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EDITORDEN

2022 yilinin dérdiincli ve son sayisini 11 6zglin arastirma makalesi, 1 olgu sunumu, 1 derleme ve 2
editore mektup olmak lizere 15 makale ile cikarmaktayiz.

Ozgiin arastirmalarda tibbi ve veteriner parazitoloji alanlarindan makaleler arasinda; sularda
protozoon parazitlerin arastirilmasi, kanser hastalarinda P. jiroveciivarliginin incelenmesi, endoskopi ve
kolonoskopi yapilan hastalarda parazitlerin belirlenmesi, gebelerde toxoplasmosis, koyun ve kecilerde
A. phagocytophilum varhg, Blefarit nedeni olarak Demodex, Anopheles poplilasyonlarinda yapilan
genetik calismalar, Adana ilimizde bas biti durumunun belirlenmesi ve uyuz tedavisinde cay agaci
yaginin kullanilmasi gibi farkli alanlarindan makalelere yer verilmistir.

Derleme makalemizde ise hem tilkemizin hem de Diinya'da bircok tilkenin 6nemli sorunlarindan biri
olan Toxoplasma gondii enfeksiyonuna karsi gelistiriimeye calisilan rekombinant protein tabanh asilarla
ilgili detayli bir incelenme sunulmustur. Olgu sunumunda da endemik alan disinda da goriilebilecegine
iliskin ve klinisyenlerin de dikkatini cekecegini umdugumuz iki KKKA olgusuna yer verilmistir.

Bilindigi tizere dergimiz Tiirkiye Parazitoloji Dernegi'nin (TPD) oldukca kisitl kaynaklari ile yayin
hayatini stirdirmektedir. Derginin ¢ikartilmasi en biiylik harcama kaynagini olusturdugundan kaynaklar
stirekli eksiye dogru gitmektedir. Bu nedenle 2023 yili basindan itibaren dergimize gonderilecek olan
makalelerden dernek lyesi olan ve olmayan yazarlar icin farkli olacak sekilde makale bagsina belli bir
ticret alinmasina TPD Yonetim Kurulu tarafindan karar verilmistir.

Dergimizin ESCI i¢in de basvurusu yeniden yapilmis olup sonucu beklenmektedir. Bu siirece biiyik
katkisi olan ve gonderilen makalelere dzveri ile hakemlik yapan, bu sayinin sonunda da listesi yayinlanan
akademisyenlerimize de tesekkiir etmek ve minnetlerimi sunmak isterim.

SCI/SCI-Expanded kapsaminda olan dergilerde yapacaginiz yayinlarda dergimizde yer alan makalelere
atif yapilmasinin, dergimizin bu endekse basvuru/kabul siirecinde blylk 6nem tasidigini yeniden
belirtmek isterim. Bilim alanimizin en 6nemli unsurlarindan ve bizleri gliclendiren araclarindan biri
olan “Tiirkiye Parazitoloji Dergisi"nin bu sayisinin da bilimsel ¢alismalariniza ve birikimlerinize yararli
olmasini umuyorum.

Prof. Dr. Yusuf Ozbel
Bas Editor
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HAKKIMIZDA

TARIHCE

YAYIN POLITIKASI

INDEKSLENME

TELIF HAKKI

DIJITAL ARSIVLEME VE KORUMA POLITIKASI

Tarihce

Turkiye Parazitoloji Dergisi (Turkiye Parazitol Derg), Turk
Parazitoloji Dernegi'nin cift-kdr hakemli, acik erisimli
bilimsel yayin organidir. Dergi Mart, Haziran, Eylil ve Aralik
aylarinda olmak Uzere li¢ ayda bir yayinlanir ve dort sayida
bir cildi tamamlanir. Yayin dili Tiirkge ve ingilizce'dir.

ilk olarak 1978 yilinda yayinlanmaya baslanan Tiirkiye
Parazitoloji Dergisi; tip, veterinerlik ve biyoloji alanlarinda
parazitoloji konulu klinik ve deneysel arastirma makaleleri,
olgu sunumlari, derleme ve editore mektup tiirlinde
yayinladigi yiiksek bilimsel standartlara sahip makalelerle
2004'ten beri internet ortaminda acik erisimle uluslararasi
literatiire katki sunmaktadir.
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Yayin Politikasi

Gonderim, degerlendirme ve yayin siirecinde yazarlardan
herhangi bir licret talep edilmez. Dergi uygulamalari, etik
kurallar, teknik bilgiler ve gerekli formlar derginin web
sayfasinda belirtilir.

Yazilar, dergi web sitesinde temsil edilen JournalAgent
cevrimici makale sistemi araciligiyla gonderilmelidir.
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Telif Hakki

Yayin karari alindiktan ve kabul edildikten sonra basvurulara
“Telif Hakki Devir Formu" eklenmelidir. Form, derginin makale
gonderme ve degerlendirme sitesinden de indirilebilir. Telif
Hakki Devir Formu, katkida bulunan tlim yazarlar tarafindan
imzalanmali ve bu islak imzali belgenin taranmis bir
versiyonu gonderilmelidir.

Yazar(lar), makalelerinin yayina kabul edilmesi durumunda,
makalelerinin telif haklarini Tlrkiye Parazitoloji Dergisi'ne
devrederler. Telif hakki, makalenin herhangi bir bicimde
(baski, elektronik ortam veya baska bir bicimde) cogaltiimasi
ve dagitilmasi icin miinhasir ve sinirsiz haklari kapsar; ayrica
tlm diller ve Ulkeler icin ceviri haklarini da kapsar.

Dergide acik erisim politikasi uygulanmaktadir. Acik erisim
politikasi Budapest Open Access Initiative (BOAI) http://
www.budapestopenaccessinitiative.org/  kurallari  esas
alinarak uygulanmaktadir.

Yayinlanan tiim icerikler cevrimici ve icretsiz olarak https://
www.turkiyeparazitolderg.org/ mevcuttur. Derginin igerigi,
clinct sahislarin, orijinal calismaya atifta bulunmak ve
ticari amaclarla kullanmamak sartiyla, icerigi paylasmasina
ve uyarlamasina izin veren Creative Commons Attribution-
NonCommercial (CC BY-NC-ND) 4.0 Uluslararasi Lisansi
(https:/[creativecommons.org/licenses/by-nc-nd/4.0/) ile
lisanslanmistir.

Dijital Arsivieme ve Koruma Politikasi

Dijital koruma, uzun vadeli, stirekli erisimi garanti etmek icin
artik dijital formatlarda mevcut olan bilgilerin alinmasini ve
dagitilmasini saglayan bir dizi stire¢ ve aktivitedir. Koruma
politikasi asagidaki eylemleri icerir:

Web Sitesi

Elektronik icerigin tamami (web sitesi, makale vb.) ¢ farkli
kaynakta saklanmaktadir. Bir sunucudaki icerik cevrimicidir
ve okuyucular tarafindan erisilebilir. Ayni igerigin bir
kopyasi, diger iki kaynakta yedek olarak korunur. Bir sunucu
arizalanirsa, diger kaynaklar cevrimici hale getirilebilir ve
web sitesinin 24-36 saat icinde kullanima sunulmasi beklenir.

indeksleme Hizmetleri

Dergimizin indeksleme hizmetleri, makaleler hakkinda
temel bilgileri depolar. Ayrica bazi indeksleme servisleri
makale ile ilgili metadatalari ve makalelerin elektronik
versiyonlarini arsiviemektedir. Bu sayede dergilere alternatif
olarak makalelerin kopyalari bu sistemler aracihgiyla bilim
camiasina sunulmaktadir.
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Tirkiye Parazitoloji Dergisi (Turkiye Parazitol Derg), Tiirk
Parazitoloji Dernegi'nin cift-kdr hakemli, acik erisimli
bilimsel yayin organidir. Dergi Mart, Haziran, Eylll ve Aralik
aylarinda olmak tizere Ui¢ ayda bir yayimnlanir ve dort sayida
bir cildi tamamlanir. Yayin dili Tiirkce ve ingilizce'dir.
Tirkiye Parazitoloji Dergisi; tip, veterinerlik ve biyoloji
alanlarinda parazitoloji konulu klinik ve deneysel arastirma
makaleleri, olgu sunumlari, derleme, editére mektup ve video
makale tirlinde yayinladigr ylksek bilimsel standartlara
sahip makalelerle uluslararasi literatiire katki sunmaktadir.

Derginin hedef kitlesi, tibbi ve veteriner parazitoloji
alanlarinda ve biyoloji bilim dalinin ilgili birimlerinde ¢alisan
tlm bilim insanlari ve bu alanlarda egitim goren lisans ve
lisansistl 6grencilerdir.

Derginin editoryal ve vyayin siirecleri ile etik kurallari
International Committee of Medical Journal Editors
(ICMJE), World Association of Medical Editors (WAME),
Council of Science Editors (CSE), Committee on Publication
Ethics (COPE), European Association of Science Editors
(EASE), ve National Information Standards Organization
(NISO) gibi uluslararasi kuruluslarin kurallarina uygun
olarak sekillenmektedir. Dergimiz, seffaf olma ilkeleri ve
"akademik yayincilikta en iyi uygulamalar ilkeleri” (doaj.org/
bestpractice) ile uyum icindedir.

Tirkiye Parazitoloji Dergisi, PubMed/MEDLINE, BIOSIS-
Zoological Record, EBSCO Host, Index Copernicus, Gale,
ProQuest, CINAHL, BIOSIS Previews Biological Abstracts,
CABI, SCOPUS, Embase, J-Gate, TUBITAK ULAKBIM
TR Dizin, DOAJ, ARDI, GOALI, Hinari, OARE, Tiirk
Medline ve Tiirkiye Atif Dizini tarafindan indekslenmektedir.

Dergi Adi (ingilizee): Turkish Journal of Parasitology
Dergi Adi (Tiirkge): Tiirkiye Parazitoloji Dergisi
Resmi Kisaltma: Turkiye Parazitol Derg

E-ISSN: 2146-3077

Acik Erisim Politikasi

Bu dergi, arastirmalari kamuya lcretsiz olarak sunmanin
daha biiyiik bir kiiresel bilgi aligverisini destekledigi ilkesine
dayanarak icerigine aninda acik erisim saglar.

Yazarlar ve telif hakki sahipleri, Tiirkiye Parazitoloji Dergisi
‘nde yayinlanan makaleler icin tim kullanicilara Ucretsiz
olarak erisim saglar. Makaleler kaynak gosterilmek sartiyla
kullanima aciktir.

Acik Erisim Politikasi, Budapeste Acik Erisim Girisimi'nin
(BOAI) kurallarina dayanmaktadir https://www.
budapestopenaccessinitiative.org/read/ (hyperlink), “acik
erisim” ile, onun Ucretsiz erisilebilirligini kastedilmektedir.
Herhangi bir kullanicinin bu makalelerin tam metinlerini
okumasina, indirmesine, kopyalamasina, dagitmasina,
yazdirmasina, aramasina veya baglanti  vermesine,
indeksleme igin taramasina, yazilima veri olarak iletmesine
veya baska herhangi bir yasal amac icin internetin kendisine
erisim elde etmekten ayrilamaz olanlar disinda finansal,
yasal veya teknik engeller olmadan kullanmasina izin verir.
Cogaltma ve dagitim lizerindeki tek kisitlama ve bu alandaki
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telif hakkinin tek rolii, yazarlara calismalarinin biitlinliigi
lizerinde kontrol ve uygun sekilde taninma ve alintilanma
hakki vermek olmalidir.

Gonderim, degerlendirme ve yayin siirecinde yazarlardan
herhangi bir ticret talep edilmez.

Creative Commons

Creative Commons lisansi, telif hakkiyla korunan calismalarin
veya calismalarin lcretsiz dagitimini saglayan bir kamu telif
hakki lisansidir. Yazarlar, calismalarini kullanma, paylasma
veya degistirme hakkini ticlincli sahislara devretmek icin CC
lisansini kullanir. Bu dergi, Creative Commons Attribution-
NonCommercial 4.0 International (CC BY-NC-ND 4.0) altinda
lisanslanmistir ve bu, lglincu taraflarin bu bilgileri orijinal
calismaya uygun sekilde referans vererek paylasmasina ve
uyarlamasina ticari olmayan amaclar igin izin verir.

Reklam Politikasi

Potansiyel reklam verenler, Yazi isleri ile iletisime gecmelidir.
Reklam gorselleri sadece Genel Yayin Yonetmeni'nin onayi
ile yayinlanir.

Materyal Sorumluluk Reddi

Dergide yayinlanan makalelerde yer alan ifadeler veya
gérusler editorlerin, yayin kurulunun vefveya yayincinin
gorislerini yansitmaz. Editorler, yayin kurulu ve yayinci
bu tlr materyaller igcin herhangi bir sorumluluk veya
yiikiimlilik kabul etmez. Dergide yayinlanan tiim gorusler,
makalelerin yazarlarina aittir.

Yazisma Adresi
Bas Editdr: Prof. Dr. Yusuf Ozbel

Adres: Ege Universit_esi Tip Fakiiltesi, Parazitoloji Anabilim
Dali, 35100 Bornova-lzmir, Tuirkiye

Tel: +90 232 390 47 24 [ +90 232 373 00 08
Faks: +90 232 388 13 47

E-mail: yusuf.ozbel@ege.edu.tr [ yusuf.ozbel@gmail.com

Yayinevi Yazisma Adresi
Galenos Yayinevi Tic. Ltd. $ti.

Adres: Mol_la Girani Mah. Kacamak Sk. No: 21, 34093
Findikzade-Istanbul/Tiirkiye

Tel: +90 212 621 99 25 Faks: +90 212 621 99 27

E-posta: info@galenos.com.tr
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Tirkiye Parazitoloji Dergisi (Turkiye Parazitol Derg), Tiirk
Parazitoloji Dernegi'nin cift-kdr hakemli, acik erisimli
bilimsel yayin organidir. Dergi Mart, Haziran, Eylil ve Aralik
aylarinda olmak Uzere lic ayda bir yayinlanir ve dort sayida
bir cildi tamamlanir. Yayin dili Tiirkce ve ingilizce'dir.

Turkiye Parazitoloji Dergisi; tip, veterinerlik ve biyoloji
alanlarinda parazitoloji konulu klinik ve deneysel arastirma
makaleleri, olgu sunumlari, derleme, editére mektup ve video
makale tlirlinde yayinladigr ylksek bilimsel standartlara
sahip makalelerle uluslararasi literatiire katki sunmaktadir.

Derginin editoryel ve vyayin sirecleri, “International
Committee of Medical Journal Editors (ICMJE)", "World
Association of Medical Editors (WAME)", "Council of
Science Editors (CSE)", “Committee on Publication
Ethics (COPE)", “European Association of Science Editors
(EASE)" ve “National Information Standards Organization
(NISO)" organizasyonlarinin kilavuzlarina uygun olarak
bicimlendirilmistir. Tuirkiye Parazitoloji Dergisi'nin editoryel
ve vyayin strecleri, "Principles of Transparency and Best
Practice in Scholarly Publishing (doaj.org/bestpractice)"
ilkelerine uygun olarak yiiriitilmektedir.

Ozgiinliik, yiiksek bilimsel kalite ve atif potansiyeli bir
makalenin yayina kabulii icin en 06nemli kriterlerdir.
Gonderilen yazilarin daha dnce baska bir elektronik ya da
basili dergide, kitapta veya farkl bir ortamda sunulmamis ya
dayayinlanmamis olmasi gerekir. Daha dnce baska bir dergiye
gonderilen ancak yayina kabul edilmeyen yazilar hakkinda
dergi onceden bilgilendirilmelidir. Bu yazilarin eski hakem
raporlarinin Yayin Kuruluna génderilmesi degerlendirme
stiresinin hizlanmasini saglayacaktir. Toplantilarda sunulan
calismalar icin, sunum vyapilan organizasyonun tam ad,
tarihi, sehri ve llkesi belirtilmelidir.

Tirkiye Parazitoloji Dergisi'ne gonderilen tlim makaleler
cift-kér hakem degerlendirme siirecinden gecmektedir.
Tarafsiz degerlendirme siirecini saglamak icin her makale
alanlarinda uzman en az iki dis-bagimsiz hakem tarafindan
degerlendirilir. Dergi Yayin Kurulu {Uyeleri tarafindan
gonderilecek makalelerin degerlendirme sirecleri, davet
edilecek dis bagimsiz editorler tarafindan yodnetilecektir.
Biitiin makalelerin karar verme siireclerinde nihai karar
yetkisi Bas Editor'dedir.

Arastirmalarin  kabul edilen etik kurallar cercevesinde
yapildigini temin etmek icin yazarlarin etik uygunluk
konusunda bilgi vermeleri gerekmektedir. insanlar tizerinde
yapilan klinik ve deneysel calismalar, ila¢ arastirmalari ve baz
olgu sunumlari icin "World Medical Association Declaration
of Helsinki, Ethical Principles for Medical Research Involving
Human Subjects”, (amended in October 2013, www.
wma.net) cercevesinde hazirlanmis Etik Komisyon raporu
gerekmektedir. Gerekli goriilmesi halinde Etik Komisyon
raporu veya esdegeri olan resmi bir yazi yazarlardan talep
edilebilir. insanlar tizerinde yapilmis deneysel calismalarin
sonuclarini bildiren yazilarda, ¢calismanin yapildigi kisilere
uygulanan prosediirlerin niteligi tlmuyle aciklandiktan
sonra, onaylarinin alindigina iliskin bir aciklama ile onay
alinan etik kuruladive onay numarasina makalenin Yontemler

bolimiinde yer verilmelidir. Hastalarin  kimliklerinin
gizliligini korumak yazarlarin sorumlulugundadir. Hastalarin
kimligini agiga cikarabilecek fotograflar icin hastadan ya da
yasal temsilcilerinden alinan imzali izinlerin de gdnderilmesi
gereklidir. Hayvanlar Uzerinde yapilan calismalar icin de
uluslararasi etik kurallara uygunlugu goésteren komite onayi
ilgili hayvan etik kurulundan alinmaldir. Hayvanlar tizerinde
yapilan calismalarda etik kurul onayinin yani sira, hayvanlara
agri, aci ve rahatsizlik verilmemesi icin yapilmis olanlar acik
olarak makalede belirtiimelidir.

Biitlin makalelerin benzerlik tespiti denetimi, iThenticate
yazilimi araciligiyla yapiimaktadir.

Yayin Kurulu, dergimize gonderilen ¢alismalar hakkindaki
intihal, atif manipiilasyonu ve veri sahteciligi iddia ve
stipheleri karsisinda COPE kurallarina uygun olarak hareket
edecektir.

Yazar olarak listelenen herkesin ICMJE (www.icmje.
org) tarafindan Gnerilen yazarlik kriterlerini karsilamasi
gerekmektedir. ICMJE, yazarlarin asagidaki 4 kriteri
karsilamasini 6nermektedir:

Calismanin  konseptine/tasarimina; ya da calisma igin
verilerin toplanmasina, analiz edilmesine ve yorumlanmasina
onemli katki saglamis olmak; VE

Yazi taslagini hazirlamis ya da 6nemli fikirsel icerigin elestirel
incelemelerini yapmis olmak; VE

Yazinin yayindan oOnceki son halini gdzden gecirmis ve
onaylamis olmak; VE

Cahsmanin  herhangi  bir  bdlimlnin  gecerliligi
ve dogruluguna iliskin  sorularin  uygun sekilde
sorusturuldugunun ve c¢oéziimlendiginin garantisini vermek
amaciyla calismanin her yoniinden sorumlu olmayi kabul
etmek.

Bir yazar, calismada katki sagladigi kisimlarin sorumlulugunu
almasina ek olarak, diger vyazarlarin calismanin hangi
kisimlarindan sorumlu oldugunu da teshis edebilmelidir.
Ayrica, yazarlar birbirlerinin katkilarinin bitlinligiine gliven
duymahlardir.

Yazar olarak belirtilen her kisi yazarhigin dort kriterini
karsilamalidir ve bu dort kriteri karsilayan her kisi yazar
olarak tanimlanmalidir. Dort kriterin hepsini karsilamayan
kisilere makalenin baslik sayfasinda tesekkiir edilmelidir.

Yazarlk haklarina uygun hareket etmek ve hayalet ya da ltituf
yazarligin onlenmesini saglamak amaciyla sorumlu yazarlar
makale ytikleme siirecinde www.turkiyeparazitolderg.org
adresinden erisilebilen Yazar Katki Formu'nu imzalamah
ve taranmis versiyonunu yaziyla birlikte gondermelidir.
Yayin Kurulu'nun gdnderilen bir makalede “lituf yazarhk"
oldugundan stiphelenmesi durumunda so6z konusu makale
degerlendirme  yapilmaksizin  reddedilecektir. ~ Makale
gonderimi kapsaminda; sorumlu yazar makale gdnderim
ve degerlendirme siirecleri boyunca vyazarlik ile ilgili
tlim sorumlulugu kabul ettigini bildiren kisa bir &n yaz
gondermelidir.

Turkiye Parazitoloji  Dergisi; gonderilen makalelerin
degerlendirme siirecine dahil olan yazarlarin ve bireylerin,
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potansiyel ¢cikar catismasina ya da dnyargiya yol acabilecek
finansal, kurumsal ve diger iliskiler dahil mevcut ya da
potansiyel c¢ikar catismalarini beyan etmelerini talep ve
tesvik eder.

Bir calisma icin bir birey ya da kurumdan alinan her tirli
finansal destek ya da diger destekler Yayin Kurulu'na beyan
edilmeli ve potansiyel cikar catismalarini beyan etmek
amaciyla ICMJE Potansiyel Cikar Catismalari Formu katki
saglayan tlim vyazarlar tarafindan ayri ayri doldurulmalidir.
Editorler, yazarlar ve hakemler ile ilgili potansiyel cikar
catismasi vakalari derginin Yayin Kurulu tarafindan COPE ve
ICMJE rehberleri kapsaminda ¢oziilmektedir.

Derginin Yayin Kurulu, itiraz ve sikayet vakalarini, COPE
rehberleri kapsaminda isleme almaktadir. Yazarlar, itiraz ve
sikayetleriicin dogrudan Editdryel Ofis ile temasa gecebilirler.
ihtiyac duyuldugunda Yayin Kurulu'nun kendi icinde
cozemedigi konular igin tarafsiz bir temsilci atanmaktadir.
itiraz ve sikayetler icin karar verme siireclerinde nihai karari
Bas Editor verecektir.

Tirkiye Parazitoloji Dergisi ‘ne makale gonderen yazarlar
makalelerinin telif haklarini Tiirkiye Parazitoloji Dernegi'ne
devretmeyi kabul ederler. Reddedilen makalelerin telif
haklari yazarlarina geri iade edilir. Tiirkiye Parazitoloji Dergisi
her makalenin www.turkiyeparazitolderg.org adresinden
erisebileceginiz  Yayin Hakki Devir Formu ile beraber
gonderilmesini talep eder. Yazarlar, basili ya da elektronik
formatta yer alan resimler, tablolar ya da diger her tiirli
icerik dahil daha once yayinlanmis icerigi kullanirken telif
hakki sahibinden izin almalilardir. Bu konudaki yasal, mali ve
cezai sorumluluk yazarlara aittir.

Dergide yayinlanan makalelerde ifade edilen goriisler ve
fikirler Tirkiye Parazitoloji Dergisi, Bas Editor, Editorler,
Yayin Kurulu ve Yayinci'nin degil, yazar(lar)in bakis agilarini
yansitir. Bas Editor, Editorler, Yayin Kurulu ve Yayinci bu gibi
durumlar icin higbir sorumluluk ya da yukiimlilik kabul
etmemektedir. Yayinlanan icerik ile ilgili tim sorumluluk
yazarlara aittir.

MAKALE HAZIRLAMA

Makaleler, ICMJE-Recommendations for the Conduct,
Reporting, Editing and Publication of Scholarly Work in
Medical Journals (updated in December 2017 - http://www.
icmje.org/icmje-recommendations.pdf) ile uyumlu olarak
hazirlanmalidir. Randomize calismalar CONSORT, gd6zlemsel
calismalar STROBE, tanisal degerli calismalar STARD, sistematik
derleme ve meta-analizler PRISMA, hayvan deneyli calismalar
ARRIVE ve randomize olmayan davranis ve halk saghgiyla ilgili
calismalar TREND kilavuzlarina uyumlu olmalidir.

Makaleler sadece www.turkiyeparazitolderg.org adresinde
yer alan derginin online makale ylikleme ve degerlendirme
sistemi  lizerinden gonderilebilir.  Diger ortamlardan
gonderilen makaleler degerlendirilmeye alinmayacaktir.

Gonderilen makalelerin dergi yazim kurallarina uygunlugu ilk
olarak Editdryel Ofis tarafindan kontrol edilecek, dergi yazim
kurallarina uygun hazirlanmamis makaleler teknik diizeltme
talepleri ile birlikte yazarlarina geri gonderilecektir.
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Yazarlarin; Yayin Hakki Devir Formu, Yazar Katki Formu ve
ICMJE Potansiyel Cikar Catismalari Formu'nu (bu form, tiim
yazarlar tarafindan doldurulmalidir) ilk génderim sirasinda
online makale sistemine vyiiklemeleri gerekmektedir.
Bu formlara www.turkiyeparazitolderg.org adresinden
erisilebilmektedir.

Baslik sayfasi: Gonderilen tiim makalelerle birlikte ayri bir
baslik sayfasi da gonderilmelidir. Bu sayfa;

- Makalenin Tiirkce ve ingilizce basliklar ile 50 karakteri
gecmeyen kisa basliklarini,

- Yazarlarin isimlerini, kurumlarini, egitim derecelerini ve
ORCID ID numaralarini,

- Finansal destek bilgisi ve diger destek kaynaklari hakkinda
detayli bilgiyi,

- Sorumlu yazarin ismi, adresi, telefonu (cep telefonu dahil),
faks numarasi ve e-posta adresini,

- Makale hazirlama siirecine katkida bulunan ama yazarlik
kriterlerini karsilamayan bireylerle ilgili bilgileri icermelidir.
Ozet: Editore Mektup tiiriindeki yazilar disinda kalan tiim
makalelerin Tiirkce ve ingilizce 6zetleri olmalidir. Ozgiin
Arastirma makalelerinin  ozetleri "Amacg”, "Yontemler",
“Bulgular” ve "Sonu¢" alt baslklarini icerecek bicimde
hazirlanmalidir.

Anahtar Sozciikler: Tim makaleler en az 3 en fazla 5
anahtar kelimeyle birlikte gonderilmeli, anahtar sozcukler
0zetin hemen altina yazilmalidir. Kisaltmalar anahtar s6zcilik
olarak kullanilmamalidir. Anahtar sozciikler “National Library
of Medicine (NLM)" tarafindan hazirlanan "Medical Subject
Headings (MeSH)" veritabanindan secilmelidir.

Makale Tiirleri

6zgﬁn Arastirma: Ana metin “Giris", "Yontemler", “Bulgular”,
“Tartisma” ve Sonug” alt basliklarini icermelidir. Ozgiin
Arastirmalarla ilgili  kisitlamalar icin litfen Tablo 1'i
inceleyiniz.

Sonucu desteklemek icin istatiksel analiz genellikle
gereklidir. Istatistiksel analiz, tibbi dergilerdeki istatistik
verilerini bildirme kurallarina gore yapilmalidir (Altman DG,
Gore SM, Gardner MJ, Pocock SJ. Statistical guidelines for
contributors to medical journals. Br Med J 1983: 7; 1489-
93). istatiksel analiz ile ilgili bilgi, Yontemler boliimii iginde
ayri bir alt baslik olarak yazilmali ve kullanilan yazilim
kesinlikle tanimlanmalidir.

Birimler, uluslararasi birim sistemi olan International System
of Units (SI)'a uygun olarak hazirlanmadir.

Editoryel Yorum: Dergide yaymnlanan bir arastirmanin, o
konunun uzmani olan veya Ust diizeyde degerlendirme
yapan bir hakemi tarafindan kisaca yorumlanmasi amacini
tasimaktadir. Yazarlari, dergi tarafindan secilip davet edilir.
Ozet, anahtar sozciik, tablo, sekil, resim ve diger gérseller
kullaniimaz.

Derleme: Yazinin konusunda birikimi olan ve bu birikimleri
uluslararasi literatlire yayin ve atif sayisi olarak yansimis
uzmanlar tarafindan hazirlanmis yazilar degerlendirmeye alinir.
Yazarlari dergi tarafindan da davet edilebilir. Bir bilgi ya da
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konunun klinikte kullanilmasi icin vardigi son diizeyi anlatan,
tartisan, degerlendiren ve gelecekte yapilacak olan calismalara
yon veren bir formatta hazirlanmalidir. Ana metin “Giris",
“Klinik ve Arastirma Etkileri" ve "Sonu¢” bdlimlerini icermelidir.
Derleme tiriindeki yazilarla ilgili kisitlamalar icin liitfen Tablo
1'i inceleyiniz.

Olgu Sunumu: Olgu sunumlarn igin siirh sayida yer
ayrilmakta ve sadece ender goriilen, tani ve tedavisi gii¢
olan hastaliklarla ilgili, yeni bir yontem Oneren, kitaplarda
yer verilmeyen bilgileri yansitan, ilgi cekici ve Ogretici
ozelligi olan olgular yaymna kabul edilmektedir. Ana metin;
"Giris", "Olgu Sunumu”, "Tartisma" ve Sonuc" alt baslklarini
icermelidir. Olgu Sunumlariyla ilgili kisitlamalar icin litfen
Tablo 1'i inceleyiniz.

Editore Mektup: Dergide daha oOnce vyaymnlanan bir
yazinin 6nemini, gézden kacan bir ayrintisini ya da eksik
kisimlarini tartisabilir. Ayrica derginin kapsamina giren
alanlarda okurlarin ilgisini cekebilecek konular ve ozellikle
egitici olgular hakkinda da Editore Mektup formatinda
yazilar yayinlanabilir. Okuyucular da yayinlanan vyazilar
hakkinda yorum iceren Editére Mektup formatinda yazilarini
sunabilirler. Ozet, anahtar sézciik, tablo, sekil, resim ve diger
gorseller kullanilmaz. Ana metin alt basliksiz olmalidir.
Hakkinda mektup yazilan yayina ait cilt, yil, sayi, sayfa
numaralari, yazi bashgi ve yazarlarin adlari acik bir sekilde
belirtilmeli, kaynak listesinde yazilmal ve metin icinde atifta
bulunulmahdir.

Tablolar

Tablolar ana dosyaya eklenmeli, kaynak listesi sonrasinda
sunulmal, ana metin icerisindeki gecis siralarina uygun
olarak numaralandinimadir. Tablolarin lizerinde tanimlayici
bir baslik yer almali ve tablo icerisinde gecen kisaltmalarin
acihmlar tablo altina tanimlanmalidir. Tablolar Microsoft
Office Word dosyasi icinde "Tablo Ekle" komutu kullanilarak
hazirlanmali ve kolay okunabilir sekilde diizenlenmelidir.
Tablolarda sunulan veriler ana metinde sunulan verilerin
tekrari olmamali; ana metindeki verileri destekleyici nitelikte
olmalilardr.

Resim ve Resim Altyazilari

Resimler, grafikler ve fotograflar (TIFF ya da JPEG formatinda)
ayri dosyalar halinde sisteme yiiklenmelidir. Gorseller bir
Word dosyasi dokiimani ya da ana dokliman icerisinde

sunulmamahdir. Alt birimlere ayrilan gorseller oldugunda,
alt birimler tek bir gorsel icerisinde verilmemelidir. Her
bir alt birim sisteme ayri bir dosya olarak ylklenmelidir.
Resimler alt birimleri belli etme amaciyla etiketlenmemelidir
(a, b, ¢ vb.). Resimlerde altyazilari desteklemek igin kalin ve
ince oklar, ok baslari, yildizlar, asteriksler ve benzer isaretler
kullanilabilir. Makalenin geri kalaninda oldugu gibi resimler
de kor olmalidir. Bu sebeple, resimlerde yer alan kisi ve
kurum bilgileri de korlestirilmelidir. Gorsellerin minimum
coziintrltigli 300DPI olmahdir. Degerlendirme siirecindeki
aksakhklari 6nlemek icin gonderilen bitin gorsellerin
¢OzUnUrliglu net ve boyutu blyiik (minimum boyutlar
100x100 mm) olmalidir. Resim altyazilari ana metnin
sonunda yer almalidir.

Makale icerisinde gecen tiim kisaltmalar, ana metin ve
ozette ayrn ayrn olmak uzere ilk kez kullanildiklar yerde
tanimlanarak, kisaltma tanimin ardindan parantez icerisinde
verilmelidir.

Makale icinde ve kaynaklarda gegen parazitlerin cins ve tir
isimleri italik ve sadece cins isminin ilk harfi biiylik olarak
yazilmalidir.

Ana metin icerisinde cihaz, yazilim, ila¢ vb. {riinlerden
bahsedildiginde (rlinlin ismi, dreticisi, Uretildigi sehir ve
ulke bilgisini iceren Uriin bilgisi parantez icinde verilmelidir;
"Discovery St PET/CT scanner (General Electric, Milwaukee,
WI, USA)".

Tim kaynaklar, tablolar ve resimlere ana metin icinde uygun
olan yerlerde sirayla numara verilerek atif yapiimalidir.

Ozgiin  arastirmalarin  kisitlamalari,  engelleri  ve
yetersizliklerinden Sonug¢ paragrafi oncesi “Tartisma"
bolimiinde bahsedilmelidir.

Kaynaklar

Atif yapilirken en son ve en giincel yayinlar tercih edilmelidir.
Atif yapilan erken cevrimici makalelerin DOl numaralar
mutlaka  saglanmalidir.  Kaynaklarin ~ dogrulugundan
yazarlar sorumludur. Dergi isimleri Index Medicus/Medline/
PubMed'de yer alan dergi kisaltmalari ile uyumlu olarak
kisaltiimalidir. Alti ya da daha az yazar oldugunda tiim
yazar isimleri listelenmelidir. Eger 7 ya da daha fazla yazar
varsa ilk 6 yazar yazildiktan sonra “et al" konulmalidir. Ana
metinde kaynaklara atif yapilirken parantez icinde Arabik
numaralar kullanilmalidir. Farkli yayin tirleri icin kaynak
stilleri asagidaki 6rneklerde sunulmustur:

Tablo 1: Makale tiirleri icin kisitlamalar

. .. 6zclik 0 ozclik . Tabl e el
Makale tiirii S.oz.c.u (.)z?t. sozcu Kaynak limiti .ab. ° Resim limiti
limiti limiti limiti

- 250 7 ya da toplamda 15

Ozgiin Arastirma 3500 (Alt baglikh) 30 6 rosim

Derleme 5000 250 50 6 10ya da toplamda 20
resim

Olgu Sunumu 1000 200 15 Tablo yok 10 ya da toplamda 20
resim

Editore Mektup 500 Uygulanamaz 5 Tablo yok Resim yok
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Dergi makalesi: Blasco V, Colavolpe JC, Antonini F
Zieleskiewicz L, Nafati C, Albanese J, et al. Long-term
outcome in kidney recipients from donors treated with
hydroxyethylstarch 130/0.4 and hydroxyethylstarch 200/0.6.
Br J Anaesth 2015; 115: 797-8.

Kitap boliimii: Sherry S. Detection of thrombi. In: Strauss
HE, Pitt B, James AE, editors. Cardiovascular Medicine. St
Louis: Mosby; 1974.p.273-85.

Tek yazarh kitap: Cohn PF. Silent myocardial ischemia and
infarction. 3rd ed. New York: Marcel Dekker; 1993.

Yazar olarak editor(ler): Norman |J, Redfern SJ, editors.
Mental health care for elderly people. New York: Churchill
Livingstone; 1996.

Toplantida sunulan yazi: Bengisson S. Sothemin BG.
Enforcement of data protection, privacy and security
in medical informatics. In: Lun KC, Degoulet P, Piemme
TE, Rienhoff O, editors. MEDINFO 92. Proceedings of the
7th World Congress on Medical Informatics; 1992 Sept
6-10; Geneva, Switzerland. Amsterdam: North-Holland;
1992.p.1561-5.

Bilimsel veya teknik rapor: Smith P. Golladay K. Payment
for durable medical equipment billed during skilled nursing
facility stays. Final report. Dallas (TX) Dept. of Health and
Human Services (US). Office of Evaluation and Inspections:
1994 Oct. Report No: HHSIGOE 169200860.

Tez: Kaplan SI. Post-hospital home health care: the
elderly access and utilization (dissertation). St. Louis (MO):
Washington Univ. 1995.

Yayina kabul edilmis ancak heniiz basilmamis yazilar:
Leshner Al. Molecular mechanisms of cocaine addiction. N
Engl J Med In press 1997.

Erken Cevrimici Yayin: Aksu HU, Ertiirk M, Giil M, Uslu N.
Successful treatment of a patient with pulmonary embolism
and biatrial thrombus. Anadolu Kardiyol Derg 2012 Dec 26.
doi: 10.5152/akd.2013.062. [Epub ahead of print]

Elektronik formatta yayinlanan yazi: Morse SS. Factors in
the emergence of infectious diseases. Emerg Infect Dis (serial
online) 1995 Jan-Mar (cited 1996 June 5): 1(1): (24 screens).
Available from: URL: http:/ www.cdc.gov/ncidodIEID/cid.
htm.
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REVIZYONLAR

Yazarlar makalelerinin revizyon dosyalarini gonderirken, ana
metin tizerinde yaptiklari degisiklikleri isaretlemeli, ek olarak,
hakemler tarafindan &ne siiriilen onerilerle ilgili notlarini
"Hakemlere Cevap" dosyasinda gdndermelidir. Hakemlere
Cevap dosyasinda her hakemin yorumunun ardindan yazarin
cevabi gelmeli ve degisikliklerin yapildigi satir numaralari da
ayrica belirtilmelidir. Revize makaleler karar mektubunu takip
eden 30 giin icerisinde dergiye gonderilmelidir. Makalenin
revize versiyonu belirtilen siire icerisinde yiliklenmezse,
revizyon secenegi iptal olabilir. Yazarlarin revizyon icin ek
stireye ihtiya¢ duymalari durumunda uzatma taleplerini ilk
30 giin sona ermeden dergiye iletmeleri gerekmektedir.

Yayina kabul edilen makaleler dil bilgisi, noktalama ve bi¢cim
acisindan kontrol edilir. Yayin stireci tamamlanan makaleler,
yayin planina dahil edildikleri sayiyla birlikte yayinlanmadan
once erken cevrimici formatinda dergi web sitesinde yayina
alinir. Kabul edilen makalelerin baskiya hazir PDF dosyalari
sorumlu yazarlara iletilir ve yayin onaylarinin 2 giin
icerisinde dergiye iletilmesi istenir.

Editdryal Ofis
Bas Editor: Prof. Dr. Yusuf Ozbel

Adres: Ege Universit_esi Tip Fakiiltesi, Parazitoloji Anabilim
Dali, 35100 Bornova-lzmir, Tirkiye
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Faks: +90 232 388 13 47
E-mail: yusuf.ozbel@ege.edu.tr [ yusuf.ozbel@gmail.com

Yayinevi Yazisma Adresi

Galenos Yayinevi Tic. Ltd. Sti.

Adres: Molla Gilirani Mah. Kagamak Sk.
No: 21, 34093 Findikzade-istanbul-Tiirkiye
Tel: +90 212 621 99 25

Faks: +90 212 621 99 27

E-posta: info@galenos.com.tr
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Hakem Degerlendirmesi, Yayin Etigi ve Kotiiye Kullanim

Hakem Degerlendirmesi

Makalelerin daha dnce yayinlanmamis olmasi ve ayni anda
baska bir yere gonderilmemis olmasi kosuluyla basvuru
kabul edilir; yazarlar, icerigi okudugunu, onayladigini, tim
yazarlarin ¢ikar catismalarini beyan ettigini, calismanin etik
onaya uygun oldugunu ve uluslararasi kabul gérmis etik
standartlarda yiritiildigiint kabul eder. Etik suistimalden
stiphelenilmesi durumunda, Yayin Kurulu ilgili uluslararasi
yayin etigi kurallarina (COPE y6nergelerine) uygun olarak
hareket edecektir.

Derginin yayin politikalar, Bilim Konseyi Editorleri
tarafindan onerilen kurallarda belirtildigi gibi yuritdlir ve
Biyomedikal Dergilere Gonderilen Makaleler icin Tekdiizen
Gereklilikler: Biyomedikal Yayin icin Yazma ve Diizenleme
(http://[www.icmje.org/)'da vyansitilir. Buna gore vyazarlar,
gozden gecirenler ve editorlerin bu bildirimde yer alan etik
davranisa iliskin en iyi uygulama kilavuzlarina uymalari
beklenmektedir.

Gonderilen yazilar ¢ift-kér hakem degerlendirmesine tabi
tutulur. Dergide yayimlanacak yazilarin secimine rehberlik
eden bilim kurulu, derginin secilmis uzmanlarindan ve
gerekirse ilgili arastirma alaninda ulusal ve uluslararasi
uzmanlardan secilmis uzmanlardan olusur. Tim vyazilar
editor, bollim yardimer editorleri ve en az ti¢ dahili ve harici
uzman hakem tarafindan incelenir. Tim arastirma makaleleri
de bir istatistik editéri tarafindan yorumlanir.

Insan ve Hayvan Arastirmalan

Deneysel, klinik, ila¢ ve insan calismalari icin, etik kurul
onayl ve calisma protokoliiniin uluslararasi anlasmalara
uygunluguna dair bir beyan (World Medical Association
Association of Helsinki "Ethical Principles for Medical
Research Involving Human Subjects,” Ekim 2013, www.wma.
net) gereklidir. Deneysel hayvan calismalarinda yazarlar,
izlenen prosediirlerin hayvan haklarina uygun oldugunu
(Laboratuvar Hayvanlarinin Bakim ve Kullanim Kilavuzu,
www.nap.edu.catalog/5140.html) belirtmeli ve hayvan Etik
Kurul Onayr almalidir. Etik Kurul Onayi belgesi, makale ile
birlikte Tlrkiye Parazitoloji Dergisi'ne gonderilmelidir.

Etik Kurul Onayr ile yukarida belirtilen uluslararasi kilavuzlara
uyum ve hastanin aydinlatilmis onaminin alindigina dair
beyan “Materyal ve Yontem" bolliminde belirtilmeli
ve kullanilan veri/medyanin hastanin kimligini ortaya
cikarabilecegi durumlarda vaka raporlari gerekmektedir.
Yazarlar, kurumlar arasinda cikar catismasi beyani, herhangi
bir mali veya maddi destegin kabuliiniin belirtilmesi makale
gonderen yazarlar icin zorunludur ve bu aciklama makalenin
sonunda yer almahdir. Hakemler, yazarlar veya kurumlar ile
aralarinda herhangi bir potansiyel c¢ikar catismasi varsa,
bunu rapor etmelidir.

intihal ve Etik Suistimal

Tirkiye Parazitoloji Dergisi, tim makaleleri yayinlanmadan
once “iThenticate" kullanarak intihal taramasina tabi tutar.

Yazarlarin asagida yazilanlar gibi her tiirli intihal ve etik
suistimalden kaginmalari 6nemlidir:

intihal: Baska bir yazarin yayinindaki bir icerigin tamamini
veya bir kismini kaynak gostermeden yeniden yayinlamak.

Fabrikasyon (Uydurma): Var olmayan veri ve bulgular/
sonuclari yayinlamak.

Cogaltma: Bir makalenin farkli dillerde yeniden
yayinlanmasini iceren baska bir yayindan alinan verileri
kullanmak.

Dilimleme (Salamizasyon): Bir calismanin sonuglarini
bolerek birden fazla yayin olusturma.

Veri Manipiilasyonu/Yanhghgi: Yanlis bir izlenim vermek
icin arastirma verilerini manipiile etmek veya kasith olarak
carprtmak.

intihal, fabrikasyon, cogaltma, veri manipiilasyonu ve
dilimleme gibi etik olmayan uygulamalari ve yazarlik hediye
etme, uygunsuz tesekkiir ve COPE akis semalarina uygun
olmayan referanslar gibi uygulamalarla inceleme siirecini
etkilemeye yonelik cabalari onaylamiyoruz.

Gonderilen yazilar ayrica otomatik yazihm tarafindan intihal
ve yayin degerlendirmesine tabi tutulur. Yazarlar, ¢calisma
sonuclarini tamamen veya kismen 6zet seklinde yayinlayip
yayinlamadiklarini bildirmekle ylkimltddir.

A. YAYINCININ GOREVLERI:
Etik Olmayan Yayinlama Davranisinin Ele Alinmasi

Yayinci, iddia edilen veya kanitlanmis bilimsel suistimal,
hileli yayin veya intihal durumlarinda, s6z konusu makaleyi
editorlerle yakin is birligi icinde degistirmek icin tiim uygun
onlemleri alacaktir. Bu, en ciddi durumda, etkilenen calismanin
bir yanlishk sonucu yayinlanmasini, ifsa edilmesini veya
geri cekilmesini icerir. Yayinci, editorlerle birlikte, arastirma
suistimalinin meydana geldigi makalelerin yayinlanmasini tespit
etmek ve onlemek icin makul adimlari atacak ve hicbir kosulda
bu tiir kotliye kullanimin gerceklesmesine tesvik etmeyecek
veya bilerek izin vermeyecektir.

Editoryal Ozerklik

Tirkiye Parazitoloji Dergisi, herhangi birinin veya ticari
ortaklarin etkisi olmaksizin editéryal kararlarin 6zerkligini
saglamayi taahhit eder.

Fikri Miilkiyet ve Telif Hakki

Tirkiye Parazitoloji Dergisi, dergide yayinlanan makalelerin
miilkiyetini ve telif haklarini korur ve her makalenin
yayinlanmis kaydini tutar. Dergi, yayinlanan her makalenin
bitiinliglni ve seffafligini saglar.

Bilimsel Suistimal
Tirkiye Parazitoloji Dergisi'nin yayincisi, hileli yayin veya
intihal ile ilgili gerekli tim onlemleri almaktadir.

B. EDITORLERIN GOREVLERI:
Yayin Karari ve Sorumlulugu

Dergi editorii, dergideki her seyi kontrol altinda tutar,
okuyucularin ve yazarlarin ihtiyaclarini karsilamaya calisir.

A-XVI
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Editor ayrica dergiye gonderilen makalelerin hangilerinin
yayinlanmasi gerektigine karar vermekten ve hakaret,
telif hakki ihlali ve intihal ile ilgili yasal gerekliliklere tabi
politikalar tarafindan yonlendirilmekten sorumludur. Editor,
yayin kararlar verirken hakemlerle tartisabilir. Yayinin
iceriginden ve genel kalitesinden editor sorumludur. Editor,
adil ve uygun bir hakemlik stireci saglamalidir.

Nesnellik

Dergiye gonderilen makaleler her zaman Onyargisiz olarak
degerlendirilir.

Gizlilik

Editor, gonderilen bir makaleyle ilgili herhangi bir bilgiyi,
editor kadrosu, hakemler ve yayinci disinda hic kimseye
actklamamaldir.

Cikar Catismalar ve ifsa

Turkiye Parazitoloji Dergisi, yazarlar, hakemler ve editorler gibi
taraflar arasinda herhangi bir cikar catismasina izin vermez.
Gonderilen bir makaledeki yayinlanmamis materyaller, yazarin
acik izni olmaksizin hi¢ kimse tarafindan kullanilmamalidir.

Yayimlanan Eserlerde Temel Hatalar

Yazarlar, yayinlanan calismada o©nemli hatalar veya
yanlisliklar tespit edilirse, derhal dergi editorlerini veya
yayincisini bilgilendirmek ve makaleyi dizeltmek veya
geri cekmek Ulzere onlarla iletisim saglamakla ytikimluddr.
Editorler veya yayinci, yayinlanan bir calismanin 6nemli bir
hata veya yanlislik icerdigini Uctlincl bir taraftan dgrenirse,
yazarlar makaleyi derhal diizeltmeli, geri cekmeli veya dergi
editorlerine makalenin dogruluguna dair kanit saglamalidir.

C. HAKEMLERIN GOREVLERI:

Degerlendirme

Hakemler, yazarlarin kokeni, cinsiyeti, cinsel yonelimi veya
politik felsefesini gdzetmeksizin yazilari degerlendirir.
Hakemler ayrica degerlendirme sirasinda gonderilen yazilar
icin adil bir kor hakem incelemesi saglar.

Gizlilik
Gonderilen makalelerle ilgili ttim bilgiler gizli tutulur.

Hakemler, editor tarafindan izin verilmedikce baskalariyla
tartisiimamalidir.

Cikar Catismalar ve ifsa

Hakemlerin yazarlar, fon saglayicilar, editorler vb. taraflarla
ilgili herhangi bir ¢ikar ¢atismasi yoktur.

Editore Katki

Hakemler, editdre karar vermede ve makaleyi gelistirmede
yardimci olabilir.

Nesnellik

Daima objektif bir degerlendirme yapilir. Hakemler
gorislerini uygun destekleyici arglimanlarla acikca ifade
eder.

Kaynaklarin Onaylanmasi

Hakemler, yazarlarin atifta bulunmadigi ilgili yayinlanmis
bir calismayi tanimlamahdir. Hakemler ayrica, makale ile
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kisisel bilgilerine sahip olduklar diger yayinlanmis makaleler
arasindaki 6nemli benzerlikleri veya ortismeleri editoriin
dikkatine sunarlar.

D. YAZARLARIN GOREVLERI:
Raporlama Standartlari

Gonderilen bir makale orijinal olmali ve yazarlar, makalenin daha
6nce herhangi bir dergide yayinlanmamis olmasini saglamalhdir.
Arastirmanin verileri makalede tam anlamiyla sunulmalidir.
Bir makale, baskalarinin ¢alismayi yeniden kopyalamasina izin
vermek icin gerekli ayrinti ve referanslari icermelidir.
Ozgiinliik

Cahismalarini  dergiye gondermek isteyen vyazarlar,
calismalarinin tamamen 6zgiin oldugundan emin olmalidir.

Literatlirden alinan kelime ve climleler uygun sekilde
alintilanmalidir.

Coklu Yayinlar

Yazarlar, ayni calismayl baska bir dergide yayinlanmak
veya degerlendirilmek lzere gondermemis olmahdir. Ayni
calismanin birden fazla dergiye ayni anda gonderilmesi
kabul edilemez ve etik disi bir davranis olarak nitelendirilir.

Kaynaklarin Belirtilmesi

Bagkalarinin calismalarinin uygun bir sekilde alintilanmasi
gerekir. Yazarlar, calismayi belirlemede etkili olan yayinlara
atifta bulunmahdir. Cahsmanin siirecini kapsayan tiim
kaynaklar belirtilmelidir.

Makale Yazarlig:

Bir makalenin yazarligi, ¢alismaya kayda deger bir katki
yapmis olanlarla sinirli olmalidir. Baskalari arastirmaya
katilmissa, katkida bulunanlar olarak listelenmelidir. Yazarlik
ayni zamanda bir derginin editorii ile iletisim halinde olan
bir sorumlu yazari da icerir. Sorumlu yazar, tlim uygun ortak
yazarlarin bir makaleye dahil edilmesini saglamalidir.

Cikar Catismalari ve ifsa

Tim finansal destek kaynaklari agiklanmahdir. Tim yazarlar,
calismalarini olusturma siirecinde (varsa) ¢ikar gatismasini
ifsa etmelidir. Gonderilen bir calisma icin bireylerden veya
kurumlardan alinan mali yardimlar veya diger destekler,
Turkiye Parazitoloji Dergisi Yayin Kurulu'na aciklanmalidir.
ICMJE Potansiyel Cikar Catismasi Bildirim Formu, olasi
bir ¢ikar catismasini aciklamak igin katkida bulunan tiim
yazarlar tarafindan doldurulmali ve génderilmelidir. Derginin
Yayin Kurulu, editorler, yazarlar veya hakemler arasinda olasi
bir cikar catismasi durumlarinda COPE ve ICMJE yonergeleri
kapsaminda hareket eder.

Mali veya sahsi fayda saglayan kosullar, bir cikar catismasi
dogurur. Bu durum, bilimsel slirecin ve vyayinlanan
makalelerin gtivenilirligi, bilimsel calismalarin planlanmasi,
uygulanmasi, yazilmasi, degerlendirilmesi, diizenlenmesi ve
yayinlanmasi sirasinda cikar catismalarinin objektif olarak
ele alinmasi ile dogrudan iliskilidir.

Finansal iliskiler en kolay tespit edilen cikar catismalaridir
ve derginin, yazarlarin ve bilimin glvenilirli§ini zedelemesi
kaginilmazdir. Bu catismalara bireysel iliskiler, akademik
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rekabet veya entelektiiel yaklasimlar neden olabilir. Yazarlar,
calismanin tiim verilerine ulasmalarini veya makalelerini
analiz etme, yorumlama, hazirlama ve yayinlama olanaklarini
kisitlayan kar veya baska bir avantaj elde etme duslincesiyle
sponsorlarla anlasmalardan mumkiin oldugunca
kacinmalidir.  Editorler,  calismalari  degerlendirirken
aralarinda iliski olabilecek kisileri bir araya getirmekten
kacinmalidir. Makaleler hakkinda nihai karari verecek olan
editorlerin, karar verecekleri konulardan hicbiriyle kisisel,
mesleki veya mali bagi olmamalidir. Yazarlar, makalelerinin
bagimsiz bir degerlendirme siireci ile etik ilkeler cercevesinde
degerlendirilmesini saglamak icin olasi cikar catismalarini
yayin kuruluna bildirmelidir.

Editorlerden birinin herhangi bir yazida yazar olmasi
durumunda editér, makale degerlendirme siirecinden
cikarilir. Herhangi bir ¢ikar catismasini énlemek icin makale
degerlendirme siireci cift- kor olarak yapilmaktadir. Cift-
kor degerlendirme siirecinden dolayr Bas Editor disinda
hicbir yayin kurulu uyesine, uluslararasi danisma kurulu
liyesine veya hakemlere, makalenin yazarlari veya yazarlarin
kurumlari hakkinda bilgi verilmemektedir.

Yayin ekibimiz tiim bu durumlari g6z éntinde bulundurarak
degerlendirme siirecinin tarafsiz bir sekilde yirdtilmesi icin
Ozveriyle calismaktadir.

Her yazarin imzalamasi gereken Cikar Catismasi Formu
makale gonderimi sirasinda yiiklenmelidir.
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Instructions for Authors

Turkish Journal of Parasitology (Turkiye Parazitol Derg) is
the double-blind peer-reviewed, open access, international
publication organ of the Turkish Society for Parasitology. The
journal is a quarterly publication, published in March, June,
September and December, and its publication languages are
Turkish and English.

Turkish Journal of Parasitology aims to contribute to the
international literature by publishing original clinical and
experimental research articles, case reports, review articles,
letters to the editor and video articles biological, medical
and veterinary parasitology.

The editorial and publication process of the Journal of the
Turkish Academy of Dermatology are shaped in accordance
with the guidelines of the International Committee
of Medical Journal Editors (ICMJE), World Association
of Medical Editors (WAME), Council of Science Editors
(CSE), Committee on Publication Ethics (COPE), European
Association of Science Editors (EASE), and National
Information Standards Organization (NISO). The journal is
in conformity with the Principles of Transparency and Best
Practice in Scholarly Publishing.

Originality, high scientific quality, and citation potential
are the most important criteria for a manuscript to be
accepted for publication. Manuscripts submitted for
evaluation should not have been previously presented or
already published in an electronic or printed medium. The
journal should be informed of manuscripts that have been
submitted to another journal for evaluation and rejected for
publication. The submission of previous reviewer reports will
expedite the evaluation process. Manuscripts that have been
presented in a meeting should be submitted with detailed
information on the organization, including the name, date,
and location of the organization.

Manuscripts submitted to the Turkish Journal of Parasitology
will go through a double-blind peer-review process. Each
submission will be reviewed by at least two external,
independent peer reviewers who are experts in their fields in
order to ensure an unbiased evaluation process. The editorial
board will invite an external and independent editor to
manage the evaluation processes of manuscripts submitted
by editors or by the editorial board members of the journal.
The Editor in Chief is the final authority in the decision-
making process for all submissions.

To ensure that the research has been conducted according
to accepted ethical principles, authors should declare
information on ethical compliance. For studies involving
human participants, and approval of research protocols
by the Ethics Committee in accordance with international
agreements (World Medical Association Declaration of
Helsinki “Ethical Principles for Medical Research Involving
Human Subjects,” amended in October 2013, www.wma.net)
is required for experimental, clinical, and drug studies and
for some case reports. Information on patient consent, the
name of the ethics committee, and the ethics committee
approval number should also be stated in the Methods
section of the manuscript. For manuscripts concerning

experimental research on animals, approval of research
protocols by an Animal Ethics Committee in accordance
with international principles is required. If required, ethics
committee reports or an equivalent official document will
be requested from the authors. For studies carried out on
animals, the measures taken to prevent pain and suffering
of the animals should be stated clearly.

All submissions are screened by a similarity detection
software (iThenticate by CrossCheck).

In the event of alleged or suspected research misconduct,
e.g., plagiarism, citation manipulation, and data falsification/
fabrication, the Editorial Board will follow and act in
accordance with COPE guidelines.

Each individual listed as an author should fulfil the
authorship criteria recommended by the International
Committee of Medical Journal Editors

(ICMJE - www.icmje.org). The ICMJE recommends that
authorship be based on the following 4 criteria:

1 Substantial contribution to the conception or design of
the work; or the acquisition, analysis, or interpretation of
data for the work; AND

2 Drafting the work or revising it critically for important
intellectual content; AND

3 Final approval of the version to be published; AND

4 Agreement to be accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity
of any part of the work are appropriately investigated and
resolved.

In addition to being accountable for the parts of the work
he/she has done, an author should be able to identify which
co-authors are responsible for specific other parts of the
work. In addition, authors should have confidence in the
integrity of the contributions of their co-authors.

All those designated as authors should meet all four criteria
for authorship, and all who meet the four criteria should
be identified as authors. Those who do not meet all four
criteria should be acknowledged on the title page of the
manuscript.

Turkish Journal of Parasitology requires corresponding
authors to submit a signed and scanned version of the
authorship contribution form (available for download
through http:/[turkiyeparazitolderg.org/eng/Anasayfa)
during the initial submission process in order to act
appropriately on authorship rights and to prevent ghost
or honorary authorship. If the editorial board suspects a
case of “gift authorship,” the submission will be rejected
without further review. As part of the submission of the
manuscript, the corresponding author should also send a
short statement declaring that he/she accepts to undertake
all the responsibility for authorship during the submission
and review stages of the manuscript.

Turkish Journal of Parasitology requires and encourages
the authors and the individuals involved in the evaluation
process of submitted manuscripts to disclose any existing
or potential conflicts of interests, including financial,
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consultant, and institutional, that might lead to potential
bias or a conflict of interest. Any financial grants or other
support received for a submitted study from individuals or
institutions should be disclosed to the Editorial Board. To
disclose a potential conflict of interest, the ICMJE Potential
Conflict of Interest Disclosure Form should be filled in and
submitted by all contributing authors. Cases of a potential
conflict of interest of the editors, authors, or reviewers are
resolved by the journal's Editorial Board within the scope of
COPE and ICMJE guidelines.

The Editorial Board of the journal handles all appeal and
complaint cases within the scope of COPE guidelines. In
such cases, authors should get in direct contact with the
editorial office regarding their appeals and complaints.
When needed, an ombudsperson may be assigned to resolve
cases that cannot be resolved internally. The Editor in Chief
is the final authority in the decision-making process for all
appeals and complaints.

When submitting a manuscript to the Turkish Journal of
Parasitology, authors accept to assign the copyright of
their manuscript to the Turkish Society for Parasitology. If
rejected for publication, the copyright of the manuscript
will be assigned back to the authors. Turkish Journal of
Parasitology requires each submission to be accompanied
by a Copyright Transfer Form (available for download at
http:/[turkiyeparazitolderg.org/eng/Anasayfa). When using
previously published content, including figures, tables, or
any other material in both print and electronic formats,
authors must obtain permission from the copyright holder.
Legal, financial and criminal liabilities in this regard belong
to the author(s).

Statements or opinions expressed in the manuscripts
published in Turkish Journal of Parasitology reflect the views
of the author(s) and not the opinions of the editors, the
editorial board, or the publisher; the editors, the editorial
board, and the publisher disclaim any responsibility or
liability for such materials. The final responsibility in regard
to the published content rests with the authors.

MANUSCRIPT PREPARATION

The manuscripts should be prepared in accordance with the
International Committee of Medical Journal Editors
(ICMJE) for the Conduct, Reporting, Editing, and Publication
of Scholarly Work in Medical Journals (updated in December
2017 - http://www.icmje.org/icmje-recommendations.pdf).
Authors are required to prepare manuscripts in accordance
with the CONSORT guidelines for randomized research
studies, PRISMA guidelines for systematic reviews and meta-
analysis, ARRIVE guidelines and Guide for the Care and Use
of Laboratory Animals for experimental animal studies
and Helsinki Declaration as revised in 2013 for human
research.

Manuscripts can only be submitted through the journal's
online manuscript submission and evaluation system,
available at http://turkiyeparazitolderg.org/. Manuscripts
submitted via any other medium will not be evaluated.

Manuscripts submitted to the journal will first go through

a technical evaluation process where the editorial office
staff will ensure that the manuscript has been prepared
and submitted in accordance with the journal's guidelines.
Submissions that do not conform to the journal's guidelines
will be returned to the submitting author with technical
correction requests.

Authors are required to submit the following:
Copyright Transfer Form,
Author Contributions Form, and

ICMJE Potential Conflict of Interest Disclosure Form (should
be filled in by all contributing authors)

during the initial submission. These forms are available for
download at http://turkiyeparazitolderg.org/eng/Anasayfa.

Preparation of the Manuscript

Title page: A separate title page should be submitted with all
submissions, and this page should include:

The Turkish and English full title of the manuscript as well as
a short title (running head) of no more than 50 characters,

Name(s), affiliations, highest academic degree(s) and ORCID
ID of the author(s),

Grant information and detailed information on the other
sources of support,

Name, address, telephone (including the mobile phone
number) and fax numbers, and email address of the
corresponding author,

Acknowledgment of the individuals who contributed to the
preparation of the manuscript but who did not fulfil the
authorship criteria.

Abstract: A Turkish and an English abstract should be
submitted with all submissions except for Letters to the
Editor. Submitting a Turkish abstract is not compulsory
for international authors. The abstract of Original Articles
should be structured with subheadings (Objective, Methods,
Results, and Conclusion). Please check Table 1 below for
word count specifications.

Keywords: Each submission must be accompanied by a
minimum of three to a maximum of five keywords for
subject indexing at the end of the abstract. The keywords
should be listed in full without abbreviations. The keywords
should be selected from the National Library of Medicine,
Medical Subject Headings database (https://www.nlm.nih.
gov/mesh/MBrowser.html).

Manuscript Types

Original Articles: This is the most important type of article
since it provides new information based on original research.
The main text of original articles should be structured with
Introduction, Methods, Results, Discussion, and Conclusion
subheadings. Please check Table 1 for the limitations for
Original Articles.

Statistical analysis to support conclusions is usually necessary.
Statistical analyses must be conducted in accordance with
international statistical reporting standards (Altman DG,
Gore SM, Gardner MJ, Pocock SJ. Statistical guidelines for
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contributors to medical journals. Br Med J 1983: 7; 1489-
93). Information on statistical analyses should be provided
with a separate subheading under the Materials and
Methods section, and the statistical software that was used
during the process must be specified.

Units should be prepared in accordance with the
International System of Units (SI).

Editorial Comments: Editorial comments aim to provide
a brief critical commentary by reviewers with expertise or
with a high reputation in the topic of the research article
published in the journal. Authors are selected and invited by
the journal to provide such comments. Abstract, Keywords,
and Tables, Figures, Images, and other media are not
included.

Review Articles: Reviews prepared by authors who have
extensive knowledge on a particular field and whose
scientific background has been translated into a high
volume of publications with a high citation potential
are welcomed. These authors may even be invited by the
journal. Reviews should describe, discuss, and evaluate the
current level of knowledge of a topic in clinical practice and
should guide future studies. The main text should contain
Introduction, Clinical and Research Consequences, and
Conclusion sections. Please check Table 1 for the limitations
for Review Articles.

Case Reports: There is limited space for case reports in
the journal and reports on rare cases or conditions that
constitute challenges in diagnosis and treatment, those
offering new therapies or revealing knowledge not included
in the literature, and interesting and educative case reports
are accepted for publication. The text should include
Introduction, Case Report, Discussion, and Conclusion
subheadings. Please check Table 1 for the limitations for
Case Reports.

Letters to the Editor: This type of manuscript discusses
important parts, overlooked aspects, or lacking parts of a
previously published article. Articles on subjects within the
scope of the journal that might attract the readers' attention,
particularly educative cases, may also be submitted in the
form of a "Letter to the Editor." Readers can also present
their comments on the published manuscripts in the form
of a "Letter to the Editor." Abstract, Keywords, and Tables,
Figures, Images, and other media should not be included.
The text should be unstructured. The manuscript that is
being commented on must be properly cited within this
manuscript.

Tables

Tables should be included in the main document, presented
after the reference list, and they should be numbered
consecutively in the order they are referred to within the
main text. A descriptive title must be placed above the tables.
Abbreviations used in the tables should be defined below
the tables by footnotes (even if they are defined within the
main text). Tables should be created using the “insert table"
command of the word processing software, and they should be
arranged clearly to provide easy reading. Data presented in the
tables should not be a repetition of the data presented within
the main text but should be supporting the main text.

Figures and Figure Legends

Figures, graphics, and photographs should be submitted
as separate files (in TIFF or JPEG format) through the
submission system. The files should not be embedded in a
Word document or the main document. When there are
figure subunits, the subunits should not be merged to
form a single image. Each subunit should be submitted
separately through the submission system. Images should
not be labelled (a, b, ¢, etc.) to indicate figure subunits.
Thick and thin arrows, arrowheads, stars, asterisks, and
similar marks can be used on the images to support
figure legends. Like the rest of the submission, the figures
should also be blind. Any information within the images
that may indicate an individual or institution should
be blinded. The minimum resolution of each submitted
figure should be 300 DPI. To prevent delays in the
evaluation process, all submitted figures should be clear
in resolution and large in size (minimum dimensions: 100
x 100 mm). Figure legends should be listed at the end of
the main document.

All acronyms and abbreviations used in the manuscript
should be defined at first use, both in the abstract and
in the main text. The abbreviation should be provided in
parentheses following the definition.

When mentioning parasites in the main text and references,
the genus and species names must be italicized, and the
genus name must be written with an initial capital letter.

When a drug, product, hardware, or software program is
mentioned within the main text, product information,
including the name of the product, the producer of the
product, and city and the country of the company (including
the state if in the USA), should be provided in parentheses in
the following format: "Discovery St PET/CT scanner (General
Electric, Milwaukee, WI, USA)."

All references, tables, and figures should be referred to within
the main text, and they should be numbered consecutively
in the order they are referred to within the main text.

Limitations, drawbacks, and shortcomings of original articles
should be mentioned in the Discussion section before the
conclusion paragraph.

References

While citing publications, preference should be given to the
latest, most up-to-date publications. If an ahead-of-print
publication is cited, the DOl number should be provided.
Authors are responsible for the accuracy of references.
Journal titles should be abbreviated in accordance with the
journal abbreviations in Index Medicus/ MEDLINE/PubMed.
When there are six or fewer authors, all authors should be
listed. If there are seven or more authors, the first six authors
should be listed, followed by “et al." In the main text of the
manuscript, references should be cited using Arabic numbers
in parentheses. The reference styles for different types of
publications are presented in the following examples.
Journal Article: Rankovic A, Rancic N, Jovanovic M, lvanovié¢
M, Gajovi¢ O, Lazi¢ Z, et al. Impact of imaging diagnostics on
the budget - Are we spending too much? Vojnosanit Preg|
2013; 70: 709-11.

turkiyeparazitolderg.org

A-XXIIl

TUrk

2]

| Dergi

PARAZITOLOJ




TOrk

2]

| Dergi

PARAZITOLOS

INSTRUCTIONS FOR AUTHORS

Table 1. Limitations for each manuscript type

Type of manuscript x\rl:il"td Abstract word limit | Reference limit | Table limit | Figure limit
Original Article 3500 220 30 6 7 or total of 15
(Structured) images

Review Article 5000 250 50 6 '10 or total of 20
images

Case Report 1000 200 15 No tables .10 or total of 20
images

Technical Note 1500 No abstract 15 No tables .10 or total of 20
images

Letter to the Editor 500 No abstract 5 No tables No media
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Gorbach SL, Barlett JG, Blacklow NR, editors. Infectious
Diseases. Philadelphia: Lippincott Williams; 2004.p.2290-
308.

Books with a Single Author: Sweetman SC. Martindale the
Complete Drug Reference. 34th ed. London: Pharmaceutical
Press; 2005.

Editor(s) as Author: Huizing EH, de Groot JAM, editors.
Functional reconstructive nasal surgery. Stuttgart-New
York: Thieme; 2003.

Conference Proceedings: Bengisson S. Sothemin BG.
Enforcement of data protection, privacy and security in
medical informatics. In: Lun KC, Degoulet P, Piemme TE,
Rienhoff O, editors. MEDINFO 92. Proceedings of the 7th
World Congress on Medical Informatics; 1992 Sept 6-10;
Geneva, Switzerland. Amsterdam: North-Holland; 1992.
pp.1561-5.

Scientific or Technical Report: Cusick M, Chew EY,
Hoogwerf B, Agron E, Wu L, Lindley A, et al. Early Treatment
Diabetic Retinopathy Study Research Group. Risk factors for
renal replacement therapy in the Early Treatment Diabetic
Retinopathy Study (ETDRS), Early Treatment Diabetic
Retinopathy Study Kidney Int: 2004. Report No: 26.

Thesis: Yilmaz B. Ankara Universitesindeki Ogrencilerin
Beslenme Durumlar, Fiziksel Aktiviteleri ve Beden Kitle
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Denizli il Merkezindeki icme Sularinda ve Cevresel
Sularda Protozoon Parazitlerinin Varhg

The Presence of Protozoan Parasites in Drinking Waters and
Environmental Waters in Denizli City Center

® Tugba Saglam?, ® Serdar Diigen?, ® Ulkii Karaman®, ® Ergun Mete*
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[@T RN TR sslatErd Saglam T, Diigen S, Karaman U, Mete E. The Presence of Protozoan Parasites in Drinking Waters and

Environmental Waters in Denizli City Center. Turkiye Parazitol Derg 2022;46(4):271-5.

0z

Amag: Bu calismada, Denizli il merkezindeki tarimsal sulama ve igme suyu kaynaklarinda protozoon parazitlerinin varhig: ilk kez
detayli olarak incelenmistir.

Yontemler: Aragtirma, Ekim 2017-Ekim 2018 tarihleri arasinda yapilmistir ve Denizli il merkezinden belirlenen yedi farkh
istasyondan toplam 84 adet su 6rnegi alinmistir. Ornekler direkt baki (Native-Lugol) ile incelendikten sonra kinyonun asit fast,
giemsa ve trichrome boyalari ile boyanmustir. Preparatlar 151k mikroskobunda parazitolojik agiddan degerlendirilmistir.

Bulgular: Calisma siiresince toplanan 36 tarimsal sulama suyu érneginin 21’'inde (%25) Cryptosporidium spp., 5 érnekte (%5,95)
Cyclospora cayetanensis ve 12 6rnekte (%14,28) Giardia spp. tespit edilmistir. Toplanan 48 igme suyu érneginde ise parazit
bulgusuna rastlanilmamusgtir.

Sonug: Ornek alinan istasyonlarda hayvanciligin ve tarimin yaygin olarak yapilarak otlak alani olarak kullanilmasi, evsel atik
sularin hicbir isleme tabii tutulmadan bu sulara karigmasi ve mevsimsel sartlar tespit edilen protozoon parazitlerin belirli
dénemlerde fazla gérilmesine neden olmaktadir. Halk saghigi ve cevre hayvanciligi acisindan gerekli 6nemlerin alinmast ile ileride
olusabilecek su kaynakli protozoon enfeksiyonlarin énemli 6l¢iide engellenebilecegi diigiiniilmektedir.

Anahtar Kelimeler: Cryptosporidium spp., Cyclospora cayetanensis, Denizli, Giardia spp., halk saghg:

ABSTRACT

Objective: The presence of protozoan parasites in agricultural irrigation and drinking water resources at Denizli city center was
investigated in detail for the first time.

Methods: The research was carried out between October 2017 and October 2018 and 84 water samples were taken from 7
different stations identified from the Denizli city center. After examining the samples by direct visualization (Native-Lugol), they
were stained with quinton’s acid fast, giemsa and trichrome dyes. The preparations were evaluated parasitologically under a light
microscope.

Results: Cryptosporidium spp. was detected in 21 (25%) of 36 agricultural irrigation water samples collected during the study,
Cyclospora cayetanensis in 5 samples (5.95%) and Giardia spp. in 12 samples (14.28%). No parasite findings were found in any of
the 48 drinking water samples collected.

Conclusion: The widespread use of animal husbandry and agriculture as grazing land in the sampling stations, the mixing of
domestic wastewater into these waters without any treatment, and seasonal conditions cause the protozoan parasites to be seen
more in certain periods. It is thought that waterborne protozoan infections that may occur in the future can be significantly
prevented by taking the necessary precautions in terms of public health and environmental animal husbandry.

Keywords: Cryptosporidium spp., Cyclospora cayetanensis, Denizli, Giardia spp., public health
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GIRig

Yagamimizin vazgecilmezi olan su, tasiyabilecegi cesitli organik-
inorganik maddeler ve mikroorganizmalar ile bircok hastaliga
neden olmaktadir (1). Tirkiye'de ve dilnyada bagirsak parazitleri
o6nemli bir halk sagh@ sorunudur. Bu parazitlerin gériilme
sikhigini ise sosyo-ekonomik ve egitim diizeyinin dusuklugi,
iklim ve ¢evre kosullari, beslenme aligkanliklarinin parazitin
yasama, Ureme ve bulagmasina uygun olmasi ve benzer
faktorlerin artirdigy bilinmektedir (2). Hastalikhi veya hastalig:
tagiyan insan ve hayvan digkis: ile cevreye birakilan parazitik
ookistler ve/veya kistlerin ¢evresel sulara ve dolayli olarak igme
sularina karigarak parazitik enfeksiyonlara neden olmaktadir
(3-6). Paraziter hastaliklar genellikle asemptomatik veya atipik,
bulgularla seyreden bagirsak parazitozlari, zihinsel ve bedensel
gelisme geriliginin yam sira iggiicii kaybina neden olarak halk
saghgini ve tlke ekonomisini olumsuz yonden etkilemektedir
(7). Hizlica artan niifus, geligen sanayilesme ve atik sularin baraj,
g6l ve derelere karigmasi ise su kirliligini hizlandirmaktadir (8).
Turkiye'de sulardan bulagan protozoon parazitlerin tespiti ve
bulagma yolu ile ilgili az sayida ¢aligma bulunmaktadir. Denizli
ilinde ise Saglam ve ark./nin (9) 2015 yihinda yapmis oldugu bir
6n ¢aligma haricinde i¢me ve kullanma sularinda parazitlerin
aragtirildigl calismaya rastlanilmamigtir. Bu calismada Denizli il
merkezinde yer alan tarimsal sulama ve i¢gme suyu kaynaklarinda
sucul protozoonlarin belirlenmesi ama¢lanmigtir.

YONTEMLER

Aragtirmada Ekim 2017-Ekim 2018 tarihleri arasinda belirlenen
7 farkli istasyondan (Sekil 1) 10’ar litrelik tek kullanimlik plastik
bidonlar ile toplamda 84 su 6rnegi alinmistir. Su 6rneklerine
10 mL aliminyum sulfat Al, (SO,)° eklenerek pH 5,4-5,8
olacak sgekilde ayarlanmigtir. Cokelmenin gerceklesmesi icin
ornekler yaklagik 20-24 saat karanlk kosulda oda sicakliginda
bekletilmistir. Orneklerin st kismindaki siipernatant 1 L kalana
kadar atilmigtir ve daha sonra 2,100 rpm’de 4 °C’'de 10 dk santrifij
edilmigtir. Ustteki sv1 atilarak 50 mLlik pellet kullanilincaya
kadar +4 °C’deki buzdolabinda saklanmigtir.

Santif(yj isleminden sonra elde edilen 50 mLlik pelletten yayma
preparatlar hazirlanarak o¢nce direkt baki (Native-Lugol) ile
incelendikten sonra kinyonun asit fast ve trichrome boyalar ile
boyanmugtir. Preparatlar 151k mikroskobunda parazitolojik agidan
degerlendirilmistir.

istatistiksel Analiz

Protozoon varhigi agisindan pozitifligi saptanan érnekler igin,
hem istasyonlarda bulunma yogunluguna gére hem de mevsimsel
olarak yogunluklarina gére yiizde hesaplamasi yapilmistir (Tablo
1 ve 2, Sekil 1-3).

BULGULAR

Calismada incelenen 84 su 6rneginin 36’s1 tarimsal sulamada
kullanilan su, 48’1 de i¢me suyu olup; direkt bak: (Native-Lugol)

Tablo 1. Trichrome ve direkt bak: (Native-Lugol) ile tespit edilen Giardia spp.nin istasyonlara gére dagilimi

. . Trichrome boyama ile Native-Lugol ile

.. . Belirlenen Incelenen . g ereg o . . oI sm
Ornek alinan bolge . . Giardia spp. pozitif 6rnek | Giardia spp. pozitif 6rnek

istasyonlar ornek sayis1

sayisi (n) (%) sayis1 (n) (%)

Mahalle ¢esmeleri Biitiin 48 0 0
Ara toplam pozitif istasyonlar 48 %0 %0

Gokpinar deresi 12 1 0
Tarimsal sulamada kullanmilan sular
(Vali Recep Yazicioglu Barajr) Karakurt 12 6 U

Akhan 12 5 5
Ara toplam 36 12 12
Pozitif %33,33 %33,33
Genel toplam 84 12 12
Pozitif %14,28 %14,28

Tablo 2. Kinyoun asit-fast boyama ile tespit edilen Cryptosporidium spp. ve Cyclospora cayetensis’in istasyonlara gore dagilimi

. Pozitif saptanan Pozitif saptanan
Incelenen Cryptosporidium s Cyclospora cayatensis
Ornek alinan bélge Belirlenen istasyonlar | 6rnek T YPEosp PP- | -yciosp 4
B ornek sayis1 ornek sayis1
(n) (%) (n) (%)
Mahalle ¢esmeleri Biitiin 48 0 0
Ara toplam pozitif istasyonlar 48 %0 %0
Gokpinar deresi 12 3 0
Tarimsal Sulamada Kullanilan Sular
(Vali Recep Yazicioglu Barajr) Karakurt 12 9 2
Akhan 12 9 3
Ara toplam 36 21 5
Pozitif %58,33 %13,88
Genel toplam 84 21 %5
Pozitif %25 5,95
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Sekil 1. Denizli il merkezinde belirlenen istasyonlar

ve trichrome boyama ile 12 oérnekte (%14,28) Giardia spp.
tespit edilmistir. Kinyonun asit fast boyama ile toplanan 84 su
orneginin 21’'inde (%25) Cryptosporidium spp. ve 5'inde (%5,95)
Cyclospora cayatensis varlig: tespit edilmigtir. Tespit edilen biitiin
parazitler tarimsal amach kullanilan sularda tespit edilirken
mahalle ¢cesmelerinden toplanan 48 i¢me suyunda hi¢bir parazit
6rnegine rastlanilmamgtir. Tespit edilen parazitlerin istasyonlara
goére dagilimlar Tablo 1 ve 2'de, mevsimsel olarak dagilimlar: da
Sekil 2,3,4'te verilmigtir.

TARTISMA

Diunyada ki igme suyu kaynaklarinin her gecen giin azalmasi ve
buna ragmen giin gectikce artan niifus yogunlugu, kullanilabilir
su kaynaklarmin daha dikkatli ve titiz kullanilmasini
gerektirmektedir. Suyla bulasan enfeksiyonlarin éniine geg¢ilmesi
i¢in ise, sularin biytk 6l¢ide hem bakteriyel hem de parazitik
kontaminasyonda olabildigince engellenmesi gerekmektedir (10).
Bu caligmada, Ekim 2017-Ekim 2018 tarihleri arasinda Denizli
il merkezinde belirlenen 7 istasyondan toplanan su 6rneklerinin
incelenmesi sonucunda; Cryptosporidium spp., Giardia spp. ve
Cyclospora cayatensis tespit edilmistir.
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Sekil 3. Tum istasyonlardan tespit edilen Giardia spp.nin

aylara gore dagilim
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Sekil 2. Tiim istasyonlardan tespit edilen Cryptosporidium spp.

ookistinin aylara gére dagilim

Ayaz (6) tarafindan yapilan bir ¢alismada, Giresun ve Samsun
illerinde bulunan su kaynaklarindan DNA izole ederek Nested
PZR ile 18S rRNA geni, ilmige dayal izotermal amplifikasyon
(LAMP) yontemiyle SAM-1 hedef geni kullanmilarak Cryptospordium
varhgimin aragtirildigi bir ¢alismada i¢me suyu 6rneklerinin
hicbirinde Cryptosporidium DNA’'sina rastlanmamigtir. Ancak 420
cevresel su érneginde Cryptosporidium DNA’s1 tespit edilmigtir
[Ayaz (6)]. Mevcut ¢aligmamizda da benzer olarak kinyonun
asit fast boyama ile 21 6rnekte (%25) Cryptospordium spp. tespit
edilmis ancak i¢cme sularinda parazite rastlanilmamigtir. Ayrica
Ayaz (6) Cryptosporidium spp. ookist yogunlugunun mevsimsel
dagilimi acisindan flkbahar aylarinda (Mart, Nisan ve Mayis) artis
gosterdigini bildirmistir. Sunulan ¢alismada da flkbahar (Nisan,
Mayis) ve yaz mevsiminin ilk ay1 Haziran ayinda artis olmustur
(Sekil 2). Haziran ayindaki parazit artig sebebinin ise, Denizli
ilindeki iklim sartlarindan, biyiikbas ve kiigiikbas hayvancligin
yogun yapildig1 bélgelerin su kaynaklarina yakin alanlarda olmas:
ve hayvan atiklarinin bu sulara bulagma ihtimalinin yitksek
olmasindan, érnek alinan bélgede yer alan mahallelerin atik su
ve kanalizasyon sularinin baraj sularina karigmis olabilmesinden
kaynaklanmig olabilecegi 6ngorilmektedir. Mevcut parazitlerin
yasam doéngisi de dikkate alindiginda, bahar aylarinda hava
sicakliginin artig1 ve nemin fazla olmasi parazitin ookist sayisim
6nemli derecede artirabilecegi diistintilmektedir. Wilkes ve ark.
(11), tarim arazileri ile zengin olan bélgelerdeki ¢evresel sularda
Cryptosporidium ookisti, Giardia kisti, patojenik bakteriler ve
indikatér bakteriler arasindaki mevsimsel iligkiyi incelemislerdi

3
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Sekil 4. Tum istasyonlardan tespit edilen Cyclospora

cayatensis’in aylara gére dagilimi
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ve sonbahar ve kig mevsimlerinde indikatér bakterilerle beraber
parazitlerin sayilarinda artig oldugunu tespit etmiglerdir (11).
Saglam ve ark. (12) Egirdir Gélu'nde (Isparta) Cryptosporidium
spp. ve Giardia spp. parazitlerinin varhgini mevsimsel acidan
degerlendirmislerdir. Calismada mevsimsel olarak en fazla yaz
aylarinda ortalama %99,2 yogunluk ile Cryptosporidium spp., ve
%93,3 yogunluk ile Giardia spp. varlig: tespit edilmistir. Ayrica,
calismada sonbahar ve kis aylarinda da parazitlerin yine yogun
bir sekilde tespit edildigi bildirilmistir (12). Sunulan ¢alismada
da benzer olarak Cryptosporidium spp. ookistleri Sonbahar (Eyliil,
Ekim) mevisiminde artig géstermistir (Sekil 2).

Giresun ve Samsun illerinde Giardia spp. pozitifliginin
arastirldigy bir caligmada cevresel ve igme suyu 6rneklerinden
DNA izole edilerek Nested PZR ile 18S rRNA geni, Semi Nested
PZR ile GDH hedef geni ve LAMP metotlanyla parazitin
varligim arastirilmigtir. Calismada Samsun ve Giresun illerinden
alinan igme suyu 6rneklerinin hic¢birinde Giardia DNA’s1 tespit
edilemezken 420 cevresel su érneginde ise Giardia DNA’s: tespit
edilmigtir. Ayrica calismada ilkbahar ve sonbahar mevsimlerinde
yagislara paralel olarak parazit kist yogunlugunun arttifi veya
azaldig1 da bildirilmistir (13). Castro-Hermida ve ark. (14), 2007
yilinda ilkbahar-yaz-sonbahar-kis mevsimlerinde Ispanya’da
belirledikleri 22 farkli lokasyondan, 50 Llik su o6rnekleri
toplamiglardir ve ve sulari parazit varlifi acisindan incelemiglerdir.
Calisma sonucunda su 6rneklerindeki Cryptosporidium ookist
miktar1 ve Giardia kist miktarinin sonbahar ve kig aylarina gore
bahar ve yaz aylarinda ¢ok yiksek oldugunu tespit etmislerdir
(14). Mevsimsel olarak, giyardiosisin yazlar1 ve erken sonbaharda
daha fazla goruldugini ve hastahigin belli derecede mevsimsel
karakter tasidig: bildirmistir. Ancak giyardiosisin mevsim ile olan
iligkisi tam olarak aydinlatilamamigstir (13). Mecvut ¢caligmada da
parazit kist yogunlu mevsimsel olarak benzerlik géstermektedir.
Sekil 3’te Giardia spp. kistlerinin aylara gére dagilimi verilmisgtir.
Amerika'da Chicago Hastanesinde 1990 yilindaki bir salginda
21 personelde Cyclospora cayatensis saptanmis ve kaynak olarak
da personelin yatakhanesinde kullandig1 su gésterilmistir (15).
Karaman ve ark. (2) Samsun ilinden alinan 228 su 6rnegini
direkt baki, kinyonun asit fast, modifiye trichrome ve trichrome
boyalar1 ile incelemiglerdir. Caligma sonucunda 142 Giardia sp.,
132 Cryptosporidium spp., 56 Cyclospora spp., 38 Microsporidia,
47 Blastocystis spp., 38 Entamoeba coli kisti, 18 Dientemoeba,
9 Chilomastix, 9 Strongyloides spp., ve 6 kancali kurt tespit
etmislerdir (2).

Bu caligmada da Denizli ilindeki tarimsal sulama sularinda
Cyclospora cayatensis varh@1 tespit edilmigtir. Cyclosporiasiste
mevsimsel bir déngii oldugu da dusiinilmektedir. Tirkiye'de
ozellikle yagmurlarin ¢ok yagdigi yagish mevsimlerde parazit
yogunlugunda 6énemli artiglarin yasandigi da bildirilmigtir (16).
Sekil 4’te Cyclospora cayatensis’in aylara gére dagilimi verilmisgtir.
Bu veriye gore flkbahar aylar1 (Nisan, Mayis) ve Sonbahar
mevsiminin Eylil ayinda, yani mevsimsel olarak yagislarin bol
oldugu dénemlerde Denizli il merkezindeki tarimsal sulama
amaclh kullanilan sularda bu parazitin varlig: tespit edilmistir.

SONUC

Caligmamiz sonucunda tarimsal sulama amach kullanilan sularin
bolgedeki yerlesim yerlerinin evsel atik sulari ve kanalizasyon
sularinin hicbir isleme tabi tutulmadan baraj suyuna karistig:
saptanmustir. Ayrica calismanin yapildig: ilde akarsularin giinlitk

ihtiyac kargilamak ve tarimsal amacgh sulamada da kullanildig:
belirlenmigtir. Bolgede atik su aritim tesislerinin yetersizligi de
distinildiginde kontamine olmusg sular araciligiyla parazitlerin
bulas riskinin artabilecegi sonucuna varilmigtir. Bu dogrultuda
calismamizin yapildigi bélgede insanlardaki ve hayvanlardaki
parazit epidemiyolojisinin belirlenmesine yoénelik ¢alismalarin
planlanmas: ve elde edilen bulgulara gére parazitlerden korunma
yollar1 ile ilgili programlarin yapilmasi gerektigi 6nerileri
sunulmustur.
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ABSTRACT

Objective: Pneumocystis jirovecii (P. jirovecii) is an opportunistic pathogen in humans. Early diagnosis and optimal treatment of
patients with P. jirovecii pneumonia (PJP) remains a key priority. This study investigated P. jirovecii in patients with lung cancer
using the nested-polymerase chain reaction (PCR) method and examined the relationship between P, jirovecii and clinical findings.
Methods: The study included 60 patients with lung cancer and 30 patients without lung cancer. The bronchoalveolar lavage
(BAL) fluid samples of these 90 individuals were taken for diagnostic purposes in the University of Health Sciences Turkey, Van
Training and Research Hospital, Clinic of Chest Diseases. Patient information was recorded. After DNA isolation from the BAL
fluid samples taken from patients, the nested-PCR protocol for amplification of mtLSUrRNA in P, jirovecii was performed.
Results: P, jirovecii DNA was detected in 40 (66.67%) of the lung cancer patients included in the study and in six (20%) patients
without lung cancer, that is, in 46 (51.11%) patients. The rate of nested-PCR positivity in the lung cancer group was significantly
higher than that in the non-lung cancer group (p=0.0001). Additionally, a statistically significant correlation was found between
anorexia and weight loss, fever and sputum P. jirovecii positivity in patients with lung cancer (p<0.005).

Conclusion: These findings suggest that lung cancer patients should be evaluated for PJP.

Keywords: Pneumocystis jirovecii, bronchoalveolar lavage, nested PCR, Turkey

0z

Amac: Pneumocystisjirovecii (P. jirovecii) insanlar i¢in firsatc1 bir patojendir. P. jirovecii pnémonisi (PJP) olan hastalarin erken teshisi
ve optimal tedavisi énemli bir 6ncelik olmaya devam etmektedir. Bu ¢alismada, akciger kanserli hastalarda P, jirovecii'nin nested-
polimeraz zincir reaksiyon (PZR) yéntemi ile aragtirilmasi ve P. jirovecii ile klinik bulgular arasindaki iligkinin degerlendirilmesi
amaclanmigtir.

Yéntemler: Calismaya Saglik Bilimleri Universitesi, Van Egitim ve Arastirma Hastanesi, Gogiis Hastaliklar1 Kliniginde tanisal
amagla bronkoalveolar lavaj (BAL) siv1 6rnekleri alinan 60 akciger kanserli hasta ve 30 akciger kanseri olmayan hasta dahil
edildi. Hastalara ait bilgiler kaydedildi. Hastalardan alinan BAL siv1 érneklerinden DNA izolasyonu yapildiktan sonra P. jirovecii
mtLSUrRNA gen bélgesinin amplifikasyonu i¢in nested-PZR protokolii uyguland:.

Bulgular: Calismaya dahil edilen akciger kanserli hastalarin 40'inda (%66,67), akciger kanseri olmayan hastalarin 6’sinda (%20)
olmak tizere toplam 46 (%51,11) hastada P. jirovecii DNA’s1 saptandi. Akciger kanseri grubunda nested-PZR pozitiflik orani, akciger
kanseri olmayan gruba gore istatistiksel olarak anlamh derecede yitksek yiiksekti (p=0,0001). Ayrica akciger kanserli hastalarda
istahsizlik ve kilo kaybz, ates ve balgam ile P, jirovecii pozitifligi arasinda istatistiksel olarak anlamh bir iligki bulundu (p<0,005).
Sonug: Sonug olarak akciger kanseri hastalarinin, PJP yéniinden mutlaka degerlendirilmesi gerektigi kanaatindeyiz.

Anahtar Kelimeler: Pneumocystis jirovecii, bronkoalveolar lavaj, nested PZR, Tiirkiye
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INTRODUCTION

Pneumocystis jirovecii (P. jirovecii) is a single-celled eukaryotic
microorganism and an opportunistic pathogen for humans (1,2).
P jirovecii shows tropism to the lung alveoli. There are trophozoite,
precyst, and cyst forms in its life cycle (3).

The mode of transmission of P. jirovecii is not fully understood,
and its environmental source is not known. It is thought that
the infection is mostly transmitted by air. P. jirovecii infections
are asymptomatic in immunocompetent individuals (3,4). The
clinical course may be severe in patients with AIDS or those whose
immune system is suppressed for other reasons (5). The most
common clinical symptoms of patients are dyspnea, tachypnea,
non-productive cough, mild fever, and cyanosis. Rarely, chest pain
may also occur (6,7).

Early diagnosis and optimal treatment of patients with P.
jirovecii pneumonia (PJP) remains a key priority (8,9). Definitive
diagnosis of infection is made by microscopic detection of cysts
and/or trophozoites of the agent in respiratory system samples.
Although bronchoalveolar lavage (BAL) fluid samples are the first
choice for diagnosis, presence of this parasitic agent is also tested
in patient samples such as induced sputum, bronchial lavage,
nasopharyngeal aspiration, lung biopsy, and oral washing fluid
(1,10). These samples are stained with various staining methods
such as methenamine silver, toluidine blue O, Wright-Giemsa,
and Gram-Weigert (10). Direct and indirect immunofluorescence
staining methods are also frequently used (1). However, the low
number of parasitic agents in non-AIDS immunosuppressed
patients or individuals with intact immune system reduces
the sensitivity of microscopic diagnosis. This makes molecular
methods, which are more sensitive in diagnosis and based on the
detection of P, jirovecii DNA, more attractive (11).

Detection of P. jirovecii DNA in clinical samples does not mean
that the patient has definitive PJP. In clinically asymptomatic
individuals, detection of the organism or its DNA is defined as
colonization. Clinical evaluation is very important to distinguish
between infection and colonization (12,13).

This study investigated P. jirovecii in patients with lung cancer
using the nested-polymerase chain reaction (PCR) method and
examined the relationship between P, jirovecii and clinical findings.

METHODS

The study was approved by the Scientific Research and Publication
Ethics Committee of Mus Alparslan University (27/09/2019-
29). Patients who did not receive anti-PJP treatment and
whose BAL fluid samples were taken for diagnostic purposes
in the Chest Diseases Department of the University of Health
Sciences Turkey, Van Training and Research Hospital between
January 2020 and November 2021 were included in this study.
BAL fluid samples taken from 60 patients with lung cancer and
30 without lung cancer (19 pneumonia, 9 idiopathic pulmonary
fibrosis, 2 pulmonary vasculitis) were brought to Van Yuzinci
Y1l University Faculty of Medicine Department of Parasitology
Research Laboratory. Patient information was recorded.

Sample Preparation

On average, 2 mL of BAL liquid samples were placed in centrifuge
tubes. Then, distilled water was added to make a total volume of
10 mL. These tubes were centrifuged at 1.500 rpm for 10 minutes.

After centrifugation, the supernatant was taken, and the bottom
precipitate was removed and stored at -20 °C.

DNA Extraction

DNA was extracted from stored BAL samples using an GeneJET
Genomic DNA Purification Kit (Thermo Scientific, Lithuania)
according to the manufacturer’s recommendations.

Nested-PCR

The nested-PCR protocol for amplification of mtLSUrRNA in P
jirovecii was performed as previously described by Ozkog et al.
(1). The primers pAZ102-E (5-GATGGCTGTTTCCAAGCCCA-3’)
and pAZ102-H (5-GTGTACGTTGCAAAGTACTC-3’) were used
in the first step of the nested-PCR. The reaction was adjusted to
a total volume of 50 pL containing 25 pL of Tag 2x Master Mix
(12.5 mM MgCl)), 0.5 mM MgCl, 0.2 uM from each primer, and
1 pL of sample DNA. 1 pL of the obtained amplicon was used
for the second step of the nested-PCR. In the second step, the
primers pAZ102-X (5-GTGAAATACAAATCGGACTAGG-3’) and
PAZ102-Y (5-TCACTTAATAATTAATTGGGGAGC-3) were used,
which amplify the 267 bp long region. The reaction was carried
out under the conditions specified in the previous step.
Reactions were run on the Applied Biosystems SimpliAmp
Thermal Cycler PCR instrument. The same amplification protocol
was used for both PCRs. The PCR was programmed for a total of
35 cycles of 30 seconds each at 94 °C, 30 seconds at 50 °C (49
°C for the second step), and 90 seconds at 72 °C. In both PCR
processes, an additional 15-minute denaturation step at 95 °C was
applied before the first cycle, and a 10-minute extension step at
72 °C was applied after the last cycle.

Agarose-gel Electrophoresis

In order to display the results of the nested-PCR process, 15 puL
agarose gel (1.5%) from the reaction products was subjected to
electrophoresis and displayed in the UVP gel documentation
system.

Statistical Analysis

Comparisons of the P. jirovecii prevalence for research groups,
gender, and clinical signs and symptoms were analyzed by
independent two proportions Z (t) test. The statistical significance
level was considered as 5% (p<0.05) (MINITAP; ver: 14).

RESULTS

P. jirovecii DNA was detected in the BAL samples by the nested-
PCR method (Figure 1) in 40 (66.67%) of patients with lung

Figure 1. Agarose gel image of positive samples of P. jirovecii
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cancer diagnosis and 6 (20%) of the patients without lung cancer.
That is, P. jirovecii DNA was detected in the BAL samples in a total
of 46 (51.11%) patients. Twenty-seven (58.7%) of these patients
were male; 19 (41.3%) were female (Table 1). Their mean age was
52.1 years.

In the study, the rate of nested-PCR positivity in the lung cancer
group was significantly higher than in the non-lung disease
group (p=0.0001). However, no significant correlation was found
between the incidence of P, jirovecii and age and gender.

The clinical signs and symptoms of the patients with lung cancer
diagnosis and P. jirovecii positivity are compared in Table 2. Of
the 40 P. jirovecii nested-PCR positive patients, 35 (87.5%) had
cough, 21 (52.5%) had dyspnea, 24 (60%) had sputum, 9 (22.5%)
had anorexia and weight loss, and 15 (37.5%) had fever. Of the
20 P, jirovecii nested-PCR negative patients, 15 (75%) had cough,
9 (45%) had dyspnea, 5 (25%) had sputum, none had anorexia
and weight loss, and none had fever. Although a statistically
significant relationship was found between sputum, anorexia
and weight loss, fever and P. jirovecii positivity, no statistically
significant relationship was found between other clinical signs
and symptoms and P, jirovecii positivity (Table 2).

DISCUSSION

P jirovecii is an important pathogen in immunocompromised
patients (14). It is an important risk factor especially for patients

with organ transplantation, solid tumors, and hematological
malignancies and in individuals with inflammatory and
rheumatic diseases (15). The use of chemotherapy regimens and
immunomodulatory drugs has increased the number of patients
at high risk for P. jirovecii (16). Especially in patients with primary
brain cancer or metastatic cancer, the use of high-dose systemic
corticosteroids increases the risk (17). In addition to these, there
is a high rate of P. jirovecii colonization in patients with chronic
lung complaints (18). Detection of P. jirovecii DNA in individuals
without pneumonia signs and symptoms has been defined as
colonization (12). Colonization of P. jirovecii does not indicate
that the person has PJP, but it may affect the pathophysiology of
respiratory diseases and may suggest that the person is at risk for
P jirovecii disease (13).

In other studies conducted with BAL samples, it was reported that
the sensitivity of the PCR method was 100% and the specificity was
between 84% and 93%. Although positive results in conventional
PCR cannot distinguish colonization from infection, it is a reliable
method for detecting individuals at risk (4). In this study also, it
was not determined whether there was colonization or infection
in P, jirovecii positive patients determined by PCR method.

The data obtained in some studies show that chronic lung
diseases pave the way for the colonization of P. jirovecii, and the
data obtained in some other studies show that P. jirovecii causes
inflammatory changes in the lungs and these changes play a role
in the pathophysiology of chronic lung diseases (1,18-20). Both

Table 1. The distribution of P. jirovecii positivity according to research groups and gender

P. jirovecii
Group Positive Negative P
n (%) n (%)
Patients with lung cancer diagnosis (n=60) 40 (66.7) 20 (33.3) 0.001
Patients without lung cancer (n=30) 6 (20) 24 (80) ’
Pneumonia (n=19) 4 (21.1) 15 (78.9)
Idiopathic pulmonary fibrosis (n=9) 2(22.2) 7 (77.8) 0.763
Pulmonary vasculitis (n=2) 0(0) 2 (100)
Male (n=49) 27 (55.1) 22 (44.9)
0.406
Female (n=41) 19 (46.4) 22 (53.6)
Total (n=90) 46 (51.1) 44 (48.9) -

Table 2. Relationship between P. jirovecii prevalence and some clinical symptoms in patients with lung cancer diagnosis

Patients with lung cancer diagnosis (n=60)
Clinical signs and symptoms P. jirovecii positive P. jirovecii negative
n (%) n (%) P
Positive (n=50) 35 (70) 15 (30)
Cough 0.221
Negative (n=10) 5 (50) 5 (50)
Positive (n=30) 21 (70) 9 (30)
Dyspnea 0.584
Negative (n=30) 19 (63.3) 11 (36.7)
Positive (n=29) 24 (82.8) 5(@17.2)
Sputum 0.011
Negative (n=31) 16 (51.6) 15 (48.4)
Positive (n=9) 9 (100) 0(0)
Anorexia and weight loss 0.021
Negative (n=51) 31 (60.8) 20 (39.2)
Positive (n=15) 15 (100) 0 (0)
Fever 0.002
Negative (n=45) 25 (55.6) 20 (44.4)
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possibilities have prompted researchers to investigate P. jirovecii
colonization in people with lung disease. One study showed that
31.8% of the patients with positive PCR results had a history of
PJP or will develop PJP (21). Therefore, although colonization-
infection distinction was not made, the positivity rate determined
in patients with lung cancer diagnosis in this study shows that
patients with lung cancer are at risk for PJP.

In studies conducted with patients with lung disease symptoms,
P jirovecii colonization has been reported to be in the range of 2.6-
55% (10,11,18,20). In an autopsy study evaluating lung cancer
cases, P. jirovecii colonization was detected in all 10 patients who
died of small cell lung cancer (22). Ozkog et al. (1) detected P.
jirovecii colonization in eight (57.1%) of 14 patients with lung
cancer. The data of these two studies (22) and the data obtained
in our study may be consistent or convergent.

HIV-infected patients with PJP typically present with subacute
symptoms beginning with cough, dyspnea, and fever (14,23).
Studies have reported that some symptoms may also occur in
patients who are not infected with HIV but are found to have P
jirovecii. Ozmen et al. (10) reported that the clinical findings of
patients with P. jirovecii colonization included cough, sputum,
dyspnea, hemoptysis, chest pain, and fever.

In a study by Roux et al. (24), in which they compared the clinical
signs and symptoms of patients with and without AIDS diagnosed
with PJP, they reported that patients in both groups had fever
and dyspnea, and cough was more common in AIDS patients
with a statistically significant difference. Bienvenu et al. (25) also
compared the clinical signs and symptoms of patients with and
without HIV who were diagnosed with PJP. In their study, it was
reported that cough and dyspnea were observed less frequently
in non-HIV patients compared to HIV patients, and fever was a
symptom seen in both groups. In our study, the patients did not
have HIV infection, and some clinical signs and symptoms such as
fever and weight loss were detected in the patients. Considering
the data obtained from the studies conducted by Roux et al. (24)
and Bienvenu et al. (25) and the data in our study, we suggest
that fever and sputum may be a clinical symptom in lung cancer
patients with P. jirovecii colonization, and cough, dyspnea may
develop independently of lung colonization.

In this study, anorexia and weight loss were seen more frequently
in lung cancer patients with P, jirovecii colonization compared to
patients without colonization. No information could be found in
the literature on the relationship between anorexia and weight
loss and P. jirovecii colonization. Therefore, further studies are
needed to confirm this finding.

CONCLUSION

The colonization rate of P. jirovecii in patients with lung cancer
is high and should not be ignored. Colonization may turn into
an infection following the use of immunosuppressive drugs in
patients with cancer. For this reason, lung cancer patients should
be evaluated for PJP during the treatment process.
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0z

Amag: Bu calismada, farkli 6n tanilarla endoskopi ve/veya kolonoskopi yapilan hastalardan islem sirasinda alinan érneklerde
ve aym1 hastalarin digkilarinda Entamoeba histolytica, Giardia intestinalis ve Cryptosporidium spp.nin varhgimmn ELISA ve direkt
mikroskobi yontemleri ile aragtirilmas: amaglanmgtir.

Yontemler: Endoskopi yapilan 49, kolonoskopi yapilan 39 hasta olmak iizere toplam 88 hastadan endoskopik ve kolonoskopik
yikama/stiriintii materyali ve ayrica ayni hastalardan digki 6rnekleri almmigtir. Alinan tiim 6érnekler parazitoloji laboratuvarma
ayn1 guin getirilerek direkt mikroskobik incelemeleri yapilmig, ELISA uygulanincaya kadar -20 °C’de saklanmugtir.

Bulgular: Tiim oérnekler direkt mikroskobi ve ELISA yontemi ile incelenmistir. ELISA yéntemiyle yapilan incelemelerde; digki
Srneklerinin, 2’'sinde (%2,3) E. histolytica, 4 tinde (%4,5) ise G. intestinalis saptanmigtir. Kolonoskopiyapilan hastalarin kolonoskopik
yikama/stiriintt 6rneklerinin 6’sinda (%6,8) G. intestinalis, 1'inde (%1,1) Cryptosporidium spp. saptanmigtir. Kolonoskopi yapilan
hastalarin digk: érneklerinin hicbirinde ve endoskopik yikama/siirtintii 6rneklerinde ELISA ile parazit varligi saptanmamugtir.
Direkt inceleme yéntemiyle digk: ve yikama/siiriinti 6rneklerinde parazit saptanmamugtir. Endoskopi ve kolonoskopi yapilan
hastalardan alinan yikama/siiriinti 6rneklerinde G. intestinalis goriilme durumu istatistiksel olarak karsilastinldiginda aradaki
fark anlamli bulunmustur (p<0,05). Endoskopi yapilan hastalarin digkilarinda G. intestinalis gorillme durumu karsilagtirnldiginda
cinsiyetler arasindaki fark énemli bulunmustur (p<0,05).

Sonug: Gastrointestinal sikayeti olan, ve endoskopi ve kolonoskopi yapilan hastalarda direkt mikroskobi ile disk: incelemesi ile
parazit varliginin aragtirilmas: yetersiz kalabilmektedir. Digki 6rneginin direkt incelemesinin yaninda endoskopi ve kolonoskopi
islemi sirasinda kolayca alinabilecek yikama/stiriintii materyallerinde parazit antijenlerinin aragtirlmasinin tam koymada gerekli
ve énemli oldugu dusiinilmektedir.

Anahtar Kelimeler: ELISA, endoskopi, kolonoskopi, Entamoeba histolytica, Giardia intestinalis, Cryptosporidium spp.

ABSTRACT

Objective: In this study, it was aimed to investigate the presence of Entamoeba histolytica, Giardia intestinalis and Cryptosporidium
spp. in the samples taken during the procedure from patients who underwent endoscopy and/or colonoscopy with different
prediagnoses, and in the stools of the same patients, by ELISA and direct microscopy methods.

Methods: A total of 88 patients’ endoscopic and colonoscopic pre-washed materials, which consisted of 49 individuals who belong
former group and 39 individuals to the next group, were, respectively, obtained, and the stool samples were also included to study
from the same group. All the specimens were immediately transferred to the parasitology research laboratory within the same day
and stored C until for the next step of ELISA applications.

Results: All the samples were examined by direct microscopy and ELISA method. In the examinations performed using the
ELISA method; E. histolytica was detected in 2 (2.3%) stool samples, and G. intestinalis was found in 4 (4.5%) stool samples. In the
colonoscopic wash/swab samples of the patients who underwent colonoscopy, 6 (6.8%) G. intestinalis, 1 (1.1%) Cryptosporidium
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spp. detected. No parasites were detected by ELISA in any of the stool samples or endoscopic washing/swab samples of the patients who underwent
colonoscopy. No parasites were detected in stool and wash/swab samples by the direct examination method.

When the incidence of G. intestinalis in washing/swab samples taken from patients who underwent endoscopy and colonoscopy was statistically compared,
the difference was found to be significant (p<0.05). When the incidence of G. intestinalis in the stools of patients who underwent endoscopy was compared,

the difference between genders was found to be significant (p<0.05).

Conclusion: In patients with gastrointestinal complaints and undergoing endoscopy and colonoscopy, investigation of the presence of parasites by stool
examination with direct microscopy may be insufficient. In addition to the direct examination of the stool sample, it is thought that the investigation of
parasite antigens in the wash/swab materials that can be easily taken during the endoscopy and colonoscopy procedure is necessary and critical in the

diagnosis

Keywords: ELISA endoscopy, colonoscopy, Entamoeba histolytica, Giardia intestinalis, Cryptosporidium spp.

GIRiS

Parazit hastaliklari gelismekte olan tum tilkelerde oldugu gibi
ilkemizde de 6nemli saglik sorunlarinin baginda gelmektedir
(1). iklim, niifus artis, yetersiz ve kontamine su kaynaklarina
bagh olarak bazi bélgelerde bagirsak parazitlerine daha sik
rastlanmaktadir (2). Genelde fekal-oral yolla bulagsan bu
hastaliklarla miicadelede kisisel hijyen ve egitim olduk¢a 6nemlidir
(3). Duinya nufusunun yaklasik dértte birinin, bir veya birden fazla
parazite konaklik ettigi ve bu insanlarin ¢cogunun da geri kalmg
tlkelerde yasadigi tahmin edilmektedir. Insanlarda bulunan
bagirsak parazitlerinin tanisi temel olarak digki, daha seyrek
olarak da duedonal siv1 ve biyopsi érneklerinde parazitin ¢esitli
formlarinin saptanmasina dayanmakta ve kullanilan direkt veya
boyali olarak digk: mikroskopisinin bircok avantaji bulunmaktadir
(4,5). Amoebiosis, Entamoeba histolytica’nin neden oldugu bir
paraziter hastalik olup bagirsak ve bagirsak dis1 amoebiosis olarak
seyretmektedir. Bagirsak amoebiosisi siklikla asemptomatik
olarak gézlenmekte ve ishalden dizanteriye kadar seyreden cesitli
semptomlara neden olabilmektedir. Parazit, insanin ¢ncelikle
kalin bagirsagina yerlesmekte ve kalin bagirsak mukozasina
girerek kanli mukuslu ishal tablosu sekillendirmektedir. Bagirsak
dis1 amoebiosis ise karaciger, akciger, beyin gibi diger organlarada
yerleserek apse olusumuna sebep olur (6). Giardiyoza ¢ocuklarda
¢ok fazla rastlanmakta ve uzun siireli olarak devam etmektedir.
Reenfeksiyonlarla hastalifin yenilenmesi sindirim sisteminin
calismasinda ciddi sorunlara yol acmaktadir. Ozellikle kirsal
bolgelerde, giardiosisin neden oldugu sindirim ve beslenme
bozukluklarina baglh olarak malniitrisyon, malabsorbsiyon
ve cocuklarda ¢cok agir seyreden zihinsel ve bedensel gelisim
bozukluklarina yol ag¢maktadir (7). Cryptosporidiyoz, farkli
genotipteki Cryptosporidium tirlerinin insan ve hayvanlarda
asemptomatik enfeksiyondan akut enterite kadar degisebilen
semptomlara yol actig1 bilinen bir hastaliktir. Insanlarda 1982
yilina kadar daha ¢ok bagisiklik sistemi baskilanmus bireylerin
enfeksiyonu olarak bilinen cryptosporidiyozun, &zellikle
laboratuvar tani yéntemlerinin gelismesiyle bagisiklik sistemi
saglam bireylerde de gorulebilecegi ve hastalik olusturabilecegi
belirlenmigtir. Cryptosporidiyoz insandan insana direkt temasla,
su veya besin yoluyla, hayvanlarla temas yoluyla, hava yoluyla,
toprak ve tagiyiaa konaklarla, indirekt yolla ve sekstiel yolla
bulagabilir (8). Patojen E. histolytica ve apatojen E. dispar i¢in
en guvenilir ayirt edici tan: yine spesifik antijenlerin ELISA gibi
yontemlerle gésterilmesidir. Giyardiyozun ve Cryptosporidiyozun
diski ve duodenal swvimin direkt mikroskobisi, ince bagirsak
ornek ve biyopsilerinin incelenmesi ile tami konur. Bu gibi
geleneksel yontemler hem zaman aliadir hem de deneyimli
personele ihtiya¢ gerektirir (9). Kist atimi duzenli olmadif icin,
tek bir 6rnek incelenmesi ile %10-50 oraninda yanlis sonuglara
yol acabilmektedir. Bu nedenle 6zgiillik ve duyarhlik yéniinden

yiiksek olan spesifik antijen arama yéntemleri 6nem tagimaktadir.
Bu amagla en sik kullanilan yéntem ELISA yéntemidir (7).
Endoskopi, yemek borusu, mide ve oniki parmak bagirsaginin
rahatsizliklarinda, nedenin ortaya ¢ikarilmasi amaciyla yapilan
oldukca etkin ve guvenilir bir yéntemdir. Kolonoskopi de
aniisten gecilerek kalin bagirsagin bir kismu (rektosigmoidoskopi)
veya tamami (total kolonoskopi) cihazin ucundaki kamera ile
kalin bagirsagin i¢ yuzunin goruntisi yiksek c¢oziuntrlukla
bir televizyon ekranina yansitilmakta ve bu sayede iltihabi
degisiklikler, tlserler, tiimoérler, polipler ve diger patolojik
durumlarin tanisi konulabilmektedir (10).

Bu calismada Sivas Cumhuriyet Universitesi Tip Fakiiltesi
Hastanesi Gastroenteroloji Poliklinigi'me bagvuran, farkh én
tanilarla endoskopi ve/veya kolonoskopi yapilan hastalardan,
islem sirasinda aliman yikama/striintii  6rneklerinde ve
bu hastalarin digkilarinda E. histolytica, G. intestinalis ve
Cryptosporidium spp.nin varliginin direkt mikroskobik inceleme
ve ELISA y6ntemi ile aragtirilmasi amaglanmigtir.

YONTEMLER

Orneklerin Toplanmasi

Caligmanin yapilabilmesi i¢in Sivas Cumhuriyet Universitesi
Klinik Aragtirmalar Etik Kurulu'ndan gerekli izin (2017-12/02)
alinmistir.

Ornekler Ocak 2018-Mayis 2018 tarihleri arasinda Sivas
Cumbhuriyet Universitesi Saglik Hizmetleri Egitim ve Arastirma
Hastanesi Gastroenteroloji Poliklinigine farkli gikayetlerle
bagvuran ve endoskopi ve/veya kolonoskopi yapilmasi 6ngériilen,
diglama kriterlerine uygun olan génilli hastalardan alinmigtir.
Son bir ay i¢inde antiparaziter ila¢ kullananlar calisma dis1
birakilmigtir. Caligmaya yaslarn 17-77 arasinda degisen 49
endoskopi hastasi ve 39 kolonoskopi hastas: olmak tizere toplam
88 hasta alinmigtir. Calismaya alinan hastalara onam formu
imzalatildiktan sonra anket uygulanmigtir ve digki kutulan
verilmistir. Digk: 6rnekleri hastalardan aym giin veya ertesi gin
toplanmustir.

Gastroenteroloji endoskopi ve kolonoskopi tinitesinde yikama/
striinti érneklerinin alinmas: sirasinda Olympus® ve Fujinon®
cihazlarla ¢aligilmigtir. Endoskopi islemi sirasinda aspiratér
devre dig1 birakilip 10 cc steril serum fizyolojik cihazin iglem
kanalindan gonderilmistir. Hemen ardindan serum fizyolojik ile
duodenal siv1 aspire edilmis, ardindan sitolojik fir¢a ile duodenum
ikinci kitadan siiriintt alinmigtir. Kolonoskopi ile hastanin ileum
degerlendirilmesi ve ¢ekum tabami entiibasyonundan sonra
kolon distaline dogru lumenin ayrintilh incelemesine devam
edilmistir. Retrofleksiyon ile islem sonlandirilmadan énce rektum
liimenine 10 cc steril serum fizyolojik cihazin islem kanalindan
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gonderilmistir. Takiben verilen serum fizyolojik ile beraber rektal
mukoza liimen sivist aspire edilmistir. Aspire edilen siv1 cihazin
kolektér kanalinda toplanmigtir. Ayrica sitoloji fircas: ile de
rektum mukozasindan strtnti alinmigtir. Alinan her siiriinti
orneginden sonra, érnek toplama kab sterilizasyon igleminden
gecirilmigtir.

Orneklerin incelenmesi ve Saklanmasi

Toplanan tum 6rnekler ayni gin tibbi parazitoloji anabilim dal
laboratuvarina getirilmis ve 6ncelikle 88 digki 6rneginin direkt
nativ-Lugol incelemesi yapilmigtir. Direkt mikroskobik incelemesi
yapilan, hastalardan alinan her bir digki érnegi ve endoskopik/
kolonoskopik yikama/strtnti materyali, 1,5 mLlik 3 farkh
eppendorfa bélinerek, ELISA yénteminin uygulanacagi gine
kadar -20 °C’de saklanmgtir.

ELISA Yontemi

Diski 6rneklerinde ve endoskopik/kolonoskopik yikama/stiriintii
materyallerinde, E. histolytica, G. intestinalis, Cyrptosporidium spp.
antijenlerini belirlemek amaciyla, DRG" ELISA kitleri kullanildi ve
kit prosediirleri uygulandi.

istatistiksel Analiz

Calismamizda elde edilen veriler bilgisayar ortaminda SPSS 22.0
programina kaydedilmistir. Verilerin degerlendirilmesinde 2,2
gozlu duzenlerde ve ¢ok gozli duzenlerde ki-kare testi ve Fisher'in
kesin ki-kare testi uygulanmigtir. Yanilma diizeyi p<0,05 olarak
alinmgtir.

BULGULAR

Sivas Cumhuriyet Universitesi Saglk Hizmetleri Egitim ve
Aragtirma Hastanesi Gastroenteroloji  Poliklinigine Ocak
2018-Mayis 2018 tarihleri endoskopi  ve/veya
kolonoskopi 6n tanili olarak gelen hastalardan diglama kriterlerine
uygun olan goniillii hastalar calismaya alinmigtir. Hastalarin digk:
ve yikama/striinti érnekleri direkt mikroskobik inceleme ve
ELISA yontemi ile incelenmigtir. Yikama/stirinti érneklerinin
direkt mikroskobik incelemesinde herhangi bir paraziter etkene
rastlanmamugtir.

arasinda

Endoskopi yapilan hastalardan alinan digki 6rneklerinde ELISA
yontemiyle G. intestinalis gorilme durumunun cinsiyete gore
dagilimi Tablo 1'de gosterilmistir. Endoskopi yapilan hastalardan
alinan digk: 6rneklerinde G. intestinalis gérillme durumu cinsiyet
yoninden istatistiksel olarak kargilagtirilmis ve aradaki fark
istatistiksel olarak anlamli bulunmustur (p=0,048, p<0,05).

Kolonoskopi yapilan hastalardan alinan digk: 6rneklerinde, ELISA
yontemiyle, G. intestinalis gorilme durumunun cinsiyete gére
dagilimi Tablo 2'de 6zetlenmistir. Kolonoskopiyapilan hastalardan
alinan suriinti 6rneklerinde G. intestinalis gérillme durumunun

Tablo 1. Endoskopi yapilan hastalardan alinan digk:
intestinalis gorilme

orneklerinde ELISA yontemiyle G.
durumunun cinsiyete gore dagilimi

cinsiyete gére dagilimi istatistiksel olarak kargilagtirildiginda
kadinlarin %14,3’t1, erkeklerin %16,7’si pozitif olarak saptanmus,
aradaki fark énemsiz bulunmustur (p=0,590, p>0,05).

Endoskopi ve kolonoskopi yapilan hastalardan alinan yikama/
suriinti 6rneklerinde ELISA yoéntemiyle G. intestinalis gériilme
durumu Tablo 3’te 6zetlenmistir. Buna gore, G. intestinalis gériilme
durumu istatistiksel olarak karsilastirildiginda endoskopi yapilan
hastalarda pozitiflik yokken, kolonoskopi yapilan hastalarda
%15,4 porzitiflik saptanmig olup aradaki fark istatistiksel olarak
6nemli bulunmustur (p=0,006, p<0,05).

Endoskopi ve kolonoskopi yapilan hastalardan alinan digk:
orneklerinde ELISA yéntemiyle G. intestinalis gérilme durumu
Tablo 4’te sunulmustur. Endoskopi ve kolonoskopi yapilan
hastalardan alinan digki 6rneklerinde G. intestinalis gérilme
durumu istatistiksel olarak karsilastirildiginda endoskopi
yapilan hastalarda %8,2 pozitif, kolonoskopi yapilan hastalarda
ise pozitiflik saptanmamis olup aradaki fark istatistiksel olarak
anlamsiz bulunmugtur (p=0,126).

Endoskopi ve kolonoskopi yapilan hastalardan almman digk:
orneklerinde ELISA ile E. histolytica gérillme durumu; endoskopi
hastalarinda %4,1 pozitif, kolonoskopi hastalarinda ise pozitif
sonuca rastlanmamis olup, iki grup arasinda fark istatistiksel
olarak anlamsiz bulunmustur (p=0,715).

Endoskopi ve kolonoskopi yapilan hastalardan alinan strinti
orneklerinde ELISA ile Cryptosporidium spp. gorillme durumuna
gore; endoskopi hastalarinda %4,1 oraninda pozitiflik gériilirken,
kolonoskopi hastalarinda ise pozitiflik saptanmamis olup, iki
grup arasindaki fark istatistiksel olarak anlamsiz bulunmustur
(p=0,443).

Tablo 2. Kolonoskopi yapilan hastalardan alinan digk
intestinalis gorillme

orneklerinde ELISA yontemiyle G.
durumunun cinsiyete gére dagilimi

Pozitif Negatif

n % n %
Kadin 3 14,3 18 85,7
Erkek 3 16,7 15 83,3
Toplam 6 15,4 33 84,6

Tablo 3. Endoskopi ve kolonoskopi yapilan hastalardan alinan

yikama/striinti 6rneklerinde ELISA yéntemiyle G. intestinalis
goriilme durumu

Pozitif Negatif

n % n %
Endoskopi 0 0 49 100
Kolonoskopi 6 15,4 33 84,6
Toplam 6 6,8 82 93,2

Tablo 4. Endoskopi ve kolonoskopi yapilan hastalardan alinan

digk: 6rneklerinde ELISA yontemiyle G. intestinalis gérillme
durumu

Pozitif Negatif Pozitif Negatif

n % n % n % n %
Kadin 0 0 25 100 Endoskopi 4 8,2 45 91,8
Erkek 4 16,7 20 83,3 Kolonoskopi 0 0 39 100
Toplam 4 8,2 45 91,8 Toplam 4 45 84 95,5
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fslem yapilan hastalar ve verilen rapor sonuclarmin saptanan
parazite gére dagilim sonuglari Tablo 5’te 6zetlenmistir. Buna gére
endoskopiraporsonucuolarak, E. histolytica saptadigimizhastalara
Antral gastrit tamis1 konulurken, G. intestinalis saptadigimiz
hastalara, Eroziv antral gastrit pangastrit lipom, antral gastrit
tanis1 konulmustur. G. intestinalis saptadigimiz ve kolonoskopi
yapilmis hastalar da, dimiinitif polip, hemoroid, irritabl bagirsak
hastalig1 ve Crohn hastalig: olarak raporlandirilmigtir.

Calismaya alinan 49 endoskopi ve 39 kolonoskopi hastas: olmak
tizere toplam 88 hastaya uygulanan anket sonuglar istatistiksel
olarak degerlendirilmis olup, Tablo 6'da 6zetlenmigtir. Anket
sonuglarina gére, endoskopi ve kolonoskopi hastalarinin cinsiyet,
ikametgah yeri, igme suyu kaynagi, 1 ay 6nce parazit tedavisi olma

durumu, beslenme sekilleri, evcil hayvan besleme durumu, toprak
yeme aligkanligi yoéniinen karsilastirilmas: sonucunda aradaki
farkin istatistiksel olarak énemsiz oldugu bulunmusgtur (p>0,05).
Endoskopi ve kolonoskopi yapilan hastalar arasinda en
fazla goriilen gsikayet endoskopi yapilan hastalarin %47,7’si,
kolonoskopi yapilanlarin %35,9’'unda olmak tizere mide agris
olmugtur. Bu belirtiyi sigkinlik ve gaz yakinmasi, ishal, kansizlik
ve mide yanmas: takip etmektedir. Caligmaya alinan hastalarda
goriilen diger sikayetlerin durumu Tablo 7’de 6zetlenmistir.

TARTISMA

E. histolytica’min neden oldugu amébiyoz, dilnyada en ¢ok élume
sebep olan parazit hastaliklardan biri olarak tanimlanmaktadir.

Tablo 5. ELISA ile saptanan parazitler ve islem sonug raporlarinin dagilimi

Yapilan iglem Rapor sonucu Sikayet Digki/siiriintii 6rnegi Goriilen parazit
Endoskopi Antral gastrit Mide agris1 Digk E. histolytica
Endoskopi Antral gastrit Mide agris1 Digks E. histolytica
Endoskopi Eroziv antral gastrit Mide agrisi Digki G. intestinalis
Endoskopi Pangastrit Kontrol Diski G. intestinalis
Endoskopi Lipom, antral gastrit Kabizlik Digks G. intestinalis
Endoskopi Pangastrit Reflu Digks G. intestinalis
Kolonoskopi Normal fshal Striinti érnegi G. intestinalis
Kolonoskopi Hafif taze kan Mide sigkinligi Striinti 6rnegi G. intestinalis
Kolonoskopi Dimiinitif polipler Kabizlik Surunti 6rnegi G. intestinalis
Kolonoskopi Hemoroid Sigkinlik Surunti 6rnegi G. intestinalis
Kolonoskopi Normal Bagirsak kanseri Striinti érnegi G. intestinalis
Kolonoskopi Irritabl bagirsak hastalig: Mide agris1 Striinti 6rnegi G. intestinalis
Kolonoskopi Crohn hastalig: fshal Surunti 6rnegi Cryptosporidium spp.

Tablo 6. Endoskopi ve kolonoskopi yapilan hastalara uygulanan anket sonuglarinin dagilimi

Endoskopi Kolonoskopi Toplam
n % n %o n % P

Kadin 25 51 21 53,8 46 52,3
Cinsiyet 0,792

Erkek 24 49 18 46,2 42 47,7

il 34 69,4 26 67,7 60 68,2
Ikametgah Ilce 11 22,4 11 28,2 22 25 0,739

Koy 4 8,2 2 5,1 6 6,8

Sebeke 48 100 38 97,4 87 98,9 0,358
Sebeke suyu

Kuyu 0 0 1 2,6 1 1,1 -

Evet 0 0 1 2,6 1 1,1 0,443
1 ay 6nce parazit tedavisi

Hayir 49 100 38 97,4 87 98,9 -

Evet 2 4,1 1 2,6 3 3,4 0,586
Daha énce tedavi

Hayir 47 95,9 38 97,4 85 96,6 -

Fast-food 0 0 1 2,6 1 1,1 -
Beslenme Ev yemekleri 46 93,9 38 97,4 84 95,5 0,159

Kek-biskiivi 3 6,1 0 0 3 3,4 -

Evet 7 14,3 4 10,3 11 12,5 0,748
Evcil hayvan

Hayir 42 85,7 35 89,7 77 87,5 -

Evet 4 8,2 1 2,6 5 5,7 -
Toprak yeme

Hayir 45 91,8 38 97,4 83 94,3 0,377
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Tablo 7. Endoskopi ve kolonoskopi yapilan hastalardaki
sikayetlerin dagilimi

Sikayet Endoskopi Kolonoskopi Toplam

n % n % n %
Mide agris1 | 21 47,7 14 35,9 35 42,2
Mide 4 9,1 0 0 4 48
yanmast
Siskinlik 5 11,4 3 7,7 8 9,6
gaz
Kansizlik 0 0 5 12,8 5 6,6
ishal 0 0 5 12,8 5 6,6
Kabizlik 1 2,3 2 5,1 3 3,6
Bulant1 2 4,5 0 0 2 2,4
Refli 2 4,5 0 0 2 2,4
Sigkinlik 0 0 2 5,1 2 2,4
Enfeksiyon |1 2,3 0 0 1 1,2
Biytme
gelisme 1 2,3 0 0 1 1,2
bozuklugu
Mide 1 2,3 0 0 1 1,2
sertligi
Tansiyon 1 2,3 0 0 1 1,2
Agiz kokusu | 1 2,3 0 0 1 1,2
Mide 2 4,5 1 2,6 3 3,6
kanamasi
Kilo kayb1 1 2,3 1 2,6 2 2,4
Kontrol 1 2,3 1 2,6 2 2,4
Digkidakan | O 0 4 10,3 4 4.8
Bagirsak 0 1 2,6 1 1,2
kanseri

Tropik ile subtropik bélgelerde gorilme orami %8071ere
¢tkabilmektedir. Amobiyoz olgularinin %85-90'mnda semptomlar
gorilmeyebilir. Toplu yasam alanlarinda siklikla ve salginlar
halinde goriilebilmektedir. Diinyada her yil yaklagik 600 milyon
kisi E. histolytica ve mikroskobik olarak bu parazitten ayirt
edilmesi zor olan E. dispar ile enfekte olmaktadir (6).

Malatyali (11) tarafindan yapilan ¢aligmada, Sivas’ta ilkégretim
cagindaki cocuklarda digkida antijen taramas: ile 1449 disk:
ornegi, direkt inceleme ve Trikrome boyama ile incelenmis olup,
22’sinde (%1,5) E. histolytica/dispar kistine rastlanmigtir. Ayrica,
protozoon kisti saptanan digki 6rneklerinin (E. histolytica/dispar,
E. coli, B. hominis, G. intestinalis, I. butschlii) 86’sinda, E. histolytica
ELISA ile aragtirilmig ve 6rneklerin hicbirinde E. histolytica’ya ait
spesifik yiizey adezinlerine rastlanmamugtir (11).

Bir diger ¢aligmada, Istanbul'da 2009 yilinda E. histolytica ve E.
dispar ayrimini yapmak i¢in multipleks polimeraz zincir reaksiyon
(PZR) yoéntemi kullanilmis ve sonuglar ELISA ve mikroskopi
sonuglariyla kargilagtirilmigtir. Mikroskopi ile pozitif olarak
saptanan, kronik enflamatuvar bagirsak hastaligi olan 83 hastanin
digki 6rneklerinden 48 tanesinin (%58) PZR yéntemi ile pozitif
olarak bulunmas: mikroskopik tan: yénteminde E. histolytica’nin
diger  Entamoeba kolaylikla
gostermektedir (12).

tirleriyle karigtirabilecegini

Babi¢ ve ark. (13), 2016 yiiinda Bosna-Hersek’te enflamatuvar
bagirsak  hastaliginda  amebiyaz  sikhigimi  arastirdiklar
calismalarinda, E. histolytica/dispar, toplam 119 olgunun 19'unda
(%16,0) gorulmustir. Gastrointestinal sikayetleri olmayan 119
kisiden 2’sinin (%1,7) digkilarinda E. histolytica/dispar oldugu
tespit edilmigtir (13).

Bizim ¢alismamizda Sivas Cumhuriyet Universitesi Saglik
Hizmetleri Egitim ve Arastirma Hastanesi Gastroenteroloji
Poliklinigine Ocak 2018-Nisan 2018 tarihleri arasinda 49
endoskopi, 39 kolonoskopi olmak tizere toplam 88 hastadan
yitkama/striinta ve digki 6rnekleri alinmigtir. ELISA yontemiyle,
E. histolytica, endoskopi yapilan hastalarin 2’sinin (%4,1)
digkisinda bulunurken, kolonoskopi yapilan hastalarin yikama/
striinti 6rneklerinde saptanmamugtur.

G. intestnalis'in neden oldugu giardiasis tim dinyada gériilmekle
birlikte, gelismekte olan ilkelerde daha sik rastlanmaktadir. G.
intestinalis gastrointestinal sikayetler sebep oldugu gibi cogunlukla
sessiz seyredebilmektedir. Genellikle insanda ince bagirsak,
duodenum, jejenumun tst kisminda ve nadiren safra yollarinda
ve safra kesesine yerleserek baz: sindirim bozukluklarina neden
olmaktadir (6,13). Bizim calismamizda, endoskopi ve kolonoskopi
yapilan hastalar arasinda en fazla goriilen sikayet endoskopi
yapilan hastalarin %47,7’si, kolonoskopi yapilanlarin %35,9'unda
olmak tizere mide agris1 olmugtur. Bu belirtiyi sigkinlik ve gaz
yakinmast, ishal, kansizlik ve mide yanmas: takip etmistir.

Yagar ve ark/min (14) 2012 yilinda yaptifi calismada, G.
intestinalis’in tanisi i¢in digki 6rneklerinde antijen aramaya
dayanan ELISA, DFA ve direkt mikroskobi yéntemleri
kargilagtirilmig, ELISA ve DFA yéntemlerinin rutin tanidaki
yerinin degerlendirilmesi amaglanmigtir. Bu amacla Gaziantep
Universitesi Tip Fakiiltesi, Sahinbey Arastirma ve Uygulama
Hastanesine akut, kronik ishal yakinmalar1 ile bagvuran
toplam 150 hastadan alinan digki érneklerinin incelenmesi
sonucu 22’sinde (%14,7) direkt mikroskopi ile G. intestinalis
kist/trofozoitleri belirlenmis, bu érneklerin timiinde ELISA
ve DFA ile pozitif sonu¢ alinmigtir. Direkt mikroskobide G.
intestinalis belirlenemeyen 128 digk: 6rneginin 6’sinda (%4,68)
ELISA, 4’inde (%3,12) DFA ile G. intestinalis antijenini
saptamuglardir (14).

Zylberberg ve ark. (15) caligmalarinda, 2008-2015 tarihleri
arasinda patoloji laboratuvarina génderilen duodenal biyopsi
orneklerinde G. intestinalis gorillme durumunu arastirmiglardir.
Kayit altina alinan %66’s1 kadin, %34’ erkek olan toplam 432.384
hastanin biyopsi 6rnekleri retrospektif olarak incelendiginde,
erkeklerde gorilme oraninin daha yitksek oldugu saptanmis ve
cinsiyet arasindaki fark istatistiksel olarak karsilastirldigindaki
aradaki fark bulunmusgtur. Ayrica endoskopi
endikasyonlarinin hicbirisinin giardiyaz ile anlamh sekilde iligkili
olmadif tespit edilmistir (15).

anlamh

Benzer olarak bizim c¢alismamizda da, endoskopi yapilan
hastalarin digkilarinda G. intestinalis gérilme durumu cinsiyet
yoniinden kargilastinlldiginda, erkeklerde %16,7 iken kadinlarda
hi¢ pozitif olgu saptanmamustir. ki grup istatistiksel olarak
kargilagtirildiginda aradaki fark anlamh bulunmustur (p<0,05).
Fouad ve ark. (16), 2013 yilinda Misir'da, dispepsili hastalarda
G. intestinalis’in varligimi aragtirdiklar1 caligmada, 87 kadin ve
33 erkekten olusan 120 dispeptik hastadan endoskopi yolu ile
mide ve duodenal biyopsi almiglardir. Bunun yam sira digki ve
doudenal aspiratlarin parazitolojik incelenmesini yapmiglardur.
Bu hastalarin 19’unda G. intestinalis saptamiglardir (16).
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Cyrptosporidiyoz, az gelismis ve gelismekte olan tlkelerde,
bagisiklik sistemi baskilanmus kisilerde ishal ile kendini gésteren
saglikli bireylerde ise kendiliginden iyilesen bir seyir izleyen
parazitozdur. Toplu yaganilan yerlerde, hayvanalikla ugrasanlarda
ve hayvanlar ile yakin temasta olan bireylerde, nemli ve sicak
mevsimlerede sik olarak goriilmektedir. Ozellikle su kaynaklari
aracilifiyla insana bulagmakta ve salginlara sebep olmaktadir
@am).

Celiks6z ve Celik (18), 2003 yilinda yaptig1 cahsmada 91 ishalli,
7 malniitrisyonlu ve 3 gastroenterit ve malniitrisyonlu olmak
tizere toplam 101 digki 6rnegini Cryptosporidium spp. sikhgim
belirlemek icin modifiye Kinyoun'un asit fast ve Giemsa
yontemiyle boyayarak incelemiglerdir. Cryptosporidium ookistleri
91 gastroenteritlinin 18'inde (%19,8), 7 malniitrisyonlu cocugun
2’sinde (%28,6) goriilirken 3 gastroenterit ve malniitrisyonlu
cocugun hicbirinde gorilmemigtir. Yas gruplarna gore
degerlendirildiginde; 0-5 yas grubunda %15,9, 6-10 yas grubunda
%8,3, 11-15 yas grubunda %12,5, 16-20 yas grubunda %50, 21-
25 yas grubunda %33,3, 26-30 yas grubunda %33,3, 31-35 yas
grubunda %50, 36-40 yas grubunda %33,3 ve 41 ve tizerindeki yas
grubunda ise %7,7 oraninda Cryptosporidium spp. saptanmigtir
(18). Bizim ¢alismamizda, endoskopi yapilan hastalardan alinan
disk: 6rneklerinde 17-35 yas arasinda %7,7, 36-54 yas arasinda
%5, 55-77 yag arasinda %12,5 pozitif saptanmis olup aradaki fark
istatistiksel olarak anlamsiz bulunmustur (p=0,715). Kolonoskopi
hastalarindan alinan siirinti érneklerinde 17-35 yas %0, 36-54
yas %15,4, 55-77 yas %21,1 pozitif saptanmg olup istatistiksel
olarak anlamsiz bulunmustur (p=0,462).

Saleh ve ark. (19) tarafindan, agiklanamayan gastrointestinal
semptomlu olup, endoskopi yapilan 160 cocuk ve 90 kontrol grubu
olmak tuizere toplam 250 ¢ocukta, direkt mikroskobik inceleme
ve ELISA koproantijen yéntemiyle diskida G. intestinalis varhig:
aragtinlmigtir. Ayrica bu hastalarin i¢in duodenal biyopsileri
de incelenmigtir. Hastalarin direkt digki incelemesi sonucu,
%23,8inde G. intestinalis, %37,5inde koproantijen pozitif
saptanmugtir. Endoskopik duodenal biyopsilerde hastalarin
%S’inde cesitli patolojik degisikliklere ek olarak G. intestinalis
trofozoitleri saptanmigtir. Koproantijen tespiti ile teghis,
%90,9’luk bir duyarlilikla mikroskobik digk: incelemesinden daha
iistiin olarak saptanmigtir. Duodenal biyopsi incelemesi, daha az
olguda enfeksiyonu dogrulamistir (19).

Diskiincelemelerinegatif ancak stiphe yiiksek oldugunda, 6nerilen
tek alternatif tani stratejisi duodenal aspirat mikroskopisi diginda,
bir duodenal biyopsi 6rneginden tesadifen G. intestinalis teghisi
konan olgular da bulunmaktadir (20,21).

Gastrik veya duodenal biyopsi alinmasi, patolojiyi saptamak
ve dogru taniya ulagsmak icin degerli bir ara¢ olabilir ancak bu
siire¢, anestezi ve prosedirel komplikasyon riski tagiyabilir
(19). Bizim ¢alismamiz sonucunda, biyopsiye gerek kalmadan
kolayca alinabilecek yikama/stiriinti 6rneklerinde parazitlerin
varhiginin antijen saptama yontemleriyle hizli ve dogru sekilde
konulabilecegi gosterilmistir.

Gastrointestinal sistemin paraziter enfeksiyonlari, tedavi
edilmeyen hastalarda ciddi morbiditeye ve hatta olume yol
agmaktadir. Bazi durumlarda endoskopi, bu enfeksiyonlarin
teghisive tedavisii¢in tek olasi secenek olabilmektedir. Azab ve ark.
(22), gastrointestinal sistemin paraziter enfeksiyonlan sirasinda
patolojik degisikliklerinin tamimlanmasinda endoskopinin roliinii
aydinlatmay: amaglamigtir ve sonug olarak endoskopik inceleme,
kronik paraziter hastaliklar sirasinda patolojik degisikliklerin

saptanmasinda ve ayirici tanisinda énemli bir tani secenegi olarak
kabul edilebilecegi vurgulanmistir.

SONUC

Caligmamizda endoskopi ve kolonoskopi yapilan 88 hastanin
digkisinda ELISA ile Cryptosporidium spp. varhigy aragtirilmisg,
kolonoskopi yapilan hastalarin strtinti materyalinde 1 (%2,6)
pozitiflik saptanmustr.

Endoskopi yapilan hastalardan alinan strtunti érneklerinde,
ELISA yontemi ile aragtirdigimiz ii¢ parazitten herhangi birine
rastlanmamigtir. Endoskopi yapilan hastalarin digki érnekleri
aym yontemle incelendiginde ise, 2’sinde (%2,3) E. histolytica,
4unde (%4,5) G. intestinalis saptanmgtir. Kolonoskopi yapilan
hastalarin siiriintii 6rneklerinin ELISA ile incelenmesi sonucunda,
6’sinda (%6,8) G. intestinalis, 1'inde (%1,1) Cryptosporidium spp.
pozitifligi saptanmistir. Kolonoskopi yapilan hastalarin digks
6rneklerinin ELISA yoéntemi ile incelenmesi sonucunda parazit
saptanmamigtir.

ELISA ile, endoskopi ve kolonoskopi yapilan hastalarin yikama/
surinti 6rneklerinde G. intestinalis gorilme durumu agisindan
kargilagtirildiginda iki grup arasindaki fark énemli bulunmustur
(p<0,05). Endoskopi yapilan hastalarin digki érneklerinde aym
yontemle, G. intestinalis gérilme durumu, cinsiyet agisindan
istatistiksel olarak kargilagtinldiginda aradaki fark ¢nemli
bulunmugtur (p<0,05).

Endoskopi ve kolonoskopi yapilan hastalarda parazit varhgimn
arasgtirilmas icin, yalmzca direkt digk: incelemesi yapilmas: tek
basina yetersizkalabilmektedir. Bu ¢calismada, kolonoskopiyapilan
ve yikama/siiriintii 6rnekleri incelenen 6 hasta da G. intestinalis
ELISA yontemi ile saptanmasina ragmen, aym hastalarin digk:
orneklerinin mikroskobik incelenmesinde parazit gérilmemistir.
Bu durum bize, kolonoskopi ve endoskopi islemi esnasinda
alinabilecek basit bir yikama ve suriintii érnegininin parazit
varliginin ortaya konmasinda ¢ok etkili oldugunu géstermektedir.
Ayrica kolonoskopi yapilan bagka bir hastanin stirtinti 6érneginde
ELISA yoéntemiyle Cryptosporidium spp. tespit edilirken, hastamin
kolonoskopi raporu “Crohn hastalif: stipheli” olarak verilmigtir.
Benzer klinik belirtiler verebilen bu iki hastaligin tanisini dogru
sekilde koyabilmek, islem sirasinda alinabilecek yikama/striinta
orneginde parazit antijeni varhgimin ELISA ile aragtirilmasiyla
miimkin olabilecektir.

Parazit hastaliklarindan stiphelenildigi durumlarda, standart
digk: inceleme yéntemlerinin yam sira, endoskopi ve kolonoskopi
islemi sirasinda alinacak olan yikama/sirinti 6rneklerinin,
mikroskobi ve antijen arama yéntemleriyle parazitolojik agidan
incelenmesinin 6nemlive dogru tani koymada yardima olabilecegi
kanisina varilmgtir.
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ABSTRACT

Objective: Toxoplasma gondii (T. gondii) is a protozoan parasite that infects most warm-blooded animal species and causes
toxoplasmosis. Especially infections that occur during pregnancy can lead to serious clinical symptoms. This study retrospectively
revealed the T. gondii seroprevalence of pregnant women in Kastamonu province, Turkey.

Methods: Anti-T. gondii IgM and IgG positivity of 1.294 pregnant women between the ages of 15-44 years who applied to the
Obstetrics and Gynecology Outpatients of Kastamonu Training and Research Hospital from January 2018 to January 2022 were
investigated retrospectively. The IgG avidity test was performed for both anti-T. gondii IgM and IgG positivity.

Results: Anti-T. gondii IgM and IgG seropositivity were determined as 1.1% (n=14) and 20.3% (n=263), respectively. Anti-T.
gondii IgM and IgG positivity were detected together in 11 pregnant women. IgG avidity test results of only six pregnant women
could be reached, two pregnant had high IgG avidity, and four pregnant had low IgG avidity. Anti-T. gondii IgG positivity rate
increased with increasing age (p=0.039).

Conclusion: The number of seronegative pregnant women was considered high in Kastamonu. It is significant for expectant
mothers to know about prevention methods in order not to acquire toxoplasmosis.

Keywords: Pregnancy, IgG, IgM, seroprevalence, Toxoplasma gondii

0z

Amag: Toxoplasma gondii (T. gondii), cogu sicakkanl hayvan tiiriinii enfekte eden ve toksoplazmoza neden olan bir protozoon
parazitidir. Ozellikle gebelik esnasinda ortaya ¢ikan enfeksiyonlar ciddi klinik tablolara yol acabilir. Bu ¢alismada, Kastamonu
ilindeki gebe kadinlarda T. gondii seroprevalansinin retrospektif olarak ortaya konulmasi amaclanmigtir.

Yontemler: Ocak 2018-Ocak 2022 yillar1 arasi Kastamonu Egitim ve Aragtirma Hastanesi Kadin Hastaliklar1 ve Dogum
Poliklinigi'ne bagvuran 15-44 yas arasindaki 1,294 gebenin serum érneklerinde anti-T. gondii IgM ve IgG pozitifligi retrospektif
olarak aragtinlmigtir. Anti-T. gondii IgM ve IgG birlikte pozitif olan olgularda IgG avidite testi ¢aligilmigtir.

Bulgular: Anti-T. gondii IgM ve IgG seropozitifligi sirasiyla %1,1 (n=14) ve %20,3 (n=263) olarak tespit edilmistir. On bir hastada
ise anti-T. gondii IgM ve IgG birlikte pozitif olarak saptanmugtir. Anti-T. gondii IgG avidite test sonuglarina ulagilan alt1 gebeden
dérdinde diisiik avidite, iksinde ise yiiksek avidite belirlenmistir. Anti-T. gondii IgG i¢in, yas artis1 ile birlikte pozitiflik oranimin
arttig tespit edilmigtir (p=0,039).

Sonug: Kastamonu'da seronegatif gebe saysi yitksek oranda bulunmustur. Bu nedenle ilimizdeki anne adaylarinin Toksoplazmoza
yakalanmamalar adina enfeksiyondan korunma yontemleri hakkinda bilgi sahibi olmalari 6nem arz etmektedir.

Anahtar Kelimeler: Gebelik, IgG, IgM, seroprevalans, Toxoplasma gondii
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INTRODUCTION

Toxoplasma gondii (T. gondii) is a protozoan parasite that infects
most warm-blooded animal species and causes toxoplasmosis.
Felines act as definitive hosts and other animals as intermediate
hosts in the life-cycle of the parasite. Humans are accidental
intermediate hosts (1,2).

Humans become infected by consuming the oocysts of the parasite
(not washing hands after contact with contaminated cat litter
or soil, consuming contaminated fruits and vegetables without
washing) or the undercooked meat of intermediate hosts (poultry,
cattle, sheep, goat, etc.) that have bradyzoite. In addition, T. gondii
can be transmitted from person to person by contaminated blood
or tissue transplantation, as well as transplacental from mother
to fetus (1,2).

Toxoplasmosis is usually asymptomatic in immunocompetent
individuals (3). However, it can cause serious clinical symptoms in
immunocompromised individuals and congenital toxoplasmosis
(4). Congenital toxoplasmosis occurs when the mother is infected
during pregnancy. The incidence and severity of congenital
toxoplasmosis vary based on the period of pregnancy. Especially
infections occurring in the first trimester of pregnancy may
result in abortion. On the other hand, newborns are usually
asymptomatic in infections occurring in the later stages of
pregnancy. However, pathologies hydrocephalus,
intracranial calcifications, chorioretinitis, hepatitis, pneumonia,
myocarditis, and mental retardation may occur in the future (5).

such as

Rapid and accurate diagnosis of toxoplasmosis in pregnant can
reduce the incidence of congenital toxoplasmosis. Detection of
antibodies specific to T. gondii in the serum samples is the primary
diagnostic method used to detect toxoplasmosis (6). For example,
IgM positivity alone or seroconversion in IgG titers suggests
acute toxoplasmosis. Since IgG can persist for years, detecting
IgG positivity alone suggests a past infection. On the other hand,
since IgM positivity can persist in serum for up to one year after
acute infection, the IgG avidity test should be performed when
IgG and IgM are positive together. High IgG avidity indicates that
the agent was encountered at least 3-4 months ago, while low IgG
avidity may mean acute toxoplasmosis, and the result should be
confirmed in a reference laboratory (2).

Knowing the T. gondii seroprevalence of pregnant women in a
province can provide information about the risk of acquiring
toxoplasmosis in pregnant candidates in that province (7).
There is no data in the literature about T. gondii seroprevalence
of pregnant women in Kastamonu province, Turkey. This study
aimed to investigate the T. gondii seroprevalence of pregnant
women who applied to the Obstetrics and Gynecology Outpatients
of Kastamonu Training and Research Hospital (TRH).

METHODS

Study Population

The population of the study consisted of pregnant women between
the ages of 15 and 44 years who applied to Kastamonu TRH the
Obstetrics and Gynecology Outpatients for routine pregnancy
control between January 1, 2018, and January 1, 2022. T. gondii-
specific IgG and IgM-type antibody values of these patients were
analyzed retrospectively. The first serological results belonging to
the same person were evaluated.

Serological Test

Anti-T. gondii IgM, anti-T. gondii IgG and IgG avidity were
determined by the chemiluminescent microparticle immunoassay
method. The tests were performed using Abbott Architect
i2000SR instrument (Chicago, IL, USA) per the manufacturer's
instructions. The following values were considered to be negative,
gray zone, and positive, respectively, in the tests: for IgM, <0.5
index, 20.5 - <0.6 index, and 20.6 index; for IgG <1.6 IU/mL,
1.6 - <3.0 IU/mL, and 23.0 IU/mL; for IgG avidity <50%, 250% -
<59.9%, and >60%.

Statistical Analysis

The pregnant women were divided into three age groups: 15-
24, 25-34, and 35-44. The distribution of seropositivity by age
groups was evaluated using the Pearson chi-square test in SPSS
23.0 for Windows (IBM Inc., Armonk, NY, USA). The statistical
significance was admitted as p<0.05.

RESULTS

A total of 1294 pregnant women aged between 15-44 years
were included in this study. The mean age of the patients was
27.6+5.5. The distribution of pregnant women by age group was
as follows: 407 pregnants (31.5%) in the 15-24 age group; 732
pregnants (56.5%) in the 25-34 age group; 155 (12%) pregnants
in the 35-44 age group. Anti-T. gondii IgM and anti-T. gondii IgG
were positive in 14 (1.1%) and 263 (20.3%) pregnant women,
respectively. Anti-T. gondii IgM and anti-T. gondii IgG positivities
were detected together in 11 pregnant women (Table 1). IgG
avidity test results of only six pregnant women could be reached,
two pregnants had high IgG avidity and four pregnants had low
IgG avidity. The anti-T. gondii IgG positive rate increased with age
groups (p=0.039). The highest rate of anti-T. gondii IgG positivity
(27.7%) was in the 35-44 age group (Table 2).

DISCUSSION

Toxoplasmosis is a parasitic zoonosis that threatens public health.
In particular seronegative pregnant women are at risk due to T.
gondii being a teratogenic pathogen. Serological tests are used in

Table 1. Seroprevalence of anti-T. gondii IgM and IgG in 1294
pregnants

Parameter Positive Gray zone Negative
IgM 14 (1.1%) 3(0.2%) 1277 (98.7%)
IgG 263 (20.3%) 25 (1.9%) 1006 (77.7%)
IgM+IgG 11 (0.9%) 0 (0.0%) 1283 (99.1%)
Table 2. The distribution of seropositivity in pregnant based
on age groups
Age group
Parameter | 15-24 (n=407) | 25-34 (n=732) | 35-44 (n=155)
n (%) n (%) n (%)
IgM 6 (1.5%) 6 (0.8%) 2 (1.3%)
IgG 74 (18.2%) 146 (19.9%) 43 (27.7%)
IgM+IgG 5(1.2%) 5(0.7%) 1(0.6%)
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the diagnosis and follow-up of toxoplasmosis (8,9). Anti-T. gondii
IgG is permanent for life and provides acquired immunity (2). If
the anti-T. gondii IgG seronegativity is high in pregnant women in
a region or a province, future cases of congenital toxoplasmosis
may be inevitable unless necessary protective measures (giving
importance to hand hygiene after contact with raw meat, soil,
pets, and stray cats, consuming well-cooked meats and sanitizing
vegetables and fruits, etc.) are handled (10). In particular, pet
ownership or stray cat feeding can pose a risk for pregnant
women. For instance, Karakavuk et al. (11) stated that more than
14.0% of stray cats were infected with T. gondii and they would be
acted as reservoirs for humans and other warm-blooded animals
in {zmir province, Turkey.

Anti-T. gondii IgG seropositivity in pregnant women has
been reported to be about 32.9% worldwide. The highest
seropositivity (45.2%) was reported from the Americas and
the lowest seropositivity (11.2%) was from the western pacific
region (12). T. gondii seroprevalence studies among pregnant
women in the last ten years conducted in Turkey are summarized
in Table 3. Briefly, anti-T. gondii IgG seropositivity has been
reported in the range of 14.5-47.1% in Turkey (13-36). Anti-T.
gondii IgG seropositivity was found at 20.3% in the presented
study. The findings showed that anti-T. gondii IgG seropositivity
seropositivity rate was lower than most studies reported in
Turkey. The low rate of seropositivity in Kastamonu might be
attributed to socio-cultural and socio-economic distinctions
such as dietary habits as well as geographical location (37).
Moreover, the anti-T. gondii IgG seropositivity was determined
to increase with age in the current study, which was consistent
with the literature (15,18,23,30,33,34). This result can be
attributed to the fact that individuals are more in contact with
the outdoors with increasing age, thus increasing the possibility
of consuming contaminated food or being exposed to infective
oocysts.

Anti-T. gondii IgM is used in the diagnosis of acute toxoplasmosis
(2). Anti-T. gondii IgM seropositivity in pregnant women has been
reported to be about 1.9% worldwide. The highest seropositivity
(4.1%) was reported from the Eastern Mediterranean region and
the lowest seropositivity (1.1%) was from the Americas (12). The
anti-T. gondii IgM seropositivity has been reported in the range
of 0.0-3.7% in studies conducted in Turkey in the last ten years
(13-36). The anti-T. gondii IgM positivity was detected at a rate
of 1.1% in this study. The results showed that the anti-T. gondii
IgM seropositivity rate was similar to most studies reported in
Turkey. However, anti-T. gondii IgM test may give false results in
favor of acute toxoplasmosis due to its low specificity. For this,
the patient’s serum sample should be redrawn two weeks after the
first, and it should be investigated whether there is an increase
in anti-T. gondii IgG titers. If there is indeed an acute infection,
anti-T. gondii IgG will begin to be detected two weeks after the
first test (2). Only three patients had anti-T. gondii IgM positivity
alone in the current study. Unfortunately, there is no information
about the fate of these patients does not exist in Kastamonu TRH.
On the other hand, anti-T. gondii IgM can persist in serum for
a long time (up to 1 year) after acute toxoplasmosis. Therefore
anti-T. gondii IgM and anti-T. gondii IgG positivities can be
detected at the same time. Then, the IgG avidity test should
be done to determine the time of infection. Detection of high
IgG avidity in the first trimester of pregnancy can exclude that
the toxoplasmosis occurred during pregnancy. However, the

Table 3. T. gondii seroprevalence in pregnant women in various

provinces of Turkey in the last ten years (2012-2022)

IgM | IgG . 5
Research | 5 i Period | Province Method
% %o
Gencer et 2012-
al. (13) 2.7 1288 2013 Ganakkale ELISA
Kirig
Satilmiset | 0.2 |36.9 ;813_ Yozgat ELFA
al. (14)
Bakacak et 2012- . .
al. (15) 2.3 |471 2014 Kahramanmarag | Microelisa
Selek et al. 2012- :
16) 19 |37.0 2014 Istanbul CMIA
Akpinar et 2013- .
al. (17) 1.8 |284 2014 Isparta Macroelisa
Calgin et al. 2013- ECLIA/
(18) 1.6 |27.6 2014 Ordu CMIA
Kiling et al. 2013-
19) 1.0 (234 2014 Amasya CMIA
Cinar . 2013- .
Tanriverdi | 0.6 |31.0 Erzurum Macroelisa
2017
etal. (20)
Altunal et 2014- : . .
al. (21) 02 |263 2015 Istanbul Microelisa
Kasap et al. 2014- .
22) 3.7 1188 2015 Mugla NA
2014-
Bozok (23) 1.8 |46.3 2017 Adana ELISA
Aydemir et 2015-
al. (24) 0.0 |259 2018 Sakarya CMIA
Esenkaya 2015-
Tagbentet |2.7 [42.4 Konya ELFA
2019
al. (25)
Obut et al. 2016- .
26) 1.1 |349 2018 Diyarbakir EIA
Say Coskun 2016-
and Yilmaz 2.9 |23.7 2018 Tokat CMIA
Dogru (27)
Kahraman
2016- ECLIA/
and Savci 1.0 |189 2021 Corum CMIA
(28)
Madendag 2017- .
et al. (29) 1.0 |289 2018 Kayseri ELISA
Alver et al. 2017-
30) 1.7 |37.9 2019 Bursa ELFA
Eroglu and 2018- .
Asgin (31) 0.0 |14.5 2018 Karabiik CMIA
Cubuk et al. 2018- .
(32) 1.3 |26.7 2019 Sivas EIA
Demirci
and Mor 0.3 |44.8 2018- Kars Microelisa
2019
(33
Ceylan and 2018-
Benli (34) 2.2 289 2020 Mus ELFA
Gonca et al. 2019- .
35) 0.7 287 2020 Mersin ELFA
Takmaz et 2019- ;
al. (36) 0.5 |18.1 2020 Istanbul CMIA
In this 2018-
study 1.1 203 2022 Kastamonu CMIA
CMIA: Chemiluminescent microparticle immunoassay method, ECLIA:
Electrochemiluminescence immunoassay, EIA: Enzyme immunassay, ELFA:
Enzyme linked fluoresent asssay, ELISA: Enzyme linked immunosorbent assay,
NA: Not available
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detection of low avidity may consider a recent toxoplasmosis, and
specimens should be sent to a reference laboratory for further
testing (2). Anti-T. gondii IgM and anti-T. gondii IgG were positive
together in 11 pregnant women in this study. However, the IgG
avidity test results of six pregnant women were reached. Of these,
four pregnant women had low IgG avidity, and two pregnant
women had high IgG avidity.

CONCLUSION

Kastamonu TRH is the central hospital of the province. Therefore,
the data of this study reflect the Kastamonu province. Based on
the results, the number of seronegative pregnant women was
considered high in Kastamonu. Therefore, expectant mothers
need to know the prevention methods for toxoplasmosis.
Also, routine examination of T. gondii serology of all women of
childbearing age is recommended.
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ABSTRACT

Objective: This study aimed to investigate Anaplasma phagocytophilum and related strains (A. phagocytophilum-like 1 and like 2)
in sheep and goats for the first time in Sivas province with molecular techniques.

Methods: The study material was composed of 247 animal (159 sheep and 88 goats) blood samples from four districts of
Sivas province (Sivas City Center, Kangal, Koyulhisar, and Yildizeli). A. phagocytophilum and related strains were screened with
polymerase chain reaction (PCR), PCR-RFLP, and DNA sequence analysis.

Results: A. phagocytophilum related strains were found in 44.93% (111/247) of the small ruminants using PCR. The infection rate
was 45.91% (73/159) in sheep and 43.18% (38/88) in goats. In this study, 110 samples were positive for only A. phagocytophilum-
like 1, while A. phagocytophilum-like 1 and like 2 were mix-infection in one sample. A. phagocytophilum was not detected in
sheep or goats. Two randomly selected PCR products were sequenced in both directions, and the consensus sequences were
deposited on the GenBank under accession numbers: ON598644 and ON598645. Nucleotide similarity of 99.34-100% was
determined between A. phagocytophilum-like 1 isolates obtained in this study and those of A. phagocytophilum-like 1 isolates
present in the GenBank database.

Conclusion: This study provides the first molecular data on A. phagocytophilum-like 1 and like 2 in Sivas province. Considering
the high positive rate of the A. phagocytophilum-like 1 in sheep and goats, there is a paucity of data on clinical symptoms and vector
species of the pathogen. Therefore, further studies are needed to investigate the vector tick species and clinical symptoms of the
pathogen in the host.

Keywords: A. phagocytophilum, A. phagocytophilum-like 1 and 2, sheep, goat, Sivas

0z

Amag: Bu calismada, Sivas ilinde ilk kez molekiiler teknikler kullanilarak koyun ve kegilerde Anaplasma phagocytophilum ve iligkili
suglarin (A. phagocytophilum-like 1 ve like 2) aragtirilmasi amag¢lanmigtir.

Yontemler: Calisma materyali olarak Sivas ilinin dért farkh ilcesinde (Sivas gehir merkezi, Kangal, Koyulhisar ve Yildizeli) 247
hayvana (159 koyun ve 88 keci) ait kan 6rnegi kullamilmigtir. Calismada A. phagocytophilum ve iligkili suslar polimeraz zincir
reaksiyonu (PCR), PCR-RFLP ve DNA dizi analizi kullanilarak aragtirilmigtir.

Bulgular: Calismada kii¢iik ruminantlarin %44,93"tiniin A. phagocytophilum ve iligkili suglar ile enfekte oldugu PCR ile belirlendi.
Koyun 6rneklerindeki enfeksiyon oram %45,91 (73/159) iken keci 6rneklerinde ise %43,18 (38/88) idi. Bu ¢caligmada 110 6rnegin
sadece A. phagocytophilum-like 1 ile enfekte oldugu tespit edilirken, bir 6rnekte ise A. phagocytophilum-like 1 ve like 2 tespit edildi.
Koyun ve keci 6rneklerinde A. phagocytophilum tespit edilmedi. Tesadifi olarak segilen iki 6rnegin DNA dizi analizi yapild: ve
elde edilen konsensus sekanslar GenBank’a ON598644 ve ON598645 erigim numaralar ile yiiklendi. Caligmada tespit edilen
A. phagocytophilum-like 1 izolatlar1 GenBank’ta bulunan A. phagocytophilum-like 1 izolatlariyla nikleotid benzerligi yontinden
kargilagtirildi ve %99,34-100 oraninda benzerlik tespit edildi.

Sonug: Bu ¢alisma, Sivas ilinde A. phagocytophilum-like 1 ve like 2'nin varhig: ile ilgili ilk molekiiler bilgiyi sunmaktadir. Koyun
ve keci 6rneklerinde A. phagocytophilum-like 1'nin yaygin olarak bulunmasina ragmen patojenin klinik semptomlar: ve vektérleri
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hakkinda bilgi eksikligi bulunmaktadir. Bu nedenle bu tiirlerin klinik semptomlarinin ve vektér tiirlerinin belirlenmesi amaciyla daha ileri calismalara ihtiyag

bulunmaktadir.

Anahtar Kelimeler: A. phagocytophilum, A. phagocytophilum-like 1 ve 2, koyun, keci, Sivas

INTRODUCTION

Species in the genus Anaplasma (family: Anaplasmataceae, order:
Rickettsiales) are rickettsial pathogens, and the genus comprises
seven Anaplasma species; Anaplasma ovis (A. ovis), A. bovis, A.
centrale, A. playts, A. phagocytophilum, A. marginale, and A. capra
(1-3). These species are obligate intracellular pathogens and
invade and proliferate in the host cell of tick and vertebrate hosts
(1,4).

Anaplasma species are transmitted to the host via biological and
mechanical vectors (1,5,6). While biological transmission occurs
by different Ixodid tick species, mechanical transmission can
occur via blood-feeding arthropods and blood-contaminated
fomites (1,5). Cellular tropism, geographical distribution, host
range, vector species, and clinical symptoms may change according
to Anaplasma species (5,7). Anaplasma phagocytophilum invades
neutrophil granulocytes of the hosts and the species causes
infection in a wide range of vertebrates such as cattle, horses, dogs,
sheep, goats, and also humans (1,5,8). Hyperthermia, leukopenia,
thrombocytopenia, depression, lack of appetite, reduced milk
production, and abortion are associated with A. phagocytophilum
infection in ruminants (5,8,9).

In recent years, with the increment in the use of molecular
diagnostic techniques, studies on the genetic diversity of
pathogens, such as Anaplasma species, have increased (2,3,6,10-
12). The molecular studies revealed that high genetic diversity
is present in A. phagocytophilum (7,8). Furthermore, two
different Anaplasma strains, which are genetically related to
A. phagocytophilum (A. phagocytophilum-like 1 and like 2), were
documented in different parts of the world on the basis of
different gene sequences, such as 16S rRNA, groEL, and gltA
(2,10,13,14). A. phagocytophilum-like 1 was detected in cattle,
sika deer (Cervus nippon), and different tick species from Japan
(13,15-17). Recently, in China, another A. phagocytophilum-like
2 was identified in Hyalomma asiaticum obtained from cattle and
sheep (14). To date, A. phagocytophilum-like 1 and like 2 have been
documented in sheep, goats, cattle, and various tick species from
different parts of the world such as Japan, China, Tunisia, South
Korea, Italy, Turkey, and Kyrgyzstan (2,10,11,13,18-23).

In Turkey, various Anaplasma species, such as A. phagocytophilum,
A.marginale, A. centrale, A. bovis, A.ovis, and A. capra, have been well
documented in cattle, sheep, goats, and tick species (3,12,24-26).
But very few studies are available on A. phagocytophilum related
strains in Turkey (21,22). In these studies, A. phagocytophilum-
like 1 was found in sheep, goat, and cattle (21,22) whereas A.
phagocytophilum-like 2 was detected in cattle in Turkey (21).
Climate, geographical features, and vegetation of Sivas province
supply an appropriate habitat for vector species such as ticks and
blood-sucking flies which are mechanic and biological vectors of
Anaplasma species to maintain their presence. But there is limited
information on the presence and distribution of Anaplasma
species in Sivas province (3,25,27). According to the literature
reviews, there is no data on A. phagocytophilum and related strains
in sheep and goats in the city. The purpose of this study was to
investigate presence of A. phagocytophilum and related strains
in sheep and goats for the first time in different district of Sivas
province using conventional polymerase chain reaction (PCR),
PCR-RFLP, and DNA sequencing analysis.

METHODS

Study Area and Samples

Turkey has a unique geographical location that lies between Asia
and Europe. This location supplies a natural bridge for transfer of
different pathogens between the continents of Europe and Asia
(28). Turkey has seven geographic regions, and these regions are
named Eastern Anatolia, Southeastern Anatolia, Mediterranean,
Aegean, Marmara, Black Sea, and Central Anatolia, respectively
(Figure 1). Sivas is the second-largest city in Turkey and is located
in the Central Anatolia region. The city lies at the intersection of
Central Anatolia, Eastern Anatolia, and the Black Sea regions of
Turkey (Figure 1).

The study material was consisted of 159 sheep and 88 goats blood
samples from four districts of Sivas province (Sivas City Center,
Kangal, Koyulhisar, and Yildizeli) (Table 1). Sheep and goats
sampled in this study were apparently healthy.

Table 1. Prevalence and distribution of A. phagocytophilum and related strains according to sampling area

Host Distinct No. of tested animals No. of positive animals (%)
Sivas city center 33 17 (51.51%)
Koyulhisar 35 14 (40.00%)
Sheep Yildizeli 44 24 (54.54%)
Kangal 47 18 (38.29%)
Sheep total 159 73 (45.91%)
Sivas city center 12 8 (66.66%)
Koyulhisar 25 7 (28.00%)
Goat Yildizeli 32 17 (53.12%)
Kangal 19 6 (31.57%)
Goat total 88 38 (43.18%)
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Figure 1. Location of Turkey and Sivas province

Genomic DNA Extraction and Detection of
A. phagocytophilum and Related Strains (A.
phagocytophilum-like 1 and 2) with PCR Analyses

Genomic DNA was extracted from the EDTA-treated blood
samples using a PureLink Genomic DNA kit (Cat. no.: K1820-
02, Invitrogen, Carlsbad, USA) following the manufacturer’s
instructions. DNA of A. phagocytophilum and related strains
(A. phagocytophilum-like 1 and 2) were screened using forward
SSAP2F and reverse SSAP2R primers amplifying 641-642 bp
parts of the 16S rRNA gene in PCR (29). PCR was performed in a
final volume of 25 pL, including DNase-RNase-free sterile water
(Cat no.: 129114, Qiagen®, Germany), 10xPCR buffer (Thermo
Scientific™, Lithuanian), MgCl, (25 mM) (Thermo Scientific™,
Lithuanian), 200 pM of each dNTP (Cat.No.: R0181, Thermo
Scientific™, Lithuanian), 1.25 U of Taq DNA polymerase (Cat. no.:
EP0402, Thermo Scientific™, Lithuanian), 1 pL (10 pmol/pL) of
each of the primers, and 2.5 pL template DNA. PCR assay was
utilized by described protocol of Kawahara et al. (29). DNase-
RNase-free sterile water (Qiagen ®, Germany) and genomic DNA
of A. phagocytophilum (GenBank accession no: MW672121) were
used as negative and positive controls in the PCR assay. The
PCR products were screened by electrophoresis in 1.5% agarose
gel stained with ethidium bromide at 90 V for 60 minutes. PCR
products of positive reactions were stored at -20 °C for PCR-RFLP
analysis.

Determination of A. phagocytophilum and Related
Strains (like 1 and like 2) with Restriction Fragment
Length Polymorphism (RFLP)

Anaplasma phagocytophilum and A. phagocytophilum-like strains
were determined with PCR-RFLP based on 16S rRNA following
the described protocol of Ben Said et al. (10). Briefly, target
amplicons were digested with Xcml (New England Biolabs®,
UK) and Bsal (New England Biolabs®, UK) restriction enzymes.
The Xcml restriction enzyme was used for discrimination of A.
phagocytophilum and A. phagocytophilum-related strains. The Xcml
enzyme digests the A. phagocytophilum, and the expected band
profiles in this process are 297 and 344 bp, but the enzyme does

not cut A. phagocytophilum related strains. The Bsal restriction
enzyme was used to discriminate A. phagocytophilum-like 1 and
like 2. A. phagocytophilum-like 2 is digested with Bsal enzyme,
and the expected band profiles are 219 and 422/423 bp. In the
case of co-infections with A. phagocytophilum-like 1 and 2, band
profiles of 219, 422/423, and 641/642 bp are expected in Bsal
restriction (10,21). Restriction fragments were visualized after
the electrophoresis process at 100V for 60 min in 2% agarose gel
stained with ethidium bromide.

Sequencing and Phylogenetic Analyses of A.

phagocytophilum-like 1

To confirm PCR-RLFP result, randomly selected two PCR
products were sequenced with SSAP2F and SSAP2R primers (29).
Sequencing in both directions was done using an ABI 3730XL
analyzer (Applied Biosystems, Foster City, CA) and a BigDye
Terminator v3.1 Cycle sequencing kit (Applied Biosystems, Foster
City, CA).

The sequences were edited and assembled using MEGA-X software
(30). Sequences were aligned to additional reference sequences
obtained from GenBank using MUSCLE algorithm in MEGA-X
software (30). The consensus sequences were compared for
similarity to the sequences present in the GenBank database using
BLAST. All consensus sequences were deposited to the GenBank
and their accession numbers were obtained. The phylogenetic
tree was interfered with maximum likelihood analysis in MEGA-X
(30). The best-fit model for maximum likelihood was considered
as the Kimura-2 parameter model (31) using the Find Best-
Fit Substitution Model in MEGA-X (30). Bootstrap values were
performed with 1,000 replicates.

Ethics statement: The Sivas Cumhuriyet University Animal
Experiments Local Ethics Committee (approval number:
12.07.2021-573).

Statistical Analysis

Statistical analyses among various parameters were performed
using the chi-square test. P<0.05 was accepted to be statistically
significant.
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RESULTS

Overall, 111 (44.93%) of the 247 animals were found to
be positive for A. phagocytophilum and related strains with
conventional PCR in different parts of Sivas province. The PCR
positivity in sheep and goat samples were 45.91% (73/159) and
43.18% (38/88), respectively. Yildizeli was the sampling area
where A. phagocytophilum related strains were most common in
sheep samples, while Sivas city center was in goat samples (Table
1). There were no statistically significant differences (p20.05)
between sheep and goats, and between sampling areas in terms of
A. phagocytophilum related strains.

According to PCR-RFLP analysis, 110 samples were positive
for only A. phagocytophilum-like 1, whereas one sheep sample
obtained from Sivas city center was found mix-infected with
A. phagocytophilum-like 1 and A. phagocytophilum-like 2. A.
phagocytophilum was not found in sheep and goat samples in this
study (Figure 2).

To confirm RFLP results, randomly selected two positive PCR
products were sequenced and aligned with A. phagocytophilum
and related strains sequences present in the GenBank. The
consensus sequences uploaded to the GenBank under accession
numbers ON598644 (A. phagocytophilum-like 1 sheep isolate)
and ON598645 (A. phagocytophilum-like 1 goat isolate). The
sequences obtained in this work shared 100% similarities with
each other. In addition, these sequences were 99.34-100% similar
to A. phagocytophilum-like 1 sequences available in GenBank. Our
sequences were 100% identical to the goat isolate from Turkey
(accession number: JF807994), cattle isolate from Kyrgyzstan
(accession number: MW811655), and goat isolate from China
(accession number: MN922957). A. phagocytophilum-like 2
positive sample was not sequenced due to being co-infected with
A. phagocytophilum-like 1.

The phylogenetic analysis of 165 rRNA clustered our samples
with A. phagocytophilum-like 1 isolates from several countries

B

2 33 ErAROREORe 7 & CLE 0

10 77 712 el

100bp.

200bp
'300bp
400bp

| 5000p
600bp
700bp
[ —

900bp e
1000bp swww

1500bp s

Figure 2. RFLP band profiles of 16S rRNA PCR positive
amplicons digested with restriction enzymes. L. Ladder. 1. A.
phagocytophilum-like 1 positive control, 2. Negative control, 3.

Mixed-infection with A. phagocytophilum-like 1 and like 2, 4-14.
A. phagocytophilum-like 1 positive samples
PCR: Polymerase chain reaction

including Turkey in ML tree. Phylogenetic analyses also
revealed close relationship between A. phagocytophilum-like 1
and A. phagocytophilum-like 2 clusteres and the position of A.
phagocytophilum cluster as a sister taxon to the A. phagocytophilum-
like clusters. (Figure 3). Nucleotide differences between A.
phagocytophilum and A. phagocytophilum-related strains (like 1
and like 2) according to partial sequences of the 16S rRNA gene
were shown in Table 2.

DISCUSSION

Turkey is one of the important countries for sheep and goat
breeding in the world, and approximately 45 million sheep and
11.5 million goats are present in the country. There are 836,673
sheep and 64,359 goats in Sivas and the city is known to be one
of the important small ruminant breeding centers in Turkey (38).
A. phagocytophilum is the etiological agent of tick-borne fever or
pasture fever in sheep and goats and the pathogen has world-
wide distribution (5,6,8). In Turkey, A. phagocytophilum has been
detected in sheep and goats (24,26,39,40). Recently, studies have
indicated that there are two strains genetically related to the A.
phagocytophilum (like 1 and like 2), and that these strains circulate
in different hosts including sheep and goats in around the world
(10,11,18,22). There is a paucity of information on the presence
and prevalence of A. phagocytophilum related strains in sheep and
goats in Turkey. In this study, A. phagocytophilum and related
strains were researched among sheep and goats in different parts
of Sivas province with conventional PCR, PCR-RFLP, and DNA
sequencing analysis.

The microscopic, serological, and molecular techniques have
been used for the detection of Anaplasma species in hosts (1,5).
Molecular techniques have been more preferred than other
identification techniques because molecular techniques have
grater specificity (10,12,25,40). In this study, A. phagocytophilum
andrelated strains were investigated with PCR. A. phagocytophilum
related strains were detected in 44.93% (111/247) of the
sheep and goats. In the current study, the infection rates were
slightly higher in sheep samples (45.91%) than in goat samples
(43.18%). In sheep, the prevalence of A. phagocytophilum related
strains was higher than the prevalence in Tunisia (7.7%) (18),
Kyrgyzstan (6.9%) (unpublished data), Turkey (27.0%) (22),
Italy (45.61%) (11), and China (35.1%) (37) and was lower than
in Tunisia (100%) (11). The prevalence of these strains in goat
samples was lower than in Tunisia (47.5-87.6%) (18,11) and Italy
(44.6%) (11) but higher than in Turkey (26.3%) (22) and China
(26.4%) (37). The prevalence of the tick-borne pathogens, like A.
phagocytophilum related strains, may change the management
systems of animals (barn or pasture), sampling season, the
climate of the sampling areas, age of the animals, and mostly
the presence and distribution of tick species in the sampling
areas (5,20,41). Moreover, studies have indicated that even the
prevalence of tick-borne pathogens in samples collected from
several parts of a province may be different (6,11,18,22). In
this work, it was determined that A. phagocytophilum related
strains were most prevalent in Yildizeli and Sivas city center in
sheep and goat samples, respectively (Table 1). We speculated
that this result could be related with higher presence and wider
distribution of competent tick species, that might act as vectors
of A. phagocytophilum related strains, in Yildizeli and Sivas city
centers than in other sampling areas.
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Figure 3. Phylogenetic tree based on 16S rRNA sequences of A. phagocytophilum, A. phagocytophilum related strains, and other Anaplasma
species using the maximum likelihood method. Numbers at the nodes represent the bootstrap values with 1.000 replicates. The

evolutionary history was inferred by using the maximum likelihood method and Kimura 2-parameter model (31). Scale bar represents
0.05 substitutions per nucleotide position. Rickettsia sibirica (accession number: NR118777) was used as an outgroup in the tree.
Evolutionary analyses were conducted in MEGA-X (30)

Based on PCR-RFLP results, A. phagocytophilum-like 1 was found
in 110 samples. Mixed infections with A. phagocytophilum-like 1
and like 2 were detected in one sheep sample. A. phagocytophilum
was not found in sheep and goat samples in this study. A.
phagocytophilum-like 1 and like 2 were evaluated as non-pathogenic
species in farm animals because there are no clinical symptoms
in infected animals (10,11,18,21). The sheep and goats infected
with these strains did not show clinical symptoms associated with
anaplasmosis, and this was compatible with previous studies. But
itis known that Anaplasma species can cause subclinical infections
(5,8), and these two strains have been newly discovered and there
are lack of information about them (2,10,13,14,17). Therefore,
it is thought that experimental studies are needed to investigate
the clinical infection of two strains in animals and their economic
impact on small ruminant production industries. In addition, it
is necessary to investigate the vectors species and the zoonotic
potential of these novel strains.

DNA sequence analysis has been used in studies for different
objectives, such as confirmation of PCR results, determination
of phylogenetic positions and genetic diversity of pathogens,
and also the assignation of novel genotypes or species
(2,3,10,13,14,22). DNA sequence analysis was used in this study
verifying PCR-RFLP results. The consensus sequences, obtained
in this study after DNA sequence analysis, shared 99.34-100%
nucleotide similarity with the available A. phagocytophilum-like 1
sequences in GenBank. Furthermore, our sequences were showed

100% nucleotide similarity with A. phagocytophilum-like 1 isolates
from Turkey (JF807994), Kyrgyzstan (MW811655), and China
(MN922957). The phylogenetic tree based on partial sequences
of 16S rRNA gene also indicated that our sample clustered in A.
phagocytophilum-like 1 group (Figure 3). In addition, the nucleotide
differences, which are present in the 16S rRNA gene between A.
phagocytophilum and related strains, were also determined in this
study (Table 2). According to the nucleotide difference table, A.
phagocytophilum is genetically more similar to A. phagocytophilum-
like 1 than A. phagocytophilum-like 2.

CONCLUSION

This study provides the first molecular data on the distribution
and prevalence of A. phagocytophilum-like 1 and like 2 in sheep and
goats in Sivas province. A. phagocytophilum-like 2 was reported
for the first time in sheep for in Turkey with the current study.
Furthermore, molecular studies have revealed that genetically
related strains with A. phagocytophilum have a high prevalence in
farm animals. But there is still a lack of information on the clinic
manifestation, potential vectors, and zoonotic potential of A.
phagocytophilum related strains.
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ABSTRACT

Objective: Demodex species are frequently found in blepharitis cases. This study aimed to compare the conjunctival flora of eyes
with Demodex-positive blepharitis and Demodex-negative blepharitis with healthy individuals.

Methods: Eyelash epilation was performed to detect Demodex from 44 eyes of 44 patients with chronic blepharitis and 44 eyes of
44 healthy controls and examined under a microscope. A conjunctival swab was taken from the same eye and inoculated on eosin
methylene blue agar, Sabouraud dextrose agar, chocolate agar, and 5% sheep blood agar. Aerobic conjunctival flora was evaluated
among Demodex-positive blepharitis, Demodex-negative blepharitis and healthy eyes.

Results: Demodex spp. was detected in 3 (6.8%) of 44 healthy controls and 24 (54.5%) of 44 patients with blepharitis. The most
frequently isolated bacteria in healthy controls were coagulase-negative Staphylococci (CNS) spp. (n=32, 72.7%), Streptococcus spp.
(n=16, 36.4%), Corynebacterium spp. (n=13, 29.5%). The most frequently isolated bacteria in Demodex-positive blepharitis were
CNS spp. (n=14, 58.3%), Staphylococcus aureus (n=11, 45.8%), Corynebacterium spp. (n=7, 29.2%). In Demodex-negative blepharitis,
CNS (n=10, 50.0%), S. aureus (n=10, 50.0%), Corynebacterium spp. (n=5, 25.0%) were most commonly isolated. S. aureus growth
was significantly increased in the Demodex negative and positive blepharitis groups compared with the healthy group (p=0.001
and p=0.002, respectively). Although CNS spp. growth decreased in both groups with Demodex-negative and positive blepharitis
compared with the healthy group; the decrease was significant only in those with Demodex-negative blepharitis (p=0.045). In terms
of other bacterial growth, there was no significant difference between healthy eyes and Demodex positive and negative eyes with
blepharitis.

Conclusion: We found that Demodex blepharitis has no significant effect on conjunctival flora. Blepharitis itself may be the main
factor in changes in the conjunctival flora.

Keywords: Demodex, blepharitis, conjunctiva, flora

0z

Amag: Demodex tirleri blefarit olgularinda siklikla bulunmaktadir. Bu ¢alismanin amaci, Demodex pozitif ve Demodex negatif
blefaritli gézlerin konjonktival florasin saglikli bireylerle kargilagtirmaktur.

Yontemler: Kronik blefarit tanisi almig 44 hastanin 44 gztinden ve 44 saglikli kontroliin 44 géziinden Demodex spp. tespiti i¢cin
kirpik epilasyonu yapildi. Kirpikler mikroskopta incelendi. Ayrica ayni gozlerden konjonktivadan siirtintii alindi ve eozin metilen
blue agar, sabouraud dekstroz agar, ¢ikolata agar and %5 kanl agara ekim yapildi. Demodex pozitif blefarit, Demodex negatif blefarit
ve saglikli gozler arasinda aerobik konjonktival flora degerlendirildi.

Bulgular: Kirk dért saglikli kontroliin 3'tinde (%6,8) ve 44 blefaritli hastanin 24’tinde (%54,5) Demodex spp. saptand. Saglikh
gozlerde en sik izole edilen bakteriler, koagiilaz negatif stafilokok (CNS) (n=32, %72,7), Streptococcus spp. (n=16, %36,4)
ve Corynebacterium spp. (n=13, %29,5) tiirleriydi. Demodex pozitif blefaritte en sik izole edilen bakteriler CNS (n=14, %58,3),
Staphylococcus aureus (S. aureus) (n=11, %45,8), Corynebacterium spp. (n=7, %29,2) idi. Demodex negatif blefaritte ise en sik CNS
spp. (n=10, %50,0) ve S. aureus (n=10, %50,0), Corynebacterium spp. (n=5, %25,0) izole edildi. Staphylococcus aureus tiremesi
Demodex negatif ve pozitif blefarit gruplarinda saglikh gruba gére anlamh olarak artmigt1 (sirasiyla p=0,001 ve p=0,002). Demodex
negatif blefaritli grupta ve Demodex pozitif blefaritli grupta koagiilaz negatif Staphylococcus tiremesi saghikli gruba gére azalirken,
bu azalma sadece Demodex negatif blefaritli grupta anlamhydi (p=0,045). Diger bakteri iiremeleri agisindan, saglikli gozler ile
Demodex pozitif ve negatif blefaritli gozler arasinda anlaml bir fark yoktu.
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Sonug: Demodex blefaritinin konjonktival flora tzerinde anlamli bir etkisi olmadigin tespit ettik. Blefaritin kendisi, konjonktival floradaki degisimi

belirlemede ana faktér olabilir.
Anahtar Kelimeler: Demodex, blefarit, konjonktiva, flora

INTRODUCTION

Blepharitis is a condition characterized by inflammation of the
eyelid margin, which is very common in ophthalmology practice.
The effects of bacteria on the pathogenesis of blepharitis have been
demonstrated frequently (1,2). Determining the types of bacteria
is important for an effective treatment. Demodex spp. infestation
is also common in blepharitis (3). However, Demodex blepharitis
has its own characteristics (4). It is stated that Demodex spp.
acts as a vector for some microorganisms in blepharitis and may
cause changes in the ocular flora (3,5). Especially the symbiotic
relationship with Bacillus oleronius and its effects on blepharitis
has been reported (5).

The possible effects of Demodex spp. on other microorganisms
are essential for determining the treatment strategy, given the
importance of bacteria in blepharitis treatment. We conducted
this study to compare the conjunctival flora of Demodex
blepharitis, blepharitis without Demodex spp. and healthy controls
to determine whether there is any difference.

METHODS

This study was conducted with 44 patients with chronic
blepharitis who admitted to ophthalmology outpatient clinic
and 44 age- and sex-matched healthy controls. There were
14 (31.8%) women and 30 (68.2%) men in both groups with
and without blepharitis. The mean age of the group with and
without blepharitis was 49.5+17.4 (20-80) and 49.1+£16.9 (21-
78), respectively (p=0.916). Microbiological sample analysis of
the patients was performed in the microbiology and parasitology
laboratory. Biomicroscopic examination was performed for
the diagnosis of blepharitis in the patient and control group
participating in the study. Blepharitis was accepted as the presence
of erythema, telangiectasia, thickening, dandruff and choleret on
the eyelid margin or tarsal conjunctiva. Severity of blepharitis
was roughly equal in both eyes in all patients. Those who used
topical or systemic antibiotics in the last month, those who had
eye surgery, and those with other infectious or inflammatory
diseases on the eyelid or eye surface were excluded from the study.
The control group was selected from individuals who applied to
the ophthalmology clinic only for refractive reasons and were
otherwise healthy. The principles of the Declaration of Helsinki
were adhered to in all steps of the study. Written and verbal
consent was obtained from all patients before the study. Ethical
approval was obtained from the Malatya Turgut Ozal University
Clinical Research Ethics Committee (decision no: 2020/206).

A minimum sample size of 20 individuals in each group was
calculated for 0.80 power, 0.05 type-1 error and 0.84 effect size
to identify a 40% difference in bacterial growth between controls
and Demodex blepharitis.

Firstly, flora sample was taken from right eye of the patients and
controls, and then eyelash epilation was performed for Demodex
spp. detection from upper eyelid of the same eye.

Sampling and Examination for Demodex

The eyelash samples were examined by a specialist medical
microbiologist (A.G). Two or three eyelashes (especially those

with scale) taken from all patients with sterile forceps were quickly
delivered to the laboratory in sterile sponges. Eyelashes brought
to the laboratory were placed on the slide and then 2-3 drops of
immersion were dropped on them and covered with alamella. The
area was scanned with x4 magnification of the microscope, and
then the area was scanned with the diaphragm slightly closed at
x10 and x40 magnification and the findings were noted. If one
or more parasites are detected in this examination, Demodex spp.
evaluated as positive. This review was done within an hour.

Sampling and Evaluation for Flora

The lower eyelid of the patients was pulled down slightly and flora
sample was taken from the lower fornix conjunctiva with sterile
swab. While taking the swab sample, care was taken to avoid
touching the eyelids and eyelashes. Topical anesthetic medication
was not applied to the patient for this procedure. The samples
were planted in the thioglycollate broth in a short time, avoiding
contamination. Then, in the microbiology laboratory, eosin
methylene blue agar, sabouraud dextrose agar, chocolate agar
and 5% sheep blood agar were inoculated. Media were incubated
at 37 °C for 24 hours. Non-growth plates were incubated for
an additional 24 hours. The incubation period of the samples
planted on Sabouraud dextrose agar was extended to three
weeks. Growing microorganisms were identified by standard
microbiological methods.

Statistical Analysis

Statistical analysis was done with SPSS 25.0 program (Chicago,
IL, USA). Results are presented as mean * standard deviation
(minimum-maximum) in measurable data. Nominal data are
presented as frequency and percent. Normal distribution
was evaluated with the Kolmogorov-Smirnov test. Normally
distributed data were evaluated using the unpaired t-test, and
non-normally distributed data were evaluated using the Mann-
Whitney U test. Nominal data were evaluated using Pearson’s chi-
square test or Fisher’s Exact test. A p-value of less than 0.05 was
considered significant.

RESULTS

Demodex was observed in 3 (6.8%) samples in the group without
blepharitis and in 24 (54.5%) samples in the group with
blepharitis (p<0.001). Bacterial growth occurred in 36 (81.8%)
and 38 (86.3%) samples in the group with and without blepharitis,
respectively (p=0.560). The mean growth was 1.77+1.31 (0-5) and
2.00+1.29 (0-6) from each sample in the group with and without
blepharitis, respectively (p=0.411). Staphylococcus aureus growth
was significantly less in the group without blepharitis than with
blepharitis (p<0.001). In other bacteria, growth numbers were
similar between groups with and without blepharitis (p>0.05)
(Table 1).

There were 61 (69.3%) samples with no Demodex spp. and 27
(30.7%) samples with Demodex spp. One to three Demodex parasites
were detected in all patients except one patient with four Demodex
parasites. There were 18 (29.5%) females and 43 (70.5%) males in
the non-Demodex group, while there were 10 (37.0%) females and
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17 (63.0%) males in the Demodex group (p=0.484). The mean age
of the non-Demodex and Demodex groups was 48.3+17.7 (21-80)
and 51.5+£15.9 (20-71), respectively (p=0.419). The mean growth
was 1.86+1.31 (0-6) and 1.9321.29 (0-5) from each sample in
the non-Demodex and Demodex groups, respectively (p=0.787).
In the non-Demodex group, there were 51 (83.6%) growths in
the conjunctiva samples, while in the Demodex group, there were
growth in 23 (85.2%) samples (p=0.560). There was no significant
difference in the number of growth of any bacteria in conjunctival
flora between the Demodex and non-Demodex groups (p>0.05)
(Table 2).

The mean age was 46.7+19.4 (21-80) and 51.7+15.6 (20-71)
in non-Demodex blepharitis and Demodex blepharitis groups,
respectively (p=0.341). There were 5 (25.0%) women and 15
(75.0%) men in the group with non-Demodex blepharitis, while
there were 9 (37.5%) women and 15 (62.5%) men in the group
with Demodex blepharitis (p=0.375). There was growth in 16
(80.0%) and 20 (83.3%) samples in non-Demodex and Demodex
blepharitis groups (p=1.000). The mean growth number from
each sample was 1.60+1.23 (0-4) and 1.91+1.38 (0-5) in non-
Demodex and Demodex blepharitis groups, respectively (p=0.437).
Yeast growth occurred in two patients with Demodex blepharitis

Table 1. Distribution of microorganisms in conjunctival flora

according to blepharitis status

B- B+

n=44 n=44 |P
Demodex, n (%) 3(6.8) 24 (54.5) | <0.001*
CNS, n (%) 32 (72.7) 24 (54.5) | 0.076*
S. aureus, n (%) 5(11.4) 21 (47.7) | <0.001*
Corynebacterium spp.,n (%) | 13 (29.5) 12 (27.3) | 0.813*
Streptoccocus spp., n (%) 16 (36.4) 9(20.5) 0.098*

Bacillus spp., n (%) 7 (15.9) 4 (9.1) 0.334*

Neisseria spp., n (%) 5(11.4) 3(6.8) 0.713Y

Micrococcus spp., n (%) 5(11.4) 2(4.5) 0.434Y

Haemophilus spp., n (%) 3(6.8) 1(2.3) 0.616Y

S. aureus: Staphylococcus aureus, CNS: Coagulase negative Staphylococci, B-:
Blepharitis negative, B+: Blepharitis positive, “Pearson chi-square test, ¥
Fisher’s Exact test

Table 2. Distribution of organisms in conjunctival flora

according to Demodex status

D- D+

n=61 n=27 P
CNS, n (%) 41 (67.2) 15 (55.6) 0.294*
S. aureus, n (%) 15 (24.6) 11 (40.7) 0.126*
Corynebacterium spp., n 16 (26.2) 9(33.3) 0.496*
(%)
Streptoccocus spp., n (%) 17 (27.9) 8(29.6) 0.866*
Bacillus spp., n (%) 9(14.8) 2(7.4) 0.492Y
Neisseria spp., n (%) 4 (6.6) 4(14.8) 0.243Y
Micrococcus spp., n (%) 6(9.8) 1(3.7) 0.431Y
Haemophilus spp., n (%) 4 (6.6) 0(0.0) 0.308Y

S. aureus: Staphylococcus aureus, CNS: Coagulase negative Staphylococci, D-:
Demodex negative, D+: Demodex positive, *Pearson chi-square test, *Fisher’s
Exact test

and two without blepharitis. There was no yeast growth from
other samples.

The four most frequently bacteria isolated in the conjunctiva of
healthy eyes were coagulase-negative Staphylococci (CNS) (n=32,
72.7%), Streptococcus spp. (n=16, 36.4%), Corynebacterium
spp. (n=13, 29.5%), Bacillus spp. (n=7, 15.9%). The four most
frequently isolated bacteria in the conjunctiva of eyes with non-
Demodex blepharitis are CNS (n=10, 50.0%), S. aureus (n=10,
50.0%), Corynebacterium spp. (n=5, 25.0%), Streptococcus spp.
(n=3, 15.0%). The four most frequently isolated bacteria in the
conjunctiva of eyes with Demodex blepharitis are CNS (n=14,
58.3%), S. aureus (n=11, 45.8%), Corynebacterium spp. (n=7,
29.2%), Streptococcus spp. (n=6, 25.0%), respectively (Figure 1).
S. aureus growth was significantly increased in Demodex and non-
Demodex blepharitis groups compared to healthy group (p=0.001
and p=0.002, respectively), but there was no significant difference
between Demodex and non-Demodex blepharitis groups (p=0.783).
Although CNS growth decreased in both groups with Demodex
and non-Demodex blepharitis compared to the healthy group,
the decrease was significant only in the group with non-Demodex
blepharitis (p=0.045). There was no significant difference
between the groups with Demodex and non-Demodex blepharitis
groups in CNS in conjunctival flora (p=0.580). In terms of other
bacteria, there was no significant difference between healthy eyes
and the groups with blepharitis with and without Demodex spp.
(p>0.05) (Table 3).

DISCUSSION

Since the etiopathogenesis of blepharitis is not fully clarified,
the relationship between blepharitis and microorganisms
continues to be investigated. Various forms of bacteria, fungi and
parasites have been isolated in blepharitis (3,6,7). The frequency
and types of isolated organisms vary even in the same type of
blepharitis (1,2,8). Although the increase in S. aureus in our study
is consistent with the literature, the CNS decrease differs in
general from the literature (1,2,8). The more frequent reporting
of bacteria found in the skin flora in blepharitis indicates that
organisms such as Staphylococci and Demodex spp. may invade
the area (2). On the other hand, it is reported that environmental
bacteria are frequently isolated in flora studies performed with
blepharitis (3,8). Our results show that S. aureus and Demodex spp.
are the most frequent organisms in blepharitis. This finding is
consistent with the result often found in blepharitis (2,8,9). This
situation indicates that no matter what mechanism is dominant,
the microenvironment in blepharitis is most advantageous for
Demodex spp. and S. aureus.

Demirkazik and Koltag (10) detected Demodex in 143 (42.6%)
of 335 patients with a preliminary diagnosis of blepharitis,
conjunctivitis, and visual impairment. In addition, it was reported
in this study that the incidence of Demodex increased significantly
with increasing age. Tanriverdi et al. (11) detected Demodex in 69
(45.1%) of 153 chronic blepharitis cases, but they did not find an
age-related Demodex increase. In our study, Demodex was found
in 54.5% of blepharitis patients and 6.8% of healthy controls.
Although the mean age of cases with Demodex blepharitis was
higher than that of cases with non-Demodex blepharitis, the
difference was not significant.

The fact that Demodex spp. may cause inflammatory effects in
blepharitis with Demodex (12,13) and carry bacteria with it (5,14)
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Figure 1. Growth percentages of bacteria from conjunctival samples of Demodex positive blepharitis cases and Demodex negative
blepharitis cases and healthy eyes
CNS: Coagulase negative Staphylococci

Table 3. Comparison of aerobic conjunctival flora in healthy eyes, in blepharitis without Demodex infestation, and in blepharitis with
Demodex infestation

D-B- D-B+ D+B+
) (+) ) (+) ) (+)
P :0.045*
CNS, n (%) 10 (24.49) 31 (75.6) 10 (50.0) 10 (50.0) 10 (41.7) 14 (58.3) P,:0.145*
P,:0.580*
P :0.001*
S. aureus, n (%) 36 (87.8) 512.2) 10 (50.0) 10 (50.0) 13 (54.2) 11 (45.8) P,:0.002*
P.:0.783*
P :0.879*
Coryne., n (%) 30(73.2) 11 (26.8) 15 (75.0) 5(25.0) 17 (70.8) 7(29.2) P,:0.839*
P,:0.757*
P:0.117*
Strep., n (%) 27 (65.9) 14 (34.1) 17 (85.0) 3(15.0) 18 (75.0) 6 (25.0) P:0.441*
P.:0.477"
P :0.704"
Bacillus, n (%) 34 (82.9) 7(17.1) 18 (90.0) 2(10.0) 22 (91.7) 2(8.3) 1’2:0.466Y
P_:1.000"
P :0.293Y
Neisseria, n (%) 37(90.2) 4(9.8) 20 (100) 0(0.0) 21 (57.5) 3(12.5) P2:0.703‘?
P_: 0.239"
P :0.653"
Micrococ., n (%) 36 (87.8) 5(12.2) 19 (95.0) 1(5.0) 23(95.8) 1(4.2) P2:0.400Y
P_:1.000"
P :1.0007
Haemo., n (%) 38(92.7) 3(7.3) 19 (95.0) 1(5.0) 24 (100) 0(0.0) P2:0.29OY
P.:0.455"
S. aureus: Staphylococcus aureus, CNS: Coagulase negative Staphylococci, Strep.: Streptococcus spp., Coryne.: Corynebacterium spp., Micrococ.: Micrococcus spp., Haemo.:
Haemophilus spp., D-B-: Demodex negative and blepharitis negative, D-B+: Demodex negative and blepharitis positive, D+B+: Demodex positive and blepharitis positive,
(-): No growth, (+): Growth, P : Significance value in comparison between D-B- and D-B + groups, P,: Significance value in comparison between D-B- and D+B + groups,
P_: Significance value in comparison between D-B+ and D+B + groups, *Pearson chi-square test, YFisher’s Exact test

brings to mind its effects on other microbiological species. Zhu et comparing the flora of patients with Demodex blepharitis and
al. (8) reported that the number of Propionibacterium acnes colonies healthy controls through bacterial 16S RNA, identified potential
on the lid margin and eyelashes increased significantly in patients bacterial genera in Demodex blepharitis as Bacilli, Firmicutes,
with blepharitis and those with Demodex in the control group Cyanobacteria, Lactobacillus and Streptophyta Lee et al. (15) could

compared to those without Demodex. Yan et al. (3), in their study not find a correlation between Demodex and ocular microbiota,
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but emphasized that the number of cases with Demodex was
low. In our study, the growth rate of S. aureus was significantly
increased among the Demodex group with blepharitis compared to
the healthy group. Similarly, S. aureus was increased in the group
with non-Demodex blepharitis compared to the healthy group,
but the CNS were decreased. These results may indicate that the
presence of Demodex spp. in eyes with blepharitis has no effect on
bacterial flora and that the bacterial distribution is more related
to blepharitis than the presence of Demodex spp.

In our study, S. aureus was found at a rate of 12% in the conjunctiva
of healthy eyes, while it was detected in approximately 50%
of eyes with blepharitis regardless of the status of Demodex.
Previously, S. aureus was isolated as a floral element of healthy
conjunctivae (16,17), while this bacterium was reported to appear
at higher rates in eyes with blepharitis (8,9,15). The presence of
this bacterium was not affected by Demodex status in our study
and was isolated at a significantly increased rate in eyes with
blepharitis.

The CNS is often isolated in the normal conjunctival flora (17,18).
Many studies report increased CNS isolation at the conjunctiva
and lid margin in blepharitis with or without Demodex compared
to healthy controls (18). In our study, CNS isolation was found
significantly higher in the conjunctiva of healthy individuals
compared to those with blepharitis without Demodex. However,
the number of CNS isolations in the conjunctiva of eyes with
blepharitis with and without Demodex was similar. This result,
which differs from other studies (9,19), indicates that the CNS,
which is a normal flora component, decrease in case of blepharitis
in our study, and it may indicate that the CNS as a normal flora
component may be negatively affected in blepharitis. However,
the finding of more pathogenic CNS in other studies may have
caused this difference.

Although Corynebacterium spp. can be found in soil, water and
plants in nature, non-pathogenic species can be found in skin
and mucosa (15). Most of those found in normal conjunctiva and
valve flora are lipophilic species (20). It has been isolated on the
conjunctiva and eyelid margin in eyes with blepharitis (1,8,15).
Bezza Benkaounha et al. (1) reported that Corynebacterium
spp. increased significantly in eye conjunctiva with blepharitis
compared to healthy controls, but stated that this increase may
not necessarily be related to pathogenesis. In our study, it was the
third most common bacterial in normal flora and was the least
affected by blepharitis regardless of Demodex status. Lee et al. (15)
suggested that in addition to the association of blepharitis with
bacteria in the skin flora, an increased proportion of bacteria such
as Corynebacterium species, which can be found in pollen, dust
and soil particles in cases with blepharitis, may be associated with
pollen, dust and soil contamination.

Although Streptococcus spp. are frequently isolated from the skin
flora, no significant increase was found in our study. Although
Zhu et al. (8) isolated it more frequently in eyes with blepharitis,
they did not consider it as a pathogenic organism in blepharitis
because the bacterial load of Streptococcus spp. did not increase
significantly. Streptococcus spp. appear to be more associated with
corneal infections and dacryocystitis than blepharitis (21).
Bacillus spp. was a relatively less common type of bacteria in
our study. It has been previously reported that Bacillus oleronius
may be in a symbiotic relationship with the Demodex parasite
and can cause infection by being transported by the parasite and
multiplying under suitable conditions (5). In other studies, it has

been reported that Bacillus spp. associated with Demodex may
have an effect on the development of blepharitis and facial rosacea
(22). Kwvang et al. (23) reported that Bacillus spp. isolated from
the conjunctiva showed antimicrobial activity against methicillin-
resistant Staphylococcus species. In our study, the frequency of
Bacillus spp. isolation from samples with Demodex blepharitis was
similar to that of non-Demodex blepharitis and healthy controls.
In addition, the presence of Bacillus spp. was not affected by the
presence of Demodex, and no change was observed in the isolation
frequency of other organisms in the presence of Bacillus species.
Detection and treatment of Demodex spp. has an important place
in the treatment of blepharitis. In our study, frequent bacterial
growth in Demodex blepharitis requires antibiotic use in addition
to Demodex treatment. However, since the presence of Demodex
spp. does not make a difference in bacterial distribution with non-
Demodex blepharitis, it may not be necessary to take additional
measures in antibiotic treatment for blepharitis when planning
antibiotic treatment.

Study Limitations

The limitation of our study is that the ocular findings of Demodex
blepharitis were not evaluated in relation to the presence of
Demodex spp. and flora.

CONCLUSION

We think that Demodex blepharitis has no significant effect on
conjunctival flora and that blepharitis itself is the main factor in
determining microbial diversity.
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ABSTRACT

Objective: The study aims to determine the presence of L1014F, L1014S, L1014C alleles, which are responsible for knockdown
resistance and Ace-1 G119S alleles, which are responsible for acetylcholinesterase insensitivity in Anopheles superpictus, the
secondary vector of malaria in Turkey.

Methods: In this study, 60 Anopheles superpictus adult females were collected from Aydin, Denizli, and Mugla provinces. Then,
allele-specific primers for kdr L1014F, L1014S, and L1014C alleles, and the Ace-1 G119S allele were designed. The presence of
these alleles was screened in three Anopheles superpictus populations by allele-specific polymerase chain reaction.

Results: Although 1L1014S allele frequency was too low in Aydin, Mugla, and Denizli populations, neither kdr L1014F and L1014C
nor Ace-1 G119S mutations were found in any population.

Conclusion: In this study, kdr L1014S mutation was detected for the first time in the Aegean Anopheles superpictus populations.
Keywords: Anopheles superpictus, knockdown, acetylcholinesterase, allele-specific primer

0z

Amag: Bu calismanin amac, Tirkiye'de sitmanin ikincil vektért olan Anopheles superpictus’ta knockdown direncinden sorumlu
olan L1014F, L1014S, L1014C allellerinin ve asetilkolinesteraz duyarsizhigindan sorumlu olan Ace-1 G119S allellerinin varhgin
tespit etmektir.

Yontemler: Aydin, Denizli ve Mugla illerinden 20’ser adet Anopheles superpictus ergin digileri toplanmigtir. Daha sonra knockdown
direncinden sorumlu olan L1014F, L1014S ve L1014C allellerine ve Ace-1 G119S alleline 6zgii primerler tasarlanarak allele 6zgii
polimeraz zincir reaksiyonu ile bu ti¢ Anopheles superpictus popiilasyonunda bu allellerin varlig: taranmigtir.

Bulgular: Aydin, Mugla ve Denizli popiilasyonlarinda ¢ok diigiik oranda L1014S mutasyonuna rastlanmakla birlikte,
popiilasyonlarin hicbirinde ne kdr L1014F ve L1014C; ne de Ace-1 G119S mutasyonuna rastlanmugtir.

Sonug: Bu calismanin sonucu olarak, ilk kez Anopheles superpictus Ege bélgesi popiilasyonlarinda kdr L1014S mutasyonu tespit
edilmistir.

Anahtar Kelimeler: Anopheles superpictus, knockdown, asetilkolinesteraz, allele 6zgii primer
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INTRODUCTION responsible for the transmission of malaria all over
the world. A total of 241 million malaria cases were

Mosquitoes impact on over half of the worlds’ reported globally and 627,000 people died due to
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population through the transmission of harmful
diseases such as malaria, dengue, encephalitis and

filariasis (1). Of these, Anopheles mosquitoes are
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malaria in 2020 (2).
Turkey had a devastating malaria history between the
beginning of the First World War (1914-1918) and
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WHO’s Global Malaria Eradication Programme established in
1957 in Turkey (3). Success was maintained until about 1978s and
then case numbers increased in the following years (4). Although
large-scale malaria control operations were reintroduced after
1978, case numbers increased dramatically as a result of intensive
DDT use and insecticide resistance in mosquito populations (5). In
the following years, malaria transmission increased rapidly in the
mid-1990s (6). A significant decrease in malaria cases have been
succeeded in Turkey after Tashkent declaration in 2005. Finally,
significant progress has been performed toward national malaria
elimination by the effort of the Turkish Ministry of Health (7).
The primary vector of malaria in Turkey is Anopheles sacharovi
while Anopheles superpictus, Anopheles maculipennis and Anopheles
subalpinus are known as secondary malaria vectors (5). However,
due to exophilic and zoophilic tendencies, the epidemiological
role of An. superpictus in malaria transmission varies (8).
Pyrethroids (PYs) are synthetic insecticides with high activity.
They act on the voltage sensitive sodium channel (VSSC) (9).
When PYs are attached to VSSC, they disrupt the opening and
closing kinetics of VSSC. The poisoned insect loses control of
its nervous system and shows trembling behaviour which is
known as the knockdown effect (10). PYs have been widely used
as an effective adult and larval mosquito control (11). However,
extensive PYs use has led strong selection pressure and resulted in
resistance problems in different mosquito populations all around
the world. Knockdown resistance (kdr) mutations, a target site
mutation, occurs in the vssc gene and cause reduced susceptibilty
to PYs (12). So far, various kdr mutations have been reported
from different Anopheles species as well as other mosquitoes (13).
Molecular assays are useful tools in order to monitor the allele
frequencies of target site mutations. Of these, polymerase chain
reaction (PCR) based approaches are low-cost and practical ways
to detect resistance alleles in mosquito populations (14).
Another target site mutation is known as Ace-1 (G199S) mutation
developed against organophosphates and carbamates. G119S
mutation causes the conversion of the aminoacid glycine, which
encodes the active site of the enzyme, to serine and causes
acetylcholinesterase insensitivity (12). To date, the G119S
mutation has been reported from different Anopheles species
including Anopheles albimanus and Anopheles gambiae (15).

This study aims to design reliable allele-specific primers (ASP) to
use in allele-specific PCR (AS-PCR) to detect kdr L1014F, L1014S,
L1014C and Ace-1 G119S alleles in An. superpictus populations.
Designed ASP were applied in AS-PCR to analyse kdr and Ace-1
mutation frequencies in An. superpictus populations collected
from Aydin, Mugla and Denizli provinces of Turkey. This is the
first study to determine kdr and Ace-1 mutation frequencies in
Turkish An. superpictus populations.

METHODS

Allele Specific Primer Design

The ASP for detection of the wild type (Leucin-1014L) or
mutated (Phenylalanine-1014F; Cystein-1014C; Serine 1014S)
kdr allele in position 1014 of the vssc gene was designed
through Primer3plus software (16). A 243 base pair (bp) long
partial vssc gene sequence of An. superpictus, uploaded to
GenBank by Djadid et al. (17), was obtained from GeneBank
(Accession number: AH014535.2). Species specific forward

(SupkdrE-5- GGATTGAATCAATGTGGGATTGT-3’) and reverse
(SupkdrR-5-AAGGATGAAGAACCGAAATTGGAC) primers
were designed based on the partial sequence of vssc gene of
An. superpictus obtained from GeneBank. Similarly, a 24 bp
long each allele specific primers for leucine (SupkdrL,-5'-
GCTACAGTAGTGATAGGAAATTTA-3, phenylalanine
(SupkdrE-5- GCTACAGTAGTGATAGGAAATTTT-3’, cysteine
(SupkdrC-5- GCTACAGTAGTGATAGGAAATTGT-3' and serine
(SupkdrSer-5- GCTACAGTAGTGATAGGAAATTCA-3’ alleles were
designed through Primer3Plus software.

Primers Ex3AgF:5- GATCGTGGACACCGTGTTCG-3' and
Ex3AgR:5-AGGATGGCCCGCTGGAACAG-3' were used to
amplify approximately 500 bp partial sequence of Ace-1 gene (18).
Similarly, AS (SupAceS-5- GCTACAGTAGTGATAGGAAATTTA-3’
and (SupAceR-5- GCTACAGTAGTGATAGGAAATTCA-3’ primers
were designed to amplify approximately 400 bp glycine and serine
alleles at positions 119 of the Ace-1 gene.

Sample Collection and Study Area

Adult specimen collection was performed in 3 different locations
from Aydin, Mugla and Denizli provinces of the Aegean region
of Turkey. Sampling was performed between May-September
2018. Adult females were captured from the resting sites
through aspirator. Collected samples were transferred in cages
to vector insect laboratory of Aydin Adnan Menderes University.
Morphological identifications have been performed through an
identification key guided by Becker et al. (11). Adult mosquitoes
were stored in a -20 °C until genomic DNA have been isolated.
A total of 60 genomic DNA was extraction was performed from
whole body of individual female mosquitoes using Invitrogen
genomic DNA extraction kit (TermoFisher Scientific, USA). The
PCR assay was applied to genotype a total of 60 An. superpictus
specimens collected from 3 sites from Aydin, Mugla and Denizli.

Detection of Alleles Using AS-PCR

Each AS-PCR for detection of kdr alleles was performed in a final
25 pL volume. The reaction consisted of: 1x PCR Buffer, 1.5 U
DNA polymerase, 2.5 mM dNTP, 10 pM each of primers and 1.5
pL of DNA (~20-50 ng). Reaction conditions were consisted of
first denaturation at 95 °C, 5 min; 40 cycles of denaturation at 95
°C, 30 s; annealing at 59 °C, 1 min; extension at 72 °C, 1 min and
the finally 72 °C, 5 min. PCR products were run on 2% agarose gel
for 75 min at 70 V in 1x tris borate ethylenediamine tetra acetic
acid buffer and visualised under UV light. Approximately ~250 bp
long fragment for control band and ~190 bp fragment for each
allele was visualized if the sample had that allele (Figure 1).

Ace-1 alleles were detected by AS-PCR which was carried out in
a final volume of 25 pL containing 1.5 pL 2.5 mM dNTP, 2 pL
buffer, 0.2 pL 10 mM from each primer, 0.25 pL (5 U/mL) Taq
DNA polymerase and 1 pL DNA. Thermal cycle programme was
consisted of a first denaturation at 95 °C, 10 min; 30 cycles of
denaturation at 94 °C, 30 s; annealing 56 °C, 30 s; extension 72
°C, 30 s and finally 72 °C, 10 min. PCR products were run on 1%
agarose gel and visualized under ultraviole light (Figure 2).

In order to validate the efficacy and reliability of AS-PCR, obtained
PCR products were sequenced through a 3730xl capillary system
automatic sequencer. Resistant (Serine-1014S) and sensitive
alleles (Leucine-1014L) were deposited in GenBank (accession
numbers: OP503892-OP503893) (Figure 3).
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Figure 1. Agarose gel image of vssc gene region amplified with allele-specific primers (LL is encoded by the aminoacid homozygote
Leucine (TTA/TTA); LS is encoded by Leucine and Serine (TTA/TCA); SS is encoded by homozygote Serine (TCA/TCA)

Figure 2. Agarose gel image of Ace-1 gene region amplified with allele-specific primers (Glycine is encoded by GGG; Serin is encoded by

AGCQ)

Statistical Analysis

Genotyping and kdr allele frequencies and Hardy-Weinberg
expectations of each An. superpictus populations have been tested
via exact probability test via POPGENE (19).

RESULTS

Although all L1014F, L1014C and L1014S alleles were screened
in An. superpictus populations, only L1014S allele was found in
the study area. L allele frequency was 0.8750 in the Aydin and
Mugla population while S allele frequency was 0.1250 in these
populations. In total, 80% and 85% of the individuals had
homozygous L1014L in Aydin and Mugla populations while 15%

of the populations had heterozygous L1014L/L1014S in the
populations, respectively. L allele frequency was 0.9750 in the
Denizli population while S alle frequency was 0.0250. Only 5% of
the population had heterozygous L1014L/L1014S while 95% of
them had homozygous L1014L. All of the populations were in the
Hardy Weinberg Equilibrium (p>0.05) calculated based on Fisher’s
Exact test. The kdr genotype, leucine and serine allele frequencies
and exact test results of each An. superpictus population are given
in Table 1.

No Ace-1 (serine) mutation was found either in any of the
An. superpictus populations. All specimen had wild type Ace-1
(Glycine) allele encoded by GGG (Figure 2).

Table 1. Genotypes, allele frequencies and Fisher’s Exact test results of vssc gene region of Anopheles superpictus populations (L/L:

homozygous susceptible (Leucin); S/S: homozygous resistant (Serin); LS: heterozygous resistant (Leucin/Serin)

Genotype Allele frequency
Locality No P SE F

LL LS Ss L S
Aydin 20 16 3 1 0.8750 0.1250 0.2472 0.0022 0.3372
Denizli 20 19 1 - 0.9750 0.0250 - - -0.000
Mugla 20 17 3 - 0.8750 0.1250 1.00 0.000 -0.1176
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Figure 3. A partial sequence alignment of voltage-sensitive sodium channel (vssc) gene region in Anopheles superpictus. SupkdrF and

SupkdrR indicates forward and reverse primers, respectively. SupkdrL and SupkdrSer indicates leucine and serine alleles

DISCUSSION

A key finding of this research is the identification of the L1014S
allele in An. superpictus populations collected from Aydin, Mugla
and Denizli. This result is a proof of the presence of this allele
in An. superpictus populations from western Turkey. Since sample
size of collected specimen is not wide enough, further studies
with larger specimen numbers are needed to understand the exact
frequency of resistance alleles in An. superpictus populations. The
presence of the L1014S alleles was first described in Anopheles
sacharovi (20). It was also reported in An. sacharovi populations
collected from the Mediterranean and Aegean populations in
Turkey (21). This is the first record of presence of the kdr alleles
in An. superpictus. However, several kdr alleles (L1014F, L1014C,
L1014W) have been detected in different mosquito populations
all over the World. For instance, L1014S alleles have been reported
in Anopheles gambiae populations in several countries including
Burkina Faso (22) and Cameroon (23). The presence of this allele
was reported in Anopheles arabiensis populations collected from
Uganda (24) and Ethiopia (25). All L1014F, L10104F, L1014C
and L1014W mutations have been reported in Chinese Anopheles
sinensis populations (26).

Another important finding of the study is thelack of Ace-1 mutation
(G1199S) in An. superpictus populations collected from the study
area. The serine allele was not found in any of the samples while ASP
created a band profile on agarose gel with only the GGG-encoded
glycine allele. Similarly, G119S alleles have not been detected in
Turkish An. sacharovi (20) and Iranian An. stephensi populations
(27). However, several researchers reported the presence of G119S
alleles in different An. gambiae populations in Mali (28), Nigeria
(29) and An. arabiensis populations in Senegal (30).

Although this study provides useful evidence for the presence of
L1014S allele in An. superpictus populations in the Aegean region

of Turkey, it does not allow to evaluate the frequency of the
alleles and meaningful population genetic analysis due to limited
sample size. Further investigation with larger specimen numbers
is required to determine the geographical distribution of this
allele in this geographic area. The other limitation of the study is
the lack of bioassay tests to test insecticide susceptibility status
of the species. Further studies should aim to detect mortality
rates against different kind of insecticide with recommended
insecticide dose through the susceptibility tests of World Health
Organisation. It should be taken into consider that molecular
analysis should be supported with bioassays to understand
resistance levels and underlying mechanisms.

CONCLUSION

This study proposed a useful and practical allele specific
primer to genotype L1014F, L1014C, L1014S kdr mutation in
An. superpictus, a secondary malaria vector species in Turkey.
The use of AS-PCR to monitor kdr mutation in An. superpictus
populations might facilitate the detection of the mutation when
it is in initial stage before the resistance alleles spread wider.
Additionally, results also proved that Ace-1 G119S mutation
associated with acetylcholinesterase
detected in western Turkish An. superpictus populations. Regular
detection of allele frequencies in vector mosquito species is of

insensitivity is not

great importance to manage insecticide resistance policies at the
local levels. This study is a preliminary study that proposes AS
primer sequences rather than giving clear information about
the kdr allele frequencies in Aegean region populations. Clear
information about the kdr allele frequencies of the populations
and the resistance status might be gathered by increasing the
specimen numbers in future studies.
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Amag: Bu calismada, Anopheles sacharovide sterol tagiyici protein-2 (SCP-2) geninin ilk kez molekiler karakterizasyonunun
yapilmasi ve bu proteini kodlayan genin An. sacharovi gelisim dénemleri ve disi nesillerin tiikiirik bezi, orta bagirsak ve yag dokusu
gibi farkli dokularinda ekspresyon diizeylerinin kargilagtirilmas: amaglanmigtir.

Yontemler: Sultan Sazli§: yoéresinden toplanan ergin disi An. sacharovi ve insektaryumda elde edilen gelisim dénemleri caligma
materyalini olusturmustur. Morfolojik ve molekiiler tir identifikasyonu yapilan An. sacharovi nesilleri ve ergin disi dokularindan
total RNA ekstraksiyonunu takiben ¢cDNA izolasyonu gerceklestirilmigtir. cDNA kaliplarinda SCP-2 geninin 216 bp fragmenti
optimize edilmis primerlerle amplifiye edilmis ve amplikonlar sekanslanmigtir. Sekanslar in-silico analizlerle iglenerek genetik
karakterizasyonlar1 saglanmistir.

Bulgular: Sekans analizine alinan toplam 14 izolata ait SCP-2 nikleotid sekanslarinin 12’sinin %100 benzer oldugu, birbirine
homolog olan diger iki izolata ait SCP-2 sekanslarinin ise 183. bazda tek niikleotid degisimi gosterdigi belirlenmigtir. SCP-2 gen
bolgesinin 216 bp fragmentinin 72 amino asit zincirini kodladig: tespit edilmistir. Filogenetik analiz sonucu SCP-2 gen sekanslarinin
sivrisinek tirt ve soyu bazinda monofiletik olarak kiimelendigi, An. sacharovi izolatlarinin Anopheles kiimesi icerisinde An.
stephensi ve An. funestus’la birlikte alt kiime olusturdugu gériilmigtiir. qPCR ekspresyon analizleri sonucunda SCP-2'nin en yiiksek
ergin erkeklerde ifade oldugu ve bunu sirasiyla ergin disi, L4, L3, L2, L1 ve pupa dénemlerinin izledigi belirlenmigtir. Ergin disi
dokularinda ise SCP-2'nin en yiiksek, fatbody’de ifade oldugu bunu sirasiyla midgut ve tikriik bezinin izledigi belirlenmistir.
Sonug: Bu ¢alismada, vektér potansiyeli yiksek olan An. sacharovi igin ag1 aday1 veya hedef ila¢ bélgelerinden énemli birisi olan
SCP-2 ilk kez karakterize edilmis ve sivrisinegin gelisim evreleri ve dokularindaki ekspresyonel farkhiliklar ortaya konulmustur.
Anahtar Kelimeler: Anopheles sacharovi, sterol tagiyic1 protein-2, molekiiler karakterizasyon, ekspresyon analizleri

ABSTRACT

Objective: It was aimed to characterize the sterol carrier protein-2 (SCP-2) gene in Anopheles sacharovi using molecular methods
for the first time, and to reveal the expression levels of An. sacharovi in the developmental stages and female generation in different
tissues such as salivary gland, midgut and adipose tissue.

Methods: The adult female An. sacharovi collected from the Sultan Sazhi§1 region and the development stages in the insectarium
constituted the study material. cDNA isolation was performed following total RNA extraction from An. sacharovi strains. The 216 bp
fragment of the SCP-2 gene was amplified with optimized primers in cDNA templates and was sequenced. Genetic characterization
of the sequences was provided in silico analysis.

Results: Twelve of the SCP-2 nucleotide sequences of 14 isolates included in the sequence analysis were 100% identical and the
SCP-2 sequences of the other two isolates that were homologous to each other showed a single nucleotide change at base 183. The
216 bp fragment of the SCP-2 gene region was found encoding the 72 amino acid chain. SCP-2 gene sequences clustered the isolates
monophyletically on the basis of mosquito species and strains, and that Anopheles sacharovi isolates formed a subcluster together
with Anopheles stephensi and Anopheles funestus within the Anopheles cluster in phylogenetic analysis. Because of g-polymerase
chain reaction-mediated expression analysis, SCP-2 gene was expressed highest in adult males, followed by an adult female, ss
L4, L3, L2, L1, and pupal stages, respectively. In adult female tissues, the SCP-2 gene was expressed the highest in the fat body,
followed by the midgut and salivary glands, respectively.
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Conclusion: SCP2, which is an important vaccine candidate or target drug site for Anopheles sacharovi with high vector potential, was firstly
characterized in this study and the developmental stages and expression differences in the tissues of the mosquito were revealed.
Keywords: Anopheles sacharovi, sterol carrier protein-2, molecular characterization, expression analysis

GIRiS

Anopheles soyunda yer alan Maculipennis kompleks sibling ve
kriptik turleri icerdigi anlagilan sivrisinekler icerisinde ilk 6rnek
olmas1 ve medikal énemleri ile taksonomik klasifikasyon ve
filogenetik iligkiler tizerine caligmalarda ilgi odagi olmustur.
Maculipennis kompleksin giniimiize kadar palearktik bélgede
10’un tizerinde turd identifiye edilmis olmakla birlikte (1) hentiz
ilgili cografik alanda genetik c¢esitlilik tizerine veriler olduk¢a
sinirhdir. Ulkemizde giiniimiize kadar morfolojik analizlerle
Anopheles soyunda 10 turin varhg: bildirilmis olup bunlardan
dérdiinin Maculipennis komplekste yer alan An. sacharovi, An.
maculipennis s.s., An. melanoon ve An. messae oldugu gérillmektedir
(2-5). Anopheles sacharovi, An. atroparvus ve An. labranchiae ile
birlikte palearktik bélgede ge¢misten giniimiize en etkin sitma
vektorleri olarak nitelenmektedir (6-9). Turkiye (3,7), Suriye
(10,11) ve Orta Dogu'nun farkli bélgelerinde (12,13) P. vivax
malaryasinin en etkin vektérii An. sacharovi olarak kaydedilmistir.
Ayrica Giiney Avrupa Bolgelerinde ana potansiyel vektér olarak
da gorillmektedir (8,14). Anopheles tiirlerinin vektérlugini
yaptig1 sitmanin 6nlenmesindeki en kritik nokta geleneksel olarak
kullanilan insektisitlerle beraber sivrisinek popiilasyonlarinin
baskilanmasidir (15). Ancak bu miicadelede kargilagilan en biyitk
stkint1 insektisitlere karg1 gelisen diren¢ mekanizmasidir (16).
Bu noktada sivrisineklere karg1 kolesterol alimi veya tasginmasi
gibi yeni biyoteknolojik yaklagimlara ihtiya¢ bulunmaktadir (17).
Insektler, tiim okaryotlar gibi yapisal ve metabolik amaglar icin
sterollere ihtiya¢ duyarlar. Ancak insektler, tiim artropodlar
gibi kolesterol sentez asamasinda anahtar enzimlerden yoksun
olduklar1 icin sterol iretemezler ve bu ihtiyaclarini digsardan
kargilamak zorundadirlar (18).

Insektler kolesterole bagimhdirlar, ¢tinkii kolesterol olmadan
gelisimlerini tamamlayamaz ve c¢ogalamazlar. Dolayisiyla
digaridan  kolesterol almak insektler icin fizyolojik olarak
bir zorunluluktur. Kolesterol olduk¢a hidrofobiktir. Tagiyici
proteinler, kolesterolin hidrofobik kismimi sitoplazmanin veya
hemolenfin sulu ortamindan koruyarak kolesteroliin verilmesine
aracilik eder (19). Boceklerde kolesterolii hiicre i¢i olarak orta
bagirsak epitelinin liimenal tarafindan bazal tarafina veya lipid
damlaciklarindan yag govdesindeki sitoplazmik membrana
tagimak icin bir sterol tagiyic1 proteine (SCP) ihtiyag vardir. Aedes
tiirleri izerinde yapilan ¢aligmalarda (20-22), hiicre ici bir sterol
tasiyicl protein olan SCP-2'nin hiicresel kolesterol transferinden
sorumlu oldugu gésterilmistir.

Bu c¢alismada, biyoteknolojik miicadele kapsaminda ¢esitli
zararli ve/veya hastalik nakleden bécekler icin as1 aday1 veya
hedef ila¢ bolgelerinden birisi olarak nitelenen SCP-2 geninin
Anopheles sacharovide molekiiler karakterizasyonunun ilk kez
gerceklestirilmesi ve bu antijenin sinegin yasam donemlerindeki
ekspresyon analizlerinin kargilagtirmali bir gsekilde ortaya
konulmasi ama¢lanmgtir.

YONTEMLER

Anopheles Soyundaki Ergin Sivrisinek Orneklerinin
Sahadan Toplanmasi

Anopheles  soyundaki ergin sivrisinek &rnekleri Mayis-
Agustos 2021 tarihleri arasinda Sultan Sazligi ekosisteminden
toplanmigtir. Belirlenen 6rnekleme alanlarinda kan emmis,
yar1 gravid veya gravid ergin An. sacharovi disi 6rnekleri hayvan
ahirlari/barinaklari, ev icleri, kiler, depo gibi uygun kapal
alanlarda gindiz saatlerinde bataryali aspiratérler (2809D,
BioQuip, ABD) ve hepa filtreli basit agiz aspiratérleri ve el
fenerleri yardimiyla toplanmistir (23). Ornekler kiiciik sivrisinek
kafeslerine aktarilmig ve icerisinde buz akiileri bulunan arazi
tipi taginabilir buzluklara aktarilarak laboratuvara taginmigtir.
Orneklerin tasmmma sirasinda o6lim oranimi azaltmak icin
buzluklar icerisine ayrica nemli bez parc¢alar: konulmus, nemli ve
serin bir ortamda taginmalar1 saglanmigtir.

Anopheles sacharovi’'nin Morfolojik ve Molekiiler
identifikasyonu, insektaryumda Geligim
Dénemlerinin Elde Edilmesi

Morfolojik teshis

Insektaryuma getirilerek uygun kaplar icerisinde yumurtlamalari
saglanan tum digiler ayrilmis ve stereo-mikroskop altinda
ergin ve yumurta morfolojisine gore teshis anahtar ile (24,25)
tur teshisleri gerceklestirilmistir. Anopheles sacharovi disi
orneklerinin diger grup Orneklerine gére kanat lekelerinin
daha az belirgin olmasi, scutumun soluk kahverenginde olmasi,
sucutumda soluk dogrusal bir seritin bulunmamasi ve kanat ucu
sagaklarimin tek diize siyah olmas: gibi morfolojik karakterleri ile
An. maculipennis grubunun diger tiirlerinden (An. maculipennis
s.s., An. melanoon, An. messeae) mikroskop ile ayrilmasi ve teghis
edilmesi mumkiindir. Yumurtalarin desenlenme bicimleri ve
yumurta yuzge¢lerinin bulunma yerleri ve bicimleri tilkemizdeki
An. maculipennis grubu tirlerin ayriminda dogru sonuglar
vermektedir. An. sacharovinin yumurta deseni 6zellikleri diger
An. maculipennis grubu tiirlerinkinden farklidir ve belirgin bant
profilleri veya desenleri yoktur. Yumurtlayan ergin disi 6rnekler
PBS icerisinde en az ii¢ kez yikanarak kod numarasiyla birlikte -80
°C’lik derin dondurucuya total RNA izolasyonunda kullanilmak
tizere alinmistir. Derin dondurucuya alinmadan énce her 6rnegin
bacaklar1 ayrilarak icerisinde %96’lik etanol bulunan ayrn steril
mikrosantrifiyj tiplerine molekiler teghis i¢cin DNA izolasyonu
amaciyla alinmigtir. Morfolojik teshis sonucu An. sacharovi olarak
teshis edilen érneklere ait yumurtalar ise gelisim dénemlerinin
eldesi i¢in insektaryumda yetistirme prosesine alinmigtir.

Molekiiler teshis

Ergin disi ve yumurta morfolojisine gére An. sacharovi olarak
teshisi saglanan ornekler, tiir teshislerinin konfirmasyonu i¢in
molekiiler analizlere alinmigtir. Etanol bulunan mikrosantrifiij
tiplerine almnan bacaklardan genomik DNA izolasyonu,
GeneJET Genomic DNA Purification Kit (Thermo Scientific) ile
gerceklestirilmistir. Orneklere ait gDNA izolatlari, An. sacharovi
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ITS-2 (26,27) gen bélgesininin 180 bp’lik fragmentini spesifik
olarak amplifiye eden primerlerle polimeraz zincir reaksiyonunda
(PCR) analiz edilmistir. PCR analizleri sonrasi, hedef biiytuklitkteki
ITS-2 gen bolgesi amplikonlar: ayrica PCR primerleri ile sekans
analizine tabii tutulmusg ve tiir teghisleri elde edilen niikleotid
dizilerinin GenBank veritabanindaki referans izolatlarla birlikte
hizalama analizleri yapilarak konfirme edilmistir.

insektaryumda Gelisim Dénemlerinin Elde Edilmesi

An. sacharovi olarak teshis edilen toplam 50 disi sivrisinek
6rnegine ait yumurtalar larva 1 dénemi ¢ikana kadar bulunduklar:
kaplar icerisinde takip edilmigtir. Birinci dénem larvalarin ¢ikigini
takiben tim larvalar genis agizh pipetler yardimiyla dikkatli bir
sekilde gelisim kaplarina aktarilmigtir. Larval besleme stirecinden
once 240 (3 tekrar olusturmak tizere) adet L1 SCP-2 geninin
karakterizasyonu ve ekspresyon analizlerinde kullanilmak tzere
ayrilarak ti¢ kez PBS’den gecirilmis ve sonrasinda -80 °C’lik derin
dondurucuya konulmustur. An. sacharovinin insektaryumda
yetistirilmesi ve gelisim dénemlerinin saglanmasinda ilgili
referans protokoller takip edilmistir (28,29). Gelisim dénemleri
i¢cin insektaryum ortaminin gerekli optimum sicaklik, nispi
nem ve fotoperiyot kogullary; 26-30 °C, %70+10 nispi nem
ve 12saat:12saat aydinlik:karanlik fotoperiyot seklinde
ayarlanmigtir. Larval gelisim siireci takip edilerek yaklagik 10-
14 ginde (30) (Yumurta-L1: 2-3 giin; L1-L2: 2-3 giin; L2-L3:
2-3 giin; L3-L4: 3-4 giin; L4-Pupa: 3-4 gin; Pupa-Ergin: 2-3 gin)
pupaya déniisen 6rneklerden L1, L2, L3, L4 ve pupa dénemleri
i¢in ilgili zaman araliklarinda SCP-2 geninin karakterizasyonu
ve ekspresyon analizleri amacyla sirasiyla 240, 180, 120, 60
ve 15 (3 tekrar olusturmak tizere) (31) érnek ayrilarak ti¢ kez
PBS’den gecirilmis ve sonrasinda -80 °C’lik derin dondurucuya
konulmustur. Larval besleme kaplarinda gelisen pupalar kiiciik ve
genis agizh pipetler araciligiyla toplanarak erginlesme kaplarina
alinmig ve bu kaplar buiyik yetistirme kafesine aktarilmigtir.
Yaklagik 2-3 giin icerisinde pupadan ¢ikan ergin sinekler, biiyitk
kafes icerisinde pamuklara emdirilmis %10’luk seker c¢ézeltisi
ve ayrica cesitli bitki 6z sulariyla yaklagik 2 giin beslenmeleri
yapilmigtir. Takiben ergin erkek ve disilerden bireysel olarak
ayrilan tcer 6rnek t¢ kez PBS’den gecirilmis ve sonrasinda SCP-
2 geninin karakterizasyon ve ekspresyon analizleri amaciyla -80
°C’lik derin dondurucuya konulmustur.

SCP-2 Geninin Karakterizasyonu ve Ekspresyon
Analizleri

Total RNA izolasyonu ve cDNA sentezi

SCP-2 geninin molekiiler karakterizasyonu amaciyla 50 adet disi
An. sacharovi 6rneginden 7’si kullamilmistir. Ayrica her gelisim
doénemi i¢in olugturulmus t¢ replikasyondan birisi molekuler
karakterizasyon c¢aligmasina dahil edilmis ve béylece toplam
14 izolata ait total RNA'lar sekans analizleri i¢cin kullanilmigtir.
Ekspresyon analizleri i¢cin insektaryumda yetistirilen tim gelisim
doénemlerine ait 6rnekler kullanilmigtir. Sahadan toplanan
ergin disilerden bireysel total RNA izolasyonu GeneJET RNA
Purification Kit (Thermo Scientific) ile gerceklestirilmis,
insektaryum hattindan ise ilgili gelisim dénemlerine ait
belirtilen sayida 6rnegi iceren havuzlar olusturulmus ve total
RNA izolasyonuna alinmigtir. Total RNA izolatlarindan ¢DNA
elde etmek icin iScript ¢cDNA Sentez Kiti (Bio-Rad) protokolii
uygulanmigtir. Ekstrakte edilen RNA’larin miktari, NanoDrop
spektrometresi kullanilarak analiz edilmis ve reaksiyon basina

100 ng RNA ilave edilmistir. cDNA sentezi, ticari kit protokoline
gore termal déngii 25 °C’de 5 dk, 46 °C'de 20 dk, 95 °C'de 1 dk
ve 4 °Cde sogutma olacak sekilde gerceklestirilmistir. Termal
déngt protokoliiniin tamamlanmasindan sonra 6rneklere ait elde
edilen cDNA’lar kullanilana kadar -20 °C’de muhafaza edilmigtir.
SCP-2 geninin An. sacharovi disi nesillerinin tukrik bezi, orta
bagirsak ve yag dokusu gibi organlarinda ekspresyon dizeylerinin
aragtirilmasi amaciyla insektaryum hattindan elde edilen toplam
30 ergin disiye ait ilgili dokular steril olarak diseke edilmis ve
her doku 10’arh olarak tiiplere yerlestirilmis ve ti¢ replikasyonun
olusumu saglanmigtir.

SCP-2 geninin amplifikasyonu ve sekanslanmasi

Elde edilen cDNA kaliplarinda SCP-2 gen bélgesinin amplifiye
edilmesi i¢in diger bazi Anopheles ve Culex tiirlerine ait ilgili
gen sekanslar1 tzerinde optimum 6zellikte primer dizaym
gerceklestirilmis ve sonrasinda SCP-2 geninin 216 bp kismim
¢ogaltan SCP76F (5-GTGCAGCAGATSTACAAGTTC-3’) ve SCP-
291R (5-CTCAACCTGTCCCTCCACRT CSAG-3’) primerleri
sentezletilmigtir. PCR reaksiyonlar1 25 uL final konsantrasyonda
hazir kullanimbk Dream Taq Hot Start Green PCR Master
Mix (2X) (12,5 pL) (Thermo Fisher Scientific), 0,4 pM her bir
primer (1,3 uL) ve 10-20 ng kalip cDNA (2 pL) olacak gekilde
hazirlanmistir. Ornekler C1000 Touch thermalcycler cihazina
(BioRad) yerlestirilerek, termal profil 95 °C'de 2 dk; 35 siklus
95 °C’de 30 sn, 57 °C’de 30 sn ve 72 °C'de 1 dk; 72 °C’de 10 dk
olarak ayarlanmis ve amplifikasyon gerceklestirilmistir. Elde
edilen PCR uiriinlerinin her birinden 5 pL alinip 130 V'de 30 dk, jel
elektroforeze tabii tutulmustur. Sonuglar Gene Snap from Syngene
analiz programi (UVP INC Uplant, CA) ile gorintillenip analiz
edilmigtir. PCR analizleri sonrasi, SCP-2 gen bélgesi amplikonlar
uygun konsantrasyonda hazirlanarak PCR primerleri ile birlikte
Macrogen Europe firmasinda cift yonlii olarak sekanslatilmigtur.

Niikleotid ve amino asit sekanslarinin

karakterizasyonu

Cift yonla DNA dizisi belirlenen izolatlara ait kromotogramlar
dikkatlice analiz edildikten sonra Geneious 2022.1.1 yazilimi
(https://www.geneious.com) ile forward ve reverse dizilimler
DeNovo Assamble kullanilarak contig analizi yapilmis ve ilgili
gen icin final konsensus dizilimler ortaya ¢karilmigtir. Elde
edilen sekanslarin blastn (http://blast.ncbi.nlm.nih.gov/ Blast.
cgi) analizleri yapildiktan sonra GenBank’ta mevcut diger
sivrisinek ve yakin taksonlara ait SCP-2 sekanslariyla Geneious
yazilimi tzerinden ¢oklu hizalamalar1 yapilarak interspesifik
ve intraspesifik niikleotid ve aminoasit farkhiliklari ortaya
cikarilmigtir.  Filogenetik aga¢ olusturulmasinda maximum
likelihood (ML) analizi uygulanmgtir. Sekans evrimi i¢in en uygun
degisim modelijModelTest v.0.1.1'de (32) belirlenmistir. En diistik
AIC (Akaike Information, Criterion, correction) skoru gésteren
GTR+I modeli filogenetik aga¢ olusturulmasinda kullanilmigtir.
ML analizi Geneious yazilimi tizerinden PhyML plugini
kullanilarak yapilmigtir. ML analizleriyle olusturulan agacin
guvenilirligi 1,000 tekrarl Bootstrap testi ile gerceklestirilmistir.
Izolatlara ait amino asit dizilimleri; protein yapisi yoniinden analiz
edilmigtir. SCP-2 proteinin transmembran bélgelerindeki amino
asit dizilimlerinin sinyal peptid analizleri ve dizilimlerdeki tahmini
antijenik peptidlerin varligi Geneious yazilimi tizerinden EMBOSS
Protein Analysis 1.0 plugin yazilimi kullanilarak yapilmigtir. An.
sacharovi SCP-2 proteininin transmembran sarmallarinin yapisi
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ayni yazilim tzerinden Transmembrane Prediction Tool 0.9 ile
arastirilmistir. Izoelektrik nokta ve proteinin tahmini molekiiler
agirhg ExPASy programu ile hesaplanmigtir.

SCP-2 Geninin Ekspresyon Analizleri

istatistiksel Analiz

SCP-2 geninin An. sacharovinin farkhi gelisim evreleri ve
dokularindaki  ekspresyon analizleri kantitatif reverse
transkripsiyon-gercek zamanli-PCR ile gerceklestirilmistir. SCP-
2 geninin, An. sacharovi laboratuvar hatlarindan elde edilen
larva (1,2,3,4 instar larvalar), pupa ve ergin dénemleriyle ergin
digilerin titkuriik bezi, orta bagirsak ve abdomen karkaslar1 gibi
dokularinda transkripsiyonel diizeylerinin belirlenmesi icin
analizler gerceklestirilmistir. SCP-2 proteinini kodlayan hedef
gen bolgesinin biitiin olarak amplifikasyonu amaciyla sentezlenen
cDNA’lar kalip olarak kullanilarak karakterize edilen gen bélgesi
sekanslarindan sybergreen tabanli gPCR i¢in genetik yazilimlarla
optimum spesifik primer dizaym yapilmigtir. Dizayn edilen SCP-2
gen bolgesiicin AsacSCP-2sybrF (5'-TTCCGCATCCAGCAGAAC-3")
ve  AsacSCP-2sybrR  (5-CGAACATGATCTCATCGTCCAT-3")
primerleri qPCR analizleri i¢cin standardize edilmistir. Gercek
zamanl PCR analizleri CFX Connect™ Real-Time PCR Sisteminde
(BioRad) sybergreen tabanli olarak gerceklestirilip her érnek tg
tekrar caligilmigtir. Floresans okumalar1 her siklustan sonra 62
°C'de alinarak, PCR irtinlerinin identikliginin konfirmasyonu
icin melting curve analizleri gerceklestirilmigtir. mRNA
diizeyleri, Aktin (AdrtACTF2- 5-TCTGACCGACTACCTGAT-3'
ve AdrtACTR2 5'-CATCTCCTGCTCGAAGTC-3") ve Ribozomal
S17 (S17F-5-GGGTCGTGTACGTACCAAGACG-3' ve S17R2
5'-CATAGTTATCGCGACGCTCACG-3') referans genleri es zamanh
kullanilarak komperatif AACt metodu ile normalize edilmigtir
(33,34). Normalize edilmis mRNA diizeyleri, jenerasyon bazinda
farkli gelisim evreleri ile ergin disilerden izole edilen dokular
arasinda Student’s t-test ile istatistiksel olarak analiz edilmistir.

BULGULAR

Anopheles sacharovi Saha Ornekleri ve Morfolojik
Identifikasyon

Sahadan toplanan 283 adet disi Anopheles érneklerinden 50
sivrisinek yumurtlatma prosesine alinmigtir. Yumurtlayan
Anopheles disi nesiller stero-mikroskop altinda incelenmis ve An.
maculipennis grubunun diger tirlerinden (An. maculipennis s.s.,
An. melanoon, An. messeae) kanat lekelerinin daha az belirgin
olmasi, scutumun soluk kahverenginde olmasi, sucutumda soluk
dogrusal bir seritin bulunmamasi ve kanat ucu sacaklarimin tek
diize siyah olmas: gibi morfolojik karakterleri ile An. sacharovi
olarak teghis edilmigtir (Sekil 1). Ayrica her bir disi icin elde
edilen yumurtalar morfolojik olarak incelenmis ve yumurtalarin
desenlenme bi¢imleri ve yumurta ytzge¢lerinin bulunma yerleri
ve bicimleri ile An. sacharovi teghisi dogrulanmigtir. Yumurtalarin
bu 6zellikleri, elde edilen tiim yumurtalarin An. sacharovi disilerine
ait oldugunu gostermistir (Sekil 1).

Anopheles sacharovi Nesillerinde ITS-2 Gen
Bolgesinin Amplifikasyonu, Sekans ve Filogenetik
Analiz Sonuclar1

Morfolojik identifikasyonla An. sacharovi olarak teshis edilen ve
yumurtalar1 insektaryumda gelismeye alinan toplam 50 adet
disi 6rnegin ayrilan bacaklarindan elde edilen genomik DNA
izolatlarinin An. sacharovi spesifik ITS-2 PCR analizleri sonucu

Sekil 1. Anopheles sacharovi ergin disi ve yumurtalar: (orijinal)

agaroz jel uzerinde hedef buyuklikte (180 bp) amplikonlar
belirlenmigtir ($ekil 2). Sekans analizi i¢in tiim izolatlara ait
amplikonlarin PCR primerleri ile ¢ift yonli olarak sekanslanmas:
sonucu izolatlara ait forward ve reverse kromotogramlar
Geneious 2020.1.1 yazilminda de novo assamble ile islenerek
kalite skoru yiiksek konsensus dizilimler elde edilmistir. Elde
edilen tum niikleotid sekanslarin birbirine %100 benzer oldugu
gorilmustir. Yapilan blast analizi sonucunda izolatlara ait ITS-
2 niikleotid sekansinin GenBank veritabaninda kayith diger An.
sacharovi sekanslariyla yiiksek diizeyde benzer oldugu belirlenmis
ve béylece calismaya dahil edilen toplam 50 disi An. sacharovi
neslinin tiir konfirmasyonlar1 gerceklestirilmigtir.

An. sacharovi Nesillerinde SCP-2 Geninin Molekiiler
Karakterizasyonu

SCP-2 geninin amplifikasyon sonuclari

Galisma kapsaminda morfolojik ve molekiiler identifikasyonlar:
saglanan sahadan izole edilmis ve yumurtalar yetistirmeye
alinmug toplam 7 ergin disi ile insektaryumda gelisim dénemleri
icin olusturulmus replikasyonlardan secilen toplam 7 izolata
(L1-L4, Pupa, ergin disi, ergin erkek) ait cDNAlarin SCP-2 gen
bolgesi yoninden PCR sonuglarn Sekil 3’te verilmistir. PCR
amplifikasyonu sonucunda agaroz jel iizerinde tium izolatlar i¢in
hedef buytklikte (216 bp) amplikonlar belirlenmisgtir.

Sekil 2. An. sacharovi 6rneklerinin ITS-2 gen bélgesini amplifiye
eden primerler ile PCR sonucu elde edilen pozitif amplikonlarin
jel elektroforezde géruniimi. M: Marker (100 bp); 1-6: Ergin
disi An. sacharovi izolatlari; 7: No DNA

PCR: Polimeraz zincir reaksiyonu
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Sekil 3. An. sacharovi nesillerine ait izolatlarin SCP-2 gen

bolgesi yoniinden PCR sonuglar:
PCR: Polimeraz zincir reaksiyonu

An. sacharovi Nesillerinde SCP-2 Geninin Niikleotid
ve Amino Asit Sekans Karakterizasyonu Sonuclar1

Niikleik asit sekans karakterizasyonu ve filogenetik
analizi

Karakterizasyonu yapilan 14 izolata ait niikleotid sekanslarinin
hizalama analizlerinde 12’sinin %100 benzer oldugu, aym
niikleotid dizilimine sahip kalan 2 izolatin ise 183. bazda “T”
yerine “C” degisimi gosterdigi belirlenmistir. Elde edilen bu
verilerle karakterize edilen An. sacharovi SCP-2 sekanslari sirasiyla
TR_Ansacl_SCP-2 (GenBank aksesyon: OL957181) ve TR_
Ansac2_SCP-2 (GenBank aksesyon: OL957182) izolat adlariyla
GenBank veritabanina kayit edilmigtir. TR_Ansacl_SCP-2 ve
TR_Ansac2_SCP-2 sekanslar1 arasinda %0,5 genetik farklilik
saptanmugtir. Caligmada karakterize edilen An. sacharovi SCP-2
gen bolgesi sekanslariile GenBank veritabaninda kayith Anopheles,
Aedes ve Culex soylarindaki diger baz: tiirlere ait SCP-2 gen bolgesi
sekanslar kullanilarak olusturulan filogenetik agacta izolatlarin
tir ve soy bazli olarak kiimelenme gosterdigi ve monofiletik
yap1 sergiledigi gorilmiistiir (Sekil 4). Calismamizda karakterize
edilen An. sacharovi izolatlarinin Anopheles kimesi icerisinde
An. stephensi ve An. funestus’la birlikte alt kiime olusturdugu ve
bu tirlerin SCP-2 gen bélgesi sekanslarinin birbirine daha yakin
oldugu tespit edilmigtir. Anopheles soyu icersinde incelenen
tarlere ait SCP-2 sekanslarinin ortalama genetik farklilig: %10,45
belirlenmigtir.

SCP-2 geninin kodladig1 proteinin in-silico analiz
sonuclar1

Anopheles sacharovi SCP-2 geninin in-silico analizleri sonucu SCP-
2 gen sekanslar icerisinde belirlenen tek niikleotid degisiminin
amino asit diziliminde farklihga yol agmadigi goralmiistiir.
Anopheles sacharovi SCP-2 genin 216 bp gen diziliminin kodladig:
72 aa zincirinin ifade ettigi proteinin 7,915 kDa buyukliginde
oldugu, transmembran boélge icermeyip tamamen sitoplazmik
karakterde oldugu belirlenmistir (Sekil 5). SCP-2 geninin
aminoasit zinciri icerisinde 13 ve 18 aa uzunlugunda ve antijenik
skorlar1 da swrasiyla 1,089 ve 1,143 olan 2 antijenik bolge
bulundugu gérilmistir. flgili proteinin izoelektronik noktasinin
4,26 oldugu ve pH 7'de aktivasyon degerinin de -4,08 oldugu
tespit edilmigtir.

Anopheles sacharovi’de SCP-2 Geninin Ekspresyon
Analiz Sonuclar1

SCP-2 geninin qPCR amplifikasyon sonuclar1

An. sacharovi SCP-2 geninin ekspresyon analizlerii¢in dizayn edilen
qPCR primerli ile normalizasyon genleri Aktin ve ribozomal S17
i¢in primerlerin hem gelisim dénemleri hem de dokulardan izole
edilen total RNA izolatlarinda etkin olarak ¢ahstifi ve spesifik
melt pik gosterdikleri gorilmistir (Sekil 6).

Gelisgim donemlerinde SCP-2 geninin ekspresyon
analizi

SCP-2 geninin An. sacharovi gelisim dénemlerindeki ekspresyon
diizeyleri Sekil 7'de gosterilmistir. gPCR'de ekspresyon analizleri
sonucunda SCP-2'nin en yitksek ergin erkeklerde ifade oldugu
bunu sirasiyla ergin disi, L4, L3, L2, L1 ve pupa dénemlerinin
izledigi belirlenmigtir. Tam gelisim dénemleri arasindaki SCP-2
ekspresyon kat degisimi arasindaki farkhiliklar istatistiksel olarak
6nemli (p<0,05) bulunmustur.

Ergin disi dokularinda SCP-2 geninin ekspresyon
analizi

SCP-2 geninin An. sacharovi ergin disi tikritk bezi, orta bagirsak
(midgut) ve yag (fat body) dokularindaki ekspresyon dizeyleri
Sekil 8'de gosterilmistir. qPCR'de ekspresyon analizleri sonucunda
SCP-2’nin en yiiksek fatbody'de ifade oldugu bunu sirasiyla
midgut ve titkriik bezinin izledigi belirlenmigtir. Ergin disi
dokular1 arasindaki SCP-2 ekspresyon kat degisimi istatistiksel
olarak 6nemli (p<0,05) bulunmustur.

TARTISMA

SCP-2, her birinin sterol-baglayici alan tasidigs SCP-2, SCP-x,
SCP-like-2, SCP-like-3, 17f-hydroxysteroid dehydrogenase tip
IV, ve stomatin’i iceren SCP-2 gen ailesinin bir uyesidir (35).
SCP-2 geninin insan kromozom bandi 1p32.3'de yerlestigi ve 18
exon ve 123 amino asitten olustugu belirlenmigtir (36). SCP-x
veSCP-2'yi bir genin kodladigi ve SCP-x’in diger bir transkripsiyon
bolgesinden geldigi bilinmektedir. Her bir mRNA ortak bir C-
terminus yapisi gosteren bir prekiirsor 15 kDa pro-SCP-2 proteini
ve tiim-uzunlukta 58 kDa SCP-x proteinine transkribe olur.
58-kDa SCP-x kismi post-translasyonel modifakasyon gecirir
ve takiben tam fonksiyonel 13 kDa SCP-2 ve 46-kDa proteine
ayrilir (37). Agikca, 15-kDa pro-SCP-2’nin aktivitesi yoktur
ve tamamen post-translasyonel olarak iglenmesiyle bir 2-kDa
peptid ve bir matiir 13-kDa SCP-2 olusur (15). Guntimuze kadar
omurgali SCP-2 genlerinin bircok 6zelligi ortaya ¢ikarilmig olup,
SCP-2'nin inanlar, kurbagalar, zebra baliklari, képekler, tavuk
ve fareler arasinda evrimesl olarak yiiksek dizeyde korunmus
oldugu belirtilmektedir (36). Omurgalilarda SCP-2'nin sterol
metabolizmas: ve steroid biyosentezinin 6nemli bir bileseni
oldugu gosterilmistir (37,38). Ayrica omurgalilarda SCP-2'nin
kolesterol, doymus asitler ve doymus acyl CoA’a baglandig:
da tespit edilmigtir (37,39). Ayrica SCP-2’nin mitokondride
kolesterolun steroidlere déndiriilmesini mitokondri icine girisi
artirarak hizlandirdig belirlenmistir (40,41). Buna ilaveten SCP-
2’nin mikrozom ve plazma membrani arasinda sterol déngistuni
artirdign (42), ve kolesterol veya steroid biyosentezine dahil olan
dokularda yiksek duzeyde SCP-2 ekspresyonu oldugu ortaya
ckarilmigtir (37,43).
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XM_041931498, An. merus

°XM_040366404, An. coluzzii

100} XM_040295160, An. arabiensis

XM_312778, An. gambiae

0X031310, An. nili (reversed)

TR_Ansac2_SCP2, OL957182

TR_Ansac1_SCP2, OL957181

100 CP032299, An. stephensi (reversed)
XM_049429487, An. funestus

XM_035927850, An. albimanus

100
XM_049681090, An. darlingi
AF539993, Cx. pipiens
80
80 XM_038262134, Cx. quinquefasciatus

XM_039588077, Cx. pipiens

XM_029857494, Ae. albopictus

100 XM_019706831, Ae. albopictus

AF539988, Ae. aegypti

Sekil 4. Calismada karakterize edilen An. sacharovi izolatlar1 (kirmizi kalin karakter) ile Anopheles, Culex ve Aedes soylarindaki diger bazi

tiirlerin SCP-2 gen sekanslarina gore filogenetik iliskisi. Nodelarin 6niindeki rakamlar 1000 boostrap destegini gostermektedir. Olcek
cizgisi bolgeye gore nitkleotid degisimini ifade etmektedir
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Sekil 5. Anopheles sacharovi SCP-2 amino asit sekans ve in-silico 6zellikleri

tizerinde SCP-2 genin metabolik yolaklar1 ve cesitli SCP-2
inhibitéri maddelerin sivrisinek gelisim parametreleri tizerine
etkisi temelinde sivrisinek kontrolii icin yenilik¢i yaklagimlarla

Insketler kolesterol biyosentez yolaginda énemli olan
enzimlerden yoksundur ve bu sebeple kolesterolun hiicre ve
dokularda sentezi i¢in uygun canlilar degildir (44). Bu faktor,

insektlerin viicut yapilar1 ve biiyiime hormanlar1 gibi énemli
biyobilesenler icin zorunlu olan kolesteroliin dig kaynaklardan
saglanmasimmi zorunlu kilmaktadir (45). Giinimiize kadar
Anopheles, Aedes ve Culex soylarindaki cesitli sivrisinek tiirleri

aragtirmalarin yapildig: gérilmektedir (46). Ancak SCP-2 geninin
farkl sivrisinek turlerinde molekiler yapisi ve gelisim dénemleri
ile ¢esitli viicut dokularindaki ifade duzeyleri tizerine arastirma
acig1 bulundugu dikkati cekmigtir. Gunimuze kadar Gen
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Sekil 6. SCP-2 geninin qPZR ekspresyon analizinde belirlenen amplifikasyon grafikleri ve SCP-2 ve normalizasyon genlerinin melt pik
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Sekil 8. SCP-2'nin An. sacharovi gelisim dénemlerindeki ifade diizeyleri (FB: Fat body, MG: Midgut, TB: Tiikriik bezi)

veritabani incelendiginde SCP-2 geninin cesitli Anophel es tiirleri
ile Cx, pipiens, Cx. quinquefasciatus ve Ae. albopictus turlerinin
genom ve/veya transkriptom calismalarinda anotasyonlandig:
gorilmektedir. Diger yandan GenBank veritabaninda direkt
SCP-2 geni tizerine odaklanan Cx. quinquefasciatus, Ae. aegypti
ve An. quadrimaculatus turleri icin gen sekanslar1 bulunmakta
olup bunlardan yalmzca Ae. aegypti izerine bir caligmanin
yaymnlandigi gériilmektedir (19). Mevcut bu veriler dikkate
alindiginda cesitli sivrisinek tiirlerinde SCP-2 geninin agik
okuma cercevesinin yaklasik 335 bp uzunlukta oldugu ve 110 aa

uzunlugunda bir proteini kodladig: gériilmektedir. Calismamizda
Maculipennis grubun en 6nemli tyelerinden biri olan ve P
vivax i¢cin en etkin vektérlerden birisi olan An. sacharovi i¢in
SCP-2 geni ilk kez karakterize edilmigtir. Yukarida bahsi gecen
mevcut sivrisinek SCP-2 gen sekanslar1 tizerinde yiirtttigimiiz
primer dizayni ¢alismalarinda SCP-2 gen bolgesi ORF sekansini
butin olarak cogaltan veya kapsayan bir fragmentin ¢cDNA
kalib: icerisinde ¢ogaltilmasi mimkin olmamigtir. Ancak ilgili
dizilimler icerisinde gerceklestirilen analizlerde diger Anopheles
tirleri ve diger soylardan tiirlere ait gen sekanslarn arasinda
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gerceklestirilen analizlerle korunmus bélgeler tespit edilmis ve
bu yénuyle de SCP-2 geninin degisken bolgeleri de iceren 216
bp fragmenti etkin olarak ¢cogaltilmigtir. SCP-2 gen boélgesi ORF
sekansi cesitli sivrisinek tirlerinde 110 aa uzunlugunda ve 12.3
kDa buyikligunde bir proteni ifade etmekte olup ¢calismamizda
cogalttigimiz gen fragmenti bunun icerisinde 76 aa uzunlugunda
ve yaklasik 8 kDa buyuklugiinde bir proteini ifade ettigi in silico
analizlerle gosterilmistir. Sivrisineklerde SCP-2 ORF amino asit
sekanslariin antijenite analizlerinde 5 antijenik bélge icerdigi,
karakterize ettigimiz An. sacharovi parsiyel amino asit sekansinda
diger turlerin sekans bélgeleriyle de 6rtiigen 2 antijenik bslgenin
bulundugu gérulmistiir. Ayrica An. sacharovi SCP-2 amino asit
sekansinin ifade ettigi proteinin diger sivrisinek tiirlerinde oldugu
gibi transmembran bélge icermedigi ve stoplazmik karakterde
oldugu dikkati cekmistir. Krebs ve Lan (19), karakterize ettikleri
Ae. aegypti SCP-2 amino asit sekansinin filogenetik analizinde,
SCP-2’'nin rat SCP-2’sine %30, memeli SCP-2’sinin sterol-transfer
domainine %46 benzerlik gosterdigini, ayrica insan genomunda
SCP-2-like geni (XM_115847.1) ile %50, An. gambiae (EAA08376)
ile %79 ve ti¢ Drosophila geni CG11151 (AE003493) ile de %25-
38 benzerlik gosterdigini belirtmislerdir. Ayrica arastinicilar
(19), SCP-2 gen sekansinin Ae. aegypti nesilleri icerisinde yiiksek
diizeyde korunmus oldugunu gostermislerdir. Benzer olarak
calisgmamizda sahadan izole edilmis olan ergin disi nesiller ve
bunlardan elde edilen jenerasyonlardan alinan érnekleri iceren
toplam 14 izolata ait SCP-2 niikleotid sekanslarinin yiiksek
dizeyde korunmus oldugu, yalnizca 2 izolatta 183. bazda tek
niikleotid degisimi oldugu ancak bu degisiminde amino asit
sekansinda farkhiliga yol agmadigi ve tiim ziolatlarin homolog
amino asit dizilimi gosterdigi tespit edilmistir. Ayrica ¢calismada
karakterize edilmis olan An. sacharovi SCP-2 niikleotid sekanslar1
ile GenBank veritabaninda mevcut sinirh sayida diger sivrisinek
tirlerine ait SCP-2 sekanslarimin filogenetik analizinde SCP-
2 sekanslarinin tir ve soy bazli olarak izolatlar1 monofiletik
kiumelere yerlestirdigi gorilmustur. Bu sonu¢ SCP-2 geninin
sivrisinek tiirleri icerisinde korunmus yap: sergiledigine dair
destekleyici kamit saglamigtir. Bunun yaninda SCP-2’nin
Anopheles tiirleri arasinda %10,45 oraninda genetik farklilik
gosterdigi, bu farklihgin Culex turleri ile yaklagik %23,0 Aedes
tirleri ile ise yaklagik %29’a ytkseldigi dikkati ¢cekmistir. Ayrica
SCP-2 gen bolgesi filogenetik analiz sonuglar1 An. sacharovi'nin
Anopheles turleri icerisinde An. stephensi’ye genetik olarak daha
yakin oldugunu géstermistir.

Bu c¢alismada ekspresyon analizlerinde SCP-2’nin An.
sacharovi'nin tum gelisim dénemleri ve ergin disilerin titkriik bezi,
orta bagirsak ve yag dokusunda farkhi dizeylerde ifade oldugu
gosterilmigtir. Omurgalilarin aksine insekt hiicreleri kolesteroli,
lipoproteinlerin reseptér aracili endositozu yoluyla orta bagirsak
ve yag doku arasinda transfer edemez (47). Hidrofobik yapisi
sebebiyle kolesterol, hazir olarak hiicre membraninin dis yuzeyi
icine dogru dagilir ve SCP-2 gibi proteinler ilgili molekiilleri
membrandan ayrigtirir ve depolanacaklar bélgeye ve metabolik
yolaklarina teslim eder (48). Ae. aegypti SCP-2 proteini
iizerine yapilan bir aragtirmada (21), SCP-2’'nin orta bagirsak
epitelinde sitozol icinde lokalize oldugu ve overekspresyon
sonucunda kolesterol seviyesinin yiikseldigi gosterilmistir.
Buna ilaveten, Ae. aegypti SCP-2 ekspresyonunun larval
beslenme déneminde orta bagirsakta yiiksek seviyede oldugu
gosterilmis (19), ve SCP-2’'nin kolesterolin déniigtiriilmesi
icin orta bagirsakta pyhtosterollerin iglenmesine dahil

oldugu belirtilmistir (35). Nitekim aragtirmamizda ergin disi
dokularinda gergeklestirdigimiz ekspresyon analizlerinde Ae.
aegyptide aragtirialarin (19) elde ettikleri bulgulara paralel
olarak orta bagirsakta SCP-2 ekspresyonu yitksek belirlenmis
ve titkritk bezine oranla yaklagik ti¢ kat daha yiiksek diizeyde
ifade oldugu belirlenmistir. Diger yandan ¢alismamizda ergin
disi dokularindan en yiksek ifade dizeyi yag dokusunda (fat
body) belirlenmis, SCP-2'nin titkrik bezi ve orta bagirsaktaki
ifade diizeyinden sirasiyla yaklagik 15 ve 5 kat daha yiiksek ifade
oldugu gérulmustiir. Bu sonug ergin digilerde SCP-2’nin yag
dokusunda kolesterol metabolizmasinin regiilasyonunda 6nemli
bir fonksiyona sahip olabilecegine dair kanitlar saglamigtir. Diger
yandan Krebs ve Lan (19), Northern ve dot blotting analizleri ile
gerceklestirdikleri ekspresyon analizlerinde 4. dénem Ae. aegypti
larvalarinda ortabagirsaga gore fatbody deigeren viicut duvarinda
SCP-2'nin ifade diizeyini olduk¢a disitk belirlemiglerdir. Bu
sonug da géz éntine alindiginda sivrisineklerin gelisim dénemleri
boyunca kolesterol metabolizmasinin regiilasyonunda bagirsak
epiteli digindaki organ ve dokularda da SCP-2’nin énemli bir
fonksiyona sahip olabilecegi hipotez edilebilir. Calismamizda
ayrica An. sacharovinin tuim gelisim dénemlerinde SCP-2'nin
ekspresyon diizeyleri analiz edilmis olup en yiiksek ifade dizeyi
ergin erkeklerde oldugu bunu sirasiyla ergin disi, L4, L3, L2,
L1 ve pupa dénemlerinin izledigi belirlenmistir. Krebs ve Lan
(19), Ae. aegypti uizerinde gerceklestirdikleri SCP-2 ekspresyon
analizlerinde metodoloji ve yéntem farkli olmakla birlikte
calismamizda elde edilen sonuca paralel olarak 4. dénem
larvadan pupaya geciten sonra SCP-2 ifade diizeyinin olduk¢a
distiguni belirtmislerdir. Arastiricilar (19), pupadan ¢kan
ilk giin disi ve erkeklerde SCP-2’'nin esit diizeyde eksprese
oldugunu ancak 7. giinde yalmzca disilerde saptanabilir diizeyde
transkripsiyon gézlemlediklerini belirtmigler, protein diizeyinin
ise her iki cinsiyet i¢in de saptanabilir oldugunu kaydetmiglerdir.
Calismamizda SCP-2 ekspresyonu gen dizeyinde spesifik gPCR
analizleri ile gerceklegtirilmis olup insektaryumda yetistirilen ve
%10 sekerli su ile beslemeleri saglanan ergin erkeklerde disilere
oranla yaklagik 3,5 kat daha yiiksek ifade duizeyi saptanmustir. Bu
sonug ergin erkek bireylerin kolesterol metabolizmasinda SCP-2
aracili regiilasyonun ¢ok daha yiiksek olabilecegine dair kanitlar
ortaya ¢itkarmig olmakla birlikte bu hipotezin ilgili transkripsiyon
ve protein sentez vyolaklar1 tzerine detayli c¢aligmalarla
aydinlatilmas: gerektigi diigtintlmistir.

SONUC

Bu calisma ile vektér potansiyeli yiksek olan An. sacharovi igin
kolesterolin hidrofilik ortama taginmasinda ve metabolize
olmasinda en énemli proteinlerden birisi olan ve bu yéniiyle de
ozellikle yeni biyoteknolojik ila¢ yaklasimlar: i¢in énemli bir
hedef olarak nitelenen SCP-2’yi eksprese eden gen bolgesi ilk
kez karakterize edilmis ve ilgili sivrisinegin gelisim evreleri ve
dokularindaki ekspresyonel farkliiklar ortaya konulmustur.
Galisma ile SCP-2'nin farkh sivrisinek tiirlerinde genetik yapis
ve ¢esitliligi tizerine mevcut bilgi birikimine katk: saglanmis ve
ozellikle Anopheles soyu icerisinde korunmus yapisi ile SCP-2'nin
bu soy icerisindeki tiirlere kars: gelistirilecek yenilik¢i miicadele
yaklagimlarinda hedef bir protein olarak kullanilabilecegine dair
destekleyici kanitlar saglanmisgtir.
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Petek Giivesi Larvalarina Karsi Baz1 Bitkisel
Ucucu Yaglarin ve Entomopatojenik Mantarin
Laboratuvar Kosullarinda Denenmesi

Experimentation of Essential Oils and Entomopathogenic Fungi Against
Wax Moth Larvae in Laboratory Conditions
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0z

Amag: Petek giivelerinin larvalari, bal aris1 kovanlarinda ve 6zellikle depolanmus peteklerde biiyiik zararlar meydana getirmektedir.
Depolarda petek giivesi miicadelesinde; ar1ya, triine ve ¢cevreye zarar vermeyen biyolojik miicadele yontemleri 6nem kazanmugtir.
Bu calisma; %5 oraminda karanfil, kekik ve defne bitkilerinin u¢ucu yaglarimin ve Metarhizium anisopliae entomopatojenik
mantarindan elde edilen ticari preparatin, petek giivesi larvalarina kars: laboratuvar kogullarindaki etkisini belirlemek amaciyla
yapilmistir.

Yontemler: Ucucu yaglarin icerik analizleri, gaz kromatografi/kiitle spektrometrisi cihazi ile yapilarak bilesenleri belirlenmistir.
Daha énceden toplanan ve kiltar edilmis kiicitk petek givesi (Achroia grisella) larvalari, dénemlerine gore kiigiik/orta/bitytik
olmak tzere ti¢ gruba ayrilmigtir. On beger larvadan olusan her grup i¢in tiger ugucu yag ile birer mantar denemesi yapilmas, ikiser
de kontrol grubu olusturulmugtur. Denemeler cam kavanozlarda yapilmg ve larvalar 25 °C sicaklik/%75 nispi nem kogsullarinda
bir etitvde muhafaza edilmislerdir. Her kavanoz dokuz hafta boyunca her giin kontrol edilerek 6lii/canli larvalar kaydedilmis ve 6lii
olanlar kavanozdan alinmigtir.

Bulgular: Caligma sonunda her grup i¢in ¢lii larva ve kalanlardan kelebek ¢ikma oranlari belirlenmistir. Yiizde ortalamalarina
gore; ucucu yag gruplariyla kontrol grubu arasinda bir fark gérilmezken, mantar gruplarimin kontrol gruplarina gore etkili
olduklar1 gézlenmistir.

Sonug: Elde edilen verilere gére, M. anisopliae mantar1 preparatinin, depo kosullarinda petek giivesi larvalarina kars: alternatif bir
kontrol yontem olarak kullanilabilecegi belirlenmistir.

Anahtar Kelimeler: Entomopatojenik mantar, kontrol, petek giivesi, ugucu yag

ABSTRACT

Objective: Larvae of wax moths cause great harm to honeybee hives and especially stored honeycombs. In the battle for wax
moth in storage rooms; biological methods of struggle that does not harm the bee, product and the environment have become
important. This study was conducted to determine the effect of essential oils of cloves, thyme and bay plants at 5% and commercial
preparation derived from the entomopathogenic fungus Metarhizium anisopliae under laboratory conditions against wax moth
larvae.

Methods: Content analyses of essential oils have determined components by doing them with the gas chromatography/mass
spectrometry device. Previously collected and cultured lesser wax moth (Achroia grisella) larvae are divided into three groups, small/
medium/large, based on their period. For each group of fifteen larvae, three volatile oils, one fungal experiment were performed,
and two control groups were formed. The trials were conducted in glass jars and the larvae were retained in an incubator with a
temperature of 25 °C/75% relative humidity conditions. Each jar was checked daily for nine weeks with dead/live larvae recorded
and dead ones taken from the jar.

Results: At the end of the study, moth emerging rates were determined for each group of dead larvae and remainders. Based on
their percentage average; while no difference was seen between the essential oil groups and the control group, the fungal groups
were observed to be effective relative to the control groups.
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Conclusion: According to the data, it was determined that M. anisopliae fungus preparation could be used as an alternative control methods against wax

moth larvae in storage conditions.
Keywords: Entomopathogenic fungus, control, essential oil, wax moth

GIRIS

Bal aris1 vyetistiriciliginde gozlenen hastallk ve =zararhlar,
uygun kontrol ve tedavi yéntemleri uygulanmazsa, sektérde
ciddi ekonomik kayiplara sebep olmaktadir. Dunyada ariciik
sektoriinde gorilen zararli organizmalara karsi, cevre-triin-ari
dostuilaglarin kullanimi giderek artmaktadir. Ar1 yetistiriciliginde
kimyasal ilaglar, sadece ar1 zararlis1 Varroa destructor (Anderson
& Trueman, 2000) parazitine karsi sinirh olarak kullanilmakta,
baska herhangi bir etkene karsi kimyasal ila¢ veya antibiyotik
kullanilmamaktadir (1,2).

Bal aris1 zararlilarindan petek kurdu, mum kurdu, mum guvesi
olarak da taninan petek giivelerinin larvalari, kovanlarda ve
depolanmis peteklerde buyik zararlar meydana getirmektedir.
Ergin veya pupa evresi peteklerde bir tahribata neden olmazken,
larvalar1 o6zellikle karanlik, sicak ve havalandirmasi yetersiz
ortamlarda depolanan peteklere ve zayif kolonili kovanlara biiyiik
zararlar vererek ekonomik kayiplara neden olur (3). Ulkemizde
buyiik [Galleria mellonella (Linnaeus, 1758)] ve kugitk petek
givesi [Achroia grisella (Fabricius, 1794)] olarak taninan iki cegidi
bulunmaktadr. Tki tiir ayn1 anda kovanlari/petekleri istila edebilir
ve biyolojileri benzerdir (4,5). Petek guiveleri Tiirkiye'nin bir¢cok
bélgesinden ve ilinden bildirilmis, yaygin bir bal aris1 paraziti ve
depo zararhisidir (6-8).

Guvelerin erginlerinin, yavru dénemlerinin (larva/pupa) veya
diskilarinin; tek basina veya birlikte petek tzerinde ¢plak
gozle gorulmesiyle teghis konmaktadir. Giiglii ar1 kolonilerinde
giive problemi goérillmemekte, isci arillar bu kelebegi kovanda
gordukleri anda saldirarak onu etkisiz hale getirmekte veya giive
yumurtalarini kovandan ¢gikarmaktadirlar (3,5).

Depolarda petek guvesi miicadelesi teknik, fiziksel, biyolojik
ve kimyasal olmak tizere dorde ayrilmakta; petege (dolaylh
olarak ariya ve insana) ve ¢evreye zarar vermeyen biyolojik
yontemleri  ozellikle
Gunimiuzde biyolojik miicadelede ticari olarak iki etken
madde kullanilmaktadir: 1) Bacillus thuringiensis (Berliner
1915) bakterisi ve 2) Metarhizium anisopliae (Sorokin, 1879)
entomopatojenik mantar1 (1,5). Bakteriyel uriin Tirkiye'de
kullanilmaktayken, mantar urtnu Tirkiye'de bulunmamakta,
sadece birkag tilkede bulunmaktadur.

miicadele énem kazanmaktadir.

Bitkisel yaglar ve M. anisopliae mantariyla ilgili diinyada farkh
iilkelerde bir¢ok ¢calisma yapilmasina ragmen, Tirkiye'de yapilan
aragtirmalar sinirhdir. Sohail ve ark. (9), bitkisel yaglarin icinde
bulunan bazi bilesikleri kullanarak hazirladiklari caligmada, en ¢ok
thymoliin etkili olugunu bulmuslardir. Said ve ark. (10) ise lavanta,
nane, okaliptiis, karanfil ve biberiye bitkilerinin u¢ucu yaglarin
larvalar tizerine denediklerinde; biberiye, lavanta ve okaliptistin
larvalar1 éldiirmede basarih oldugunu gézlemislerdir. Oreste ve
ark. (11), guve micadelesinde Beauveria bassiana'nin yiiksek,
M. anisopliaenin orta diizeyde etkili oldugunu bildirmislerdir.
Turkiye'de bitkisel trtanlerin petek giivesi larvalari tizerine
yapilmisg bir calisgma bulunmazken, entomopatojenik mantarlarla
yapilan tek calismada arastiricillar Beauveria ve Metarhizium
mantarlarinin giiveler tizerine etkili oldugunu belirlemiglerdir
(12).

Bu calisma, %5’lik karanfil-defne-kekik ugucu yaglarinin ve
Metarhizium anisopliae mantarindan elde edilen preparatin, kiigitk
petek giivesi larvalarina kars: laboratuvar kogullarindaki etkisini
belirlemek amaciyla yapilmigtir.

YONTEMLER

Larvalarin ve Peteklerin Hazirlanmasi

Daha o6nceden sénmiis ar1 kovanlarindan larvalar toplanmisg
ve laboratuvarda kilttr edilmigtir. Kiltiir sonucu kiiciik petek
givesi (Achroia grisella) olarak teshis edilen larvalar, dsnemlerine
(biyiikliklerine) goére kicikk (L1-L3)/orta (L4-L5)/buytk (L6-
L8) olmak tizere ti¢ gruba ayrilmigtir. Larvalarin ayriminda bag
genisligi esas alinmigtir (12). Temel petekler 6x6 cm ebatlarinda
kesilerek, 7 cm ¢apinda ve 13 cm yitksekligindeki cam kavanozlar
icerisine konulmuglardir. Her bir petekli kavanoza larva
gruplarindan beger larva konarak (her kavanozda toplam 15
larva), deneme ve kontrol gruplar: hazir hale getirilmistir.

Bitkisel Ucucu Yaglarin Hazirlanmasi

Calismada kullanilan karanfil, kekik ve defne ugucu yaglar ticari
irtn olarak elde edilmis ve seyreltici olarak aseton kullanilarak
her bir bitkisel yagdan %5 oraninda soliisyonlar hazirlanmigtir.
Her soliisyon temiz sprey sigelerine konularak, petek numuneleri
Uzerine tum yiizeyi kaplayacak sekilde ortalama 1 mL
puskirtilmisgtiir.

Ucucu Yag Analizleri

Kullanilan ugucu yaglarin icerik tayinleri, gaz kromatografi/
kitle spektrometrisi (GC/MS) cihaz1 ile yapilarak bilegenleri
belirlenmigtir. Analiz kogullar1 Girisgin ve ark.dan (13) alinms,
bilesenlerin miktarlar1 ve tanimlamalari cihaza ekli yazilim ve
katiphane tarafindan belirlenmigtir.

Mantar Preparatinin Hazirlanmasi

Metarhizium anisopline mantar sporu iceren toz preparat,
yurtdisindaki bir firmadan temin edilmistir. Uretici firmanin
belirttigine gore, toz preparatta mantar sporu oram %1,15’tir.
Yani 100 gr urtnde 1,15 gr mantar sporu bulunmaktadir. 1 gr
sporda ise ortalama 10® (Yiiz milyon) adet spor bulunmaktadur.
Her bir deneme grubu i¢in; 5 gr triin + 5 mL distile su karigtirihip
toplam 10 mL stspansiyon elde edildikten sonra, homojenizasyon
amaayla icerisine birka¢ damla Tween 20 damlatilmigtir (11).
Hazirlanan stspansiyon, bir firca yardimiyla hazirlanan temel
petek numunelerinin tzerine film tabakas: olusturacak gekilde
sturilmusgtiir.

Kontrol Grubunun Hazirlanmasi

Kontrol gruplarinda ise; kiiciik/orta/biiyitk beser larvadan
toplam 15 larva iceren iki kavanoz hazirlanmigtir. Birinci
kontrol grubunda ugucu yaglar: seyreltmekte kullanilan aseton
puskiirtilmis, ikinci kontrol grubunda ise mantar preparatini
sulandirmada kullanilan distile su puskurtilmistar. Her iki
kontrol grubunda da aseton/distile su uygulanan petekler
kuruyunca, larvalarla birlikte deneme kavanozlarina konmusgtur.
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Laboratuvar Denemeleri

Uygulanan mantar stispansiyonlar1 veya ugucu yag solusyonlar:
kuruduktan sonra, her gruba ait larvalar kavanozlara konmusg
ve kavanozlar 25 °C sicaklik/%75 nispi nem kosullarinda etiivde
muhafaza edilmiglerdir. Guvelerin yagam déngusi 1-9 hafta
arasinda degisebildigi i¢in, her kavanoz dokuz hafta boyunca her
giin kontrol edilmis, 6len larvalar toplanarak kavanozdan alinmus,
kalan pupalardan canl giive cikma sayilari kaydedilmistir. Ug
dénem larva iceren birer grup deneme ve birer grup kontrol olmak
tizere 12 kavanoz kullanilmig ve ikiger tekrar yapilmigtir (toplam
8 deneme + 4 kontrol). Larva dénemlerine ve giinlere gére élum
oranlar belirlenmisgtir.

Kovan Denemeleri

Deneme gruplarinda kullanilan drtnlerin pratikte olas: kullanimi
durumunda, bal arilarinin bu petekleri érme i¢in tercih etme
davranigim tespit etmek istenmigtir. Bu amacla, standart boy
kullanima hazir temel petekler cercevelere gerilerek, denemelerde
kullanilan trtnler ikiser cerceveye ayni sekilde uygulanmigtir
(dort deneme grubu icin toplam sekiz cerceve). Kontrol grubu
olarak ise bir gruba aseton bir gruba distile su uygulanarak ayr
koliler i¢cinde muhafaza edilmislerdir. Depoda dért ay boyunca
(kis sezonunda) bekletilen cerceveler, ilkbahar nektar akimi
sezonunda her bir arili kovanin ballik katina ikiger ¢erceve olmak
uzere alt1 kovana konmustur (dért deneme iki kontrol kovani).

istatistiksel Analiz

Kullanilan trtinlerin etkinlikleri i¢in, kullanimdan sonraki larva
sayllarinin  6ncekilerine gére farkinin yiizdeleri hesaplanarak
degerlendirme yapilmistir. Ayrica gruplar arasi farklihgi belirlemek
amaciyla Tukey’in ¢oklu kargilagtirma testi uygulanmigtir (14).

BULGULAR

Toplam dokuz hafta boyunca, her giin yapilan kontroller sonucu
elde edilen veriler tablo haline getirilmistir (Tablo 1). Genel
olarak, deneme gruplarinda élen larvalar genelde ilk dért hafta
icinde ¢lmiiglerdir. Bitkisel ugucu yaglardan karanfil, kekik ve
defne gruplarinda ilk dért haftadaki larva 6lim oranlar sirasiyla
ortalama %43,3; %26,6; %3,3 olmugken, mantar grubunda
ise %66,6 olmustur. Kontrol gruplarinda ise her iki grupta da
ilk dért haftadaki larva 6lim orani %0 olmustur, yani hi¢ larva
6lmemigtir. Tum gruplarda élimlerin dokuz haftaya yayildig:
gézlenmigtir. Denemelerin yapildig: siirede yani dokuz haftadaki
larva 6lim oranlar ve tim evrelere gére élim yani uriinlerin
etkinlik oranlar ise tabloda belirtilmistir. Bu sonuclara gére en
yiiksek etkinligin mantar grubunda oldugu (%88,35), daha sonra
ise sirasiyla karanfil (%64,95), kekik (%56,65) ve defne (%35,0)
ucucu yaglarmin geldigi goérilmektedir. Gruplara uygulanan
coklu kargilagtirma testine gore dokuz hafta sonunda; kontrol
gruplariyla tim deneme gruplari arasinda, mantar grubuyla
kekik ve defne ugucu yaglar1 arasinda belirgin bir fark olustugu
gézlenmistir (p<0,05).

Bitkisel ugucu yaglarin icerikleri cogunluk (major) bilegenleri ile
tabloda verilmistir (Tablo 2). Buna gore karanfilde en ¢ok eugenol
(%75,3), defnede 1,8 cineole (%71,5), kekikte ise carvacrol
(%80,2) bilegenleri bulunmaktadir.

Takip eden ilkbahar sezonunda (Mayis 2021), mantar
sispansiyonu ve u¢ucu yag uygulanmig ikiser petek, arih
kovanlara kat seklinde verilmis ve arilarin petege ¢ikma ve petek

6rme davraniglar1 gézlenmigtir. Ayni zamanda kontrol grubuna
da herhangi bir islem gérmemis temel petekler verilmigtir.
Petekler verildikten bir giin sonra ve birer hafta arayla iki kez
kontrol edilmis, deneme ve kontrol gruplar arasinda herhangi
bir fark gozlenmemistir. {lk kontrollerde arilarmn her grupta
eklenen peteklere ¢iktiklar:, sonraki kontrollerde ise petek
6rmeye bagladiklar1 gérilmistiir. Bu zaman aralifinda anormal
an élumleri gézlenmemistir.

TARTISMA

Bal aris1 hastaliklarinda biyolojik ve dogal uiriinlerden elde edilen
drtnlerin kullanimi, insan/ar1 saghg: ve gida/cevre giivenligi
agisindan son yillarda énem kazanmaktadir. Bu dogrultuda arn
zararhilarindan biri olan petek giivelerine karsi da dogal koruma
yollar1 bulunmaya caligilmaktadir. Simdiye kadar gerek Turkiye’de
gerek dinyadaki diger baz tilkelerde baz: ¢aligmalar yapilmigtir.
Bakteri iceren solusyon puskirtmek (15), karbondioksit gaz
uygulamasi (16), soguk uygulamasi (17) gibi uygulamalar yapilmig
ve bagaril sonuclar alinmigtir.

Bitkisel 6zler veya mantarlarin petek giivelerine kars: etkinligi,
cesitli caligmalarda belirlenmigtir. Denenen iriinlerin oranlari
ve miktarlar farkliik gostermektedir. Baydar ve ark. (18), G.
mellonella’nin 3. ve 4. dénem larvalarina karg: farkli mantarlarin
etkinligini denemigler ve denemelerden sonraki ilk 10 giinde
en ¢ok Beauveria ve Metarhizium cinsi mantarlarin etkili
oldugunu bulmuglardir. Dogan ve Keskin (19) ise, Beauveria
bassiana mantarimin 107/mL spor iceren solisyonunu en etkili
bulmuglardir. Buna ragmen, Abu-Shaara (20), B. bassiananin
etkili olabilmesi i¢in larva bagina 6 gr triin gerektigini ve bunun
pratikte pek anlamli olmadigini belirtmigtir. Caligmamizda ise
M. anisopliae mantarindan elde edilen iirtin, 36 cm? temel petek
izerine 5 gr uygulanarak olumlu sonuglar alinmistir.

Farkli bitkilerin ugucu yaglaryla ilgili cesitli denemeler yapilmisg
ve farkli sonuglar alinmigtir. Mahmoud ve Abdel-Rahman (21);
karanfil, sarimsak ve biberiye yaglarin1 %1,5 ve %3 oranlarinda
4. dénem larvalar tizerine denemisler ve bir hafta sonra yaglarin
larvalara karsi ortalama etkinligini sirasiyla %68,3; %51,6 ve
%38,6 olarak bulmusglardir. Said ve ark. (10), dért farkh oranda
bes farkli ucucu yagi, 3. dénem larvalar tizerinde denemisler ve
denemelerden sonraki 24 ve 48. saatlerde 6l¢timler yapmiglardir.
Bir 6nceki arastiricilarin aksine, %100’lik en yuksek etkiyi %20
’lik biberiye u¢ucu yaginda bulmuslardir. Denedikleri diger u¢ucu
yaglar olan lavanta, okaliptiis, karanfil ve nanede ise yag oram
yikseldikce etkinin arttigini (%72-92) belirtmislerdir.

Baz1 calismalar ise sadece bitkinin ugucu yagindan degil, yagin
icerigindeki molekiillerle yapilmistir. Genelde yag icinde yuksek
oranda bulunan ve insektisit/larvisit etkileri oldugu dustnilen
thymol, carvacrol, carvone, estragole, citral, linalool, limonene
ve y-terpinene ile yapilan bir calismada, bu ézler cesitli oranlarda
giive larvalarimin diyetine konmus veya viicutlarina temas
ettirilmistir. Denemelerden 72 saat sonra yapilan 6l¢umlerde
thymol, carvacrol, carvone ve citral yitksek toksisite gostermigken,
digerleri dusiik toksisite gostermigtir (9). Yiiksek etki gosteren
bu molekiillerden thymol, carvacrol ve carvone, ¢alisgmamizda
kullanilan bitkilerin icerisinde de bulunmaktadar.

Kullanilan drtnlerin bal arisi kolonilerine yani ar1 bireylerine
olasi etkileri, yukarida bahsedilen c¢alismalarda denenmemis,
sadece laboratuvar ¢aligmalar1 yapilmistir. Bizim caligmamizda
oldugu gibi baz: arastiricilar, kullandiklan triinlerin laboratuvar
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Tablo 1. Deneme ve kontrol gruplarinda elde edilen veriler ve ortalama etkinlikler

1. hafta é6len | 2. hafta 3. hafta 4. hafta 9 haftada toplam élen larva Kalanlardan kelebek Tim
larva olenlarva | élenlarva | élenlarva | sayis1 ¢ikma oram % ev:relete
gore
Deneme uriiniin
K |0 [B|/K |O|B K O|B KO B K |0 |B % K |0 |B Ort, | Ortalama
Ortalama etkinligi
%
Mantar 1 1 1 0|4 4 |5 |- |- |- |- |- - |5 5 5 - - -
80,0 3,3 88,35
Mantar 2 0 1 110 11000 |2]0|0 |1]|5 2 2 - - 20
Karanfil 1 0 0 0|0 11010 |0]0|0 |O |1 1 0 0 0 20
43,2 13,3 | 64,95
Karanfil 2 2 2 3|1 0j1/0/0|0j0O21 |13 3 5 0 0 60
Kekik 1 0o |0 o(o0o |(0|0O|O0O |1 |0|O0O|O |O]|O 1 0 0 0 20
26,6 13,3 | 56,65
Kekik 2 0 3 0|0 0|00 |0 |0 |11 |21 4 2 0 0 60
Defne 1 0 0 0|0 0|01 /0|0]0|0 |O |1 0 0 0 0 20
3,3 33,3 | 35,0
Defne 2 0 0 0|0 0|00 |0O|O]O|O0 |O]O 0 0 0 80 100
Kontrol
Distile su-1 - - - - e e e N e e I () 1 1 100 | 95 95
10 97,5 |-
Distile su-2 - - - |- SR I I T I -1 0 0 95 100 | 100
Aseton-1 - - - |- S I I I I - 10 0 0 100 | 100 | 100
3,3 99,1 |-
Aseton-2 - - - |- - - - 0- - 1-1- 1-10 1 0 100 | 95 100
K: Kiigiik, O: Orta, B: Buyiik

denemelerinin yaninda, trtnlerin arili kovandaki etkisini de
denemiglerdir. Telles ve ark. (22), neem ve okaliptis yaglarinin
yaninda tutin ve malagueta biberi 6zlerini hem larvalara hem
de ergin arilara puskirterek uygulamiglardir. Kullandiklar: tiim
drtnlerin give larvalarina etkili oldugunu tespit etmisler, fakat
Neem ve okaliptiis yaglarinin ergin arilara toksik etki gosterdigini
belirtmiglerdir (22). Calismamizda tiriinlerin arilara etkisinin olup
olmadif, uriinleri direkt arilar tizerine uygulayarak degil, iriin
uygulanmis peteklerin arilara verilmesi ve petege ¢ikma/érme
tercihlerini gézlemleyerek tespit edilmistir. Gerek ugucu yaglar
gerekse mantarlarin direk arlar tizerine uygulanmasinin arilara
zarar verecegi bilinmektedir ve gercekgi bir yaklagim degildir.

6rme

Anlarin  petege ¢akma ve petek davraniginin

etkilenmemesinin sebebinin, ugucu yaglarin belirli bir stre

Tablo 2. Bitkisel ugucu yaglarin GC/MS ile yapilan icerik tayini

sonucu yaglarin cogunluk (major) icerikleri

Ucucu yag fcerik %
Eugenol 75,35
Trans-caryophyllene 9,10

Karanfil
Beta-selinene 2,15
Delta-cadinene 0,98
1,8 cineole 71,5
Sabinen 6,4

Defne
Alfa terpinil acetate 6,2
Beta pinene 1,8
Carvacrol 80,2
P-cymene 6,5

Kekik
Trans caryophllene 1,5
Thymol 1,4

GC/MS: Gaz kromatografi/kiitle spektrometrisi

sonunda balmumundan buharlagmas: oldugu; depoda yapilacak
uygulamada ise buharlagsmaya kadar gececek olan stirenin,
yeterli sayida giive larvasimin 6liimiine sebep olacagi ve
belirlenen oranlarda enfestasyonu azaltacag: digtntlmektedir.
Calisgmamizda kullanilan urtnlerden M. anisopliae mantar sporu
iceren tozun etkinliginin (%88,35), bitkisel u¢ucu yaglarin
etkinliklerinden [en yuksegi karanfil (%64,95)] belirgin sekilde
yitksek oldugu ortaya konmustur. Bunun muhtemel sebebinin,
bitkisel ucucu yaglarin pestisit etkisinin ¢evre/ortam kogullarina
gore degisken olabilmesinden kaynaklandig: disiiniilmektedir.

SONUC

Bu c¢alismada kullanilan mantar sporu tozundan ve dért
bitkisel ugucu yagdan, bal arilarinin ve depodaki peteklerin
6nemli zararhlarindan biri olan petek giiveleriyle (Lepidoptera:
Pyralidae) miicadele konusunda umut verici sonuglar alinmistir.
Uriinlerin standardizasyonu ile ilgili ileri ¢aligmalar yapilarak
drinin sonbaharda depoda uygulanmasi ve ilkbaharda bu
peteklerin kovana verilmesiyle, petek guivesinin dogal uriinlerle
miicadelesinde pratik ve kullanigh bir yéntem uygulanabilecektir.
*Bilgilendirme: Dayanak: 2547 sayih Yiiksekogretim
Kanunu'nun 14 ancti maddesine dayali olarak 15/2/2014 tarih ve
28914 sayili Resmi Gazete'de yayimlanan Hayvan Deneyleri Etik
Kurullarinin Caligma Usul ve Esaslarina Dair Yonetmelik, Madde
4, Fikra 1-d.

*Etik

Etik Kurul Onay1: Makalemiz, omurgasiz canlilar1 kapsadigindan
herhangi bir etik kurul izni gerektirmemektedir.

Hasta Onayi: Makalemiz, omurgasiz canlilari kapsadigindan
gerek duyulmamigtir.

Hakem Degerlendirmesi: Editorler kurulu diginda olan kigiler
tarafindan degerlendirilmigtir.
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ABSTRACT

Objective: The current study provides training to parents and teachers about pediculosis in schools in three villages in Adana to
measure their knowledge level by conducting surveys and to determine the prevalence of pediculosis in these foci.

Methods: Pre- and post-questionnaires including 30 questions about pediculosis were handed to parents and teachers. The
answers were analyzed with the Pearson correlation analysis. Overall, 418 school pupils s were examined for lice. The results of
the head louse control were analyzed by the chi-square test and t-test.

Results: We observed that the level of awareness increased in parents and teachers. Additionally, the gender of both teachers
and parents was determined as the most important factor in increasing this awareness. Because of interventions for the control of
head and lice, the prevalence of pediculosis decreased from 15.22% to 1.71%.

Conclusion: It is very important that parents and teachers are aware of the health problems related to pediculosis, while regular
combing of school children may be essential for the control of this common infestation.

Keywords: Head lice, pediculosis, education, combing, prevalence

0z
Amag: Calismamizin amaci, Adana ilinde ii¢ kdyde bulunan okullarda pedikiiloz konusunda ailelere ve égretmenlerin bilgi

diizeylerini egitimler vererek, ve anketler yardimiyla 6l¢mek, ve bu odaklarda pedikiiloz prevalansini belirlemektir.
Yontemler: Ebeveynlere ve gretmenlere pedikiiloz ile ilgili 30 sorudan olugan 6én ve son anket uygulanmigtir. Anketlere

verdikleri cevaplar Pearson korelasyon analizi ile analiz edilmistir. U¢ okulda yapilan dért sa¢ biti kontrolinde, ortalama 418
6grenci taranmugtir. Kontroller sonucunda elde edilen bulgular ki-kare testi ve t-testi ile analiz edilmisgtir.

Bulgular: Ebeveynler ve ogretmenlerin pedikillozis hakkindaki farkindalik diizeyinin arttii belirlenmistir. Ayrica hem
dgretmenlerin hem de velilerin cinsiyet durumu bu farkindalifin artmasinda en énemli faktér olarak tespit edilmigtir. Duzenli
kontroller sonrasinda pedikiiloz prevalansinin %15,22'den %1,71’e distigi gorilmiistiir.

Sonug: Velilerin ve 6gretmenlerin, 6grencilerin kargilastiklar pedikiloz gibi saghk sorunlarinin farkinda olmalari ¢ok 6nemlidir.
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Ayrica ¢aligmanin sonuglari, bu yaygin istilanin kontroli i¢in okul ¢ocuklarinin diizenli taranmasinin gerekli olabilecegini
gostermistir.
Anahtar Kelimeler: Sac biti, pedikiilozis, egitim, sa¢ taramasi, prevalans
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INTRODUCTION

The head louse is an ectoparasitic insect responsible for
infestations of humans (pediculosis) worldwide. Head lice,
have three life stages as egg, nymph and adult, and are mostly
transmitted to humans in spring and winter months. In other
publications the prevalence of head louse infestations are higher in
autumn months (1). There is no relationship between pediculosis
and socio-economic status, but may cause a socially unpleasant
condition accompanied by social stigma and pruritus There are
many publications showing that there is a relationship between
pediculosis and socio-economic status (2). In pediculosis, the
most common symptom is the intense itching in the head area,
while secondary infections such as impetigo and furnculosis and
lymphadenopathy may occur as a result of bacterial contamination
of the abrasions as a result of scratching (3). Head lice control
is carried out by mechanical (physical), herbal and chemical
(synthetic and semi synthetic) methods, as in other ectoparasitic
arthropods. Chemicals such as malathion, carbaryl, permethrin,
phenothrin are generally used in the treatment of pediculosis (4).
Pediculosis that causes psychological frustration for parents and
children, has been known since antiquity. Moreover, preventive
and therapeutic practices, such as head shaving and the “no-nit”
policy of excluding infected children from school, can also induce
social stress that affected their wellbeing. Though the stigma
exists that pediculosis is related to being poor and dirty, this was
shown to be not correct and children from all socio-economic
levels can be infested with head lice (5-7).

Head lice affect approximately 6-12 million people in the United
States each year. They are widely seen all over the World (1). There
is no relationship between pediculosis and socio-economic status,
but lice may cause a socially unpleasant condition accompanied by
stigma and pruritus (2). Prevalence of pediculosis was determined
to be between 0.3% and 34.1% in previous studies carried out
with 578,938 people treated for head in Turkey between 1982 and
2012 years (8). Several risk factors related to the prevalence of
pediculosis included the educational status of parents, children’s
gender and their age (9). The pediculosis prevalence detected in
Turkey was found to be higher than in Europe (0.48% to 22.4%),
while lower than the many countries in America (3.6% to 61.4%)
(10).

It is known that, primary-school students are intermingled
in classes and have high contact rates, transmission of P. h.
capitis occurs frequently. Thus it has been reported in various
studies conducted in schools that pediculosis is more common
in childhood (11,12). Therefore, it is very important that both
teachers and parents are role models in the hygiene education of
children and regular head lice controls are very important (13,14).
In this study we aimed to lower the prevalence of pediculosis with
raising awareness of parents and teachers about pediculosis and
conducting regular head lice controls in three schools in Karaisal
district, Adana, Turkey.

METHODS

Ethics Committee Approval

The study was approved by the Ethical Committee of Cukurova
University Medical School (letter dated: 05.07.2019 and
numbered: 2019-90).

Selection of Schools and Participants

The study was conducted in three schools in the rural area of
Karaisal district, 50 km away from Adana, where pediculosis cases
are quite high according to the reports of the local representative
of the Ministry of Education in 2018-2019 education period
(Figure 1).

Informing and Surveying

The first questionnaire with 30 questions about pediculosis was
handed to 363 parents and 34 teachers. Respondents were asked
to answer the questions as “True”, “False” and “I don’t know”. In
a 2-hour courses, teachers and parents were divided into groups
and presentations were made by a physician, an education
specialist and parasitologists, in which information about the
transmission, diagnosis, treatment and social negative effects of
pediculosis was given. After the educational session(s), children
were examined visually, after having treated those infested a
second questionnaire was handed to the teachers and parents in
order to determine the effect of education and treatment on the
prevalence of pediculosis.

Examination of the Hair for Head Lice

Overall 440, 429, 417 and 407 pupils were examined for head
lice in the four schools. Each pupil was examined four times
with a louse comb and visually using the fingers. All researchers
were experienced doctors and/or parasitologists familiar with
the detection methods of head lice and various life stages. The
pupils were examined by visual screening, in which the examiner
parted the hair using his/her fingers while observing for signs
of live lice and/or louse eggs for three minutes (Figure 2).
The presence of louse eggs and active lice stages was recorded
separately. No distinction was made between the nits and live
eggs during the screening. Plastic louse combs (“PDC”, KSL
Consulting, Denmark) with a distance between the teeth of 0.15
mm were used (Figure 3). Each part of the scalp was combed
three times. At the end of combing removal, the suspected
organisms were examined visually to confirm the diagnosis. The
children found to be positive for head louse were referred to local
GP for treatment.

Statistical Analysis

All statistical analyses were made using the SPSS program. The
attitudes and thoughts of teachers and parents about pediculosis
after the informative seminars were analyzed with the t-test,
in which the answers they gave to the two questionnaires were
taken as reference. In addition, Pearson correlation analysis
was performed to determine the relationship between the
answers given by the respondents to the questions and their
educational status, age, etc. Also, the chi-square test was used for
the comparison of groups for yes/no variables such as presence/
absence of infestation.

RESULTS

Surveying

The correct answers given by the participants to the questions in
the first and last questionnaire were compared. It was observed
that the level of awareness about pediculosis raised by 9.80% in
parents and 9.70% in teachers (Figure 4). T-test results show that
awareness of the subject changed significantly between before
and after the study (p<0.001) (Table 1).
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Table 1. Comparison of the change in knowledge level of parents and teachers (t-test results)

Status N Mean Standard deviation t P
Before education 363 10.84 4.630

Parents -12.256 0.000*
After education 363 13.78 3.830
Before education 34 12.09 5.265

Teachers -5.429 0.000*
After education 34 15.00 3.181

Figure 1. Study areas

In particular, the correct answers given by the high school and
university graduate parents after the course were found to be
16.15 and 15.5 on average, respectively. In addition, it was
determined that the number of correct answers given by the male
parents to the questionnaire after the course was higher than that
of the females. It was determined that female teachers gave more
correct answers to the pre- and post-course questionnaires than
male teachers.

According to the results of Pearson correlation analysis, it was
determined that there was a significant correlation (p<0.05)
between the correct answers given to the first questionnaire and
the education level of the students’ parents and a significant
correlation (p<0.01) between the gender. In the last questionnaire,
it was determined that the correct answers showed a significant
correlation (p<0.01) regarding the educational status and a
significant correlation (p<0.01) regarding the province in which
they were living (Table 2). When the same analysis was repeated
for the teachers, the province, and the educational status was not
taken into account. It was determined that there was a significant
correlation between the correct answers given by the teachers to
the first and last questionnaires and their gender status (Table 3).

Pediculosis’ Prevalence

The highest in the first combing to detect head lice was in the
school in the Etekli neighborhood with 98.02%. During the first
combing, 22.3% of the female pupils were found to be positive
for pediculosis. Tables 4 and 5 show the pediculosis prevalence by

Figure 2. Head combing of students for detection pediculosis



Kavur et al. Pediculosis in Karaisali, Adana
330

Turkiye Parazitol Derg 2022;46(4):327-33

Figure 3. Plastic comb for head lice detection

gender and villages, respectively. According to chi-square analysis,
there was a significant difference between the infestation rate of
the gender and the villages except for 3" and 4* combing results
(p<0.01). In Cukur district the prevalence was 24.82%. In the
second combing, the prevalence of pediculosis decreased in both
female and male 0.5% and 6.45%, respectively. The prevalence
value increased in the third combing from 0.49 to 2.45 in male
students, while no additional infested individuals were found in in
Etekli village during the third examination. The lowest prevalence
was observed in the last combing. Only 7 out of 407 students in
three village schools were positive for pediculosis.

DISCUSSION

Pediculosis sometimes causing epidemics, is seen as a public
health problem especially in rural areas. The knowledge about
pediculosis of the pupils, parents and teachers in the schools and
the timely diagnosis and early intervention play an important
role in solving the problems caused by this infestation.

Head lice infestation causes not only clinical symptoms but also
psychological stress because children and parents believe that
head lice infestation is a result of being dirty. In the ages when
children are forming their personality development and self-

Right Answers (%)

®m Before = After

confidence, encountering the problem of pediculosis creates
psychological stress for them due to the environmental pressure.
Children can overcome these negative situations only with the
right approach of parents and teachers (7). The role of parents
and teachers in communicating with the children and supporting
the child’s personality development is indisputable (15).

In the present study, it was aimed to increase the awareness
levels of parents and teachers regarding pediculosis. The present
results show that awareness of pediculosis varies according to
both education and gender status in parents, and only gender
status in teachers (Table 1). In a study that analyzed parents’
communication with children and their contribution to education,
it was shown determined that educational status and gender
caused significant differences. In terms of educational level, it has
been determined that there is a significant difference in the sub-
dimensions of “communicating”, volunteering “and” learning at
home in favor of high school and university graduates (16). The
education of teachers and parents on pediculosis is of paramount
importance (17,18).

Between 1982 and 2012, 63 pediculosis prevalence studies were
conducted in Turkey (8). The prevalence of pediculosis was 0.3-
34.1% in elementary schools examined. The infestation rate was
twice more in girls that in boys (p<0.05), which is in agreement
with our findings. Those studies also have shown that the
prevalence increased with worsening economic status (p<0.05)
and the prevalence was high as 44.1% among children with
illiterate mothers.

In our study, the overall observed prevalence of head lice was
15.22% during the first combing and decreased to 1.71%
during the fourth combing. The prevalence could be lowered by
education and regular combing for lice. We believe that also in
Turkey that the prevalence of pediculosis has decreased due to
social distancing during Coronavirus disease-2019 pandemic. In
a study conducted in Argentine it was shown that the prevalence
dropped from 69.6% to 43.9% (19).

CONCLUSION

In conclusion, head lice are common in school-age children. Head
lice can be seen in all socio-economic situations, and families’
awareness of the issue affects its prevalence. Timely diagnosis
and early intervention with regular controls is important for

Right Answers (%)

m Before = After

Figure 4. The level of development of awareness about pediculosis in parents and teachers
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Table 4. The prevalence of pediculosis in terms of gender

. Male Female Total
Combing = ] B 1 = 1 X2 af
no No Infested revalence | No Infested revalence | Neo Infested revalence
(%) (%) (%)

1. 203 14 6.89 237 53 22.3 440 67 15.22 20.262 1
2. 202 1 0.49 227 36 15.85 429 37 8.62 32.015 1
3. 204 5 2.45 213 7 3.28 417 12 2.87 0.260 1
4. 187 1 0.53 220 6 2.72 407 7 1.71 2.875 1

Table 5. The prevalence of pediculosis in terms of neighborhood

Etekli Cukur Eglence Total

e

8 S S S S

g° : : : S

;5 | No Infested | — No Infested | ~— No Infested | ~ No | Infested | =~

g 8o 8o 8o 8o

o M R M R = R R

|9 A~ A~ A~ A~
1. 99 6 6.06 141 35 24.82 | 200 26 13.00 440 | 67 15.22 | 17.270 |2
2 98 3 3.06 141 8 5.67 190 26 13.68 429 | 37 8.62 11.579 |2
3. 87 0 0 121 6 4.95 209 6 2.87 417 | 12 2.87 4.453 2
4. 83 0 0 123 5 4.06 201 2 0.99 407 | 7 1.71 6.079 2

treatment. Regular head louse controls by teachers and parents 3. Ozbel Y. Vektdr Artropodlar ve Miicadelesi. Bitler (Phthiraptera:

who are knowledgebel about pediculosis will lower the number of
infested children and the rate of transmission.
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Adjunctive Agent for Treating Scabies: In vitro
Killing Activity of Permethrin and Tea Tree Oil on
Sarcoptes scabiei Collected from Patients

Skabiyes Tedavisinde Yardima Bir Ajan: Skabiyes Hastalarindan Alinan
Sarkoptes scabiei Paraziti Uzerinde Permetrin ve Cay Agac Yagimn In
vitro Oldiirme Aktivitesi

® Aslan Yirekli
Kusadas: Public Hospital, Clinic of Dermatology, Aydin, Turkey

[@TeRenTE setat A Yiirekli A. Adjunctive Agent for Treating Scabies: In vitro Killing Activity of Permethrin and Tea Tree Oil

on Sarcoptes scabiei Collected from Patients. Turkiye Parazitol Derg 2022;46(4):334-8.

ABSTRACT

Objective: Recently, there has been a serious increase in cases of scabies. The number of patients who do not benefit from the
current treatment agents is also quite high. There are publications showing that scabies mites are permethrin-resistant
and ivermectin. The treatment with scabicides usually lasts for several hours and usually the treatment is repeated for at least
another time, which reduces the patient’s compliance with the treatment, especially in pediatric patients where the toxic effects of
the products are more pronounced. Therefore there is a need for treatment modalities that are less toxic to humans. To observe the
in vitro effect of tea tree oil (TTO) on S. scabiei and to compare it with those of permethrin.

Methods: Scabies specimens were removed from the patient and examined using a digital microscope. Parasites that were not
damaged during sampling, and showed full motion were included in the study. No treatment was applied to the patients before
removal of the mites. A total of 40 parasites were included in the study, with 10 parasites in each group. Immersion oil was applied
to the control group, 5% permethrin to the first treatment group, while 5% and 25% TTO were used for the second and third study
groups.

Results: The mean survival time (ST) of scabies mites in the 5% permethrin group was 350+31.3 min, while this for 5% TTO
group 180+15.1 min and 120+13.3 min in the 25% TTO group. The mean ST of the sarcoptes in the control group was 2.820+90
min. The mean ST between the control, permethrin and TTO groups was statistically significant (p=0.03). ST between 5% and
25% TTO groups was also statistically significant (p=0.04). There were no statistical differences between permethrin and 5%
or 25% TTO.

Conclusion: TTO has an acaricidal effect on S. scabiei. Although not used as the treatment of choise, it can be used as a supportive
agent. Since it shows an acaricidal effect within a short time, it could be used as a shampoo or shower gel to enhance the acaricidal
activity of another scabicide.

Keywords: Scabies, tea tree oil, sarcopt

0z

Amag: Son zamanlarda uyuz olgularinda ciddi bir artis goriilmektedir. Mevcut tedavi ajanlarindan fayda gérmeyen hasta
sayis1 da olduk¢a fazladir. Caligmalar, mevcut ajanlara diren¢ olmadigimi ve tedavi etkisizliginin tedaviye uyumsuzluktan
kaynaklandigim ortaya koymaktadir. Tedavi ajanlari uygulandiktan sonra en az sekiz saat viicutta kalmali, herhangi bir
sekilde viicuttan uzaklastinildiysa tekrar uygulanmalidir. Elbette ki bu durum, hastanin tedaviye uyumunu azaltmaktadir.
Ozellikle cocuk hastalarda ilaci bu kadar uzun siire viicutta tutmak daha da zordur. Ana etkeni desteklemek icin tedaviye
uyumu artiran ve daha kisa stireli uygulama gerektiren tedavi modalitelerine ihtiya¢ vardir. Bu ¢alisma, cay agac yaginin
S. scabiei uzerine etkisini in vitro gozlemlemek ve akarisit etkisinin olup olmadigim belirlemek amaciyla tasarlanmigtir.
Yéntemler: Uyuz hastalarindan tani amagh alman érnekler dijital mikroskop kullanilarak incelendi. Ornekleme sirasinda
zarar gérmemis, parcalanmamig ve tam hareketli parazitler caligmaya dahil edildi. Hastalara herhangi bir tedavi uygulanmadi.
Hastalardan teshis amach alinan atik 6rnekler incelendi. Her grupta 10 parazit olmak tizere toplam 40 parazit ¢aligmaya
dahil edildi. Kontrol grubuna immersiyon yagy; ¢alisma gruplarma %5 permetrin, %5 ve %25 cay agac yagi uygulandi.
Bulgular: Kontrol grubu (immersiyon yag1) disindaki tiim calisma soliisyonlar1 S. scabiet’yi 61diirdii. Ortalama sagkalim siiresi (ST)
%5 permetrin grubunda 350+31,3 dakika idi. Ortalama ST, %5 TTO grubunda 180+15,1 dakika, %25 TTO grubunda 120+13,3
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dakika idi. Kontrol grubundaki sarkoptlarin ortalama ST’si 47+1,5 saat idi. Kontrol, permetrin ve TTO grubu arasindaki ortalama ST istatistiksel olarak
anlamliydi (p=0,03). %5 ve %25 TTO gruplar arasindaki ST de istatistiksel olarak anlamliyd: (p=0,04).

Sonug: Cay agaci yaginin sarkoptlar tizerinde akarisidal etkisi vardir. Ana tedavi ajani olarak kullanilmasa da destekleyici ajan olarak kullanilabilir. Akarisidal
etkisini kisa siirede gosterdigi i¢in banyo sirasinda sampuan, dus jeli vb. formlarin kullanilmasi ana tedavi maddesinin etkisini destekleyecektir.

Anahtar Kelimeler: Skabiyes, cay agaci yagi, sarkopt

INTRODUCTION

Scabiosis is an ectoparasitosis caused by the Sarcoptes scabiei var.
hominis and can affect everyone regardless of gender, age and
race. Transmission from person to person occurs directly through
sexual intercourse, communal life, close contact, or indirectly
through the personal belongings of patients with scabies.
Although the diagnosis can be made easily in most cases with the
anamnesis and typical clinical findings, scabiosis may also appear
with different clinical manifestations, e.g., scabies-in-the-clean,
which can render diagnosis more difficult (1).

The most important step in being successful with the treatment
is patient compliance. Sulfur-containing agents should remain
on the body for 3 days, and permethrin-containing agents
should remain on the body for at least 8 hours (2). Those agents
should cover the entire body regions below the neck. In fact,
when scalp involvement occurs in infants and children, these
agents should also be applied to the scalp (3). The difficulty of
treatment emerges at this stage. Patients either do not keep the
drug in their body for as long as necessary or the drug is removed
e.g., by hand washing. Unless an effective treatment is applied,
reinfestations can occur and the disease becomes chronic among
family members. Especially in infants and children, compliance
with treatment becomes more difficult due to the reluctance of
this age group to use topical drugs (4). The foreign body sensation
created by the applied agents and the discomfort which creates
in babies, can cause irritation and discomfort, especially in the
diaper area, and the baby’s constant hand in her mouth make the
treatment in this age group more toxic. In our clinical practice,
it is observed that the infestation tends to be more chronic in
families with a baby or child. We think that treatment could last
for shorter times and in order to increase it’s efficacy is supported
by addional agents.

“Tea tree o0il” (TTO) is an essential oil which is being used in
cosmetics and care products wordwide, and has become more
popular in the last ten years due to its natural origin (5). TTO
is accepted as an ideal disinfectant for topical use, as it has an
antimicrobial effect against a wide range of microorganisms,
penetrates the skin easily and does not cause irritation. Although
the leaves of the tea tree have been used in traditional medicine
for at least the 18" Century due to their antiseptic effect, It is
thought to have been discovered by humans in the 1700s. The
popular name of the plant, “tea tree”, was first used for the leaves
(possibly a Leptospermum species) that sailors took from this
region to prepare tea on the return of Captain James Cook from his
trip to Australia (1770). Today, plants belonging to Leptospermum,
Melaleuca and Kunzea genera from Myrtaceae family are called
“tea tree”. The plants have no similarities with the real tea plant
(Camelia sinensis) in terms of taste, smell and composition. The
leaves of the plants in question carry an essential oil and all of
these oils are known as “TTO” (6,7).

In our study, the scabicidal effect of TTO on S. scabiei was
evaluated an compared to this of permethrin.

METHODS

Materials

Topical permethrin and TTO solution were obtained from the
Jeomed Company (Turkey). A total of 40 parasites were included
in the study, with 10 parasites in each group. Immersion oil was
applied to the control group, while 5% permethrin, 5% and 25%
TTO was applied to the three study groups.

Patients

The study was conducted in accordance with Helsinki Declaration
principles. Ethical approval was obtained from Istanbul Medipol
University (03/02/2022/73). For the trial, the authors used the
material which was obtained for the diagnosis of scabiosis. The
patients were not treated before the removal of the mites and
the experiments were carried out on Scabies specimens in vitro.
More than 300 samples were examined over a period of one year,
however only 40 mites were suitable for the present study.

Design

Parasites that were not damaged during sampling and had full
motions were included in the study, while immobile, partially
mobile, fragmented, or surrounded by artifacts, were excluded
from the study (Figure 1).

Specimens were collected with the help of dermoscopy, the
location of the parasite was determined and the parasite
was gently removed from the tunnel with the help of a 22
G needle (Figure 2). The samples were assessed by a digital
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Figure 1. Parasite pattern without artifacts such as skin
attachment blood etc.
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Figure 2. Sarcoptes scabie parasite on a 22 G needle

microscope allowing magnification of 1600x (Bresser, LCD
digital microscope) (Figure 3). A lamel was not used during the
microscopic examination to protect the parasite as much as
possible from external influences (Figure 4). A digital microscope
was used to instantly monitor every movement of the parasite.
Movements of parasites were checked every 60 minutes. [The
survival time (ST) was defined as the interval between the
mites’ first exposure to the solution to the time the movements
ceased. The average ST was compared among different solutions
to evaluate their in vitro killing activity. The experiments were
carried at room temperature.

Figure 3. Bresser, LCD digital microscope

Figure 4. Lamel was not used during microscope examination

In vitro environment: The parasite taken on the slide was
examined on the digital microscope screen and it was determined
whether it was mobile or not. Then, the working solutions were
dripped onto this in vitro environment that was created on the
slide (Figure 5). The moment of contact of the solution with the
parasite could be monitored instantly through the screen of the
digital microscope.

Statistical Analysis

Statistical analyses were performed using IBM SPSS (statistical
package for social sciences) for Windows, Version 22.0 package
program. Numerical variables were shown as mean + standard

Figure 5. Method of application of the active substance
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deviation. The data between groups were evaluated by a two-
tailed t-test. P-value <0.05 was considered significant in all
comparisons.

RESULTS

The mean ST in the 5% permethrin group was 350+31.3 minutes,
while this of 5% TTO group 180+15.1 minutes and 120+13.3
minutes in 25% TTO group. The mean ST of the Sarcoptes in the
control group was 2.820+90 minuntes. The mean ST between the
control, permethrin and TTO groups was statistically significant
(p=0.03). ST between the 5% and 25% TTO groups was statistically
significant (p=0.04). There is no statistical differences between
permethrin and 5% or 25% TTO (p>0.05).

DISCUSSION

Recently, there has been an increase in scabies cases both in our
country and abroad (1). In our clinical practice, we frequently
encounter chronic cases that did not respond to treatment.
There are publications showing that Scabies mites are resistant
to permethrin and ivermectin (8,9). Topical scabicides include
permethrin, phenothrin, sulfur, benzyl benzoate, crotamiton,
ivermectin, malathion, while as a systemic agent oral ivermectin
is being used. Permethrin, a member of the pyrethroid family,
contains pyrethrum components and derivatives. Permethrin 5%
cream and lotion form shows scabicidal and ovicidal effects in the
treatment of scabies (3).

Permethrin is recommended as the first treatment option in
patients with uncomplicated classical scabies in many guidelines.
The body should be dry and cool before topical application. It
should be applied from the neck down, including between the
fingers and other areas where no clinical signs were observed, and
it should be washed after 8-12 hours. Especially in infants and
adults with immune deficiency, this agent should be applied to
the head area by protecting the eye and mouth area. Although it
is recommended as a first-line treatment agent in infants older
than three months, pregnant women and lactating women, care
should be taken in terms of toxicity in individuals in this group,
especially infants between 3-12 months, since less than 2% of the
drug can enter the systemic circulation after a single application.
Permethrin is the most effective scabicidal agent in clinical study
meta-analyses in the literature. Treatment success rate of 89-
98% after a single application reaches 98-100% after repeated
application at 1 week interval (This sentence is not clear, please
re-write!) (1-3), however lately studies show that scabies mites
become resistance to permethrin (8,9).

TTO, which is considered a safe antiseptic due to its natural origin
is being used in many pharmaceutical and cosmetic preparations
inrecent years, as it is effective on a wide range of microorganisms
at very low concentrations (10,11). The main purpose of the
scabicidal treatment is the contact of the agent with the parasite
in the tunnel. Success for the applied agent can be achieved by
being absorved in the stratum corneum. Therefore, the best time
for treatment is when the stratum corneum is at its weakest,
e.g., during bathing, when the stratum corneum softens and its
permeability increases. While some publicatons emphasizes the
need of scrubbing before applying the treatment, there are others
which indicate that this is unnecessary. This parasite seems to be
very sensitive when removed from its natural environment. In

our study, in which we took more than 300 samples, only 60 live
parasites could be isolated and only 40 could be included in the
in vitro experiments. We observed that they died instantly even
when a minor trauma was caused with the needle tip. This was
the reason why mites were removed with the help of a needle
rather than with the skin scrapping method, as we were unable
to remove live parasites with the curettage method. The parasite
often settles on the wrists and ankles. Since the stratum corneum
in this region is thicker than other regions, it is difficult for the
active substance to reach under the skin (10). Making a pouch
may thin the stratum corneum in this area and facilitate the
spreading of the drug under the skin.

In the present study, it was shown that TTO has an acaricidal
effect on S. scabiei. Although it was observed that the acaricidal
effect increases with increasing concentration, it should be
considered that it may cause irritation and treatment should be
applied to the lowest concentration possible.

The comparative effect of these two agents was also evaluated in
patients with rosacea, and both agents were found to be effective
(12). In addition, the effectiveness of TTO and permethrin were
evaluated in in vitro studies and it was found to be effective in
the treatment of scabies (13). We wanted to emphasize that the
combined use of these two agents, which we demonstrated in vitro
in our study, will strengthen the treatment. Our in vitro study
needs to be supported by in vivo studies. Side effects to TTO are
known in human studies.

Walton et al. (13) who conducted a similar study with TTO stated
that this chemical agent has an acaricidal effect, but they did not
specify how long it takes to kill the parasite, while in the present
study the time of death was observed in real time.

CONCLUSION

Our in vitro study also shows that TTO is effective against
Sarcoptes scabiei parasite. Due to the toxic properties of scabicidal
agents such as permethrin and ivermectin, the use of these agents
in infants and children requires attention. Having formulations
such as shampoo and shower gel might provide the opportunity
to use TTO during the bath, where the stratum corneum is more
permeable.
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Kurban Bayramr’'nda Endemik Olmayan Bir ilde
Saptanan Iki Kirim-Kongo Kanamali Atesi Olgusu

Two Cases of Crimean-Congo Hemorrhagic Fever Detected in a Non-

endemic Feast of Sacrifice
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0z

Kirim-Kongo kanamali atesi (KKKA); kenelerle bulagan ve ateg, kanama, myalji, halsizlik ve benzeri non-spesifik semptomlarla
seyreden, akut ve ciddi seyirli olabilen viral zoonotik bir enfeksiyon hastaligidir. Burada, endemik olmayan bir ilde Koronaviris
hastalig1-2019 (COVID-19) pandemisi devam ederken goriilen iki adet KKKA olgusu tartistlmigtir. Olgularin ortak ézelligi, Kurban
Bayramu sirasinda endemik bélgedeki hayvanlarla temas etmis olmalari, non-spesifik semptomlar1 olmasi; karaciger fonksiyon
testleri, laktat dehidrogenaz ve kreatin fosfokinaz yiiksekligi, Il6kopeni ve trombositopeni seklinde kargimiza ¢ikmigtir. COVID-19
pandemisi sirasinda non-spesifik semptomlari olan hastalarin kene ve hayvancilik temasi 6zellikle sorgulanmahdir.

Anahtar Kelimeler: COVID-19, hemorajik ates viriisii, Kirnm-Kongo

ABSTRACT

Crimean-Congo hemorrhagic fever (CCHF) is a viral zoonotic infectious disease transmitted by ticks, accompanied by fever,
bleeding, myalgia, weakness and similar non-specific symptoms, and can have an acute and serious course. In this article, two
CCHF cases seen during the Coronavirus disease-2019 (COVID-19) pandemic in a non-endemic province are described. The
common feature of both cases; contact with animals in the endemic region during the feast of sacrifice, non-specific symptoms,
liver function test, lactate dehydrogenase and creatine phosphokinase elevation, leukopenia and thrombocytopenia. Especially
during the COVID-19 pandemic, tick and livestock contact of patients with non-specific symptoms should be questioned.

Keywords: COVID-19, hemorrhagic fever virus, Crimean-Congo

GIRIS

Kirim-Kongo Kanamali Atesi (KKKA) erigkin
Hyalomma cinsi keneler tarafindan isirilma ile
insanlara bulagmaktadir (1). Enfekte konaklarin kan
veya viicut sivilariyla da bulas olabilmektedir. Etkeni;
Bunyaviridae ailesinden Nairoviriis cinsine ait tek
iplik¢ikli, lipid zarfli bir RNA virisidiir. Hastalik
icin sigir, koyun, keci ve yabani hayvanlar rezervuar,
keneler hem rezervuar hem de vektér konumundadir.
KKKA hastah@inda veteriner hekimler, mezbaha
calisanlari, hayvanclikla ugraganlar ve hayvan kesimi
yapan isciler risk grubunda yer almaktadir (2). Iki
olgunun takdim edildigi bu yazimiz; hayvan ticareti
amaciyla endemik bolgeye seyahat eden ve hayvan
kesimine katilan iki erkek hastanin yazili onamlarn
alinarak sunulmugtur.

Gelis Tarihi/Received: 05.11.2021 Kabul Tarihi/Accepted: 26.09.2022

OLGU SUNUMU

Olgu1 (E.§.)

Yirmibes yasinda erkek hasta, Kurban Bayrami nedeni
ile Ardahan’a seyahatinden déndiikten dért giin sonra
gelisen ates, halsizlik, bulanti, kusma sikayetleri
ile acil servise bagvurdu. Bilinen bir ek hastalig
olmayan olgunun, yapilan tetkiklerde l5kopeni,
trombositopeni ve karaciger enzimlerinde yitkselme
izlenmesi tizerine acil serviste dahiliye ve enfeksiyon
hastaliklar1 uzmanlar tarafindan degerlendirildi.
Fizik muayenesinde genel durumu iyi, bilinci agik,
kooperasyon ve oryantasyon tamdi. Hastanin ategi
38,7 °C, kan basina 100/60 mmHg ve nabiz 90/
dakika olarak tespit edildi. Sistem muayenesinde sag
6n kolda hiperemi, ekimoz ve édem, her iki kol ve
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bacakta petesileri bulunuyordu (Sekil 1, 2). Hasta hemolitik anemi
ve idiyopatik trombositopenik purpura 6én tamlariyla dahiliye
servisine yatirildi. Laboratuvar bulgularinda lékosit sayis1 1,560/
mm?®, trombosit 19.000/mm?®, hematokrit %42,8 ve hemoglobin
14,1 gr/dL, aglik kan sekeri 111 mg/dL, alanin aminotransferaz
(ALT) 460 U/Lt, aspartat aminotransferaz (AST) 1303 U/Lt, iire
11 mg/dL, kreatinin 0,81 gr/dL, INR 1,03, protrombin zamami
(PT) 12,6 saniye, aktive parsiyel tromboplastin zamani (aPTT)
41,7 saniye, laktat dehidrogenaz (LDH) 2,564 U/Lt, kreatin
fosfokinaz (CPK) 2109 U/Lt, hepatit markerlar: negatif bulundu.
Hematoloji birimi tarafindan periferik yayma ile degerlendirildi
ve enfeksiyon ile uyumlu saptandi. Mevcut tabloyu agiklayacak
enfeksiy6z sebepler agisindan tetkik edilen hastanin Koronaviriis
hastali$1-2019 (COVID-19) real time-polimeraz zincir reaksiyonu

Sekil 2. Olgu 1 sag 6n kol hematom gériintimi

(RT-PCR) testi, Brucella standart tip agliitinasyon testi ve
TORCH grubu enfeksiyonlar1 serolojisi negatifti. Hasta servis
takibinde genel durumda bozulma ve trombosit degerlerinde
disme nedeniyle yakin takip ama¢h yogun bakim unitesine
alindi. Hastanin Ardahan seyahatinde hayvan kesimine
katildigini belirtmesi tizerine; viral kanamali ates agisindan tetkik
edildi. KKKA RT-PCR testi pozitif tespit edildi. Hastaya destek
tedavileri ve ribavirin 30 mg/kg yikleme dozunun ardindan 15
mg/kg 6 saatte bir/dért gin ve 7,5 mg/kg 8 saatte bir/alt1 gin
alacak sekilde tedavisi diizenlendi. Ribavirin tedavisi 10 giine
tamamlandi. Karaciger fonksiyon testlerinde duizelme goriilen ve
pansitopenisi diizelen hasta sifa ile taburcu edildi.

Olgu2 (V.T.)

Otuz bir yag erkek hasta, COVID-19 poliklinigine iki giindiir olan
bas agrisi, miyalji, bogaz kurulugu, carpinti, bulant1 sikayetleri
ile bagvurdu. Oykiisiinde kronik bir hastaligi olmayan hastanin
COVID-19 polikliniginde yapilan fizik muayenesinde genel
durumu iyi, oryante ve koopere idi, atesi 36,6 °C, kan basinca
110/60 mmHg ve nabiz 90/dakika olarak tespit edildi. Genel
sistem muayenesi dogaldi. Sag ayak bileginde yaklasik 1 cm’lik
kizariklik saptandi. Hastanin laboratuvar parametreleri l6kosit
say1s14,220/mm?®, trombosit 127.000/mm?, hematokrit %38,8 ve
hemoglobin 13,1 gr/dL, a¢hik kan gekeri 107 mg/dL, ALT 25 U/
Lt, AST 73 U/Lt, tire 23 mg/dL, kreatinin 1,11 gr/dL, LDH 239 U/
Lt, CPK 2,878 U/Lt, saptandi. Hastanin COVID-19 semptomlar1
oldugu icin COVID-19 RT-PCR testi yapildi, negatif saptandi ve
ev izolasyonu énerilerek taburcu edildi. Hasta ayni giin ikinci defa
COVID-19 poliklinigine bagvurdu. Sikayetlerinin artarak devam
ettigini belirtmesi tizerine 6ykiisti derinlegtirildi. Bir hafta énce,
Erzurum'dan gelen biytuk bas hayvanin kesimi sonrasi dusta
iken bacaginda kene oldugunu fark ettigini ve ¢iplak elle keneyi
cikarttigini ve ezdigini belirtti. Hastadan ikinci defa COVID-19
RT-PCR alind1 ve negatif saptandi. Laboratuvar bulgular lékosit
say1s1 2,520/mm?®, trombosit 89.000/mm?, hematokrit %40,4 ve
hemoglobin 13,5 gr/dL, achik kan gekeri 143 mg/dL, ALT 41 U/
Lt, AST 100 U/Lt, ure 11 mg/dL, kreatinin 1,05 gr/dL, INR 0,95,
PT 11,6 saniye, aPTT 25,9 saniye, LDH 300 U/Lt, CPK 2249 U/Lt
bulundu. Kene temas: olan hastanin KKKA RT-PCR testi pozitif
sonuglandi. Ribavirin ve destek tedavisi baglandi. Takiplerinde
kanama veya bilin¢ degisikligi olmayan ayrica, kan transfizyonu
ihtiyac1 gelismeyen hastanin klinik ve laboratuvar bulgular
diizeldi. Ribavirin tedavisini tamamlayan hasta, tedavinin 11.
giniinde sifa ile taburcu edildi. Her iki hastanin laboratuvar
sonuglar1 Tablo 1’de verilmigtir.

TARTISMA

KKKA mortalite oranlar1 azimsanmayacak 6lciide yiiksek olup
endemik iilkeler icin %4-20 arasinda degismektedir (3). 2002
yilindan 6énce Tirkiye'de KKKA hastaligi gérillmezken; Avrupa,
Asya ve Kuzey Afrika’y1icine alan palearktik bélgede tireyen bircok
gbé¢men kusun birincil gé¢ yolu tizerinde bulunmasi, hastaligin
kuglar aracligy ile gelmis olabilecegini dusundirmektedir (4).
KKKA hastaliginin yayilmasinda gé¢men kuslarin rolu ile ilgili
calismalar mevcuttur (5). Ulkemiz gibi KKKA hastaliginin
endemik oldugu iilkelerde virtsiin yayiliminda gé¢men kuslarin
disinda; olgu gériilen gehirler ile gérilmeyen sehirler arasindaki
turizm faaliyetleri ve hayvan ticaretinin de hastaligin sehir
merkezlerinde goriilmesinde etkili olabildigi dusiinilmektedir.
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Tablo 1. Hastalarin laboratuvar degerleri ve tedavi durumlari

Olgu1 Olgu 2
WBC (mm?3/L) 1,56 2,52
Trombosit (mm?/L) 19.000 89.000
Hemoglobin (gr/dL) 14,1 13,5
AST (U/L) 1,303 100
ALT (U/L) 460 41
PT (s) 12,6 11,6
aPTT (s) 41,7 25,9
LDH (U/L) 2,564 300
CPK (mg/L) 2,109 2,249
CRP (mg/L) - 17,8
KKKA IgM Caligilmads Galisilmads
KKKA IgG Caligilmads Calisilmads
KKKA PCR + +
Destek tedavisi (kan ve kan
urinleri) Var Yok
Ribavirin Var Yok
WBC: Beyaz kiire, AST: Aspartat aminotransferaz, ALT: Alanin
aminotransferaz, PT: Protrombin zamani, aPTT: Aktive parsiyel tromboplastin
zamani, LDH: Laktat dehidrogenaz, CPK: Kreatin qufokinaz, CRP: C-reaktif
protein, KKKA: Kinm-Kongo Kanamal Atesi, IgM: imminoglobulin M, IgG:
Immiinoglobulin G, PCR: Polimeraz zincir reaksiyonu

Bursa ilinde KKKA viriisi endemik olmayip, iki olgunun da
Kurban Bayramui sebebiyle endemik bélgeden gelen hayvanlarin
tizerindeki keneler ile ve direkt enfekte hayvanin kan/dokusu ile
temas sonrasi enfekte olduklar: tahmin edilmektedir.

Turkiye’'de KKKA hastaligi Mart ve Ekim aylar arasinda goriiliip,
Haziran ve Temmuz aylarinda pik yapmaktadir (6). Tki olgunun da
gorildigi dénem dikkatle incelendiginde Temmuz ayinda olmasi
ve Kurban Bayrami nedeni ile hayvan ticareti yapilmis olmasi
dikkat ¢ekmektedir. Bu nedenle, hastaligin daha sik goraldugi
aylarda endemik bélgeden satis ve kesim i¢in endemik olmayan
bolgelere go¢ ettirilen hayvanlara dikkat edilmesi gerekmektedir.
Gog ettirilen hayvanlarin viicutlarinda bulunan keneler aracilig:
ile endemik olmayan bélgelerde nadiren de olsa KKKA olgularina
rastlanabilmektedir.

COVID-19 pandemisinin oldugu bu dénemde hem anamnez
ve hem de fizik muayenedeki zorluklar sebebiyle de COVID-19
dis1 tanilarda aksamalar olabilmektedir. COVID-19 olgularinda
sistemik  tutulumla seyreden sitokin firtinasi tablosu
gorilmektedir (7). Benzer tablo, siddetli KKKA hastahiginda,
endotelyal hiicre aktivasyonunun ve artan vaskiiler gecirgenligin
neden oldugu hipotansiyon, sok, ¢oklu organ yetmezligi ve
6limle sonug¢lanan durumlarda da olmaktadir (8). Nitekim,
ikinci olgumuzda oldugu gibi, pandemi déneminde COVID-19
semptomlar ile benzer semptomlar olan KKKA olgusunda tam
iki giin sonra konulabildigi gériildi. Birinci olgumuzda anamnez

ve 6n kol antekubital bélgedeki kene 1s1r181 sonucu olusan ekimoz
tanida en biiyiik yardimcimizda.

Sonug olarak; endemik bolgeden satis ve kesim amaciyla gétiriilen
hayvanlarin endemik olmayan bélgede de KKKA olgularinin
gorilmesine sebep olabilecegi akilda tutulmalidir. COVID-19
salgininin halen devam ettigi bu dénemde 6zellikle yaz aylarinda
ve kitlesel sekilde hayvan géglerinin oldugu kurban bayramlar:
sirasinda hastaneye bagvuran hastalarin ates, miyalji, halsizlik,
yorgunluk gibi semptomlarinda mutlaka hayvancilik, kene
temasi, endemik bolgeye seyahat ya da hayvanin viicut sivilariyla
temas sorgulanmali ve KKKA mutlaka akla gelmelidir.

*Etik

Hasta Onaym: Iki olgunun takdim edildigi bu yazimiz; hayvan
ticareti amaciyla endemik bolgeye seyahat eden ve hayvan
kesimine katilan iki erkek hastanin yazili onamlar1 alinarak
sunulmusgtur.
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Toxoplasma gondii (T. gondii); sicakkanl hayvanlarin ¢ogunu ve insanlar1 enfekte edebilen, genis konak¢ yelpazesine sahip
zorunlu hiicre i¢i apikompleksan bir parazittir. Bu parazit ile diinya niifusunun yaklagik tgte biri enfektedir. Toksoplazmozis,
immiin sistemi saglam bireylerde asemptomatik seyrederken, immiin sistemi baskilanmig bireylerde ise ciddi klinik tablolara ve
slumlere yol acabilmektedir. Parazit, insanlara kedi digkisiyla kontamine su ve gidalarin tiketiminin yani sira ¢ig veya az pismis
hayvansal iiriinlerle, konjenital enfeksiyon ve kan/organ nakliyle bulasmaktadir. T. gondii, koyun, keci gibi ¢iftlik hayvanlarinda da
siklikla saptanmaktadir. Koyun ve kegilerde parazit nedeniyle olusan klinik tablolar ve abortuslar diinya ¢apinda biiyitk ekonomik
kayiplar olusturmaktadir. Ginimuzde, T. gondii'ye kars1 sadece koyunlarda kullanilabilen Toxovax (MSD, Yeni Zelanda) ticari agist
bulunmaktadir. Bu nedenle zararsiz, kolay iiretilebilen, parazitin neden oldugu kayiplarin éniine gegilebilecek ve tium canhlarda
kullanilabilecek yenilik¢i T. gondii agisina ihtiya¢ duyulmaktadir. immiinoloji, molekiiler biyoloji, genetik, biyoteknoloji ve
proteomik alanlarindaki gelismeler ag1 caligmalarina yenibakas agilar1 kazandirmaktadir. T. gondii’ye kars: gelistirilen ag1 caligmalari,
yeni antijenlerin in vitro taramalar ve biyoinformatik analizler kullanilarak kesfi, cesitli ekspresyon sistemleri ve yeni adjuvant
tiplerinin kullanimi ile hiz kazanmistir. Rekombinant protein asilar1 biyoteknolojik asilar olup cesitli ekspresyon sistemlerinde
hizl ve kolay tretilmeleri, cok miktarda ve yiiksek saflikta trin elde edilebilirligi, maniptilasyon kolayligi ve hem hiicresel hem
de humoral immiin yanit1 uyarabilmeleri nedeniyle toksoplazmozise yénelik yapilan ag1 ¢caligmalarinda siklikla kullanilmaktadur.
Biyoteknolojik yontemler kullanilarak gelistirilmekte olan bu agilar toksoplazmozise karsi koruyucu immiin yanit saglamak i¢in
umut vaat etmektedir. Bu derlemede, parazitin karmagik yasam déngusii, patogenezi ve konakta olusturdugu humoral ve hiicresel
immun yamtin yaninda 6zellikle, parazite yonelik gerceklestirilen rekombinant protein as1 ¢aligmalar: hakkinda genel bir bakis
sunulmaktadr.

Anahtar Kelimeler: Toxoplasma gondii, rekombinant protein agilari, biyoteknoloji, immunizasyon

ABSTRACT

Toxoplasma gondii (T. gondii) that can infect most warm-blooded animals and humans, is an obligate intracellular apicomplexan
parasite with a wide host range. About one-third of the world’s population is infected with this parasite. While toxoplasmosis
progresses asymptomatically in individuals with a strong immune system, it can cause serious clinical manifestations and death in
immunocompromised individuals. The parasite is transmitted to humans through the consumption of water and food contaminated
with cat feces, as well as raw or undercooked animal products, congenital infection and blood/organ transplantation. Additionally, T.
gondii is often observed in farm animals such as sheep and goats. Clinical manifestations and abortions caused by T. gondii in
sheep and goats lead to enormous economic loss worldwide. There is a commercial vaccine against T. gondii, called Toxovax (MSD,
New Zealand) that can only be used in sheep. For these reasons, there is a need for innovative T. gondii vaccine that is harmless,
easily produced, which can prevent losses and be used in all living things. Advances in immunology, molecular biology, genetic,
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biotechnology and proteomics bring new perspectives to vaccine studies. Studies in innovative vaccine studies against T. gondii have accelerated with the
discovery of new antigens by in vitro screenings, and bioinformatic analyzes, the use of various expression systems and new adjuvant types. Recombinant
protein vaccines are biotechnological vaccines that are frequently preferred due to their rapid and easy production in various expression systems,
availability of very and high purity products, ease of manipulation and stimulation of both cellular and humoral immune responses. Recombinant protein
vaccines, developed by biotechnological methods, are promising tools for providing a protective immune response against toxoplasmosis. In this review, an
overview of the parasite complex life cycle, its pathogenesis, humoral and cellular immune responses in the host, and recombinant protein vaccine studies

developed against the parasite are presented.

Keywords: Toxoplasma gondii, recombinant protein vaccines, biotechnology, immunization

GIRig

Toxoplasma gondii (T. gondii) toksoplazmozise neden olan,
insanlari ve hayvanlar1 enfekte edebilen genis konakei yelpazesine
sahip zorunlu hiicre ici bir parazittir. Yasam dongusi i¢inde yer
alan kesin konak kedi ve kedigillerde eseyli treme ile olusan
sporozoit, ara konaklarinda egeysiz tireme sonucu olugan takizoit
ve bradizoit olmak tizere ti¢ formu bulunmaktadir (1). Takizoitler,
hareket yetenegi yiksek aktif formlardir ve akut enfeksiyona
neden olmaktadir. Yapilarinda bulunan proteinler sayesinde
konak hiicreye girerek parazitofor vakuol (PV) olusturmakta ve
konagin immiin sisteminden de bu strateji ile korunabilmektedir
(2). Immiin sistem baskisindan dolayr PV icinde daha yavas
boliinen formlar olan bradizoitler ise kronik enfeksiyonda
gorilmektedir. Konak canhida hicbir belirti géstermeden aylarca
hatta yillarca yagamini devam ettirebilmektedir (3).

Kedi ve kedigillerde egeyli tireme sonucunda ookistler olusur
ve uygun kosullarda sporlanarak sporozoit form haline gelirler
(4). Takizoitler enfeksiyondan sonra daha yavas bélinebilen
bradizoitlere farklilagirlar (5). Enfeksiyon immun sistemi
saglam bireylerde asemptomatiktir. Immiin sistemi baskilanmig
bireylerde ise ciddi komplikasyonlar goriilebilmektedir (6).
Bunlarin yaninda toksoplazmozisin néropsikiyatrik hastaliklar,
depresyon ve intihar ile iligkisi gosterilmistir (7).

Parazit insanlan etkiledigi gibi koyun, keci, domuz gibi ciftlik
hayvanlarinda da ciddi sorunlar olugturmaktadir (8). Giiniimiizde
yalnizca koyunlarda kullanimi olan bir ag1 (Toxovax®, MSD hayvan
sagligl) mevcut olsa da olusturdugu riskler nedeniyle insanlarda
kullanilamamaktadir. Bu nedenle, insanlarda ve hayvanlarda
hastaligin yayiliminin 6nlenebilmesi ve hastaligin yarattig: klinik
tablolarin engellenebilmesi i¢in giivenilir ve etkili bir agiya ihtiya¢
duyulmaktadir (9).

Rekombinant protein asilarinda patojene ait herhangi bir
materyalin direkt kullanilmamas: ve buna bagh olarak enfektif
formlara déniigme riskinin bulunmamasi, bu agilan givenli
hale getirmektedir (10). Bunun yaninda iretim prosesinde
manipiilasyon kolayhgi ve geleneksel agilara oranla disik
maliyetli tretilmeleri gibi avantajlari da mevcuttur (11).

Bugiine dek yapilan as1 calismalarinda, parazite ait uygun
antijenik bolgelerin ve ekspresyon sistemlerinin secilmemesi,
as1 adaylarimin diigitk immiin yanit olugturmas: gibi nedenlerden
dolayr hastaliga karsi heniiz klinik asamada bir rekombinant
protein agist bulunmamaktadir. Ancak gelisen teknolojinin
yardimu ile yenilik¢i yaklagimlar, yeni antijen kesifleri, kombine
tretim stratejilerinin kullanimi ve parazitin yagsam formlarinda
goriilen stratejik proteinlerin se¢imi, etkin rekombinant protein
agilarinin gelistirilmesinde 6nemli rol oynamaktadir. Son yillarda
yapilan calismalarda adjuvantlar ile birlestirilen as1 adaylarinin
gicli immiin yanit olusturmasi ve fare deneylerindeki hayatta
kalma oranlarinda gériilen artislar, yapilan rekombinant protein

agillarinin  gelecekte toksoplazmozise karsi etkili ve guvenli
olacagina dair olumlu bir bakis a¢is1 sunmaktadir.

Toxoplasma gondii Genel Bilgi

Toxoplasma gondii ilk kez 1908 yilinda tanimlanmusgtir. Nicole ve
Manceaux, Leishmania ve viris ¢aligmalar: sirasinda kullandiklar:
Ctenodactylus gundi adli kemirgende gerceklestirdikleri deneyler
sirasinda paraziti ilk defa tespit etmiglerdir (12,13).

1950 yilinda Tuarkiye'de ilk kez bir képekten T. gondii izolasyonu
Baran ve ark. tarafindan gerceklestirilmistir. {lk insan olgusu
1953 yilinda Unat ve ark. tarafindan bildirilmigtir. 1970’li yillarda
Turkiye'de parazit bir kopekten izole edilmis ve daha sonra bir
bebekte parazite rastlanmigtir. 1972 yilinda Ekmen ve Altintag
tarafindan tespit edilen bu sus T. gondii Ankara susu olarak
adlandinlmigtir (14,15). 2020 yilinda yapilan gincel ¢alismada
susa ait tim genom caligilmig ve NCBI veritabanina T. gondii
TR_01 ismi ile yitkklenmistir (16).

Morfoloji ve Yagam Déngiisii

Toxoplasma gondiinin yasam doéngisii incelendiginde akut
enfeksiyona sebep olan takizoit, kronik enfeksiyona sebep olan
bradizoit (doku kisti) ve sporlanmis ookistler icerisinde bulunan
ve sporozoit adi verilen ii¢ farkli formu bulunmaktadir (1).

Tum c¢ekirdekli hiicreleri enfekte edebilen takizoitler hizlh
boliinebilen ve hareket edebilen aktif bir formdur (6). Takizoitler
hilal geklinde olup 2x6 pm boyuta sahiptir. Takizoitlerin
yapisinda patogenezde baslica rol oynayan konoid ile mikronem
(MIC), roptri (ROP) ve yogun graniller (GRA) proteinleri
bulunmaktadir (3,17). Bu proteinler sayesinde konak hiicreye
girer ve kendilerini PV ile ¢evreleyerek ovallegirler. Hiicre icinde
tekrarlayan endodiyogeni ile aseksiiel cogalma nedeniyle konak
immiin sisteminden korunabilmektedir (2).

Takizoitler enfeksiyondan yaklagik 10-14 giin sonra daha yavas
béliinebilen bradizoitlere farklilagmaktadirlar (3). Bu form konak
dokularinda, i¢inde ytizlerce bradizoit bulunan kistler olusturarak
uzun yillar canh kalabilmektedir (5). Kronik enfeksiyondan
sorumlu olan doku kistlerinin etrafinda konak hiicreler bulunmas:
nedeniyle immiin sistem elemanlarindan kacabilmektedir.
Bozulmamig doku kistleri hastalikla iligkili olmamakla birlikte
konagin yasami boyunca enflamatuvar yanita neden olmadan
varhigini  siirdirebilmektedir. Fakat immin yetmezligi olan
kisilerde doku kistlerinin yirtilmasi ile bradizoitler, tekrar
takizoitlere dontgserek hastaligin reaktivasyonuna neden
olmaktadir (2,5).

Kesin konak olan kedi ve kedigillerin ince bagirsaklarinda
eseyli ireme sonucunda olusan ookistler digkilama ile ortama
birakildiginda enfektif degildirler. Havalandirma ve sicakhiga
bagl sporlanarak enfektif hale gelmekte ve birka¢ ay boyunca
cevrede canli kalabilmektedir (4). Sporlanan ookistler icerisinde
iki adet sporokist ve her sporokistte dért adet sporozoit olmak
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uizere toplam sekiz adet sporozoit bulunmaktadir. Sporozoitler
subterminal bir ¢ekirdege sahiptir ve bol miktarda MIC, ROP
ve amilopektin granili bulundurmasiyla takizoite benzerlik
gostermektedir (3).

Sekil T'de goruldugu gibi T. gondii iki yasam déngistine sahiptir.
Eseyli déngii kedigillerin ince bagirsaginda meydana gelirken,
eseysiz déng insanlarin da dahil oldugu ara konaklarda ve kesin
konak olan kedigillerde gerceklesmektedir (6). Son konak kediler
parazitin ¢ formundan herhangi biri ile enfekte olabilmekte
ve ookistleri digki yolu ile cevreye yaymaktadir (18). insanlar
ise doku kisti ile enfekte ¢ig veya az pismis etlerin tiketimiyle,
kedi digkis: ile temasla ya da kedi digkisinda bulunan ookistlerin
kontamine ettigi su ve sebzelerin tiiketimi ve bunlarin yani sira
organ nakli, kan transfiizyonu ve konjenital gecis yoluyla enfekte
olabilmektedir (17).

Toksoplazmozis

Toksoplazmozis, immun sistemi saglam olan bireylerde
asemptomatik seyrederken bazi hastalarda servikallenfadenopati,
miyalji ve hafif grip benzeri semptomlara neden olabilmektedir
(1). Immiin sistem yetmezligi olan bireylerde ise hastahgin daha
ciddi semptomlarla seyrettigi bildirilmektedir. Ayrica parazit,
okiiler ve konjenital toksoplazmozise neden olmaktadir (6).
Gebelikte enfeksiyon 6lii dogumlara ve abortlara, bebeklerde ise
zeka geriligi, korlik, hidrosefali veya diger dogumsal anomalilere
neden olabilmektedir (19). Ayrica, konjenital enfeksiyona
ragmen normal dogan bebeklerde 30’lu yaglarda toksoplazmik
retinokoroidit olugabilmektedir (20). Organ nakli ahclan ve
kanser hastalar1 gibi immin sistemi baskilanmis hastalarda
birincil enfeksiyon veya tekrar aktivasyon ile ensefalit veya
pnémoni gibi komplikasyonlara neden olabilmektedir (4,6). Bu
ciddi klinik tablolarin yam sira toksoplazmozis Alzheimer, bipolar
bozukluk, sizofreni, obsesif kompiilsif bozukluk, multipl skleroz
ve epilepsi gibi néropsikiyatrik hastaliklarla iligkilendirilmektedir.
Buna ek olarak, yapilan deneysel caligmalarda toksoplazmozisin
depresyon ve intihara neden olabilecegi gosterilmektedir (7).
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Yapilan diger bir ¢alismada T. gondii ile glioma riski arasinda
anlaml pozitif bir iligki gézlendigi belirtilmigtir (21).
Epidemiyoloji

Toxoplasma gondii diilnyada oldukca yaygin olup enfeksiyonunun
prevalansi tzerine yapilan epidemiyolojik ¢alismalar diinya
capinda farkhiliklar géstermekle birlikte sosyal aliskanliklar, hava
kogullari, yasam standartlari ve cografik alan gibi farkli faktérlerin
bu hastaligin prevalansim etkiledigi bildirilmektedir (1). Afrika,
Guneydogu Asyanin bazi kisimlari ve Latin Amerika gibi
gelismekte olan veya az gelismis tilkelerde yitksek toksoplazmozis
prevalans degerleri gozlenirken gelismis tlkelerde prevalansin
disiik oldugu belirtilmektedir (22). 20. ytzyilda Orta Avrupa
iilkelerinde seroprevalans degerleri %37-58 arasinda degisirken
Avusturalya ve Kuzey Afrika’da da benzer oranlar bildirilmistir.
Buna karsilik ¢ogu Latin Amerika ve Gine Korfezi'ndeki Bati
Afrika iilkelerinde yitksek degerler gozlendigi bildirilmektedir
(23). Giiney Kore'de T. gondii prevalansi %1’in altindayken
Brezilya'da bu oran %77’ye kadar ulagmaktadir (24).

Amerika Birlegik Devletleri (ABD) hastalik kontrol ve énleme
merkezi raporlarina gére 2000°li yillarin ortalarindan sonlarina
kadar toksoplazmozis ABD'de gida kaynakli hastaliklara bagh
ikinci en yaygin 6lim nedeni ve dordincii hastaneye yatig
nedenidir (1). ABD’de yasayan insanlarin %8-22’sinin enfekte
oldugu ve Birlesik Krallikta da benzer bir prevalansin oldugu
belirtilmektedir (19). Diinya Saglik Orgiitii, Avrupa’da gida yoluyla
bulagan hastalik ytikiintiin %20’sinin T. gondii'den kaynaklandigin
tahmin etmektedir (25). Yapilan bir caligmadan elde edilen veriler
Almanya’da yasa bagh olarak T. gondii enfeksiyon oraninin %20
ile %77 arasinda oldugunu ve bu durumun muhtemelen ¢ig sosis
triinlerinin tiketimine bagh olarak degistigini gostermektedir
(26). Bir bagka calismada ise Paris’te yagayan kadinlarda ¢ig ya da
az pismis et tiiketimine bagl olarak Londra’da yasayan kadinlara
oranla daha yiiksek oranda seropozitiflik saptanmstir (3).
Diinya'da oldugu gibi Tiirkiye'de de genis bir dagilim gosteren T.
gondii seroprevalansinin belirlenmesinde cesitli illerde ¢caligmalar
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yapilmigtir. 2004-2015 yillar1 arasinda yapilan c¢alismalarda
seroprevalans degerleri %18 ile %52 arasinda degismektedir
(27-29). 2000-2018 tarihleri arasinda boélgesel olarak toplanan
serum Ornekleri incelendiginde seropozitifligin Ege Bélgesi'nde
%30,5, I¢ Anadolu Bolgesinde %29,5, Marmara Bolgesinde
%28,8, Karadeniz Bolgesinde %21,3 Akdeniz Bolgesinde %3
oldugu gorulmustir (14). Hastaligin yayihimdaki en biyiik risk
faktériiniin ¢ig veya az pismis etler ve iyi ytkanmamig sebze ve
meyvelerin titketimi oldugu saptanmaktadir. Biiyitk ekonomik
kayiplara neden olan bu parazitin yarattig1 sorunlari1 azaltabilmek
icin koruyucu tedbirler ile etkili bir agmin kullanilmas:
gerekmektedir (30).

Patogenez

Toxoplasma gondii konak hiicreye giris yapmak ve konak
hiicrede proteinlerin ekspresyonunu diizenlemek i¢in MIC,
ROP ve GRA dahil olmak iizere bircok protein salgilamaktadir.
Konak hiicreyle ilk temas yuzey antijenleri tarafindan yizey
reseptérlerinin  taninmasiyla baglamaktadir (31,32). Parazit
konak canliya ookist veya doku kisti formuyla girdikten sonra bu
iki formdan serbestlegen bradizoit ve sporozoitler ince bagirsak
lumenini gecerek enterosit veya lamina propriadaki hiicreleri
istila etmekte ve sonrasinda takizoit formuna déniigmektedir
(3,33). Takizoitlerin yapisinda bulunan ROP’ler konak hiicrede
takizoitin kendini PV ile cevreleyerek ovallesmesini ve lizozomal
enzimlerden korunmasim saglarken GRAlar vakuol i¢inde
parazitin ¢ogalmasinda gérevlidir. Konak hiicrenin sahip oldugu
endolizozomal yol ve parazitin sahip oldugu cesitli sinyal iletim
yolaklar1 sayesinde parazit vakuol i¢inde yasamini devam
ettirebilmektedir (2,31). ROP’ler lokalizasyonlarina baglh olarak
ROPboyun proteinleri (RON) ve ROP proteinleriolarakiki alt sinifa
ayrilmaktadir (32). ROP2, ROP5 ve ROP8 gibi psédokinazlarin
diger proteinlerle etkilesime girerek T. gondii viriilansinda énemli
bir rol oynadig: bilinmektedir (34). Takizoitlerin apikal ucunda
bulunan MIC’ler ise istila swrasinda hareketlilik ve baglanma
saglayan cesitli proteinlerin iiretiminden sorumludur (35). Apikal
baglanma sirasinda yiizeyde biriken MIC’lerden tiiretilen apikal
membran antijeni (AMA1) yine baglanma esnasinda salgilanan
RON’ler ile birlesmektedir (36). MIC2 proteini konak hicreye
tutunmada ve parazit hareketliliinde rol oynarken virillansta
ve konaga baglanmada MIC1, MIC4 ve MIC6 proteinleri rol
oynamaktadir (32). T. gondii'nin konak hiicreden ¢ikist MIC, RON
ve ROP’lerin salgilanmasiyla artan kalsiyum seviyesine bagh olarak
gerceklesmektedir (36). Bu proteinlere ek olarak BAG1 olarak da
bilinen 1s1 sok proteini 30 (HSP30) ve HSP70 proteini gibi parazitin
formuna 6zgii sentezlenen proteinler oldugu da bilinmektedir.
BAG1 takizoitlerin bradizoitlere déniigiimiinden sorumlu olan
dolayisiyla paraziti cevreden gelebilecek tehlikelerden korumay:
saglayan bir proteindir (37). HSP70 proteini ise B ve yardima
T-hiicre (Th) yanitlarmmin olugmasini saglayan, konak hiicreyi
oldurmeden once takizoit formundan salgilanan bir proteindir
(38). Parazitin her ti¢ formunda ortak olarak bulunan proteinlerin
toksoplazmozise kars: koruyucu bagisiklig: saglayacak bir aginin
gelistirilmesinde olduk¢a énemli oldugu belirtilmektedir (35,39).

Toksoplazmozise Kargi Gelisen Immiin Yanit

Toxoplasma gondiinin konaga bulagmasi sonucu konak
hicrede hem dogal hem de adaptif immin yamt uyarim
gerceklesmektedir. Bu uyarimin temelinde interlékin-12 (IL-12)
ve interferon-y (IFN-y) tretimi yer almaktadir. Kimyasallarin

yitksek seviyede tiretimiyle patojenin yok edilmesini saglayacak
Th1 hiicre yanit: ve antijene 6zgii ldiiriici yanit olugturacak CD8*
iretiminin artirilmas: saglanir. T. gondii enfeksiyonu sirasinda
oncelikle, enfeksiyon bélgesinde bulunan hiicrelerden kemokin
salgilanmaktadir. Dogal immun yamt hiicreleri olan dentritik
hiicreler (DC), nétrofiller ve makrofajlarin yapisinda bulunan toll
benzeri reseptoérler (toll like receptor) tarafindan parazitin varhig:
tespit edilerek ortamda IL-12 salgis1 artirilmaktadir. CD4*, CD8*
ve dogal katil (NK) hucreler enfeksiyon bélgesine yonlendirilerek
IFN-y uretimi saglanmaktadir. IL-12 ve IFN-y, enfeksiyonun
ilerlemesini  engelleyerek  konak¢i  hiicrelerin  parazitten
korunmasinda rol alan énemli sitokinlerdir (4,33).

Hiicresel immiin Yanit

Parazit varhiginin viicutta tespit edilmesinin ardindan parazitin
hiicrede ¢ogalmasim engellemek amaciyla majér doku uyumluluk
kompleksinin iretimi (MHC), parazite ait PV’nin olugumunu
engelleyecek genlerin ekspresyonu artirilir. Parazite ait yiizey
antijenleri proteozomlar ile parcalanarak MHC-I ile hicre
yiizeyinde sunulmakta ve CD8* Th yiizeyinde bulunan Th reseptér
ile MHC-I-Ag kompleksi olusturulmaktadir. MHC-I ile CD8*
koreseptorii arasinda giiclii bir kompleks saglanmaktadir. Antijen
sunan hicreler (APC) yiizeyinde yer alan CD80/86 molekiili
ile CD8" Th yuzeyinde bulunan CD28 reseptérii kompleks
olugturarak uyarimi artirmaktadir. CD8" T perforin ve granzim
salgilar1 ile APC uzerinde sitotoksik etki olusturulmaktadir.
Ayrica, CD8* Th'leri IFN-y salgilayarak APC’den indiiklenmis
nitrik oksit sentetaz salgis ile hedef organizmanin éliimiinde rol
oynamaktadir (40).

Hicresel immiin yanit gelisiminde diger bir yolak olarak
patojene ait antijenler, APC tarafindan peptitlerine ayrilirlar ve
MHC II reseptorlerine baglanip APC yuzeyine iletilerek CD4* T
lenfositlerine sunulmaktadir. CD4* T lenfositlerinin aktivasyonu
CD3 koreseptérii ile gerceklesmektedir. Bu aktivasyon, CD4*
Th yuzeyinde bulunan CD28 ve CD40L reseptorlerinin APC
yizeyinde yer alan CD80/86 ile CD40 reseptérlerinin birlesmesi
sonucunda artirilmaktadir. MHC Il-antijen kompleksi olusumuyla
APC’den IL-12 salgilanarak ThO hiicrelerinin Thl hiicrelerine
déniigimi saglanmaktadir. Thl hicrelerinin aktivasyonu, bu
hiicrelerden IFN-y uretilerek NK hiicrelerinin ve makrofajlarin
tretimi ile hiicresel immiin yamit olusturulur. Makrofajlardan
IL-12 salgilanmasiyla Thl hucreleri miktar olarak artirilarak
hiicresel yamitin giiclendirilmesi saglanmaktadir (41,42). Aym
zamanda CD4" hiicreleri B lenfositleri uyararak humoral immin
yanitin olugsmasim saglamaktadir (33).

Humoral immiin Yanit

Toxoplasma gondii antijenleri antijen sunan hiicreler tarafindan
alinip islenerek MHC-II ile hiicre yuzeyinde CD4* Th’lere
sunulmaktadir. CD4* T hiicreleri B lenfositlerini aktif hale
getirerek plazmositlerin olusumunu saglamaktadir. T. gondiinin
neden oldugu enfeksiyona kars: gelisen humoral immiin yanitta
gorev alan plazma hucreleri IgM, IgG, IgA ve IgE iretimi
gerceklestirmektedir. Akut enfeksiyon sirasinda IgM antikorunun
yaninda IgA ve IgE artisnin da oldugu bildirilmektedir.
Enfeksiyondan yaklasik ti¢ hafta sonra IgG antikorlari ortaya
cikmaktadir. Uretilen antikorlar sayesinde parazitin konak
hiicrelere baglanmasinin engellenmesi ve klasik kompleman
sistemin aktivasyonu saglanmaktadir (4,40).
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Toxoplasma gondii Genetik Cegitliliginin Ag1
Calismalarindaki Onemi

Parazit, diinya tuzerinde farkli cografik boélgelerde cesitli
tiplerde gorillmektedir (43). T. gondii ile ilgili yapilan genetik
caligmalarda parazite ait soylar Tip 1, Tip 2, Tip 3 ve atipik
olarak smiflandinlmigtir (14). Smiflandirmada genetik olarak
birbirlerine yakin olan bu tiplerin patojenitelerinin birbirinden
farkl oldugu gésterilmistir. Farelerde yapilan deneylerde Tip 1
suglarin tek bir canli organizma varliginda dahi éldiract oldugu
gorulmiigtir. Tip 2 ve 3 suglar Tip 1’e oranla daha az patojeniktir
ve kronik enfeksiyon olugtururlar (4). Tip 1 suslar ile enfekte olan
konak¢1 immiin sisteminde DC ve CD8* Th uyarisinin az oldugu,
Tip 2 suslar ile olusan immun sistem tepkilerinde ise bu hiicrelerde
giclu yanitlar olustugu bildirilmektedir (44). T. gondii'ye ait 3
sug arasindaki bu farkliliklar yaninda konakta akut ve kronik
enfeksiyon sirasinda olusan patolojik farkliliklar, yogun granil
ve ROP salg: proteinlerinin varlig1 ve ekspresyon diizeylerindeki
degisimlerden kaynaklandig: bildirilmektedir. Atipik suglar ile
ilgili ise heniiz ¢ok fazla bilgi bulunmamaktadir (43). Tip 1, Tip
2 ve Tip 3 suglar, Kuzey Amerika ve Avrupa’da yaygin olarak
gozlemlenirken Giiney Amerika’da ise basta atipik ve Tip 2
suglar1 yaygindir (45). Yapilan diger ¢aligmalarda ise konak¢inin
herhangi bir sus ile enfekte olmas: bir bagka susla tekrar enfekte
olarak siiper enfekte olabilecegini gostermektedir. Bu durum,
konak¢1 immiin sisteminin parazite ait farkli suglar ile enfekte
olma durumunda koruma saglamadigini ve parazitin konakg
immiin yanitindan kagmada farkh stratejiler gelistirdigini agikca
gostermektedir (4). T. gondii’ye ait karmagik yasam déngiistiniin
anlagilmasinda suslarin genotiplendirilmesi biiytik 6nem tasidig:
yapilan ¢caligmalarda agik¢a gérillmektedir (46).

Rekombinant Protein Asilar1

Rekombinant protein agilari, koruyucu immiin yanit uyarmak
amaciyla enfeksiyona neden olan patojenin bir boélgesinin
biyoteknolojik olarak iretilip as1 antijeni olarak kullamildig:
agilardir. Guniimiizde cesitli patojenlere karsi gelistirilen ve
gelistirilmekte olan agilarda yitksek saflikta rekombinant
proteinler kullanilmaktadir. Rekombinant protein biyoprosesinde
patojene ait antijenik gen bélgelerinin izole edilerek gen
diizeyinde duizenlemeleri yapilmakta ve ardindan patojenik
olmayan canhlarda (bakteri, maya, bécek ve memeli hiicreleri)
protein ekspresyonu gerceklestirilmektedir (47). Gen diizeyinde
yapilan dizenlemeler gibi ekspresyon sistemlerinin se¢imi de as1
calismalarinda buytik 6énem tagimaktadir. Ekspresyon sistemi
seciminde hedef proteinin biyokimyasal 6zellikleri, hiicre icinde
salgilanma sekli ve yeri, ekspresyon seviyesi, post translasyonel
modifikasyonlar ve proteolitik bozunuma dayaniklilig: gibi bircok
faktér rol almaktadir (48). Bakteriyel ekspresyon sistemleri,
heterolog proteinlerin tiretiminde en ¢ok kullanilan sistemlerden
biridir. Hem gelismis hem de gelismekte olan tlkelerde hizhi
ve kolay uretilmeleri, yitksek ekspresyon seviyelerine sahip
olmalar1 ve genetik manipiilasyonlarinin kolay olmasi gibi
pek cok avantaj bu sistemlerin tercih edilme nedenlerindendir
(49). Protein verimliliginin artirilmasina yoénelik yapilan
caligmalarda, maya ekspresyon sistemlerinin kullamimi buyik
6nem tagimaktadir. Mayalar, hem manipiilasyon kolaylig:
saglamalar1 hem de ¢karyotik organizmalar olmalar1 sebebiyle
rekombinant proteinlerin tretimleri i¢in uygun sistemlerdir.
Yapilarinda bulunan glikozilasyon ve fosforilasyon yolaklar
yiiksek protein verimliligi saglamaktadir. En ¢cok kullanilan maya

olan Saccharomyces cerevisiae’de protein tretim verimlilifinin
yolaklar tizerinde gerceklestirilebilecek genetik manipiilasyonlar
ile artirilabilecegini bildirilmektedir (50). Bécek hiicre kilturi
sistemleri icinde en ¢ok kullanilan vektor sistemi bakuloviriistiir.
Bocek ekspresyon sistemlerinde gerceklesen translasyon sonrasi
modifikasyonlar ve dogru protein katlanmalarinin memeli
hiicrelerine yakin olmasi bu sistemlerin kullanilabilirligini
artirmaktadir. Ancak, maliyetlerinin yiksek olmasi ve tretim
zorlugu nedeniyle bakteri ve maya ekspresyon sistemlerine
oranla daha az tercih edildigi bildirilmektedir (49). Translasyon
sonrast modifikasyonlarin, glikozilasyon ve fosforilasyon
mekanizmalarinin dogru bir sekilde gerceklestigi proteinlerin elde
edilmesi i¢in ise yiksek tiretim saglanabilen memeli ekspresyon
sistemleri kullanilmaktadir. Bu sistemlerde de zayif protein
tiretimi ve maliyetlerinin yiiksek olmasi gibi nedenlerden dolay:
kullanim zorluklar1 gorilmektedir (48,49).

Gunimiizde kullanimi devam eden ve rekombinant protein
teknolojisi ile iretilen ilk ag1 Hepatit B'ye karg1 geligtirilmigtir.
Hepatit B'ye karg: gelistirilen bu ag1 yiksek immiunojenik 6zellikte
olan virtise ait yiizey antijeninin (HBsAg) maya hiicrelerinde
(S. cerevisiae) eksprese edilmesi ile olusturulmustur (11,48).
Rekombinant protein teknolojisi ile olugturulan diger bir ag1insan
papilloma virtsiine (HPV) kargi geligtirilmigtir. Gintmizde,
viriis benzeri partikiller (VLP) kullanilarak hazirlanmig, maya
ve bocek hiicrelerinde protein ekspresyonlar: gerceklestirilmis iki
adet HPV agis1 bulunmaktadir (11,51).

Rekombinant protein agilarinin diger as1 teknolojilerine gore cesitli
avantajlar vardir. Enfeksiyona neden olan patojene ait herhangi
bir materyalin direkt kullanilmamasi ve saflagtirma iglemlerinde
kontaminasyon gerceklesme ihtimalinin diisiik olmasi en énemli
avantajlardandir. Bunun yaninda enfektif formlara déntisme
risklerinin az olmasi da bu agilar1 giivenli hale getirmektedir (10).
Ayrica, geleneksel agilara oranla rekombinant protein agilarinin
tiretim maliyetleri oldukc¢a diisiiktir (11). Uretim asamasinda
uygun promotdérlerin kullanimi ve proteinin salgilanmasi sirasinda
kullanilan sinyal dizilerinin eklenmesi gibi dizenlenmeler
sayesinde yitksek miktarda irin elde edilebilmektedir
(10,48). Bunlarin yaninda, rekombinant protein agilarinin
dezavantajlarinin bulundugu noktalar da bulunmaktadir. Konak
hiicrede hedef proteinin proteolitik stabilitesinin korunma
guclugi ve translasyon sonrasi modifikasyonlarin dogru sekilde
gerceklesmeme riskleri 6nemli dezavantajlar: arasindadir. Ayrica,
olugturulan rekombinant proteinin tek bagina giiclii bir immin
yanit olusturamamasi nedeniyle, protein ile birlikte cogunlukla
kimyasal yapida adjuvantlarin kullamimina gerek duyulmaktadir
7).

Rekombinant Protein Kullanilan

Adjuvantlar

Asilarinda

Agilar ile olugturulmak istenen kalic1 ve giiglii immiin yamitin elde
edilmesi amaayla kullanilan adjuvantlar, rekombinant protein
agilarinin 6nemli biyolojik bilegenleridir (52). Geleneksel agilarda
yiiksek diizeyde immun yanit olusturmalar: nedeniyle yeni nesil
agilara oranla daha az adjuvant kullanimina ihtiya¢ duyulmaktadir.
Ancak, yeni nesil agilarda gen diizeyinde yapilan manipiilasyonlar
sonucu yitksek saflikta Griin elde edilmesi ve buna bagl olarak
agilama sonucu hedef canlida gii¢lii bir uyarim elde edilmemesii¢in
adjuvant kullanimina olan ihtiya¢ artmaktadir (53). Adjuvantlar,
bagisiklik sisteminde yer alan antijen sunan hiicreleri uyararak
adaptif bagisikligin etkin caligmasim saglamaktadir. Bu sayede
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CD4* T yardima hicrelerinin aktivitelerini artirilmaktadir.
Uyarilan Th1 hicreleri, bellek olusumundan ve antijene spesifik
antikor tretiminden sorumlu B-hiicrelerin ve CD8* Th’lerinin
aktivitelerinin artirilmasim saglamaktadir. Bu sayede, asilama
sonucu yitksek immiin yanit elde edilmesi ve bellek olusumu
hedeflenmektedir (54).

Ag1 calismalarinda kullamilacak antijen, aginin uygulanma sekli
ve olusabilecek olasi yan etkiler adjuvant se¢ciminde 6énemli
faktorlerdir. Genellikle, adjuvantlarin giigli immin yanit
olusturmalari, biyolojik olarak parcalanabilir yapida olmalar: ve
raf émiirlerinin uzun olmasi istenmektedir (55). Gliniimiizde as1
calismalarinda tasarim stratejisine bagh olarak degisen ve yaygin
olarak kullanilan adjuvant tipleri ve olusturdugu immiin yanitlar
Tablo 1'de 6zetlenmigtir.

Toxoplasmagondii’ye KarsiGeligtirilmis Rekombinant
Protein Agilar:

Parazitin hem insan hem de hayvan saghg: iizerinde olusturdugu
sorunlar nedeniyle ilkeler ekonomik olarak etkilenmektedir.
Gunumizde yalnizca koyunlarda yasanan o6ld dogumlar:
onlemeye yonelik canli zayiflatilmig bir a1 (Toxovax®, MSD
Hayvan sagligi) bulunmaktadir (9). Ancak, ticari olarak kullanilan
aginin virtlan suglara dénts riski, raf émriiniun kisa olmas: gibi
bir¢cok olumsuz durum vardir. Geleneksel agilara oranla yeni nesil
agilarin giivenilir olmalari, tiretimlerinin kolay ve diisiik maliyet
ile gerceklestirilmeleri nedeniyle rekombinant protein agilari son
yillarda buytk bir deger kazanmigtir. Asilarda kullamilabilecek
yeni antijenlerin kesfi ve tasarim agamalarinda stratejik bélgelerin
manipiilasyonu ag1 caligmalarinda énemli bir yere sahiptir.

Geligen teknoloji ile adjuvant kullaniminin cegitlendirilmesi
ve kombine iretim stratejilerinin kullamimiyla rekombinant
protein ag1 ¢ahgmalarinda karsilagilan giicliikler azaltilmaya
calisgilmaktadir. Son yillarda, T. gondiinin patogenezinde rol
oynayan proteinlerin secilmesi, uygun ekspresyon sistemlerinin
tercih edilmesi sonucunda toksoplazmozise yoénelik ags1

Tablo 1. Rekombinant protein asi ¢alismalarinda yaygin
olarak kullanilan adjuvantlar

Adjuvant icerik f)lug»turdugu

immin yanit
Alaminyum hidroksit Ba‘rlﬁt'{:rz hicre
Aliminyum fosfat Mineral tuzlar b4 ! .

; Zayif Th1 hiicre

Kalsiyum fosfat

yaniti
Emiilsiyonlar (MF59,
F?‘eund, Montanide, vb.) Lipid partikiller G}lglu Bve Thl
Lipozomlar hiicre yanitlan
Virozomlar
MPL (Monofosforil lipit A)
CpG ODN Immiinostimilatér | Thl, CD8*
Saponinler adjuvantlar T-hiicreleri
Sitokinler (IL-2, IL-12, vb.)
Viriis benzeri partikiiller
(VLP) Mikropartikil Thi, CD8*
PLG (polilaktidekoglikolit) | adjuvantlar T-hiicreleri
mikropartikiilleri
Kitosan
Kolera toksu.n Mukozal adjuvantlar Th1 ve B-hiicre
Mutant toksinler yanitlar
Polimerize lipozomlar

calismalar1 da Tablo 2'de gosterildigi gibi hiz kazanmistir. T.
gondii’ye kars1 gelistirilen rekombinant protein ag1 ¢caligmalarinda
parazite ait SAG proteinleri basta olmak tizere GRA, BAG, SRS,
MIC ve cesitli ROP proteinleri ag1 adayr olarak kullanmilmistir.
Bunlarn icinde en sik kullanilan antijenler SAG1, GRA1, ROP2,
ROP18 olup, bu proteinlerin daha ¢ok parazitin patogenezinde
konakg1 ylizey reseptérlerinin taninmasi, konak hicre lizozomal
enzimlerinden korunma ve takizoitlerin PV icinde cogalmas: gibi
6nemli rolleri bulunmaktadir. Bu caligmalara 6rnek olarak, T.
gondii’ye ait ROP13 antijenik bolgesi kullanilarak yapilan bir ag1
calismasinda bakuloviriiste protein ekspresyonu gerceklestirilmis
ve c¢alisma sonucunda hayatta kalma zamaninda uzama
gozlemlenmistir (135). Yapilan caligmalarda ekspresyon sistemi
olarak bakteri, maya, bocek ve memeli sistemleri secilmigtir.
Bunlarin i¢inde heterolog proteinlerin tiretiminde bu sistemlerin
kullanilabilirliginin en biiyiik sebepleri standardizasyonlarinin ve
manipulasyonlarinin kolay, tiretim maliyetlerinin dusiik, ve hizh
sistemler olmasidir. Parazite ait 6nemli salg: proteinlerinden biri
olan SAG1 proteini ile virtis benzeri partikiil (VLP) kombinasyonu
kullanilan diger bir calismada Sf9 bécek hiicrelerinde protein
eksprese edilmis ve asilama sonucunda gii¢lii bir immiin yamt
elde edilerek hayatta kalma stresinde uzama saglanmigtir
(137). Ags1 caligmalarinda mineral tuzlari, lipid partikiiller,
immiunostimilatér  adjuvantlar, mikropartikil adjuvantlar
ve mukozal adjuvant tipleri kullanilmigtir. Diger bir 6érnek
caligmada ise MIC3, ROP8 ve SAG1 proteinleri Freund ve CaPNs
adjuvantlar1 ile birlegtirilerek bakteriyel sistemde eksprese
edilmistir. Asilama sonucunda immin yanitta giclii bir uyarilma
gerceklesmis ve korunma zamaminda uzama gozlenmistir (142).
As1 caligmalarinda uygulama yolu olarak ise daha ¢ok subkiitan
(S.C., deri altina) yol se¢ilmis olup intramuskiiler (I.M., kas i¢ine),
intranasal (ILN., burun i¢ine) ve intraperitoneal (I.P,, periton
i¢ine) uygulama yollar1 da oldukga sik kullanilmigtir. Elde edilen
sonug¢lar incelendiginde yillar icinde en kuvvetli immiin yanit
ve/veya korunmanin SAG ve GRA antijenleri ile elde edildigi
gortilmektedir. flgi cekici ve yenilik¢i arastirmalardan bir digeri
SAG1, AMA1, ROP2 ve GRA4 proteinlerinin biyoinformatik
yontemlerle T ve B hiicre epitoplarinin tahmin edilmesiyle MHC
molekiillerine baglanma yeteneklerinin tespitine dayanmaktadar.
Bu multimerik as1 ¢calismasinda proteinlerin PLG mikropartikiil
adjuvanti ile kullanimi sonucu kontrollere oranla yiiksek diizeyde
Th1 yamit, spesifik antikor titreleri, IFN-y ve IL-2 seviyelerinde
artis ve hayatta kalma oranlarinda ciddi uzamalar saglanmigtir
(124). Son olarak, yakin zamanda yapilan giincel bir ¢caligmada
ise takizoit yuzeyinde bulunan T. gondii ribozomal protein P2
(TgRPP2) ast adayi olarak secilmistir. lgili protein prokaryotik
ekspresyon sisteminde eksprese edilerek cesitli saflagtirma
iglemlerinin ardindan farelere digiikleri. Agillama sonucunda
farelerde in vivo deneyler ile yitksek antikor seviyeleri, sitokin
ve MHC iretimleri saptanmigtir. Bu molekiillerin iretimi
sayesinde farelerde hayatta kalma seviyelerinde ciddi uzamalar
gozlemlenmistir. Sonuglara bakildiginda TgRPP2 agilamasinin
toksoplazmoz i¢in potansiyel bir a1 aday1 oldugu bildirilmektedir
(144).

SONUC

Toxoplasma gondii enfeksiyonu
hayvanlarda hem de insanlarda yasami =zorlagtiran ciddi
saglhk sorunlari ve ekonomik kayiplar gézlenmektedir.

sonucunda hem
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Tablo 2. Toksoplazmozise kars: yapilan rekombinant protein a1 caligmalar

epitop peptitleri

immin yanit uyarimi

Ek: Asil
As1 adaylan (spresyon Adjuvant grama Sonuclar Yazar Yih
sistemi yolu
rSAG1 proteini E. coli Alum LP. Immin yar{ltta.uyarllma, Petersen ve ark. (56) | 1998
korunma stiresinde uzama
o . Immiin yanitta uyarilma,
rSAG1 proteini E. coli IL-12 I.P. beyin kistlerinde %40 azalma Letscher ve ark. (57) | 1998
rGRA1 proteini M. bovis Freund LP Immin yariltta_uyarllma, Supply ve ark. (58) 1999
korunma stiresinde uzama
rSAG1 proteini P pastoris SBAS1 S.C. Konjenital bulagtan %48 Haumont ve ark. (59) | 2000
koruma
rSAG1, rSAG2, rSAG3, . Korunma siiresinde %17 Mishima ve ark.
rSRS1, rP54 proteinleri E. coll Freund LP. uzama (60) 2001
rSAG1 proteini E coli ) sc Immiin yanitta uyarilma, Letscher-Bru ve ark. 2003
bulagta azalma (61)
GRA4, rROP2 proteinleri ve E. coli Alum LM. GRA4 ile beyin kistinde Martin ve ark. (62) 2004
karigimi azalma
rROP?—HspSB fizyon E. coli ) Ayak tabam Immiin yariltta.uyarllma, Echeverria ve ark. 2006
proteini korunma stiresinde uzama (63)
. GRA2 beyin kistinde %69,8
YGRA2, rGRAG proteinleri ve E. coli MPL S.C. azalma, rtGRA2+ rGRA6 Golkar ve ark. (64) 2007
karigimlan .
beyin kistinde %48,2 azalma
rSAGZ'I.—'GRAZ fuzyon P pastoris Freund S.C. Immin yariltta.uyarllma, Zhou ve ark. (65) 2007
proteini korunma stiresinde uzama
Immiin yanitta uyarilma,
rGRA1 proteini E. coli Provax LP hayatta kalma stirelerinde iki | Dégkaya ve ark. (66) | 2007
kat uzama
rROP2 proteini M. bovis - S.C. Immin yariltta.uyarllma, Wang ve ark. (67) 2007
korunma stiresinde uzama
Immiin sistemde uyarilma,
Serin .plfoteaz inhibitori-1 E. coli Alum LM. beyin klstle“rln(_ie azalma, Cuppari ve ark. (68) 2008
proteini korunma stiresinde %40
uzama
rROP2+ rGRA5+ rGRA7 E. coli Kolera toksini | I.N. Immin uyarilma, beyin kdst Igarashi ve ark. (69) 2008
olugumunda %58,3 azalma
rSAGl, rGRA1, rMAG1 E. coli Freund S.C/LP. Beyin klétlen"nde %89 Gatkowska ve ark. 2008
epitoplari ve karigimlar azalma, immiin uyarilma (70)
rROP2+rROP4 E. coli Freund s.C. Immiin uyarilma, beyin Dziadek ve ark. (71) | 2009
kistlerinde %46 azalma
Korunma stiresinde %50
rSAG1 proteini Bakuloviriis - LM. uzama, immun yanitta Fang ve ark. (72) 2010
uyarilma
Rekombinant
rSAG2 proteini influenza ve - LN. Beyin kistlerinde %85 azalma | Machado ve ark. (73) | 2010
adenoviriis
.. Schneider — .
rRON4 proteini A, N . | Freund LM. Immiin yanitta uyarilma Rashid ve ark. (74) 2011
bécek hiicreleri
rROP2, rGRA4 proteinleri ve E coli LM. Beyin kistlerinde %63-66 Sanchez ve ark. (75) 2011
karigimi azalma
rROP2+rROP4+rGRA4 beyin
rROP2+rROP4, rGRA4 ve . kistlerinde %59 azalma; .
rROP2+rROP4+ rSAG1 E. col Freund SC. rROP2 + ROP4 + 1SAG1 ile | DZadekveark. (76) 12011
%90 beyin kistlerinde azalma
rSAG1, rGRA1, rGRA4 ) Freund LM. Korunma siiresinde uzama, Wang ve ark. (77) 2011
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Tablo 2. Devam

As1 adaylan

Ekspresyon
sistemi

Adjuvant

Asilama
yolu

Sonuclar

Yazar

Yihh

rROP2+rROP4+ rGRA4 ve
rROP2+rROP4+ rSAG1

E. coli

Freund

S.C.

rROP2 + rROP4 + rGRA4
ile beyin kistlerinde %84
azalma, rROP2+ rROP4
+1SAG1 ile %77 beyin
kistlerinde azalma

Dziadek ve ark. (78)

2012

rGRA4 proteini

Tiitiin bitkisi
hiicreleri
(Nicotiana
tabacum)

P.O.

Giiglt immiin yanit uyarima,
korunma siiresinde %59
uzama

Del ve ark.
(79)

2012

rGRA?7 proteini

E. coli

Freund

S.C./LM.

DNA asis1 + protein asis1
uygulama; korunma
stiresinde %60 uzama,
immun yanitta uyarilma

Min ve ark. (80)

2012

rROP5+rSAG1

E. coli

Freund

S.C.

Immiin uyarilma ve korunma
siiresinde uzama

Zheng ve ark. (81)

2013

rROP18 proteini

E. coli

Ginsenoside
Re

S.C.

Immiin uyarilma ve korunma
siiresinde uzama

Qu ve ark. (82)

2013

rSiklofilin proteini

M. bovis

PO./LV.

Immiin uyarilma ve hayatta
kalma siiresinde %17 uzama

Yu ve ark. (83)

2013

rDistlfit izomeraz proteini
(TgPDI)

E. coli

LN.

Immiin yanitta uyarilma,
korunma siiresinde %31
uzama

Wang ve ark. (84)

2013

rAktin proteini (TgACT)

E. coli

LN.

Karaciger kistlerinde
%60,05, beyin kistlerinde
%49,75 azalma ve korunma
siiresinde %50 uzama

Yin ve ark. (85)

2013

rSAG1 proteini

E. coli

PLG
mikropartikil/
Vet L-10

PLG mikropartikiil agisi ile
yitksek immiin yanit uyarimi,
korunma stiresinde %80
uzama

Chuang ve ark. (86)

2013

rSAG1/2 proteini

E. coli

PLG
mikropartikiil/
Vet L-10

PLG mikropartikiil agis1 ile
immin yanitta uyarilma,
korunma stiresinde %83
uzama

Chuang ve ark. (87)

2013

rSAG1 proteini

Rekombinant
adenoviriis

S.C.

Modifiye SAG1 Ankara
viriisiiyle rSAG1 agist ile
korunma siiresinde uzaman
ve beyin kistlerinde azalma

Mendes ve ark. (88)

2013

TgRACK-1 (xCkinaz 1'i
aktiflestiren reseptér
proteini)

E. coli

LN.

Immiin uyanitta uyarilma
ve korunma siiresinde %45
uzama

Wang ve ark. (89)

2014

rROP17 proteini

E. coli

LN.

Immiin yanitta uyarilma
ve korunma stiresinde %50
uzama

Wang ve ark. (90)

2014

rSAG2 proteini

E. coli

PLG
mikropartikiil/
Vet L-10

PLG mikropartikillii agida
immun yanit uyarimi daha
fazladir, korunma siiresinde
%87 uzama

Chuang ve Yang (91)

2014

rProfilin proteini (tTgPF)

E. coli

Oligomannoz
kapli lipozom
(OML)

S.C.

Immiin uyarilma ve korunma
stiresinde %41,7 uzama

Tanaka ve ark. (92)

2014

rBAG1, rSRS4, rSRS9
proteinleri

E. coli

rMindin
proteini/
Freund

LM.

rMindinin adjuvant olarak
kullanimi, immiin yanitta
uyarilma, korunma siiresinde
uzama

Sun ve ark. (93)

2014

AMA1, RON2, RON4

LN.

AMA1 + RON2 ile korunma
stiresinde %70 uzama

Zhang ve ark. (94)

2015
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Tablo 2. Devam

As1 adaylan

Ekspresyon
sistemi

Adjuvant

Asilama
yolu

Sonuclar

Yazar

Yihh

rSAG1,rMAG1,rGRA7(SMG)
epitoplar1

E. coli

GERBU

S.C.

Beyin kistlerinde azalma,
immiin yamtta uyarilma

Wagner ve ark. (95)

2015

rSGASA

LM.

Immiin uyarilma, beyin
kistinde %35 azalma

Lu ve ark. (96)

2015

PLG ile kapsiillenmis TgROP
18, TgROP38

E. coli

PLG

S.C.

Immun yanitta uyarilma,
beyin kistinde %81,3 azalma

Xu ve ark. (97)

2015

chLiHsp83-SAG1

N. tabacum

P.O.

rSAGT’e 6zgii antikorlarda
artiga bagh olarak beyin
kistlerinde %57 azalma

Albarracin ve ark.
(98)

2015

1TgPI-1

E. coli

Alum, CpG-
ODN

LD./LN.

Humoral immiin yanitta
uyarilma, beyin kistinde %62
azalma

Sanchez ve ark. (99)

2015

rROP1, pVAX-ROP1

E. coli

Freund

LM./S.C.

Humoral immiin yamt
uyarimi, akut toksoplazmoza
karg1 rROP1 agist ile %100
koruma

Sonaimuthu ve ark.
(100)

2016

rTgPGAM?2

E. coli

LN.

Korunma siiresinde %70
uzama, beyin ve karaciger
takizoitlerinde sirasiyla %57
ve %69 azalma, yiiksek IgG1,
IEN-y, IL-2, IL-4 seviyeleri

Wang ve ark. (101)

2016

rCDPK6 ve rROP18

E. coli

PLG

S.C.

Gii¢lii immiin yanit uyarima,
yitksek IFN-y ve IL-2 ile Th1
yaniti, korunma siiresinde
uzama, beyin kistinde azalma

Zhang ve ark. (102)

2016

rTgMDH

E. coli

LN.

Giiglu antikor titresi, [L-2

ve IFN-y seviyelerinde artig,
korunma siiresinde %47
uzama, karaciger ve beyinde
parazit yiikiinde %58 ve %42
azalma

Liu ve ark. (103)

2016

rBAG1 ve rGRA1

E. coli

Alum

LP.

Gigli IgG yanity, yiiksek
IgG2a yaniti, CD8" T lenfosit
oraninda iki kat artig, beyin
kistinde %10,5 azalma

Gedik ve ark. (104)

2016

rTgADF

E. coli

LN.

Yiiksek IgA ve IgG titresi,
IL-2 ve IFN-y artig1, korunma
zamaninda %36,6 uzama,
parazit yiikiinde karaciger ve
beyinde sirasiyla %67,66 ve
%51,01 azalma

Liu ve ark. (105)

2016

Et-rTgSAG1

E. coli

LP/PO.

TgSAG1’e 6zgii Thl-
dominant immiin yanit,
korunma siiresinde uzama

Tang ve ark. (106)

2016

rGRA2 ve rGRAS

E. coli

Freund

S.C.

Immiin yanitta uyarilma,
yiksek IgG uretimi, IFN-y,
IL-2, IL-4 ve IL-10 artisi,
akut enfeksiyona kars: kismi
koruma

Ching ve ark. (107)

2016

rSAG1 ve rGRA2

E. coli

PLGA

S.C.

Yiiksek IFN-y/IL-10 orani ve
daha yiiksek miktarda IgG
antikorlarina bagh olarak
korunmada uzama

Allahyari ve ark.
(108)

2016

rSAG1, rSRS52A, rSAG2C,
rGRA6 ve rGRA5 epitoplar1

E. coli

GLA-SE

S.C.

Immin yanitta uyarilma,
beyin kistinde %30 azalma

El Bissati ve ark.

(109)

2016
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Tablo 2. Devamm

As1 adaylar:

Ekspresyon
sistemi

Adjuvant

Asilama
yolu

Sonuclar

Yazar

Yihh

rTgENO2 ve rTgTrxLp

E. coli

Freund

S.C.

Yiiksek IgG antikorlari,
IFN-y, IL-2, CD4*ve CD8*
T-hiicreleri, giiglit immin
yanit, korunma zamaninda
uzama, beyin kistinde
%69,77, %58,14 ve %20,93
azalma

Wang ve ark. (110)

2016

asis1

IMC-influenza M1 nrVLP

Sf9 bécek
hiicreleri

LN.

Gugli IgG, IgG1 ve IgG2a
antikor yanitlar1 ve digkida
IgA antikor yanit artigi, %100
hayatta kalma, beyin kistinde
azalma

Lee ve ark. (111)

2016

TgPrx3-GST

E. coli

S.C.

Immiin yanitta uyarilma,
hayatta kalma oraninda
%55,6 artig, parazit yikiinde
azalma

Fereig ve Nishikawa
(112)

2016

rROP18

E. coli

Montanide-
PLGA

LP/LN.

PLGA-rROP18, YROP18 ve
montanide-rROP18% kiyasla
yiiksek IgA ve IgG2a yanit1

Nabi ve ark. (113)

2017

rTgHSP70

Alum

S.C.

Yiiksek IgG1 iretimi, beyin
kistlerinde azalma, parazit
yikinde azalma

Czarnewski ve ark.
(114)

2017

rROP2

E. coli

Quil-A

LN.

Kediler ile gerceklegtirilen
calismada agilama sonucunda
kist say1sinda azalma

Zulpo ve ark. (115)

2017

rTgPrx1

E. coli

Freund

LP/S.C.

Spesifik antikor tiretiminde
uyarilma, artan IFN-y
iiretimi, korunma siiresinde
uzama, parazit yikinde
azalma

Fereig ve ark. (116)

2017

rROP18

Schneider
bécek hiicreleri

Poly 1:C/
Montanide-
Kolera toksini

LN./S.C.

Th1/Th2 bagisiklik yanit,
beyin kistinde %50 azalma

Rashid ve ark. (117)

2017

rTgEF-1 a

E. coli

Freund

S.C.

Korunma siiresinde uzama,
yiiksek anti-T. gondii
antikorlari, IFN-y ve IL-4
uretimi,

Wang ve ark. (118)

2017

TgHSP70

E. coli

GSLS

S.C.

Immin yanitta uyarilma,
GSLS dozunun artist ile
antikor oraninda yiikselme,
hayatta kalma siiresinde artig

Zhuo ve ark. (119)

2017

rSAG1, rSAG2, GRA1

E. coli

MDP

LM.

Periferik kan hiicrelerinde
hem IFN-y tiretimi hem de
serumda bulunan GRA1'e
6zgi IgG2 seviyesinde artma

Oledzka ve ark. (120)

2017

rMIC16

S. cerevisiae

PO./LP.

Immiin yanitta gigli
uyarilma, agilama sonucu
%10-%20 oraninda korunma
stiresinde uzama

Wang ve ark. (121)

2018

SAG1

Schneider
bécek hiicreleri

Poly I.C

LN/S.C.

SAG1 kronik enfeksiyona
kars1 koruma, parazit
yikinde azalma, gii¢li Thl
yanit

Lakhrif ve ark. (122)

2018

rSAG1, rGRA2, rGRA7
epitoplar1

E. coli

Freund

S.C.

Th1/Th2 indiiklenmesi,
yiksek IFN-y salinim

Hajissa ve ark. (123)

2018
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Tablo 2. Devam

korunma zamaninda uzama

Ek: Asil
As1 adaylan siszle’:isyon Adjuvant yjlluama Sonuclar Yazar Yih
PLGA igeren ve icermeyen
PLGA (poly multiepitop bazl a1 Th1
SAG1, AMAL, ROP2, GRA4 . lactic-co- yanitinda artis, korunma Roozbehani ve ark.
epitonl E. coli Ieolic acid LP. siiresinde uzama, yiksek 2018
pitoplar1 glycolic acid), e . . . (124)
Alum spesifik antikor titreleri,
IFN-y ve IL-2, alum iceren ag1
ile Th2 uyarim
ROP18 ve MIC8 epitoplar1 Sf9 bocek Parazit yiikiinde azalma ve
ile VLP agis1 hiicreleri LM. bellek hiicresi olugumu Lee ve ark. (125) 2018
ROP4 ve ROP18- influenza | Rekombinant ,ROP:}&VLP yukse.k seviyede
M1 VLP asist bakuloviriis - .M. immun yanit ve kist Kang ve ark. (126) 2018
sayisinda azalma
Parazit yikiinde %50 azalma,
Eff{’i;l,hrROPZ ve rGRA4 E. coli glgi;’ CpG- I.D./I.N. kronik toksoplazmozise karg1 | Picchio ve ark. (127) 2018
4 yiitksek koruma
rSAG1 E. coli PLGA LP/LN. :ﬁf’rSAGl ytksek humoral |\ 11 ve ark. (128) | 2018
rGRA14-CaPNs ile
Alum ve immun yamtta uyarilma,
rGRA14 E. coli CaPNs ILM. korunma siiresinde uzama, Pagheh ve ark. (129) | 2019
rGRA14 + alum ile immiin
yanitta uyarilma
tTgCDPK3 E. coli Freund LM. Gl immiin yamit uyarm, | g 000 (130) 2019
korunma zamaninda uzama
rTgCDPK1 E. coli - LP Guelt immiin yamit uyanmi, |y oo (131) | 2019
korunma zamaninda uzama
Immiin yanitta uyarilma,
rTgMIF E. coli Freund LM. beyin kistlerinde %62,26 Liu ve ark. (132) 2019
azalma
frl\l/élcl.l’e}r{l(z):]h—/lgl’ 1\\/45515151 ll::ll:z;: ‘l:ilrr:;nt - LM. Hayatta kalmada %20 artig Lee ve ark. (133) 2019
. Immiin yanitta uyarilma,
ROP4 ve ROP13 11?:11{(3;2 Eijl{;nt - LN. beyin doku kistlerinde Kang ve ark. (134) 2019
azalma
Rekombinant IN agilama sonucu yiiksek
ROP13 bakuloviriis - LN.ve LM. | IgG ve IgA antikorlari, beyin | Kang ve ark. (135) 2019
wovirt doku kistlerinde azalma
Rekombinant Immiin yanitta uyarilma,
ROP4 ve ROP13 VLP agis1 bakuloviriis - .M. %100 hayatta kalma Kang ve ark. (136) 2020
S£9 bicek Immiin yanitta uyarilma,
SAG1 hitcreleri - .M. hayatta kalma oraninda %75 | Choi ve Park (137) 2020
uzama
. Yiiksek IgG ve IgA
AMA1 ll: ellzolm bil:,ant - LN. antikorlari, beyin doku Kim ve ark. (138) 2020
akuiovirus kistlerinde %40 azalma
rTgERK7 E. coli Freund S.C.ve LM. lmmin yamtta uyanlma, Li ve ark. (139) 2020
korunma zamaninda uzama
Altivalanh rekombinant . Montanide ISA 1gG ve Ig2a seviyelerinde Atalay Sahar ve ark.
. E. coli LP. artig, korunma zamaninda 2020
protein agisi 50V (140)
uzama
IMC, rROP18 ve rMIC8 Rekombinant |+ 5y LV. Immiin yanitta uyarilma, Kangveark. (141) | 2021
bakuloviris korunma zamaninda uzama
Immiin yanitta uyarilma,
MIC3, ROPS, SAG1 E. coli Freund ve sc Freund ve CapNs ile birlikte Dodangeh ve ark. 2021
epitoplar1 ' CaPNs o uygulama sonucunda (142)
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Tablo 2. Devami

Ekspresyon . Agilama
As1 adaylan (Spresy Adjuvant $ Sonuclar Yazar Yilh
sistemi yolu
Immiin yanitta uyarilma
TgPF ve GRA7 E. coli F d 1.D. .. . ’ A k. (143 2021
rrertve con reun beyin kistlerinde %46 azalma rcon ve ark. (143)
) Immi tt Ima,
rTgRPP2 E. coli Freund I.M. Tmun yanitta uyartma Yu ve ark. (144) 2021
korunma zamaninda uzama
LM.: Intramuskiiler, kas igine, I.P: Intraperitoneal, periton i¢ine, I.D.: Deri icine, I.V.: Damar i¢ine, I.N.: Intranazal, burun icine, P.O.: Peroral, agiz icine, S.C.: Subkiitan,
deri altina, E. coli: Escherichia coli, S. cerevisiae: Saccharomyces cerevisiae, N. tabacum: Nicotiana tabacum, M. bovis: Mycobacterium bovis

Parazitin neden olabilecegi klinik etkilerin azaltilmasi, gebelerde
olugabilecek dusiiklerin 6nlenmesi ve bagta immiin sistemi zayif
olan bireylerde olmak tizere §liimlerin engellenebilmesi amaciyla
givenli, etkilivekolayelde edilebilirbiragiyaihtiya¢ duyulmaktadir.
Tam dunyada parazite yonelik ag1 gelistirme calismalar: hizla
devam etmektedir. Gunumize dek yapilan as1 gelistirme
calismalarindan elde edilen verilerde farelerde giigli immiin
yanit uyarimlari, hayatta kalma siirelerinde uzamalar ve parazit
yiiktiinde ciddi azalmalar saglandig: bildirilmistir. Bu ¢caligmalarda
yenilikci stratejiler kullanilmaktadir. Ozellikle parazite yonelik
dogru antijenik proteinlerin ve ekspresyon sistemlerinin se¢imi
rekombinant protein agilarinin gelistirilebilmesinde buiyiik 6nem
tagimaktadir. Ancak tiim bunlara ragmen, insanlarin kullanimina
uygun bir rekombinant protein asis1 hentiz bulunmamaktadir. Bu
durumun temel sebepleri, parazitin karmagik yasam déngiist,
konak¢i immiun sisteminden kagmaya yonelik gelistirdigi
stratejiler ve yapisinda bulunan protein cesitliligidir. Bunlara ek
olarak, parazite ait sus ¢esitliliginin fazla olmasi, secilen antijenik
boélgenin her sugta etkin yanitlar olugturamama riskini ortaya
cikarmaktadur.

Son yillarda T. gondii'ye yonelik yapilan rekombinant protein
ag1 calismalarinda, parazitin yasam déngiisiinde yer alan g
formda da bulunan yitksek antijenik gen bélgelerinin secimine
6nem verilmesi, bu bélgelerin uygun ekspresyon sistemleri
kullanilarak eksprese edilmesi ve elde edilen proteinlerin segilen
hayvan modellerine uygulanmas: ile olumlu sonuglar elde
edilmektedir. Rekombinant protein agilarimin canh ya da inaktif
patojen tagimamalar1 bu agilan givenilir hale getirmektedir.
Uretimlerinde cesitli ve diisiik maliyetli ekspresyon sistemlerinin
kullanilabilirligi sayesinde tretim kolayhig: saglamaktadir.
Agilama sonucunda hem hiicresel hem de humoral immiin yanitta
uyarim saglamalari gibi pek ¢ok olanak ise rekombinant protein
agilarinin degerini artiran 6zelliklerdir. Ayrica, son zamanlarda
suglar tizerine yapilan genotiplendirme ¢aligmalarinin sonuglar:
ast adayr antijen sec¢iminde sus c¢esitliliginin 6nemini agtkca
gosterilmektedir. Tam bunlara biyoteknolojik ilerlemelerin de
eklenmesi rekombinant protein agilarinin tretiminde kombine
stratejilerin  kullamim gereksinimini artirmaktadir. Yasanan
bu ilerlemeler, toksoplazmozisin yayilmasinin 6nlenmesi ve
olusturdugu zararlarin azaltilmasinda bir ¢6ziim yolu olarak
rekombinant protein asilarmin umut vaat ettigini acikca
gostermektedir.
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Dear Editor,

Environmental epidemiology surveillance is an
important tool in environmental medicine and public
health. Many infections disease are associated with
contamination in environmental samples and the data
from environmental surveillance are useful for public
health planning for management of the problem (1).
In clinical parasitology, contamination of parasite egg
and metacercariae are possible and it might be related
to disease outbreak.

In tropical countries, contamination in big city is also
possible and the problem is usually neglected.

Here, the authors discuss on the situation from
Indochina where opisthorchiasis is very common
(2). For surveillance, environmental monitoring
of metacercariae in intermediate host is regularly
done. Malacological epidemiology of Opisthorchis
spp. is an important public health parameter. Since
2020, the new emerging severe acute respiratory
(SARS-CoV-2)
also attack Indochina and this area is the second

syndrome-coronavirus-2 infection
area after China that disease has existed since early
January 2020 (3). Until present, the disease is still
not successfully controlled. Disease surveillance is
regularly done. Of several surveillance system, sewage
viral epidemiology of SARS-CoV-2 is also important
public health surveillance in this area (4).

In the same area that both parasitic disease and
Coronavirus disease-2019 (COVID-19) are common,

] Received/Gelis Tarihi: 05.11.2021 Accepted/Kabul Tarihi: 28.09.2022

little data on environmental epidemiology are
available. Here, the authors reappraise on available
data from an area in Indochina that COVID-19 and
opisthorchiasis are common problems.

The authors reanalyzed the most recent public
available data in 2021 on malacological epidemiology
of opisthorchis spp. and sewage viral epidemiology
of SARS-CoV-2 in a city area (GPS location
13.76779525743989,  100.6687726131797) in
Indochina (4,5). Based on primary data from
the environmental metagenomics studies (4,5),
primary data on location related prevalence of both
Opisthorchis spp. Contamination in snails and SARS-
CoV-2 contamination in waste water are collected and
used for construct of overlapping GIS map as shown
in Figure 1.

Regarding relationship, although there is no statistical
association, there is a trend of co-occurrence of
contamination of both Opisthorchis spp. in snails
and SARS-CoV-2 in sewage samples in the same
area. Since poor sanitation is the rooted cause of
contamination of either parasite sor virus into
environmental samples, hence, the environmental
contamination detection should give the result in the
same way. Detection of contamination by an infective
agent might be an indirect clue for requirement for
sanitation improvement for prevention for any other
pathogens as well.
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Dear Editor,

Novel zoonotic infections are a key source of concern
in today’s clinical medicine (1). Monkeypox has
spread throughout Europe, creating a significant
public health risk (2). Monkeypox is a rare pox
infection that has returned, most likely as a result
of zoonosis (1). Monkeypox has spread over Europe,
America and Asia, creating a significant public health
risk (2). Monkeypox is an uncommon type of pox
that has resurfaced, most likely due to zoonosis. The
possibility of human-to-human transmission is being
considered. The medical community is concerned as
the number of reported cases in various countries
climbs, and careful preparation to correspond the
possible big outbreak is required. We must move
swiftly and rapidly in order to conduct a full inquiry
and put essential processes in place (2).

The western section of Africa, such as Nigeria, is
the traditional endemic location for monkeypox
infection. Malaria is a significant local public health
issue in the same region. In this area, however, there
has never been a report of co-infection or a concurrent

outbreak. The authors analyse the pathophysiological
pathways of both monkeypox and malaria using
bioinformatic pathophysiological pathway analysis.
The common path is investigated. This is the usual
technique for understanding the pathophysiological
process of virus infection that has been employed in
prior pathophysiological pathway analysis studies (3).
The Golgi-to-endosome protein route was identified
as a common pathway in both illnesses based on
pathway analysis. Golgi-associated retrograde
protein complex genes are involved in the double-
membrane wrapping of monkeypox virus required
for extracellular virus production in monkeypox,
implicating the host endosomal trafficking pathway
in orthopoxvirus infection (4). In asexual blood
stage parasites, the hypothesised Golgi-to-endosome
protein sorting pathway plays a role (5). Figure 1 is a
diagram that depicts a common pathway. The current
findings suggest that Plasmodium spp. and monkeypox
share a natural competitive pathophysiological
pathway, which could explain why there is no overlap
or co-occurrence of the two important local infectious
illnesses in endemic African countries.
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