaya, Bilimsel Arastirma Projeleri komisyonu tarafindan, 2019/8 numarali proje kapsaminda mali destek veren
Istanbul Aydin Universitesi’ne tesekkir ederiz

ETiK KURUL ONAYI

* Bu calisma, Etik Kurulu onay1 gerektirmemektedir.

CIKAR CATISMASI

Yazarlar bu makale ile ilgili herhangi bir ¢ikar catismasi bildirmemislerdir.
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Solunum yolu enfeksiyonlarinda kullanim onerisi ile satilan
bitkisel caylarin antimikrobiyal etkileri

Serdar DEMIR!

, Canan KARAALP'

, ismail OZTURK?

OZET

Amag: Bu calismada, izmir'deki aktarlarda
solunum yolu enfeksiyonlarinda kullanim onerisi ile
satilan 19 adet bitkisel cay 6rneginden (13 karisim cay,
4 mono cay ve 2 ticari marka) hazirlanan su ve metanol
ekstrelerinin, 7 standart bakteri susu, 2 standart maya
mantari susu ve 12 klinik izolat izerindeki antimikrobiyal

aktivitelerinin arastirilmas1 amaclanmistir.
Yontem: Bitkisel caylardan hazirlanan ekstrelerin,
Tip  Kultur

Koleksiyonu’ndan temin edilen Staphylococcus aureus,

antimikrobiyal aktiviteleri American
Enterococcus faecalis, Escherichia coli, Salmonella
enterica, Pseudomonas aeruginosa, Bacillus subtilis,
Candida

C. parapsilosis ile 12 klinik izolat (4 S.

Streptococcus pneumoniae, albicans,
aureus, 4
C. albicans ve 4 S. pneumoniae) lzerinde Clinical
(CLSI)
gore mikrodillisyon metodu ile incelenerek minimum

(MBK/MFK)

Laboratory Standards Institute kriterlerine

bakterisidal/fungusidal  konsantrasyon

degerleri belirlenmistir.

Bulgular: Incelenen ornekler arasinda giiclii

antibakteriyel aktivite gosteren ekstreler su sekildedir:

ABSTRACT

Objective: In this study, it was aimed to
investigaste the antimicrobial activities of water and
methanol extracts prepared from 19 herbal tea samples
(13 blended teas, 4 mono teas and 2 trademarks) sold
by herbalists in Izmir with recommendation for use in
respiratory tract infections, on 7 standard bacterial

strains, 2 standard yeast strains and 12 clinical isolates.

Methods: The antimicrobial activities of the extracts
prepared from the medicinal teas were investigated
on Staphylococcus aureus, Enterococcus faecalis,
Escherichia coli, Salmonella enterica, Pseudomonas
aeruginosa, Bacillus subtilis, Streptococcus pneumoniae,
Candida albicans and C. parapsilosis obtained from
the American Type Culture Collection (ATCC) and on 12
clinical isolates (including 4 S. aureus, 4 C. albicans
and 4 S. pneumoniae). Minimum bactericidal/fungicidal
concentration (MBC/MFC) values were determined by
examining with microdilution method according to

Clinical Laboratory Standards Institute (CLSI) criteria.

Results: Among the tested samples, the extracts that

exhibited potent antibacterial activity are as follows:
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adacay1 metanol ekstresi S. aureus, B. subtilis suslari
ile 4 S.

kis cayr metanol ekstresi E. faecalis ile 3 S. aureus

aureus izolatinda, 13 bitkisel drog iceren

izolatinda, 11 bitkisel drog iceren kis cayr metanol
ekstresi ise E. faecalis iizerinde inhibisyon saglamistir
(MiK=31-62 pg/mL).

Sonug¢: Bu calismada standart bakteri ve maya
mantan suslari ile klinik izolatlara kars1 etkinlikleri
arastirilan bitki cay1 ekstrelerinin farkli dizeylerde
antimikrobiyal  aktivite  gOsterdigi  saptanmistir.
Ayrica, antienflamatuvar etkili zencefil ve zerdecal,
musilaj tasiyan thlamur ve hatmi gibi droglar iceren
bitkisel kis caylar, dogru bitkinin secilmesi, kabul
edilir yontemlerle toplanip paketlenmesi ve uygun
kosullarda saklanmasi halinde tedaviyi desteklemek
icin kullanilabilir.

Anahtar Kelimeler: Bitkisel cay, antimikrobiyal

aktivite, mikrodilisyon yontemi

methanol extract of sage inhibited S. aureus, B. subtilis
strains and 4 S. aureus isolates; methanol extract of
a winter tea consisting 13 herbal drugs inhibited E.
faecalis and 3 S. aureus isolates and methanol extract
of a winter tea consisting 11 herbal drugs inhibited E.
faecalis (MIC=31-62 pg/mL).

Conclusion: In this study, it was determined that
herbal winter tea extracts, whose activities were
investigated against standard bacterial and yeast strains
and clinical isolates, showed antimicrobial activity at
different levels. In addition, anti-inflammatory drugs
such as ginger and turmeric, mucilage-bearing linden
and marshmallow can be used to support the treatment
if the right plant is selected, collected and packaged
with acceptable methods and stored under appropriate

conditions.

Key Words: Herbal tea, antimicrobial activity,

microdilution assay

GIRIS

insanlar caglar boyunca cesitli hastaliklarin

tedavisinde farkli uygulama vyollarn kullanarak

bitkilerden yararlanmistir. Bitkilerin sifa amacl
kullanim sekilleri arasinda kolay uygulanabilir ve
ulasilabilir olmas1 nedeniyle cay olarak tiketimleri
one cikmaktadir. Bitkisel caylar, bir veya birkac
dekoksiyon veya
soguk alginligi,
kabizlik, diyare, menstriiel bozukluklar ve uykusuzluk

drogtan maserasyon, inflizyon

yoluyla hazirlanan, hazimsizlik,
gibi glinliik sikayetlerde tedavi edici veya tedaviye
Bitkisel
caylar polifenolik bilesikler acisindan oldukca zengin

yardimci degere sahip Urlnlerdir (1,2).

olup, antimikrobiyal, antioksidan, antienflamatuvar,
galaktogog,
antidiyabetik aktivite gosterdikleri yapilan cesitli

ostrojenik, antiproliferatif ve
calismalarla ortaya konmustur (3-11).

Sinuzit, tonsillit ve farenjit gibi tst solunum yollan
ile bronsit, toplum kokenli pnomoni gibi alt solunum
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yolu rahatsizliklari en cok rastlanan enfeksiyon

hastatiklandir. ~ Son  vyillarda, antibiyotiklerin
nedeniyle direncli
enfeksiyon
(12).

mikroorganizmalarin neden

yanlis ya da fazla kullanimi
mikroorganizmalarin ortaya c¢ikmasi,
hastaliklarinin ~ tedavisini
Tibbi bitkiler, cesitli
oldugu enfeksiyonlara karsi etkili yeni bilesiklerin
potansiyel dogal
arastirmalarla cok sayida

zorlastirmaktadir

gelistirilmesinde kaynaklardan
olup, vyapilan cesitli
bitki ekstresinin veya bitkilerden

metabolitlerin  antimikrobiyal

izole edilen
aktivite gosterdigi
saptanmistir (13-15).

Solunum yolu enfeksiyonlar, 6zellikle kis aylarinda
halkin tedavi ve korunma amaciyla bitkisel Urlinlere
basvurdugu rahatsizliklarin basinda gelmekte olup
cogunlukla aktardan temin edilen ve “kis cay1” olarak
adlandinlan bitkiler veya bitki karisimlari yogun
bir sekilde kullamlmaktadir. izmir’deki aktarlarda
solunum yolu enfeksiyonlarinda kullanilmak Uzere
satilan bitkisel caylardan hazirlanan su ve metanol



ekstrelerinin cesitli mikroorganizmalar Uzerindeki

aktivitelerinin  incelenmesi ve sunulan cay
karisimlarinin halk arasindaki kullanimlarinin uygun
olup olmadiginin degerlendirilmesi, bu calismanin

amacidir.

GEREC ve YONTEM

Bitkisel Materyal

farkli
rahatsizliklarinda

Bu calismada, Izmir'de aktar ve

marketlerden, solunum yolu
kullanim onerisi ile satilan 13 karisim cay, 4 mono cay
ve poset cay olarak hazirlanmis 2 ticari marka olmak
Uzere, toplam 19 adet cay ornegi satin alinmistir.
etiket bakilarak,

etiketsiz urunlerde ise droglarin makroskopik olarak

Caylann icerigi, bilgilerine

incelenmesi ile belirlenmistir (Tablo 1).

Ekstraksiyon ve infiizyon

Uriinlerin paket iceriklerinin tamam mekanik
olarak 6gitlilmiis ve homojen olarak kanstinlmistir.
20 g ornek lzerine 200 ml metanol (Analitik derece,
Merck) ilave edilmis ve 24 saat beklemeye birakilmistir.
Daha sonra 30 dk ultrasonik su banyosunda tutulduktan
sonra filtre kagidindan siizilmiistdr.

infuzyon islemi icin ise 20 g érnek lizerine 200 ml
kaynar su ilave edilerek 30 dk beklemeye birakilmis
ve filtre kagidindan stiziilmiistiir. Daha sonra inflizyon
ve metanol ekstreleri ayr olarak, rotavapor ile
vakum altinda 40 C°’de yogunlastinlmis ve vial
icerisine alinarak vakum konsantrator sisteminde
kuruluga kadar ucurulmustur. Elde edilen ekstre ve
inflizyonlarin miktarlan ve agirlikca % verimleri tablo
halinde sunulmustur (Tablo 2).

Tablo 1. Aktarlarda satisa sunulan kis caylarinin paket icerikleri

icerik 1 2 3 4 5 6

7 8 9 10 11 12 13 14 15 16 17 18 19

Zencefil rizomu
(Zingiber officinale Roscoe)

Tarcin kabugu
(Cinnamomum sp.)

Kusburnu meyvesi
(Rosa canina L.)

Havlican rizomu
(Alpinia officinarum Hance)

Hibiskus cicegi
(Hibiscus sabdariffa L.)

Hatmi cicegi
(Alcea sp.)

Adacayr
(Salvia spp.)

Ihlamur Yaprag
(Tilia sp.)

Ihlamur Cicegi
(Tilia sp.)

Zerdecal rizomu
(Curcuma longa L.)

Papatya cicegi
(Matricaria chamomilla L.)

Sigirkuyrugu cicegi
(Verbascum sp.)

Karanfil tomurcugu
(Syzygium aromaticum (L.) Merr. e
& L.M. Perry)
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Tablo 1 (devami). Aktarlarda satisa sunulan kis caylarimin paket icerikleri

icerik

1

2

3

4

5

6

7

8

9

10

11

12

13

14

5

16

17 18 19

Hiinnap meyvesi
(Ziziphus jujuba Mill.)

Ekinezya cicegi
(Echinacea sp.)

Dag cay1
(Sideritis sp.)

Limon kabugu
[Citrus limon (L.) Burm.f.]

Elma kurusu
(Malus domestica Borkh.)

Mersin yapragi
(Myrtus communis L.)

Portakal kabugu
[Citrus sinensis (L.) Osbeck]

Meyan Kok
(Glycyrrhiza glabraL.)

Kekik
(Thymus sp. Thymbra sp.,
Satureja sp. Origanum sp.)

Rezene meyvesi
(Foeniculum vulgare Mill)

Ebegiimeci cicegi
(Malva sylvestris L.)

Karabas lavanta cicegi
(Lavandula stoechas L.)

Civanpercemi ¢icegi
(Achillea sp.)

Defne yapragi
(Laurus nobilis L.)

Visne meyvesi
(Prunus cerasus L.)

Biberiye yapragi
(Rosmarinus officinalis L.)

Yenibahar meyvesi
[Pimenta dioica (L.) Merr.]

Zahter yapragi
(Thymbra spicata L.)

Bogirtlen yapragi
(Rubus sp.)

Limonotu
(Lippia chrysantha Greenm.)

Isirganotu yapragi
(Urtica sp.)

Feslegen yapragi
(Ocimum basilicum L.)

Kegiboynuzu meyvesi
(Ceratonia siliqua L.)

Nane yapragi
(Mentha spp.)

Ayva yapragi
(Cydonia oblonga Mill.)
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Tablo 2. Elde edilen ekstre ve infiizyonlarin miktarlan ve agirlikca % verimleri

Cay No Miktar (g) Verim (%)
Metanol ekstresi Inflizyon Metanol ekstresi Inflizyon
1 2.80 2.24 14.01 11.20
2 3.50 2.90 17.52 14.52
3 2.91 3.35 14.57 16.75
4 3.92 3.79 19.62 18.95
B 5.05 4.26 25.23 21.30
6 3.69 3.44 18.46 17.20
7 3.44 2.96 17.22 14.80
8 9.34 7.63 46.68 38.15
9 2.85 2.98 14.26 14.9
10 5.04 3.03 25.22 15.16
11 2.46 2.19 12.32 10.95
12 3.36 2.23 16.78 11.13
13 3.63 1.20 18.17 6.10
14 3.03 1.58 15.17 7.89
15 3.18 0.93 15.91 4.64
16 3.32 1.66 16.58 8.30
17 4.94 3.43 24.57 17.15
18 4.37 3.10 21.84 15.51
19 2.48 4.01 12.4 20.07
Test Mikroorganizmalan (Merck) 37°C’de 24 saat, Candida kokenleri

Staphylococcus aureus ATCC 25923, Enterococcus
faecalis ATCC 29212, Escherichia coli ATCC 25922,
Salmonella enterica ATCC 04059, Pseudomonas
aeruginosa ATCC 27853, Bacillus subtilis ATCC 02021,
Candida albicans ATCC 90028, Candida parapsilosis
ATCC 22019, Streptococcus pneumoniae ATCC 49619,
4 adet S. aureus, 4 adet C. albicans ve 4 adet S.
pneumoniae klinik izolatlar calismaya dahil edilmistir.
Solunum vyollarindan elde edilen Kklinik izolatlar,
Ege Universitesi, Tip Fakiiltesi, Tibbi Mikrobiyoloji
Anabilim Dali’ndan temin edilmistir.

Antimikrobiyal Aktivite

Hazirlanan inflizyon ve metanol ekstrelerinin

aktiviteleri  Clinical
(CLSI)

metodu ile

antimikrobiyal Laboratory
Standards gore
mikrodiliisyon (16).

Bakteriyel kokenler Mueller-Hinton agarda (MHA)

Institute kriterlerine

incelenmistir

Sabouraud dekstroz agarda (SDA) (Oxoid) 37°C’de 48
saat inkube edilerek canlandirnlmistir. Canlandirilan
kilturler serum fizyolojik ile suspanse edilmis ve
stispansiyonlar dansitometre cihazi (Den-1, Biosan)
ile 0.5 McFarland’a ayarlanmistir.

96 kuyucuklu mikroplakalarin  kuyucuklarina
bakteri kokenleri icin 50 pl Mueller-Hinton broth
(MHB), S.

hemolize at kanm iceren MHB, Candida kokenleri icin

pneumoniae izolatlar1 icin 50 pl %5

ise 50 pl, 3-morfolinopropan-1-sulfonik asit (MOPS) ile
tamponlanmis Roswell Park Memorial Institute (RPMI)
(Sigma) besi yeri ilave edilmistir. Her bir koken icin
ilk kuyucuklara 50 pl olmak lzere, dimetil sulfoksit
(DMSO) icerisinde ¢cozundurulmus ekstre veya infuzyon
ilave edilerek seri dilusyonlar1 yapilmistir (4000 - 2
pg/mL). Son olarak tim kuyucuklara 1/100 oraninda
dilie edilmis olan mikrobiyal stispansiyonlardan 50 pl
ilave edilmistir.
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37°C’de, bakteriyel kokenlerin 24 saat ve Candida
kokenlerinin 48 saatlik inkubasyonunun ardindan,
gozle gorilebilen Uremenin onlendigi en disik
konsantrasyon minimum inhibitér konsantrasyon (MIK)
degeri olarak kabul edilmistir. Minimum bakterisidal/
fungusidal konsantrasyon (MBK/MFK) degerlerinin
saptanmasi amaciyla Yesil Celiktas ve ark.’min
yontemi uygulanmistir. Uremenin olmadig1 en diisiik
konsantrasyonlu kuyucuklardan 20’ser pl alinarak,
bakteriyel kokenler MHA’ya, maya kokenleriise SDA’ya
37°C’de
Uremenin olmadig1 en diisiik konsantrasyon degeri
MBK/MFK degeri olarak belirlenmistir (17).

Kontrol amaciyla, %25 DMSO, antibakteriyel ajan

pasajlanmis, inkiibasyona birakilmistir.

olarak ampisilin ve antifungal ajan olarak flukonazol
kullamlmistar.

BULGULAR

Standart bakteri ve maya mantari suslan ile
klinik izolatlara kars1 etkinlikleri arastirilan bitki
cay1 ekstrelerinin farkli dizeylerde antimikrobiyal
aktivite gosterdigi saptanmis, mikrodiliisyon yontemi
ile elde edilen MIK ve MBK degerleri tablo halinde
sunulmustur (Tablo 3 ve Tablo 4). Calismamizda
250 pg/mL test konsantrasyonu Ulzerindeki degerler
etkisiz olarak kabul edilmis ve tablolara dahil
edilmemistir.

En yiksek aktivitelerin goriildiigi ornekler
incelendiginde; 4 no’lu ornek olan adacayr mono
hazirlanan metanol

preparatindan ekstresinin,

standart S. aureus, B. subtilis kokenlerine karsi,
klinik S. aureus 1-2-4 ve S. aureus 3 izolatlarina kars
antibakteriyel aktivite gosterdigi (sirayla MiK=31, 31,
62 ve 31 pg/mL), ayrica 62 pg/mL konsantrasyonda
standart ve klinik tum S. aureus suslarina karsi
bakterisit etkiye sahip oldugu saptanmistir.

Kansim halinde bulunan kis caylarindan 6 no’lu
ornegin metanol ekstresi E. faecalis standart
kokeni, S. aureus 1 ve S. aureus 2 klinik izolatlarina
kars1 etkili bulunmustur (MiK=31, 62 ve 62 pg/mL,
sirasiyla). Yine bir karisim cay olan 7 no’lu 6rnegin
metanol ekstresi ise standart E. faecalis kokenine
kars1 antibakteriyel aktivite gostermistir (MIK=62 pg/
mL).

Bunun vyaninda, 250 pg/mL ve daha disik
konsantrasyon degerlerinde, 2, 5, 6, 7, 9, 10, 11,
12, 16 ve 18 no’lu orneklerden inflizyon yontemi ile
hazirlanan ekstrelerinde ve 19 no’lu 6rnegin her iki
ekstresinde de aktivite gorulmemistir. Hazirlanan
ekstrelerin tamaminin, 250 pg/mL ve daha dusik
konsantrasyon degerlerinde, standart kokenlerden
E. coli, S. enterica, P. aeruginosa, C. albicans’a
kars1 ve klinik S. pneumoniae-4 izolatina kars
antimikrobiyal etki gostermedikleri saptanmistir. Bu
nedenle belirtilen ekstreler ve mikroorganizmalar

tablolarda yer almamaktadir.

Tablo 3. Kis caylarindan hazirlanan metanol ekstresi ve infiizyonlarda mikrodiliisyon yontemi ile elde edilen MK degerleri (ug/mL)

Cay No Ekstre SA EF BS SA1 SA2 SA3 SA4 SP SP1 SP2  SP3 CcP

M = 250 250 250

1 I = 250

2 M 250 250 250

3 | 250
M 31 250 31 62 62 31 62 125 125 125 250 125

¢ | 250 = 250 250 250 > 250 250 250

5 M = 250 = 250 250 g = 250

6 M 250 31 125 62 62 250 250 250
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Tablo 3 (devamu). Kis caylarindan hazirlanan metanol ekstresi ve infiizyonlarda mikrodiliisyon yontemi ile elde edilen MiK

degerleri (ug/mL)

Cay No Ekstre SA EH BS SA1 SA2 SA3  SA4 SP SP1 SP2  SP3 CP
7 M - 62 250 250 250 250 250 - -
M - 250 250 - -
& | - - 250 250 -
9 M - 125 125 - -
10 M - - 250 - - 250
11 M - 250 250 250 - -
12 M 250 125 125 250 250 250 250 250 -
M - - 250 250 - -
13
| - - 250 = =
M 250 = 125 250 250 =
" | - - 250 250 =
15 | - - 250 = =
16 M = = 250 = =
M 125 = 250 250 250 125 250 250 250 =
7 | 125 - 250 250 125 250 250 250 =
18 M - 250 250 - -
%25 DMSO - - - - - - - - - - - -
Ampisilin 0.048 0.19 0.025 NT NT NT NT 0.2 NT NT NT
Flukonazol NT NT NT NT NT NT NT NT NT NT NT 1
M: Metanol ekstresi; I: inflizyon; NT: Test edilmemistir; SA: Staphylococcus aureus; EF: Enterococcus faecalis; BS: Bacillus

subtilis; SP: Streptococcus pneumoniae; CP: C. parapsilosis, (-) : 250 pg/mL test konsantrasyonu iizerinde etkisiz olarak

kabul edilmistir.

Tablo 4. Kis caylarindan hazirlanan metanol ekstresi ve inflizyonlarda elde edilen MBK/MFK sonugclar (ug/mL)

Cay No Ekstre SA EF BS SA1 SA2 SA3 SA4
4 M 62 125 62 62 62 62
6 M 250 250 125
M 250 250 250 125
17
| 250

M: Metanol ekstresi, I: Infiizyon; SA: Staphylococcus aureus; EF: Enterococcus faecalis; BS: Bacillus subtilis;-: 250 pg/mL
test konsantrasyonu lizerinde etkisiz olarak kabul edilmistir.
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TARTISMA

Tibbi bitkiler uzun yillardir cesitli hastaliklarin
tedavisinde kullamlmaktadir ve kolay uygulanabilir
olmasi nedeniyle cay olarak tuketim one ¢ikmaktadir.
Tibbi cay recetelerinde genel olarak tarih boyunca
insanlar tarafindan kullanilan ve iyi tolere edilebilen,
1imli-zayif etkili droglar yer almaktadirlar. Caylar
genellikle %2’lik (100 mL su icin yaklasik 2 g drog
kullanlarak) infuzyon veya dekoksiyon seklinde
hazirlanir ve giinde 2-3 defa icilirler. Doz ayarlamasi
onemli olmakla birlikte, cogu cay hafif etkili oldugu
ve toksik maddeler ihtiva etmedigi icin keskin bir doz
sinir yoktur (18).

Solunum yolu enfeksiyonlarinda, mono cay olarak,
adacayi, 1hlamur cicek ve yapraklan ile dag cayi
siklikla onerilmektedir. Karisim caylara bakildiginda
ise icerigin bliylik kisminin zencefil, tarcin, havlican,
zerdecal,
gorlilmiistiir. Bunun yaninda tabloda adi gegen diger

kusburnu, hatmi ve hibiskus oldugu
droglar ise degisen miktarlarda paket iceriklerine
dahil edilmislerdir.

Yapilan literatir taramasinda, tek drog veya
birkac drogun birlesimi ile hazirlanan cesitli inflizyon
ve ekstreler lzerinde antimikrobiyal aktivite
calismalarinin gerceklestirildigi goriilmustdr.

Ihlamur cicegi ile yapilmis olan bir calismada
10, 50 ve 100 pg/mL

konsantrasyonlarda S. aureus, C. albicans, E. coli,

drogun sulu ekstresinin

B. subtilis ve P. aeruginosa suslarina kars1 herhangi
bir etki gostermedigi saptanmistir. Soguk alginligi
ve oksurikte bitkilerin, antimikrobiyal etkisinden
cok icerigindeki misilaja bagli goglis yumusatic
ve ekspektoran etkisinden dolay1r kullamldig
belirtilmistir (19).

3 no’lu dag cayr ile hazirlanan inflizyonunun
etkili

belirlenmistir.

sadece S. pneumoniae’ye Kkarsi oldugu,

digerlerine ise etki gostermedigi

Yapilan bir calismada Sideritis trojana ucucu

yaginin S. epidermidis Uizerinde giiclii inhibitor etki

gosterdigi rapor edilmistir (MiK: 62.5 pg/mL) (20).
Cesitli hazirlanan

kaynaklarda adacay1 ile
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hidroalkolik ekstre, inflizyon ve tentiirlerin agiz ve
bogaz enfeksiyonlarinda dahilen veya gargara halinde
haricen kullamldig1 kayitlidir (21).

Karnisim caylarin iceriginde yer alan zencefil,
tarcin, havlican, zerdecgal, kusburnu, hatmi cicegi
ve hibiskus cicegi gibi droglar icin cesitli aktivite
calismalan gerceklestirilmis fakat karisim olarak bir
calismaya rastlanmamistir.
hidroalkolik
typhimurium, E.

Yapilan calismalarda zencefilin

ekstresinin P aeruginosa, S.
coli ve C. albicans’a kars1 doza bagli olarak etki
gosterdigi rapor edilmistir. Bitkiden izole edilen
gingerol turevlerinin anaerob Gram (-) bakteriler
olan Porphyromonas gingivalis, P. endodontalis ve
Prevotella intermedia’e karsi 6-30 pg/mL, diger oral
patojenlere karsi ise 4-20 pg/mL konsantrasyonlarda
etki gosterdigi saptanmistir (22). Bitkinin soguk
alginligina eslik eden istahsizlik, kusma ve diyareye
kars1 kullanmildigi, bunun yaninda antienflamatuvar
etkiye sahip oldugu belirtilmistir (23).

Tarcin  ucucu  yagindaki  sinnamaldehitin
antimikrobiyal etkiye sahip oldugu, oksiriik, iisiitme
ve ateslenmede kullanilan kombine preparatlarda ise
aromatik ve korrigen olarak yer aldig1 bilinmektedir
(24-26).

Zencefil ile aynm1 familyada yer alan havlican ile
hazirlanan sicak ve soguk maserasyon ile metanol
ekstrelerinin, 250-1000 pg/mL konsantrasyonlarda B.
cereus, S. aureus, P. aeruginosa, E. coli’ye kars
orta veya giicli sekilde etki gosterdigi fakat A. niger
ve C. albicans’a etki gostermedigi rapor edilmistir
(27).

Yine aym familyada yer alan zerdecalin metanol
ekstresinin 50 pg/mL konsantrasyonda E. coli ve V.
parahaemolyticus’a kars1 iyi, S. enterica’ya karsi
disiik etki gosterdigi, S. aureus’a karsi ise etkisiz
oldugu belirlenmistir. Zerdecal ile yapilan diger
calismalarda ise metanol ekstresinin B. subtilis
and S.

etanol ekstrelerinin 125-1000 pg/mL konsantrasyon

aureus’a kars1 etkili oldugu, hekzan ve

araliginda cesitli Gram (+) ve Gram (-) bakterilere
kars1 antibakteriyel etki gosterdigi belirlenmistir.



Ayrica bitkinin iceriginde yilksek oranda bulunan

kurkuminin  Bacillus ve Staphylococcus suslan

(MRSA)
suslarina kars1 da 125-250pg/ml konsantrasyonlarda

yaninda metisiline direncli S.  aureus
etkili oldugu belirlenmistir. Bunun yaninda bitkinin
antifungal ve antiviral etkilerinin oldugu, ayrica
glicli antienflamatuvar etkiye sahip oldugu cesitli
calismalarla ortaya konmustur (28).

Caylarin bilesiminde yer alan ve yiiksek oranda C
vitamini iceren kusburnu ile hazirlanan sulu ekstrenin
cesitli Gram (+) ve Gram (-) mikroorganizmalara
kars1 zayif etki gosterdigi, bunun yaninda C. albicans
Uzerinde antifungal etki gosterdigi kayitlidir (29-31).

iceriginde miisilaj da bulunan hibiskus cicekleri
kirmizi rengi ve mayhos tadi nedeniyle, kis caylarinda
adjuvan, korrigen ve konstitlient olarak siklikla yer
almaktadir. Bitkinin sulu ekstresinin S. typhimurium’a
kars1 100 mg/ml, etanolik ekstresinin ise S. aureus’a
oldugu,
fakat B. cereus, B. subtilis, L. monocytogenes, E.

karst1 50 mg/ml konsantrasyonda etkili
coli, S. enteritidis ve K. pneumoniae’ye karsi etki
gostermedigi belirlenmistir (32). Bir diger calismada
ise su ve etanol ekstrelerinin E. coli, S. aureus,
Streptococcus mutans, ve P aeruginosa’ya kars1 5
mg/ml konsantrasyonda etkili oldugu belirlenmistir
(33).

hazirlanan etanol ekstresinin S.

Baska bir calismada bitkinin cicekleri ile
aureus, Proteus
vulgaris, P. aeruginosa, Citrobacter sp., E. coli ve
S. typhimurium’a karsi etkili oldugu rapor edilmistir
(34).

Turkiye’de vyapilan bir arastirmada, Cassia
angustifolia  (sinameki), Foeniculum vulgare
(rezene), Pimpinella anisum (anason), Laurus
nobilis (defne), Tilia wvulgaris (thlamur), Urtica

dioica (1sirgan), Petroselinum crispum (maydanoz)
ve Anethum graveolens (dereotu) bitkilerinden
hazirlanan metanol ekstresi, inflizyon, dekoksiyon
subtilis, E.
coli, Klebsiella pneumoniae, Morganella morganii,

ve hidrosollerin Bacillus cereus, B.

Pseudomonas aeruginosa, Staphylococcus aureus,
Yersinia enterocolitica, C. albicans ve Saccharomyces
aktiviteleri

cerevisiae Uzerindeki antimikrobiyal

incelenmis, bazi bitkilerde aktivite saptanmistir (35).
bitkisel
caylarda, metanol ekstrelerinin mikroorganizmalara

Bu calisma kapsaminda incelenen
kars1 orta veya giicli seviyede antimikrobiyal etki
gosterdigi fakat infiizyon yontemi ile hazirlanan
orneklerin  cogunun, belirlenen  konsantrasyon
araliginda (250 pg/mL’ye kadar) mikroorganizmalar
Uzerinde etkili olmadigi saptanmistir. Hazirlanan
ekstrelerin tamaminin, 250 pg/mL ve daha disuk
konsantrasyon degerlerinde, standart E. coli, S.
enterica, P. aeruginosa ve C. albicans kokenlerine
ve klinik S.

gostermedigi belirlenmistir.

pneumoniae-4 izolatina kars1 etki

Bu calismada, kis caylarinin viral enfeksiyona eslik
eden Ust ve alt solunum yolu enfeksiyonlarinda en cok
rastlanan bakteriyel etmenler olan S. pneumoniae ve
S. aureus suslarina karsi degisen konsantrasyonlarda
etkili oldugu gorilmiistiir. Ayrica caylarin bilesiminde
gibi

hatmi gibi miusilaj tasiyan

zencefil, zerdecal antienflamatuvar etkisi
bulunan ve 1ihlamur,
droglarin da bulunmasi, kis caylarinin solunum
yolu enfeksiyonlarinda tedaviye destek amaciyla
kullanilabilecegini gostermistir.

Bununla birlikte tibbi caylarn hazirlarken dikkat
edilmesi gereken baz1 hususlar bulunmaktadir.
kisitli

kullanilmamalidir.

bilinmeyen veya doz araligi
etkili
Kullanmlacak droglarin farmakopelerde vyer

Kaynagi
olan kuvvetli droglar
alan
ozelliklere uygunlugu, farmakolojik etkileri, yan
etkisi, toksisitesi, bitki-ilac etkilesimi potansiyeli,
guvenilir doz araliklann monograflar gibi guvenilir
kaynaklardan kontrol edilmelidir. Tibbi cay hazirlama
amaciyla kullanilacak droglardaki aktif bilesenlerin
miktarlari, bitkinin toplama zamanina ve saklama
kosullarina bagli olarak degisiklik gosterebilmektedir.
Ayrica bitkilerin ince toz halinde 6gitiilmesi hava ile
temas1 arttirmakta ve aktif bilesenlerin bozulmasina
veya miktarlarinin azalmasina neden olabilmektedir.
Bu gibi durumlar tibbi bitkilerde doz ayarlanmasi
zorlastirmakta ve raf omurlerini kisaltmaktadirlar.
Bitkiler dogru secilir, iyi muhafaza edilir, usuliine

uygun sekilde cay haline getirilirse tibbi kullanimlarda
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genellikle beklenen etki gozlenmektedir (18, 36).
Enfeksiyon hastaliklarin tedavisinde yaygin ve
gelisigiizel kullanilan antimikrobiyal ilaclar, patojenik
mikroorganizmalarda coklu ilac¢ direnci gorulmesine
neden olmaktadir. Bitkiler gibi dogal kaynaklarda

TESEKKUR

antimikrobiyal etkili bilesiklerin arastirnlmasi son
yillarda arastirmacilarin ilgisini cekmektedir (35).
Bu calismada elde edilen sonuclarin in vivo ve klinik
arastirmalar gibi ileri calismalar icin bir ¢ikis noktasi
olusturabilecegi tarafimizdan diisiiniilmektedir.

Bu calisma Ege Universitesi 13-ECZ-011 no’lu Bilimsel Arastirma Projesi ile desteklenmistir. Adi gecen kuruma

katkilarindan dolay1 tesekkir ederiz.

ETIK KURUL ONAYI

* Bu calisma, Etik Kurulu onay1 gerektirmemektedir.

CIKAR CATISMASI

Yazarlar bu makale ile ilgili herhangi bir ¢ikar catismasi bildirmemislerdir.
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A systematic review and meta-analysis of the prevalence,
risk factors, agents and laboratory diagnosis of vulvovaginal
candidiasis in Tirkiye

imdat KILBAS'

, Elmas Pinar KAHRAMAN KILBAS?

, ihsan Hakki CIiFTCi3

ABSTRACT

Objective: Vulvovaginal candidiasis (VVC) is the
most common superficial mycosis among women, and
it is estimated that 75% of women experience at least
one in their lifetime, and about 40-50% have a second
exposure. This study aims to determine the prevalence,
risk factors, etiological factors and laboratory diagnosis

of VVC in Tirkiye.

Methods:
for the reporting of VVC epidemiological features

In the study, original scientific articles

published in English and Turkish languages in national
and international databases (PubMed, Embase, Scopus,
Google Scholar, Web of Science and Turkish Medline)
between January 1995 and December 2021 were
searched. Electronic databases were searched using
various combinations of “vaginal yeast infection”,

» o«

“vaginal candidiasis”, “vulvovaginal candidiasis Turkey”,

“candidal vaginitis”, “Candida vaginitis”, “vaginal
candidosis”, “Candida species”, “epidemiology” key

terms.

Results: The mean prevalence of VVC in adult
women was found to be 57.91% in all of the 28 included

studies, and 68.21% in the 2-18 age group. Considering

OZET
Amag: Vulvovajinal kandidiyazis (VVK), kadinlar

arasinda en sik gorilen ylizeyel mikozdur ve kadinlarin
%75’inin yasamlar1 boyunca en az bir kez ve bunlarin da
yaklasik %40-50’sinin ikinci kez maruz kaldigi tahmin
edilmektedir. Bu calisma, Tiirkiye’de VVK prevalansini,
risk faktorlerini, etiyolojik etkenlerini ve laboratuvar

tamisini belirlemeyi amaclamistir.

Yontem: Calismada, Ocak 1995 ile Aralk
2021 tarihleri arasinda ulusal ve uluslararasi veri
tabanlarinda (PubMed, Embase, Scopus, Google

Scholar, Web of Science ve Turkish Medline) ingilizce
ve Tirkce dillerinde yayinlanan, VVK epidemiyolojik
ozelliklerinin raporlanmasina yonelik ozglin bilimsel
tabanlarinda

makaleler taranmistir. Elektronik veri

“vajinal maya enfeksiyonu”, “vajinal kandidiyazis”,
“vulvovajinal kandidiyazis Tiirkiye”, “kandidal vajinit”,
kandidoz”, “Candida

“epidemiyoloji”anahtar terimlerinin cesitli

“Candida vajiniti”, “vajinal
turleri”,

kombinasyonlar kullanilarak tarama yapilmistir.
Bulgular: Dahil edilen 28 calismanin tamaminda

yetiskin kadinlarda VVC prevalansi ortalama %57,91;
2-18 yas grubundaise %68,21 olarak bulunmustur. Etken

'Istanbul University, Institute of Health Sciences, Medical Microbiology Doctorate Program, Istanbul
’Fenerbahce University, Health Services Vocational School, Department of Medical Laboratory Techniques, Istanbul
3Sakarya University, Faculty of Medicine, Department of Microbiology, Sakarya

letisim / Corresponding Author : Elmas Pinar KAHRAMAN KILBAS

Fenerbahce Uni., Saglik Hizmetleri MYO, Tibbi Lab. Teknikleri B&liimii, istanbul - Tiirkiye

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

Gelig Tarihi / Received : 05.07.2022

Kabul Tarihi / Accepted : 23.01.2023

Kilbas i, Kahraman Kilbas EP, Ciftci IH. A systematic review and meta-analysis of the prevalence, risk factors, agents and laboratory diagnosis of vulvovaginal

candidiasis in Turkiye. Turk Hij Den Biyol Derg, 2024; 81(1): 91 - 102

91


https://orcid.org/0000-0002-8909-4140
https://orcid.org/0000-0003-1348-625X
https://orcid.org/0000-0002-9812-134X
https://dx.doi.org/10.5505/TurkHijyen.2024.22308

the causative distribution, the most common Candida
albicans (54.76%), Candida glabrata (24.04%), other
Candida species (12.29%), Candida krusei (3.68%),
Candida kefyr (3.37%), and Candida tropicalis (2.07%)
positivity has been reported. In the included studies,
the most common predisposing factors of the patients
were pregnancy (35.71%) and diabetes (35.71%). When
the articles were examined according to the year they
were published and the provinces, it was seen that
the prevalence of Candida did not differ significantly
(p>0.05). In the studies, VITEK®2 (bioMérieux, Marcy
’Etoile, France) automatic identification system (15),
Germ tube (7) and CHROMagar (7) diagnostic methods
were used to identify strains. As a result of the meta
analysis, it was determined that there was a high level

of heterogeneity among studies (1>=95.28).

Conclusion: As a result of our meta-analysis study,
the prevalence of VVC was found to be high in women
and children in Turkey. In addition, it was determined
that non-albicans species increased in the etiology of
VVK.

glabrata species in the etiology of VVC has increased

It has been observed that the incidence of C.

since 1999. Considering that VVK infection increases the
susceptibility to other sexually transmitted diseases,
as well as the risk of preterm birth and congenital
cutaneous candidiasis in pregnant women, it is essential
to raise awareness of patients on issues such as

treatment follow-up and protection from the disease.

Key Words:

albicans, non-albicans, Tirkiye

Vulvovaginal candidiasis, Candida

dagilimina bakildiginda en yaygin Candida albicans
(%54.76), Candida glabrata (%24.04), diger Candida
turleri (%12.29), Candida krusei (%3.68), Candida
kefyr (%3.37) ve Candida tropicalis (%2.07) pozitifligi
bildirilmistir. Derlenen calismalarda hastalarin en sik
predispozan faktorleri gebelik (%35.71) ve diyabet
(%35.71) belirlenmistir. Makaleler yayinlandiklar yil
ve illere gore incelendiginde; Candida prevalansinin
anlamli farklilik gostermedigi goriilmistir (p>0,05).
icin  VITEK®2

Fransa)

Calismalarda suslarin  tanimlanmasi

(bioMérieux, Marcy UEtoile, otomatik

tanimlama sistemi (15), Germ tiipi (7) ve CHROMagar
(7)

sonucunda

tam yontemleri kullamlmistir. Meta analiz

calismalar arasinda yiksek diizeyde

heterojenite oldugu belirlenmistir (12=95,28).

Sonu¢: Meta-analiz calismamiz  sonucunda;
Turkiye’de kadinlarda ve cocuklarda VVK prevalans
orani yiksek bulunmustur. Ayrica VVK etiyolojisinde
albicans dis1 tirlerin arttig1 tespit edilmistir. 1999
yiindan gunimuze geldikce VVK etiyolojisinde
C. glabrata tirlerinin gorilme sikliginin  arttig
gorilmustir. VVK enfeksiyonunun cinsel yolla bulasan
diger hastaliklara kars1 duyarliligi ve ayrica gebelerde
erken dogum, konjenital kitanéz kandidiyaz riskini
arttirdigit g6z oniinde bulunduruldugunda, tedavi
takibi ve hastaliktan korunma gibi konularda hastalarin

bilinclendirilmesi esastir.

Anahtar Kelimeler: Vulvovajinal kandidiyaz,

Candida albicans, non-albicans, Tirkiye

INTRODUCTION

Vulvovaginal candidiasis (VVC) is a significant

health problem that includes signs and symptoms

associated with
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infections caused by Candida
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species. VVC is the most common superficial mycosis
among women, and it is estimated that 75% of women

experience at least one exposure in their lifetime,
and about 40-50% have a second exposure (1).
Although C. albicans, C. glabrata, C. parapsilosis,



C. krusei and C. tropicalis are the most frequently
reported VVC agents, it has been stated that C.
albicans is a species responsible for 80-95% of all VVC
infections. However, it has been reported that the
rate of cases caused by C. glabrata has increased
significantly in the last two decades (2,3). Although
there is usually only one type of causative agent in
the etiology of VVC, two or more Candida species
were found to be causative in 1-10% of women. The
association of C. albicans and C. glabrata is more
common in VVC infections with more than one agent
(2).

In the formation of VVC; different factors
such as hygienic habits, pregnancy, diabetes,
immunosuppressive diseases and the administration
of hormonal contraceptives, hormone replacement
therapy, chemotherapy, reproductive age, use of
broad-spectrum antibiotics and steroids can play a
predisposing role for infections (4,5).

Although VVC is common, the exact incidence
of this infection is unknown. Because there is no
notification requirement, it can be diagnosed clinically
without laboratory confirmation. Also, due to the
widespread use of over-the-counter treatments,
many VVC patients do not apply to the hospital. The
primary diagnostic method of this infection is the
fungal examination (direct examination of vaginal
discharge with 10% KOH together and culture). It
should be noted that culture-based epidemiological
reports alone increase the incidence of the disease.
Because 10% of women are colonized and culture-
positive but asymptomatic (6,7).

VVC emerges as a problem that has increasing
importance for our country and the whole world and
needstobetakenseriously. Unfortunately, itisadisease
with almost no clinical-laboratory cooperation. There
is no standard treatment scheme in many clinics, and
there is no algorithm for diagnosis in the relevant
guidelines. In addition, non-culture-based diagnostic
tests are used irregularly in our country to diagnose
of VVC. Molecular tests are not available in routine
laboratories. This study, in order to draw attention to

current problems and contribute to solution-oriented
approaches; It is aimed to examine the prevalence
of VVC in Turkey, the distribution of the agents, the
predisposing factors, the demographic characteristics
of the patients and the methods used in the diagnosis
by systematic review and meta-analysis method.

MATERIAL and METHOD

This systematic review and meta-analysis were
conducted based on the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses)
guidelines (8). In the study, original scientific articles
published in English and Turkish languages in national
(PubMed, Embase,
Scopus, Google Scholar, Web of Science and Turkish

and international databases
Medline) between January 1995 and December 2021
were searched.

For all English and Turkish population-based
studies reporting the prevalence of VVC in women
in Turkey; in all electronic databases, “vajinal maya
enfeksiyonu”, “vajinal kandidiyazis”, “vulvovajinal
kandidiyazis Turkiye”, “kandidal vajinit”, “Candida
vajiniti”, “vajinal kandidoz”, “Candida turleri”,
“epidemiyoloji”, “vaginal yeast infection”, “vaginal
candidiasis”, “vulvovaginal candidiasis
“candidal vaginitis”, “Candida vaginitis”, “vaginal
“Candida
various combinations of the key terms were used.
Scanning and collection of related articles were

done by three authors. The authors independently

Turkey”,

candidosis”, species”, “epidemiology”

evaluated the publications for inclusion in the study,
and inconsistencies were discussed and agreed upon
by the authors.

Inclusion criteria for the study consisted of original
articles reporting the prevalence of vulvovaginal
candidiasis and causative organisms diagnosed
according to laboratory results of women living in

Turkey.

Studies with a sample group of fewer than 20
cases, not reporting the total number of patients or
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isolates, not reporting the agent at the species level,
only colonization or sporadic VVC studies reporting
recurrent  vulvovaginitis/chronic  vulvovaginitis/
atrophic vaginitis, reviews without original data,
theses, case reports, case series, letters to the

editor, studies with inconsistent data and congress

papers were excluded from the scope of the study
within the framework of exclusion criteria (Figure 1).

The titles and abstracts were evaluated in the
pre-reading process, and the full texts of the studies
that the authors found appropriate by consensus
were reached. Microsoft Excel spread sheets were

Total studies searched by keywords (B ]

(1227)

PubMed, Embase, Scopus, Google Scholar, Web of Science, Tiirk
Medline

|

Repetitive and irrelevant studies were eliminated o

(631)

!

Articles with full text available [LJ

(542)

}

Excluded studies (1]

Studies that are published in Turkish and other than
English (4)

Studies other than the original article (147)

Studies with inconsistent data (102}

Studies running less than 20 samples (110)

Recurrent VVC studies (71)

Studies without species of Candida (42)

Studies that did not speecify the total number of isolates

(31)

l

Included studies (1]

(28)

Figure 1. PRISMA flowchart showing the literature search and study selection strategy
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prepared to collect data; the surname of the first
author, the publication year of the article, study
duration, study location, sample size, number of
confirmed cases, causative types, age of patients,
predominant risk factors, predominant clinical
symptoms, and laboratory diagnostic methods of VVC

were listed.

The data obtained from the literature review were
analyzed in the IBM SPSS (Version 25.0) statistical
package program. While evaluating the data,
normal distribution analysis (Kolmogorov-Smirnov)
was performed in addition to descriptive statistical
methods (frequency, percentage, mean, standard
deviation). Tests (t-test and One Way-ANOVA) were
conducted to measure whether Candida species
differ according to various variables. The study’s
effect sizes and heterogeneity were calculated with
the Comprehensive Meta-Analysis (CMA, Version 2)
program, and Forest plot analyzes were performed.

RESULTS

The results were evaluated at the 95% confidence
interval, at the p<0.05 significance level. Since eight
of the 28 included studies only worked with Candida-
positive samples (candida prevalence would appear
to be 100%, it would be misleading), they were not
included in the statistical analysis. The methodological
evaluation of the study was made with the criteria
shown in Table 1. These quality criteria were not
considered an exclusion criterion. The qualitative
review of studies accepted for meta-analysis was

Table 1. Criteria for the quality assessment of studies

scored according to a checklist designed with critical
evaluation by three independent researchers. These
criteria were determined as the test method used,
the number of patients included, and the time
period in which the study was conducted (Table 1).

During the search of publications related to VVC,
1227 titles and abstracts were found. After the pre-
reading evaluation, 542 full texts were included in the
review, a total of 28 original articles were included in
the study after the inclusion and exclusion criteria
were applied (Figure 1). The characteristics of all
original articles reviewed within the scope of the
review are presented in detail in Table 1. The clinical
characteristics of the patients in the included studies
were variable; The most common predisposing factor
reports were pregnancy (10/28) and diabetes (10/28).

In all 28 studies included, the most common
C. albicans (54.76%), C. glabrata (24.04%), other
Candida species (12.29%), C. krusei (3.68%), C. kefyr
(3.37%) and C.
reported. The change graph of the Candida species

tropicalis (2.07%) positivity were

by years is given in Figure 2. When the articles were
analyzed according to the years and cities in which
they were published, it was determined that the
prevalence of Candida did not show a statistically
significant difference. (p=0.59, p=0.23; p>0.05) It
was seen that most of the notifications were made
from Adana (8/28) and Ankara (6/28) provinces. In
addition, it was determined that the publications we
included in the review about VVC were made between
1999-2005 at the most and that these publications
decreased between 2014-2021.

3 point 2 point 1 point
Identification method AU+CN AU CN
Number of patients >500 100-500 <100
Time period >3 year 2 year <1 year

AU: Automatised, CN: Convention
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Figure 2. Distribution of Candida species by years

It has been reported that Candida strains isolated
from VVC patients were studied from vaginal swab
samples in 23 studies and vaginal discharge samples
in fve studies. A statistically significant difference
was found between the prevalence of C. tropicalis
and the sample type, and it was found that all strains
were isolated from the vaginal swab samples, and
there was no C. tropicalis strain isolated from the
vaginal discharge sample. (p=0.007; p<0.05)

VITEK®2 (bioMérieux, Marcy UEtoile, France)
was used to identify of strains in 15 of the original
articles, Germ tube was used in 7, CHROMagar in 7,
and other diagnostic methods listed in Table 2. No
statistically significant difference was found between
the diagnostic methods and the prevalence of
Candida species. (p=0.31; p>0.05)

Table 2a shows the data sets of the studies
that included patients aged 16 and over, and in 2b,
the data sets of the studies that included patients
aged 2-18 years. When the data of two studies
involving patients aged 2-18 years were examined,
it was seen that Type 1 DM was detected as the

926
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23,96

12,54
10,245 gg

L]

Other Candida
species

5,16
0,86 |—|0,55

C. tropicalis

2,15 1,72 e
[ |
C. kefyr

12013-2021

underlying disease. In the studies in Table 2.b, the
most frequently isolated species was C. albicans,
followed by C. glabrata. When the prevalence was
analyzed according to years and cities in the studies
in Table 2.b, a statistically significant difference was
found (p=0.76, p=0.56). In addition, no statistically
significant difference was found between the
diagnostic methods and the prevalence of Candida
species (p=0.09). In qualitative studies, studies were
scored between 3 and 9. The qualitative mean score
of the studies was calculated as 5.28 + 1.33. It is
shown in Table 2.

In the random-effect model, it is assumed that the
studies can predict different true effects. The actual
effect sizes of all studies are different. The effect
sizes estimated in the meta-analysis predict the mean
of all studies’ effect sizes. The difference can also be
caused by the sample and method differences in the
studies. Therefore, the random-effects model was
used in our meta-analysis. As a result of the analysis,
it was determined that there was a high level of
heterogeneity between studies (12=95.28) (Figure 3).



Table 2a. Datasets of studies included in the review

Author City N n Alb + (%) T;l: PF ST DMT AR Qs
Karaaslan et al. 1999 (9) Ankara 248 90 76.67 23.33 VD Fungichrom | 18-51 4
Birinci et al. 2001 (10) Samsun 50 50 100 0 VS CHROMagar, VITEK®2 5
Ergin ve Arikan 2002 (11) Ankara 99 99 67.67 32.33 VS VITEK®2, GT 7
Erdem et al. 2003 (12) Sivas 622 106 63.21 36.79 PR, DM, IF VS CANDIFAST 6
Urunsak et al. 2004 (13) Adana 52 52 76.92  23.08 PR,DM,IF,CC VS VITEK®2 20-47 6
Gultekin et al. 2005 (14) Aydin 84 80 56.25  43.75 VD CHROMagar, GT 4
Kalkanci et al. 2005 (15) Ankara 70 20 60 40 VS VITEK®2 4
Ozcan et al. 2006 (16) Kocaeli 170 28 75 25 DM, PR, AB, KK VS VITEK®2 25-35 5
Ferahbas et al. 2006 (17) Kayseri 44 37 84.09 15.91 PR, LF, KF VS CHROMagar, VITEK®2 17-54 5
Cetin et al. 2007 (18) Hatay 569 240 44.17  55.83 PR, DM VS VITEK®2 21-59 6
Ilkit et al. 2007 (19) Adana 250 63 23.81 76.19 VS Albicans ID2 5
Us ve Cengiz 2007 (20) Ankara 218 77 53.25 46.75 PR VS CHROMagar, VITEK®2 6
Nas et al. 2008 (21) Ankara 29 29 100 0 DM, P-MEN VS Asp pro 3
Eftal Taner et al. 2008 (22) Izmir 117 61 57.38 42.62 VS VITEK®2 5
Yildirim et al. 2010 (23) Ankara 33 22 100 0 DM, PR VS VITEK®2 22-57 4
Ozcan et al. 2010 (24) Adana 392 182 57.14  42.86 VS CHROMagar, GT 5
Guzel et al. 2011 (25) Adana 474 234 36.42  63.58 DM, HPO,HP VS CHROMagar, VITEK®2 18-49 6
Kalkanci et al. 2012 (26) Adana 207 207 60 40 PR VS Fos 18-49 4
Guzel et al. 2013a (3) Adana 1543 560 43.21 56.79 DM, PR, OCP VD  CHROMagar, VITEK®2 9
Guzel et al. 2013b (27) Adana 495 129 45 55 Vi VS Fos 4
Kalkanci et al. 2013 (28) Adana 228 228 50 50 VS VITEK®2, GT 18-499 6
Sav et al. 2013 (29) Kayseri 50 50 77.55  22.44 VD VITEK®2, GT 5
GT, HWP1 gene
Hazirolan et al. 2017 (30) ~ Malatya 2534 686 53.94  46.06 VS 16-82 7
polymorphisms
Toka Ozer et al. 2018 (5) Konya 448 140 35.71 64.29 DM, PR, AB, CH VD GT 16-78 4
Hacioglu et al. 2019 (31) Istanbul 100 100 84 16 VS Fos and Pro 4
Tokak et al. 2021 (2) Konya 100 98 57 43 HP, PR VS VITEK®2, API20 7
TOTAL 26 8922 3606

N: Number of samples, n: Number of positive samples, Alb +: C. albicans positive, N-Alb+: Non-Albicans positive, PF: Predisposing factor,

ST: Sample type, DMT: Diagnostic method, AR: Age range, QR: Qualitiy scale, DM: Diabetes mellitus, PR: Pregnancy, CH: Chemotherapy,
IF: Immunodeficiency, OCP: Oral contraceptive pill, AB: Antibiotic use, CC: Corticosteroid use KF: Kidney failure, LF: Liver failure, VS:
Vaginal swab, VD: Vaginal discharge, DR-M: Direct microscopy, HP: Hyperthyroidism, HPO: Hypothyroidism, VI: Vaginal itching, P-MEN:

Postmenopausal period, GT: Germ tube, Fos: Phospholipase activity, Pro: Proteinase activity, Asp pro: Aspartyl proteinase expression.
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Table 2b. Characteristics of studies with pediatric patients included in the review

N-Alb
Author City N n Alb+ (%) PF ST DMT AR Qs
+ (%)
Tunger et al. 2000 (32) Manisa 801 266 68.00  32.00 = VS  Mycotube (Roche) 10-18 8
Kendirci et al. 2004
Kayseri 35 25 72.00 28.00 Type1DM VS VITEK®2 2-17 4
(33)
TOTAL 2 836 291

N:Number of samples, n:Number of positive samples, Alb +:C. albicans positive, N-Alb+:Non-Albicans positive,

PF:Predisposing factor, ST:Sample type, DMT:Diagnostic method, AR:Age range, QR:Qualitiy scale, DM:Diabetes Mellitus

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper
rate  limit  limit Z-Value p-Value

Karaaslan et al. 1999 0,363 0305 0425 -4262 0,000 -
Birinci et al. 2001 0990 0862 0999 3,247 0,001 —
Ergin and Arikan2002 0,995 0925 1,000 3,734 0,000 -
Erdem et al. 2003 0170 0,143 0,202 -14,841 0,000 -
Urunsuk et al. 2004 0991 0866 0999 3,275 0,001 —
Kalkanci et al. 2005 0,286 0,192 0402 -3463 0,001 ——
Gultekin et al. 2005 0952 0880 0982 5847 0,000 -
Keceli Ozcanetal. 2006 0,165 0,116 0,228 -7,852 0,000 —-—
Ferahbas et al. 2006 0841 0702 0922 4,040 0,000 ——
Us and Cengiz 2007 0,353 0,283 0419 -4269 0,000 -
Cetin et al. 2007 0422 0382 0463 -3,716 0,000 -
Ikit et al. 2007 0252 0202 0309 -7469 0,000 -
Nas et al.2008 0315 0229 0417 -3,457 0,001 ——
Eftal Taner et al. 2008 0521 0431 0610 0462 0644 ——
Yildirim et al. 2010 0667 0492 0805 1,877 0,061 ——
Ozcan et al. 2010 0464 0415 0514 -1413 0,158 -1
Guzel etal. 2011 0494 0449 0539 -0276 0,783
Kalkanci et al. 2012 0998 0963 1,000 4,258 0,000 b
Guzel et al. 2013a 0,363 0,339 0,387 -10,628 0,000 n
Guzel et al. 2013b 0,538 0452 0623 0883 0377 o—
Kalkanci et al. 2013 0998 0966 1,000 4326 0,000 b
Savetal 2013 0,890 0862 0999 3,247 0,001 —
Hazirolan et al. 2017 0271 0254 0,288 -22,165 0,000 ]
Toka Ozer etal. 2018 0313 0271 0357 -7,735 0,000 -
Hacioglu et al. 2019 0995 0926 1,000 3,741 0,000 -
Tokak et al. 2021 0995 0926 1,000 3,741 0,000 -
0343 0332 0,354 -26,706 0,000 ]
-1,00 -0,50 0,00 0,50 1,00
Favours A Favours B

Figure 3. Forest plot analysis of the prevalence of VVC in the included studies
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DISCUSSION

This study is the first systematic research and
meta-analysis to examine the prevalence of VVC, the
distribution of causative agents (C. albicans/non-
albicans) and predisposing factors in adult women
and children (2-18 years of age) in Turkey over a 26
year period. In the light of the available data, the
prevalence of VVC in adult women was found to be
57.91% on average and 68.21% in the 2-18 age group.
Compared to the literature, it has been reported
that the prevalence of VVC in Iranian women is
45% on average (6). Nurat et al. (34) reported that
the general prevalence of VVC was 25%, that the
prevalence of VVC was 33.8% in women aged 20-29,
and 24.3% in women aged 30-39. Konadu et al. (35)
reported the prevalence of VVC as 31.1% in children
under the age of 19 in Ghana. In the study conducted
by Emeklioglu et al. (36) in Kayseri, they found that
the prevalence of VVC in children aged 3-18 was
55.2%. Differences in results in studies may be due to
factors such as clinical diagnosis without laboratory

lifestyles,
and predisposing factors.

confirmation, patients’ contraceptive

methods they use,

In our study, the most common species of VVC
were; C. albicans (54.76%), C. glabrata (24.04%),
other Candida species (12.29%), C. krusei (3.68%), C.
kefyr (3.37%), and C. tropicalis (2.07%) was detected.
Gamarra et al. (37) reported the most frequently
isolated Candida species in 118 patients with VVC,
respectively; C. albicans (85.9%), C. glabrata (4.9%),
C. tropicalis (0.8%) and C. krusei (0.8%). Richter et
al. (38) reported that C. albicans was most common
with 76% in patients with VVC in the USA, followed by
C. glabrata with 16%.

The most common risk factors for VVC in the
patientsincluded in our study were pregnancy (35.71%)
and diabetes (35.71%). Sasani et al. (6) reported that
oral contraceptive use was the most common risk
factor for the development of VVC in Iranian women.
It has been reported that VVC is mostly associated with
pregnancy, systemic diseases such as diabetes, and

antibiotic and oral contraceptive use, respectively
(39). In addition, in studies involving patients aged
2-18 years, the most common risk factor was reported
as Type 1 DM. When high blood sugar levels are not
controlled, the pH of the vaginal area increases and
the concentration of glucose and vaginal glycogen
increases with the proliferation of yeasts. It is known
that vaginal colonization with Candida is higher in
women using insulin or oral hypoglycemic agents (40).

This study showed that the mean age of those with
VVC infection (11 of the included studies reported
a mean age) was 32.26, which was consistent with
other studies in the literature (5, 9, 13, 16, 18, 22,
23, 25, 26, 28, 30). Emeribe et al. (41) reported that
it is most common in women aged 25-34 years. Konate
et al. (42) reported the rate of patients between 21-
40 as 42.7% .
range may be due to factors such as sexual activity,

The VVC is seen frequently in this age

higher pregnancy rates in this range, hormonal
changes, and use of oral contraceptives.

Our study has some limitations. These:

e Only 11 of the included studies reported the
mean age, and only age ranges were reported in the
other studies,

» High heterogeneity of studies and

« Inadequate reporting of important information
such as clinical and demographic data of patients,
and these limitations are due to the included studies.

The current frequency of fungal infections that
occur every year in Turkey and the economic burden it
brings to the country are not clearly known. As a result
of our meta-analysis study, the prevalence of VVC in
Turkey was found to be higher than in other studies
in the literature. It has been determined that non-
albicans species are on the increase in the etiology of
VVC in our country, and it will be helpful to determine
theagent at the species levelin patients diagnosed with
VVC, and to investigate the antifungal susceptibility
levels, in terms of treatment effectiveness and to
prevent the development of antifungal resistance.
Demographic characteristics of patients and reporting
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of underlying disease or accompanying symptoms
are essential in determining VVC risk factors in
studies. For this reason, it is recommended to report
the characteristics of the patients entirely in the
relevant publications. Monitoring the prevalence of

ETHICS COMMITTEE APPROVAL

* This study does not require Ethics Committee Approval.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

REFERENCES

1. Faraji R, Rahimi MA, Rezvanmadani F, Hashemi
M. Prevalence of vaginal candidiasis infection
in diabetic women. Afri J Microbiol Res, 2012;
6:2773-8.

2. Tokak S, Kilic IH, Eric Horasanli J, Mutlu EG,
Tasbent FE, Karagoz ID. Vaginal candidiasis in
Konya area: Etiology, risk factors, virulence
patterns, and antifungal susceptibilit. Rev
Romana Med Lab, 2021; 29 (2): 201-15.

3. Guzel AB, Aydin M, Meral M, Kalkanci A, Ilkit
M. Clinical characteristics of Turkish women
with candida krusei vaginitis and antifungal
susceptibility of the C. krusei isolates. Infect
Dis Obstet Gynecol, 2013a; 1-7.

4, Sardi J, Silva D, Anibal PC, Baldin JJCMC,
Ramalho SR, Rosalen PL, et al. Vulvovaginal
candidiasis: epidemiology and risk factors,
pathogenesis, resistance, and new therapeutic
options. Curr Fungal Infect Rep, 2021; 15 (1):
1-9.

100 Turk Hij Den Biyol Derg

VVC, planning national epidemiological surveillance
studies, creating prevention/prevention training
programs can contribute to the protection of public
health, the country’s economy, and the creation
of standard diagnosis/treatment  algorithms.

5. Toka Ozer T, Cengiz T, Yilmaz H. Prevalence of
vulvovaginal candidiasis and treatment with
isoconazol nitrate. J Immunol Clin Microbiol,
2018; 3 (1): 8-14.

6. Sasani E, Rafat Z, Ashrafi K, Salimi Y, Zandi
M, Soltani S, et al. Vulvovaginal candidiasis in
Iran: A systematic review and meta-analysis
on the epidemiology, clinical manifestations,
demographic characteristics, risk factors,
etiologic agents and laboratory diagnosis.
Microb Pathog, 2021; 154: 104802.

7. Jeanmonod R, Chippa V, Jeanmonod D. Vaginal
Candidiasis. In: StatPearls [Internet]. Treasure
Island (FL): StatPearls Publishing, 2024.
Available from: https://www.ncbi.nlm.nih.gov/
books/NBK459317/.

8. Moher D, Shamseer L, Clarke M, Ghersi D,
Liberati A, Petticrew M, et al. Preferred
reporting items for systematic review and meta-
analysis protocols (PRISMA-P) 2015 Statement.
Syst Rev, 2015; 4: 1-9.



10.

11.

12.

U8k

14.

(1158

16.

17.

Karaaslan A, Cengiz L, Boyacioglu i, Cengiz AT,
Ozsan M. Vulvovajinal kandidiazisli olgulardan
izolen edilen maya tiirlerinin dagiim ve
antifungallere duyarliliklarin saptanmasi. Bull
of Microbiol, 1999; 33 (4): 319-25.

Birinci A, Sanic, A, Durupinar B. Determination
of determination of minumum inhibitory
concentrations of candida species isolated
from vaginal swab specimens by using broth
macrodilution and e-test. J Chem, 2001; 13 (1):
43-6.

Ergin A, Arikan S. Comparison of microdilution
and disc diffusion methods in assessing the in
vitro activity of fluconazole and Melaleuca
alternifolia (tea tree) oil against vaginal Candida
isolates. J Chemother, 2002; 14 (5): 465-72.

Erdem H, Cetin M, Timuroglu T, Cetin A, Yanar
0O, Pahsa A. Identification of yeasts in public
hospital primary care patients with or without
clinical vaginitis. ANZJOG, 2003; 43 (4):312-6.

Urunsak M, Ilkit M, Evruke C, Urunsak I. Clinical
and mycological efficacy of single-day oral
treatment with itraconazole (400 mg) in acute
vulvovaginal candidosis. Mycoses, 2004; 47 (9):
422-7.

Gliltekin B, Yazici V, Aydin N. Vajinal
orneklerden izole edilen candida suslarinin
dagilimi ve chromagar candida besiyerinin
degerlendirilmesi. Mikrobiyol Bul, 2005; 39 (3):
319-24.

Kalkanc1 A, Biri A, Bozday1 G, Kustimur S.
Vulvovaginal kandidoz olgularindan elde edilen
candida spp. orneklerinin bazi antifungallere
duyarlitiklari. J Clin Obstet Gynecol, 2005; 15
(2): 87-90.

Ozcan SK, Budak F, Yucesoy G, Susever S,
Willke A. Prevalence, susceptibility profile
and proteinase production of yeasts causing
vulvovaginitis in Turkish women. APMIS, 2006;
114: 139-45.

Ferahbas A, Koc AN, Uksal U, Aygen E, Mistik
S, Yildiz S. Terbinafine versus itraconazole and
fluconazole in the treatment of vulvovaginal
candidiasis. Am J Ther, 2006; 13 (4): 332-6.

18.

19.

20.

21.

22.

238

24,

25.

26.

Cetin M, Ocak S, Gungoren A, Ulvi Hakverdi A.
Distribution of Candida species in women with
vulvovaginal symptoms and their association
with different ages and contraceptive methods.
Scand J Infect Dis, 2007; 39 (6-7): 584-8.

ILkit M, Hilmioglu Polat S, Tasbakan M, Aydemir
S. Evaluation of Albicans ID2 and Biggy agar for
the isolation and direct identification of vaginal
yeast isolates. JJ Med Microbiol, 2007; 56 (6):
762-5.

Us E, Cengiz SA. Prevalence and phenotypic
evaluation of Candida dubliniensis in pregnant
women with vulvovaginal candidosis in a
university hospital in Ankara. Mycoses, 2007; 50
(1): 13-20.

Nas T, Kalkanci A, Fidan |, Hizel K, Bolat S,
Yolbakan S, et al. Expression of ALS1, HWP1 and
SAP4 genes in Candida albicans strains isolated
from women with vaginitis. Folia Microbiol
(Praha), 2008; 53 (2): 179-83.

Taner CF, Elveren B, Balsak B, Polat SH, Aygoren
MO. Mikotik vajinitlerde sertakonazol nitratin
etkinligi ve tolerabilitesi. Trakya Univ Tip Fak
Derg, 2008; 25 (3): 204-8.

Yildirim Z, Kilic N, Kalkanci A. Fluorometric
determination of acid proteinase activity in
Candida albicans strains from diabetic patients
with vulvovaginal candidiasis. Mycoses, 2010;
54 (5): e463-7.

Ozcan K, Ilkit M, Ates A, Turac-Bicer A,
Demirhindi H. Performance of Chromogenic
Candida Agar and CHROMagar Candida in
recovery and presumptive identification of
monofungal and polyfungal vaginal isolates.
Med Mycol J, 2010; 48 (1): 29-34.

Guzel AB, Ilkit M, Akar T, Burgut R, Demir
SC. Evaluation of risk factors in patients
with vulvovaginal candidiasis and the value
of chromID Candida agar versus CHROMagar
Candida for recovery and presumptive
identification of vaginal yeast species. Med
Mycol J, 2011; 49 (1): 16-25.

Kalkanci A, Giizel AB, Jabban IIK, Aydin M, Ilkit
M, Kustimur S. Yeast vaginitis during pregnancy:
susceptibility testing of 13 antifungal drugs and
boric acid and the detection of four virulence
factors. Med Mycol J, 2012; 50 (6): 585-93.

Turk Hij Den Biyol Derg

101



27.

28.

29.

30.

B3,

32.

33.

34.

102

Guzel AB, Kiiciikgoz-Giilec U, Aydin M, Giimral
R, Kalkanci A, Ilkit M. Candida vaginitis during
contraceptive use: The influence of methods,
antifungal susceptibility and virulence patterns.
J Obstet Gynecol, 2013b; 33 (8): 850-6.

Kalkanci A, Guizel AB, Jabban IIK, Aydin M, Ilkit
M, Kustimur S. Candida vaginitis in non-pregnant
patients: A study of antifungal susceptibility
testing and virulence factors. J Obstet Gynecol,
2013; 33 (4): 378-83.

Sav H, Demir G, Atalay MA, Ko¢ AN. Klinik
orneklerden izole edilen candida tirlerinin
degerlendirilmesi. Turk Hij Den Biyol Derg,
2013; 70 (4): 175-80.

Hazirolan G, Altun HU, Gumral R, Gursoy NC,
Otlu B, Sancak B. Prevalence of Candida africana
and Candida dubliniensis, in vulvovaginal
candidiasis: First Turkish Candida africana
isolates from vulvovaginal candidiasis. JMM,
2017; 27 (3): 376-81.

Hacioglu M, Guzel CB, Savage PB, Tan ASB.
Antifungal susceptibilities, in vitro production
of virulence factors and activities of ceragenins
against Candida spp. isolated from vulvovaginal
candidiasis. Med Mycol, 2019; 57 (3): 291-9.

Tiinger O, Ozbakkaloglu B, Ecemis T, Koyuncu
F. Vulvovajinitli kadinlarda maya mantarlarinin
siklig1 ve tiirlere gore dagilimi. TMC Derg, 2000;
30 (3-4): 127-30.

Kendirci M, Koc AN, Kurtoglu S, Keskin M,
Kuyucu T. Vulvovaginal candidiasis in children
and adolescents with type 1 diabetes mellitus.
J Pediatr Endocrinol Metab, 2004; 17 (11): 1545-
9.

Nurat AA, Ola BG, Olushola SM, Mikhail TA,
Ayodeji AS. Detection and epidemiology of
vulvovaginal candidiasis among asymptomatic
pregnant women attending a tertiary hospital
in Ogbomoso, Nigeria. Nigeria Int J Biomed Res,
2015; 6 (7): 518-23.

Turk Hij Den Biyol Derg

35.

36.

37/s

38.

39.

40.

41.

42.

Konadu DG, Owusu-Ofori A, Yidana Z, Boadu
F, Iddrisu LF, Adu-Gyasi D, et al. Prevalence of
vulvovaginal candidiasis, bacterial vaginosis and
trichomoniasis in pregnant women attending
antenatal clinic in the middle belt of Ghana.
BMC Pregnancy Childb, 2019; 19 (1): 341.

Emeklioglu B, Cakir N, Cakir I, Kendirci M,
Koc AN. Assessment of fungal genital infection
frequency, antifungal sensitivity, and the impact
of hemoglobin a1c levels on these infections in
diabetic children. Erciyes Med J, 2021; 43 (5):
427-32.

Gamarra S, Morano S, Dudiuk C, Mancilla E,
Nardin ME, Mendez E, et al. Epidemiology
and antifungal susceptibilities of yeasts
causing vulvovaginitis in a teaching hospital.
Mycopathologia, 2014; 178 (3-4): 251-8.

Richter SS, Galask RP, Messer SA, Hollis
RJ, Diekema DJ, Pfaller MA. Antifungal
Susceptibilities of candida species causing
vulvovaginitis and epidemiology of recurrent
cases. J Clin Microbiol, 2005; 43 (5): 2155-62.

Balc1 O, Capar M. Vajinal enfeksiyonlar. Vajinal
enfeksiyonlar. Turk J Obstet Gynecol, 2005; 2
(5): 14-20.

Bassyouni RH, Wegdan AA, Abdelmoneim A, Said
W, Aboelnaga F. Phospholipase and aspartyl
proteinase activities of candida spe- cies causing
vulvovaginal candidiasis in patients with type
2 diabe- tes mellitus. J Microbiol Biotechnol,
2015; 25 (10): 1734-41.

Emeribe AU, Nasir |IA, Onyia J, Ifunanya AL.
Prevalence of vulvovaginal candidiasis among
nonpregnant women attending a tertiary health
care facility in Abuja, Nigeria. Res Rep Trop
Med, 2015; 6: 37-42.

Konaté A, Yavo W, Kassi FK, Djohan V, Angora
EK, Barro-Kiki PC, et al. Aetiologies and
contributing factors of vulvovajinal candidiasis
in Abidjan (Cote d’lvoire). JMM, 2014; 24 (2):
93-9.



Derleme/Review
Makale Dili “Tiirkge”/Article Language “Turkish”

Turk Hijyen ve Deneysel Biyoloji Dergisi

Tiiberkiiloz dis1 mikobakteriyel enfeksiyonlar: patogenez ve risk
faktorleri, tani, tedavi, immiin yanmt

Goniil ASLAN' , Leyla ERSOY'

OZET

Tuberkiloz disi mikobakteri (TDM)’ler aquafilik ve
jeofilik cevre organizmalandir. Genellikle bagisiklig
klinik  vakalarinin

baskilanmis hastalar1 etkileyen,

cogunu  pulmoner  enfeksiyonlarin  olusturdugu,
150’den fazla turl icermektedir. Bunlar arasinda en
sik izole edilen ve klinik olarak anlamli bulunan turler
Mycobacterium avium komplex (MAK), Mycobacterium
abscessus, Mycobacterium ulcerans, Mycobacterium
kansasii, Mycobacterium fortuitum, Mycobacterium
chelonae, Mycobacterium malmoense, Mycobacterium
xenopi ve Mycobacterium marinum’dur. Pulmoner
enfeksiyonlarin insidansi ve prevalansi dunya capinda
artmaktadir. Pulmoner TDM hastaligi genellikle kronik
akciger hastaligi olan yasli niifusu etkilerken aym
zamanda genetik yatkinlik ve cevresel maruziyetlerde
hastaligin kazanilmasinda rol oynamaktadir. Pulmoner
TDM hastaligi tanis1 konulabilmesi icin hastalarin klinik,
mikrobiyolojik ve radyolojik tani kriterlerinin tamamim
karsilamas1 gerekmektedir. Molekiiler yontemlerdeki
ilerlemeler, yeni tirlerin tespitine ve TDM’nin tir ve
alt tiir dizeyinde tanimlanmasina olanak saglamistir.
Tan ve tedavisi oldukca giic olan bu mikroorganizmalar

yiiksek niiks oranlarina sahipti. TDM’ye cevresel

ABSTRACT

Nontuberculous Mycobacteria (NTM) are aquatic
and geophilic environmental organisms that typically
affect immunocompromised patients, with the majority
of clinical cases being pulmonary infections caused by
more than 150 species. The most commonly isolated
and clinically significant species among them are
Mycobacterium avium complex (MAC), Mycobacterium
abscessu, Mycobacterium ulcerans, Mycobacterium
kansasii, Mycobacterium fortuitum, Mycobacterium
chelonae, Mycobacterium malmoense, Mycobacterium
xenopi, and Mycobacterium marinum. The incidence
and prevalence of pulmonary infections have increased
worldwide. Pulmonary NTM disease typically affects
the elderly population with chronic lung disease, but
genetic predisposition and environmental exposures
also play a role in acquiring the disease. Patients must
meet all clinical, microbiological and radiological
diagnostic criteria for a diagnosis of pulmonary NTM
disease. Advances in molecular methods have enabled
the detection of new species and the identification
of NTM at the species and subspecies level. These
microorganisms, which are difficult to diagnose and

treat, have high recurrence rates. Although exposure
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maruziyet kacinilmaz olmasina ragmen, enfeksiyon
hastaliginin nadir olmasinin en 6nemli nedeni konak
immiin yanitidir. TDM enfeksiyonlarinda patogenez ve
konak immun yamtim aydinlatmaya yonelik arastirmalar
son yillarda hiz kazanmistir. Glinimiizde bir halk sagligi
sorununa donismeye baslayan TDM iliskili hastaliklar
bitmeyen pandemi olarak nitelendirilen tuberkilozun
golgesinde kalmis ve yeterli ilgiyi gorememistir. Bu
derlemedeki amacimiz; TDM’lerin epidemiyolojisi,
tam kriterleri, mikrobiyolojik tan1 yontemleri, TDM
enfeksiyonlarinin tedavisi ve ozellikle konagin dogal

bagisiklik yamtina genel bir bakis sunmaktir.

Anahtar Kelimeler: Tuberkiiloz dis1 mikobakteriler,
enfeksiyon, patogenez, virilans, risk faktorleri, tani,

tedavi, imminite

to NTM is inevitable, the rarity of the infection is
mainly due to the host immune response. Research
on the pathogenesis and host immune response in
NTM infections has gained momentum in recent years.
NTM associated diseases, which are becoming a public
health problem today, have been overshadowed by
tuberculosis, which is considered an ongoing pandemic,
and have not received sufficient attention. The aim of
this review is to provide an overview of the epidemiology,
diagnostic criteria, microbiological diagnostic methods,
treatment of NTM infections, and particularly a general

view of the host’s natural immune response to NTM.

Words:

pathogenesis,

Key Nontuberculous mycobacteria,

infection, virulence, risk factors,

diagnosis, treatment, immunity

GIRIS

Tuberkuloz dis1 mikobakteriler (TDM), siklikla
icme ve dogal su kaynaklarindan, sihhi tesisat
sistemlerinden ve topraktan izole edilen aquafilik ve
jeofilik cevre organizmalaridir. Son yillarda yapilan
arastirmalar TDM enfeksiyonunun bir halk sagligi
sorunu haline geldigine dikkat cekmektedir (1).

TDM’ler Runyon siniflandirmasina gore Ureme
hiz1, koloni morfolojisi ve pigmentasyon temelinde

dort gruba aynlmistir. Grup I, Il ve lll, kilturde
yavas ureyen (fotokromojen, nonfotokromojen,
skotokromojen), Grup IV, rutin bakteriyolojik

ortamlarda yedi giinden daha kisa siirede (hizli)
DNA dizi analizi gibi
glinumuz teknolojisiyle ise 150’den fazla TDM tir ve

ureyen organizmalardir (2).

alt turd tammlanmistir (3-5), bunlar arasinda en sik
izole edilen ve klinik olarak anlamli bulunan turler
Mycobacterium avium komplex (MAK), M. abscessus,
M. ulcerans, M. kansasii, M. fortuitum, M. chelonae,
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M. malmoense, M. xenopi ve M.marinum’dur (2, 5).
TDM’lerin  kesfi
insanlarda

19.yy’a dayanmakla beraber
hastalik yapabildigi 1950’li  yillara
(7). TDM kaynakli
hastaliklar dort farkli klinik sendromda tanimlanmistir;

gelindiginde fark edilmistir

i) kronik pulmoner hastalik (klinik olarak en sik
karsilasilan formu) (7), ii) deri/yumusak doku/kemik
hastalig1, iii) lenfadenit, iv) disemine (esas olarak
HIV-insan immiin yetmezlik viriist- pozitif hastalarda)
hastalik (3, 4). Pulmoner enfeksiyonlarda en sik
izole edilen etken yavas ireyen MAK ve M. kansasii,
MAK
pulmoner enfeksiyonlarin yan sira lenfadenopati ve

hizli Ureyen M. abscessus kompleks’dir (7).
ozellikle AIDS hastalarinda disemine hastaliga neden
olmaktadir. M. fortuitum ve M. chelonae gibi hizli
ureyen TDM’ler kronik abselerde izole edilirken, M.
fortuitum ve M. kansasii ile enfekte olmus kiside M.
tuberculosis’in sebep oldugu tiiberkiiloz hastaligina
benzer bir tablo ortaya cikabilmektedir (2).



TDM’nin Epidemiyoloji ve Ekolojisi

TDM enfeksiyonlar bircok ulkede bulasici hastalik
olarak kabul edilmedigi icin bildirim zorunlulugu
bulunmamaktadir. Bundan dolay1r hastalik yikd,
prevalansi, risk faktorlerine ait veriler konu ile ilgili
yapilan calismalarla sinirli kalmaktadir (8).

Son epidemiyolojik calismalar, TDM hastalarinin
%90’1ndan fazlasinda pulmoner enfeksiyoninsidansinda
artis oldugunu gostermektedir (3, 4, 9). Pulmoner
TDM enfeksiyonu, yasam kalitesinin onemli olciide
bozulmasina, morbidite ve mortalite artisina ve tani/
tedavide yiiksek tibbi maliyetlere neden olmaktadir.
Vakalarinin insidans ve prevalansindaki artis, konagin
dogasina, patojene ve patojen-konak-cevre etkilesimi
gibi cok faktorli degiskenlere baglidir (6). Bakterinin
virilansim artiran mutasyonlar, cevresel ve iklimsel
degisiklikler, immunkompromise-yasli nifusun
artisiyla konak immiinitesinde degisiklikler, diger
pulmoner hastaliklarininsidansinda artis, yuksek gelirli
Ulkelerde azalan tiiberkuloz (TB) yiki, dolayisiyla
TDM enfeksiyonuna karsi bagisikigin  diismesi,
tan1 yontemlerinin gelismesi (yuksek cozunurluklu
bilgisayarli tomografi-BT, laboratuvar testleri) ve
saglik calisanlarinda TDM iliskili hastaliklara yonelik
farkindalik olusmasi1 gibi pek cok faktor insidans ve
prevalans artisiyla iliskili bulunmustur (10).

tuberculosis’ten daha
Fakat,

bagisikligi baskilanmis hasta popiilasyonu icin 100.000

TDM’ler insanlar icin M.

az yaygin patojenlerdir. kiresel olarak
nifus basina tahmini 4,1-14,1 vaka ile yeni ortaya
c¢ikan bir tehdit durumundadir (11). Baslangicta,
(AC)

kisilerde hastalik yapabilen, sinirli viriilansa sahip

predispozan  akciger rahatsizliklarn  olan
basit saprofitler olarak kabul edilmislerdir. Fakat
1990’larin baslarinda MAK tirleri HIV’li hastalarda
major firsatc1 enfeksiyonlarin etiyolojik ajan1 olarak
ortaya cikmistir. Yani sira M. abscessus ve diger TDM
enfeksiyonlarimin yasli hastalarda artis gostermesi,
TDM’lerin tahmin edilenden daha genis bir konak
yelpazesini etkilendigini ortaya koymustur (12).

TDM tirlerinin  dagiim iklimsel

degisiklikler

cografik ve

beraberinde, popiilasyon yogunlugu

gibi faktorlere bagli olarak bolgeye/iilkeye goére
(13).
ve Glineydogu Asya’da TDM hastalarinin pulmoner

degismektedir Amerika Birlesik Devletleri
orneklerinden izole edilen en yaygin patojenik turlerin
basinda MAK ve M. abscessus kompleksi gelmektedir
(3). Alt1 kitadan verilerin degerlendirildigi kapsamli
bir calismada ise 91 farkli TDM tiirii izole edilmis, cogu
ulkede MAK baskin tur bulunmus, bunu M. gordonae
ve M. xenopi izlemistir. Calismada, M. xenopi ve
M. malmoense Dogu Asya’da oldukca nadir iken
agirlikli olarak Avrupa’da yaygin olarak goriilmistir
(13). Ulkemizde yapilan bir calismada ise MAK, M.
fortuitum, M. abscessus ve M.chelonae hakim turler
olarak tespit edilmis, M. szulgai/M. intermedium,
M. kansasi, M. simiae daha az olarak izole edilmistir
(14).

Disuk ve yuksek cevre sicakliklarina dayanabilen
bu organizmalar, standart bakteri kiiltiir ortamlarinda
gibi
direnclidirler. Bu

kolayca ureyemezler, antibiyotik ve klor

dezenfektanlara ise oldukca
ozellikleri goz onine alindiginda, TDM’ler her yerde
bulunabilen ve kolayca gozden kacan, tanisi ve tedavisi
zor enfeksiyonlara neden olmaktadir. Havadan,
topraktan, tozdan, bitkilerden, dogal ve icme suyu
kaynaklarindan, biyofilmlerden, vahsi hayvanlardan,
sit ve gida Uriuinlerinden izole edilmislerdir. Cesitli
TDM tirlerinin cevresel nisleri Tablo 1’de verilmistir

(13, 18).
TDM’lerin Bulas Yollar

TDM  bulas orneklerin

inhalasyonu, agiz yoluyla alinmasi ve travmatize cilde

genellikle cevresel
temas1 yoluyla olmaktadir (15). icme suyu, musluklar,
boru hatlari, su depolari ve bahce topragindan izole
edilmis olan TDM’lerin, hasta orneklerinden elde
edilen TDM izolatlariyla ayn1 genotipe sahip oldugu
gosterilmistir, dolayisiyla insanlarin giinliik aktiviteleri
sirasinda bu mikroorganizmalara maruziyeti olasidir
(6). Hucre duvarinda bulunan lipid acisindan zengin
dis zar hem biyofilm olusumunu hem de hidrofobik
yapist geregi aerosol olusumunu kolaylastirmakta
ve inhalasyon yoluyla pulmoner enfeksiyonlara yol
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acmaktadir (5, 6). MAK’1n icme suyu sistemlerinin
uc noktalarindan ve dus basliklarindan alinan aerosol
orneklerinden, M. avium, M. kansasii, M. lentiflavum
ve M. abscessus’un dus basligi biyofilmlerinden izole
edildigi bildirilmistir (3). Cocuklarda goriilen servikal
TDM lenfadenitleri ve HIV ile enfekte hastalarin
cogunda gastrointestinal M. avium kolonizasyonu oral
bulas ile baslamaktadir (16). Normal konakcilarda
deri ve yumusak doku enfeksiyonlar1 cerrahi
kontaminasyon, travma ve benzeri durumlarin neden
oldugu iyatrojenik veya kazara inokiilasyon yoluyla
olusmaktadir (5).

TDM’ler

rezervuar gorevi gormekte ve hastane malzemelerini

Hastane su dagitim sistemleri icin

kontamine ederek nozokomiyal salginlara ve yalanci

Tablo 1. TDM’lerin cevresel nisleri (12)

salginlara neden olmaktadir (17). Son zamanlarda,
acik kalp cerrahisi sirasinda kullanilan cihazlardan
M. chimaera’ya bagli birkac salgin bildirilmistir (18,
19). Bu salginlarla miicadele amaciyla kaynagin en
kisa siirede belirlenmesi, izolatlarin tanimlanmasi,
tiplendirilmesi, olas1 bulas kaynaklarinin gozden
gecirilmesi, su sistemleri ve tibbi cihazlara etkili
sterilizasyon veya dezenfeksiyonun
gerekmektedir (20).

Yakin zamana kadar TDM’lerin insandan insana

uygulanmasi

bulasimin  miimkiin olmadigina inaniliyorken, tim
ile kistik fibroz (KF) hastalarinda
M. abscessus kompleksin insandan insana bulastigina

genom dizileme

dair ilk genetik kanit saglanmistir (21).

Yaygin TDM

Kaynak tipi Kaynak
Dogal su Akarsu, rmak, gél, deniz suyu
kaynaklan ’ 8% /

MAK, M. fortuitum, M. chelonae, M. kansasii, M.
gordonae, M. xenopi, M. marinum

icme suyu boru hatti, jakuzi, havuz, sicak

insan yapimi su . d
yap soguk su tanki, su tesisati, musluk, buz

MAK, M. kansasii, M. gordonae, M. xenopi, M.

kaynaklari . . . abscessus, M. fortuitum, M. chelonae, M. szulgai
makinasi, hastane su sistemleri

Aerosoller Dus, jakuzi, hastane sicak-soguk su sistemleri MAK, M. kansasii, M. gordonae, M. abscessus

Diger Bahge topragi, ev ici tozlar MAK, M. fortuitum, M. chelonae, M. kansasii,

TDM Enfeksiyonunda Tani Kriterleri

TDM’lerin solunum yolu orneklerinden izolasyonu,
pulmoner hastaligi, kolonizasyonu veya hastaliga
doniismeyen gecici enfeksiyonu yansitabilecegi
icin tan1 koymada zorluklar yasanabilmektedir (9).
Ozellikle tek bir solunum yolu 6rneginden TDM
izolasyonu, cevresel kontaminasyon sayilmakta ve
genellikle klinik olarak onemsiz kabul edilmektedir

4).

hastalarin yalnizca %35-%42’si klinik olarak anlaml

Tek bir balgam orneginde MAK pozitif olan

bulunmustur (3, 9).
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Kronik oksuruk, balgam, hemoptizi, yorgunluk,
halsizlik ve kilo kayb1 gibi nonspesifik semptomlar
pulmoner TDM enfeksiyonu olabilecegi gibi altta yatan
baska pulmoner hastaliklarin gostergesi de olabilir (7).
Taninin standardize edilmesi amaciyla uluslararasi
dernekler/kuruluslar tarafindan [American Toracic
Society (ATS), European Respiratory Society (ERS),
European Society of Clinical Microbiology and
Infectious Diseases (ESCMID) ve Infectious Diseases
Society of America (IDSA)] rehberler hazirlamistir.
Bu rehberlere gore TDM kaynakli bir hastaliktan s6z



edebilmek icin hastanin mikrobiyolojik, radyolojik,
histolojik ve klinik bulgularinin korelasyon icinde
olmas1 ve bir takim tam kriterlerini karsilamasi
gerekmektedir (22).

Klinik ve radyolojik acidan, pulmoner enfeksiyon
tamisi; AC grafisinde nodiler/kaviter opasiteler veya
yuksek cozunurlukli BT de kiiciik noduller, multifokal
bronsektazi saptanmasi, TB ve mantar enfeksiyonlar
gibi diger hastaliklarin dislanmis olmasi gerekmektedir
(23). Mikrobiyolojik olarak, en az iki ekspektorasyonlu
balgam Orneginden veya bir bronsiyal yikama /
lavajdan aym TDM tiriine ait pozitif kiltur veya
/  AC doku biyopsi

degisiklikler
inflamasyon) tespit edilmesi gerekmektedir. Klinik ve

transbronsiyal orneklerinde

histopatolojik (granilomatoz
radyolojik kriterleri karsilayan bireylerin balgamindan
izole edilen TDM’nin onemi pozitif kiltirlerin sayisi

ve izole edilen tirlere gore yorumlanmalidir (22).
Mikrobiyolojik ve molekiler yontemlerle (Sekil 1,
Tablo 2) hizli bir seklide tur diizeyinde tanimlama
ve duyarlilk testlerinin yapilmasi, morbiditeyi,
mortaliteyi ve tedavi maliyetlerini dusurecektir (2,
3,7,9).

Solunum vyolu orneklerinden TDM izole edilen

hastalarin  %25-60’1min  pulmoner TDM enfeksiyon
kriterlerini  karsiladigi  bildirilmistir ~ (23). Bu
orneklerden MAK, M. abscessus kompleks, M.

kansasii, M. malmoense, M. xenopi ve M. szulgai’nin
TDM
enfeksiyonu olasiigin gosterirken, M. gordonae, M.

izolasyonu, nispeten gercek pulmoner
terrae gibi patojenitesi dusuk turler ve M. fortuitum
kompleks, hastaligin etiyolojik ajanlarindan ziyade
genellikle kontaminant olarak degerlendirilmektedir

(16).

Pulmaner TDM hastaligi; 1. AC grafi/HRCT taramasinda nodiiler yada kaviter opasiteler, kiicik coklu nodller ile multifocal bronsektatik lezyon

L Stipheli TDM hastaligr ‘

goriilmesi; 2. ekspektoranl balgam drneginden en az iki, BAL drneginden en az bir kltiir pozitifligi; 3.TB gibi diger hastaliklarin diglanmig olmasi

Balgam/BAL

[ IN/flokrom ile yayma boyama 1

AC digi
drnekler

[

Histopatololojik inceleme
(Lenf Nodu /Doku/Transbronsial AC Biyopsi Ornegi

Homojenizasyon Dekontaminasyon Grantlomatdz inflamasyon veya ARB
{ NALC-NaOH pozitifligi ile sonuglanan mikobakteri
disindaki nedenleri dikkatlice diglanir

( MGmoe0/katikaltar |

4{ inokiilasyon | I
[ Pozitif kiltiirden yayma } M. tuberculosis icin MTb igin kartug bazh
hazirlanir immiinkromotografik test NAAT
Kord ‘

Var Yok

M. tuberculosis ] iz
TDM

kontrol edilir, Aspergillus spp., Nocardia

M. tuberculosis
icin Pozitif

TDM igin aragtinilr |-

Molekiiler
testler

HPLC ile hiicre duvan
mikolik asiti aragtirilir

|
[ M. tuberculosis TDM ko-enfeksiyonu

spp vs. ayirici taniya gidilir ) [

Line prob

Direkt prob
assay

hibridizasyon

) {

|
MALDI-TOF MS protein w

PCR/PRA
sekans analizi

hsp65 geni

(o |

Sekil 1. Pulmoner TDM enfeksiyonu tami algoritmasi
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Tablo 2. Pulmoner TDM hastaliginin tansinda kullanilan mikrobiyolojik ve molekiiler yontemler (25)

Yontem Fayda

Yorumlar

Aside direncli yayma
Pozitif testin organizmalarin
(Kinyoun veya rodamin-

auramin) dustndurir

Ornekte mikobakterilerin hizli tespiti

kontaminant olma olasiligin1 azalttiginm

Pulmoner TDM hastaligi, ozellikle nodiiler
bronsektatik  tip icin zayif  duyarlibk
Mikobakteriyel turleri ayirt edemiyor (morfoloji
giivenilir degil)

bl ebiiyel Ll testi icin bir izolat elde edilir

Sonraki tanimlama ve olasi duyarlilik

Kat1 ve sivi ortam sistemleri tamamlayicidir
Belirli dekontaminasyon prosedirleri (6rn. %5
oksalik asit) belirli popiilasyonlarda (orn. kistik
fibroz hastalar) faydali olabilir

Line prob assay (orn.
GenoTypeMycobacteria

Direct) malmoense)

Balgam orneklerinde organizmalarin
dogrudan tamimlanmasi (M. avium, M.
intracellulare, M. kansasii, M.

Zayif  duyarlibk  (~%60). Hizh
mikobakteriler icin kullamsli degil

treyen

Gen dizilimi (orn.

el L, 79 15 Tehatts diizeyinde tanimlanmasi

Kultirde Ureyen organizmalarin tur

Baz1 organizmalar, ozellikle de hizli lreyen
mikobakteriler icin tek bir gen kullanilarak
tir dizeyine kadar aynm yapilamaz

ITS) Coklu gen dizilimi turleri ayirt edebilir, ancak
nispeten maliyetlidir
Kiiltiirde iireven oreanizmalarn tiir Tur tanimlamas1 veri tabam kalitesine
MALDI-TOF P Y g baglidir; halka acik veri tabanlan genellikle
diizeyinde tanimlanmasi A
eksiktir
Tedavi bir surectir (24). Antibiyotik tedavisinin basaryla

Mevcut ilaclarla basarili bir tedaviden sonra bile
niks ve reenfeksiyon oranlarn oldukca yuksektir.
Bu nedenle, TDM kaynakli hastaligi uygun sekilde
onlemek ve tedavi etmek icin enfeksiyonunun kaynagi
ve epidemiyolojisi anlagilmalidir (6).

TDM
planlanmasinda enfekte konagin yasi, eslik eden

Pulmoner enfeksiyonu tedavisinin
tibbi durumlar ve hastalik tipi dikkate alinmali,
hasta icin uzun sureli coklu antibiyotik kullaniminin
potansiyel riskleri ve faydalan analiz edilerek
tedavi planlanmalidir (23). Kronik pulmoner TDM
enfeksiyonunun bir tipi olan fibrokaviter hastalik,
yliksek Olim oram riski tasidigi icin acil tedavi
gerektirir. Noduler bronsektatik hastalik ise genellikle
yavas seyirlidir ve acil tedavi onerilmeyebilir. (23).
Pulmoner TDM enfeksiyonunun tedavisi, coklu
ilaclarin uzun sureli (12-18 ay) kullanimini gerektiren
maliyetli (MAK enfeksiyonu icin kisi bas1 14.730 USD ve

M. abscessus kompleks enfeksiyonu icin 47.240 USD)
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tamamlanmasindan sonra bile, ozellikle nodiiler
bronsektatik pulmoner MAK enfeksiyonunda (%30-50)
ve M. abscessus kompleks enfeksiyonlarinda tedavi
basarisizlig1 ve niiks oran1 yiiksek goriilmektedir. Bircok
hastada tedaviye ragmen kronik enfeksiyon gelistigi
gorilmektedir (24). Pulmoner TDM enfeksiyonlarinda
en sik karsilasilan etiyolojik ajanlar ve tedavisinde

kullanilan antibiyotikler Tablo 3’de verilmistir (23).

Pulmoner TDM Enfeksiyon Patogenezi ve Bilinen
Risk Faktorleri

TDM’ler,
ve konaga ait

dusuk-orta derecede patojeniteye
TDM
yetersizliginde

sahiptir risk faktorleri,

enfeksiyonlarina  karsi  savunma
onemli rol oynar. Bununla birlikte, TDM enfeksiyonu
insidansinin hizla artmasi ve sosyoekonomik diizeyi
yiksek Ulkelerde TB’yi geride birakmasi, baz
bireylerin neden TDM enfeksiyonuna daha duyarli

olduklar konusunu anlamamizi saglamaktadir (25).



Tablo 3. Pulmoner TDM hastaliginin antibiyotik tedavisi (25)

Tiirler Onerilen antibiyotikler :rlitteﬂ:ri‘;:gkler
Kaviter olmayan nodiiler bronsektatik form:
Klaritromisin 1000 mg veya azitromisin 500 mg* arti
Ethambutol 25 mg/kg* art1
) Rifampisin 600 mg* Klofazimin,
ﬁ" avium Fibrokaviter form veya kaviter noduler bronsektatik form: Mpkmﬂqksasm,
ompleks Linezolid

Klaritromisin 1000 mg veya azitromisin 250 mg gunluk art1

Ethambutol 15 mg/kg giinliik art1

inhaleamikasin

Rifampisin 450-600 mg giinlik ve/veya streptomisin 10-15 mg/kg IM * veya

amikasin 10-15 mg/kg IV*

Clofazimin,
Amikasin 10-15 mg/kg IV guinlik arti Linezolid
M. abscessus i s . - .
kompleks Cefoxitin 12 g IV’e kadar veya imipenem 1000-2000 mg IV gunlik arti Bfedaquﬂ_me,
Klaritromisin 1000 mg veya azitromisin 250 mg giinlik Tlgecycl1ne,
Inhaleamikasin
izoniazid 5 mg/kg giinde en fazla 300 mg art1
Rifampisin 10 mg/kg gunlik en fazla 600 mg art1
Ethambutol 15 mg/kg gunliik
M. kansasii veya

Klaritromisin 1000 mg veya azitromisin 250 mg guinlik
Rifampisin 10 mg/kg gunliik en fazla 600 mg giinliik arti

Ethambutol 15 mg/kg glinliik

*Haftada Uc kez; IM, kas ici; IV, intravenoz.

Hastaligin fizyopatolojisi tam olarak
aydinlatilamamistir. Ancak, bakteriye ait faktorlerin
yani sira konagin bagisikligi ve sahip oldugu solunum
yolu problemlerinin hastaligin gelisiminde ve
ilerlemesinde onemli oldugu dusiiniilmektedir (26).
TDM enfeksiyonlarinin ardindaki patogenezi aciklayan
uc onemli gozlem vardir. Birincisi, HIV’li hastalarda,
TDM enfeksiyonu tipik olarak yalnizca CD4* T lenfosit
sayist 50/L’nin altina distiigiinde artmaktadir, bu da
mikobakteriyel direnc icin spesifik T-hiicre yanitinin
gerekli oldugunu géstermektedir. ikincisi, HIV olmayan
hasta grubunda, IFN-y ve interlokin (IL)-12 sentez ve
yanmt yolaklarindaki spesifik mutasyonlarin varligidir.
Uclinciisti, nodiiler pulmoner TDM enfeksiyonlar ile
ozellikle vicut kitle indeksi ve yag dokusu azalmis
zay1f, uzun boylu post-menapoz donemindeki belirli
vicut tipine (6rn. pektus ekskavatum, skolyoz, mitral
kapak prolapsusu) sahip kadinlar arasinda bir iliski

oldugu dusiiniilmektedir (2).

Pulmoner TDM enfeksiyonu c¢ogunlukla edinsel
veya konjenital yapisal AC hasar olusturan amfizem,
bronsektazi veya KOAH gibi durumlarda ortaya
cikmaktadir. KOAH hastalarinda TDM’ye yatkinligin
arttigin1 gosteren bir calismada %22 TDM kdltir
pozitifligi bildirilmistir (25, 27). Buna karsilik, AC dis
ve disemine enfeksiyonlar hemen hemen her zaman
bagisikligi baskilanmis kisilerde ortaya cikmakta ve
tipki pulmoner TDM enfeksiyonu gibi edinilmis veya
genetik temelli olabilmektedir (25).

Yakin zamanda yapilan bir tam ekzom dizileme
calismasi, saglikli kontrollerle karsilastinldiginda,
pulmoner TDM hastalarinda bagisikik fonksiyonunu,
siliyer fonksiyonu, bag dokusunu ve KF transmembran
iletkenlik
mutasyon prevalansimin arttigim ortaya koymustur
(TDM hastalarinin 9%36-50) (28). Ayrica primer siliyer

regulatoruni kontrol eden genlerdeki

diskinezi, alfa-1-antitripsin  eksikligi, Williams-
Campbell sendromu, Mounier Kuhn sendromu,
Turk Hij Den Biyol Derg
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Sjogren sendromu, pulmoner alveoler proteinoz ve
yaygin degisken immiin yetmezlik de konagin TDM’ye
yatkinligim artiran genetik bozukluklar arasindadir
(3, 5).
Siddetli
disemine TDM hastaligina duyarliigi artiran edinilmis

immiin yetmezlige neden olan ve

bozukluklar arasinda; tedavi edilmemis AIDS, anti-
(IFN-y)
tedavisinde kullanilan

interferon gama otoantikorlarin varligi,

kanser kemoterapotikler,

organ  transplantasyonu sonras1t  kullanilan
immiinosupresifler, TNF-a (timor nekroz faktori-a)
blokerleri veya inflamatuar durumlar iyilestirmek icin
diger yeni biyolojik ajanlarin ve kortikosteroidlerin
kullanimi, hematopoietik kok hicre naklini takiben
primer ve sekonder immin yetmezlik gelisimi,
greft versus host hastalig1 ve diabetes mellitus gibi
onemli predispozan faktorler bulunmaktadir (3, 5,
29).

Kore’de 2020’de yayinlanan raporda; 65 yas uzeri,
erkek cinsiyet, dusuk vucut kitle indeksi, kronik
pulmoner aspergilloz, pulmoner veya ekstrapulmoner
malignite, kronik kalp veya karaciger hastaligi ve
yuksek eritrosit sedimantasyon hizinin mortalite ile
onemli olclide iliskili oldugu bildirilmistir. Ayrica M.
abscessus ve M. intracellulare’nin M. avium’dan
daha yiiksek 6lim oranlarina neden oldugu tespit

edilmistir (30).

IMMUNITE
TDM’lere

kacimlmazdir buna ragmen pulmoner enfeksiyon

nispeten nadirdir. Bu da normal konak¢1 savunma
mekanizmalarinin enfeksiyonu onlemek icin yeterli

cevresel  maruziyet  neredeyse

oldugunu ve pulmoner TDM enfeksiyonu gelisen
hastalarin muhtemelen spesifik duyarliiga sahip
oldugunu diisiindiirmektedir (5, 16).

Konakg¢1 immiin Yanmitin indiikleyen TDM Viriilans

Faktorleri
Mikobakteriler, hlicre zarin1 koruyan ince bir
peptidoglikan tabakasi, mikolik asitler olarak

adlandinlan yogun uzun zincirli beta-hidroksi yag
asitleri, arabino galaktan ve acil lipid tabakasina

Turk Hij Den Biyol Derg

sahip karmasik bir hiicre duvan ile ¢evrilidir (25, 31).
Mikobakterilerin virlilans faktorleri arasinda suiphesiz
en iyi bilineni mumsu yapiya sahip olan bu hiicre
duvandir (5).
bagisikik savunmalarina karst koruma saglamanin

Bu yap1 antibiyotiklere ve konak¢i

(konagin IFN-y ve TNF-a lretimini inhibe ederek) yam
sira dis ortam sartlarina dayanikliik saglamaktadir.
Bir calismada, M. avium lipidleri ile makrofajlarin
inkiibasyonu sonucunda, makrofajlar tarafindan
immunsupresif prostaglandin E2 uUretiminin stimile
edildigi ayrica TDM’nin hiicre icinde sag kaldig1 ve
uUreyebildigi saptanmistir. Bu bulgular, TDM lipidlerinin

immiinmodilator etkisini gostermektedir (5).

TDM hicre duvarinin kompleks yapisini olusturan

lipidler, makrofajlar gibi bagisiklik hiicrelerinin
yuzeyinde bulunan ekstraseliiler patojen tamma
reseptorleri (PRR) tarafindan taninan patojenle iliskili
molekiiler paternler (PAMP)’lerdir. Mikobakterilerdeki
en onemli PAMP’lar, lipomannan (LM), lipoarabino-
mannan (LAM), mannosilatli LAM (ManLAM), trehaloz
dimikolat ve fosfatidil inositol mannosit (PIM)’dir
(31). TDM hiicre duvarinin en dis kisminda bulunan M.
tuberculosis ve M. leprae’da bulunmayan onemli bir

PAMP ise glikopeptidolipid (GPL)’dir (5, 32).
Glikopeptidolipidler (GPL)

GPL'nin tim yilzey lipidleri arasindaki orani
TDM’nin bagli
degismektedir (5). TDM’ler flagella, pili veya fimbria

serovarina ve tlrine olarak
icermemelerine ragmen GPL’leri sayesinde, kiltir
ortaminin yiizeyinde kayma hareketi yapabilir,
biyofilm olusturabilir. Bu sayede TDM’lerin solunum
yolu mukozasinda daha iyi kolonize olabildigi
disunilmektedir (1, 5).

GPL’nin iki ana swinifi vardir: ilki, bircok TDM,
ozellikle M. abscessus’da bulunan apolar, nonspesifik
GPL (nsGPL)’dir. Digeri M. avium’da bulunan polar,
potansiyel serodiagnostik belirtec olarak vyeterli
antijeniteye sahip, serovara ozgl GPL (ssGPL)’dir
(1, 25). In vivo biyolojik aktiviteleri tam olarak
anlasilamamis yaklasik 31 farkli ssGPL tammlanmistir

(5).



M. abscessus’un GPLye sahip varyantlan S
tipi, GPLyi, gpl lokusunda olusan tek nukleotid
polimorfizmleri sonucunda kaybettigi distiniilen
varyantlari R tipi koloni olusturmaktadir (31, 33). M.
abscessus’un cevresel ortamlarda hayatta kalabilen
ve invaziv olmayan S tipi varyantlari duyarli konakc¢ida
nsGPL

duvarinda bulunan ve toll-like reseptor (TLR) 2’nin

enfeksiyonu  baslatabilmektedir. hiicre

ligand1 olan PIM’i maskeler, M. abscessus’un TLR2
tastyan bagisiklik hiicreleri tarafindan taminmasin
engeller. Bu yolla konak bagisikligindan kacabilen
basilin solunum yolu mukozasinda kolonizasyonu
kolaylasmaktadir (31, 33). S varyanti hem fagozom
ortaminin asidifikasyonunu hemde fagozom-lizozom
flizyonunu onlemekte, ayrica R varyantlarindan daha
az apoptoz ve otofajiye neden olmakta, serbest
radikal oksijen tirlerinin (ROS) Uretimini azaltmakta
ve M. abscessus’un makrofajlar arasinda yayilimini
sinirlamaktadir (33).

Yiksek diizeyde imminojenik GPL, basili
kaplayarak, enfekte bireylerde giicli bir hiimoral
tepkiye neden olur ve bu giicli bagisikik yaniti,
M. abscessus’un anti-GPL tepkisinden kacabilen,
GPL eksikligi olan suslarinin secilimine yol acmasi
mimkiindiir. GPL’nin eksikligi artmis apoptozise yol
acarak hucre dis1 replikasyonu ve kord olusumunu
tesvik eder, akut enfeksiyonlari ve hastaligin en siddetli
formlarin ortaya cikarir. Bu durum, GPL'nin kaybinin
diger pro-inflamatuar hiicre yiizey bilesenlerini
aciga cikarmasi nedeniyle, siddetli inflamasyon ve
GPL’nin
abscessus’un cevresel bir

akciger hasariyla sonuclanir. Dolayisiyla,
cift yonlu etkisi, M.
mikroorganizmadan invaziv bir insan patojenine
gecis yapabilmesine olanak tanir (33). Bernut ve
ark. (34) tarafindan apoptotik makrofajlardan M.
abscessus R varyantinin salinmasinin, diger fagositer
hiicreler tarafindan fagosite edilemeyecek kadar
biiyiik kordlarin olusumunu baslattig1 bildirilmistir. Bu
kordlarin, hizli bir sekilde konak dokularinin yikimina
ve apse olusumuna neden oldugu gosterilmistir.

M. abscessus’da bulunan nsGPL hiicre ici hayatta

kalmay1 kolaylastinirken M. avium ssGPL’si hiicre ici

hayatta kalma icin gereklidir ve sitokin tepkilerini
etkiler, bu da serovar oligosakkaritlerin tlire 0zgu
patogeneze katkida bulundugunu disiindiirmektedir
(5). M. ssGPL’ nin
aktiviteleri cesitlidir ve ekstrakte edildikleri serovara

avium immunomodulator
baglidir. Serovar 1, 2 ve 8 insan periferik kan
mononukleer hicre (PBMC)’leri tarafindan TNF-a
ve/veya prostaglandin E2 Uretimi indiklemektedir.
ssGPL ayrica fagositozu tesvik etmekte ve ardindan
fagozom-lizozom flizyonunu inhibe ederek hiicre ici
hayatta kalmay1 saglamaktadir (5).

Lipoglikanlar

Tim mikobakteriler PIM, LM ve LAM gibi
virlilansa katki saglayan bir dizi lipid sentezlerler.
LAM’lar,

nihai zararina olacak sekilde asir konakg¢1 bagisiklik

Bununla birlikte, bazi mikobakterilerin
tepkisini tetikleyebilirler. Uc heterojen LAM simifi
vardir: i) mannosit baslikh ManLAM (patojenik M.
tuberculosis, M. leprae ve M. avium ve firsatg
patojen M. marinum’da bulunur), ii) PIM baslkl
PILAM (M. fortuitum ve M. smegmatis’te bulunur),
iii), hem mannosit hem de PIM’den yoksun AraLAM
(M. chelonae’de bulunur) (32). TDM’lerin ManLAM,
PILAM veya AraLAM’1 ile konakg¢i bagisiklik tepkisi
arasindaki etkilesimler kismen aciklanmistir (32). M.
fortuitum ve M. smegmatis’in PILAM’1 farklilasmis
insan makrofajlarindan IL-12, TNF-a ve IL-8 gibi
proinflamatuar sitokinlerin Uretimini indiikler. M.
chelonae’de ve diger bircok hizli lreyen TDM’de
bulunan AraLAM’1n, akut bir inflamatuar yaniti ve TDM
klirensi icin gerekli olan notrofil akisinm tetikledigi
tespit edilmisti. M. smegmatis’in LM ve LAM’daki
yapisal kusurlari, aside dayanikli boyanma yeteneginin
kaybolmasina, B-laktam antibiyotiklere duyarliigin
artmasina ve insan farklilasmis makrofajlar tarafindan
daha hizli eliminasyonuna neden olmaktadir (32).
Lipomannan, konakc¢i hiicre makrofajlarinda IL-
12 Uretimi ve apoptoz dahil olmak uzere guclu bir
proinflamatuar sitokin yanmit1 ortaya cikarir. Myeloid
faklilasma faktor-88 (MyD88) ve TLR eksikligi olan
farelerin kemik iligi kokenli makrofajlar ile yapilan

calismalar, M. chelonae, M. kansasii ve M. bovis
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dahil olmak uzere cesitli mikobakteriyel turlerdeki
LM’nin farkli yolaklar araciligiyla proinflamatuar
sitokin yanitin1 hem stimiile edebildigi hem de inhibe
edebildigi cift yonli islevinden bahsetmektedir (32,
35).
Fosfatidilinositol (PI),

ve mikroorganizmanin

plazma zarina bulunan
canliigim  koruyan bu
yapinin sentezlenmesinde gorevli olan enzimlerin
konsantrasyonlarindaki
sagkalim ile korelasyon gostermektedir. Bu ozelligi

PI’1 ilac gelistirme icin potansiyel hedefler olarak

degisiklik mikobakteriyel

ortaya cikarmaktadir (32, 36).

Fosfatidilinositol mannosit (PIM), mikobakteriyel
hiicre zarinin hem ic hem de dis kisminda bulunmakta,
hiperglikosile edildiginde, LM ve LAM’1n biyosentetik
oncusu olarak islev gormektedir. Ayrica PIM’in fagozom
olgunlasmasin1 onledigi ve erken endozomlar ile
fagozomlar arasindaki flizyonu artirdigi bildirilmistir
(32, 37).

Trehaloz dimikolat, M.
tim mikobakterilerde bulunur. Mikobakteriyel hiicre

leprae disinda bilinen

duvarinin disiik gecirgenligine katkida bulunan ve R
tipi morfoloji ile iliskili olan temel yapisal bilesendir.
Trehaloz dimikolat yiiksek konsantrasyonlarda kord
benzeri

yapilarin olusumunda rol oynamaktadir.

Ayrica, graniillom olusumu, dogal, humoral ve
hiicresel bagisikigin uyarilmasi ve cesitli sitokinlerin
(IL-12, TNF-a, IFN-y, IL-4, IL-6, IL-10 ve IL-12) ve
kemokinlerin indiiklenmesi gibi immiinmodilator
etkilere sahiptir (38).

Fenolik glikolipidlerin (PGL), onemli
proinflamatuar sitokinleri (TNF-a, IL-6, IL-18, MCP-
1) ve nitrik oksit (NO) salinmasin1 TLR2 aracili olarak
inhibe ettigi ve konakc1 bagisikligini zayiflattig

bildirilmektedir (39).
TDM Enfeksiyonuna Karsi Dogal Bagisiklik Tepkisi
TDM-Makrofaj iliskisi

Mikobakteriyel enfeksiyona karsi konak yanitini
aktive eden dogal bagisiklik mekanizmalari, solunum

yolu epitel hiicreleri ve makrofajlar dahil olmak tzere
coklu hucre tiplerinin koordinasyonunu icerir (40,
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41). Dogal bagisikigin primer savunma hiicreleri olan
alveolar makrofajlarin, mikobakterileri yok edebildigi
veya hicre icine alinan TDM icin bir rezervuar
olabilecegi bilinmektedir. TDM ile savasta makrofaja
ait PRR’nin, PAMP’lan tanimasiyla, fagositik yolaklarin
ROS, (RNS),
serbest yag asitleri ve antibakteriyel peptit retimi,

aktivasyonu, reaktif nitrojen tirleri
proinflamatuar sitokinlerin ve kemokinlerin salinmasi
ile dogal bagisiklik yanitlari aktive olmaktadir (42,
43).
makrofaj polarizasyonu sayesinde olur iken, akut

inflamatuar yanitlanin stimiile edilmesi M1

inflamatuar yamt1 takiben, eferositoz ile makrofajlar
hiicre kalintilarin1 ve apoptotik inflamatuar hiicreleri
uzaklastirabilir ve alternatif olarak aktive edilmis M2
makrofajlarina polarize olabilir (42). M. abscessus
ve M. smegmatis’in NO Uretimi ve induklenebilir NO
sentaz, IFN-y, TNF-qa, IL1-8 ve IL-6’nin gen ekspresyonu
ile M1 makrofaj polarizasyonunu onemli
indiikledigi bildirilmistir (42).
makrofaj tarafindan fagosite edilen M.

olciide
Ancak bazi raporlar,
avium’un,
bir transkripsiyon faktori olan NF-kB aktivasyonunu
ve fagozomlizozom fuzyonunu inhibe ederek bu
mekanizmalar bozdugunu ileri sirmektedir (43).
M1veM2belirtecleriicin negatif olan makrofajlarin
(HLA-DR+, CD40ve (CD163/polarize
makrofajlar) da kronik inflamasyonla iliskili oldugu
bildirilmektedir (40).
bozulmus fagositik aktiviteden polarize olmayan

olmayan

Pulmoner MAK hastalarinda

alveolar makrofaj fenotipinin sorumlu oldugu tespit
edilmistir. MAK ile enfekte bu makrofajlarin in vitro
olarak bakterisidal aktivitesinin azaldig1 ve alveolar
makrofajlardaki  disfonksiyonun,  Staphylococcus
aureus gibi diger bakterilerin neden oldugu kronik
enfeksiyona katkida bulunabilecegi tespit edilmistir

(40).
Fagozom Olgunlasmasi

Fagozomlar farkli endozom tipleri ile etkilesime
girererek erken bir fagozomdan gec¢ bir fagozoma
ve ardindan da fagolizozomlara kademeli olarak
olgunlasmaktadir (44).
icerigine (lipazlar, hidrolazlar, proteazlar) ve baz

Fagolizozom, yiiksek enzim



antimikrobiyal molekiillere (6rnegin, defensinler)
sahip asidik bir ortamdir. Makrofaj olgunlasmasi icin
temel mekanizmalar arasinda fagozom asitlenmesi,
ROS ve RNS olusumu, antimikrobiyal peptit/protein
olusumu ve katepsin olusumu yer alir. Mikobakteriler
ise hiicre icinde hayatta kalabilmek ve cogalmak icin
fagolizozom olgunlasmasini inhibe edebilir (31). M.
avium’da LAM ve M. tuberculosis’de ManLAM, PGL-
1 ve theraloz dimikolat gibi mikobakteriyel hiicre
duvan lipidlerinin fagozom olgunlasmasin1 module
ettigi gosterilmistir (31).
Asin konak immiin yaniti-TDM-Notrofil iliskisi
Pulmoner TDM enfeksiyonuna yanit olarak bolgeye
gelen notrofillerden elastaz ve matalloproteazlarin
salinim1 mukozal

bariyeri asindirarak havayolu

epitelinde hasara yol acabilmekte ve boylece
TDM barindiran mikroabseler olusmaktadir. Ayrica
elastaz, TDM’nin biyofilm olusumunu artiran siliyer
disfonksiyonuna, mukus bezi hiperplazisine ve
mukus hipersekresyonuna da neden olabilir (25, 45).
Elastaz ve diger proteazlarin notrofil yiizeylerinde
ki Fcy reseptorlerini ve kompleman reseptori (CR)
1’i parcalamasinin yam sira mikobakteri yuzeyine
tutunmus olan imminoglobulinleri ve kompleman
bilesenlerini de parcalamalari, mikobakterilerin
opsonizasyonunu ve notrofiller tarafindan taninmasin
klirensi

engellenmekte, fagositoz ve bakteriyel

azaltmaktadir. Elastaz, eferositozu inhibe ederek
(50).

Fagosite edilmemis o6lu notrofiller inflamasyonu daha

apoptotik notrofillerin  klirensini  bozabilir
fazla tetiklemekte ve TDM klirensini daha da bozan
yogun mukus olusumuna katkida bulunmaktadir (25,
45).

Patojen tanima reseptorleri (PRR)

Ekstraseluler PRR’ler, PAMP’leri taniyan, fagositer
hiicre ve antijen sunan hiicre reseptorleridir. Opsonik
veya nonopsonik fagositoz, mikrobun kompleman ve
antikorlar gibi coziiniir PRR’lerle kapliolup olmamasina
baglidir. Opsonik reseptorler, kompleman ve antikorlar
gibi taniyan Fc reseptorlerini,
integrinleri ve CR’leri icerir (31). Humoral bagisikligin

¢ozunur PRR’leri

mikobakteriyel enfeksiyonda koruyucu olmadig
dusunulmektedir fakat Mycobacterium avium subsp.
paratuberculosis’in opsonizasyonunun, makrofajlar
tarafindan fagosite edilmesinde ve oldurilmesinde
etkili oldugu gosterilmistir (46).

PRR ailesinin nonopsonik ve en iyi bilinen

reseptori TLR’ler, mikobakterilerin hucre icine
alimin1 kolaylastirmakta, hucre ici sinyal iletimini
baslatmakta ve dogal /adaptif bagisikik arasindaki
baglantiyi (47).

reseptorler; C tipi lektin reseptorleri (Dectin-1 ve

saglamaktadir Diger nonopsonik
-2, makrofajla induklenebilir C tipi lektin [Mincle],
makrofaj C tipi lektin [MCL], mannoz reseptori [MR]),
¢copcu reseptorler (CD36, kolajen yapili makrofaj
reseptori  [MARCO], SR-A, makrofajlarin apoptoz
inhibitoru [AIM]), sitozolik NOD benzeri reseptorler
(NLR’ler) ve RIG-I benzeri reseptorler (RLR’ler) ’dir
(31, 48, 49).

Toll-like reseptor (TLR)

Toll-like reseptorler, fagositozu ve sinyal iletimini
indukleyen, hiicre ici ve dis1 PAMP’larin taninmasinda
temel role sahip PRR’lerdir. insanlarda, MyD88,
TRIF, TIRAP ve TRAM gibi adaptor molekillerden
olusan farkli Toll-IL-1 reseptori (TIR) domeinlerini
kullanarak cok sayida sinyal yolunu aktive eden on
TLR tamimlanmistir (31). Mukozal ve dogal bagisiklik
hiicrelerinde, TLR 1, 2, 4, 5 ve 6, hiicre yiizeyinde
eksprese edilirken, TLR 3, 7, 8 ve 9, hiicre ici
endoplazmik retikulumda eksprese edilmektedir (43).
TLR1, TLR2, TLR4, TLR6 ve TLR9, mikobakteriyel
hiicre duvan glikolipidlerinin veya hiicre duvan ile
iliskili diger bilesenlerin taninmasini saglar. TLR2, 4,9
ve bunlarin adaptor molekiilii MyD88, TB’ye karsi dogal
bagisikik yanmitinda en belirgin rolii oynamaktadir
(31). M.
aracili yanit, dendritik hiicre (DH) olgunlasmasi, Th1,

tuberculosis enfeksiyonuna karsi TLR2

Th2, Th17 tipi bagisiklik yamitimin indiiklenmesini
ve makrofaj aktivasyonunun
TLR2 aynca, M.

19- ve 24-kDa lipoproteininin yam sira LAM, LM ve

regulasyonunu

saglamaktadir. tuberculosis’in

PIM dahil olmak Uzere mikobakteriyel ligand icin
ana reseptor olarak tammlanmistir (43). TLR2’nin
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PBMC’de azalan ifadesi sonucunda IL-12p40 ve TNF-
a’min Uretiminin azaldig1 ve bu durumun pulmoner
TDM hastaligina artan duyarlilikla iliskili olabilecegi
tespit edilmistir (50). TLR2 bagimli ssGPL ise Th1
tipi yamitin baskilanmasindan, IL-1, -6 ve TNF-a gibi
proinflamatuar sitokinlerin salinimin indiiklenmesine
kadar cok genis bir immiinmodiilasyon saglamaktadir
(43).

Mycobacterium avium subsp. paratuberculosis
MAP1305 proteini, TLR4 ile dogrudan baglanma yoluyla
DH olgunlasmasini ve proinflamatuar sitokinlerin
(IL-6, TNF-a ve IL-1B) Uretimini indiklemektedir.
Cocuklarda
enfeksiyonlar ve bagisikigi baskilanmis bireylerde

servikal lenfadenit, pulmoner
disemine hastaliga neden olan M. scrofulaceum’un

taninmasinda TLR4’iin rol oynagi bildirilmistir (31).
C tipi lektin reseptorleri

M. abscessus ile enfekte makrofajlarda, Dectin-1
(dendritik hicre ile iliskili C-tipi lektin) sinyali ve
Dectin-1/TLR2, proinflamatuar sitokin sekresyonunu
indiiklemektedir. Dectin-2, hiicresel ve immiinolojik
surecler Uzerinde etkili olan hiicre ici sinyal
kaskadlarinm tetikleyen ManLAM’1 tamimaktadir (31).
Dectin-2 eksikligi olan farelerde, yetersiz M. avium
klirensi gosterilmis olsa da, Man-LAM’in Dectin-2
araciligiyla hem proinflamatuar hem de anti-
inflamatuar sitokin Uretimini indiklemesi, Dectin-
2’nin M.
etkili olabilecegini gostermektedir (43).

avium enfeksiyonunun ilerlemesinde de

TDM Enfeksiyonuna Hiicresel Aracili

Tepkileri, IFN-/IL-12 Ekseni

Bagisiklik

Patojenlerin dogal bagisiklik mekanizmalariyla
taninmasinin ardindan salinan sitokinlerin dogal ve
kazamlmis bagisiklik arasinda koprii kurmada onemli
rolu bulunmaktadir. Mikobakterileri fagosite eden
makrofajlar, bakteriyel virlilans faktorlerine yanit
olarak, T hiicrelerinden ve dogal oldiriici (naturel
killer-NK) hicrelerden IFN-y Uretimini uyaran IL-
12 ve IL-18 sentezini baslatmaktadir (43, 51). IL-
12 tarafindan aktive edilen CD4* T hiicreleri, Th1’e
farklilasmakta ve yine IL-12 tarafindan aktive edilen

Turk Hij Den Biyol Derg

Th1 hiicreleri ve CD8* T hucreleri, mikobakterilere
IFN-y
salgilamaktadir. IFN-y, TNF-a uretiminin yani sira

kars1 konak savunmasi icin gerekli olan
diger sitokinlerin ve kemokinlerin iiretimini aktive
etmektedir (43). CD4* T hicrelerinin baska bir alt
popiilasyonu olan Th17 hiicreleri, IL-17, IL-21 ve IL-22
uretmekte ve notrofil infiltrasyonunu duzenleyerek
TDM enfeksiyonunun ilerleyisini etkilemektedir (52).
IFN-y/IL-12 ekseni, mikobakterilerin neden oldugu
enfeksiyonlarin kontrolinde, dogal ve kazanilmis
bagisiklik arasindaki iletisimi saglamasi acgisindan,
cok onemli bir rol oynamaktadir (43). IFN-y/IL-12
ekseninde, TDM enfeksiyonlarina duyarliligi artiran
cesitli genetik kusurlar tanimlanmistir (Mikobakteriyel
Hastaliga Mendel Duyarliigi). IFN-y reseptorii 1 (IFN-
YR1), IFN-yR2, IL-12p40, IL-12 reseptori B1 (IL-
12RB1) ve STAT1 molekiilerinde ki mutasyonlar bu
duyarliiga ornek olarak verilebilir (52, 53).
Anti-IFN-y oldugu
edinilmis immin yetmezlik de TDM enfeksiyonuna

otoantikorlarinin  neden
duyarlilikla iliskili bulunurken (53) bir calismada,
edinilmis immin yetmezlik sendromu olmayan
Asyali hastalarda bu otoantikorlarin sik goriildiigu
bildirilmistir (54).

TDM enfeksiyonu icin onemli bir risk faktoru de,
ciddi kombine immin yetmezlik (55), izole CD4* T
lenfosit eksikligi (56) ve CD4* T lenfositleri yok eden
HIV’in neden oldugu edinilmis immin yetmezlik
sendromunda goriilen T hiicre fonksiyonu kaybidir

(57).
NK ve dogal oldiiriicii T hiicreleri (NKT)

NK hiicrelerinin, TDM enfeksiyonuna karsi dogal
konak savunmasinda onemli rolleri bulunmaktadir.

Mikobakteriyel mikolik asit (MA),
tzerindeki dogal sitotoksisite reseptorii NKp44 icin bir

NK hicreleri

liganddir (58). NK hiicreleri, fagolizozomal flizyonu
aktive ederek hicre ici mikobakteriyel uUremeyi
engelleyebilen IFN-y ve IL-22 sentezlemektedir (59).
NKT hiicreleri ise lipid antijenlerini (6rn. MA, LAM,
PIM, glukoz monomikolat ve CD1 ailesinin bir Uyesi
olan GroMN) tanir ve M. tuberculosis enfeksiyonunun



yan sira TDM enfeksiyonunda da immiin yanit1 module
etmede rol oynamaktadir (43).

Sonuc olarak, TDM’ler gecmisten gunumize
bitmeyen pandemi olarak nitelendirilen TB’nin
golgesinde kalmistir ve yeterli ilgiyi gorememistir.
Son yillarda kiiresel TDM enfeksiyon insidans1 ve
prevalansinda tespit edilen artis, gunumuzde bir
halk saglig1 sorununa doniismeye baslayan TDM iliskili
hastaliklar konusunda farkindaligi artirmaktadir. Fakat
bircok ulkede halen bulasici hastalik olarak kabul
edilmedigi icin bildirim zorunlulugu bulunmamakta
ve yeterli slirveyans saglanamamaktadir.

TDM enfeksiyonunun patogenezinde kuskusuz
konak bagisiklik

mekanizmalarindan kacisi, antibiyotikler ve cevresel

en onemli virllans faktord,

CIKAR CATISMASI

sartlara direnci saglayan olaganiistii hiicre duvan
yapisidir. TDM’yi diger mikobakterilerden ayiran hiicre
duvarinda bulunan GPL yapisi ise virtilansa katkisiyla
onemli yer tutmaktadir. Basilin virlilans faktorlerine
kars1 konak dogal bagisikliginin 6nemli hiicrelerinin
basinda makrofaj ve notrofillerin olusturdugu savunma
onemli yer tutarken adaptif imminitede hucresel
yanit ve IFN-y/ IL-12 ekseninde gelisen immin cevap
hastaligin prognozunu belirlemektedir.

TDM enfeksiyonlarinin  onemli morbidite ve
mortalite nedeni olmalarn son vyillarda TDM’lere
ilgi odag1 haline getirse de, TDM’lere ait viriilans
faktorleri, patogenez ve konak cevab1 mekanizmalarin
aydinlatacak arastirmalara, tedavide kullanilacak

yeni ilac ve asi calismalarina ihtiyac bulunmaktadir.

Yazarlar bu makale ile ilgili herhangi bir ¢ikar catismasi bildirmemislerdir.
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