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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
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Turk Hijyen ve Deneysel Biyoloji Dergisi

COVID-19’un etkilerinin secilmis saglik gostergeleri lizerinden
incelenmesi ve ONGBM (1,1) ile gelecek tahmini

Tezcan SAHIN'

OZET
Amag:  Koronaviriis hastaligi 2019 (COVID-19),
egitimden sagliga, ulasimdan ekonomiye bircok

alanda olumsuz etkiler yaratan bir salgin ile diinyanin
yizlesmesine neden olmustur. Diinya genelinde bu
slirecte insan sagligimn daha az etkilenmesi ve bu
hastaligin sonlandinlabilmesi icin ¢esitli onlemler
alinmaya calisilmis ve farkli politikalar yiritulmustir.
Bu calismanin amaci, Tirkiye icin secilmis saglik
COVID-19’un

degerlendirmek ve farkli senaryolar araciligi ile gelecek

gostergeleri Uzerinden etkilerini

tahminlemesi yapmaktir.

Yontem: Calisma kapsamda Tirkiye’ye ait kisi basina
diisen kamu ve 6zel saglik harcamalari, kaba 6lum hizi,
kaba dogum hizi ve dogumda beklenen yasam siireleri
degerlendirmeye alinmistir. Bu gostergeler 2009-2021
iki senaryo Uretilmistir. 1.

yillarin1  kapsamaktadir.

Senaryoda “Pandemi olmasaydi 2030’a kadar secilmis

ABSTRACT

2019
(COVID-19) has caused the world to face a pandemic

Objective: The coronavirus disease
that has negative effects in many areas from education
to health, transportation to economy. In this process
throughout the world, various measures have been
tried to be taken and different policies have been
implemented to lessen the impact on human health and
to end this disease. The aim of this study is to evaluate
the effects of COVID-19 through selected health status
indicators for Turkiye and to make future predictions

through different scenarios.

Methods: Within the scope of the study, Turkiye’s
public and private health expenditures per capita,
crude death rate, crude birth rate and life expectancy
at birth were evaluated. These indicators cover the
years 2009-2021.

Scenario 1 poses the question: “What changes would

Two scenarios were produced.

izlenirdi”
2009-2019

saglik gostergelerinde nasil bir degisim be observed in selected health indicators by 2030 if

sorgulamas1 yapilmaktadir. Bunun icin there were no pandemic?”. For this purpose, future
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verileri kullanlarak 2030’a kadar gelecek tahminlemesi
yapilmistir. 2. Senaryoda ise “Pandemi yasandigi icin
2030’a kadar secilmis saglik gostergeleri nasil bir
seyir izleyecektir” degerlendirmesi yapilmaktadir. Bu
kapsamda 2009-2021 verileri kullanilarak 2030’a kadar
tahminleme yapilmistir. Arastirmada tahminleme icin
ONGBM (1,1) modeli kullamlmis ve MAPE (mean absolute
percentage error- ortalama mutlak yilizdesel hata)
degerlerinin %10’dan kiiciik oldugu tespit edilmistir.
Bulgular: Senaryo 2’ye gore 2030’a kadar kamu
saglik harcamalarinda Senaryo 1’e gore daha yiiksek
diizeyde, 0zel saglik harcamalarinda ise daha disik
diizeyde artis olmas1 beklenmektedir. Senaryo 1’de
2030’a kadar kaba olum oraninda azalis beklenirken
Senaryo 2’de artis yonunde bir beklenti ortaya cikmistir.
Kaba dogum oranindaki disls beklentisi Senaryo 2’de
daha fazladir. Dogumda beklenen yasam siiresi acisindan
Senaryo 1’de artis, Senaryo 2’ye gore ise azalis olmasi
beklenmektedir. Senaryo 1 ve 2’nin 2022’den 2030’a
tahmin sonuclar kiyaslandiginda iki senaryo arasinda
istatistiksel olarak anlamli farkliiklar bulundugu tespit
edilmistir. Dolayisiyla COVID-19’un saglik gostergeleri

tizerinde kinlma etkisi yarattig1 sonucuna ulasilmistir.

Sonuc: Elde edilen bulgular, karar verici ve
yoneticilerin COVID-19’un etkileri nedeni ile gelecege
iliskin kararlar1 yeniden gozden gecirmeleri ve planlama
yaparken farkli senaryolar olusturarak alternatif ¢cozim

onerileri gelistirmeleri gerektigini ortaya koymustur.

Anahtar  Kelimeler: COVID-19, saglik durumu

gostergeleri, tahmin, Tirkiye

forecasts were made until 2030 using 2009-2021 data.
In the second scenario, an assessment is made: “How
will the selected health indicators develop by 2030
after the pandemic has occurred?”. In this context,
forecasts were made until 2030 using 2009-2021 data.
The study used the ONGBM (1,1) model for estimation
and found that the MAPE (mean absolute percentage

error) values were less than 10%.

Results: According to Scenario 2, it is expected
that there will be a higher increase in public health
expenditures and a lower increase in private health
expenditures until 2030 compared to Scenario 1. While
a decrease in the crude death rate was expected until
2030 in Scenario 1, an expectation for an increase in
Scenario 2 emerged. The expectation of a decrease in
the crude birth rate is graeater in Scenario 2. In terms
of life expectancy at birth, it is expected to increase in
Scenario 1 and decrease according to Scenario 2. When
the forecast results of Scenarios 1 and 2 from 2022 to
2030 were compared, it was determined that there were
statistically significant differences between the two
scenarios. Therefore, it was concluded that COVID-19

had a breaking effect on health indicators.

Conclusion: The findings revealed that
decision makers and managers should reconsider
future decisions because of COVID-19 and develop
alternative solutions by creating different scenarios

while planning.

Key Words: COVID-19, health status indicators,

forecasting, Turkiye

GIRIS

Yeni Coronavirlis turd SARS-CoV-2’nin  neden

COVID-19 pandemisinin diinyadaki tim toplumlar ve
ulkelerin saglik sistemleri (izerinde bliyiik sonuclan
olmustur. DSO tarafindan Aralik 2023 tarihinde diinya

oldugu COVID-19, diinyada bir pandemi yaratmistir.  ¢apinda toplam yaklasik 7 milyon 6limiin nedeninin
30 Ocak 2020’de Diinya Saglik Orgiitii (DSO), COVID-19 oldugu ve 12-19 Aralik 2023 araliginda
COVID-19 salgimmin uluslararast 6nemi haiz bir toplam 3.952 yeni vaka oldugu rapor edilmistir (2).
halk sagigi acil durumu oldugunu ilan etmistir (1). Baska bir degerlendirme, 2021 yili sonuna kadar
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dunya capinda yaklasik 18 milyon insanin pandemi
nedeniyle olmiis olabilecegini gostermektedir (3).
19 Aralik 2023’e
kadar diunyada toplam vaka sayis1 ise 772.838.745
olarak bildirilmistir (2). Bu hali ile COVID-19 su
anda ikinci Diinya Savasi’ndan sonra yiizyilin en agir

ilk vakanmin kaydedilmesinden

zorluklarindan ve en bliyiik trajedilerinden biri olarak
kabul edilmektedir (4).

Tum diinyada milyonlar1 hasta eden COVID-19
salgini, politika yapicilan bircok standart politikay
COVID-19
pandemisi sagligin, insan yasaminin merkezinde yer

yeniden degerlendirmeye zorlamistir.
aldigini, her durum ve kosulda bu olgunun énceliginin
oldugunu carpici bicimde hatirlatmistir. Bu siirecte
Ulkelerin  saglik sistemlerinin  hazirliksizligi  ve
personel yetersizligi on plana ¢ikan bir sorun olmakla
birlikte yetersiz yatinmla karst karsiya kalinmistir.
Pandeminin yayilma hizi, ulusal saglik sistemleri
icin hazirlik suresinin sinirli olmasi ve ulusal saglik
sistemlerindeki normal kapasitenin cok uzerinde olan
hastalikla iliskili yiiksek bakim gerektiren hastaneye
yatis ihtiyaci, biyiik ve yeni bir saglik sorununu ortaya
cikarmistir (5).

Krizlere karst dayanikli  saglik  sistemleri
gelistirebilmek icin yasanan olaylarin etkilerinin analiz
edilmesi ve gelecek planlamalarinin bu dogrultuda
gerceklestirilmesi onemlidir. Bir sonraki krizin nasil
bir sekil alacagi bilinmese de veriler, krizle basa
cikmak icin hayati onem tasir. Verilerin ve bunlan
eyleme gecirilebilir bilgilere donusturecek araclarin
daha iyi kullamlmasi, yeni tehditlerin gozetimi ve
daha iyi bir saglik resminin saglanmasi acisindan kritik
oneme sahiptir (3). Bu nedenlerle calismada saglik
hizmetlerinde girdi niteligi tasiyan saglik harcamalar
ile saglik ciktis1 niteligi tastyan kaba 6liim orani, kaba
dogum orani ve dogumda beklenen yasam siiresinin
COVID-19’dan nasil etkilendigini tespit etmek icin

nicel bir desen gelistirilmistir.
KAVRAMSAL CERCEVE

COVID-19
harcamalarinda yiikselisler olmasina ragmen pandemi

doneminde tlkelerin saglik

surecinin uzamasi1 ve morbidite ile mortalitenin
artmas1 gibi sorunlar saglik harcamalan {izerine
tartismalarin giindeme gelmesine yol acmistir (6).
Saglik hizmetlerindeki belirsizligin ve riskin yayginlig,
sigortanin onemli rold, bilgi engelleri sorunu, rekabet
kisitlamalar ve hiikimet stibvansiyonlarinin ve kamu
hizmetlerinin rolu gibi ozelliklerden dolayr hem 6zel
sektor hem de kamu sektori bu pazarda onemli roller
oynamaktadir. Ancak ozellikle hiikiimetin rolunin
tim dinyadaki saglik hizmetleri pazarlarindaki
payinin arttigr gozlemlenmistir (7). Gelismis iilke
veya bolgelerdeki uygulamalar, hilkimetin saglik

harcamalarimin ~ yalmzca  vatandaslarin  saglik
refahindan yararlanmasina yardimci olmakla kalmayip
ayni zamanda onlarin saglik harcamalarini azalttigini,
fiziksel ve zihinsel sagliklarim iyilestirdigini
Nitekim Kapitsinis (2020) saglik

yatinmlarinin, COVID-19’un olim oranin1 azaltmada

gostermistir (8).

hayati bir rol oynadigini belirtmektedir (9). Sekil 1’deki
Diinya Bankasi istatistikleri incelendiginde diinyada
kisi basina yurt ici genel devlet saglik harcamasi
ortalamasinin 2015 yilinda 738.91S$, 2019’da 844.5$
(Satin alma giicli paritesi-SAGP) oldugu, COVID-19
etkilerinin yaygin bicimde hissedildigi 2020 yilinda
ise bir onceki yila oranla %13’luk ciddi bir artis ile
956.07%’a ulastig1 goriilmektedir (10).
Saglik

uyguladiklari

harcamalari  kapsaminda  ulkelerin
bagh
ozel saglik harcamalarni da COVID-19 doneminde
Clnki  katastrofik

saglik harcamalarinin ortaya ¢ikmasina neden olan

saglik  sistemlerine olarak

arastinlan bir konu olmustur.

ozel saglik harcamalarimin, pandemi doneminde
degisime ugrama olasilig1 yiiksektir. Nitekim COVID-
19’un agirligi cepten harcamalar ile katastrofik
(11). Ozellikle COVID-19

bakiminin siibvanse edilmedigi lilkelerde, COVID-19

harcamalar arttirmistir
testi ve bakiminin maliyetleri onceden var olan
cepten harcamalara eklenmis olabilir. Aym1 zamanda
hastalarin, kamu hastanelerinde COVID-19’a maruz
kalmaktan kacinmak icin ozel sektoru kullanmasi,
ozel saglik harcamalarinin yikini arttirrstir (12).
Bu degerlendirmelere alternatif olarak ise hastalarin,
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COVID-19 korkusu veya rutin erisimi engelleyen
karantina onlemleri nedeniyle tedaviyi ve prosediirleri
ertelemesi, cepten yapilan harcamalarin azalmasina
neden olmustur (13). Sekil 1’deki Diinya Bankasi
istatistikleri incelendiginde diinyada kisi basina yurt
ici 6zel saglik harcamasi ortalamasinin 2015 yilinda
500,97 S, 2019’da 576,76S (SAGP) oldugu, COVID-19
etkilerinin yaygin bicimde hissedildigi 2020 yilinda ise

1000
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500

Saglik Harcamalari

400

300

200

2000 2005 2010

2015

572,695’a diistiigti goriilmektedir (14). Bu bakimdan
pandemi etkisinin incelenmesinde “saglik uriinleri
ile hizmetlerinin belirli bir zaman dilimi icerisindeki
nihai tuketiminin nufusa dayali bicimde ol¢culmesi”
(15) seklinde tamimlanan kisi basina diisen saglik
harcamalarinin hem kamu hem de 6zel harcamalar
seklinde degerlendirmesinin yapilmasi onem arz

etmektedir.
—Dunya (Ozel Saglik Harcamalari,
kisi bagi SAGP)
Dunya (Kamu Saglik Harcamalari,
kisi bagi SAGP)
2020

Sekil 1. Kisi Basi Kamu ve Ozel Saglik Harcamalan Diinya Ortalamast (SAGP)

Zamana bagli olarak COVID-19 egilimlerinin
izlemek ve hastalik
dolayli

olarak degerlendirmek icin esastir (16). Rice ve

karsilastinlmasi, pandemiyi

yukinu azaltmayr amacglayan politikalan
Cooper (1954) “Hastaliklarin kontroli ve ortadan
kaldinlmas1 gibi kamu programlar icin, [...] insan
yasaminin  degerlendirilmesinin, elde edilecek
temel bir
(17). Bu

bakimdan 6lim egilimlerinin saglik gostergesi olarak

faydalarin dogru hesaplanmasi icin

gereklilik oldugunu” iddia etmislerdir
degerlendirilmesinde, kaba 6lim oram (KOO) sikca
kullanilan bir gostergedir (18). KOO, “bir iilke ya da
bolgede belirli bir yil icindeki toplam olum sayisinin
yil ortasi niifusa oranlanmasi ile hesaplanir. Bolge ya
da ulkenin kabaca olum duzeyi hakkinda bilgi verir”
(19). COVID-19 sirecinde llkeler arasinda olumleri
saymak icin tek tip bir sistem gelistirilmemistir. italya,
ispanya, Amerika Birlesik Devletleri (ABD), ingiltere
ve Cin gibi ylksek oranda etkilenen llkelerden
gelen veriler, Giiney Kore gibi bulasmay1 etkin bir
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sekilde kontrol edebilen ulkelerle ilgili verilerden
cok farkli rakamlar gostermistir. Enfeksiyon olim
oranlanyla ilgili belirsizlik, esas olarak herhangi
COVID-19 enfeksiyonunun
insidansim ve prevalansini tanimlamanin zorlugundan
kaynaklanmaktadir (20). Sekil 2’de Ocak 2020-Aralik
2021 icin haftalik olarak bildirilen COVID-19 olumleri,
OECD ilkelerinin bolgelere gore gruplandinlmis hali

bir zamanda gercek

ile sunulmaktadir. Bu sekilde de gorilduglu iizere

pandemi etkisi ile gerceklesen olumler zaman
faktorii icinde degiskenlik gostermistir (21). Sekil 3
incelendiginde 2019’da %0.7 olan diinya ortalama
KOO egiliminin kinldiz1 ve 2019’a kadar diisme
egiliminde olan KOO’n1n 2019 sonrasinda artisa gectigi
2020’de %0.8, 2021’de %0,9’a ulastig1 goriilmektedir
(22). COVID-19 gibi salginlarin etkisinin toplumdaki
toplam olim seyrini nasil etkiledigini izleyebilmek
icin KOO bakimindan yillar arasi seyir degisikliklerini
incelemek ve gelecek projeksiyonlar1 yapmak onemli

bir yol gosterici olacaktir.



=—'ABD ve Kanada
Milyon niifus bagina haftalik COVID-19 &limi
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~Asya-Pasifik - Latin Amerika ve Karayipler——Avrupa

Sekil 2. Haftalik olarak bildirilen COVID-19 6limleri, OECD Ulkeleri bolgelere gore gruplandirilmis, Ocak 2020 - Aralik 2021
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Sekil 3. Kaba Olim Oram - Diinya ortalamas (1.000 kisi basina)

Tarih boyunca pandemiler insan nufusundaki
degisimin temel itici glicii olmustur. Pandeminin 6lim
oranlarina etkisi biyuk ilgi gorse de ikinci onemli
demografik etken olan dogumlar iizerindeki etkilerinin
incelenmesi de onem arz etmektedir. Clinku salginlarin
hamile kalmay1 planlayanlar, hamile kadinlar ve fetal
sonuclar lizerinde derin etkileri oldugu bilinmektedir
(23). Ornegin Malthus doneminde tekrarlanan olim
ve dogurganlik krizlerinin birlesiminde, olumsuz dis
soklar nedeniyle o6lum oranlarinin zirve yapmasi,

genellikle 9 ila 12 ay arasinda dogumlarin dip noktasina

gelmesine neden olmustur (24). Gecen yilzyilin
en buyuk salgin1 olan 1918-1919 H1N1 influenza A
pandemisi (ispanyol gribi), ABD’de dogum oranlarinda
1918’de 1.000 niifus basina 23’ten 1919°da 1.000’de
20’ye %13’luk bir dususe neden olmustur (23). Cohen
(2021) ABD’nin, 2019’a kiyasla 2020 icin dogumlarda
%3,8’lik bir duslis yasadigini, ancak diisiis oraninin yil
sonunda ¢ok daha hizli oldugunu (Aralik ayinda %8)
ortaya koymustur (25). Sobotka vd. (2022) dogum
dalgalanmalarninin daha diisiik oldugu 17 lilkede,
dogum sayisinin bir énceki yilin ayni ayina gére Kasim
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2020’de ortalama %5,1, Aralik 2020’de %6,5 ve Ocak
2021’de %8,9 diistiigiinii tespit etmislerdir. ispanya,
analiz edilen lilkeler arasinda dogum sayisinda en
keskin duslisii yasamis; dogum sayis1 Aralik 2020 ve
Ocak 2021’de %20 oraninda dusmustur. Artan olum
oram ve diisen dogum oranlarimin birlesik etkisi,
bircok iilkede dogum ve 6liim dengesini bozup dogal
nufus artisin1 2020 ve 2021°de rekor dizeyde dusuk
seviyelere itmistir (26). Sekil 4’te de kaba dogum

38
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28
26

24

Kaba Dogum Orani

22
20
18

16

1960 1970 1980

orani dunya ortalamasi yer almakta olup 1963’ten
sonra ciddi azalma egilimi izlenmekte, 2020’ye
gelindiginde binde 17,22’ye, 2021’de ise 16,93’e
distigli goriilmektedir. Bu nedenle bu arastirma
kapsaminda “yil ortasinda tahmin edilen 1.000 niifus
basina yil boyunca meydana gelen canli dogum
sayisini gosteren” (27) kaba dogum orani, pandeminin
etkilerinin tespit edilmesinde kullanilan bir kriter
olmustur.

19390 2000 2010 2020

Sekil 4. Kaba Dogum Orani - Diinya ortalamasi (1.000 kisi basina)

Dogumda yasam beklentisi, niifus sagligi ve uzun
omirluligiin en yaygin kullanilan &lcitiidir. COVID-
19’dan kaynaklanan olum oranin artmaya devam
etmesi, dogumda beklenen yasam siiresi lizerinde
olumsuz bir etki yaratabili. Ornegin 1918 grip
pandemisi ve 2014 Ebola virusu salgin1 gibi onceki
salginlar, ABD ve Liberya’da sirasiyla 11,8 yil ve 1,6-
5,6 yil gibi bir surelik dogumda yasam beklentisinde
disuse neden olmustur. Liberya’da Ebola virisu
olumlerinden kaynaklanan yasam beklentisindeki
olas1 diisuisler 1,63 yil ile 5,56 yil arasinda degisirken,
Sierra Leone’de olas1 yasam beklentisi dususleri 1,38
ila 5,10 yil arasinda degismistir (20;28). COVID-19
salgin, niifus sagligi lizerinde ek zorluklar ortaya
bir tetiklemistir.
Pandemi, diger olim nedenlerinden kaynaklanan

cikaran kiresel olum  krizini

olumleri de dolayli olarak etkilemistir. Ortaya

cikan kanitlar, gecikmis tedavilerin veya kanserler
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ve kardiyovaskiiler hastaliklar icin tedavi almay
ertelemenin olumsuz etkilerini vurgulamaktadir. Bu
kosullardan kaynaklanan olim oranlar artarken,
gibi
nedenlerden kaynakli olum sayisi ise azalmis olabilir
(4). ABD yasam beklentisinin 2021 yilinda bir yildan
fazla (-1,26 yil), HIV salgininin en kotl yiindan veya
opioid krizinin en kotu 3 yiindan cok daha fazla

karantina uygulamasi sebebiyle kazalar

diistiigli ve 2008’den bu yana en disik seviyesine
ulastigi tahmin edilmektedir. Panama, Peru ve italya,
ispanya, ABD ve o6zellikle Meksika’nin baz1 bolgeleri
icin 2 yii asan onemli olciide daha buyik dususler
oldugu tahmin edilmektedir (29). Sekil 5’te dogumda
beklenen yasam suresi diinya ortalamasina iliskin
seyir gorilmekte olup 1960’lardan 2019’a kadar
neredeyse sirekli artan egilim izlenmektedir. Ancak
2019°da ortalama beklenen siire 73 yil iken 2020’de
72’ye, 2021°de ise 71’e dismustir (30).
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Sekil 5. Diinya icin dogumda beklenen yasam siiresi, toplam (yil)

Tirkiye, saglik hizmeti ve finansmam konusunda
karma sistemi uygulamaktadir ve kamu, saglik
hizmeti sunumunda en buyiik aktordur (31). COVID-19
doneminde de Saglik Bakanligi koordinatorliigiinde
tespit
durumda,

yurutulen sirecte pandemi hastaneleri

edilmis, bu hastanelerin bulunmadig
ikinci basamak eriskin yogun bakim unitesi bulunan
hastaneler pandemi hastanesi olarak ilan edilmis
ve yeni acil durum hastaneleri acilmistir. COVID-19
125’
cocuk ve 158’i yenidogan olmak lizere yogun bakim

tedbirleri kapsaminda 3 bin 144’U eriskin,

yatagr sayisinda toplam 3 bin 427 artis saglanmistir
(32; 33; 34). Saglik Bakanligi tarafindan temin edilen
COVID-19 asilar, tum vatandaslara ucretsiz olarak
uygulanmistir (35). COVID-19 tedavisi goren hastalarin
test sonuclarina bakilmaksizin Saglik Uygulama Tebligi
(SUT) kapsamindaki saglik giderleri Sosyal Giivenlik
Kurumu (SGK) tarafindan karsilanmistir (36). COVID-19
uygulamalan degerlendirildiginde hem cari saglik hem
de yatinm harcamalarnimin biiyiik bir cogunlugunun
kamu tarafindan finanse edildigi goriilmektedir.
Bununla birlikte pandemi siiresince hastaliktan
korunmak icin bireysel onlemler alinmasi gerektigi
belirtilmis ve maske kullanimi zorunlu hale getirilmistir
(34). Maske kullanma zorunlulugu vatandaslar icin
cepten odemeler araciligi ile karsilanan bir gider
kalemi olmustur. Ayn1 zamanda Demir ve arkadaslarinin
(2021) arastirmalarinda tespit ettigi gibi pandemi
surecinde yetiskinlerin besin destekleri kullanim

artmistir ve bu da hane halki gelirlerini azaltan bir

etki yaratmistir (37). Alinan kararlar ve gerceklesen
uygulamalar icerik olarak degerlendirildiginde bu
slirecte hem kamu diizeyinde cesitli girisimlerin oldugu
ve dolayisiyla kamu harcamalarimin arttigi (38), hem
de bireysel diizeyde zorunluluklara uymak ve kendini
koruma cabasi icerisinde bireysel harcamalarin arttig
goriilmektedir (39).

GEREC ve YONTEM

Bu calismamin amaci, Tirkiye’deki secilmis
saglik gostergeleri iizerinden COVID-19’un etkilerini
degerlendirmek ve farkli senaryolar araciigi ile
gelecek tahminlemesi
arastirmanin temel gostergeleri ve ilgili verilere

nereden ulasildigi asagida belirtilmektedir. Saglik

yapmaktir. Bu kapsamda

gostergelerinin 2009-2021 yillan arasindaki verileri
Tablo 1’de sunulmaktadir.

Gostergeler 2009-2021
iki senaryo lretilerek COVID-19 etkisi ve gelecek

yillarin1  kapsamaktadir.
tahminlemesi yapilmistir. Bu senaryolar asagidaki
gibidir:

1. Senaryo:
varsayilir. 2009-2019 verileri degerlendirmeye alinr.
“2030’a kadar ilgili gostergeler baglaminda nasil bir

Turkiye’de pandemi yasanmadi

degisiklik izlenir?” sorusuna yanit aranr.

2. Senaryo: Tirkiye’de pandeminin yasandig
kabul edilir. 2009-2021 verileri degerlendirmeye alinir.
“2030’a kadar ilgili gostergeler baglaminda nasil bir
degisiklik izlenir?” sorusuna yanit aranir.
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Temel Gostergeler

Veri Kaynag

Kisi bagina diisen kamu saglik harcamasi (KKSH) ($, Satin alma giicli paritesi SAGP)

Saglik istatistikleri Yilliklan

Kisi basina diisen 6zel saglik harcamasi (KOSH) ($,SAGP)

Saglik istatistikleri Yilliklan

Kaba 6liim oram (KOO) (1.000 kiside)

Diinya Bankas1 (DB)

Kaba dogum orani (KDO) (1.000 kiside) DB
Dogumda beklenen yasam siiresi (DBYS) (y1l) DB
Tablo 1. 2000-2021 Yillar Aras1 Secilmis Saglik Gostergelerine iliskin Veriler

Yillar KKSH KOSH KOO KDO DBYS
2009 691 162 5,269 18,06 74,765
2010 698 190 5,251 17,746 75,069
2011 742 191 5,44 17,638 74,941
2012 748 196 5,205 17,664 75,678
2013 788 216 5,04 17,737 76,297
2014 831 242 5,046 17,972 76,565
2015 883 241 5,125 17,939 76,646
2016 943 258 5,234 17,739 76,66
2017 985 277 5,129 17,368 77,141
2018 996 289 5,065 16,481 77,563
2019 1026 289 5,084 15,594 77,832
2020 1109 289 6,378 15,033 75,85
2021 1321 347 6,398 14,678 76,032

ONGBM(1,1) Modeli

Bu calismada tahminleme yapmak icin Optimize
Edilmis Dogrusal Olmayan Gri Bernoulli Modeli
(ONGBM(1,1))’nden vyararlamlmistir. itk kez Chen
(2008) tarafindan ortaya konulan Dogrusal olmayan
gri Bernoulli modelinde (NGBM(1,1)), ilk asamada
n adet negatif deger almayan ham veri seti X©

olusturulur (40).

X0 = {x0(1),x0(2),x0@3),......, 2% (n), n2 4} 0]
ikinci asamada, birinci dereceden birikim

operatoru X olusturulur.

X0 = {x0(1),x0(2), 29(3), .., x O m) } @

Burada,

O =38, 100 k=12.,n 0)
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Uciincii asamada, sirasiyla beyazlatma ve fark
denklemleri olusturulur.

dxD (k)

o ax® k) = b (x("(k))Y @

O +az ) = b (20 (K))' ©)

Burada a gelistirme katsayisim, b ilerletme
katsayisim vey ise kuvvet katsayisini ifade etmektedir.
Birinci dereceden ortalama operator adi verilen z"(k)

asagidaki formulle hesaplanmaktadir.

200k = b xO%) + 1=+ x Dk =1), k=234...,1 )

Burada, A katsayis1 0-1 araliginda degismekle
birlikte geleneksel gri tahmin modelinde bu katsayi
0,5 olarak kabul edilir (41).

Denklem 5’teki
katsayilari en kiiciik kareler metodu ile asagidaki gibi
hesaplanir.

Dordincu asamada, a ve b



[3]= BT 87Y ™

Burada B ve Y matrisleri
belirtilmektedir.

sirasiyla asagida

—z0(2) (z“)(z))y
-z10(3) (Z(l)(g))y
B= |20 (V@)

I(O)(g)
x(o)(g)

Y= 1(0):(4) @®)

: i (o)E
—zW(n) (2(1)(n))v (m)

Son asamada, tahmin veri seti olusturulur.

23,..m

K0 =[((O)) 7T - ) grestrw-n 4 2 ok

Burada,

x*M(1)=x0(1) ilk tahmin
verisinin ham veri setindeki ilk degere esit oldugu
kabul edilir.

NGBM(1,1)’de denklem 6’daki 0,5 olarak kabul
edilen A katsayisi eger 0-1 arasinda optimize edilirse
ONGBM(1,1) olarak adlandinlmaktadir. Bununla
birlikte, denklem 5’teki y katsayis1 0 olursa NGBM(1,1)
modeli GM(1,1) modeline, ONGBM(1,1) modeli ise
OGM(1,1) modeline indirgenmis olur.

ONGBM(1,1) modelindeki A ve y katsayilarinin
optimizasyonunda Genetik Algortitma metodundan

formuliiyle Uretilen

yararlanilmistir. Gri tahmin metodu excelde formule
edilmis ve Evolver paket programiyla Genetik
Algoritma metodu kullanilarak tahmin modelindeki

A ve y katsayilan optimize edilmistir. Bu calismada,

L

b

('.

2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021

Sekil 6. Senaryo 1’e gore KKSH -

2022

ONGBM(1,1) modelinin tahmindeki basaris1 Denklem
10’da belirtilen Ortalama Mutlak Yiizdesel Hata
(MAPE) degeri ile dlciilmektedir (42).

2()-%()

L
(i)

n

MAPE (%) = 51,

(10)

ONGBM(1,1) modelindeki A ve y katsayilarinin
degeri tahmin modelindeki MAPE degerinin en kiicik
olmas1 kosuluna baglidir. Bununla birlikte, tahmin
modelinin basarisi en diisik MAPE degerine sahip
olmasina baglidir. Ayrica, MAPE degerinin %10’dan
kiicuk olmas1 tahmin modelinin basarisinin yiiksek
oldugunu gostermektedir (43).

BULGULAR

Uretilen her iki senaryo bes temel gdsterge
baglaminda karsilastinlmistir. ilk olarak ekonomik
gostergeler bakimindan incelendiginde KKSH igin
Senaryo 1 ve 2’ye gore yapilan tahminler sirasiyla Sekil
6 ve 7’de gosterilmektedir. Veriler incelendiginde
her iki durumda da artan bir seyir izlenmektedir.
Veriler kiyaslandiginda KKSH icin Senaryo 1’e gore
2020 yiinda beklenen 1091$ iken gerceklesen 1158$,
2021 icin beklenen 1141$ iken gerceklesen 1321S
olmustur. 2030’da Senaryo 1’e gore tahmini 1720$
olmas1 beklenen KKSH’nin Senaryo 2’ye gore 2079$’a
COVID-19’un  KKSH’m
arttinc bir etki yarattigi goriilmekte ve bunun
gelecekte de devam etmesi beklenmektedir.

ulasmas1  beklenmektedir.

==0~=KKSH (Gergeklesen)

KKSH (Tahmin)

2023
2024
2025
2026
2027
2028
2029
2030

Gerceklesen ve Tahmin Edilen
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Sekil 7. Senaryo 2’ye gore KKSH - Gerceklesen ve Tahmin Edilen

KOSH bakimindan Senaryo 1 ve 2’ye gére yapilan
tahminler sirasiyla Sekil 8 ve 9’da gosterilmekte olup
her iki senaryo icin de artan bir egilim s6z konusudur.
Senaryo 2 incelendiginde 2020 yilinda beklenenin
altinda, 2021 yilinda ise beklenen {izerinde bir
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harcama olmas1 carpic1 bir etkidir. 2030 yii icin
kiyaslama yapildiginda KOSH’nin Senaryo 1’e gére
5809, Senaryo 2’ye gore 5505 olacagi 6ngoriilmektedir.
Bu bilgi dahilinde COVID-19’un KOSH iizerinde azaltic
etki olusturmasi beklenmektedir.
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Sekil 8. Senaryo 1’e gére KOSH - Gerceklesen ve Tahmin Edilen
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Sekil 9. Senaryo 2’ye gore KOSH - Gerceklesen ve Tahmin Edilen
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KOO bakimindan Senaryo 1 ve 2’ye gére yapilan
tahminler sirasiyla Sekil 10 ve11’de gosterilmektedir.
Senaryo 1’e gore azalan bir seyir beklentisi ile birlikte
KOO’nin 2030’da yaklasik %5’e diismesi beklenirken
Senaryo 2’ye gore artan bir seyir ile 2030’da %8’e
Dolayisiyla COVID-19’un

cikmast beklenmektedir.
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KOO iizerinde arttinc bir etki yarattig1 sdylenebilir.

1’e ait Sekil 12
incelendiginde azalan seyir izlenmekte olup 2030’da
bu degerin %.10,85 olacagi tahmin edilmistir. Sekil
13, Senaryo 2’ye gore de azalma beklentisi olmakla
birlikte 2030’da %. 9,56’ya diisecegi ongoriilmektedir.
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Sekil 11. Senaryo 1’e gore KOO
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Sekil 12. Senaryo 1’e gore KDO - Gergeklesen ve Tahmin Edilen
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Sekil 13. Senaryo 2’ye gore KDO - Gerceklesen ve Tahmin Edilen

DBYS bakimindan Senaryo 1 ve 2’ye gore yapilan  senaryo 2 incelendiginde farkli olarak 2020 yilindaki
tahminler sirasiyla Sekil 14 ve15’te gosterilmektedir.  kirilmanin DBYS seyrini azalma yoniinde degistirdigi
Senaryo 1’e gore DBYS, her yil artamaya devam ve 2030 icin beklenen siirenin 75,85 yil oldugu
edecek ve 2030 yilinda 81,04’e ulasacaktir. Fakat gorilmektedir.
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Tablo 2’de tiim saglik gostergelerine ait Senaryo
1 ve 2 kapsaminda elde edilen veriler arasinda
istatistiksel bakimdan anlamli farkliliklar bulunma
durumuna iliskin analiz sonuglar yer almaktadir.
Ornek
Testi yapilmis olup bes gosterge bakimindan da

Bu kapsamda Wilcoxon Eslestirilmis ki

istatistiksel olarak anlamli farkliliklar bulundugu

tespit edilmistir. Bu sonuc itibariyle COVID-19’un
saglik gostergeleri lizerinde anlamli farklilik yarattig
sonucuna ulasilmaktadir. Bununla birlikte her iki
senaryo bakimindan saglik gostergelerine ait MAPE
degerlerinin %10’dan kiiciik olmasi tahmin modelinin
basarisinin yiiksek oldugunu gostermektedir (43).

Tablo 2. 2022-2030 Yillar Senaryo 1 ve Senaryo 2 ile Tahmin Edilen Saglik Gostergeleri Verilerinin Wilcoxon Eslestirilmis iki

Ornek Testi ve MAPE Degerleri

Villar ol o2 (B Kby S1KOO 52 KOO S1KDO 52 KDO ST DBYS S2 DBYS
2022 1194 1299 361 352 5054 6126 14,558 14,065 78,710 76,652
2023 1250 1377 383 372 5,047 6320 14,068 13,455 79,001 76,580
2024 1308 1460 406 393 5041 6524 13,583 12,854 79,292 76,498
2025 1369 1548 431 416 5035 6,741 13,104 12,264 79,584 76,407
2026 1433 1641 457 440 5030 6,969 12,633 11,689 79,875 76,309
2027 1500 1741 485 465 505 7,200 12,171 11,129 80,167 76,203
2028 1570 1847 515 492 5020 7,460 11,719 10,588 80,459 76,091
2029 1643 1959 547 50 5015 7,724 11,279 10,065 80,751 75,973
2030 1720 2079 580 55 5011 8,001 10,851 9,562 81,044 75,850
Sig. 0,008* 0,008" 0,008* 0,008* 0,008"

MAPE 1 4513 2,4255 2,3935  3,2082  1,2665 44128  1,8988  1,8363  0,1902  0,5669

%

S1: Senaryo 1, S2: Senaryo 2, *p<0,05

TARTISMA

Bu calismada Tirkiye icin saglik harcamalan
(kamu ve ozel- kisi basina disen), kaba olum ve
dogum oranlar (bin kiside) ve dogumda beklenen
yasam suresi (y1l) gostergelerinin COVID-19 olmasayd1
ve COVID-19 yasandi senaryolan dahilinde gelecek
tahminleri yapilmistir. Her iki senaryo baglaminda
kiyaslamalar yapildiginda COVID-19’un gostergeler
lizerinde anlamli farklilastiric1  etkileri  oldugu
tespit edilmis, bunlara iliskin aciklamalar asagida
tartisilmistir.

Kamu saglik sistemi ve politikasinin gelistirilmesi
icin kamu saglik harcamalarinin incelenmesi biyiik

onem tasimaktadir. Cutler ve Miller (2006) kamu saglik

harcamalarinin hiikiimetin kamu saglik politikasini
yansittigina ve ulusal sagligin korunmasina katkida
bulunan bir faktér olduguna isaret etmektedirler
(44). Vysochyna ve Jakubowska (2022), Estonya’nin
COVID-19’a kars1 en direncli saglik sistemine sahip
oldugunu ve mevcut saglik harcamalarinin yapisinda
%25’inin 0zel, %75’inin devlet harcamasi olup dis
finansmanin yok denecek kadar az oldugunu tespit
etmislerdir. Panel regresyon modellemesi kullanilarak
yaptiklarn daha derinlemesine analizde kamu, 6zel ve
dis saglik harcamalarinin 6lim oranlarint azaltmadaki
olumlu etkisinin yani sira mevcut saglik harcamalarini
artirmanin yasam beklentisi tizerindeki olumlu etkisini
ortaya cikarmistir (45). Coccia (2021) istatistiksel
kanitlarin genel olarak, ortalama COVID-19 olim
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oraninin dusik oldugu iilkelerin kisi basina yiksek
saglik harcamalar (>2.300 ABD dolar) yaptigi tezini
destekledigini savunmustur (46). Barrera Algarin
ve ark. (2020), Avrupa’da kisi basina disen kamu
sagligi yatinmlarinin daha disiik diizeyde olmasinin,
milyon kisi basina diisen yiksek sayida COVID-19
olumiyle iliskili oldugunu gostermektedir; genel
olarak, COVID-19’un yiksek olum orani, yiiksek gelir
esitsizligiyle baglantili diisiik saglik harcamalarindan
kaynaklanmaktadir (47). Bu calisma da Turkiye’'de
kamu saglik harcamalarinin COVID-19 siirecinden
etkilendigini ve ayni zamanda gelecek tahminlerinde
pandemi nedenli artis yoniinde bir farklilik olustugunu
gostermektedir.

Saglik harcamasi konusunda dikkate alinmasi
gereken bir diger harcama, zaman zaman hane
halklarimin  finansal sorunlar yasamasina sebep
olabilen ozel saglik harcamalandir. Bu calismada
KOSH’nin COVID-19 yasanmasaydi 2020 yiinda 3218,
2021 yiinda ise 340$ olmasi beklenirken gercekte
2020’de 289S, 2021’de ise 347$ oldugu tespit
edilmistir. 2020 yiindaki diists egiliminde kapanma,
saglik hizmetlerine sinirli erisim gibi nedenlerin
etkili olabilecegi dustinilmektedir. 2021 yilindaki
artis ise kapanmanin sona ermesi, insanlarin salgin
hastaliklardan korunmak icin daha fazla caba sarf
etmesi gibi olabilir.
Benzer bicimde Sukmanee vd. (2023) Tayland’da
gerceklestirdikleri arastirmada pandemi sirasinda,
tibbi icin toplam hane halki cepten
harcamasinin 2019’da 643 milyon Tayland Bahtindan

2020’de 9,4 milyar Tayland Bahtina hizla yikselmis

sebeplerden kaynaklanmis

ekipman

oldugunu bulmuslardir (48). Jaafar vd. (2021)
Malezya’da  gerceklestirdikleri  arastirmalarinda
pandemi doneminde oOnleyici tedbirlerle ilgili

ortalama kimiilatif aylik cepten harcamalarin hane
halki gelirinin %4,3’ini olusturdugu; en yiiksek
harcamalarin geleneksel ve tamamlayic1 tip icin
yapildigin1 tespit etmislerdir (49). Rajalakshmi vd.
(2023) calismalarinda, hanelerin yarisindan fazlasinin
cepten harcama ile kars1 karsiya oldugunu, toplam
hanelerin dortte birinin katastrofik saglik harcamasi

Turk Hij Den Biyol Derg

yasadigin1 ve hanelerin yarisinin COVID-19 nedeniyle

finansman konusunda sikint1 yasadigin1 ortaya
koymuslardir (11). Bu calismada da nihai olarak
COVID-19 oncesine kiyasla daha dusuk duzeyde
kalmasina ragmen Tiirkiye’de KOSH’nin COVID-19
etkisinde de artacag tespit edilmistir.

Kaba oranlan bakimindan
degerlendirildiginde; Tirkiye’de 2020’de beklenen
%05,069, 2021’de %05,061 iken gerceklesen 2020’de
%06,378, 2021’de ise %06,398 olmustur. Gelecek
tahmini konusunda COVID-19 etkisinin kabul edildigi

durumda bu oranin artmasi ve 2030 yilinda %.8,001’e

olum

ulasmasi beklenmektedir. Yapilan bir arastirmada
COVID-19 etkisi nedeni ile Panama, Peru, italya,
ispanya, ABD ve ozellikle Meksika’nin baz1 bélgeleri
icin KOO’da 2 yil1 asan cok daha bilyiik artislar olacag
tahmin edilmektedir (29). 30 Agustos 2020 itibaryla,
COVID-19’a iliskin KOO, AB iilkeleri arasinda biiyiik
farkliiklar gostermistir; Belcika en yiiksek degeri
rapor ederken (86,3/100.000), onu Birlesik Krallik
(68,5/100.000) ve Ispanya (62,1/100.000) takip
etmis, Slovakya ise en dusiik degeri (0,6/100.000)
bildirmistir (50).

Tlrkiye’de kaba dogum oranlari bakimindan
2020°de beklenen 9%015,536, 2021’de %.15,048
iken gerceklesenin 2020’de %.15,083, 2021’de
ise %014,678 oldugu tespit edilmistir. Kearney ve
Levine (2023) ABD pandemisinin baslangicta Agustos
2020’den Subat 2021’e kadar olan bir “bebek
cokisi” doneminde, oncekinden yaklasik 100.000
daha az dogum gerceklestigini ortaya koymuslardir.
Bu eksik dogumlarin ¢cogu, pandemi kosullarina karsi
davranmssal dogurganlik tepkisi ile tutarli olarak,
2020 yiinin Mart ayinda pandemi basladiktan sonra
(51).
Pandemi doneminde kaba dogum oranlarinda, dikkate

meydana gelmis olabilecegi varsayilmistir

alinan 22 llkeden 7’sinde gecmis egilimlerle tahmin
edilenin otesinde onemli bir dusus eslik etmis ve
ozellikle giiney Avrupa’da gliclu dusiisler yasanmistir:
italya (%-9,1), Ispanya (%-8,4), ve Portekiz (%-6,6)
(24). Bu calisma kapsaminda Turkiye’de KDO’nun
2030’da %09,56’ya dismesi beklenmektedir.



Arastirma kapsaminda Tiirkiye icin dogumda
beklenen yasam suresi 2020 yili icin 78,12 ve 2021
icin 78,41 yil olarak tespit edilmis ancak gerceklesen
sirasiyla 75,85 ve 76,03 olmustur. 2020 yilinda DBYS,
bir onceki yila gore 1,98 yil diismiistiir. Trias-Llimos ve
Bilal’in (2020) Madrid’de COVID-19 krizinin potansiyel
yillik yasam beklentisi diizeyleri Uzerindeki rolunu
inceledikleri arastirma sonuclari, DBYS’nin erkeklerde
1,9 yil, kadinlarda ise 1,6 yil azaldigin gostermektedir
(52). Marois vd. (2020)’nin yaptig1 arastirmaya gore
%10’luk  COVID-19 yayginlik oraninda,
beklenen kayip,
Amerika ve Avrupa ile Latin Amerika ve Karayipler’de
%95 tahmin
altinda COVID-19 enfeksiyonlarinin

dogumda
yasam beklentisindeki Kuzey

muhtemelen 1 yiin Uzerindedir.
araliklarinin
%50 prevalansi ile 6lum oranlarindaki belirsizlik g6z
oniine alindiginda, yasam beklentisi Kuzey Amerika ve
Avrupa’da 3 ile 9 yil, Latin Amerika ve Karayipler’de
3 ile 8 yil, Gilineydogu Asya’da 2 ile 7 yil ve Sahra
alt1 Afrika’da 1 ile 4 yil arasinda dusecektir. Ancak
tim yayginlik senaryolarinda, COVID-19 enfeksiyon
yayginllk oranm %1 veya %2’nin altinda kaldig
surece, COVID-19 yasam beklentisini onemli olcude
etkilemeyecektir (20). Aburto vd. (2022) tarafindan
yapilan calismada 29 Uulkeden 27’sinde DBYS’nin
2019’a kiyasla 2020’de diistiigi tespit edilmistir. ABD
ve Litvanya’daki erkekler, 2020 boyunca dogumda
yasam beklentisinde en buyik kayplarn yasamistir
(siraswyla 2,2 ve 1,7 yil), ancak erkekler icin 11 lilkede
ve kadinlarda 8 lilkede bir yildan fazla azalmalar
belgelenmistir (4). Vasishtha vd. (2021) Hindistan’da
COVID-19’a atfedilebilir olumlerin yasam beklentisini
0,8 yil, COVID-19 oncesi donemde 73,2 yildan
2020’nin sonuna kadar 72,4 yila disiirdigiini tespit
etmislerdir. COVID-19’a atfedilebilir olumler toplam
olimlerin %10’una yiikselirse, dogumdaki yasam
beklentisi muhtemelen 1,4 yil azalacaktir (53). Castro
vd. (2021) Brezilya’da 2014’ten beri gorilmeyen
bir o6luim seviyesi olan 1,3 yillik bir diisiis oldugunu
tahmin etmislerdir. ~ 2020°de 65 yastaki yasam
beklentisindeki azalma ise 0,9 y1l olmus ve Brezilya’y
2012 seviyelerine geri dondurmustir (54). Tirkiye

icin COVID-19 etkisi kapsaminda 2030’da DBYS’nin
75,85 yil olmas1 beklenmektedir.

Secilmis saglik gostergelerinin sonuclari, yalmzca
hastaligin yayilmasin1 yansitmamaktadir. COVID-19
siirecindeki kaba 6lim hizi, kaba dogum hizi ve
dogumda beklenen yasam siiresi, hastaligin goriilme
siklig1 ve ciddiyeti ve hasta insanlarla basa ¢cikmak icin
kullamlan stratejiler, saglik sistemlerinin kalitesinin
bir fonksiyonudur. Bu nedenle yasanan olaylardan
ogrenmek, cok kiymetli bir bilgi kaynagidir. Nitekim
COVID-19’un son salgin olmayacagi g6z Oniine
alinarak politika yapicilarin ve karar vericilerin,
yasanan olaylarin mevcut durumu nasil degistirdigini
anlamaya, gelecegi nasil  etkileyebilecegini
ongormeye ve acil durum hazirliklar gibi kararlarinm
bu bilimsel dayanaklar araciigi ile gelistirmelerine
ihtiyac vardir.

Makro

sorumlu uluslararasi

diizeydeki politika ve eylemlerden
aktorlerin ve hukumetlerin
ve mikro diizeye dogru diger cesitli diizeylerdeki
karar vericilerin cesitli senaryolar araciig1 ile farkl
olaganuistii durumlara hazirlikli olmalar1 gerektigi
COVID-19 pandemisi

Guniimiizin cok degiskenli kiiresel alam icerisinde

ile yeniden hatirlanmistir.

yoneticilerin, salt sezgisel yaklasimlar ya da salt
sayisal veriler araciligi ile karar vermeleri miimkiin
degildir. Ozellikle saglik hizmetlerinin kendine has
ozelliklerinin ve baglamsal farkliliklarin g6z oniinde
karar

bulundurulmasi, verme ve uygulamalarin

basarili olmasinda etkili olacakti. Bu nedenle
yoneticilerin deneyim, tecribe ve ongorileri ile
modern karar verme tekniklerini kullanarak bilimsel
bilgiye dayali karar vermeleri zorunluluk haline
gelmistir. Bu kapsamda eylem hazirliklar surecinde
kantitatif verilerin ve kirilma noktalarinin tespiti ve
gelecek projeksiyonlarinin bunlara gore olusturularak
farkli yaklasimlarin etki olasiiklarimin belirlenmesi
kritik onem arz etmektedir.

Bu calisma, karar vericilerin senaryolar araciligi
ile sonuc kiyaslamasi yaparak pandemi etkilerini
olanak

degerlendirebilmelerine saglamaktadir.

Ayrica literatiir incelendiginde ilgili konuda secilen
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gostergeler lizerinden ve senaryo araciligi ile yapilmis

bir calisma olmamasi, bu boslugun doldurulmasi adina

katki saglayacaktir. Calismanin temel sinirliliklar ise

sadece belirli bir yontem araciligi ile tahminleme

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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ineklerde subklinik mastitisin aerobik bakteriyolojisinin
degerlendirilmesi

Berrak DELIKANLI KIYAK!

, Elcin GUNAYDIN?

, Giilsen GONCAGUL?

OZET

Amag¢: Bu calismada subklinik mastitisli siit

sigirlarinin ~ bakteriyolojik muayenesi ile kalite

gostergesi olarak kullanilan somatik hiicre sayisi
degisiminin karsilastirilmasi sonucu elde edilen verilerin

degerlendirilmesi amaclanmistir.

Yontem: Bu amacla klinik olarak mastitis belirtisi
gostermeyen rastgele secilen toplam 280 Holstayn irki
slit s181r ve bunlara ait 1120 meme lobundan siit 6rnekleri
alinmistir.  Sut orneklerinin California mastitis test
(CMT) ve somatik hiicre sayis1 (SHS) ile genel mikrobiyal
durumu ve identifikasyon analizi ile de bakteri tiirleri

tanimlanmistir.

Bulgular: CMT sonucuna gore, siit sigirinin 58’
(%20,7) subklinik mastitis yonli pozitif bulunmustur.
Arastirmaya dahil edilen 232 meme lobundan 82’si
(%35,3) CMT (-), 47’si (%20,3) CMT (+), 78’i (%33,6) CMT
(++) ve 25’1 (%10,8) ise CMT (+++) olarak skorlanmistir.
CMT pozitif meme loblarinda bakteri Ureme orani
%64,66 olarak tespit edilmis ve orneklerden sirasiyla
E. coli (%26,10), S. aureus (%21,29) ve S. agalactiae
(%20,08) izole edilmistir. Orneklerdeki SHS degerleri

ABSTRACT

Objective: The study aimed to evaluate the data
obtained by comparing the bacteriological examination
of dairy cattle with subclinical mastitis and the change in

somatic cell count, which is used as a quality indicator.

Methods: For this purpose, milk samples were taken
from a total of 280 randomly selected Holstein breed
dairy cattle and from 1120 mammary lobes, which did
not show clinical signs of mastitis. The general microbial
status of the milk samples was assessed using the
California Mastitis Test (CMT) and somatic cell count
(SCC), and bacterial species were identified through

identification analysis.

Results: According to the CMT results, 58 (20.7%)
of the dairy cattle were found positive for subclinical
mastitis. Of the 232 breast lobes included in the study,
they were scored as 82 of them (35,3%) CMT (-), 47 of
them (20,3%) CMT (+), 78 of them (33,6%) CMT (++) and
25 of them (10,8%) CMT (+++). The bacterial growth rate
in CMT-positive mammary lobes was determined to be
64,66%, and E. coli (26,10%), S. aureus (21,29%), and
S. agalactiae (20,08%) were isolated from samples,
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incelendiginde degerlerin 50.000 ile 960.000 hiicre/mL
arasinda degiskenlik gosterdigi ve ortalama degerin ise
333.862 hiicre/mL diizeyinde oldugu saptanmistir.

subklinik

isletmelerinde yaygin oldugunu ve bu hayvanlardan elde

Sonug¢:  Sonuglar, mastitisin  slt
edilen sitlerden daha cok Staphylococcus spp. ile E.
coli’nin izole edildigini gostermektedir. Gida giivenligi
kapsaminda siit tedarik zincirinde meme sagligi ve sagim
hijyenine yonelik tedbirlerin eksiksiz uygulanmasinin
kaliteli st ve sit Urlinleri Uretimine katki saglayacag

dusunilmektedir.

Anahtar Kelimeler: Bakteri, somatik hiicre sayisi,

subklinik mastitis

respectively. When the SHS values in the samples were
examined, it was determined that the values varied
between 50,000 and 960,000 cells/mL and the average
value was 333,862 cells/mL.

Conclusion: The results indicate that subclinical

mastitis is prevalent in dairy farms, and that

Staphylococcus spp. and E. coli are more frequently
isolated from the milk obtained from these animals.
In the context of food safety, it is considered that the
implementation of measures related to udder health and
milking hygiene in the milk supply chain will contribute

to the production of high-quality milk and dairy products.

Key Words: Bacteria, somatic cell count, subclinical

mastitis

GIRIS

Mastitis, sut ineklerinin meme dokularinda
gozlenen ve enfeksiyona sebebiyet verebilen bir
hastalik

bagli olarak siit veriminin azalmasi, siit kalitesinin

olarak tanmimlanmaktadir. Enfeksiyona

dismesi, tedavi ve ekstra iscilik masraflarinin
artmas1 gibi olumsuz durumlarin ortaya ¢ikmasi soz
konusu olabilmektedir. Ayrica hastalik etmeninin
patojen kaynakli olmasinin halk saghigim direkt
etkileyebilecegi  disiincesi nedeniyle de siit
hayvanciligi icin onemli bir enfeksiyon hastalig
olarak degerlendirilmektedir (1-3).

Mastitis olusumu, patojenik mikroorganizmalarin
meme dokularin1 istila ederek toksin iretmeleri
dokuda tahribata bagli  siit

ureten hucrelerin yikiminin gozlenmesi seklinde

sonucu olusan
seyretmektedir. Ayrica meme bezinin yangilanmasi
ile sut bilesiminde, laktoz seviyesinin azalmasi, iyon
konsantrasyonunun artmasi, pithtilasma ozelliklerinin
bozulmas1 ve karsilastirmali olarak somatik hiicre
sayisinin  (SHS) artmasi ve hiicre tipi dagiliminin
degismesi gibi olumsuz degisikliklere ve ozellikle
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meme bezi fonksiyonunda homeostazisinde bozukluga
neden olarak sit kalitesini olumsuz etkilemektedir
(4, 5).

Sit urunu imalati gerceklestiren isletmelerde,
Sut Kalite Standardina
Bu standartlarn

uretilen sutlerin  Ulusal
uygun olmasi istenmektedir (6).
karsilamayan ¢ig sit, siit isleme endustrisi tarafindan
kabul gormemektedir. Mastitisli slitte bakteri sayisinin
optimum sinirin lizerinde olmasi, bilesimdeki yag ve
kat1 madde oranlarinin disuk olmasi, dusuk sut kalitesi
ve siit veriminin disuikligl, siit endistrisi icin biiyik
mali kayiplar olusturmaktadir (7). Hindistan, Amerika
Birlesik Devletleri, ingiltere ve diinya genelindeki yillik
ekonomik kayiplarin sirasiyla 1,1 milyar dolar (8), 2
milyar dolar (9), 371 milyon dolar (10) ve 35 milyar
dolar (11) oldugu tahmin edilmektedir. Mastitisin,
hala diinya capinda siitcl surulerde yaygin goriilen,
st kalitesini etkileyen ciddi ekonomik kayiplara
neden olan ve insan sagligin1 da etkileyebilen 6nemli
bir enfeksiyon oldugu belirtilmektedir (12).

Cesitli
bezlerine niifuz ederek memede ¢ogalmasi ile olusan

patojenik  mikroorganizmalarin  siit

ve inflamatuvar bir hastalik olarak degerlendirilen



mastitis, (13) invazyon, enfeksiyon (kolonizasyon)
ve inflamasyon olmak Uuzere 3 evre seklinde
(14). klinik
belirtilerin mevcut olup olmama durumuna gore

gelisebilmektedir Ayrica mastitis,
de subklinik (gizli) veya klinik tip olarak kategorize
edilmektedir (15). Subklinik mastitis, sutte patojenik
mikroorganizmalarin ve genellikle yiksek sayida
somatik hicrenin varligi ile memede goézle goriliir
biylk bir lezyon veya salgisinin olmamasi, meme
bezinin iltihaplanmasi, sut Uretiminin azalmasi,
salgida bakteri bulunmasi, kompozisyon degistirmesi
ve > 500.000/mL beyaz kan hiicresi sayisi dahil olmak
Uzere siitte bazi degisikliklere neden olmaktadir
(16). Meme bezlerinin subklinik enfeksiyon durumunu
degerlendirmek icin altin standart, ardisik ¢
numuneden en az ikisinde ayn1 bakteriyel patojenin
izolasyonu ve tanimlanmasidir (17). Klinik mastitiste
gibi
ve meme bezlerinde sislik, 1s1,

ise esas olarak siitte pihti degisikliklerin
ortaya c¢ikmasi
agn ve oOdem gibi degisen derecelerde sistemik
semptomlar goriilebilmektedir (16). Klinik mastitis,
Uretici tarafindan kolayca tespit edilebilmektedir;
ancak subklinik mastitisin, gozle goruliir herhangi
bir  belirti

sutteki enflamatuvar bilesenlerin ve patojenlerin

olusturmamasi  nedeniyle sadece
olculmesiyle saptanabilmektedir (18). Genel anlamda

mastitis olusumundan sorumlu mikroorganizmalarin

cogunun bakteriyel kokenli oldugu ve baskin
ve patojenik olarak Staphylococcus aureus (S.
aureus), Streptococcus agalactiae (S. agalactia),

Corynebacterium bovis (C. bovis), Mycoplasma spp.,
Escherichia coli (E. coli) ve Streptococcus uberis’i
(S. uberis) icerdigi belirtilmektedir (19). Ozellikle
streptokoklar, inek saghig, siit kalitesi ve Uretkenligi
uzerinde onemli bir etkiye sahip olan baslica mastitis
patojenleri olarak gorilmektedir (20). S.
S. agalactiae ve Mycoplasma bovis (M. bovis) dahil
enfeksiyoz patojenlerin neden oldugu mastitisin
bulasici oldugu da ifade edilmektedir (21). E. coli,
Klebsiella pneumoniae (K. pneumoniae) ve koagiilaz

aureus,

negatif stafilokoklar gibi cevresel patojenlerin neden
oldugu meme enfeksiyonlar ise cevresel mastitis

olarak tanmimlanmaktadir (22). Mastitis cok faktorlu

etiyolojiye sahip karmasik bir hastalik olmasi
nedeniyle ortaya cikmasinda bircok risk faktoru etkili
olabilmektedir (23, 24).

Mastitise bagli

takiben sit bilesiminde meydana gelen degisimlere

meme bezinin enfeksiyonunu

ek olarak SHS de artis meydana gelmektedir.
Genel anlamda somatik hucreler sutin normal
bilesenleridir; ancak vyiksek diizeyde SHS sutiin
kalitesini, miktarim ve fiyatim etkilemektedir (25).
Bu nedenle meme sagliginin takibinde ve cig siitiin
mikrobiyal kalitesinin belirlenmesinde SHS kritik bir
oneme sahip bulunmaktadir (26, 27).

Bu arastirmanin amaci, siit sigirlarinda subklinik
mastitis tams1 konulmus meme loblarindan alinan
sut orneklerinde bakterilerin  belirlenmesi ile
kalite gostergesi olarak kullanilan SHS degerlerinin
karsilastinlmasinin saglanmasidir. Ayrica elde edilen
bulgular

kapsaminda

dogrultusunda siitlerin gida giivenligi

kullanilabilirligi de degerlendirilme

altina alinmistir.

GEREC ve YONTEM

Bu calismada 2-3 laktasyon doneminde olan Bursa
ili cevresinde bulunan, benzer hijyenik tedbirlerin
uygulandigi, 4 farkli isletmeden klinik olarak mastitis
belirtisi gostermeyen rastgele secilen toplam 280
Holstayn 1rki siit sigir ve bunlara ait 1120 meme
15.02.2014 Tarih ve
28914 Sayii Resmi Gazete’de yayinlanan “Hayvan

lobundan ornek alinmistir.

Deneyleri Etik Kurullarinin Calisma Usul ve Esaslarina
Dair Yonetmelik” ‘in 8. maddesinin k fikras1 geregi;
siit sagma, Hayvan Deneyleri Yerel Etik Kurulunun
(HAYDEK) iznine tabi olmamasi nedeniyle calismanin
yuritilmesi

amaciyla etik kurula bir basvuru

yapilmamistir.

Siit orneklerinde CMT ve SHS

Calismada yer alan siit sigirlarinda subklinik
mastitis, CMT uygulanmasinda CMT sollusyonu sit
iceriginde bulunan (Okositlerle reaksiyona girmesi
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sonucu, kansimin pihtilasma ve viskozitesine
gore, olusan reaksiyon negatif, +, ++ ve +++ olarak
okunarak (28) yiizde oran seklinde degerlendirilmeye
tabi tutulmustur.
CMT  testi

sigirlarinin - meme dokusu temizlendikten

sonrasinda pozitif bulunan sit
sonra,
%70 alkole batirlmis gazli bez ile silinmistir. Pozitif
bulunan meme loblarindan aseptik kosullarda iki
steril tipe biri SHS’da digeri ise bakteriyolojik
muayenede kullamlmak uzere toplam 20 ml sut
numunesi alinmistir.

SHS, Somacount 150 (Bentley Instruments,
Chaska, MN, ABD) ile belirlenmistir. Sut orneklerinde
saptanan SHS degeri ise dagilimlarina gore kategorik
simflandinlmisti. Bu amacla; SHS degeri diisiik
(<100.000 hiicre/mL), orta (100.000-400.000 hicre/
mL) ve yiksek (=400.000 hucre/mL) olmak Uzere ug¢
farkli derecede degerlendirilmistir.

Her bir meme lobuna uygulanan CMT ile pozitif
bulunan siit ornekleri soguk zincirde bakteriyoloji
ve ardindan derhal

laboratuvarina nakledilmis

konvansiyonel kiltirel yontem ile incelemeye

alinmis ve/veya standart bakteriyolojik besi yerinde
izole edilerek maksimum 24 saat boyunca +4°C’de
standart

muhafaza edilmistir. Bu tarama testi

prosedur uygulanarak yurutulmustur (29).
Bakteri Kkiiltiirli ve identifikasyon

Alinan sut numunelerinin her biri ilk olarak siv1
(BBL, 221196) inokiile

Tiyoglikollat besi yerine

edilerek 37°C’de 24 saat inkubasyona birakilmistir.
inkiibasyonun ardindan, bir 6ze dolusu alinarak
Kanli agar (BBL, 297876) ve EMB agar (BBL, 221355)
besiyerlerine ekimler yapilmis ve 37°C’de 24 saat
siireyle inkiibe edilmistir. Ureyen koloniler morfolojisi
ve gram boyama ozelliklerine gére degerlendirilmis
ve saf kiltirleri hazirlanmistir.  izolatlarin
identifikasyonu BBL Crystal (BectonDickinson, Sparks,
ABD) Gram pozitif ve Gram negatif ID sistem kitleri

kullanlarak gerceklestirilmistir.
BULGULAR

CMT ile taranan, 4 farkli suriiden rastgele secilen
toplam 280 siit s1girinin 58’1 (%20,7) subklinik mastitis
yonlii pozitif bulunmustur. Bu sit sigirlarindan alinan
orneklerin CMT skorlan, tek ve miks enfeksiyonlu
orneklerden izole edilen bakterilerin dagilim Tablo
1’de verilmistir. incelenen 58 siit siirna ait CMT
degerleri incelendiginde 232 meme lobunun 82’
(%35,3) negatif (N), 47’si (%20,3) +, 78’i (%33,6) ++ ve
25’i(%10,8)ise +++seklinde reaksiyon skorlanmistir. Stit
orneklerinde enfeksiyona yol acan mikroorganizmalar
arasinda E. coli, Enterococcus faecalis (E. faecalis),
S. agalactiae, S. aureus, Staphylococcus epidermidis
(S. epidermidis), S. uberis ve Staphylococcus
chromogenes (S. chromogenes) yer almaktadir. izole
edilen bakterilere ait yiizde/izolasyon oram degerleri
Tablo 1’ de verilmistir.

Tablo 1. Siit 6rneklerinden izole edilen bakteriler ve izolasyon oranlan

Bakteri izolat sayis1 (n) ve Oran (%)
E. coli 65 (26,10)
Staphylococcus aureus 53 (21,29)
Streptococcus agalactiae 50 (20,08)
Staphylococcus epidermidis 30 (12,05)
Enterococcus faecalis 21 (8,43)
Streptococcus uberis 19 (7,63)
Staphylococcus chromogenes 11 (4,42)
TOPLAM 249 (100)
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Ayrica sit  oOrneklerindeki  SHS  degerleri
incelendiginde degerlerin 50.000 ile 960.000 hiicre/
mL arasinda degiskenlik gosterdigi ve ortalama
degerin ise 333.862 hiicre/mL diizeyinde oldugu

tespit edilmistir. Analiz edilen orneklerin 21
(%36,2)’inde SHS degerinin kategorik olarak yiiksek
oldugu saptanmistir (Tablo 2).

Tablo 2. Sit orneklerinin somatik hiicre sayilarinin kategorik degerlendirilmesi

Parametre Ornek saysi

Distik (%)* Orta (%)’ Yiiksek (%)

Somatik hiicre sayis1 (hiicre/mL) 58

8 (13.8) 29 (50) 21 (36.2)

Somatik hiicre sayisi: * <100 x 103 > + 100-400 x 10° hiicre/mL, ¥ >400 x 10° hiicre/mL

TARTISMA

Mastitisin hayvan sagligini, siit kalitesini ve
sut Uretim ekonomisini olumsuz yonde etkilemesi
ve biyik mali kayiplara neden olmasi nedeniyle
mastitis, gelismis Ulkeler de dahil olmak uzere
her Ulkeyi etkileyen kiresel bir sorun olarak
degerlendirilmektedir. Bu nedenle hastaligin tespiti
buyuk bir onem arz etmektedir. Bu kapsamda
meme sagliginin takibinde ve ¢ig siitiin mikrobiyal
kalitesinin belirlenmesinde SHS degerinin bilinmesi
oldukca onem teskil etmektedir. CMT, sutteki SHS
tahmin etmek icin kullanilan pratik ve ucuz bir test
olmasinin yan1 sira elde edilen yiiksek degerler,
artan mastitis olasiligi ve siddeti ile dogru orantili
olarak iliskilendirilmektedir (30-32). Ayrica yurutulen
calismalarda CMT degerlerinde bazi farkliliklarin
olusabilecegi de goriilmektedir (33-37). Bu kapsamda
calismamizdaki CMT degerleri incelendiginde toplam
%13,4 oraninda pozitif reaksiyon olustugu tespit
edilmistir. Ulkemizde mastitisin siit sigirlarindaki
ilgili
yuritulmistir. Siyah-Alaca (33 bas) ve Esmer 1rk
(50 bas) ineklerden olusan isletme sirisunu iceren
bir calismada CMT degerleri incelendiginde ineklerin

rastlanma durumu ile onemli calismalar

herhangi bir meme lobundan bu degerin pozitif
reaksiyon verme oraninin %39,76 oldugu saptanmistir
(33). Diger bir calismada ise Diyarbakir’da subklinik
mastitis kapsaminda 300 inek ve 1200 meme lobu
arastirma altina alinmis ve CMT degerinin ineklerin

%89,18’inde ve siitlerin ise %66’sinda pozitif sonuc
verdigi ortaya konulmustur (34). Yine benzer bir
%51,77’sinin,
loplarinin ise %28.04’uUnlin CMT pozitif sonuc verdigi

calismada siit sigirlarinin meme
saptanmistir (35). Cetin ve ark. (36) tarafindan
ylritiilen diger calismada ise ortalama CMT pozitiflik
oran1 %26 olarak tespit edilmistir. Gulcu ve Ertas
(37) ise Elazig yoresinde, 1950 hayvani arastirma
altina alarak yurittukleri calismalarinda ineklerin
CMT pozitiflik oraninin %8,2 oldugunu bulmuslardir.
Calismalar arasinda farkli sonuclarin ortaya ¢ikmasi,
mastitisin cok faktorlu etiyolojiye sahip karmasik
bir hastalik olmasinin yani sira temin edilen siit
orneklerinin farkli yillara, donemlere ve lokalizasyona
ait olmasindan kaynaklandigi distiniilmektedir.
Bircok Ulkede mastitis olusumu ve neden
ilgili
ylritilmis ve elde edilen veriler dogrultusunda E.

olan patojenin belirlenmesi ile calismalar

coli, S. aureus ve S. agalactia’min mastitis sutiinde
major etken olarak aktif rol aldig1 tespit edilmistir

(38-42). Bu kapsamda yurutilen arastirmalar
incelendiginde  mastitis  vakalarinda  Gzellikle
bakteriyel patojenlerin roliiniin arastirildigi ve

elde edilen verilerin ise birbirinden oldukca farkl
oldugu goriilmektedir. Abebe ve ark. (43) tarafindan
yurutulen bir calismada test edilen mastitis pozitif
orneklerden izole edilen patojen bakterilerin
%28,1’ini Staphylococcus aureus, %21,1’ini E. coli,
%14’Unu Bacillus spp., %14’Unu Streptococcus spp.,

%12,3’UnU koaglilaz negatif stafilokoklar, %5,3’Uni
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aureus dis1 stafilokoklar, %3,5’Unu Enterobacter spp.,
%1,8’Unu Klebsiella spp., %1,8’lnlu Corynebacterium
spp. ve %1,8’linli Proteus spp. (%1,8)’in olusturdugu
rapor edilmistir. Manasa ve ark. (44) ise yuruttukleri
calismalarinda cesitli yar1 organize ozel ciftliklerden
elde ettikleri 78 klinik mastitisli slit orneginden,
E. coli’nin neden oldugu sigir klinik mastitisinin
%41 gibi yliksek bir insidans oranina sahip oldugunu
tespit etmislerdir. Benzer baska bir calismada
ise inceleme altina alinan orneklerin %41’inde S.
aureus, %17’sinde koagulaz negatif stafilokok (KNS),
%12’sinde %9,4’linde
E. coli, %8,5’inde Streptococcus spp., %6,8’inde

Enterobacter aerogenes,
Klebsiella pneumonia, %5,1’in Citrobacter spp. ve
%2,6’sinde ise Bacillus spp.’in izole edildigi ifade
(46) Etiyopya’da
mastitisli inek sitlerinin %64,3’linden, Persson ve
ark. (47) isvec’te %58’inden, Tiiriitoglu ve ark. (48)
Turkiye’de %64,76’sindan Staphylococcus spp.’in

edilmistir (45). Abera ve ark.

sorumlu oldugunu saptamislardir. Tel ve ark. (49) ise
Sanlurfa’da yuruttikleri calismalarinda CMT pozitif
181 (%72,4) inekten aldiklann 332 (%33,2) adet siit
orneginin mikrobiyolojik incelemesinde, orneklerin
84’linden (%32,5) S. aureus, 71’inden (%27,5) KNS,
23’Unden (%8,9) Streptococcus spp., 16’sindan (%6,2)
E. coli, 15’inden (%5,8) Arcanobacterium pyogenes,
(%3,4) spp., (%3,1)
Corynebacterium bovis, 7’sinden (%2,7) Micrococcus
spp., 5’inden (%1,9) Enterobacter aerogenes,
5’inden (%1,9) Candida spp., (%1,5)
Pasteurella multocida, 4’Unden (%1,5) Klebsiella

9’undan Bacillus 8’inden

4’inden

pneumoniae, 4’inden (%1,5) Citrobacter diversus
ve 3’Unden (%1,1) ise Pseudomonas auriginosa
olmak Uzere toplam 258 aerobik bakterinin tespit
edildigini belirtmislerdir. Elde edilen bu bulgular
mastitis Uzerine farkli cins ve tirden bircok
bakterinin sorumlu olabilecegini gostermektedir.

Calismamizda ise mastitisli sut  orneklerinin
%37,76’sinda Staphylococcus spp. ve %26,10° da
ise E. coli’nin hakim oldugu tespit edilmistir. Bahsi
gecen bakterilerin izolasyon oranlarinin yiiksekligi

ise, s18ir mastitislerinde onemli etkenler arasinda
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yer aldigin1 gostermektedir. Calisma sonuclar soz

konusu benzer calismalarla karsilastinldiginda
tespit edilen patojen mikroorganizma cesitlerinde
ve izolasyon oranlarinda bazi farkliliklarin oldugu
da gorilmektedir. Bu farkliliklarin mastitise neden
olan faktorlerin cesitliligine lokalizasyon ve ciftlik
biyogiivenlik tedbirlerinin uygulanisina bagl olarak
ortaya ciktigr diisiiniilmektedir.

SHS degerinin tespiti ise meme sagligi ve siit
kalitesinin gostergesi olmasi nedeniyle ozellikle
gida sektorinde uretim ve proses asamalarinda
uriin kalitesinin arttirmasi acisindan oldukca onemli
bir kriter olarak degerlendirilmektedir. Her lilkede
SHS icin yasal limit dizeyleri farklilk gosterse
de Hayvansal Gidalar icin Ozel Hijyen Kurallan
Yonetmeligi kapsaminda Ulkemizde, SHS degerinin
ayda en az 1 numune ile 3 aylik bir periyodun
400.000

hiicre/ml olmas1 gerektigi vurgulanmaktadir (6).

yuvarlanmis geometrik ortalamasinin <

Calismamizda elde edilen bulgular incelendiginde
ortalama degerin (333,862 hiicre/mL) ve orneklerin
%63,8’inin belirtilen bu limitin degerinin altinda
oldugu goriilmektedir. Ayrica c¢alismamiz  siit
icerigindeki SHS’nin belirlenmesini konu alan benzer
calismalarla karsilastirildiginda SHS ortalama degerin
Coban ve ark. (50), Kaygisiz ve Karnak (51), Patir ve
ark. (52) tarafindan yurutilmis olan calismalardaki
degerlere kiyasla daha diisiikk; Hagnestam-Nielsen
ve ark. (53), Olde-Riekerink ve ark. (54),

ve Serbetcioglu (55) tarafindan vyiritilmis olan

Temelli

calismalardaki degerlere kiyasla ise daha yiiksek
degere sahip oldugu saptanmistir.

Mastitisin siit verimini blyik olcide etkileyerek
verim kaybina ya da azalmasina neden olmasinin
yan sira sit kalitesini ve miktarnim etkiledigi ve
hayvanlarin kabul edilemez bir yasta itlaf edilmesine,
suru icerisinde kontaminasyon riski olusturmasina
bilinmektedir.  Sut
mastitisin goriilmesi, gida giivenligine direkt olarak

neden oldugu sigirlarinda
etki etmesi ile halk saghig1 iizerinde 6nemli bir role
sahip bulunmaktadir. Ayrica tim bu faktorler dikkate

alindiginda ekonomik anlamda biiyiik bir kayba yol



acabilecegi de goriilmektedir. Bu baglamda hastaligin
onlenmesi hakkinda bilgi saglamak ve ekonomik
acidan onemli olan bu hastalik icin uygun hastalik
kontrol stratejileri ortaya koymak gerekmektedir. Bu
nedenle mastitis risklerinin azaltilabilmesi amaciyla
sit kontaminasyonunun azaltilmasina ve patojen
inaktif
olanak saglayan iyi sit

mikroorganizmalarin hale getirilmesine

isleme uygulamalarinin

devreye alinmasi gerekmektedir. Kaliteli cig
sut dUretimi, toplam kaliteye etki gostermesinin
yaninda, sutlin besleyici o0zelliklerinin korunmasi

ile halk saghig1 acisindan olumlu etki saglamasi siit
desteklemelerinden bakteriyolojik yik azalmasiyla
Ureticinin desteklemelerden daha fazla pay almasina
neden olacaktir.

Cig slitte kalite parametrelerinden biri olan
SHS subklinik mastitisin tespitinde CMT ile beraber
(56).
arastirmalarda subklinik mastitis belirlenen sutteki

kullanmlan bir yontemdir Yapilan baz

yiiksek SHS degerinin 6zellikle siitiin fiziko-kimyasal

ETiK KURUL ONAYI

* Bu calisma, Etik Kurulu onay1 gerektirmemektedir.

CIKAR CATISMASI

parametrelerinde baz1 degisiklere neden oldugu
belirtilmektedir. Bunun temelinde ise bilesiminde
bulunan yag, laktoz ve kazein oranindaki azalmanin
oldugu ifade edilmektedir. Bu azalmalara bagli olarak
ise sutten peynir uretim surecindeki pihti olusum
siresinin uzamasi, duisiik piht1 sertligi, randiman
diistikliigli ortaya ¢ikmaktadir. Bu durumda 6zellikle
uriin kalitesi olumsuz olarak etkilenmektedir (57, 58)
Aynica siitte SHS artisinin siit icerisinde proteinazlarla
iliskili olarak protein dagilimini etkiledigi ve yliksek
SHS degerinin siitlerde polimorfoniikleer [6kosit
(PMN Lokosit) kaynakli yiiksek lipoliz ile sutiin
yag bilesimini olumsuz etkileyerek bircok siit
driniiniin kalitesinde istenmeyen durumlara neden
olabilecegi de bilinmektedir (59, 60). Bu nedenle
ciftlikten sofraya gida giivenligi sloganm ile sigir
sutu Uretiminde tum proses asamalarinin takip
edilerek izlenebilirliginin saglanmasinin mikrobiyal
kontaminasyonlarin azaltilmasinda onemli etkiler

yaratacagi disiiniilmektedir.

Yazarlar bu makale ile ilgili herhangi bir ¢ikar catismasi bildirmemislerdir.
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Ciftlik hayvanlarindan izole edilen Acinetobacter spp.
izolatlarinin antibiyotik duyarliliklar

Elcin GUNAYDIN'

, Giilsen GONCAGUL?

, Pinar MURSALOGLU KAYNAR:? (1D),

Ozlem KARDOGAN*

OZET

Amag: Acinetobacter cinsi Gram-negatif kokobasil
grubuna ait dogada yaygin olarak bulunan, heterojen
bir organizma grubudur. Bu bakteriler insan ve hayvan
kaynakli olarak izole edilmektedir. Antimikrobiyal
ajanlar hem insanlarda hem de hayvanlarda bulasici
hastaliklarin tedavisinde hayati bir rol oynamaktadir.
Acinetobacter cinsi antibiyotik direncli bakteriler
olarak insan ve hayvan sagligi icin giderek artan
bir endise kaynagidir. Bu calismanin amaci, farkli
hayvanlarin reprodiiktif organlardan Acinetobacter
cinsine ait bakterilerin ve bu bakterilerin antimikrobiyal

duyarliliklarinin saptanmasidir.

Yontem: Calismamizda, Bursailinde bulunan atlardan
(kisrak) 247 uterus swapi, Nevsehir ile Bursa illerindeki 56
diive (s181r) ve 32 inekten vajinal swap ormegi alinmstir.
Bakteriyolojik inceleme icin Fluid Thioglycollate Medium
(BBL; 221196) icerisine alinan ornekler, 37 °C’de 24 saat
inkiibe edilmistir. inkiibasyon bitiminden sonra EMB agar
(Eosin Methylen-Blue Laktoz-Sakaroz, BBL; 221355) ve
Kanli Agar (BBL; 297876) besiyerinde izolasyon calismasi

ABSTRACT

Objective: The genus Acinetobacter is a
heterogeneous group of organisms belonging to the
Gram-negative coccobacillus group, widely found in
nature. These bacteria are isolated from human and
animal sources. Antimicrobial agents play a vital role
in the treatment of infectious diseases in both humans
and animals. Acinetobacter genus antibiotic resistant
bacteria are of increasing concern for human and animal
health. The aim of this study was to identify bacteria
belonging to the genus Acinetobacter from reproductive
organs of different animals and their antimicrobial
susceptibility.

Methods: Our study material consisted of 247
uterine swabs from horses (mare), 56 heifers (cattle),
and 32 vaginal swabs from cows in different regions.
In  bacteriological
incubated in Fluid Thioglycollate Medium (BBL; 221196)

at 37 °C for 24 hours. After incubation, isolation studies

examination, the samples were

were carried out on EMB agar (Eosin Methylen-Blue
Lactose-Saccharose, BBL; 221355) and Blood Agar (BBL;
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gerceklestirilmistir. Bakteriyel izolasyon calismalan
sonucunda elde edilen saf kdiltirlerin tanimlanmasi,
BBL kristal (Becton-Dickinson, Sparks, USA) Gram
pozitif ve Gram negatif ID sistem kitleri ile bilgisayar
programi kullanilarak gerceklestirilmistir. Tanimlanan
Acinetobacter spp. izolatlarinin disk diflizyon yontemi

ile farkl antibiyotiklere kars1 duyarliliklar incelenmistir.

Bulgular: Atlardan alinan 247 uterus swapindan
ve 56 dive vajinal swapindan en fazla izole edilen
Acinetobacter lwoffii (sirasiyla, n = 4 ve n=3), 32
inekten alinan vajinal swap orneginden ise en fazla
Acinetobacter johnsonii (n=3) elde edilmistir. Tum
orneklerden Acinetobacter Iwoffii izole edilmistir.
Atlardan izole edilen Acinetobacter [woffii’ye karsi
disk difiizyon yontemi ile test edilen antibiyotiklerden
amikasin, doksisiklinin ve ampisilin/sulbaktama %100
etkili oldugu bulunmustur. Aym etkenin izole edildigi
divelerde ise bu antimikrobiyal ajanlara ilave olarak
netilmisin ve gentamisine karst %100 duyarlilik tespit
edilmistir. ineklerden izole edilen Acinetobacter
Iwoffii’ye uygulanan antimikrobiyal duyarlilik testinde ise
diivelerde %100 duyarlilik gosteren antimikrobiyallerden

baska ofloksasine de %100 duyarliik saptanmistir.

Sonug: Acinetobacter spp., insan ile hayvanlar
arasindaki bulasmanin yakin zamanda kanitlanmasi
nedeniyle ciddi bir halk saglig1 sorununu temsil edebilir.
Bu nedenle hayvancilik ortamindaki antibiyotik duyarli
Acinetobacter cinsi bakteriler hakkindaki bilgileri
genisletilmesi daha sonra yapilacak calismalara kaynak

olusturacagr kanaatindeyiz.

Anahtar Kelimeler: Acinetobacter, inek, at, diive,

antibiyotik duyarliligi

297876). ldentification of pure cultures obtained as a
result of bacterial isolation studies was performed
using BBL crystal (Becton-Dickinson, Sparks, USA)
Gram positive and Gram negative ID system kits and
computer program. The susceptibility of the identified
Acinetobacter spp. isolates to different antibiotics was

investigated by disc diffusion method.

Results: Acinetobacter [woffii was isolated from
247 uterine swabs from horses and 56 vaginal swabs from
heifers (respectively, n = 4 and n=3), while Acinetobacter
johnsonii was determined from 32 vaginal swabs from
cows (n = 3). Acinetobacter [woffii was isolated from
all samples. Acinetobacter [woffii which was isolated
most frequently in horses. Among the antibiotics tested
by disc diffusion method, amikacin, doxycycline and
ampisilin/sulbaktama were found to be 100% effective
against. In addition to these two antimicrobial agents,
100% susceptibility was detected against netilmicin
and gentamicin in heifers where the same agent
was isolated. In the antimicrobial susceptibility test
applied to Acinetobacter [woffii isolated in cows, 100%
susceptibility was found to ofloxacin in addition to the

antimicrobials showing 100% susceptibility in heifers.

Conclusion: Acinetobacter spp. may also represent a
serious public health problem due to recent evidence of
transmission between human and animal. Therefore, we
believe that expanding the knowledge about antibiotic-
resistant Acinetobacter in the livestock environment

will be a resource for future studies.

Key Words: Acinetobacter, cow, horse, heifer,

antibiotic susceptibility

GIRIS

Acinetobacter spp. toprakta, tatli su, okyanus

kirliligi ile insan ve hayvanlarda enfeksiyonlara
neden olabilmektedir. Bu bakterilerin hemen
hemen her yilizeye kolonize olabilmeleri ve farkli

ve kontamine alanlar gibi cok farkli ortamlarda antibiyotiklere diren¢ kazanabilmeleri, onlar diger
bulunmas1 nedeniyle oldukca yaygindir (1). Dogal bulasici bakterilerden ayirmaktadir. Acinetobacter
yasam alanlarinda yayginligi nedeniyle gida ve su spp. farkli hayvanlardan izole edilen, bazen de
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olumcul enfeksiyonlara neden olmasiyla hayvan
yetistiriciligi acisindan da onemlidir (2). Diinya
genelinde Acinetobacter’inde icinde yer aldig

coklu ilaca direncli (MDR) bakterilerin neden oldugu
enfeksiyonlarin artmasi ile tedavi zorluklarn ortaya
cikmaktadir (3). Hayvancilik ortamlari, MDR gelisimi,
iletimi ve yayginligi icin onemli noktalardir. MDR
ve antibiyotik direnc genleri hayvan atiklarinda,
iliskili
ortamlarda, tarimsal alanlarda, atmosferde ve gida

atik yonetim sistemlerinde ve ciftlikle
zincirinde yaygin olarak tespit edilmektedir (4, 5).
Bu durum “Tek Saglik” kavrami altinda, halk saglig
Halk
saglig1 tehditlerini en aza indirmek icin onemli bir

icin ongorulemeyen riskler olusturmaktadir.

bakteri olan Acinetobacter’in rutin olarak tespit
edilmesini Onermektedir (6). Hayvan bagirsaklari,
antibiyotik direncli Acinetobacter’in yasam alanlan
ve cevresel kaynaklandir (7). Ciftlik hayvanlarinda
reproduktif organlardaki konformasyon bozukluklar
ozellikle bagirsaklarda yasayan mikroorganizmalarin
tireme kanali icerisine girisine olanak sagladig
bildirilmekte ve ozellikle ciftlik hayvanlarinda
ireme sisteminin enfeksiyonlarimin dogru tedavi
edilmediginde infertiliteye yol acabilmekte, boylece
yetistiricilik acisindan hala onemli bir ekonomik
sorun yaratmaktadir (8-10). insanlarda infertilite
vakalarindaendometriyumundanizole edilmisetkenler
arasinda Acinetobacter spp. varlig1 bildirilmistir
(11). Ozellikle ciftlik hayvanlarimin yasam alanlari
ve cevresel kaynakli Acinetobacter spp. varliginin
treme kanali icerisinde diger bakterilerle birlikte
bulunmast ve dogal savunma mekanizmalarinin
olumsuz etkilenmesi ile bakteriler enfeksiyon riskini
arttirdig1 bildirilmektedir (12). Attili ve ark. (13),
farkli hayvan tiirlerinde yaptig1 calismada, atlarda
Acinetobacter spp.’nin en fazla izolasyonunun genital
ve iriner sistemden (%48) yapildigini bildirmislerdir.
Cek Cumhuriyeti’nde evcil hayvanlarda Acinetobacter
turlerin arastinlmas1 Uzerine yapilan calismada,
urogenital sistemden A. calcoaceticus, A. Iwoffii, A.
radioresistens’in %0,29, A. pittii’nin %0,87 oraninda

izole edildigi vurgulanmistir (14). Nemec ve ark. (15)

ilk olarak A. pseudolwoffii suslarinin izolasyonunu

ruminantlarda, atlarda, kobaylarda, insanlarda

ve rektal sirlintilerde ve cevresel orneklerde
Diger vyapilan calismalarda;

A. Iwoffii olarak tanimlanan organizmalarin insan,

gerceklestirmislerdir.

hayvan veya cevre orneklerinden yaygin olarak

bulundugu rapor edilmis ve insanlarda firsatci
enfeksiyonlarla da iliskilendirilmistir (16). Bu nedenle
diinyada halk sagligi acisindan hayvanlarla ayrilmaz
bir yasami olmasi nedeniyle onemli bir bakteri olarak
tanimlanan Acinetobacter spp.’lerin saptanmasi ve
etkili tedavinin gerceklestirilmesi onerilmektedir (6).
Bununla birlikte Acinetobacter spp.’lerin antibiyotik
duyarliik profillerinin belirlenmesi de onemlidir.
Diinyada bircok iilkede saglikli kisraklardan izole
edilen Enterobacterales, Pseudomonas spp. ve
Acinetobacter spp. gibi bakteriler antimikrobiyal
direnc veya coklu ilac direnci gostermektedir
(17). Ozellikle Acinetobacter tirlerindeki direnc
artis1 ve insan hekimliginde de coklu ilaca direncli
suslarin ortaya cikmasiyla endise verici bir hal
aldig1 bildirilmektedir (18). Coklu

Acinetobacter izolatlarinin insan ve cesitli hayvan

ilac direncli

tirlerinde farkli sistemler uzerinde enfeksiyonlan
rapor edilmektedir. insan ve hayvanlarda yol acacag
enfeksiyonlarin tedavi suireclerini olumsuz etkilemesi
nedeniyle antimikrobiyal direncliligi tehdit olarak
goriilmektedir. Ozellikle yayilma olasiliklar, tedavi

seceneklerinin  sinirll olmast  nedeniyle endise
yaratmaktadir (19).
Bu calismada, farkli hayvanlarin reproduktif

organlarindan Acinetobacter cinsine ait bakteri
tirlerinin belirlenmesi ve elde edilen izolatlarin
antimikrobiyal ajanlara duyarliigimin tanimlanmasi
amaclanmistir.

GEREC ve YONTEM
Deney hayvanlar kullaniminin etik kurulu ve diger
etik kurul kararlar1 ve izinleri, 15.02.2014 Tarih ve

28914 Sayii Resmi Gazete’de yayinlanan “Hayvan
Deneyleri Etik Kurullarinin Calisma Usul ve Esaslarina
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Dair Yonetmelik”in 8. maddesinin k) fikras1 geregi;
diski veya altlik toplama 6rnegi, sirintii ile 6rnek
alma, Hayvan Deneyleri Yerel Etik Kurulunun (HAYDEK)
iznine tabi degildir. Bu calisma, 2022-2023 yillan
arasinda Bursa ilinde bulunan atlardan (kisrak) 247
uterus swapi, Nevsehir ile Bursa illerindeki 56 dive
(s181r) ve 32 inekten vajinal swap olmak lizere toplam
335 numune alinarak calisilmistir. Alinan suruntu
ornekleri, Fluid Thioglycollate Medium (BBL; 221196)
icerisinde ve soguk zincir sartlar altinda laboratuvara
Fluid
icerisinde

ulastinlmistir.  Bakteriyolojik incelemede,
(BBL; 221196)

bulunan ornekler, 37°C’de 24 saat inkube edilmistir.

Thioglycollate Medium

inkiibasyon bitiminden sonra EMB agar (Eosin Methylen-
Blue Laktoz-Sakaroz, BBL; 221355) ve Kanli Agar
(BBL; 297876) besiyerlerinde izolasyonu yapilmistir.
Genel bakteriyolojik incelemeler icin besiyerleri
aerobik kosullarda, 37°C’de 24 saat inkiibe edilmistir.
inkiibbasyon bitiminden sonra gelisen kolonileri,
koloni morfolojisi ve Gram boyama ozelliklerine gore
degerlendirilmistir. Bakteriyel izolasyon calismalan
sonucunda elde edilen saf kulturlerin tanimlanmasi,
BBL Kristal (Becton-Dickinson, Sparks, USA) Gram
pozitif ve Gram negatif ID sistem kitleri ile bilgisayar
programi kullanilarak gerceklestirilmistir.

izolatlarin antibiyotik duyarhiliklarinin saptanmasi

Saf kulturlerin  antimikrobiyal duyarliliklan,

Mueller Hinton Agar besiyeri kullanlarak, Kirby
Bauer Disk Difuizyon yontemiyle test edilmistir (20).
Antibiyogramda imipenem (10 pg), meropenem (10
pg), tobramisin (10 pg), netilmisin (30 pg), ofloksasin
(5 pg), amikasin (30 pg), doksisiklin (30 pg), ampisilin/
sulbaktam (20 pg), gentamisin (10 pg), seftazidim

(30 pg), ko-trimoksazol (25 pg) ve piperasilin (100
pg) antibiyotik diskleri kullanlarak duyarliliklan
test edilmistir. izolatlardan steril %9’luk fizyolojik
tuzlu su (FTS) icerisinde 0,5 McFarland standardinda
bakteri suspansiyonu hazirlanmistir. Steril pamuklu
ekiivyon cubugu, bu soliisyon icerisine daldirnlarak
Miller-Hinton Agar besiyeri lizerine ekimi yapilmistir.
Antibiyotik diskleri agar yuzeyine yerlestirilmis ve
37°C’de 24 saat inkubasyona birakildiktan sonra zon
caplar1 CLSI rehberine gore degerlendirilmistir (21).
Netilmisin ve ofloksasin duyarliigim degerlendirmek
icin P aeruginosa’ya iliskin referans degerleri
kullamlmstar. Ortamin ve disklerin kalitesi,
Escherichia coli (ATCC 25922), P. aeruginosa (ATCC
aureus (ATCC 25923)

referans suslar ile dogrulanmistir. Calismamizda elde

27853) ve Staphylococcus

edilen sonuglarin degerlendirilmesinde, 6rneklerden
izole edilen Acinetobacter bakteri tur sayilan (n) ve
bu bakterilerin antibiyotik duyarlilik oranlarim yuzde
(%) olarak ifade edilmistir.

BULGULAR

Calismamizda, herhangi bir tedavi surecinde
olmayan atlardan alinan 247 uterus swap orneginin
dordiinde A. [woffii (%1,62), Uclinde A. johnsonii
(%1,21), birer adet de A.

pittii (%0,4); 56 diiveden alinan vajinal swap 6rneginin

calcoaceticus (%0,4), A.

ucunde A. Iwoffii (%5,36), ikisinde A. calcoaceticus
(%3,57) ve 32 inekten alinan vajinal swap érneginde
ise ikisinde A. Iwoffii (%6,25), lclinde A. johnsonii
(%9,38) izole edilmistir. Ciftlik hayvan orneklerinden
izole edilen Acinetobacter bakteri tirlerinin sayisi
(n) ile % oran degerleri Tablo 1’de verilmistir.

Tablo 1. Ciftlik hayvanlarindan izole edilen Acinetobacter bakteri tiirlerinin sayisi ve % oran degerleri

Acinetobacter Bakteri At (Kisrak) (n=247) Sigir (Diive) (n=56) inek (n=32)
Tirlintin Adi n % n % n %

A. lwoffii 4 1,62 3 5,36 2 6,25

A. johnsonii 3 1,21 3 9,38

A. calcoaceticus 1 0,4 2 3,57

A. pittii 1 0,4

n: say1, -: izole edilmedi

Turk Hij Den Biyol Derg



Acinetobacter spp.’lerin test edilen imipenem
(10 pg), meropenem (10 pg), tobramisin (10 pg),
netilmisin (30 pg), ofloksasin (5 pg), amikasin (30
pg), doksisiklin (30 pg), ampisilin/sulbaktam (20 pg),
gentamisin (10 pg), seftazidim (30 pg), ko-trimoksazol
(25 pg) ve piperasilin (100 pg) antibiyotiklerine karsi
duyarliliklarinin disk difuzyon yontemi ile belirlen zon
caplarinin (mm) CLSI (21) rehberinin duyarli (S) ve
direncli (R) simir degerlerine gore degerlendirilmistir.
Ciftlik hayvanlarindan elde edilen Acinetobacter spp.
izolatlarinin antibiyotik duyarlibiklarinin ylizde (%)
dagilimlan da Tablo 2’de sunulmustur.

Calismamizda, at orneklerinde en fazla izole
edilen A. lwoffii’ye
amikasin, doksisiklin ve ampisilin/sulbaktama karsi

kars1  antibiyotiklerden

%100 duyarlilik bulunmustur. Duve orneklerinden
izole edilen aym etkenin ise bu antimikrobiyal
ajanlara ilave olarak netilmisin ve gentamisine
kars1 %100 duyarliliklan tespit edilmistir. ineklerden
Iwoffii’de

alinan orneklerden izole edilen A.

Tablo 2. Ciftlik hayvanlarindan elde edilen Acinetobacter spp.

ise duve orneklerinde %100 duyarlilk gosteren
antimikrobiyallerden baska ofloksasine karsi %100
duyarlilk saptanmistir. At ve diive orneklerindeki
A. johnsonii bakterinin ise imipenem, meropenem,
doksisiklin,

ampisilin/sulbaktam, gentamisin ve ko-trimoksazole

tobramisin,  ofloksasin, amikasin,
kars1 %100 duyarliliklar belirlenmistir. Ayrica duve
orneklerinden izole edilen A. johnsonii bakterisinin
netilmisin ve piperasiline karst %100 duyarliig
gorulmistur (Tablo 2). At ve diuve orneklerinden
izole edilen A. calcoaceticus bakterisinin sadece
seftazidime kars1 duyarliigi tespit edilmezken diger
antibiyotiklere kars1 duyarliiklar1 gorulmustir. At

orneklerinden izole edilen A. pittii’nin imipenem,

meropenem, tobramisin, netilmisin, ofloksasin,
amikasin,  doksisiklin, ampisilin/sulbaktam ve
gentamisin  antibiyotiklerine karst duyarliliginin

(%100) oldugu goriiliirken seftazidim, ko-trimoksazol
ve piperasiline karst duyarliiginin bulunmadig1 (%0)
saptanmistir.

izolatlarinin antibiyotik duyarliliklar (%)

A. Iwoffi A. johnsonii A. calcoaceticus  A. pittii
Antibiyotik At Diive ek At ek At Diive At
(Kisrak) (Si1gr) (Kisrak) (Kisrak) (Sigir) (Kisrak)
imipenem 75 66,7 50 100 100 100 100 100
Meropenem 75 66,7 50 100 100 100 100 100
Tobramisin 75 66,7 50 100 100 100 50 100
Netilmisin 75 100 100 100 66,7 100 100 100
Ofloksasin 50 66,7 100 66,7 66,7 100 100 100
Amikasin 100 100 100 100 100 100 50 100
Doksisiklin 100 100 100 100 100 100 100 100
Ampisilin/sulbaktam 100 100 100 100 100 100 100 100
Gentamisin 75 100 100 100 100 100 100 100
Seftazidim 75 66,7 50 66,7 66,7 0 0 0
Ko-trimoksazol 75 66,7 50 66,7 66,7 100 100 0
Piperasilin 75 66,7 50 100 100 100 100 0
Turk Hij Den Biyol Derg
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TARTISMA

Glnumiizde hayvanlarin lGreme ortamlarinin,
dogrudan ve dolayli temas yoluyla diger hayvanlara
ve insanlara yayilabilen farkli mikroorganizmalarin
kaynagi oldugu kabul edilmektedir (19). Enfeksiyon
ajanlarimin insanlardan hayvanlara veya hayvanlardan
insanlara yayilma olasiiginin engellenmesi icin hizli ve
dogru bir sekilde suslarin tanimlanmasi ile etkili bir
tedavinin gerceklesmesi gerektirmektedir (22). Yapilan
farkli calismalarda; endise verici diizeyde, coklu ilac
direncliligi oranina sahip Acinetobacter spp.’lerin
insan disinda hayvanlar arasinda da yaygin bir patojen
oldugunu gostermektedir (22, 23). Calismamizda,
farkli hayvan turlerinin Urogenital sisteminden izole
edilen Acinetobacter spp.’lerde coklu ilac direnci
gozlenmemistir. Son vyillarda hayvanlarda yapilan
calismalar; hastanelerde veya klinik ortamlardan
edinilen A. baumannii’nin kopeklerde, kedilerde,
atlarda ve diger hayvanlarda enfeksiyonlara neden
oldugunu gostermistir (24-28). Calismamizda, A.
baumannii izole edilememistir. Yapilan calismalarda
A. baumannii’nin yam sira A. radyoresistens, A.
johnsonii, A. Iwoffii, A. ursingii, A. guillouiae, A.
beijerinckii, A. towneri ve A. gandensis dahil olmak
lizere diger tiirler hayvanlardan izole edilmistir (25-
27). Calismamizda; A. johnsonii ve A. Iwoffii en
fazla izole edilen ajanlar olmustur. Ayrica yapilan bu
calismalardan farkliolarak A. calcoaceticusve A. pittii
izolasyonu gerceklesmistir. Calismamizda izole edilen
A. calcoaceticus ile ilgili olarak ozellikle yapilan farkl
calismalarda hastanede yatan refakatci hayvanlarda
ve atlarda coklu ilaca direncli A. calcoaceticus-A.
baumannii (ACB) kompleks suslarinin veteriner ve
halk saghigi icin bir tehdit olarak ortaya ¢ikabilecegine
dair endiselerin artmakta oldugu vurgulanmistir (22,
28, 29). Singh ve ark. (30) yaptiklann calismada da
bes vakadan izole edilen A. calcoaceticus-baumannii
kompleks suslanmin iki vakada tek bir bakteri
olarak izole edildigi ve Gzellikle insanlarda hastane
enfeksiyonlarinin bir nedeni olarak kabul edilen bu
bakterinin hayvanlarda olim veya septisemi nedeni
olarak nadiren rapor edilmesi ve veteriner hekimlik
alaninda ihmal edilen patojenlerden biri olarak
kabul edilmesi nedeniyle endise verici oldugunu
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bildirmislerdir. Bizim calismamizda da at ve dive
orneklerinde sirasiyla A. calcoaceticus etkenini
%0,40 ve %3,57 oraninda Urogenital sistemde izole
edilmistir. Acinetobacter izolatlarinin %88,89’unda
MDR ve %33,33’Unde karbapenem direncli (KR)
bulundugu bildirilmis ve calismanin yapildig1 bolgede
su kutlelerinde bulunan Acinetobacter izolatlarinda
bildirilen MDR ve KR olusumunun oldukca yuksek
oldugunun vurgulanmasi bulas kaynagin1 gostermistir
(7). Bizim calismamz gibi bolgesel Acinetobacter
spp. yiksek ilac direnci seviyeleri, bolgedeki hayvan
sagliginin tedavi sireci ile korunmasi icin kaynak
teskil edecegi ongoriilmektedir. Ayrica Al Atrouni ve
ark. (7), none-ACB komplekse ait izolatlar arasinda, A.
lwoffii (%18,75), A. johnsonii (%12,25), A. courvalinii
(%12,25), A. bereziniae (%6,25)’yi ortam, hayvan,
insan ve gida dahil olmak uzere farkli ekosistemlerde
izole ettiklerini bildirmislerdir Calismamizda da
dominant izolat olarak benzer etkenlerin izole edildigi
gorulmustur. Crippen ve ark. (31) farkli yetistirme
ortamlarindaki ineklerden yaptiklarnn calismada,
Acinetobacter spp.’nin en baskin bakteri (%16,42)
oldugunu tespit ettiklerini bildirmislerdir. Ayrica A.
Iwoffii uclincl (%2,86) ve A. pseudolwoffii besinci
sirada en siklikla (%2,79) izole edildigi de rapor
edilmistir. ineklerde yapilan diger bir calismada da
ozellikle Acinetobacter spp.’nin dogada ve vajinal
mukozada yogun bulundugu; bunun yaninda antibiyotik
direncli A. calcoaceticus suslarimin kontamine boga
spermasi ile in vitro fertilizasyon sistemine dahil
oldugu da bilinmektedir (32, 33). Bizim calismamizda
da yer alan hayvan gruplarindan en fazla izole edilen
A. Iwoffii etkeninin ineklerde abortusa da neden
oldugu ve fertilizasyon acgisindan degerlendirilmesi
gerekliligini ortaya koymaktadir. Ayn1 zamanda in vitro
fertilizasyon uygulamalarinda biyogiivenligin onemini
de ortaya koymaktadir. Cin’de, subklinik mastitisli
sigir siitiinden izole edilen A. (woffii suslarina
antimikrobiyal duyarlilik ve direnc profilini tammlamak
uzere yapilan calismada; spesifik olarak 23 antibiyotik
arasinda suslarin doksisiklin, eritromisin polimiksin,
klindamisin, imipenem ve meropenem dahil olmak
lzere alti1 antibiyotige tamamen duyarli bulunurken
(34); calismamizda da doksisiline kars1 tam duyarliik
belirlenmis; imipenem ve meropenem’e karsi daha



dusuk duyarlibik tespit edilmistir. A. (woffii icin ilac
direnci paternindeki farklilik ise farkli bolgelerde farkli
ilaclarin kullanilmasindan kaynaklanmistir. Bu durum
da takip calismalarinin onemini ortaya koymaktadir.
Ciftlik ortaminda Acinetobacter spp. yayginlig1 “Tek
Saglik” yoniiyle degerlendirildiginde de Acinetobacter
izolatlannin  siit icin  antibiyotik direncliliginin
stirmesinde rol oynayabilecegini diistindiirmiistdir.
Sonuc¢ olarak, bu calisma ciftlik hayvanlarinda
Acinetobacter spp.’lerin Urogenital sitem

ETiIK KURUL ONAYI

* Bu calisma, Etik Kurulu onay1 gerektirmemektedir.

CIKAR CATISMASI

icerisinde yayginligi ve antibiyotik duyarliigina
sahip Acinetobacter’lerin kayda deger yayginligi
rapor edilmistir. Antibiyotik direnc gen transferinin
arastirilmas1 ve mevcut antibiyotik direnc kriziyle
micadele etmek icin ozellikle ciftlik hayvanlarinda
Acinetobacter spp.’ler Uzerine yenilik¢i cozumler
gelistirmek amaciyla yeni arastirmalann yapilmasinin

“Tek Saglik” kavram ve halk sagligi risklerinin
degerlendirilmesi acisindan onemli olacagi
gorusundeyiz.

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

Objective: Ever since Covid-19 outbreak in Wuhan,
China, medical scientists actively strive to contribute in
the diagnosis and management of the disease. For this
purpose, many markers have been studied so far for the
follow-up and prognosis of the disease, apart from these
routine tests, the number of targeted and untargeted
metabolomic studies have been growing gradually. Organic
acids are the intermediate products in various metabolic
pathways. Abnormal urinary organic acids can be present
in amino acid and carbohydrate metabolism disorders,
mitochondrial fatty acid beta oxidation disorders, and
some mitochondrial oxidative phosphorylation defects.
The aim of this study is to evaluate the organic acids
detected in the urine due to the metabolic processes
that may be affected by hypoxia in Covid-19 patients who
develop clinically mild, moderate and severe pneumonia,
to determine their relationship with the disease severity

and to compare the results with the control group.

Methods: A total of 120 patients with the clinical

spectrum of SARS-CoV-2 infection as mild, moderate and

OZET

Amag: Covid-19 salginindan bu yana, tip bilim
adamlan aktif olarak hastaligin teshisine ve tedavisine
katkida

bugiine kadar hastaligin takibi ve prognozu igin

bulunmaya calismaktadirlar. Bu amagla
bircok belirtec calisilmistir. Rutin testlerin disinda
hedefli ve hedefsiz metabolomik calismalarin sayisi
giderek artmaktadir. Organik asitler, cesitli metabolik
yollardaki ara urlinlerdir. Anormal Uriner organik asit
diizeylerine, amino asit ve karbonhidrat metabolizmasi
bozukluklarinda, mitokondriyal yag asidi beta
oksidasyon bozukluklarinda ve bazi mitokondriyal
oksidatif fosforilasyon kusurlarinda rastlanabilir. Bu
calismanin amaci, klinik olarak hafif, orta ve siddetli
pnomoni gelisen Covid-19 hastalarinda hipoksiden
etkilenebilecek metabolik siirecler nedeniyle idrarda
saptanan organik asit dizeylerini degerlendirmek,
hastalik siddeti ile iliskisini belirlemek ve sonuclan

kontrol grubu ile karsilastirmaktir.

Yontem: Bu calismaya SARS-CoV-2 enfeksiyonunun
klinik spektrumu Diinya Saglik Orgiitii Covid-19 hastalik
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severe according to the WHO Covid-19 disease severity
classification were included in the present study. First
morning urine samples taken inpatient setting were
aliquoted and frozen immediately until the analysis
day. Urine organic acid levels were measured using Gas

chromatography-mass spectrometry.

Results:  Among 104 organic acids, pyruvic
acid, lactic acid, 2-hydroxybutyric acid levels were
significantly higher in the severe disease group
(p=0.006, p<0.001, p<0.001, respectively), citric acid
and homovanilic acid (HVA) levels were significantly
lower in all disease groups (p<0.001), a-ketoglutaric
acid, vanillylmandelic acid and succinic acid levels
were significantly lower in the severe and moderate
disease group (p<0.001), B-hydroxybutyric acid was
significantly higher in the severe and moderate disease
group p(<0.001), oxalic acid was significantly higher in
the moderate disease group compared to the control
group (p=0.041). The binary logistic regression model
included, a-ketoglutaric acid, succinic acid, and HVA. It

was statistically significant with x* = 98.680; p < 0.001.

Conclusion: a-ketoglutaric acid, succinic acid and
HVA were independent predictors of the disease severity,
measurement of these spesific metabolites might
facilitate the developments of novel therapies and may
improve responses to currently available therapies with

the ease of prognosis prediction of Covid-19.

Key Words: Covid-19, severity, organic acids, urine,
GC-MS

siddeti simiflandirmasina gore hafif, orta ve siddetli
olarak kabul edilen toplam 120 hasta dahil edildi. Yatan
hastalardan alinan sabah ilk idrar ornekleri alikotlara
ayrild ve analiz giiniine kadar donduruldu. idrar organik
asit seviyeleri, Gaz kromatografisi-kiitle spektrometresi

kullanilarak olculdi.

Bulgular: 104 organik asit arasinda piruvik asit,
laktik asit, 2-hidroksibiitirik asit diizeyleri agir hastalik
grubunda anlamli olarak yiiksekti, (sirasiyla p=0,006,
p<0,001, p<0,001),

(HVA) duzeyleri ise tum hastalik gruplarinda anlamli

sitrik asit ve homovanilik asit

olarak daha disukti (p<0.001), a-ketoglutarik asit,
vanililmandelik asit ve siiksinik asit seviyeleri, siddetli ve
orta hastalik grubunda anlamli olarak diisuktii(p<0.001),
B-hidroksibutirik asit, siddetli ve orta hastalik grubunda
anlamli olarak daha yiiksekti p(<0,001), oksalik asit
orta hastalik grubunda kontrol grubuna gore anlamli
olarak yiiksekti (p=0,041). Ikili lojistik regresyon modeli,
a-ketoglutarik asit, siiksinik asit ve HVA’y1 iceriyordu. x?
= 98.680 ile istatistiksel olarak anlamliydi; p < 0.001.

Sonug: a-ketoglutarik asit, siksinik asit ve HVA,
hastalik siddetinin bagimsiz belirtecleri olarak bulundu.
Bu spesifik metabolitlerin olcimi, yeni tedavilerin
gelistirilmesini kolaylastirabilir ve Covid-19’un prognoz
tahminini kolaylastirarak mevcut tedavilere verilen

yanitlan iyilestirebilir.

Anahtar Kelimeler:

asitler, idrar, GC-MS

Covid-19, siddet, organik

INTRODUCTION

Coronavirus disease 2019 (Covid-19) is an ongoing
worldwide pandemic, affecting 767 million people
and causing death of more than 6.9 million people to
date (1). The major clinical signs are fever, cough and
fatigue, and also lymphopenia, pneumonia, multi-
organ failure and death can be seen in severe and
uncontrolled cases. Although most of the cases are
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mild, hypoxia plays an important role in the formation
of undesirable clinical results particularly in severe
cases.During hypoxia, along with the physiological
changes for returningoxygen level to normal, there
are also changes at the molecular level such as the
induction of Hypoxia-inducible factor 1-a (HIF 1-a).
HIF 1-a is the main regulatory molecule of oxygen
homeostasis in mammals and has crucial roles on
metabolism during hypoxic conditions. HIF 1-a acts as



a factor to increase the transcription and translation
of most glycolytic enzymes and Glucose transporter
1(GLUT1) and Glucose transporter 3(GLUT3) to
overcome the energy shortagedue to disruption of
the oxidative phosphorylation as the main source
of ATP production. Asanaerobic glycolysis increases,
pyruvate is converted to lactate in order to maintain
NAD+/NADH equilibrium. Other a-keto-acid oxidases,
such as malate dehydrogenase, also help to replace
the cytosolic NAD+pool in a hypoxic environment. HIF
1-a also affects metabolic processes such as fatty acid
synthesis, sterol synthesis, triglyceride synthesis and
B-oxidationof fatty acids in lipid metabolism (2, 3)
Organic acids are water-soluble compounds that
do not contain amino groups and contain one or
more carboxyl groups as well as functional groups.
In our body, they appear as intermediate products in
various metabolic pathways. More than 500 organic
acids have been identified in the urine, and although
these can be seen in the urine of clinically normal
individuals; a single organic acid or combinations of
organic acids might increase when several metabolic
pathways are blocked. Abnormal urinary organic
acids can be present in amino acid and carbohydrate
metabolism disorders, mitochondrial fatty acid beta
oxidation disorders, and some mitochondrial oxidative
phosphorylation defects. Besides, urinary organic
acid levels may increase in sterol, neurotransmitter,
vitamin, purine and purimidine metabolism disorders
(4). Along with genetic and metabolic diseases, it has
been reported that organic acid levels in the urine
are increased in certain pathological conditions such
as ketosis associated with renal dysfunction types (5).
Ever since Covid-19 outbreak in Wuhan, China,
medical scientists actively strive to contribute in
the diagnosis and management of the disease. For
this purpose, many markers have been studied so
far for the follow-up and prognosis of the disease,
including  coagulation  factors,  hematological
markers, inflammation markers, cardiac markers,
hepatic markers, muscle markers, renal markers and
electrolytes. Among these markers, white blood cell,

neutrophil, lymphocyte, platelet count, C-reactive
(CRP), (LDH),
aspartate aminotransferase (AST), D-dimer, fibrinogen

protein lactate dehydrogenase
and procalcitonin levels have been associated with
the prognosis of the disease (6, 7). Apart from these
routine tests, the number of targeted and untargeted
metabolomic studies have been growing gradually.
Amino acid metabolism, tricarboxylic acid cycle (TCA)
and energy metabolism, NAD+ metabolism, primary
bile acids, purine and purimidine metabolism were
evaluated and different metabolites were found to
be associated with the severity of the disease. Among
these studies, kynurenine pathway metabolites were
the most studied (8). The aim of this study is to
evaluate the organic acids detected in the urine due
to the metabolic processes that may be affected by
hypoxia in Covid-19 patients who develop clinically
mild, moderate and severe pneumonia, to determine
their relationship with the disease severity and to
compare the results with the control group.

MATERIAL and METHOD

Patient selection

Adult patients admitted to
clinical signs and symptoms associated with Covid-19
and hospitalized at Infectious Diseases Clinic with
confirmed diagnosis by detecting SARS-CoV-2 RNA in
oro-nasopharyngeal swab samples were participated
in the present study. A total of 120 patients with the
clinical spectrum of SARS-CoV-2 infection as mild,

the hospital with

moderate and severe according to the WHO Covid-19
disease severity classification were included in the
present study. Based on this classification, mild patient
group was composed of patients without evidence
of pneumonia or hypoxia (n=40) whereas moderate
patient group was composed of patients with signs
and symptoms of pneumonia without signs of severe
pneumonia (n=40). The patients with pneumonia
and any of the following; > 30 breaths/min; severe
respiratory distress; or SpO2 < 90%at room air were
classified in severe patient group (n=40). Additionally,
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the control group consisted of volunteers without any
clinical signs and symptoms associated with Covid-
19(n=30) were included in the study. In the patient
group, 15 patients had hypertension, 10 patients
had diabetes mellitus (DM), 4 patients had coronary
artery disease, 2 patients had lung disease, 2 patients
had hypertension and chronic kidney disease, 1
patient had lung and kidney disease, 7 patients had
hypertension and DM, 1 patient had hypertension
and DM. This study was performed in line with the
principles of the Declaration of Helsinki. Approval
was granted by the Ethics Committee of the Hospital
and written informed consent was obtained from the
patients.

Sample Collection and Analyses

First morning urine samples taken inpatient setting
were aliquoted and frozen immediately until the
analysis day. All samples were thawed and vortexed
before analysis. All
Medical Biochemistry Laboratory. The determination

analyses were performedin

of creatinine content of the urine samplewas
performed in Atellica
Healthineers, Erlangen,

autoanalyser (Siemens

Germany) according to
manufacturer’s instructions using original kits based
on Jaffe method. The analysis of organic acids (OA)
by gas chromatography-mass spectrometer (GC-MS)
after ethyl acetate extraction/oxime-trimethylsilyl
derivatization was carried out for profiling urinary
organic acids as described in the literature (9). The
derivatized extract was injected in the GCMS-QP2010
SE (Shimadzu Co., Kyoto, Japan)for analysis. Electron
impact mass spectrometry was performed in the scan
mode with a mass range between m/z 40 and 600. The
individual peaks of the organic acids were compared
with the library for peak identification and the
amount was obtained by ratio to the 4-phenylbutyric
acid which was used as pure standard.All chemicals
were purchased from Sigma-Aldrich (St. Louis, MO,
USA).
Samples
via a splitless injector at 280°C. The initial oven

were introduced into the column

Turk Hij Den Biyol Derg

temperature was kept at 100°C for 4 minutes and then
programmed to rise 4°C/min to a final temperature
of 320°C. This temperature was maintained for 10
minutes. The column was TRB 5MS 30mx0.25mmx1ul
with a constant flow of helium at 1ml/minute. It
was inserted directly into the ion source with an
interface temperature of 280°C. The mass spectra of
all GC peaks were generated by a mass spectrometer
operated in the electron impact (El) mode.

The level of 104 organic acids, whose total
ion chromatogram is shown in figure 1, was
measured.These organic acids were lactic acid,
glycolic acid,
3-hydroxypropionic

2-hydroxyisobutyric acid, oxalic

acid, 2-hydroxybutyric acid,

acid, levulinic acid, pyruvic acid, 3-hydroxybutyric

acid, 3-hydroxyisobutyric acid, 2-hydroxyisovaleric
acid, 2-methyl-3-hydroxybutyric acid, malonic
acid, 3-hydroxyisovaleric acid, 2-keto-isovaleric

acid, methylmalonic acid, 4-hydroxybutyric acid,
2-hydroxyisocaproic acid, 3-hydroxyvaleric acid,
acetoacetic acid, 2-hydroxy-3-methylvaleric acid ,
acetoacetate, 2-keto-3 metil valerik
2-methyl-3-hydroxyvaleric

benzoic acid,

asit, octanoic acid,
acid , glycerol , acetylglycine , ethylmalonic acid,
2-ketoisocaproic acid,phenylacetic acid, succinic
acid, erythro 4,5 dihydroxy hexanoate lactone,
methylsuccinic acid, glyceric acid, fumaric acid,
4,5-dihydroxyhexanoic

lakton,

uracil, acid lactone,

2-hydroxy  glutarat propionylglycine

mevalonic lactone isobutyrylglycine glutaric acid,

thymine, 3-methylglutaconic acid, glutaconic

acid, succinylacetone-oxime, isovalerylglycine,

malic acid, adipic acid, phenyllactic acid,

3-methyladipic acid,
2-hydroxyphenylacetic

5-oxoproline, tiglylglycine,
3-methylcrotonoylglycine,
acid, 2-hydroxyglutaric acid, 3-hydroxy glutaric acid,
3-phenyllactic

acid, 3-hydroxyphenylacetic acid, 2-keto glutaric

acid, 3-hydroxy-3-methylglutaric

4-hydroxy phenyl acetic
n-acetylaspartic acid,
suberic acid, aconitic acid, orotic acid, homovanillic

acid, hexanoylglycine,
acid, phenylpyruvic acid,

acid (HVA), citric acid, 3,4-dihydroxy phenylacetic



acid, hippuric acid,homogentisic acid, methylcitric
vanillylmandelic acid (VMA), sebacic acid,
3-indol
4hydroxy-fenil purivic acid, phenylpropionylglycine,

acid,

4-hydroxyphenyllactic acid, asetik asit,

palmitic acid, 3-hydroxysebacic acid,

n-acetyltyrosine, 3-hydroxy-hippirik asit, 5-hydroxy
indolasetik stearic acid,

asit, suberylglycine,

10.000.00
x10.000,000

3-hydroxy dodecanedioic acid, 7-hydroxy octanoic
acid, succinic semialdehyde, 2-methylbutrylglycine,
2-ethyl-3-hydroxy propionic acid, octenedioic acid,
azelaic acid, pyrrole-2-carboxyl-glycine, mevalonic
acid, 4-hydroxy cyclohexylacetate,dihydrouracil,
allo-isoleucine, n-acetyl-ileucine, n-acetylglutamic
acid, 3-hydroxyphenylhydracrylic acid.

JNCY1.00

100 150 20 a0 00

e
350 800 40 §00 50

L B

Figure 1. Typical total ion chromatogram of organic acids extracted from human urine. Numbers indicate the following

metabolites.

1:Lactic acid; 2:Oxalic acid; 3:2-hydroxybutyric acid; 4: Pyruvic acid; 5:Succinic acid; 6:1S; 7: a-ketoglutaric acid; 8: HVA;

9: Citric acid; 10: VMA

Statistics

The Kolmogorov-Smirnov test was performed to
check the normality of the variables. Descriptive
analysis was presented using mean + SD for normally
distributed variables and median (minimum-maximum
distributed
Pairwise comparisons of groups with regard to the

value)for  non-normally variables.
severity of Covid-19 using the independent samples
Kruskal-Wallis test was carried out. Moreover, a
binary logistic regression analysis was performed to
define independent predictors of disease severity.

To eliminate the effects of potential confounders,

namely age, gender, and chronic disease parameters
included in the model, we used the enter method,
and parameters with p values greater than 0.200
were excluded for the final model with the Forward
LR test. The odds ratio was calculated for significantly
associated variables. Statistical significance was
defined as p <0.05. All statistical calculations were
made using the SPSS for Windows version 26 software

program (SPSS Inc., IBM Corporation, Chicago, IL).

The study was approved by the Ankara City
Hospital Clinic Researches Ethics Committee (Date:
03.11.2021 and Number: E1-21-2110).
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RESULTS

In our study, we evaluated 104 urine organic
acids levels in severe, moderate and mild Covid-19
disease groups and compared them with the results
of the control group (Table 1).We did not present
unexcreted and statistically non-significant organic
acid resultsamong 104 parameters. Mean#SD or
median (min-max) age values of severe disease,
moderate disease, mild disease and control groups
58.8+13.5,  47.5(22-71), 32(18-71) and

40.9+20.7,respectively. Severe and

were
moderate
disease groups are different from mild disease
(p<0.001).To eliminate the
effects of age gap along with the other potential

and control groups

confounders, namely gender, and chronic disease
parameters were included in the modelto define
independent predictors of disease severity.

Of the patients included the study, 69 were
male and 51 were female. There were 17 males

and 13 females in the control group. There

Table 1. Comparision of organic acids between groups

was no significant difference between the
patient groups in terms of gender between the
patient groups and the control group (>0.096).

In our study, pyruvic acid and 2-hydroxybutyric acid
levels were significantly higher in the severe disease
group than in all other groups (p=0.006 and p=0.001,
respectively). Lactic acid levels were significantly
higher in the severe disease group compared to the
mild disease group and the control group (p<0.001).
Citric acid and homovanilic acid levels were
significantly lower in all disease groups compared
to the control group (p<0.001). a-ketoglutaric acid
levels were significantly lower in the severe and
moderate disease group compared to the control
group, in the severe disease group compared to the
mild disease group (p<0.001). Vanillylmandelic acid
was significantly lower in the severe and moderate
disease group compared to the control group
(p<0.001). Succinic acid was significantly lower in
the severe and moderate disease group compared

to the control group, in the moderate disease group

Parameters Severe Moderate Patient Mild Control

(mmol/molcrea) Patient Group Group Patient Group Group 5
Pyruvic Acid 4.16 (0.32-40) 2.86(0.60-34.4) 2.0(0.31-19.3) 1.99(0-9.94) 0.006 *
Lactic acid 6.95(1.14-183) 6.10(1.17-88.0) 3.70(1.04-39.5) 4.28(1.0-56.3) <0.001 2
Citric acid 1.0(0-29.8) 4.59(0-76.2) 6.60(0-84.6) 13.4(0-46.4) <0.00120c
-ketoglutaric acid 3.72(0-49.2) 5.13(1.17-62.6) 8.77(0-65.0) 18.7(1.85-42.0)  <0.001 2be
Succinic Acid 2.75 (0.63-26.8) 2.65(0.70-15.7) 5.32(0.54-62.3) 8.27(0.64-59.9) <0.001 >
-hydroxybutyric acid 0 (0-1096) 0(0-2243) 0(0-104) 0(0-0) <0.001 2bf
Oxalic acid 1.30 (0-15.7) 1.47(0.14-9.55) 1.40(0-37.0) 1.0(0-25) 0.041°
Homovanillic acid 2.51 (0.03-7.65) 1.74(0.96-3.89) 2.34(0.20-12.8) 7.2(0.55-19.8) <0.001 <
Vanillylmandelic acid 2.87 (0-9.16) 2.02(0-10.2) 2.76(0.94-16.9) 5.20(0-16.9) <0.001 2
2-hydroxybutyric acid 0 (0-99) 0(0-23) 0(0-19.8) 0(0-0) 0.001 @

a=significant difference between severe disease control group,

b= significant difference between moderate disease control group,

c= significant difference between mild disease control group

d= significant difference between severe and moderate disease group
e= significant difference between severe and mild disease group

f= significant difference between moderate and mild disease group
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compared to the mild disease group (p<0.001). The
level of B-hydroxybutyric acid was significantly higher
in the severe and moderate disease group compared
to the control group, in the moderate disease group
compared to the mild disease group (p<0.001). Oxalic
acid was significantly higher in the moderate disease
group compared to the control group (p=0.041).

The binary logistic regression model included,
and HVA. It

a-ketoglutaric acid, succinic acid,

was statistically significant with x2 = 98.680; p <
0.001. The model correctly classified 90.5% of the
cases. After elimination of the effects of potential
namely age, gender,
disease parameters included in the model,increasing

confounders and chronic
a-ketoglutaric acid, succinic acid and HVA were
independent predictors of the disease severity

with the likelihood ratios shown in Table 2.

Table 2. Odds ratios and coefficients of binary logistic regression analysis of factors associated with disease severity

Parameters B p Exp(B) 95% C.l.for EXP(B)

-ketoglutaric Acid 0.098 0.009 1.103 1.025 1.186
Succinic Acid 0.129 0.002 1.138 1.049 1.234
Homovanillic Acid 0.323 0.045 1.382 1.008 1.894

DISCUSSION

Due to the nature of the Covid-19 disease, a wide
spectrum and different severity of symptoms may
present in patients. Currently, co-morbidities such as
age, obesity, lung disease, diabetes, and cancer are
accepted as risk factors for the severity of the disease.
However, unexpected results can be encountered and
some of the patients eventually develop progressive
disease (10).The mechanisms which cases have

complications remain unclear. Identification of
spesific metabolites with altered concentration might
facilitate the developments of novel therapies and may
improve responses to currently available therapies.

In this study, we measured 104 urine organic
acid levels by using GC/MS to evaluate carbohydrate
metabolism, lipid metabolism, amino acid
metabolism and neurotransmitter metabolism in
mild, moderate and severe Covid-19 patients. To
our knowledge, the first study in which organic
acids to include HVA and VMA were measured in
Covid-19 patients. We identified that pyruvic and

lactic acid concretions were increased whereas TCA

cycle intermediates were decreased. Also keton
bodies concentrations were high. We evaluated
the results according to the severity of the disease
and compared them with the control group. The
elevation in 2-hydroxybutyric acid may be valuable
in demonstrating which patient is at risk of DM.

During glycolysis, 2 molecules of glucose are
converted to pyruvate. Pyruvate has several distinct
consequences, depending on the microcellular
environment, i.e. oxygen availability and energy
demand. In the presence of mitochondria and
oxygen, pyruvate enters the citric acid cycle and
undergoes oxidative phosphorylation. In the absence
of mitochondria or oxygen, pyruvate remains in the
cytoplasm and is converted to lactate by anaerobic
glycolysis by the enzyme LDH. This reaction allows
for the regeneration of NAD+, which is necessary for
the continuation of glycolysis. 2 ATPs are produced
in anaerobic glycolysis, compared to 30 or 32 ATPs
produced in oxidative phosphorylation based on the
substrate shuttle. Increased blood lactate levels
in cases of sepsis are considered as poor prognosis

and are associated with increased mortality (11).
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For this reason, blood lactate levels were studied
in Covid-19 cases with the thought that it would
be associated with the disease prognosis, but blood
lactate levels were found to be borderline high or
normal in some studies. The most important reason
for this situation is the deterioration of mitochondrial
functions independent of hypoxia in sepsis patients,
but the preservation of mitochondrial functions in
patients who develop covid pneumonia (12-14). In
our study, we found higherpurivic acid levels in
the severe patient group than in the other disease
groups and control group. We found higher lactic
acid levels in the severe disease group compared to
the mild disease group and control group (Figure 2).
In addition, we found citric acid, one of the citric
acid cycle metabolites, to be significantly lower than
the control group in all disease groups, the lowest
in the severe disease group. On the other hand,
a-ketoglutaric acidwas lower in all disease groups
compared to the control group, succinic acid levels
were lower in the severe and moderate patient group
There
was no significant difference in the levels of fumaric

compared to the control group (Figure 3).

acid, malic acid and which are other TCAmetabolites.

mmol/mol qea

0 o

Pyruvic Acid

10,0 p=0.006

At the same time, Shi et al. found the blood citric
acid level to be low in Covid-19 patients, while they
found the succinic acid level to be high(15). L Bo-
Wen et al. found TCA enzymes lower in the patient
group than in the control group byusing LC-MS/MS
(16). The shift of glucose oxidation to anaerobic
glycolysis duringhypoxia may be the main cause of
the change in TCA metabolites. In addition, TCA
cycle intermediate metabolites play a key role in
viral replication and virus-induced inflammation (17).

Ketone bodies (B-hydroxybutyrate, acetoacetate
and acetone) are synthesized from fatty acids in
the liver and may increase in the blood following
a prolonged fasting or ketogenic diet. Ketosis
is an important complication of type 1 diabetes
pathologically. Therefore, it is important to
determine whether it is a physiological adaptation
mechanism or whether it develops due to a
pathological condition. High blood ketone bodies
can also be observed in hospitalized patients, and
it is important especially in intensive care patients
because it causes acidosis, which is undesirable and
needs to be corrected urgently (18). Acidosis is a
marker associated with in Covid-19 mortality (19).

1 p<0.001

Lactic Acid

I Control Group [ Mild Patient Group B Moderate Patient Group Bl Severe Patient Group

Figure 2. Median Values of Pyruvic Acid and Lactic Acid Median Values in Patient Groups and Control Group
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a-Ketoglutaric Acid

p<0.001
p<0.001

Succinic acid

Severe Patient Group

Figure 3. Median Values of Citric Acid, a-Ketoglutaric Acid and Succinic Acid Levels in Patient Groups and Control Group

In our study, we found the level of B-hydroxybutyric
acid to be significantly higher in severe and moderate
disease groups compared to the control group. While
46 of 120 covid positive patients had B-hydroxybutyric
excretion in their urine, 28 of these patients did
not have a diagnosed diabetes mellitus, Juyi et al
found ketone positivity in the blood or urine of 42
patients, 27 of whom did not have diabetes (18).

Oxalic acid is formed mainly due to a diet of plant
origin, it can also be formed as a result of metabolism
of ascorbic acid, isocitrate and oxoloacetic acid. It
is not well metabolized in the human body, most
of it is excreted in the urine and increases the risk
of kidney stones. It is known that Covid-19 patients
spontaneously start using vitamins after diagnosis.
Besides, it is stated that IV vitamin C infusion in
hospitalized patients reduces mortality and decreases
the production of proinflammatory markers, and
vitamin C is used as a part of treatment (20, 21). In
addition to viral infection, excessive vitamin C intake
is also blamed in acute kidney injury that occurs
after acute respiratory distress syndrome (ARDS) in
Covid 19 positive patients (20). In our study, we found
higher oxalic acid levels in all three disease groups
compared to the control group. However, there was
no relationship between oxalic acid elevation and

disease severity. Therefore, we think that higher
oxalic acid level may be associated with higher
vitamin C intake compared to the control group.

The adrenal glands can be infected by bacteria,
viruses, fungi and parasites. Infections caused
by these pathogens can cause tissue damage and
endocrine dysfunction. In autopsy samples, SARS-
CoV-2 has been shown to cause degeneration and
necrosis in the adrenal glands. In addition, due to
the molecular similarity of autoantibodies formed
against some amino acids synthesized by SARS-CoV-2,
they can attack the host’s own molecules, which
may cause endocrine dysfunction such as inadequate
corticosteroid response (22, 23). In addition, it is
claimed that the endocrine response itself may be
related to disease severity. It has been shown that
viral infections are milder in diseases and occupations
with more epinephrine fluctuation. More fluctuation
of epinephrine is shown as a reason for having a
milder Covid-19 disease in children (24). In our
study, we found that adrenaline and noradrenaline
metabolites VMA and HVA were lower in the patient
group compared to the control group (Figure 4). These
low values were associated with disease severity. We
could not find a study in the literature that measured

urinary VMA and HVA levels in Covid-19 patients.
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Homovanillic Acid

I Control Group [l Mild Patient Group [l Moderate Patient Group [

p<0.001

- ‘ p<0.001

Vanillyimandelic Acd

Severe Patient Group

Figure 4. Median Values of Homovanilic Acid and Vanilmandelic Acid in Patient Groups and Control Group

2-Hydroxybutyric Acid or a-hydroxybutyrate is
an organic acid originating from a-ketobutyrate,
which is metabolized into propionyl-CoA and carbon
dioxide formed during the catabolism of sulfur-
containing amino acids or glutathione anabolism.
2-Hydroxybutyric Acid is also formed during the
synthesis of cysteine from cystathionine. In the case
of increased oxidative stress, cystathionine, which is
formed as a result of the combination of homocysteine
with serine, is hydrolyzed to cysteine, and eventually
cysteine is converted to glutathione.For this reason,
it is claimed that 2-Hydroxybutyric Acid increases in
oxidative stres (25). In addition, it has been argued
that the NADH/NAD+ ratio increases as a result of lipid
oxidation and is associated with insulin resistance and
glucose intolerance in the non-diabetic population
(25, 26).Multiple lung disease caused by Sars-COV 2
causes hypoxia to increase reactive oxygen species
and oxidative stress. There are many studies in the
literature showing that oxidative stress increases in
Covid-19 patients (27). In addition, it is stated that
Covid-19 damages insulin-secreting beta cells with
a direct cytotoxic effect. Studies have shown that
there may be moderate pancreatic damage after

Turk Hij Den Biyol Derg

Covid-19 and that the virus may trigger new onset
diabetes (28-31).In our study, we found the level
of 2-Hydroxybutyric acid to be higher in the severe
disease group compared to the control group. We
think that this elevation may be due to increased
oxidative stress. However, we do not know whether
this elevation increases secondary to the damage
to the pancreas. Therefore, we think that these
data should be confirmed by experimental studies.

The empirical results reported herein should
be considered in the light of some limitations. We
used spot urine samples by proportioning organic
24h urine
collection may be more accurate in VMA and HVA

acid results to creatinine. Despite this,

tests in order to eliminate diurnal variation. In the
present study, although we tried to ensure that there
was no difference between the ages of the groups,
there were more elderly individuals in the severe
and moderate disease groups due to Covid-19 disease
nature. To minimise this age gap along with the other
potential confounders, namely gender, and chronic
disease parameters were included in the model to
define independent predictors of disease severity.



Overall, it may be said organic acid measurement
can be considered in Covid-19 patients especially
for follow-up and management of the disease. Due
to a-ketoglutaric acid, succinic acid and HVA were
independent predictors of the disease severity,
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measurement of these spesific metabolites might
facilitate the developments of novel therapies and may
improveresponses tocurrently available therapies with
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The role of recombinant basic fibroblast growth factor
in de-differentiation of chondrocyte to mesenchymal
stem cell-specific immunophenotype

Hasan SALKIN'

ABSTRACT

Objective: Some changes in genes, protein, and
function in chondrocytes can cause them to develop into
a fibroblastic morphology. Our study aims to transform
chondrocytes in monolayer cultures into a mesenchymal
stem cell-like immunophenotype by inducing
chondrocyte de-differentiation with recombinant basic-

fibroblast growth factor (FGF-b) supplementation.

Methods: In our study, chondrocytes were obtained
from Erciyes University Genome and Stem Cell Center
as ready-made cell lines. Chondrocytes grown on a
standard medium were used as the control group. An
experimental group was formed by adding recombinant
basic FGF at a concentration of 5 ng/ml to the
normal growth medium. MSC-specific surface markers
expressions such as CD271, CD166, CD29, CD44, CD73,
CD90, and CD105 were compared between groups by
flow cytometry. “Muse Annexin-V assay kit” and “Muse
Count and viability kit” were used according to the
production procedure to compare apoptosis and viability
data between groups. Colony-forming potentials in
chondrocytes were determined by Colony-forming units-
fibroblast assay. Statistical analyzes were performed

using the statistics software GraphPad Prism (version

OZET

Amac: Kondrositlerdeki gen, protein ve fonksiyondaki
baz1 degisiklikler, bunlarin fibroblastik bir morfolojiye
doniismesine neden olabilir. Calismamiz, rekombinant
bazik fibroblast buyume faktori (FGF-b) takviyesi
ile  kondrosit de-diferansiyasyonunu indiikleyerek
tek tabakali kiiltirlerdeki kondrositleri mezenkimal
kok hiicre benzeri bir immunofenotipe donusturmeyi

amaclamaktadir.

Yontem: Calismamizda  kondrositler  Erciyes
Universitesi Genom ve Kok Hiicre Merkezi’nden hazir
hiicre hatt1 olarak temin edildi. Kontrol grubu olarak
standart bir besiyerinde buyiitiilen kondrositler kullanildi.
Standart buyume ortamina 5 ng/ml konsantrasyonda
rekombinant bazik FGF ilave edilerek deney grubu
olusturuldu. CD271, CD166, CD29, CD44, CD73, CD90 ve
CD105 gibi MKH’ye ozgu yuzey belirtec ifadeleri, akis
sitometrisi ile gruplar arasinda karsilastinldi. Gruplar
arasinda apoptoz ve canlilik verilerinin karsilastirilmasi
icin Uretim proseduriine gore “Muse Annexin-V assay
kit” ve “Muse Count and viability kit” kullanildi.
Kondrositlerdeki koloni olusturma potansiyelleri, Koloni
birimler-fibroblast tahlili

olusturan ile belirlendi.

istatistiksel analizler, GraphPad Prism (siirim 8.02)
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8.02). Data with P<0.05 were considered statistically
significant.

Results: The addition of recombinant basic-FGF to
chondrocyte cultures reduced the percentage of total
apoptosis in chondrocytes and increased viability. Our
flow cytometry findings showed a significant increase in
the expression of MSC-specific surface markers CD105,
CD90, CD166, and CD271 in recombinant basic-FGF-
treated chondrocytes. On the other hand, a decrease
was observed in CD29 and CD73 expressions. There was
no statistically significant difference among the groups

in terms of CD44 expression.

Conclusion: In  conclusion, the addition of
recombinant basic-FGF to chondrocyte cultures
decreased the percentage of total apoptosis in
chondrocytes and increased viability. Our flow
cytometry findings showed a significant increase in
the expression of MSC-specific surface markers CD105,
CD90, CD166, and CD271 in recombinant basic-FGF-
treated chondrocytes. The increase in these MSC key
markers suggests that recombinant basic FGF may
induce chondrocyte differentiation at the level of
MSC phenotype. In this study, we hypothesized that
recombinant basic FGF might be an effective growth
factor in the differentiation of chondrocytes into MSC
immunophenotype. De-differentiation of chondrocytes
to the MSC immunophenotype by recombinant basic-FGF
may render these cells more effective and potential for
chondrocyte implantation for regenerative medicine in
cartilage damage such as osteoarthritis (OA) or other

joint disorders.

Key Words: Chondrocyte, de-differentiation,
fibroblast growth factor, apoptosis, mesenchymal stem

cells

istatistik yaziimi1 kullanmlarak yapildi. P<0.05 olan

veriler istatistiksel olarak anlamli kabul edildi.

Bulgular: Kondrosit kiltiirlerine rekombinant bazik
FGF ilavesi, kondrositlerdeki toplam apoptoz yiizdesini
azaltt1 ve canliligr arttirdi. Akis sitometri bulgularimiz,
rekombinant bazik FGF ile muamele edilmis
kondrositlerde MKH’ye o0zgli ylizey belirteclerinden
CD105, CD90, CD166 ve CD271’in ifadesinde onemli
bir artis oldugunu gosterdi. Buna karsin CD29 ve CD73
ifadelerinde ise diisiis gozlendi. CD44 ifadesi bakimindan
gruplara arasinda istatistikel olarak anlamli bir fark

bulunmadi.

Sonug: Sonu¢ olarak, kondrosit kiltirlerine
rekombinant bazik FGF ilavesi, kondrositlerdeki toplam
apoptoz yiizdesini azaltmis ve canliligi arttirnmistir.
Akis sitometri bulgularimiz, rekombinant bazik-
FGF ile islenmis kondrositlerde MKH’ye o0zgl ylizey
belirteclerinden CD105, CD90, CD166 ve CD271’in
ifadesinde onemli bir artis oldugunu gosterdi. Bu
MKH temel belirtegleri izerindeki artis, rekombinant
bazik-FGF’nin MKH fenotipi seviyesinde kondrosit
farklilasmasim  indiikleyebilecegini  distindiirii.  Bu
calismada, rekombinank bazik FGF’nin kondrositlerin
MKH  immunofenotipine  farklilasmasinda  etkili
bir bilyiime faktori olabilecegini hipotez ettik.
Kondrositlerin rekombinant bazik FGF tarafindan MKH
immunofenotipine geri farklilasmasi, bu hucreleri
osteoartrit (OA) veya diger eklem bozukluklari gibi
kikirdak hasarinda rejeneratif tip amaciyla kondrosit
implantasyonu icin daha etkili ve potansiyel hale

getirebilir.

Anahtar Kelimeler: Kondrosit, de-diferansiyasyon,
fibroblast bliyime faktori, apoptoz, mezenkimal kok

hiicreler

INTRODUCTION

Light microscopy observations of chondrocytes

in monolayer culture in the sixties described serious
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morphological changes to us. Investigations revealed
that chondrocytes shifted towards a fibroblast-like
morphology in monolayer culture. This phenomenon
brought a new perspective to chondrocyte biology,



and this phenomenon is now called de-differentiation
(1). De-differentiation is the process by which a
cell in a differentiated state is transformed into
a less differentiated phenotype in terms of gene,
protein, function, and morphology. It has been
reported that de-differentiated chondrocytes acquire
multipotent character just like mesenchymal stem
cells (MSCs), and specific surface markers exhibit
similar expressions. Adipogenic, osteogenic, and
chondrogenic differentiation abilities, a characteristic
unique to MSCs, were observed in de-differentiated
chondrocytes similarly to MSCs (1-3). Researchers
examined the changes in stem cell-specific surface
marker expression in de-differentiated chondrocytes
by RT-PCR and flow cytometry. They observed an
increase in the expression of MSC-specific markers
such as CD105, CD166, and CD90 in chondrocytes
remaining in monolayer culture for two weeks.
They found a remarkable increase in CD105 gene
and protein expression, especially in late-passage
chondrocytes (4-6). Microarray analyses performed to
date have identified different growth factors released
during de-differentiation. In vitro, sub-cultures
showed that insulin growth factor1 (IGF-1), IGF-1R,
bone morphogenic protein2 (BMP-2), fibroblast growth
factor receptor3 (FGFR-3), transforming growth factor
beta2 (TGFb2) and TGFB3 expressions were decreased
in chondrocytes. On the contrary, it was revealed
that there was an increase in the expression of FGF-
18, BMP-5, and 8 (7-11). The FGF family contains at
least 23 molecules that regulate the differentiation
and proliferation of chondrocytes. Among those
identified so far, FGF 1, 2, and 18 have been found
to play important roles in cartilage regeneration
and chondrocyte differentiation (12). Studies show
that FGF-2 (basic) stimulates pro-chondrogenesis in
chondrocytes and MSCs via SOX9 (13-15). The addition
of FGF-18 to articular chondrocytes in culture showed
that these chondrocytes increased matrix production
and proliferation (16, 17). Given these considerations,
it is highly likely that the FGF family may be involved
in de-differentiation from the chondrocyte phenotype

to the MSC-specific immunophenotype.

Therefore, in this study, we hypothesized that
recombinant basic FGF might be effective in de-
differentiation from chondrocytes to MSC-specific
immunophenotype and increase MSC-specific surface
marker expressions. FGF-basic is one of 23 known
members of the FGF family. Proteins of this family play
a central role during prenatal development, postnatal
growth, and regeneration of a variety of tissues, by
promoting cellular proliferation and differentiation.
Recombinant Human FGF-basic is a 17.2 kDa protein
consisting of 154 amino acid residues (13, 14). The
aim of our study is to convert by recombinant basic
FGF supplementation to chondrocytes in monolayer
cultures into an MSC-like immunophenotype by
inducing chondrocyte de-differentiation. Thus, it is
aimed to produce de-differentiated chondrocytes,
which can be applied in degenerative joint disorders
such as osteoarthritis and whose in vitro regeneration
potential is further increased.

MATERIAL and METHOD

Culture of human chondrocytes

Chondrocytes were obtained from Erciyes
University Genome and Stem Cell Center (GENKOK)
as a ready-made cell line. The human chondrocyte
cell line used was purchased from Merck Millipore
(Germany) with catalog number SCC042. Since in
vitro experiments were performed on ready-made
cell lines, no ethics committee document was
needed. The supplied cells were thawed in a water
bath at 37°C and taken into the culture medium.
Cells were cultured at 37°C in DMEM High Glucose
(Biological Industries, Israel) containing 10% FBS
(Fetal Bovine Serum) (Biological Industries, Israel),
USA) and 1%

L-glutamine (Gibco, USA). Chondrocytes were seeded

1% penicillin-streptomycin (Lonza,
at 8000 cells/cm? and cultured in a humid atmosphere
in a 5% CO, incubator. Chondrocytes were amplified
by passage by trypsinization until they reached the
required number for the experimental sets.
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Application of recombinant basic FGF to

chondrocyte cultures

When the cells reached the required numbers,
three repetitive sets of experiments were created
for flow cytometry, Colony-forming Units-Fibroblast
In the
experimental sets, a standard growth medium was

assay, apoptosis, and viability analyses.
used for the control group. As the experimental
group, recombinant basic FGF (ThermoFisher, USA,
# 13256-029) was added to the growth medium at
a final volume of 5 ng/ml. Thus, the control group
chondrocytes were cultured with a growth medium
and the experimental group chondrocytes were

cultured with FGF supplemented growth medium.
Flow Cytometry

Chondrocytes in the third passage were collected
and suspended in their culture medium at a density
of 1x10¢ cells/ml. Then, chondrocytes were stained
with positive MSC markers such as CD90-FITC,
CD44-PE, CD105 PerCP5.5, CD73-APC, CD271-PE,
CD166-PerCP5.5 and CD29-APC mouse-anti-human
fluorescent antibodies (BD Bioscience, Heidelberg,
Germany). After the cells were centrifuged and
reconstituted with a washing solution, they were
analyzed using a Navios (Beckman Coulter, USA) flow
cytometer device. Data were analyzed with KALUZA
(Beckman Coulter, USA) software.

Colony Forming Units-Fibroblast (CFU-F) Assay

CFU-F assay was performed to evaluate the
clonogenic potential and colony formation potential
in culture in the control group and FGF-treated
this,
into 6 well plates at 100 cells/cm? in control and

chondrocytes. For cells were inoculated
experimental groups. Thus, the cells were allowed to
fall into the culture dishes one by one and away from
each other. The cells were cultured in their culture
medium (growth medium and growth medium + FGF)
for two weeks. Colonies formed at the end of the
second week were stained with crystal violet (Sigma,
USA). Colored colonies were counted and compared

between groups.
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Annexin-V Assay

Early, late, and total apoptosis percentages in the
control group and experimental group chondrocytes
were measured at 24, 72, and 120 hours using the
Muse Cell Analyzer (Millipore, Germany) device
and Annexin V and Dead cell kit (Muse, Millipore,
Germany) according to the production procedure.
Experiments were run in three repetitions. The
percentages of early, late, and total apoptosis were
compared between groups.

Viability Assay

Viability percentages and cell numbers of cells in
chondrocytes in the control and experimental groups
were measured at 24, 72, and 120 hours using the
Muse Cell Analyzer (Merck Millipore, Germany) device
and cell counting and viability kit (Muse Count and
Viability-Merk Millipore, Germany) according to the
production procedure. Experiments were run in three
repetitions. Viability percentages were compared
between groups.

Statistical Analysis

Viability, apoptosis, CFU-F, and flow cytometry
findings were presented as mean z standard deviation
in the groups. For comparison of viability and
apoptosis parameters, distribution and homogeneity
of data between groups were determined by two-way
ANOVA. All experiments were performed in triplicate
and multiple comparisons between groups were
analyzed by Sidak’s test. Flow cytometry and CFU-F
findings were compared between groups by unpaired
t-test. Statistical analyzes were performed using
GraphPad Prism (version 8.02) statistical software.
Data with P<0.05 were considered statistically
significant.

RESULTS

Immunophenotypic Analysis

FGF
increased the expression

Recombinant basic administration to
chondrocyte cultures

of MSC-specific positive markers such as CD271,



CD166, CD90, and CD105 (P<0.001). There was
no statistically significant difference between
the groups regarding CD44 expression. CD29 and

CD73 expression decreased in chondrocytes with

recombinant basic FGF administration (Figure 1). The
findings obtained between the groups are presented
in Table 1 as mean + SD, and data with a p-value less
than 0.05 were considered statistically significant.

Table 1. Mean + SD and p values of immunophenotypic markers whose expressions were compared between groups

Antibodies Groups Mean Std. Deviation P-value
Growth medium 99.0 0.3
CD29
Growth medium + FGF 92.1 1.0 <0.001
Growth medium 88.2 0.2
CD166 <0.001
Growth medium + FGF 99.0 0.2
Growth medium 97.0 0.4
CD271 =0.001
Growth medium + FGF 99.2 0.3
Growth medium 88.8 0.5
CD90 =0.02
Growth medium + FGF 90.9 0.9
Growth medium 94.5 0.5
CD44 =0.55
Growth medium + FGF 94.9 0.9
Growth medium 58.0 1.0
CD105 <0.001
Growth medium + FGF 99.2 0.5
Growth medium 98.1 0.3
CD73 =0.003
Growth medium + FGF 94.9 0.8
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Figure 1. Flow cytometric analyzes of CD29, CD166, CD271, CD90, CD44, CD105, and CD73 surface marker expressions
between groups (A-B) after FGF administration in chondrocyte cultures in the 3rd passage. Statistical comparison of surface
marker expressions between groups after repeated experiments (C). It was determined that FGF administration induced
chondrocyte-MSC immunophenotypic de-differentiation. Histograms in gray represent negative control isotypes
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Colony Forming Units-Fibroblast (CFU-F) Assay

FGF-treated
chondrocyte cultures was significantly

Colony formation potential in
reduced
compared to the control group (Figure 2). FGF-treated

chondrocytes were found to display a more monolayer

appearance in culture, while a clustered morphology
was observed in control cells. While the number of
colonies formed in the control group was 29 + 2, the
number of colonies formed by chondrocytes treated
with FGF was determined as 21.7 + 4.04 (P=0.05).
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Figure 2. Crystal violet-stained chondrocyte colonies in the control group (A) and FGF-treated chondrocytes (B). Statistical
comparison of the numbers of properly morphed and purified colonies between groups obtained as a result of repeated

experiments (C).

Annexin-V Apoptosis Assay

Although early apoptosis was found to be
(P=0.03) in FGF-treated
chondrocytes at 24 hours compared to the control

significantly increased
group, late apoptosis was found to be significantly
reduced (P<0.001) (Figure 3Aand B). Therefore, there
was no statistically significant difference between the
groups regarding total apoptosis percentages at 24
hours (Figure 3 C). There was no significant difference
between the groups regarding early, late and total
apoptosis at 72 hours (Figure 3A-C). Remarkable
results in terms of apoptosis were seen at the 120th
hour. At 120 hours, total apoptosis was found to be
dramatically decreased in FGF-treated chondrocytes

Turk Hij Den Biyol Derg

compared to the control group (P<0.001). These
findings showed us that FGF administration has
a suppressive effect on apoptosis, especially in
long-term chondrocyte cultures (Figure 3 C).
Viability Analysis

The percentage of cellular viability in FGF-treated
chondrocytes compared to the control group was
statistically significantly increased at 24 and 120 hours,
respectively (P=0.003 and P<0.001). Especially at the
points where apoptosis decreased in chondrocytes
with FGF application, it was determined that cellular
viability increased significantly (P<0.001). Our viability
findings supported our apoptosis findings. Viability
increased where apoptosis decreased (Figure 3D).
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Figure 3. Statistical comparison of the percentages of early apoptosis, late apoptosis, total apoptosis, and viability in the
control group and FGF-treated chondrocytes. While FGF administration increased early apoptosis in chondrocytes at 24
hours, it decreased early apoptosis at 120 hours (A). The percentage of late apoptosis was decreased in FGF-treated chond-
rocytes compared to the control group (B). Total apoptosis in FGF-treated chondrocytes appears to be markedly reduced
at the 120th hour (C). Cell viability increases significantly at points where apoptosis is reduced by FGF administration (D).

DISCUSSION

Although studies over the last two decades have
evaluated the changes in gene expression patterns
on differentiated chondrocytes and de-differentiated
de-differentiation

chondrocytes in chondrocytes

and preservation of chondrocyte properties, the
exact mechanism of chondrocyte de-differentiation
has still not been elucidated to date (7, 10, 18-19).

The

chondrocyte proliferation in culture is well known.

role of growth factors in stimulating
From the past to the present, many studies have
reported that the addition of factors such as
(TGF-B1), FGF,
and insulin-like growth factor1 (IGF-1) to the culture

transforming growth factor betal

medium increases the proliferation, differentiation,

and extracellular matrix formation of chondrocytes
(20-24). In our study, unlike the information reported
so far, the role of recombinant basic FGF in inducing
de-differentiation to MSC-specific immunophenotype
surface markers in cultured chondrocytes was
(2010) emphasized

the importance of FGF-18 in the de-differentiation

investigated. Yamaoka et al.

of human chondrocytes in culture and reported
that FGF-18 is highly expressed in undifferentiated
chondrocytes and that FGF-18 up-regulation may be
a marker of differentiation. It has also been reported
that it may be an important marker in the preservation
of chondrocyte properties. Members of the FGF family,
FGF-1,5,10,13 and 18, were found to be expressed
higher in the later passages compared to the early
passages of chondrocyte cultures (25). In our study,
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it was determined that chondrocytes treated with
recombinant basic FGF induced chondrocyte-MSC
immunophenotypic de-differentiation. In addition,
our findings show that recombinant basic FGF plays an
important role in increasing chondrocyte viability and
reducing apoptosis in long-term culture. Cucchiarini
et al. (2009) reported that overexpression of FGF-2
in chondrocyte spheroids increased viability and cell
division. While the viability of control spheres was
35%, the viability of chondrocyte spheres induced
by FGF-2 overexpression viral vectors increased to
92% (26). Results supporting this were also observed
in chondrocytes after recombinant basic FGF
administration in our study. While the viability was 56%
in the control group chondrocytes of our study at the
120th hour, the viability was 80% in the chondrocytes
treated with recombinant basic FGF. The increase in
viability at the 120th hour in recombinant basic FGF-
applied chondrocytes significantly suppressed total
apoptosis in the same time period. Our findings show
that recombinant basic FGF administration increases
viability and reduces apoptosis in chondrocytes.

Many studies have shown that chondrocytes
adopt an immunophenotype similar to MSC during
de-differentiation. It has been reported that de-
differentiated chondrocytes increase the expression
of MSC-specific CD10,
CD166, and CD90 in monolayer culture. Studies show

surface markers CD105,

that CD105 expression is more expressed in later
passages compared to early passages, especially
in chondrocytes (4-6). In addition, Arufe et al.
(2009) showed that CD105+ MSC subsets have the
potential for chondrogenic differentiation (27). In
our study, we found that CD105 expression increased
drastically from 58% to 99.2% with FGF application
to chondrocytes. Considering that CD105 expression
is highly expressed in de-differentiated chondrocytes
according to our current literature knowledge,
this study shows that recombinant basic FGF
application may be very important in chondrocyte-
MSC immunophenotypic de-differentiation. Our flow

cytometry findings showed a significant increase in
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the expression of MSC-specific surface markers CD105,
CD90, CD166, and CD271 in recombinant basic-FGF-
treated chondrocytes. On the other hand, a decrease
was observed in CD29 and CD73 expressions. There
was no statistically significant difference between
the groups in terms of CD44 expression. In a previous
we showed that TGF-B1
expression in fibroblasts (28). This situation may be

study, increases CD44
one of the possible reasons why CD44 expression
did not change in chondrocytes with recombinant
basic FGF administration (29). Tanaka et al. (2007)
have reported that integrin alphaSbetal induces
hypertrophic differentiation in chondrocytes. Integrin
alphabbetatl is composed of a5 (ITGA5/CD49%e) and
B1 (ITGB1/CD29) subunits (29). This actually explains
why CD29 expression was decreased in recombinant
FGF-treated chondrocytes in our study. In our study,
we aimed to de-differentiate chondrocytes and
convert them to an MSC-like immunophenotypic
profile. Hypertrophy may negatively affect de-

differentiation, and therefore, the decrease in
CD29 expression with recombinant basic FGF seems
to support our hypothesis in our study. Another
study reported that CD73 expression was down-
regulated, inversely to CD90 expression, in adipose-
derived stem cell spheroids induced for chondrocyte
(30).

of de-differentiation for a stable cartilage tissue

differentiation Considering the importance
without hypertrophy, the fact that CD73 expression
was downregulated by recombinant basic FGF in our
study and that it did this in an opposite way to CD90
expression supports the literature. Accordingly, the
increased expression of not only CD105 but also MSC-
specific surface markers such as CD166, CD271, and
CD90 in chondrocytes with recombinant basic FGF
application revealed that recombinant basic FGF
plays a very active and key factor in chondrocyte
de-differentiation. Recombinant basic FGF-treated
chondrocytes were found to display a more monolayer
appearance in culture, while a clustered morphology
was observed in control cells. This suggests that
recombinant basic FGF can induce chondrocyte



de-differentiation at the level of MSC phenotype.

In conclusion; in this study, we hypothesized that
recombinant basic FGF might be an effective growth
factor in the de-differentiation of chondrocytes to
the MSC immunophenotype. Our findings supported
this hypothesis. De-differentiation of chondrocytes to
the MSC immunophenotype by recombinant basic FGF

ETHICS COMMITTEE APPROVAL

* This study does not require Ethics Committee Approval.

CONFLICT OF INTEREST

The author declares no conflict of interest.

REFERENCES

1. Cai S, Fu X, Sheng Z. Dedifferentiation: a new
approach in stem cell research. Bioscience, 2007;
57: 655-62.

2. Barbero A, Ploegert S, Heberer M, Martin I.
Plasticity of clonal populations of dedifferentiated
adult human articular chondrocytes. Arthritis
Rheum, 2003; 48 (5): 1315-25.

3. Charlier E, Deroyer C, Ciregia F, Malaise O, Neuville
S, Plener Z, et al. Chondrocyte dedifferentiation
and osteoarthritis (OA). Biochem Pharmacol, 2019;
165: 49-65.

4. Diaz-Romero J, Gaillard JP, Grogan SP, Nesic D,
Trub T, Mainil-Varlet P. Imnmunophenotypic analysis
of human articular chondrocytes: changes in
surface markers associated with cell expansion in
monolayer culture. J Cell Physiol, 2005; 202 (3):
731-42.

5. Jones E, Schafer R. Biological differences between
native and cultured mesenchymal stem cells:
implications for therapies. Methods Mol Biol, 2015;
1235: 105-20.

may render these cells more effective and potential

for chondrocyte implantation for regenerative

medicine in cartilage damage such as osteoarthritis
(OA) or other joint disorders. Therefore, there is
a need for new studies to be performed in vivo to
support these in vitro results. Our results may lead to
in vivo studies modeling cartilage damage such as OA.

6. Finnson KW, Parker WL, Chi Y, Hoemann CD, Goldring
MB, Antoniou J, et al. Endoglin differentially
regulates TGF-B-induced Smad2/3 and Smad1/5
signalling and its expression correlates with
extracellular matrix production and cellular
differentiation state in human chondrocytes.
Osteoarthritis Cartilage, 2010; 18 (11): 1518-27.

7. Lin Z, Fitzgerald JB, Xu J, Willers C, Wood D,
Grodzinsky AJ, et al. Gene expression profiles of
human chondrocytes during passaged monolayer
cultivation. J Orthop Res, 2008; 26 (9): 1230-7.

8. Goessler UR, Bugert P, Bieback K, Sadick H, Verse T,
Baisch A, et al. In vitro analysis of matrix proteins
and growth factors in dedifferentiating human
chondrocytes for tissue-engineered cartilage. Acta
Otolaryngol, 2005; 125 (6): 647-53.

9. Ma B, Leijten JC, Wu L, Kip M, van Blitterswijk
CA, Post JN, et al. Gene expression profiling of
dedifferentiated human articular chondrocytes in
monolayer culture. Osteoarthritis Cartilage, 2013;
21 (4): 599-603.

Turk Hij Den Biyol Derg

407



10.

11.

12.

133

14.

158

16.

17.

18.

19.

20.

408

Schnabel M, Marlovits S, Eckhoff G, Fichtel |, Gotzen L,
Vécsei V, et al. Dedifferentiation-associated changes
in morphology and gene expression in primary human
articular chondrocytes in cell culture. Osteoarthritis
Cartilage, 2002; 10 (1): 62-70.

Goessler UR, Bugert P, Bieback K, Sadick H,
Baisch A, Hormann K, et al. In vitro analysis of
differential expression of collagens, integrins, and
growth factors in cultured human chondrocytes.
Otolaryngol Head Neck Surg, 2006; 134 (3): 510-5.

Ornitz DM. FGF signaling in the developing
endochondral skeleton. Cytokine Growth Factor
Rev, 2005; 16 (2): 205-13.

Lee J, Lee JY, Chae BC, Jang J, Lee E, Son Y. Fully
Dedifferentiated Chondrocytes Expanded in Specific
Mesenchymal Stem Cell Growth Medium with FGF2
Obtains Mesenchymal Stem Cell Phenotype In Vitro
but Retains Chondrocyte Phenotype In Vivo. Cell
Transplant, 2017; 26 (10): 1673-87.

Handorf AM, Li WJ. Fibroblast growth factor-2
primes human mesenchymal stem cells for
enhanced chondrogenesis. PLoS One, 2011; 6 (7):
€22887.

Dailey L, Ambrosetti D, Mansukhani A, Basilico C.
Mechanisms underlying differential responses to
FGF signaling. Cytokine Growth Factor Rev, 2005;
16 (2): 233-47.

Davidson D, Blanc A, Filion D, Wang H, Plut P, Pfeffer
G, et al. Fibroblast growth factor (FGF) 18 signals
through FGF receptor 3 to promote chondrogenesis.
J Biol Chem, 2005; 280 (21): 20509-15.

Ohbayashi N, Shibayama M, Kurotaki Y, Imanishi
M, Fujimori T, Itoh N, et al. FGF18 is required for
normal cell proliferation and differentiation during
osteogenesis and chondrogenesis. Genes Dev, 2002;
16 (7): 870-9.

Stokes DG, Liu G, Dharmavaram R, Hawkins D,
Piera-Velazquez S, Jimenez SA. Regulation of
type-1l collagen gene expression during human
chondrocyte de-differentiation and recovery
of chondrocyte-specific phenotype in culture
involves Sry-type high-mobility-group box (SOX)
transcription factors. Biochem J, 2001;360(Pt
2):461-70.

Darling EM, Athanasiou KA. Rapid phenotypic
changes in passaged articular chondrocyte
subpopulations. J Orthop Res, 2005; 23: 425-32.

Somoza RA, Welter JF, Correa D, Caplan Al.
Chondrogenic differentiation of mesenchymal stem
cells: challenges and unfulfilled expectations.
Tissue Eng Part B Rev, 2014; 20 (6): 596-08.

Turk Hij Den Biyol Derg

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Hu X, Zhang W, Li X. Strategies to Modulate the
Redifferentiation of Chondrocytes. Front Bioeng
Biotechnol, 2021; 9: 764193.

NasrabadiD, RezaeianiS, Eslaminejad MB, ShabaniA.
Improved Protocol for Chondrogenic Differentiation
of Bone Marrow Derived Mesenchymal Stem Cells
-Effect of PTHrP and FGF-2 on TGFB1/BMP2-
Induced Chondrocytes Hypertrophy. Stem Cell Rev
Rep, 2018; 14 (5): 755-66.

Huang L, Yi L, Zhang C. Synergistic Effects of FGF-
18 and TGF-B3 on the Chondrogenesis of Human
Adipose-Derived Mesenchymal Stem Cells in the
Pellet Culture. Stem Cells Int, 2018; 2018: 7139485.

Jakob M, Démarteau O, Schafer D, Hintermann B,
Dick W, Heberer M, et al. Specific growth factors
during the expansion and redifferentiation of
adult human articular chondrocytes enhance
chondrogenesis and cartilaginous tissue formation
in vitro. J Cell Biochem, 2001; 81 (2): 368-77.

Yamaoka H, Nishizawa S, Asawa Y, Fujihara Y,
Ogasawara T, Yamaoka K, et al. Involvement of
fibroblast growth factor 18 in dedifferentiation of
cultured human chondrocytes. Cell Prolif, 2010; 43
(1): 67-76.

Cucchiarini M, Terwilliger EF, Kohn D, Madry H.
Remodelling of human osteoarthritic cartilage by
FGF-2, alone or combined with Sox9 via rAAV gene
transfer. J Cell Mol Med, 2009; 13 (8B): 2476-88.

Arufe MC, De la Fuente A, Fuentes-Boquete I, De
Toro FJ, Blanco FJ. Differentiation of synovial
CD-105(+) human mesenchymal stem cells into
chondrocyte-like cells through spheroid formation.
J Cell Biochem, 2009; 108 (1): 145-55.

Salkin H, Acar MB, Gonen ZB, Basaran KE, Ozcan
S. Comparative proteomics analysis of transforming
growth factor-beta1-overexpressed human dental
pulp stem cell-derived secretome on CD44-
mediated fibroblast activation via canonical smad
signal pathway. Connect Tissue Res, 2023; 64 (2):
205-18.

Tanaka K, Yokosaki Y, Higashikawa F, Saito Y,
Eboshida A, Ochi M. The integrin alpha5betat
regulates chondrocyte hypertrophic differentiation
induced by GTP-bound transglutaminase 2. Matrix
Biol, 2007; 26 (6): 409-18.

Cortes |, Matsui RAM, Azevedo MS. A Scaffold-
and Serum-Free Method to Mimic Human Stable
Cartilage Validated by Secretome. Tissue Eng Part
A, 2021; 27 (5-6): 311-27.



Arastirma Makalesi/Original Article
Makale Dili “Tiirkge”/Article Language “Turkish”

Turk Hijyen ve Deneysel Biyoloji Dergisi

Marmara Universitesi Pendik Egitim ve Arastirma Hastanesi’nde
takip edilen HIV ile enfekte eriskin bireylerde toksoplazma
seropozitifliginin arastirilmasi, 2024

Dilek YAGCI CAGLAYIK' (D), Uluhan SiLi' (ID), Elif TUKENMEZ TiGEN' (ID), Buket ERTURK SENGEL! (ID),

Bars CAN? , Tekin TUNCEL' , Fatma Burcu DOGANG? , Eda Buse MESECI! ,
Arzu iLKi? (D), Volkan KORTEN!
OZET ABSTRACT

Amag: Ulkemizde HIV/AIDS tanili hasta sayisinmin
giderek artis gostermesine ragmen literatiirde bu hasta
grubunda sadece bir merkezden yapilmis iki Toksoplazma
seroprevelans calismasi oldugu dikkatimizi ¢cekmis olup,
merkezimizdeki seropozitiflik yiizdesini ortaya koymay1
ve elde edilen veriler ile kontrol onlemlerine katki

saglamay1 amagcladik.

Yontem: Marmara Universitesi Pendik Egitim ve
Arastirma Hastanesi, Enfeksiyon Hastaliklar1 ve Klinik
Mikrobiyoloji HIV polikliniginde 1985 yilindan giiniimiize
kadar HIV enfeksiyonu tanisi alms ve 1995 yiindan 2024
yilina (Marmara Universitesi Tip Fakiiltesi Universite
Hastanesi doneminden itibaren) kadar takip edilmis
Anti-Toksoplazma 1gG test sonucuna ulasilabilen tim
hastalar calismaya dahil edildi. Hastalarin yas, cinsiyet,
cinsel yonelim, CD4 T lenfosit sayilari, Anti-Toksoplazma
1gG sonuclan kaydedildi. Serebral toksoplazmozis tanisi

alan hastalar cikarildi.

Bulgular: Arastirmaya Anti Toksoplazma-IgG test

sonucu bulunan toplam 916 HIV/AIDS tamli hasta

Objective: In Turkey HIV/AIDS diagnosed patients’
number is gradually increasing currently and there are
only two Toxoplasma seroprevalence studies published
from one center in the literature. The aim of this study
was to reveal the seropositivity rate in our center and to

contribute to control measures with the data obtained.

Methods: All patients, who were diagnosed with
HIV infection from 1985 to today and followed from
1995 to 2024 at the Marmara University Pendik Training
and Research Hospital, Infectious Diseases and Clinical
Microbiology HIV outpatient clinics and (starting from
the Marmara University Faculty of Medicine University
Hospital period) whose Anti-Toxoplasma IgG test
results could be obtained, were included in the study.
The patients’ age, gender, sexual orientation, CD4 T
lymphocyte counts, and Anti-Toxoplasma IgG results
were recorded. Cerebral

toxoplasmosis diagnosed

patients were found from records.

Results: A total of 916 HIV/AIDS diagnosed patients
with Anti-Toxoplasma IgG test results were included in

'Marmara Universitesi Tip Fakiiltesi, Pendik Egitim ve Arastirma Hastanesi, Enfeksiyon Hastaliklart ve Klinik Mikrobiyoloji AD., e
Istanbul, Tiirkiye ) }
“Marmara Universitesi Tip Fakiiltesi, Pendik Egitim ve Arastirma Hastanesi, Tibbi Mikrobiyoloji AD., Istanbul, Ttirkiye
3Marmara Universitesi Tip Fakiiltesi, Halk Sagligi AD., Istanbul, Ttirkiye

iletisim / Corresponding Author : Dilek YAGCI CAGLAYIK ‘
Fevzi Cakmak Mah. Muhsin Yazicioglu Cad. No: 10 Ust Kaynarca / Pendik / Istanbul - Tiirkiye
E-posta / E-mail : dilekyagcicaglayik@gmail.com

Gelis Tarihi / Received : 02.10.2024
Kabul Tarihi / Accepted : 24.10.2024

Yagc1 Caglayik D, Sili U, Tilkenmez Tigen E, Ertiirk Sengel B, Can B, Tuncel T, Dogan¢ FB, Meseci EB, ilki A, Korten V. Marmara Universitesi Pendik Egitim ve Arastirma
Hastanesi’nde takip edilen HIV ile enfekte eriskin bireylerde toksoplazma seropozitifliginin arastirilmasi, 2024. Turk Hij Den Biyol Derg, 2024; 81(4): 409 - 418

409


https://dx.doi.org/10.5505/TurkHijyen.2024.40501
https://orcid.org/0000-0003-3473-8073
https://orcid.org/0000-0002-9939-9298
https://orcid.org/0000-0003-2027-4116
https://orcid.org/0000-0003-2182-4693
https://orcid.org/0000-0002-1966-4240
https://orcid.org/0000-0003-0692-8187
https://orcid.org/0000-0002-4677-8358
https://orcid.org/0009-0001-2104-944X
https://orcid.org/0000-0003-3887-7003
https://orcid.org/0000-0002-9991-814X

410

dahil edildi. Hastalarin %88,1’i (n=807) erkekti. Tim
hastalarin yas ortalamasi 36,9 yil idi (£11,4 yil; min-
maks: 18-81 yil). CD4 T lenfosit sayisi ortancasi 369,0,
ortalamasi 408,9, (+275,34; min-maks: 0,0-1659,0) idi.
Tum hastalarin %41,3’4 (n=378) erkeklerle seks yapan
erkeklerdi (MSM). Yas ortalamasi MSM grupta 32,5 yil
idi (£9,9 yil; min-maks: 18-81 yil). Tum hastalarin
%9,4’U (n=86) ve kadinlarin %78,9’u (n=86) dogurganlik
cagindaki (18-49 yas) kadinlardan olusmakta idi.
Toxoplasma gondii icin seropozitiflik yuzdesi %36,5
olarak saptandi. Seropozitiflik ylzdesinde, kadinlar
arasinda %46, MSM grupta %28 olmak Uzere istatistiksel

anlamli farklilik tespit edildi.

Sonug: Bu calisma ile merkezimizde HIV ile enfekte
hastalarda, genel populasyona ait diinya ortalamasina
(%30) yakin bir sonuc olan %36,5 seropozitiflik diizeyi
tespit edilmis ve son 20 yil icinde bu yluzdede azalma
saglandig1 gorulmistiir. Yas ortalamasi daha diisiik
olan MSM grupta seropozitiflik anlamli oranda daha
HIV/AIDS tanili ve Anti-Toksoplazma IgG

negatif bireylerin takibinde ilk tam aninda ve her

disuktur.

vizitte Toxoplasma gondii gecis yollari, risk faktorleri

ve alinacak onlemlerin hatirlatiip bilgi dizeyinin

arttinlmas1  llkemizdeki  Toksoplazma  yikunun
azaltilmasina katki saglayacaktir.
Anahtar  Kelimeler: HIV, Toxoplasma gondii,

seroprevelans, Tiirkiye

the study. 88.1% of the patients (n=807) were male. The
average age of all patients was 36.9 years (+11.4 years;
min-max: 18-81 years). The median CD4 T lymphocyte
count was 369.0, and the mean was 408.9 (+275.34;
min-max: 0.0-1659.0). 41.3% of all patients (n=378)
were men who have sex with men (MSM). The mean age
in the MSM group was 32.5 years (9.9 years; min-max:
18-81 years). 9.4% of all patients (n=86) and 78.9% of
women (n=86) were in childbearing age (18-49 years).
The seropositivity rate for Toxoplasma gondii was found
to be 36.5%. A statistically significant difference was
detected in the seropositivity rates, with 46% among

women and 28% in the MSM group.

Conclusion: In this study, a seropositivity rate
of 36.5% was found in HIV-infected patients at our
center, which is close to seroprevalance rate in general
population (30%) and it has been observed that there
has been a decrease in this rate over the last 20 years.
The seropositivity is significantly lower in the MSM
group, which has a lower mean age. In the follow-up
of HIV/AIDS diagnosed and anti-Toxoplasma IgG negative
individuals, reminding transmission ways, risk factors,
and preventive measures at the time of initial diagnosis
and during each visit will contribute to reducing the

Toxoplasma burden in our country.

Key Words: HIV, Toxoplasma gondii, seroprevalance,

Turkiye

GIRIS

Toxoplasma gondii, sicak kanli hayvanlan enfekte

edebilen zorunlu hiicre i¢i parazitidir. Parazitin
ookistleri kedi diskisi yoluyla topraga ve suya yayilir.
Duvar yapisinin tirozinden zengin proteinler icermesi
nedeniyle ookistler ultraviyoleye dayanikli olup nemli
toprakta 18 aya kadar yasayabilir (1). insanlarin
enfekte olmasinda ookist ile kontamine sebzelerin
Ookisti agiz yoluyla alan

yenmesi bir yoldur.
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hayvanlarin kas dokularinda olusan doku kistlerinin
(bradizoit) insanlarca yutulmasi enfeksiyona sebep
Ulkeler aras hatta iilke

farkilk gostermekle
birlikte tim diinyada prevelans ortalama %30’dur.

olan diger bir yoldur (1).
icinde bolgeler arasinda
Seropozitifligi etkileyen faktorler arasinda’; ulkenin
diisiik, orta ya da yiksek gelir grubuna girmesi, ¢ig
veya az pismis et, yikanmamis ¢ig sebze veya meyve
tiketimi, kedi temasi, kirsal alanda yasama, yas ve
egitim diizeyi gosterilmistir (1,2).



Ulkemizde genel populasyonda yapilmis cok sayida
calismada genis aralikta seroprevelans sonuclan
ortaya cikmistir. Van ilindeki hemodiyaliz hastalarinda
%59,3 (3), Ankara ilindeki kan bagiscilarinda %42,5
(4), istanbul, Bursa, Adana, Kayseri, Kocaeli illerinde
cocuk dogurma yasindaki 17751 kadinda %24,61 (5),
Kilis’te cocuk dogurma yasindaki kadinlarda %63,4
(6) olmak Ulzere farkli gruplarda farkli seropozitiflik
yiizdeleri mevcuttur. Marmara bolgesinden yapilan
calismalarda seropozitiflik ylizdelerine bakildiginda
Bursa’da hastane basvurusu olan hastalarda 2002-
2008 arasinda %28,8, istanbul’da 2003-2005 yillarinda
trafik kazas1 yasayan soférlerde %53,5, istanbul’da
2004-2010 arasinda c¢ocuk dogurma yasindaki
kadinlarda %24,6 , istanbul Anadolu yakasinda 2013-
2015 yillarinda obstetri klinigine basvuranlarda %31
siklik saptanmistir (7,8).

immun  sistemin  baskilandig1  durumlardan

biri olan HIV enfeksiyonunda latent enfeksiyonun
reaktivasyonu sozkonusu olup ozellikle CD4 T lenfosit
hiicre sayist < 50/pL oldugunda siklikla ensefalit
(serebral toksoplazmozis) tablosu gorilmektedir.
Bu klinik tabloda bilgisayarli tomografi (BT) veya
manyetik rezonans (MR) ile korteks gri cevherde ve
bazal gangliyonda tek ya da cok sayida kontrast tutan
lezyon ve eslik eden odem ya da diffuz ensefalit
goruntilenebilmektedir (2, 9).
Ulkemizde istanbul ili Avrupa yakasinda HIV/AIDS
tanmli 164 hastada 2006-2010 yillar arasin1 kapsayan
donemde, Anti- Toksoplazma IgG pozitiflik siklig1 %52
olarak saptanmistir (10). CD4 T lenfosit hiicre sayisi
< 100/pL olan hastalarda bu duzey %64 bulunmustur.
Ayn1 hastanede 2006-2017 yillan arasinda 614 hastada
siklik % 43,5 olarak saptanmistir. CD4 T lenfosit hucre
sayist < 100/pL olan hastalarda bu diizey % 53,5
bulunmustur. HIV tanisi olan erkeklerle seks yapan
erkeklerde (MSM) seropozitiflik %37,6 olarak daha
dusuk kaydedilmistir (11).

Resmi verilere gore lilkemizde 1985- Kasim 2023
arasinda HIV enfeksiyonu tamis1 almis kisi sayis1 39.437
olup 2.295’i AIDS vakasidir (12). Avrupa ve Amerika

HIV tedavi ve izlem rehberlerine gore HIV tanisi alan

tim hastalarda latent enfeksiyonun saptanmasi igin
Anti-Toksoplazma IgG varligi ilk vizitte arastinlmalidir
9, 13).
pismis et, midye, istiridye gibi ¢i§ kabuklu deniz
urunlerinden kacinmlmasi (14), etin 165- 170°F (74-
77°Q)i¢ sicakliga ulasmasinin saglanmasi, cig et ve

Seronegatif kisilerin takibinde ¢ig veya az

toprak temasindan sonra ellerin yikanmasi, meyve ve
sebzenin yikanmasi, kedi kumu degistirirken eldiven
giyilmesi ve sonrasinda ellerin yikanmasi, kedilerin
evde bakilmasi, sokak kedilerine dokunulmamasi ya
da eve alinmamasi rehberlerce onerilmektedir (9).
Kedileri cig ya da pismemis etle beslememek, pismis
sofra yemegi ya da kurutulmus ticari yiyeceklerle
beslemek de onerilmektedir.

Ulkemizde HIV/AIDS tamli hasta sayisi giderek
artis gostermesine ragmen literatiirde sadece bir
merkezden yapilmis iki Toksoplazma seroprevelans
dikkatimizi
seropozitiflik

calismast  oldugu cekmis  olup,

merkezimizdeki yuzdesini  ortaya
koymayi ve elde edilen veriler ile kontrol onlemlerine

katki saglamay1 amacladik.

GEREC ve YONTEM

Pendik
Arastirma Hastanesi, Enfeksiyon Hastaliklarn ve
Klinik Mikrobiyoloji HIV polikliniginde 1985 yilindan
glinimiize kadar HIV enfeksiyonu tanis1 almis ve 1995

Marmara  Universitesi Egitim  ve

yilindan (Marmara Universitesi Tip Fakiiltesi Universite
Hastanesi doneminden itibaren) 2024 yilina kadar
takip edilmis Anti-Toksoplazma IgG test sonucuna
ulagilabilen tum hastalar calismaya dahil edildi.
Hastalarn ilk vizitinde istenilen Anti Toksoplazma-1gG
test sonuclari kaydedildi.

Anti-HIV  testleri, 1985-2021
mikropartikil enzim immunoassay yontemi ile Axsym

yillar1 arasinda
(Abbott, ABD) cihaz1 ve kemiliiminesans mikropartikul
immunoassay (CMIA) yontemi ile Architect (Abbott,
ABD) cihazinda gerceklestirilmis olup 2021- 2024
yillar arasinda ise Elecsys® HIV Duo (Roche, Almanya)
kiti kullanilarak HIV 1 p24 antijeni ile birlikte HIV 1 ve
HIV 2’ye kars antikorlarin kalitatif tayini yapilmistir.
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Reaktif bulunan o6rnekler dogrulama amaciyla
Ulusal AIDS Dogrulama Merkezi’ne gonderilmistir.
Burada, bir baska 4. kusak ELISA testi olan VIDAS
HIV Duo Ultra
test edilmistir. Reaktif ornekler, Geenius HIV1/2

(bioMérieux, Fransa) ile tekrar
Supplemental Assay (Bio-Rad, Fransa) gibi hizli HIV
dogrulama testleri ile de dogrulanmistir. Dogrulama
testleri pozitif olan ornekler HIV enfeksiyonu olarak
kabul edilmistir.

Anti-Toksoplazma I1gG testi, 1985-2010 willan
arasinda mikropartikiil enzim immiinoassay
yontemiyle Axsym (Abbott, ABD) cihazinda, 2010-
2021 yillan arasinda ise VIDAS (bioMérieux, Fransa)
cihazi ile yapilmistir. Bu cihaz, enzim bagli floresan
antikor (ELFA) yontemiyle Toxoplasma gondii’ye karsi
olusan 1gG antikorlarim tespit etmektedir. Testler
2021- 2024 yillarinda Roche Cobas e-801 (Roche
Diagnostics, isvicre) otoanalizériinde kemiliiminesans
yontemi kullanilarak yapilmistir.

Tum testler, Uretici firmalarn talimatlarina uygun
olarak gerceklestirilmis ve sonuclar laboratuvarin
kalite kontrol stireclerine gore degerlendirilmistir.

istatistiksel
programi

degerlendirme icin Jamovi

kullamlmistir.  Kategorik degiskenlerin
degerlendirilmesi icin Ki-kare testi uygulanmstir.
Surekli

(ortalama, standart sapma, minimum ve maksimum

degiskenler icin ise ortalama Olcitleri
deger) hesaplanmis ve normalite testleri (Kolmogorov-
Smirnov) uygulanmistir. iki grubun ortalamalarinin
karsilastinlmasinda, normal dagilim gosterenler
Student’s t testi, normal olmayan dagilimlar ise
Mann-Whitney U testi ile analiz edilmistir. istatistiksel
anlamlilik diizeyi olarak <0,05 kabul edilmistir.

Bu calisma, Marmara Universitesi Tip Fakiiltesi
Etik Kurulu’nun

(Tarih:03.11.2023,

Klinik ~ Arastirmalar onay1 ile

gerceklestirilmistir Karar no:

09.2023.1389).

BULGULAR

Arastirmaya Anti Toksoplazma-lgG test sonucu
bulunan toplam 916 HIV/AIDS tanmili hasta dahil
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edildi. Hastalarin %88,1’i (n=807) erkekti. Tum
hastalarin yas ortalamasi 36,9 yil idi (+11,4 yil; min-
maks: 18-81 yil). CD4 T lenfosit sayis1 ortancasi 369,0,
ortalamas1 408,9, (+275,34; min-maks:0,0-1659,0)
%41,3’U  (n=378)

seks yapan erkeklerdi (MSM). Yas ortalamast MSM

idi. Tum hastalarin erkeklerle
grupta 32,5 yil idi (29,9 yil; min-maks:18-81 yil).
Tum hastalarin %9,4’G (n=86) ve kadinlarin %78,9’u
(n=86) dogurganlik cagindaki (18-49 yas) kadinlardan
olusmakta idi.

Anti
Kadin
hastalarda seropozitiflik yiizdesi %46, MSM grupta

Tum  hastalarin  %36,5’inde

pozitif

(n=334)

Toksoplazma-1gG  testi saptandi.
%28 olarak tespit edildi. Seropozitiflik yuzdesinin
yas ile arttig1 ve 48 yas lizerinde %63,7’ye ulastigi
saptandi. (Tablo 1).

Tum seropozitif hastalar arasinda serebral
toksoplazmozisli hasta sayis1 9, diizey % 2,7 bulundu.
hastalarin CD4 T
lenfosit hiicre sayis1 ortancasi 96, ortalamasi 218,4
(£268,3, min-maks:9-693,0) idi. Yillara gore serebral

toksoplazmozis tamli hastalarin CD4 sayilarinda bir

Serebral toksoplazmozis tanili

korelasyon saptanmadi (p=0,966).

Hastalarin diger demografik verileri Tablo 1’de
verilmistir.

HIV ile enfekte hastalarin Anti Toksoplazma-IgG
test pozitifliginin cinsiyet, yas, uyruk ve HIV tani yilina
gore iliskisi Tablo 2’de verilmistir. Heteroseksuellere
gore MSM grupta Anti Toksoplazma-IgG test negatifligi
yuzdesi anlamli sekilde daha yilksek bulundu
(p<0,001) (Tablo 2).

Cocuk dogurma yasindaki (18-49) kadinlarin
%39,5’inde (n=34) Anti Toksoplazma-IgG pozitifligi
mevcuttu. Dogurganlik cagindaki kadinlara gore
diger yas grubundaki kadinlarda Anti Toksoplazma-
IgG pozitifligi ylizdesi anlamli sekilde daha yiiksek
saptandi (p<0,001) (Tablo 2).

Toplam 10 gebe hastanin 3’linde (%30) Anti
Toksoplazma-IgG pozitifligi saptandi. Gebe olan
kadinlarla olmayanlar arasinda seropozitiflik ylizdesi

acisindan anlamli bir fark bulunmadi (p=0,669).



Tablo 1. Hastalarin tanimlayici 6zelliklerine gore T. gondii sikligi

T. gondii Ig G (+) T. gondii Ig G (-) Toplam
(n/%) (n/%) (n/%)

Cinsiyet
Erkek 283/35,1 524/64,9 807/100,0
Kadin 51/46,8 58/53,2 109/100,0
Cinsel yonelim
Heteroseksiiel 169/41,1 242/58,9 411/100,0
Homoseksiiel/bisekstel 106/28,0 272/72,0 378/100,0
Bilinmiyor/belirtilmemis 59/46,5 68/53,5 127/100,0
CD4 T lenfosit hiicre sayis1 (n=887)
50 ve alti 23/34,8 43/65,2 66/100,0
51-100 24/45,3 29/54,7 53/100,0
101-200 35/36,1 62/63,9 97/100,0
201-350 72/36,5 124/63,3 196/100,0
351-500 69/38,1 112/61,9 181/100,0
501 ve lizeri 102/34,7 192/65,3 294/100,0
Yas
18-27 38/17,8 175/82,2 213/100,0
28-37 97/30,5 221/69,5 318/100,0
38-47 90/42,1 124/57,9 214/100,0
48 ve lizeri 109/63,7 62/36,3 171/100,0
Uyruk
Tirkiye 323/36,3 566/63,7 889/100,0
Turkiye dis1* 11/40,7 16/59,3 27/100,0
HIV tam yih (n=892)
2024-2015 214/33,8 420/66,2 634/100,0
2014-2005 106/43,8 136/56,2 242/100,0
2004-1995 6/37,5 10/32,5 16/100,0
Toplam 334/100,0 582/100,0

*Hastalarin 3’0 Avrupa, 7’si Afrika, 13’0 Asya, 4’4 Amerika kitas1 kokenlidir.
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Tablo 2. HIV’li hastalardaki T. gondii seropozitifliginin istatistik degerlendirmesi

T. gondii Ig G (+) T. gondii Ig G (-)
p degeri
(n/%) (n/%)

Cinsiyet
Erkek 283/35,1 524/64,9

0,017
Kadin 51/46,8 58/53,2
Cinsel yonelim
Heteroseksiiel 169/41,1 242/58,9

<0,001*
Homosekstiel/bisekstiel 106/28,0 272/72,0
CD4 T lenfosit hiicre sayis1 (n=887)
199 ve alti 82/38,3 132/61,7

0,559
200 ve iizeri 243/36,1 430/63,9
Yas
18-27 38/17,8 175/82,2
28-37 97/30,5 221/69,5

<0,001
38-47 90/42,1 124/57,9
48 ve lizeri 109/63,7 62/36,3
Uyruk
TC olan 324/36,4 567/63,6

0,482
TC olmayan 12/42,9 16/57,1
Tanm yili (n=892)
2024-2015 214/33,8 420/66,2
2014-2005 106/43,8 136/56,2 0,022
2004-1995 6/37,5 10/32,5
Kadinlar (n=109)
18-49 yas 34/39,5 52/60,5

<0,001
50-81 yas 17/73,9 6/26,1

*Bilinmiyor/belirtmek istemiyor kategorisi cikarilarak analiz gerceklestirilmistir.
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TARTISMA
Merkezimizde takip edilen HIV ile enfekte
hastalarda Toxoplasma gondii icin seropozitiflik
yuzdesi %36,5 bulunmustur.

HIV enfeksiyonu tanmili hastalarda siklik ilkelere
gore belirgin farklilik gostermekte olup Yunanistan’da
%31, Ispanya’da %38, Hindistan’da yeni tam almis
HIV enfekte hastalarda %73 bulunmustur (15,16,17).
Cin’de ise aym hasta grubunda %9,08 ile Amerika
Birlesik Devletleri’ndekine (ABD)

saptanmistir (18)

benzer bir yiuzde

Toplam 37 llkeyi icine alan bir metaanaliz
calismasinda HIV ile enfekte bireylerde Toxoplasma
gondii seroprevelans1 ortalama %44,22 saptanmis
olup, en dusiik yiuzde Hollanda’da %3,7 olarak
bulunmus olup, Kanada ve ABD’de %10, Brezilya’da
%23, Almanya’da %35, Fransa’da %23, Italya’da
%36, Libya’da %88, Fas’ta %62, iran’da %40 ve en
yuksek diizey Etyopya’da olmak lizere %92 olarak
kaydedilmistir (19). Merkezimiz verileri %36,5 ile HIV
ile yasayan bireyler icin diinya ortalamasinin altinda,
Avrupa Ulkelerine yakin bir orani gostermektedir.

Merkezimizde kadinlarda %46, MSM grupta %28
olarak bulunan seropozitiflik yiizde farki istatistiksel
olarak anlamli bulundu. istanbul Avrupa yakasindan
olarak MSM grupta
seropozitifligin disiik bulunmas1 bu guruptaki yas

yapilan calismaya benzer
ortalamasinin 32,5 olmak uzere daha disuk olmasina
baglanabilir (11). Literatlirdekine benzer sekilde
seropozitiflik yiizdesinin yas ile arttigr ve 48 yas
tizerinde %63,7’ye ulastig1 saptandi (11).
Yunanistandan HIV enfeksiyonu tanisin1 yeni
almis 155 hastada yapilan bir calismada T. gondii
icin seropozitiflik %31,61 bulunmus olup, hastalarin
%27’sini olusturan kadinlardaki sikligin %50 oldugu ve
calismamizdakine benzer sekilde erkeklerden daha
yiiksek sikliga sahip olduklar gosterilmistir (15). Bu
durum, calismada kadinlarin hormonlarinin farkli
olmasina baglanmistir fakat bu farkliigin esas sebebi
merkezimizde izlenen kadin hasta sayisinin anlaml
oranda daha az olmasi ve hastalarin yariya yakininin

(%41,3’lnlin) MSM olmasi olarak degerlendirilebilir.

Yunanistan’da yapilan calismada gocmenlerin
seropozitifligi arttirdigi {izerinde durulmus olup
merkezimizde uyrugu farkli kisilerde oranin

%40,7 oldugu ve genel ortalamayr anlamli sekilde
etkilemedigi izlenmistir.

Merkezimizde cocuk dogurma yasindaki (18-49)
kadinlarin %39,5’inde (n=34) Anti Toksoplazma-IgG
pozitifligi mevcut olup merkezimizin de bulundugu
istanbul Anadolu yakasinda genel populasyonda
kaydedilmis cocuk dogurma yasindaki kadinlardaki
%31’ lik
gorilmiistiir (8). HIV tamisi aldig1 anda gebe olan 10

seropozitiflik yiizdesina benzer oldugu
hastanin 3’iinde (%30) Anti Toksoplazma-IgG pozitifligi
saptandi1 ve seropozitiflik yiizdesi acisindan anlamli
bir fark bulunmadi (p=0,669). Bu da calismamizda
ortaya c¢ikan dogurganlik yasindaki kadinlardaki
%39,5’luk sonuc ile uyumludur.

Anti
(%73,9)

istatistiksel olarak anlamli sekilde daha yiiksek

EWli  yasimn  Uzerindeki  kadinlarda

Toksoplazma-IgG  pozitifligi ~ oraninin
olmasinin sebebi, artan yasla beraber kadinlarda ¢ig
yesillik yikama, hazirlama ve yemenin veya sokak
kedisi besleme aliskanliklarinin daha fazla olmasi
seklinde yorumlanabilir.

HIV ile enfekte bireylerde serebral toksoplazmozis
insidansi; HIV ile enfekte populasyondaki Toksoplazma
prevelansi, CD4 T lenfosit hucre sayisi, profilaksi
verilip verilmedigi ve Antiretroviral tedaviye yanitin
olup olmadigiyla direkt iliskilidir (1). Profilaksi ve
antiretroviral tedavi almayan AIDS hastalarinda bu
oranin %20-47 oldugu tahmin edilmektedir (1). Giincel
olarak Kamerun’un en buyik sehri olan Douala’da
yapilan calismada, ortanca CD4 degeri 68 olan HIV
ile enfekte hastalarda serebral toksoplasmozis orani
%14 olarak bulunmustur (20). Gliney Kore, Avustralya,
Tayland, Hindistan, Kambocya, Endonezya, Vietnam,
Filipinler, Singapur, Malezya, Tayvan, Cin ve
Japonya’da 1997-2020 yillarinda HIV enfeksiyonu
tamisi alan 9576 hastayi icine alan calismada, ortanca
CD4 T lenfosit sayis1 40 olan serebral toksoplazmozis

olgularinin oram %2,8 bulunmus olup merkezimizde
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takip edilen ve ortanca CD4 T lenfosit sayis1 96 olan
serebral toksoplazmozis olgularinin orani olan %2,7
ile benzerdir (21). Ulkemizde saglik hizmetine kolay
erisimin, Asya Pasifik Ulkelerine benzer sekilde fakat
Afrika’ya gore daha erken donemde HIV enfeksiyonu
tanist konulmasini sagladigi distindilebilir.

kedilerde
seroprevelans ortalama %41,5 olarak bulunmustur

Turkiye’de Toxoplasma gondii
(22). Bolgelere gore degismekle birlikte lilkemizde
koyun ve kecilerde %38 (23), sigirlarda %85’e varan
siklik bildirilmekle beraber kasaplardan toplanan
sigir etlerinde yapilan ulusal ve uluslararasi bazi
calismalarda parazitin izole edilememesi veya
molekiiler olarak pozitiflige rastlanmamis olmasi ve
donmus ette bradizoitlerin parcalanmasi Toksoplazma
parazitinin gecisinde et tuketiminden ziyade kedi
temasini ve iyi yikanmamis yesilliklerden gecisi akla

getirebilmektedir (1,24,25).

ETiK KURUL ONAYI

* Bu
(Tarih:03.11.2023, Karar no: 09.2023.1389).

CIKAR CATISMASI

Avrupa ve Amerika HIV izlem rehberlerine uygun
olarak HIV enfeksiyonu tanis1 alan her hastada
serolojik tarama yapilmas1 gereklidir. Seropozitif
kisiler arasinda CD4 T lenfosit hiicre sayis1 < 200/pL
olanlara, toksoplazma’nin beyin tutulumunu onlemek
icin trimetoprim-sulfometaksazol
verilmelidir (2, 9, 13).

Bu calisma ile merkezimizde HIV ile enfekte

profilaksisi

hastalarda, genel populasyona ait diinya ortalamasina
(%30) yakin bir sonuc olan %36,5 seropozitiflik yuzdesi
tespit edilmis ve son 20 yil icinde bu oranda azalma
saglandig1 goriilmis olsa da, HIV/AIDS tamli ve Anti-
Toksoplazma IgG negatif bireylerin takibinde ilk tani
aninda ve her vizitte Toxoplasma gondii gecis yollar,
risk faktorleri ve alinacak onlemlerin hatirlatilip
bilgi duzeyinin arttinlmas1 ulkemizdeki Toksoplazma
yiikiiniin azaltilmasina katki saglayacaktir.

calisma, Marmara Universitesi Tip Fakiiltesi Klinik Arastirmalar Etik Kurulu’nun onay1 ile gerceklestirilmistir

Yazarlar bu makale ile ilgili herhangi bir ¢ikar catismasi bildirmemislerdir.
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Effect of copper sulphate in rat brain tissue: Kir channels
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ABSTRACT

Objective: Copper plays an important role in
the catalyzing of enzymes involved in the function of
many enzymes in the cell, especially in mitochondria,
where energy is produced in the cell, and is involved
in mechanisms such as iron homeostasis, scavenging
of free radicals, collagen, and elastin bond formation.
The expression of internal potassium channels (Kir) is
known in various tissues, especially in brain tissue. In
this context, the aim of this study was to evaluate the
morphological effect of Copper Sulphate (CuSO,) in male
and female rat brain tissue and the expression of Kir2.1
and Kir4.1 in the prefrontal cortex and hippocampus

regions of the brain.

Methods: In this study, female and male Sprague
dawley rats were divided into control group (n=10)
and CuSO, group (n=10) and administered saline to the
control group and CuSO, (100 mg/kg) to the CuSO,group
by oral gavage daily for 14 days. The animals were
then euthanised and the brain tissues were examined
histologically for morphological and tissue integrity and
the expression of Kir channel proteins Kir2.1 and Kir4.1

was evaluated by immunohistochemical method.

OZET

Amag: Bakir, hiicredeki bircok enzimin islevinde
rol oynayan ve ozellikle hiicrede enerjinin uretildigi
mitokondride etkili olup demir homeostazi, serbest
radikallerin temizlenmesi, kolajen ve elastinin bag
olusumu gibi mekanizmalarda yer alan enzimlerin
katalizlenmesinde 6nemli bir rol oynar. internal potasyum
kanallarinin (Kir) ise cesitli dokularda ozellikle beyin
dokusundaki ekspresyonu bilinmektedir. Bu baglamda
bu calismada, disi ve erkek sican beyin dokusunda Bakir
Sulfatin  (CuSO,) morfolojik etkisi, beyin prefrontal
korteks ve hipokampiis bolgelerindeki Kir2.1 ve Kir4.1’in

ekspresyonunu degerlendirmek amaclanmistir.

Yontem: Bu calismada disi ve erkek Sprague dawley
rki sicanlar, kontrol grubu (n=10) ve CuSO, grubu (n=10)
olarak ayrildi ve 14 giin boyunca giinliik olarak agizdan
gavaj yoluyla kontrol grubuna serum fizyolojik, CuSO,
grubuna ise CuSO, (100 mg/kg) uygulandi. Daha sonra
hayvanlara otenazi uygulandi ve ardindan beyin dokularn
morfolojik ve doku biitiinligli agisindan histolojik olarak
incelenerek Kir kanali proteinleri olan Kir2.1 ve Kir4.1’
in ekspresyonu ise imminohistokimyal yontem ile

degerlendirildi.
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Results:  Histomorphological characteristics of
CuSO, group brain tissues were observed to change
and tissue integrity was disrupted. In both the control
group and CuSO, group, Kir2.1 expression in the
prefrontal cortex region was more intense than in
the hippocampus region in both sexes. Especially in
female rats, intense Kir2.1 expression was observed
in neurons in the prefrontal cortex region (p=0.001).
In CuSO, group, the main effect of region was found
(p=0.014).

Kir4.1 expression was observed to be intense in the

to be significant for Kir2.1 expression
hippocampus region of the control group, while there
was a statistically significant difference between the
regions in the control group (p<0.001).

Conclusion: We found that brain tissue exposed to
excessive CuSO, could not fully preserve its morphology.
In addition, we determined that Kir2.1 was intensely
expressed especially in the prefrontal cortex region of
the brain, but the expression of Kir4.1 was decreased in
both prefrontal cortex and hippocampus regions of male
rat brain tissues by CuSO, treatment. The relationship
between the damage caused by intensive CuSO,
application in brain tissue and the activation/inhibition

of Kir channels needs to be investigated in more detail.

Key Words: Copper sulphate, Brain, Kir2.1, Kir4.1

dokularinin
doku

biittinliigiiniin bozuldugu gozlendi. Hem kontrol grubunda

Bulgular:  CuSO, grubu beyin

histomorfolojik  ozelliklerinin  degistigi ve
hem de CuSO, grubunda, prefrontal korteks bolgesindeki
Kir2.1 ekspresyonu her iki cinsiyette de hipokampus
bolgesine gore daha yogun oldugu izlendi. Ozellikle disi
sicanlarda prefrontal korteks bolgesindeki noronlarda
yogun Kir2.1 ekspresyonu gozlenmistir (p=0,001). Kir2.1
ekspresyonu i¢in  CuSO, grubunda bélgenin ana etkisi
anlamli bulunmustur (p=0,014). Kir4.1 ekspresyonunun
kontrol grubu hipokampiis bdlgesinde yogun oldugu
izlenirken, ayn1 sekilde kontrol grubunda bolgeler
arasinda istatistiksel olarak anlamli bir farkin oldugu

belirlenmistir (p<0,001).

Sonug: Asin CuSO,’e maruz kalan beyin dokusunun
morfolojisini tam olarak koruyamadigimi tespit ettik.
Ayrica bulgularda Kir2.1’in ozellikle beyin prefrontal
korteks bolgesinde yogun eksprese oldugu ama CuSO,
uygulamasiyla ozellikle erkek sican beyin dokularinda
gerek prefrontal korteks gerekse hipokampis bolgesinde
Kir4.1 ekspresyonunun azaldigim belirledik. Yogun CuSO,
uygulamasinin beyin dokusunda yol actig1 hasar ile Kir
kanallarinin aktivasyon/inhibisyon arasindaki iliskinin

daha detayli arastinlmasi gerekmektedir.

Anahtar
Kir4.1

Kelimeler: Bakir Siilfat, Beyin, Kir2.1,

INTRODUCTION

Copper (Cu) is an important trace element that
plays a role in the function of many enzymes in the
cell (1). It is especially effective in mitochondria,
where energy is produced in the cell, and plays a role
in catalyzing enzymes involved in mechanisms such
as iron homeostasis, clearance of free radicals, and
bond formation of collagen and elastin (2). Copper
has many functions; it is one of the metals involved
in biological processes such as cell proliferation,

Turk Hij Den Biyol Derg

cellular oxidation and reduction events, angiogenesis,
The
copper required for the body has been suggested

cell migration, and signal transduction (3).

to be between 0.6 and 1.6 mg of copper per day in
humans (4). Excess Cu in the body can come from
food, drinking water and other environmental source
(5). High intake of copper into the organism leads
to serious poisoning and is reported to cause serious
toxicity. Cu toxicity has been reported to induce
oxidative stress and tissue damage as a result of
Fenton reaction (6). Also, in the brains of Parkinson’s



and Alzheimer’s patients, copper levels decreased in
brain regions such as substantia nigra, whereas copper
accumulation occurred in Lewis bodies or senile
plaques (7, 8). In another study, it was reported that
chronic copper toxicity caused differential copper
accumulation associated with cognitive dysfunction in
the cerebral cortex, striatum and cerebellum of male
Wistar rats (9). Furthermore, excess copper intake
by oral administration has been shown to increase
the amount of non-ceruloplasmin-bound copper in
plasma, cortex, and hippocampus, which may cause
oxidative damage through overproduction of Reactive
Oxygen Species (ROS) (10).

The most important physiological feature of
ion channels is electrical signals and they provide
membrane potential formation in cells such as nerve
and muscle where electrical stimulation is high (11).
Internal potassium channels (Kir), which are ion
channels that play an active role in excitable cells such
as neurons and cardiomyocytes, actively conduct K+
ionsinto the cell toward the end of the action potential
(12). Important functions of Kir channels; control
cell proliferation, regulate hormone secretion in the
central nerve system, modulate neurotransmitter
release, and can act as hypoxia sensors (13). Studies
to date have identified seven structurally distinct
subfamilies of the Kir family, ranging from Kir1 to Kir7
(14). Kir2.1 channels are known to be highly expressed
in the brain (15), and may regulate the excitability of
granular cells in the hippocampus during development
(16).
located in oligodendrocytes, where the myelin sheath

Kir4.1 channels are reported to be centrally

is produced, and in astrocytes surrounding neurons,
but also in the cortex, thalamus, hippocampus, and
(17).
exists that oligodendrocytes express Kir4.1 (17) and a

brain stem Immunohistochemical evidence
study on global Kir4.1 knock-out mice indicated that
it is required for oligodendrocyte development and
myelination (13, 18).

Therefore, in this study, we aimed to investigate
the immunoreactivity changes of Kir channels; Kir2.1

and Kird.1 with copper sulphate (CuSO,) in the

prefrontalcortex and hippocampus regions of male
and female rat brain tissue. We think that the findings
obtained in this study may be effective in changing
the activity of Kir channels in brain tissue, especially
with CuSO,, and may help to elucidate the changes
in the activity of Kir2.1 and Kir4.1 in both prefrontal
cortex and hippocampus regions.

MATERIAL and METHOD

Animals

In all experimental procedures, 30-40 days old
male and female Sprague dawley rats with body
weights ranging from 50 to 70 g were used and all
experimental animals were obtained from Erciyes
University DEKAM. Rats were housed in cages at 24 °C
+2 °C, 12 h light/dark cycles, with food and water in
the cages. At the end of the experimental procedure,
rats were sacrificed under ketamine-xylazine induced
anaesthesia. Every effort and care was carefully
taken to minimise animal suffering.

Experimental model induced by copper sulphate
(Cus0,)

In the study, male (n = 10) and female (n = 10) rats
were randomly divided into 2 groups:

i) Control groups receiving saline by oral
gavage (n = 10; 5 male- 5 female),

ii)  CuSO, groups receiving CuSO, dissolved in
saline at a dose of 100 mg/kg/day by oral gavage (n =
10; 5 male- 5 female).

The required dosage of CuSO, was 100 mg/kg for 14
days following the standard protocol of Liu et al. (19).
The rats were then sacrificed and brain tissues were
removed for histological and immunohistochemical
examinations.

Histological analysis

The brain tissue was first preserved in 10%
formaldehyde, and after that, it was flicked and
cleaned with running water for an entire night.
Tissues were immersed in a succession of progressively
stronger alcohol solutions to extract water from
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them (20). The tissues were dewatered, rinsed with
xylol (amounting to the size of the tissue), and then
embedded in paraffin blocks at the proper depth.
From the paraffin-embedded blocks, sections with
a thickness of 5 pm were cut using a microtome
instrument. The tissue sections were then put on
poly-L-lysine-coated slides for immunohistochemical
analysis and on regular slides for hematoxylin and
eosin staining. Following all staining procedures, an
Olympus BX53 light microscope was used to assess
tissue integrity, oedema and histological changes
in the morphology of the prefrontal cortex and
hippocampus regions.

Immunohistochemical analysis

The variations in Kir2.1 and Kir4.1 expressions
in brain tissues were identified by labeling using
immunohistochemical techniques using the avidin-
biotin-peroxidase method (21) The 5 um thick sections
from the paraffin tissue blocks were stored at 60 °C
for an entire night. They were then rehydrated using
xylene and a series of graduated alcohols. After five
minutes of distilled water washing, they were boiled
in citrate buffer (pH 6.0; Thermo Fischer Scientific,
UK, AP-9003-500) for five minutes in the microwave
at 600 W, and they were allowed to cool for about
fifteen minutes at room temperature. Tissue sections
were kept in 3% hydrogen peroxide in methanol for
10 minutes to prevent endogenous peroxidase. Tissue
sections were then treated with Ultra V Block solution
(Thermo Fischer Scientific, UK, TA-125-UB) to prevent
non-specific staining. Sections were then incubated
with Kir2.1 (1:200 dilution ratio; Alomone Labs, APC-
026) and Kir4.1 (1:200 dilution ratio; Alomone Labs,
APC-035) overnight at 4 -C. After rinsing with PBS 3
times for 5 min each, biotinylated goat anti-polyvalent
secondary antibody (Thermo Fischer Scientific, UK,
TP-125-BN) was incubated in an oven at 37- C for 40
min. After rinsing in PBS 3 times for 5 min each, the
sections were incubated with streptavidin peroxidase
(Thermo Fischer Scientific, UK, TS-125-HR) at 37- C
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for 30 min in an oven. A solution of diaminobenzidine
(DAB) chromogen (Thermo Fischer Scientific, UK,
TA-125-HD) was applied to the sections in order to
visualize the combined effect of the antibodies.
The slides were counterstained using a Hematoxylin
solution that was adjusted in accordance with Gill I
(Merck, Germany, 1.05174.1000). After exposing each
portion to progressively higher alcohol concentrations
for ten minutes at a time, entellan was used to
completely dehydrate it. With an Olympus BX53
light microscope, the sections were inspected. With
Image J Version 1.46 (National Institutes of Health,
Bethesda, Maryland), immunoreactivity levels in the
hippocampal and prefrontal cortex of the brain were
assessed. In each of the three experimental groups, a
minimum of ten distinct locations were assessed and
visualized for every rat.

Statistical analysis

Experimental data were analysed in SPSS 11.5 and
presented as mean + SD. Normality was tested using
Shapiro-Wilks test and homogeneity of variances
were tested using Levene test. Two-way analysis of
variance was used to examine the effect of group,
gender and region factor on Kir2.1, Kir 4.1 variables
p<0.05 was considered statistically significant.

The study was approved by the Animal Ethics
Committee of the Erciyes University (Date: 08.02.2024
and Number: 24/021).

RESULTS

Histological analysis

As shownin Figure 1, the tissue integrity was better
preserved in the control group compared to the CuSO,
group. In the experimental group, it was observed
that the neuron body structure in the hippocampus
region was not completely preserved. (Figure 1).
Especially in the CuSO, group, we observed that
vascular regions were opened in the prefrontal cortex
region and also in the hippocampus region (Figure 1).
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Figure 1. Hematoxylin and Eosin staining images of brain tissues including hippocampus and prefrontal cortex regions of
control and CuSO4 groups. Arrow: Vascular dilatation. Black Arrowhead: Structurally disrupted neuron body. Blue arrowhead:
Normal neuron body. Yellow arrowhead: Neuron degeneration. 20 um: Measuring bar

Immunohistochemical analysis

Kir2.1 expression

Kir2.1 expression in the prefrontal cortex region
was more intense than in the hippocampus region
in both sexes, but statistically significant difference
was observed only in female mice (p=0.001) (Figure
2 and Figure 4). However, in the male prefrontal
cortex region of the experimental group, Kir2.1
immunopositivity was observed intensely in both
cellular and intercellular areas (Figure 2). Moreover,
Kir2.1 expression was also observed in neurons in the
prefrontal cortex region of control and experimental

group females (Figure 2). In the CuSO, group, Kir2.1
expression was more intense in the prefrontal cortex
region than in the hippocampus region and the main
effect of region (p=0.014) was significant (Figure
2 and Figure 4). As a result of the analysis; Region
main effect (p<0.001), Group*Gender interaction
(p=0.001), Group*Gender*Region interaction
(p=0.001) were found significant. As a result, analyses
were performed separately for each group. For
Control group, Region main effect (p<0.001), Gender
main effect (p=0.003), Region*Gender interaction
(p<0.001) were found statistically significant.
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Figure 2. Immunohistochemical staining images showing Kir2.1 in the rat brain tissue. Arrow: Vascular dilatation. Black
Arrowhead: Intense Kir2.1 expression in the prefrontal cortex and neuronal cell body. Green arrowhead: Intercellular

region. 20 um: Measuring bar.

Kir4.1 expression

In general, Kir4.1 expression in the intercellular
region of the hippocampus was higher in male
and female control group brains (Figure 3). In the
experimental group, Kir4.1 expression was observed
in the neuron body located in the female prefrontal
(Figure 3). In the experimental
intensity of Kir4.1

cortex region
group, the
reduced in both cellular and intercellular regions

expression was

of brain tissue in both hippocampus and prefrontal
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cortex regions in both males and females (Figure
3). As a result of the analysis; Region main effect
(p<0.001) and Region*Group interaction (p<0.001)
were found significant. As a result, analyses were

performed separately for each group. While
there were statistically significant difference
between regions in control group (p<0.001),

this difference could not be found statistically
significant in the CuSO, group (p=0.232) (Figure 4).
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Figure 3. Immunohistochemical staining images showing Kir4.1 in the rat brain tissue. Black Arrowhead: Neuron cell body.
Green arrowhead: Intercellular region. 20 pm: Measuring bars.
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DISCUSSION

Enzymes related in the control of numerous
physiological processes and biochemical activities
have been reported to require copper as a cofactor
(22). Cu is also crucial for the manufacture of
hormones and for the growth and activity of the
central nervous system (23). However, Cu excess
has been linked to neuronal cell damage and the
development of neuropsychiatric disorders. High Cu
concentrations have also been reported in patients
with Alzheimer’s, Parkinson’s and Wilson’s diseases
(24, 25). Additionally, a number of investigations
have demonstrated that an excess of copper in
Wilson’s illness results in structural alterations in the
thalamus, cerebral cortex, cerebellum, and caudate
nucleus, among other brain regions (26, 27). A
copper overdose combined with ethanol consumption
has been linked to neuron death in the rat brain’s
lower regions of the hippocampus (28). Moreover,
it has been documented that Cu toxicity can impair
memory and learning by directly triggering apoptosis
and astrocytosis in brain areas involving the frontal
cortex and hippocampus, or indirectly through
the glutamate and oxidative stress pathways (29).

According to research, Cu has been reported to
cause hepatotoxicity such as oxidative stress, ER
stress and apoptosis (30). CuSO, application may also
be effective in reproductive organs and may increase
autophagy level in testis and spermatogonia cell line
(31). A study looking at the effect of CuSO, in rat
brain tissues, brain histology showed degenerated
neurons and damage to the cerebral cortex in rats
treated with Cu alone (32). In a different study, the
total volume of cerebellar structures in rats treated
with CuSO, (1 and 8 mM) decreased significantly,
and the total number of cells in the cerebellum
cortex decreased in a dose-dependent manner (33).
Based on this study, CuSO, dose of 100 mg/kg was
administered to rats for 14 days in our study. In order
to make the morphological evaluation of CuSO, in
brain tissue, we performed histological evaluation
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with haematoxylin-eosin staining.  According to
the results we obtained, we observed that the
tissue integrity of the brain tissues of the CuSO,-
treated group could not be fully preserved. We also
observed that there were areas of blood supply in
the brain tissues treated with CuSO,. Especially
in the CuSO, group, we determined that vascular
regions were opened in the prefrontal cortex region.

A vital element for cellular physiology, copper
plays numerous important functions in respiration,
activity of antioxidants, tissue honesty, and synapse
activity (22). With the growing awareness that
copper is an essential signalling modulator, its
role in intracellular trafficking is a major topic of
research. However, there are still many areas to
be explored as to how copper exerts such a diverse
and widespread control over cell signaling. Thus,
understanding the effect of excessive copper intake
on Kir channels in brain tissue will be important.
Composed of seven different subunits from Kir1 to
Kir7 (12) and control cell proliferation, regulate
hormone secretion in the central nervous system
(CNS), modulate neurotransmitter release and can
act as hypoxia sensors (12, 34). Kir channels are
tetramers of four subunits and K+ ions cross the cell
membrane by travelling across their electrochemical
gradient downward (35). Kir channels are localised in
specific regions of a cell, such as apical or basolateral
membranes in epithelial cells and pre or postsynaptic
regions in neurons; and consist of a structural form
such as ion flow and channel pore opening kinetics
(12). Kir2.x channels have been reported to be
predominantly expressed in neurons (36). It has been
documented that during hippocampal development,
Kir2.1 channels influence the activity of granular cells
(16). The Kir4.1 channel subunit is being distributed
in glial cells of the CNS (37) and Kir4.1 plays an
essential role in preserving K+ stability for proper
neuronal function (38). In our study, we investigated
the effect of CuSO, on Kir2.1 and Kir4.1 from Kir
channels in rat brain tissues. Immunohistochemical
analysis revealed that Kir2.1 expression in the



prefrontal cortex region was more intense than in the
hippocampus region in both sexes in both the control
and CuSO, groups. Regarding sex differences, we
observed intense Kir2.1 expression in neurons in the
prefrontal cortex region, especially in female rats.

In our study, Kir4.1 immunohistochemical analyses
revealed that Kir4.1 expression in the area of
hippocampus was higher in male and female control
group brains. We also observed Kir4.1 expression in
the vascular endothelium in the hippocampus region
of control group males. When we looked at the CuSO,
group, we found that the intensity of Kir4.1 expression
was decreased in both hippocampus and prefrontal
cortex regions in male and female brain tissue.
Participation of Cu in the redox cycle and reactive
oxygen species (ROS) production have been associated
with macromolecular damage and altered sulfhydryl
homeostasis (39). Damage caused by intense CuSO,
intake may have activated especially Kir2.1 channels
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Marmara Universitesi Pendik Egitim ve Arastirma Hastanesi’nde
takip edilen HIV ile yasayan eriskin bireylerde sifiliz
seropozitifliginin arastirilmasi, 2024
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Eda Buse MESECI' (ID), Arzu ILKi? (ID), Volkan KORTEN'
OzZET ABSTRACT
Amag: Ulkemizde HIV ile yasayan birey sayisi Objective: The number of individuals living with

giderek artis gostermektedir. Amacirmz merkezimizde
HIV

seropozitifligi yiizdesini, lilkemizde ve diinyada yapilmis

takip edilen ile yasayan bireylerde Sifiliz
diger calismalarla karsilastirarak ortaya koymaktir.
Bu iki hastaligin yayilmasimin oniine gecebilmek icin
olusturulacak kontrol onlemlerine ortaya cikan veriler

ile katki olusturmak amaclanmistir.

Yontem: Marmara Universitesi Pendik Egitim ve
Arastirma Hastanesi, Enfeksiyon Hastaliklarn ve Klinik
Mikrobiyoloji HIV polikliniginde 1985 yilindan giinimiize
kadar HIV enfeksiyonu tanis1 almis ve 1995 yilindan 2024
yiina (Marmara Universitesi Tip Fakiiltesi Universite
Hastanesi doneminden itibaren) kadar takip edilmis
(TPHA)

sonucuna ulasilabilen tim bireyler calismaya dahil

Treponema pallidum Hemaglutinasyon test

edildi. Hastalarn yas, cinsiyet, cinsel yonelim, CD4 T

lenfosit sayilan ile TPHA sonuclar kaydedildi.

Bulgular: Arastirmaya TPHA test sonucu bulunan

toplam 1042 HIV ile yasayan birey dahil edildi. Bu

HIV increases in Turkey. Aim of this study is to reveal
and compare the percentage of Syphilis seropositivity
in our centre with other studies done in Turkey and all
over the world. It is aimed to give contribution to the
control measures to prevent the transmission of these

two diseases with the data obtained.

Methods: Individuals diagnosed with HIV infection
at the Marmara University Pendik Training and Research
Hospital, Infectious Diseases and Clinical Microbiology
since 1985 and followed up from 1995 to 2024 (starting
from the Marmara University Faculty of Medicine
University Hospital period) and whom Treponema
pallidum Hemagglutination (TPHA) test results were
available were included. The patients’ age, gender,
sexual orientation, CD4 T lymphocyte counts and TPHA

results were recorded.

Results: A total of 1042 individuals living with HIV
with TPHA test results were included in the study.

87.9% (n=916) were male, the median age was 35.0
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kisilerin %87,9’u (n=916) erkekti, yas medyanm 35,0
yil (ort: 37,0£11,7 yil; min-maks: 18-81) idi. Cinsel
yonelimlerine gore %35,7’si (n=372) homoseksuel/
biseksuel, %37,8’i (n=389) heteroseksiel ve %27,0’1
(n=281) bilinmiyordu. 1042 HYB’in %24,9’unda (n=259)
TPHA pozitif olarak sonuclandi. TPHA pozitif saptanan
HYB’lerin %95,0’1 erkek (n=246), %5,01 kadin (n=13)
idi. TPHA pozitif olan erkeklerin %45,5’inin (n=112)
cinsel yonelimi homoseksuel/bisekstel iken %29,7’sinin
cinsel yonelimi (n=73) heteroseksiuel, %24,8’inin da
cinsel yonelimi (n=61) bilinmemekte olarak kaydedildi.
Erkeklerle seks yapan erkeklerde (MSM) seropozitiflik
%30,1 olarak daha yuksek izlendi. HIV ile yasayan
MSM bireylerde yas gruplarina gore TPHA pozitifligi
acisindan bir fark saptanmadi (p=0,329). Hepatit B virus
enfeksiyonu gecirmis olanlarda TPHA pozitifligi %35,7
olarak gecirmeyenlere gore daha yiksek bulundu. Kadin
HYB’lerin %7,9’unda (n=10) gebelik mevcut idi. Gebe
kadinlarin %20,0’1nda (n=2) TPHA pozitif saptandi. Cocuk
dogurma donemindeki 104 kadimin %11,5’inde (n=12)
TPHA pozitif saptandi.

Sonug: Ulkemizde daha &nce genis sayilarla
yapilan calismalara bakildiginda %24,9 ile en yiiksek
seropozitiflik diizeyine calismamizda ulasilmistir. HIV
ile yasayan MSM bireylerde sifiliz seropozitifligi diizeyi
%30,1 ile Istanbul’u kapsayan diger calismalardakine
benzer sekilde yiiksek bulunmustur. MSM bireylere
yonelik sifiliz taramasi, tedavisi, bariyer onlemlerin
kullanilmasi, partner bilgilendirilmesi ve tedavisi gibi
kontrol onlemlerinin gelistirilmesinin, her iki hastaligin
yayilimin1 kontrol altina alma hususunda anahtar rol

oynayabilecegi distinilebilir.

Anahtar Kelimeler: HIV, Sifiliz, Turkiye, MSM

years (mean: 37.0+11.7 vyears; min-max: 18-81).
Regarding their sexual orientation, 35.7% (n=372)
were homosexual/bisexual, 37.8% (n=389) were
heterosexual, and 27.0% (n=281) were unknown. TPHA
was positive in 24.9% (n=259) of 1042 individuals living
with HIV. Of the TPHA positive individuals, 95.0% were
male (n = 246) and 5.0% were female (n = 13). The
sexual orientation of 45.5% (n=112) of TPHA-positive
men was homosexual/bisexual, while 29.7% (n=73)
was heterosexual and 24.8% (n=61) was not known.
Seropositivity was observed to be higher in men who
have sex with men (MSM), at 30.1%. There was no
difference in terms of TPHA positivity in MSM individuals
living with HIV according to age groups (p = 0.329).
TPHA positivity was found to be higher in those who
had hepatitis B virus infection, at 35.7%, compared
to those who had not. Pregnancy was present in 7,9 %
(n=10) of female individuals living with HIV. TPHA was
detected positive in 20.0% (n=2) of pregnant women.
TPHA was detected positive in 11,5 % (n=12) of females

in the childbearing period.

Conclusion: The highest seropositivity level of
24.9% was reached in our study when compared with
others. The level of syphilis seropositivity in MSM
individuals living with HIV was found to be high at
30.1%, similar to other studies done in Istanbul. It can
be thought that the development of control measures
such as syphilis screening, treatment, use of barrier
measures, partner information and treatment for MSM
individuals may play a key role in controlling the spread

of both diseases.

Key Words: HIV, Syphilis, Turkiye, MSM

GIRIS

Treponema pallidum bakterisinin neden oldugu

sifiliz, llkemizde bildirimi zorunlu olan cinsel yolla
gecen, inkilibasyon donemi ortalama 3 hafta (10-90
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glin) olan bir hastaliktir. Primer sifilizte spiroketlerin
yerlestigi alanda makiil, 1-2 hafta icinde papil ve
daha sonra hizla agnsiz, kenarlar kalkik akintisiz
llsere doniisen sankr lezyonu izlenir, kendiliginden
3-6 hafta icinde iz birakmadan iyilesir (1). Sankirin ilk



ortaya ¢cikmasindan 2-10 hafta sonra mukoza ve ciltte
ozellikle avuc ici ve ayak tabanlarim da tutabilen
deskuame, makdler, papiiler (condyloma lata) ve/
veya pustiiler yaygin lezyonlarin eslik ettigi yaygin
lenfadenopati, ates, kas ve eklem agrisi, basagrisi
gibi konstitiisyonel semptomlarla gidebilen sekonder
sifiliz donemi goriilir (1,2). Bu donemde karaciger,
gastrointestinal sistem, g6z, kulak, akciger tutulumu
ve hatta menenjit gibi norolojik komplikasyonlar
“buytk taklit
denmektedir. Latent sifiliz, serolojik testlerin pozitif

goriilebildiginden sifilize edici”
sonuclandigi fakat klinigin gosterilemedigi donemi

tammlamaktadir. Tersiyer sifiliz, tedavisiz kalan
kiside norosifiliz, kardiyovaskiler ve gomatoz sifiliz
olmak Ulizere, 5-30 yila varan siirede yavas ilerleyen
yikic1 inflamatuar bir donemdir (1). Sifiliz tamsinda
ters algoritma benimsenmis olup her donemde yiiksek
duyarliiga sahip treponemal testler ilk asamada
kullanilmaktadir (1,3). Treponemal test sonucu pozitif
ise kisinin tedavi edilip edilmediginden veya hastalik
aktivitesinden bagimsiz, hayatinin geri kalaninda da
pozitif sonuclanir (3).

Ulkemizde en son yayinlanan sifiliz istatistiklerine

gore 2022 yilinda 3533 vaka bildirilmis olup, tum

yas aralbiklarinda erkek vaka sayist kadinlarin
4 ile 5 kat1 kaydedilmistir (4). Sifiliz ve HIV
enfeksiyonunun karsiikli  birbirlerinin  yayilimim

kolaylastirici etkisi bulunmaktadir. Sifilizte ortaya
cikan ulserler, kolaylastirmaktadir
(5,6). (ART)
kullanim sayesinde olumcul bir hastalik olmaktan
cikip kronik bir hastalik haline gelmistir. 2007-2016

arasinda binlerce cifti kapsayan 3 biyik calisma

HIV  gecisini
HIV enfeksiyonu antiretrovirallerin

ile ART altinda olup HIV viral yuku belirlenemeyen
kisilerin seronegatif partnerlerine cinsel yolla HIV’i
bulastirmadig1 gosterilmis olup ayrimciigi onlemek
icin  “Belirlenemeyen=Bulastirmayan (B=B)” mesaji
ile halk sagligi farkindalig1 calismalar yapilmaktadir
(7). Bu durum prezervatif kullanma gerekliligini
ortadan kaldirdigindan Sifiliz basta olmak iizere diger
cinsel yolla bulasan hastaliklarin yayiimina neden

olabilmektedir (8).

Sahra alt1 Afrika’da 2939 HIV ile yasayan bireyde
geleneksel tani algoritmasina dayali yapilan sifiliz ko-
enfeksiyon oranm %3,1 bulunmustur. Alkol kullanimi
ve egitim diizeyi dusiikligiu risk faktori olarak
saptanmistir (9).

Avrupa lilkelerinde yapilan 78 calismay1 derleyen
teknik rapora gore HIV ile yasayan Erkeklerle seks
yapan erkek (MSM) bireylerde Sifiliz prevelans1 %14,36
olarak tahmin edilmistir (10).

Ulkemizde 2010-2018 yillar arasinda yedi cografi
bolge, 16 ili kapsayan 3641 HIV ile enfekte hastada
sifiliz seropozitifligi %8 diizeyinde bulunmus olup,
istanbul icin %8,3 olarak saptanmistir (11)

istanbul ilinde bulunan farkli merkezlerde HIV ile
enfekte bireyler arasinda %10,7 ile %23 diizeyinde
seropozitiflik duzeyleri gosterilmistir (12, 13,14,15).

Amacimiz HIV enfeksiyonu nedeniyle merkezimizde
takip edilen hastalarda Sifiliz seropozitifligi ylizdesini,
llkemizde ve diinyada yapilmis diger calismalarla
karsilastirarak ortaya koymaktir. Bu iki hastaligin
yayilmasinin oniine gecebilmek icin olusturulacak
kontrol onlemlerine ortaya cikan veriler ile katki
olusturmak amaclanmistir.

GEREC ve YONTEM

Pendik
Arastirma Hastanesi, Enfeksiyon Hastaliklarn ve
Klinik Mikrobiyoloji HIV polikliniginde 1985 yilindan
gunumuze kadar HIV enfeksiyonu tamsi almis ve

Marmara  Universitesi Egitim  ve

1995 yiindan (Marmara Universitesi Tip Fakiiltesi
2024
yilina kadar takip edilmis Treponemal test sonucuna

Universite Hastanesi déneminden itibaren)
ulasilabilen tiim hastalar calismaya dahil edildi.
Sifilize yonelik tamda ters algoritma benimsenmis
olup “Treponema pallidum hemaglutinasyon assay”
(TPHA) ile gerceklestirilen treponemal test sonuclar
retrospektif olarak incelenmistir. Hastalarin hepatit
B virusu ile enfekte olup olmadiklarin1 gosteren Anti-
HBclgG test sonuclari da calismaya dahil edilmistir.
Anti-HIV  testleri, 1985-2021

mikropartikil enzim immunoassay yontemi ile Axsym

yillar1 arasinda
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(Abbott, ABD) cihazi ve kemiluminesans mikropartikiil
immunoassay (CMIA) yontemi ile Architect (Abbott,
ABD) cihazinda gerceklestirilmis olup 2021- 2024
yillar1 arasinda ise Elecsys® HIV Duo (Roche, Almanya)
kiti kullanilarak HIV 1 p24 antijeni ile birlikte HIV 1 ve
HIV 2’ye kars1 antikorlarin kalitatif tayini yapilmistir.

Reaktif bulunan o6rnekler dogrulama amaciyla
Ulusal AIDS Dogrulama Merkezi’ne gonderilmistir.
Burada, bir baska 4. kusak ELISA testi olan VIDAS
HIV Duo Ultra
test edilmistir. Reaktif ornekler, Geenius HIV1/2

(bioMérieux, Fransa) ile tekrar
Supplemental Assay (Bio-Rad, Fransa) gibi hizli HIV
dogrulama testleri ile de dogrulanmistir. Dogrulama
testleri pozitif olan ornekler HIV enfeksiyonu olarak
kabul edilmistir.

istatistiksel Jamovi

degerlendirme  icin

programi  kullamlmistir.  Kategorik degiskenlerin
degerlendirilmesi icin Ki-kare testi uygulanmstir.
Surekli

(ortalama, standart sapma, minimum ve maksimum

degiskenler icin ise ortalama Oolcitleri
deger) hesaplanmis ve normalite testleri (Kolmogorov-
Smirnov) uygulanmistir. iki grubun ortalamalarinin
karsilastinlmasinda, normal dagilim gosterenler
Student’s t testi, normal olmayan dagilimlar ise
Mann-Whitney U testi ile analiz edilmistir. istatistiksel
anlamlilik duzeyi olarak <0,05 kabul edilmistir.

Bu calisma, Marmara Universitesi Tip Fakiiltesi
Etik  Kurulu’nun

(Tarih:03.11.2023,

Klinik  Arastirmalar onay! ile

gerceklestirilmistir Karar no:

09.2023.1389).
BULGULAR

1988-2024 yillar1 arasinda Marmara Universitesi
Pendik Egitim ve Arastirma Hastanesi HIV poliklinigine
basvuran 1302 HIV ile yasayan eriskin bireyin (HYB)
verileri taranmis olup 1042’sine TPHA bakilmis oldugu
izlenmistir. Analizler 1042 kisi Uzerinden yapilmistir.
yonelimlerine gore %35,7’si (n=372)
%37,8’1 (n=389)
heterosekstiel ve %27,0’1 (n=281) bilinmiyor olarak
kaydedilmistir. Yas medyan1 35,0 yil (ort:37,0+11,7

Cinsel
homosekstiel/biseksuel,
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yil; min-maks:18-81)’dir. Diger ozellikler Tablo 1’de
verilmistir.

CD4T lenfosit say1 medyan1 366, 0 (IQR:342,5)’drr.
TPHA antikoru pozitif olanlarnin CD4 T lenfosit
355,5 (IQR:354,5), TPHA antikoru
negatif olanlarin CD4 T lenfosit say1 medyan1 367,0
(IQR:338,0)
anlamli bir fark yoktur (p=0,711).

1042 HYB’in %24,9’unda (n=259) TPHA pozitif
olarak sonuglandi.

TPHA pozitif saptanan HYB’lerin %95,0’1 erkek
(n=246), %5,01 kadin (n=13) idi. TPHA pozitif
olan erkeklerin %45,5’inin (n=112) cinsel yonelimi
%29,7’sinin
yonelimi (n=73) heteroseksuel, %24,8’inin da cinsel

sayl medyan

olup aralarinda istatistiksel olarak

homoseksuel/bisekstel iken cinsel
yonelimi (n=61) bilinmemekte olarak kaydedildi.
Erkeklerle seks yapan erkeklerde (MSM) seropozitiflik
%30,1 olarak izlendi. HIV ile yasayan MSM bireylerde
yas gruplarina gore TPHA pozitifligi acisindan bir fark
saptanmadi (p=0,329).

Hepatit B virus enfeksiyonu gecirmis olanlarda
TPHA pozitifligi %35,7 olarak gecirmeyenlere gore
daha yuksek bulundu.

Kadin HYB’lerin %7,9’unda (n=10) gebelik mevcut
idi. Gebe kadinlarin %20,0’inda (n=2) TPHA pozitif
saptandi. Cocuk dogurma donemindeki 104 kadinin
%11,5’inde (n=12) TPHA pozitif saptandi.

TARTISMA

Ulkemiz ve diinyada yapilan benzer calismalar
ile karsilastirildiginda merkezimizde, HIV ile yasayan
bireylerde Sifiliz seropozitiflik diizeyinin %24,9 olmak
tizere cok yliksek oldugunu tespit ettik. Yunanistan’da
%64,7’si MSM olmak lizere 991 HIV ile enfekte bireyde
yapilan calismada 94 kiside (%9,4) yeni sifiliz tams
konulmus olup, hastalarin tamaminin erkek oldugu
belirtilmis ve tek risk faktori olarak MSM olmak
sonucu ¢ikartilmistir (16).

Diinya genelinde 77 lilkeden 606.000 MSM bireyi
kapsayan metaanaliz calismasinda Sifiliz prevelansinin
%7,5 oldugu ve bunun kabul edilemeyecek kadar



yuksek bir oran olmasi nedeniyle acil eylem plani
olusturulmas1 onerilmistir (17). Bu calismada HIV
prevelansinin %5’ten biylik oldugu Ulkelerde sifiliz
prevelansinin daha yiiksek oldugu ve fakir lilkelere

fazla olmas1 ve daha fazla cinsel aktivite firsatina

sahip olunmasina baglanmistir. Yeni partner bulma,

es zamanli cok partnerli olma, mobilite kolayligi,

temas oncesi profilaksi (PrEP) uygulamasi nedeniyle

gore orta ve yuksek gelir dizeyine sahip ulkelerde prezervatif kullamiminin dismesi gibi nedenler
prevelansin daha yiiksek olmasi mobilitenin daha  sorumlu tutulmustur (17).
Tablo 1. HIV ile Yasayan Bireylerde Sifilis Seropozitifliginin Istatistik Degerlendirmesi
A‘nti-Trepopema A|‘1ti-Trepor'1ema Toplam o
pallidum anotlkor (+) pallidum arltlkor (-) "/ % p degeri
(n 7 %) (n 7 %)
Cinsiyet
Erkek 246/26,9 670/73,1 916
Kadin 13/10,3 113/89,7 126 <0,001
Cinsel yonelim
Heteroseksiiel 83/21,3 306/78,7 389
Homosekstiel/biseksiiel (MSM) 112/30,1 260/69,9 372 0,013
Bilinmiyor/belirtilmemis 64/22,8 217/77,2 281
CD4 sayis1 (n=858)
50 ve alt1 18/29,5 43/70,5 61
51-100 10/22,7 34/77,3 44
101-200 22/22,0 78/78,0 100
201-350 50/25,6 145/74,4 195 Bt
351-500 44/23,8 141/76,2 185
501 ve lizeri 64/23,4 209/76,6 273
Yas
18-39 153/23,4 500/76,6 653
40-59 92/26,2 259/73,8 351 0,137
60 ve lzeri 14/36,8 24/63,2 38
Kadin yas (n=126)
18-49 yas 12/11,5 92/88,5 104 0,327
50 ve Uzeri yas 1/4,5 21/95,5 22
HIV tan1 yih
2024-2015 212/24,8 642/75,2 854
2014-2005 46/26,1 130/73,9 176 0,385
2004-1995 1/9,1 11/90,9 12
Anti-Hbc IgG (n=653)
Pozitif 61/35,7 110/64,3 171
Negatif 94/19,5 388/80,5 482 SR
Toplam 259 783
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Ulkemizde konu ile ilgili yapilan belli basl
calismalar Tablo-2’de 6zetlenmistir. Bu calismalarda
seropozitiflik diizeyinin % 7,6 ile %23,38  arasinda
degistigi olup calismalarda,

calismamizda bulunana benzer sekilde HIV

izlenmis tim
ile
yasayan MSM bireylerde Sifiliz seropozitifligi daha
yuksek saptanmistir (11, 12, 13, 14, 15, 18, 19, 20).
Ankara’da 2017-2018 yillarinda 84 HIV ile yasayan
bireyde yapilan calismada %25 sifiliz seropozitifligi
saptanmistir fakat calismaya alinan birey sayisi
anlamli bir sonuc cikartabilmek icin yeterli olmayip
sadece erkeklerden olusmaktadir (21).

2015-2019 yillarinda istanbul Avrupa yakasinda
yapilan bir calismada 1057 HIV ile yasayan bireyde
sifiliz seropozitiflik dizeyi %18,3 saptanmis olup
60 yas ustunde seropozitiflik duzeyi %5,1 ile daha
(13).
calismada da benzer sekilde 60 yas uzerinde en
dusuk seropozitiflik duzeyi (16).
Calismamizda yaslar arasinda seropozitiflik dizeyi

dusuk bulunmustur Yunanistan’da yapilan

kaydedilmistir

acisindan anlamli farklilik saptanmamis olup, aksine
60 yas Uzerinde istatistiksel anlamli olmasa da
%36,8 ile daha yiiksek seropozitiflik diizeyi oldugu
izlenmistir. Merkezimizin ulkemizde kurulmus ilk
HIV takip ve tedavi Unitelerinden olmasi, uzun

zamandir farkli demografik yap1 ve cinsel aktivite
aliskanliklarina sahip HIV ile enfekte bireylerin
takip ediliyor olmasi bu durumun olasi sebebi olarak
dustinulebilir.

Calismamizda HIV ile yasayan kadinlarda sifiliz
seropozitifligi dizeyi %10,3 iken erkeklerde %26,9
olmak Uzere istatistiksel olarak anlamli sekilde
daha yuksek bulunmustur (<0,001). Bu farklilik
diger calismalarda da benzer sekilde bulunmus olup
bariyer yontemlerin onplanda cinsel yolla bulasan
hastaliklardan korunma yerine erkeklerin resmi
esleriyle kullandiklart bir dogum kontrol yontemi
olmasina baglanmistir (13).

Calismaya alinan 1042 HYB’in %35,7’si MSM
idi. MSM bireyler arasinda seropozitiflik %30,1 ile
istatistiksel olarak anlamli sekilde MSM olmayan
gruba gore daha yiksekti. Bu sonuc llkemizde
yapilan literatiirdeki diger tiim calismalarda benzer
bulunmus olup alinacak kontrol onlemleri acisindan
yol gosterici oldugu diisiiniilebilir (Tablo 2).

Cinsel yolla gecen bir baska etken olan Hepatit B
virusu (HBV) enfeksiyonu gecirenlerde %35,7 olmak
tzere anlamli sekilde sifiliz seropozitiflik duzeyinin
literatiirle uyumlu ve beklendigi gibi cok daha yiiksek
oldugu goriildii (20).

Tablo 2. HIV ile Yasayan Bireylerde Sifilis Seropozitiflik Diizeyi Calismalar

Kadin/erkek MSM grupta
Koenfeksiyon sayis1 yiizdesi ve
Calisma seropozitifik ylizdesi seropozitiflik Yer
toplam hasta sayisi ve ylizdesi
(%) ylizdesi (%)
Altuntas Aydin 0, 2015 40/308 (%12,9) 0/100 21,4 istanbul
Korkusuz R,2020 194/1057 (%18,3) 2,1/97,9 22 istanbul
. Sadece erkekler .
Koksal MO, 2020 47/244 (%19,3) 28,7 Istanbul
alinmis
Komiir S, 2024 103/1352 (%7,6) 2,9/97,1 Belirtilmemis Adana
Oztiirk S, 2023 47/201 (%23,38) 4,2/95,8 37,5 istanbul
Ding HO, 2020 21/195 (%10,7) 13,3/86,7 Belirtilmemis istanbul
Yedi bolge
Sangiil F, 2019 291/3641 (%8) 4/96 Belirtilmemis
(16 il)
Taspinar Sen,2023 39/200 (%19,5) 12,5/87,5 25,5 Ankara

Turk Hij Den Biyol Derg



Merkezimizde HIV ile beraber yasayan gebe
kadinlarin %20’sinde TPHA pozitif saptandi. Dogurma
cagindaki tim kadinlarin ise %11,5’inde TPHA pozitif
saptandi. Istanbul’da HIV
2011 gebeyi kapsayan bir calismada hicbir hastada

ile enfekte olmayan
sifiliz  enfeksiyonuna rastlanmadigi belirtilmistir
(22). Latent sifiliz ozellikle kadinlarda 5 yil sonra
bile vertikal gecis ile konjenital sifilize sebebiyet
vermekte oldugundan kadinlarin ve ozellikle
gebelerin taranmasi onerilir (1,3). Konjenital sifiliz
enfeksiyonunda olusan inflamasyon, gebe HIV ile
enfekte ise HIV’in gecis riskini arttirabilmektedir
(3). Gebe kadinlarda sifiliz taramasi1 ve akabinde
tedavisinin verilmesi, konjenital sifilizin onlenmesi
amaciyla da onem tasimaktadir. HIV ile yasayan
gebe kadinlarda, calismamiz sonucu ortaya cikan
yuksek rakam nedeniyle taramalarin daha ozenli ve

rehberlere uyumdan taviz verilmeksizin yapilmasi

ETiK KURUL ONAYI

gerektigi ortaya ¢ikmaktadir.

Ulkemizde yapilmis genis hasta sayisina ulasan
%24,9
seropozitiflik duzeyine c¢alismamizda ulasilmistir.

calismalara bakildiginda ile en yiksek
Bunun sebebi en son yapilan calisma olmamiz olabilir
zira calismalara bakildiginda yillar icinde artan
bir trend oldugu izlenmistir. Bu da HIV ile enfekte
bireylerdeki sifiliz seropozitifligi diizeylerinin artan
HIV sayisi ile korele gittigini distindirebilir.

HIV ile yasayan MSM bireylerde sifiliz seropozitifligi
diizeyi bu calismada ve istanbul’'u kapsayan diger
calismalarda anlamli oranda yuksek bulunmustur.
MSM bireylere yonelik sifiliz taramas1 ve tedavisinin
yanisira, duzenli prezervatif kullanimi, partnerin

bilgilendirilmesi ve tedavisini iceren kontrol

onlemlerinin gelistirilmesinin, her iki hastaligin
yayilimini1 kontrol altina alma hususunda anahtar rol

oynayabilecegi disinilebilir.

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

(Tarih:03.11.2023, Karar no: 09.2023.1389).

CIKAR CATISMASI

Yazarlar bu makale ile ilgili herhangi bir ¢cikar catismasi bildirmemislerdir.
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Should we prefer imipenem relebactam and ceftazidime-
avibactam in infections with carbapenem-resistant Klebsiella
pneumoniae, Pseudomonas aeruginosa, Acinetobacter
baumannii?
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ABSTRACT
Objective: Carbapenem-resistant  Klebsiella
pneumoniae, Pseudomonas aeruginosa, and

Acinetobacter baumannii serve as key reservoirs and
transmitters of resistance, contributing to a rise in
the antimicrobial-resistant globally. These bacteria
have also been classified as urgent priority pathogens
in terms of the need for new antibiotics. The purpose
of this study was to determine the susceptibility of
carbapenem resistant K. pneumoniae, P. aeruginosa,
and A. baumannii isolates to imipenem-relebactam and

ceftazidime-avibactam as described new drugs.

Methods: This study included a total of 183 isolates,
comprising 82 K. pneumoniae, 45 P. aeruginosa, and
56 A. baumannii isolates, which were isolated from
various clinical samples. The identification and antibiotic
susceptibility testing of the isolates were performed
using the Vitek 2 automated system (bioMérieux, France)
according to the EUCAST criteria. Each isolate that
exhibited resistance to one or more antibiotics from the
carbapenem group underwent phenotypic confirmation

for carbapenem resistance using the Carbapenem

OZET

Amac:KarbapenemdirencliKlebsiella pneumoniae,
Pseudomonas aeruginosa ve Acinetobacter baumannii
antibiotik direncin kiiresel olarak artmasina onemli
katki saglayan ana rezervuarlar ve direnc¢ tasiyicilari
olarak one cikmaktadirlar. Bu bakteriler ayni zamanda
yeni antibiyotiklere duyulan ihtiyac acisindan da
acil oncelikli
Bu

pneumoniae, P.

patojenler olarak siiflandirilmistir.

calismanin amaci, karbapenem direncli K.

aeruginosa ve A.  baumannii
izolatlarinin, tanimlanan yeni ilaclar olan imipenem-
relebaktam ve seftazidim-avibaktama duyarliliginin

belirlenmesidir.

Yontem: Calismaya cesitli klinik orneklerden
izole edilen 82’si K. pneumoniae, 45’i P. aeruginosa
ve 56’s1t A. baumannii olmak izere toplam 183 izolat
dahil edildi. izolatlarin identifikasyonu ve antibiyotik
duyarlilik testleri, EUCAST kriterlerine gore Vitek 2
otomatik sistemi (bioMérieux, Fransa) kullanilarak
yapildi. Karbapenem grubundan bir veya daha fazla
antibiyotige direnc tespit edilen her bir izolata
(CIM) ve Blue-

Karbapenem inaktivasyon yontemi
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inactivation method (CIM) and the Blue-carba test (BCT).
The susceptibility of all isolates to imipenem-relebactam
(35 pg, Liofilchem, Italy), and ceftazidime-avibactam
(10/4 pg, Bioanalyse, Turkey) was evaluated using the
disk diffusion method according to EUCAST standards.

Results:  The resistance to ceftazidime and
ceftazidime-avibactam were found to be, respectively,
100%, 3.7% for K. pneumoniae, 24.4%, 8.9% for P.
aeruginosa, and 100%, 98.2% for A. baumannii. The
resistance rates of isolates to imipenem and imipenem-
relebactam were found to be 80.5%, 85.4% for K.
pneumoniae, 68.9%, 13.3% for P. aeruginosa, 100%,
98.2% for A. baumannii respectively. The positivity rates
for CIM and BCT were determined as 79.3% and 80.5% for
K. pneumoniae, 9% and 50% for P. aeruginosa, and 80.4%

and 62.5% for A. baumannii isolates, respectively.

Conclusion:  Ceftazidime-avibactam has been
determined to be effective against carbapenem-resistant
K. pneumoniae and P. aeruginosa. Imipenem-relebactam
has been found to be effective in P aeruginosa isolates,
while being observed to be less effective against
K. pneumoniae. It was concluded that ceftazidime-
avibactam can be used as an alternative option in the
treatment of carbapenem-resistant K. pneumoniae and
P. aeruginosa infections and imipenem-relebactam can
be used as an alternative option in the treatment of

carbapenem-resistant P aeruginosa infections.

Key Words: Imipenem relebactam, ceftazidime-
avibaktam, Klebsiella  pneumoniae, Pseudomonas
aeruginosa, Acinetobacter baumannii, Carbapenem

inactivation method, Blue-carba test

carba testi (BCT) yapildi. Tum izolatlarin imipenem-
relebaktam (35 pg, Liofilchem, italya) ve seftazidime-
avibaktama (10/4 pg, Bioanalyse, Tirkiye) duyarliligi
EUCAST standartlarina gore disk difuzyon yontemi

kullanilarak degerlendirildi.

Bulgular: Seftazidim ve seftazidim-avibaktama
kars1 direnc sirasiyla K. pneumoniae icin %100, %3.7,
P. aeruginosa icin %24.4, %8.9 ve A. baumannii icin
%100, %98.2 olarak belirlendi. izolatlarin imipenem
ve imipenem-relebaktam direnc oranlari sirasiyla K.
pneumoniae icin %80.5, %85.4, P. aeruginosa icin %68.9,
%13.3, A. baumannii icin %100, %98.2 olarak saptandi.
CIM ve BCT pozitiflik oranlar sirasiyla K. pneumoniae
icin %79.3 ve %80.5, P. aeruginosa icin %9 ve %50, A.
baumannii izolatlan icin %80.4 ve %62.5 olarak tespit
edildi.

Sonug: Ceftazidim-avibaktam, karbapenem
direncli K. pneumoniae ve P. aeruginosa’ya karsi
etkili olarak tespit edilmistir. imipenem-relebaktam,
P. aeruginosa izolatlarinda da etkili bulunmustur.
Ceftazidim-avibaktamin karbapenem direncli K.
pneumoniae, imipenem-relebaktamin ise karbapenem
direncli P aeruginosa enfeksiyonlarinin tedavisinde

alternatif bir secenek olarak kullanilabilecegi kanisina

varilmistir.
Anahtar Kelimeler: Imipenem relebaktam,
Seftazidim-avibaktam, Klebsiella pneumoniae,

Pseudomonas aeruginosa, Acinetobacter baumannii,

Karbapenem inaktivasyon yontemi, Blue-carba testi

INTRODUCTION

ESKAPEreferstoagroupof pathogens (Enterococcus

(P aeruginosa), and Enterobacter spp.) that cause
the majority of antimicrobial-resistant hospital
infections (1,2). Gram-negative ESKAPE bacteria

faecium,  Staphylococcus aureus, Klebsiella serve as key reservoirs and transmitters of resistance,
pneumoniae (K. pneumoniae), Acinetobacter contributing to a rise in the antimicrobial-resistant
baumannii (A. baumannii), Pseudomonas aeruginosa nosocomialinfections globally (3). These bacteria have
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developed resistance to a wide range of antibiotics,
third
cephalosporins, which are the best medications

including carbapenems and generation
available for treating multi-drug resistant bacteria.
The World Health Organisation has also classified A.
baumannii, P. aeruginosa, and carbapenem-resistant
K. pneumoniae as urgent priority pathogens in terms
of the need for new antibiotics. Despite the well-
known need, there are very few novel antimicrobial
medicines in development to treat Gram-negative
ESKAPE infections (4).

Carbapenems are  broad-spectrum lactam
antibacterial drugs that play an important role in the
treatment of complicated infections caused by such
organisms, particularly against strains that produce
(ESBLs) (5). The

growth and spread of carbapenem-resistant bacteria,

extended-spectrum-lactamases

on the other hand, exacerbates the clinical problem
of treating these infections (5,6). Polymyxins,
tigecycline, and aminoglycosides are routinely used
to treat carbapenem-resistant infections, but they
have low efficacy and considerable toxicity (7,8).
In recent years, the United States Food and Drug
Administration (FDA) and the European Medical
Agency (EMA) have approved

antibiotics with predominant activity against Gram-

numerous novel
negative bacteria, including ceftazidime-avibactam
and imipenem-relebactam (9).

The purpose of this study was to evaluate
the
pneumoniae, P.

susceptibility of carbapenem resistant K.

aeruginosa, and A. baumannii
isolates to imipenem-relebactam and ceftazidime-

avibactam.

MATERIAL and METHOD

Identification and antibiotic susceptibility of the
isolates

This study included a total of 183 isolates,
including 82 (44.8 %) K. pneumoniae, 45 (24.6 %) P.
aeruginosa, and 56 (30.6 %) A. baumannii isolates,
identified from various clinical samples sent to the
Microbiology Laboratory of Tokat Gaziosmanpasa

University between December 2016-December 2019.
The identification and antibiotic susceptibility testing
of the isolates were performed using the Vitek 2
automated system (bioMérieux, France) according
to the guidelines of the European Committee on
(EUCAST)
resistance or

Antimicrobial ~ Susceptibility — Testing
(10). Each isolate that exhibited
intermediate resistance to one or more antibiotics
from the carbapenem group underwent phenotypic
confirmation for carbapenem resistance using the
Modified carbapenemase inactivation method (CIM)
and the Blue-carba test (BCT). The susceptibility
of all isolates to imipenem (10 pg, Bioanalyse,
Turkey), meropenem (10 pg, Bioanalyse, Turkey),

(35 g,
and ceftazidime-avibactam (10/4 pg,

imipenem-relebactam Liofilchem, Italy),
Bioanalyse,
Turkey) was evaluated using the disk diffusion method
according to EUCAST standards. The specified zone
diameters for A. baumannii and P. aeruginosa were
used (Figure 1) (10). Escherichia coli ATCC 25922
and P. aeruginosa ATCC 27853 were utilised as quality
control strains. Samples sent from intensive care
and all clinics were included in the study. Repetitive
identical

isolates from patient specimens were

excluded from this study.

Blue Carba Test

Mueller-Hinton agar was used for the cultivation of
the isolates. A five pL loop containing a pure bacterial
culture was suspended in a test solution consisting of
a 0.04% aqueous solution of bromothymol blue (Sigma)
and 0.1 mmol/liter of ZnSO4 (Sigma), supplemented
with 6 mg of Tienam (MSD) (equivalent to 3 mg of
imipenem), and adjusted to a final pH 7. The mixture
was then incubated at a temperature of 37°C for a
duration of two hours. Both the test solution and
negative-control solution changed colour, such as
yellow or blue, yellow versus green, or green versus
blue, the presence of carbapenemase activity was
considered positive. Carbapenem-resistant bacteria
appeared as blue or green in both solutions (11). The
test was repeated for each individual isolate. (Figure
2).
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IMIPENEM-RELEBACTAM AND CEFTAZIDIME-AVIBACTAM

Figure 1. K. pneumoniae isolates detected as resistant and sensitive to imipenem relebkatam and ceftazidime avibactam

Figure 2. Blue-Carba test results
Carbapenem-resistant bacteria appeared as blue or green
Carbapenem-sensitive bacteria appeared as yellow

Modified Carbapenem Inactivation Method

For each K. pneumoniae and P.
isolates, 10 pL loopfuls culture and 10 pg meropenem
(Oxoid Ltd, Hampshire, United Kingdom) disk were
suspended in 400 pL of distilled water and incubated

aeruginosa

at 35°C for four hours. Simultaneously, a 0.5%
McFarland suspension of Escherichia coli ATCC was
spread onto Mueller-Hinton agar and allowed to dry
for 3-10 minutes at room temperature. After the
incubation the meropenem disk withdrawn from
the solution,
agar along with Escherichia coli ATCC. The plates

and streaked onto Mueller-Hinton

were incubated at 37°C for two hours. Results were
considered positive inhibitory zone diameters ranged

from 0 to 16 mm or there was satellite expansion of
colonies measuring 16-18 mm. Negative results were
indicated by an inhibitory zone diameter of 19 mm
(12) (Figure 3). For A. baumannii isolates modified
carbapenem inactivation method was used suggested
by Zhang et al. To create the inoculum, new bacteria
cultivated overnight on LB agar or in broth were
inoculated into TSB and adjusted to an OD600 of
8.0 in one mL. The bacteria were centrifuged and
resuspended in 200puL TSB before incubating on the
10 pyg meropenem (Oxoid Ltd, Hampshire, United
Kingdom) disc. The next steps and evaluation of the
test were carried out in the same way as the CIM
method (13).
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Figure 3. Carbapenem inactivation method results

The data was summarised using as frequencies and
percentages whitin the scope of descriptive analysis.

The study was approved by the Ethics Committee
of the Tokat Gaziosmanpasa University (Date:
16.03.2023 and Number: 23/KAEK/067).

RESULTS

The study included a total of 183 carbapenem-
resistant isolates consisting of 82 K. pneumoniae,
45 P. aeruginosa, 56 A. baumannii isolates. The
majority of the isolates, 132 in total 72.1%, were
obtained from the intensive care unit. The distribution
of isolates according to clinical departments is
presented in Table 1. The isolates were obtained
from various clinical specimens, including tracheal
aspirate (60, 32.8%), blood (44, 24%), urine (38,
20.8%), wound (35, 19.1%), sterile body fluid (4,
2.2%), and cerebrospinal fluid (2, 1.1%) specimens.

The resistance rates of isolates to ceftazidime and
ceftazidime-avibactam were found to be, respectively,
100% and 3.7% for K. pneumoniae, 24.4% and 8.9% for
P. aeruginosa, and 100% and 98.2% for A. baumannii.
The resistance rates of isolates to imipenem and
imipenem-relebactam were found to be, respectively,
80.5% and 85.4% for K. pneumoniae, 68.9% and 13.3%
for P. aeruginosa, and 100% and 98.2% for A. baumannii.

Resistance to ceftazidime-avibactam was 3.7% in
all K. pneumoniae isolates resistant to ceftazidime,
36.4% in P aeruginosa isolates, and 98.2% in
A. baumannii isolates. Resistance to imipenem-
relebactam was 95.5% in all K. pneumoniae isolates
resistant to imipenem, 16.1%in P. aeruginosa isolates,
and 98.2% in A. baumannii isolates. The antibiotic
resistance rates of all isolates are shown in Table 2.

The positivity rates for CIM and BCT were
determined as 79.3% and 80.5% for K. pneumoniae,
9% and 50% for P. aeruginosa, 80.4% and 62.5%
for A.  baumannii isolates, respectively. The
antibiotic resistance rates, along with CIM
and BCT positivity, are presented in Table 2.

DISCUSSION

According to the findings, the susceptibility
rates of isolates to ceftazidime-avibactam were
higher for K. pneumoniae and P.  aeruginosa.
Additionally, susceptibility to imipenem-relebactam
was high in P aeruginosa. Several novel antibiotics
with predominant in vitro action against Gram-
negative bacteriae have been licenced in recent
years, although they vary greatly in terms
of range of activity, indications, and clinical
experience. Ceftazidime avibactam and imipenem
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Table 1. Distribution of isolates according to clinics

Clinics n %

Internal diseases 42 23

Neurology 23 12.6
Neurosurgery 19 10.4
General surgery 15 8.2
Oncology 14 7.7
Orthopedics 12 6.6
Chest intensive care 10 5.5
Pediatric 9 4.9
Urology 6 3.3
Cardiology 6 3.3
Infection 6 3.3
Gastroenterology 6 3.3
Anesthesia 5 2.7
Palliative care service 4 2.2
Oncology surgery 3 1.5
Others* 3 1,5
Total 183 100

* Gynecology, plastic surgery, radiation oncology

Table 2. Resistance rates of all isolates to antibiotics and Carbapenem Inactivation Method and Blue Carba Test results (%)

CIM CIM BCT BCT
positive negative positive negative
v | £ 2 ¢ 2 ¢
= H : H A :
£ 2 |£5 5 |BE FEHEIEHEE R R
g g |88l 5 |Rg| _ 2 R2|28|Re|2R | Re|2g|Re
(] S [T S & © = S Vo |E®| Vo |Ew®| Va|lEwW| Va|Ew
= S leg| £ |T2| = F |22 | 02|20 02| 20| 02| 22|l
E| 2 |E<| 8 |S%| 3| 8 |Ee|S%|Ee|S3|EC|S5|E®|S%
K.
93,9 | 84,1 | 80,5 | 100 | 3,7 | 79.3 | 80,5 | 98,5 | 3,1 | 11.8 | 5,9 | 98,5 3 6,3 | 6,3
pneumoniae
P. aerugiosa | 68,9 | 75,6 | 13,3 | 26.6 | 8,9 | 9 50 | 75 | 50 | 7,3 | 4,9 | 10,7 | 14,3 | 17,6
A.
100 | 100 | 98,2 | 98.2 | 98,2 | 80,4 | 62,5 | 97,8 | 97,8 | 100 | 100 | 100 | 97,1 | 95,2 | 100
baumannii

1) Carbapenem Inactivation Method
2) Blue Carba Test
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relebactam are among these new antibiotics (9).

One of the worldwide public health challenges
facing humanity is antimicrobial resistance. Many
gram-negative bacteria have developed resistance to
carbapenem antibiotics, which are frequently used as a
last choice in the treatment of severe infections caused
by these organisms (1). Resistance to carbapenems
is more common in K. pneumoniae, however it is
also found in P aeruginosa and Acinetobacter spp.
According to the European Antimicrobial Resistance
Surveillance Network, higher rates of resistance
were recorded in the European Region in 2022 (4).

Ceftazidime-avibactam is a combination drug
that contains a semi-synthetic third-generation
cephalosporin as well as a new non-B-lactam/
protects
ceftazidime from the hydrolytic activity of a variety

B-lactamase inhibitor. Avibactam
of class A, C, and D -lactamases. (14). Relebactam
is a new -lactamase inhibitor that inhibits both
class A and class C -lactamases (15). Despite having
no inherent antibacterial action, relebactam can
protect imipenem from degradation by Ambler class
A and class C -lactamases, as well as Pseudomonas-
derived cephalosporinase (16). In vitro, relebactam
significantly
activity against ESBL and Klebsiella pneumoniae

boosts  imipenem’s  antibacterial
carbapenemase (KPC) producing Enterobacterales,
multidrug (MDR) or
carbapenem resistant P aeruginosa isolates (17).

In the “Study for
Resistance Trends global

relebactam

as well as resistance
Monitoring Antimicrobial
surveillance program”
restored imipenem susceptibility of
imipenem-nonsusceptible P
pneumoniae. Relebactam had no effect on the number

of Acinetobacter spp. isolates sensitive to imipenem

aeruginosa and K.

(18). A total of 150 clinical carbapenem resistance
Enterobacterales (CRE) with a large proportion of
K. pneumoniae isolates were investigated, and 63%
were responsive to ceftazidime-avibactam and 62%
were susceptible to imipenem-relebactam (19).
According to Garca-Fernandez et al. imipenem/
inhibited 98.8%

relebactam of Enterobacterales

isolates and 92.2% of P.
addition, imipenem/relebactam remained efficacious

aeruginosa isolates. In

against ceftazidime-resistant P aeruginosa isolates
(76.3%) and imipenem-resistant isolates (71.5%). A
total of 75.1% and 46.2% of all multidrug-resistant
or difficult-to-treat P
susceptible to imipenem/relebactam, respectively
(20).
was active against 88% of KPC-producing isolates
and ceftazidime-avibactam was active against all
of OXA-48-like carbapenemases (21). Hilbert et al.
indicated the addition of relebactam raised imipenem
susceptibility from 63.8% to 87.0% in P aeruginosa
isolates (22).
been conducted to assess the activity of imipenem-
relebactam against P aeruginosa. In total, 94%
of P aeruginosa were susceptible to imipenem-
relebactam.
relebactam was frequently greater than 70% in
imipenem-resistant P,

aeruginosa isolates were

Tamma et al. observed imipenem-relebactam

Several in vitro experiments have

However, sensitivity to imipenem-
aeruginosa (23-26). In the
current study resistance to imipenem-relebactam
in P
which was consistent with prior research findings.

was observed 13.3% aeruginosa isolates,

In a study conducted in 2021, relebactam was
found to restore imipenem activity in KPC or AmpC-
producing imipenem resistant K.  pneumoniae
strains. However, relebactam exhibited no activity
against MBL-producing isolates. Relebactam restored
imipenem susceptibility in 100%, 60%, and 49% of
carbapenem-resistant K. pneumoniae isolates that
exclusively harbored AmpC, extended-spectrum beta-
lactamase (ESBL), and carbapenemases, respectively.
The study emphasized the need for further research
to evaluate the activity of relebaktam against
isolates carrying bla OXA-48 or with altered efflux
pump hyperactivity (27).
relebactam is susceptible in all KPC positive CRKPs
(27,28).
of Oxa 48 positive strains were susceptible to
relebactam, all MBL-producing strains were resistant

to relebactam. Relebactam was found to have the

Studies have shown that

However, while a significant proportion

highest activity on KPC carbapenemase and AmpC
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B-lactamase and no activity on MBL genes and

efflux pump overactivity (27). In the current study
resistance to imipenem-relebactam was reported
80.5% in K. pneumoniae isolates. This finding may
be related to the possibility that the isolates in this
study contained a significant number of MBL genes.
Carbapenemases that are frequently identified in
carbapenem resistant A. baumannii mainly belong
to class B and D (29). Therefore there are studies
in the literature reporting that relebactam does
not potentiate the antibacterial effect of imipenem
against carbapenem-resistant  A. baumannii
(18,30,31). In this study, 98.2% of A. baumanni
isolates were resistant to imiipenem relebactam
and our results are similar to previous studies.
inhibited 97.8% of all
Enterobacterales and 91.7% of P. aeruginosa isolates,

Ceftazidime-avibactam

including those that were resistant to meropenem
and ceftazidime (32). According to EUCAST, only
ceftazidime was reported as intrinsic resistant for
A. baummanni (33) and some studies investigated
the efficacy of ceftazidime avibactam against A.
baumanii.(32,34,35) When compared to other Gram-
negative bacteria, A. baumannii has significantly
greater resistance to ceftazidime-avibactam (32,34).

Sader et al reported ceftazidime/avibactam
exhibited limited activity against Acinetobacter
spp. (34). MDR A. baumannii with blaOXA-51-

like genes are totally resistant to ceftazidime-
avibactam (36). In the current study, resistance to
ceftazidime-avibactam was detected in 98.2% of
cases, and the efficacy of ceftazidime-avibactam
against A. baumannii isolates was found to be very

ETHICS COMMITTEE APPROVAL

low, consistent with findings in other studies. This
is attributed to the overexpression of AmpC and/or
blaOXA-51 B-lactamase by A. baumannii isolates (23).

The current study provides in vitro data on
the potential of two novel antimicrobial drugs,
imipenem-relebactam and ceftazidim-avibactam,
as tools for the treatment of carbapenem-resistant
infections in K. pneumoniae, P. aeruginosa, and
A. baumannii. The fact that genotyping resistance
and metallo-beta-lactamase phenotyping were not
conducted represents a limitation of the study.
On the other hand, in vitro activity is an element
of the complex decision-making process involved
in selecting the most effective antibiotic (21).

In conclusion; controlling carbapenem-resistant
bacterial infections, which are challenging to treat,
plays a vital role, especially in hospitalized patients.
Our results suggest that ceftazidime-avibactam could
be beneficial and effective against carbapenem-
resistant K. pneumoniae and P. aeruginosa. It
has been observed that imipenem-relebactam is
highly effective in P aeruginosa isolates while less
effective against K. pneumoniae. The impact of
these antibiotics on A. baumannii isolates is also
found to be quite limited in this study, as in previous
research. These findings highlight the importance
of conducting more comprehensive research aimed
at developing effective diagnosis and treatment
strategies against antimicrobial resistance. According
to the current study, ceftazidime-avibactam are
important alternatives, especially in the treatment
of K.

pneumoniae and P. aeruginosa isolates.
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The effect of medication and lifestyle factors on global burden
of disease and mortality in chronic diseases in OECD countries:
the case of type 2 diabetes mellitus

Yasin ARAS'

ABSTRACT

Objective: Chronic diseases refer to long-lasting
health problems that are generally difficult to treat. The
most common chronic diseases include diabetes, heart
disease, hypertension, chronic respiratory diseases,
and cancer. These diseases are typically associated
with lifestyle factors such as genetic predisposition,
poor nutrition, insufficient physical activity, excessive
smoking, and alcohol consumption. In addition to physical
discomfort, chronic diseases also have psychological
and social impacts on individuals. The treatment
process usually requires long-term management and
patient adherence. Therefore, regular medical check-
ups, healthy lifestyle habits, and proper medication
dosage are crucial. The prevalence of chronic diseases
is increasing in OECD (Organisation for Economic Co-
Operation and Development- Ekonomik isbirligi ve
Kalkinma Orgiitii) countries, and the impact of drug use
and lifestyle factors on the global burden of disease and
mortality is becoming increasingly important. Type 2
diabetes is an important example in this context. This

study aims to examine the impact of medication use and

OZET

Amac: Kronik hastaliklar, genellikle uzun siire devam
eden ve tedavi edilmesi zor olan saglik sorunlarim
ifade etmektedir. En yaygin kronik hastaliklar arasinda
diyabet, kalp hastaliklari, hipertansiyon, kronik solunum
yolu hastaliklar ve kanser yer almaktadir. Bu hastaliklar,
genel olarak genetik yatkinlik, kotili beslenme, yetersiz
fiziksel aktivite, asin sigara ve alkol tiketimi vb.
yasam tarzi faktorleriyle iliskilidir. Kronik hastaliklar,
bireylerde fiziksel rahatsizliklarin yani sira, psikolojik
ve sosyal etkiler de meydana getirmektedir. Tedavi
suireci genellikle uzun sireli yonetim ve hasta uyumunu
gerektirmektedir. Bu nedenle diizenli hekim kontrolleri,
saglikli yasam aliskanliklari ve uygun dozda ilac
kullanimi 6nemlidir. OECD (Organisation for Economic
Co-Operation and Development- Ekonomik isbirligi
ve Kalkinma Orgiitii) Ulkelerinde kronik hastaliklarin
yayginligi artmakta ve ilag kullammi ile yasam tarzi
faktorlerinin kiiresel hastalik yiikii ve oliimler tizerindeki
etkisi giderek daha onemli hale gelmektedir. Tip 2
diyabet bu baglamda onemli bir ornektir. Bu calisma,

tip 2 diyabet yonetiminde ilac kullanimi ve yasam tarzi
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lifestyle factors in the management of type 2 diabetes

mellitus on the global burden of disease and mortality.

Methods: The study population includes all OECD
countries. Medications used in type 2 diabetes mellitus,
alcohol consumption, tobacco consumption, obesity,
physical inactivity were used as independent variables;
type 2 diabetes-related mortality, type 2 diabetes DALYs
(Disability-adjusted life years) were used as dependent

variables.

Results: Regression analysis showed that lifestyle
factors (lnAlc, InTob, InObes, (nPlnact) and medication
use (InDrug) effected both InDALY and InDMort (p<0.05).

Conclusion: The effective use of medication
and lifestyle changes in the management of type 2
diabetes is an important step in controlling the disease.
Therefore, in addition to the use of medication, healthy
lifestyle habits should be promoted to prevent and
control chronic diseases. These measures can contribute
both to improving the health of individuals and to the

sustainability of health systems.

faktorlerinin kiresel hastalik yuku ve olumler lizerindeki

etkisini incelemeyi amaclamaktadir.

Yontem: Calismanin evrenini tum OECD ilkeleri
olusturmaktadir. Tip 2 diyabette kullanilan ilaclar, alkol
tiketimi, tltln tlketimi, obezite, fiziksel inaktivite
bagimsiz degiskenler; tip 2 diyabetle iliskili 6lim orani,
tip 2 diyabette DALYs (Engellilige gore ayarlanmis yasam

yillart) bagimli degiskenler olarak kullamlmistir.

Bulgular: Regresyon analizi yasam tarzi faktorlerinin
(InAlc, InTob, lnObes, [nPInact) ve ila¢c kullaniminin
(InDrug) hem (nDALY hem de nDMort’u etkiledigini
gostermistir (p<0.05).

Sonug: Tip 2 diyabet yonetiminde ilaclarin etkin

kullanim1  ve yasam tarzi degisiklikleri hastaligin

kontrol altina alinmasinda onemli bir adimdir. Bu
nedenle, ilac kullammina ek olarak, kronik hastaliklan
onlemek ve kontrol altina almak icin saglikh yasam
tarz1 aliskanliklar tesvik edilmelidir. Bu onlemler hem
bireylerin sagligimn iyilestirilmesine hem de saglik

sistemlerinin siirdirilebilirligine katkida bulunabilir.

Key Words: Type 2 diabetes, global burden of Anahtar Kelimeler: Tip 2 diyabet, kiresel hastalik
disease, diabetes-related mortality, medication, healthy ylikii, diyabete bagli oliimler, ilac tedavisi, saglikli
lifestyle yasam tarzi
INTRODUCTION In 1990, more than 28 million (57 per cent) of all

Chronicdiseases, also known as non-communicable
diseases, are defined by the WHO (World Health
Organisation) as the result of a combination of
genetic, physiological, environmental and lifestyle
(behavioural) factors that tend to be long-term (1).
Chronic diseases are long-term conditions that can
usually be controlled but not cured. People living
with chronic diseases often have to cope with daily
symptoms that affect their quality of life, and
experience acute health problems and complications
that can shorten their life expectancy (2).

Turk Hij Den Biyol Derg

deaths worldwide were due to chronic diseases (3),
whereas today more than 40 million (74 per cent) of
all deaths worldwide are due to chronic diseases (1).
Furthermore, the number of disability-adjusted life
years (DALYs) from chronic diseases increased by 36.6
percent between 1990 and 2016(4).

Type 2 diabetes mellitus is one of the leading
chronic diseases, along with cardiovascular disease,
respiratory disease,
for a significant proportion of deaths and disease
burden across the world (1).This chronic disease

cancer and which account

is particularly associated with a high burden of



disability, causing cardiovascular disease, blindness,
kidney failure and lower limb amputation. Type 2
diabetes occurs when the body is unable to control
excessive levels of glucose in the blood. In 2021,
6.9% of the adult population in the Organisation for
Economic Co-operation and Development (OECD)
countries will be living with type 2 diabetes. In
addition, it is estimated that 48 million adults have
undiagnosed type 2 diabete (5).

Areview of the literature shows that the incidence
of cancer, cardiovascular disease, chronic respiratory
disease and diabetes share similar modifiable
(lifestyle) risk factors such as alcohol consumption,
body mass index (BMI), smoking, unhealthy diet and
physical inactivity (6). An important way to control
chronic diseases such as type 2 diabetes is to focus
on reducing the risk factors associated with these
diseases. Low-cost solutions to reduce common
lifestyle risk factors are available to governments
and other stakeholders. Monitoring progress and
trends in non-communicable diseases and their risks

is important to guide policies and priorities (1).

Table 1. Variables

Medication is another way to prevent the devastating
effects of type 2 diabetes. In particular, the use
of medications that lower blood glucose and blood
pressure facilitates the treatment of the disease (7).

In this context, this study aims to examine the
impact of medication use and lifestyle factors on
the global burden of disease and mortality in the
management of type 2 diabetes. Understanding this
issue is important for both health professionals and
societies, as reducing and controlling the impact of
type 2 diabetes is important for the sustainability of
health systems.

MATERIAL and METHOD

The aim of this study is to examine the impact
of medication use and lifestyle factors on the global
burden of disease and mortality in the management
of type 2 diabetes.

The variables used in the study were selected from
the literature (1,5,7). Information on the relevant
variables is presented in Table 1.

Variables Abbrev. Expl. Data From'
Drugs used in Type 2 Diabetes InDrug ?:13 EEEEE [Pl 1000 papUlEata OECD
Alcohol consumption lnAlc 19 &3 el above.popu{atlon OECD
alcohol consumption (Liter)
Tobacco consumption 15 age
Independents Tobacco consumption InTob and above population who daily WHO
smokers (%)
Obesity InObes Obese population (%) WB
L. - Insufficient physical activity
Physical inactivity InPInact population (Crude %) WHO
Type 2 diabetes-related mortality InDMort Mortality rate per 100 000 (Rate) OECD
Dependents
Type 2 diabetes disability-adjusted (DALY Disability-adjusted life years per IHME
life years (DALYs) 100 000 population (Rate)
" OECD=0Organisation for Economic Co-Operation and Development;
WHO= World Health Organization; WB= World Bank; IHME= Institute for Health Metrics and Evaluation
Turk Hij Den Biyol Derg
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The population of the study consists of all OECD
countries. The data covers the years 2010-2015.
It is planned to reach the whole population by not
selecting a sample. However, Colombia, Costa Rica,
Finland,
Poland, Switzerland and the United States of America,

Ireland, Japan, Mexico, Japan, Mexico,

which had missing data on variables and years,
were not included in the study. Data were obtained
from Organisation for Economic Co-operation and
Development (OECD), World Health Organization
(WHO), World Bank (WB) and The Institute For Health
Metrics And Evaluation (IHME) databases.

the data, a
transformation was applied to the data.

logarithmic
This
ensured the normality of the data. The Augmented

Before analysing

Dickey Fuller (ADF) unit root test was then used to
test whether the time series data were stationary.
As all variables were found to be stationary at the
95% confidence level (t=-7.425; p<0.05), the analysis
continued without removing the variable. Finally,
the Hausman test was performed to select the effect
model and the random effect model was selected
(X?=46.589; p>0.05). The data were analysed in two
steps. First, the effect of the independent variables

Table 2. Descriptive Statistics

(InDrug, InAlc, InTob, nObes, lnPInact) on the global
burden of disease (LnDALY) for type 2 diabetes was
analysed. In the second step, the effect of the
same independent variables on deaths due to type 2
diabetes (InMort) was analysed. Based on the results
obtained, the effects of the independent variables
on deaths and burden of disease were evaluated
separately. EViews 9.0 software was used to analyse
the data.

RESULTS

the  variables
in Table 2.
the mean values of the variables
0.03+0.01 82.09+4.42.
The correlations between the variables are

Descriptive  statistics  of

used in the study are presented
Accordingly,
ranged between and
presented in Table 3. According to Table 3, the lowest
correlation was found between (nDrug and nObes
with 0.02, while the highest correlation was found
between [nMort and InDALY with 0.71. Considering
the coefficients, it is determined that there is no

multicollinearity problem between the variables.

LnAlc InTob InObes InPlnact InDrug InDALY InMort
Mean 9.49 28.03 57.16 82.09 61.52 0.03 21.15
Std. Dev. 2.79 6.83 6.19 4.42 14.65 0.01 10.62
Obs. 174 174 174 174 174 174 174
Table 3. Correlations Coefficients and Probablities
lnAlc InTob InObes InPInact InDrug InDALY (nMort
lnAlc 1.00
InTob 0.17° 1.00
InObes 0.22° 0.07 1.00
InPInact 0.13 0.03 0.09 1.00
InDrug 0.18 0.08 0.02 -0.11 1.00
InDALY 0.30° 0.04 0.07 0.17° -0.22° 1.00
InMort 0.43° 0.10° 0.02° 0.23° -0.22° 0.71° 1.00
*p<0.05
452 Turk Hij Den Biyol Derg



Table 4 presents the results of the first stage
regression analysis. According to Table 4, the model
was found to be significant (p<0.05). InDrug, lnAlc,
InTob, nObes and InPInact variables were all found
to significantly affect (nDALY. The explanatory
in the model was 22%.
Table 5 presents the results of the second stage

regression analysis. According to Table 4, the model

rate of the variables

was found to be significant (p<0.05). InDrug, lnAlc,
InObes and
found to significantly affect (nMort. The explanatory

logTob, InPInact variables were all

in the model was 27%.
When Table 4 is analysed, it is seen that (nDrug

rate of the variables

has the least contribution to InDALY and (nObes has
the most contribution. When Table 5 is analysed,
the least contribution to lnMort is made by lnDrug
and the most contribution is made by lnAlc. From
this point of view, it can be said that drug use may
be less effective compared to other risk factors.

According to the results of Breusch-Pagan-
Godfrey test and LM test, it is determined that there
is no horizontal cross-section dependence between
countries according to both regression models. In this
sense, it can be said that the data of the countries that
are not included in the study due to missing data will
not have any effect on the significance of the models.

Table 4. Regression Analysis Results (First Stage)

Variables Coefficients Std. Error VIF Prob.
nAlc 0.015 0.002 2.121 0.001
InTob 0.021 8.105 1.192 0.032
InObes 0.312 9.063 1.987 0.007
[nPlnact 0.003 0.001 2.012 0.010
nDrug -0.001 3.792 3.102 0.001
c 0.013 0.123 2.452 0.023

R?=0.220; F=10.807; p<0.001; Durbin-Watson=2.250; Breusch-Pagan-Godfrey:0,211;

Breusch-Godfrey Serial Correlation LM test: 0,061; Spesification Test of Hsiao:1,5E148(1,5.10'4)

Table 5. Regression Analysis Results (Second Stage)

Variables Coefficients Std. Error VIF Prob.
lnAlc 0.250 0.263 1.542 0.001
InTob 0.326 0.103 1.654 0.002
lnObes 1.714 0.115 2.100 0.031
InPInact 0.434 0.158 2.521 0.006
InDrug -0.097 0.048 3.412 0.044
c 12.878 15.314 1.985 0.040

R?=0.271; F=13.901; p<0.001; Durbin-Watson=2.246; Breusch-Pagan-Godfrey:0,300;
Breusch-Godfrey Serial Correlation LM test: 0,101; Spesification Test of Hsiao:2,2E234(2,2.102%4).
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DISCUSSION

This study analysed the impact of medication
use and lifestyle factors on the global burden of
disease and mortality in the management of type 2
diabetes. As a result of the analysis, it was found that
lifestyle factors (lnAlc, InTob, LnObes, InPlnact) and
medication use (InDrug) both influence InDALY. It was
found that the burden of type 2 diabetes increased
as alcohol consumption, smoking, obesity and
physical inactivity increased, and that the burden
of type 2 diabetes decreased as drug use increased.

Lifestyle or behavioural risk factors play an
important role in the development and progression of
several health problems, including type 2 diabetes.
Type 2 diabetes is a chronic metabolic disorder
characterised by high blood glucose levels and can lead
to a number of complications that can increase the
burden of disease and cause mortality from the disease.

A review of the literature found studies with
similar results. In a study by Knott et al (8), it was
found that excessive alcohol consumption can
lead to both type 2 diabetes and diabetes-related
complications. Alcohol can affect blood glucose levels
and contribute to poor glycaemic control. Another
study by Wannamethee et al (9) found an indirect link
between alcohol consumption and the development
of type 2 diabetes. In another study by Carlsson et
al (10), excessive alcohol consumption was found to
cause the development of type 2 diabetes. A study by
Baliunas et al (11) also found that excessive alcohol
consumption increased type 2 diabetes. Excessive
alcohol consumption may increase the development
of type 2 diabetes by affecting blood glucose
levels and causing poor glycaemic control (12).

Smoking is a behavioural risk factor associated
with a high risk of type 2 diabetes. Nicotine and
other chemicals in tobacco smoke can impair insulin
function and lead to diabetes by increasing insulin
resistance (13). A study by Willi et al (14) found
that type 2 diabetes and its complications, such

as cardiovascular disease, worsen with increasing
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smoking. Another study by Maddatu et al (15) found a
significant association between smoking and increased
type 2 diabetes. Another study by Yeh et al (16) found
a significant association between smoking and type 2
diabetes. Astudy by Chang (17) revealed that smoking
increases the risk of developing type 2 diabetes and
aggravates micro- and macrovascular complications
InterAct
Consortium et al (18), past and current smoking
was associated with a higher risk of type 2 diabetes
in men and women compared to never smokers.

of diabetes. In another study by the

Smoking has been shown to contribute to insulin
resistance. Smoking is known to cause inflammation
in the body. Chronic inflammation can affect the
body’s ability to use insulin properly. Smoking can
have several metabolic effects that can lead to
an increased risk of type 2 diabetes. For example,
smoking is associated with adverse changes in lipid
profiles (high triglycerides and low HDL cholesterol),
which are also risk factors for diabetes (19-20).

Obesity is a well-recognised risk factor for the
development of type 2 diabetes and has a significant
impact on the Disability Adjusted Life Years (DALYs)
Obesity,
particularly central or abdominal obesity, is closely

associated with this chronic disease.

associated with insulin resistance. Excess adipose
tissue, especially visceral fat, can lead to the release
of inflammatory substances that interfere with the
body’s ability to use insulin effectively. As a result,
the pancreas may need to produce more insulin to
regulate blood glucose levels. Persistently high insulin
levels can eventually lead to insulin resistance,
the hallmark of type 2 diabetes (21). A study by
Lemieux (22) found that obesity is associated with
adverse changes in lipid profiles, including high
levels of triglycerides and high-density lipoprotein
(HDL) cholesterol. These lipid abnormalities are
commonly seen in people with insulin resistance
and have been shown to increase the risk of
cardiovascular complications associated with type 2
diabetes. Another study by Mokdad et al (23) found
that the increase in the prevalence of obesity was



positively associated with the development of type 2
diabetes. A study by Eckel et al (24) found that being
overweight increases the risk of developing type 2
diabetes, although it is not enough on its own. Type
2 diabetes often leads to various complications such
as diabetic retinopathy, neuropathy, nephropathy and
cardiovascular disease. Obesity increases the severity
and progression of these complications. Individuals
with obesity and diabetes tend to experience
greater disability and poorer quality of life, leading
them to live with disability for longer years (25).

Physical inactivity or insufficient physical activity
can lead to obesity and insulin resistance, which can
lead to the development of type 2 diabetes. A study
by Booth et al (26) found that there is a direct link
between physical inactivity and an increased risk
of diabetes and its complications. Another study by
Duclos et al (27) found that regular physical activity
is one of the most effective ways to protect against
type 2 diabetes. Another study by Gill and Cooper
(28) found that high levels of physical activity were
associated with a 20-30% reduction in the risk of
diabetes. Research suggests that diabetes prevention
can be achieved through a range of moderate to
vigorous intensity activities, and regular light intensity
activity may also be sufficient. A study by Kanaley et
al (29) found that different types of physical activity
that improve health and glycaemic control in people
with type 2 diabetes, including flexibility and balance
exercises, have a direct impact on reducing the burden
of disease. Moderate-intensity physical activity, such
as walking and gardening, appears to be the most
common form of activity among adults and can be
easily adopted to reduce the risk of type 2 diabetes.
Controlling blood glucose levels: Regular physical
activity helps muscles use more glucose, which can
lower blood glucose levels. This can reduce the risk of
type 2 diabetes. Adequate physical activity improves
insulin sensitivity, weight control, cardiovascular
health, stress and insulin resistance. At the same
time, exercise leads to cardiovascular and muscular
adaptation (increase in skeletal muscle oxidative

capacity, capillarisation and muscle blood flow). This
slows the development of type 2 diabetes (30-32).

The impact of medication use on Disability
Adjusted Life Years (DALYs) due to type 2 diabetes
is an important issue. Medications play an important
role in the management and control of this chronic
disease. There are several classes of drugs that are
commonly used to treat type 2 diabetes. These
medicines work through different mechanisms to
help regulate blood glucose levels, increase insulin
sensitivity and reduce the risk of complications. Drug
selection and effectiveness can vary from person to
person, depending on factors such as disease severity,
comorbidities and individual response (33). A study
by Chehade and Mooradian (34) found that the use
of medication together with behavioural risk factors
slowed the development of type 2 diabetes more
quickly. In a study conducted by Tehrani et al (35),
the use of glucose-lowering medications was found to
be effective in the management of type 2 diabetes.
Another study by Krentz et al (36) concluded that
the use of antidiabetic drugs, which are used to
reduce insulin resistance and lower blood glucose
levels, indirectly reduces the development of type 2
diabetes. Medications prescribed for type 2 diabetes
are primarily aimed at improving glycaemic control.
Proper glycaemic control is effective in reducing
the risk of diabetes-related complications such as
cardiovascular disease, neuropathy, retinopathy
and nephropathy (37). Medications can play an
important role in preventing or delaying the onset
of diabetes-related complications, especially if
started early and used consistently (38). Well-
managed diabetes can increase life expectancy by
reducing the risk of premature death associated
with uncontrolled diabetes and its complications.
Some medications have been shown to have a
(25). This
contributes to the reduction in years of life lost.

beneficial effect on overall survival
This study also found that lifestyle factors (lnAlc,
InTob, nObes, lnPlnact) and medication use (lnDrug)

significantly influence type 2 diabetes mortality
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(InMort). It was found that as alcohol consumption,
smoking, obesity and physical inactivity increase,
type 2 diabetes mortality increases, and as drug
use increases, type 2 diabetes mortality decreases.

Although some evidence suggests that moderate
alcoholconsumptionmay have potential cardiovascular
benefits, including reducing the risk of heart disease
and stroke (39-41), this does not apply to people with
type 2 diabetes who are at high risk of complications
(42). A study by Diem et al (43) found that excessive
alcohol consumption makes people more susceptible
to death from many diseases, including type 2
diabetes. Other studies by Koppes et al (44) and
Blomster et al (45) also found that excessive alcohol
consumption causes more deaths from type 2 diabetes
compared to those who drink no alcohol and those
who drink small amounts. Alcohol can affect blood
glucose levels. In some cases, especially if consumed
on an empty stomach, it can cause hypoglycaemia
(low blood sugar) in people with diabetes.
Hypoglycaemia can be life-threatening and, in severe
cases, fatal (46). To avoid this risk, it is important
to manage alcohol consumption appropriately.
In addition, chronic alcohol use can lead to liver
damage, including fatty liver disease and alcoholic
liver disease. People with type 2 diabetes already
have an increased risk of non-alcoholic fatty liver
disease. The combination of diabetes and excessive
alcohol consumption can worsen liver complications
(47).
People with type 2 diabetes have a higher risk

and lead to an increased risk of death
of premature death than people without diabetes.
A study by Gregg et al (48) found that smoking
significantly increased this risk. Another study found
that diabetic smokers were more likely to die from
cardiovascular disease, infections and other smoking-
related conditions than non-smokers (49). Another
study by Fagard and Nilsson (50) found that smoking
is an important risk factor for chronic diseases and
increases mortality in patients with type 2 diabetes.
A study by Qin et al (51) found that smoking causes
deaths from both diabetes and cardiovascular disease.
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The impact of tobacco use on type 2 diabetes-related
mortality is a critical public health issue. Smoking
and the use of tobacco products are associated with
several adverse health effects, including an increased
risk of type 2 diabetes and its complications (49).

Obesity has a significant impact on mortality
from type 2 diabetes. Obesity is an independent risk
factor for mortality in people with type 2 diabetes.
The combination of obesity and diabetes significantly
increases the risk of premature death. A study by
Hu et al (52) found that obese people with diabetes
had a higher risk of all-cause death and death from
cardiovascular events than non-obese people with
diabetes. Obesity increases the already increased
risk of death associated with diabetes (53). Another
study by Frydrych et al (54) found that individuals
with obesity and type 2 diabetes are physiologically
frail and have a higher risk of death from infection
and sepsis. In a study conducted by Zoppini et al
(55) obesity was found to cause a significant increase
in deaths due to type 2 diabetes, particularly in
individuals under the age of 65. Obesity is strongly
associated with an increased risk of complications in
people with type 2 diabetes. These complications,
including cardiovascular  disease, neuropathy,
retinopathy and nephropathy, contribute significantly
Obesity

exacerbates insulin resistance, leading to impaired

to mortality in people with diabetes.

glycaemic control, which increases the risk of these
complications (22). Cardiovascular disease is a leading
cause of death in people with diabetes, and obesity
is an important determinant of cardiovascular risk.

The impact of physical inactivity on deaths
from type 2 diabetes is another important aspect of
public health and diabetes management. There is
an association between physical inactivity and high
mortality from type 2 diabetes. A study by Gregg et
al (48) found that a sedentary lifestyle is associated
with an increased risk of death from all causes and
death from cardiovascular events. Physical inactivity
increases the already high risk of death associated
with diabetes. In another study by Wei et al (56),



the risk of death was found to be 1.7 times higher in
adults who reported being physically inactive than in
those who reported being physically active. A study by
Bakrania et al (57) found that regular physical activity
is an effective way to protect against cardiovascular
disease, thereby reducing the risk of death from type
2 diabetes. A study by Fogelholm (58) found that
good levels of physical activity reduced deaths from
type 2 diabetes and cardiovascular disease. Physical
activity plays an important role in improving insulin
sensitivity. Regular physical activity helps the body
use insulin more effectively. Insufficient physical
activity worsens insulin resistance and leads to poor
blood glucose control. High blood glucose levels are
associated with an increased risk of diabetes-related
complications and death (59). Regular physical activity
is also important for weight management. Obesity
is a major risk factor for type 2 diabetes and its
complications. Physical inactivity can lead to weight
gain or interfere with weight loss efforts. Obesity is
associated with a higher risk of death, particularly
from cardiovascular disease, in people with diabetes
(60). Physical activity helps to prevent or delay
diabetes-related complications such as retinopathy,
neuropathy and nephropathy. These complications
can have a significant impact on mortality.
Inadequate physical activity can increase the risk
of complications and reduce life expectancy (59).

The use of diabetes medications in the treatment
and management of type 2 diabetes can have a
significant impact on mortality. Well-managed
diabetes can increase life expectancy by reducing the
risk of premature death associated with uncontrolled
diabetes and its complications. A study by Zheng et
al (25) showed that some antidiabetic drugs have a
beneficial effect on overall survival. This contributes
to the reduction in years of life lost. Another study
by Tzoulaki et al (61) found that a group of drugs
used to treat type 2 diabetes significantly reduced
deaths from the disease. Another study by Brown
et al (62) found that the use of insulin and glucose-

lowering drugs reduced deaths from type 2 diabetes.

A study by Raheli¢ et al (63) found that the use of
an antidiabetic drug also reduced deaths from type
2 diabetes. Antidiabetic drugs are prescribed to
improve blood sugar control in people with type 2
diabetes. Proper glycaemic control is essential to
reduce the risk of diabetes-related complications
such as cardiovascular disease, neuropathy,
(37). Effective

glycaemic control through antidiabetic drug therapy

retinopathy and nephropathy
can help delay or prevent these complications,
reducing years lived with disability and risk of death.

Drug use and obesity both effect DALYs and
mortality from type 2 diabetes, but obesity has a
stronger impact. Medications (drug use) can help
manage blood glucose and reduce complications
like cardiovascular disease and neuropathy, thus
lowering DALYs and mortality. However, inadequate
health

outcomes by leaving blood glucose uncontrolled.

use of these medications can worsen
Obesity, on the other hand, plays a major role in
worsening diabetes by increasing insulin resistance,
leading to higher blood sugar and a greater risk of
severe complications. Excess body fat also promotes
inflammation and metabolic stress, which compound
health issues in diabetes, thereby driving up both
DALYs and mortality. Managing obesity through
lifestyle changes and interventions is therefore
essential for improving outcomes in type 2 diabetes.

This study is limited to OECD countries only.
The results should be evaluated according to the
independent and dependent variables used in this
study. It may be possible to reach different results
with different variables. Many other factors that may
affect mortality such as age, sex, treatment, time of
diagnosis, etc. were not included in the evaluation.
This study was conducted based on data covering
the years 2010-2015. Taking these limitations into
account in new future studies may increase the scope
of the studies and the generalizability of the results.

In conclusion; lifestyle factors and medication use
have a significant impact on diabetes-related DALYs
and deaths. Obesity, physical inactivity, tobacco use,
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alcohol consumption and non-use of antidiabetic
medications can lead to the development and
progression of diabetes and its complications.
Addressing these risk factors through public health
measures and individual lifestyle changes, as well as
the use of proven medications, is essential to reduce
the burden of DALYs and deaths from diabetes and
to improve the overall health of the population.

In addition, type 2 diabetes is a heterogeneous
disease with multiple underlying pathophysiological
should be

to the degree of hyperglycaemia,

processes. Treatment individualised
according
hyperinsulinaemia or insulin deficiency. In addition,
several factors such as efficacy, safety, affordability
and ease of administration should be considered
when prescribing a particular therapeutic agent.
healthcare
play a
in managing type 2 diabetes and reducing the

Implications for managers

Healthcare managers crucial role
disability adjusted life years (DALYs) and mortality
associated with the disease. Some suggestions

for healthcare managers are listed below:

. Establish and support multidisciplinary care
teams that include endocrinologists, primary care
physicians, dietitians, nursesandpharmaciststoprovide

comprehensive care for people with type 2 diabetes.

. Implement patient education programmes
that focus on the importance of lifestyle
factors, including diet, exercise and stress

management. Encourage self-monitoring of blood
glucose levels and compliance with medication.

. Develop and promote lifestyle
modification programmes that provide guidance
on diet, physical activity and weight management.
These should be

individual needs

programmes tailored to

patient and  preferences.

. Work with community organisations to
promote physical activity. Support initiatives
that make it easier for individuals to exercise
regularly, such as walking groups or fitness classes.

. Provide dietary advice that emphasises
meals. Increase

balanced, nutritious
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consumption of fruits, vegetables and whole
grains, while encouraging patients to reduce
their intake of sugary and processed foods.

. Ensure that healthcare providers have access
to the most up-to-date information on antidiabetic
medicationsandtheireffectivenessinthe management
of type2 diabetes. Promote evidence-based prescribing
and monitor patient response to medication.

. Implement a system for regular monitoring
of patient progress. This

blood glucose levels, weight, blood pressure and

includes monitoring
other relevant health markers. Adjust treatment
plans as needed based on monitoring results.

. Explore the use of telemedicine and
remote monitoring tools to provide ongoing
support to patients,

those who face barriers to face-to-face visits.

care and especially
. Recognise the impact of mental health

on diabetes management. Integrate mental
health services and provide resources for patients
dealing with stress, anxiety and depression.
health
identify people at
2 diabetes.

high-risk populations.

. Promote regular checks

and screenings to risk

type
preventive measures for

of developing Implement

. Continuously  monitor and  evaluate

the diabetes

quality

quality of care. Implement

improvement initiatives to improve

patient outcomes and reduce complications.

. Emphasise a patient-centred approach
by involving patients in their own care plans and
treatment decisions. Understand cultural, social
and economic factors that may affect patients’
ability to manage their condition effectively.

. Use data analysis tools to monitor outcomes,
identify trends and make data-driven decisions

to improve care and reduce DALYs and mortality.

. Work with government agencies,
public health organisations and community
partners to create a supportive environment

for diabetes management, including access to

healthy food and safe spaces for physical activity.
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Polikistik over sendromlu hastanin diyet tedavisi: Bir olgu sunumu

Seniha CUKUROVALI SOYKURT'

OZET

Bu yazida polikistik over sendromu tanisi ile izlenen
olgunun, beslenme tedavisinin 6nemi ve uygulamasinin
tartisilmast  amaclanmisti. ~ Hasta  Universitenin
Beslenme ve Diyetetik Polikligine basvurmustur. Kadin
dogum uzmam tarafindan polikistik over sendromu tanisi
almistir. Var olan hastaligina yonelik tibbi beslenme
tedavisi uygulanmistir. Polikistik over sendromu (PKOS)
treme cagindaki kadinlarda en sik goriilen endokrin
metabolik bozukluklardan biri

hastaliktir.

olup tanimlanmasi
PKOS hastalarinda

agirlik kontrolii saglanmasi hastaligin semptomlarinin

zor heterojen bir

hafiflemesi ve komorbid hastaliklarin riskini azaltmada
buyuk onem tasimaktadir. Her durumda, olgularin
diyetisyen kontroliinde diizenli viicut agirigi takibinin
yapilmasi, diyete uyumunun kontrol edilmesi ve
hastanin doktor kontrolleriyle birlikte biyokimyasal
bulgularin yapilarak kontroliiniin saglanmasi tercih

edilmelidir.

Anahtar Kelimeler: Polikistik over sendromu, diyet

tedavisi, agirlik yonetimi

ABSTRACT

In this article, it is aimed to discuss the importance
and application of nutritional therapy in a case
diagnosed with polycystic ovary syndrome. The patient
applied to the University’s Nutrition and Dietetics
Clinic. She was diagnosed with polycystic ovary
syndrome by her gynecologist. Medical nutrition therapy
was applied for his existing disease. Polycystic ovary
syndrome (PCOS) is one of the most common endocrine
metabolic disorders in women of reproductive age and
is a heterogeneous disease that is difficult to define.
Weight control in PCOS patients is of great importance
in relieving the symptoms of the disease and reducing
the risk of comorbid diseases. In all cases, it should be
preferred to regularly monitor the body weight of the
patients under the supervision of a dietician, check the
compliance with the diet, and ensure the control of the
patient by making biochemical findings together with

the doctor’s checks.

Key Words: Polycystic ovary syndrome, diet

therapy, weight management
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GIRIS

Polikistik over sendromu (PKOS) ilk olarak 1935
yiinda tammlanmistir. Ureme cagindaki kadinlarda
gorilen, metabolik ve endokrin bozukluklara neden
olabilecegi belirtilen heterojen bir hastaliktir. PKOS
patofizyolojisi bilinmeyen bir hastaliktir. Genetik
ve cevresel faktorlerin etkisi oldugu goriilmektedir,
obezite, insllin direnci, hormonal faktorlerle
birleserek PKOS fizyolosine katkida bulunmaktadir
(1). Ideal viicut agirhigim korumaya yardimcr olacak
diisiik kalorili, diisiik yagli ve diisiik glisemik indeksli
diyet; trans yag, doymus yag, beyaz seker ve rafine
un tilketimini azaltmak gibi diger baz1 beslenme
stratejileri de PKOS ile iliskili anomalileri (luteinize
edici hormon, folikil uyarici hormon, testosteron
vb.) iyilestirmeye yardimci olmaktadir (2).

OLGU SUNUMU

Yirmi iki yasinda bekar kadin hasta insulin
direnci nedeniyle endokrin uzmani tarafindan diyete
yonlendirildi. Ozgecmisinde bilinen bir hastalig,
diizenli kullandi®1 ilac yoktur. Hasta Universitenin
Beslenme ve Diyetetik Poliklinigi’ne basvurmustur.
Kadin dogum wuzmani tarafindan polikistik over
sendromu tanisi almistir. HOMA- IR degeri 5.2, insiilin
aclik 22 mL, TSH 4.24 mL, vitamin B12 191 mL, D
vitamini 13,7 ng/mL prolaktin degeri 30,80 ng/mL
degerlerindeydi. Fiziksel muayenesinde viicut agirligi
60,35 kg, boy uzunlugu 150 cm olarak &lciilmiistiir. Oz
gecmisinde hasimato hastaligi oldugu bilinmekteydi.
Ayrica endokrin uzmani bogaz muayenesinde hasimato
baslangi¢ oriintiisii oldugunu bildirmistir. Bu olguda,
hastanin genel beslenme durumu degerlendirilerek
yasina, cinsiyetine ve fiziksel aktivite diizeyine uygun
enerji ihtiyaci goz oniinde bulundurulmus ve ozellikle
posa, demir, folat, B12 vitamini yoniinden ihtiyacini
karsilayacak bir beslenme diizeni olusturulmustur.
insiilin direncini tedavi etmeye yonelik olarak bir
beslenme diizeni planlanmistir. Hasta beslenmesinin
yaninda egzersiz yapmaya da baslamistir. Alt1 aylik
beslenme tedavisinden sonra tekrardan biyokimyasal
bulgularin1 yaptirdigi zaman prolaktin seviyesinin
30,80 ng/mL’den 18-96 ng/ml’ye dusmdustur. 25-
OH vitamin D degeri 13,7’den 35,8 ng/mlL’ye
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ylikselmistir. HOMA- IR degeri 2,5 mL’ye dustilmiistdir.
Hastadan alinan veriye gore gece yemek ataklarinin
olmadigim sdylemistir. Hasta bu tibbi beslenme
tedavisi ile devam ettigi siirece herhangi bir durum
ile kars1 karsiya gelmemistir. Tekrardan endokrin
muayeneye gittigi zaman tiroit oriintiistiniin diizeldigi
gorilmiistiir. Hastamin izlem siiresince viicut agirlig
(kg), boy uzunlugu (cm), ilgili baz1 biyokimyasal
bulgulan degerlendirilmesi Tablo 1’de verilmistir.

TARTISMA

PKOS (Polikistik Over Sendrom)’un beslenme
tedavileri ile ilgili yapilan calismalarda en cok
arastinlan diyet modellerinden biri de Akdeniz
diyetidir. Bir calismada asir kilolu PKOS’lu hastalarda
dusuk karbonhidratli Akdeniz diyet tedavisi dusuk
yagli diyet tedavisi ile karsilastinlmistir. Diisiik
karbonhidratli Akdeniz diyetinin adet dongusunu
onemliolciide diizelttigi, antropometrik parametreleri
iyilestirdigi ve bozulmus endokrin seviyelerini
diizelttigi ve genel etkinliginin énemli olclide daha
iyi oldugu bildirilmistir. Asir1 kilolu PKOS’lu hastalarin
klinik tedavisinde dusuk karbonhidratli Akdeniz diyet
modelinin kullanilmasi onerilmistir (3).

Baska bir calismada ise metabolik olarak saglikli
ve sagliksiz obez PKOS’lu hastalar karsilastinlmistir.
PKOS’u olan metabolik olarak sagliksiz obezlerin
sagliklilarla aym1 enerji alimina ragmen daha diisiik
miktarda; kompleks karbonhidrat, lif, doymamis
yag asiti, MUFA, n-3 PUFA aldigi ve daha yiiksek
miktarda; basit karbonhidrat, toplam yag, SFA, PUFA
ve n-6 PUFA gorilmiistiir. Metabolik olarak sagliksiz
obezlerin daha diisik Akdeniz Diyetine baglilik
gosterdigi bildirilmistir. Ayrica bu bireylerin daha
yiiksek visseral adiposite indeksi ve yagli karaciger
indeksileri oldugunu, C reaktif protein, testesteron,
insulin ve HOMA-IR gibi metabolik parametrelerinin
daha yiiksek oldugu tespit edilmistir (4).

Bu olguda, diyetten oOnce basit karbonhidrat
agirlikli beslenmekteydi. Hastanin genel beslenme
durumu degerlendirilerek yasina, cinsiyetine ve
fiziksel aktivite diizeyine uygun enerji ihtiyac1 goz
oninde bulundurulmus ve ozellikle posa, demir,
folat, B12 vitamini yoniinden ihtiyacinm karsilayacak
bir beslenme diizeni olusturulmustur (Tablo 1).



Tablo 1. izlem siiresince hastanin viicut agirligi, boy uzunlugu, ilgili baz1 biyokimyasal bulgular ve planlanan diyet
programinin oriintiisii ile izlem siiresince besin tiiketim kayitlarinin degerlendirilmesi

Degiskenler Normal Aralik Tam 3.ay 6.ay
Antropometrik olgiimler

Viicut agirligr (kg) 60,35 55,2 50
Boy uzunlugu (cm) 150 150 150
Biyokimyasal bulgular

Aclik kan sekeri (Glukoz) (mg/dL) 74-109 98 88 88
HOMA- IR <2.5 5.2 4.6 2.5
Prolaktin (ng/mL) 5.18-26.53 30.80 18.96 12
Hba1c(mg/dL) < %5.7 5.5 4.8 3.5
Vitamin B, (pg/mL) 201-1046 191 226 445
25 Hidroksi vitamin D (pg/L) 30-100 13.7 35.8 55
TSH (mIU/mL) 0.77-5.64 4.24 3.24 2.5
Serbest T4 (ng/dL) 0.65-1.06 0.95 0.86 0.70
Enerji ve besin ogeleri

Enerji (kkal/gtin) 1500 1800 1617 1498
Karbonhidrat (enerji %) 50 48 53 57
Protein (enerji %) 15 14 17 15
Yag (enerji %) 35 38 30 28

Enerji ve besin Ggeleri basligi altinda normal aralik basligi altinda belirtilen enerji ve besin dgeleri olgu icin planlanan diyetin Griintiistini
gostermektedir. Digerleri hastanin diyet 6ncesi (tani sirasinda) ve izlem siiresince ti¢ giinliik besin tiiketim kayitlarinin degerlendirmesidir. Olgunun
lic ay izlemindeki enerji ve besin 6geleri degerleri saglikli beslenmeye gecisinde alinan iicer giinliik besin tiiketim kayitlarinin ortalamasidir.

Cin’de asin kilolu polikistik over sendromu
(PKOS) hastalarinda diistik karbonhidratli bir diyet
modeliyle birlikte bir Akdeniz diyetinin terapotik
etkisini belirlemek 72 kisi ile yapilan bir calismanin
sounucunda dusuk karbonhidratli ve Akdeniz diyeti
kombinasyonunu asin kilolu PKOS hastalan icin
iyi bir tedavi oldugunu, adet dongisiini onemli
Olclide duzelttigini, antropometrik parametrelerini
iyilestirdigini ve bozulmus endokrin seviyelerini
diizelttigini ve genel etkinliginin onemli dlclide daha
iyi oldugunu gostermistir (5).

PKOS tanis1 alan 14 fazla kilolu kadin, 12 hafta
boyunca fitoekstraktlar (KEMEPHY) iceren ketojenik
Akdeniz diyetine tabi tutuldugunda 12 hafta sonra,
antropometrik ve vicut kompozisyonu ol¢cumleri,
viicut agiriginda (- 9,43 kg), VKi (- 3,35), yag viicut
kiitlesi, yagsiz viicut kitlesi, visseral yag dokusu (8,29
kg) ve yag dokusunda, onemli bir azalma oldugunu
ortaya koydu. Yagsiz viicut kiitlesinde onemli, hafif
bir azalma oldu. HOMA-IR’de onemli bir iyilesme ile
birlikte glikoz ve insulin kan seviyelerinde onemli
bir dusus gozlendi. HDL diizeylerinde artisla birlikte

trigliseritler, toplam kolesterol ve LDL'de onemli bir
dusus gozlendi (6). PKOS’lu kadinlarda diyet miidahalesi
ile ilgili calismalarin cogunda diyet kompozisyonundan
ziyade enerji kisitlamasina odaklamlmustir. insiilin
direncini  iyilestirmek Uzere tasarlanmis diyet
modifikasyonlarinin tek basina enerji kisitlamasim
iceren diyet modifikasyonlarindan daha fazla fayda
sagladigi dustiniilmektedir. PKOS’lu genc eriskinlerin
yasam kalitesini arastiran sistematik bir derlemede gore
viicut agirligi ve beden kiitle indeksi (BKi) degerlerinin
normal sinirlara getirilmesi ile yasam kalitesinde
de olumlu yonde diizelme gorulmistur. 2019 yilinda
iran’da Shishehgar ve arkadaslan tarafindan, yirmi
dort hafta boyunca PKOS’u olan kadinlarda ve PKOS’lu
olmayan kadinlarda hipokalorik dusik glisemik indeks
diyetinin antropometrik degiskenler ve insiilin direnci
uzerindeki etkilerini karsilastirmay1r ve bu diyetin
PKOS’lu kadinlarin klinik ve hormonal ozelliklerine
etkisini arastirmay1 amaclayan bir vaka-kontrol
calismast yapilmistir. Diyet icerigi karbonhidrattan
gelen enerji toplam enerjinin %50’si, proteinden gelen
enerji toplam enerjinin %20’si ve yagdan gelen enerji
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toplam enerjinin %30’u olacak sekilde hazirlanmistir. Gl
degeri yilksek gida maddelerinin bir listesi hazirlanmis
ve tum katilimcilanin yiiksek Gl gidalan tiketmelerinin
yasaklandig1 bir diyet uygulanmistir. Bir diyetisyen
tarafindan tim katilimcilara yiyecek alisverisi listesi
hazirlanmis ve yeme davramsi egitimi verilmistir. Bu
calisma sonucunda, enerji kisith bir dusuk glisemik
indeksli diyetinin, PKOS’lu ve PKOS’suz asirn kilolu
kadinlarin antropometrik ve metabolik ozellikleri
lizerinde benzer faydali etkilere sahip oldugunu
gosterilmistir. Aynca, polikistik over sendromuna
sahip olan kadinlarda, bu diyetin uygulanmasindan
alt1 ay sonra hem menstrual siklusun diizene girdigi
hem de hiperandrojenizmin klinik ve biyokimyasal
ozellikleri dizeldigi bildirilmistir. Ek olarak yapilan
bu calisma sonucunda bulunan bulgular, PKOS’lu

TESEKKUR

kadinlarin metabolik sorunlar veya bu bozukluga eslik
eden duygusal yeme sorunlar nedeniyle viicut agirligi
kaybinda giicliiklerle karsilasabilecegini  bildiren
calismalann bulgulanyla celismektedir. PKOS’lu obez
kadinlarin, PKOS’lu olmayanlara kiyasla viicut agirligi
kaybinda daha fazla zorluk yasadiklan varsayilmis olsa
da PKOS’lu kadinlan bu diyete uymaktan caydiran bir
hipotez oldugu sonucuna ulasilmistir (7). Bu olguda
viicut agirigr kaybr ile aclik kan sekeri ve HOMO-IR’de
benzer iyilesmeye sahip oldugunu bulunmustur

Sonuc olarak, polikistik over sendromlu hastanin
diyet tedavisinin diyetisyen kontroliinde siki bir sekilde
izlenmesi diyete uyumun arttirilmasinm saglayarak
uc ay gibi kisa bir siurede klinik bulgularin diizelmesi
saglanabilmektedir.

Hastanin tedavisinde destegini esirgemeyen Uzm. Dr. Emine Celen’e tesekkiir ederim.
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tereddiitii sorunu

, Seyma Aliye KARA!

OZET

Halk sagliginin en onemli bilesenleri; temiz su,
sanitasyon ve asi ile onlenebilir hastaliklara karsi
bagisiklamanin saglanmasidir. Asilama programlari,
asiyla onlenebilir hastaliklarin ve bu hastaliklara
bagli gerceklesen olimlerin onlenmesi acisindan
en o6nemli ve en maliyet etkili toplum sagligi
miidahalelerinden biridir. Ulkemizde 2008 yilinda
yayinlanan genelge ile son halini alan programda
amaclanan siire¢ ‘Bagisiklama hizmetlerinde temel
amac; toplumda, ozellikle bebek ve cocuklarda asi ile
korunulabilir hastaliklarin ortaya ¢ikisini engellemek,
dolayisiyla bu hastaliklardan kaynaklanan olimlerin
ve sakatliklarin oniine gecmektir ve temel hedef
asisiz cocuk birakmamak’ seklindedir. Ulasilabilir
as1 hizmetlerine ragmen, asilarin reddedilmesi veya
reddi

tanimlanmistir. Zamanla giderek arttig1 bilinen asi

kabul edilmesinde gecikme ise asi olarak
reddi, Diinya Saglik Orgiitii’ne gore kiiresel diizeyde
onemli bir tehdittir, en énemli halk saglig1 sorunlari
arasinda yer almaktadir. iletisim ve medya araclan
ile ilgili nedenler, birey ve grup etkileri, as1 ve
asilamaya ait etkiler as1 kabulinu etkileyen en

onemli basliklardir. Bu yiizden nedenleri saptamak

ABSTRACT

The most important components of public health
are the clean water, sanitation and immunization
against preventable diseases through vaccination.
Vaccination programs are one of the most important and
cost effective intervention prevention that elimination
of infectious diseases, reducing the morbidity and
mortality of diseases, and the development of a
healthy society. The aim of this programs, which took
its final form published in 2008 in our country, that
is ‘The main purpose of immunization services is to
prevent the emergence of preventable diseases in the
society, especially infants and children, and therefore
to prevent deaths and disabilities caused by these
diseases, and the main goal is not to leave unvaccinated
children’. Rejection or delay in accepting vaccines
despite accessible vaccination services is defined as
vaccine refusal. Vaccine hesitations and refusals, which
are known to increase gradually over time that are an
important threat at the global level according to the
World Health Organization and are among the most
important public health problems. Reasons related to
communication and media tools, individual and group

effects, vaccine and vaccination effects are the most
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ve nedene yonelik planlar yapmak oldukca onemlidir.
Guniimizde halk sagliginin ve saglik sunucularinin
oncelikli hedeflerinden biri saglik okuryazarliginin
artinlmast  ve saglik iletisiminin iyilestirilmesi
olarak gorulmektedir. Yapilacak yasal diizenlemeler
asilamada ve toplum bagisikligina katkida olumlu
artislara neden olacak olsa da asil hedef dogru
iletisim yontemleri ile halkin saglik okuryazarliginin
artinlmast ve 06z sorumlulugunun gelistirilmesi
olmalidir. Boylece bu derlemede asinin onemi ve
asi reddi ile nedenleri, bu durumun etkileri ile ilgili

sonuclarin gozden gecirilmesi amaclanmistir.

Anahtar Kelimeler: Asilama, asinin 6nemi, asi

tereddiitu, as1 reddi

important topics that affect vaccine acceptance. In this
regard, it is very important to determine the causes
and to make plans for the cause. Today, one of the
primary goals of public health and health providers is
seen as increasing health literacy and improving health
communication. Although the legal regulations to be
made will lead to positive increases, the main goal
should be to increase the health literacy of the people
and to develop their self-responsibility through correct
communication methods. Thus, in this review, it was
aimed to review the results about vaccine refusal,

causes of vaccine refusal and effects of this condition.

Key Words: Vaccination, importance of vaccine,

vaccine hesitancy, vaccine refusal

GIRIS

Halk saglig1 kavrami, Winslow tarafindan 1923’de
“organize edilmis toplum calismalar1 sonunda cevre
saglik kosullarin diizelterek, bireylere saglik bilgisi
vererek, bulasici hastaliklar onleyerek, hastaliklarin
erken tam ve tedavisini saglayarak, saglik orgiitleri
kurarak, toplumsal calismalari her bireyin sagligim
sirdiirecek bir yasam diizeyini saglayacak bicimde
gelistirerek hastaliklardan korunmayi, yasamin
uzatilmasini, beden ve ruh sagligi ile calisma giiciiniin
arttirilmasin1 saglayan bir bilim ve sanat” olarak
toplum calismalanyla

bireyin ve toplumun saglikli bir yasam siirmesini

tanmimlanmistir.  Organize
saglamay1 amaclayan bir bilim olarak halk sagliginin
en onemli sorunlarindan biri bulasici hastaliklardir (1).
Diinya Saglik Orgiitii’ne (DSO) gore, diinya iizerinde
insan sagligina en cok katkisi olan iki uygulamadan
biri asilar digeri ise suyun dezenfeksiyonudur (2).
Asilama; zayiflatilmis viris ya da bakterilerin ya
da bunlarn antijenik parcalarinin viicuda verilerek
yapay bagisiklik elde edilmesidir (3). Asi hem bireyin

bagisiklanmasin1  saglarken hem de asilanmamis
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kisilerin, asilanan kisiler sayesinde, hastalik etkeni ile
temaslarinin azalmasi sonucu, toplumda o hastaligin
goriilme sikliginin azalmasini saglar. Boylece toplum
bagisiklanmas1 gerceklesmis olur (4). Dolayis1 ile
bagisiklama hizmetleri ve asilama programlar, asiyla
onlenebilir hastaliklarin ve bu hastaliklara baglh
gerceklesen olumlerin 6nlenmesi acisindan en onemli
ve en maliyet etkili toplum sagligi miidahalelerinden
biridir (5).

Toplumsal bagisikliktaki onemli bir terim olan
“temel cogalma/{lireme sayisi” (R0), tamamen duyarli
bir topluma giren bulasici hastaliga sahip bir bireyin
bulastincilik donemi boyunca meydana getirecegi
yeni bulasic1 bireylerin sayisin ifade etmektedir.

Ornegin; RO= 4 olan bir hastalik icin, tamamen
duyarli bir topluma giren bulasic1 bir birey 4 yeni
bireye hastalig1 bulastiracaktir. Toplumun (RO-1)/R0
hesabindaki kism1 (bu ornek icin (4-1)/4= 3/4= 0.75)
bagisik ise bu hastaligin zaman icindeki insidans
sabit kalacaktir.

Toplumsal bagisiklik esigi olarak bilinen bu oranin
tizerine ¢cikildiginda ise hastaligin insidansi azalacaktir
(4, 6) (Sekil 1).



Rg=4

> Bulag var

= = = = Bulas yok

S O Duyarh

B O Bagisik

Sekil 1. Toplumsal Bagisiklama (4)

Toplumsal bagisiklik diizeyine ulasmak icin temel
cogalma katsayis1 yaninda etkili ve kapsayici asilarin
kullanimda olmas1 gerekmektedir. Asi1 etkinligi; ideal
kosullar altinda as1 olanlarin asisizlara gore bahsi
gecen hastalik insidansindaki azalma ylizdesidir.
As1 etkililigi ise asimin gercek hayattaki etkisini
gosteren durumdur ki asinin temini, depolanmasi,
tasinmast ile son kullanictya uygulanana kadar
gecen sdrenin tamamim olusturmaktadir. Mevcut
hicbir as1 milkkemmel etkinlige ve etkililige sahip
degildir. Toplumda elde ettiginiz asilanma diizeyleri
ile bagisiklik diizeyleri aym degildir. As1 kapsayiciligi
direk bagisiklik
durumunu vermez (7). Ulasilabilir as1 hizmetlerine

toplumda asililarin  yuzdesidir,
ragmen, asilarin reddedilmesi veya kabul edilmesinde
gecikme ise as1 reddi olarak tanimlanmistir (8).

As1 ve asiyla onlenebilir hastaliklarin zaman
icindeki degisimine en iyi orneklerden biri kizamik
hastatigidir. Giinlimiizde bircok hekim as1 varligi
ve yaygin kullaniliyor olmasi1 nedeniyle kizamik

olgusu gormemektedir. Kizamik asis1 bulunmadan

once ozellikle Amerika Birlesik Devletleri (ABD)’'nde
neredeyse herkes kizamik hastaligin1 gecirmekteyken
ve her yil hastalarin yuzlercesi kizamiktan hayatin
kaybetmekteydi. Ancak ABD Hastalik Kontrol ve
Onleme Merkezi’nin (CDC) aciklamasina gore iilke
genelinde 2019 basindan bu yana gorilen toplam
kizamik vakalarn 626’y1 bulmus ve son 25 yilin en
yiiksek seviyesine ulasmistir. Vaka artisinin sorumlusu
bu surecte
kizamikla miicadele icin zorunlu as1 sart1 getirildigi

as1 tereddutleri olarak gosterilirken,

bildirmistir. Japonya’da ise 1974 yilinda cocuklarin
%80’ine bogmaca asisi uygulanmakta iken ayni yil
biitiin tilkede sadece 393 bogmaca olgusu bildirilmis,
bogmaca iliskili olim kayitlara gecmemistir. Daha
sonra asilanan kisi sayis1 oldukca azalmis ve asilanma
hizi %10’a kadar dusmustur. Boylece 1979 yilinda
13.000’den fazla kisi bogmacaya yakalanmis, bunlarin
41’1 olmistir. Rutin asilamaya doniildiigiinde ise
hastalik sayilarinin yeniden diistiigii rapor edilmistir

).
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Avrupa Hastalik Onleme ve Kontrol Merkezi’nin
(ECDC)
hastalarin ¢ok bliyiik bir bolimiiniin asisiz oldugunu

kizamik vaka sayilarin1  paylasmis, bu
ortaya koymustur. Sadece Avrupa’dan 1 Mart 2017
ve 28 Subat 2018 arasinda 14813 kizamik vakas
bildirilmistir. Kizamik vakalar1 en fazla Romanya
(1709 hasta), Yunanistan (1463 hasta), Fransa (1346
hasta) ve italya’da (411 hasta) goriilmektedir. Asi
durumu bilinen vakalar incelendiginde bunlarin %86’s1
asis1z olarak tespit edilmistir (10).

kizamik vakalarinda

Turkiye’'de artis

gorilmektedir; 2016 yilinda 9 kizamik vakasi
gorulurken, 2018 raporunda kizamik vakalarinin 36’s1
yabanci olmak lzere toplamda 84’e yiikseldigi, 2020
yilinda ise 316 yerli vaka, 301 yabanci vaka oldugu
bildirilmistir (11).

Ulkemizde 2011 yiinda 183 aile cocuklarina ast
yapilmasini istemezken, 2017 yilinda bu say1 23650’e
yukselmistir. As1 olmak istememe ve tereddut yasama
durumu ulkemizde alt1yilda 130 kat artmistir. Asilanma
h1izimiz 1993 yilinda %77 iken 2015 yilinda arzu edilen
seviyelere; %97’ye ulasmis ancak bu iz 2017 yilinda
%95’e gerilemistir ve istenilen simir degerde kalmis
olup tehlike canlarn calmaya baslamistir (12).

Asgari olarak sunulmasi gereken temel saglik
hizmetleri olarak disiniildigiinde bagisiklama
hizmetleri; yilda yaklasik 3 milyon olimi onledigi
tahmin edilmektedir (13). Bu yoniyle de en maliyet
etkin saglik yatinnmlarindan biri olarak kabul edilebilir

(14).

Ulkemizde Genisletilmis Bagisiklama Programi
(GBP)

Cikanlan genelge ile 2008 yilinda son halini
alan program ile amaclanan siire¢ ‘Bagisiklama
hizmetlerinde temel amac; toplumda, ozellikle bebek
ve cocuklarda ast ile korunulabilir hastaliklarin ortaya
cikisimt  engellemek, dolayisiyla bu hastaliklardan
kaynaklanan olumlerin ve sakatliklarin oniine
gecmektir ve temel hedefin asisiz cocuk birakmamak
oldugu unutulmamalidir.” seklindedir (15).

Bu kapsamda GBP ile bogmaca, difteri, tetanos,
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kizamik, kizamikcik, kabakulak, tuberkuloz, cocuk
felci, sucicegi, hepatit A, hepatit B ile Streptococcus
pneumoniae ve Haemophilus influenzae tip b’ye
bagh invaziv hastaliklar1 ve bunlara bagh olimleri
azaltarak bu hastaliklari kontrol altina almak ve
hatta tamamen ortadan kaldirmak amaciyla hassas
yas gruplarina enfeksiyona yakalanmalarindan once
ulastp bagisiklanmalarint  saglamak igin  yapilan
asilama hizmetlerini icerir. Genisletilmis Bagisiklama
hastalik

programinin hedeflerine yonelik olarak asilama,

Programi’nin yuratulmesi, kontrol
hastaliklarin izlemi, as1 ve as1 uygulamalarn icin
gereken malzemenin temini gibi temel bilesenleri
T.C. Saglk Bakanligi

programin hedef stratejileri belirlenmekte, lojistik

icermektedir. tarafindan
ihtiyaclar temin edilmekte ve il Saglik Miidiirliiklerine
dagitimi yapilmaktadr. il diizeyinde hizmetler, il Saglik
Midiriniin baskanliginda, icerisinde il ve ilce asi
sorumlulariile soguk zincir sorumlulari, hekimve hekim
dis1 saglik personelinin yer aldig1 bir ekip anlayisiyla
yuritulmektedir. Bu kapsamda; asilama planlarinin
hazirlanmasi, izlenmesi ve degerlendirilmesi, asilama
hizmetlerinde gorevli personelin ve toplumun
egitimine yonelik calismalarinin yiritiilmesi, as1 ve
enjektor ihtiyaclarinin belirlenmesi, stok ve soguk
zincirin takibi saglanmaktadir (16).

Bu calismalar, program kapsamindaki tim
hastaliklarin azalmasin1 saglamis olsa da en onemli
ciktilarindan  birisi  cocuk felci  (poliomiyelit)
eradikasyonudur. Turkiye’de son cocuk felci vakasi
1998 yilinda gériilmistir ve DSO 2002

yiinda {lkemizin polio hastaligindan arindirildiginm

Kasim

duyurmus, Avrupa Bolgesi Polio’dan Arindirnlmis Bolge
Sertifikasi ile belgelendirilmistir (17).

Ulusal asilamanin hedeflerinin basinda ise sunlar
gelmektedir; her bir antijen icin etkinligi korunmus
as1 ile ulke genelinde %95 asilama hizina ulasmak
ve devamliligint saglamak, 12-23 aylik bebeklerin
%90’1n1 tam asili hale getirmek, 5 yas alt1 (0-59 aylik)
asis1z ya da eksik asili cocuklar tespit edip asilamak,
okul ¢ag1 cocuklarinin rapel asilarini tamamlamak,
ulkenin durumunu

poliomyelitten  arindinlmis



surdurmek, maternal ve neonatal tetanozu elimine
etmek, as1 giivenligini siirdiirmek, kayit bildirim
sistemini gliclendirmek, Toplumun katilimini saglamak
seklindedir (16).

Diger yandan iilkemizde boylesine koklii bir asi
tarihi ve oldukca giicli kurgulanmis ve bugiine kadar
oldukca basanli bir sekilde uygulanmis bir bagisiklama
politikas1 varken son yillarda bulasici hastaliklarla
miicadelede buzdaginin gériinmeyen kismini olusturan
as1 redlerinin gittikce artmasindan korkulmaktadir.

Ulusal as1 takvimine yeni bir asinin eklenebilmesi
icin ise ilgili asimin DSO’niin yayinladigi bazi kriterleri
saglamasi gerekmektedir (Sekil 2) (18).

Bu asi ile ilgili su sorular olumlu yanitlanmalidir:

1.
mu?

S6z konusu hastalik bir halk sagligi sorunu

2.  Koruma icin etkili ve giivenilir oldugu
kanitlanmis bir as1 var mi?

3. Hastaligin kontroliini saglayabilecek daha
maliyet-etkin bir yontem var mi?

4. Asilama ililkede maliyet-etkin mi? Sonuclan
ongortlebilir mi?

5.  Ulkenin ulusal as1 programi yeterince giiclii
mu?

Ulke bir ag1 ile asilanmaya baslandiktan sonra asi
temini ve finansmani acisindan surdurilebilir olmasi
oldukca 6nemlidir (18). Ulkelere ait ulusal as1 takvimi
uygulamalarinin temel amaci; dogan her bebegin
as1 takvimine uygun olarak yukarida sayilan on
hastaliga kars1 bagisiklanmasi ve tam asili olmasidir.
Bu uygulamanin lilke genelinde her yerde esit olarak
yapilmasi gerekmektedir (15).

Halk Saghg Onceligi
' -
e~ Hastahk yiiki L I Diger ek durumlar
5 \ - (Diger asilar ile ilgili
5 buluslar gibi)
~ X ASISI
o —
8
Asinin etkililigi, / \ Ekonomik ve finansal
kalitesive giivenligi Kkonular
£
c
'_§° Asinin sunumu \
2 w— Programa bagh
£ giigliikler
g /
g Tedarik durumu \ /

Asinin sunumu ve
kullanimi

r

v

\ Asinin tanitim ve

kullamim &ncesi
beklemesi

Sekil 2. Ulusal As1 Takvimine Yeni Bir Asinin Eklenme Semasi (18)
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As1 Tereddiitii ve Reddi Kavrami

Edward Jenner’in asiy1 kesfini takiben 1800’lu

yaygin
1840-1853 yillan arasindaki asilama ile olum ve

yillarin  baslarinda asilama  baslamis,
sakatliklarin azalmasi lizerine ingiltere’de asilama
zorunlu hale getirilmistir Hemen akabinde ise
Londra’da kurulan Anti-As1 Dernegi (Anti-Vaccination
League) as1 karsitlarimin ¢ekirdegini olusturmustur.
As1 zorunlulugunun 14 yasina genisletilmesiyle ise as1
karsitlar kisisel hak ve ozgiirliiklerin ihlal edildigini
one siirerek Zorunlu As1 Karsitlari Dernegi’ni (Anti-
Compulsory  Vaccination League)
1870-1880°li

dergiler

kurmuslardir.
As1  karsitlarinin yillarda cikardig

kitaplar, brosirler, asilama oranlarinda

kicumsenmeyecek dizeyde azalmalara neden
olmustur. Ornegin Stokholm’de 1872 yili asilama
hizi %40 civarinda kalmistir. Fakat iki yil sonra

sehirde ortaya cikan buyuk bir salgin, asilamanin

yeniden yayginlastirilmasint saglamistir. Ancak bu
as1 karsit1 calismalar son bulamamis ve sonunda
1898 yilinda Ingiltere yasalarinda “vicdani ret”
kavrami olarak kendine yer bulabilmistir. GUinumuzde
de as1 karsitlarinin ortaya koydugu gerekcelerin
19. vylzyildakiler ile bilylk oranda benzedigi
goriilmektedir (19). Ayrica Diinya Saglik Orgiitii ast
reddini global saglik agisindan en biiylik 10 tehdit
arasinda saymaktadir (20).

As1  hizmetlerinin var olmas1 ve erisilebilir
olmasina ragmen asilarin kabul edilmesinde veya
reddedilmesinde gecikme olmasi ile kisi, yer zaman
ve asilara gore degiskenlik gosteren bir durum
olarak karsimiza cikan as1 tereddutu surec olarak da
degerlendirilebilir (8). Bu siirecte en ug noktalar tam
red ve tam kabul noktalandir. Arada kalan herkes
aslinda tereddut ediyor / temkinli yaklasiyor seklinde

dusunulebilir (Sekil 3).

Asi1 Kabul Suareci

Reddediyor
Tamamen red » ama emin Sodit

Sekil 3. As1 Kabul Sireci (20)

Ayrica Diinya Saglik Orgiitii tarafindan olusturulan
As1 Eylem Plani icinde bahsedilen asilar ile ilgili red/
tereddit durumu kiiresel diizeyde oldukca biiyik
tehdit olarak gorilmektedir (21).

DSO ise as1 kabuliinii etkileyen faktorleri 3 gruba
ayirmaktadir;

1. Baglamsal Etkiler (iletisim ve medya araclar,
toplum Uizerinde etkili kisiler, as1 karsiti/destekleyicisi
lobiler, ozellikler,

sosyodemografik politikalar/

yasalar, cografi engeller gibi)
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Ernteleme
Geciktirme

Kabul ediyor

ame Tamamen kabol

2. Birey ve Grup Etkileri (Ge¢cmis as1 uygulamalar
ile ilgili tecriibeler, saglik ve 6nleyici uygulamalara
iliskin inanc ve yaklasimlar, bilgi ve/veya farkindalik,
saglik sistemi ve saglayicilara giiven, Kkisisel
deneyimler gibi.)

3. As1 ve Asilamaya Ait Etkiler (Bilimsel kanitlara
dayali
takviminin giincel durumu, saglik calisanlarinin rold,

maliyet gibi.) (22).

riskler/yararlar, uygulama sekli, asilama



Bu faktorlere bagli olarak asilanma yiizdeleri
Ulkeden iilkeye degisiklik gostermektedir. Afganistan,
Pakistan, Nijerya, Hindistan’da asilanma oranlan
%70-80’ler civarinda iken, Avrupa ve Amerika’da
genel olarak%90’1n lizerindedir (23).

iletisim ve medya araclari, as1 karsitlarinin
kendilerini one ¢ikarmalar i¢in 6nemli bir kaynaktir.
Amerika Birlesik Devletleri (ABD)’nde, eriskinlerinin
%55’inin  saglik hakkindaki

Uzerinden edindigi belirtilmistir. 2001 yilinda, arama

bilgilerini internet
motorlan uzerinden yapilan bir arastirmada, 7 arama
motorunda ilk 10 sonuc incelenmis ve bu sitelerin
%43’liniin as1 karsit1 siteler oldugu saptanmistir (24).

Niifus ve Saglik Arastirmasi 2013 verilerine gore
hicbir as1 yaptirmamis olma durumu 13-26 aylik
cocuklarda 2008’de 20 bin dolayinda (%1.6) iken
2013’te 37 binlere (%2.9) cikmistir. Hic asilanmamis
olma, yoksul ve egitimsiz gruplar gibi dezavantajli
gruplarda ise daha cok artis gostermektedir (25).
Ayrica annenin egitim seviyesi yiikseldikce asilama
hizimin arttig1 da baska bir arastirmayla gosterilmistir
(26).

Ulkemizde 2020 ve 2021 yillarinda ayr ayr
yayinlanan makalelere gore ozellikle cocukluk
asilan ile ilgili tutumun en onemli belirleyicisinin
ebeveyn (yalnizca anne degil) oldugu belirtilmistir.
Ebeveynlerin tercihlerini ise psikolojik siirecler, asiya
glivenmeme, toplumsal roller ve baz1 politik nedenler
etkileyebilmektedir. (27, 28).

2015’de Ordu’da yasayan bir
bebeklerine as1 yaptirmamasi lzerine aile saglik ve

savcinin  ikiz
sosyal il midiirliigli cocuklar icin saglik onlemi davasi
acti. Ikizlerin babasi bireysel hak ihlali ve onam
alinma zorunlulugu getirilmesi istegi ile kars1 dava
acti ve bu davay1 kazandi. Gazetelerde ve sosyal
medyada ‘ikiz bebeklerine as1 yaptirmayan savcinin
hukuk zaferi’ olarak yansitilan bu durum, as1 karsiti
grup hareketlerini ve soylemlerini artirmistir (23). Bu
olayla birlikte as1 redleri daha da artmaya baslamis
olup, sosyoekonomik duizeyi yiiksek bir grup ailede de
as1 redleri gozlemlenmektedir.

Tip fakiiltesi 6grencilerinde yapilan bir calismaya

tereddutu
icin kendilerini

gore tip fakiiltesi Ogrencilerinin asi

olan bireylerle iletisim yeterli

diizeyde hazir hissetmedikleri
(29).

gore de benzer bulgular elde edilmistir (30). Hekim

tespit edilmistir
Klinik hekimlerinde vyapilan bir calismaya

ve hekim adaylannin bilgi eksikliklerinin ve asi
ile ilgili endiselerinin giderilmesi ile asiya yonelik
savunuculuk misyonlarin1 yerine getirebilmeleri icin
mezuniyet oncesi ve sonrasi asilar ile ilgili diizenli ve
yapilandinlmis egitimlere ihtiyac duyulmaktadir.

As1 reddi nedenleri

Ulkemiz disinda yapilan cesitli
incelendiginde as1 redlerinin en 6nemli nedenleri su

sekilde siralanabilir:

calismalar

1.  Asilar civa, aliminyum, eter, antibiyotik
ve bircok kimyasal icerir ve bunlar otizm ve benzeri
hastaliklara neden olur

2.  Asi uUreten firmalar cok buyuk gelirler elde
ettigi icin art niyetli bir ‘Pazar’ olabilir

3. Asilanma yerine hastalik gecirilerek daha iyi
bagisiklik saglanir

4. Tamamlayici ve alternatif tip daha etkin ve
yan etkisi daha azdir

5.  Cocuklarin bagisiklik sistemi daha tam
gelismemistir ve asilar bagisiklik sistemine zarar verir

6. Asilarin  etkinligine ve  giivenilirligine
inanmama

7.  Asilarin yan etkilerinin olabilecegine inanma

8. Baz ‘dini, felsefi etkinlik kazanmis kisilerin

asilarin zararli oldugunu anlatmasi (23).

2018 yiinda yapilan Ulusal As1 Calistayi’nda ise
ulkemizde as1 redlerinin baslica nedenleri olarak;
asi icerigine glivenmeme, yan etkilerinden korkma,
dini sebepler, yurtdisi kokenli aile mensubu olma,
medyada yer alan olumsuz haberler siralanmistir (31).

istanbul’da 0-24 ay bebegin ebeveynlerinin asi
redlerini inceleyen 2018 yilinda yapilmis bir calismada
katilimcilarin yanisina yakini asilarin icerisinde zararl
maddeler olduguna inandiklarinm ifade etmistir bunu
dini inanclar (%22.8), Asinin yararli/gerekli olduguna
inanmama (22.8), asilarin baska hastaliklara neden
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olduguna inanma (%20.7) ve asilarin ila¢ firmalan
tarafinda maddi amacli uretildigini disiinme (%14.1)
takip etmektedir (32).

Yillk canli dogum sayisi ortalama 2900 olan
Erzincan ilinde birinci basamak saglik hizmeti
saglayicilarindan alinan sozel verilere gore 2016,
2017 yii ve 2018 ilk 6 ayinda toplam cocukluk cag
as1 reddi sayist 39 oldugu belirtilmistir. Bunlardan
17’si hic asilanmamis cocuklarken, 22 cocuk eksik
asilidir. Yapilan incelemede en sik reddedilen asilar
karma (Difteri, Bogmaca, Tetanoz, Polio, Hemofilus
influenza B), konjuge pnomokok ve oral polio asilar
iken en sik reddetme nedeninin ebeveynlerin asilarin
icerisinde zararli maddeler oldugunu distinmeleri
seklindedir.

Dinyada da  bircok ornek  mevcuttur;
Avusturalya’da 2017’de yapilan bir diger calismada
ise as1 reddi nedenleri, as1 yan etkisinden korkma
(%35,9), asi etkinliginden siiphelenme (%35,9) ve ila¢
endustrisine guvensizlik (%23,1) olarak siralanmistir
(33).

Hindistan’da eksik asili ya da asisiz cocuklarin
asilanmama nedenlerinin basinda as1 hakkinda bilgi
eksikligi (%52,4) ve asilarin yan etkileri (%28,8)
geldigi bildirilmistir (34).

Chan ve arkadaslarinin Malezya’da yaptiklar dort
yillik degerlendirmeleri sonucunda ise dini inanglan
nedeniyle c¢ocukluk c¢ag1 asilarinin  ¢ocuklarina
yapilmasini reddeden annelerin sikliginin 2013 yilinda
%78 iken 2015 yilinda %67’ye distiigli belirtilmistir
(35).

Bircok  calismanmin  sonucunda  bildirildigi
gibi asilarin icerisinde bulunan civa ve benzeri
maddelerin otizme yol actigl inanci da asi reddinin
onde gelen gerekcelerinden biri ve ilk kez ortaya
atilis, 1998 yilinda Dr. Andrew Wakefield’1n bir ingiliz
tip dergisinde bir makale yayinlayarak kizamik-
kizamikcik-kabakulak asisinin  otizme yol actigin
one siirmesi ile gerceklesmistir. ilerleyen dénemde
ingiltere’deki hakemli akademik tip dergilerinden
birinde yayinlanan karsi makalelerle Wakefield’in
calismasinin kurgusunun dogru olmadigi ve gercekleri
yansitmadig1 ortaya konulmus ve doktor meslekten
ihra¢ edilmistir (36). Yine de Amerika hukimeti
2001’de, T.C. Saglik Bakanligi ise 2009 vyilinda
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asilanma oranlarinin dusmesini onlemek amaci ile
civasiz astya gecildigini bildirmistir (15).

Avrupa’da yapilan bir calismaya gore as1 teredduitu
yalnizca Avrupa bolgesine ozel bir durum degildir
seklinde belirtilmistir. Bu makaleye gore de asi
tereddiiti, saglik riskleriyle ilgili yanlis algilamalardan
ve kisilerin politik gorusler, din, felsefe gibi temellere
dayandirdiklar dunya gorusleri ile ilgili olarak ortaya
cikmaktadir (37).

Yayinlanan bir gorus yazisina gore COVID-19
pandemisi ve daha onceki pandemiler de as1 tereddiitu
uzerinde cesitli yonlerde etki etmis olabilirler.
Bu siirecte cocukluk c¢ag1 asilarina erisebilirlik
durumlan, maliyet etkinlikleri gibi basliklar da goz
ard1 edilmemelidir denilmistir (38).

Ulkemizde As1 Reddi ve Hukuki Siire¢

Zorunlu as1 uygulamasi konusunda ulkemizde
gerceklesen bireysel Anayasa Mahkemesi basvurusu
sonucunda Mahkeme; Anayasa’nin 17. Maddesi ile
glivence altina alinan maddi ve manevi varligin
korunmas1 ve gelistirilmesi hakkin1 ihlal ettigine
hikkmetmistir (39). Bu karar sonrasi zorunlu asilamanin
reddedilmesiyle saglik tedbiri kararn alinmasi ve
uygulanabilmesi icin slirecin Aile ve Sosyal Politikalar
il Midirligiine iletilmesi gerekmemektedir. Asi
uygulamasina izin verilmemesi, asilamanin reddi
halinde, izlem ve as1 durumunu gosteren asi reddi
belgelerinin doldurulup, ilgililere teslim edilmesi
yeterli bulunmustur (40). Ulkemizde siirec halen
yetkili kurumlarca bu sekilde yurutilmeye devam
etmektedir.

SONUC

Bahsedildigi lizere as1 gibi toplumun sagligim
korumak adina vazgecilmez uygulamalar icin politika
sunuculan tarafindan dizenlemeler yapilsa da
tereddutler ve redler basariy1 engelleyebilmektedir.
Asi redlerinin halk saglig1 icin potansiyel bir tehdit
olusturdugu g6z ardi edilemez ve her sorunun
cozulebilmesi icin nedenlerinin ortaya konulmasi
gerektigi gercegi as1 redleri konusunda da gecerlidir.
Gecmiste dini inanc kokenli nedenlerin yerini
gunumuzde medya araglarimin yanlis kullanimi sonucu
orta ¢ikan bilgi kirliligi almistir. Asilama siirecindeki



kararlar icin dissal oneri ve tavsiyelerin daha cok
dikkate alindig1 dusiintildiigiinde, ozellikle cocukluk
cagl as1 uygulamasini yapan birinci basamak saglik
personelinin dogru ve uygun sekilde bilgilendirilmesi
ile bu bilgiyi ebeveynlere sunabilmesi basamaklan
oldukca onemlidir (41). Tabi ki hekim hasta iletisimi
kadar medya araclar ile saglanan kitle iletisimi de
bu konuda vazgecilmez ve en onemli anahtarlardan
olacaktir. Asilarin kullamima girdigi yillardan bu yana
farkli gerekcelerle asilama olgusunu karalanmakta;
raslantisal  nedenlerle  aciklanacak  bulgulara

CIKAR CATISMASI

dayanarak asilan zararli ilan edildigi gorilmektedir.
Gunidmiizde halk sagliginin ve saglik sunucularinin
baslica sorunlarinin ¢éziimii bu konuda da oldugu gibi
dogru basamaklarin izlenerek saglik okuryazarliginin
artirilmasi ve saglik iletisiminin iyilestirilmesi olarak
gorulmektedir. Yapilacak yasal duzenlemeler her ne
kadar asilama sikliginda olumlu artislara neden olsa
da asil hedef dogru iletisim yontemleri ile halkin saglik
okuryazarliginin artinlmast ve 6z sorumlulugunun
gelistirilmesi olmalidir.

Yazarlar bu makale ile ilgili herhangi bir ¢ikar catismasi bildirmemislerdir.
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Gizemli bakteri lejyonella: Biiyiik silah cephanesine sahip bir
ordu mu?

Goniil ASLAN'

OZET

Lejyonella cinsi bakteriler ilk olarak 1976 yilinda
Philadelphia’da diizenlenen Amerikan Lejyonu kongresi
(Bellevue-Stratford

arasinda) goriilen blyiik bir siddetli pnomoni salgini

sirasinda, Hotel’dekalanlar

sonrasinda Dr. Joseph McDade tarafindan izole

edilmistir.  lejyonellalar, insanlarda kendiliginden
iyilesen atesli hastalik (Pontiac atesi) ve oliimcul
pnomoniye (Lejyoner hastaligl) neden olabilen cevresel
Gram-negatif bakterilerdir. Legionella pneumophila
toplum ve hastane kokenli pnomoninin onemli bir
nedenidir. lejyonella ile kontamine olmus aerosollerin
solunmasi ile alveolar makrofajlar veya epitel hiicreleri
tarafindan basiller fagosite edilir. Lejyoner hastaligi,
alveolar makrofajlar i¢ine alinan basilin Dot/lcm genleri
tarafindan kodlanan Tip 4 Sekresyon Sistemi sayesinde
fagolizozomal fiizyonu onleyerek, lejyonella iceren
vakuol olusturmast bu vakuol icinde konak immiin
mekanizmalarindan kagarak ¢ogalmasindan kaynaklanr.
Lejyonella tiirti bakterilerilerin genomunun en ilgi cekici
yonii, amiplerdeki parazitligi sirasinda gen transferi
yoluyla kazandigi, cogu oOkaryotik kokene sahip olan
motiflerdir. Lejyonellalar horizontal gen transferi ile

kazandiklarn bu motifler sayesinde cevresel faktorlere

ABSTRACT

The bacterium of the genus Legionella were first
detected during the American Legion convention held
in Philadelphia in 1976, following a largeoutbreak of
severe pneumonia (among residents of the Bellevue-
Stratford Hotel) isolated by Dr. Joseph McDade.
Legionella is an environmental Gram-negative
bacterium that can cause spontaneously healing
febrile illnesses (Pontiacfever) and fatal pneumonia
(Legionnaires’ disease) in humans. Legionella
pneumophila is an important cause of community- and
hospital-acquired pneumonia. It is phagocytosed within
alveolar macrophages or epithelial cells by inhalation of
aerosols contaminated with Legionella. Legionnaires’
disease is caused by the bacilli engulfed in alveolar
macrophages forming a vacuole containing Legionella
by preventing phagolysosomal fusion, thanks to the
Type 4 Secretion System encoded by the Dot/lcm genes,
and its proliferation within this vacuole by escaping
the host immune mechanisms. The most interesting
aspect of the Legionella bacterium’s genome is the
motifs, most of which are of eukaryotic origin, that it
acquired through gene transfer during its parasitism in

amoebae. Thanks to the semotifs obtained by horizontal
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ve konak imminitesine Kkarsi direncini artiracak
inanilmaz sayida virulans faktoriine baska bir deyisle
adeta “bliyiik silah cephanesine sahip bir ordu”ya sahip
olmuslardir. Ayrica bu okaryotik motifler bakterilere;
olaganiistli adaptasyon stratejileri gelistirme kapasitesi
kazandirir. Biyofilm ve amip icinde hayatta kalmalar,
onlann  yogun

dezenfeksiyon  uygulamalarindan

koruyarak, cevresel faktorlere karsi direnclerinin
artisina da neden olur. Lejyonellalanin, bulasici faz
ve enfektif olmayan replikatif faz olmak uUzere bifazik
yasam dongusu; fizyolojik, morfogenetik ve metabolik
degisim yeteneklerini de ortaya koymaktadir. Amip ve
makrofajlar icindeki enfeksiyon dongiisii benzerligi
cevresel amiplerin adeta bir “egitici” gorevi yaptigim
distindiirmektedir. Buderlemede, lejyonellanin amipleri
ve makrofajlari enfekte etme yetenekleri, virulans/
hayatta kalma stratejileri, enfeksiyon mekanizmalari,
konak imminitesi ve lejyonella immunopatogenezine

ait gincel bilgilerin gozden gecirilmesi amacglanmistir.

Anahtar Kelimeler: Lejyonella, Legionella

pneumophila, viriilans faktorl, immiinopatogenez

gene transfer, Legionella bacteria have an incredible
number of virulence factors that will increase their
resistance to environmental factors and host immunity,
that is, “an army with a huge arsenal”. Moreover, these
eukaryotic motifs also apply to bacteria; Provides the
capacity to develop exceptional adaptation strategies.
Their survival in biofilms and amoebae protects them
from intensive disinfection practices and increases
their resistance to environmental factors. The two-
phase life cycle of Legionella includes the infectious
phase and the non-infective replicative phase; It also
reveals physiological, morphogenetic and metabolic
change abilities. Amoebae and macrophages suggests
that environmental amoebae act as an “educator”
the similarity of the infection cycle between. It is
aimed to review current information on the abilities
of Legionella to infect amoebae and macrophages,
virulence/survival strategies, infection mechanisms,

host immunity and Legionella immunopathogenesis.

Key Words: Legionella, Legionella pneumophila,

virulence factor, immunopathogenesis

GIRIS

Lejyonella cinsi bakteriler ilk kez 1976 yilinda
Philadelphia’da, Amerika’nin bagimsizlik yildoniimii
kutlamalari sirasinda, Amerikan Lejyonerleri arasinda
olusan atipik pnomoni salginindan
1976’da, Philadelphia
Amerikan Lejyonu kongresinde, Bellevue-Stratford

izole edildi.
Temmuz Pensilvanya’da
Hotel’de kalanlar arasinda ciddi bir solunum yolu
hastalig1 salgim meydana geldi. Amerika Birlesik
Devletleri (ABD) hastalik kontrol ve onleme merkezi
(Centers for Disease Control and Prevention-CDC),
salginin nedenini belirlemek icin kapsamli bir
epidemiyolojik ve mikrobiyolojik arastirma yurutti.
Aylar siiren yogun arastirmalarin ardindan (6 ay sonra),

Turk Hij Den Biyol Derg

CDC mikrobiyologu Dr. Joseph McDade tarafindan
otopsi yapilan akciger dokusundan, salginin kaynagi
Gram-negatif organizma izole edildi (1-3). Toplamda
34 olumin gerceklestigi ve 200’den fazla kisinin
etkilendigi bu gizemli pnémoniye, Lejyoner toplantis
sirasinda olustugu icin Lejyoner hastaligi (LH), izole
edilen Gram negatif bakteriye; pnomoni olusturdugu
ve salgin Philadelphia’da Amerikan Lejyonerleri’nde

ortaya c¢iktig1 icin Legionella pneumophila ad

verilmistir (4). 1977°de Lejyonella’nin kesfi ve
ardi ardina kultir ortamlarinin  gelistirilmesi,
lejyonellanin cevresel orneklerden izolasyonuyla

daha o©nce cozilmemis solunum vyolu hastalig

salginlarinin geriye donik incelenmesine yol acmistir.
Bakteri

kultlriniin  yapilabilmesi ve izolasyonu



pnomoni ile iliskili diger lejyonella tiirlerinin hizli
bir sekilde simflandinlmasinm saglamistir (5). Salgin
sonras! hayatta kalanlarda lejyonellaya karsi olusan
tespit
enfeksiyonu salginindan sorumlu ajaninin lejyonella

antikorlarin edilmesiyle, solunum yolu
oldugu kanmtlanmistir. Lejyoner hastaliginin nedeni
kesin olarak belirlendikten sonra, bilim adamlan
1976’dan once meydana gelen sebebi belirlenememis
benzer salginlarin kaynaginin lejyonella ile iliskisini
arastirmaya basladilar. CDC arastirmacilari, boylece
Philadelphia ve Pontiac’ta gorulen atesli hastalik
salginlarimin  aym  organizmadan kaynaklandigini
tespit ettiler. “Pontiac atesi”, ismini ilk vakanin
goriildigli Michigan’daki Pontiac sehrinden almistir.
Pontiac Saglik Departmaninda 1968 temmuz ayinda
[inkiibasyon suresi 36 saat olan, yaklasik 2-5 gin
icinde gecen, ates, bas agnsi, miyalji, halsizlik ve
hafif grip ile karakterize] bir salgin hastalik meydana
gelmis, saglik departmanda gorevli 100 kisiden 95’inin
dahil oldugu toplamda 144 kisi etkilenmistir. 32
Pontiac atesi vakasindan alinan serumlarda lejyonella
tespit
pnémoni yani sira Pontiac atesine de neden oldugu

antikorlarinin edilmesiyle lejyonellanin;
ortaya konulmustur (2,6).

Bundan sonra, diger bircok lejyonella tiirii ardi
ardina tanmimlanmis ve artik tamimlanan tirlerin
neredeyse yarisinin [72 tiir, LPSN-List of Prokaryotic
Names with Nomenclature, www.bacterio.net (12
Subat 2024’de erisildi) temel alinmistir] hastane
kokenli veya toplum kokenli pnomoniden sorumlu
ajanlar oldugu belirlenmistir. L. pneumophila diinya
capinda LH vakalarinin %91.5’ine neden olarak ilk
sirada yer alir ve serogrup 1 (LP sg1) en biyiik orani
(%84) olusturur. Legionella bozemanae, Legionella
micdadei ve Legionella longbeachae ikinci en yaygin
etiyolojik ajanlardir ve diinyadaki lejyonellozis
vakalarinin yalmzca %2-7’sini olustururlar (7,8). L.
longbeachae diinya capindaki vakalarin yaklasik %1’ini
olustururken, ilging bir sekilde Avustralya ve Yeni
Zelanda’daki vakalarnn %50-60’1n1 olusturmaktadir.
Ancak son 10 yilda L. longbeachae enfeksiyonunun

neden oldugu vakalar Avrupa’da da giderek artan

oranda rapor edilmektedir (9,10). L. longbeachae,
kapsilli ve toprakta dogal olarak bulunan tek tir
olmas1 nedeniyle diger

lejyonellalardan aynlir.

L.  pneumophila ve L. longbeachae arasinda
insan hastaigimin ciddiyeti agisindan farkliliklar
belgelenmemis olsa da toprak metazoalan ile birlikte
evrimlesmesinin bir sonucu olarak L. longbeachae ile
enfeksiyonun daha oldiiriicii oldugu disiiniilmektedir
(11).

Lejyonellalar buyuk olcude cevresel patojenlerdir
ve dogal yasam alanlan tatli su rezervuarlar, nemli
toprak, saksi topragi/kompost ve giibrelerdir. Ayrica
sithhi tesisat sistemleri, klima uniteleri, kuvetler
ve duslar gibi insan yapim su sistemlerinde de
(12).

iceren aerosol halindeki suyu solumasi veya aspire

bulunmaktadir Duyarli konagin lejyonella
etmesiyle insanlarda solunum yolu hastaligina neden
olur (13). Su ana kadar yalnizca bir supheli vaka
disinda insandan insana bulas bildirilmemistir (12).
insandan insana bulas vakasimin bildirilmemesi, L.
pneumophila’nin insanlan enfekte etmeye tamamen
adapte olmadigim gostermektedir (14). Hayvanlarin
serumunda lejyonella antikorlan tespit edilmesine
ragmen belgelenmis hicbir zoonotik bulasma vakasi
bildirilmemistir. Lejyonellanin cevresel kaynaklarina
uzun suren maruziyet, insanlarda birkac ay boyunca
ve herhangi bir klinik semptoma neden olmadan
10 yila kadar

antikorlarin iretimini tetikler. Calismalar, saglikli

olculebilir seviyelerde kalabilen
popiilasyonlarda lejyonella antikor diizeylerinin %1-
45 arasinda oldugunu gostermistir (12,15).

Fakultatif hiicre ici patojeni olan L. pneumophila
toplum ve hastane kokenli pnomoninin onemli bir
nedenidir. Enfeksiyon icin belirlenen risk faktorleri;
50 yasindan blyik olma, erkek cinsiyet, kronik
akciger hastaligi, sigara ve alkol kullamimi, immiin
sistemi baskilayan herhangi bir hastaligin olmasi veya
immiunsupresyona neden olacak ila¢ kullanilmasi
(organ transplantasyonu, kortikosteroid ve benzeri
ilaclarin kullammi, maligniteler, diabetes mellitus
vb), hastanelerde cerrahi islemler sirasinda uygulanan
genel anestezi ve endotrakeal entubasyonlardir (9).

Turk Hij Den Biyol Derg

479



480

Lejyonella enfeksiyonu ayn1 zamanda toplumsal

ortamlarda  siddetli ~ pnomoninin en  yaygin
nedenlerinden biridir ve lejyonella, hastane kaynakli
pnomoni vakalarinin  %40’indan izole edilmistir

(14,15).

Lejyonellanin patojenik tiirleri, lejyonella iceren
aerosoller yoluyla insanda lejyonelloz ad1 verilen bir
hastaliga neden olabilir; kendini simirlayan grip benzeri
Pontiac atesi ve alveolar makrofajlar enfekte ederek
ciddi pnomoni olusturan LH olmak Uzere hastaligin
iki bicimi vardir. Lejyonella, su ortamlarinda siklikla
biyofilm icerisinde veya protozoa paraziti olarak
bulunan firsatc1 bir patojendir (7,13,16,17). Cesitli
amip cinsleri ile uzun sureli etkilesim ve kapsamli
ortak evrim, lejyonellayi insanlan enfekte etmek icin
patojenik hale getirir ve ayrica virulans farklilasmasi
ve heterojenite de kazandinr. Geleneksel olarak
replikasyon insan

sureclerinin  ve makrofaj

enfeksiyonlarimn  baslatilmasinda rol  oynayan
patogenez ile iliskili proteinler virlilans faktorleri
olarak kabul edilir. “Viriilans faktorleri” hem dogal
hem de tesadufi konaklarin enfeksiyonunda etkilidir.
Bu faktorler lejyonellanin yasam dongusinde onemli
roller oynarlar ve bakterilerin hayatta kalmasi icin
gereklidirler. L. pneumophila okaryotik hucrelerde
hayatta kalabilmek ve cogalabilmek icin Dot/lcm
genleri tarafindan kodlanan o6zel bir Tip IV salgilama
sistemine (T4SS) ihtiyac duyar (7,16).

Bu derlemede, lejyonellanin amipleri ve
makrofajlarn enfekte etme yetenekleri, virulans ve
hayatta kalma stratejileri, enfeksiyon mekanizmalan,
konak immuinitesi ve lejyonella immiinopatogenezine

ait glincel bilgilerin gozden gecirilmesi amaclanmistir.
Lejyonella viriilans faktorleri ve patogenezi

L. pneumophila’mn protozoa ve memeli konak
hiicrelerine baglanmasi, hiicre icinde hayatta kalmas,
replikasyonu ve hiicreden hicreye yayilma ozellikleri
lejyonella enfeksiyonlarinin patogenezinde etkilidir.
Cevresel su orneklerindeki suslar, serbest yasayan
amiplerde de hayatta kalabildigi icin secici baskiya
bagli olarak daha fazla viriilans genleri ve faktorleri
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edinebilir  Bu nedenle lejyonella virilansinin
evriminde amiplerin “egitim alam” olarak onemli

oldugu vurgulanmaktadir (14).
Lejyonella yiizey viriilans faktorleri

L. pneumophila’nin konak hiicreye (makrofajlar
ve protozoan hiicreler) yaklasmasi,
ve istilas1 hiicresel enfeksiyon dongusiindeki kritik
adimlardir. Adezinler, T4SS ve T2SS proteinleri,

baglanmasi

flagellum, pili, enzimler, baz1 dis zar proteinleri
ve lipopolisakkaritler (LPS) dahil
cok sayida faktor bu sireclere katkida bulunur. L.

olmak Uzere

pneumophila’nmin hicre ylzeyinde, dis membran
(OMV’ler), peptidoglikanla iliskili
lipoprotein (PAL), major hiicreyle iliskili fosfolipaz
A/lisofosfolipaz A (PlaB), major salgilanan
fosfolipaz (PlaA), PlaC, MOMP, makrofaj enfektivite
giiclendirici (macrophage infectivity potentiator:

kesecikleri

Mip), Hsp60 ve FeoB bulunmaktadir. Bu faktorler
L. pneumophila’mn konak hiicrelerine basanli bir
sekilde kolonizasyonu, sonrasinda hicreye giris,
replikasyon ve LH olusumunda etkili olmaktadir
(Tablo-1) (14,18).

iliskili
dis1 ve hiicre ici konak proteinlerini hedef alir ve
enfeksiyonun farkli asamalarina katkida bulunur.
L. pneumophila’mn hucre yiizeyindeki proteinler,

Yizeyle bakteriyel proteinler hiicre

patojen-konak etkilesimlerinde merkezi bir rol oynar.
L. pneumophila’nin makrofaj tarafindan taninmasi,
adezyonu ve kompleman aracili fagositozu, konak
hiicre reseptorleri CR1 ve CR3 araciligiyla gerceklesir
(19).

Yiizey virlilans faktorlerinden, MOMP;
Lejyonellamin  konak hiicrelere  baglanmasini,
OMV; paketlenmis materyallerin okaryotik

hiicrelere baglanmasini ve girisini saglar. LPS ve
PAL proinflamatuar sitokinlerin
Fe2+ aliminda etkili olur. Mip ise
bakterilerin doku bariyerlerini
PlaBise L.
akcigerlerde replikasyonunu ve dalaga yayilmasin

tesvik etmektedir (Tablo 1)(14).

salgilanmasin
uyarir, FeoB,
asmasinda etkin

rol oynamaktadir. pneumophila’nin



Tablo 1. Lejyonella viriilans faktorleri (14)

Viriilans geni/faktori Genin kazandirdigi viriilans ozelligi

LPS insan monositik hiicrelerinden proinflamatuar sitokinlerin salgilanmasini indiikler

MOMP: Major Dis Membran Proteini  Lejyonellanin konak hiicrelere baglanmasinda énemli bir rol oynar

Basilin alveoller ve akcigerde yayilmasi, biyofilm olusturma ve cevre kosullari

Flagell A
agella (flad) uygun olmadiginda hayatta kalma yetenegini diizenler

Mip geninin kodladigi protein Memeli ve protozoan fagositlerine karsi hucre ici oldirmeye direnc kazandirr

Tip IVB salgilama sistemi tarafindan efektor proteinlerin salgilanmasi icin gerekli

RA
px faktoru diizenler

iraA gen lokusu tarafindan kodlanan

. Bakteriyel hicre ici enfeksiyon icin gereklidir
metil transferaz

iraB lokusu tarafindan kodlanan Demir yiiklu peptitler araciligiyla yiiksek degerlikli demirin aliminda rol

varsayimsal demir-peptit tasiyicisi

oynayabilir

RtxA geninin kodladigi protein

Yapisma, istila, sitotoksisite ve gézenek olusumunu saglar

Viriilan bakterinin konak hiicreye baglanmasina yardimci olan tip IVA salg

Lvh geni
E sisteminden tiretilen bir proteini kodlar
. Konak hiicrelerde lejyonellanin replikasyonundan sorumlu olan TIVB salgi

Dot/lcm geni . . i . -
sisteminden turetilen bir proteini kodlar.

enhC Hiicre duvan bitiinligliniin korunmasi, lejyonellanin hiicre ici bilyiimesinin
kolaylastirilmasi

Hsp60 L. pneumophila’nin fagositozuna aracilik eder

L. pneumophila’nin makrofaj icine girisi, L. pneumophila vakuolinin
replikasyonunda, biyofilm gelisiminde etkili

Tip IV pili (lpnE)

LpnE (rtxA)

L. pneumophila’nin insan hiicrelerine baglanmasina aracilik eder

LadC Makrofajlara yapisma

LPS

LPS L. pneumophila’nin serogrubunu ve patojenik
ozelliklerini belirlemektedir. LPS, oligosakkarit yapida
bir O zincirive glikolipit yapida lipit A’”dan olusur. Yiiksek
heterojeniteye sahip O zinciri, L. pneumophila’nin
siniflandirilmasini (15 serogrup) saglamaktadir (18). L.
pneumophila’mn LPS’si, bilesimi ve disuk endotoksik
potansiyeli nedeniyle diger bakterilerinkinden onemli
olciide farklidir. Membrana bagli lipit A, ozellikle
uzun zincirli ve dallanmis yag asitlerinden olusur. Bu

nedenle LPS, bakteriyi konak hlicre zarina sabitleyen
bir yapisma faktori olarak gorev yapabilir. Ayrica
patojenin lizozomal sindirimden kacmasina da
katki yapar. Lejyonellamin LPS’leri diger Gram (-)
bakterilerinkinden farklidir. Enfeksiyonun evresine
bagli olarak hidrofilik/hidrofobik olmak lizere iki farkli
formunu eksprese edebilir. Daha hidrofilik varyant,
lejyonellanin fagozoma yakinligim1 kolaylastirirken,
hidrofobik form, konak hiicre zarlarina yapismanin
yani sira bakterinin aerosollerde hayatta kalmasin ve

bulasmasini kolaylastirir (19,20).
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Flagella

Legionella spp. genelde polar ve/veya lateral
flagella araciligiyla hareket eder. Flagella hareketi
sayesinde bakterinin yeni konak hiicrelere erisimi
kolaylasr,
Flagellin geni

akciger ve alveollere yayilimi artar.

flaA’min  transkripsiyonu, alternatif
sigma faktori 0% fliA tarafindan sicakliga bagli olarak
duzenlenir. flaA ekspresyonunda aminoasit miktar,
ortamin viskozitesi ve ozmolaritesi gibi cevresel
faktorler de etkilidir. fliA, L.

biyofilm olusturma yetenegini ve cevre kosullari uygun

pneumophila’nin
olmadiginda hayatta kalma yetenegini diizenler.
Flagella aym zamanda konak bagisikigini etkiler. flaA
delesyonunda amip ve insan hiicrelerinde bakterinin
proliferasyonunun zayifladigi gosterilmistir. Flagella,
hiicre yuzeyindeki Toll benzeri reseptor 5 (TLR5) gibi
cesitli konak reseptorler tarafindan taninarak dogal
bagisiklikta etkin rol oynayan alveolar makrofajlan
TLR5,
(PMN’ler) alveollerde toplanmasini uyararak bakteri

aktive eder. polimorfoniikleer notrofillerin

klirensini saglar (19,20).
Mip

Mip, 24 kDa’lik temel bir ylzey proteinidir. L.
pneumophila’mn genetik olarak tammlanmis ilk
virlilans faktoridir. L. pneumophilaMip mutantlarinda,
makrofajlar, epitelyal hiicreler ve amipler dahil olmak
uzere okaryotik hiicrelerde replikasyon kapasitesinin
zayifladig1 gosterilmistir. Yaklasik 20 yildir lejyonellanin
molekiiler tam ve tiplendirilmesi icin bir hedef olarak
Mip niikleotid dizisi kullanmilmaktadir (19).

Tip I, Il ve IV Salg1 Sistemleri

Lejyonellanin protistlerde ve cevrede hayatta
kalma siirecleri, bakteriye hiicre ici replikasyon dahil
sayisiz virlilans 6zelligi kazandirmistir. L. pneumophila
ylizey proteinleri araciligiyla konak hiicre membraniyla
etkilesim saglayarak virlilans faktorlerini hiicre
dis1 bosluga veya dogrudan konak hiicre sitozoliine
salgilayabilmektedir. Lejyonellalar, hiicresel ve doku
patogenezinde etkili farkli salg sistemlerine sahiptir

(19).
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T1SS; Lss sT1SSIssXYZABD lokusu tarafindan
kodlanir. Basilin konak hiicreye kayma hareketiyle
girisine, istila ve hiicre ici replikasyona katkida bulur.
Cesitli amip tirlerinde, alveoler makrofajlarda ve
akciger epitel hiicrelerinde hiicre ici yasam dongiisiinde
onemli bir rol oynar. Patojenin akciger dokusunda
persistensine katkida bulunur ve konagin kemokin ve
sitokin tepkisini azaltir. Ayrica dusik sicakliklarda L.
pneumophila’nmin Uremesini ve biyofilm olusumunu
duzenler (7,19).

T2SS; Isp lokusu tarafindan kodlanmir. Kayma
hareketinin olusumunda ve yiizey aktif maddelerin
salgilanmasinda rol oynar. Bu yilzey aktif maddeler
ayrica antibakteriyel 6zellik sergiler ve L. pneumophila
icin diger lejyonella tiirlerine gore secici bir avantaj
yaratir. T2SS, farkli amip turlerinin optimal enfeksiyonu
icin gerekli olan M4 cinko metaloproteazProA,
PlaAPlaC, RNAzlar ve NttA-E gibi 25’ten fazla efektor
proteinin diizenlemesini yapar (19).

T4SS; Dot/Icm genleri tarafindan eksprese edilir, L.
pneumophila’nin tum yasam dongusi icin gerekli olan
en onemli salgi sistemidir. L. pneumophila tarafindan
serbest yasayan protozoalarn parazitlestirmek icin
gelistirilen viriilans stratejileri, memeli makrofajlan
cogalma
pneumophila fagositoz sirasinda, lizozomal bozulmayi

icinde yetenegi  kazandirmistir. L.
onlemek icin vakuoliini hizla yeniden sekillendirir ve
LCV adi verilen hiicre ici replikatif bir nis olusturur. L.
pneumophila LCV biyogenezi ve hiicre ici replikasyon
icin, T4SS tarafindan konak hiicrelerde salgilanan
uc yuzden fazla bireysel efektor proteini kullanir
(21,22).
olarak bilinmektedir. Bununla birlikte, ozellikle insan

Bu proteinlerin timu virllans faktorleri

makrofajlan icinde enfektivite veya replikasyon icin
gerekli olan genlere sahip L. pneumophila mutantlan,
ayn1 zamanda protozoanlarda bakteriyel enfektiviteyi
ve hiicre ici sagkalimi ciddi sekilde zayiflatmistir.
Viriilans faktorleri hem dogal hem de tesadiifii konak
enfeksiyonlarinda rol almaktadir ve bakterilerin
hayatta kalmasi icin gereklidir (7). T4SS besin alimi,
lizozomal etkiyi onleme, LCV’nin biyogenezi ve hiicre

ici replikasyon icin gereklidir. Baz1 L. pneumophila



efektorleri, paradoksal olarak makrofajlardaki pro-
inflamatuar bagisiklik tepkilerini giiclendirir (22).
Efektor proteinler bakterinin hiicre icine giris-
cikisim kontrol eder, fagolizozom filizyonunu bozar
ve oOkaryotik hiicredeki vezikil tasinmasi, sinyal
iletimi, gen ekspresyonu ve protein translasyonu,
hiicre iskeleti dinamigi, otofaji, apoptoz yollan gibi
bircok kritik siireci manipiile eder. ilginc bir sekilde,
T4SS efektorlerinin  yakin zamanda mitokondriyal
FoF1-ATPase aktivitesinin ATP hidrolizini

cevirdigi gosterilmistir. Bu, patojenin konak hiicre

tersine

olimiini tam olarak zamanlamasim bile saglayacagini
gostermektedir (19,23).

Baslica salg1 proteini ProA

ProA ilk olarak 1981’de Thompson ve arkadaslan
tarafindan tammlanmis ve L.
serogruplarinda analiz edilmistir. Kobaylarda ProA’nin

pneumophila 1-6

bakteriyel replikasyondaki, hastaligin seyri ve akciger
dokusunun nekrozu uzerindeki etkileri gosterilmistir.
ProA, viriilans diizenlemesine, konak doku bozulmasina
ve bagisikliktan kacinmaya aracilik eder. Lejyoner
hastalig1 sirasinda, bazal laminadaki kollajen IV ve
hiicre yapisma proteini vitronektin gibi yapisal konak
hedeflere bagh olarak doku bozulmasina neden olur.
ProA aym zamanda konak proteazlarin kontrolu icin
onemli olan al-antitripsin’i de parcalar. Ayrica ProA
hemolitik ozellikler sergiler ve bagisikliktan kacinmaya
onemli olcude katkida bulunur. Cinko metalloproteaz-
ProA
kemokinleri (IL-2, IL-6, TNF-a) parcalamakla kalmaz,

sadece humoral serum bilesenlerini ve
ayn1 zamanda spesifik ylizey reseptorlerinin bu sinyal
molekiilleri araciigiyla cesitli bagisiklik hiicrelerini
uyarmasini ve cogalmasinm da etkiler. Proteaz, konak
hedeflerinin yam sira, L. pneumophila’mn hiicre ici
yasam dongiisii sirasinda 6nemli bir rol oynayan diger
bakteriyel proteinleri de etkiler. Ekzojen flagellanmin
boliinmesi yoluyla TLR5 aracili bagisiklik tepkisi ve
dolayisiyla sitokin ekspresyonu azaltir. ProA, LCV’de
lipit bozulmasina ve amino asit sentezine katkida
bulunan PlaA/PlaC ve LapA gibi viriilans faktorlerini
aktive edebilir. ProA’nin PMN ve monosit kemotaksisini

reaktif radikallari  Uretimini

engelleyerek

bozarak, oksijen
dolayisiyla da oksidatif patlamayi
engelleyerek bakteriyel eliminasyonu engelleyebildigi
gosterilmistir (19).
Lejyonellalar Uzerinde cok sayida calismalar
yapildigi icin ayrintili olarak bahsettigimiz ve Tablo 1’de
ismi ve fonksiyonu gecen faktorler disinda “buyik silah
cephanesine sahip gizemli bakteri” olarak anilabilecek
nitelikte cok sayida viriilans faktoriine sahiptir.
cesitli
stratejileri: Legionella spp., sicaklik,

Lejyonella tiirlerinin ortamlarda
adaptasyon
besinlere erisim, metabolitlerin varligi ve habitat
gibi  cesitli bagl

pleomorfizm (cubuk seklinde, kokoid ve filamentli

cevresel faktorlere olarak
formlar alarak) sergileme ve farkli trofik seviyelerde
gelisme yetenegine sahiptir. Lejyonella cinsine ait
bakteriler 0-68°C arasindaki sicakliklarda hayatta
kalabilmekte ve 20-42°C arasinda fizyolojik gelisim
sirdurebilmektedir. Antarktika’daki Japon arastirma
istasyonu Syowa yakinindaki buzul gollerinde yasayan
mikrobiyal topluluklarda bile lejyonella tirlerinin
varlig1 gosterilmistir (Sekil 1)(12) .

Lejyonella, genellikle biyofilmlerle iliskili veya
amiplerin icinde cogalan tatli su ekosistemlerinde
bulunur. L. pneumophila klinik izolat1 ile yapilan
calismalar bu bakterinin, Klebsiella pneumoniae,
Flavobacterium spp. ve Pseudomonas fluorescens gibi
mikroorganizmalar tarafindan olusturulan biyofilm
icerisine girme yetenegi oldugunu gostermistir (12).

Lejyonellanin dogal rezervuan ve barinagi sulu
ortamlarda serbest yasayan amiplerdir (Sekil 1)(5,14).
L. pneumophila, cevredeki Acanthamoeba castellanii,
Verbamoeba Hartmanella

vermiformis  veya

vermiformis gibi cevresel protozoalarda yasayan
ancak firsatci bir sekilde tesadifen alveolar makrofaji
enfekte edebilen fakiltatif bir hiicre ici patojendir
(10).

Lejyonellalarin biyofilm olusturmalari ve amip
icinde hayatta kalmalari, onlan yogun dezenfeksiyon
uygulamalarindan koruyarak, cevresel faktorlere kars
direnglerinin artisina boylece de halk sagligi icin onemli

bir tehdit olusturmalarina neden olmaktadir (12).
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Dogal Konak — insan Tesadiifi
Achantamoeba Blyofllm N\
; ) Konak
Hartmonella = SR ET
Dictyostelium "7\ % '-"-7
Naegleri < ‘e Amiplerden kazandig
_ Naegleria fww ) _ Amiplerden kazandig
Legionella 2 - = |Okaryotik genler sayesinde
e — memeli makrofajlarin
- - . enfekte etme yetenegi
Amiplerdeki parazitlik — kazanr.
Panktonik &Nekrotrofik
- . Digandan aminoasit temini ve
Legionella'min dogal yasam 5lii hilcrelerle biiyiime
alanlan, dogadaki su kaynaklan, yetenegi bulunmaktadir
nemli toprak, kompost :
Rezervuarlar; bina su
sistemleri, banyo
armatiirlerleri, klima sistemleri,
sogutma kuleleri
Sekil 1. Lejyonella tiirlerinin cesitli ortamlarda adaptasyon stratejileri*
*Bu ¢izim Selin Sezer Giillu tarafindan yapilmistir.
Lejyonella, hem dogal konag olan protozoay: Antropojenik  ortamlar: Banyo armatirleri,

benzer molekiler
(7). L.
pneumophila Dot/lcm genleri tarafindan kodlanan
T4SS sistemi
insan monosit / alveolar

hem de insan makrofajlarim

mekanizmalan kullanarak enfekte eder
sayesinde tek hicreli amipler ve
icindeki
kacarak

makrofajlan
cogalma ve fagolizozom olusumundan
konak bagisiklik fonksiyonlarini manipiile edebilme
(10).
retikulum ve mitokondriden alirlar.

yetenegi kazanir Besinlerini endoplazmik
Patojen icin
birincil karbon kaynagi olan aminoasitlerin seviyesi
diistiglinde, bakteri, hiicreyi terk etmesine ve yeni
bir konak aramasina olanak taniyan bir flagellum
uretir (Sekil 2). Lejyonella tirlerinin protozoadaki
parazitligi sirasinda gen transferi yoluyla kazandig
okaryotik motifler cevresel faktorlere ve konak
immunitesine karsi direncini artinr. Legionella spp.
aym zamanda disaridan aminoasit temini ile olu
hiicrelerde nekrotrofik olarak biiylime yetenegi de

gostermektedir (12).
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duslar, jakuziler, sihhi tesisat aglari, yiizme havuzlan,
saglikli yasam merkezleri, su rekreasyon alanlar,
sogutma kuleleri ve klima sistemleri gibi insan yapimi
sukaynaklariklinik acidan onemli lejyonellasuslariicin
rezervuar olusturabilmektedir. insanlarda enfeksiyon,
bu kaynaklarin iirettigi lejyonella bakterilerini iceren
aerosollerin solunmasiyla olusmaktadir. Teknolojik
dolasimdaki suyun sicakligini diistirmek icin kullanilan
sogutma kuleleri, lejyonella iceren biyoaerosollerin
jeneratori olarak nitelendirilmektedir (5,12,14).
Lejyonella viriilansinda genom cesitliligi ve
korunmus proteinler: L. pneumophila suslarinda
yapilan karsilastirmali genomik analizler, genomlarin
oldukca yiiksek esneklik ve cesitlilige sahip oldugunu,
yaklastk 3000 proteinin kodlandigini ve her sus
icin yaklasik 300 genin (%10) spesifik oldugunu
Farkl
daha vyiiksek genomik farkliliklar vardir. Ornegin,

gostermistir. lejyonella turleri arasinda

L. longbeachae, L. pneumophila Paris, Lens,



Philadelphia ve Corby suslari ile karsilastinldiginda,
genlerinin %65,2’si ortologken, yalnmzca %34,8’inin
spesifik oldugu ortaya konmustur. Genomlarin son
derece dinamik dogasi, lejyonella genomunun genetik
materyallerinin horizontal kalitim disinda baska
yollarla da elde edebilecegini disiindiirmektedir.
L. pneumophila genomunda c¢ok sayida korunmus
okaryotik benzeri protein ve islevsel olarak konak
hiicre proteinlerini taklit eden viriilans genleri
tanmimlanmistir. insan makrofajlarinin ve protozoanin
hiicre ici replikasyonunda onemli roller oynayan
Dot/lcm T4SS kodlayan genlerin biyiik cogunlugu
gen
okaryotik benzeri

okaryotik-homologdur.  Horizontal transferi

ve mutasyonlar proteinlerin
birikmesine katkida bulunmustur (3,7,21). Lejyonella
genomlan arasindaki cesitlilige ragmen Dot/Icm T4SS
yuksek oranda korunmustur ve tum virulan tirlerde
mevcuttur. Ancak lejyonella efektor repertuarlarinin
boyutu ve bilesimi oldukca degiskendir. Ornegin,
L. pneumophila ve L. longbeachae’nin efektor
repertuarlarinda yalmizca %50’lik  bir

bulunmaktadir (3,23).

ortisme

Patogenez

Lejyonellanin
geleneksel ya da sarmal fagositozu, endositik yolu
kullanarak fagolizozomal fiizyondan kacis1 ve bifazik

konak hiicrelerine baglanmasi,

yasam dongusu patogenez icin onemli basamaklardir.
Patojen kokenlerin genomunda bulunan ve patojen
olmayan kokenlerde bulunmayan, patojenite ada
lokusu olarak adlandinlan bir dizi viriilans faktord,
lejyonella patojenitesi ile iliskilendirilmistir (14).

Konak Hiicrelerine Baglanma

L. pneumophila’nin  konak hicrelerine ilk
baglanmasi cesitli bakteriyel faktorler tarafindan
gliclendirili. L. pneumophila’nin hem amip hem
de memeli hicrelerine adezyonunu ve invazyonunu
kolaylastiran faktorler; T1SS, tip IV pili, ic zarla iliskili
bir protein, periplazmik proteini kodlayan rtxA lokusu,
pilEL lokusu, ladC ve enhC’dir. Major dis membran

proteini olan porin proteini (MOMP) ve kollajen

benzeri bir protein olan Lcl, L. pneumophila’nin
memeli hiicre adezyonuna katkida bulunur. Bununla
birlikte, L.

MOMP, Fc reseptorleri ile kompleman reseptorleri CR1

pneumophila, hiicre icine alinmada,

ve CR3’e baglanarak konak faktorlerden de yararlanir.
Kompleman ve Fc reseptorleri L. pneumophila’nin
makrofajlara girisi icin onemlidir. Cunku CR1, CR3
veya Fc reseptorleri, antikor araciliyla fagositozu
ve notralizasyonu bozar. L. pneumophila’mn konak
hiicrelerine ilk baglanmasi hem konak hem de
bakteriyel faktorler tarafindan kolaylastinlmaktadir
(3).

Lejyonella Fagositozu

L. pneumophila konak hiicreye baglandiktan
sonra geleneksel fagositoz veya lejyonellaya ozgi
sarmal fagositoz (Sekil 2) olarak adlandirlan o6zel bir
mekanizma ile hucre icine girer. L. pneumophila’nin
fagositozu, fosfatidilinositol 3-kinaz (PI3K) aracili
aktin polimerizasyonuna dayanan aktif bir islemdir.
PI3K’nin veya aktin polimerizasyonunun kimyasal
inhibisyonu, L.
Koroninler ad1 verilen aktin baglayici proteinler de L.
pneumophila’nmn patogenezinde onemli olan atipik

pneumophila fagositozunu bozar.

fagositozu destekler. Ayrica bu asamada Dot/lcmT4SS
de etkin rol alir (3,16).

Endositik Yoldan Kagmak

L. pneumophila, endositik yoldan kacmak,
fagolizozomal flizyonunu onlemek, konakta tiiretilen
besinleri almak ve lejyonella iceren vakuol (LCV)
biyogenezi icin sayisiz virilans mekanizmasin

kullanir. Lizozomal oldirmeye kars1 ilk savunma
hatti, patojen iceren fagozomlarin endolizozomal
olgunlasmasinin onlenmesidir. Bunlarin ¢coguna, Dot/
Icm T4SS tarafindan konak hiicrelere transloke edilen
bakteriyel efektor proteinler araciik eder (Sekil 2).
Aviriilan (Dot/lcm eksikligi olan) L. pneumophila
15 dakika

lizozomal membran belirteclerinin aracilik ettigi

iceren fagozomlarda alimdan sonra

endolizozomal olgunlasma hizla gercekleserek
bakteri lizise ugratilmaktadir (Sekil 2) (16). Viriilan
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L. pneumophila’mn efektor proteinleri; bakterinin

fagolizozomal fluzyondan kacinmasina, konak
hiicrede vakuoler asitlesmenin baskilanmasina ve
vezikiiler trafigin modiile edilmesine aracilik eder.
Konakdan kaynaklli amino asitleri kullanarak LCV
olusturur. L. pneumophila efektori olan SidK,
lizozomlara yerlesir ve v-ATPaz aktivitesini modiile

ederek vakuolar asitlesmeyi (SidK, WipB, Lem4)

baskilar, otofajiyi bloke eder, vezikiiler trafigi (VipD,
SidK, RidL) modiile ederek LCV biyogenezinde (LidA,
Sec22 ve Arf1’in timu) rol oynar; dolayisiyla ER’den
turetilen keseciklerin toplanmasi ve endolizozomal
bloke
inhibisyonuyla, L. pneumophila’nin replikatif nisini
olusturur (3,11).

olgunlasmay1 edip lizozomal fuzyonun

~N

Legionella ile kontamine olmus, gaps 10um

kiiik aerc unmas: veya aspire

si

A

Legionella'nan doal yagam alanlan, dofiadaki su

kaymaklan, nem

Rezervuarlar

Besin ach fagella
Gretimind uyanw, infektif

fazs baglatie

5
Legionella preumsophila (Dot /lcm eksikligh olan ) avirilent
mutantlan fagolizozomal fizyonla lizise ufratibr.

*ER : Endoplazmik retikulum
**LCV: Legionella igeren vakuol

Sekil 2. L. pneumophila Patogenezi*
*Bu ¢izim Selin Sezer Gullu tarafindan yapilmistir.

L. pneumophila’mn Bifazik Yasam Dongiisii

Lejyonellanin bir bulasici fazi ve bir de enfektif
olmayan replikatif fazi arasinda degisen bifazik /
iki fazli bir yasam dongusu bulunmaktadir (Sekil 2).
Bifazik yasam bakterinin fizyolojik, morfogenetik
ve metabolik degisikliklerini ifade eder. Aslinda,
bakteri hiicre duvarinda, seklinde ve hareketliliginde
belirgin  morfogenetik  degisikliklerle  beraber
hiicrede enerji acisindan zengin polimerlerde artar.
Virilan lejyonella, konvansiyonel ya da sarmal
fagositoz mekanizmasi ile fagosite edilir (Sekil 2), L.
pneumophila flagellasim kaybeder, fagolizozomdan

kacar, ardindan mitokondri, ER gibi konak hiicre
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organelleri ve lipitten zengin LCV olusturur ve
bu vakuol icinde replikasyon fazinda cogalmaya
baslar (Sekil 2). Konak hucrede besin maddelerinin
tiikenmesi L. pneumophila’da besin aclig1 olusmasi
morfolojik degisimi uyarir, bakteri flagella lireterek
(Sekil
2), vakuoler membrani parcalayarak hiicre disi

enfektif ve sitotoksik faza gecis yapar
ortama salimir, serbest yasayan bakteriler ya yeni
bir dongu baslatir, ya panktonik formda kalir ya da
yapay ortamda biyofilm icinde canliigim siirdiirdr.
Dis ortamda hayatta kalmak ve yeni uygun bir
konagin istilasi icin gerekli olan enfektif dzelliklerin
ekspresyonunu aktive eder. Basarili bir sekilde yeni



bir hiicre ici nis olusturduktan sonra L. pneumophila
replikatif formuna geri donerek yeni bir dongu baslatir.
Ozetle, bakteriler besin acisindan zengin kosullarda
replikatif faza ve besin kitlig1 durumunda duragan
faza girerler. Besin eksikligi olan konaktan ¢iktiktan
sonra lejyonella cevreye dagilir ve replikasyon icin
uygun, koruyucu bir hiicre ici nis sunan yeni bir konak
hiicrede enfeksiyonu yeniden olusturur (16,24).
Lejyonella, fagositoz yapma yetenegi bulunan cok
sayida amip tiirlinde ve memeli hiicrelerinde cogalma
Burada LCV olarak bilinen,

membrana bagli ayr bir replikatif nis olustururlar. Bu

yetenegine sahiptir.

karmasik hicre ici bolme, bakterilerin fagolizozomal

bozulmadan kacmasini, hiicre ici savunmalardan

korunmasint ve replikasyonu desteklemek icin

besinlerin kullanilmasin saglar. Bunlan yapabilmek

icin  lejyonella, virulansla iliskili proteinleri,
farkli salg1 sistemlerini kullanmir. T2SS ve T4SS tum
lejyonella suslar tarafindan kodlanirken, T1SS

yalmzca L. pneumophila tarafindan salgilanir. T2SS
ve T4SS, L. pneumophila enfeksiyon patogenezinde
onemli rol oynadiklan icin daha kapsaml bir sekilde
incelenmistir (9).

L. pneumophila’nin hastaliga neden olan temel
bakteriyel virllans faktorlerinden biri, U¢ ylizden
fazla bakteriyel efektor proteini konak sitozoliine
ileten T4SS’dir. T4SS, Dot/Icm genleri tarafindan
kodlanmir. T4SS eksikligi olan suslar, hizla endositik
yola gidip lizozomlarla birleserek parcalandiklar icin
hiicre icinde cogalamazlar. Fonksiyonel T4SS’ye sahip
bakteriler, konak membran trafigini manipliile ederek,
fagolizozomal fiizyondan hizla kacar ve bakteriyel
replikasyonu destekleyen ER tirevli organel olan LCV
icinde cogalirlar (4).

immiin Mekanizmalar

L. pneumophila enfeksiyonu genellikle dogal
bagisikik mekanizmalar tarafindan kontrol edilir,
ancak enfeksiyonun baslangic doneminde bakteriyel
replikasyon kisitlanamazsa ciddi pnomoniye neden
olabilir (25).

Konak, patojeni algilamak/tanimak ve yok etmek

icin dogal bagisiklik mekanizmalarini kullanir. Konak
hiicreleri L. pneumophila’yr / patojeni tanimada
birden fazla patern tanima reseptorlerini (PRR’lerini)
kullanir. Konak-patojen ilk tamma
iliskili (PAMP’ler)

ve PRR’leri arasindaki giclii molekiiler etkilesim

iliskisinde
patojenle molekiiler paternler
yoluyla gerceklesir. PRR’ler, plazma membraninda
veya endozomal membranlarda bulunan TLR’lerden
olusmaktadir. PAMP’lerin PRR (TLR2, TLR4, TLR5 ve
TLR9) tarafindan taninmasi, enfeksiyonun kontrol
altina alinmasina katkida bulunacak NF-kB yolag
ile sinyal Uretim basamaklarin1 ve proinflamatuar
TLR5, bakteri
flagellasin tespit ederek enfeksiyonun baslangicinda

sitokinlerin Uretimini aktive eder.
notrofillerin akcigere goclinu artirir (3,22,26).
Niikleotid baglama ve oligomerizasyon domein
proteini (Nucleotide-binding and oligomerization
NOD) 1 ve NOD2,
peptidoglikanm tespit eder ve protein kinaz 2’nin
2:RIP2)

araciligiyla NF-kB’nin aktivasyonunu saglar (Sekil 3).

domain protein: sitozolik

(Receptor Interacting Protein Kinase
RIP2 aracili sinyal iletim bozulmasi, akcigerde notrofil
sayisinin azalmasina dolayisiyla da L. pneumophila
yukiniin artmasina neden olur. Uzun sireli NF-kB ve
mitojenle aktiflesen protein kinaz [mitogen-activated
protein kinas (MAPK)] aktivasyonu proinflamatuar
yanit1 indiikler (Sekil 3)(3, 22).

Retinoik asitle indiklenebilir gen-lI (Retinoic-
acid inducible gene-1:RIG-1) benzeri helikazlar (like
helicases:RLH’ler), melanom farklilasmasiyla iliskili
gen-5 (melanoma-differentiation-associated gene-5:
MDA5) ve RIG-I tarafindan sitozolik nikleik asitlerin
taninmas1  makrofajin L. pneumophila’yr tespit
etmesini saglar. RIG-1/MDA5’in interferon-8 promoter
stimilatori-1 (interferon-8 promoter stimulator-1:
IPS-1)
ve tip-l interferonlarin (IFN-1) Uretimi artar (Sekil 3)
(3,22)

Bakteriyel enfeksiyona kars1 konak¢i savunmasinda

aktivasyonuyla, proinflamatuar sitokinlerin

kritik rol oynayan sitozolik reseptorler NAIP5(NLR
/NLRC4
CARD domain-containing protein 4)

family, apoptosis
(NLR-family,

inhibitory protein 5)
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bakteri flagellas1 etkilesime girer. NAIP5 ve NLRC4

reseptorlerinin  patojeni  algilamasiyla efektor
kaspaz-1 ve kaspaz-8 aktive olur; bunun sonucunda,
IL-18 ve IL-18 salgilanir, konak hiicre duvarinda porlar
olusur, piroptozis ve hiicre olumu gerceklesir (Sekil
3) (3,22).

Enfekte makrofajlar tarafindan uretilen sitokinler
ve kemokinler araciigi ile Plazmasitoid dendritik
hiicreler (Plasmacytoid dendritic cell: pDC) akcigere
toplanmir. Bakterilerin  TLR/NLR araciligiyla pDC’yi
aktive etmesi ya da enfekte makrofajlarin sitokin
Uretimini uyarmasi; L. pneumophila’mn dogrudan
veyadolayliolarak oldurulmesiicin notrofilleri, NK’lan
ve makrofajlar aktive eder. Fare modellerinde, L.
pneumophila enfeksiyonu notrofiller, monositler
ve dendritik hiicreler dahil inflamatuar miyeloid
hicrelerin ve NK, NKT, CD4* ve CD8* T hiicrelerinin
akcigere toplanmasiyla karakterize giiclii hiicresel
CD4* ve CD8* T hucreleri, L.
pneumophila’ya kars1 konak savunmasina katkida

bulunur (3,4,19)

cevaba neden olur.

L. pneumophila’ya karsi konak savunmasinda

proinflamatuar sitokinler cok o©nemli bir rol
oynar. Bu sitokinlerden ozellikle IFN-y ve TNF-q,
lejyonellanin immiin temizlenmesinden sorumludur.
L. pneumophila, replikasyonunu engelleyen (immdin
sistemi aktive edici) sitokinlerin (IFN-y, TNF-a) ve
hayatta kalmasin1 saglayan (immiinsiiprese edici)
sitokinlerin (IL-10) lokal dengesini kontrol eder.
Monositler tarafindan uretilen IL-12 ve lejyonella
ile enfekte akcigerdeki NK hiicrelerinin Urettigi
IFN-y,

eliminasyonunda cok onemlidir. L.

alveoler L. pneumophila enfeksiyonunun
pneumophila
enfeksiyonuna yanit olarak yuksek seviyelerde TNF-a
uretilir. TNF aracili sinyal iletimi kaybi, akcigerde
bakteriyel klirensi olumsuz etkiler. TNF-a akcigerde,
enfekte olmamis inflamatuar monositler ve notrofiller
tarafindan Uretilir ve enfekte makrofajlarda
antimikrobiyal savunmayi aktive eder. TNF-a, L.
pneumophila eliminasyonunda icin IFN-y ve IFN-I ile

sinerji olusturur (3,4,19).

Flagella CV Dot/Icm Bagimh Sireg
‘ R - -
~ . -
TLRS M. T4SS Peptido- DNA-RNA @  Flagella
\ \ §/. TLR O glikan
— 9 —_ —
e S‘ RIG 1-2 NAIP 5
Ln;:‘)‘;.r‘;x:m ’ NOD1-2 MDA S NRLC 4
a s RIP K2 1PS-1 Kaspas 1
Efektor
molekiller l
- 1IFN
NF-kB Tip -
ailesi
Transkripsyon IL-6
aktivasyonu IL-17 Niikleu l
TNF-a —=( )=
Aminoasit - Por
sentezinin M%‘D ] Olugumu
regilasyonu Piroptozis
Stres Yanit LLL

Sekil 3. L. pneumophila‘nin konak hiicresi tarafindan taninmasi ve dogal bagisiklik yaniti *

*Bu cizim Selin Sezer Giilli tarafindan yapilmistir.
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Edinsel immiinite

Her ne kadar LH sirasinda akcigerdeki bakteriyel
enfeksiyonu sinmirlamak icin gucli bir inflamatuar
yanit kritik olsa da enfeksiyonun temizlenmesi icin T
ve B lenfositlere de ihtiyac¢ vardir. Primer enfeksiyon
sirasinda, CD4* ve CD8* T lenfositleri immin kontrol
icin kritik Oneme sahiptir, clinkii CD4* ve/veya
CD8* T lenfositlerin tiukenmesi bakteriyel yukin ve
mortalitenin artmasina neden olmustur (4,5).

Primer enfeksiyonun kontroliinde antijene spesifik
bir T lenfosit yanitinin etkisi henuz aciklanmamis olsa
da LH’dan iyilesen hastalarda L. pneumophila’ya
spesifik edinsel immin yamt gelismektedir. Edinsel
immunitenin baslamasiyla, farklilasmis Th17 ve Th1
lenfositler akcigerlere gelir ve IL-17 ve IFN-y iretir.
CD8* T hiicreleri ek olarak bir IFN-y kaynagidir ve
makrofajlarin, M1 makrofajlara (M1’ler fagositoz
yapar, M2’ler diizenleyici) polarizasyonunu saglar
(3,4,19).

Hem hastalar hem de laboratuvar hayvanlari, L.
pneumophila enfeksiyonuna yanit olarak antikorlar
uretir.  Karakterize edilen baslica antijenler
lipopolisakkarit, Msp/ProA proteaz, flagellin, Hsp60
ve OmpS’dir. ilk calismalar, L. pneumophila’ya karsi
asilann gelistirilmesinde bu antijenlerden bazilarinin
potansiyellerini arastirmis ve baz1 antijenlerle
hayvan enfeksiyon modellerinde onemli umut vaat
eden sonuclar alinmistir. Ayrica as1 calismalar,

L. pneumophila enfeksiyonunda bakterilerin
akcigerden temizlenmesinde hem antikor hem de
hiicre aracili bagisikligin rolii oldugunu destekleyen
bilgiler vermistir. Bakterilerle aktif asilama veya
hiperimmiin serumla pasif immiinizasyon, akcigerdeki
bakteri yiikiiniin azalmasina 6nemli katki saglamistir.
LH’de enfeksiyon baslangicinda IgM antikorlan ve
ardindan da IgG Uretilir. Spesifik antikorlarin varligi
fagositozu guclendirir (5, 27). A/J fare modelinde
yapilan calismalarda L.

enfeksiyonlarda,

pneumophila ile birincil

bronsiyo-alveoler lavaj sivisinda

yalnizca IgA bulunurken, serumda once IgM sonrasinda

IgG saptandigi belirtilmistir. Bunu akcigerde hafiza

B hucrelerinin olusumu takip eder. Hem IgG hem de
IgA alt simflan L. pneumophila enfeksiyonuna kars
koruyucudur (3,4,28). L. pneumophila antikorlarinin
LH onlemeye ve tedavi etmeye yardimci olacagi
dusunulmektedir (26).

L. pneumophila  bakteriyel = membranin
bilesenlerini iceren 30 yeni spesifik B lenfosit antijeni
tanimlanmistir. Kobaylarin L. pneumophila Hsp60 veya
OmpsS ile asilanmasi L. pneumophila enfeksiyonuna
kismi koruma saglar. Ancak lejyonella enfeksiyonuna
kars1 kazanilmis bagisiklik tepkisi oldukca zayiftir ve
uzun sireli bagisiklik saglamaz (3,21).

Diinya Saglik Orgiitii’niin Eylil 2022 raporuna
gore Lejyoner hastaliginin genel 6lim orani, enfekte
olan tiim kisiler arasinda %5-10 ve bagisiklik sistemi
baskilanmis hastalarda %40-80’dir.

yonetimi, bagisiklik sistemi baskilanmis hastalarda

Dogru vaka
olum oramm %5-30’a dusurebilir (29). Konak risk
faktorleri, gec tan ve yetersiz bakim yapilan yapay
su sistemleri gibi cesitli degiskenlerin bir sonucu
olarak Lejyoner hastaliginin goriilme sikligi her yil
artmaktadir. Insidanslarn kontrol etmek ve hastalik
yonetimini iyilestirmek virilans

icin  bakteriyel

faktorlerini, konak savunma mekanizmalarini ve
konak-patojen etkilesimini anlamak hayati onem

tasimaktadir (30,31).
SONUC

L. pneumophila, 0-68 °C arasindaki sicakliklarda

hayatta kalabilen, amipleri, diger protozoalan
dogal konak olarak kullanan, ancak ayn1 zamanda
insan makrofajlarini1 da enfekte edebilen, tedavi
edilmediginde duyarli bireylerde genellikle Glimciil
seyreden ciddi bir zatiirre olan Lejyoner hastaligina
neden olan hicre ici firsat¢1 bir patojendir. L.
pneumophila, planktonik formda veya biyofilm
olusturarak tatli su habitatlarinda hatta disaridan
aminoasit temin ederek oli hiicrelerde nekrotrofik
olarak biiyime vyetenegini de gostermektedir. L.
pneumophila, yasam donglisii boyunca karsilastig
cevresel kosullara giiclii adaptasyon yetenegi ile

farkli konak nislerinde basarili bir sekilde cogalmak
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ve ayrica hucre dis1 ortamlarda hayatta kalmak icin
karmasik mekanizmalar gelistirmistir. L. pneumophila
iki fazl1 virilan olmayan replikatif ve virtlan infektif
yasam dongusu arasindaki geciste, karmasik surecleri
yonetir. LCV icerisindeki besinden zengin ortam
bakterilerin cogalmasini destekler. Besin ve aminoasit
tikenmesiyle L. pneumophila, tukenmis konakdan

kacmak, hiicre dis1 ortamda belirsiz bir siire boyunca

TESEKKUR

hayatta kalmak ve sonunda yeni bir enfeksiyon
dongusu baslatmak icin en uygun donanima sahiptir.
Sayisiz virulans mekanizmasi, salgi sistemleri, efektor
molekulleri adeta “buyuk silah cephanesine sahip bir
ordu gibi” replikasyonu engelleyecek konak immiin
sistem mekanizmalarin1 inhibe etme ve hayatta
kalma yetenegi gelistirmistir.

Sekillerin cizimini yapan Doktora Ogrencim Selin Sezer Giillii’ye tesekkiir ediyorum.

CIKAR CATISMASI

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