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TURK HIJYEN VE DENEYSEL BiYOLOJi DERGISI YAZIM KURALLARI

Dergide yayimlanmak lizere gonderilen yazilar, Tiirk Hijyen ve Deneysel Biyoloji
Dergisi yazim kurallarina gore hazirlanmalidir. Basvurular www.turkhijyen.org
adresinden “Cevrimici Makale Gonder, Takip Et, Degerlendir Program”
araciligiyla on line olarak yapilabilir.

Gonderilen yazilarda asagidaki kurallara uyum aramir. Kurallara uymayan
yazilar daha ileri bir incelemeye gerek goriilmeksizin yazarlarina iade edilir.

1. “Telif Hakki Devir Formu” tiim yazarlarca imzalanarak onaylandiktan sonra
dergimizin makale kabul sistemine yiiklenmelidir.

2. Makale basligi, ingilizce baslik, kisa baslik, yazar adlar, calisilan kurumlara
ait birimler, yazisma isini Ustlenen yazarin a¢ik adresi, telefon numaralan
(sabit ve cep), elektronik posta adresi belirtilmelidir:

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

c. Calisma bilimsel bir kurulus ve/veya fon ile desteklenmisse dipnot veya
tesekkir bolimiinde mutlaka belirtilmelidir.

d. Makale, kongre/sempozyumda sunulmussa sunum tiirii ile birlikte dipnot
veya tesekkiir boliimiinde mutlaka belirtilmelidir.

3. Yazilardaki terimler mimkiin oldugunca Tiirkge ve Latince olmali, dilimize
kullamlmalidir. Oz Tiirkce’ye 6zen gosterilmeli ve Tiirkce kaynak kullanimina
onem verilmelidir.

4. Metin icinde gecen mikroorganizma isimleri ilk kullanildiginda tam
ve acik yazilmali, daha sonraki kullanimlarda kisaltilarak verilmelidir.
Mikroorganizmalarin orijinal Latince isimleri italik yazilmalidir: Ornegin;
Pseudomonas aeruginosa, P. aeruginosa gibi. Yazida sadece cins adi gegen
climlelerde stafilokok, streptokok gibi dilimize yerlesmis cins adlan Tirkce

yazilmali; uluslararasi standardlara uygun olarak kisaltilmalidir.

5. Metin icerisinde bahsedilen birimlerin sembolleri Uluslararasi Birimler
Sistemi (SI)’ne gore verilmelidir.

6. Yazilar bir zorunluluk olmadikca “gecmis zaman edilgen” kip ile yazilmalidir.

7. Metnin tamami 12 punto Times New Roman karakteri ile c¢ift aralikla
yazilmali ve sayfa kenarlarindan 2,5 cm bosluk birakilmalidir.

8. Yazarlar arastirma ve yayin etigine uymalidir. Klinik arastirmalarda, calismaya
katilanlardan bilgilendirilmis olur alindiginin gere¢c ve ydntem bdélimiinde
belirtilmesi gerekmektedir. Gonillii ya da hastalara uygulanacak prosediirlerin
ozelligi tiimiyle anlatildiktan sonra, kendilerinin bilgilendirilip onaylarinin
alindigin1 gosterir bir ciimle bulunmalidir. Yazarlar Helsinki Bildirgesi’nde
ana hatlan cizilen ilkeleri izlemelidir. Yazarlar, bu tiir bir calisma s6z konusu
oldugunda, uluslararasi alanda kabul edilen kilavuzlara ve yirirliikte olan tiim
mevzuatta belirtilen hiikiimlere uymali ve “Etik Kurul Onay1”’n1 gondermelidir.

9. Hayvanlar iizerinde yapilan calismalar icin de gereken izinler alinmaly;
yazida deneklere agri, ac1 ve rahatsizlik verilmemesi icin neler yapildig1 acik
bir sekilde belirtilmelidir.

10. Hasta kimligini tanitacak fotograf kullamldiginda, hastamin yazili onayi
gonderilmelidir.

11. Arastirma yazilari;

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

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

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

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

d) Giris: Arastirmanin amac1 ve gerekcesi giincel literatir bilgisi ile
desteklenerek iki sayfayr asmayacak sekilde sunulmalidir.

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

f) Bulgular: Sadece arastirmada elde edilen bulgular belirtilmelidir.

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

h) Tesekkiir: Ana metnin sonunda kaynaklardan hemen 6nce yer almalidir.
Tesekkiir boliimiinde calismaya destek veren kisi, kurum/kuruluslar yer
almalidir.

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

Siireli yayn: Yazar(lar)in Soyadi Adinin bas harf(ler)i (alt1 veya daha az yazar
varsa hepsi yazilmalidir; yazar sayis1 yedi veya daha coksa yalmz ilk altisim
yazip “et al.” veya “ve ark.” eklenmelidir). Makalenin basligi, Derginin Index
Medicus’a uygun kisaltilmis ismi, Yil; Cilt (Say): ilk ve son sayfa numarasi.

« Standard dergi makalesi icin 6rnek: Demirci M, Unlii M, Sahin U. A case of
hydatid lung cyst diagnosed by kinyoun staining of bronco-alveolar fluid.
Turkiye Parazitol Derg, 2001; 25 (3): 234-5.

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

« Dergi eki icin 6rnek: Frumin AM, Nussbaum J, Esposito M. Functinal asplenia:
Demonstration of splenic activity by bone marrow scan (Abstract). Blood,
1979; 54 (Suppl 1): 26a.

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

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

Kitap bolimii: Bolim yazar(lar)in soyadi adinin basharf(ler)i. Bolim baslig.
In: Editor(ler)in soyadi adinin basharf(ler)i ed/eds. Kitabin adi. Kaginc1 baski
oldugu. Basim yeri: Yayinevi, Basim yili: Boliimiin ilk ve son sayfa numarasi.

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

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

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

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

j) GenBank/DNA Dizi Analizi: Gen kalitim numaralar ve DNA dizileri makale
icinde kaynak olarak gosterilmelidir. Konuyla ilgili ayrintili bilgi icin “National
Library of Medicine” adresinde “National Center for Biotechnical Information
(NCBI)” bolimiine bakiniz.

k) Sekil ve Tablolar: Her tablo veya sekil ayr bir sayfaya basilmali, alt ve
Ust cizgiler ve gerektiginde ara siitun cizgileri icermelidir. Tablolar, “Tablo
1.” seklinde numaralandirilmali ve tablo baslig1 tablo iist cizgisinin istiine
yazilmalidir. Agiklayici bilgiye baslikta degil dipnotta yer verilmeli, uygun
simgeler (*,+,++, v.b.) kullamlmalidir. Fotograflar “jpeg” formatinda ve en az
300 dpi olmalidir. Baski kalitesinin artirilmasi icin gerekli oldugu durumlarda
fotograflarin orijinal halleri talep edilebilir.

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

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

14. Olgu sunumlarinda metin yedi sayfay1 asmamalidir. Tiirkce ve ingilizce
olarak baslik, 6zet ve anahtar kelimeler ayrica giris, olgu ve tartisma bolimleri
bulunmalidir. Olgu sunumu tiirli yazilar icin kaynak sayisi en fazla 20 olmalidir.

15. Editore Mektup: Daha 6nce yayimlanmis yazilara elestiri getirmek, katkida
bulunmak ya da bilim haberi niteligi tasiyacak bilgilerin iletilmesi amaciyla
yazilan yazilar, Yayin Kurulu’nun inceleme ve degerlendirmesinin ardindan
yayinlanir. Editore Mektup bir sayfayr asmamali ve kaynak sayis1 en fazla 10
olmalidir.

16. Bu kurallara uygun olmayan metinler kabul edilmez.
17. Yazarlar teslim ettikleri yazinin bir kopyasini saklamalidir.

Tirk Hijyen ve Deneysel Biyoloji Dergisi

Halk Saglig1 Genel Mudirlugi

Tel : (0312) 565 55 79

Faks : (0312) 565 55 91

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



WRITING RULES OF TURKISH BULLETIN OF HYGIENE AND EXPERIMENTAL BIOLOGY

Articles should be prepared according to the rules of the Turkish Bulletin of
Hygiene and Experimental Biology. Submissions can be made online at the
address www.turkhijyen.org through the Online “Manuscript Submission,
Tracking, Evaluation Program”.

Manuscripts are checked according the following rules. If the rules are not
adhered to, manuscripts will be returned to the author.

1. The “Copyright Transfer Form” (Copyright Release Form) after being signed by
all authors should be uploaded using the article accepting system of the journal.
2. The title of article, short title, author name(s), names of institutions and
the departments of the authors, full address, telephone numbers (landline and
mobile) and e-mail address should be given:

a. The title should be short and written in lower case.

b. The short title should not exceed 40 characters.

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

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

3. For Turkish studies; Terms used in articles should be in Turkish and Latin as
much as possible, according to the latest dictionary of the “Turkish Language
Institution”. Importance should e given to use pure Turkish language and as many
as Turkish references.

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

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

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

7. Only one side of A4 paper should be used and should have a 2.5 cm margin on
each side. 12 pt, Times New Roman font and double line space should be used.
8. The Turkish Bulletin of Hygiene and Experimental Biology expects the authors
to comply with the ethics of research and publication. In human research, a
statement of the informed consent of those who participated in the study is
needed in the section of the “Materials and Methods”. In case of procedures that
will apply to volunteers or patients, it should be stated that the study objects
have been informed and given their approval before the study started. In case
the authors do not have a local ethics committee, the principles outlined in the
“Declaration of Helsinki” should have been followed. Authors should declare that
they have followed the internationally accepted latest guidelines, legislation and
other related regulations and should sent “Approval of the Ethics Committee”.
9. In case animal studies, approval also is needed; it should be stated clearly
that the subjects will be prevented as much as possible from pain, suffering and
inconvenience.

10. In case patient photos are used which shows his/her ID, a written informed
consent of the patient on the use of the photos must be submitted.

11. Research Articles;

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

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

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

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

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

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

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

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

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

i) References: Authors are responsible for supply complete and correct
references. References should be numbered according to the order used in the
text.

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

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

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

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

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

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

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

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

Web address: If a “web” address is used as the reference address, the web
address date should be given in brackets with the address. The DOI (Digital
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Turk Hijyen ve Deneysel Biyoloji Dergisi

Contact tracing management of the COVID-19 pandemic

Asiye Cigdem SIMSEK', Ates KARA?, Fatma Nur BARAN-AKSAKAL:, Mehmet GULUM',
Bahattin ILTER', Levent ENDER', Yunus Emre BULUT', Hasan GUL', Hasan IRMAK*,
Kerime ALTUNAY', Niliifer TAVUKCU', Deniz CAKMAK', Erciiment TOSUN',
Enver Cihangir GULEGEN', Avni AYDOGMUS', Muhittin DEMIRKASIMOGLU'

ABSTRACT

Objective: The new type of Corona virus (SARS-
CoV-2) is the most important item on the agenda,
currently affecting our world. The number of cases
has exceeded millions and the number of dead has
exceeded hundreds of thousands. The precautions to
be taken by societies and individuals, especially states,
will undoubtedly be the most important task at the
end of this epidemic. In our study, analyzes the data
and consequences regarding COVID-19, making use of
worldwide experiences and national statistics. In the
report writing process, evidence-based and scientific
tables and charts were used. In these times when
most citizens have just begun to encounter the word
pandemic, this report has been prepared using the
data and scientific facts of the Ministry of Health of the
Republic of Turkey. In this study, it was aimed to evaluate
“contact tracing management” (detection, referral and
follow-up) studies for positive cases with COVID-19 test

results and their contacts in Ankara.

Methods: With the
Management System (LBYS), Public Health Management

Laboratory Information

System (HSYS), Contact Tracing and Isolation Tracking
System (FITAS) and the Family Medicine Information

OZET

Amac: Pandeminin toplum dizeyindeki etkisi
virtisiin bulastiriciigina, hastalik olusturma yetenegine,
toplumdaki bireylerin bagisiklk durumuna, bireyler
aras1 temas ve toplumlar arasi ulasim ozelliklerine,
risk faktorlerinin varligina, sunulan saglik hizmetlerine
ve iklime bagli olarak degisiklik gostermektedir.
COVID-19 pandemisinin baslangicindan itibaren ulkeler
kapasiteleri ve mevcut saglik altyapilarimin durumuna
gore degisik stratejiler yuritmustir. Turkiye’de ilk
COVID-19 vakast 11 Mart 2020 tarihinde gorulmus ve
salgin baslangicindan itibaren vaka goriilen ilkelere
karsiikli ucuslarin durdurulmasi, okullarin kapatilmasi,
evden calisma olanaklarinin saglanmasina yonelik yasal
duzenlemeler, 65 yas ve st ile 20 yas ve alti1 kisiler icin
sokaga c¢ikma kisitlmasi, topluma ydnelik siireli sokaga
cikma uygulamas1 gibi onlemler alinmistir. Bir yandan
saglik kurum ve kuruluslarinin giincellenmis pandemi
hazirlik planlar kapsaminda yatakli tedavi kurumlarinin
“pandemi hastanesi” yaklasimi ile ikinci ve uclncu
basamak hizmet sunumu devam ederken bir yandan
da birinci basamak saglik hizmetleri dahilinde salgin
kontroliine yonelik olarak sahada vaka bulma ve temasli

takibi amaciyla “filyasyon calismalar” planlanmis ve
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System (AHBS) prepared by our Ministry, the COVID-19
test results in Ankara were directed towards the “the
Our study, which aims to evaluate contact tracing
management” (detection, referral and follow-up)
studies, is a descriptive study. Within the scope of the
research, the studies between March 11, 2020 and May
31, 2020 were examined. In order to use the data in
the study, permission was obtained from the General
Directorate of Public Health of the Ministry of Health of
the Republic of Turkey.dated 06/12/2020 and numbered

119016548.

Results: In Ankara, the number of contacts per case
is 4.07 and the number of contact tracing per case is
4.05. With a total of 398 “Field Contact Tracing Teams”
consisting of 1 doctor and 2 health care personnel
throughout the city, the average of 50 + standard

deviations reached 99.4% within hours.

Conclusion: The most effective way to prevent
the spread of the virus; the epidemic is expected to be
brought under control by public health interventions
such as mask use, social distance, hand washing, hygiene
rules, infection prevention activities such as indoor
ventilation and contact management made through
“Field Contact Tracing Teams” and Family Medicine
providing service across the country with GPS-based

mobile application FITAS.

Key Words: COVID-19, COVID-19 pandemic control,

contact tracing

Turk Hij Den Biyol Derg

yurutilmustir. Ankara ilinde COVID-19 test sonucu
pozitif bulunan vakalar ile onlarin temaslilarina yonelik
“filyasyon” (tespit,

sevk ve takip) calismalarinin

degerlendirilmesi amaclanmistir.

Yontem: Saglik Bakanligi tarafindan hazirlanan
Laboratuvar Bilgi Yonetim Sistemi (LBYS), Halk Sagligi
Yonetim Sistemi (HSYS), Filyasyon ve Izolasyon Takip
Sistemi (FITAS) ve Aile Hekimligi Bilgi Sistemi (AHBS) ile
Ankara ilinde COVID-19 test sonucu pozitif vakalar ile
onlarin temaslilarina yonelik “temasli izleme yoetimi”
(tespit, sevk ve takip) calismalarim degerlendirmeyi
amaclayan arastirmamiz tanmimlayici bir calismadir.
Arastirma kapsaminda 11 Mart 2020 ile 31 Mayis 2020
tarihleri arasindaki calismalar incelenmistir. Calismanin
yapilmas1 ve vyapilan calismanin bilimsel dergilerde
yayimlanmasi amaciyla T.C.Saglik Bakanligi Halk Saglig
Genel Middrliiglinden 12/06/2020 tarihli ve 119016548
sayil1 izin alinmistir.

Bulgular: Ankara’da ilk vakanin konfirme edildigi
13 Mart 2020 ile 31 Mayis 2020 arasinda toplam 190.823
PCR testi yapilmis ve 7231 pozitif vaka tanimlanmistir.
%3.78dir.
ortalama temasli kisi sayis1 4,07 olup vaka basina kisi

Pozitiflik orami Ankara’da vaka basina
takibi sayisi ise 4,05’tir. il genelinde 1 doktor ve 2 saglik
personelinden olusan toplam 398 “Filyasyon Ekibi” ile

saatte ortalama 50+ standart sapma %99.4’e ulasilmistir.

Sonug: Virtsun yayilmasim onlemek icin en etkili
yontemler olan maske kullanimi, sosyal mesafe, el
yikama, hijyen kurallar, ic mekan ortam havalandirmasi
gibi enfeksiyon onleme calismalar1 ve GPS tabanli mobil
uygulama FITAS ile iilke genelinde hizmet sunan Saha
Filyasyon Ekipleri ve Aile Hekimleri araciligiyla yapilan
temasli yonetimi gibi halk sagligi miidahaleleriyle

salginin kontrol altina alinmas1 beklenmektedir.

Anahtar Kelimeler: COVID-19, COVID-19 pandemi
kontrold, filyasyon



INTRODUCTION

The impact of a pandemic at the community level
varies depending on the infectiousness of the virus,
the ability to cause disease, the immune status of
individuals in the society, inter-individual contact and
inter-communal transportation characteristics, the
presence of risk factors, the health services provided
and the climate (1,2).

Since the beginning of COVID-19 Pandemic,
countries have carried out different strategies
according to their capacities and the status of their
existing health infrastructures.

The first observed case of COVID-19 in Turkey was
on March 11, 2020 and measures such as halting flights
to and from countries where cases had occurred since
the beginning of the epidemic, closing schools, legal
regulations for the provision of work from home,
a curfew for people 65 years old and over as well
as those 20 years old and under, and a curfew of a
limited timeframe for the general society was taken.
An updated pandemic preparation plan for the health
institutions, inpatient institutions under the “hospital
pandemic” approach was planned and conducted
while continuing to provide secondary and tertiary
care services (they are also in the field of epidemic
control within the primary health care services, case
finding, and contact tracing studies: “Contact Tracing
Management”).

Contact tracing management is a field study
aimed at determining the agent and the source of
the agent, that is, to reveal the chain of infection. In
other words, it is the search for resources. The word
contact tracing refers to study done in medicine to
find the cause of the first occurrence of the disease,
particularly the source of an infectious disease.

As a result of these studies, important information
such as whether the danger still exists and whether
other people are at risk can be obtained (1-4).

The guidelines for combating infectious diseases
on the official website of the Republic of Turkey,

Ministry of Health, General Directorate of Public
Health define contact tracing management/field
review as: conducting studies to determine the source
and the agent, and/or taking protection and control
measures, including contacts.

Contact tracing management is the most classic
strategy of “controlling the epidemic” in order to
fight infectious diseases. It is a field study aimed at
determining the source, i.e. the chain of infection,
or “number of contacts in the home environment and
workplace environment”.

The screening of all people who have come into
contact with the cases is to determine from who the
case has gotten the infection and who the case has
further infected (2).

In this study, it was aimed to evaluate “contact
tracing management” (detection, referral and follow-
up) studies for positive cases with COVID-19 test
results and their contacts in Ankara.

MATERIAL and METHOD

With the Laboratory Information Management
System (LBYS), Public Health Management System
(HSYS), the Fillation and Isolation Tracking System
(FITAS) and the Family Medicine Information System
the COVID-19
test results in Ankara were directed towards “the

(AHBS) prepared by our Ministry,

Our study, which aims to evaluate contact tracing
management” (detection, referral and follow-up)
studies, is a descriptive study. Within the scope of
the research, the studies between March 11, 2020
and May 31, 2020 were examined. In order to use
the data in the study, permission was obtained
from the Republic of Turkey General Directorate
of Public Health of the Ministry of Health dated
06/12/2020 and numbered 119016548.

Turk Hij Den Biyol Derg
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Timeline

World Health Organization (WHO):
an announcement on December 31, 2019, by WHO

There was

China Country Office. After reporting that there
are many unknown cases of pneumonia in Wuhan,
Hubei province of China, WHO first announced that
the cause of these complaints was a new type of
coronavirus (2019-nCoV).

The Public Health Emergency of International
Concern (PHEIC) was held in Geneva on January
29-30, 2020 for the second time after meeting on
January 23, 2020 for the first time on the issue of
2019-nCoV. It recommended that imported cases are
expected in various countries, so all countries should
actively carry out surveillance, early detection,
isolation and case management, monitor contacts
and prevent the spread of 2019-nCoV infection. The
general manager of WHO declared this outbreak, the
“COVID-19 Pandemic,” on March 11, 2020, and “in the
past two weeks, the number of cases outside China
has increased by thirteen times, and the number of
affected countries has tripled. In the coming days
and weeks, we expect an increase in the number
of cases, the number of deaths and the number of
affected countries.” After the announcement, the
epidemic spread to many countries, especially in
the Asian region, and became international, affecting
the world (5).

Republic  of  Turkey: In Turkey, pandemic
preparedness and planning has been ongoing since
2004 in order to prepare a national preparedness
plan for the influenza pandemic and to increase
cooperation between institutions, representatives
of the Ministry of Health, academics, related field
experts, and other ministry representatives. The
national pandemic preparedness plan was completed
and published as part of a Prime Ministry circular in
2006 and according to this plan, “Provincial Pandemic
Plans” were prepared in all provinces. In light of the
experience gained from the Influenza A(H1N1)pdm09

pandemic in 2009, “National Preparedness Plan
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for Pandemic Influenza” was updated, taking into
account the recommendations made by WHO and
European Centre for Disease Prevention and control
(ECDC). In 2019, a “national pandemic preparedness
plan preparation committee” was established and
workshops were held with the participation of
Ministry of Health representatives, academics, field
experts, and other relevant ministry representatives.
The final version of the National Preparedness Plan for
pandemic Influenza was approved by the president of
Turkey and published as “Global Influenza Pandemic
Plan” in the Official Gazette dated April 13, 2019 (6).

Initially, on January 10, 2020, the Turkish
Ministry of Health established the COVID-19 Science
Committee, which includes the academics who
are working in public health, infectious diseases,
microbiology, virology, internal medicine, pulmonary
diseases, and intensive care after the announcement
of the first case of COVID-19 on January 7th, 2020.
The COVID-19 science board has been meeting at
every stage, making necessary decisions, preparing
guides, and

algorithms, posters and brochures,

updating studies following all developments.

Ankara: In Ankara, in accordance with the “Global
Flu Outbreak (Pandemic) Circular” and “Pandemic
Influenza National Preparation Plan” prepared by the
Ministry of Health and approved by the President of
Turkey, the “Pandemic Influenza Ankara Preparation
Plan” was prepared and presented to the Ankara
Provincial Pandemic Coordination Board on July
4, 2019. In order to facilitate following up on the
process, the developments in Ankara in this part of
the article are presented chronologically (7).

24th January 2020: From a group of 30 people
consisting of 28 Chinese tourists, guides and drivers
in a hotel in the Kizilcahamam district, which is 70 km
away from the city of Ankara, a person was sent to
the Ankara Training and Research Hospital Infectious
Diseases Clinic upon the information that a Chinese
citizen had a high fever, and an nasopharyngeal
swab was taken. The other people in the group were



examined by 3 doctors and two health personnel in
Kizilcahamam District, and they were allowed to go
to their country after PCR test result was negative
and the person referred to the hospital was negative.

1st February 2020: Turkey sent a plane to Wuhan
with 19 staff from January 31, 2020, 42 people
(27 Turkish, 6 Azarbaijani, 4 Turkish dual citizen of
China, 3 Georgians, 1 Bulgarians and of 1 Albanians)
was brought to Turkey and a total of 61 people were
followed for 14 days in quarantine at the Ankara
Training and Research Hospital Zekai Tahir Burak
(ZTB) Quarantine Hospital. The development of
symptoms wasn’t observed, and they were discharged
February 14, 2020 after the test results received on
the discharge day were negative.

4th February 2020: A meeting was held regarding
the new coronavirus disease with the chief physicians
and infection specialists of public, university and
private hospitals of Ankara Province, and the current
information about measures to be taken was shared.

25th February 2020: As the cases continued to
increase in the city of Kum in Iran, since February
19, 2020, our citizens in Tehran were brought back to
Turkey as follows: 17 passengers with fever symptoms
were isolated each in individual ambulances, and 30
passengers without any symptoms were sent in shared
ambulances to Ankara Training Research Hospital ZTB
Quarantine Hospital, and the crew of 85 passengers
was transported to the Bilkent Clinic Guesthouse.
They were followed up in quarantine for 14 days,
and they were discharged on March 10th, 2020 due to
the absence of symptom development and negative
results on the day of discharge.

28th 2020: Ankara Public Health
Coordination Center (APHCC/Turkish abbreviation-
HASKOM) was established. The center, where doctors
and other assistant health personnel serve 24 hours
a day, 7 days a week, has been working as a kind of

February

call center to help our citizens, primary care workers,
and district health directorates’ staffs solve their
questions and problems related to the COVID-19

pandemic process. Since its establishment, it has
been distributing virocult swab and rapid diagnosis
kits to all public, university and private healthcare
institutions in coordination and the employees of the
Directorate have been providing a nasopharyngeal
swab service.

29th February 2020: As of this date, 295 people
residing in Ankara until March 10, 2020 came to
Esenboga Airport on different days, health personnel
were welcomed, their fever was measured, insulation
was provided at home and followed by telephone for
14 days. 15 people who developed symptoms during
the telephone follow-up period, especially in the last
group, were taken to the hospital by ambulance and
were treated with a COVID-19 diagnosis.

13th March 2020: Three days after the first
confirmed case of COVID-19, diagnosed on March 11,
2020 in our country, Ankara Provincial Directorate of
Health started the epidemic process management
because the first confirmed case in Ankara was on
March 13, 2020, five days ago.

15th March 2020: The last group coming into the
country, were those who were coming from Umrah.
A total of 3247 were kept in quarantine in different
places, Golbas1 (3,067 persons) and Haymana (180
persons), and were placed under observation in the
dormitories of The Credit Dormitories Institution
(CDI/Turkish abbreviation-KYK) and their quarantine
process was initiated. 373 of them who tested
positive for PCR at different times were treated in
our hospitals.

As a second center, A “COVID-19 Case and Contact
Tracing Management Center” was established within
the Public Health Directorate of Ankara Provincial
Health Directorate, and 12 doctors and 39 health
personnel were assigned.

The Operation of the COVID-19 Case and
Contact Tracing Management Center

taken at health
institutions on the suspicion of Covid-19, is considered

The nasopharyngeal swab,
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by Polymerase Chain Reaction (PCR), and the results
of the evaluation are entered into the laboratory
information system. Then, Laboratory Information
Management System (LIMS/ Turkish abbreviation-LBYS)
deliveres the results to the Public Health Management
System (PHMS/ Turkish abbreviation-HSYS).

The employees of the center communicate as
soon as possible with the person they see on the HSYS
screen as a positive case and exchange information
about their health status first, and add it to HSYS
by asking about the accuracy of the family contact
information they see on the HSYS screen, who they
have contact with other than those in the system,
and of any workplace contacts. An ambulance is then
sent for the patient to go to the hospital and the
transfer is carried out immediately.

20th March 2020: The COVID-19 Case and Contact
Tracing Management Center is contacted by the
“Crisis Coordination Centre” as a third centre to
carry out the transfer.

This center is a 24/7 operating center consisting
of personnel from the presidencies of the Emergency
Health
Services and public hospitals. It does what is necessary

Medical Services, Public Health Services,
to carry out the process of sending all positive cases
to the hospital by ambulance if necessary.

Management of Contact Tracing Applications

Another important task of the Case and Contact
Tracing Management Center is to identify the cases
and carry out the necessary referral process, and
to ensure the organization and coordination of the
transportation and follow-up of the District Health
Directorates and contact execution as soon as possible.

While determining the contacts, in the week prior
to the occurrence of the symptoms, contact persons
are identified and their information is entered into
HSYS to be followed up for 14 days.

The first follow-up of the contacts, District Health
Directorates, are made by visiting “Field Contact
Tracing Teams” at their homes and necessary inspection
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procedures are carried out. In this context, as of May 31,
2020, 6890 “Field Contact Tracing Teams” consisting of
doctors, nurses, and other health personnel in a group
of 3 people, and 398 involved in “Contact Tracing” in
Ankara conduct field contact tracing activities.

With the Contact Tracing and Isolation Tracking
System (CTITS/Turkish abbreviation-FITAS) by our
ministry, all field contact tracing teams providing
services throughout the country are notified using
their mobile phones of the contacts closest to their
location and are provided to follow up and log in to
the system.

The information obtained with FITAS is transferred
to the Integrated Systems HSYS and Family Medicine
(FMIS/ /Turkish abbreviation-
The information transferred to AHBS is

Information System
AHBS).
examined by the family doctor who is registered with
the case and the contact person, and every day for
14 days, they are called and information about their
health status is received.

If any of the symptoms of the COVID-19 disease
are reported by the family doctors in the case follow-
up and Case and Contact Tracing Management Center
and sent to the hospital by ambulance under the
Coordination of the Crisis Coordination Center.

RESULTS

Our city, Ankara, is the second largest city and the
capital of the Republic of Turkey. It is home to all foreign
embassies as the headquarters of the Republic of Turkey.
It is located in central Anatolia region. Its population is
5.639.076 and it has a total of 25 districts (Table 1).

InAnkara, a total of 190.823 PCR tests were performed
between March 13, 2020 and May 31, 2020, and 7231 were
identified as positive cases. The percentage of positivity is
3.78%. In Ankara, the number of contacts per case is 4.07
and the number of contact tracing per case is 4.05. With
a total of 398 “Field Contact Tracing Teams” consisting of
1 doctor and 2 health care personnel throughout the city,
the average of 50 + standard deviations reached 99.4%
within hours (Figure 1).



Table 1. General information about Turkey and Ankara

Info Ankara Turkey
Area (km?) 25.632 814.578
District Number 25 973
Population of TUIK (2019) 5.639.076 83.154.997
Population Growth Rate (thousands) 10,8 14,7
Rough Birth Rate (thousands) 13,3 15,3
Rough death Rate (thousands) 4,7 5,3
Contact Tracing
4,07 W 26.279 Distribution
£35086 (D30 Hour TR femewrere sz
Moxoa B romemy tmmem a5 26128
Isolation Ratio "';",,":,::,"c":,.m Sade = The Contect Teacin
g Comtact Tracng faso s FITAS Comact Tracing Rato -

Comtact Tracing Teme
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Figure 1. Evaluation of the Field Contact Tracing Teams Work in Ankara, May 31, 2020
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Figure 2. Number of Contacts in Ankara Province by District, May 31, 2020
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According to the districts of Ankara Province, Kecioren, Sincan, Cankaya and Yenimahalle Districts
the numbers of cases and contacts are highest in (Figure 2, Table 2).

Table 2. Number of Case Contacts by Districts of Ankara Province, May 31, 2020

Contact Isolation Contact Isolation
Population Contact Total
Districts Continues Finished
(2019) (FITAS+HSYS)
(FITAS+HSYS) (FITAS+HSYS)
Akyurt 36.123 57 212 269
Altindag 389.510 570 1347 1917
Ayas 13.900 10 25 35
Bala 30.280 32 109 141
Beypazan 48.371 14 236 250
Camlidere 9.825 3 5 8
Cankaya 944.609 678 2484 3162
Cubuk 90.764 72 532 604
Elmadag 45.557 44 242 286
Etimesgut 587.052 339 2562 2901
Evren 3.097 0 6 6
Golbast 138.944 463 98 561
Gudal 8.892 0 6 6
Haymana 30.930 132 156 288
Kahramankazan 54.806 60 382 442
Kalecik 13.234 2 17 19
Kecioren 939.161 747 3763 4510
Kizilcahamam 28.350 9 296 305
Mamak 665.978 1420 406 1826
Nallihan 27.579 0 64 64
Polatli 125.075 270 226 496
Pursaklar 150.488 211 784 995
Sincan 535.637 433 3487 3920
Sereflikochisar 33.821 2 107 109
Yenimahalle 687.093 578 2430 3008
Total 5.639.076 6146 19.982 26.128
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45.909 people who came to our city from tracing by the provincial health directorate (Table 3).
international and from intercity were in contact

Table 3. Number of international/intercity incoming people monitored by districts of Ankara Province

Ongoing Follow-up Followed Up
Districts (International/ (International/ Total
Intercity) Intercity)

Akyurt 16 77 93
Altindag 639 1355 1994
Ayas 18 28 46
Bala 36 95 131
Beypazan 34 93 127
Camlidere 0 6 6
Cankaya 454 16004 16458
Cubuk 79 433 512
Elmadag 79 383 462
Etimesgut 407 4272 4679
Evren 2 26 28
Golbas 666 2130 2796
Gudl 8 12 20
Haymana 39 254 293
Kahramankazan 75 221 296
Kalecik 47 36 83
Kecioren 846 4205 5051
Kizilcahamam 61 102 163
Mamak 954 2255 3209
Nallihan 21 41 62
Polatli 152 464 616
Pursaklar 134 578 712
Sincan 763 1620 2383
Sereflikochisar 24 251 275
Yenimahalle 687 4727 5414
Total 6241 39.668 45.909
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In Ankara city, between March 13, 2020 and May
31, 2020, a total of 7231 COVID-19 cases with a PCR
positive result were detected, and a total of 26.128
contacts belonging to these cases were reached, and
a follow-up of 19.982 contacts was completed. Apart
from the case contacts, a total of 45.909 people
coming from international and from intercity within
the scope of the contact tracing were followed up
with their contacts, and the follow-up of 39.688
was completed. The follow-up of 53.540 contacts
in total has been completed. According to the PCR
test results of all the contacts, 2549 new cases were
detected, and the overall secondary clinical attack
rate was calculated to be 5.04% (95% Cl).

DISCUSSION

In this study, the contact tracing studies carried
out following the first incident of COVID-19 on March
13, 2020 in the capital Ankara are presented. For
health care personnel was prepared and website of
the Ministry of Health published by the Scientific
Committee on COVID-19 on the on guides, algorithms,
training materials (banners, brochures), hygiene
rules, hand washing, mask use, isolation measures,
social distance. The Scientific Committee has issued
a number of guidelines on diagnosis, treatment,
infection control, quarantine and social distancing,
and periodically updates these guidelines.

The review article prepared by Demirbilek et al.,
one of the first publications on the subject in our
country, is very valuable in this regard (8).

In the study of Nussbaumer-Streit B et al., it was
stated that quarantine practices are important in
reducing the incidence of COVID-19 and mortality
fromit, and it is important to ensure the effectiveness
of quarantine application in combination with other
public health measures (9). In the study of Boccia et
al., standard hygienic measures, one of the effective
public health interventions, were not adopted early
in some regions of Italy and are likely to affect the
prevalence of infection.

Therefore, the implementation of conditions such
as home insulation has probably been difficult (10).
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The quarantine of those coming from countries with
COVID-19 cases before and after the incident occurred
in Turkey and especially in Ankara province is one of
the most important measures taken in this regard.In
the study of Anelli et al., it was noted that the use
of protective equipment by health workers is both
essential for disease control and a crucial factor for
continuing to provide care to patients (11). Our field
contact tracing teams use medical masks, gloves, eye
protection and wear protective equipment during
home visits as recommended by the WHO (12).

In order to eventually succeed in controlling
the outbreak, reducing the reproduction number
of COVID-19 to less than one, methods such as
contact tracing, quarantine, testing, isolation, social
distancing and school closure are critical. In the early
stages of the COVID-19 outbreak when imported cases
from China and their linked cases were identified,
the KCDC actively performed contact tracing,
quarantined the contacted persons, and diagnosed
and isolated the COVID-19 cases as soon as possible,
which was reported to be effective (13).

In the description of Cha V. et al., two months
after the first confirmed case, South Korea managed
to control the outbreak with protection control
studies, such as diagnostic tests, frequent public
information, meticulous contact follow-ups, patient
surveys, and meticulous contact mapping through
GPS-based mobile apps (14). With the GPS-based
mobile application FITAS prepared by our Ministry,
all Field Contact Tracing Teams providing service
across the country are informed by following the
closest contacts to their mobile phones and entering
it in the system. In this way, case investigation work
was carried out without wasting time (15).

The overall secondary attack rate is calculated
to be 5.04% (95% GA) in our study in Ankara. A
remarkable report from Taiwan described the use of
contact tracing and virologic PCR testing to assess the
transmission dynamics of COVID-19 in the country’s
initial 100 confirmed cases. Among 2761 close contacts
of the 100 cases, confirmed between January 15 and
March 18, 2020, Cheng et al report that there were
22 paired-index secondary cases and an overall



secondary clinical attack rate of 0.7% (95% Cl, 0.4%-
1.0%). The overall secondary clinical attack rate in
the present study is much higher than that reported
in Taiwan. This may be due to closer contact within
our country or the study period coinciding with the
peak period of the outbreak in Ankara and in Turkey.
Besides, viral shedding studies and epidemiological
investigations suggest that in the household, around
40% of transmission occurs before symptom onset, the
live virus is shed for at least 1 week after symptom
onset, and there is high spreading in asymptomatic
individuals (16-18). Although a report by Salathé et al
focuses on the epidemiological aspects of testing, it
also states that there are economic and social benefits
to a liberal testing strategy. The costs of increased
testing, contact tracing, and self-isolation are high in
the short term. In the longer term, however, more
rapid control will reduce the economic and social
costs of social- distancing measures that adversely
affect businesses, communities, and individuals (19).
Although the exact proportion of household among the
contacts is not known in our study, it is likely to be
high and this may be one of the contributors to the
high attack rate.

Findings show the public health need for accurate
and comprehensive contact tracing and testing. Testing
only those people who are symptomatic will miss many
infections and render contact tracing less effective.

It has been found that asymptomatic people
and those with minimal or fewer symptoms early in
infection are those most likely to transmit COVID-19.
Maintaining social distancing and having people wear
face masks to reduce the potential for transmission
should support contact tracing activities. Solely
isolating patients symptomatic with COVID-19 will
fail to control transmission during the infected but
asymptomatic stage. So close monitoring and keeping
isolation for at least 14 days for all the contacts
with or without symptoms is essential (20). Turkey is
on the eve of the “reopening” of society like many

other countries. It is important to continue sufficient
testing and contact tracing in order to control
possible outbreaks that may inevitably occur as
social restrictions are removed. While containing the
infections, and during “reopening,” social distancing
throughout society and the wearing of face masks
should be maintained to the maximum extent possible
until there is a vaccine or effective treatment.

CONCLUSION

After the COVID-19 disease was defined, it was not
limited to the region where it was located, and the
number of cases gradually increased and turned into
a huge pandemic that caused disease and a loss of life
affecting the whole world.

Since the time when COVID-19 disease was
identified, scientists have been making great efforts
to determine the characterization of the new
coronavirus and to develop antivirus therapies and
vaccines. The most appropriate treatment for
patients under observation, diagnosed with COVID-19
is still unknown. Clinical and vaccine studies are
continuing rapidly. Nevertheless, the pathogenesis of
the virus is still unknown, and new studies are needed
(21). Therefore, the most effective way to prevent
the spread of the virus; the epidemic is expected to be
brought under control by public health interventions
such as mask use, social distance, hand washing,
hygiene rules, infection prevention activities such as
indoor ventilation and contact management made
through Field Contact Tracing Teams” and Family
Medicine providing service across the country with
GPS-based mobile application FITAS.

Although the rapid and sustained responses to
control the COVID-19 outbreak could slow its spread,
this outbreak could last for a long time with the
risk of an unexpected surge again. Case finding and
contact tracing will be the key in responding to any
possible resurgence.
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An investigation of antifungal susceptibilities of the Candida
species isolates from blood cultures using the Sensititre
YeastOne microdilution method

Raif KARAASLAN', Esin AKTAS?, Figen ORHAN?

ABSTRACT

Objective: Invasive fungal infections caused by
Candida species have increased significantly. Therefore,
rapid and correct identification to the species level and
susceptibility testing have become important, especially
in cases involving invasive infections. The Sensititre
YeastOne method, based on the microdilution method,
is an alternative to the Clinical and Laboratory Standards
(CLSI)

susceptibility testing. Sensititre YeastOne is a method

Institute reference method for antifungal
for determining the Minimal Inhibitory Concentration
(MIC) values of Candida isolates with wells containing
lyophilized antifungals. In our study, the aim was to
determine the antifungal drug sensitivity of Candida
isolates from blood cultures by using a Sensititre

YeastOne colorimetric system.

Methods: Fifty candida isolates, each isolated
from blood cultures of different patients in the Medical
Microbiology Laboratory of Atatiirk University Faculty
of Medicine, were included in the study (16 Candida
albicans, 14 Candida tropicalis, 8 Candida parapsilosis,
10 Candida glabrata, 2 Candida kefyr) and two quality
control strain (Candida krusei ATCC 6258, Candida

parapsilosis ATCC 22019) were included in the study. The

OZET

Amag: Candida tirlerinin neden oldugu invaziv
fungal enfeksiyonlar onemli olcuide artmistir. Bu nedenle
tlirlerin hizli ve dogru tamimlanmasi ve duyarlilik testleri,
ozellikle firsatc1 enfeksiyonlan iceren vakalarda oldukca
onemlidir. Mikrodiliisyon esasina dayanan Sensititre
YeastOne yontemi, antifungal duyarlilik testi icin Klinik
ve Laboratuvar Standartlan Enstitisu referans yontemine
uygun bir alternatiftir. Sensititre YeastOne liyofilize
halde antifungal iceren kuyucuklara sahip olup Candida
izolatlariiin  Minimal Inhibitér Konsantrasyonu (MIK)
degerlerinin belirlenmesi icin gelistirilen bir yontemdir.
Calismamizda kan kiiltlirlerinden izole edilmis Candida
izolatlarimin Sensititre YeastOne kolorimetrik sistem
kullamlarak antifungal ilag duyarliiginin belirlenmesi

amaclanmistir.

Yontem: Calismaya Atatiirk Universitesi Tip Fakiiltesi
Tibbi Mikrobiyoloji farkl

hastalara ait kan kiiltlrlerinden izole edilen 50 Candida

Laboratuvari’nda her biri

izolat1 (16 Candida albicans, 14 Candida tropicalis, 10
Candida glabrata, 8 Candida parapsilosis, 2 Candida
kefyr) ve iki adet kalite kontrol susu (Candida krusei
ATCC 6258, Candida parapsilosis ATCC 22019) dahil

edilmistir. Turlerin antifungal duyarliliklar, kolorimetrik
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antifungal susceptibilities of the species were tested by
the microdilution method using a colorimetric method,

Sensititre YeastOne (Trek Diagnostic Systems, USA).

Results: For all Candida species, MIC ranges were
as follows: 0.12-2 pg/ml for amphotericin B; 0.12-256
pg/ml for fluconazole; 0.008-8 pg/ml for voriconazole;
0.015-0.5 pg/ml for caspofungin; 0.015-2 pg/ml for
anidulafungin; 0.008-2 pg/ml for micafungin; 0.006-8
pg/ml flucytosine; 0.008-8 pg/ml for posaconazole and
0.015-16 pg/ml for itraconazole.

Conclusion:  Considering the low MIC values
that

flucytosine,

obtained, it was concluded anidulafungin,

micafungin, caspofungin, posaconazole,
voriconazole, itraconazole and amphotericin B may be
effective against Candida species and may be used as
alternative drugs for the treatment of infections caused

by fluconazole-resistant species.

Key Words:

Sensititre YeastOne, Candida

Antifungal, Microdilution method,

bir sistem olan Sensititre YeastOne (Trek Diagnostic

Systems, ABD) mikrodilliisyon yontemi ile arastinlmistir.

Bulgular: Calisma sonunda Candida izolatlarinin
tamaminda MIK araliklan; amfoterisin B icin 0,12-2
pg/ml, flukonazol icin 0,12-256 pg/ml, vorikonazol
icin 0,008-8 pg/ml, kaspofungin icin 0,015-0,5 pg/ml,
anidulafungin icin 0,015-2 pg/ml, mikafungin icin 0,008-
2 pg/ml, flusitozin icin 0,006-8 pg/ml, posakonazol icin
0,008-8 pg/ml, itrakonazol icin 0,015-16 pg/ml olarak

belirlenmistir.

Sonug: Elde edilen diisik MIK degerleri goz oniine

alindiginda anidulafungin, mikafungin, kaspofungin,

flusitozin, posakonazol, vorikonazol, itrakonazol ve

amfoterisin B’nin Candida izolatlarina kars1 etkin

olabilecegi ve flukonazole direncli suslarla olusan

enfeksiyonlarin  tedavisinde alternatif ilac olarak

kullanilabilecekleri sonucuna varilmistir.

Anahtar  Kelimeler: Antifungal, Mikrodiliisyon

yontemi, Sensititre YeastOne, Candida

INTRODUCTION

Candida spp. stands in the fourth-place cause of
among the most common agent in blood circulation
infections. Currently, there has been a rapid increase
observed in the incidence of fungal infections linked
to the increase in patient number with suppressed
immune systems, the increase in the use of large
surgical interventions and more than one broad-
spectrum antibiotic, higher observation of patients
with poor general status in intensive care units the
popularity of artificial prosthesis use (1,2).

Clinical and Laboratory Standards Institute
(CLSl) and European Committee on Antimicrobial
Susceptibility Testing (EUCAST),
standardization of antifungal susceptibility tests,
have developed standard microdilution methods for
antifungal susceptibility tests. However, in practice

ensuring
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there is a search for alternative methods that are
easy to apply in routine laboratories due to these
standard methods involving technical difficulties
and subjective visual assessment (3). The Sensititre
YeastOne method is an easy and rapid method to
test 9 antifungal drugs at the same time and offers
clinicians many antifungal treatment choices in the
early period (4).

Our study aimed to test the susceptibilities of 50
Candida species isolated from blood cultures against
anidulafungin, micafungin, caspofungin, flucytosine,
posaconazole, voriconazole, itraconazole, fluconazole
and amphotericin-B using a microdilution-based
colorimetric panel called the Sensititre YeastOne
(TREK Diagnostic Systems, USA).



MATERIAL and METHOD

Sensititre YeastOne is a microdilution method
containing 9 lyophilized antifungal drugs, which aids
in the determination of qualitative and quantitative
MIC results. The appropriate dilutions of antifungal
agents and colorimetric indicator were added to
each well on the plate and results were determined
by identifying the lowest antifungal concentration
inhibiting growth.

The isolation of the Clinical Samples

The study included 50 Candida isolates collected
from blood cultures of different patients and isolated
with the BACTEC 9120 system (Becton-Dickinson,
USA). After isolation in our laboratory, isolates were
stored in stock medium at -80 °C, then dissolved in
a refrigerator to +4 °C and purified by two passages
on Sabouraud Dextrose Agar (SDA) (Merck/Germany)
medium. Then the growth Candida isolates were
assessed according to the germ tube test, microscopic
morphology on Corn Meal Agar with Tween-80 (Oxoid)
agar and colony color on chromogenic medium and the
species level was determined. The identification was
supported using the API 20 C AUX system (bioMerieux,
Marcy-l’Etoile, France).

Antifungal Susceptibility Test

The procedures were done according to the
manufacturer’s Sensititre YeastOne protocol. Candida
isolates had a certain sample taken from 24-hour pure

cultures and suspensions were prepared in sterile water
(T3339) and adjusted to 0.5 McFarland standards. To
obtain 1.5-8x103 kob/ml inoculum, 20 pl suspension
was transferred into 11 ml YeastOne inoculum broth
(Y3462).

Of the prepared suspension, 100 pl samples were
transferred to each well of a 96-well YeastOne plate
and all the wells were covered with sterile adhesive
band and left for incubation for 24 hours. To test the
accuracy and purity of 0.5 McFarland setting, a 10 pl
sample was taken from the positive control well on
the inoculated plates and inoculated on SDA medium
and panels incubated at 35°C for 24 to 48 hours in a
non-CO2 incubator. Plates with growth of 10-80 pure
colonies were taken for assessment (5).

The Assessment of the Test Results

The plates were examined at the end of 24 hour-
incubation. Yeast growth was evident as a result of color
change from blue (negative, no growth) to red (positive,
growth) was observed. The positive control well on the
plates was noted and if this well was completely red
in color, the final values for the antifungals began to
be read. The first well without color change (first blue)
was determined as the MIC value (Figure 1). Plates
with blue or faintly purple positive control wells were
assessed as having weak growth and examined again
after another 24 hours of incubation. Interpretation of
MIC results was performed according to the CLSI criteria
as recommended by the Sensititre YeastOne method
(Table 1)(5).

Figure 1. The appearance of the plates inoculated with yeast for 24 hours
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Table 1. MIC interpretative criteria for Candida species as per CLSI M27 ®

Antifungal Agent Susceptible Dose-dependent susceptible Intermediate Resistant
Fluconazole <8 16 - 32 >64
Itraconazole <0.125 0.25- 0.5 >1
Flucytosine <4 8-16 >32
Voriconazole <1 2 >4

*All units are microgram/milliliter

RESULTS

The wells with turbidity appearance on the plates
after growth were not assessed. The wells without
growth had no color change observed and in this
situation the isolate was recorded as susceptible
to the lowest concentration of the antifungal.
For the wells with an observed color change, the
isolate was recorded as greater than (>) the highest

concentration of the antifungal. In one of the samples,
contamination was observed on the SDA medium for
purity and sterility control from the positive control
well, and the strain was not included in the study. The
number of colonies between 15-80 was counted after
the breeding to test the number of colonies and the
accuracy of the 0.5 McFarland setting was confirmed.
All MIC values were in the expected range in plaques
where quality control strains were tested(Table 2).

Table 2. MIC interval, MIC 50 and MIC 90 values for susceptibility identified with the microdilution method for Candida species

C. albicans (n=16) C. tropicalis (n=14) C. glabrata (n=10) C. parapsilosis (n=8)
Antifungal e MIC M MIC e MIC e MIC

interval 50/90 interval 50/90 interval 50/90 interval 50/90
Anidulafungin o 915 [ 0.015/0.12 | 0.015-2 | 0.03/1 |0.015-0.12 | 0.06/0.06 12 172
Micafungin 0.008-1 | 0.008/0.03 | 0.015-1 0.03/1 | 0.015-0.5 | 0.12/0.5 0.5-2 1/2
Caspofungin | 9 015.0.5 | 0.03/0.06 | 0.015-0.5 | 0.03/0.25 | 0.015-0.5 | 0.06/0.12 | 0.25-0.5 0.5/0.5
Flucytosine 0.06 0.06/0.06 0.06-1 | 0.06/0.25 | 0.06-2 0.5/1 0.06-0.25 | 0.12/0.25
Posaconazole | g gog-g | 0.015/0.03 | 0.015-0.5 | 0.025/0.5 | 0.122 | 0.12/0.5 | 0.015-0.06 | 0.03/0.03
Voriconazole | 0og-8 | 0.008/0.008 | 0.008-0.25 | 0.12/0.25 | 0.015-0.5 | 0.03/0.06 | 0.008-0.015 | 0.008/0.015
Itraconazole | ¢ 015.16 | 0.015/0.06 | 0.015-0.5 | 0.25/0.5 | 0.06-1 | 0.12/0.25 | 0.03-0.06 | 0.06/0.06
Fluconazole | ¢ 12.256 | 0.25/0.5 0.25-4 2/4 1-32 2/4 0,25-0.5 0.5/0.5
Amphotericin8 g 55 4 0.5/1 0.12-1 0.5/1 0.12-2 0.5/1 0.5 0.5/0.5

* All units are microgram/milliliter
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DISCUSSION

The most common risk factors for invasive
candidiasis include major surgery, especially involving
the abdomen, immunosuppression and supportive
care measures used in the critically ill patients, such
as long term broad spectrum antimicrobial therapy,
central venous catheters, total parenteral nutrition,
and renal replacement therapies. These factors
explain, in part, the continuing high prevalence of
Candida infections in transplant, cancer and intensive
care units. Additionally in recent years, increased
resistance to antifungal drugs has been a cause
of concern in the treatment of the invasive fungal
infections (6).

There are over 20 species of Candida yeasts that
can cause infection in humans, the most common of
which is C. albicans (7). Though C. albicans in the
most common strain observed in both mucocutaneous
and systemic infections, there is increasing incidence
of non-albicans Candida species. The clinical findings
of infections caused by non-albicans Candida strains
cannot generally be differentiated and these strains
are naturally resistant or gain resistance to commonly
used antifungal drugs, as a result the definition of the
species level of Candida isolates in clinical samples
and the accurate and timely determination of in vitro
susceptibility profiles are important for antifungal
treatment protocols (8).

The CLSI is still
accepted as the gold standard for the assessment of

broth microdilution method

susceptibility of Candida strains against antifungal
agents. However, this method is expensive and difficult
and challenges such as lack of expert personnel,
new commercial systems with more practical and
appropriate use. The most important problem
with these systems is to ensure standardization
of these new systems. Three commercial systems
recommended for use include the E-test (AB Biodisk
Solna, Sweden), Sensititre YeastOne Colorimetric

System (TREK Diagnostic Systems, USA) and VITEK 2

Yeast Susceptibility Test (BioMerieux, Inc, Durham,
NC) (9,10).

The Sensititre YeastOne method is based on the
CLSI reference method and is stated to show high
compliance with the CLSI method. It is a simple
method for antifungal susceptibility tests in routine
laboratory use. As it provides perfect results in terms
of accuracy and repeatability compared to the CLSI
reference method, it is commonly used in both
clinical and research laboratories (11,12).

Due to being easy to obtain commercially, the
ability to test many antifungals at the same time and
ease of application, the Sensititre YeastOne method
was chosen in our study to show resistance limit values
for Candida species against renewed fluconazole and
caspofungin.

Giiltekin et al. (13), used the Sensititre YeastOne
system on 46 Candida isolates from blood cultures
and identified that all strains were susceptible to
amphotericin B, voriconazole, posaconazole and
caspofungin. While the C. albicans, C. parapsilosis,
C. glabrata and C. tropicalis strains were susceptible
to fluconazole, three of the five C. glabrata isolates
were identified to be resistant to itraconazole while

other strains were susceptible to itraconazole.

In our study, C. albicans, C. parapsilosis, C.
tropicalis were susceptible to
caspofungin and amp-B, with one C. albicans strain

showing resistance to voriconazole.

glabrata and C.

Fluconazole
resistance was identified in one C. glabrata and
one C. albicans strain. Itraconazole resistance was
identified in one C. albicans and one C. glabrata
strain, while one C.
have dose-dependent susceptibility to itraconazole.

tropicalis strain was found to

Three echinocandins (anidulafungin, caspofungin,
and micafungin) have been licensed for intravenous
treatment and prevention of invasive Candida
infections (including candidemia). CLSI has established
standard conditions for testing the susceptibilities of
Candida spp. to the three echinocandins including

species-specific breakpoints (BPs) for echinocandin
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MIC interpretation (14). The isolates we studied did
not show any resistance to these antifungal drugs.

In our study, multiazol resistance was determined
for isolate number eight of C. albicans strain.
Additionally, this isolate was identified to have
susceptibility of >8 pg/ml posaconazole, >8 pg/ml
voriconazole, >16 pg/ml itraconazole and >256 pg/

ml fluconazole.

Cretella et al. (15), commercially available three
(Etest,
Vitek 2 and Sensititre) were compared with the CLSI

antifungal susceptibility testing methods

reference test method broth microdilution method
and they reported the Sensititre YeastOne method
was the system that provided closest results to the
reference method.

In a study by Quindos et al. (16), reported
the Sensititre YeastOne method showed perfect
correlation with the E-test method. This correlation
was better for voriconazole, with some incompatibility
for fluconazole and C. glabrata.

A study conducted by Farina et al. (17), compared
the Sensititre YeastOne method and VITEK 2
susceptibility system in seven different laboratories.
They performed susceptibility tests for four different
antifungals (amp-B, fluconazole, flucytosine and
voriconazole) and reported that VITEK 2 susceptibility
test system was more compliant compared to the
Sensititre YeastOne. They observed the compliance
between the two methods varied from 81.4% to
88.6%.

Siqueira et al. (9), compared the susceptibility of
80 Candida isolates using the VITEK 2 and Sensititre
YeastOne systems with the gold standard fluid
dilution method. They concluded that both methods
performed well and were reliable as antifungal
susceptibility tests. However, they recommended
careful interpretation when the activity of C. krusei
and C. glabrata against caspofungin was tested
with the Sensititre YeastOne method due to low
observations.

Flusrand et al. (10), reported that Sensititre
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YeastOne method showed good correlation with
standard susceptibility tests for amphotericin B and
triazoles, but that interpretation for echinocandins
was more complicated (9).

A study by Avolio et al. (18), aimed to determine
MIC values for yeasts as rapidly and accurately as
possible. They compared values for 40 candidemia
cases determined by the colorimetric Sensititre
YeastOne system with the CLSI values. The results
of the comparison found no major error, only four
minor errors. The results of the study reported the
Sensititre YeastOne colorimetric system accurate
antifungal MIC determination and saving an average
time of 24 hours compared with the time required for
the standard procedures traditionally used.

In our study, there were small errors linked to
inability to clearly determine the color change in the
final wells, but these were not on a scale to change
the susceptibility and resistance status.

The study by Bertout et al. (4), compared the
Sensititre YeastOne commercial system with the
CLSI reference broth microdilution test method.
They studied two quality control strains and
102 Candida isolates with the antifungal agents,
such as fluconazole, itraconazole, ketoconazole,
posaconazole, voriconazole, flucytosine, Amp-B and
caspofungin. They identified the compliance between
the CLSI reference method and Sensititre YeastOne

varied from 70.6% to 92.2%.

In our study, for fluconazole there was dose-
dependent susceptibility for one Candida strain (MIC
value 32 pg/ml) and resistance identified in another
Candida strain (MIC value > 256 pg/ml). The dose-
dependent susceptible strain was identified as C.
glabrata, while the resistant strain was determined
to be C. albicans. The MIC intervals for all Candida
strains were determined as 0.12-2 pg/ml for Amp-B,
0.12-256 pg/ml for fluconazole, 0.008-8 pg/ml for
0.015-0.5 pg/ml for caspofungin,
0.015-2 pg/ml for anidulafungin, 0.008-2 pg/ml for
micafungin, 0.006-8 pg/ml for flucytosine, 0.008-

voriconazole,



8 pg/ml for posaconazole, and 0.015- 16 pg/ml for
itraconazole.

We think identification of resistance at different
rates for all antifungal tests, and continuous strain
identification and susceptibility studies in treatment
of Candida infections will contribute to determining
antifungal use protocols in our own hospital and will
be beneficial to prepare comprehensive treatment
protocols for the country in general. Additionally, we
think the Sensititre antifungal susceptibility test is a
useful method for being easy to obtain, simultaneous
testing of nine antifungal agents and compliant
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Turk Hijyen ve Deneysel Biyoloji Dergisi

Atik sudan izole edilen Pseudomonas spp. suslan ile kursun ve
nikel agir metallerinin giderimi

Berrin KELOGLU', Sahlan OZTURK?, Siileyman YALCIN®

OZET

Amacg: Son yillarda endustriyel ve teknolojik
gelismelerden kaynaklanan atiklarin cevreye olumsuz
etkilerini ortadan kaldirmak veya azaltmak igin atik
su antiminda kullanilan klasik yontemlerin yerine
biyoteknolojik ~ yontemler  tercih  edilmektedir.
spp.

calismalarinda cevre kirliligine neden olan kirletici

Pseudomonas suslan cevresel biyoteknoloji
faktorleri yok etme kabiliyetleri nedeniyle tercih
edilmektedir. Bu calismada, atik sudan izole edilen 40
adet Pseudomonas cinsi bakteri kullamlarak insanlar
ve diger canli organizmalar icin toksik olan kursun ve
nikel metallerinin giderim mekanizmasi incelenmistir.
Bu calisma ile endustriyel ve evsel atik sulardaki
agir metallerin canli mikroorganizmalar ile giderimi

calismalarina katki saglanmasi amaglanmistir.

Yontem: Bu calisma icin atik su antma tesisinin
cesitli havuzlarindan izole edilen toplam 40 adet
Pseudomonas spp. ile kursun ve nikel metallerine
olan direnc ve tolerans tespiti calismalar yapilmistir.
Belirlenen LC50 degerleri ile hiicre ylizeyine tutunma
ve hiicre icine alinim olmak Uizere biyobirikim deneyleri

gerceklestirilmistir.

ABSTRACT

Objective: In recent vyears, biotechnological
methods are preferred instead of classical methods used
in wastewater treatment in order to eliminate or reduce
the negative effects of wastes on the environment
arising from industrial and technological developments.
Pseudomonas spp. are preferred in environmental
biotechnology studies because of their ability to remove
pollutant factors that cause serious environmental
pollution. In this study, the removal mechanism of lead
and nickel metals which are toxic for humans and other
living organisms were investigated with 40 Pseudomonas
genus bacteria which isolated from waste water. With
this study, it is aimed to contribute to the removal works
of heavy metals in industrial and domestic wastewater
by living microorganisms.

Methods: 40 Pseudomonas spp. which were isolated
from the pools of wastewater treatment plant, have
tolerance and resistance tests for lead and nickel.
Bioaccumulation tests were performed using the
determined LC50 values and the removal of metal ions
by the Pseudomonas spp. was evaluated as cell uptake

and cell surface involvement.
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Bulgular: izolatlardan 22 tanesi P aeruginosa,
11 tanesi P stutzeri, yedi tanesi de P mendocina
olarak tanimlanmistir. Suslarin 50 ppm metal iceren
besiyerlerinde 37°C’deki inkiibasyonu sonrasi, lireme
yogunluklarn dogrultusunda her bir metal icin en
direncli bes adet izolat belirlenmistir. Pseudomonas
spp.’ler metal toleranslarinin tespiti amaciyla 50
ppm, 100 ppm, 200 ppm ve 400 ppm kursun ve nikel
iceren ayr besiyerlerinde 24 saat 37°C’de inkiibasyona
birakilarak % olim ve LC50 degerleri hesaplanmistir.
Bu calismanin sonucunda; en direncli suslar Pb (+2)
icin P aeruginosa BK14, Ni (+2) icin P. stutzeri BK23
olarak belirlenmistir. LC50 degerlerinde metal iceren
besiyerlerinde 37°C’de tekrar inkiibasyona birakilan
BK23 ve BK14 suslarinda sirasi ile 10. ve 30. dakikalarda
ve 1, 2, 4, 8, 12, 16, 20 ve 24. saatlerde biyobirikim
deneyleri yapilmistir. Metallerin giderimi, hiicre
ylizeyine adsorbsiyon ve hiicre icine alinim seklinde
gerceklesmistir. P aeruginosa BK14 susu ile 204,30
ppm Pb (+2)’nin %56’s1 hiicre yiizeyinde olmak Ulzere
% 84 giderim; P stutzeri BK23 susu ile 186,21 ppm Ni
(+2)’in %47’si hucre yuzeyinde olmak uzere toplamda
%76 giderim gerceklesmistir.

Sonug: Elde edilen sonuclara gore her iki metal icin
de giderim daha cok hiicre ylizeyine tutunma yolu ile
olmustur. Bu calisma ile ilk defa kursun ve nikele direncli
canli Pseudomonas spp.’ler ile agir metal giderim
mekanizmasi hiicre ylizeyine tutunma ve hiicre icine

alimm seklinde mukayeseli olarak degerlendirilmistir.

Anahtar Kelimeler: Kursun, nikel, agir metal,

Pseudomonas aeruginosa, Pseudomonas stutzeri

Results: 22 identified as P

aeruginosa, 11 were P. stutzeri and seven were P.

isolates were

mendocina After incubation of bacteria strains at
37°C for 24 hours in media containing 50 ppm metal,
the most resistant five isolates were determined for
each metal. For determination of metal tolerances,
Pseudomonas spp. are incubated at 37°C for 24 hours
on separate media containing 50 ppm, 100 ppm, 200
ppm and 400 ppm lead and nickel and the % of death
and LC50 values were calculated. According to results
of this study, it was determined that isolates highest
metal tolerance for Pb (+2) is P aeruginosa BK14
and for Ni (+2) is P stutzeri BK23. Bioaccumulative
assays were performed at 10, 30 minutes and at the
1st, 2nd, 4th, 8th, 12th, 16th, 20th and 24th hours,
respectively. Removal of the metals was carried out
on the cell surface by adsorption and cell uptake.
P. aeruginosa BK14 strain removed 84 % of 204,30
ppm Pb (+2) in total, as which 56 % of on the cell
surface and P. stutzeri BK23 strain removed the 76
% of 186,21 ppm Ni (+2) in total, as which 47 % of on
the cell surface.

Conclusion: According to the results obtained,
the removal of both metals was mostly due to the
attachment to the cell surface. In this study, the heavy
metal removal mechanism with live Pseudomonas
spp-Which resistant to lead and nickel was evaluated
as comparative to cell surface attachment and cell

uptake for the first time.

Words: Lead,

Pseudomonas aeruginosa, Pseudomonas stutzeri

Key nickel, heavy metal,

GIRIS

Su butun canlilar icin hayati oneme sahiptir.
Diinyadaki hizli nufus artisi, endustriyel kuruluslarin
artmas1 ve tanmsal faaliyetler sonucu temiz su
kaynaklarinda ciddi bir
Yapilan arastirmalar bugiinkii kosullarin degismeden

azalma yasanmaktadir.

devam etmesi durumunda, diinyadaki temiz ve
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kullanilabilir su kaynaklarinin tiikenecegini; su
anda dahi diinya nifusunun %40’1m1 barindiran 80
Ulkenin temiz su sikintist cektigini gOstermistir
(1). Ozellikle agir metal endiistrilerinin atiklan ile
topragin ve suyun kirlenmesi, havaya karisan zararli

maddelerin yagmurlarla suya ve topraga karismasi,



evsel atik sularin dogaya karismasi, denize dokiilen
petrol ve kat1 atiklarin artmasi ve buna benzer
bircok ornek, su kirliliginin artik doganin dengesini
bozuyor oldugunun birer kanmtidir. Gelecekteki su
yoksunluguna onlem olmasi ve doganin dengesini
korumak icin, su artiminin verimli sekilde yapilmasi
gerekmektedir. Bircok canli icin toksik olan agir
metallerin atik sudan gideriminde farkli yontemler
(2).

kullanilan ¢oktiirme, buharlastirma, iyon degisimi

kullanlmaktadir Sudan metal gideriminde
ve membran yardimi ile ayirma gibi yontemlerin
pahali ve zahmetli olmasi bu alanda kullanilacak
alternatif cozim arayisina neden olmaktadir (3). Son
yillardaki endustriyel ve teknolojik gelismeler sonucu
ortaya cikan atik maddelerin cevreye olan olumsuz
etkilerini ortadan kaldirmak veya azaltmak icin, atik
maddelerin gideriminde kullanilan klasik yontemler
yerine biyoteknolojik yontemler tercih edilmektedir.
Bu uygulamalar ile atik maddelerin geri kazanimi,
hedefi haline

gelmistir. Bu sekilde; hem endiistriyel atik maddelerin

cevre dostu teknolojilerin temel

biyoteknolojik yontemler ile geri kazanilmasi ve tekrar
ham madde olarak kullanilmasi gerceklestirilecek;
hem de tarim, kozmetik, saglik, petrol endistrisi
ve cevre teknolojisi gibi alanlarda degerlendirilmesi
saglanmis olacaktir (4). Yasayan veya yasamayan

mikroorganizmalar, secici olarak, atik sulardaki
inorganik iyonlar biriktirme ve ayirmada yiksek bir
potansiyele sahiptirler (5). Toprakta ve atik suda
yaygin olarak bulunan Pseudomonas cinsi bakteriler
ise cevre kirliligi bakimindan risk olusturan kirletici
faktorlerin giderimindeki kabiliyetleri sebebiyle
cevre biyoteknolojisine yonelik calismalarda tercih
edilmektedir. Bu calismada da atik su aritma tesisinden
alinan su 6rneklerinin genel florasinda yogun olarak
bulundugu tespit edilen Pseudomonas spp. suslar
ile insanlar ve diger canlilar icin toksik etkiye
sahip olan kursun ve nikel metallerinin giderimi ve
biyobirikim mekanizmalar incelenmis; agir metaller
ile kirlenen sularin canli mikroorganizmalar ile aritim

calismalarina katki saglanmasi amaglanmistir.

GEREC ve YONTEM

izolatlarin Tespiti ve Tamimlanmasi:

Nevsehir Hacibektas Veli Universitesi Fen Bilimleri
Enstitusu bunyesinde yiiksek lisans tezi olarak 2016
Nevsehir Atik
Su Antma Tesisinde bulunan aritma islemlerinin

yiinda gerceklestirilen calismada,

her bir basamagina ait havuzlardan su numuneleri
alinmistir. Numuneler her bir petri kutusuna 1 mL
olacak sekilde dokme plak yontemiyle Pseudomonas
Agar (Merck KGaA) besiyerine ekilmistir. 37 “C’de 24
saat inkubasyon sonrasinda olas1 Pseudomonas spp.
kolonilerinin Nutrient Agar (Merck KGaA) besiyerine
tek koloni yontemiyle ekimi yapilmistir. 37°C’de 24
saat inkiibasyon sonrasinda Gram negatif ve saf oldugu
tespit edilen suslar VITEK 2 Compact 30 (Biomerieux)
cihazinda biyokimyasal olarak tanimlanmistir.

izolatlarin Metal Toleranslarinin Tespiti:

Calisma kursun ve nikel metalleri icin ayn
olarak aynm  yontemlerle yurutulmustir. Mc
Farland cihazi (DensiCHEK™ PLUS, Biomerieux) ile
biyokiitle yogunluklarni 1 (bir) degerine esitlenen
(Nutrient broth, Merck KGaA)

izolatlarin herbiri 50 ppm nikel (Merck Nickel-lI-

sivi  besiyerindeki

chloride hexahydrate) ve 50 ppm kursun (Sigma-
Aldrich Lead-lI- chloride) derisimine 24 saat boyunca
maruz birakilmistir. Kursun ve nikele maruz kalan
izolatlarin biyokiitle yogunluklar inkiibasyon sonrasi
630 nm’de mikroplate okuyucuda (lvyman 2100-c)
tespit edilmistir. Belirlenen degerler ve herbir izolatin
metalsiz olarak aynm1 hacimlerdeki inkiibasyonu
sonrasindaki kontrol ekimlerinin biyokiitle yogunluk
degerleri kullanilarak % 6lim degerleri hesaplanmistir.
Her bir metal icin en direncli bes izolat ile calismaya

devam edilmistir.

Metal
ve LC50

Secilen  izolatlarin  Belirlenen
Derisimlerindeki Direnc Tespiti
Degerlerinin Hesaplanmasi:

En disik olim degerine sahip olan beser izolat
secilerek 50-100-200-400 ppm nikel ve kursun iceren
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besiyeri ortamlarinda 37° C’de 24 saatlik inkiibasyona
birakilmistir. inkiibasyonun 1., 2., 4., 8., 12., 16.,
20. ve 24. saatlerinde herbir izolata ait besiyerinden
numuneler alinarak 630 nm’de mikroplate okuyucu
ile orneklerin biyokiitle yogunluklar olctilmistiir.
Bu degerler ve metalsiz besiyeri ortaminda cogalan
mikroorganizma yogunluk degerleri kullamlarak,
% olim degerleri hesaplanmistir. Canli hiicrelerin
% 50’sini oldiren metal dozlan (LC50), % 95 gliven
sinirlarinda probit analizleri ile tespit edilmistir (6,
7).

En yiiksek LC50 degerine sahip izolat ile calismaya
devam edilmis; biyobirikim deneylerinde bu deger
esas alinarak besiyeri ortamlan hazirlanmistir (8).

Biyobirikim Deneyleri:

Kursun metalinde biyobirikim  ¢alismalan

P aeruginosa BK14 izolat1 ile nikel metalinde
biyobirikim calismalart P stutzeri BK23 izolati ile
yapilmistir. P aeruginosa BK14 izolat1 204,3 ppm
kursun iceren besiyeri ortaminda, P stutzeri BK23
izolat1 186,2 ppm nikel iceren besiyeri ortaminda
37°C’de 24 saat inkiibe edilmistir. Daha 6nce yapilmis
calismalarda canli organizmalar ile metal gideriminin
ilk dakikalarda yogun oldugu belirtildiginden
inkibasyonun 10. dakikasinda, 30. dakikasinda
ve sirast ile 1., 2., 4., 8., 12., 16., 20. ve 24.
saatlerinde besiyeri ortamindan numuneler alinarak
metal birikiminin yeri ve miktar belirlenmistir (9,
10). Biyobirikim deneyleri Matsunaga ve arkadaslan
model alinarak

ile Oztirk S.’nin  calismalan

gerceklestirilmistir (8, 11).
Besiyerinde Kalan Metal Miktar:

Besiyeri ortaminda kalan metal miktarimin tespiti
icin belirtilen saat dilimlerinde, kursun ve nikel icin
hazirlanan kiltur ortamlarindan ornekler alinmis; 10
000 rpm devirde 10 dakika santriftij (Nive NF 048)
edilerek ustte kalan sividan filtre ve dilisyon islemi
sonras1 ICP-MS (Perkin Elmer Nexion 300D) cihazinda

metal tayini yapilmistir.
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Hiicre Yiizeyinde Emilim-Tutunma:

Hicre dis1 birikimi belirlemek icin; santrifij
islemi sonrasinda cokelen hiicrelerin tzerine 1 mL 10
mM EDTA (Merck) cozeltisi eklenerek 2500 devirde
3 dakika vortekslenmis (IKA MS1); hicre yuzeyine
tutunan  metallerin  desorbsiyonu  saglanmistir.
Numuneler 10 000 rpm devirde 10 dakika santrifuj
edilerek Ustte kalan sividan filtre ve dilusyon islemi

sonrast ICP-MS cihazinda metal tayini yapilmistir.
Hiicre icinde Birikim

Hucre icine alinan metal birikiminin belirlenmesi
icin bir onceki asamada santrifiij sonrasinda dibe
coken hiicrelerin uzerine 1 mL 1M HNO3(Merck)
ilave edilerek 2.500 devirde 3 dakika vortekslenmis;
10.000 rpm devirde 10 dakika santrifuj edilmis, Ustte

kalan sividan filtre ve diliisyon islemi sonrasi ICP-MS
cihazinda metal tayini yapilmistir.

istatistiki Analizler

Calismalar sonunda elde edilen veriler SPSS
(Statistical Package for Social Sciences) for Windows
21,0 programi kullanilarak analiz edilmistir. Analizler,
uygun tanimlayici istatistiklerle (sayi, yiizde olarak)
sunulmustur. Tim deneyler iki paralel olarak calisilmis
ve ortalama sonuglar verilmistir.

BULGULAR

Bu calisma icin atik su antma tesisinden alinan
numunelerden 40 adet Pseudomonas spp. izolati
tanimlanmistir. Tanimlanan 40 izolatin 22 tanesinin
P aeruginosa, 11 tanesinin P. stutzeri, 7 tanesinin
de P mendocina oldugu tespit edilmistir. izolatlarin
metale olan direnclerini belirlemek lizere yapilan
calismalarda  kursun icin P aeruginosa BK1, P
aeruginosa BK3, P. aeruginosa BK4, P. aeruginosa
BK14, P stutzeri BK37; nikel icin P. stutzeri BKS,
P aeruginosa BK21, P. stutzeri BK23, P. stutzeri
BK32, P. aeruginosa BK40 metal toleransi acisindan

en direncli izolatlar olmustur.



Buizolatlarile yapilan esit biyokiitle yogunlugunda
ayn besiyerlerinde 50 ppm, 100 ppm, 200 ppm, 400
ppm metal derisimlerindeki inkiibasyon sirasinda 1.,
2., 4., 8., 12., 16., 20. ve 24. saatlerde numuneler
alinarak biyokiitle yogunluklan belirlenmis; % 6lim
degerleri hesaplanmisti. Bu degerler kullanilarak
elde edilen LC50 degerleri Tablo 1’de gosterilmistir.

Busonuclaragore 24 saaticinde mevcut bakterilerin
yarsint oldiren en yuksek kursun konsantrasyon
degerine sahip olan izolat P aeruginosa BK14, nikelde
ise P stutzeri BK23 olmustur. Biyobirikim deneyleri
bu iki izolat ile yapilmistir. Farkli konsantrasyonlarda
nikel ve kursun metaline maruz birakilan bu izolatlarin
% olim degerlerinin zamana gore degisimleri sirasiyla
Sekil 1 ve Sekil 2’de sunulmustur.

Tablo 1. Kullanmlan metallere gore izolatlara ait LC50 degerleri

Kullanilan Metaller izolat LC50 degeri (ppm)
P. aeruginosa BK1 154,06+6,93
P. aeruginosa BK3 147,95+6,11
Kursun P. aeruginosa BK4 181,55+7,93
P. aeruginosa BK14 204,30+9,20
P. stutzeri BK37 174,59+7,74
P stutzeri BK8 133,64:4,18
P. aeruginosa BK21 158,9+6,12
Nikel P stutzeri BK23 186,21+8,43
P. stutzeri BK32 137,96+5,06
P. aeruginosa BK40 129,13+3,81
100 4
90
80
'é 70 ——50ppm
g 60 —#—100ppm
50 -
§ 0 200ppm
20 .'___,l 400ppm
BT T e
10 7~
0 2 4 6 10 12 14 16 18 20 22 24 26 28 30

Zaman(saat)

Sekil 1. Farkli konsantrasyonlarda nikele maruz birakilan P. stutzeri BK23 izolatinin % olum

degerlerinin zamana gore degisimi
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Sekil 2. Farkli konsantrasyonlarda kursuna maruz birakilan P. aeruginosa BK14 izolatinin %

olim degerlerinin zamana gore degisimi

Biyobirikim deneylerinde LC50 degeri esas alinarak
metal iceren besiyerleri hazirlanmistir. 24 saatin
sonunda besiyerine ilave edilen kursun miktarinin %
16’s1 [32,68 ppm Pb (+2)] besiyerinde kalmis, % 84’u
[171,61 ppm Pb (+2)] mikroorganizma tarafindan
giderilmistir. Besiyerinde bulunan metal miktan ilk
on dakika icinde hizla azalmistir. Besiyerine ilave
edilen kursun giderimi iki sekilde gerceklesmistir. ilk
mekanizma olan hiicre yiizeyine adsorbsiyon sirasinda
hiicre ylizeyindeki metal miktarinin % 56’s1 [114,40
ppm Pb (+2)] hucre yuzeyine adsorbe olmustur.
ilk 20 saat boyunca hiicre yiizeyine tutunan metal
miktarinda artma olmus; sonrasinda ise sabit kaldig
tespit edilmistir. Yizeye tutunan metal miktarinin
yansindan fazlast ilk 10 dakika icinde adsorbe
olmustur. ikinci mekanizma olan hiicre icine alinimda
ise absorblanan kursun miktarinda ilk 20 saat boyunca
artis gozlenmistir. Calismanin sonuclarina gore toplam
metal miktarinin % 28’i hicre icine alinmstir. Hucre
icine alimmin yaklasik yarisi ilk yarim saat icinde
gerceklesmistir. biyobirikiminde bolgesel
oranlar Sekil 3’de verilmistir.

Kursun
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Nikel biyobirikimi calismasi icin secilen BK23 P,
stutzeri izolati, 186,21 ppm Ni (+2) konsantrasyonu
iceren besiyerinde 24 saat 37 °C’de inkiibe edilmistir.
Calismada besiyerine eklenen toplam nikel miktarinin
% 24’0 [44,69 ppm Ni (+2)] besiyerinde kalmistir.
Besiyerinde kalan metal miktarinda ilk 16 saatte
azalma gerceklesmis sonrasinda ise sabit kaldig
izlenmistir. ilk on dakika icinde azalma hizli bir sekilde
olurken sonrasinda daha yavas seyretmistir. 24 saatin
sonunda besiyerine ilave edilen nikelin % 47’si [87,51
ppm Ni (+2)] bakteriler tarafindan hiicre yuzeyine
tutunma yoluyla giderilmistir. Adsorbsiyon ilk 16 saat
boyunca artmis; sonra sabit kalmistir. inkiibasyonun ilk
on dakikasinda tutunma oldukca hizlidir. Hiicre icine
nikel alinimi ise inkuibasyonun ilk yarim saatinde daha
hizli gerceklesmistir. 37 “C’de 24 saat inkiibasyonun
ardindan toplam metal miktarinin % 29’u [54 ppm Ni
(+2)] hiicre icine alinmustir. ilk 16 saat alimm devam
etmis; sonra durmustur. Nikel biyobirikiminin bolgesel
oranlan Sekil 4’de gosterilmistir.



B. KELOGLU, S. OZTURK ve S. YALCIN

Sekil 3. Kursun biyobirikiminin bolgesel oranlan

Sekil 4. Nikel biyobirikiminin bolgesel oranlar

TARTISMA

Su hayatin her alaninda temel ihtiyactir ve temiz
su vazgecilmez bir kaynaktir. Tim diinyada oldugu
gibi hizla gelismekte olan lilkemizde de su aritimina
olan gereksinim her gecen giin artmaktadir. Yuzyilin
en onemli konusu olan su yonetimi slrecinde
degerlendirilebilen atik sular aritilmali ve ilgili
yonetmelikler dogrultusunda izin verilen kirlilik
diizeyine eristikten sonra cevreye desarj edilmelidir.

Bu calismada, canlilar icin toksik etkiye sahip
kursun ve nikel metalleri ile atik suda giderim ve
biyobirikim deneyleri yapilmistir. Atik sudan agir

e — Cilt 77 B Say1 3H 2020

@ hcre igi
| hicre yuzey|
O sividakalan

Ohicre ici
B hicre yuzeyi
Osivida kalan

metal gideriminin biyobirikim ile gerceklesmesinde
mikroorganizmalar tercih edilmekte; hizli
tiremeleri, biyokiitle yogunlugunun fazla olmasi
ve olumsuz kosullara olan direncleri sebebi ile de
ozellikle bakteriler kullanilmaktadir. Pseudomonas
cinsi bakteriler ise kirli ortamlarda canliligim
devam ettirebilme kabiliyeti ve urettikleri ikincil
metabolitler ile tercih edilmektedir (12, 13).
Ceylan 0. ve arkadaslanimin (14) Pseudomonas
ve Pseudomonas iliskili cinsler ile 8 agir metal
kullanarak vyaptiklan direnclilik calismasinda da
ifade edildigi Ulzere bu cins bakterilerin sahip
olduklart plazmidler ve hiicre duvar yapilarn gibi
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ozellikleri degerlendirildiginde agir metal giderimi
icin uygun 6zellikte oldugu aciktir.

Metale kalan

metale maruz kalmayanlara oranla daha uzun

maruz mikroorganizmalarin
siire canliigint koruduklar yapilan calismalarda
tespit edilmistir (15). Srinath ve ark. (16), Cr
(VI) ile kirlenmis sulardan bakteri izole etmisler
ve laboratuvar ortaminda bu bakterilerin Cr (VI)
Kirli
ederek tanimladiklari izolatlarin digerlerine nazaran

giderimini incelemislerdir. sulardan izole
kroma daha cok diren¢ gosterdikleri ve bu direncli
izolatlarin krom biyobirikimlerinin de yiiksek oldugu
rapor edilmistir. Sun ve Shao (15), Pasifik okyanusunun
sedimentlerinden izole ettikleri Pb (+2)’ye yuksek
oranda direncli olan Penicillium spp. Psf-2 izolatinin
laboratuvar ortaminda da Pb (+2)’ye yuksek oranda
hiicre ylizeyine ve hiicre icerisine aldigin1 rapor
ederek, agir metal gideriminde metale toleransh
mikroorganizmalarin kullaniminin 6nemli oldugunu
vurgulamislardir. Bu veriler degerlendirilerek atik su
aritma tesisine ulasan kirli sulardan alinan ornekler
ile calisma gerceklestirilmistir. Su numunelerinin on
incelemesinde calismada kullanilan metallerin ve
Pseudomonas spp. suslarinin baskin olarak varliginin
tespit edilmesiyle birlikte, oncesinde metale maruz
kalmis mikroorganizmalar olmalar1 sebebi ile de
calismada tespit edilen metal direncliligi yiiksek
olmustur. P. aeruginosa BK14 izolatinda kursun icin
LC50 degeri 204,30 ppm, P. stutzeri BK23 izolatinda
nikel icin LC50 degeri 186,21 ppm olarak tespit
edilmistir. Yilmaz (17), Synechocystis sp. ile yaptig
calismada , nikel icin LC50 degerini 17,41 ppm,
kursun icin ise 126,90 ppm olarak tespit etmistir.
Gleocapsa spp. ile yapilan calismada ise kursun icin
LC50 degerini 1,16 ppm olarak, Aulosira fertilissima
ile yapilan calismada ise nikel icin LC50 degerini
19). Yapilan

calismalardaki organizmalar ile kiyaslandiginda bu

0,1 ppm olarak bulmuslardir (18,

calismada kullanilan Pseudomonas cinsinin metale
direncliliginin daha fazla oldugu gorilmustiir.
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Yilmaz (17) ve Oztiirk (8)’iin  Synechocystis sp.
ile yaptig1 calismalarda Ni (+2)’in % 51 oraninda
hiicre ylzeyine, Pb (+2)’nin % 68 oraninda hiicre
yiizeyine baglandigi

gosterilmistir.  Bu sonuclar

degerlendirildiginde, calismalarda kullanilan
organizmalar farkli olsa da kursunun hiicre yuzeyine
adsorbsiyonunun nikele oranla daha fazla olmasi,
organizmalarin hiicre duvarinda ortak bulunan
fonksiyonel protein gruplarinin Pb (+2) iyonuna
Clink

metal

baglanma yetenegi ile iliskilendirilebilir.

metabolizmadan bagimsiz olarak agir
katyonlan ile hiicre duvan arasindaki etkilesimle
bakir, nikel, krom, kursun, cinko ve kobalt gibi
bircok metalin toplandig1 yapilan calismalar ile

ortaya konmustur (20).

Metallerin hiicre zarindan tasinarak hiicre icinde

birikmesi, mikroorganizmanin metabolizmasina
bagli bir biyosorpsiyon yoludur (20). Bueno ve ark.
(20), Rhodococcus opacus’u kursun, krom ve kobalt
metallerine maruz birakarak, metallerin hiicre
Uzerine etkisini elektron mikroskobu ile incelemisler
ve hiicrede bulunan elementlerin analizlerini
yapmislardir. Element analizlerinin sonuclarina gore
kontrol hiicrelerinde tespit edilen K (potasyum)
elementine metale maruz kalan hiicrelerde
rastlanilmamistir. Hicre ylizeyinde bulunan K’nin
metallerle yer olabilecegini

degistirmis rapor

etmislerdir. Bu calismada, kullanilan metallerin
hiicre icine alinimi, hiicre ylzeyine tutunumu ve
besiyerinde kalan miktarlan karsilastinlmistir. Buna
gore kursun metalinin hiicre yilizeyine tutunumu
da , hiicre icine alinimi1 da nikele oranla daha fazla
olmustur. Acar (21)’in  Desmodesmus armatus
ile yaptig1 calismada da sucul ortamda kursun
gideriminin nikele gore daha fazla oldugunu tespit
etmistir. Bu veriler dogrultusunda Pseudomonas
spp.’nin hicre yiuzeyinde bulunan proteinlerin
kursun metaline afinitesinin nikele oranla daha
yiiksek oldugu ya da Pb (+2) iyonlarinin daha 6nce

yapilan calismalarda oldugu gibi hiicrede bulunan



elementlerle yer degistirdigi soylenilebilir. Bununla
birlikte hiicre icine alinimin hicre yiizeyine tutunma
ile paralellik gosterdigi sonucuna da varilmistir.

Biyosorpsiyonda onemli cevresel etkenlerden
biri

uzaklastirilmasinda ve metal-canli etkilesmesinde

ortamin  pH degeridir. Agir metallerin
optimum pH degerinin tespit edilmesinin Gnemli
(21).

pH degeri

oldugu bildirilmistir Calismada kullanilan

besiyeri ortaminin kursun iceren
cozeltide 6,5, nikel iceren cozeltide 6 olarak tespit
edilmistir. Acar (21), yaptig1 calismada kursun
iceren kiiltlirlerde pH degerinin 6-7 arasinda oldugu
giinlerde Desmodesmus armatus’un kursunu tutma
kapasitesinin %25 oraninda arttigin1 saptamistir. Bu
calismada elde edilen sonuglar degerlendirildiginde,
uygun pH degerinin saglanmis olmasinin yiiksek metal

tutunumunu olumlu etkiledigi diistinilmektedir.

Metal dikkat
onemli bir faktor de zamandir. Yapilan calismalar
hizl
yuzeyindeki

aliniminda edilmesi gereken

baslangicta metal aliniminin oldugunu;

sonrasinda biyosorbent doygunluk
10).

Doygunluk, biyokitle artisi ile metal baglanma

nedeniyle yavasladigini  gostermistir (9,

bolgelerinin  biribirinin  lizerine gelmesi veya

agregasyon olusturmasindan kaynaklanmaktadir
(22). Ancak, bu durum metalin ve mikroorganizmanin
cesidine ve mikroorganizma yuzeyinde bulunan
metal baglanma bolgelerinin cesidine ve sayisina
gore farklilik gostermektedir. Bu calismada, kursun
metalinin hiicre ylizeyine adsorplanan miktarinin (%
56’s1nin) yaridan fazlasi (% 34’4) ilk 10 dakika icinde
hiicre yuzeyine tutunmustur. Nikel metalinin de ilk
10 dakika icinde % 27’si hucre yiizeyine tutunmustur.
hizl

biyokutlenin atik sularin artiminda kullanilabilmesi

Yapilan bir calismada, metal aliniminin
icin en onemli kriter oldugu bildirilmistir (23). Bu
calismada yer alan Pseudomonas spp.’nin hizli
metal adsorpsiyonu ve absorpsiyonu avantajlan ile
aritim ¢alismalarinda kullamim icin uygun oldugu

soylenebilir.

Hucre yuzeyine tutunmada hicre

duvarinda bulunan fonksiyonel gruplarin ve
ekzopolisakkaritlerin (EPS) onemli bir rolii oldugu
bilinmektedir. Toksik maddelere ve kurumalara kars1
bakterileri koruyan EPS Uretimi topraktan izole
edilen Pseudomonas spp.’lerde calisilmis ve EPS
ureten bu mikroorganizmalarin toksik bilesiklere
yiiksek toleransi ve direncinin secici avantajlar
sagladigina dikkat cekilmistir (24, 25). Yalcin (26) ,
atik sudan izole edilen Pseudomonas spp. suslarina
5 ppm ve 15 ppm araliginda uygulanan Cr(VI)
konsantrasyonlarindaki artis ile EPS uretiminin de
arttigin1 bildirmistir. Raungsomboon ve ark. (18),
Gleocapsa gelatinosa’min EPS’sini saflastirarak Pb
(+2) giderimini arastirmislar ve EPS’nin monomer
yapisin1 aydinlatmislardir. Buna gore ksiloz, riboz,
ramnoz, galaktoz, glikoz, mannoz ve fruktoz
sekerlerinden olusan EPS yapinin yiksek oranda
Pb (+2)’u adsorbladigin1 bildirmislerdir. Bu veriler
dogrultusunda calismada kullanilan Pseudomonas
spp. suslarinda yiiksek metal tutunumu ile birlikte
EPS Uretiminin de arttig1 ve bu durumun P. aeruginosa
BK14 ve P stutzeri BK23 izolatlarinin secilimdeki

avantajlarindan biri oldugu sonucuna varilabilir.

Metalin hiicre icerisine alinnminda ise disik

molekiiler agirlikli tiyoller ve aktif transport
mekanizmasinin da rol oynadigi rapor edilmistir
(22, 26). Diger bir hiicre ici alimm seklinin de
metallotiyonein gibi selatlayici proteinlere tutunarak
endositoz yolu ile alimm oldugu gosterilmistir
(24, 25). Biyobirikim mekanizmalarinin kullanilan
mikroorganizma ve metal cesidine gore degistigi
bircok arastirnici tarafindan ifade edilmistir (23). Bu
calismada, Pseudomonas cinsi bakterilerin metal
iyonlarimin hiicre icine alimmin1 gerceklestirmis
olmasi, hicre duvarinda bulunan ve endositozdan
sorumlu proteinlerin Pb (+2) ve Ni (+2)’e olan

baglanma kabiliyetlerini géstermektedir.

Sonuc olarak, suyun kullanildiktan sonra geri

donlsiimiiniin her gecen giin onem kazanmasiyla
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birlikte, evsel ve atik  sularin

mikroorganizmalar yardimiyla aritim prosesinde

enduistriyel

Pseudomonas spp.’lerin degerlendirilmesi icin uygun
potansiyele sahip olduklari; tutulan metallerin geri
eldesinin mimkiin olmasinin endustriyel acidan fayda
saglayacag disiinilmektedir. Yapilan calismalarda,
agir metal iyonlarinin cgesitli mikroorganizmalarca
biyobirikimi degisik tiirlerden bakteriler, algler,
mantarlar ve mayalar kullanilarak yapilmistir (16,
27). Daha oncesinde metale maruz kalmis ve bizzat
atik suyun kendi florasindan elde edilen, bu sebeple
etkin verim saglayacagi disiiniilen Pseudomonas spp.
ile yapilmis, nikel ve kursun giderimi ve biyobirikim
mekanizmasinin arastirildigi bu calismanin oncii ve
onemli calismalar arasinda yer aldig1 soylenebilir.
Metallerin izolatlardaki birikim bolgelerinin tespiti

TESEKKUR

ve birikim miktarlar, metallerin geri donisumu
prosesi icin de dnemli bir gosterge niteligindedir.
Bu calisma ile, ulusal ve uluslararasi platformlarda
yurutulen su yonetimi politikalarinin atik su
aritimi ile ilgili olan calismalarina katki saglandigi

dusunulmektedir.

Yapilan deneysel ve istatistiksel calismalar

sonucunda, agir metallerin mikroorganizmalarca
gideriminin miimkiin oldugu ve en ¢ok hiicre yiizeyine
tutunma yolu ile giderimin gerceklestigi, oncesinde
metale maruz kalan organizmalarin bu konuda etkin
olduklan tespit edilerek, P. aeruginosa BK14 ile P.
stutzeri BK23 izolatlarinin hizli metal tutunumu
ozellikleri nedeniyle de atik sudan agir metal
gideriminde etkin bir sekilde degerlendirilebilecegi

dusunulmektedir.

Bu calismaya olan katki ve destekleri icin Nevsehir Hacibektas Veli Universitesi Fen Bilimleri Enstitisi,

Nevsehir Atik Su Aritma Tesisi ve Nevsehir Halk Sagligi Laboratuvan yetkililerine tesekkir ederiz.
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Sanitation control of some equipments used in poultry
slaughterhouse line

Nilgiin CETINKAYA!, Gokhan Kiirsad iNCIiLi', Ali ARSLAN'

ABSTRACT

Objective: Microbial contamination of chicken meat
varies depending on various processes applied during
production, slaughtering and processing. This study was
carried out to investigate the effectiveness of sanitation
(cleaning+disinfection) implemented in a commercial

poultry slaughterhouse in Elaz1g.

Methods:

defeathering machine fingers, outlet band of water

For this purpose, swab samples from

cooling tank, outlet band of air cooling and end product
band of diet department were taken to analyze the
number of total mesophilic aerobic bacteria (TMAB),
coliforms, Enterobacteriaceae and the prevalence of
Salmonella spp. before sanitation and at the 20 and 30

minutes after sanitation process.

Results: Total mesophilic aerobic bacteria numbers
of the samples taken from fingers of mechanical
defeathering machine before sanitation and at the 30
minutes after sanitation process were 5.69+0.83, and
4.64+0.83 log10cfu/cm2, and the differences between
before and after sanitation were significant (p <0.05).
In addition, it was determined that the differences of
the total mesophilic aerobic bacterica counts between

before and after sanitation in the water cooling

OZET

Amag: Tavuk etinin mikrobiyal kontaminasyonu
tiretim, isleme ve kesimhane asamalarina bagl olarak
degisiklik gostermektedir. Bu calisma, Elazig’da bulunan
ticari bir kanatli kesimhanesinde uygulanan sanitasyon
(temizlik+dezenfeksiyon) isleminin etkinligini incelemek

amaciyla yapildi.

Yontem: Bu amacla mekanik tiy yolma makinesi
parmaklari, su sogutma tanki c¢ikis bandi, hava
sogutma cikis bandi ve diyet bollimi son driin dizme
bandinda sanitasyon oncesi, sanitasyon sonrasi 20.
ve 30. dakikalarda swap ornekleri alinarak toplam
mezofilik aerob bakteri, koliform grubu bakteri
ve Enterobacteriaceae sayilan ile Salmonella spp.

prevalansi yoniinden arastirildi.

Bulgular: Sanitasyon oncesi ile sanitasyon sonrasi
30. dakikalarda toplam mezofilik aerob bakteri
sayilarinin tily yolma parmaginda sirasiyla; 5,69+0,83,
ve 4,64+0,83 log10 kob/cm? oldugu ve sanitasyon
oncesi ile sonrasi arasindaki farkin onemli oldugu
tespit edilmistir (p<0,05). Ayrica, toplam mezofilik
aerobik bakteri sayilarinin su sogutma ¢ikis bandinda,
hava sogutma cikis bandinda ve diyet bolimii son

urin bandinda sanitasyon oncesi ile sonrasi arasindaki
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outlet band, air cooling outlet band and the diet
product final product band were significant (p<0.05).
Enterobacteriaceae numbers of the samples taken from
fingers of mechanical defeathering machine before
sanitation and at the 20 and 30 minutes after sanitation
process were 4.00+2.09, 2.43+0.58 and 3.27+0.69 log10
cfu/cm?, in the samples taken from outlet band of water
cooling tank were 2.74+0.82, 1.47+1.35 and 0.32+0.86
log10 cfu/cm?, respectively. Coliform bacteria number
of the samples taken from end product band of diet
department before sanitation and at the 20 min after
sanitation process were 2.44+0.81 and 1.65+1.43 log10
cfu/cm?, respectively, no coliform bacteria was detected
at the 30 min after sanitation process. The prevalence of
Salmonella spp. in the samples taken from defeathering
machine fingers before sanitation and at the 20 and 30
minutes after sanitation process were 66.67%, 33.33%
and 16.67%, respectively. Salmonella spp. was detected
in 8.33% of the samples taken from outlet band of water
cooling tank and air cooling. Salmonella spp. was not
detected in the samples taken from the end product

band of diet department at any time.

Conclusion: As a result, it can be speculated that
the cleaning and sanitation process implemented in
the related establishment is satisfactory, however,
extending shelf life of the products and eliminating the
poultry meat-borne pathogenic microorganisms that
threaten public health, performing better sanitation

process may be recommended.

Key Words: Enterobacteriaceae, Salmonella spp.,

sanitation, slaughterhouse, poultry

farkin 6nemli oldugu tespit edilmistir (p<0,05).
Enterobacteriaceae sayisi sanitasyon oncesi ve sonrasi
20. ile 30. dakikalarda tily yolma parmaginda sirasiyla;
4,00+2,09, 2,43+0,58 ve 3,27:0,69 log10 kob/cm?, su
sogutma ¢ikis bandinda sirasiyla; 2,74+0,82, 1,47+1,35
ve 0,32+0,86 log10 kob/cm? olarak tespit edildi. Diyet
bolumi son uriin bandinda sanitasyon oncesi ve sonrasi
20. dakikada sirasiyla; 2,44+0,81, 1,65+1,43 log10 kob/
cm? olarak saptanirken sanitasyon sonrasi 30. dakikada
koliform grubu bakteriye rastlanmadi. Salmonella spp.
prevalansi ise sanitasyon oncesi tily yolma parmaginda
orneklerin  %66,67’sinde, sanitasyon sonrasi 20.
dakikada %33,33’iinde ve 30. dakikada orneklerin
%16,67’sinde, sanitasyon oncesi su sogutma cikis ve
hava sogutma cikis bantlarinda orneklerin %8,33’linde
Salmonella spp. tespit edildi. Diyet bolumu son urin
bandinda ise hicbir asamada Salmonella spp. varligina

rastlanmadi.

Sonug: Sonu¢ olarak, daha iyi bir hijyenin
saglanmasi, uretilen drlinlerin daha uzun raf émriine
sahip olmasi ve kanatli eti kaynakli halk sagligimi
tehdit edici mikroorganizmalari elemine etmek
icin sanitasyonun daha etkili bir sekilde yapilmasi

onerilebilir.

Anahtar Kelimeler: Enterobacteriaceae,

Salmonella spp. kanatli, kesimhane, sanitasyon

INTRODUCTION

Microbial contamination of chicken meat vary of poultry meat. These factors include water, air,
depending on various processes applied during breeding conditions, transport, slaughterhouse
production, slaughtering and processing (1, 2). Inspite  process, packaging, and distribution conditions (3).
of slaughtering hygiene, contamination of poultry Due to the factors effecting on poultry microflora,
meat with microorganisms can not be completely poultry and poultry meat can contain numerous and
prevented. Many factors influence the microflora various microorganisms. Among these microorganisms,

302 Turk Hij Den Biyol Derg



pathogenic bacteria such as Salmonella spp., Listeria
monocytogenes, Bacillus cereus, Escherichia coli,
Clostridium spp. may be present (4, 5). Many studies
have shown that Salmonella spp., Campylobacter,
Staphylococcus aureus and pathogenic Escherichia
coli strains are the main responsible microorganisms
of chicken meat-borne infections (6-9).

The only one possibility of extending the shelf life
of fresh chicken meat and inactivating pathogenic
the
appropriate hygiene and sanitation program during

microorganisms is implementation of an
operation. For this purpose, a number of studies have
been carried out on the sanitation applications at
different stages of the slaughter process. It has been
reported that the hygiene and sanitation processes
which are applied according to the product flow chart
in the slaughtering process can reduce or increase the
level of microorganisms on the final products (10-12).
The prevelance of Salmonella and Campylobacter are
found to be increased in the carcasses, especially
after carcass cooling process, and it was reported
that this increase is caused by cross contamination
(13). The disinfectants which are applied to prevent
cross-contamination in many slaughterhouse differ,
due to their application dose and effictiveness. It is
emphasized that sanitization applications are applied
at more than one point (defeathering, crop removal,
inner-outer bird washing, pre-cooling) or only in the
last stage of the slaughtering process in the forms
of immersion (pre-cooling water) or spraying (air
cooling) (9, 14).

There are many chemical substances which

antimicrobial effects have been investigated,
and their effectiveness have been compared in
many studies (6- 8, 11, 15). The most commonly
used chemicals are organic acids (13), trisodium
(15), (11),
acidified sodium chloride (6), acetic acid (9), and
(16). The

effect of the used chemical substances depends

phosphate chlorinated disinfectants

cetylpyridiniumchloride antimicrobial

on disinfectant, concentration, pH, temperature,

application time and application method. Applied
chemical substances generally have a capacity of
reducing Salmonella spp. up to 2-3 log10 (9). Although
there are many studies in the literature conducted on
the microbial quality of poultry carcasses and carcass
(17-22),
of studies regarding the efficacy of disinfectant

parts there have been limited number
application on surfaces which have directly contact
with the carcasses or carcass parts.

The present study was conducted to investigate
the antimicrobial effect of the sanitation process,
performed in a commercial slaughterhouse, on rubber
fingers of mechanical defeathering machine, outlet
band of water chilling tank, outlet band of air cooling
band and the final product band.

MATERIAL and METHOD

Cleaning and Disinfection Process Applied in
Slaughterhouse

The cleaning-disinfection operations in the
slaughterhouse where the samples were taken,
start with the physical cleaning using pressurized
hot water at 50-60 °C. Subsequently, detergent
(alkaline foam cleaning product at minimum 2% (v/v)
concentration) is added to the system by automatic
dispensing system and then foam application is
performed. Afterwards, the brushing process is
performed manually (minimum 20 minutes), and the
cleaning step is completed by washing with hot water
at 50-60 °C. Disinfection is applied after the cleaning
phase. For disinfection application, at least 0.2%
(v/v) solution of a commercial disinfectant containing
minimum 30% (v/v) hydrogen peroxide solution, is
prepared and applied to the defeathering machine by
manually.

The disinfectant used for the outlet band of water
chilling, outlet band of air cooling, and final product
bands is prapered at minimum 2% (v/v) concentration
by using a commercial disinfictant including C12-
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C14-alkyldimethyl (quaternary salt and amphoteric

substance), disodium tetraborate decahydrate,
betains, quaternary ammonium alkaloids, quaternary
N-(3-aminopropyl),

dodecylpropane-1,3-diamine (amine functionalized

salt and amphoterine,
biocidal amine effective against Gram negative and
Gram positive bacteria) , and applied. Approximately
45 minutes after the disinfection process, rinsing
is carried out using pressurized hot water at 50-60
°C. The qualitative residue control of disinfectants
which are applied during slaughterhouse sanitation is

carried out using test strips.

Samples Collection

Swab samples were collected from 4 different
points including defeathering machine fingers (DF),
water chilling outlet band (WC), air cooling outlet
band (AC) and final product band (diet section) (DS)
(before sanitation and at the 20 and 30 minutes after
sanitation process). In a total 36 samples (4 sampling
point x 3 samples for each sampling points x 3 sampling
times) were collected in each sampling day, The study
was repeated 4 times and a total of 144 swab samples
were examined.

Samples were taken from 10x10 cm2 area of the
water chilling tank outlet band, air cooling outlet band
and diet section by swab method. Swab samples of the
mechanical defeathering machine were taken from the
rubber fingers (~137 cm2). Total number of mesophilic
(TMAB),
coliform group bacteria counts, and Salmonella spp.

aerobic  bacteria Enterobacteriaceae,

prevalance were determined.
Microbiological Analysis

Plate Count Agar medium (PCA) (Merck, Darmstadt/
Germany) was used for total mesophilic aerobic
bacteria counts, and petri plates incubated at 35 °C
for 24-48 hours. Colonies were counted at the end of
the incubation period (23). Violet Red Bile Dextrose
Agar (VRBD) (Merck, Darmstadt/Germany) medium
was used to detect count of Enterobacteriaceae. After
the first layer of medium solidification, the second

Turk Hij Den Biyol Derg

layer of VRBD was added to the petri plates and plates
were incubated at 37 °C for 24 hours. At the end of
the incubation period, colonies with a red color of 1-2
mm in diameter and a ring shape around them were
evaluated as a suspect colony of Enterobacteriaceae. At
least 5 of the suspected colonies were taken and tested
for oxidase and then total numbers were determined
(24). Violet Red Bile Agar (Merck, Darmstadt/Germany)
medium was used for coliform bacteria counts and
petri plates were incubated for 24 hours at 37 °C. After
the incubation period, all red colored colonies in petri
dishes were counted as coliform bacteria (25).

Salmonella spp. samples were analyzed with the Mini
Vidas at the slaughterhouse laboratory. For Salmonella
spp. analysis the samples were taken with sterile
sponges (10x10 cm2, sponges weight approximately
25 g). Sponges were incubated at 41.5 °C for 18-24
hours in 225 ml buffered peptone water containing 1
ml Salmonella supplement (Biomerieux, France) for the
pre-enrichment step. After the pre-enrichment step,
0.5 ml of samples were added to the wells of the Vidas
up Salmonella test kits and heated on the Vidas heat&go
for 5 minutes. Subsequently, the results were evaluated
after 48 minutes. Manufacturer’s guidelines were
followed during Salmonella spp. analysis (BioMerieux,
France).

Statistical Analysis

In this study,
converted to log10 cfu/cm2 and statistical analyzes
were performed. For this purpose, conformity to the

the microbiological data were

assumption of normality from the prerequisites of the
parametric tests was performed using the Shapiro-
Wilk test and the homogeneity of the variances were
checked with the Levene "test and then parametric
tests were used. Analysis of variance (ANOVA) test
was performed determine the differences between
the groups and post-hoc Tukey test was used for
comparisons of the groups. The Kruskall Wallis test was
used for the analysis of variance of the groups with no
normality assumption, and pairwise comparisons of the
groups were evaluated with the Mann Whitney U test.



All statistical analyzes were performed using the SAS
(Statistical Analysis System) package program (26). The
statistical significance level was accepted as p<0.05.

RESULTS

Total Mesophilic Aerobic Bacteria (TMAB)
Results

The TMAB counts on the defeathering machine
fingers were 5.69, 4.55, and 4.64 log10 cfu/cm2
before sanitation, 20 min and 30 min after sanitation,
respectively (Table 1). The differences between TMAB
counts before, 20 and 30 min after sanitation were
significant (p<0.05). The differences in TMAB number
before and after sanitation on the water chilling
outlet band were not significant (p>0.05). TMAB
counts on air cooling outlet band were significant
between before and 20 and 30 min after sanitation
(p<0.05). In the diet section, the difference between
before sanitation and 20 minutes after sanitation was
insignificant (p>0.05), while the difference between
before sanitation and 30 minutes after sanitation was
significant (p<0.05).

Before sanitation, the differences between the
TMAB counts of defeathering machine fingers and
other sampling points were significant (p<0.05). A

significant difference was found between the water
chilling and air cooling outlet bands, while there were
not found any differences between the water chilling
and air cooling outlet bands at 20 minutes after the
sanitation (p<0.05). 30 min after sanitation, the TMAB
numbers were 4.64 log10 cfu/cm2 in defeathering
machine fingers, while the water chilling output,
the air cooling output and the diet section final
product bands were 0.47, 0.19, and 0.09 log10 cfu/
cm2, respectively. The differences between the
defeathering stage and other sampling points were
significant (p<0.05).

Enterobacteriaceae Results

The difference between pre-sanitation and 20
min post-sanitary counts of Enterobacteriaceae was
statistically significant (p<0.05), while the difference
between before sanitation and 30 min after sanitation
was insignificant (p>0.05). The difference between
before sanitation, 20 and 30 min after sanitation in the
water chilling outlet band was significant (p<0.05).
Enterobacteriaceae counts in the air cooling outlet
band, before sanitation and 20 min after sanitation
were 2.60, 1.46 log10 cfu/cm2 respectively, while

Table 1. The mean numbers of total mesophilic aerobic bacteria of the swab samples (log10 cfu/cm2+SD), (n: 12)

Sampling Time (min)

Sampling Before
20 min After Sanitation 30 min After Sanitation
Points Sanitation
DF 5.69+0.83% 4.55+1.22% 4.64+0.83>
wC 0.32+0.86Y 1.91£1.65> 0.47+0.93%
AC 3.45+0.5> 1.52+1.64> 0.19+0.38"
DS 3.03+0.4> 3.11+2.13% 0.09+0.31%

abc: The numbers in the same column with the different letters are significantly different (p<0.05).

xyz: The numbers in the same row with the different letters are singinicantly different (p<0.05).

DF: Defeathering machine fingers; WC: Water chilling outlet band; AC: Air chilling outlet band; DS: Diet section.
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Enterobacteriaceae was not detected 30 min after
sanitation. The differences between before and after
sanitation (20 and 30 min) were significant (p<0.05).
The differences between 20 min and 30 min after
sanitation in diet section was significant (p<0.05).

Although, Enterobacteriaceae counts differences
between the defeathering machine fingers and
water chilling output band were insignificant
(p>0.05), it was found that the differences among
the defeathering machine fingers and other sampling
points were significant (p<0.05). It was determined
that the difference between sampling points 20 min
after sanitation was not significant (p>0.05) and 30
min difference between defathering machine fingers
and other sampling points was significant (p<0.05)

(Table 2).

Coliform Bacteria Results

Coliform bacteria counts in the defeathering
machine fingers were found as 4.16, 2.72, and
3.37 log10 cfu/cm2 before sanitation, 20 min after
sanitation, and 30 min after sanitation, respectively.
Coliform bacteria count differences between before
sanitation and 20 min after sanitation on defeathering
(p<0.05). The
differences among before sanitation, 20 min, and

machine fingers were significant

30 min after sanitation on the water chilling outlet

band were significant (p<0.05), while the differences
on the air cooling outlet band were insignificant
(p>0.05).
sanitation and 20 min after sanitation in the dietary

The difference between the before

section final product line was insignificant (p>0.05).
However, the difference between before sanitation
and 30 min after sanitation was significant (p<0.05).
The differences among the defeathering step and
other sampling points were significant before and 30
min after sanitation (p<0.05) (Table 3).

Salmonella spp. Results

While 30 min after sanitation Salmonella spp.
was not found in the diet section outlet band and
air chilling outlet band, Salmonella spp. prevalances
before sanitation in defeathering machine fingers,
water chilling outlet band and air cooling outlet band
were found as 66.67%, 8.33% and 8.33%, respectively.
20 min after sanitation, Salmonella spp. prevalence
in defeathering machine fingers was found as 33.33%,
while on water chilling, air cooling and diet section
were not detected. The prevalances of Salmonellaspp.
in defeathering machine finger and water chilling
outlet band 30 min after sanitation were found as
16.67% and 8.33%, respectively. Salmonella spp. was
not detected on the air cooling outlet band and the
diet section (Table 4).

Table 2. The mean numbers of Enterobacteriaceae of the swab samples (log10 cfu/cm2+SD), (n: 12)

Sampling Time (min)

Sampling Before
20 min After Sanitation 30 min After Sanitation
Points Sanitation
DF 4.00£2.09% 2.43+0.58¥ 3.27+0.69>v
wcC 2.74+0.82% 1.47+1.35% 0.32+0.86
AC 2.60+0.49° 1.46+1.46Y 0.00+0.00
DS 2.57+0.86 1.55+1.36% 0.00+0.00

ab: The numbers in the same column with the different letters are significantly different (p<0.05).

xyz: The numbers in the same row with the different letters are singinicantly different (p<0.05).

DF: Defeathering machine fingers; WC: Water chilling outlet band; AC: Air chilling outlet band; DS: Diet section.
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DISCUSSION

This study was conducted to investigate the
effectiveness of the sanitation (cleaning + disinfection)
treatment applied in poultry slaughterhouses with
the samples taken from steps with different levels
of pollution, which can be the source for cross
contamination in slaughterhouses. Although there
are many studies on poultry meat, carcass parts and
decontamination materials (6-8, 11, 15, 17-22), a very
limited number of literature regarding effectiveness
of sanitization are available. Results of these studies
summarized below.

Rasschaert et al. (27) the

slaughtering process for Salmonella contamination

investigated

in 3 different broiler slaughterhouses located
in Belgium and applying the same production
procedure. There had been analysed samples for
Salmonella spp. which were taken one hour before
the starting slaughter and a few hours after the
cleaning-disinfection

process from defeathering

machine, which was selected as an important
equipment for contamination, and it stated that the
defeathering machine was risky for Salmonella spp.
contamination. They detected Salmonella spp. in the

first slaughterhouse, 24 samples were tested and 17

Table 3. The mean numbers of coliform bacteria of the swab samples (log10 cfu/cm2+SD), (n: 12)

Sampling Time (min)

Sampling Before
20 min After Sanitation 30 min After Sanitation
Points Sanitation
DF 4.16+1.53 2.72+0.55¥ 3.37x0.75%
wcC 2.76+0.59> 1.40+1.442>y 0.46+1.00>
AC 0.47+0.93~ 0.99+1.35> 0.00+0.00>
DS 2.44+0.81 1.65+1.432> 0.00+0.00>

abc: The numbers in the same column with the different letters are significantly different (p<0.05).

xy: The numbers in the same row with the different letters are singinicantly different (p<0.05).

DF: Defeathering machine fingers; WC: Water chilling outlet band; AC: Air chilling outlet band; DS: Diet section.

Table 4. Salmonella spp. prevalences of the swab samples (%) (Positive samples/Total samples), (n: 12)

Sampling Time (min)

Sampling Before
20 min After Sanitation 30 min After Sanitation
Points Sanitation
DF 66.67% (8/12) 33.33% (4/12) 16.67% (2/12)
wC 8.33% (1/12) 0.00% (0/12) 8.33% (1/12)
AC 8.33% (1/12) 0.0%0 (0/12) 0.00% (0/12)
DS 0.00% (0/12) 0.00% (0/12) 0.00% (0/12)

DF: Defeathering machine fingers; WC: Water chilling outlet band; AC: Air chilling outlet band; DS: Diet section. |
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(70.83%) of them received from the clamps, conveyor
belts and wheels of the defeathering machine, from
the fingers and between the fingers were positive in
means of Salmonella spp., in the 2nd slaughterhouse
12 samples were tested and 7 (58.3%) of them taken
from out of the bands among the conveyor belt,
wheels and fingers were positive. Salmonella spp.
was not detected in the samples taken from the third
slaughterhouse. They emphasized that transport
vessels and the slaughterhouse environment could
also be contamination source for the final products.
In our study, Salmonella spp. was detected in 66.7%
of the samples taken from the defeathering machine
in pre-sanitation stage.

In a study conducted in the poultry slaughterhouse
in South Africa 7.7 log10 cfu/cm2 TMAB count was
reported on the defeathering machine fingers (28). In
this study, TAMB was found 5.69 log10 cfu/cm2 before
the sanitation. The reason of the lower number of
detected TMAB, because of the differences in the
sampling methods between the studies, and the
poultry slaughtered at different times also may have
different microbial loads.

Geornaras et al. (28), was found the number of
TMAB more than 6 log10 cfu /25 cm2 and the number
of Enterobacteriaceae more than 4 log10 cfu/25 cm2
in swabs taken from a band in the packaging section.
In our study, the TMAB numbers of the 2 different
bands (air cooling and final product bands) in the
packaging area of the slaughterhouse were 3.45 and
3.03 log10 cfu/cm2 respectively; while the number
of Enterobacteriaceae were 2.60 and 2.57 log10 cfu/
cm2, respectively.

Arnold (29) determined the number of TMAB in
the rubber fingers of three different slaughterhouse
as 2.98 log10 cfu/cm2 for the first slaughterhouse,
3.70 log10 cfu/cm2 for the second slaughterhouse,
and 5.57 log10 cfu/cmz2 for the third slaughterhouse.
In our study, number of total mesophilic aerobic
bacteria were detected as 5.69 log10 cfu/cm2 at the
defeathering machine finger. The number of total

Turk Hij Den Biyol Derg

mesophilic bacteria that was found in the other two
slaughterhouse by Arnold (29) were considerably
lower than our findings, although there is a similarity
between the TMAB count of the third slaughterhouse
and the number of TMAB counts we found in our
current study.

Abu-Ruwaida et al. (30) investigated the microbial
contamination of equipment and containers in two
different poultry slaughterhouse in Kuwait and found
that in the first and second slaughterhouse of 10-20
cm2 of chicken pick-up band, one of the surfaces
chosen from packaging area had 5.4 and 5.3 log10
TMAB, respectively. In the present study, 3.45 log10
TMAB were detected in each cm2 in the swab result
of pre-sanitation from the air-cooling outlet band.
The reasons of the differences between these studies
and our findings, may be the sampling method, the
water temperature used in scalding, the chemical
decontaminants added to the scalding water, the
duration of scalding, the outer surface pollution
ratings of the poultry, the amount of water entering
the water chilling tanks, the type and amount of
disinfectants used in the water chilling, the cleaning,
disinfection, and hygiene program applied in the
slaughtering process.

In this study, the number of microorganisms
detected in samples that were taken at 20 and 30
min after sanitation in the same places were higher
than the pre-sanitation values, this can be due to
cracks, deformations or roughness of the fingers or
finger surfaces where swabs were taken. Effective
sanitation does not take place in these areas due
to the fact that both sanitary and disinfectant
substances can not sufficiently affect in these sites.
There is no criteria for hygienic condition of tools
and equipments in the Turkish Codex Alimentarius,
Regulation on Microbiological Criteria Annex-2
In production hygiene criteria (31), there is only
microbial criteria for broiler and turkey carcasses.
However, in our study, it was determined that the
Salmonella spp. prevalence reduced as passing from



the dirty area to the clean area, and it was evaluated
as a positive result that Salmonella spp. was not
detected in the final product band.

the
environment after the cleaning process can multiply

In  conclusion, microorganisms  from
rapidly in the food production enterprises and cause
contamination in the next production. In addition to,
some of the microorganisms during cleaning process
can be removed by the water and spreaded to other
surfaces. For this reason, a disinfection process
must be performed after the cleaning process. The
disinfection process, must completely destroy or
reduce level of microorganisms that do not cause
harmful effects. Equipment, tools, conveyor belts
etc. used in operation should not be deformed, torn,
cracked, rough or worn. Due to this, to change the
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Assessment of the anti-quorum sensing effect of Lactobacillus
sp. metabolites on expression levels of QS-related genes in
Pseudomonas aeruginosa PAO1

Didem KART!, Suna Sibel GURPINAR?, Miijde ERYILMAZ2

ABSTRACT

Objective: Pseudomonas aeruginosa is an important
pathogen associated with nosocomial infections and its
pathogenicity is mostly linked with the quorum sensing
(QS) system. The aim of this study was to evaluate
the anti-QS activity of the metabolites of vaginal
Lactobacillus isolates and to investigate the effect of
these metabolites on transcriptional regulation of QS

related genes in P aeruginosa PAO1.

Methods:
that were previously identified by 16S rRNA gene

In this study, 13 Lactobacillus isolates

sequence analysis were used. Metabolites of these
isolates were assessed for the anti-QS activity by using
Chromobacterium violaceum CV12472. The influence
of metabolites on the expression of QS related genes
was also examined by reverse transcription-quantitative

polymerase chain reaction (RT-gPCR).

Results: All tested metabolites exhibited anti-QS
activity with the appearance of a non-pigmented zone
of C.

genes (lasl, lasR, rh(R and mvfR) in P. aeruginosa PAO1

violaceum. All tested quorum sensing-related

showed significant down-regulation after treating with

the metabolites.

OZET
Amacg:  Pseudomonas aeruginosa  hastane
enfeksiyonlar1 ile iliskili onemli bir patojen olup

patojenitesi cogunlukla quorum sensing (QS) sistemi
ile iliskilidir. Bu calismanin amaci, vajinal Lactobacillus
izolatlarinin metabolitlerinin anti-QS aktivitelerinin
degerlendirilmesi ve metabolitlerin P aeruginosa
PAO1’in QS iliskili genlerinin transkripsiyonel regiilasyonu

Uzerindeki etkilerinin arastirilmasidir.

Yontem: Calismamizda daha once 16S rRNA gen
dizi analizi ile tanimlanmis olan 13 adet Lactobacillus
izolat1 kullamlmstir. Bu izolatlanin metabolitlerinin,
Chromobacterium violaceum CV12472 susu kullanilarak
anti-QS aktiviteleri degerlendirilmistir. Metabolitlerin
QS ile iliskili genlerin ekspresyonlan Uzerindeki etkisi
kantitatif revers transkriptaz polimeraz zincir reaksiyonu

RT-gPZR ile arastinlmistir.

Bulgular: Test edilen tim metabolitler C.
violaceum’un seffaf zon bolgesi goriinimii ile karakterize
edilen anti-QS aktivite gostermislerdir. Metabolitlerle
temas sonrasinda P. aeruginosa PAO1’de, test edilen
tim quorum sensing iliskili genler (lasl, lasR, rh(R ve

mvfR) anlamli bir down-regiilasyon gostermislerdir.
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Conclusion: New anti-infection agents from natural
resources with a different mode of action are necessary
due to the increasing occurrence of antibacterial
resistance. Our study highlights the possible usage of
Lactobacillus metabolites as an anti-QS agent against P

aeruginosa biofilm cells in vitro.

Words:

Lactobacillus sp., metabolites, RT-qPCR. Pseudomonas

Key anti-quorum sensing activity,

aeruginosa

Sonug: Antibakteriyel direncin artmasi nedeniyle
farkli etki mekanizmasina sahip dogal kaynaklardan koken
alan, enfeksiyonlara kars1 yeni ajanlar gerekmektedir.
Calismamiz, in vitro Pseudomonas biyofilmlerinin
kontroliinde Lactobacillus metabolitlerinin olas1 anti-QS

ajani olarak kullanilabileceklerini vurgulamaktadir.

Anahtar Kelimeler: anti-quorum sensing aktivitesi,
Lactobacillus sp., metabolitler, RT-qPCR, Pseudomonas

aeruginosa

INTRODUCTION

Pseudomonas the

significant opportunistic pathogens which causes

aeruginosa is one of
numerous chronic infections such as severe burn
infections, urinary tract infections, blood circulation
and nosocomial infections (1). P aeruginosa
communicates and coordinates with other cells in a
microbial population using small signaling molecules
such as acyl-homoserine lactones (AHLs) known as
quorum sensing (QS), contributing to its pathogenicity
by regulating multiple virulence properties (2). QS
system controls the expressions of various virulence
genes depending on cell density and also triggers the
biofilm formation which is one of the most important
virulence factors of P aeruginosa (3). P. aeruginosa
has two QS systems known as lasR/I and rhll/R, which
use AHL signaling molecules. Lasl is necessary for the
synthesis of N-
lactone (3-oxo-C12-HSL) and lasR is a transcriptional

(3-oxododecanoyl) -L-homoserine

regulator of virulence genes (4, 5). Among rhll/rhlR
synthase proteins, rhll mediates the synthesis of
the N-butyryl-homoserine lactone (c4-HSL) signaling
molecule and RhIR is a transcriptional regulator (6).
The synthesis of various virulence factors such as
elastase, protease, exotoxin A, pyocyanin pigment
rhamnolipids and biofilm formation
which play an important role in cellular cytotoxicity

production,
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and acute infections of P aeruginosa are controlled
by lasR/I and rhll/R (7, 8).

QS inhibitors (QSIs) do not inhibit the growth of the
pathogenic microorganism but lead to suppression of
pathogenicity by decreasing virulence properties (9).
Unlike conventional antibiotics targeting the cellular
metabolic processes of the microorganism, QSls inhibit
the communication between the biofilm cells without
exerting selective pressure for the development of
resistance (3). Hence, inhibitor agents blocking the
QS system in bacteria are considered as the possible
options to fight with the infections caused by P
aeruginosa. The existence of bacterial persistence
in chronic infections and increases in reduced
susceptibility profiles to antimicrobials indicate the
necessity of further investigations on anti-QS agents,

especially from natural sources (5).

Lactobacillus species are normal flora members
of mucosal surfaces in humans and some metabolites
of Lactobacillus spp. such as lactic acid, acetic
acid, hydrogen peroxide, and bacteriocin have the
preservative property (10, 11). In the literature,
the anti-biofilm effects of Lactobacillus spp. against
Staphylococcus aureus and P. aeruginosa resistant
strains were reported and many researchers have



focused on their use as alternative agents in the
treatment of biofilm-associated infections (12-14).

The main objectives of this study were to
investigate the anti-QS activity of the metabolites
of vaginal Lactobacillus isolates and to evaluate the
effect of these metabolites on the expression profile
of QS-related genes in P aeruginosa PAO1.

MATERIAL and METHOD

Lactobacillus isolates

In this study, metabolites of one L. helveticus,
one L. fermantum, one L. jensenii, six L. gasseri,
two L. vajinalis, and two L. crispatus vaginal isolates
which were previously identified at the species-level
by analyzing the 16S rRNA gene sequence were used
(11).

Obtaining metabolites

A total of 13 Lactobacillus isolates were grown on
Rogosa Agar for 24-48 hours following the inoculation
into tubes containing 5mL of De Man-Rogosa Sharpe

(MRS) Broth (pH 6.5)
anaerobic conditions for 72 hours at 37°C. After

(Merck, Germany), under
the incubation period, the cells were removed by
centrifugation at 12000 g, for 10 min, at 4°C. Cell-free
supernatants (CFS) of the cells were filtered for the
sterilization (0.45 pm pore size) (Minisart, Germany)
(11, 15).

Biofilm formation

P aeruginosa PAO1 was incubated for 24 hours
at 37°C in Brain Heart Infusion (BHI) Broth. After the
incubation period, final inoculum suspensions containing
~106 cfu/ml of P. aeruginosa were prepared in BHI. For
each test condition, 100 pl of the inoculum suspensions
were added to the wells of 96-well microtiter plates
following the incubation for 4 hours at 37 °C. At the
end of 4 hours, the wells were washed with phosphate
buffer saline (PBS) three times in order to remove the
non-adherent cells. After the washing step, the plates

were incubated for an additional 20 hours to form
mature biofilms (16).

Treating of the biofilm cells with the

metabolites of Lactobacillus isolates

The metabolite of each isolate (100 pl) was
transferred
aeruginosa biofilms and the plates were incubated for
24 hours at 37 °C. After incubation time, the plates

into the wells containing mature P

were vortexed for 5 minutes and then sonicated 3 times
for 5 minutes. Biofilm cells were then transferred into a
sterile tube and evaluated for anti-QS activity.

Detection of anti-QS activity

The agar well diffusion method was performed
against reporter bacteria Chromobacterium violaceum
ATCC 12472. One hundred microliters of the metabolites
were loaded onto the wells (8 mm diameter) made
on Luria Bertani Agar plates, pre-inoculated with
C. violaceum. The plates were observed for the
presence of zone of violacein inhibition after 24 hours
of incubation at 30 °C (3). The appearance of clear
zone of C. violaceum around the well loaded with the
metabolites of Lactobacillus sp. isolates indicated the
potential anti-QS activity.

Gene expression analysis

P aeruginosa biofilms were grown and harvested
and incubated with Lactobacillus sp. metabolites as
described above. The mRNA expression changes of
QS-related genes including rhi(R, rhll, lasR, lasl and
mvfR in P aeruginosa biofilms were assessed using
quantitative polymerase chain reaction gPCR. Total
RNA was extracted by RNA Isolation Kit according to
the manufacturer’s instructions (Roche Life Science).
Total RNA was quantified in each sample using a
NanoDrop spectrophotometer (BioDrop, Cambridge,
UK). First-strand cDNA was synthesized by Evoscript
Universal cDNA Master according to the manufacturer’s
instructions (Roche Life Science). To quantify cDNA,
primers that correspond to P aeruginosa genes were
used (17). The sequences of the primers are presented
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in Table 1. Real-time PCR (LightCycler 96 Instrument)
was carried out with the Faststart Essential DNA
Green Master (Roche Life Science) in 96-well plates
in Roche LightCycler 96 Instrument (Roche, USA). Five
pl of 1:2 diluted cDNA samples and 20 pl of master
mix (containing the primers) were added to each well.
The parameters for real-time PCR reactions included
a single cycle of 95°C for 5 min followed by 40 cycles
of 95°C for 15 s and 60°C for 1 min. The formula, fold
change = 2-AACt, was used to calculate the expression
levels of tested genes (18). For the calculations of
relative gene expression levels, these normalized
data were used. Each test data from independent
experiments were repeated at least three times.

Statistical analysis

Statistical data analysis was performed using the
SPSS program (Version 23, SPSS, Chicago, IL, USA).
All data are expressed as mean + standard error.
Student’s t-test was used for comparisons between the
Lactobacillus spp. metabolites treated and untreated
groups. P values <0.05 were considered significant.

RESULTS

Anti-QS activity of Lactobacillus

metabolites

sp.

The QS inhibitory activity was determined by the
presence of transparent inhibition zones around the

Table 1. Primers used in this study

wells that were filled with the metabolites. All tested
metabolites showed anti-QS activity (indicated as A
in Figure 1).

Additionally, the supernatants of P aeruginosa

cells were treated with the metabolites of
Lactobacillus isolates in the biofilm environment
which were examined for their anti-QS activity.
Anti-QS effects of the metabolites of Lactobacillus
isolates and the metabolites obtained after contact
with P aeruginosa biofilm cells were determined.
Our results showed that there were decreases in
the radius of inhibition zones of violacein pigment
after exposure to the biofilm cells indicating that the
biofilm environment leads to a decrease in the anti-
QS activities of the Lactobacillus spp. metabolites

(indicated as B in Figure 1).
Expression of QS genes in P. aeruginosa

The metabolites of isolates were tested on P
aeruginosa biofilms and their effects on the expression
levels of genes encoding QS signal molecules that
were responsible for the communications between
the cells in biofilms were determined. The mRNA
expression results of tested genes in P aeruginosa
were shown in Figure 2. Compared with the non-
treated biofilm cells, mRNA levels of rh(R, lasR, lasl
and mvf were significantly down-regulated in all
treated biofilm cells of P aeruginosa (p<0.05).

Genes Forward Reverse
mvf AACCTGGAAATCGACCTGTG AACCTGGAAATCGACCTGTG
lasR ACGCTCAAGTGGAAAATTGG GTAGATGGACGGTTCCCAGA
lasl CTACAGCCTGCAGAACGACA ATCTGGGTCTTGGCATTGAG
rhiR AGGAATGACGGAGGCTTTTT CCCGTAGTTCTGCATCTGGT
proC* GGCGTATTTCTTCCTGCTGA CCTGCTCCACTAGTGCTTCG

*Housekeeping gene.
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Figure 1. (A) QS inhibitory activity of the metabolites of Lactobacillus isolates (B) QS inhibitory activity of the P. aeruginosa
biofilm supernatants treated with the metabolites of Lactobacillus isolates 1: MRS broth as negative control 2: L. helveticus
1; 3: L. fermantum 1; 4: L. jensenii 1; 5: L. gasseri 1; 6: L. gasseri 2; 7: L. gasseri 3; 8: L. gasseri 4; 9: L. gasseri 5; 10:
L. vajinalis 1; 11: L. crispatus 1; 12: L. vajinalis 2; 13: L. crispatus 2; 14: L. gasseri 6.

Figure 2. Relative expression results of QS-related genes of Paeruginosa PAO1. P< 0.05 was considered statistically
significant. 1: L.helveticus 1; 2: L. fermantum 1; 3: L. jensenii 1; 4: L. gasseri 1; 5: L. gasseri 2; 6: L. gasseri 3; 7: L.
gasseri 4; 8: L. gasseri 5; 9: L. vajinalis 1; 10: L. crispatus 1; 11: L. vajinalis 2; 12: L. crispatus 2; 13: L. gasseri 6.
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DISCUSSION

P aeruginosa is one of the pathogens leading
to chronic and persistent infections, usually caused
by biofilms controlled by QS system (19). Current
chemical agents are inadequate for the eradication
of biofilms, hence new strategies that can be
effective are needed. Results from several studies
suggest that targeting the QS system in P aeruginosa
may be a new strategy to struggle against biofilm-
related P aeruginosa infections (20, 21). Activation
of the QS system may lead to increases in virulence
of pathogens such as P aeruginosa and agents
particularly inhibiting this system are called anti-
QS inhibitors (22). The present study is particularly
important in terms of investigating the anti-QS
activity of bacterial metabolites of vaginal flora
member Lactobacillus sp. which have attracted the
attention of researchers in recent years. Our results
show that suppression of QS-mediated violacein
production of C. violaceum, when threated with the
metabolites of 13 different Lactobacillus isolates, is a
preliminary indicator that these strains have anti-QS
property. The inhibition zones of violacein around the
wells separately filled with both the metabolites of
Lactobacillus isolates only and with the metabolites
obtained after contact with P aeruginosa biofilm
cells were determined as anti-QS activity in both
conditions. Our results suggest that the interaction
with P. aeruginosa biofilm cells leads to decreases in
the anti-QS activity of the isolates by a yet unknown
mechanism.

In a study, antibiofilm effects of L. pentosus and
L. plantarum metabolites isolated from fermented
dairy products on P. aeruginosa and Bacillus cereus
biofilms were reported (23). In another study, L.
rhamnosus EMCC 1105 and L. gasseri EMCC 1930 strains
were reported to be effective against P aeruginosa,
Escherichia coli, and S. aureus biofilms (24). Melo
et al. showed that the metabolites of L. fermentum
TCUESCO1 and L. plantarum TCUESCO2 which were
isolated from cocoa fermentation had antibiofilm
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effect on the biofilm of a resistant S. aureus CCMB
262 strain (13). In the study of Shokri et al., different
metabolites such as lactic acid, acetic acid and formic
acid produced by L. fermentum isolates showed an
anti-biofilm effect on 80 P aeruginosa isolates with
multi-drug resistance. The usage of L. fermentum
isolates as possible therapeutic agents in the control
of resistant strains of P aeruginosa has also been
proposed in the same study (14).

Gene expression analysis results of anti-biofilm-
specific agents have shown that they inhibit biofilm
formation by causing a decrease in the expression
of QS-related genes (17). The majority of virulence
factors such as

lasA-elastase, lasA-staphylolytic

protease, toxA-exotoxin A, and aprA-alkaline
protease produced by P. aeruginosa are synthesized
through the rhl quorum sensing system that plays
an important role in the irreversible attachment
phase of the biofilm and the las system which
positively controls the rhl system (25). In our study,
we determined the transcription levels of QS-related
genes such as lasR/I, rhlR/I and mvfR in order to
evaluate the possible relationship between the
inhibitory effect of Lactobacillus supernatants and
the QS system. Significant reductions in mRNA levels
of lasR/l, rhlR/1 and mvfR genes were obtained for all
tested Lactobacillus supernatants, which explains the
anti-biofilm effect of these strains on P aeruginosa
biofilms that were observed in our previous study
(12).

Soheili et al. have determined the effect of
natural antimicrobial compound 3-Phenyllactic acid
(PLA) produced by Lactobacillus spp. on biofilm
formed by P aeruginosa PAO1 and on QS system by
using in vitro and in silico analysis. The results of the
study showed that pyocyanin, hemolysin, protease,
rhamnolipid and swarming activity were decreased
and Rhl and Pqgs related QS system was suppressed
in the biofilm cells treated with PLA (26). Li et al.
showed

the bacteriocin-mediated antimicrobial

effect of L. plantarum AB-1 and L. casei strains on



Shewanella baltica, the specific spoilage organism of
the refrigerated shrimp. It was also concluded in the
study that this antimicrobial effect was regulated by
the Al-2 / LuxS-mediated QS system (27).

CONCLUSION

Many virulence genes may be overexpressed
through the QS system in microorganisms following
the transformation into more pathogenic forms. The
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Anti-HCV tarama testi esik degerinin
HCV-RNA ve Line Immunoassay testi ile belirlenmesi

Alper SARIBAS', Altan AKSOY?

OZET

Amag: Anti-HCV yalanc1 pozitif test sonuclarim
azaltabilmek ve gereksiz ek test isteminin onune
gecebilmek icin Ulkemize en uygun anti-HCV esik

degerinin tespit edilmesi amaclanmistir.

Yontem: Calismaya 202 hastaya ait anti-HCV pozitif
ornek dahil edilmistir. HCV antikorlarinin tespiti icin
Architect anti-HCV kitleri kullamlmistir ve >1 kesme
(S/CO)
kabul edilmistir. Ayrica orneklerin HCV-RNA ve Line

noktasi degerine sahip numuneler reaktif

immunoassay testleri (LIA) calisilmistir.

Bulgular: Anti-HCV pozitif 202 6rnegin 60 (%29,7)"1
HCV-RNA pozitif ve 124 (%61,4)’Unde LIA pozitif
bulunmustur. Anti-HCV S/CO diizeyi 1-5 arasinda olan
84 (%41,6), 5-10 arasinda olan 29 (%14,4) ve 10’un
ustiinde olan 89 (44,1) kisi calismaya alinmistir. Anti-
HCV seropozitifligi agisindan yas gruplan arasinda
en yiiksek oran 40 yas uzeri (%73,8) grupta tespit
edilmistir. HCV-RNA negatif olan grubun medyan anti-
HCV diizeyi (3,2), HCV-RNA pozitif olan grubun medyan
anti-HCV duzeyine (13,7) gore anlamli oranda daha
disuk bulunmustur. LIA pozitif olan grubun medyan
anti-HCV dizeyi (13,3) ile karsilastirildiginda LIA

negatif olan grup (2,1) arasindaki fark istatistiksel

ABSTRACT

Objective: In this study, we aimed to determine
optimal anti-HCV cut-off value in our country to
reduce anti-HCV false positive test results and prevent

unnecessary additional testing.

Methods: The study group consisted of samples
of 202 anti-HCV positive patients. Detection of HCV
antibodies was performed with Architect anti-HCV kits
and samples with > 1 S/CO were considered as reactive.
Samples were also studied with HCV-RNA and Line

Immunoassay (LIA) tests.

Results: The anti-HCV (S/CO) levels of 84 patients
(41.6 %) were between 1 and 5, 29 patients (14.4 %)
were between 5 and 10, 89 patients (44.1 %) were
more than 10. Among anti-HCV positive 202 patients,
total number of HCV-RNA positive patients and total
number of LIA positive patients were 60 (29.7 %) and
124 (61.4 %), respectively. The highest rate of anti-HCV
seropositivity (73.8 %) was found in the above 40 years
age group. The median of the anti-HCV levels (3.2 S/CO)
of the HCV-RNA negative patients was significantly lower
than the median of the anti-HCV levels (13.7 S/CO) of
the HCV-RNA positive patients. The difference between

the median of anti-HCV levels of LIA negative patients
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olarak anlamli bulunmustur. ROC analizi sonucunda,
Architect anti-HCV testi icin en iyi S/CO degeri
7,8 olarak belirlenmistir ve bu durumda duyarlilik
%98,3, ozgiillik %68,3, pozitif tahmini deger %56,7,
negatif tahmini deger %99 ve dogruluk %77,2 olarak
hesaplanmistir.

Sonug: Anti-HCV seropozitifligi yas ile birlikte
anlamli oranda artmistir. Anti-HCV esik degerine
yakin sonuclara HCV-RNA ve LIA pozitifligi genellikle
eslik etmemistir. Architect anti-HCV tarama testi icin
esik degeri 7,8 olarak belirlendiginde cok az Grnegin

dogrulama gerektirecegi tespit edilmistir.

Anahtar Kelimeler: Hepatit C viris, esik deger,

anti HCV, Line Immunoassay

(2.1 S/CO) and the median of anti-HCV levels of the LIA
positive patients (13.3 S/CO) was statistically significant.
By ROC analysis, the best cut-off value forthe Architect
anti-HCV test was determined as 7.8 S/CO and with this
calculated cut-off value, sensitivity (98.3%); specificity
(68.3%); positive (56.7%) and negative (99%); predictive
value sandt he accuracy (77.2%) were calculated.

Anti-HCV
significantly with age. HCV-RNA and LIA positivity

Conclusion: seropositivity increases
generally do not accompany the results minimally
above anti-HCV cut-off values. A few samples will
require verification if the cut- off value for Architect

anti-HCV screening test is determined as 7.8.

Key Words: Hepatitis C virus, cut-off, anti HCV,

Line Immunoassay

GIRIS

Hepatit C virlsu (HCV) Flaviviridae ailesinden
pozitif polariteli bir RNA virisudir(1). Enfeksiyon
genellikle asemptomatik bir seyir izlediginden
enfekte kisilerin yaklasik %70’inde persistan hale
gelmekte ve bu durumkronik karaciger hastaligina ve

hepatoselliler karsinoma yol acabilmektedir(1, 2).

Diinya Saglik Orgiitii (DSO), diinya niifusunun
yaklasik 71 milyonunun kronik HCV hastasi oldugunu
belirtmis ve 2030 yilina kadar enfekte olgularin
%90’ 1min tanm almasint amacglamistir. Turkiye’de ise
yaklasik 514.000 (%0,7) kisinin HCV ile enfekte oldugu
tahmin edilmektedir(2).

HCV enfeksiyonlarinin tanmsinda ilk basamag:
anti-HCV antikorlarinin enzim immiinoassay (EIA)
veya kemiliminesan  immiinoassay
tespiti Anti-HCV

yorumlanmasindareaktivite esigiolarak, test 6rneginin

yontemle
olusturmaktadir. sonuclarinin
optik dansitesinin cut-off’a oraniyla elde edilen S/CO
degeri kullanilmaktadir(3,4). DSO, Centers for Disease
Control and Prevention (CDC) ve Amerikan Saglik
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Enstitisu gibi kuruluslar anti-HCV sonucunun yuksek
pozitif, dusuk pozitif ve negatif olarak bildirilmesini
onermektedir (4). Ancak ulkemizde ortak bir tanisal
algoritma bulunmamaktadir.

Hepatit C virisune karst olusan antikorlar
tarayan testler, lUlkemizin de icinde yer aldigi HCV
prevalansinin diisiik oldugu toplumlarda yiiksek oranda
Anti-

HCV testlerinde sinir (cut- off) degere yakin pozitif

yalanc1 pozitif sonuclar vermektedir(2,3).
sonugclar rutin tam laboratuvarlar icin ciddi sorunlar
dogurmaktadir. Dolayisiyla taninin dogrulanmasi icin
oldukca maliyetli bir test olan HCV-RNA yontemine
Fakat HCV-
RNA varligi, sinir degere yakin veya diisiik anti-HCV

basvurulmak zorunda kalinmaktadir.

pozitifliklerine cogu zaman eslik etmemektedir (5).

Bu calismada, Anti-HCV yalanc1 pozitif test
sonuclarini azaltabilmek ve gereksiz ek test isteminin
oniine gecebilmek icin iilkemize en uygun anti-HCV

esik degerini tespit etmek amaclanmistir.



GEREC ve YONTEM

Ankara Numune Egitim ve Arastirma Hastanesi
Mikrobiyoloji laboratuvarina 1 Haziran 2012- 28 Subat
2013 tarihleri arasinda gonderilen 90 (%44,6)’1 kadin,
112 (%55,4)’si erkek olmak Uzere toplam 202 hastaya
ait anti-HCV pozitif ornek calismaya dahil edildi.
Orneklerin HCV-RNA sonuclar kaydedildi ve -80°C’de
saklanan plazma ornekleri daha sonra 3. Kusak LIA kiti
(INNO-LIA, HCV Score, InnogeneticsGhent, Belgium)
ile test edildi. Calisma grubu, saglikli dondrler ile
Enfeksiyon hastaliklar1 ve diger kliniklere ait anti-
HCV’si  pozitif ve HCV-RNA’lan
ornekleri olmak Uzere iki grup halinde olusturuldu.

calisilmis  hasta

Anti HCV Tespiti:

HCV  antikorlarimin  tespiti  kemiluminesan
mikropartikil enzim immunoassay (CMIA) yontemi ile
calisan Architect anti-HCV (Abbott, ABD) kitleri ile
uretici firmanin talimatlarnn dogrultusunda calisild.
<1 S/CO degerine sahip numuneler non reaktif kabul
edilirken > 1S/CO degerine sahip numuneler ise
reaktif kabul edildi. Baslangicta reaktif tespit edilen
ornekler tekrar calisildi. Test tekrar sonucu reaktif
bulunan numuneler anti-HCV icin pozitif olarak

nitelendirildi.
HCV-RNA’nin Kantitatif Tespiti:

HCV Rotor- Gene RT PCR (Qiagen, Hilden, Germany)
ile Uretici firmamin talimatlart dogrultusunda calisildr.
Kitin alt saptama sinirn 44 kopya/ml idi.

LinelmmunoAssay (LIA):

Anti-HCV pozitif ornekler HCV genomunun C1, C2,
E2, NS3, NS4, NS5 bolgelerini iceren 3. Kusak LIA HCV
Score (InnogeneticsGhent, Belgium) test Kkitleri ile
uretici firmanin talimatlar dogrultusunda calisildr.

Degerlendirmede HCV antikorlan icin negatif
kabul, tim HCV antijen bantlarinin negatif reaktivite
derecesinde olmasi veya NS3 harig, diger HCV antijen
bantlarindan birinin + reaktiviteye sahip olmasi

durumudur.

HCV antikorlan icin pozitif kabul, en az iki HCV
antijen bandinda + ya da daha yuksek reaktiviteye
sahip olmas1 durumudur.

HCV antikorlar icin belirsiz (indeterminate) kabul,
herhangi bir HCV antijen cizgisi 1+ ya da daha yuksek
reaktivite derecesine sahip veya NS3 bandi = ya da
daha fazla reaktiviteye sahipken tiim diger antijen
cizgilerinin negatif olmas1 durumudur.

istatistiksel Analiz:

Verilerin analizi “SPSS for Windows 11.5” paket
programinda yapildi. Siirekli degiskenlerin dagiiminin
normale yakin olup olmadigi Kolmogorov Smirnov
testi ile arastinldi. Gruplar arasinda medyan degerler
yoniinden farkin onemliligi bagimsiz grup sayisi iki
oldugunda Mann Whitney U testi ile ikiden fazla grup
arasindaki farkin onemliligi ise Kruskal Wallis testi ile
incelendi. Kruskal Wallis test istatistigi sonucunun
onemli bulunmasi halinde farka neden olan durumlan
tespit etmek amaciyla Conover’in coklu karsilastirma
testi kullanildi. Kategorik degiskenler Pearson’un Ki-
Kare testiyle degerlendirildi.

HCV-RNA ve LIA sonuclarina gore olgulart ayirt

etmede anti-HCV olcumlerinin  belirleyici olup
olmadig1 ROC analizi ile degerlendirildi. Egri altinda
kalan alanin 6nemli bulunmasi halinde en iyi kesim

noktast Youden indeks kullanilarak saptand.

p< 0,05 icin sonuclar istatistiksel olarak anlaml
kabul edildi.

BULGULAR

Calismamiza, anti-HCV S/CO diizeyi 1- 5 arasinda
olan 84 (%41,6), 5- 10 arasinda olan 29 (%14,4) ve
10’un Ustiinde olan 89 (44,1) kisi olmak uzere toplam
202 kisi dahil edilmistir. Anti-HCV pozitif 202 6rnegin
60 (%29,7)’1 HCV-RNA pozitif ve 124 (%61,4)’U0 LIA
pozitif saptanmistir. LIA testi belirsiz olanlarda ise
HCV-RNA sonuclarinin tamami negatif bulunmustur.

Anti-HCV antikorlann pozitif olan kisilere ait
medyan S/CO diizeyi ile yas, cinsiyet, HCV-RNA ve
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LIA sonuclar arasindaki iliski Tablo 1’de belirtilmistir.
Buna gore 0- 20 yas arasindaki grubun medyan anti-
HCV diizeyi 21- 40 ve 40 yas Ustu gruplara gore anlamli
olarak daha dusuktur. Cinsiyet ile anti-HCV duzeyleri
arasinda anlamli bir iliski yoktur. HCV-RNA negatif
olan grubun medyan anti-HCV diizeyi (3,2) ile HCV-
RNA pozitif olan grubun medyan anti-HCV duzeyine
(13,7) gore anlamli oranda daha dusuktur. LIA pozitif
olan grup ile karsilastirnldiginda LIA negatif olan ve
LIA belirsiz olan grup arasindaki fark istatistiksel
olarak anlamlidir.

HCV-RNA acisindan ROC analizi sonucunda anti-
HCV icin 7,8 S/CO degeri kullanildiginda HCV-RNA

pozitif ve HCV-RNA negatif gruplar ayirt etmede anti-
HCV’nin istatistiksel olarak anlamli bir belirleyici
oldugu goriilmiistiir (p<0,001). Anti-HCV icin 7,8 S/CO
degerlerinde, duyarlilik %98,3 ozgiillik %68,3 pozitif
tahmini deger %56,7 negatif tahmini deger %99 ve
dogruluk %77,2 olarak hesaplandi (Tablo 2).

LIA acisindan ROC analizi sonucunda, LIA belirsiz
olan olgular negatif kabul edildiginde, LIA pozitif
ve negatif gruplar ayirt etmede anti-HCV icin S/CO
degeri 7,2 (%95 gliven araliginda) olarak belirlendi.
>7,2 S/CO degerlerinde, duyarlilk %85,5, ozgiillik
%98,7, pozitif tahmini deger %99,1, negatif tahmini
deger %81,1 ve dogruluk %90,6 olarak hesaplandi.

Tablo 1. Demografik ve klinik degiskenlere gore ortalama anti-HCV diizeyleri

Anti-HCV S/co diizeyi
Degiskenler Olgu Sayisi P degeri
mean (min- max)
Yas
0-20 8 1,68 (1,1-12,9)
21-40 45 4,22 (1-17,35) 0,004
>40 149 9,25 (1,2-17,8)
Cinsiyet
Erkek 112 7,77 (1,1-17,8) 0,625
Kadin 90 9,04 (1-17,5)
Gruplar
Saglikli donor 57 2,09 (1-17,3) <0,001
Enf. H. ve diger 145 11,61 (1,2-17,8)
HCV-RNA
Pozitif 60 13,74 (6-17,8) < 0,001
Negatif 142 3,24 (1-17,5)
INNO LIA
Pozitif 124 13,34 (1,3-17,8)
Negatif 63 2,14 (1-8,4) < 0,001
Belirsiz 15 1,87 (1,1-6,2)
Turk Hij Den Biyol Derg



Tablo 2. HCV- RNA’ya ve INNO-LIA’ya gore negatif ve pozitif olgularin ayirt edilmesinde anti-HCV’nin tanisal performans duizeyleri

Gostergeler HCV-RNA INNO-LIA
Egri Altinda Kalan Alan 0,827 0,941
%95 Gliven Araligi 0,773-0,882 0,908-0,975
En iyi Kesme Noktasi (5/CO) 7.8 7.2
Olgu Sayist 202 202
Duyarlilik (%) 98,3 85,5
Secicilik (%) 68,3 98,7
PTD (%) 56,7 99,1
NTD (%) 99 81,1
Dogruluk (%) 77,2 90,6

p degeri < 0,001 < 0,001

PTD: Pozitif Tahmini Deger, NTD: Negatif Tahmini Deger.

TARTISMA

Calismamizda anti-HCV seropozitifligi acgisindan
yas gruplarina bakildiginda en yiiksek oran 40 yas
uzeri (%73,8) grupta tespit edilmistir. Tung ve ark.’nin
(6) yaptig1 calismada anti-HCV pozitif kisilerin yas
ortalamas1 48 olarak bulunmustur. Asan ve ark.’nin
(7) yapmis oldugu calismada anti-HCV seropozitif olan
kisilerin %54’linii 50 yas ve Uzeri grubun olusturdugu
saptanmistir. Bizim sonuclarimizla uyumlu olan bu
calismalardaki sonuclara gore anti-HCV pozitifligi ileri
yaslarda daha fazla gorulmektedir.

Calismamizda anti-HCV seropozitifliginin
cinsiyete gore farklilik gostermedigi tespit edildi.
Bazi arastirmacilar  anti-HCV  seropozitifliginin

cinsiyete gore dagiliminda farkliliklar gosterdigini
ifade etmislerse de baz1 arastirmacilar saptadigimiz
sonuclarla uyumlu olarak cinsiyete gore dagiimda
anlamli bir farkliigin olmadigini ifade etmistir (8).

Calismamizda, HCV-RNA negatif olan grubun
medyan anti-HCV duzeyi (3,2 S/CO) HCV-RNA pozitif

olan gruba (13,7 S/CO) gore daha dusiik bulundu. LIA
pozitif olan grubun medyan anti-HCV duzeyi (13,3
S/CO) LIA negatif (2,1 S/CO) ve LIA belirsiz (1,9 S/
CO) gruplara gore daha yiiksek bulundu. Buna gore
medyan anti-HCV S/CO degerinin arttirilmasi halinde
LIA pozitifligi ve HCV-RNA pozitifliginin yakalanma
oraninin da artacagi soylenebilir.

CDC, Architect anti-HCV tarama testi icin esik
degerini > 5 S/CO olarak belirlemistir. CDC verilerine
gore her iilke tarama testleri icin kendi S/CO
oranlarin1 belirlediginde cok az ornegin dogrulama
gerektirecegini ve bu durumun gelismekte olan
ulkeler icin daha ekonomik olacagini belirtmistir (9).

Amerikan Kizilhac’t ve Amerika Kan Merkezi
tarafindan yapilan bir calismada, 47.041 anti-HCV
pozitif 6rnegin, sadece %49,3’linde RIBA ile pozitiflik
%79,2’sinde  HCV-RNA  pozitifligi
saptanmistir (10). Benzer sekilde Cin’de yapilan cok

ve bunlarinda

merkezli bir calismada, anti-HCV pozitif orneklerin,
sadece %39’unda RIBA veya NAT ile gercek pozitiflik
(11). verilerine bakacak

saptanmistir Ulkemiz
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olursak, Emektas ve ark.’min (12) yaptiklarn cok
merkezli bir calismada 10.050 anti-HCV tekrarlayan
pozitif drnegin %67’si RIBA ile dogrulanmistir. Bizim
anti-HCV pozitif orneklerin %61’inde LIA pozitifligi
ve %30’unda HCV-RNA pozitifligi tespit ettik. Bu
sonuclara ek olarak calismamizda elde ettigimiz HCV-
RNA negatif olan grubun medyan anti-HCV dizeyi
(3,2) ile HCV-RNA pozitif olan grubun medyan anti-
HCV duzeyi (13,7) istatistiksel olarak daha dusuk
bulunmustur. Elde edilen veriler 1s18inda anti-HCV
sinirda pozitifliklerinde yalanc1 pozitiflik oraninin
oldukca yiiksek oldugu goriilmektedir.

Alter ve ark. (13) tarafindan yapilan ve CDC
tarafindan yayinlanan, 24.700 hastayi iceren ve HCV
prevalanst disiik olan grupta HCV-RNA pozitifligi
%42, RIBA pozitifligi %66 olarak bulunmustur. Tarama
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Uriner kateter iliskili iiriner sistem enfeksiyonlarinda oliim ile

iliskili faktorlerin incelenmesi

Can Hiiseyin HEKIMOGLU', Selda SAHAN?

OZET

Amag: Saglik hizmeti ile ilgili en yaygin
enfeksiyonlardan biri olan uriner kateter ile iliskili idrar
yolu enfeksiyonlari (UKi-USE), morbidite, mortalite,
hastanede kalis siiresi ve maliyetini artirir. 2008 yilindan
2017 yiina kadar Tiirkiye’de UKI-USE mzinda % 70°lik bir
azalma meydana gelmistir. Ancak 2017 yilinda siirveyans
verilerine gore Tirkiye’de saglik hizmeti ile iliskili en
stk goriilen enfeksiyonlardan biri USE idi ve bunlarin %
77.9’u uriner kateter ile iliskili idi. Bu calismada yogun
bakim {nitelerinde UKi-USE gelisen hastalarda &liim

uzerine iliskili faktorlerin arastinlmasi amaclanmistir.

Yontem: Bu retrospektif kohort calismasinin
evreni, Turkiye’de 2015-2017 yillan arasinda 18 yasin
tizerinde UKIi-USE tamsi konan yogun bakim initesi
hastalandir. Veriler, Tirkiye’deki tim hastanelerde
yiriitilen aktif ve ileriye doniik Ulusal Saglik Hizmeti
iliskili Enfeksiyonlar Siirveyans1 kapsaminda enfeksiyon
kontrol hemsireleri tarafindan toplanmistir. Calismanin
bagimli degiskeni hastaneden cikis sekli olup taburcu
ve olum olmak Uzere iki kategoride ele alinmistir.
Calismadaki bagimsiz degiskenler yas, cinsiyet, hasta
glinii, entiibasyon, diyabet, bobrek yetmezligi, sekonder

kan dolasimi enfeksiyonudur. Bagimli degisken lzerine

ABSTRACT

Objective: Catheter-associated wurinary tract
infections (CAUTI), one of the most common healthcare-
related infections, increase morbidity, mortality, length
of hospital stay and cost. From 2008 to 2017, CAUTI
rates decreased 70% in Turkey. However according to
the surveillance data in 2017 one of the most common
health care-associated infections in Turkey was urinary
tract infection and 77.9% of them were urinary catheter-
associated. The aim of this study was to investigate the
factors related to mortality in patients with CAUTI in

intensive care units.

Methods: The universe of this retrospective cohort
study is the intensive care unit patients diagnosed
with CAUTI over the age of 18 in Turkey in 2015-2017.
The data were collected by infection control nurses in
all hospitals in Turkey in the context of the National
Healthcare-associated Infection Surveillance which
is active and prospective. The dependent variable of
the study was the type of discharge from the hospital
and was evaluated in two categories as discharge and
death. The independent variables in the study were age,
gender, patient day, intubation, diabetes, renal failure,

secondary bloodstream infection. Multivariate logistic
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etkili faktorlerin etkisinin es zamanli incelenmesi icin
cok degiskenli lojistik regresyon analizi yapilmistir.
Regresyon modelini dogrulamak icin bootstrap yeniden

ornekleme yontemi kullanilmistir.

bakim Unitelerinde UKi-USE

gelismis hastalarda olim Uzerine etkili bagimsiz

Bulgular: Yogun
faktorler, yas grubu, hasta ginl, diyabet varligi,
bobrek yetmezligi varligi, entiibasyon uygulanmis
olmasi ve sekonder kan dolasimi enfeksiyonu gelisimi

olarak bulunmustur.

Sonug: UKIi-USE gelisen hastalarda o6lim lzerine
nedensel etkili faktorlerin ve bu faktorler arasindaki
iliskilerin yapisint anlamak ve belirlemek oldukca
zordur ancak bu yapinin karmasik oldugu aciktir. Bu
risk faktorlerini modifiye edebilmenin giicliigli yam sira
bu risk faktorlerini modifiye etmenin de olum iizerine
etkisi bilinmemektedir. Bu nedenle bu hasta grubunda
olimlerin azaltilmasina yonelik en akilci ve verimli

yaklasim UKI-USE gelisiminin 6nlenmesidir.

Anahtar Kelimeler: Uriner sistem enfeksiyonu,

yogun bakim Unitesi, slirveyans

regression analysis was performed to investigate the
effect of the factors affecting the dependent variable
simultaneously. The bootstrap resampling method was

used to confirm the regression model.

Results: Independent factors related mortality
in patients with CAUTI in ICUs were found to be age
group, patient day, presence of diabetes, presence of
renal failure, intubation, and development of secondary

bloodstream infection.

Conclusion: In conclusion, it is difficult to
understand and determine the structure of causal
factors and the relationships between these factors in
patients with UTI-UTI, but it is clear that this structure is
complex. In addition to the difficulty of modifying these
risk factors, the effect of modifying these risk factors
on death is not known. Therefore, the most rational and
efficient approach to reduce deaths in this patient group

is to prevent the development of CAUTI.

Key Words: Urinary tract infection, intensive care

unit, surveillance

GIRIS

Uriner kateter iliskili Uriner sistem enfeksiyonlar
(UKi-USE) artms morbidite, mortalite, maliyete
ve uzamis hastanede yatisa neden olmasi ve en sik
goriilen saglik hizmeti iliskili enfeksiyonlardan (SHIE)
biri olmas1 nedeniyle biiyiik bir oneme sahiptir (1).
Amerika Birlesik Devletleri’nde 2011 yili verilerine
gore yogun bakim iinitesi (YBU) tiirline gore
degismekle birlikte UKi-USE iz 1000 iiriner kateter
gunu basina 1.2 ile 4.1 arasinda; servislerde ise 1.3
ile 1.5 arasinda degismektedir (2). Tirkiye’de ise
2017 yili ulusal siirveyans verilerine gére UKi-USE
hiz1 YBU tiiriine gére degismekle birlikte 0.1 ile 3.4
arasinda degismektedir (3). 2008 yilindan 2017 yilina
kadar Tiirkiye’de UKi-USE mzinda % 70’lik bir azalma
meydana gelmis; 2016 yili verilerinde standardize
hizlara bakildiginda 2017 yilinda ongériilenden %16
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daha az UKI-USE saptanmistir (3-5). Buna ragmen
2017 yiinda USE Tirkiye’de en yiiksek genel hiza
sahip 3. enfeksiyon olup, %77.9’u Uriner kateter
iliskilidir (6). ABD hastanelerinde 2002’de yapilan
calismada en fazla sayida saptanan ve mortalitesi en
fazla olan SHIE, UKi-USE olurken; 2011 yiinda cok
merkezli bir calismada UKi-USE en sik bildirilen 4.
SHIE olmustur (7.8). Bakteriiirili hastalarin <%5’inde
bakteriyemi gelisiyor olsa da hastanelerde sekonder
kan dolasimi enfeksiyonlarinin en sik nedeni UKi-
USE’dir (9). Ayrica kanita dayali uygulamalarla UKi-
USE’lerin %17-69 oraninda 6nlenebilir kabul edilmesi
UKI-USE’lerin 6nemini daha da artirmaktadir (10).

Turkiye’de “Yatakli Tedavi Kurumlarn Enfeksiyon
Kontrol Yonetmeligi”nin 2005 yilinda yirirliige

girmesiyle birlikte YBU’lerde invaziv arac iliskili



enfeksiyonlarin bildirimi zorunlu tutulmus olup, aym
zamanda enfeksiyon bildirilen hastalarin taburculuk
sekli de kayit altina alinmaktadir. Uriner kateter
kullanim oranlar1 ve UKi-USE hizlan yatakli tedavi
kurumlarinda ve ulusal diizeyde takip edilmektedir.
Bu calismada YBU’lerde UKIi-USE gelisen hastalarda
olum ile iliskili faktorlerin arastirilmasi amaclanmistir.

GEREC ve YONTEM

Veri Toplama

Bu retrospektif kohort calismasinin evreni Ocak
2015 - Aralik 2017 arasinda Tiirkiye’deki YBU’lerde
yatarak tedavi gormiis ve UKI-USE tespit edilmis 18
yas ustu hastalardan olusmaktadir. Arastirmaya tim
hastalar dahil edilmis, érnekleme yapilmamistir. Hasta
guinu iki gun ve daha az olan hastalar calismaya dabhil
edilmemistir. UKi-USE tarmisi almis hastalarin dahil
edilmesi icin tam tarihi temel alinmistir. Birden fazla
UKi-USE tamsi olanlarin ilk kayitlart calismaya dahil
edilmis ve mikerrer kayitlar dislanmistir. 01.01.2015
ile 31.12.2017 tarihleri arasinda UKIi-USE tamsi alan
hastalardan 18 yasin altinda olanlar, serviste yatarken
tam alanlar ve cikis sekli

bildirilmemis, baska

27261

UKi-USE
g 4

-

I 25963

UKi-USE
N 4

Sekil 1. Olgularin calismaya dahil edilme diyagram

hastaneye veya baska servise sevk edilmis hastalar
analize alinmamistir (Sekil 1).

Veriler yatakli tedavi kurumlarindaki enfeksiyon
kontrol hemsireleri tarafindan Ulusal SHIE Siirveyans
kapsaminda toplanmis olup Ulusal Saglik Hizmeti
iliskili Enfeksiyonlar Siirveyans Ag1 (USHIESA)’na
kaydedilmistir. Calisma verilerinin kullanimi icin Halk
Saglig1 Genel Midiirliigii’nden izin alinmistir.

Degiskenler

Calismanin bagimli degiskeni c¢ikis sekli olup
taburcu ve olim olmak lizere iki kategoride ele
alinmisti.  Calismadaki bagimsiz degiskenler vyas,
cinsiyet, hasta ginl, entiibasyon, diyabet, bobrek
yetmezligi, sekonder kan dolasimi enfeksiyonudur. Yas
degiskeni analizlere hem siirekli degisken olarak hem
de 18-64, 65-79, >80 yas olmak uzere uc¢ kategorili
olarak alinmistir. Yas degiskeni tani tarihinden dogum
tarihi cikarilarak elde edilmistir. Cinsiyet degiskeni
kadin ve erkek olmak lizere iki kategorilidir. Hasta
glinii degiskeni cikis tarihinden yatis tarihi cikarilarak
hesaplanmis ve siirekli degisken olarak analize
alinmistir. Entiibasyon, diyabet, bobrek yetmezligi ve
sekonder kan dolasimi enfeksiyonu (KDE) degiskenleri
var / yok seklinde iki kategorili degiskenlerdir.

¢ - < 18 Yas (1298 UKi-USE)

* > Cikis sekli
bilinmeyen (7696 UKi-
USE)
f * - Servis
..18.2_(,57 enfeksiyonu (5529
UKI-USE UKI-USE)
~ v
12738
UKI-USE
)
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Enfeksiyon kaydindaki risk faktorlerinde entiibasyon
isaretli olanlar entiibe (var), isaretli olmayanlar
entiibe degil (yok) olarak kabul edilmistir. Altta yatan
hastalik ve yatis tanisinda diyabet isaretli olanlar
diyabet var, bobrek yetmezligi isaretli olanlar bobrek
yetmezligi var olarak kabul edilmistir.

Analiz

Tek degiskenli analizlerde siirekli degiskenlerin
karsilastinlmasinda bagimsiz gruplarda t testi ve
tek yonli varyans analizi, kategorik degiskenlerin
karsilastinlmasinda ki kare testi kullamlmistir. Cikis
sekli Uzerine etkili faktorlerin etkisinin es zamanli
incelemesi icin cok degiskenli lojistik regresyon analizi

Tablo 1. Calisma grubunda degiskenlerin dagilimi

yapilmistir. Regresyon modelini dogrulamak icin
bootstrap yeniden ornekleme yontemi kullanilmistir.
Veriler SPSS 20.0 paket programi kullanilarak analiz
edilmistir. Tim testler icin onemlilik simin (p degeri)

0.05 olarak alinmistir.
BULGULAR

Analize alinan toplam 12738 kisinin yas ortalamasi
70.9 (£15.8) yil ve hasta glinu ortalamasi 58.2 (£66.9)
giindi. Calisma grubunda degiskenlerin dagilim
Tablo 1’de 6zetlenmistir. Hasta gunu, diyabet, bobrek
yetmezligi, sekonder KDE, yas grubu ve entiibasyon

Degiskenler n %

Kadin 6949 53.8
Cinsiyet

Erkek 5889 46.2

2015 4292 33.7
Yil 2016 4227 33.2

2017 4219 33.1

18-<65 yas 3435 27
Yas Grubu 65-<80 yas 5214 40.9

<=80 yas 4089 32.1

Var 2471 19.4
Diyabet

Yok 10267 80.6

Var 1839 14.4
Bobrek Yetmezligi

Yok 10899 85.6

Var 1361 10.7
Sekonder Kan Dolasim1 Enfeksiyonu

Yok 11377 89.3

Var 7439 58.4
Entiibasyon

Yok 5299 41.6

Karma YBU 4903 38.5

N N Anestezi YBU 2881 22.6

Yogun Bakim Unitesi (YBU) Bransi =

Dahili YBU 3447 27.1

Cerrahi YBU 1507 11.8

Olim 9200 72.2
Cikis sekli

Taburcu 3538 27.8
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degiskenlerinin olum ile istatistiksel olarak anlamli

diizeyde iliskili oldugu bulunmustur (p<0.05).

Degiskenler arasindaki tek degiskenli analizlerle

elde edilen p degerleri Tablo 2’de gosterilmistir.

Tek degiskenli analizlerle istatistiksel olarak anlamli

diizeyde bulunan iliskilerin karmasik yapisi Sekil 2’de

Tablo 2. Tek degiskenli analizlerle elde edilen p degerleri

sematik olarak ozetlenmektedir.

Cok degiskenli lojistik regresyon analizi Tablo 3 ve
bootstrap yeniden dornekleme yontemi ile dogrulanmis
sonuclar Tablo 4’te gorulmektedir.

Degiskenler Hasta giinii Diyabet Bobrek SKDE* Yas grubu Entiibasyon Olim
Yetmezligi

Hasta giinii 0.209 <0.000 <0.000 <0.000 <0.000 <0.000
Diyabet 0.209 <0.000 0.911 0.790 0.039 <0.000
Bobrek Yetmezligi <0.000 <0.000 0.656 <0.000 <0.000 <0.000
SKDE <0.000 0.911 0.656 <0.000 0.008 <0.000
Yas grubu <0.000 0.790 <0.000 <0.000 <0.000 <0.000
Entiibasyon <0.000 0.039 <0.000 0.008 <0.000 <0.000
Olim <0.000 <0.000 <0.000 <0.000 <0.000 <0.000

* Sekonder Kan Dolasimi Enfeksiyonu
¥ Mavi hiicreler, p degeri > 0.05 olan karsilastirmalar; yesil hiicreler, p degeri <0.05 ve Odds Ratio (OR)’su >1.0 olan

karsilastirmalari; kiremit rengi hiicreler, p degeri <0.05 ve OR’si <1.0 olan karsilastirmalar ifade etmektedir.

(—
r_b BY

Sekil 2. Tek degiskenli analizlerle anlamli bulunan iliskilerin sematik gosterimi.

_YAS :>
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—

* Yesil oklar pozitif yonde ve pembe oklar negatif yondeki iliskiyi ifade etmektedir
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Tablo 3. Cok degiskenli lojistik regresyon analizi sonuclar

. Standart Odds %95 Giiven Araligi
Degisken B p degeri -
Kategori Hata Ratio Alt Sinir Ust Sinir
Sabit -0.327 0.050 <0.001 0.721
Hasta giinii 0.002 0.000 <0.001 1.002 1.001 1.003
Yok Referans 1.000
Diyabetes Mellitus
Var 0.146 0.054 | 0.007 1.157 1.04 1.287
Yok Referans 1.000
Bobrek Yetmezligi
Var 0.51 0.066 | <0.001 1.665 1.464 1.893
Sekonder Yok Referans 1.000
Kan Dolasimi
. Var 0.597 0.076 <0.001 1.816 1.566 2.106
Enfeksiyonu
18- <65 yas Referans 1.000
Yas grubu >= 65 - <80 0.547 0.050 <0.001 1.729 1.569 1.905
>=80 0.898 0.054 <0.001 2.454 2.206 2.73
Yok Referans 1.000
Entiibasyon
Var 0.98 0.042 <0.001 2.664 2.455 2.891
Tablo 4. Bootstrap yeniden ornekleme yontemi ile elde edilen sonuclar
Bootstrap
Kategori %95 Giiven Araligi
Degisken B . Standart L.
Bias p degeri .
Hata Alt Sinir Ust Sinir
Sabit -0.327 0.001 0.055 0.001 -0.438 -0.224
Hasta giinii 0.002 0.000 0.000 0.001 0.001 0.003
Diyabetes Mellitus Yok Referans
Var 0.146 | -0.002 | 0055 | 0009 [ 0035 | 0.253
Bobrek Yetmezligi Yok Referans
Var 0.51 0.002 | 0064 [ 0001 | 0391 | 0.639
Sekonder
Yok Referans
Kan Dolasim
e Var 0597 | 0001 | o077 | o001 | o453 | 0.748
Yas grubu 18- <65 Referans
>= 65 - <80 0.547 -0.001 0.05 0.001 0.444 0.645
>=80 0.898 0.001 0.056 0.001 0.791 1.011
Entiibasyon Yok Referans
Var 0.98 0.001 0.04 0.001 0.902 1.064
Turk Hij Den Biyol Derg




TARTISMA

Dinyada en sk gorilen ve morbidite ve
mortalitede artisa neden olan saglik hizmeti iliskili
enfeksiyonlardan biri UKi-USE’lerdir. Ancak UKI-
USE’lerin hastalarin 6liim riski iizerine dogrudan etkisi
olup olmadig1 tartismalidir. Gilen ve arkadaslarinin
kardiyak operasyon yapilan ve UKI-USE gelisen
hastalarda risk faktorlerini arastirdiklari calismada;
ileri yas, kadin cinsiyet, diyabetes mellitus varligi,
yogun bakim iinitesinde yatis siiresi UKi-USE gelisimi
uzerine etkili faktorler olarak belirlenmistir (11).
Ancak cerrahi Uzerine en sik etkili olan degiskenler
kontrol edildiginde, UKi-USE’nin mortalite ile iliskili
olmadigr saptanmistir. UKi-USE tespit edilen hastalarin
diger komorbid durumlardan veya komplikasyonlardan
dolay1 6ldiigii vurgulanmistir (11). Cesitli calismalarda
UKIi-USE’nin 6liim riski iizerine etkili bagimsiz bir risk
faktori olmadigr gosterilmistir (12-14). Buna karsilik 10
yillik bir zaman diliminde toplam 8785 hastay1 kapsayan
10 adet calismanin ele alindig1 bir metaanalizde UKI-
USE’nin mortaliteyi artirdigi saptanmistir (15).

Bu calismada sekonder KDE gelisiminin, UKi-
USE gelismis hastalarda hastaneden cikis seklinin
olim olmasi iizerine etkili faktorlerden biri oldugu
bulunmustur. UKi-USE’ye sekonder gelisen KDE’lerin
morbitide, mortalite ve maliyeti artirdig1 disiniilen
ve UKi-USE’ye sekonder KDE’lerde risk faktorlerini
belirlemek icin yapilan bir calismada; ozellikle
karaciger, bobrek hastalan ve notropenik hastalarda
oliim riskin daha fazla oldugu bulunmustur (16). UKI-
USE gelisen ve bu risk faktorlerinin oldugu hastalarda
mortaliteyi azaltmak icin sekonder KDE gelisiminin
onlenmesi ozellikle onemlidir. Bunun icin de basta el
hijyeni olmak lizere enfeksiyon kontrol onlemlerine
uyuma dikkat edilmelidir.

Diyabetes mellitusu olan hastalarin diyabetin
immin sistemdeki etkilerinden dolayr genel olarak
enfeksiyon gelisimine yatkin olduklan bilinmektedir.
(16). Bu calismada saptanan bir diger risk faktorii
diyabetes mellitus varligidir. UKi-USE gelisen diyabetes
mellitusu olan hastalarda mortalitenin azaltilmas
icin diyabetin takibi 6nemli olabilir. UKI-USE gelisen
hastalarda diyabete bagli mortalite artisinin nedeni

bilinmemekle birlikte; diyabetes mellitusun kronik
komplikasyonlarinin mortalite artisina katkisi olmasi
muhtemeldir. Bu nedenle diyabetin hastane yatisi
sirasindaki kontroliiniin UKIi-USE gelisen hastalarda UKi-
USE’ye mortaliteyi azaltip azaltmadig1 incelenmelidir.
Ayrica yasli diyabetik hastalarda uriner sistem
enfeksiyonunun mortaliteyi arttirdigi gosterilmistir
(17).

Bu calismada UKI-USE gelismis hastalarda mortalite
lizerine etkili diger faktorler yas grubu, hasta gin,
bobrek yetmezligi varigi ve entiibasyon uygulanmis
olmasi olarak bulunmustur. Cok degiskenli lojistik
regresyon analizine gore hasta giiniinde 1 giinlik
artis 6liim riskini %0.2 kat artirmaktadir. YBU’de yatis
siiresinin UKI-USE gelisen hastalarda mortalite iizerine
etkisi gosterilmemis olsa da, UKI-USE gelisimini
artirdig1 bilinmektedir (11,12,15). Bu nedenle YBU’de
yatis sirelerinin kisaltilmast  UKi-USE  gelisiminin
azalmasina ve dolayisiyla UKi-USE’ye bagli mortalitenin
azalmasina katki saglayacaktir. ileri yas, entiibasyon
uygulanmasi, diyabetes mellitus ve bobrek yetmezligi
gibi faktorler ise degistirilemez veya degistirilmesi cok
glic faktorlerdir. Ayrica diyabetes mellitus ve bobrek
yetmezligi gibi kronik hastaliklarin hastaneye yatistan
sonra modifiye edilmesinin etkisi bilinmemektedir.

Bulgularin yorumlanmasinda calismanin kisitliliklar
goz oOniinde bulundurulmalidir. Degiskenlere ait
verilerin Ulusal Saglik Hizmeti iliskili Enfeksiyonlar
Surrveyans1 kapsaminda toplanmis olmasi nedeniyle
hastanelerde vyiiriitiilen sirveyansin duyarliigindaki
farkliiklardan etkilenmis olabilir. Baz1 hastanelerin
UKi-USE gelisen hastalar daha duyarli bir sekilde tespit
ederken, digerlerinin ise daha diisiik bir duyarlilikla
saptanmyor olmasi beklenmektedir. Calismada UKi-USE
tamsimin surveyans tam kriterlerine gore konulmus
oldugu da akilda bulundurulmalidir. Ayrica o6zellikle
bagimli degisken basta olmak {izere degiskenlere
ait eksik verilerin de taraf tutmaya yol acmasi
beklenebilir. 2018 yilinda lilke genelinde uygulanmakta
olan siirveyans tam kriterleri disiiniildigiinde aslinda
UKi-USE gelismis ancak idrar kiiltiirii alinmadi@ icin
bildirimi yapilmamis hastalar olabilir. Ayrica bazi
hastalarda idrar kilturd sonucu kontamine olmus ve
bu hastalarda idrar kiiltiirti tekrar edilmeden taburcu
olmus veya olmus olabilirler. Daha cok 6lmus hastalar
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veya taburcu edilmis hastalar ise sistematik hata ortaya
c1kmis olabilir. Ancak tim bu nedenlerden kaynaklanan
taraf tutmanin sonuclan onemli oOlclide etkilemesi
beklenmemektedir. Cuinku calismaya alinan veriler bir
yiin tamamini ve tlkemizdeki hemen tiim hastaneleri
kapsamaktadir. Bunun disinda Ulilkemizde yiritilen
surveyansin aktif, prospektif ve hastaya dayali olmasi
da bulgulara giivenirligi artirmaktadir. Elde edilen veri
tabaninin bliyiikligl de diistintildiigiinde sonuglarin yol
gosterici oldugu soylenebilir.
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Turk Hijyen ve Deneysel Biyoloji Dergisi

Lipopolisakkarit’in neden oldugu bagirsak toksisitesine karsi
biyosentetik giimiis nanopartikiillerin etkisi

Fatma OZTURK-KUP', Burcin KOCAK?, Ali Tugrul AKIN', israfil DOGANYIGiT2, Ash OKAN:Z,
Emin KAYMAK:, Ziileyha DOGANYiGiT?

OZET

Amag: Nanopartikiller, sahip olduklar Ustiin fiziksel
ozellikleri nedeniyle biyoteknoloji, farmakoloji, tip,
sensorler, bilisim ve iletisim, elektronik, savunma,
tekstil, makine ve insaat sanayileri de dahil olmak tizere
bir cok alanlarda kullanilmaya baslanmistir. Biyolojik
sentez yontemleri toksik kimyasallar kullanilmadigindan
dolay1 farmasotik ve diger biyomedikal uygulamalar icin
cevre dostu ozellikleri nedeniyle son yillarda yaygin
olarak kullanilmaktadir. Mikroorganizmalar ve bitki
ekstraktlan ile nanopartikiillerin biyolojik sentezi ile
ilgili calismalar gunuimuzde hizla artmistir. Bitki orijinli
polifenolik bilesikler son zamanlarda calismalarda yogun
sekilde kullanmlmaktadir. Bu calismada lipopolisakkarit
(LPS) ile olusturulan bagirsak hasari ve apoptozis iizerine
iziim cekirdegi ekstresi ile hazirlanan biyosentetik giimiis

nanopartikiillerin etkisinin arastirilmas1 amaclandi.

Yontem: Calismada 80 adet Wistar albino tiirii yetiskin
erkek sicanlar; kontrol grubu, LPS uygulama grubu, Gizim
cekirdegi ekstresi grubu, gilimiis nanopartikiil (AgNP)
grubu, Ag iyonu grubu ve LPS+ Ag iyonu grubu, LPS+ AgNP
grubu, LPS+ lizim cekirdegi oziitli gruplar olmak lizere

rastgele sekiz esit gruba ayrildi. Hayvanlardan alinan

ABSTRACT

Objective: Nanoparticles have been used in many
fields including biotechnology, pharmacology, medicine,
sensors, informatics and communications, electronics,
defense, textile, machinery and construction industries
due to their superior physical properties. Biological
synthesis methods have been widely used in recent years
due to their environmentally friendly properties for
pharmaceutical and other biomedical applications since
toxic chemicals are not used. Studies on the biological
synthesis of microorganisms and plant extracts and
nanoparticles have increased rapidly today. Plant origin
polyphenolic compounds have been used extensively in
recent studies. In this study, it was aimed to investigate
the effect of biosynthetic silver nanoparticles prepared
with grape seed extract on intestinal damage and

apoptosis caused by lipopolysaccharide (LPS).

Methods: In the study, 80 rats of Wistar albino
were male rats; control group, LPS group, grape seed
extract group, silver nanoparticle (AgNP) group, Ag ion
group and LPS + Ag ion group, LPS + AgNP group, LPS +
grape seed extract groups were randomly divided into

eight groups. Apoptotic cell counts were evaluated
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bagirsak dokularinda histopatolojik degerlendirme ve
TUNEL yontemi ile apoptotik hiicre sayilari degerlendirildi.

Bulgular: Calismanin sonucunda LPS uygulamasinin
bagirsaklarda nekrotik villuslarda limene dokiilme,
villuslarda dejeneratif degisiklikler ve kanamaya neden
oldugu, Ag iyonu, liziim cekirdegi 6ziitii ve AgNP’lerin LPS
ile birlikte uygulanmasi ile bu degisikliklerin hafifledigi
gorulmustur. Ayrica LPS apoptotik hiicre sayisin1 da
diger gruplara gore anlamli derecede artirmis ve Ag
iyonu, Uzlim cekirdegi ekstresi ve AgNP’lerin LPS ile
birlikte uygulanmasi ise apoptotik hiicre sayis1 Uzerine

istatistiksel olarak olumlu etki gostermistir.

Sonug: Sonug olarak biyosentetik AgNP’lerin LPS’nin
neden oldugu toksisiteyi azaltacak potansiyele sahip
oldugunu soyleyebiliriz. Bu calisma bundan sonraki

calismalara 151k tutacak niteliktedir.

Anahtar  Kelimeler: LPS,

nanopartikil, liziim cekirdegi ekstresi, bagirsak, TUNEL

biyosentetik glimiis

by histopathological evaluation and TUNEL method in

intestinal tissues from animals.

Results: As a result of the study, it has been
observed that LPS application causes lumen pouring in
necrotic villi in the intestines, degenerative changes
and bleeding in villi, and these changes are alleviated
with the application of Ag ion, grape seed extract and
AgNPs together with LPS. In addition, LPS significantly
increased the number of apoptotic cells compared to
other groups, and the application of Ag ions, grape
seed extract and AgNPs together with LPS showed a

statistically positive effect.

Conclusion: As a result, It can be said that
biosynthetic AgNPs have the potential to reduce the
toxicity caused by LPS. This study will shed light on

future studies.

Key Words: LPS, biosynthetic silver nanoparticle,

grape seed extract, intestine, TUNEL

GIiRiS

Nanoteknoloji, molekiiler diizeydeki
nanomateryallerin  manipilasyonu ile ilgilenen
ve fizik, kimya, biyoloji ve c¢esitli muhendislik

dallanyla i¢ ice olan uygulamali bir bilim dalidir
(1). Nanopartikillerin kullanim alanlan arasinda
ev aletleri ve urun kaplamalar (2), biyomedikal
uygulamalar (3, 4) micevhercilik (5), elektrokimyasal
sensorler ve biyosensor uygulamalan (6-9), tip (10-

12) gibi pek cok alan bulunmaktadir.

Son yillarda gumis nanopartikuller
katalitik,
ozellikleri,

(AgNPs)

Uzerinde yeni optik, antibakteriyel,

antiviral ve antifungal genis yiizey
nedeniyle cesitli

arastirmalar yapilmistir (13). Glimiis ve diger metal

alam ve vyiksek reaktiviteleri
nanoparcaciklar hazirlamak icin kullanilan kimyasal
ve fiziksel teknolojiler oldukca pahalidir ve yan

urunleri ve atiklarn cevre icin toksik ve zararlidir
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(14-16). Bu nedenle arastirmacilar nanopartikullerin
kimyasal ve fiziksel teknolojilere 6zgu bir alternatif
olarak maya, mantarlar, bakteriler, meyve ve bitki
ozleri gibi cesitli biyolojik sistemleri kullanarak
(17,18).
toksik kimyasallar

sentezini onermektedir Biyolojik sentez
yontemleri
farmasotik ve diger biyomedikal uygulamalar icin

cevre dostudur.

kullanilmadigindan

Uziim bitkisinin zengin bir proantosiyanin
kaynagi oldugu bilinmektedir ve bu nedenle bircok
arastirmaci uUzim ve yan Uurunlerinin tanimlanmasi
uzerine

ve biyoaktivitelerinin degerlendirilmesi

arastirmalar  yapmaktadirlar.  Uzim  cekirdegi
ozitl, esas olarak monomerik katesin, epikatesin,
gallik asidin yaninda polimerik ve oligomerik

proantosiyaninler ac¢isindan oldukca zengindir (19).

Lipopolisakkarit (LPS), Gram negatif bakterilerde



hiicre duvarlarinin toksik bir bilesenidir. Gram negatif
bakteri hiicre duvan; icte peptidoglikan tabaka, dista
LPS, proteinler ve fosfolipitlerden olusur. LPS tabakada
bulunan endotoksin molekill, hlicre membraninda
kaldig1 siirece inaktiftir. Hiicrenin hizli bilyliimesi veya
hiicre yikimi sirasinda aciga ¢ikan endotoksin sepsis/
endotoksemide olaylar dizisini baslatan anahtar
molekiildir. LPS iyi bilinen bir bakteriyel enfeksiyon

modeli olusturmak icin yaygin olarak kullanilir (20).

Biz de bu calismada bagirsaklarda LPS ile olusan
histopatolojik hasara ve apoptoza karst Uzim
cekirdegi ekstresi ile biyolojik olarak sentezlenmis

glimiis nanopartikiillerin etkilerini arastirdik.
GEREC ve YONTEM

Giimiis Nanopartikiillerinin Biyosentezi ve
Karakterizasyonu

Gumius hazirlanmasinda
indirgeyici ajan olarak Uziim (Vitis vinifera) bitkisinin

cekirdek ekstresi

nanopartikillerinin
kullamlmistir.  Kullanilan  Uzim
cekirdegi ekstresi Sepe Natural Organik Uriinler Sanayii
ve Ticaret A.S tarafindan kapsul seklinde ticari olarak
temin edilmistir. iceriginde %95 oraminda oligomerik
proantosiyanidin bulunmaktadir. Biyosentetik glimus
nanopartikillerin hazirlanmas1 ve karakterizasyonu
onceki calismamizda belirtildigi gibidir (21).

Deney Gruplarinin Olusturulmasi

Bu calismanin gerceklesmesi icin kullanilacak olan
deney prosediirii Erciyes Universitesi Hayvan Deneyleri
Yerel Etik Kurulu tarafindan 16/058 nolu karar ile
Calismada kullanilan 8-12 haftalik
Wistar albino tiirii yetiskin erkek sicanlar Erciyes

onaylanmistir.

Universitesi Deneysel ve Klinik Arastirma Merkezinde
(DEKAM) yetistirilmistir. GUnun normal diizeninde 21
°C ve 12 saatlik aydinlik/karanlik ortamda su ve besin
ihtiyac1 karsilanan 80 adet sican asagida belirtilen
sekilde 8 esit gruba aynlmistir (n=10):

1. Grup 1 (Kontrol grubu): Bu gruptaki sicanlara
baslangicta ve 30 dk. sonra olmak Uzere deney siiresi

boyunca ikiser kez serum fizyolojik (SF) (%0,9 NaCl
sol.) 0,1 ml intraperitonal (i.p.) yolla uygulanmistir
(SF+SF) (n=10).

2. Grup 2 (LPS grubu): Bu gruba i.p. yolla SF
verildikten 30 dk. sonrayinei.p. yolla LPS (Escherichia
coli LPS, serotip 0127: B8; Sigma Aldrich) (30 mg/kg)
uygulanmistir (SF+LPS) (n=10) (22).

3. Grup 3 (LPS + AgNP): Bu gruptaki sicanlara LPS
verildikten 60 dk. sonra AgNP oral yolla uygulanmistir
(200 mg/kg) (n=10) (23).

4. Grup 4 (LPS + Uziim Cekirdegi Oziitii): Bu
grupta LPS (30 mg/ kg) verilen hayvanlara 60 dk.
sonra Uzim cekirdegi ekstresi oral yolla verilmistir
(200mg/kg) (n=10).

5. Grup 5 (LPS+ Ag): Bu gruptaki LPS (30 mg/kg)
verilen hayvanlara 60 dk. sonra AgNO3 oral yolla
verilmistir (200mg/ kg) (n=10).

6. Grup 6 (Uziim cekirdegi oziitii): Bu gruptaki
sicanlara SF verildikten 30 dk. sonra lziim cekirdegi
ekstresi oral yolla verilmistir (200 mg/kg) (n=10) (24).

7. Grup 7 (AgNP): Bu gruba SF verildikten 30 dk.
Sonra AgNP oral yolla verilmistir (200 mg/kg) (n=10).

8. Grup 8 (Ag iyonu): Bu grupta SF (30 mg/kg)
verilen sicanlara 30 dk. sonra AgNO3 oral yolla
verilmistir (200 mg/ kg n=10).

Tum i.p. enjeksiyonlar ginin ayni saatinde
yapilmis ve deney sonunda ketaminehydrochloride
(50 mg/kg i.m/i. p) ve %2 xylazinehydrochloride (10
mg/kg i.m/i.p) ile anestezi altina alinarak bagirsak
dokulan c¢ikarilan ratlarin yasamlarina son verilmistir.
Elde edilen bagirsak dokulart %4’lik formaldehit
icerisinde fikse edilerek rutin doku takibinden sonra,
histopatolojik degerlendirme ve TUNEL analizi icin

parafin bloklar icerisine gomulmustur.

Histolojik Analiz

%4’luk formaldehit solusyonu ile fikse edilen
ve rutin histolojik doku takibinden gecirildikten
sonra parafine gomiilen dokulardan alinan 5pm
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kalinligindaki kesitler Harris Hematoksilen ve Eozin
ile boyanarak 1s1k mikroskobu altinda incelendi
(Olympus BX53). Bagirsak kesitlerinde histopatolojik
degerlendirme amaciyla nekrotik villusun bagirsak
limenine dokilmesi, kanama ve villustaki dejeneratif
degisiklikler gibi kriterler kullanildi. Her kategorideki
histopatolojik sonuclar 0 = yok, 1= hafif, 2 = orta ve
3 = siddetli seklinde skorlanmistir. Sonuclar Image J
yazilim programi ile degerlendirilmistir.

TUNEL Yontemi

Bagirsak doku kesitlerine apoptoz tespiti amaciyla
TUNEL metodu (In-situ Cell Death Detection Kit,
-Roche-, kit
islem sirasina gore uygulandi. Oncelikle 5-6 pm

Florescein Kit icerisinde onerilen
kalinigindaki barsak kesitleri deparaffinize edildi,
daha sonra rehidre edilen kesitler PBS ile yikandi.
Yikamadan sonra, antijen geri kazanimi icin dokular
0.01 M Sodyum Sitrat tampon icerisine koyuldu ve
mikrodalga firinda 5 dk. boyunca 300-350 °C’ye
maruz birakildi. Oda sicakliginda sogumaya birakilan
dokular daha sonra kit icerisinde bulunan TUNEL
reaksiyonu enzim karisimi ile karanlik ortamda 37
°C’de 1 saat boyunca inkiibe edildi. Daha sonra
PBS ile yikanan dokularin {izerine 4,6-diamidine-
2’-phenylindol (DAPI) damlatildi ve uzeri kapatilan
dokular Uzerinde floresan mikroskop (Olympus BX51)
altinda 450-500 dalga boyunda apoptotic hiicre tayini
gerceklestirildi.

Apoptotik indeks icin toplamda 20X objektifte 50
farkli alandaki apoptotik hiicreler sayildi ve sonuclar
Image J yazilim programi ile degerlendirildi.

istatistiksel Analiz

Bu calismada kullanilan istatistiksel veriler, SPSS
22.0 (SPSS Inc, USA) paket programinda tek yonlu
varyans analizi (ANOVA) ve post-hocTukey testi ile
degerlendirildi. Ayrica yapilan istatiksel analizlerin
dogrulanmasi ve grafiklerin elde edilmesi amaciyla
GraphpadPrism7.0 (GraphPad Software, La Jolla
California, USA). P<0.05 anlamli olarak kabul edildi.
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BULGULAR

Biyosentetik Giimiis Nanopartikiillerin
Sentezi ve Karakterizasyonu

UV-VIS spektrofotometre kullanimi metalde var
olan lokalize ylizey plazmon rezonansini uyararak,
bir elektrik alan olusturup belirli bir dalga boyunda
rezonans meydana getirir ki o dalga boyunda giicli
151N

sacilmasina neden olmaktadir. Bu sayede

spektrofotometrik  Olciimlerin  degerlendirilmesi
farkli dalga boylarinda renksel ya da kolorimetrik
olarak kullanilan skala degerlendirmesi yapilir.
Uziim cekirdegi ekstresi AgNP kompleksindeki Ag+
iyonunun Ag0 iyonuna indirgenmesi, yiizey plazmon
rezonansinin uyarilmasini  saglanmistir ve sonuc
olarak UV-Vis spektrofotometrede olcum yapilmistir.
UV-Vis olciimlerine gore 420-470 nm dalga boyunda
AgNP olusmas1 beklenir. Yapilan 6l¢um sonucunda
iziim cekirdegi ekstraktinin ~278 nm’de, biyosentetik
AgNP’nin ise ~446’nm de absorbans piki verdigi
belirlenmistir. Taramali elektron mikroskobu analizi
ile AgNP’lerin kuresel sekilli ve ortalama olarak
biyiikluklerinin de 67.20 + 5 nm oldugu belirlenmistir
(21). AgNP’lerin elektriksel yiuku zeta analizi ile
belirlenmistir. Yapilan olcim sonuclarina gore AgNP
elektriksel yukiu  -30,4 olarak tespit edilmistir.
Yuzey yukunin negatif olmasi negatif-negatif itme
kuvvetinden dolay1 AgNP’lerde yiiksek dagilim, uzun
stireli kararlilk ve iyi kolloidal yapinin olustugunu

gostermektedir (21).
Histopatolojik Analizler

LPS
bagirsak toksisitesine kars1 herhangi bir etkisinin olup

Biyosentetik AgNP’lerin ile olusturulan
olmadig1, fareler lizerinde yapilan in vivo calismalar

sonucunda  histolojik ve immunohistokimyasal

analizler ile belirlenmeye calisilmistir.

Yapilan histolojik incelemeler sonucunda Ag
ve Uzim cekirdegi uygulanan gruplara ait bagirsak
dokularinmin, histolojik olarak kontrol grubuna benzer

bir yap1 gosterdigi belirlendi (Sekil 1A). LPS uygulanan



ok), nekrotik

villusun bagirsak limenine dokiilmesi (turuncu ok),

bagirsak dokusunda kanama (sar
ve villustaki dejeneratif degisiklikler (mavi ok)
gozlenmektedir. Sekil 1B’ de gosterilen histopatolojik
skorlamaya gore; istatistiksel olarak LPS, AgNP, LPS
+ AgNP, LPS +Ag ve LPS + Uziim cekirdegi gruplarimin
kontrol grubundan farkli oldugu gézlenmistir (P<0.05).
LPS’ de gozlenen histopatolojik hasarin diger tim
gruplardan yiksek oldugu gorilmiistiir (P<0.05). AgNP
ve LPS + AgNP gruplari LPS grubuna gore hasar orani

azalmistir (P<0.05). Ag ve Uziim cekirdegi uygulanan
gruplardaki hasarin LPS + AgNP ve LPS + Ag gruplarina
gore daha az oldugu belirlenmistir (P<0.05). Sadece Ag
uygulanan grupta gozlenen hasarin LPS + Ag grubuna
gore daha az oldugu tespit edilmistir (P<0.05). Son
olarak, LPS + Ag grubu ile LPS + Uziim cekirdegi grubu
arasinda degerlendirilen hasar miktarinin birbirine
yakin oldugu tespit edilmistir. Kontrol, Ag ve Uziim
cekirdegi uygulanan gruplar arasinda istatistiksel
olarak herhangi bir farklilik olmadig1 gosterilmistir.

Histopatolojik hasar

L o S &
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Gruplar

Sekil 1A. Kontrol grubu (a), AgNP grubu (b), Ag grubu (c), Uziim cekirdegi grubu (d), LPS grubu (e), LPS + AgNP grubu (f),
LPS + Ag grubu (g) ve LPS + Uziim cekirdegi (h) grubu bagirsak dokularimin H&E boyama yontemi ile histopatolojik olarak

degerlendirilmesi. Biyiitme 20X, bar = 50 pm.

Sekil 1B. Histogram grafiginde gosterilen histopatolojik skor verileri ort.+ SEM olarak ifade edilir. Tek yonlii ANOVA varyans
analizi ve TUKEY post hoc coklu karsilastirma testi uygulanmistir (aP<0.05 kontrol grubundan farkli; BP<0.05 LPS grubundan
farkli; 8P<0.05 AgNP grubundan farkli; eP<0.05 LPS + AgNP grubundan farkli, @P<0.05 Ag grubundan farkli, yP<0.05 LPS + Ag

grubundan farkli, yP<0.05 Uziim cekirdegi grubundan farkli)
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Apoptotik Analizler

TUNEL metodu uygulanan kesitlerde yesil renkli
1Isima sergileyen hucreler sar1 ok ile gosterilmistir
(Sekil 2A). Sekil 2B’de gerceklestirilen apoptotik hiicre
sayisi tayini sonucunda LPS grubunda, kontrol grubu ile
kiyaslandiginda apoptotik hiicre sayisinin istatistiksel
olarak anlamli bir sekilde arttig1 belirlenmistir
(p<0.05). Bu anlamlilik “*” ile gosterilmistir. Ayrica LPS
grubu ile kiyaslandiginda AgNP, Ag, Uziim cekirdegi,
LPS+AgNP,  LPS+Uziim

apoptotik hicre sayisinin istatistiksel olarak anlamli

cekirdegi  gruplanindaki
olacak sekilde az oldugu gozlenmistir (p<0.05). LPS
grubu ile bu gruplar arasindaki anlamli farklilik ise
‘+’ jsareti ile gosterilmistir. Kontrol grubu ile LPS+Ag
grubu arasinda ise istatistiksel olarak anlamli bir

farklilk gozlenmemistir (p>0.05). Buna ragmen LPS
grubu ile LPS+Ag grubu arasinda da istatistiksel olarak
anlamli bir farkliik bulunmaktadir (p>0.05).

TARTISMA

Nanoteknoloji, nanomateryal uygulamalarinin
yani sira bu materyallerin sentezi ve karakterizasyonu
de

ozellikleri

ile ilgilenmektedir.  Nanopartikiller essiz

sayesinde son yillarda bircok bilim

insaninin dikkatini cekmis ve cok cesitli alanlarda

uygulanma imkan1 bulmuslardir.  Farmakolojinin
nanoteknoloji ile birlestirilmesi gittikce artan
ilaca direncli mikroorganizmalar kontrol etmek

icin yeni antimikrobiyal ajanlarin gelistirilmesine
yardimcr olmustur. Gumdus, altin, titanyum dioksit

@

Apoptotik Hiicre Sayisi

Gruplar

Sekil 2A. Kontrol grubu (a), AgNP grubu (b), Ag grubu (c), Uziim cekirdegi grubu (d), LPS grubu (e), LPS + AgNP grubu (f),
LPS + Ag grubu (g) ve LPS + Uziim cekirdegi (h) grubu bagirsak dokularinin TUNEL yéntemi ile degerlendirilmesi. Sar oklar

apoptotik hucreleri gostermektedir.

Sekil 2B. Apoptotik indeks histogram grafiginde gosterilmektedir.
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vb. antimikrobiyal metaller ve magnezyum oksit
gibi metal oksit nanopartikilleri en iyi bilinenler
arasindadir. Bunun yanm sira, son yillarda bitkisel
kaynakli polifenolik bilesiklerin nanopartikiller ile
birlestirilerek yeni stratejiler gelistirilmesi yaygin
hale gelmistir (25).

Uzim cekirdegi ile yapilan calismalar zengin

proantosiyanin iceriginin serbest radikalleri
temizleyebildigi ve oksidatif stres ile iliskili
miyokardial infarktus, aterosikleroz, ilac ile

indiiklenmis akciger, karaciger ve bobrek hasar1 (26-
28) ve prenatal donemde valproik asit maruziyetine
bagli olarak gelistirilen serebral kortex defektine
kars1 etkili oldugunu gostermektedir (29).

Uzim  cekirdeginin  dokularda inflamasyona
bagli meydana gelen oksidatif hasara karsi olumlu
etkileri bircok calismada gosterilmistir. Wang ve ark.
(30) farelerde yaptiklarn calismada arsenik trioksit
(As203) ile induklenen renal inflamasyonda, uzim
cekirdeginin NF-kB sinyal yolagimin aktivasyonunu
inhibe ederek inflamatuvar sitokinlerin salinimim

baskiladigini bildirmislerdir.

Bakteriyel LPS sepsisi ve septik soku tetikleyen
bir endotoksindir ve immin hucreleri tarafindan
Tumor Nekroz Faktor-a (TNF-a) ve IL-18, IL-6 ve IL-
10 gibi pro- ve anti-inflamatuvar sitokinlerin salinimi
ile sonuclanan inflamatuvar cevabin olusturulmasina
neden olmaktadir (22).

Pallares ve ark. (31) ratlarda LPS ile endotoksisite
modeli olusturmus ve bu endotoksisitenin belirli
organlardaki gozlemlemek
amaciyla kan eritrositler,

doku ve etkilerini

plazmasi, dalak ve
karacigerde lziim cekirdegi ekstresinin etkilerini
Calismanin LPS ile

indiiklenen endotoksisite modelinde {izlim cekirdegi

incelemislerdir. sonucunda
ekstresinin kan plazmasinda, eritrositlerde, dalakta
ve karacigerde artan NOx proinfamatuvar markir
ekspresyonunu azalttigint bulmuslardir. Ayrica tiziim
cekirdegi ekstresinin IL-6 ve iNOS ekspresyonlarini da
ciddi sekilde azalttigini belirlemislerdir.

Nanopartikiiller icerisinde en yaygin kullanima

sahip olanlardan biri olan AgNPs

antimikrobiyal ozelliklere sahiptir ve gida,

cok giclu
tibbi
urinler ve endustriyel kaplama gibi bircok alanda
yaygin sekilde kullamlmaktadirlar. Fakat tum yararli
ozelliklerine ragmen, nihayetinde metal olan bu
parcaciklarin beslenme, hava veya su yoluyla viicuda
alinmas1 ile karaciger, bobrek, akciger ve beyin
gibi organlarda fazla miktarda birikmesi
ciddi dikkatli
olunmalidir. Nitekim AgNP ile yapilan calismalar, bu

cesitli

sonuclara yol acabileceginden
nanopartikillerin baliklarda, farelerde ve insanlarda
hiicre icerisinde biriktigi ve tiim viicuda dagilabildigi
belirlenmistir (32-34).

Elle ve ark. (35) yapmis olduklar calismada, oral
yolla verilen AgNPs’nin kalp ve karaciger dokusunda
oksidatif stresi arttirdigint ve kan plazmasinda
proinflamatuvar sitokinlerin artisina sebep oldugunu

bulmuslardir.

AgNPs bircok hayati doku ve organda (karaciger,
dalak, beyin, bébrek, kalp, akciger) birikme 6zelligine
sahiptirler (36-38). Adeyemi ve Faniyan, AgNP’nin
dokularda
olabilecegini ve eser miktardaki uygulamalarinin

cesitli lipit peroksidasyonuna neden
antioksidan 6zellige sahip olmasina
oksidatif

degistirebildigini

ragmen bu

ozelligini stres indukleyicisi  olarak
(39). AgNP’nin

biyolojik etkileri Uzerine yapilan bircok calisma,

bildirmislerdir

bu nanopartikillerin doku ve organlardaki toksik
etkilerinin oksidatif strese dayandigim bildirmislerdir
(36, 40).

Bakteriyel lipopolisakkarit (LPS)

sebep

bircok doku

ve organda inflamasyona olmakta ve
sistemik inflamasyonu tetikleyerek sepsise neden
olabilmektedir. Zong ve ark. (41) yaptiklarn calismada
LPS ile indiiklenmis ince bagirsak hasar Uzerine
domuz lactoferrin-turevli peptid LFP-20’nin etkisini
incelemislerdir. Calismada LPS’nin ince bagirsakta
mukozal lezyonlarin olusumuna ve apoptozise
sebep oldugunu ve ozellikle ileumda makrofajlarin
cogaldigin

ve bolgede notrofil infiltrasyonunun

ciddi sekilde arttigini gozlemlemislerdir. Yaptigimiz
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LPS
bagirsak limeninde go6zlenen nekrotif

calismada, bagirsak dokusunda
hemoraji,

villuslar ve genel villus yapisindaki

uygulanan

dejeneratif
degisiklikler gozlenmistir. Bu degisikliklere bagli
olarak gerceklestirilen doku hasar1 skorlamasina
gore LPS grubunda kontrol grubuna oranla ciddi
bir histopatolojik hasar belirlenmistir. Ag ve Uziim
cekirdegi ekstresi uygulanan gruplarda bagirsak
histolojisinin kontrole yakin bir doku morfolojisi
sergiledigi, AgNP uygulanan grupta ise histopatolojik
hasarin kontrol grubu ile karsilastirildiginda anlamli
bir sekilde artmis oldugu fakat LPS grubundaki
histopatolojik hasardan da istatistiksel olarak anlamli
bir sekilde az oldugu belirlenmistir. Ayrica LPS+AgNP,
LPS+Uziim cekirdegi ekstresi ve LPS+Ag gruplarindaki
histopatolojik hasarin LPS grubundan anlamli bir

sekilde az oldugu gozlenmistir.

intestinal mukoza viicudun ilk savunma hatti
olarak gorev yapmaktadir ve antijenlere kars

direncli bir bariyer saglamaktadir. Enfenksiyon
sirasinda, intestinal mukozanin bitlinligl apoptoz
ve nekrozdan onemli oOlclide etkilenir ve intestinal

mukozal bariyerin bozulmasina neden olur (42).

Zhou ve ark. yaptiklan calismada, ratlarda LPS
ile indiklenmis immin stresin intestinal mukoza
hiicrelerindeki apoptozis Uzerine visfatinin etkisini

TESEKKUR

incelemislerdir. Apoptozisi belirlemek amaciyla ELISA
ve Western Blot yontemleri ile pro-caspase-3 ve
caspase-3 ifadelerindeki degisiklikleri incelemis ve
TUNEL yontemi araciligiyla da apoptotik hiicre tayini
gerceklestirmislerdir. Calisma sonucunda, visfatinin
LPS ile indiiklenmis intestinal mukoza hiicrelerindeki
etki
gosterdigi belirtilmistir (42). Yaptigimiz calismada,
TUNEL yontemi
apoptotik indeks 1s18inda LPS’nin sicanlarda ciddi
bir inflamasyona neden oldugunu ve apoptotik hiicre

artan apoptozisi azalttigi ve olumlu bir

uygulanan kesitlerde belirlenen

sayisi kontrol grubu ile kiyaslandiginda istatistiksel
olarak anlamli bir sekilde arttirdigini belirledik. Ayrica
apoptotik hicre sayisinin LPS grubunda, Ag, AgNP,
LPS+AgNP, Uziim cekirdegi ve LPS+Uziim cekirdegi
gruplarina gore de istatistiksel olarak anlamli bir
sekilde fazla oldugunu gozledik.

Sonu¢ olarak yaptigimiz calismada LPS’nin
sicanlarin bagirsak mukozasinda meydana getirdigi
histopatolojik hasara karsi uygulanan biyosentetik
AgNP ve liziim cekirdegi ekstresinin tedavi edici
etkilere sahip oldugunu belirledik. Ayrica biyosentetik
AgNP  ve

mukozasinda artan apoptozisi azalttigi ve mukozayi

Uziim cekirdegi ekstresinin bagirsak
inflamasyona bagli apoptozisin zararli etkilerinden

korudugunu soyleyebiliriz.

Biyosentetik nanopartikillerin karakterize edilmesinde SEM, Zeta potansiyel olciimleri ve UV analizlerinin

yapilmasinda yardim ve destek saglayan Erciyes Universitesi Nanoteknoloji Arastirma Merkezi (ERNAM)’ne

ve calismay1 FYL-2016-6769 numarali proje ile destekleyen Erciyes Universitesi Bilimsel Arastirma Projeleri

Birimi’ne tesekkir ederiz.
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Sivas’ta akarsu c¢evresinden toplanan yumusakcalarda trematod
larval donemlerinin arastirilmasi

Fatih AKYILDIZ!, Serpil DEGERLi?

OZET

Amag: Trematodlar, hem insan hem de hayvan
saghigr icin onemli olan parazitlerin yassi solucanlar
Ulkemizdeki

yapilan calismalar incelendiginde, trematodlarin larva

sinifindandir. trematodlar  lzerine
sekillerine ev sahipligi yapan yumusakcalar iizerinde
cok az calisma oldugu gorilmektedir. Calismamizda,
tibbi 6neme sahip yumusakcalarin bulunabilecegi akarsu
etrafindan toplanan yumusakcalarin tur ayriminin
yapilmasi, bu tiirlerde yerlesim gosteren trematod larval
sekillerinin arastirilmasi amaclanmis ve bolgenin risk

dizeyinin ortaya konmasi hedeflenmistir.

Yontem: Calisma, Nisan ve Haziran 2019 tarihleri
arasinda Sivas ilinin yaklasik 5 km kuzeyinde, dogal
kaynak sulariyla beslenen ve derinligi maksimum 50 cm
olarak dlcilen, bitki 6rtiisti bakimindan zengin, bol agacli
bir akarsu etrafinda gerceklestirilmistir. Yumusakca
ornekleri calisma alanina haftada iki kez gidilmek sureti
ile toplanmistir. Toplanan ornekler temiz suyla siselere
alinarak laboratuvara getirilmis ve mikroskop altinda
incelenmistir. Yumusakca turlerini tanimlamak icin tur
teshis anahtarlarnn kullamlmistir. Turler kabuk yapisi
ve anatomik ozellikleri dikkate alinarak belirlenmistir.

Yumusakcalar kesilerek iclerindeki larva asamalarinin

ABSTRACT

Objective: Trematodes are a class of flatworms with
parasites that are important for both human and animal
health. When the studies on trematodes in our country
are examined, it is seen that there are very few studies
on the molluscs wich intermediate host of trematodes
and larval shapes. In our study, it was aimed to determine
the types of gastropod samples collected from the
stream where the molluscs of medical importance can
be found, and to investigate the trematode larval shapes
located in these species and to determine the risk level

of the region.

Methods: The study was carried out between April
and June 2019, approximately 5 km north of Sivas
province, around a river which is fed with natural spring
waters and whose depth is measured as maximum 50
cm, with abundant trees, rich in vegetation. Mollusca
samples were collected twice a week by visiting the
study area. Collected samples were taken into bottles
with clean water and brought to laboratory and
examined under microscope and keys were used to
identify mollusca species. Species were determined
by considering the crust structure and anatomical

features. Then, the molluscs were crushed and the

'"Cumhuriyet Qniversitesi Saglik Bilimleri Enstitiisti, Sivas
2Cumhuriyet Universitesi Parazitoloji Anabilim Dali, Sivas

iletigim / Corresponding Author : Fatih AKYILDIZ

Cumhuriyet Universitesi Saglik Bilimleri Enstitiisti, Sivas - Tirkiye
E-posta / E-mail : akyildizfatih2020@hotmail.com

Gelis Tarihi / Received : 20.02.2020
Kabul Tarihi / Accepted : 10.04.2020

Akyildiz F, Degerli S. Sivas’ta akarsu cevresinden toplanan yumusakcalarda trematod larval donemlerinin arastirilmasi
Turk Hij Den Biyol Derg, 2020; 77(3): 343-348

343



344

incelenmesi 151k mikroskobu altinda yapilmistir. Nehrin
mineral analizi, ileri Teknoloji Arastirma ve Uygulama
Merkezi’nde yumusakcalarin temel ihtiyaclari dikkate

alinarak analiz edilmistir.

Bulgular: Calismada, 165 Lymnaea truncatula,
1650 Planorbis intermixtus ve 657 Oxyloma elegans
olmak Uzere lc farkli salyangoz tiirii saptandi. Diseke
edilen turler icerisinde, 165 Lymnaea truncatula’min 16
(%10)’sinda, 1650 Planorbis intermixtus’mn 332 (%20
)’sinde larval trematodlar bulundu. Akarsuyun analizinde
DSO’niin

verilerden yiiksek oldugu ve kalsiyum miktarinin Avrupa

¢ozinmus oksijen  miktarimin saptadig

birligi standartlarinin lizerinde oldugu saptanmistir.

Sonu¢: Trematodlarin ara konaklar1 olan tatli

su salyangozlari, hayvanlarda ve insanlarda saglik

tehlikelerine neden olabilir  Bu salyangozlarin

prevalansinin belirlenmesi, yasadigimiz cografyanin

trematod hastaliklanimin  risk haritasin1  belirlemek
acisindan onemlidir. Sonuc olarak yumusakcalarin tur
tayininin yapilmasi ve yayginliginin arastirilmasinin,
ulkemizdeki trematod hastaliklarinin risk haritasinin

belirlenmesi acisindan 6nemli oldugu kanisina varilmistir.

Anahtar Kelimeler: Lymnaea, Oxyloma, Planorbis,

tibbi malakoloji, trematoda

examination of the larval stages inside them was
performed under a light microscope. Mineral analysis
of the river was analyzed by considering the basic
needs of molluscs in Advanced Technology Research

and Application Center.

Results: In the study, three different snail species,
165 Lymnaea truncatula, 1650 Planorbis intermixtus
and 657 Oxyloma elegans, were detected. Among the
dissected species, larval trematodes were found in
16 (10%) of 165 Lymnaea truncatula and 332 (20%) of
1650 Planorbis intermixtus. It was determined in the
water analysis that the amount of dissolved oxygen and

calcium amount were above the standards.

Conclusion: Freshwater snails, as the intermediate
hosts of trematodes, can cause health hazards in
animals and humans. Determining the prevalence
of these snails is important for determining the risk
map of trematode diseases of our geography. It has
been concluded that determining the species and
investigating the prevalence of these molluscs is
important for determining the risk map of trematode

diseases.

Key Words: Lymnaea, Oxyloma, Planorbis, medical

malacology, , trematoda

GIRIS

Trematodlar, helmintlerin (solucanlar)
Platyhelminthes (Yass1 solucanlar) subesi icerisinde
yer alan ve insan saglig1 acisindan onemli parazitlerin
bulundugu bir gruptur. Bu gruptaki

gelisimi en az bir ara konakta gerceklesir. Birinci

parazitlerin

ara konak her zaman bir yumusakca (gastropod)
veya ¢cok nadiren bir anneliddir. Bircok tur, yasam
dongilerinde ikinci ve hatta lcuncu bir ara konak
icerir. Trematodlara ara konaklik edebilen yaklasik
tibbi
veteriner éneme sahip oldugu bilinmektedir (1,2).

350 yumusakca turunun muhtemel veya

insan viicuduna yerleserek hastalik olusturan

trematodlarin ara konaklarn olarak, Fasciola

Turk Hij Den Biyol Derg

turleri icin Lymnaea cinsi tatli su salyangozlan,
Dicrocoelium tirleri icin Helicella ve Zebrina cinsi
kara salyangozlarn, Schistosoma turleri icin ise
Biomphalaria, Bulinus ve Oncomelania cinsi tath
su salyangozlan rapor edilmistir (3). Farkl turdeki
salyangozlarin yasam habitatlarin1 cevrenin degisik
dinamikleri belirlemektedir. Sudaki kalsiyum orani,
sicaklik, oksijen konsantrasyonu ve pH o6zellikle sucul
yumusakca habitatlar icin cok onemlidir (3-5).
Trematodlar insan vicudunda eriskin halde
bulunurlar ve safra yollan, karaciger, akciger ve

dolasim sistemine yerlesirler (6).

Calismamizda tibb1 6neme sahip yumusakcalarin
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bulunabilecegi yerler saptanarak oncelikle
turlerin belirlenmesi yoluna gidilmis daha sonra
da bu tirlerde yerlesim gosteren trematod larval
sekillerinin saptanmasi amaglanmistir. Bu sekilde
trematod hastaliklarinin en onemli zincir halkas1 olan
yumusakcalarin yer ve yogunluk tespitinin yapilarak
bolgenin risk diizeyinin ortaya konmasi hedeflenmistir.

GEREC ve YONTEM

Calisma cografi olarak Sivas ilinin yaklasik olarak
5 km kuzeyinde (Sekil 1), dogal kaynak sulan ile
beslenen, derinligi azami 50 cm olarak olciilen, etrafi
bol agacli, bitki oOrtiisi bakimindan zengin, ulasimi
kolay bir alan etrafinda yapilmistir. Calisma alaninin
dogal halini gosterebilmek icin fotograflan cekilmistir
(Sekil 1).

Calisma Nisan- Haziran 2019 tarihleri araliginda
yapilmistir. Alana haftada iki kez gidilmek sureti
ile akarsuda bulunan tas, kaya, sucul bitkiler gibi
cesitli maddelere tutunarak yasayan ornekler, cizme
giyilerek pens, elek seti, numune kabi, kiicuk fircalar
gibi gerecler kullanlarak toplanmis ve toplanan
ornekler temiz cam siselere su icinde alinarak
laboratuvara getirilmistir. Akarsudan toplanip canl
olarak laboratuvara getirilen her bir yumusakca,
fotograflan cekilip, kabuk vyapilari not edildikten

Sekil 1. Calisma alanini gosteren harita

e — Cilt 77 B Say1 3H 2020

sonra serum fizyolojik bulunan plastik kutulara
alinmistir.  Yumusakcalar tur teshisi yapildiktan
sonra, diseksiyon malzemeleri kullanilarak oncelikle
kabuklar1 kirilmak suretiyle cikartilarak, %0,6’lik
fizyolojik su bulunan petri kap1 icerisine alinmistir.
Salyangozun ic organlar igne yardimiyla parcalanmis
ve mevcut trematodlara ait yasam evrelerinin
tamamen dagilmalar icin bir siire beklenilmistir.
Karisimi olusturan sudan mikropipet yardimi ile bir
damla lam iizerine alinarak 151k mikroskobunun cesitli
buyutmelerinde incelenmistir.

Yumusakca turlerini tanimlamak icin literatur de
bulunan tur teshis anahtarlarindan faydalamlmistir (7).
Serkaryalan tamimlamak icin goz lekelerinin varlig,
kuyruk tipi, cekmenlerin pozisyonu gibi morfolojik
ozellikleri kullamlmistir. Calismamizda tek cekmeni
olan tirler monostome serkarya, iki cekmen iceren
turler distome serkarya, kuyruksuz serkaryalar ise
cercarium serkarya olarak siniflandinlmistir. Calisma
alaninda L. (Galba) truncatula, P. intermixtus ve
0. elegans olmak uzere Uc¢ adet yumusakca turu
saptanmistir.

Akarsuyun mineral analizi yumusakcalarin temel
ihtiyaclarn olan veriler goz oniinde bulundurularak
ileri Teknoloji Arastirma ve Uygulama Merkezi’'nde,
¢oziinmus oksijen tayini ise kamu kurumlarina ait
laboratuvarlarda yaptintmistir.

Sekil 2. Calisma alanimin goruintiisu (Orijinal)
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BULGULAR

Calisma alanimizda L. truncatula, P intermixtus
ve 0. elegans olmak Uzere uc farkll salyangoz turu
saptanarak toplamda 2472 ornek incelenmistir (Sekil 3).
Disekte edilen tiirler icerisinde bulunan trematod larval
sekillerinin varliginin arastirmak lizere yapilan calismada
L. truncatulave P. intermixtus turleriicerisinde larvalara
rastlanirken O. elegans turleri icerisinde herhangi
bir larval form saptanmamstir.  (Tablo 1). Saptanan
yumusakca tirleri Sekil 3’te yer almaktadir.

P intermixtus  turli  yumusakca icerisinde
trematodlara ait larval yapilardan redi ve iki farkl tiirde
serkarya gorulmustir (Sekil 4-5).

YUMUSAKGALARDA TREMATOD LARVAL DONEMLERI

L. truncatula tiri yumusakea icerisinde trematodlara
ait larval yapilardan uc farkl tipte serkarya gorulmustur
(Sekil 6).

Farkli yumusakga turlerinde yapilan calismalarda aym
zamanda farkli serkarya tiirlerinin oldugu saptanmistir
(Tablo 2).

Suda yasayan canlilar icin su kalitesi oldukca onemli
bir parametre olup calisma yapilan akarsuda ¢oziinmus
oksijen miktarimin yuksek olmas kaliteli sular grubunda
oldugunu gosteren bir deger iken, Kalsiyum miktarinin
Avrupa birligi standartlarimin  izerinde oldugu diger
degerlerin normal aralikta oldugu goriilmistiir (8) (Tablo

3).

Tablo 1. Calisma alaminda saptanan yumusakcalar ve trematod larvalar ile enfekte olma durumu

Saptanan turler Toplanan yumusakca say1s1  Serkarya rastlanan ornek sayisi %Yayginlik
Planorbis intermixtus 1650 332 % 20
Oxyloma elegans 657 0 %0
Lymnaea (Galba) truncatula 165 16 % 10
Toplam 2472 348 % 14

Sekil 3. Yumusakga tirleri (Orjinal)
p: P. intermixtus, o: O. elegans, L: L. truncatula

Sekil 4. Redi (Orjinal x10)
a: agiz cekmeni, b: bagirsak, s: serkarya

Tablo 2. Yumusakcalar icerisinde bulunan serkarya tiplerinin dagilim

Yumusakga tiirii/Serkarya tipi

Monostome serkarya

Distome serkarya Cercarium serkarya

Lymnaea (Galba) truncatula 8 2 6

Planorbis intermixtus 212 - 120

Toplam 220 2 126
346 Turk Hij Den Biyol Derg
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Sekil 5. P intermixtus turu icerisinde bulunan sefkarya

tirleri (Orjinal x10-40)
k: kuyruk, g.l. : goz lekeleri, a: agiz cekmeni

Tablo 3. Yumusakcalarin saptandigi akarsuyun mineral analizi

e — Cilt 77 B Say1 3H 2020
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Sekil 6. L. truncatula tiirii yumusakca icerisinde
trematodlara ait larval yapilar.

a: Agiz cekmeni, k.c : karin cekmeni

Coziinmis oksijen

Ort.Sicaklik °C pH sl Ca(mg/l) Na(mg/l) Mg(mg/l) K(mg/l)
20 6.0 7.41 110.2 10.74 16.17 6.6
TARTISMA Haziran ayinda topladigimiz orneklerde serkaryalar

Trematodlar hem insan hem de hayvan sagligi
bakimindan 6neme sahip olan parazitlerin bulundugu
yass1 solucanlarin bir simfidir. Ulkemizde trematodlarla
ilgili yapilan calismalara bakildiginda trematodlarin
anakonag1  olabilen  yumusakcalarin  yayginligi
Uzerine az sayida calisma bulunmasina ragmen, bu
canlilann viicudunda gelisim gosteren trematod larval
sekillerinin arastinlmasi Uizerine yapilan bir arastirmaya
rastlanmamistir.

Calismamizda bir akarsudaki bulunan yumusakca
turleri arastinlmis L. truncatula, P. intermixtus ve O.
elegans turleri saptanmistir. Ayrica bu yumusakcalarin
ara konaklik yaptig1 trematod larval sekilleri arastirnlmis
ve farkli serkarya tipleri saptanmisti. Ayn1 yasam
alanim  kullanmalarina ragmen Oxyloma tiirlerinin
trematod larval sekillerini tasimadigi saptanmistir Bu
sonu¢ trematodlarin ara konaklik seciciligini bir kez
daha gostermistir. Nisan ve Mayis ayinda toplanan L.
tranculata orneklerinde serkaryalara rastlanmazken

goriilmeye baslanmistir. Hava sicakliginin artmasi ile
larvalan ara konak viicudunda gelismesi arasinda bir
iliski oldugu gozlenmistir.

Calismamiz Sivas ilinde trematodlara ara konaklik
yapabilecek yumusakcalarin saptanmas1 ve bunlar
icerisinde trematod larval formlarinin arastirilimasi
bakimindan énemlidir. Ulkemizde tatli su yumusakcalarin
trematod parazitlerine ait calismaya rastlanilmamistir.
Diinya genelinde yapilan calismalara baktigimizda ise;

Tayland da Tatlisu Salyangozlan iizerinde yapilan bir
calismada 46 calisma alanindan 14 salyangoza tiiriine ait
toplam 2.869 salyangoz ornegi incelenmistir. Bulunan
salyangoz turleri icerisinde serkarya, megalurous
serkarya, echinostome serkarya, furcocercous serkarya,
parapleurolophocercous serkarya, virgulate serkarya ve
xiphidiocercariae olarak gruplandinlan 7 tip serkarya
saptanmistir. (2).

Almanya’da Ruhr Nehri calisma alanda Ug yil icinde
toplam 3691 planorbid salyangoz (3270 G. albus; 421
S. nitida ) toplanms ve her iki gastropodda dort aileye
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ait 13 trematod tirinden ayn1 zamanda yedi tanesi ise
Almanya’dan ilk defa bildirilmistir (9).

Hindistan, Rajasthan’ da tatli su salyangoz konaklar
ve larva trematod parazitleri arastirmasi sirasinda,
on bes salyangoz tiriine ait Amphistom, echinostome
serkarya, furcocercous serkarya, gymnocephalous,
monostome  serkarya, transversotrematid  ve
xiphidiocercous olmak Uizere toplam yedi tip serkarya
turd tespit edilmistir (10).

Nijerya’da 2013 yiinda, Kaduna eyaletinde 6 calisma
bolgesinde Melanoides tuberculata, Biomphalaria
pfeifferi, Bulinus globosus, Lymnaea natalensis,
Physa sp, Cleopatra bulimoides, Bellamya unicolor ve
Lanistes varicus turlerine ait 23823 salyangoz toplanmis
olup, Brevifurcate-apharyngeate distome, Amphistome,
Gymnocephalus,Longifurcate-pharyngeate monostome,
Longifurcate-pharyngeate distome, serkarya tirleri
tespit edilmistir (11). Farkli bolgelerde yapilan
calismalar farkli yumusakca tirlerinin  ve larval
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ABSTRACT

Objective: The aim of this study is to investigate the
seroprevalence of Encephalitozoon cuniculi infection
in rabbits in facilities with different care conditions in

three different provinces.

Methods:

been hosted in open, semi-open and controlled areas

The sera samples of rabbits that have

which were obtained from three different enterprises

with different environmental possibilities, hygienic
situations, maintenance and feeding conditions were

evaluated by using the ELISA kits.

Results:  Consequently, the seropositivity of the
rabbits in open, semi-open and controlled shelters were
found to be 70%, 40% and 80%, respectively. In this study, in
the rabbit under the different care conditions, antibodies

anti - E. cuniculi (63.3% ) were found in all sera samples.

Conclusion: In the context of the data obtained, it
was seen that the animals taken into the facility may
be infected from the beginning and an infected animal
in the facility may have been a source of infection for
the many others in the facility. It was also concluded
that the septic and aseptic rules which are potentially
accepted in the facilties are not enough in battling with
the agent and that the zoonotic disease can be a risk for

animal keepers and researchers.

Key Words:

serology, care conditions

Rabbit, Encephalitozoon cuniculi,

OZET

Amag: Bu calismanin amaci farkli bakim ve hijyen
kosullarina sahip tesislerde vyetistirilen tavsanlarda
cuniculi’nin

Encephalitozoon seroprevalansini

arastirmaktir.

Yontem: Farkli cevresel kosullara, hijyenik
durumlara, bakim ve beslenme kosullarina sahip; acik,
yar1 acik ve kontrollii alanlarda barindirma yapilan iic¢
farkli isletmeden alinan tavsanlarin serum ornekleri

ELISA kitleri kullanilarak degerlendirilmistir.

Bulgular: Sonuc olarak, acik, yar acik ve kontrolli

barinaklardaki tavsanlarin seropozitifligi sirasiyla
%70, %40 ve %80 olarak bulunmustur. Bu calismada,
farkli bakim kosullarina sahip lic tesise de serum
orneklerinde anti - E. cuniculi (%63.3) antikor varligi
tespit edilmistir.

Sonug: Elde edilen veriler 1518Inda, tesise alinan
hayvanlarin orijin olarak enfekte olabilecegi, tesiste
enfekte bir hayvamin sirii icin enfeksiyon kaynagi
olabilecegi, tesislerde olas1 yiritiilen septik/aseptik
kurallarin etkenle miicadele igin yeterli olmadigi ve
zoonoz karakterdeki enfeksiyonun hayvan bakicisi ve
arastirmacilar icin de potansiyel risk tasidigi kanisina

vanlmistir.

Anahtar Kelimeler: Tavsan, Encephalitozoon

cuniculi, seroloji, bakim kosullar
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INTRODUCTION

Encephalitozoon a eukaryotic,
unicellular, compulsory intracellular living, sportive,
monoxen, zoonotic, microsporidian parasite which
can be found on many mammals, including rabbits,
rodents, lagomorphs, carnivores, livestock,
human primates, and humans (1-3).

The occurrence of infection in rabbits depends on
the infective dose and the host resistance. Infection in
rabbits generally occurs as asymptomatic and chronic.
Signs of encephalitozoonosis may develop suddenly
in rabbits, and severe cases may result in death.
Evidence of vestibular disease, head tilt (bending the
head-characteristic) and ataxia encephalitozoonosis
are among the early findings (4-9).

The symptomatic or asymptomatic clinical
picture is formed in rabbits’ mouths (urine scattered
in the cage-fecal contaminated food-water), by
the inhalation or transplacental transmission of E.
cuniculi spores which are resistant to environmental
conditions and which can survive for 4-6 weeks (10,
11). Personnel who come into contact with animals
should take into account the potential zoonotic risk,
as infectious spores can be found in various body
fluids, even if the animals are clinically healthy.
Attention should be given to personal hygiene in
order to prevent direct and indirect transmission
by the fecal-oral route (12, 13). Therefore, before
the rabbits’ meat is eaten the laboratory animal
or pet animal is taken into shelter and serological
screening should be performed in case of disease. For
this, animals that are seronegative should be used
as a result of serological screening of samples taken
every two weeks for two months (12, 14). Otherwise,
it may cause loss of time and material resources
besides zonotic risk. Improving the quality of care of
the animals in the shelter, following the hygiene rules
and carrying out periodic disinfection procedures,
may help to keep the disease under control (12-14).

Santaniello et al. (15) emphasized that rabbits
are the main reservoir of E.
parasite is important for public health. In addition,
Shin et al. (16) reported that E. cuniculi, which is

cuniculi is

non-

cuniculi and this

Turk Hij Den Biyol Derg

important in terms of zoonotic potential and public
health, is present in and spreads through by domestic
rabbits. In many studies, serological screening for E.
cuniculi infection was advised, regardless of clinical
evaluation in rabbits (16, 17).

In many facilities, which have various hygiene
and care conditions in Turkey, encephalitozoonosis
reported histologically,
serologically, clinically and molecular in several
studies (8, 9, 13, 18-20). In this study, it was aimed
to investigate the presence of E. cuniculi infection in
rabbits in facilities with different care conditions in
three different provinces.

in rabbits have been

MATERIAL and METHOD

Animals, Care Condition and Clinical

Evaluation

The study was performed during the routine
health evaluation which was executed under the
responsibility of veterinarians. Blood samples taken
from the rabbits in the relevant facilities for routine
health screening were used in this study. The animals
routine clinical checks such as daily water, feed
intake, urine, fecal outputs were monitored and
recorded. No experimental procedures have been
performed on animals. Consequently, the study did
not require an Animal Ethics statement in accordance
with the Regulations (Article-2b) due to non-
experimental clinical veterinary medicine practices.
In the study, the physical properties, environmental
conditions and hygiene procedures of the three
facilities located in Ankara, Istanbul and Tekirdag
provinces were evaluated.

Serological Analysis

For routine clinical screening, blood samples
were taken from the marginally used veins of the
rabbits to the biochemistry gel tube. Blood samples
were centrifuged at 2000 rpm for 10 minutes. Serum
samples were stored at -20 °C until serological
analysis was performed. An ELISA kit (Rabbit Biotech



International-USA) containing positive and negative
controls (rabbit serum) was used to determine E.
cuniculi specific antibody (IgG) responses in rabbits.
The analysis was carried out step by step according
to the manufacturer’s instructions. If the difference
between sample optical density (OD) and negative
control OD (A) was greater than or equal to 0.300,
the sample was considered positive.

RESULTS

The first study area was a shelter, an environment
of which is created in an open area by the researcher,
was limited by wire mesh and maintained in a wooden
structure. There was no hygiene practice here and the
animals were kept completely on the ground in groups.
The animals were fully open to the environment and
were fed with ordinary containers, feed, water and
grass - vegetables. Natural lighting was used and
there was not any air conditioning. Since this shelter
was completely in traditional poultry structure, it (A)
was defined as an uncontrolled shelter (n=10).

The other study area was a semi-open shelter with
no environmental control system, a shelter where air
conditioning and lighting are uncontrolled, and it
was a shelter where traditional family breeding was
carried out through windows. This shelter (B) was
defined as a semi-open shelter (n=10). In this shelter,
the animals (n=46) were kept singly or in pairs within
the wireframe. Commercial pellet feed water was
provided to the animals.

The last workspace had a temperature of 18 to
21°C, 50+£5% relative humidity, and a 12:12 light / dark

cycle, with controlled environmental conditions, the
working flow in accordance with the septic / aseptic
rule, and a licensed shelter. This shelter (C) was
defined as a controlled shelter (n=10). The animals
were kept in cages in accordance with the European
standards, with one rabbit in each cage. Rabbits are
fed with a standard commercial pellet feed and water
and libitum is provided.

Adult rabbits of 2.0-3.5 kg body weight of the two
gender were included in the study, while neurological
findings such as torticollis, seizure, paralysis in
the posterior and forelegs, fluttering in the eyes,
cataract-like  formations, strabismus, irregular
vertical eye movements and normal clinical findings
were observed in the evaluation of water, feed
intake, urine, and fecal outputs of the subjects daily
in terms of symptoms such as polydipsia, polyuria,
and anamnesis.

In the serology analysis, a total of 30 rabbit
sera, 10 from each shelter, were used. According to
the ELISA results, the seropositivity of the animals
in A and B shelters were found to be 70% (7/10),
40% (4/10) and 80% (8/10), respectively (Table 1).
The serologic results of the animals that have been
bred in traditional pens with no hygiene rules (open
system) and the ones that have been found bred in
fully controlled systems were close to each other
whereas the seropositivity in the semi-open system
were lower. When evaluated regardless of shelter and
hygiene characteristics, the rate of the disease was
found to be 63.3% seropositive in rabbits (Table 1).

Table 1. The seropositivity of Encephalitozoon cuniculi in rabbits under different care conditions

CARE CONDITIONS
UNCONTROLLED SEMI-OPEN CONTROLLED
SHELTER
A (n=10) B (n=10) C (n=10)
+ - + - + -
Encephalitozoon cuniculi
7 3 4 6 8 2
70 40 80
TOTAL (%)
63.3
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DISCUSSION

Throughout history, animals which were the
source of many transmissable diseases had an
important role with regards to human health.
Therefore, today, zoonoses is seen as a major public
health problem, affecting all continents (16, 21,
22). Infections caused by E. cuniculi in humans and
animals have been reported in many continents of
the World such as Asia, Europe, Africa and America
(23-26). Consequently, and currently, the attention to
E. cuniculi, which is important in terms of zoonotic
potential and public health is increasing among the
fields of veterinary medicine and human medicine.

In Northern Italy, a serological survey study
on commercially reared rabbits reported a high
prevalence of E. cuniculi infection (24). In another
study, in 40 commercial rabbit farms, antibodies anti-
Encephalitozoon cuniculi were found in 505 of 1600
(75.4%) sera samples (15).
conducted by Lavazza et al. (7), seropositivity was

In the serological study

reported in 826 pet rabbits with and without clinical
findings (310/516) in 70.6% of sick rabbits and 52.9%
of healthy rabbits. Serums collected from rabbits
(n:264) produced for meat in shelters with different
ventilation systems using different management-
nutrition programs in two different cities in Thailand
were analyzed by ELISA test. The presence of anti-E.
cuniculi 1gG was 20% in one shelter and 71.9% in the
other shelter (26). On the other hand, 300 clinically
healthy rabbits and 300 people were investigated for
E. cuniculi seropositivity in the shelters of different
races in three cities with different climatic and
environmental conditions in China. As a result of
the study, respectively 6, 5, 18 and 9.67% (29/300)
people in different shelters in each region were found
to be 18.67% (56/300) seropositive in total (22). It has
been reported that 63.5% of the serum samples of
337 rabbits with or without clinical findings, which
were examined at the facility located in 20 different
provinces in Japan, were found positive for anti-E.
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cuniculi 1gG (27). In England, Scotland and Wales,
serum obtained from 97 rabbits that did not show
any clinical symptoms during routine health controls
and pre-anesthesia controls which were analyzed
by indirect ELISA method; 52 (53.6%) samples were
evaluated as E. cuniculi seropositive (28). In Brazil,
Baldotto et al. (25) found E. cuniculi positivity rate
as 85.0% (136/160) in asymptomatic animals and

61.5% (16/26) in diseased animals.

In this study, as a result of evaluating the samples
taken from rabbits without any clinical symptoms,
factors were found in all facilities at different
locations and a percentage of 63.3 seropositivity was
determined. In our study, seropositivity between 40-
80% was found in accordance with the previous studies
which were conducted on the basis of provinces.
As it is seen in our study and other studies, it was
observed that the rate of the factor may change even
in different places within the same country according
to ecological indicators and cultivation systems.
However, in the evaluation of the hygiene and care
conditions of the shelters used in this study, the rate
of seropositivity in the semi-open shelter system,
which has no hygiene rule, was found to be lower
compared to other shelters. On the other hand, the
serological results of animals raised in unlicensed and
controlled shelters with uncontrolled shelter system
was found close to each other.

Regardless of the conditions of care, each animal
newly taken into the facility should be considered
to be infected from the beginning and should be
quarantined. Serological screening should be done
in this process. The facilities, cages and equipment
should be disinfected at regular intervals. E. cuniculi
spores are environmentally resistant, therefore
environmental disinfection is important step for
encephalitozoonosis control. There are a number of
recommended disinfection protocols. Namely; 70%
ethanol, effectively kills the spores with a contact
time of 30 seconds. Another protocol is also 0.1%
bleach at a contact time of 10 minutes, on the other



side, the different disinfection procedure is sodium
hydroxide (1%), formaldehyde (0.3%) and hydrogen
peroxide (1%) effectively kill sports with contact time
30 minutes (29).

However, there were potential limitations
according to the design of the study. Serological
tests were not carried out before the animals were
transported to their facility. The samples collected
within the scope of clinical applications were
collected from facilities that have different hygiene
and care conditions and are currently active in their
field. Therefore, its relatively common occurrence in
the routine controlled facility selected for the study
suggests that animals may become infected with E.

cuniculi before being taken into the facility.

In the light of these results; (a) It should not be
ignored that the animal circulation is not high and
that even if it is a licensed shelter, the animals may
be infected from the beginning when the animal was
put to the shelter for the first time. (b) Serological

TESEKKUR

screening of the animals should be integrated into
the herd and the appropriate animals into the shelter
at the end of the quarantine period. This is very
important for herd health. (c) It should not be ignored
that an infected animal in the shelter will be a source
of infection for the herd, considering the transmission
(d) In the routine health
screenings suggested by Federation of European

routes of the agent.

Laboratory Animal Science Associations (FELASA),
the animals identified as seropositive should be
removed from the herd immediately. (d) Due to the
high incidence of seropositivity in the shelters where
standard protocols are applied, it is seen that septic/
aseptic application carried out in the shelters may not
be sufficient to combat the factor due to spor form of
the parasite being resistant to many environmental
factors. (e) In terms of public health, it should be
remembered that this infection of zoonotic character
can be found in any shelter and can carry potential
risk for animal keepers and researchers.

This study was prepared from the master thesis by Hakan Tiifek in the Department of Biology, Institute

of Natural and Appilied Science, CAKU.
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Epidemiological and clinical aspects of the COVID-19 pandemic and
world common experiences in treatment: Turkey experience

Hasan KARAGECILI', Zuhal YILDIRIM?

ABSTRACT
The COVID-19 outbreak like SARS and MERS would

have been thought to end in China. But it has not been
envisaged, spread in lIran then lItaly to continental
Europe and spread to America in very prevalant and in
a very short time. It was thought that looking to China
from Turkey was very distant story for us. When it
showed that the heavy influence on lItaly, gave us the
idea to be our next photograph. No matter how slow
the World Health Organization behaved, the fact that it
declared the disease as a pandemic during this period,
increased the seriousness. COVID-19, after confirmation
with the PCR test, the detection of spread in the lungs
with radiological imaging chest tomography is also done.
Commonly presented clinical findings were characterized
by fever, cough, headache and muscle weakness. Some
person recovered with mild symptoms of this disease
contrary to the high level of contagiousness without
symptoms of this disease sign both a good and a bad
condition. It is very crucial to avoid contact, to protect
personal distance, to wear a mask and to pay attention
to hand hygiene to prevent disease transmission from
human to human. It is important for those with suspected
diseases to isolate themselves, to be quarantined and to

be kept under the supervision of a doctor. The screening

OZET

COVID-19 salginminin SARS ve MERS gibi Cin’de
sona erecegi dusiintliyordu. Ancak ongorilemedi,
iran’a, sonra italya’dan Avrupa kitasina yayildi ve
kisa silrede ve yaygin sekilde Amerika’ya yayildi.
Turkiye’den Cin’e bakmanin bizim icin cok uzak bir
hikaye oldugu disiiniiliiyordu. Italya iizerindeki agir
etkisini gosterdiginde, bir sonraki fotografimiz oldugu
fikrini verdi. Diinya Saglik Orgiitii ne kadar yavas
davranirsa davransin, hastaligi bu donemde salgin
olarak ilan etmesi ciddiyeti arttirdi. COVID-19, PCR
testi ile onaylandiktan sonra, radyolojik goriintileme
(gogls tomografisi) ile akcigerlerdeki yayilma tespit
edilmektedir. Genel klinik bulgular ates, oksuruk, bas
agns ve kas giigsiizliigii ile karakterizedir. Bu hastaligi
hafif atlatanlarin olmasinin yaninda, semptom
gostermeden bulasiciiginin  yilksek oranda olmasi
hem iyi hem kotu, ikili bir durum dogurmaktadir.
Hastaligin insandan insana bulasmasini onlemek
icin temastan kacinmak, kisisel mesafeyi korumak,
maske takmak ve el hijyenine dikkat etmek cok
onemlidir. Slipheli hastaligi olanlarin kendilerini
izole etmeleri, karantinaya alinmalar ve bir doktor
onemlidir.

gozetiminde tutulmalar Son ¢ gin

aileleri ile temas halinde olan hastalarin taranmasi ve
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and observation of patients with whom they have been
in contact with their families for the last three days
is the best way to break the chain of contamination.
Teams established to contact tracing are working hard in
our country. The number of patient cases in Turkey as of
May 22, 154.500. The number of death was 4.276, with
2.8% ratio. COVID-19 case numbers and mortality rates
declined with the curfew of over 65-year old people and
younger than 20s. With the drugs that were used in the
treatment protocol as hydroxychloroquine, favipiravir
and supportive treatments, in Turkey, it is stated that

the treatment was good.

Anahtar Kelimeler: COVID-19, pandemic, contact

tracing, epidemiology

gozlemlenmesi, kontaminasyon zincirini kirmanin en
iyi yoludur. Ulkemizde filyasyon icin kurulan ekipler
cok calismaktadir. Hasta vaka sayis1 Turkiye’de 22
May1s itibariyle 154.500 idi. Olii say1s1 4276, mortalite
orani ise %2.8 idi. COVID-19 vaka sayilar1 ve mortalite
oranlari, 65 yasin iizerindeki ve 20 yasindan kiiciiklerin
sokaga cikmalarinin kisitlanmasi ile azaldi. Tedavi
protokoliinde kullanilan hidroksiklorokin, favipiravir
ilaclan tedaviler

ve destekleyici ile Turkiye’'de

tedavinin basarili oldugu belirtilmektedir.

Words:

epidemiyoloji

Key COVID-19, pandemi, filyasyon,

INTRODUCTION

In late December 2019, a group of patients were
accepted to hospitals with a diagnosis of pneumonia
of unrecognized etiology. These patients were
epidemiologically related to a seafood and livestock
wholesale market in Wuhan, the capital city of Hubei
Province, China (1). Wuhan city became the center of
an unknown pneumonia epidemic in December 2019.
On January 7, 2020, Chinese scientists isolated a
new coronavirus, severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2; formerly studied 2019-
nCoV) from these patients with virus-infected
pneumonia (2). By the World Health Organization
(WHO) this novel coronavirus-infected pneumonia
was called as coronavirus disease 2019 (COVID-19) on
the February 11, 2020 (3). Because the first epidemic
data enormously conform to exponential progress,
in the preliminary work the average approximation
of reproduction number (RO) for the 2019-nCoV
was found to extent from 2.24 to 3.58, and that is
remarkably larger than 1.

Turk Hij Den Biyol Derg

These findings indicated the potential of 2019-
COVID-19 looks
extremely infectious. It is primarily classified as a

nCoV to result in epidemics (4).

type of RNA virus belonging to the coronavirus family
leading to respiratory system disease. One of the
predominant marks for COVID-19 is pneumonia (5).
When the number of newly confirmed cases in China
increased 13 times, WHO decided to characterize
COVID-19 as a pandemic on March 11, 2020 and
asked member states to expand their emergency
response mechanisms (6). COVID-19 is an pandemic
with an estimated mortality between 1% and 5%; and
an estimated RO of 2.2 to 6.7, according to various
sources (7). As of March 28, 2020, there were more
than 649.000 confirmed cases and a total of 30.249
deaths worldwide (8). This virus is transmitted from
person to person within 2 m of land on the surfaces of
the person contaminated with large cough, sneezing
or rhinorrhea droplets. The COVID-19 virus can
survive for at least 24 hours on hard surfaces and up



to 8 hours on soft surfaces. The virus is transmitted
to another person by hand contact on a contaminated
surface and then touching the mouth, nose or eyes.
Aerosol airborne contaminated particles formed
during sneezing or coughing can stay in the air for 3
hours (9). CoVs, the largest well-known RNA viruses,
are also divided into four genera: alpha-coronavirus,
and delta-

coronavirus (10). Six coronaviruses were formerly

beta-coronavirus, gamma-coronavirus,
noted to bring about disease in humans, SARS-CoV-2
is the seventh member of the coronavirus family that
infects human beings after SARS-CoV and MERS-CoV.
SARS-CoV-2, such as SARS-CoV and MERS-CoV, belongs
to B-coronavirus. The genome sequence homology
of SARS-CoV-2 and SARS is about 79%, the 2019-
nCoV is closer to the SARS-like bat CoVs (MG772933)
than the SARS-CoV (11). Verification of the disease
is done using nucleic acid amplification tests (NAAT),
such as real-time reverse transcriptase polymerized
chain reaction (RT-PCR). Imaging of the lungs on
chest computed tomography (CT) is important in the
scope and follow-up of COVID-19 pneumonia (12, 13).
Parametric research shows that the growth rate of
COVID-19 is approximately twice that of SARS and
MERS, and that the COVID-19 doubling cycle is between
two and three days, which means that the number of
COVID-19 patients would double within two to three
days without human intervention (14). Results from
a meta-analysis of 46.248 infected patients showed

that the most common comorbidity was hypertension
(17 + 7.95% Cl 14-22%) and diabetes (8 + 6.95% Cl
6-11%), followed by cardiovascular diseases (5 + 4.95%
Cl 4-7%) and respiratory system disease (2 + 0.95% Cl
1-3%) (15). The average time from onset of symptoms
to death is 17.8 days (95% reliable interval [Crl]
16.9-19.2) and hospital discharge time is 24.7 days
(22.9-28.1). Crude case mortality rate was (adjusted
for censorship) 3.67% (95% Crl 3.56-3.80). However,
after further adjustments under demography and
determination, China achieved the best estimate of
1.38% (1.23-1.53) case death rate (16).

COVID-19 was widely seen in China in December
and in February in many countries around the world.
The first case was seen in Turkey on March 10. As the
number of tests increased every day, the number
of positive cases increased. As of May 22, the total
the
number of intensive care patients was 800, the total

number of tests performed was 1.767.495,

number of intubated patients was 401, the number
of tests performed was 37.507, the number of cases
was 952, the number of deaths was 27, the number
of recovered patients was 1.121, the total number
of cases was 154.500, the total recovered patient
number was 116.111, the total number of deaths
was 4.276 and the recovered patients rate was 75%,
mortality rate was 2.8%, in Turkey. Figure 1 below
shows the data of Turkey (17).

COVID-19, TURKEY

180000
160000
140000
120000
100000
80000
60000
40000
20000

Total Case Number

==@==Total Death Number =@ Total Case Number

Total Recovered Patient Number

Figure 1. Turkey datas, total case number, total death number, total recovered patients number up to 22 May 2020 (17)
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The average total cases were 5.235.452, the total
recovered patients were 2.072.768 and total death
cases were 338.612, the recovered rate was 39%
and the death rate was 6.5% worldwide in May 22.
The most important issue that the health minister
emphasized was to determine contact tracing. Ro
number was 4.3 in mid-April in Turkey. A sick person
infects an average of 4.3 people. As a result of
prevention efforts, Ro number was calculated as
1.56 on May 13 and 0.72 on May 20. Contact tracing
may vary depending on the socio-cultural situation
of societies. With the 5.300 contact tracing team,
each COVID-19 patient who has a positive diagnosis is
determined to be in contact with whom up to three
days ago. It was emphasized that the effectiveness
of family physicians is another important point. They
stated that favipiravir, which is one of the drugs in
the treatment protocol, is used firstly in patients
not need intensive care and that its therapeutic
effect was good. In addition, one million boxes of
hydroxychloroquine drugs using in treatment are in
stocks. This situation leads us to the conclusion that
the medications we use in the treatment protocol
are effective. These drugs are hydroxychloroquine
sulfate, which the Food and Drug Administration
(FDA) give permission to be tested, and favipiravir,
which we bought from China. It was announced by
the health minister that favipiravir drug, which was
sent for use in intensive care in almost all provinces,
has been used in treatment since April 1. It was stated
that it was beneficial in patient recover. And also an
antibacterial, macrolid group drug, azithromycin is
used against COVID-19.

Genetics

The genetic sequence of COVID-19 showed more
than 80% identity to SARS-CoV and more than 50% to
MERS-CoV. Both SARS-CoV and MERS-CoV were caused
by bats (1). The virus genome consists of six main
open reading frames (ORF) common to coronaviruses
Further
analysis shows that some of the 2019-nCoV genes

and a number of other helper genes.
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shared less than 80% nucleotide sequence identity
with SARS-CoV. However, the amino acid sequences
of the seven conserved replicase domains used for
the classification of CoV species in ORF1ab were
94.4% identical between 2019-nCoV and SARS-CoV,
indicating that the two viruses belong to the same
species, SARSr-CoV (18). While 96.08% similarity
was found between COVID-19 and SARS CoV Mpro,
51.61% low similarity was found for COVID-19 and
MERS CoV Mpro. The number of COVID-19 amino
acid differences for SARS-CoV and MERS-CoV were
12 and 153, respectively (19). Interestingly, for high
similarity of receptor-binding domain (RBD) in Spike-
protein, various analyses reveal that SARS-CoV-2 uses
angiotension-converting enzyme 2 (ACE2) as receptor,
just like as SARS-CoV. Coronavirus essentially
recognizes the corresponding receptor on the target
cell via the S protein on its surface and enters into
the cell, then causing the occurrence of infection. A
structure model analysis shows that SARS-CoV-2 binds
ACE2 with above 10 folds higher interest than SARS-
CoV, but higher than the threshold needed for virus
infection (11). According to the general acceptance,
origin of COVID-19, Figure 2 (20).

The mechanisms and effects of a well-known
virus family on host cell

It has been confirmed that 2019-nCoV uses the
same cell entry receptor angiotensin converting
(ACE2) as SARS-CoV (16).
pulmonary tissue, ACE2 is also highly expressed in

enzyme |l Besides
digestive system, composed of esophagus, stomach,
small intestine, duodenum and kidney (21). The
mechanisms of infection patway of COVID-19 virus
can be drawn as in below Figure 3 (22).

Clinical symptoms

The most prevalant indications at the beginning
of the infection are fever (82.1%), cough (45.8%),
fatigue (26.3%), shortness of breath (6.9%) and
headache (6.5%). The median incubation period
was 6.7 days, the time between the beginning of
the disease and consult a doctor was 4.5 days. In
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Figure 3. The entering and infection mechanism of COVID-19 to human cell (22).

the study conducted as of February 10, 17.2% of the
patients were discharged and 81.7% of them were
hospitalized, the mortality rate of COVID-19 infection
in Beijing is 0.9% (23). Results from meta-analysis,
including 46.248 infected patients, showed that the

most common clinical symptom was fever (91 + 3.95%
Cl 86-97%) followed by cough (67 + 7.95% Cl 59-76%),
fatigue (51 + 0.95% Cl 34-68%) and dyspnea (30 +
4.95% Cl 21-40%) (14). For 656 patients, fever (88.7%,
95% Cl 84.5-92.9%), cough (57.6%, 95% CI 40.8-74.4%)
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and dyspnea (45.6%, 95% Cl 10.9-80.4%) were the
most common symptoms. Among the patients, 20.3%
(95% Cl 10.0-30.6%) needed intensive care unit (ICU),
32.8% posed with acute respiratory distress syndrome
(ARDS) (95% Cl 13.7-51.8), 6.2% (95% Cl 3.1-9.3) with
shock. ICU was desired for nearly 20% of polymorbid,
COVID-19 infected patients and hospitalization was
related with a Case Fatality Rate (CFR) of>13% (24).
General clinical symptoms whether they are changed
in pandemia period like as below at Figure 4 (25).

According to WHO data, diarrhea, sore throat,
headache, difficulty swallowing, joint pain, skin
rashes and discoloration of the fingers and toes were
also added to existing symptoms of high fever, dry
cough, shortness of breath, loss of taste and smell
(Figure 4)

Laboratory and radiological results

The increasing of neutrophils, Serum amyloid A
(SAA), procalcitonin (PCT), C-reactive protein (CRP),
cTnl, D-dimer lactate dehydrogenase (LDH) and lactate

Systemic Disorders

Fever, Cough, Fatigue,
Sputum Production,
Headache

d

Haemoptysis,
Acute Cardiac Injury |
Hypoxemia '

Dyspnoea, /
Lymphopenia ’

Diarrhoea | ||

amount can be used as markers of illness progression,
as well as the decrease of lymphocytes counts (26).
ICU patients had higher IL2, IL7, IL10, GSCF, IP10,
MCP1, MIP1A and TNF-a plasma levels compared to
non-ICU patients (27). According to chest X-ray and
CT, 74 (75%) patients had bilateral pneumonia, while
only 25 (25%) patients had unilateral pneumonia
and 14 (14%) patients had multiple mottling and
ground glass opacity (28). There was no statistically
significant difference in creatinine, aspartate amino
transferase (AST), alanine aminotransferase (ALT),
bilirubin, CRP, creatine kinase (CK) and LDH levels
between COVID-19 and non-COVID-19 groups (29).
The reduction of CD3 +, CD4 + and CD8 + T lymphocyte
correlated with the course of patients with COVID-19
pneumonia, especially in severe cases. T lymphocyte
level can be used as an indicator of the severity and
prognosis of patients with COVID-19 pneumonia (30).
Serum cytokine levels of IL-2R, IL-6, IL-10, and TNF-a
and high LDH levels were notably higher in severe

Respiratory Disorders

Rhinorrhoea,
Sneezing, Sore Throat

Pneumonia

| Ground-glass Opacities

RNAaemia, Acute
Respiratory Distress
1y Syndrome

Figure 4. The general and most seen symptoms of COVID-19 (25).
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patients than those in non severe patients (31).
Troponin levels were importantly increased in the
week antecedent the death. 15 (13.4%) patients have
introduced marks of pulmonary hypertension (32).
The most common laboratory abnormalities were high
CRP (68.6% [58.2-78.2]) and decreased lymphocyte
count (57.4% [44.8-69.5]) as well as increased LDH
(51.6% [31.4-71.6]). The most common chest CT
findings were ground glass opacities (80.0% [67.3-
90.4]) and bilateral pneumonia (73.2% [63.4-82.1]).
ARDS was the most common complication (15.7%
[5.0-30.4]) (33). Eosinophil values were little on first
hospitalization, later overall became normal before
discharge. Rising of eosinophils may be an indicator
of COVID-19 recovery (34).

The gold standard in routine microbiological
SARS-CoV-2 is to
the presence of viral RNA in real-time reverse-
(RT-PCR)
in appropriate clinical samples. Although there are

diagnosis  for demonstrate

transcriptase-polymerase chain reaction

tests investigating the presence of antigens in clinical
samples, these tests are not recommended for use
in clinical diagnosis due to their low sensitivity and
specificity. In the light of the available information,
the samples that should be taken from the patients
for the direct diagnosis of the infection with RT-PCR
are respiratory samples (35).

Medicines used for treatment

Remdesivir and chloroquine have been shown to
effectively inhibit SARS-CoV-2 in vitro. Therefore,
other nucleoside analogs such as favipiravir,
ribavirin and galidesivir are potentially clinically
usable against SARS-CoV-2 (3). Arbidol combined
with LPV/r can help delay the progression of lung
lesions and reduce the likelihood of respiratory and
gastrointestinal transmission to reduce the viral load
of COVID-19 (36). Clinically controlled studies have
proven that chloroquine is effective in the treatment
of patients with COVID-19. Remdesivir undergoes
numerous clinical trials in several hospitals, and the

final effectiveness of the drug is uncertain. Arbidol, a

small indole derivative molecule, has been confirmed
to block viral fusion against influenza A and B viruses
and hepatitis C viruses and have an antiviral effect
on SARS-CoV in the cell assay, so it may be a choice
for COVID-19 therapy (37). Currently, there is no
vaccine or antiviral therapy for human and animal
coronavirus. General strategies include bed rest
and antiviral therapy, antibiotic administration,
immunomodulatory therapy, organ function support,
respiratory support, bronchoalveolar lavage (BAL),
blood purification and extracorporeal membrane

oxygenation (ECMO) (10).

Whole patients were cured in isolated condition.
75 (76%) patients had antiviral treatment, including
oseltamivir (75 mg every 12 h, orally), ganciclovir
(0-25 g every 12 h, intravenously), and lopinavir and
ritonavir tablets (500 mg twice daily, orally). The
length of antiviral therapy was 3-14 days (median 3
days). When secondary bacterial infection happened,
the
quinolones,

antibiotics utilized were cephalosporins,

carbapenems, tigecycline against
methicillin resistant Staphylococcus aureus, linezolid,
and antifungal drugs. The length of antibiotic therapy
was 3-17 days (median 5 days). 19 (%19) patients were
treated with methylpred nisolone sodium succinate,
methylprednisolone, and dexamethasone for 3-15
days (median 5) (28). Therapy of hydroxychloroquine
is remarkably correlated with reduced or lost viral
load in COVID-19 patients, and its impact is enhanced
by azithromycin (38). Chloroquine is one of the most
greatly used anti-malaria drugs widespread, but has
also been examined as a potential broad-spectrum
anti-viral drug. Chloroquine also seems to intervene
with terminal glycosylation of ACE2 and therefore can

eliminate virus-receptor binding and infection (39).

In severe COVID-19, the use of corticosteroids
early (immediately after hospitalization or within
the first three days after hospitalization) can control
disease progression or prevent further deterioration
of the disease (40). The data suggest that arbidol
monotherapy may be superior to lopinavir/ritonavir
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in the treatment of COVID-19 (41).
cytokine storm has become an important part of

Treatment of

saving serious patients. Tocilizumab is an IL-6R blocker
that can effectively block the IL-6 signal transduction
pathway. Therefore, tocilizumab is likely to be an
effective drug for patients with severe COVID-19
(42). Some researchers in Turkey also studied on
Dornase alfa which is used to reduce the number
of lung infections and to improve lung function in
patients with cystic fibrosis, to use against COVID-19.
Moreover, the sale of the drug, which is produced
by a local pharmaceutical company for use in the
treatment of COVID-19, has been granted nowadays.
The search for the treatment with existing drugs
will continue until the specific drugs are developed
against COVID-19.

The course of outbreak: now and future

Treatment of cytokine storm has become an
important part of saving serious patients. Tocilizumab
is an IL-6R blocker that can effectively block the IL-6
signal transduction pathway. Therefore, tocilizumab
is likely to be an effective drug for patients with
severe COVID-19 (43).

Hydroxychloroquine

phosphate are antimalarial drugs used in malaria
treatment. Hydroxychloroquine inhibits Plazmodium

sulfate and chloroquine

malaria cell to not entering human cell and prevent
high fever. If the COVID-19 virus is prevented from
entering the cell, it can be ensured membrane
stability. Certanly, every drug has side effects.
With the proposal of Paracelsus, it is the dose
that distinguishes the drug from poison. The new
coronavirus 2019 of the SARS family is named by the
world health organization as COVID-19. Since it is
classified in a known virus family, at the beginning,
it is normal to try the drugs used for SARS and MERS.
Although there is no general belief that they are
beneficial and show improvement, it is a fact that a
treatment protocol will be established with the drugs
available. A medication or a prophylactic vaccine can
be developed for the treatment of COVID-19, the
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mechanism of action of which is known. It is stated
that drug synthesis will take a long time from the
chemical synthesis phase, including studies in cell
culture and experimental animals. Moreover, even
if the phase |, phase Il and phase Ill studies are
accelerated in volunteers and patients, it will not
be possible in less than 1 year. Although there is
no specific drug in the treatment protocol that has
undergone sufficient trials and can be used against
COVID-19, neither patients nor doctors are waiting.
Taking advantage of the similarity of existing drugs,
most of the drugs available are used in the treatment
of some patients. If these drugs are not used with
proper dosage, appropriate duration and suitable
patient, it causes a condition that metabolism cannot
handle and the patient is lost. It is expected that China
will be experienced since the use of drugs within the
trial and error first started in China. We expect that
trials on drug use and disease treatment will lead to
the development and acceleration of evidence-based
medicine worldwide. From the scientific committee
and the Ministry of Health’s statements, doctors
are using what drugs and methods of treatment are
used based on the evidence. Every day, new studies
on transmission routes and new findings about how
long the virus remains in sick people are emerging. As
stated in the studies, while the virus has been kept
alive in the human body for the longest 37 days, in
recent studies it is possible to remain alive in the
human body for 49 days. It is stated that everyone
should wear a mask in public spaces, whether they
are sick or not. Everyone can be a potential carrier
because of the high transmission of the virus and no
symptoms at all.

CONCLUSION

As in one study, higher post-oxygen supplement
Sp02 levels were associated with reduced mortality
regardless of age and gender (44). A study in the
city of Indonesia, Jakarta, found that weather is
an important factor in determining the COVID-19



incidence rate. A significant correlation is shown
between the temperature averages and COVID-19
pandemic (45). According to empirical outputs, the
relationship between temperature and COVID-19 was
mostly positive for Hubei, Hunan and Anhui, while was
mostly negative for Zhejiang and Shandong provinces
(46). Almost every day a new drug, oxygen therapy,
prone position, vitamins and similar chemicals
were recommended for therapeutic or prophylactic
purposes. Strengthening the immune system is
important, but the fact that the immune system is
strong enough may be a more accurate approach.
It is also difficult for the organism to be negatively
affected by its own immune system by exposure to
cytokine bombardment. Neither a very strong immune
system nor a weak, self-protecting immune system is

sufficient.

Vitamin D is found in oily fish (eg herring, salmon
and sardines), as well as cold liver oil. In addition
to vitamin D from foods, it is synthesized in the
skin with sunlight. Vitamin D deficiency has been
associated with an increased risk of common cancers,
autoimmune diseases, hypertension and infection
recovery. Vitamin C plays a role in neutralizing the
free radicals in the body by working with vitamin
E as an antioxidant to wound healing, bone and
tooth growth, strengthening blood vessels and
walls, and increasing absorption and use of iron
(47-50). The reasonable aspect of the doctors’ Vit
D3 recommendation is that people are not able to
consume enough fatty fish and similar products, and
because they do not go out, their exposure to the sun

and the ultraviolet rays they receive on the skin are
very low. Another recommended vitamin is vitamin
C. It is that vitamin C, which is given in abundance
intravenously, protects against this disease. Another
drug-like substance is the collection of immune
plasma from patients who have undergone COVID-19
and who have recovered completely using apheresis
technique and used in patients. Intubation devices
should be produced, but qualified personnel who will
use these machines are also needed. In the world,
it is ensured that intensive care units are used
effectively due to the fact that patients without
respiratory distress do not go to the hospital and
stay at home. Initially, this was desirable in Turkey.
With the devoted work of healthcare workers and
the healthcare system not collapsing, it has caused
everyone who had symptoms of this disease called to
hospitals for treatment. As a result of the success of
the health system in Turkey, the total hospital bed
occupancy rate did not exceed 30-32%, the intensive
care bed occupancy also did not exceed rates of 60-
62%. The drugs used in our country and the drugs that
are said to be beneficial are antimalaria medicines
known as hydroxychloroquine, favipiravir, which is an
antiviral drug, and an antibacterial, azithromycin.
It is also used in supportive treatments. Treatment
success increases with the use of these drugs within
the scope of rational drug use principles, appropriate
dose, appropriate patient, appropriate duration and
the right way. Furthermore, controlled experiments
must be carried out to determine the effects of the
drugs used in treatment.
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Kiiresel bir tehdit: Acinetobacter baumannii enfeksiyonlan,

antimikrobiyal direncte giincel durum ve alternatif tedavi yaklasimlan

Aybala TEMEL', Bayri ERAC?

OZET

Acinetobacter baumannii ventilator iliskili pnomoni
ve kateter iliskili bakteriyemi basta olmak lizere, idrar
yolu enfeksiyonlari, yumusak doku enfeksiyonlari,
septisemi ve menenjit gibi ciddi enfeksiyonlara neden
olan onemli nozokomiyal patojenlerden birisidir.
Polisakkarit kapsil, fimbria, Lipit A ve lipopolisakkarit
yap1 gibi cesitli virtilans faktorlerinin yam sira siderofor,
sekresyon sistemleri, biyofilm olusturma ozelligi ve
antibiyotik direnc genleri bakterinin patogenezine
katki saglamaktadir. Karbapenemler, aminoglikozitler,
sulbaktam, kolistinvetigesiklinciddiklinik tablolaraneden
olan Acinetobacter enfeksiyonlarinin tedavisinde siklikla
kullanilan antimikrobiyal ajanlardir. Karbapenemlere
direnc, genellikle coklu ilac direnci (CID) ile birlikte
goriilmektedir. Direncli izolatlarin tedavisinde kullanilan
tigesiklin ve kolistine dahi cesitli merkezlerde artan
direnc oranlan rapor edilmekte, bu durum A. baumannii
enfeksiyonlarinin tedavisini ve eradikasyonunu oldukca
zorlastirmaktadir. A.  baumannii’de antimikrobiyal
diren¢ durumunun ulastigi endise verici boyut, 2018
yilinda Diinya Saglik Orgiitii tarafindan yayinlanan ‘yeni
antibiyotik kesfi gerektiren direncli bakteriler’ listesinin

ilk sirrasinda bu bakteri turiniin yer almasiyla acikca

ABSTRACT

Acinetobacter baumannii is an important
nosocomial pathogens that cause serious infections
such as ventilator-associated pneumonia, catheter-
related bacteriemia, urinary tract infections, soft
tissue infections, septicemia and meningitis. Various
virulence factors such as polysaccharide capsule,
fimbria, lipid A and lipopolysaccharide structure,
siderophore, secretion systems, biofilm formation
and antibiotic resistance genes contribute to
the pathogenesis of the bacteria. Carbapenems,
aminoglycosides, sulbactam, colistin and tigecycline
are frequently used antimicrobial agents in
Acinetobacter infections. Resistance to carbapenems
is usually seen as multidrug resistance (MDR). As
reported from various centers, the development
of resistance to tigecycline and colistin, used in
the treatment of MDR isolates, makes treatment of
A. baumannii infections more difficult. In 2018, the
World Health Organization published ‘global priority
list of antibiotic-resistant bacteria requiring new
antibiotic discovery’ and A. baumannii has been at
the top of this list. The alarming dimension of the

antimicrobial resistance in A. baumannii was clearly
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ortaya konmustur. Antimikrobiyal direncle micadele ve
etkin tedavi acisindan bakterinin virilans faktorlerinin
ve direnc mekanizmalarinin daha iyi
Coklu

miicadele global bir saglik problemi haline gelmis olup

anlasilmasi

oldukca onemlidir. ilac direncli bakterilerle
A. baumannii’nin de icinde bulundugu bu tiir direncli
mikroorganizmalar ile miicadelede enfeksiyon kontrol
onlemleri, akilc1 antibiyotik kullanimi ve antiviriilans
bittincil bir arada

stratejilerinin yaklasimla bir

kullamlmas1 gerekmektedir. Bu baglamda, kombine
antibiyotik kullanmimi, eflikks pompa inhibitorleri, anti-
biyofilm ajanlarin kullanimi ve faj terapisi gibi alternatif
tedavi potansiyeli oldugu dusiiniilen alanlarda yiiriitllen
arastirmalar buyiik onem tasimaktadir. Bu derlemede;
A. baumannii’nin patogenezinde rol oynayan faktorler,
epidemiyolojik  ozellikleri ve antibiyotik direnc
mekanizmalan hakkinda giincel bilgilere yer verilmis
ve bu patojenle miicadelede one cikan alternatif tedavi

yaklasimlar incelenmistir.

Anahtar Kelimeler: Acinetobacter baumannii,

antibiyotik direnci, viriilans faktorleri

demonstrated by this report. Understanding of the
virulence and resistance mechanisms of the bacterium
is essential for effective treatment and fighting
antibiotic resistance. In combating MDR bacteria
that have become a global health problem such as
A. baumannii, infection control preventions, rational
antibiotic use and anti-virulence strategies need to
be used in a holistic approach. The studies carried
on alternative therapies such as combined antibiotic
use, efflux pump inhibitors, anti-biofilm agents and
phage therapy are of great importance. In this review;
the current knowledge about the factors involved in
pathogenesis of A. baumannii, its epidemiological
characteristics, antibiotic resistance mechanisms and
alternative treatment approaches for combating had

been evaluated.

Key Words: Acinetobacter baumannii, antibiotic

resistance, virulence factors

GIRIS

Acinetobacter tirleri, ilk kez 1911

mikrobiyolog Beijerinck tarafindan izole edilmis olup

yilinda

Micrococcus calcoaceticus olarak isimlendirilmistir.
1939 yilinda DeBord tarafindan Uretral orneklerden
izole edilmesinin ardindan uzun bir siire Micrococcus
Alcaligenes  hemolysans,
polymorphia, Morexalla [woffi gibi farkli isimlerle

calcoaceticus, Mima
anilan bu bakteri tirleri giinimiizde Acinetobacter
cins adi ile taninmaktadir (1). Moraxellaceae ailesinin
uyelerinden olan Acinetobacter turleri; gram negatif
olup,
zorunlu aerob, oksidaz negatif ve katalaz pozitif
mikroorganizmalardir. DNA’larinda G+C iceriginin
%39-47 oraninda oldugu bilinmektedir (2). Bu
bakteri mikrobiyoloji

kokobasiller hareketsiz, nonfermentatif,

turleri; laboratuvarlarinda

Turk Hij Den Biyol Derg

rutin olarak kullanilan Eosin Metilen Blue (EMB)
agar ve kanli agar gibi besiyerlerinde 35-37 °C’de
rahatlikla ureyebilmekte ve genellikle diizglin, bazen
mukoid formda acik sari-beyaz renkte koloniler
olusturmaktadir  (2,3). Bu
cesitli klinik ve cevresel orneklerden izolasyonunda
Leeds

mikroorganizmalarin

Acinetobacter Medium, Heralla agar,
Holton agar gibi secici ve ayirt edici nitelikte
farkli  besiyerleri de kullanlabilmektedir (2).
Acinetobacter turleri, Neisseria ve Moraxella gibi
diger nonfermentetif bakterilerden oksidaz negatif
olmalaryla, diger Enterobacteriaceae liyelerindense
anaerobik sartlarda ureyememe ve nitrati rediikte

etmemeleriyle aynlirlar.



DNA hibridizasyon calismalar1 ve farkli genomik
arastirmalar sonucunda Acinetobacter genusunda
toplam 26 genomik tir tanimlanmisir. Bu genomik
Acinetobacter

turlerden A. calcoaceticus,

baumannii, A. genomik tir 3 ve Acinetobacter
genomik tiir 13TU; fenotipik olarak birbirine oldukca
benzeyen, birbirlerinden ayirt edilmesi zor olan
turlerdir. Bu nedenle genellikle “A. baumannii - A.
calcoaceticus kompleks” (A.  baumannii kompleks-
ABK) olarak adlandinlmaktadirlar (3). A. nosocomialis
olarak adlandinlan Acinetobacter genomik tiir 13TU
ve Acinetobacter genomik tur 3 (A. [woffi) hastane
kaynakli enfeksiyon etkeni olarak karsilasilabilen
turlerken, A. calcoaceticus klinik acidan daha
az onem atfedilen cevresel bir patojen olarak
degerlendirilmektedir (4). Tibbi acidan en onemli
tur olan A. baumannii, siklikla klinik orneklerden
izole edilmekte ve ciddi enfeksiyon tablolarina neden

olmaktadir (2).

Virulans Faktorleri ve Patogenez

Acinetobacter tirleri, genellikle virllans1 dusuk
patojenler olarak degerlendirilseler de cok sayida
Ozellikle
altta yatan hastaligi olan ve cesitli risk faktorlerini

virlilans faktoriine sahip bakterilerdir.
tastyan hastalarda, agir klinik tablolarla seyredebilen
hastane enfeksiyonlarina neden olan firsatct bir
patojen olarak karsimiza ¢cikmaktadir. Acinetobacter
turleri arasinda A. baumannii en virulan tir olarak
bilinmektedir. Yapilan ¢ok degiskenli analizler, diger
tirlerin etken oldugu enfeksiyonlara oranla, A.
baumannii enfeksiyonlarinin mortalitesinin dokuz kat
fazla oldugunu ortaya koymustur (5).

Polisakkarit  kapsiil,
lipopolisakkarit yapinin yani sira quorum sensing (QS-

fimbria, Lipit A ve
cogunlugu algilama sistemleri), biyofilm olusturma,
sitotoksik dis membran proteini (OmpA) ve antibiyotik
direnc genleri mikroorganizmanin patogenezine katki
saglayan onemli viriilans faktorleridir.

Polisakkarit
koruyarak

kapsil, bakteriyi  fagositozdan

konak immin yanmitindan kacisim

kolaylastirirken, fimbria mikroorganizmanin konak

epitel
Lipit A ise endotoksik aktivite gostererek bakterinin

hiicrelerine baglanmasina aracilik eden,

patogenezinde rol oynayan yapilardir (6).

A. baumannii kompleks tirlerinde sik rastlanan
virlilans faktorlerinden bir digeri sideroforlar olup,
bakterinin yasamsal faaliyetlerini surdirebilmesi
icin gerekli demir ihtiyacim1 karsilamay1 saglayan
selat olusturucu ajanlardir. Demir, dogal cevrede
yaygin olarak bulunan bir kimyasal elementtir
ancak Fe" seklinde sudaki c¢oziinirligli oldukca
kendi

sideroforlar

dusuktur. Bakteriler, metabolizmalarn icin

gereken demiri araciigiyla  alirlar.
Demir yetersizligi durumunda bircok aerobik bakteri
tarafindan disiik molekil agirlikli demir selatlan
Uretilir. Bu sideroforlar; demir iyonlar ile kompleks
olusturduktan sonra bakteri hicresinde bulunan 6zel
reseptorler araciligiyla taninir ve hiicre icerisine alinir
(7,8). Pek cok mikroorganizma tarafindan sentezlenen
katekolat gibi  farkl

yapilarda sideroforlar mevcut olup, ABK tiirlerinde

hidroksamat, kimyasal
en cok rastlanan siderofor ‘acinetobactin’ adiyla
bilinmektedir. Acinetobactin’in mikroorganizmanin
konak epitel hiicrelerinde hasara yol acarak viriilansi

arttirdig1 calismalarda bildirilmistir (7).

Bakterilerde bulunan porin adi verilen dis

membran proteinleri konak epitelyal hicrelerine
yapismay1 ve invazyonu saglar. ABK {iyelerinde yaygin
olarak bulunan ve sitotoksik bir dis membran proteini
cesitli
mekanizmalarla apoptoza suriikleyerek patogeneze
katki sagladig1 bilinmektedir (9).

olan OmpA’'nin, konak epitel hicrelerini

QS sistemi, biyofilm yapisi, beta-laktamaz
enzimlerin varlign ve RND tipi efliiks pompalar
Acinetobacter tiirlerinde gerek patojeniteyi arttiran
gerekse antimikrobiyallere duyarliligin azalmasina
ve diren¢ sorununa neden olan en onemli virdlans
mekanizmalar olarak degerlendirilmektedir. Cesitli
sinyal molekiillerinden olusan cogunlugu algilama
sistemiyle, mikroorganizmalar bulunduklar ortamda
meydana gelen degisimleri

(besin ve oksijen

miktarinda azalma, pH degisimi gibi) ve populasyon
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yogunlugunu algilayabilmekte, ortama adapte
olabilmektedir. Sinyal molekullerinin belirli bir esik
degerin lizerinde (Uretilmeleri, bakterinin farkl
virtilans faktorlerinin regulasyonunda otoindikleyici
etki saglayarak patogenezi desteklemektedir. QS
sistemini olusturan N-acilhomoserinlakton yapisindaki
bu sinyal molekillerinin, bakterilerin belirli odak
noktalarda toplanmasini saglayarak biyofilm yapisinin
olusumunda da etkin rol oynadigi bilinmektedir (10).

Biyofilm yapisi; besin yetersizligi, pH degisikligi
gibi olumsuz dis ortam kosullarinda hayatta kalabilmek
tzere mikroorganizmalarin kendi Urettikleri organik
ekzopolisakkarit yapilarla olusturduklarn bir mikro-
ekosistem olarak tanimlanabilir. Biyofilm, canli ve
cansiz farkli ylizeylerde olusabilmektedir. Adezyonu
kolaylastiran bu yap1 araciligiyla mikroorganizmalar
belirli dokulara veya tibbi malzemelerin yizeylerine
yapi,
bakterinin kolonizasyonunu kolaylastirarak enfeksiyon

yerleserek kolonize olabilmektedir. Bu

riskini arttirmanin yan1 sira antimikrobiyallerin
etkisini azaltarak hem tedaviyi zorlastirmakta hem
de direnc gelisimine sebep olmaktadir (11). Biyofilm
yapisinda yer alan mikroorganizmalarin, planktonik
formalarina kiyasla antibiyotiklere 100 ila 1000 kat,
dezenfektanlarin etkisine ise 10 ila 100 kat daha

direncli olabildikleri bilinmektedir (12).

Acinetobacter tirlerinde biyofilm yapisi ile ilgili
baz1 virtlans genleri ve proteinleri tanimlanmis
durumdadir (3). Acinetobacter’lerde varligi ilk olarak
Loehfelm ve arkadaslar tarafindan tanimlanan ‘Bap’
(Biofilm associated protein) proteininin, A. baumannii
biyofilm yapisinin olusumu ve olgunlasmasinda etkili
oldugu gozlenmistir. Bakterinin tip | sekresyon sistemi
araciligiyla sekrete edilen bir hiicre yiizey proteini
olan Bap varliginda, mikroorganizmanin biyofilm
olusturma kapasitesinin arttig1 arastirma sonuglariyla
ortaya konmustur (13,14). Cok sayida farkli arastirma
sonucunda, klinik ve cevresel orneklerden izole edilen
A. baumannii suslarinda biyofilm olusum kapasitesi ile
biyofilm iliskili genlerin (abalR, csuA) varligi arasinda
korelasyon olabilecegi one siirilmektedir (13,15).
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Acinetobacter turlerinde antimikrobiyal direnc
faktor,
antibiyotigi inaktive eden baz1 enzimlere sahip
Beta
kimyasal yapisin1 olusturan beta laktam halkasindaki

sorununa neden olan bir diger onemli

olmalandir. laktam grubu antibiyotiklerin
amid bagimi parcalayarak ilac1 etkisiz kilan beta-
laktamaz enzimlerine A.  baumannii’de siklikla
rastlanabilmektedir. Bu durum mikroorganizmanin

neden oldugu enfeksiyonlarin tedavisinde
kullanilabilecek antibiyotik seceneklerini oldukca
kisitlamaktadir (9,16). Bilinen farkli beta-laktamaz
enzim tipleri mevcut olup OXA tipi karbapenemazlar
ve AmpC tipi sefalosporinazlar genetik ve molekuler
arastirmalarda A.  baumannii izolatlarinda en
stk rastlanan beta laktamaz enzimleri
dikkat cekmektedir. Bu

antimikrobiyallere direnc

olarak
enzimlerinin  varliginin

saglamanin yani sira
mikroorganizmanin farkli virtlans faktorlerini de
destekleyebildigi

spektrumlu

dusunulmektedir.
(GSBL)
beta laktamaz enzimi olan PER-1 enziminin; A.

Genislemis
beta-laktamaz grubu  bir
baumannii’de hiicre adezyonunu etkileyebildigini,
Ambler siniflandirmasinda Grup D icerisinde yer alan
OXA karbapenemazlarin varliginin bakterinin biyofilm
olusum kapasitesi ile iliskili olabilecegini isaret
eden bazi ilgin¢c calisma sonuclan literatirde yerini

almistir (13).
Epidemiyoloji ve Enfeksiyonlar
Acinetobacter’ler suda

yaygin
olmakla birlikte kuruluga dayamklilik gostermekte,

dogada toprakta ve

olarak  bulunabilen  mikroorganizmalar
cansiz ylizeylerde, farkli 1s1 ve pH kosullarinda uzun
siire canliliginl sirdiirebilmektedir. Genellikle A.
baumannii haricindeki tiirler baz1 saglikli bireylerde
normal mikrobiyota Uyesi olarak gorulebilmekte,
insan vicudunda ozellikle deri, koltuk alt1 ve kasik
gibi (17). Aynca,
cesitli et ve sit Urunleriyle sebzeler lizerinden de
izole edilmislerdir (5).

bolgelerde rastlanabilmektedir

Saglikli bireylerde enfeksiyon gelistirme riski
disuk kabul edilen A. baumannii ozellikle hastane



enfeksiyonlarina ve immunsuprese bireylerde firsatc
enfeksiyonlara neden olan tehlikeli bir patojen
olarak karsimiza cikmaktadir. Hastanelerin yogun
bakim Unitelerinde yatan hastalarda ventilator
iliskili pnomoni ve kateter iliskili bakteriyemi basta
olmak uzere, idrar yolu enfeksiyonlari, yumusak
doku enfeksiyonlari, septisemi, menenjit ve biyofilm
iliskili enfeksiyonlar gibi cok sayida farkli enfeksiyona
ve agir seyreden klinik tablolara neden olabilen bu
mikroorganizmalar, enfeksiyonlarin  kontroliinde
ve tedavide basarisizliklarin yani sira saglik bakim

giderlerinde de ciddi artisa yol acmaktadir (10,18).

Uzun sureli antibiyotik kullanimi, hastanede
ve oOzellikle yogun bakim initesinde yatis siiresinin
uzamasi, katater ve implant benzeri tibbi arac
gereclerin uzun sire kullanimi, ventilatore bagh
kalma, kardiyo-pulmoner hastalik, genis yuzeyli
yaniklar, bilin¢ diizeyinde degisim gosterme ve immiin
sistem yetersizlikleri gibi faktorler hastane kaynakl
A.  baumannii enfeksiyonuna zemin hazirlayan
onemli risk faktorlerindendir (19). A. baumannii
hastalara genellikle cevresel ylizeylerden ve saglik
calisanlarinin ellerinden temas yoluyla bulasabilir.
Ancak enfekte ve/veya kolonize hastalardan damlacik

(aerosolizasyon) yolu ile bulas da s6z konusudur (5).

A. baumannii Enfeksiyonlarinda Tedavi ve

Antibiyotik Diren¢ Mekanizmalar

A. baumannii enfeksiyonlarinin tedavisinde farkl
antibiyotik gruplan kullamlabilmekte ve cogunlukla
antibiyotiklerle
yonelik stratejileri
uygulanmaktadir. Karbapenem grubu antibiyotiklerin
tek baslarina veya aminoglikozitlerle kombine halde
kullanimlar, genis spektrumlu sefalosporinler ile
beta

genis  spektrumlu enfeksiyonun

eradikasyonuna tedavi

laktamaz inhibitorleri tedavide oOne cikan

baslica antibiyotiklerdir. Ciddi klinik tablolarla
seyreden A. baumannii  enfeksiyonlarinda ilk
olarak imipenem+amikasin kombinasyonu tercih

edilmektedir. Bu bakteri turiine bakterisidal etkili
oldugu bilinen sulbaktamile bir beta laktam antibiyotik
kombinasyonu da (ornegin, sulbaktam+sefaperazon)

olumlu sonu¢ veren iyi bir tedavi secenegi olarak
bildirilmektedir (20).

Klasik
enfeksiyonlarinin

tedavilere direncli A. baumannii

tedavisinde ise tigesiklin
kullamim tercih edilebilmektedir. Yuksek in vitro
etkinligi bilenen polimiksin grubu antibiyotiklerin
nefrotoksisite ve norotoksisite yan etkileri nedeniyle
tedavide kullanimlan oldukca kisitliyken, son yillarda
coklu ilac direnci gosteren suslarin hizla artmasi
polimiksinlerin klinikte kullanimlarini tekrar glindeme

tasimistir (20).

Pek cok mikroorganizma tiiriinde oldugu gibi
Acinetobacter tirlerinde de tedavide kullanilan
antibiyotiklere hizla diren¢ gelismekte ve maalesef
bu durum tim diinyada enfeksiyonlarin kontrolini
zorlastiran bir saglik sorunu olarak gecerliligini
korumaktadir. A. baumannii’nin farkli antibiyotik
(beta

tetrasiklinler, aminoglikozitler) farkli mekanizmalar

gruplarina  karsi laktam, florokinolonlar,
araciligiyla hizla direnc gelistirebildigi gozlenmektedir
(21). Tedavide kullanmlan en az g farkli antibiyotik
sinifindan birer ilaca direnc gorilmesi durumu “Coklu
ilac Direnci” (CID, multidrug resistance=MDR) olarak
tanimlanmaktadir. Bir veya iki ajan disinda tum
antibiyotiklere direnci ifade etmek icinse “Asin ilac
Direncli” (AID, extremly drug resistant=XDR) terimi
kullanilmaktadir (21). Son yillarda Ullkemizde ve
tiim diinyada; coklu ilac direncli-CID A. baumannii
izolatlarinin insidansinda yasanan belirgin artis dikkat
cekmektedir. Karbapenem direncli Acinetobacter’ler
cogunlukla CID karakterde olmakta, tedavilerinde
kolistin veya tigesiklin kullammi gindeme gelmektedir.
Ancak maalesef bu antibiyotiklere dahi direncli suslar
nadir de olsa rapor edilmeye baslanmistir (22). ilk
tedavi seceneklerinden birisi olan karbapenemlere
kars1 A.

diinya genelinde farkli merkezlerde yirutilen cok

baumannii izolatlarinda direncin artisi

sayida arastirma sonucuyla da dogrulanmaktadir.
2008-2009 yillarinda baz1 Avrupa, Ortadogu ve Afrika
ABK
izolatlarinin %49’u imipenem direncli bulunmustur.

ulkelerini kapsayan COMPACT calismasinda,
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Tiirkiye, Yunanistan, italya, ispanya ve ingiltere’de
imipenem direnc oranlann bu ortalamadan daha
yilksekken (%45-85), Fransa, Almanya ve isvec gibi
ulkelerde ise daha dusuk (% 4-20) saptanmistir
(22). Kirecci ve arkadaslan; ulkemizde yaptiklan
bir arastirma sonucunda 47 ABK izolatinin in vitro
karbapenem direnc oranlarini imi=penem icin %80.8,
meropenem icin %87.3 olarak, Gozutok ve arkadaslar
ise A. baumannii kokenleri ile yiruttikleri bir baska
calismada izolatlarin karbapenem direncini %91

olarak bildirmektedir (19, 23).

Genis spektrumlu bir antibiyotik olan ve
tlkemizde yaklasik son on yildir tedavide yer alan
tigesikline direncli A. baumannii izolatlarimin, dusuk
oranlarda da olsa (%11-16) varligi bilinmekte ve bu
durum bakterinin diren¢ gelistirme kabiliyetini bir

kez daha gozler onuine sermektedir (23).

Hizla artan diren¢ oranlan tedavide basarn
saglayacak antibiyotik sayisimt da hizla azaltirken,
kolistin kullamimi ginumuzde klinisyenler tarafindan
tekrar gindeme alinmistir. Kolistinle, ozellikle santral
sinir sistemi enfeksiyonlar, bakteriyemi, sepsis gibi
agir klinik tablolarda, %57-77 oraninda tedavide

basari saglanabildigi bildirilmektedir (24).

Gerek direnc gelisimin onlenmesi gerekse

yeni tedavi stratejilerinin gelistirilebilmesi icin
antibiyotik direnc mekanizmalarinin arastinlmas ve
daha iyi anlasilmas1 gerekmektedir. Bilindigi iizere
bakterilerdeki
dogal

Acinetobacter turlerinde rastlanan baslica direnc

antibiyotik direnc mekanizmalan

veya kazanilmis nitelikte olabilmektedir.
inaktive eden enzimlerin

mekanizmalari; ilaci

uretimi (beta-laktamazlar, aminoglikozit modifiye

edici enzimler), antibiyotigin hedef bdlgesinde
degisiklik, dis membran proteinlerinde degisim ve
disa atim pompa sistemlerinin asin aktivitesi olarak

siralanabilir.

Beta laktam direnci diger tiirlere kiyasla A.
baumannii izolatlarinda daha sik goriilmektedir (25).
Bu bakteri tiirinde karbapenem direncine genellikle
Simif D OXA tipi karbapenemazlar araciik etmekte
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olup, Simf A ve Simf B tipi beta-laktamazlar ile
iliskili baz1 genler de (blaGES-14 ,blaKPC, blalMP,
blaVIM, blaSIM-1) tammlanmistir (26). A. baumannii
izolatlarinda en sik rastlanan sinif-D oksasilinazlar;
OXA-23, OXA-24, OXA-58 ve OXA-143 iliskili
enzimlerdir (22). Enterobacteriaceae uyeleri arasinda
hizla yayilan OXA tipi olmayan karbapenemamazlara,
A. baumannii’de de siklikla rastlanabilmektedir.
Karbapenemleri hidrolize etme aktivitesi giclu
metallo-betalaktamazlardan olan VIM-2, ilk olarak
1995’te P aeruginosa’da saptanmasindan kisa
sire sonra 1998’de VIM-2 ve IMP-1 Acinetobacter
(27).
sikca duyuran NDM-1 metallo-betalaktamaz tasiyan

turlerinde saptanmistir Son yillarda adim
karbapenem direncli A. baumannii izolatlar 2011
yilindan itibaren rapor edilmeye baslanmistir (28,29).

Acinetobacter’lerde karbapenem direnci
genellikle karbapenemaz iretimine bagli olmakla
birlikte,
proteinlerinde modifikasyon ve penisilin baglayan
(PBP)
faktorlere veya bunlarin kombinasyonuna bagli olarak

da gelisebilir (22).

artan efliks pompa aktivitesi, porin

protein yapisindaki degisimler gibi diger

Klinikte beta
kombine halde sikca kullanilan ve bir beta laktamaz

laktam grubu antibiyotiklerle

inhibitoru olan sulbaktamin A. baumannii Uzerinde
etkinliginin; disiik PBP-2 ekspresyonu ve TEM-1
beta laktamaz varliginda distiiglinii gosteren bazi
calisma sonucglart mevcuttur (30,31). Bakterisidal
etkisini Lipit A yapisi lzerinden gostermekte olan
kolistin antibiyotigine kars1 direncin ise, Lipit A
yapisina fosfoetanolamin ilavesi ve acillenme gibi
modifikasyonlarla antibiyotigin hedef bdlgesinde
degisikliklerden
(32,33). Lipit
bu degisimlere daha c¢ok, pmrAB-2 komponent

gerceklesen kaynaklandig

dusunulmektedir A yapisindaki
sistemindeki mutasyonlar neden olmaktadir (34).
Bu mutasyonlar kolistin ortamda olmadiginda hizla
geri donebilmektedir. Bakterinin protein sentezini
inhibe ederek etki gosteren aminoglikozit grubu
antibiyotiklere direng, cogunlukla asetiltransferazlar,



adenil transferazlar gibi aminoglikozit modifiye edici
enzimler araciligiyla ilacin inaktivasyonu yoluyla
saglanmaktadir. Benzer etki mekanizmasina sahip
farkl bir antibiyotik grubu olan tetrasiklinlere direnc
gelisiminin ise gram negatif bakterilerde siklikla
bulunan tetA’dan tetE’ye kadar tamimlanmis farkl
genlerin kodladig1 efluks pompa sistemlerinden
kaynaklandig1 bilinmektedir. Direncgli A. baumannii
izolatlarinda tetA ve tetB direnc genlerine sik
rastlanmaktadir. Bu direnc genlerinin genellikle
efliks pompasi regulasyonunda rol alan adeB geniyle
bir arada bulunmalari, plazmit veya transpozon iliskili

genler olmalan dikkat cekmektedir (35).

Antibiyotik direncinden sorumlu bir baska
mekanizma olan disa atim pompa (efliiks) sistemleri;
gram pozitif ve gram negatif farkli mikroorganizma
turlerinde bulunabilen, transport proteinleridir.
Antimikrobiyal ajanlarin etkisini azaltan bu disa
atim sistemleri, tek bir substrati hedefleyebilecegi
gibi birbirinden farkli maddeleri de substrat olarak
kullanabilmektedir. Bu durum mikroorganizmalarin
antibiyotiklerin yanm sira dezenfektanlar, boyalar,
biyositler, antiseptik ajanlar gibi pek cok farklh
maddenin etkisinden efliks

kimyasal pompalan

araciligiyla korunabildigi anlamina gelmektedir (36).

Efluks pompa sistemlerinin ABC (ATP binding
casette), MFS (Major facililator), RND (resistance
ve SMF
olmak Uzere farkli alt

nodulation division) (small multidrug

resistance) super ailesi
tipleri tammlanmisti. Gram negatif bakterilerde
coklu ilac direncinde rol alan disa atim pompa
RND super ailesinden
olduklan gozlenmektedir (13,36). CiD A. baumannii

izolatlarinda bulunan baslica efliks pompalari, RND

sistemlerinin  genellikle

super ailesi grubunda yer alan AdeABC, AdeFGH
ve AdelJK disa atim pompa sistemleridir. Bu
pompa sistemleri aminoglikozitler, tetrasiklinler,
florokinolonlar, beta laktamlar ve eritromisin gibi pek
cok farkli gruptan antibiyotigin disa atimini saglayarak
antimikrobiyal direnc gelisiminde rol oynamaktadir
(37,38). AdeABC‘nin

Ayrica ekspresyonundaki

artisin, A.  baumannii kokenlerinde, bakterinin
biyofilm olusturma kapasitesi ve membran bilesimi
Uzerine etkileri olabilecegi disiiniilmektedir (13).
AdeFGH disa atim pompasinin azalmis regulasyonu
durumunda A. baumannii izolatlarinda biyofilm
olusum kapasitesinin azaldigi, bu pompa sistemlerinin
bakteride biyofilm olusumu asamasinda sentezlenen
otoindiikleyicilerle etkilesim icinde olabilecegi one

surlilmektedir (28,39).

Alternatif Tedavi Yaklasimlar

A. baumannii enfeksiyonlarinin goriilme sikliginin
artmasi, yuksek morbidite ve mortalite oranlan,
antimikrobiyal direnc profilleri goz 6niine alindiginda;
enfeksiyonlarin kontrolinde  ve  tedavisinde
kullanilacak antibiyotigin dogru seciminin, yeterli
doz ve sirede ilac kullamminmin, kultir sonuclan
ile antibiyotik duyarlilk test sonuclarinin ne denli
onemli oldugu anlasilmaktadir. A. baumannii’nin
diren¢ kazanma egiliminin yiiksek olusu ve direncin
hizla yayiimina kiyasla yeni antibiyotik kesfinin
oldukca simirli olmasi; enfeksiyonlarin onlenmesi ve
tedavisinde antibiyotik dis1 alternatif yaklasimlarim
daha da degerli kilmaktadir. Direnc sorunuile miicadele
icin akilar antibiyotik kullanim politikalarinin yani sira
kombinasyon terapileri, QS sinyal yolagin1 bozma,
efliks pompa inhibitorlerinin kullanimi, bakteriyofaj
terapisi, dogal kaynakli antimikrobiyaller, antibiyofilm
ajanlar gibi cesitli alanlarda arastirmalar diinya

genelinde artarak stirmektedir.

Retrospektif ~bazi calismalarla c¢oklu ilag

baumanii’nin neden oldugu
enfeksiyonlarin tedavisinde birden fazla antibiyotik

direnci gorulen A.
grubuyla yapilan kombine tedavilerin daha basarili

sonuclar verdigi ve olim oranlarinda dusisiin

saglanabildigi gozlenmistir. Ulkemizde yiiriitiilen
ve A.
sonuclarinin kombinasyon tedavisi ile karsilastirildig

bir calismada;

baumannii enfeksiyonlarinda monoterapi

36 hastaya kolistin monoterapisi
uygulanirken, 214 hastada kolistine ek olarak baska
bir antibiyotik ajanla (102 hastada karbapenem,
69 hastada sulbaktam veya ampisilin+sulbaktam
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ve 43 hastada diger antibiyotikler) kombinasyon
tedavisi uygulanmistir. Hasta gruplan incelendiginde,
mortalite oraninin kombine tedavi
(%52,3),
derecede

alan grupta
monoterapi anlamli
diistik

eradikasyon oraninin kombinasyon grubunda (%79)

grubuna gore(%72)

oldugu gozlenmistir.  Ayrica
daha yiiksek diizeyde oldugu saptanmistir (40).
Kengkla K. ve arkadaslarinin; 2529 hastay1 kapsayan
toplam 29 makale uzerinden yaptigi meta-analiz
calismasinda, CID ve AID A. baumannii izolatlarina
kars1 kolistin+sulbaktam kombinasyonunun tedavi
acisindan, kolistin+tigesiklin ve kolistin monoterpisine
gore istatistiksel olarak anlamli dlclide daha ustiin
(41).
tigesiklinin CID ve AID A. baumannii suslarina bagl

oldugu belirtilmistir Aym arastirmacilar,
bakteriyemi ile seyreden enfeksiyonlar icin uygun

olmadigin da rapor etmislerdir (41).

Proteomik analiz calismalariyla rifampisin direncli
A. baumannii kokenlerinde, QS sinyal molekiliniin
degredasyonunu saglayan AHL laktonaz varliginda
kokenlerin biyofilm olusumunda azalma oldugu
saptanmistir. Bir baska arastirmada ise QS sistemi
tizerinde inhibitor etkili MomL enziminin varliginda,
A.  baumannii’nin farkli antibiyotiklere duyarlilik
oranlarinda artis gozlendigi rapor edilmistir (13, 42).

Bitkisel, hayvansal veya mikrobiyal kaynaklardan
dogal
antimikrobiyal

elde edilen drunlerin - mikroorganizmalar

lizerinde etkisi her zaman

alanlarindandir.
yapisi
metabolitlerin

giincelligini  koruyan arastirma

Mikroorganizmalarin biyofilm uzerine

bazi bakteriyal sekonder etkisi
arastinlmaktadir (43). icme suyundan izole edilen baz1
bakterilerin Urettigi metabolitlerin, A. calcoaceticus,
Burkholderia

Mycobacterium

cepacia,  Methylobacterium  sp,

mucogenicum, Sphingomonas
capsulata ve Staphylococcus tirlerinde biyofilme
etkisi incelenmis ve A. calcoaceticus, Burkholderia
cepacia, Methylobacterium sp, M. mucogenicum
biyofilmleri Uzerine inhibe edici etkileri gozlenmistir
(44). Kateter gibi tibbi cihazlarin ‘notral polimerik
‘metilseliloz’ gibi anti-adezif

sulfobetain’ veya
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materyallerle kaplanmasina, biyofilm olusumunun
ve buna bagli gelisen enfeksiyonlarin azaltilmasina,
bakteriyel adezyonda kilit rol oynayan fimbrialar
hedefleyen molekil tasarimina iliskin calismalar
surdirilmektedir (45).

Glnumiizde enfeksiyonlarin tedavisinde

antibiyotiklerin yetersiz kalisi bakteriyofaj
terapisinin kullanim yeniden giindeme getirmistir.
Bakteriyofajlar kisaca bakteriyi enfekte eden virlsler
olarak tanmmlanabilir. A. baumannii tirlerine kars
etkili baz1 bakteriyofaj turleri belirlenmis olup vB_
Ab-M-G7 ve Bg-C62 litik bakteriyofajlarin, CiD A.
baumanii izolatlarinin neden oldugu enfeksiyonlarin
(46,47).

Bakteriyofaj tarafindan kodlanan litik bir enzim olan

tedavisinde  kullanildigi  bilinmektedir
ve bakteri hiicre duvarim parcalayabilen ‘Endolysin’
enziminin antimikrobiyal ajan olarak potansiyeli
olabilecegi disiinilmektedir. Bu enzimin gram
negatif bakterilerde daha etkili olmasini saglamak
destabilize

amaciyla, bakterinin dis membranim

eden peptitlerle kombine halde ‘Artilysins’ adi
verilen spesifik yapilar tasarlamak lzere calismalar
yapilmaktadir. Artilysins yapilarinin  6zellikle CiD
A. baumannii enfeksiyonlarinin tedavisinde etkili
bir tedavi secenegi olabilecegi 0Ongorilmektedir
(48). Ancak faj terapisinin klinikte yaygin olarak
uygulanabilmesi icin aydinlatilmasi gereken farkli
sorunlar mevcut olup daha fazla arastirma sonucuna

ihtiya¢ duyulmaktadir.

Efliks
miicadelede oldukca etkili bir baska yol olabilecegi ve

pompa inhibisyonunun da direncle
bu sayede mevcut antibiyotiklerden tedavide fayda
saglanmaya devam edilebilecegi disliniilmektedir.
1-(1-naftilmetil)
beta-naftilamid

piperazin
(PABN),
bakterilerde yaygin olan RND tipi disa atim pompalari

(NMP) ve fenil-arjinin
ozellikle gram negatif
uzerinde inhibitor etkisi gozlenen molekiiller olup
antibiyotiklerle kombinasyon halinde kullanimlarina

surdurulmektedir.
(Cccp),
direncli suslarda MIK degerlerinde azalma sagladig

iliskin  arastirmalar Siyanid-

3-klorofenilhidrazon kolistin duyarli ve



belirlenmis olan bir baska efluks pompa inhibitoruadur
(49).

SONUC
Son yillarda, ESKAPE patojenler (Enterococcus

Klebsiella
baumannii,

faecium, Staphylococcus  aureus,

pneumoniae, Acinetobacter
Pseudomonas aeruginosa, Enterobacter sp.) olarak
da anilan ve onemli nozokomiyal patojenler olarak
kabul

oldugu enfeksiyonlarin goriilme sikligi

edilen mikroorganizma tiirlerinin neden
artmakla
kalmayip coklu antibiyotik direnci nedeniyle bu
enfeksiyonlardan korunmada, tedavi ve eradikasyonda
2018 vyilinda,

Diinya Saglik Orgiiti tarafindan yayinlanan, artan

ciddi zorluklar yasanmaktadir (9).

direnc oranlan nedeniyle acilen ‘yeni antibiyotik
kesfi gerektiren direncli bakteriler’ listesinin ilk
sirasinda A. baumannii yer almaktadir (50). Farkli
iilkelerde yiiriitiilen cok sayida arastirma sonucu; CiD
A. baumannii izolatlarinin artisin1 dogrulamakta ve
bu izolatlarda biyofilm uretim kapasitesinin de hizla
arttigin1 gozler oniine sermektedir (13). Bakterinin
biyofilm yapis1 icerisinde, mikroorganizmalarin
antibiyotiklere ve dezenfektanlara cok daha direncli
olabildikleri
saglik giderlerinde ciddi artisla birlikte A. baumannii
baglh
oranlarinin da hizla yiikselmesine neden olan, endise

bilinmektedir. Antimikrobiyal direnc;

enfeksiyonlarina morbidite ve mortalite
verici boyutlarda global bir tehdit halini almistir.

Amerika Birlesik Devletleri’nde  Acinetobacter
enfeksiyonlarinin  yillik sayisinin  yaklasik 45000,
Diinya’da ise yaklasik bir milyon vaka oldugu tahmin

edilmektedir. Asya ve bazi Latin Amerika Ulkelerinde,

A. baumannii, nozokomiyal pnomoni ve bakteriyemiye
neden olan ilk u¢ etkeninden birisidir (5).

A. baumannii gibi hastane enfeksiyonu etkenlerinin
yayilimini kontrol altina almak icin, enfeksiyon kontrol
onlemleri ile akilc1 antibiyotik kullanim politikalan
es zamanli uygulanmalidir. Hastane personelinin,
basta hijyenik el yikama olmak iizere enfeksiyon
kontrolii  konusunda egitimi, dezenfektanlarin
rotasyonlu kullanimi, enfekte hastalarin mimkin
oldugunca izole edilmesi ve gerektiginde kisa siireli
gibi
kritik onem tasimaktadir. Antibiyotik kullaniminda

servis kapatma yoluna gidilmesi onlemler
sadece kisitlamaya gitmekten ibaret olmayan akilc
antibiyotik kullamminda, antibiyogram sonuclarinin
dogru yorumlanmasi, enfeksiyon hastaliklari uzman
konstltasyonu kurali, antibiyotiklerin farmakokinetik
ve farmakodinamik ozellikleri gibi daha genis bir
cerceveden bakilmalidir. Tum bu onlemlerin klinik
verilere yansimasi icin belirli bir siire gerektigi
akilda tutularak ozenle uygulanmaya devam edilmesi
gerekmektedir.

Antimikrobiyal direnc
enfeksiyonlar karsisinda caresiz kalmamak adina A.

sorunu nedeniyle
baumannii’nin virilans faktorleri ve antibiyotik direng
mekanizmalarinm aydinlatmaya yonelik calismalar hiz
kesmeden suirdurilmelidir. Molekuler yontemler basta
olmak iizere farkli yontemlerle viriilans faktorlerinin
antibiyotik
tedavisine alternatif olabilecek yeni uygulamalarin,

inhibisyonuna yonelik arastirmalarin,

efliks pompa inhibitorleri ve antibiyofilm ajanlarin
gelistirilmesi icin yapilacak arastirmalarin diinya
genelinde enfeksiyonlarin kontrolii ve toplum sagligi
acisindan cok degerli oldugu unutulmamalidir.
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