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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 “Cevrimi¢i Makale Gonder, Takip Et, Degerlendir Programi”
araciligiyla on line olarak yapilabilir.

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

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

2. Makale bashig, ingilizce baslik, kisa baslik, yazar adlan, calisilan kurumlara
ait birimler, yazisma isini Ustlenen yazarin agik adresi, telefon numaralarn
(sabit ve cep), elektronik posta adresi belirtilmelidir:

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

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

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

3. Yazilardaki terimler miimkiin 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 gecen
climlelerde stafilokok, streptokok gibi dilimize yerlesmis cins adlan Tirkce

yazilmali; uluslararasi standartlara uygun olarak kisaltiimalidir.

5. Metin icerisinde bahsedilen birimlerin sembolleri Uluslararas1 Birimler
Sistemi (SI)’ne gore verilmelidir.

6. Yazilar bir zorunluluk olmadikga “ge¢mis zaman edilgen” kip ile yazilmalidir.

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

8. Yazarlar arastirma ve yayin etigine uymalidir. Klinik arastirmalarda, calismaya
katilanlardan bilgilendirilmis olur alindiginin gere¢c ve yontem bdlimiinde
belirtilmesi gerekmektedir. Gonillii ya da hastalara uygulanacak prosediirlerin
ozelligi tumiyle anlatildiktan sonra, kendilerinin bilgilendirilip onaylarinin
alindiginm1 gosterir bir climle 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 lzerinde yapilan calismalar icin de gereken izinler alinmali;
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 béliimiinde belirtilenleri birebir

karsilayacak sekilde “Objective, Method, Results, Conclusion” olarak
yapilandirilimalidir.
c) Anahtar Kelimeler: 3-8 arasinda olmali ve Index Medicus Medical

Subject Headings-(MeSH)’de yer alan kelimeler kullamlmalidir. Tiirkce anahtar
kelimelerinizi olusturmak icin http://www.bilimterimleri.com/ adresini kullaniniz.

d) Giris: Arastirmanin amaci ve gerekgesi glincel literatlr bilgisi ile
desteklenerek iki sayfayr asmayacak sekilde sunulmalidir.

e) Gereg¢ ve Yontem: Arastirmanin gerceklestirildigi kurum/kurulus ve
tarih belirtilmeli, arastirmada kullanmilan arag, gere¢ ve yontem sunulmali;
istatistiksel yontemler acgikca belirtilmelidir.

f) Bulgular: Sadece arastirmada elde edilen bulgular belirtilmelidir.

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

h) Tesekkiir: Ana metnin sonunda kaynaklardan hemen once 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 numaralandiriimalidir. Numaralar,
parantez iginde ciimle sonlarinda verilmelidir. Kaynaklarin yaziimi ile ilgili
asagida ornekler verilmistir. Daha detayli bilgi icin “Uniform Requirements for
Manuscripts submitted to Biomedical Journals” (J Am Med Assoc 1997; 277:
927-934) (http://www.nejm.org/) bakilmalidir.

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

« Standart 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 basligr.
In: Editor(ler)in soyadi adinin basharf(ler)i ed/eds. Kitabin adi. Kacginci baski
oldugu. Basim yeri: Yayinevi, Basim yili: Boliimiin ilk ve son sayfa numarasi.

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

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

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

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

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

Sekil ve Tablolar: Her tablo veya sekil ayrn 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
yazilmaluidir. Aciklayici bilgiye baslikta degil dipnotta yer verilmeli, uygun
simgeler (*,+,++, v.b.) kullamlmalidir. Fotograflar “jpeg” formatinda ve en az
300 dpi olmalidir. Baski kalitesinin artirnlmasi 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 sayisi 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 once 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

Tirkiye Halk Sagligr Kurumu

Tel : (0312) 565 55 79

Faks : (0312) 565 54 55

e-posta : turkhijyen@thsk.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
Systeme International (SI).

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

7. 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 /
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Turk Hijyen ve Deneysel Biyoloji Dergisi

Hastane kaynakli enterokok izolatlarinin pulsed-field jel
elektroforezis yontemiyle molekiiler tiplendirilmesi

Dilek GULDEMIR',  Alper KARAGOZ', Tuba DALZ,

Alicem TEKIN3, Tuncer OZEKINCi3, Riza DURMAZ'

OZET

Amag: Enterokoklar hastaneden kaynaklanan uriner
sistem ve yara enfeksiyonlarinin ikinci, bakteriyemilerin
ise Uclinci en sik nedenidir. Giinimiizde, ozellikle
vankomisine direncli enterokok (VRE) suslari nozokomiyal
enfeksiyonlara sebep olarak morbidite, mortalite
ve tedavi maliyetlerini artiran onemli patojenlerdir.
Hastane kaynakli VRE salginlarinin onlenmesi, kontrolu
ve epidemiyolojik analizlerinin yapilmasi son derece
onem tasimaktadir. Pulsed-field jel elektroforezis

(PFGE) yontemi enterokokal enfeksiyonlarin molekiiler

epidemiyolojik analizinde “altin standart” olarak
kabul edilmektedir. Bu calismanin amaci, hastane
kaynakli  enterokok izolatlarn arasindaki  klonal
iliskiyi belirlemek ve olasi capraz bulasi ortaya
koymaktir.

Yontem: Kasim 2010 - Haziran 2012 tarihleri arasinda
Dicle Universitesi Tip Fakiiltesi (DUTF) Hastanesinin
kliniklerinde yatan ve hastane kaynakli
enfeksiyon tanis1 alan hastalardan izole edilen 36
enterokok sus calisildi. idrar, altisi
kan, besi bronkoalveolar lavaj (BAL), besi yara, biri
vajinal suriinti ve biri ise kataterden izole edilmis
olup, dokuzu VRE olarak tammlanmistir. izolasyon ve
tamimlanan DUTF Tibbi Mikrobiyoloji Anabilim Dali
laboratuvarlarinda  gerceklestirildi. icin

cesitli

36 susun 18’

Tanimlama

ABSTRACT

Objective: Enterococci are the second most common
cause of nosocomial urinary tract and wound infections,
also third most common cause of nosocomial bacteremia.
Currently, especially vancomycin-resistant enterococci
(VRE) are one of the significant pathogens that cause
nosocomial infections and increase mortality, morbidity,
and healthcare costs. Therefore prevention and control
of the nosocomial VRE outbreaks and epidemiological
analysis of the infection are important. Pulsed-Field Gel
Electrophoresis (PFGE) is accepted as a “gold standard”
method in the molecular epidemiological analysis of
enterococcal infections. The aims of this study are to
determine the clonal relationship among the nosocomial
enterococcal isolates and the rate of cross-contamination
between them.

Method: Thirty-six Enterococcus strains isolated
from hospitalized patients with nosocomial infection in
different clinics of Dicle University Hospital between
November 2010 and June 2012 were included in this
study. A total of 36 isolates were obtained from various
clinical samples including urine (n=18), blood (n=6),
bronchoalveolar lavage (BAL) fluid (n=5), wound biopsy
sample (n=5), vaginal smear (n=1) and catheter tip
(n=1). Nine of the thirty-six isolates were VRE. Isolation
and identification of the isolates were conducted in the
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konvansiyonel yontemler ve BD PhoenixTM 100 (Becton
Dickinson, MD, USA) tam otomatik mikrobiyoloji
sistemi kullanildi. Enterococcus spp. suslarinin tam
otomatik mikrobiyoloji sistemi ile Klinik ve Laboratuvar
Standartlar Enstitisu (CLSI) onerilerine uygun olarak
antibiyotik duyarliliklan belirlendi. izolatlarin
vankomisin duyarliliklar1 E-test yontemi ile de calisildi.
Kalite kontrolii icin Staphylococcus  aureus ATCC
25923 susu kullanildi. Enterokok izolatlar aralarindaki
capraz bulas oranlarim belirlemek icin PFGE calisildi.
PFGE calismasi Tirkiye Halk Sagligi Kurumu, Ulusal
Molekiiler Mikrobiyoloji Referans Merkez Laboratuvari’nda
gerceklestirildi. Kromozomal DNA; Smal enzimi ile
kesildi. DNA restriksiyon fragmanlarn CHEF DR Il (Bio-Rad
Laboratories, Nazareth, Belgium) sistemi kullanilarak
gosterildi. izolatlar arasindaki klonal iliski, BioNumerics
Software Program (Applied Maths, Sinth-Martens-
Latem, Belgium) kullanilarak olusturulan dendogram ile
degerlendirildi.

Bulgular:  PFGE
fragment paternleri

yontemiyle izolatlarin  DNA
elde edildi ve bu paternlerin
dendogrami  yapildi. DNA  paternlerinin  birebir
karsilastirilmasi 26 Enterococcus faecium
susunun dort kime ve bir ana grup, 10 Enterococcus

sonucu

faecalis susunun ise Uc kime ve bir major grup
olusturdugu saptandi. 26 E. faecium izolatimin, %97
benzerlikle ortak ayni grupta yer aldiklar1 gorildi.
Kimelesme oram %77 (20/26) olup, kiimelerin 2-14
arasinda sus icerdigi belirlendi.

Dicle Universitesi Tip
Haziran 2012”

tarihleri arasinda hastane kaynakli enfeksiyona neden

Sonug: Bu calismada,
Fakiiltesi Hastanesinde “Kasim 2010 -

olan enterokok suslan arasinda capraz bulas oraninin
yiiksek oldugu gosterilmistir. Calismanin  sonugclari,
enfeksiyon kontrol programlarinin daha etkin bicimde
uygulanmasinin onemini ortaya koymustur.

Anahtar Kelimeler: Enterokok, pulsed-field jel

elektroforezis, hastane enfeksiyonlar klonal iliski

bacteriology laboratories of Dicle University Medical
Faculty, Department of Medical Microbiology. The
conventional methods and BD PhoenixTM 100 (Becton
Dickinson, MD, USA) fully automated microbiology
system were used for the identification. Antimicrobial
susceptibilities of enterococcal strains were determined
by a fully automated microbiology system according to
the Clinical and Laboratory Standards Institute (CLSI). In
addition, vancomycin susceptibilities of the isolates were
performed by E-test method. Staphylococcus aureus
ATCC 25923 strain was used for quality control. PFGE was
studied for determining of rate of cross-contamination.
PFGE was performed in National Molecular Microbiology
Referance Laboratory, Public Health Institution of
Turkey (PHIT). DNA restriction fragments were obtained
by cutting bacterial DNA with the Smal enzyme. DNA
restriction fragments were used by CHEF DR Il (Bio-Rad
Laboratories, Nazareth, Belgium) system. PFGE results
were evaluated by Bionumerics software system (version
6.01; Applied Maths, Sint-Martens-Latem, Belgium).

Results: DNA patterns of the isolates were obtained
by PFGE, and dendrogram of DNA patterns were made.
Comparison of DNA patterns obtained by PFGE showed
that 26 E. faecium strains were divided into four
different clusters and one major group, 10 E. faecalis
strains were three clusters and one major group.
Twenty-six Enterococcus faecium isolates were involved
in a joint cluster (97% similarity). The cluster rate was
found to be 77% (20/26), number of E. faecium strains in
each cluster ranged from 2 to 14 strains.

Conclusion: In this study, cross-contamination
was highlighted among enterococcal strains causing
nosocomial infections in Dicle University Hospital
between November 2010 and June 2012. Our data
revealed that more effective infection control programs

should be implemented to prevent cross-transmission.

Key Words:  Enterococcus, pulsed-field gel
electrophoresis, nosocomial infections, clonal relationship

GiRiS

Gastrointestinal sistem ve safra yollarnmin olmalan nedeniyle son yillarda onemli enfeksiyon
normal florasinda bulunan, disuk oranda da hastaliklan etkenlerindendir (1-3). Enterokok turleri;
olsa vajen ve erkek {Uretrasinda gorilebilen komplike uriner sistem enfeksiyonlari, bakteriyemi,
enterokoklar, antimikrobiyal ajanlara direncli endokardit, intra-abdominal ve pelvik enfeksiyonlar,
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yara ve yumusak doku enfeksiyonlari, neonatal sepsis
ve nadiren menenjite yol acabilmesinin yanm sira,
nozokomiyal bakteremilerin uclnci, nozokomiyal
Uriner sistem ve yara enfeksiyonlarinin ise ikinci
siklikta

viriilans1 dusiik olmasina ragmen penisilinlere ve

saptanan etkenleridirler (1, 4). Aynica
cogu sefalosporinlere direncli olmasi, yiiksek diizey
aminoglikozit direnci kazanabilmesi ve glinumizde
karsimiza cikan kazanilmis glikopeptit (vankomisin
ve teikoplanin) direnci nedeniyle enterokoklar genis
spektrumlu antimikrobik kemoterapi alan hastalar
arasinda ciddi enfeksiyonlara da neden olmaktadir
(1, 5). Ozellikle vankomisin rezistans enterokok (VRE)
suslan
morbidite, mortalite ve tedavi maliyetlerini artiran
onemli patojenlerdir (6-8).

nozokomiyal enfeksiyonlara sebep olarak

insanlarda klinik 6rneklerden en sik (%80-90) izole
edilen enterokok tiirii Enterococcus faecalis’tir. ikinci
siklikta (%5-10) karsimiza cikan izolat Enterococcus
faecium’dur. Hastane kaynakli enfeksiyonlarda ise
oranlar tersine donmdus olup en sik karsilasilan tur
E. faecium’dur. Diger enterokokal tiirler ise nadiren
izole edilmektedir (1, 9).

ilk vankomisine direncli enterokok (VRE) suslari
1988 yilinda Ingiltere ve Fransa’dan bildirilmistir
(10, 11).
bolgesinden VRE kolonizasyonu ve enfeksiyonu
bildirimleri olmustur (12, 13). Ulkemizde de 1998
yiindaki ilk klinik
bildirimler yapilmistir (14, 15).

Daha sonraki yillarda diinyanin bircok

izolat1 takiben artan sayida

Hastane kaynakli VRE salginlarin1 kontrol altina
almak ve yayilmasini engellemek icin hastaneye
yatan intestinal VRE tasiyicilart erkenden saptanmali
ve suslarin salgin ile iliskisi gosterilmelidir. Salgin
arasindaki onceleri

suslan iliskinin  belirlenmesi

fenotipe dayali yontemlerle gerceklestirilirken,
dusiik tekrarlanabilirlik, zayif ayirim giicl, pahali
ve zaman alic1 olmalan gibi dezavantajlarn sebebi
ile bu yontemler yerlerini yiksek ayrim gucline

sahip, vyiiksek tekrarlanabilirlik ozelligi gosteren

molekuler yontemlere birakmislardir.  Rastgele
arttinlmis polimorfik DNA (RAPD), multilokus sekans
tipleme (MLST) ve pulsed-field jel elektroforezi
(PFGE) gibi genotipe dayali molekiiler yontemler sik
kullamlmaktadir (16-19). Salgin suslarn arasindaki
iliskinin saptanmasi ve kaynagin belirlenmesinde,
ayinm gicl en yiksek olan PFGE yontemi; yararli
ve givenilir bir genotipleme yontemidir ve “altin
standart” kabul edilmektedir (20, 21).

ozellikle de VRE
kolonizasyon ve

Enterococcus turleri

Spp.

suslar intestinal cevre

kontaminasyonuyla, hastane calisanlarindan
yoluyla kolayca

Hastane kaynakli

veya hastadan hastaya temas
yayilabilmektedirler. salginlarin
onlenmesi icin enfeksiyon kaynaginin ve yayilma

yollarinin belirlenmesi ve belirli araliklarla kontrol

edilmesi  gerekmektedir (22). Bu calismada;
pulsed-field jel elektroforezi (PFGE) ile hastane
kaynakli Enterococcus spp. izolatlan arasindaki

klonal iliski ve capraz bulas oranlarinin belirlenmesi
amaclanmistir.

GEREC ve YONTEM
Orneklerin toplanmasi

Bu calismaya, Kasim 2010 - Haziran 2012 tarihleri
arasinda DUTF Hastanesinin cesitli servislerinde yatan
ve hastane kaynakli enfeksiyon tanis1 alan hastalar
dahil edilmistir. Budonemde, hastalardan alinan cesitli
klinik orneklerden izole edilen enterokok suslarinin
sayis1 36 olarak degerlendirilmistir. Hastane kaynakli
enfeksiyonlar, ABD Hastalik Kontrol ve Korunma
Merkezi (Centers for Disease Control and Prevention,
CDC) kriterleri dikkate alinarak tanimlanmistir (23).
Her hastaya ait ayn1 ve/veya farkli klinik orneklerden
elde edilen tek bir izolat calismaya alinmis olup, ayni
hastaya ait birden fazla ornekten enterokok izole
edilmesi durumunda kan izolati tercih edilmistir. Her
hasta icin; yas, cinsiyet, yattig1 servis, klinik 6rnek
tipi, izole edilen enterokok turl ve ilk izolasyon tarihi
kaydedilmistir.
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Orneklerin izolasyonu ve tanimlanmasi

Hastane kaynakli enfeksiyon gelisen hastalarin
cesitli
tam testleri ile ilk bakteri izolasyonlar yapilmistir.
Gram pozitif izolatlar geleneksel yontemler (10 ve 45
°C’de ureme, %6,5 NaCl’de Ureme, pH 9,6’da lreme,

klinik orneklerinden rutin mikrobiyolojik

%40 safrali ortamda eskilini hidrolize etme, PYR
uretimi vb.) ve BD PhoenixTM 100 (Becton Dickinson,
MD, USA)
ile tammlanmistir.

tam otomatik mikrobiyoloji sistemi

Enterococcus spp. suslarinin
antibiyotik duyarliliklar1 tam otomatik mikrobiyoloji
sistemi ile Klinik Laburatuvar ve Standartlar Enstitusu
(Clinical and Laboratory Standards Institute, CLSI)’niin
onerilerine uygun olarak  belirlenmistir. Ayrica,
izolatlarin vankomisin duyarliliklar1 E-test yontemi
ile de calisilmistir. Bu amacla kultiir besiyeri olarak
Mueller-Hinton agar (Oxoid) ve uzerinde vankomisin
(0,016-256

bulunan E-test seritleri (BioMerieux) kullanmilmistir.

konsantrasyonu  gradienti pg/mL)
Suslarin %5 koyun kanli agardaki kilturinden elde
edilen saf kolonilerden steril serum fizyolojik icinde
0,5 McFarland bulaniklik esdeger

yogunlukta hazirlanan dogrudan koloni siispansiyonlari

standardina
Mueller-Hinton agar vyiizeyine vyayilarak inokiile

edilmistir. Yiizeyine E-test seritleri yerlestirilen
plaklar 35+2 °C’de aerobik atmosfer kosullarinda
24 saat inkiibe edilmistir. inkiibasyon sonrasi CLSI
kriterlerine gore vankomisin icin minimal inhibitor
konsantrasyonu (MiK) degeri; =2 pg/mL ise duyarl,
4-8 pg/mL ise orta duyarli, <16 pg/mL ise direncli
olarak kabul edilmistir. Kullanilan yontemlerin kalite
kontrolini yapmak amaciyla standart sus olarak

Staphylococcus aureus ATCC 25923 kullamlmistir.

Pulsed Field Jel Elektroforezis (PFGE)

Enterokok suslar arasindaki capraz bulas oranlarini
belirlemek icin PFGE kullamlmistir. PFGE calismasi
Tlrkiye Halk Sagligi Molekiiler

Kurumu, Ulusal

Mikrobiyoloji Referans Merkez Laboratuvari’nda
gerceklestirilmistir. Calismamizda, Mulvey ve ark.’nin

(24), optimize ettikleri PFGE protokolu uygulanmistir.
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Smal enzimi ile kesilerek elde edilen DNA restriksiyon
fragmanlan %1’lik agaroz jelde CHEF DR Il (Bio-
Rad) sisteminde 6 V/cm akim, 14 °C’de ve 0,5 TBE
icerisinde baslangic ve bitis zamanlan 5,3 ve 34,9
sn olacak sekilde 20 sa yurutulerek gosterilmistir.
Suslar arasindaki klonal iliski, PFGE sonrasinda
jelde olusan DNA bant paternlerinden Tenover ve
ark. (21) tarafindan tarif edilen kriterlere gore

degerlendirilmistir. BioNumerics Software Program

(Applied Maths, Sinth-Martens-Latem, Belgium)
kullanmlarak dendogram olusturulmustur.
BULGULAR
Kasim 2010-Haziran 2012 tarihleri arasinda

hastane kaynakli enfeksiyon gelisen ve yaslarn 1-91
arasinda degisen 20’si erkek ve 16’st kadin olmak
Uzere toplam 36 hastadan enterokok izole edilmistir.
36 susun 18’i idrar, altis1 kan, besi bronkoalveolar
lavaj (BAL), besi yara, biri vajinal surintu, biri
kataterden izole edilmistir. Suslarin dokuzu (%25) VRE
olarak tanimlanmistir. Tir dagilimi incelendiginde;
suslarin 26’simin (%72) E. faecium, 10’unun (%28)
ise E. faecalis oldugu saptanmistir (Tablo 1). VRE
suslarimin tamami E. faecium icinde yer almistir.

E. faecium izolatlarina ait PFGE paternlerinin
dendogrami yapilmistir (Sekil 1). 26 izolatin DNA
paternlerinin birebir karsilastinlmas1 sonucunda
10 PFGE tipi (pulsotip)

pulsotiplerden alt1 tanesinde birer sus bulunmaktadir.

saptanmistir.  Saptanan
Kiume sayis1 dort olarak belirlenmis ve her bir kiime
icindeki sus sayis12-14 arasinda degisiklik gostermistir.
20/26 (%77)
saptanmis olup, bir major PFGE grubu bulunmustur.

Toplam kiumelesme oram olarak
Major grup 1 icerisinde yer alan 26 sus %97 oraninda
benzerlik gostermistir.

E. faecalis izolatlarina ait PFGE paternlerinin
dendogrami ise Sekil 2’de verilmistir. On izolatin DNA
paternlerinin karsilastirilmasi sonucunda yedi pulsotip
saptanmistir. Bu pulsotiplerden dort tanesinde birer
sus bulunmaktadir. Kiime sayisi Ui¢ olarak belirlenmis
olup, her bir kiime icindeki sus sayis1 2-3 arasinda
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Sekil 1. E. faecium suslarina ait PFGE paternlerinin dendogrami. Ornek say1s1 = 26
E. faecium suslarina ait PFGE paternlerinin dendogramina baktigimizda 10 tane pulsotip ve toplam dort tane kiime (1, 4,
6, 9 numarali PFGE tipleri), alt1 tane 6zgii profil (2, 3, 5, 7, 8, 10 PFGE tipleri) gorilmektedir. *: VRE suslan
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Sekil 2. E. faecalis suslarina ait PFGE paternlerinin dendogrami. Ornek sayisi = 10
E. faecalis suslarina ait PFGE paternlerinin dendograminda; yedi pulsotip ve lc¢ kime (2, 4, 7 numarali PFGE tipleri) ile
dort 6zgu profil (1, 3, 5, 6 numarali PFGE tipleri) gorulmektedir.

degisiklik gostermistir. Toplam kiimelesme oran1 6/10  grup Aicerisinde yer alan 10 sus arasinda %98 oraninda
(%60) olup, bir major PFGE grubu saptanmistir. Major  benzerlik oldugu tespit edilmistir.
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Tablo 1. izolatlarin klinik 6rnek tipine, génderildigi servislere ve izolasyon tarihine gére dagiimlan

Sira No Ornek No Ornek Tipi izolat Adi Gonderildigi Servis izolasyon Tarihi
1 861 idrar E. faecium Dahiliye Nefroloji Ekim 2011

2 467 idrar E. faecium (VRE) Dabhiliye Nefroloji Temmuz 2011
3 24 Bronkoalveolar lavaj sivist  E. faecium Onkoloji Ocak 2011

4 137 Periferik kan E. faecalis Dahiliye Nefroloji Mart 2011

5 10 Bronkoalveolar lavaj sivist  E. faecium Dahiliye Gastroenteroloji Ocak 2011

6 1635 idrar E. faecalis Uroloji May1s 2012

7 186 Bronkoalveolar lavaj sivisi E. faecium Dahiliye Nefroloji Mart 2011

8 181 idrar E. faecium (VRE) Gogiis Hastaliklar YBU Mart 2011

9 3 idrar E. faecalis Dahiliye Nefroloji Subat 2011
10 956 Periferik kan E. faecium Dahiliye YBU Kasim 2011
11 419 idrar E. faecium (VRE) Dabhiliye Nefroloji Mayis 2011
12 67 idrar E. faecium Dahiliye YBU Ocak 2011

13 25 Yara biyopsi materyali E. faecalis Yanik Unitesi Kasim 2010
14 1274 Yara biyopsi materyali E. faecalis Dahiliye YBU Subat 2012
15 1263 Yara biyopsi materyali E. faecium Dahiliye YBU Subat 2012
16 180 Bronkoalveolar lavaj sivist  E. faecium (VRE) Dahiliye Nefroloji Mart 2011

17 370 Vajinal swap E. faecalis Kadin Hastaliklar ve Dogum  Haziran 2011
18 573 idrar E. faecium Genel Cerrahi Temmuz 2011
19 145 Bronkoalveolar lavaj sivist  E. faecium Dahiliye Nefroloji Aralik 2010
20 423 Kateter ucu E. faecalis Dahiliye Nefroloji Haziran 2011
21 915 Periferik kan E. faecalis Gogls Hastaliklar Ekim 2011

22 1777 idrar E. faecalis Uroloji Haziran 2012
23 486 Periferik kan E. faecium Gogiis Hastaliklan YBU Temmuz 2011
24 1070 idrar E. faecium Dahiliye Nefroloji Mart 2012

25 248 Yara biyopsi materyali E. faecium Yanik Unitesi Nisan 2011
26 569 idrar E. faecium Cocuk Nefroloji Temmuz 2011
27 128 Yara biyopsi materyali E. faecium Yanik Unitesi Mart 2011

28 981 idrar E. faecalis Dahiliye YBU Subat 2012
29 450 idrar E. faecium (VRE) Noroloji YBU Nisan 2012
30 972 Periferik kan E. faecium (VRE) Dahiliye YBU Kasim 2011
31 1213 Periferik kan E. faecium Cocuk Hastaliklar Ocak 2012
32 136 idrar E. faecium Dahiliye YBU Aralik 2010
33 114 idrar E. faecium Dahiliye Nefroloji Ocak 2011

34 109 idrar E. faecium (VRE) Gogiis Hastaliklan YBU Subat 2011
35 45 idrar E. faecium (VRE) Cocuk Nefroloji Ocak 2011
36 1076 idrar E. faecium (VRE) Dahiliye Nefroloji Aralik 2011

YBU : Yogun Bakim Unitesi
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TARTISMA
Giinimuzde enterokoklarin hastane
enfeksiyonlardaki onemi  giderek artmaktadir.

Hastane kaynakli bakteriyemilerin ikinci en sik
nedeni (%15) enterokok turleridir (25). Enterokoklar,
hastane kaynakli uriner sistem enfeksiyonlarinin
besinci siklikta (%8,5) nedenidir (26). Enterokoklar,
basta glikopeptid grubu antibiyotikler olmak Uzere
bircok antibiyotige kars1 kokenler arasinda kolayca
aktarilabilen direnc gostermekte ve intestinal florada
asemptomatik persistan kolonizasyon olusturarak
endojen kokenli enfeksiyonlara yol acabilmektedirler
(27). Hastane kaynakli enterokok enfeksiyonlarinda
antibiyotiklere kars1 direnc giderek artmaktadir (28).
Aynica, enterokoklar ile kolonizasyon ve enfeksiyon,
basta yogun bakim kliniklerinde yatan hastalar
olmak iizere altta yatan hastalig1 olan hastalar daha
cok etkilemektedir (29, 30). Bu calisma, dahiliye
bolimiindeki hastalarin %44 (16/36)’i de yogun
bakim, yanik Unitesi, onkoloji ve cerrahi servislerinde
yatmakta olup, hastane kaynakli enfeksiyon gelistiren

hastalarda yapilmistir.

ilk VRE suslari, 1988 yilinda énce ingiltere sonra da
Fransa’dan bildirilmistir (10, 11). VRE enfeksiyonlari,
ABD’de ilk kez 1990 yilinda gorulmesine karsin, cok
hizl1 bir yayiim gostermistir (31). Daha sonraki yillarda
diinyanin bircok bolgesinden VRE kolonizasyonu ve
enfeksiyonu bildirimleri giderek artmistir (12, 13).
2003 yilinda sekiz Avrupa ulkesinden 13 mezkezi
kapsayan bir calismaya gore, Avrupa’da VRE prevalansi
%0-20 arasinda degismektedir (32). Ulkemizde 1998
yiinda ilk VRE susunun saptanmasinin ardindan
glinimiize degin farkli bdlgelerden artan sayida
bildirimler yapilmistir (14, 15, 33, 34 ). Calismamizda;
enterokok suslarimin dortte biri gibi onemli bir
oran VRE olarak saptanmistir. Hastanemizdeki VRE
oraninin  yiiksek oldugu belirlenmistir. Bu yiiksek
direnc oranimin hastanenin yetersiz enfeksiyon

kontrol onlemlerinden kaynaklanabilecegi

dusunulmektedir.

Enterokok enfeksiyonlarinda klinik orneklerden
en sik (%80-90) elde edilen izolat E. faecalis’tir.
siklikta (%5-10) karsimiza cikan izolat E.
faecium’dur. Hastane kaynakli enfeksiyonlarda ise
Gerek
hastane enfeksiyonlar gerekse kolonizasyonla iliskili

ikinci
en sik karsilasilan tur E. faecium’dur (9).

olarak izole edilen VRE tirleri arasinda E. faecium
oramnin giderek arttig1 dikkat cekmektedir. Ozellikle
bakteriyemiye yol acan E. faecium izolatlan arasinda
VRE oraninin (%19), E. faecalis izolatlarn arasindaki
VRE oranina (%4) gore daha yliksek oldugu 2005 yilinda
yapilan bir calismada gosterilmistir (35). Kuzucu ve
ark. (36), tarafindan yapilan bir calismada da, fekal
kolonizasyonda E. faecium’un (%71) hakim oldugu
gosterilmistir. Calismaya aldigimiz 36 susun 26’sinin
E. faecium (%72) oldugu, bunlarin ise dokuzunun VRE
(%35) oldugu saptanmistir.

Hastane kaynakli VRE salginlarinin onlenmesi,
kontrolii ve epidemiyolojik analizlerinin yapilmasi
onemli bir halk sagligi calismasidir. Bir monoklonal
salgin  kontrol altina alinmazsa endemisite
gelisebilecektir (30). Hastane kaynakli VRE suslarinin
MLST, multi

variable number tandem repeat (MLVA) ve PFGE

molekiiler tiplendirmesinde lokus
yontemlerinin karsilastirildigi; 2006 yilinda yapilan
bir calismada, PFGE paternlerinin daha yiksek
rezoliisyon gosterdigi tespit edilmistir (37). 2008
yilinda yapilan bir diger calismada, VRE suslarinin
molekiiler tiplendirmesinde MLVA ve PFGE yontemleri
karsilastinlmis, PFGE’nin ayrnim guciniin daha fazla
oldugu tespit edilmistir (38). Fransa’dan 2011 yilinda
yapilan bir calismada, 2001-2008 yillar1 arasinda
195 hastanenin VRE salginlarinin degerlendirilmis;
PFGE analizi ile 161 farkli patern saptanmis ve
genel olarak hastanelerde predominant bir klonun
hakim oldugu bildirilmistir (39). 2012 yilinda yapilan
bir calismada; yeni dogan yogun bakim initesinde
yatan hastalardan izole edilen 20 hastane kaynakli
enterokok susu degerlendirilmis ve PFGE yontemiyle
izolatlar arasindaki capraz bulas gosterilmistir (40).

Calismamizda, PFGE yontemiyle elde ettigimiz
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bulgular, Enterococcus izolatlarimin  klonal
yonden iliskili

kontaminasyonun varligin1 géstermektedir.

spp.
oldugunu ve dolayisiyla capraz

Sonuc olarak, Dicle Universitesi Tip Fakiiltesi

Hastanesinde Kasim 2010 - Haziran 2012 tarihleri

arasinda yatan ve hastane kaynakli enfeksiyon tanisi
alanhastalardanizole edilen enterokok suslariarasinda
capraz bulas oraminin yiiksek oldugu gosterilmistir.
Calismamizin sonucunda enterokoklarin izlenmesinde

genotiplendirme calismalarn yapilmasinin, PFGE
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Kirikkale Yiiksek ihtisas Hastanesi’ne basvuran akut
gastroenteritli cocuklarda rotaviriis enfeksiyonunun siklig

Serap SUZUK!,

Havva AVCIKUCUK',

Mehmet KAVAK'

OZET

Amag: Akut gastroenterit (GE), kugclk yastaki
cocuklarda yiiksek morbidite ve mortalite ile seyreden
onemli bir saglik sorunudur. Rotaviris, siit cocuklar ve
kiicik cocuklardaki viral gastroenteritlerin en onemli
etkeni olup yasamin ilk iki yiinda gastroenteritlere bagh
hastaneye yatislarin ¢ogundan sorumludur. Rotaviris
gastroenteritlerinin bolgemizdeki epidemiyolojisi iyi

bilinmemektedir. Bu calismada, bolgemizdeki akut
gastroenteritli cocuklarda rotaviriis antijen pozitifliginin
imminokromatografik yontemle arastirilmas1 ve yasa

bagli dagiiminin incelemesi amaclandi.

Yontem: Ekim 2013-Nisan 2014 tarihleri arasinda
Kirikkale ilindeki hastanemize ishal sikayeti ile basvuran
883 cocuk hastanin taze diski orneklerine ait kayitlar
retrospektif olarak incelendi. Diski 6rneklerinde rotavirts
antijen varligi, spesifik monoklonal antikorlar iceren
ve hizli sonuc veren Kkalitatif imminokromotografik
yontem ile arastirildi. Hastalar, 0-2, 3-5 ve 6-16 olarak
uc yas grubuna ayrildi. Veriler SPSS 15,0 (Statistical
Package for Social Sciences version 15,0) kullanilarak
analiz edildi. Istatistiksel anlamlilik icin p degeri <0,05
alind.

Bulgular: Calismaya alinan 883 diski Grneginin
147’sinde (%16,65) rotaviris antijeni pozitif bulundu.
Test istenen 883 hastanin 561’i (%63,53) erkek, 322’si
(%36,47) kiz cocugu idi. Rotaviriis antijen pozitifliginin
yas gruplarina gore dagiimi; 0-2 yas grubunda 118

ABSTRACT

Objective:  Acute gastroenteritis is a major
health problem associated with high morbidity and
mortality in children. Rotavirus is shown to be the
most important agent of viral gastroenteritis in infants
and young children, responsible for the majority of
hospitalizations for this illness within the first two years
of life. The epidemiology of rotavirus gastroenteritis is
not well known in our region. In this study, we aimed to
investigate the presence of rotavirus antigen positivity
by using an immunocromatographic method and to assess
age-related distribution in pediatric patients with acute
gastroenterititis in our region.

Method: Fresh stool specimens from a total of 883
pediatric patients admitted to our hospital in Kirikkale
during October 2013 and April 2014 due to acute
gastroenteritis were studied. Presence of rotavirus
antigen in stool specimens was tested by using a rapid
result giving commercial kit which consists of specific
monoclonal antibodies. Patients were divided into three
age groups; 0-2, 3-5 and 6-16. Data was analyzed using
SPSS 15.0 (Statistical Package for Social Sciences version
15.0). For statistical significance p-value <0.05 was
considered.

Results: 147 (16.65%) of 883 stool samples were
found to have rotavirus antigen. Of 883 patients tested,
561 (63.53%) were male, 322 (36.47%) were female. Of
the patients detected as rotavirus antigen positive 118
cases (80.72%) were between 0-2 years old, 26 cases
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olgu (%80,72), 3-5 yas grubunda 26 olgu (%17,69) ve
6-16 yas grubunda 3 olgu (%2,04) olarak saptandi. 147
(%59,86) erkek, 59’u (%40,14)
kadindi. Yapilan istatistiksel analizde cinsiyet arasinda

pozitif olgunun 88’i

anlamli bir fark bulunmamasina ragmen yas gruplari
arasinda anlaml farklilik tespit edildi.

Sonu¢: Calismamizda elde edilen veriler, rotaviris

enfeksiyonlarinin  cocukluk c¢ag1 ishalleri arasinda

hala ©nemli bir yere sahip oldugunu gosterdi.

diski
yontemler ile

Klinik  bulgular virlise 6zgli olmadigi icin

orneklerinde  immiinokromotografik

viral antijen analizi yapilmasi tam icin oldukca

kullanistidir.

Anahtar Kelimeler: Rotavirus, akut gastroentirit,

cocukluk ¢agi, immiinokromotografi

(17.69%) were between 3-5 years old and 3 cases (2.04%)
were 6-16 years old. Of 147 patient with rotavirus
antigen positive, 88 (59.86%) were male and 59 (40.14%)
were female. In the statistical analysis, although there
was no a significant difference between sex, significant
difference was detected between age groups.

Conclusion:  The data obtained in this study
indicated that rotavirus infections still remain one of
the important childhood diarrhea. The clinical signs
are nonspecific; so, the analysis of viral antigen in
the stool specimen is important for the diagnosis.
Immunochromotographic assay is useful for diagnosis in

this infection.

Words:
childhood, immunochromotography

Key Rotavirus, acute gastroenteritis,

GIRIS

Onemli bir halk sagligi sorunu olan akut
gastroenteritler, gelismekte  olan ulkelerde
solunum yolu enfeksiyonlarindan sonra cocuk

morbiditesinin onemli bir bolumuni olusturmaktadir
(1).

rastlanan gastroenterit etkeni rotavirustur. Virus,

Tum dinyada ozellikle cocuklarda en sik

dis ortamlara dayanmkli olup bulasiciigi oldukca
yiksektir. Ayrica diski ile uzun sire atilmalan ve
dusuk dozda enfeksiyon olusturmalarindan dolayi
virus, salginlara yol acabilmektedir (1, 2). Rotavirls
salginlan tlkemizde oldugu gibi diger liman iklime
sahip Ulkelerde de kis aylarinda ve ilkbahar basinda
goriilmektedir (3). Ozellikle bes yas alt1 cocuklarda
gorilen rotaviriis gastroenteritinde vakalarin biiylik
bir kismi ayaktan tedavi (25 milyon vaka/yilda)
edilebilirken bir kism1 da yatarak tedavi (2 milyon
vaka/yilda) edilmektedir. Yilda 527.000 cocuk ise
rotavirus kaynakli gastroenterit nedeniyle 6lmektedir
(4).

villuslarindaki

Rotavirusler, incebagirsak

enterositleri enfekte ederek hiicrenin transport

mekanizmasina zarar vermekte, ayrica virusun

kodladig1 NSP4 proteini viral enterotoksin olup
hiicreden  sivi  sekresyonunu  indiiklemektedir.
12 Turk Hij Den Biyol Derg

Bu donemde diski ile birlikte cok sayida virus
atilmaktadir (5). Diskida viral antijenin gosterilip
hizla tam konmas1 tedavi yaklasimi icin blyuk onem
tasimaktadir. Bu amacla, akut donemde alinan
taze diski 6rneklerinde immiinokromotografik (iK)
yontemler kullanmlabilmektedir. Bu tip yontemlerin
akut donemde hem duyarlilik ve 6zgiilliigiinuin yiiksek
olmas1 hem de cok kisa sirede sonu¢ vermesi gibi
ozelliklerinden dolay1 hastanelerde tani amaciyla

siklikla tercih edilmektedir (6).

Bu calismada, rotaviris enfeksiyonlarinin
goriildiigli donemde ishal, kann agrisi, kusma ve
ates gibi sikayetler ile hastanemiz cocuk kliniklerine
basvuran ve akut gastroenterit tanis1 alan 0-16 yas
arasi cocuklarin diski 6rneklerinde rotaviris sikligi ve
enfeksiyonun yas ve cinsiyet arasindaki dagiliminin

degerlendirilmesi amacland.

GEREC VE YONTEM

Rotaviriisiin daha siklikla etken olarak izole edildigi
sonbahar sonu, kis ve ilkbahar bas1 donemlerini
kapsayan Ekim 2013-Nisan 2014 tarihleri arasinda,
0-16 yas grubu akut gastroenterit tanis1 alan, ayaktan



veya yatarak tedavi goren ve hastanemiz mikrobiyoloji
laboratuvarina gelen 883 cocuktan alinan taze
diski
rotaviris grup A’'nin VP6 antijenine karst monoklonal

ornegi degerlendirmeye alindi. Calismada
antikorlar iceren kalitatif IK yontem (Genx, Kocaeli,
Turkiye; duyarliik %99,3, ozgullik %97,6) kullanildi.
Calisma ve degerlendirme iretici firmanin onerileri
dogrultusunda gerceklestirildi. Hastalara ait yas
ve cinsiyet bilgileri ile test sonuclar hastane bilgi
yonetim sisteminden hasta dosya numarasi baz
alinarak alindi. Rotaviriis enfeksiyonunun inkiibasyon
stresinin 8-10 giin olmasindan dolayr tekrarlayan
orneklerde pozitif cikan diski 6rnegi varsa sadece
pozitif cikan diski ornegi degerlendirmeye alindi,
negatif cikan ve ayni hastaya ait diski ornekleri
icin ise tek bir diski ornegi calismaya dahil edildi.
Negatif cikan diski ornekleri calismaya dahil edilmedi
ve her ay icin her hastada tekrarlandi. Hastalara ait
veriler, hastane bilgi yonetim sisteminden alindigindan
hastalarin asilanma durumu sorgulanamadi. Rotavirus
sikliginin aylara, hastalarin yaslarina ve cinsiyetlerine
gore dagiim ki-kare testi ile degerlendirildi
ve istatistiksel analiz icin SPSS 15,0 kullanildi.
Degerlendirmelerde p<0,05 degeri istatistiksel olarak

anlamli kabul edildi.

BULGULAR

Calismada, akut gastroenterit tamsi ile
degerlendirilen 883 diski 6rneginin 147’sinde (%16,65)
rotavirus antijeni pozitif olarak bulundu. Hastalarin
561 (%63,53)’i erkek, 322 (%36,47)’si kiz idi. Rotaviris
antijen pozitif bulunan toplam 147 olgunun ise 88
(%59,86)’i erkek ve 59 (%40,14)’u kiz cocugu olarak
belirlendi. Her aya ait gelen hasta sayisi ve kiz-erkek
hasta dagilimi ile rotavirlis antijen pozitifligi ve kiz-
erkek hasta pozitifligi Tablo 1’de yer almaktadir.

Calismaya dahil edilen hastalar 0-16 yas grubunda
yer almakla birlikte rotavirus enfeksiyonunun siklikla
0-5 yas arasi
calismaya dahil edilen cocuklarin yaslar 0-2, 3-5 ve

cocuklarda gorilmesinden dolay

6-16 yas olmak Ulzere uc¢ gruba ayrildi. Calismada
yer alan vakalarnn 118 (%80,72)’inin 0-2 yas grubu
arasinda yer aldig1 belirlendi. Calismada yer alan 3-5
yas grubunda 26 olguda %17,69 ve 6-16 yas grubunda 3
olguda antijen pozitif olarak saptandi. Rotaviriis
antijen pozitifliginin aylara goére dagilimi Sekil 1’de
verildi. Yas gruplarina gore yapilan degerlendirmede;
0-2 yas grubu diger yas gruplarina gore istatistiksel
olarak anlamli yuksek bulundu (p<0,05). Cinsiyete
gore yapilan degerlendirmede ise rotaviriis antijen
pozitifligi bakimindan anlamli bir fark goriilmedi

Tablo 1. Akut GE tamisi alan ve rotaviriis antijen pozitif hastalarin aylara ve cinsiyetlere gére dagilim

Akut GE* tanmisi alan

Rotaviriis antijeni pozitif

Aylar hasta sayisi (n) hasta sayis1 (n) Da(é;’l)lm
Toplam Erkek Kiz Toplam Erkek Kiz
Ekim 2013 28 20 8 3 1 2 2,04
Kasim 2013 155 114 | 21 14 7 14,29
Aralik 2013 189 138 51 24 14 10 16,33
Ocak 2014 125 71 54 33 19 14 22,45
Subat 2014 109 66 43 24 15 9 16,33
Mart 2014 128 69 59 20 14 6 13,61
Nisan 2014 149 83 66 22 11 11 14,97
Toplam 883 561 322 ) 147 ) 88 ) 59 1000.00
(%63,53) (%36,47) (%16,65) (%59,86) (%40,14) (%100)

* GE: Gastroenterit
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(p>0,05). Ayrica calismanin yapildigi aylar ile rotaviriis
antijen pozitifligi bakimindan yapilan istatistiksel
degerlendirmede Ekim ay1 diger aylara gore pozitiflik
bakimindan istatistiksel olarak anlamli bir sekilde
dusuk bulundu (p<0,05). Ekim ayinda hastanemiz,
yeni hastane binasina tasindi ve bu nedenle ekim
ayinda hastaneye hasta kabul sayisinda genel bir
dusukluk yasandi. Ekim ayinda uzun bir bayram
tatilinin bulunmas1 da hasta sayisinin dusiik olmasina
sebep olabilir. Yapilan degerlendirmede bdélgemiz
icin en yuksek pozitiflik test sonucu Ocak ayinda
gorildd.

mCaligilantest sayisi  m Pozitif test sayisi
189

Ekim 2013 Kasim 2013 Aralik 2013 Ocak 2014 Subat 2014 Mart 2014 Nisan 2014

Sekil 1. Rotavirlis antijen pozitifliginin aylara gore dagilim

TARTISMA

Akut viral gastroenteritler, tim diinyada yaygin
olarak goriilen onemli bir halk sagligi sorunu olmakla
birlikte saglik harcamalari agisindan ekonomik yonden
de 6nemli bir sorun olusturmaktadir (4). Ozellikle
cocukluk cagr doneminde kis aylarinda karsimiza
etken olarak siklikla rotavirus ¢cikmaktadir. Rotavirus
pozitiflik oram llkeden lilkeye hatta ayn Ulkenin
farkli bolgelerinde degisiklik gosterebilmektedir.
Diinya Saglik Orgiiti’niin  (DSO) verilerine gobre
Avrupa’da %20-40, Amerika’da %5-25, Asya’da %20-40
ve Afrika’da %10-65 arasindadir (7). Ulkemizde yapilan
calismalara ait veriler; calismay1 yapan arastirmaci,
calismanin yapildigi donem, yer, calisma yontemi ve
rotavirus pozitiflik oran1 Tablo 2’de verilmistir (5, 6,
8-17). Calismamiz sonucunda, ulkemizde rotavirus
antijen pozitiflik oran1 %10,6-34,4 olarak tespit edildi.
Bulunan rotaviris antijen pozitiflik oranminin (%16,65)
bu oranlar arasinda oldugu goriildii. Ulkemizdeki
pozitiflik oranlarinin genis bir dagilim gdstermesi;
calismalanin  farkli bolgelerde yapilmis olmasi
ve calismaya dahil edilen hasta sayisimn farkl
olmasindan kaynaklandigini disiinmekteyiz.

Tablo 2. Ulkemizde rotaviriis antijen pozitifligi izerine yapilmis olan bazi calismalara ait veriler

Arastirmaci Tarih Aralhig :;Aael:skr:zainln SC; ;/gll; OI::Z;tai;ISI <2Pz;?ti¢1ril§fii£en Yontem
Calismada bu yas )
Yousefi ve ark (8) Ocak 2005 - Haziran 2008 Ankara 2.962 483 (%16,30) araligi icin pozitiflik 1K**
bildirilmemistir
Yiiksel ve ark (5) Ocak 2006 - Aralik 2009  Istanbul 302 75 (%25) 36 (%48,00) iK
Tekin (6) Ekim 2008 - Eylul 2009  Mardin 941 157 (%16,7) 119 (%75,79) iK
Otag ve ark (9) Ocak 2009 - Aralik 2011 Mersin 781 226 (%28,9) 132 (%58,40) iK
Atalay ve ark (10) Ocak 2009 - Aralik 2012 Kayseri 2.636 663 (%25,2) 496 (%74,81) iK
Koksal ve ark (11) Ocak - Haziran 2010 Ankara 240 68 (%23,8) 45 (%66,17) iK
Gliltepe ve ark (12) Ocak 2010 - Haziran 2011 Van 955 205 (%21) 91 (%44,39) LA***
Borsa ve ark (13) Mayis 2010 - Nisan 2011 Mardin 944 192 (%20,3) 157 (%81,77) iK
inci ve ark (14) Ocak 2010 - Ocak 2013 Artvin 270 32 (%10,6) 23 (%71,87) iK
Konca ve ark (15) Mart 2012 - Subat 2013  Adiyaman 3.607 597 (%16,5) 439 (%73,53) iK
Tirk Dagi ve ark (16)  Ocak 2010 - Aralik 2013 Konya 2.795 273 (%9,8) 162 (%59,30) iK
Balkan ve ark (17) Eyliil 2010 - Eylil 2011 Erzurum 340 117 (%34,4) 78 (%20,10) iK
Bu calisma Ekim 2013 - Nisan 2014  Kinkkale 883 147 (%16,65) 118 (%80,72) iK

* Bu veri rotaviris antijen pozitif olgulardaki ylizde olarak hesaplanmistir (tim calismalar icin)

** immiinokromotografi
*** Lateks agliitinasyonu
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Ulkemizde yapilan calismalarda 6zellikle rotaviriis
kaynakli akut viral gastroenterit vakalarinda cinsiyet
acisindan yapilan degerlendirmelerde anlamli bir
farkin gorilmedigi belirtilmektedir (8, 12, 15, 16).
Calismamizda da hastaneye basvuran erkek hasta
sayisinin kizlardan fazla olmasina ragmen, rotaviris
antijen pozitifligi acisindan cinsiyetler arasinda
istatistiksel olarak anlamli bir farkin olmadigi goriildii
(p>0,05).

Rotaviriis enfeksiyon insidansinin en yiksek
oldugu donem 7-24 aylik cocuklardir. Viriise kars
duyartiigin altinci aydan itibaren artis gosterdigi
bu donem, anneden gelen koruyucu antikorlarin
kayboldugu doneme denk gelmektedir (10).
Aslinda her yas grubunda gorulebilmekle beraber
semptomatik rotaviriis enfeksiyonu siklikla iki yas ve
alt1 cocuklarda gorulmektedir (15). Tablo 2’de verilen
calismalarda da 0-2 yas grubu arasindaki antijen
pozitifliginin diger yas gruplarina gore yiiksek oldugu
tespit edildi. ilgili calismalarin 0-2 yas arasindaki
pozitiflik oranlan %20,10-81,77 arasinda bir dagilim
gostermektedir. Calismamizda yer alan hastalar
rotaviriis enfeksiyonunun bu ozelligi dikkate alinarak
0-2, 3-5 ve 6 yas ve Usti olmak lizere lic yas grubuna
aynildi. Yapilan degerlendirmede 0-2 yas grubu
pozitiflik oram %80,72 (118 hasta) olarak belirlendi.
Bu deger diger yas gruplarindaki pozitiflik yoniinden
degerlendirildiginde  anlamli  yiiksek  bulundu
(p<0,05).

Ulkemizin de icinde bulundugu 1liman iklim
kusaginda rotaviriis enfeksiyonlari sonbahar sonu, kis
ve ilkbahar basi gibi soguk aylarda goriilmektedir (12).
Ozellikle bu aylarda bolgemizdeki rotaviriis sikligini
belirlemeyi amagladigimiz bu calismada, ekim ayinda
hastane kosullarindan kaynakli olarak hastaneye
basvuran hasta sayisinin disiik olmasina ragmen
basvuran hastalar arasinda da pozitifligin cok diistik
oldugunu belirledik. Ekim ayinda hastanemizin yeni
binasina tasinmasina bagli olarak bu ayda hasta kabul
sayisinda genel bir diistikliik yasandigi goriildii. Ayrica
Ekim ayinda uzun bir bayram tatilinin bulunmasi
da hasta sayisimin disiik olmasina sebep oldugu
disiiniilebilir. Kasim ayinda havalarin sogumasiyla
bolgemizde rotaviris enfeksiyonunun  goriilme
sikiginin artmaya basladig tespit edildi. Bu durum

klinisyenlerin tedavi protokollerinin belirlenmesi
acisindan onemli bir epidemiyolojik veridir. Calismada
antijen pozitifliginin en yliksek oldugu ay Ocak ayi
olarak tespit edildi (%22,45). Yapilan degerlendirmede
Kirikkale yoresi icin en yiksek pozitiflik test oran
Ocak ayinda goriildii. Degerlendirmeye alinan ve
Tablo 2’de yer alan calismalarin verileri ile birlikte
degerlendirildiginde; rotavirlis gastroenteritlerinin
llkemizde siklikla Kasim-Nisan arasinda goriildiigu
soylenebilir. Ancak calismalarin farkli cografik ve
iklimsel bolgelerde yapilmasina bagli olarak en yiiksek
pozitiflik oranin goriildiigli aylar arasinda farklitiklar
olmas1 muhtemeldir.

Viris kaynakli akut gastroenterit vakalarinda;
oyku, klinik ozellik, mevsimsel ozellik, vakanin yasi
gibi ozellikler yol gosterici olsa bile laboratuvar testleri
ile kesin taninin konmasi1 onemlidir. Son yillarda hizla
kullanima giren iK yéntem, hizli ve kullamim kolayligi
gibi 6zelliklerinden dolayr tanida tercih edilmektedir.
Aynica antijen pozitif sonuclarin enzim immunoassay
(ELISA) sonuclan ile uyumlu olmasi, duyarlilk ve
ozgiilliklerinin yuksek olmasi da bu tercihte onemli
ozellikleri arasindadir (5). Degerlendirmeye alinan
ve Tablo 2’de yer alan calismalarda; IK yonteminin
hastanelerde siklikla tercih edilen bir yontem oldugu
goriildii. ELISA ve IK yéntem Kkarsilastinlmasimin
yapildig1 bir calisma, iki yontem arasindaki uyumun
milkkemmele yakin oldugunu gostermektedir (18).
Uyumun yiiksek olmasindan dolayr, hastanelerde
daha ucuz, daha hizli ve daha kolay uygulanabilir
bir tam ydntemi olan IK yonteminin tercih edildigi
soylenebilir.

Rotavirls enfeksiyonu geciren kisilerde kismi bir
bagisikliga neden olur ve daha sonraki enfeksiyonlarda
bagisikik yamti1 artar. Bu nedenle enfeksiyon daha
biiylik cocuklarda ve vyetiskinlerde asemptomatik
olarak seyrederken cocuklarda daha ciddi tablolar
gorulmektedir (6). Calismamizda da benzer sekilde alti
yasindan biyiik cocuklarda rotaviriis antijen pozitifligi
cok diislik oranda goriildii. Bagisiklik yanitinin 6nemli
oldugu rotaviriis enfeksiyonu icin dogal bagisikliktan
ziyade asilama ile koruyuculugun saglanmasi bebek
sagligi icin onemlidir. Rotaviris asilarinin mortalite ve
morbiditeyi azalttigim bildiren calismalar mevcuttur
(19, 20). Ulkemizde rotaviriis asis1 heniiz cocukluk
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cagi as1 takviminde yer almamakla birlikte tcretli ve
istege bagli olarak yapilabilmektedir.

Ulkemizde yaygin olarak goriilen rotaviriis akut
gastroenterit enfeksiyon iki yas ve alti cocuklar
icin ciddi bir enfeksiyon sorunu olup llkemiz
epidemiyolojik verilerine bolgesel veri saglamasi
ve yapilacak olan asilama programlari icin veri
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Yatan hasta orneklerinden izole edilen Candida izolatlarinin tiir
dagilimlarinin ve antifungal duyarlilik profillerinin degerlendirilmesi
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OZET

Amac: Ciddi ya da invazif Candida enfeksiyonlar,
basta notropenik hastalar olmak uzere genel olarak
bagisiklik sisteminin baskilandigi, “6zel konak” olarak
tamimlanan hasta gruplarinda siklikla gelismekte ve
yuksek mortalite orani ile seyretmektedir. Ancak son
iki dekattir ciddi Candida enfeksiyonlarinin yalnizca
notropenik hasta ve 6zel konakla iliskili bir klinik tablo
olmadigi, 6zellikle hastanede yatan tiim kritik hastalarda
gelisebilecegi bilinmektedir. Bu calismada, hastanemizde
yatan hastalarin cesitli klinik orneklerinden izole
edilen Candida tirlerinin tiplendirilerek antifungal

duyarliliklarimin arastirilmasi hedeflenmistir.

Subat 2013 - Subat 2014 tarihleri
Ankara Numune Egitim

Yontemler:
arasinda, ve Arastirma
klinik
orneklerinden iireyen 187 ornek calismaya dahil edilmis

Hastanesinde  yatan  hastalarin  cesitli

ve retrospektif olarak incelenmistir. Laboratuvara
gonderilen klinik ornekler, Sabouraud dekstroz agar
(BD Diagnostic Systems) ve koyun kanli agar besiyerine
(BD Diagnostic Systems) mantar aranmasi amaciyla
ekilmistir. Izole edilen maya mantarlarina Gram
boyama ve germ tip testi uygulanmistir. Mayalarin
tanimlanmas1 ve antifungal duyarlilik testleri icin

Vitek 2 (Biomerieux) otomatize sistemi kullanilmistir.

ABSTRACT

Objective: Serious or invasive Candida infections,
often occur in immune suppressed patients like
neutropenic patients and cause high mortality rates.
However in the last two decades it is known that

serious Candida infections are not a clinical
condition associated with specific hosts like
neutropenic patients, they can develop in any

critically ill patients. In this study, we aimed to

investigate types of Candida species isolated
from clinical materials of hospitalized
patients and determine their antifungal
susceptibilities

Methods: 187 specimens isolated from various
specimens of hospitalized patients in Ankara
Numune Training and Research Hospital between

February 2013 and February 2014 were included
to this study and examined retrospectively.
Clinical specimens sent to our laboratory were
inoculated to Sabouraud dextrose agar (BD Diagnostic
Systems) and %5 sheep blood agar (BD Diagnostic
Systems) for inspection of yeast species. Gram staining
and germ tube tests were applied to isolated yeasts.
Vitek 2 (Biomerieux) automated system was used
for identification and antifungal susceptibility test
of yeasts.
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Bulgular: Toplam 187 izolatin 56’s1 (%29,9)
C. albicans, 57’si (%30,4) C. glabrata, 20’si (%10,6) C.
tropicalis, 12’si (%6,4) C. parapsilosis 11’ (%9,8) C.
krusei, 11’i (%5,8) C. kefyr, sekizi (%4,2) C. famata,
besi (%2,6) C.
biri (%0,5) C. norvegensis, biri (%0,5) C. lusitaniae,
biri (%0,5) C. guilliermondii, biri (%0,5) C. haemulonii
olarak tammlanmistir. Klinik orneklerin 107’si (%57,3)

sphaerica, ucu (%1,6) C. dubliniensis,

yogun bakim servislerinden izole edilmistir. Tim
Candida tirlerinde flukonazol, vorikonazol, amfoterisin
B, flusitozin, ve kaspofungin icin elde edilen duyarlilik
oranlar sirasiyla %92,52, %98,85, %95,97, %91,95 ve

%100 olarak saptanmistir.

Sonug: Candida tirlerinin tiplendirilmesi ve

antifungal  duyarliiklarimin  bildirilmesi,  tedaviyi
yonlendirmek icin onem arz etmektedir. Etkin ve dogru
enfeksiyon kontrol stratejileri gelistirebilmek adina,
hastanelerin enfeksiyon etkenlerinin dagilimin1  ve

bunlarin direnc paternlerini bilmesi gerekmektedir.

Anahtar Kelimeler: Candida, tiir dagilim, antifungal
duyarlitik profili

Results: A total of 187 isolates were distributed as
follows: 56 (29.9%) C. albicans, 57 (30.4%) C. glabrata,
20 (10.6%) C. tropicalis, 12 (6.4%) C. parapsilosis,
11 (5.8%) C. krusei, 11(5.8%) C. kefyr, 8 (4.2%)
C. famata, 5 (2.6%) C. sphaerica, 3 (1.6%)
C. dubliniensis, 1 (0.5) % C. norvegensis, 1 (0.5%)
C. lusitaniae, 1 (0.5%) C. guilliermondii and
1 (0.5%) C. haemulonii. 107 (57,3%) of species were
isolated from ICUs. Antifungal susceptibility results
for fluconazole, voriconazole, amphotericine B,
flucytosine and caspofungine were 92.52%, 98.85%,
95.97%, 91.95% and %100 respectively.

Conclusion: Identification and antifungal
susceptibility testing are important for
management of appropriate therapy. In order

to develop effective and true infection control

strategies, distribution of infective agents in hospitals

and antimicrobial resistance patterns should be
known.
Key  Words: Candida, species distribution,

antifungal susceptibility profiles

GIRiS

Gunimizde tam ve tedavi yaklasimlarindaki
gelismelere paralel olarak dogada bulunan mantar
turleri, tipta da giderek artan bir onem kazanmaya
baslamistir. Mantar enfeksiyonlar; organ ve doku
transplantasyonu, kemoterapi, kortikosteroid
kullammi, AIDS gibi bagisiklik sistemi baskilanmis
hasta populasyonundaki artis ile birlikte artmaktadir.
Son iki dekat icinde ozellikle hematolojik malignitesi
olan notropenik hastalarda antifungal ilaclara direncli
ve nadir olarak enfeksiyona yol acan mantarlar, etken
olarak artan siklikta izole edilmeye baslanmistir (1).
Mantar enfeksiyonlarinda etken olarak en sik kandida
turleri, ozellikle de C. albicans saptanmaktadir.
Son yillarda ise albicans dis1 Candida turlerinde bir

artis soz konusudur. Bugiin 150 den fazla kandida
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turd bilinmektedir ve bunlardan sadece 15 tanesi
enfeksiyon etkeni olarak bildirilmistir. Bunlar Candida
Candida

Candida krusei,

albicans, Candida glabrata, tropicalis,
Candida

kefyr, Candida guilliermondii, Candida lusitaniae,

Candida parapsilosis,

Candida dubliniensis, Candida pelliculosa, Candida
Candida Candida
inconspicua, norvegensis’dir.

lipolytica, famata,
Candida Candida
Enfeksiyonlarin etkenleri degisiklik gosterse de son

rugosa,

20 yilda bildirilen enfeksiyonlarin %95’i C. albicans,
C. glabrata, C. tropicalis, C. parapsilosis ve C. krusei
ile gerceklesmistir (2-5).

Kandida turleri bircok bitki lizerinde, memelilerin
sindirim kanali florasinda, insanin mukoza ve derisinde

bulundugundan dolay1 klinik orneklerde kandida



turlerinin saptanmasi, kolonizasyon, kontaminasyon
ya da gercek hastalik etkeni olup olmadiklarinin
ayrnimim gerektirmektedir (6, 7).

Mantarlarabaglisistemik enfeksiyonlarinartisi, yeni
antifungal ilaclarn kesfi, epidemiyolojik incelemeler
ve basarili bir klinik sagaltima yon verebilmesi amaci
ile antifungal duyarlilik testleri ile ilgili calismalar
da artmaktadir. Antifungal duyarlilik testleri, etken
mantar tiiriine karsi etkili oldugu distinilen antifungal
ilag ile tedaviye yamt alinamadiginda, alternatif
ilaclarin arastinlmasinda, secilen ilaca karsi o
mantar tdrinin direncli oldugu bilindiginde, yeni
bir antifungal ila¢ kullamildiginda, in vitro sonuclar
ile in vivo yamt arasindaki uyumun belirlenmesinde,

epidemiyolojik calismalarda uygulanmalidir.

Glnumizde mayalarin  antifungal duyarliik
testlerinde in vitro standardizasyonu saglayan Klinik
ve Laboratuvar Standartlar Enstitusu (CLSI) ve Avrupa
Antimikrobiyal Duyarlilik Testleri Komitesi (EUCAST)
referans yontemleri kullanilmaktadir. Mikrodillisyon
(CLSI [M27-A3], EUCAST [E.Dis 7.1] ve disk diffiizyon
(CLSI  [M44-A2])

saglanmistir.  CLSI M27-A3 kilavuzu mayalar igin,

yontemleri ile standardizasyon
amfoterisin B, flusitozin, ekinokandinler (kaspofungin,
mikafungin, anidulafungin), flukonazol, itrakonazol,
vorikonazol ve yeni azollerin  (posakonazol,
ravukonazol) antifungal duyarlilik test yontemlerini

icermektedir (8-10).

Standart  yontemleri teknik
zorluklar ve gorsel degerlendirmenin subjektif olmasi
gibi nedenlerle, rutin laboratuvarlarda daha kolay
uygulanabilecek alternatif yontemlere basvurulmustur.
E test, ‘flow’ sitometri, agar dillisyon, ergosterol
miktar1 tayini, kolorimetrik mikrodillisyon yontemler
ve cesitli otomatize sistemler alternatif yontemler
olarak kullanilmaktadir (9, 11). Vitek 2 (Biomerieux)
tam otomatize ticari bir sistemdir. Vitek 2 ile maya
Uremesi spektrofotometrik olarak degerlendirilerek
es zamanli tamimlama ve antifungal duyarlilk testi
yapilabili. Tammlama mayanin cesitli biokimyasal

uygulamadaki

ozelliklerine gore vyapilirken AST-YS06 karti ile
amfoterisin-B, flukonazol, vorikonazol, flusitozin ve
kaspofungin in vitro duyarlilik profilleri saptanabilir
(12).

Uygun ve etkin antifungal tedavi rejimleri icin,
tir duzeyinde tammlama ve antifungal duyarlibk
testlerinin yapilmas1 6nem arz etmektedir. Bu amacla
Subat 2014 tarihleri
arasinda hastanemizde yatan hastalarin ¢esitli klinik

calismamizda, Subat 2013 -

orneklerinden izole edilen kandida izolatlarinin tur
dizeyinde tammlanarak, antifungal duyarliiklarinin
arastirilmasi hedeflenmistir.

GEREC ve YONTEM

Subat 2013 - Subat 2014 tarihleri arasinda Ankara
Numune Egitim ve Arastirma Hastanesi Mikrobiyoloji
Laboratuvari’na gonderilen cesitli klinik orneklerden,
mantar etkeni aranmasi amaciyla Sabouraud dekstroz
agar (BD Diagnostic Systems) ve koyun kanli agar
besiyerlerine (BD Diagnostic Systems) ekim yapilmstir.
Toplam 187 klinik ornekte 120’si (%64,1) idrar, 37’si
(%19,8) kan, 10’u (%5,3) trakeal aspirat, altis1 (%3.2)
yara yeri, besi (%2,7) balgam, dordu (%2,1) periton
sivist ve Ucu (%1,6) kateter ve ikisi (%1,06) abse
olmak iizere maya mantarn izole edilmistir. izole
edilen maya mantarlarina Gram boyama ve germ
tlip testi uygulanmistir. Mayalarin tanimlanmasi ve
antifungal duyarlilik testleri icin Vitek 2 (Biomerieux)
otomatize sistemi kullanilmistir. Mantar tanimlanmasi
icin YST kartlan ve antifungal duyarlilik icin AST-
YS06 kartlart kullamlmistir. Kandida izolatlarinin
bulaniklig1 %0,45 steril NaCl ile 2.0 McFarland (1.8-
2.2; DensiCheck, BioMérieux) olarak ayarlanmistir.
AST-YS06 kartlar1 amfoterisin B, flusitozin, flukonazol,
vorikonazol ve kaspofungin icin sirasi ile 0,25-16,
0,25-4, 1-64, 1-64, 0,12-8 pg/mL araliklarinda ilag
dilisyonlarin1 icermektedir. Sonuclar, Amfoterisin
B icin: duyarli (S), <1ug/mL; orta duyarli, 2 pg/mL;
direncli (R), 24 pg/mL olarak, flusitozin icin: S, <4 pg/
mL; orta duyarli, 8-16 pg/mL; R, =32 pg/ mL olarak,
Flukonazol icin: S, <8 pg/mL; doza bagimli duyarli
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(DBD), 16-32 pg/mL; R, =64 pg/mL, vorikonazol icin:
S, <1 pg/mL; DBD, 2 pgmL; R, >4 pg/mL olarak,
kaspofungin icin ise S, <2 pg/mL: duyarli degil; >4 pg/
mL olarak degerlendirilmistir (11). Calismamzda, C.
albicans ATCC 90028 ve C. parapsilosis ATCC 22019
suslan kalite kontrol suslari olarak kullamlmistir.

BULGULAR

Klinik orneklerden izole edilen suslarin 56’s1
(%29,9) C. albicans, 57’si (%30,4) C. glabrata, 20’si
(%10,6) C. tropicalis, 12’si (%6,4) C. parapsilosis,
11’1 (%5,8) C. krusei, 11’i (%5,8) C. kefyr, sekizi
(%4,2) C. famata, besi (%2,6) C. sphaerica, Ucl
(%1,6) C. dubliniensis, biri (%0,5) C. norvegensis,
biri (%0,5) C. lusitaniae, biri (%0,5) C. guilliermondii
ve biri (%0,5) C. haemulonii olarak tanimlanmistir.
Tum ornek gruplarinda C. albicans en sik izole edilen
tir olmustur. Kandida tiirlerinin klinik 6rneklere gore
dagilim Tablo 1’de verilmistir.

Klinik Orneklerin 107’si (%57,2) yogun bakim
tinitelerinden (YBU), 46’s1 (%24,6) dahili birimlerden,
yedisi (%3,7) genel cerrahiden ve 27’si (%14,4) diger
cerrahi servislerden saptanmistir. Kandida turlerinin
izole edildikleri kliniklere gore dagilimi Tablo 2’de
sunulmustur.

Calismamin gerceklestigi bir yillik siirede cesitli
klinik orneklerden Candida spp. Uremesi saptanan
hastalar yas gruplarina ve cinsiyet dagilimina gore
incelenmistir. Hastalann 114’4 (%60,96) kadin, 73’u
(%39,04) erkektir. Candida spp. Uremesi saptanan
0-20 yas arasinda sadece bes hasta bulunur iken
hastalarin 79’u (%42,2) 71 ve ustu yas grubundadir.
Hastalarin yas ve cinsiyet dagilimlari Tablo 3’de
gosterilmistir. Cesitli klinik orneklerden izole edilen
187 kandida izolatinin 174’Une antifungal duyarlilik
testi calisilmistir. Vitek 2 antifungal test sonuclan
yapilan klinik calismalarda C. famata ve C. sphaerica
suslar icin istenilen kriterlerde cikmadigindan valide

Tablo 1. Candida spp. suslarinin klinik rneklere gore dagilimi

ORNEK
izole Edilen . Trakeal TOPLAM
Kandida Tiirii I‘:gz;r l?;r)\ Ba(lgg;)xm A(I;és)e Ka::;;:er Pegz.)on Aspirat Y(z;z)a %)
(%)
C. glabrata (n= 57) 45 (78,94) 10 (17,54) 2 (3,5) 57 (30,48)
C. albicans (n= 56) 23 (41,07) 18 (32,14) 4(7,14) 2(3,57) 3(535) 2(3,57) 3(5,35) 1(1,78) 56 (29,94)
C. tropicalis (n= 20) 12 (60) 5 (25) 3 (15) 20 (10,69)
C. parapsilosis (n= 12) 6 (50) 3 (25) 1(8,33) 2(16,67) 12 (6,41)
C. krusei (n= 11) 10 (90,91) 1(9,09) 11 (5,88)
C. kefyr (n= 11) 8 (72,72) 1(9,09) 1(9,09) 1(9,09) 11 (5,88)
C. famata (n= 8) 6 (75) 1 (12,50) 1 (12,50) 8 (4,27)
C. sphaerica (n= 5) 4 (80) 1(20) 5 (2,67)
C. dubliniensis (n= 3) 3 (100) 3 (1,60)
C. guilliermondii (n= 1) 1 (100) 1 (0,53)
C. haemulonii (n= 1) 1 (100) 1 (0,53)
C. lusitaniae (n= 1) 1 (100) 1 (0,53)
C. norvegensis (n= 1) 1 (100) 1 (0,53)
TOPLAM 120 37 5 2 3 4 10 6 187
(%) (64,17) (19,78) (2,67) (1,06) (1,60) (2,13) (5,34) (3,21) (100)
20 Turk Hij Den Biyol Derg



Tablo 2. Candida spp. suslarinin izole edildikleri kliniklere gore dagilim

Kandida Tiirii Yogun Bakimlar* Genel Cerrahi Diger Cerrahi** Dahili Birimler*** TOPLAM
n (%) n (%) n (%) n (%) n (%)
C. glabrata (n= 57) 27 (47,36) 1(1,75) 10 (17,54) 19 (33,33) 57 (30,48)
C. albicans (n= 56) 39 (69,64) 3 (5,35) 5 (8,92) 9 (16,07) 56 (29,94)
C. tropicalis (n= 20) 17 (85) 1(5) 2 (10) 20 (10,69)
C. parapsilosis (n= 12) 7 (58,33) 1(8,33) 1(8,33) 3 (25) 12 (6,41)
C. kefyr (n= 11) 5 (45,45) 1(9,09) 1(9,09) 4 (36,36) 11 (5,88)
C. krusei (n= 11) 3 (27,27) 5 (45,45) 3 (27,27) 11 (5,88)
C. famata (n= 8) 4 (50) 2 (25) 2 (25) 8 (4,27)
C. sphaerica (n= 5) 1 (20) 1(20) 3 (60) 5 (2,67)
C. dubliniensis (n= 3) 3 (100) 3 (1,60)
C. guilliermondii (n= 1) 1 (100) 1 (0,53)
C. haemulonii (n= 1) 1 (100) 1 (0,53)
C. lusitaniae (n= 1) 1 (100) 1 (0,53)
C. norvegensis (n= 1) 1 (100) 1 (0,53)
TOPLAM (%) 107 (57,21) 7 (3,74) 27 (14,43) 46 (24,59) 187 (100)

* Yogun Bakimlar: Acil Dahiliye YB, Anestezi YB’lar, C Blok 3. Kat YB, Cerrahi YB’lar, Koroner YB’lar, Noroloji YB, Yank Tedavi YB
“* Diger Cerrahi: Beyin Cerrahi, Kadin Hastaliklar ve Dogum, Kulak-Burun-Bogaz, Kalp ve Damar Cerrahi, Ortopedi, Plastik Cerrahi, Uroloji
“* Dahili Birimler: Acil Tip Klinigi, ic Hastaliklari, Dermatoloji, Endokrinoloji ve Metabolizma, Enfeksiyon Hastaliklari, FTR, Gastroenteroloji,

Hematoloji, Nefroloji, Tibbi Onkoloji

edilmemistir. Calismarmzda, sekiz C. famata ve
bes C. sphaerica susu icin Vitek iki antifungal test
sonucu verilememistir. Vitek iki izole edilen kandida
suslarina gore antifungal duyarliik sonuclan Tablo
4’de verilmistir. Tum Candida turlerinde flukonazol,
vorikonazol, flusitozin, amfoterisin B ve kaspofungin
icin elde edilen duyarlilik oranlan sirasiyla %92,52,

%98,85, %91,95, %95,97 ve %100 olarak saptanmistir.

Antifungal duyarlilik testleri ile amfoterisin
B’ye bir izolatta direnc (C. kefyr) tespit edilmistir.
Vorikonazol direnci bir izolatta (C. glabrata), flusitozin
direnci de bir izolatta (C.
C. glabrata ve C. krusei suslarinda flusitozine orta

duyarlilik gozlenmistir. C. albicans, C. kefyr ve C.

albicans) saptanmistir.

krusei suslarinda da amfoterisin B’ye orta duyarlilik

Tablo 3. Hastalarn yas gruplarina gore cinsiyet dagilim

Yas Aralig Kadin Erkek Toplam
0-20 yas 3 2 5
21-40 yas 21 5 26
41-60 yas 20 19 39
61-70 yas 26 12 38
71 ve Usti 44 35 79
Toplam 114 73 187
(n%) (%60,96) (%39,04) (%100)
gozlenmistir. Bir periton Orneginden izole edilen

C. albicans susu amfoterisin B’ye direncli, vorikanozole
direncli ve flusitozine az duyarli bulunmustur.

21
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Tablo 4. izole edilen Candida spp. suslarinin tiire gére antifungal duyarlilik yiizdeleri

C. glabrata (n= 57) 56 (98,24) 56 (98,24) 56 (98,24) 57 (100) 57 (100)
C. albicans (n= 56) 56 (100) 55 (98,21) 54 (96,42) 52 (92,87) 56 (100)
C. tropicalis (n= 20) 20 (100) 20 (100) 20 (100) 20 (100) 20 (100)
C. parapsilosis (n= 12) 12 (100) 12 (100) 12 (100) 12 (100) 12 (100)
C. kefyr (n= 11) 11 (100) 11 (100) 11 (100) 9 (81,81) 11 (100)
C. krusei (n= 11) 11 (100) 8(72,72) 10 (90,9) 11 (100)
C. dubliniensis (n= 3) 3 (100) 3 (100) 3 (100) 3 (100) 3 (100)

C. guilliermondii (n= 1) 1 (100) 1 (100) 1 (100) 1 (100)

C. haemulonii (n= 1) 1 (100) 1 (100) 1 (100) 1 (100) 1 (100)

C. lusitaniae (n= 1) 1 (100) 1 (100) 1 (100) 1 (100) 1 (100)

C. norvegensis (n= 1) 1 (100) 1 (100) 1 (100) 1 (100)

TOPLAM (n= 174) 161 (92,52) 172 (98,85) 160 (91,95) 167 (95,97) 173 (100)

FLC: Flukonazol, VOR: Vorikonazol, FLS: Flusitosin,

TARTISMA

Oportunistik enfeksiyonlarin, ozellikle de fungal
HIV/AIDS
gibi hastalarda kullanilan tedavi rejimleri, organ

enfeksiyonlarin sayisinda artisa kanser,

transplantasyonu, yogum bakim tedavisine ihtiyac
duyan hasta sayisinda cogalma gibi cesitli faktorler
neden olmaktadir. Fungal enfeksiyon icin risk faktoru
tasiyan hastalarda en sik enfeksiyon etkeni olarak
(1).
kan dolasim enfeksiyonlarinda %8-

kandida turleri saptanmaktadir Amerika’da
nozokomiyal
10 oraninda kandida tirleri saptanirken, yapilan
surveyans calismalarinda kandida enfeksiyonlan
8/100.000 oraninda raporlanmaktadir (1-4). Kandida
enfeksiyonlan tam ve tedavi yontemlerindeki
gelismelere ragmen hala yiiksek mortalite oranlan
ile seyretmektedir (2-5). Son 20 yilda, kandidiyazis
olgularindan izole edilen kandida tirlerinde bir
dis1  Candida

turlerinde C. albicans’a gore bir artma s6z konusudur.

degisim gozlenmektedir. albicans
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AMP-B: Amfoterisin B,

CAS: Kaspofungin

Calismamizda; cesitli klinik orneklerden izole edilen
kandida tiirlerinin dagiiminda en sik %30,4 oraninda C.
glabrata tespit edilirken, ikinci sirada %29,9 oraninda
C. albicans saptanmistir. Kuzey Amerika ve Avrupa
Ulkelerinden bildirilen raporlarda da C. albicans
izolasyonunda azalma ve C. glabrata izolasyonunda
(13).
edilen kandida turlerinin %70,1’i albicans dis1 Candida

artma gozlenmektedir Calismamizda; izole
izolatlandir. Bu durum, tim diinyada oldugu gibi
hastanemizde de albicans disi Candida turlerinin
giderek daha da 6nem kazandigim disiindiirmektedir.

Calismamizda; kandidemi etkenleri arasinda tur
dagiimina bakildiginda ise C. albicans, C. glabrata,
C. tropicalis, C. parapsilosis sirasiile %48,6, %27,02,
%13,5, %8,1, oraninda tespit edilmistir. Yapar ve ark.
(14) yaptiklan calismada, calismarmza benzer olarak
kandidemi etkenleri arasinda sirasi ile C. albicans,
C. tropicalis, C. parapsilosis, C. glabrata izolatlarim
bildirirken, Caliskan ve ark. (15), kandidemi etkenleri



arasinda sirasi ile %57 C. albicans, %14 C. parapsilosis,
%14 C.
bildirmislerdir.

tropicalis ve %10 C. glabrata izolatlarin

YBU’de yatis, 6zellikle de siire uzadik¢a artan
invazif girisimler nedeniyle dogal bariyerlerin kirlarak
enfeksiyon olusmasina zemin hazirlamaktadir (16).
Calismamizda; kandida enfeksiyonlaninin  %57,2
(107/187)’i YBU’de izlenen hastalardir. Hastalarin
yas dagiimi incelendiginde; 156 tanesinin (%83,4) 40
yasin Ustunde ve bunlarin da 79 tanesinin (%42,2) 71
ve Ustl yas grubunda oldugu gozlenmistir. Kandida
enfeksiyonlan, her yas grubunda (0-87) gozlemlense
de yasla birlikte immun sistemin zayiflamas1 ve kronik
hastaliklarin sikliginin artmasi nedeniyle ozellikle ileri
yaslarda daha sik gozlenmektedir. Yatarak tedavi goren
ileri yas hastalar kandida enfeksiyonlarnn acisindan
takip edilmelidir.

Kandida  enfeksiyonlarinin ~ orneklere  gore
dagiim incelendiginde; hastanemizde ilk sirada
idrar  orneklerinin  (120/187), ikinci sirada ise

kan orneklerinin (37/187) yer aldigi gorulmistdr.
Acar ve ark. (17), YBU’de saptadiklan kandida
enfeksiyonlarinda calismamizin sonuglarina paralel
olarak kandidemi ve dUriner sistem enfeksiyonlarin
(USE) ilk siralarda bulmuslardir (kandidemi: %42,9,
USE: %37,1). Cekin ve ark. (18), yatan hastalarin cesitli
klinik orneklerinden izole ettikleri kandida turlerinin
orneklere gore dagilimi incelendiginde ilk sirada
(102/221) idrar ornekleri, ikinci sirada kandideminin
(81/120) yer aldigin1 saptamislardir.

Klinik
antimikrobiyal duyarlilik testlerinin hizli ve dogru

mikrobiyoloji laboratuvarlarinda
olarak yapilmasi, tedaviyi yonlendirme ve enfeksiyon
kontrolii acisindan onemlidir. Antifungal duyarlilik
testlerinde, in vitro standardizasyonu saglayan CLSI
ve EUCAST referans yontemleri kullanilmaktadir. Fakat
bu yontemler ile sonuc almanin 48 saati bulabilmesi,
bilgili ve deneyimli calisan gerektirmesinden dolay
yogun is akisi olan laboratuvarlarda kullamimi pratik
degildir. Bugiin bir cok merkez hizli ve uygulamasi

daha kolay olan Etest, Vitek 2, Sensititre Yeast One
gibi otomatize sistemler tercih etmektedir. Yapilan
calismalarda ticari yontemler ile referans yontemler
arasinda iyi bir essansiyel uyum (+2 dillisyon araligi)
ve katogerisel uyum (duyarli, orta duyarli ve direncli
suslarda uyum) tespit edilmistir (12). Calismamizda,
kandida
duyarliik testlerinde Vitek 2 otomatize sistemi

turlerinin  tammlanmas1 ve antifungal
kullanilmistir. Kandida turlerinin antifungal duyarlibk
CLSI M27-S3 kilavuzunda

onerilen direnc sinir degerlerine gore belirlenmistir.

profilleri bu sistemde,
Flukonazol maya enfeksiyonlarinin tedavisinde ilk
tercih olan, maliyeti dusik ve etkin bir triazoldur.
Flukonazol nadir izole edilen bir tiir olan C. krusei’ye
kars1 etkisizken C. glabrata’ya kars1 da simirli etki
gostermektedir (19). Calismamizda, flukonazol direnci
C. krusei ve C. norvegensis suslarinda saptanmistir.
(20), 4.625 kandida susunda,
flukonazol direncini C. krusei, C. glabrata ve C.

Azevedo ve ark.

rugosa suslarinda, %5,8 oraninda bildirmislerdir. Cekin
ve ark. (18) ise flukonazol direncini kandida suslarinda
%4,5 oraninda saptamslardir. Vorikonazol baslangi¢
tedavisinde flukonazol yerine kullanilabilen genis bir
etki spektrumuna sahip bir diger triazoldiir. Wang ve
ark. (19) calismalarinda, 817 Candida spp. izolatinda
vorikonazol duyarliigim disk difiizyon yontemi ile
arastirnislardir. C. albicans (%0,7), C. glabrata
(%17,8), C. krusei (%11,1), C. lipolytica (%90) ve
C. tropicalis (%5,7) suslarinda vorikonazol direncini
bildirmislerdir. Odds ve ark. (21) calismalarinda da,
289 Candida spp. izolati incelemisler, C. glabrata
izolatlarinda %4,5 (3/66) oraninda vorikonazol direnci
bildirmislerdir. Calismamizda tum suslar vorikonazole
duyarli bulunurken sadece bir C. glabrata (%1.8)
susunda vorikonazole direnc tespit
SENTRY  Antimikrobiyal
Programi kan kulturinde izole ettikleri 1201 Candida

edilmistir.
Uluslararasi Surveyans
izolatinda flusitozin duyarlilk oranim %95,5 olarak
bildirmistir. Flusitozin direnci C. albicans (%2,4), C.

glabrata (%0), C. parapsilosis (%0,5), C. tropicalis
(%10,3) izolatlarinda saptanmistir (22). Sook-In
Turk Hij Den Biyol Derg
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ve ark. (23) ise kandidemi etkenlerinde Vitek 2
sistemini ile flusitozin duyarliik oranminm %97,3 olarak
saptammislardir. Calismamizda, kandida izolatlarinda
flusitozin duyarliik oram %91,95 olarak saptanmistir.
Flusitozine orta duyarlilik profili C. glabrata ve C.
krusei suslarinda saptanmistir. Amfoterisin B Kandida
turlerine etkin bir antifungaldir. Amfoterisin B’ye en
duyarli tur C. albicans’tir. C. glabrata ve C. krusei
suslarinda C. albicans ile kiyaslandiginda amfoterisin
B’ye azalmis duyarlilik gozlenebilir (24). C. lusitaniae
suslart ilk izole edildiklerinde amfoterisin B’ye
genellikle duyarli iken amfoterisin B tedavisi altinda
(25). Ulkemizdeki
bazi merkezlerden ve dinyamn cesitli yerlerinden

siklikla direnc gelismektedir

yapilan calismalarda amfoterisin B direnci %2-20 gibi
farkli oranlarda bildirilmistir (26-29). Calismamizda,
amfoterisin B’ye C. albicans, C. kefyr ve C. krusei
turleri disindaki tim kandida turlerinde %100 duyarlilik
tespit edilmistir.

Ekinokandin grubu antifungaller kandida tirlerine
Ozellikle C.
tropicalis suslarinda ekinokandinlere

oldukca etkindirler. albicans, C.
glabrata, C.
yuksek duyarliik gozlenirken, C. parapsilosis ve

C. guilliermondii suslarinda ekinokandinlere yuksek
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Evaluation of systemic tissue involvement in mice following
intraperitoneal inoculation of Toxoplasma gondii RH Ankara strain*
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ABSTRACT

Objective:
evaluate

This study aimed to pathologically

systemic tissue involvement in acute
toxoplasmosis in mice inoculated with Toxoplasma gondii

RH Ankara strain.

Method: Forty-two Mus musculus albino mice were
divided into four groups with the control group receiving
no inoculation, the group consisting of mice that were
not sacrificed after intraperitoneal inoculation and the
groups consisting of mice euthanasia were performed
on day runner up or day fourth following intraperitoneal
inoculation. A 48-50-hour intraperitoneal passage of T.
gondii RH Ankara strain in mice was used for inoculation
and each mouse received 5x10* tachyzoites. The mice
sacrificed by euthanasia were macroscopically examined
and then collected tissue samples fixed in 10% formalin.
The preparations set by from the tissues blocked in
paraffin were stained with hematoxylin-eosin and
histopathological examination was performed.

Results: Necrosis in the serosa of the intestine and
parenchyma of the liver, spleen, kidneys, pancreases
and omentum and many free groups of tachyzoites
were observed. Tachyzoites were identified in alveolar
capillary lumens in the lungs. No pathological finding
was observed in the cerebrum and cerebellum but few
tachyzoites. It was observed that tissue necrosis and the
density of Toxoplasma gondii tachyzoites were directly

OZET

Amagc: Bucalismada, intraperitoneal yolla Toxoplasma
gondii RH Ankara susu inokule edilen farelerde olusan
akut tokzoplazmozisde sistemik doku tutulumunun

patolojik olarak degerlendirilmesi amaglanmistir.

Yontem: Mus musculus varyete albino cinsi 42
adet fare, herhangi bir inokiilasyonun yapilmadigi
kontrol grubu, intraperitoneal inokiilasyondan sonra
sakrifiye edilmeyen ve intraperitoneal inokulasyondan
ikinci gin ve dordiincli giin sakrifiye edilenler olmak
lizere dort gruba ayrilmistir. Farelerin intraperitoneal
inokilasyonunda T. gondii RH Ankara susunun farelerdeki
48-50 saatlik intraperitoneal pasajlari kullanilmis ve
her bir fareye 5x10* takizoit verilmistir. Sakrifiye edilen
hayvanlar makroskobik olarak incelendikten sonra alinan
doku ornekleri %10 formalinde tespit edilmistir. Parafin
bloklara alinan dokulardan hazirlanan preparatlar
hematoksilen-eozin ile boyanarak histopatolojik olarak
incelenmistir.

Bulgular: ince

Karaciger, dalak,

ve serozasinda nekrozlar ve

bagirsaklar,
bobreklerin  parankimi
cok sayida serbest takizoit gruplanm gozlenmistir.
Akcigerin alveolar kapiller lumenlerinde de takizoitler
saptanmistir. Beyin ve beyincikte ise herhangi anlaml
bir patolojik degisiklik izlenmemistir. Dokulardaki nekroz
ve Toxoplasma gondii takizoidlerinin yogunlugunun,
inokiilasyon siiresi ve temas yiizeyi ile dogru orantili oldugu
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proportional to the duration of post inoculation. All
infected mice that received no intervention died on day
sixth. In this study in mice, it was found that T. gondii
RH Ankara strain induced the same pathological findings
as the RH strain belonging to the virulent Type | group.

Conclusion: Mice inoculation can be used for
diagnosis and this model may also be used in studies

investigating vaccination, drugs and pathogenesis.

Key Words: Toxoplasma gondii, pathogenesis, mice

gozlenmistir. Herhangi bir miidahalede bulunulmayan
enfekte farelerin tamami altinci giiniin sonunda olmiistir.
Bu calismada T. gondii RH Ankara susunun farelerde
virulan Tip | gruba bagli RH suslarindakine benzer
patolojik bulgular olusturdugu belirlenmistir.

Sonug: Fare  inokilasyonu tam1  amaciyla
kullanilabilecegi gibi asi1, ilag ve patogeneze yonelik
calismalarda da bu modelden yararlanilabilir.

Anahtar Kelimeler: Toxoplasma gondii, patogenez, fare

INTRODUCTION

Toxoplasma gondii is an obligate intracellular
parasite which is common worldwide and has a high
prevalence in the communities. The definitive host
of T. gondii is the cat and the intermediate hosts
are vertebrates such as human beings, birds, cattle,
sheep and goats. The parasite has three infective
stages: trophozoites (tachyzoites), bradyzoites, and
oocysts. Tachyzoites are the form of the parasites
that rapidly multiplies in nucleated cells of the host
by endodiogeny and can be produced in experimental
animals and tissue cultures. Bradyzoites are the stage
of the parasite that slowly multiplies in tissue cysts.
Oocysts are the final product of the sexual stage in
the intestinal epithelium of felines and are excreted
in feces. Although the main mode of transmission in
humans is the oral intake of oocysts, the disease may
also be transmitted via products such as raw meat
and milk that have the tissue cysts of the disease.
Furthermore, toxoplasmosis is also acquired from
other humans via maternofetal transmission or by
organ transplantation and blood transfusion. After
the acquisition of the parasites by any route, they
enter macrophages and start to divide and hide from
the humoral and cellular immune system during this
period. T. gondii within the macrophages disseminate
to all organs via the lymphatic system and blood (1-3).

Toxoplasmosis is prevalent in and
humid climates and generally asymptomatic in
individuals with a healthy immune system. However,
immunocompromised patients as well as preghant
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women and their fetuses are at risk. It was reported that
the pathology in the host tissue induced by T. gondii
infection has an important role in latent infection and
reactivation processes, but the pathological features
in humans induced by acute toxoplasmosis could be
documented only in a few reports (1).

The diagnosis of toxoplasmosis is made by direct
and indirect methods. Direct diagnosis is based on
the demonstration of the causative agent in biopsy
or autopsy/necropsy. The histopathological causative
agent itself may be identified, while inoculation
into cell culture or experimental animals may also
be performed. This method is particularly useful in
immunosuppressive patients or in cases such as AIDS
where antibody production is low or late. Identification
of the typically crescent-shaped T. gondii organisms
by using various staining methods is a definitive
diagnostic finding, but differentiation
experience. For indirect diagnosis, immunological
methods such as ELISA (Enzyme-Linked Immuno
Sorbent Assay), IFAT (Indirect Fluorescent Antibody
Test), and SFDT (Sabin Feldman Dye Test) are used.
However, the decision regarding diagnosis of acute
toxoplasmosis using indirect methods is quite difficult
(3-6). Haholu et al. (5), suspected this infection in
a patient based on the presence of many histiocytes
in the lymphatic tissue samples obtained by fine-
needle aspiration and the presence of particles in
the cytoplasms of these histiocytes and made the
definitive diagnosis by PCR. Although molecular

requires



methods have come to foreground particularly in
congenital toxoplasmosis, immunosupressive patients
or toxoplasmic encephalitis during the recent years,
the combined use of the methods increases the
possibility of success. PCR with amniotic fluid, fetal
blood and peripheral maternal blood, inoculation into
mouse peritoneum and culture were reported to be
the most valid methods for the diagnosis of congenital
toxoplasmosis in pregnancy (3-6).

Investigation of the  physiopathology of
toxoplasmosis is very important for the development
of diagnosis, treatment and vaccination or other
protective measures. These types of studies are
performed in vivo and/or in vitro using strains
with various levels of virulence and different animal
models. It is noted that animal models would be useful
in experimental modeling of chronic toxoplasmosis
as well as disseminated toxoplasmosis seen in AIDS
patients (1, 6 - 12).

This study aimed to pathologically evaluate the
systemic tissue involvement in acute toxoplasmosis in
mice induced by the intraperitoneal inoculation of RH
Ankara strain.

MATERIALS AND METHODS

3-6-week-old healthy white male Swiss-Albino
mice weighing approximately 20 g (Mus musculus
albino) were provided from the Experimental Animal
Production Laboratory of Refik Saydam Hygiene Center
(RSHC). Care of mice and antigen production was
provided by staff with Certificate of Experimental
Animal use and performed under the approval of
the Experimental Animals Local Ethics Committee
of RSHC. Calf fattening meal and sterile water were
used for feeding the animals throughout the study.
Temperature, light and humidity were continuously
controlled.

Although the mice used in the study are produced
as “specifically pathogen-free (SPF)”, they were
examined for T. gondii antibodies using Sabin Feldman
Dye Test (SFDT) by taking blood samples (2). Forty-two
male Mus musculus albino mice, determined to be

seronegative for T. gondii infection were included in
the study. The animals were divided into the following
groups: 1) control group - intact animals (6 mice);
II) control group - infected animals (6 mice); Ill) the
animals sacrificed on day two following intraperitoneal
inoculation (15 mice); and IV) the animals sacrificed
on day four following intraperitoneal inoculation (15
mice).

48-50-hour passages of T. gondii RH Ankara strain
in mice currently used as antigen in SFDT and IFAT in
RSHC were used to established toxoplasmosis infection.
Peritoneal exudates obtained from mice were adjusted
so as to provide a tachyzoite count of 2.5x10%/mL on
Thoma slide by dilution with sterile normal saline and
this prepared inoculum was administered to the mice
in Group Il, lll and IV at a dose of 200 pL (5x10%) by
intraperitoneal injection (2, 13).

On day two and four following injection, necropsies
were performed and tissue samples were taken from
all organs systemically and the samples were fixed
in 10% formalin after the mice were administered
carbon dioxide. Following routine tissue examination,
the samples were embedded in paraffin, cut into 5-p
sections and stained with hematoxylin-eosin (H-E).
The lesions induced by Toxoplasma that were found
in the sections examined using light microscopy were
evaluated for expansion and severity of involvement
(14).

Control groups also sacrificed and
histopathologically investigated at the end of the
experiment.

RESULTS

Acute toxoplasmosis detected in all
intraperitoneally inoculated mice. No signs were
found in the uninfected mice in Group I. Of the mice
in Group Il which were infected but did not undergo
necropsy, four died on day five and two died on day 6.
It was observed that the mice infected with
toxoplasmosis had hair erection and their mobility
and feeding/drinking activities were decreased

(Table 1).
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All mice which were given the causative agent
intraperitoneally and euthanasia performed (Group
Il and IV) had 0.5-1 mL of exudative fluid in their
abdominal cavity, a finding which was more pronounced
on day four. Grey exudative fibrinous membranes
focally or diffusely covering the surfaces of the liver,
spleen, gut and kidneys were observed (Figure 1, 2 a,
2 b). Similar findings were seen Group I, too.

Microscopic examination revealed that the number
of the necrotic foci and the microorganism content in
these foci were higher in mice where euthanasia was
performed on day 4. In both groups, an appearance
consistent with the parasite was very rare in the
cerebrum of the mice and no significant pathological
finding was observed in the cerebellums of the mice.

Exudate

Figure 1. Appearance of the internal organs and formed
exudate in a mouse euthanasia were performed 2 days after
intraperitoneal inoculation of T. gondii RH Ankara strain.

Stomach

[ |

Cilt 72 m Say1 1 m 2015

Parasites were found in interlobar septa and alveolar
capillary lumens in the lungs (Figure 3, 4). Tachyzoite
forms were observed in diffuse necrotic foci and
sinusoids in the liver and spleen (Figure 5). The
presence of necrosis together with the parasite was
found scattered in the parenchyma and interlobular
septa in the pancreas. The density of both necrosis
and parasites were determined to be higher in
omental fat tissue compared to other tissues (Figure
6). The thickness of the fibrous exudative membrane

covering the surface of the organs, the presence
and the density of parasites
were higher in the group that was sacrificed on
day four, directly proportional to the duration of
infection.

of necrotic foci
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\i’@ o o] ¥ D, ¢

Figure 3. Trophozoites localized peribronchiolar (H-E X400)

Figure 2. a)Appearance of the internal organs of the mice in Group | (Control group - intact mice) and
b) Group IV (euthanasia were performed 4 days after intraperitoneal inoculation of T. gondii RH Ankara strain).
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Figure 4. Toxoplasma parasite in alveolar capillaries
(H-E X1000)

Figure 5. Necrotic foci and Toxoplasma parasites in the
liver (H-E X400)

Figure 6. A necrotic area and dense Toxoplasma tachyzoites
in the omentum (H-E X400)

T. GONDII PATHOGENESIS IN MICE

DISCUSSION

Toxoplasma gondii can spread to the most
distant organs by the lymphatic system and/or
blood. In general, the first finding is necrosis in
the intestinal and mesenteric lymph nodes in case
of oral transmission of oocysts. Subsequently, focal
necrosis areas may develop in many other organs.
Toxoplasma produces no toxins and necrosis is caused
by intracellular proliferation of tachyzoites. The
clinical picture is determined by the damage in vital
and sensitive organs such as eyes, adrenal glands, and
heart and the immune system of the host. In humans,
the symptoms of the infection are seen at a rate of
10% (3).

T. gondii has three main genotypes namely Type
I, Type Il and Type lIl. Type Il strain is responsible for
most of the toxoplasmosis cases affecting humans.
The speed of infection of the host cell depends on the
virulence of the Toxoplasma strain and this difference
affects host and tissue selection of the parasite.
In in vitro and in vivo studies, Type | strains were
demonstrated to spread more rapidly and infect more
cells compared to Type Il and Type lll. The lifecycles
of virulent and avirulent strains of T. gondii in nature
are also different and virulent strains more rarely
form oocysts or tissue cysts (8, 15-20).

In studies using cell cultures, it was reported
that 40% of cells were caught by the causative agent
at 20 minutes of the infection with the RH strain.
Furthermore, cells are destroyed within 24-48 hours
of infection, while this period varies depending
on the cell type (16). In studies conducted in our
country, it was reported that the Ankara strain has
the same structure as the RH strain, does not show a
different performance than the RH strain in tests like
ELISA and IFAT although Western blot analysis reveals
some different protein bands and kills mice that are
intraperitoneally infected within 4-6 days (7, 10, 15,
16, 21).

In mice in which acute toxoplasmosis was
established by intraperitoneal inoculation, it was found
that the activities of the animals were decreased, all
hairs were erected, the water and food intake was
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rare, the animals lost weight and died in seven days
(22). In a study investigating four different strains
in mice and hamsters, it was reported that RH, T-1,
and T-45 strains were always fatal in mice, while in
hamsters RH strain caused the same outcome and Ts-4
caused milder infections in both species (17). It was
noted that rats are more resistant to toxoplasmosis
compared to mice and although it is believed that this
resistance increases with age, the main effect depends
on the strain and the administered dose (23).

The RH Ankara strain that we used in our study
markedly showed the virulence features of Type |
genotype and caused the death of all mice that were
infected and received no intervention within six days
as in the studies of Waree et al. (22) and Elwell and
Frenkel (17).

In rats in which acute toxoplasmosis
established by intraperitoneal administration of T.
gondii RH strain, the surface of the intraabdominal
organs were covered by a white fibrinous exudate
which was more intense on the liver, spleen and
stomach, accompanied by thickening and adhesions
in the omentum, pale spots in the liver sections and
enlargement of the pelvic organs. In mice, it was noted
that parasitic invasion was more intense in the liver
and intracellular forms were present both in Kupffer
cells and in the liver cells themselves and moreover,
although necrosis were found in the surface of spleen,
pancreas, stomach and kidneys, no abnormalities
were observed in the cerebrum, spinal cord and
meninges (24). In a similar study, it was reported that
characteristic signs developed in the lymphoid system
of mice and a marked enlargement of spleen and a
decrease in lymphocyte count were observed and,
moreover, the hypertrophy in the spleen started at
the 6th hour and the enlargement lasted until death
(18, 25).

In our study we also observed similar macroscopic
appearances and presence of tachyzoites with
an intensity that increased in direct proportion
with the duration of infection in the spleens of all
groups of mice that were sacrificed after T. gondii
inoculation.

was

In a study in mice, T. gondii RH strain caused a
more serious disease presentation compared to the
avirulent Beverly strain and diffuse consolidation and
severe congestion in the lungs, hyaline degeneration in
cardiac muscle, focal necrotic areas in the liver, spleen
and kidneys as well as thickening in the meninges were
found (20). Intraperitoneal inoculation of Prugniaud
strain resulted in dissemination to the brain in mice
and rats among other organs (11, 26). In two separate
studies in mice using intraperitoneal inoculation,
significant congestion and necrosis in the liver,
spleen and pancreas and mild to moderate congestion
in the cerebral parenchyma were detected, while
no or very few T. gondii tachyzoites were observed
and no pseudocysts could be found in the brain
(1, 22).

In our study, our findings were similar to the
findings of other investigators (1, 20, 22, 26) with the
exception of low number of tachyzoites in the brain
and congestion in the heart.

Haziroglu et al. (14), reported that in rabbits
they infected by intraperitoneal inoculation,
necrotic lesions started from the serosal surfaces
of the abdominal organs and their expansion and
depth depended on the time elapsed since the
inoculation in the group with both intravenous and
intraperitoneal lesions. Macroscopically a yellowish
fibrinous exudate covered all abdominal organs
and serous surfaces and there were petechial
hemorrhages in addition to the subcapsular necrotic
foci in organs and focal pneumatic areas in the
lungs. Microscopically, the necrotic areas starting
from the serosal surfaces of the internal organs
in the abdominal cavity increased in depth in the
following days. It was found that inflammatory cells
transformed into mononuclear cells and while the
lesions were particularly localized in the liver, spleen
and serosal surfaces in abdominal cavity (intestine,
stomach, pancreas, urogenital system) they were
relatively rare in the pancreatic interstitial tissue.
Although lung lesions were found in a small number
of rabbits, the lesions were reported to be mild in the
brain and kidneys (14).
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In our study, the tachyzoite forms of RH Ankara
strain that has similar characteristics with Type |
genotype RH strain (the most virulent strain) were
given intraperitoneally and in mice that euthanasia
were performed on day two and four, intense necrotic
areas were detected in the liver, spleen and pancreas,
while a small number of no tachyzoites or pseudocysts
were found in the cerebrum and no tachyzoites or
pseudocysts were observed in the cerebellum. These
findings are similar to the findings of Sukthana et al.
(1), Waree et al., Armstrong and Fulton and Haziroglu
et al., while they are different from the findings of
Eissa et al. and Zenner et al. (14, 20, 22, 24, 26).

The susceptibility of the host, the stage of the
parasite and the route of administration of the
antigen affect the virulence of T. gondii. Different
strains may cause different clinical presentations;
some of these may be virulent and fatal, while
others may result in cystic forms in the brain and
muscles by causing chronic infection. It was reported
that, in rats, the chronology of the infected organs
changed depending on the route of administration
of RH tachyzoites; with intraperitoneal inoculation,
the organs in the peritoneal cavity were initially
infected and subsequently all organs were infected
via the bloodstream, while with oral route, initially
mesenteric lymph nodes and then the spleen were
infected, followed by dissemination to all organs via
the bloodstream (26). Hence, in the study of Eissa
et al. (20), the cysts in the brain occurred following
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Vakum manifold sistemi kullanilarak icme kullanma sularinda
klorlu pestisitlerin kati1 - siv1 ekstraksiyon yontemi ile analizi
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Deniz KARLIK',

Metin ATES'

OZET

Amag: icme kullanma sularinda klorlu pestisitlerin,
vakum manifold sistemi kullanilarak, miktar tayininin
yapilmasi amaglanmistir.

Yontem: Klorlu pestisitlerin icme kullanma sularinda
miktar analizi, kati-sivi faz ekstraksiyon yontemiyle ve
GC/pECD cihaz1 kullanilarak yapilmistir.

Bulgular: Klorlu pestisitlerin analizinde 1 L su

ornegi, C,, organik faz iceren kolondan gecirilerek
ekstrakte edilmistir. Su 6rnegi vakum manifold sistemi
kullanarak 4 mmHg basincinda gecirilmistir. Bu ekstraktin
zenginlestirmesinde evaporator kullamlmistir.  Klorlu
pestisitlerde geri kazamim miktarlarinin %53,7 ile %95,6
arasinda degistigi bulunmustur. Kesinlik degeri %4,1
ile %19,8 arasinda degismektedir. Raporlama limiti
hesaplamasinda, her bir parametre icin deneysel olarak
hesaplanan standart sapmanin sayisal degerinin 10
kati alinmstir. Insani Tiiketim Amacli Sular Hakkinda
Yonetmelik incelendiginde izin verilen kalint1 limitleri
aldrin, dieldrin, heptaklor, heptaklorepoksit icin 0,03
pg/L, diger pestisit parametreleri icin ise 0,1 pg/L’dir.
Calismada klorlu pestisitlerde raporlama limiti 0,01
pg/L ile 0,07 pg/L arasindadir. Raporlama limiti degeri

Beta HCH (beta hekzaklorosiklohekzan) icin 0,07 pg/L

ABSTRACT

Objective: The aim of this study is to determine the
chlorinated pesticide residues in drinking water using a
vacuum manifold system.

Method: The liquid- solid extraction method and GC/
UECD were used for the determination of chlorinated
pesticides residues in drinking water.

Results: Chlorinated pesticides residues analysis are
extracted from a 1 L water sample by passing of sample
water through a cartridge with C ; organic phase. The
water sample is passed through the vacuum manifold
system at 4 mmHg pressure. This extract is concentrated
further by evaporation. It was found that the recovery
values increased from 53.7% to 95.6%. It was found
that the precision values increased from 4.1% to 19.8%.
In calculating the limit of quantitation, the standard
deviation’s numerical value which is calculated for
each parameter experimentally was multiplied by 10.
Analyzing the, Regulation on Concerning Water Indended
for Human Consumption the permitted maximum
residue limits for Aldrin, Dieldrin, Heptaklor and
Heptaklorepoksid is 0.03 pg/L and it’s 0.1 pg/L for other
pesticide parameters. The reporting limit in chlorinated
pesticides which are tested is between 0.01 pg/L
and 0.07 pg/L. The reporting limit for Beta HCH
(beta hexachlorocyclohexane) was found as 0.07 pg/L.
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bulunmustur. Yonetmelikte belirtilen 0,1 pg/Lbu degerin
altinda kaldig1 icin uygun goriilmistir. Dieldrin icin
bulunan 0,01 pg/L raporlama limiti degeri Yonetmelikte
belirtilen 0,03 pg/L degerinin altinda oldugundan uygun
bulunmustur. Heptaklor ve heptaklorepoksit icin bulunan
0,03 pg/L raporlama limiti degeri yonetmelikte belirtilen
0,03 pg/L degerini karsilamistir.

kalint1
tespitinde basing 6nemli bir faktordir. Manifold sistemde

Sonu¢: Vakum manifold sistemlerinde,
kolon sartlamada , ornek gecis asamalarinda basing sabit
tutularak ve evaporasyon islemlerinde sisteme azot
gazi verilerek pestisitlerin geri kazamim oranlarindaki
tekrarlanabilirliginin Vakum

yeterliligi  saglanmistir.

manifoltunun dezavantaji olan sivi toplama hacmi
kiiciikliigli ise vakum pompasi ile vakum manifold arasina
takilan depolama tanki ile cozilmustur. Hesaplanan
raporlama limitleri insani Tiiketim Amacli Sular Hakkinda
maddeler limit

Yonetmelikte kalint1 icin bildirilen

degerlerin altinda bulunmustur.

Anahtar Kelimeler: Pestisid

kromatografi, vakum manifold

kalintisi, gaz

Since it was below 0.1 pg/L value specifed in the
regulations, it was found to be appropriate. The 0.01 ug/L
measured value which was specified in the regulations
for dieldrin was found to be suitable, for it was below
0.03 pg/L. The 0.03
heptaklorepoksid and heptaklor corresponded to the

ug/L measured value for

value of 0.03 pg/L which was specified in the regulations.

Conclusion: Pressure is a very important factor
in determining pesticide residues in vacuum manifold
systems. Pressure stayed stable in manifold system
cartridge conditioning and sample loading. Nitrogen
gas was used in the evaporation process. As a result
the recovery rate of pesticides was consistent. The
disadvantage of the vacuum manifold system’s small
capacity of the liquid collection was removed via the
storage tank which was put in between the vacuum
pump and the vacuum manifold. The measured
values are below the maximum residue limits of the
regulations about the water that is purposive of human

consumption.

Key Words: Pesticide residue, gas chromatography,
vacuum manifold

GIRIS
Gida
depolanmalan sirasinda, gidalarin beslenme degerini

maddelerinin  Uretimi, tliketimi ve

bozan ve gidalarda zarara yol acan, hasereleri,
mikroorganizmalan ve diger zararlilar (pestleri) yok
etmek icin kullanilan fiziksel, kimyasal veya biyolojik
savas maddelerine pestisitler denir. Ekonomik
zehirler sinifina giren pestisitler kullanma yerlerine
herbisitler

gore insektisitler

(yabanci otlara kars1), fungusitler (mantarlara kars),

(boceklere karst),

molusisitler (yumusakcalara kars1), rodendisitler

(kemiricilere kars1), akarasitler (uyuz bocekleri ve

parazitlere karsi) ismini alirlar (1).

Pestisitler kullanildiklar1 yerde topragi, suyu
kirlettikleri gibi, bulunduklar yerden  biyolojik
ve fiziksel yollarla ¢ok uzak bolgelere kadar

tasinmaktadirlar. Ozellikle cevrede dayanikli olanlar
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(biyolojik parcalanma hizlar yavas olanlar) ve yagda
¢ozunenler biyoekosistemlerde birikerek (biyolojik
kiimulasyon ve biyokonsantrasyon) tum canlilar icin
zararli olmaktadirlar (1).

Pestisitler topraktan yayilimla su kitlelerine
sizabilmektedir. Bu dogrudan toprak yiizeyinden
akintilarla veya evlerden, bitkilerden ve tarimsal
bolgelerden olabilir. Baz1 pestisitler su akimi yoluyla,
topraga enjekte edilmeleriyle, yagmur ve karla
yikanarak vyeralt1 sularina sizabilir. Pestisitlerin
kullanilmas1 bu nedenle mutlaka denetim altinda
denetimi de diizenli

olmali, su Kkiitlelerinin

olarak yapilmalidir. Pestisit ve su yosunlarinin
kontrollinden once yiizeysel su Kkiitleleri, goller
dikkatle degerlendirilmelidir. Eger bu degerlendirme

yapilmayacak olursa pestisitler verdikleri yarardan



ziyade zarar meydana getirebilmektedir. Arazi

calismalarinda pestisitlerin = sulandirilmalarninin  ve
kaba doldurulmalarinin kuyularin yaninda yapilmasi,
kuyu cevresini adeta pestisit yogunlasma alani haline
getirebilmektedir. Kuyu sularindan vyararlanilarak
pestisitle kirlenmis kaplarin yikanmasi da bu durumu
artirabilir (2).

Toprak ve su ortaminda zamanla birikmis olan
pestisit artiklan cevre saghigi agisindan genel olarak

su sonuclara yol acmaktadir (3):

1- Pestisit artiklann ile kirlenmis toprakta
yetistirilen urlinler pestisit artiklarim  kokleriyle
topraktan aldiklan icin insanlar ve hayvanlar

tarafindan gida maddesi ve yem olarak kullanilacak
urtinler az da olsa pestisit icerirler.

2- Toprak ve sudan olusan yasama ortamindaki
makro ve mikrofloranin kismen veya tamamen yok
olmasina sebep olurlar.

3- Toprak verimliligini artirmada rol oynayan
solucanlar, topraktaki ila¢c kalintilarim dogrudan
alacaklar icin onemli zarar gortrler.

4- Pestisit artiklan topraktan suziilerek yeralt1
sularina, akarsularla baraj ve gollere, buharlasma ile
atmosfere karisabilirler.

Yapilan arastirmalar da pestisitlerin, meyve-

sebzelerde, toprakta, yeralt1 sularinda ve yiizeysel

sularda  kalint1  sorunlarina  neden  oldugunu
gostermektedir (4).
Halk sagliginin  korunmasi amaciyla Saglik

Bakanligi’min insani Tiketim Amacli Sular Hakkinda
Yonetmeligi geregi yerlesim yerlerinde icme kullanma
suyu kalitesini yillk su tiliketim miktarlarina gore
degisen sikliklarda izlenmektedir. izleme calismalar
denetleme izlemesi ve kontrol izlemesi seklinde
yurutulmektedir (4). Sularda pestisit analizi daha
onceden belirlenmis parametrelere gore yapilmaktadir.
Su numunesi hangi noktadan alinirsa alinsin hepsinde
ayn1 parametrelerin miktar belirlenmektedir. Suda
yapilacak olan kalint1 pestisit analizlerinde bitkilerde
o noktadaki pestisitlerin kullanildigi g6z 6niinde
bulundurulmalidir. Su numuneleri analiz edilmeden

once numunelerin hangi noktadan geldigi, hangi
bitkilerde kullamldigi ve bu iriinlerin hastalik ve
zararlilardan korumak amaciyla hangi tarim ilaclarinin
kullamldig1 hakkinda bilgi toplanmalidir (5).

Halk  Sagligi
Laboratuvarinda

izmir Laboratuvar, Toksikolji
su orneklerinde pestisit analizi
yapilmaktadir. Laboratuvara gelen yogun numune
akisinikarsilayabilmek ve uygulanan yontemi dahakolay
ve etkin bir hale getirebilmek icin klorlu pestisitler
analizinde ornek hazirlama amaciyla kullanilan
yontemi gelistirme yoluna gidilmistir. Bu amacla kati
siv1 faz ekstraksiyon ornek hazirlama yontemi kullanan

vakum manifold sistemi gelistirilmistir.

Kati
yonteminin, oOzellikle sivi-sivi ekstraksiyona kiyasla

sivi faz ekstraksiyon o©rnek hazirlama
daha fazla tercih edilmesinin avantajlan vardir.
Bunlar; solvent tilketimi ve kimyasal atiklarin daha az
olmasi, daha az zamanda (sivi/siviya ekstraksiyona

kiyasla; 2/3 oraninda) numunenin kromatografik
analize hazirlanmasi, otomasyona uygun olmasi, daha
az numune transferi oldugu icin verimin daha yiksek
olmasi, capraz kontaminasyon olmadigi icin yontemin
dogrulugunun daha yiiksek olmasi, ¢oOziicii/numune
ile birebir temas halinde ve cam malzeme kullanim
az oldugu icin analizin personel icin daha kolay ve

glivenli bir yontem olmasi seklinde siralanabilir.

Bunun yani sira, kati1 siv1 faz ekstraksiyonda bircok
secenek arasindan uygun adsorban secimi onemlidir.
Bu yontemde uygun bir adsorban kullanilarak
ornegin biyolojik materyalden yeterli verimle ayrimi

saglanabilmektedir.

Aynica, kat1 sivi faz ekstraksiyonda polar, hidrofobik
ve/veya iyonik etkilesimli adsorbanlar kullanilabilirken
klasik swvi/sivi ekstraksiyon yontemleri sivi fazdaki
partisyon denklemi ile simirli kalmaktadir. Tum duyarli
kromatografik ve spektroskopik yontemler (HPLC, GC,
TLC, UV veya IR gibi) icin numune on-hazirlama islemi
olarak kati faz ekstraksiyonu kullanilabilir. Son yillarda
hassas ve duyarli modern aletlerin gelismesiyle,

numunenin iyi ve saf hazirlanarak analize uygun hale

Turk Hij Den Biyol Derg
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getirilmesi kolonlarin korunmasi1 acisindan gerekli
olmustur (6).

Bu calismada, kat1 sivi faz ekstraksiyon ornek
hazirlama yonteminin avantajlarimin yaninda, ayni
anda 20 adet Ornegin calisilmasi sirasinda rezervuar
sisteminde su dokiilmesinden kaynaklanan kayiplarin
onlenmesi de amaclanmistir. Bu amagla, serum siseleri
ve setleri kullanilarak hem analize alinan 1 Lsu sisteme
suirekli olarak verilmis hem de kolonlarin kuruma riski
ortadan kaldirlmistir. Vakum manifoldunun depolama
tanki yaklasik 2 L hacme sahiptir. Bu sivi toplama
hacmi kiiciikligli aym anda 20 L su toplanmasi
sirasinda  analizin  siirekli ~durdurulmasina yol
acacagindan,

arasina takilan depolama tanki ile sorun giderilmeye

vakum pompasi ile vakum manifold

calisitmistir.

GEREC VE YONTEM

izmir Halk Saghigi Laboratuvarinda yer alan

Toksikoloji Laboratuvarina pestisit kalint1 analizi
amaciyla yilda yaklasik 4.000 adet su numunesi
gelmektedir. Toksikoloji Laboratuvarina gonderilen,
klorlu pestisit analizi yapilacak su numunelerine
oncelikle on  hazirbk  islemi  uygulanmistir.
Pestisit etken maddelerinin miktar tayini, sivi-

kat1 ekstraksiyon yontemiyle yapilmistir (7, 8).

Kromotografik analizler (Mikro Elektron Yakalama
Dedektorll)
yapilmistir.

gaz kromotografisi kullanilarak

Serum Sisesi
Serum Setl

= Adaptér
= 218 Kartus

“Wakum Fompas:
Baszing Gostargesi

Wakum Manifold

Resim 1. Pestisitlerin kat1 fazda tutulmasi
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Kimyasal Maddeler

Calismamizda; kimyasal madde olarak metanol
(Sigma-Aldrich), (Merck),
(Merck, suprasolv), etil asetat (Merck), C, ODS
kolon (Agilent), 1 g lik, 6 mL’lik ve 6N hidroklorikasit
kullanilmistir.

aseton diklorometan

On Hazirhik

Numuneler, 1 L aluminyum folyo ile kaplanmis
serum siselere alinmistir. C,; kolonlann sartlanarak
calismaya hazir hale getirilmesi icin sirasiyla;

5 mL etilasetat (1 dakika icinde gecis saglanmalidir
vakum basinct 2 mmHg olmalidir), 10 mL metanol
(1 dakika icinde gecis saglanmalidir vakumbasinci
4 mmHg olmalidir), 10 mL deiyonize su vakum
uygulanmadan kolonlardan gecirilmistir. Cozuculerin
ve deiyonize suyun kolondan gecmesi esnasinda
kolonlarin kurumamasina dikkat edilmistir. Deiyonize
su kolondan gectikten sonra numune calisilincaya
kadar 5 mL daha deiyonize su ilave edilerek kolonlar
bekletilmistir. 1 L su kolondan gecirilmeden once 6 N
HCl ile pH 4’e ayarlanmistir.

Vakum manifold sistemi kullanilarak,
sisesi ve seti araciigiyla 1 L numune C,, kolondan
10 mL/dakikalik akis hiziyla (4 mmHg vakum basinci
altinda) gecirilerek pestisitlerin kat1 fazda tutulmasi
saglanmistir (Resim 1 ve 2). C,, kolonlar 1 bar basingta
azot gazi altinda 10 dakika tutulmus, kat1 fazda bulunan
suyun uzaklastinlmasi saglanmistir.
Kolondan sirasiyla 5 mL etilasetat, 5 mL diklormetan

gecirilip kalinti 50 mL’lik erlende toplanmistir.

serum

ve kurumasi

Su Depolama Tanki

Resim 2. Pestisitlerin kat1 fazda tutulmasi



50 ml'lik erlende bulunan c¢ozicu karsiminin
40 °C’ye ayarlanmis evaporatorde ve azot gazi altinda
kalintidan ayrilmas1 saglanmistir. Vakum basincinin
600 mbar’in altina inmemesine dikkat edilmistir.
Kalinty,

banyosunda

2 mL asetonda 1 dakika ultrasonik su

cozilerek amber viale alinmistir.

Amber vialle alinan kalinti gaz kromatografisi

cihazinda analiz edilmistir.

Gaz Kromotografisinde Analiz

Gaz kromotografisi ile yapilan olcumlerde mikro

elektron vyakalama dedektoriine sahip Hewlett
Packard marka HP6890 Plus model cihaz kullamlmistir.
Calisma kolonu olarak HP5-MS (30 m uzunlukta,
0,25 mm i¢ capinda, 0,25 pm film kalinliginda)
kapiler kolon kullamlmistir. Tasiyic1 gaz olarak
helyum kullamlmis olup akis hizi 56,8 mL/dakikadir.
Enjeksiyon blogu sicakligi 260 °C olup enjeksiyon
hacmi 1 pl’dir. Enjeksiyonlarda 0,5 dakika boyunca
50 psi basin¢ta numunenin tamami kolona verilmistir.
Kolon firninda sicaklik programlanmasi uygulanmistir.
Kolon firin1 baslangic sicakligi 70 °C olup 2 dakika
bu sicaklikta beklemistir. Daha sonra kolon firim
25 °C/dakika artis hizi
ve bekleme zamani 0 dakika olarak ayarlanmis,
3 °C/dakika artis hiz1 ile 200 °C’de bekleme zamam
0 dakika verilerek 8 °C/dakika artis hizi ile 280 °C ye

ulasmis, bu sicakliktaki bekleme zamanida 20 dakika

ile 150 °C’ye yukseltilmis

olarak ayarlanmistir. Analiz bittikten sonra kolon firin
290 °C’ye vyiikseltilerek 10 dakika bu sicaklikta
blogu sicakligi 300 °C dir.
Dedektor besleme gazi olarak azot kullanilmistir.

beklenmistir. Dedektor

Geri Kazanim Calismasi

Klorlu  pestisitlerin  geri  kazamminda 40
ppb’lik standart kansim  kullamlmistir.  Klorlu
pestisit ~ standart kansimi olarak beta HCH
(beta  hekzaklorosiklohekzan), lindan (gama

hekzaklorosiklohekzan), heptaklor, heptaklorepoksit,
alfa endosulfan, beta endosilfan, endrin, dieldrin,
op’- DDT (op’diklorodifeniltriklorethan), pp’- DDT
(pp’ diklorodifeniltriklorethan), alfa HCH (alfa

HCB
op’- DDD (op’diklorodifenildiklorethan) kullanilmistir.

hekzaklorosiklohekzan), (hekzaklorobenzen),
Son hacimdeki okuma 20 ppb olacak sekilde asetonla
seyreltme islemi gerceklestirilmistir. 1 L suya 1 mL
klorlu pestisit standart karisimindan ilave edilmistir.
Standart ilave edildikten sonra su numunesi pH’s1 6 N
HCl ile pH 4’e ayarlanmistir. Geri kazanim calismasi
amaciyla 10 tekrar yapilarak calisilmistir.

Kalibrasyon egrisi hazirlamada 5, 10, 20, 40
ppb’lik klorlu pestisit standart kansimi kullanilmistir.
Kalibrasyonda kullanilan stok standartlar 100 ppm
baslangic derisiminde 100 mL’lik balon jojelerde,
asetonda cozilerek hazirlanmistir. Ara stok klorlu
pestisit standart karisiminin derisimi 1 ppm olacak
sekilde  hazirlanmistir. Kalibrasyon  egrisinde
kullanilan standartlar, ara stok klorlu pestisit standart
kansimindan hazirlanmistir.

BULGULAR

Calismamizda, 13 adet klorlu pestisitin vakum
manifold sistemi kullanilarak miktar tespiti yapilmistir.
Elde edilen sonuclar Tablo 1’ de verilmistir.

Tablo 1. Geri kazanim, RSD, LOQ, SS miktarlar

Ortalama
Pestisit NS T;[)’ (t;%) ss
(%)
Beta hch 94,7 7,2 0,07 1,1
Lindan 67,8 13,9 0,04 1,5
Heptaklor 58,6 13,5 0,03 1,3
Heptaklorepoksit 63,0 14,1 0,03 1,4
Alfa endosiilfan 66,1 11,9 0,02 1,3
Beta endosiilfan 69,1 10,6 0,02 0,4
Endrin 70,6 9,8 0,04 1,1
Dieldrin 53,9 4,1 0,01 1,2
op'- ddt 54,0 9,2 0,01 1,1
pp- ddt 95,6 8,7 0,02 0,8
Alfa hch 68,9 19,8 0,02 1,7
Hekzaklorobenzen 53,7 17,1 0,01 2,2
op’ - ddd 68,7 10,4 0,01 1,5

RSD: Rolatif standart sapma LOQ: Raporlama Limiti SS : Standart Sapma
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TARTISMA

Analiz oncesi yapilmasi gereken ornek hazirlama,
cogu zaman zor, pahali ve uzun siiren bir islemdir.
Kromatografik sistemlerle calisan 152 arastinc
ve uygulayici ile bir anket calismasi yapilmis ve
ornek hazirlama yonteminin seciminde numunenin
ozelliginin baslica etken oldugu belirlenmistir. Ayrica
yontemin kolay uygulanabilir ve ucuz olmasinin da
onemli oldugu belirlenmistir (9). Giiniimiizde en
etkili ornek hazirlama yontemlerinden olan kati-sivi
faz ekstraksiyonu, ozellikle ila¢ ve diger farmasotik
maddelerin analizinde en fazla kullanilan yontemlerin

basinda gelmektedir (10).

Kati-sivi faz ekstraksiyonda sivi 6rnegin kolondan
gecirilmesi, manuel gerceklestirilebildigi gibi, zaman
kaybinin oniine gecmek amaciyla vakum manifoldlar
yardimiyla da yapilabilir (11).

Bu ylzden calismamizda gaz kromotografisinde
analiz oncesi yapilan, on hazirlik kisminda anlatilan,
kolon sartlama ve numune suyun gecisi sirasindaki
basinclara uyularak tekrarlanabilirlik saglanmistir.
Vakum manifoldundaki rezervuar gorevi icin C
kolonlara serum siseleri ve serum setleri baglanarak
suyun siirekli akisi saglanmistir. Vakum manifoldunun
dezavantaji olan sivi toplama hacmi kiiclkligu
ise vakum pompasi ile vakum manifold arasina
takilan 10 L kapasiteli depolama tanki yardimiyla
cozulmustur. Evaporasyon islemlerinde sisteme azot
gaz1 verilerek pestisitlerin geri kazanim oranlarinda

tekrarlanabilirliginin yeterliligi saglanmistir.

Tablo 1
pestisitlerin

incelendiginde, analize alinan klorlu
%53,7
Geri

geri  kazanim miktarlarinin
ile %95,6 arasinda degistigi goriilmektedir.
kazanim miktarlarinin % RSD’si en yuksek olan alfa
HCH’dir ve %19,8 olarak bulunmustur.
belirli

birbirine yakinigidir. Analizler arasindaki korelasyonu

Dogruluk
kosullarda elde edilen test sonuclarinin

gostermesi bakimindan onemlidir (12, 13). Avrupa
Konsey Direktifine 98/83/EC sayili kesinlik degerleri
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%25’ gecmemelidir (14). Avrupa Birligi kilavuzlarina

gore ise pestisit kalinti analizlerinde kullanilan
coklu kalint1 analiz metotlarimin gecerli olabilmesi
icin geri kazamm yiizdesinin 70-120 arasinda, bagil
standart sapmanin (% RSD) ise %2’den kucik olmasi
gerekmektedir. Ancak kesinligin iyi olmas1 kosuluyla
baz1 coklu pestisit kalint1 analiz metotlarinda %70’in
altindaki geri kazanimlar da kabul edilmektedir (15).
Bu yiizden en yiiksek % RSD’ye sahip alfa HCH ve diger
klorlu pestisitlerin sayisal degerleri incelendiginde,
deneye alinan klorlu pestisitlerdeki % RSD’lerin hepsi
kabul edilebilir sinirlar icindedir.

Klorlu pestisitlere uygulanan kati-sivi  faz
ekstraksiyon yonteminde kullanilan ¢oziici miktarlan
oldukca dusuktir. Sivi-sivi ekstraksiyon yontemlerinde
ise cozucu kullanim miktarlar yuksektir. Bu yuzden
kati-sivi faz ekstraksiyon yontemlerinde analiz
daha  dusiik

ekstraksiyon yonteminin,

maliyetleri olmaktadir.  Sivi-sivi
fazla miktarda coziicu
kullanimi, yeterli safliga sahip olmayan ekstraktlar elde
edilmesi, hassas kantitatif sonuclar elde edilememesi
gibi istenmeyen durumlara neden oldugu, ayrica kati-
sivi faz ekstraksiyonunun sivi-sivi ektraksiyona kiyasla
daha iyi bir ayrim ve yiiksek geri kazamm sagladig
bildirilmistir (12, 16). Tablo 1 incelendiginde dort
adet klorlu pestisitin geri kazanim miktarlarinin
%53,7 ile %58,6 arasinda degistigi gozlenmektedir.
% RSD’lerin %4,1 ile %17,1 arasinda degismektedir.
Dokuz adet klorlu pestisitin geri kazanim miktarlan
ise %63’Un Uzerindedir. % RSD’lerine bakildiginda ise
%7,2 ile %19,8 arasinda degismektedir. Bu yiizden s6z
konusu geri kazanim oranlan kabul edilebilir sinirlar
icindedir.

Geri kazamim calismalarinda, kolon sartlamalarda
ve 1 L suyun kolondan gecme asamalarinda vakum
manifoldun basin¢ gostergesinin on hazirlik kisminda
belirtilen degerlerde olmasina dikkat edilmelidir.
Kolon sartlamada ve numune suyun gecis asamalarinda
kolonda kuruma olmamasina o0zen gosterilmesi

gerektigi dustiniilmektedir.



Coziclinun buharlastinlarak kalintinin

zenginlestirilmesi asamalan azot gaz1 altinda
yapilmalidir. Cozuciniin uzaklastirilmasinda kullanilan

evaporatordeki sicaklik 40 °C’yi gecmemelidir (8).
Calisma sirasinda raporlama limiti hesaplamasinda,
her bir parametre icin deneysel olarak hesaplanan
10 kati
alinmistir (17). insani Tiiketim Amacli Sular Hakkinda

standart sapmanin sayisal degerinin

Yonetmelik incelendiginde; izin verilen simr degerler

aldrin, dieldrin, heptaklor, heptaklorepoksit icin

0,03 pg/L, diger pestisit parametreleri icin ise 0,1
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Identification of some Lecidea, Porpidia and Lecidella species
(lichen-forming ascomycetes) distributed in Turkey
by sequence analysis of rDNA ITS region
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ABSTRACT

Objective: The taxonomy of Lecidea is extremely
complex because of the enormous morphological
variation within and between species. The aim of this
study was to analyse the rDNA (ITS) regions of Lecidea
species and related genus called Lecidella and Porpidia
which are widely spreaded in Anatolia, Turkey.

Methods: The ITS rDNA sequence information of
17 samples from 11 species which were collected from
different provinces of Anatolia were generated. Some
of the specimens from Lecidea, Lecidella, Lecanora
and Porpidia genus were also taken from the GenBank
(www.ncbi.nlm.nih.gov). The phylogenetic analysis
was performed by the help of four different methods
(NJ, ME, MP, UPGMA) and these different methods
manifested similar results.

Results:  Minimum-Evolution  (ME) dendrogram
revealed that species of Lecidea, Lecidella, Porpidia
and Ganoderma sp. genus were distributed into four
main branches. Ganoderma applanatum (GU256764)
which was considered as outgroup formed one of the
branches, while the other species were collected on
the other branchs. Generally the species which belong
to the same genus, combined in one branch towards to
the origin. In accordance with the results derived from

OZET

Amac: Lecidea cinsine ait turlerin taksonomisi tur
ici ve tirler arasindaki biiyik morfolojik farkliiklarin
olmasi nedeniyle oldukca karmasa gostermektedir. Bu
calisma kapsaminda, Lecidea tiirleri ve onunla iliskili
cinsler olarak bilinen ve Anadolu’da oldukca yaygin olan
Lecidella ve Porpidia cins turlerine ait orneklere ait rDNA
(ITS) bolgelerinin analiz edilmesi amaclanmistir.

Yontemler:  Anadolu’nun  farkli  bolgelerinden
toplanan 11 tiire ait 17 liken Grnegine ait rDNA ITS dizi
analizi verileri incelenmistir. Diger (lkelerde dagiim
gosteren Lecidea, Lecidella, Lecanora ve Porpidia cinsine
ait baz1 tirlerin sekans analizi bilgileri GenBank’dan
(www.ncbi.nlm.nih.gov) alinmistir. Filogenetik analizler
dort farkli metotla (NJ, ME, MP, UPGMA) analiz edilmistir
ve analiz sonuclarinda olusturulan dort fakli filogenetik

agacta da benzer sonuclar elde edilmistir.

Bulgular:  Minimum-Evolution (ME) analizine gore
olusturan filogenetik agaca gore Lecidea, Lecidella,
Porpidiave Ganoderma cinslerine ait turlerin dort ana dala
aynlmis oldugu tespit edilmistir. Minimum-Evolution (ME)
analizde Ganoderma applanatum (GU256764) turu dis-
grup olarak kullanilmistir ve calisilan tum turlerden ayn
bir dal olusturmustur. Calisilan Lecidea ve onunla iliskili

cinslerin tiir ayrimi karsilastinldiginda genellikle aym
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molecular phylogenetic analysis, genus Lecidea is found
closer Porpidia rather than Lecidella morphologically.
Numerable 4100 nucleotides were obtained from DNA
sequences of related region of studied samples. It was
indicated that 177 nucleotides of those regions were
stable (C), 747 nucleotides were variable (V). It was
confirmed that there were transitions in 56 nucleotide
pairs, tranversion in 54 nucleotide pairs of compared
samples.

Conclusion: In this study, the results of phylogenetic
analysis of the genus Lecidea and other similar groups
were firstly evaluated and the results will not be
only a guide but also will provide a resource for next

cinsine ait turler ana dala kars1 bir dal olusturmuslardir.
Molekiiler filogenetik analizler sonucunda elde edilen
sonuclara gore Lecidea cinsi Lecidella cinsinden ziyade
Porpidia cinsine daha yakin bulunmustur. Calisilan
ilgili bolgelerinin DNA dizisinden 4100
niikleotit elde edilmistir. Bu nukleotidlerin 177 tanesi
korunmus (C), 747 niikleotit farklilasmis (V) olarak
belirlenmistir. 56 nukleotit cifti transitions, 54 nikleotit
ciftide tranversion olarak tespit edilmistir.

orneklerden

Sonug: Bu calisma kapsaminda Lecidea ve onunla
iliskili cinslerin filogenetik analizi literatirde ilk defa
degerlendirilmistir ve elde edilen sonuglarin ileride
yapilacak turlerinin  molekiiler filogenetik
yontemlerle  tammlanmast  calismalarina  kaynak

fungus

researchers. saglayacag disiinilmektedir.
Key Words:  Lecidea, Lecidella, Porpidia, Anahtar Kelimeler: Lecidea, Lecidella, Porpidia,
ITS ITS
INTRODUCTION
The lichen genus forming Lecidea Ach. Only in the second half of the last century efforts

(Lecideaceae, Ascomycota) is one of the most
heterogeneous of Zahlbruckner’s artificial system
and a large number of genera have been separated
from it, especially during the last 30 years (1). The
taxonomy of Lecidea is extremely complex because
of the enormous morphological variation within and
between species. Some problems are associated
with the discrepancies of morphological data. Most
systematic studies on Lecidea have been concerned
with saxicolous species groups, but a number of
recent studies deal with the non-saxicolous species
groups as well (1 - 3).

During the 150 years following Erik Acharius
initial description of Lecidea in 1803, this genus
became the ‘“‘garbage bin” for crustose lichen taxa
with generally green algal photobionts, photobiont-
free apothecial margins and hyaline and single-
celled ascospores. At its height, the genus had

grown to include approximately 1600 species (2, 3).
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were started, most significantly by Hertel (1, 4) to
revise the genus based on morphological, chemical,
ecological, and biogeographical data. As currently
circumscribed Lecidea (Lecideaceae) includes
approximately 100 species whose within genus
revision is currently under way (1). The species of this
genus grow on rock with thalli that are thick to thin,
continuous or composed of dispersed areoles. The
members are often endolithic which appear white
to ashy gray, orange or becoming orange because
of iron compounds in the rock substrate. The genus
Lecidea belongs to Lecideaceae includes photobiont
green (Trebouxia). They have characteristic
apothecia lecideine which is disks black or very dark
brown, lightly or heavily coated with white pruina in
some taxa. Their paraphyses are branched and net-
like, not conspicuously expanded at the tips. Their
epihymenium pigment is brown, olive or green. They

have eight per spores per asci with a distinctive tube



or cylinder in the tip. Their ascospores are one-celled
which have colorless and large. Most of the species
of this genus grow on siliceous or rarely calcareous
rocks. A large percentage of crustose lichens on rock
with large black apothecia (more than 0.75 mm in
diameter) belong to this important genus. Other
crustose lichens that are superficially similar with a
hand lens include species of Lecidea, Rhizocarpon,

Sarcogyne and Buellia (5).

To light on the clarification of the taxonomic
status of Lecidea and related genera such as Porpidia
and Lecidella, the sequence diversity in the internal
transcribed spacer (ITS) region of nuclear ribosomal
DNA was studied. Porpidia belongs to the largest
group of the Lecanoromycetes. Porpidia, as well as
the family Porpidiaceae, include exclusively crustose
taxa that form colourful thalli on siliceous to slightly
calcareous rock surfaces worldwide in association
with their unicellular green algal photobionts of
the genus Trebouxia (Chlorophyta) (6). Members
of Porpidia are inhabitants of exposed to shaded,
but always humid localities in temperate to arctic
zones. The lichen genus Porpidia provides excellent
opportunities for evolutionary, reproductive, and
ecological studies of crustose epilithic lichen
symbioses (3).

In its unclear taxonomic history Porpidia is closely
entwined with the crustose genus Lecidea. One of
the largest genera split from Lecidea is the genus
Porpidia. Several revisions of the genus Porpidia
based on traditionally employed morphological,
chemical, ecological, and biogeographical characters
exist (7-12). They are the most studied of the recent
segregates of Lecidea (2, 8-11) but in spite of this,
although it is usually easy to identify a lichen as a
Porpidia, it is often very difficult, or impossible, to

assign it to a particular species. Species concepts

are still unclear within the genus with many of the
characters used in separating taxa (e.g. chemistry,
width of excipular hyphae) being revealed only after
detailed microscopic/biochemical investigation.
According to Buschbom and Mueller (3), it is probable
that many of these problems are unresolvable by
traditional taxonomic methods and that molecular
techniques will be required to elucidate critical

species boundaries.

the

genus Lecidella was established by Korber (13).

The other related genus with Lecidea;

Zahlbruckner (14) placed it in Lecidea sect. Eu
Lecidea. Hertel (4), restricted Lecidella to the
Lecidella elaeochroma group which had been
precisely characterized by Fries (15) and classified
it as a subgenus of Lecidea. Hertel and Leuckert (16)
revealed the special status of the taxon Lecidella
by chemosystematic investigations and established
it as a separate genus. In this respect the presence
of derivatives of norlichexanthone in the taxon was
recognized as a crucial character. The Lecidella
thalli are gray but some with imperceptible thalli.
Their apothecia are lecideine type which are pitch
black, often shiny and with black margins level with
the disk or prominent. The species of Lecidella grow
on rocks (especially those containing calcium), bark,
wood or soil (5). As to the infrageneric classification
of the genus Lecidella for a long time it was based
mainly on thallus colour and spot tests, which
are both of limited value, and on morphological
characters. As a result, many species were doubtful
and their delimitations indistinct. By use of
additional chemical and morphological characters
it has been possible to overcome these obstacles
(17 - 20). Important contributions to the chemistry
of the genus were made by Huneck and Santesson

(21) and Elix and Crook (22).
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In general, it is systematically difficult to
determine crustose lichens and less informative for
resolving phylogenetic problems of lichen genera.
Development of molecular techniques has been
asisted to determine genetic similarities in lichen
species. Recent molecular studies have been mainly
used to reveal phylogenetic relationships between
the specimens. Some scientists have been widely
used for reconstructing phylogenetic relationships
from the overall genome similarity (23, 24). The
spacer regions like the internal transcribed spacers
(ITS) and external transcribed spacers (ETS) are
widely utilized in phylogenetics studies. The fact,
that these regions are present in many copies in the
genome is an advantage for laboratory practice and
might be useful tools for phylogenetic analysis. The
internal transcribed spacer (ITS) is intercalated in
the 18S-5.85-28S region separating the elements
of the rDNA locus (25). One of the most preferred
techniques to determine genetic relationship of
lichens at lower taxonomic levels involves sequence
diversity study of the ITS region of nuclear ribosomal
DNA (26). The ITS region plays a role in ribosomal
maturation and processing of small and large-subunit
rDNAs (27).

considered to be an intron-like structure flanked

The evolutionary origin of the ITS is

by highly conserved region from which universal
primers can be obtained (28, 29). The small size
of the ITS region makes this region easy to amplify,
even from herbarium material that is dry. The other
advantage in sequencing the ITS region is that it is
non-coding and so includes a relatively high level of
variability (27). Since its first application by Porter
and Collins (30) in it has become widely used for

phylogeny reconstruction.

It clearly indicates that the species concept

in Lecidea needs revision and that molecular data
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are helpful in interpreting subtle morphological
differences that have been previously regarded as
intraspecific variability. It was investigated that ITS
regions of Lecidea, Lecidella, and Porpidia lichen
species for variability using PCR and automated
sequencing. The identity of lichens from some
Lecidea, Lecidella and Porpidia species has been
determined by ITS rDNA sequence comparisons in
order to estimate the diversity, to detect patterns
of specificity. Specific PCR primers have been
used to determine the ITS rDNA sequences from
DNA extractions of dried lichens. There are 17
specimens from Lecidea, Lecidella, Lecidoma and
Porpidia in Turkey as herbarium sample and in
very small amounts. Other Lecidea, Lecidella and
Porpidia lichen species recorded for Turkey were
not available because most of the species were
collected by foreign researchers in 1800s. The
indicated locations of mentioned samples are not
consistent with current settlement regions. Direct
comparisons and phylogenetic analyses allowed the
assignment of some Lecidea, Lecidella and Porpidia
ITS rDNA phylogeny.

In  this study, molecular techniques were
applied on 17 samples of genus Lecidea, Lecidella,
Lecidoma and Porpidia lichen which were collected
from Anatolia, Turkey. 26 lichen samples related
to Lecidea, Lecidella, Lecanora and Porpidia
specimens were obtained from GenBank. Also
Ganoderma applanatum (GU256764) was used to
test reliability of analysis as a out-group. This is the
first study with molecular markers and ITS sequence
analysis on Lecidea and their related genuses which
are Lecidella and Porpidia in Anatolia, Turkey and
focused on revealing the genetic distances and also
defining genotypes of the specimens of the species

used in the study.



MATERIAL AND METHODS

Lichen materials

A total of 17 samples were used in the present
study including Lecidea (4), Lecidella (3), Porpidia
(3) and Lecidoma (1)

were collected from different parts of Anatolia,

species. Lichen samples

Turkey and Table 1 was shown in localities. The

foreign matters were removed prior to grinding.
The lichen samples are stored in the Herbarium of
Erciyes University (Erciyes University, Department
of Botany, Kayseri, Turkey). Some of the lichen
materials were provided from  previously
collected and stored material of Erciyes University

Herbarium.

samples were dried at room temperature and

Table 1. Collection area of Lecidea, Lecidella, Porpidia and Lecidoma species

Accession number Name of sample Location

HQ605926 Lecidea fuscoatra Ankara, Beynam Forest, N 36°53'920", E 32°55’005”, 1450 m, 06.01.2009
HQ605929 Lecidea fuscoatra Bilecik, North of Calt1 village, N 40°01'36", E 30°14'17", 573 m, 23.07.2007
HQ605930 Lecidea fuscoatra Konya, Gevne village, N 36°53'127", E 32°19'124", 2100 m, 06.07.2007
HQ605928 Lecidea fuscoatra var. Trabzon, Of, Uzungol province, N 40037°091”, E 40036°885”, 1240 m,
grisella 30.10.2008
HQ605931 Lecidea fuscoatra var. Trabzon, Macka, surround of the Sumela Monastery, 1230 m, N 40°41'16",
grisella E 39°39’37”, 29.10.2008
. Trabzon, Macka, surround of the Sumela Monastery, 1230 m, N 40°41'16",
KF570277 Lecidea syncarpa E 39°39°37”, 29.10.2008
. Trabzon, Macka, surround of the Sumela Monastery, 1230 m, N 40°41'16",
KF570280 Lecidea plana E 39°39’37”, 29.10.2008
HQ605936 Lecidella elaeochroma Trabzon, Of, Uzungol, N 40037'091", E 40036°885”, 1240 m, 31.10.2008
HQ605938 Lecidella elaeochroma Kayseri, Bakirdag, Cataloluk village, N38°11°326”, E 35°50°605”, 1400 m,
15.06.2007
. . Sivas, Giiriin, Gokpinar Village, N 38°39’111”, E 37°18’374”, 1562 m,
HQ605932 Lecidella patavina 12.06. 2007
. . Nigde, Camardi, Aladaglar National Park, Emli village, N 37°45'886", E
HQ605934 Lecidella patavina 35°06'454", 1840 m, 19.06.2007
. . Rize, Camlihemsin, around of Zilkale, N 40058°389”, E 40057°505”, 691
HQ605935 Lecidella stigmatea m, 30.10.2008
. . Kayseri, Yahyali Aladaglar National Park, Tekekalesi Dirsek village, N 37
QLI Lecidella stigmatea  on50979 F 3500117946, 3320m, 19.06.2007
HQ605941 Porpidia crustulata Trabzon, Of, Uzungol-Soganli road,N 40036’117”, E 40016°682”, 2210 m,
31.10.2008
. Rize, Camlihemsin, Ayder plateau and Kavran plateau, N 40055'601", E
ALY Porpidia macrocarpa  41657603" 1700 m, 01.11.2008
HQ605939 Porpidia musiva Trabzon, Of, Uzungo6l-Soganli road, N 40036'117", E 40016'682", 2210 m,
29.10.2008
KF570278 Lecidoma demissum Trabzon, Macka, surround of the Sumela Monastery, 1230 m, N 40°41'16",

E 39°39°37”, 29.10.2008
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DNA extraction, ITS amplification and sequencing

Total DNAwas extracted from thallus or apothecia
bu using DNA isolation protocol of herbarium
material on lichen species (31). This protocol gives a
high quality DNA, free of polysaccharides and other
metabolites which might interfere with restriction
endonucleases. In particular: lichen material (0.1g)
was ground to a fine powder in liquid nitrogen.
Prewarmed extraction buffer [50 mM Tris-HCL (pH
8), 50 mM EDTA, 0.8 M LiCl, 1% CTAB, 2% PVPP
(addition of PVPP is optional)] in the amount of 1
ml was added to the samples and ground once more
in the buffer. After the samples were taken to the
1.5 mL eppendorf tubes, 0.2% B-mercaptoethanol
was added. The solution was incubated in 65 °C
water bath for 15 min. Following these incubation
periods, samples were cooled to room temperature,
0.5 mL chloroform:isoamyl alcohol (24:1[v/v]) was
added and mixed well (no vortex). Then, samples
were centrifuged at 17.000 g (14.000 rpm) for 2
min, and the supernatant was transferred to a
fresh tube (~0.8 mL). Equal volume of isopropanol
was added to the supernant and mixed gently by
inversion several times. Incubation of the samples
for at least 15 min on ice increased the efficiency
of DNAyield. The samples were then centrifuged for
2 min at 17.000 g (14.000 rpm). Supernatant was
discarded and 1 mL 70% ethanol was added. The
samples were then centrifuged for 1 min at 17.000
g (14.000 rpm). The pellet was once more washed
with 70% ethanol optionally and air-dried until all
ethanol was removed. The obtained nucleic acids as
a pellet were dissolved in an appropriate amount of
TE buffer (10 mM Tris-HCL [pH 8], 1 mM EDTA) (30 -
60 pL). The nucleic acids dissolved in TE buffer, were
treated with 1 pL of ribonuclease A (10 mg/mL) and
stored at -20 °C until use. Concentration and purity
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of extracted DNA were measured at OD 260 and
by measuring 260 nm/280 nm absorbance ratio by
nanodrop (NanoDrop ND-1000 Spectrophotometer,
Thermo Scientific, Wilmington, USA), respectively.
The integrity of the extracted DNA was also
evaluated by electrophoresis.

ITS region (ITS1F-5.8-ITS4) was amplified
by PCR using the primers ITS 1F was
designed  specificly for fungal sequences

(5’-CTTGGTCATTTAGAGGAAGTAA-3’) (32) for the
3’ end of 18S rDNA and ITS4 was described as a
universal primer (5’-TCCTCCGCTTATTGATATGC-3’),
(29) for the 5’ end of 28S rDNA. PCR amplifications
for sequence analysis were performed in a 50 pL
volume containing 30 ng of genomic DNA, 5 pL of
10 x reaction buffer, 2.5 mM MgCl2, 0.4 uL dNTPs
(10 pM), 0.2 pM of each of the primers, and 1 U
Taq polymerase (Fermentas, Canada). The thermal
cycling for PCR comprised incubation at 94 °C for
3 min, and 35 cycles, each with 94 °C for 30 sn,
52-54 °C for 1 min, and extension of 1 min 30 s at
72 °C for 8 min. Two separate PCR reactions were
carried to amplify rDNA (ITS) regions of DNA. In
order to prevent non-specific bands appeared in
some reactions the annealing temperature was
increased to 54 °C in some cases. The amplified
PCR products were purified using Beckman Coulter
Genomel Lab DTCS Quick Start Kit according to
manufacturer’s instruction. PCR products and DNA
markers (100 bp, Fermentas, Canada) were analyzed
by electrophoresis in 1.2% agarose gel (AppliChem,
Canada), containing 0,5 pL/mL ethidium bromide,
for 2 h at 100 V.

After PCR amplification of the entire ITS region
(ITS1-5.85-1TS2), all species analyzed displayed a
single band of PCR products of about 600 bp. The
amplified fragments with the primers ITS1F and ITS4



comprising 3’ end of small subunit gene, ITS 1F, the
5.8 S gene, ITS 4 and the 5’ terminus of the large
subunit gene, were sequenced. Sequence reactions
were purified using the Beckman Coulter Agencourt
Clean SEQ kit. The PCR products were sequenced by
the cycle sequencing method using dye terminator
cycle sequencing kit (Amersham Pharmacia, USA)
The

purified and dried PCR-products were sent to Ankara

according to the manufacturer’s protocol.

University Biotechnology Institute for sequencing
using the PCR primers. DNA sequence analysis was
carried with Beckman coulter CEQ 8000 Genetic

Analysis System in Biotechnology Institute.

Data Analysis

Chromatograms were manually checked using
2.01 2.01;

technelysium.com.au.chromas.html). The alignment

Chromas (Chromas version WWW.
of sequences (including out-group taxon) was done
using CLUSTAL X2 (33). Two separate sequences
which were obtained from one sample with forward
(ITS1F) and reverse (ITS 4) primers derived from the
ITS region were matched by the help of Clustal X2
programme. For comparison, lecideoid species from
other parts of the world was sequenced and included
in the data matrix together with one sequence
downloaded from GenBank database (www.ncbi.
nim.nih.gov) as shown in Table 2. Alignment of the
sequences was performed visually, as gaps were few
and easily interpreted. Insersion/deletion gaps were

treated as missing data.

All data were analysed by Molecular Evolutionary
Genetics Analysis (MEGA) 4 and a bootstraped
(34).

parsimony bootstrap analyses

dendogram was generated To test for
potential conflict,
were performed on each individual dataset, and

75% bootstrap consensus trees were examined for

conflict. Maximum Composite Likelihood analyses
were performed using the program MEGA 4 (34).
Bootstrapping was performedbasedon 1000 replicates
with random sequence additions. Homoplasy levels
were assessed by calculating consistency index (Cl),
retention index (RIl), and rescaled consistency (RC)

index from each parsimony search.

Table 2. Localities and their GenBank accession numbers

Species GenBank No  Origin
Lecanora rupicola AY541259 Austria
Lecanora rupicola AY541265 Austria
Lecanora bicincta AY541242 Austria
Lecanora bicincta AY541243 Austria
Lecanora albella AY541241 Austria
Lecanora farinacea AY541261 Austria
Lecanora farinacea AY541262 Austria
Lecanora carpinea AY541246 Austria
Lecanora carpinea AY541247 Austria
Lecidella elaeochroma AY541275 Austria
Lecidella elaeochroma EU266082 Korea
Lecidella stigmatea JIN873901 Austria
Lecidella stigmatea JIN873902 Austria
Lecidella patavina JIN873893 Austria
Lecidella patavina JN873894 Austria
Lecidella carpathica DQ534471 Korea
Lecidella carpathica AY541274 Austria
Lecidea atrobrunnea HQ650657 Germany
Lecidea atrobrunnea GU074455 Austria
Lecidea atrobrunnea GU074457 Austria
Lecidea fuscoatra EU263922 Austria
Lecidea fuscoatra HQ650662 Germany
Lecidea plana EU259903 Austria
Lecidea plana EU259904 Austria
Porpidia macrocarpa EU263923 Austria
Porpidia speirea HQ650631 USA
Ganoderma applanatum GU256764 USA
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RESULTS

The lichen genus Lecidea was struck together
with the substrate and it was so hard to collect
genus during field works. Therefore only 0.001-
0.08 gr
substrate. According to DNA extraction results, the

lichen samples were obtained from
concentrations of DNAs were approximately in the
range of 34.09 - 933.5 ng/pL and 260 nm / 280 nm
ratios. Purity of DNA was between 0.59-1.72.

In this study, rDNA (ITS) regions of four species
from genus Lecidea, three species from genus
Lecidella, three species from genus Porpidia and
one species Lecidoma were amplified by using ITS1F
forward and ITS4 reverse primers with the help of PCR
and sequenced by genetic analyzer to reveal genetic
similarities and variations among the specimens.
A sequence matrix of 4100 nucleotide positions
were analysed and had 747 variable positions, of
which 336 were parsimony-informative sites were
detected (34). The number of base substitutions

Table 3. Estimates of evolutionary divergence over
sequence pairs between groups

A B d D E 0G

1. A

2. B 0.024

3. C 0.130 0.095

4. D 0.053 0.023 0.100

5o [2 0.043 0.061 0.076 0.076

6. 0G 0.241 0.187 0.204 0.198 0.179
A: Lecida C: Lecidoma  E: Porpidia
B: Lecidella D: Lecanora  OG: Out Group

Table 4. Numbers and base pairs of compared samples

per site from averaging over all sequence pairs
between groups was shown Table 3. All results were
based on the pairwise analysis of 44 sequences
(27 samples obtained from GenBank+17 samples
obtained from Turkey). Analyses were conducted
using the Minimum Evolution (ME) method in MEGA
4. According to the analysis genus Porpidia was
the closest to genus Lecidea with 0.043 distance
index. Genus Lecidoma was the second with 0.053
distance index. Ganoderma applanatum was very
distant to all studied samples with 0.179-0.241
genetic distance index (Table 3). When transitional
changes were compared transversional ones, bias
towards transversional changes were observed, with
the transition pair value of 56 versus transversional
value of 54 (Table 4). Dendograms were obtained
according to different phylogenetic methods such
as Neighbour-Joining (NJ), Minimum Evolution (ME),
Maksimum Parsimony, UPGMA using the software
MEGA 4. Bootstrapping was performed based on
1.000 replicates with random sequence additions.
To test for potential conflict, parsimony bootstrap
analyses were performed on each individual dataset,
and 75% bootstrap consensus trees were examined
for conflict. Homoplasy levels were assessed by
calculating consistency index (Cl), retention index
(RI), and rescaled consistency (RC) index from each
parsimony search. The trees yielded similar topology
showing only slight rearrangements within the
groups. Since the topologies of the MP; ML, NJ and
UPGMA analyses did not show any strongly supported
conflicts, only Minimum-Evolution (ME) dendogram
was shown in Figure 1.

Related

region i si sv R=si/sv TT TC TA TG cc CA CG AA

ITS region 382 56 54 1.03 84 37 11 11 110 14 19 79
AG GG TOTAL

ii = Identical Pairs, si = Transitionsal Pairs,
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sv = Transversional Pairs,

R =si/sv



It was observed that the species were divided
into two branches and both of them showed binary
branches according to dendogram obtained from
Minimum Evolution (ME) analysis. G.
(GU256764) species constructed one of the branches

applanatum

while the other species clustered on the other branch
(Figure 1). A result of the Minimum Evolution (ME)

analysis without out-group (G. applanatum) four

4
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major clades were formed. Generally the species
which were belong to the same genus, combined
in one branch towards to the origin. According to
dendogram, species from genus Lecidea were close
to species from Porpidia genus phylogenetically,
while the species from Lecidella genus located
on a separate branch from the species in Lecidea
and Porpidia genus (Figure 1). Lecidea fuscoatra

Lecanora rupicola AY541259
Lecanora rupicola AY541265
Lecanora bicincta AY541243
Lecanora bicincta AY541242
Lecanora albella AY541241
Lecanora farinacea AY541261
Lecanora farinacea AY541262
—— Lecanora carpinea AY541246

42
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41

6

L lecanora carpinea AY541247

Lecidella elaesochroma Turkey-Kayseri HQ605938
Lecidella elaecochroma AY541275

Lecidella patavina Turkey-Sivas HQ605932
Lecidella elaeochroma Turkey-Trabzon HQ605936
Lecidella elaeochroma EU266082

Lecidella stigmatea JN873901

Lecidella stigmatea Turkey-Kayseri HQ605937
Lecidella patavina JN873894

Lecidella stigmatea JN873902

Lecidella stigmatea Turkey-Rize HQ605935
Lecidella patavina Turkey-Nigde HQ605934
Lecidella carpathica AY541274

Lecidella carpathica DQ534471

Lecidella patavina JN873893

— Lecidea fuscoatra Turkey-Konya HQ605930

L Lecidea plana Turkey-Trabzon KF570280
| — Lecidea plana EU259904

26
12
10
12
11
36
92
97
77
35
31
28
20
26
13 70
Ell
43
al—
77

L I ecidea prana EU259903

Lecidea syncarpa Turkey-Trabzon KF570277

Lecidea atrobrunnea GU0O74457

Lecidea atrobrunnea GUO74455

Porpidia speirea HQ650631

Porpidia macrocarpa Turkey-Rize HQ605940

Porpidia macrocarpa EU263923

Porpidia musiva Turkey-Trabzon HQ605939

Porpidia crustulata Turkey-Trabzon HQ605941

Lecidea fuscoatra Turkey-Bilecik HQ605929

Lecidea fuscoatra EU263922

Lecidea fuscoatra Turkey-Ankara HQ605926

Lecidea fuscoatra HQ650662

Lecidea fuscoatra var. grisella Turkey-Trabzon HQ605928
Lecidea fuscoatra var. grisella Turkey-Trabzon HQ605331

Lecidoma demissum Turkey-Trabzon KF570278

Figure 1. Minimum Evolution analysis inferred from ITS

Ganoderma applanatum GU256764

region sequences which is shown phylogenetic relations of 17

samples from Lecidea, Lecidella, Lecidoma and Porpidia genus. Numbers at the nodes are bootstrap frequencies above 40%.
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which was collected from two different provinces
of Konya was located on a separate branch from
Ankara, Bilecik and Trabzon L. fuscoatra samples.
Thus, it showed genetic difference from the other
samples (Figure 1). Porpidia musiva species showed
phylogenetic proximity to Porpidia species while
P. macrocarpa showed phylogenetic proximity to P.
crustulata species. Two of Lecidella patavina and
Lecidella stigmatea samples which were collected
from different localities were located on a separate
branches. These two species showed proximite
branches (Figure 1). Trabzon and Korea (EU266082)
Lecidella elaeochroma samples showed boot strap
value (32%) and they formed a group. Also Bakirdag-
Kayseri and Austria (AY541275) samples of the same
species showed boot strap value (48%) and formed
another group (Figure 1).

The results of this phylogenetic analysis indicates
that four distinct lineages of Lecidea sp. and related
genus occur in Anatolia, Turkey. Four dendograms
were obtained according to different phylogenetic
methods. The trees yielded similar topology showing
only slight rearrangements within the groups. We
demonstrated only Minimum-Evolution dendogram
because analysis with Maximum Parsimony (MP)
and Minimum-Evolution revealed trees with similar
topology with slight differences among the groups
and within groups.

DISCUSSION

The diversity of lichens, especially crustose
species, is still poorly known (35). To overcome
difficulties with the morphology based species
delimitations in these groups, we evaluated
molecular data (nuclear ITS and rDNA sequences)
to test species boundaries within the genus Lecidea
(35). Molecular data are largely absent for Turkey
lichens, with only a few exceptions (36, 37). To
overcome difficulties of assessing species diversity

in Turkey lecideoid lichens, we employed molecular
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data (nuclear ITS ribosomal DNA sequences) to test
species boundaries. Based on our phylogenetic
estimate we re evaluated morphological characters
to identify characters that can be used to identify
these distinct lineages. Here we have focused on
samples belonging to the genus Lecidea, Lecidella

and Porpidia.

Ruprecht et al. (35), sampling was done along
a north-south transect at five different areas in
the Ross Sea region. Phylogenetic analyses also
include specimens from other regions in Antarctica
and non-Antarctic areas. According to their results,
likelihood and
Bayesian analyses agreed in placing the samples

maximum parsimony, maximum
from continental Antarctica into four major groups.
Based on this phylogenetic estimate, their restudied
the micromorphology and secondary chemistry
of these four clades to evaluate the use of these
characters as phylogenetic discriminators. These
clades are identified as the following species Lecidea
cancriformis, L. andersonii as well as the new
species L. polypycnidophora Ruprecht & Turk sp. nov.
and another previously unnamed clade of uncertain
status, referred to as Lecidea spp. (35). Ruprecht et
al. demonstrate that the diversity of Lecidea spp.
in continental Antarctica is higher than previously
thought (35). Geographical data evaluation also
shows a decreasing diversity of Lecidea species
the more continental and drier the habitats are. It
clearly indicates that the species concept in Lecidea
needs revision and that molecular data are helpful
in interpreting subtle morphological differences
that have been previously regarded as intraspecific
variability (35).

This is especially true for crustose lichens that
are often reduced to minute patches surrounding
ascomata under the harsh climatic conditions
typical of this ecosystem. The number of available
collections is limited, which restricts the ability
to assess variability within species. Because of the



poor understanding of morphological and chemical
variation, their taxonomy is currently in urgent need
of revision. Lecideoid lichens often act as pioneers
on rock and pebbles (38). Saxicolous lecideoid
lichens in Turkey include species of the genera
Carbonea, Lecanora, Lecidea, and Lecidella. Despite
the ecological importance of these lichens in polar
habitats, the taxonomy is only poorly known and the
circumscription of taxa differs between authors.

According to Buschbom and Mueller (3) the

lichen-forming genus Porpidia (Porpidiaceae,
Ascomycota) provided excellent opportunities for
evolutionary, reproductive, and ecological studies
of crustose epilithic lichen symbioses. Separate and
combined analyses of nuclear ribosomal RNA large
subunit and nuclear B-tubulin gene fragments were
performed using maximum parsimony, maximum
likelihood, and Bayesian approaches in their study.
Branch support was estimated using non-parametic
bootstrapping and posterior probabilities, while
monophyly of a priori defined groups was tested
using posterior probabilities. The results revealed
a highly supported “Porpidia sensu lato,” however,
Porpidia itself was not monophyletic. Several smaller
genera of the Porpidiaceae and probably the large
genus Lecidea (Lecideaceae) were nested within the
group (3). The present study was also indicated that
the species of the genus Porpidia are nested within

Lecidea as shown in previous study.

A large percentage of crustose lichens on rock
with large black apothecia (more than 0.75 mm in
diameter) belong to Porpidia genus. Other crustose
lichens that are superficially similar with a hand lens
include species of Lecidea, Rhizocarpon, Sarcogyne
and Buellia. P. crustulata together with the very
similar P macrocarpa, make up the bulk of the
nonpruinose species of Porpidia (5). In our study,
P. crustulata and P. macrocarpa composed a close
branch on the three that is supported with a 96%

bootstrap value. In P macrocarpa, the apothecia

tend to be a larger (up to 3.5 mm in diameter-
por crus 0.13-1.5 mm in diameter); the spores are
larger (13-23 x 7-10 pym other 10-17 x 5-9 pm) the
hymenium is higher (80-120 pm other 60-90 pm), and
cells of the exciple are smaller (mostly 3-6 pm in
diameter other 5-8 pm). The gelatinous halo around
the spores helps distinguish species with 2-celled
spores from similar species of Buellia or Catillaria.
Porpidia has 1-celled spores and a different ascus
type. Lecidea species have much smaller, 1-celled
spores, and their paraphyses are mostly unbranched
(5). According to our study result of phlogenetic
analyses and morphological characters of species in
Anatolia, Turkey were similar results.

The Porpidia genus is one of the most studied
of the segregates of Lecidea (2, 3, 7, 9-11). The
reasons for this are largely because of the difficulty
in recognizing species-level characters within the
genus. Most species of Porpidia have a grey thallus
and black sessile apothecia and, as macroscopic
characters (e.g. thickness of thallus, size of apothecia)
appear to be extremely variable within a single
species, specimens are usually impossible to identify
beyond genus in the field (5). It was aim of the study
molecular studies of the Lecidea genus and related
genus have greatly enhanced our understanding of
the infrageneric relationships, thus permitting a re-
assessment of morphological characters that should
result in a clearer understanding of species concepts
within the genus.

The analyses of Buschbom and Mueller indicated
that the genus Porpidia could be divided into three
infra-generic groups, with a high probability that
the Lecideaceae s. str. (i.e. Lecidea and Cecidonia)
was nested within them (3). This suggested that
either the Porpidiaceae should be included within
the Lecideaceae (and Porpidia within Lecidea), or
that Porpidia should be divided into at least three,
and possibly four, separate genera. According to our
results, species of Porpidia genus in Anatolia, Turkey
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remained relatively close to Lecidea group samples.
However, Buschbom and Mueller (3) studied only a
limited number of the relevant taxa, and because
of the lack of consistent supporting morphological/
chemical differences, they preferred to await
the results of further analyses of all the available
character systems (molecular, morphological, and
chemical) before making any taxonomic innovations.
P crustulata is a common species in upland and
montane habitats. It is an early colonizer of
bare rock surfaces and is frequent around areas
of prolonged snow-lie. It is distinguished from P,
macrocarpa in the field by its smaller apothecia and
microscopically by its smaller ascospores, lower

thecium and thicker excipular hyphae (5).

Lecidella may be hard to distinguish from other
black disk lichens such as Lecidea, Porpidiaor Buellia.
They are, however, fairly easy to recognize under
the microscope by the combination of their easily
separating paraphyses, greenish tissues, and broad
spores (5). In the current study Porpidia was the
closest to genus Lecidea. Lecidella carpathica differs
mainly in its dark yellowish brown hypothecium and
darker exciple; it contains atranorin and diploicin (an
orcinol depsidone). Lecidella carpathica which were
obtain from GenBank located on a separate branch
from the species in Lecidea, Lecidella and Porpidia
genus. Because of these reasons could be explained
synerjistic effect of the seconder metabolite.
Lecidella patavina (syn. L. spitsbergensis) has the
same chemistry as L. stigmata, but its hymenium
is filled with oil drops, its exciple contains crytals,

and the thallus tends to be thicker. Lecidella
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Pantoea agglomerans’in neden oldugu kateter iliskili bir sepsis olgusu
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OZET

Pantoea tirleri, bitkilerde ve toprakta bulunan,
Enterobacteriaceae ailesinden, fakiltatif aerob Gram-
negatif comaklardir. Pantoea agglomerans immin
sistemi normal olan kisilerde lokalize, immiinsuprese
hastalarda ve yeni doganlarda sistemik enfeksiyonlara
neden olabilmektedir. Firsatc1 patojen olan bu
bakterilerin neden oldugu nozokomiyal enfeksiyonlar;
septik artrit, pnomoni, sepsis, peritonit, liriner sistem,
cerrahi alan ve kateterle iliskili enfeksiyonlardir.
Bu bakteri, 4°C’de iyi ureyebilme ozelligine sahip
oldugu icin kontamine intravendz soliisyonlar ve
depolanmis kan uriinleriyle bulasabilmektedir. Pantoea
spp. pamuk silgiclerde, intra-arterial gereclerde de
bulunabilmektedir. Bu calismada, P agglomerans’a
bagli kateter iliskili bir sepsis olgusu sunulmaktadir.
Kasim 2013’te mide kanseri konulan,

kemoterapisini Mart 2014’te alan 54 yasinda erkek

tanisi son
hasta; kemoterapi sonrasi bulant1 kusma, beslenememe

sikayetleriyle  hastanemizin  dahiliye  servisinde
yatirildi ve gastrointestinal pasaji olmamasi nedeniyle
total parenteral (TPN) ile takip edildi.
Genel durumu stabillesince Nisan 2014’te taburcu
edildi. Evde iki hafta TPN ile beslenmesi sirdurulen
hasta Mayis 2014’te Usime, titreme ve 39,9 °C ates

sikayetleriyle

nutrisyon

istanbul  Universitesi, Cerrahpasa
Tip Fakiltesi Hastanesi’nin acil servisine basvurdu.
iliskili tanmisiyla  piperasilin-
tazobaktam baslanarak dahiliye servisine yatinldi.

CVP kateterinden

Kateter sepsis  On

alinan kan kiltiriinde Gram

ABSTRACT

Pantoea species, members of the Enterobacteriaceae
family are facultative anaerobic Gram-negative bacilli
that can be isolated from plants and soil. Pantoea
agglomerans can lead to localized infections in healty
people with normal immune systems and to systemic
infections in newborns and immunocompromised
patients. caused by these
opportunistic-pathogenbacteria are; septi arthritis,
pneumonia, sepsis, peritonitis, urinary system infections,
surgical infections, and catheter-associated infections.
This bacteria, since it has a good ability to grow at 4°C,
can be transmitted by contaminated intravenous solutions
and stored blood products. Pantoea spp. can be found in
cotton swabs and the intra-arterial devices. In this study,
a catheter related sepsis caused by P. agglomerans was
presented. 54-year-old male patient with a diagnosis of
gastric cancer at November 2013 and receiving the last
chemotherapy at March 2014; was hospitalized in the
internal medicine service at our istanbul University,
Hospital of the Cerrahpasa Tip Faculty and was
followed-up by total parenteral nutrition (TPN) due to
the lack of gastrointestinal passage. After stabilization
of his general conditions he was discharged in April 2014.
Patient whose feeding continued for two weeks at home
with TPN, applied to our hospital emergency department
at May 2014 with the fever of 39.9°C and chills. He was
admitted to hospital in the internal medicine service
initiating piperacillin-tazobactam with preliminary
diagnosis of catheter- associated sepsis. Because of the
Gram-negative bacilli reproduction from blood cultures

Nosocomial infections
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negatif comak lUremesi Gizerine kateteri ¢ikarildi ve TPN
ile beslenmesini saglamak icin yeni kateter takild.
Hastanin kan ve kateter kiltlirinden P. agglomerans
Bakterinin tanimlanmasi

izole edildi. konvansiyonel

mikrobiyolojik yontemler ve Phoenix otomatize
tanimlama sistemi ile yapildi. Antibiyotik duyarliligi
(Klinik ve Laboratuvar Standartlar Enstitiisti-CLSI)
kriterlerine gore Kirby-Bauer disk difiizyon yontemi
kullamlarak degerlendirildi. Mikroorganizma piperasilin-
tazobaktam’a duyarli saptandigi icin hastanin tedavisi
degistirilmedi. Tedavi sonrasinda hastanin genel durumu
iyilesince 16. giiniinde antibiyoterapi kesilerek taburcu
edildi. Bu olgu sunumunda, immunsuprese hastalarda,
nadir goriilen P. agglomerans’a bagh kateter iliskili
sepsis gelisme riskine ve antibiyoterapisine dikkat

cekilmesi amaglanmistir.

Anahtar Kelimeler: imminsuprese, kateter iliskili
sepsis, Pantoea agglomerans, piperasilin-tazobaktam

taken from the CVP catheter, the catheter was removed
and a new catheter was inserted to provide nutrition for
patient with TPN. P agglomeran was isolated from the
patient’s blood and catheter culture. The identification
of bacteria was done by conventional microbiological
techniques and Phoenix automated identification
system. Antibiotic susceptibility evoluated by using
Kirby-Bauer disk diffusion test according to the Clinical
and Laboratory Standarts Institute (CLSI) criteria. The
microorganism was sensitive to piperacillin-tazobactam,
so, patient’s therapy was not changed. After treatment,
when the general condition of the patient healed, he
was discharged by ending antibiotics on the sixteenth
day. This case report, is intended to call attention to
the risk of the growth of catheter-associated sepsis and
antibioterapi are lated to P agglomerans which is rarely
seen on immunocompromised patients.

Key Words: immunosuppressed, catheter related
sepsis, Pantoea agglomerans, piperacillin-tazobacta

GIRiS

Pantoea turleri, bitkilerde ve toprakta yaygin
olarak bulunan, Enterobacteriaceae ailesinden,
fakiltatif aerob Gram-negatif comaklardir. En sik
izole edilen tur P agglomerans’tir. Firsatci patojen
olan bu bakteriler, hastanede yatan hastalarda siklikla
cilt, solunum, dUriner ve gastrointestinal sistem
yollarinda kolonize olur ve bu bolgeler hastaliklar icin
giris yolu gorevi gorir. Bu mikroorganizmanin neden
oldugu en 6nemli nozokomiyal enfeksiyonlar; septik
artrit, pnomoni, sepsis, peritonit, uriner sistem
enfeksiyonu, cerrahi alan enfeksiyonu ve kateterle
iliskili enfeksiyonlardir (1). Bu olgu sunumunda,
P agglomerans’a baglh kateter iliskili bir sepsis
olgusu sunulmaktadir. Calismamizda, immunsuprese
hastalarda, nadir gorilen P
iliskili

antibiyoterapisine dikkat cekilmesi amaclanmaktadir.

agglomerans’a

bagh kateter sepsis gelisme riskine ve

OLGU

Kasim 2013’te tasli yuzik hucreli mide kanseri
tanms1 konulan ve son kemoterapisini Mart 2014’te
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alan 54 yasinda erkek hasta; kemoterapi sonrasi
bulant1 kusma, beslenememe sikayetleriyle istanbul
Universitesi, Cerrahpasa Tip Fakiiltesi Hastanesi’nin
dahiliye servisinde yatinldi. Gastrointestinal pasaji
olmamas1 nedeniyle total parenteral nutrisyon
(TPN) ile takip edildi, genel durumu stabillesen
Evde

iki hafta TPN ile beslenmesi siirdiiriilen hasta Mayis

hasta tedavisi diizenlenerek taburcu edildi.

2014’te Usume, titreme ve 39,9°C ates sikayetleriyle

hastanemizin acil servisine basvurdu. Kateter
iliskili sepsis On tamisiyla piperasilin-tazobaktam
baslanarak dahiliye servisine yatinldi. C-reaktif
protein (CRP) degeri 122 mg/L (N: 0-5 mg/L) olan
hastanin piperasilin-tazobaktam tedavisine devam
edildi. Laboratuvar testlerinde; lokosit sayis1 4.200/
mm?3, notrofil sayist 3.000/ mm?, hemoglobin degeri
8,2 g/dL, platelet 133.8000/ mm?3, ure 55 mg/dL,
kreatinin 0,75 mg/dL, AST:42U/L, ALT: 6 U/Lolarak
saptandi. Diger biyokimyasal degerleri normaldi.
CVP kateterinden alinan kan kilturiinde Gram-

negatif comak Uremesi uzerine kateteri cikarldi



ve kateter ucu kiilturi gonderildi. Hastanin TPN ile
beslenmesini saglamak icin yeni bir kateter takild.
Hastanin gelisinde alinan kan kilturiinden ve kateter

ucu kulturinden P agglomerans izole edildi (Resim

Resim 1. P agglomerans kolonilerinin cukulatamsi agardaki
goriintisi

Resim 2. P Agglomerans kolonilerinin MacConkey agardaki
goriintusu

Resim 3. P Agglomerans kolonilerinin kanli agardaki
gorintusu

1, 2, 3).
mikrobiyolojik yontemler ve Phoenix (BD Diagnostic

Bakterinin tanimlanmasi konvansiyonel

Systems, Sparks MD) otomatize tanimlama sistemi
ile yapildi. Antibiyotik duyarliik testleri Klinik ve
Laboratuvar Standartlar Enstitusu (CLSI) kriterlerine
gore Kirby-Bauer disk diflizyon yontemi kullanilarak
Mueller-Hinton kat1 besiyerinde yapildi (2). Bakteri
amoksisilin-klavulanat,

sefuroksim,  piperasilin-

tazobaktam, sefotaksim, sefepim, seftazidim,
imipenem, meropenem, siprofloksasin, netilmisin,
gentamisin, amikasine duyarli olarak saptandi.
Bakteri piperasilin-tazobaktama duyarli saptandig
icin  hastamin  tedavisi  degistirilmedi. Tedavi
sonrasinda hastanin genel durumu iyilesti, atesi dustu
ve CRP degerleri geriledi. Hasta yatisinin 16. gliniinde

antibiyoterapisi kesilerek taburcu edildi.

TARTISMA

Bitki patojeni olarak bilinen Pantoea tirleri,
pamuk silgiclerde, intraarterial gereclerde, bitkisel
materyallerde de bulunabilmektedir. Pamuk Urinleri
hastanelerde sik kullanilan malzemelerdir ve
bircok yolla kontamine olabilmektedir. Bu bakteri,
4 °C’de 1iyi lreyebilme o6zelligine sahip oldugu icin
kontamine intravenoz solusyonlar ve depolanmis kan
uriinleriyle bulasabilmektedir. Ayrica intravenoz ilag
bagimlilarinda goriilen ‘pamuk atesi’ ile iliskilidir.
P. agglomerans, immin sistemi normal olan kisilerde
lokalize, immiinsuprese hastalarda ve yeni doganlarda
sistemik enfeksiyonlara neden olabilmektedir. Firsatci
patojen olan bu bakterilerin neden oldugu en 6nemli
nozokomiyal enfeksiyonlar; septik artrit, pnomoni,
sepsis, peritonit, uriner sistem enfeksiyonu, cerrahi
alan enfeksiyonu ve kateterle iliskili enfeksiyonlardir

(3-6).

Kalp ve akciger nakli yapilan bir hastada,

transplantasyonu takiben P agglomerans’a baglh
nozokomiyal pnomoni gelisimi Shubov ve arkadaslan
bildirildi  (1).

kontamine sivilarla bulasacagina dair bir kanit

tarafindan Hastanede bakterinin
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olmadig1 icin, hastaya inhalasyon yoluyla bulasmis
bildirildi. (3),
onkoloji bdlimiinde, biri yogun bakim initesinde

olabilecegi Liberto ve ark. besi
yatan toplam alti hastada P agglomerans’a bagh
sepsis olgusu bildirdi. Bakterinin hastalara bulas
yolunun intraarterial gerecler, hastanede kullanilan
pamuk urlinleri ya da hastalara hediye olarak gelen
bitki ve cicekler olabilecegi bildirildi (3). Ulkemizden
Kahveci ve ark. (5), 89 yasindaki bir peritoneal
diyaliz hastasinda P agglomerans’a bagli peritonit ve
sonrasinda septik sok gelisimini bildirdi. Gelisen tablo
ile kontamine kan Urlnleri, intravenoz sivilar, total
parenteral beslenme ve anestezik ajanlarin baglantili
sistemden oral

oldugunu; ayrica gastrointestinal

kontaminasyon veya bakteriyel translokasyonun
da Pantoea enfeksiyonlar icin sorumlu olabilecegi
bildirildi. Aly ve ark. (4), yenidogan unitesinde
yatan preterm yenidoganlarda P agglomerans’a
bagli kan dolasimi enfeksiyonlarin1 rapor ettiler.
Gastrointestinal kolonizasyonun bu mikroorganizma
icin muhtemel bir rezervuar olabilecegi bildirildi.
Ayrica hastane calisanlarinin elleriyle tasinabilecegi
bildirildi.
immunsuprese bir hastada sepsis bildirilmekte ve

Olgumuzda; kemoterapi  nedeniyle
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bulas yolu TPN, kateter veya kullamlan pamuk
triinleri olabilecegi dislinilmektedir. Bulas yolu
hastane calisanlarinin elleri olabilir; ancak gelisen
enfeksiyonun inkubasyon siiresini bilmedigimiz icin
hastanin evde TPN aldig1 donemde de bulas olabilir.
Yine Ulkemizden Kursun ve ark. (6), 55 yasinda,
kronik bobrek yetmezligi olan erkek hastada; P
agglomerans’a bagli gelisen ventilatorle iliskili bir
pnomoni olgusu bildirdi. Olgumuzda da mide kanseri
tanisi olan immunsuprese bir hastadir.

Bu olgu sunumunda, acil serviste kateter iliskili
sepsis ontanist konulan, 54 yasinda immunsuprese
kateter kultiiriinden

erkek hastanin, kan ve

P agglomerans izole edildi. Mikroorganizma
piperasilin-tazobaktamaduyarligisaptandive tedaviye
basarili klinik yamt alindi. izole edilen P. agglomerans
diger calismalardaki gibi antibiyotiklere duyarliigi
belirlendi. Ancak son yillarda Enterobacteriaceae
ailesindeki direnc insidansindaki artis nedeniyle bu
bakteride de cesitli direnc mekanizmalar gelisebilir
ve tedavisi zor, mortalitesi yiksek bir enfeksiyon
etkeni olabilir. P agglomerans’a bagli enfeksiyonlar
nadir gorulse de ozellikle immunsiiprese hastalarda

etken olabilecegi akilda tutulmalidir.
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Pantoea agglomerans bloodstream infection in
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Molecular techniques for clinical diagnostic bacteriology
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ABSTRACT

Molecular methods have contributed tremendously to
the understanding of the pathogenesis and epidemiology
of infectious diseases. The polymerase chain reaction
(PCR) is the most widely used target nucleic acid
amplification method. By this method, a single copy
of a nucleic acid is multiplied to more than 107 times
within a very short period. New technologies such as
real-time PCR, sequencing and mass spectrophotometry
have been described and have many applications in a
clinical microbiology laboratory. The greatest impact of
real-time assays was in the field of virology where they
have been used to detect rapidly a range of viruses in
human specimens and to monitor quantitatively viral
loads and response to antiviral therapy. In bacteriology
they are used for rapid detection of bacterial pathogens
and/or antibiotic resistance genes can help to ensure
the appropriate use of antibiotics, reduce the duration
of hospital stay and minimize the potential for resistant
strains of bacteria to emerge. Commercial kits employing
PCR technology for detection of Neisseria gonorrhoeae
and Chlamydia trachomatis have been developed.
Nucleic acid amplification tests can be used directly to
identify Mycobacterium tuberculosis complex in clinical
specimens. Some clinical laboratories have developed
their in-house assays based on PCR assays to detect
M. tuberculosis in clinical specimens. Some studies
have compared the kits and “in-house” methods and
have found similar results. In addition to in-house
developed assays, there are commercial amplification
tests some of them that are widely used. This chapter
describes the basic principles and applications of
recently DNA-based molecular techniques for the clinical
bacteriology.

Key Words: Bacteriology, molecular biology, PCR

OZET

Molekiiler yontemler enfeksiyon hastaliklarin
patogenezinin ve epidemiyolojisinin anlasilmasinda
cok onemli katkida bulunmustur. Polimeraz zincir

reaksiyonu (PZR), en yaygin kullanilan hedef nukleik
asit amplifikasyon yontemidir. Bu yontem ile tek bir
niikleik asidin kopyasi cok kisa bir siire icinde 107
kereden fazla cogalir. Gercek zamanli PZR, sekanslama
teknigi ve kiitle spektrofotometresi gibi yeni teknolojiler
klinik mikrobiyoloji laboratuvarinda bircok uygulama
alanm kazanmistir. Gercek zamanli tekniklerin en biyuk
etkisi viroloji alaninda olmustur ve bu tekniklerin
klinik orneklerde cesitli viruslerin tespiti, kantitatif
viral yiikleri ve antiviral tedaviye yamti izlemek icin
kullanilmistir. Bakteriyoloji alaninda bakteriyel patojenler
ve/veya antibiyotik direnc genlerinin hizli tammlanmasi,
antibiyotiklerin uygun kullamimini saglar, hastanede kalis
suresini kisaltir ve direncli suslarin gelisme potansiyelini
azaltir.  Neisseria gonorrhoeae  ve  Chlamydia
tespiti icin PZR teknolojisi kullanan
ticari kitler gelistirilmistir. Nikleik asit amplifikasyon
testleri klinik orneklerde Mycobacterium tuberculosis
kompleks’inin dogrudan tespitinde kullamlabilir. Bazi
klinik laboratuvarlar, klinik 6rneklerden M. tuberculosis’i
tespit etmek icin PZR deneylerine dayali kendi in-house
deneylerini gelistirmistir. Bazi calismalar hazir kitleri
ve “in-house” yontemleri karsilastirmistir ve benzer
sonuclar bulmustur. In-house gelistirilen yontemlere
ek olarak bazi ticari amplifikasyon kitleri yaygin olarak
kullanilmaktadir. Bu bolimde giincel DNA yontemine
dayali molekiiler tekniklerin temel ilkelerini ve klinik
bakteriyoloji icin uygulamalar aciklanmistir.

trachomatis

Anahtar Kelimeler: Bakteriyoloji, molekiiler biyoloji, PZR
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INTRODUCTION

Since 1983 many molecular methods have been
developed for the detection and genotyping of

bacteria. These methods have contributed
tremendously to the understanding of the
pathogenesis and epidemiology of infectious

diseases (1). The molecular methods for diagnostic
microbiology are diverse and they can be classified
into one of categories: hybridization,
amplification, sequencing and enzymatic
digestion of nucleic acids (2).

these
and

Molecular techniques
Nucleic acid hybridization methods

Hybridization assays using DNA probes were
developed in the early 1960s. DNA probes have
been used successfully to identify a wide variety of
pathogens from simple viruses to pathogenic bacteria
and parazites. Direct diagnosis by nucleic acid probe
hybridization is simple, rapid, and relatively free of
the contamination and inhibition problems associated
with target amplification methods. The sensitivity
of probe hybridization methods is limited by the
relatively large number of copies (-104) of the target
sequence required to generate a positive signal
(1, 3).

Specific gene probes have also been developed for
the recognize of specific antibiotic resistance genes,
so that antimicrobial susceptibility of an infecting
organism can be determined directly without primary
isolation and growth. Commercial kits incorporating
DNA probes are now available to detect a range of
bacteria and viruses (4).

Nucleic acid amplification technology

The polymerase chain reaction (PCR) is the
most widely used target nucleic acid amplification
method. By this method, a single copy of a nucleic
acid is multiplied to more than 107 within a very
short period. A thermostable DNA polymerase and two
specific oligonucleotide primers are used to produce
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multiple copies of specific nucleic acid regions
during 25 to 50 repetitive cycles (4, 5). The method
has received particular attention for detecting the
presence of low numbers of bacteria or virus particles
in clinical and environmental specimens. Commercial
kits employing PCR technology for detection of
Mycobacterium tuberculosis, Neisseria gonorrhoeae
and Chlamydia trachomatis have been developed.
Although PCR is the most widely used method, other
amplification techniques for DNA and RNA molecules
are available (ligase chain reaction, transcription-
mediated  amplification, stand displacement
amplification). After the amplification reaction has
occured, the simplest method to identify the product
by size is the electrophoresis and migration on an
agarose gel (4-6).

Real-time amplification

Most conventional PCR-based require
multiple manipulations and the PCR products are
detected in a separate gel electrophoresis system.
Compared with conventional PCR, real-time PCR is
faster and contamination risk is reduced. It detects
amplified target by fluorescently labeled probes as
the hybrids are formed (i.e., detection of amplicon
in real time). The signal produced is related to the
amount of amplicon present at the end of each cycle
and increases as the amount of specific amplicon
increases (4, 5, 7). Commercially available robotic
nucleic acid extraction systems, combined with
rapid thermal cyclers and instrumentation (e.g.
LightCycler, TagMan©) capable of detecting and
differentiating multiple amplicons, make real-time
PCR an attractive and viable proposition for the
routine diagnostic laboratory. Real-time assays have
been extremely useful for studying microbial agents
of infectious disease. The greatest impact to date has
been in the field of virology where, real-time assays
have been used to detect rapidly a range of viruses
in human specimens and to monitor quantitatively
viral loads and response to antiviral therapy. Benefits
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to the patient can also be seen in bacteriology,
where rapid detection of bacterial pathogens and/
or antibiotic resistance genes can help to ensure the
appropriate use of antibiotics, reduce the duration of
hospital stay and minimize the potential for resistant
strains of bacteria to emerge. Recent developments in
real-time PCR have suggested a future in which rapid
identification, quantification and typing of a range
of microbial targets in single multiplex reactions will
become commonplace (8, 9).

Molecular typing of microorganisms

Molecular typing of microorganisms are useful
in the investigation of epidemiological relationships
during infectious outbreaks, in determining routes and
sources of infections and epidemiological surveillance
of infectios diseases. Molecular fingerprinting methods
are being used increasingly to distinguish clinical
isolates and for assessing the reladness of individual
bacterial isolates in epidemiological studies (4, 10).

Pulsed-field gel electrophoresis (PFGE) is now
recognized as the gold stardard molecular technique
used to examine the molecular relatedness of
bacteria. The principle of PFGE is to use a specialized
electrophoresis apparatus to separate chromosomal
fragments produced by enzymatic digestion of
bacterial DNA (11).

Mass Spectrometry

Mass spectrometry is an analytical technique with
high specificity used for determining the elemental
composition of samples, quantifying the mass of
particles and molecules, and elucidating the chemical
structure of molecules. For example, MALDI-TOF MS,
are being increasingly valued and utilized as tools in
clinical microbiology laboratories (12).

Bacterial infections
C. trachomatis and N. gonorrhoeae

C. trachomatis and N. gonorrhoeae infections
are among the most frequently sexually transmitted
infections in the world. These infections (associated
with syphilis and lymphogranuloma venereum) are

constantly increasing since the 2000s (13). A study
in the United States showed that about 4.1% of the
young population aged 18-26 were infected with
C. trachomatis and 0.43% with N. gonorrhoeae
(14). In France, the prevalence is higher with a
range between 10% and 18% and the most affected
population are young people aged between 15-30
(15, 16). Both infections have an important clinical
polymorphism and can affect the uterus, the urethra,
rectum, oropharynx and the conjunctiva. These
infections are often asymptomatic (50% of cases for C.
trachomatis). They can be in the form of urethritis or
cervicitis. In women, these infections can reach the
genital area and cause pelvic inflammatory disease,
endometritis or salpingitis and lead to infertility or
ectopic pregnancy. In man, these two bacteria cause
urethritis which can progress to chronic epididymitis
that can cause infertility. In both sexes, gonorrhoeae
can progress to arthritis, meningitis or endocarditis
(17). Reiter syndrome (urethritis, conjunctivitis,
polyarthritis and mucocutaneous lesions) can be
initiated by genital infections with C.
(18). In addition, some strains of C.
(serovars L1, L2, L2a, L2b and L3) are responsible
from a rare disease, lymphogranuloma venereum.
Its prevalence increases significantly in recent years
and causes genital ulcerative lesions, lymphadenitis,
proctitis, rectal fistulas and draining sinuses
progressing to chronicity. Perinatal infections are
also possible for C. trachomatis and N. gonorrhoeae.
Approximately one fourth to half of infants born
to women infected with C. trachomatis develop
conjunctivitis and about 10% to 20% of infants develop
pneumonia. N. gonorrhoeae can produce a severe
conjunctivitis (ophtalmia neonatorum) or sepsis.
All these elements show the importance of early
detection of these infections (15).

trachomatis
trachomatis

C. trachomatis and molecular biology

C. trachomatis is an obligate intracellular
bacteria organism which culture is difficult (19).
Previously considered the gold standard (restricted
to a few specialized laboratories), this technique
is time consuming (results in three-seven days) and
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expensive. Culture is highly specific (100%) but is
relatively insensitive (40-85%). The sensitivity of
culture is compromised if inadequate specimens
are used and if viability of bacteria has been lost
during transport of the specimen (18). Antigen
detection methods are commercialy available:
direct fluorescent antibody (DFA) with fluorescein-
conjugated monoclonal antibodies and enzyme-
linked immunosorbent assay (ELISA). The sensitivity
of each test has been reported to vary enormously
and neither is found as sensitive as culture or nucleic
acid-based tests. Antibody detection with serology
is of limited value in the diagnosis of urogenital
infections in adults because it cannot differentiate
between current and past infection. Serology can be
used to diagnose lenfogranuloma venereum (5, 18).

Nucleic Acid-Based tests are nucleic acid
hybridization tests that measure the presence of
species-specific sequence of 16S ribosomal RNA (rRNA).
These tests are rapid and relatively inexpensive;
however they are more reliable in patients who are
symptomatic and shedding large numbers of bacteria
than those who are asymptomatic and most likely
shedding fewer bacteria (18).

Nucleic acid amplification tests
polymerase chain reaction (PCR),
reaction, standard displacement amplification
and transcription-mediated amplification. Most
comparative studies indicate that these tests are
more sensitive than culture and nonnucleic acid
amplification assays (5, 20, 21). First-voided urine
specimens from men and women are acceptable
specimens. Care must be taken to monitor for the
presence of inhibitors. Despite this inconvenient,
nucleic acid amplification tests are currently the most
preferred tests for the laboratory diagnosis of genital
C. trachomatis infection (18). Table 1 summarizes
the various molecular tests used in the diagnosis of
C. trachomatis and N. gonorrhoeae infections.

(NAATs)
ligase chain

are

N. gonorrhoeae and molecular biology

N. gonorrhoeae is an intracellular organism
which unlike C. trachomatis can be easily cultured.
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The specificity (100%) and sensitivity of this technique
(85%) are excellent. The result is obtained in one to
three days. In addition, susceptibility test can be
performed (25). For some authors, in areas where
the N. gonorrhoeae prevalence is low, the culture is
preferred over testing gene amplification (22). Other
authors did not observe differences in sensitivity and
specificity kits depending on the prevalence (23).

The molecular biology tests (C. trachomatis
and N. gonorrhoeae)

Molecular biology tests using probe hybridization
are also used for direct detection of N. gonorrhoeae.
The PACE 2 DNA probe assay (Gen-Probe, San
Diego, CA)
probe system for direct detection of gonococcal
ribosomal RNA in genital and conjunctival specimens.
The sensitivities of this test have ranged from
85.5% to 100% for femal endocervical specimens

is a nonisotopic chemiluminescent DNA

and 91.5 to 100% for male urethral specimens
(24). However, tests using amplification techniques
are preferred and used routinely (17)(Table 1).

Table 1. Principals commercial kits for the detection of
Chlamydia trachomatis and Neisseria gonorrhoeae infections

Kit Company

Detection after amplification:

(Cobas) Amplicor CT/NG (PCR) Roche
(Cobas) TagMan CT (real-timePCR) Roche
AMPLIFIED (only CT) (NASBA) BioMérieux
APTIMA COMBO 2 (TMA et HPA) (CT or NG)  Gen-Probe

BD ProbeTec CT/NG (SDA) Becton-Dickinson

Hybrid Capture CT/GC Digene
RealArt artus (real-time PCR) Qiagen
Direct detection in clinical specimens:

Pace 2 (only for CT or NG) (HPA) Gen-Probe
Detection from culture:

Accuprobe NG (HPA)

Isolated or combined detection (CTand NG) Digene

CT ID, GC ID, CT/GC Hybrid Capture 2



The amplification tests are achievable in urine,
urethral, or vaginal. According to
the biological origin of the sample, specificity and
sensitivity of the tests vary (25). For example, for
C. trachomatis, the Amplicor ™ kit ( Roche) has a
sensitivity ranging from 45 to 80% in women, of 92%
in men in the urine and 98 % in the urethral level.
For N. gonorrhoeae, the Amplicor kit has a sensitivity
of 84-100 % for endocervical, 100% for the urethra,
67% for urine in women and 95% for the urine in
man. Some authors reported that the search for C.
trachomatis (and not N. gonorrhoeae) in urine has
the same sensitivity and specificity in men as than
in women with that of urethral or cervicovaginal
samples (23). In addition, these kits whatever
technical amplification used are equivalent in terms
of the sensitivity specificity (23, 25).
gene amplification tests may not differentiate a
living from a dead organism. Therefore, there is not
recommended to do this research if the individual has
followed a specific treatment (antibiotics particular)
in the previous three weeks. In addition, in areas with
low prevalence, in the case of a positive amplification
test results, some authors recommend to perform a
second confirmatory test (to eliminate false positives)
on the same sample or to prelevate a new sample for
the culture (26, 27).

endocervical

However,

Tuberculosis
Detection of M. tuberculosis

The World Health Organization (WHO) estimates
that the global tuberculosis epidemic results in
about 9 million new cases and in 2 million deaths
annually. Approximately one third of the world
population is infected with M. tuberculosis. Regions
with the highest incidence of disease are particularly
countries with limited medical resourses. In the other
hand it still remains a major problem in industrialized
countries. In these countries, socioeconomic factors
such as immigration, the homeless, drug and alcohol
abuse and people
immunodeficiency virus (HIV) are recognized as
the most important reasons of the resurgence of

infected with the human

tuberculosis. Because it is difficult to eradicate disease
in these patients, spread of this infection to other
populations poses an important public health problem
(18). The early diagnosis and adequate treatment
of infectious patients with pulmonary tuberculosis
are very important to reduce transmission of
M.  tuberculosis and to achieve the disease
elimination (28).

It has been estimated that when using standard
concentrating techniques, approximately 10 000 acid-
fast bacilli per milliliter of sputum are required to
be detected by routine microscopy (staining with
auramine or Ziehl-Nielsen) (29, 30). This test cannot
identify the particular mycobacterial species. On
the other hand, a positive acid-fast stain reaction
corresponds to higher activity (18).

Culture is considered the reference (gold standard)
method to confirm the diagnosis. Unfortunately,
it generally took 4 to 8 weeks for M. tuberculosis
and other important slow-growing bacteria to grow
on the Lovenstein-Jensen media. However, this time
has been shortened through the use of specially
formulated broth cultures the rapid growth of
most mycobacteria. Thus the average time to grow
mycobacteria in these automated detection systems
(e.g., BacT / ALERT ™ or system BACTEC ™ systems)
has been decreased to approximately 12 to 14 days. In
addition, sputum or bronchoalveolar lavage requires
prior decontamination with N-acetyl-L-cysteine and
sodium, which can cause a significant decrease in the
number of bacteria. Other methods such as to gas
chromatography-mass spectrometry or ELISA did not
improve the detection (31).

Thereafter, the need of new rapid and accurate
diagnostic methods has emerged. For this reason,
techniques have been developed to detect specific
mycobacterial nucleic acid sequences present in
clinical specimens in order to achieve higher sensitivity
and specificity compared to traditional methods of
microscopic examination and culture (18, 28).

Nucleic acid amplification tests (e.g., polymerase
chain reaction-PCR) can be used directly on clinical
specimens (sputum). These tests amplify target
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nucleic acid regions in viable or nonviable bacilli,
which uniquely identify M. tuberculosis complex.
Some clinical laboratories have developed their
in-house assays based on PCR assays to detect
M. tuberculosis in clinical specimens and commercial
kits. Some studies have compared the kits and
“in-house” methods and have found similar results
(32). In addition to in-house developed assays, there
are commercial amplification tests some of them
that are widely used: Amplicor MTB test (Roche
diagnostics System) and the Amplified Mycobacterial
Tuberculosis Direct test (Gen Probe, Inc San Diego).
Table 2 summarize some test kits and Table 3
summarize the sensitivity and the specifity of these
amplification tests used in the diagnosis of M.
tuberculosis from respiratory samples compared to
the culture (17, 33). These tests are highly sensitive
and specific with acid-fast smear-positive specimen
but they are relatively insensitive in smear-negative
specimens. The nucleic acids amplification test
results must always be confirmed by sputum culture
for pulmonary tuberculosis infection. It
worth to mention that nucleic acid amplification
tests have low specificity and sensitivity for extra-
pulmonary tuberculosis. Because of these limitations
current literature evidence suggest that nucleic
acid amplification tests cannot replace sputum
microscopy and culture in tuberculosis diagnosis
and that nucleic acid amplification tests cannot be
used in the evaluation of treatment effectiveness in
patients receiving therapy (28, 30) .

is also

Some of the potencial problems of the nucleic-
acid-based amplification assays are inhibition of
amplification by inhibitors that are present in
specimens and reporting of false-negative results
may be a problem with PCR. For this reason, the use
of an internal amplification and the monitoring of
the false-negative rate is required (e.g., inhibitors
of polymerase in 4% in the respiratory specimens
and 18% of extrapulmonary samples). In addition,
false positives (not related to contamination) can be
reported as a result of nonviable mycobacteria DNA
remained after treatment tuberculosis (32, 33).
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Table 2. Principals commercial kits for the detection of
M. tuberculosis infections

Kit Company

Detection after amplification

Cobas Aplicor M. avium (PCR)

Cobas Amplicor M. intracellulare (PCR)
AMPLIFIED (complexe MT) (TMA and HPA)

Roche

BioMérieux

Detection after amplification:
Genotype Mycobacteria Direct (NASBA
and reverse dot-blot) (M. avium,

M. intracellulare, M. kansasii,

M. maloense, M. tuberculosis complex)
RealArt artus (M. tuberculosis complex)

Hain
Lifescience

Qiagen

Direct detection in clinical specimens:
Genotype® MTB Direct v3.0 (reverse
dot-blot) (M. avium, M. intracellulare,
M. kansasii, M. maloense,

M. tuberculosis complex)

Biocentric

Detection from culture:
AccuProbe (HPA) Many mycobacteria
(M. avium, M. intracellulare,

M. gordonae, M. kansasii)
AccuProbe (complexe MT) (HPA)

Gen-Probe

Inno-LiPA Mycobacteria (Reverse dot-blot)
(M. tuberculosis complex,

M. kansasii, M. xenopi, M. gordonae,
M. genovense, M. simiae, M. marinum
and M. ulcerans, M. celatum,

MAIS, M. avium, M. intracellulare,

M. scrofulaceum, M. malmoense,

M. haemophilum, M. chelonae
complex, M. fortuitum complex, and
M. smegmatis)

Innogenetics

Genotype® Mycobacterium MTBC (Reverse  Biocentric
dot-blot) Complex Mycobacterium

tuberculosis

Genotype® Mycobacterium CM/AS
(Reverse dot-blot) Identification of 26
Mycobacteria (M. avium, M. chelonae,

. abscessus, M. fortuitum,

. gordonae, M. intracellulare,

. scrofulaceum, M. interjectum,

. kansasii, M. malmoense,
peregrinum, M. marinum/

ulcerans, Complexe

tuberculosis, M. xenopi, M. simiae,
mucogenicum, M. goodii, M. celatum,
smegmatis, M. genovense,
lentiflavum, M. heckeshornense,

. szulgai/ M. intermedium, M. phlei,
. haemophilum, M. kansasii,

. ulcerans, M. gastri, M. asiaticum,
. shimoidei)

*x3x33333x33333E:

Genotype® MTBDR (Reverse dot-blot)
Resistance detection for isoniazide and
rifampicin of Mycobacterium tuberculosis

Hain
Lifescience



Identification of mycobacteria in culture

The genus Mycobacteria consist of diverses
acid-fast bacilli. The conventional methods for the
identification of these organisms are well established
bu they are also time consuming and laborintensive. On
the other hand, the results of these conventional tests
can be sometimes inconclusive. The introduction of
species-specific molecular probes have revolutionized
the identification of mycobacteria as the most useful
means of identifying commonly isolated mycobacteria
(e.g., M. tuberculosis, Mycobacterium avium,
Mycobacterium kansasii). Because many organisms
are present in the culture at the time of initial
detection, it is not necessary to amplify the target
genomic sequence. The commercially prepared probe
identification systems currently used are rapid (test
time 2 hours), sensitive and specific (5, 18).

Moleculer biology and detection of
antimicrobial resistance

Mutations leading to rifampicin resistance, a
marker for multidrug-resistant strains have been
detected using molecular methods. Many different
genotypic assays are currently available for drug
susceptibility testing. Most are based on PCR
amplification of a specific region of a gene followed
by analysis for specific mutations associated with
drug resistance. DNA probe assays have also been
used to detect rifampin resistance (5, 34, 35). One of
these assays, the INNO-Lipa Rif.TB (Innogenetics NV,
Chem, Belgium) is a commercially available reverse
hybridization-based probe assay for rapid detection
of rifampin mutations leading to rifampicin resistance

in M. tuberculosis. The assay has a sensitivity of 80%

Table 3. Sensibility and specifity of amplification tests used
in the diagnosis of M. tuberculosis isolated from respiratory
samples compared to the culture

Sensibility % Specificity
M+ M- %
AMTDB (GenProbe) 90-100  63.6-100  92.1-100
Amplicor (Roche) 87.5-100  50-71.7 91.3-100
BD Probe Tec 90-100  40.3-100 96-99.8
RealTime PCR 99.5 52 98.3
Lamp test 97.7 48.8 99

to 100% for detecting rifampin resistance (36). The
second line-probe assay is the Genotype MTBDRplus
assay (Hain Lifescience, GmbH, Nehren, Germany)
(34, 37). The Genotype MTBDRplus assay shows a
diagnostic sensitivity of approximately 98% with
a specificity of approximately 99% for detecting
rifampin resistance. For detecting isoniazid resistance
the diagnostic sensitivity is approximately 84% with
about the same specificity (approximately 100%) (38).

Epidemiological surveys

Molecular techniques permit strains analysis of M.
tuberculosis isolates for purposes of epidemiologic
studies. The most used technique is the RFLP-PCR
of the insertion sequence 1S6110. The 1S6110, was
specifically identified as the target of a DNA probe
to be used in fingerprint analysis (30, 39). Strain-
typing methods have also been used in the detection
of drug-resistant strains of M. tuberculosis. There
have been developed methods to detect mutations
in the M. tuberculosis RNA polymerase (rpoB) to
detect mutations associated with rifampin resistance
(30, 40).

Other bacteria

Although many amplification techniques exist, the
most widely used target nucleic acid amplification
method is the polymerase chain reaction (PCR).
Table 4 summarize some test kits used in molecular
diagnosis of other bacteria than C. trachomatis, N.
gonorrhoae and M. tuberculosis (17); Table 5 resumes
some bacteria detected by real Time PCR.

The advantage of PCR compared to usual bacterial
culture was clearly demonstrated in the following
situations:

» Detection and identification of bacteria difficult
to grow in culture that are extremely difficult
to grow (Bartonella spp., Coxiella burnetii,
Borrelia burgdorferi, Ehrlichia spp., Francisella
tularensis, Mycoplasma spp., Tropheryma
whippelii)

» More rapid detection and identification of bacteria
containing mycolic acids that grow slowly
(e.g., mycobacteria); more rapid detection of
opportunistic bacteria (Legionella spp.).
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o Ability to detect bacteria previously detected

Table 4. Principals commercial kits for the detection of other bacteria

by serology (e.g., group A beta-hemolytic
streptococci or toxin of Escherichia  coli
0157:H7). Quantification of infectious agent
burden was proposed for some bacteria to
appreciate their role in pathogenesis of diseases
(e.g., Streptococcus pneumoniae, methicillin-
resistant Staphylococcus aureus (MRSA) (41).

» Detection of bacteria in cerebrospinal fluids in

the clinical suspicion of meningitis (Neisseria
meningitis, S. pneumoniae and Haemophilus
influenzae).

 Ability to show nonviable microorganisms that

cannot be detected in culture because of other
reasons (e.g., a previous antibiotic therapy).

Kit

Company

Bacterial identification:
Sequencing of bacterial regions
Microseq

PyroMark

Lifescience
Biotage

Detection from culture

Accuprobe (HPA) (Staphylococcus aureus, Streptococcus pneumoniae, Streptococcus group A and
B, Enterococcus, Campylobacter, Haemophilus influenzae)

PNA FISH Staphylococcus aureus (FISH)
PNA FISH Enterococcus faecalis (FISH)

Gamme Genotype® EHEC: Detection and identification of enterohemorrhagic Escherichia coli

(EHEC)
Enterococcus: Genetic identification of enterococci and resistance to vancomycin
Blood Culture: Identification of Gram + and Gram- bacteria from blood cultures
Staphylococci: Identification of staphylococci, mecA gene and PVL gene
MicrolDent: Detection and genetic identification of anaerobic periodontal bacteria

Direct detection in clinical specimens:
GASDirect (HPA): Streptococcus group A

BD Affirm VPIII Microbial Identification Test: Direct identification of bacteria that cause vaginites

Gen-Probe

AdvanDX

Biocentric

Gen-Probe
Becton-Dickinson

(Candida sp., Gardnerella vaginalis and Trichomonas vaginalis) (DNA hybridization probe)

Test IDI-Strep B (Streptococcus B-Direct Hybridation)
Test IDI-MRSA (Detection of methicillin resistance of Staphylococcus aureus-Direct hybridization)

SepCheck (FISH in whole blood) (Staphylococcus aureus, Coagulase negative Staphylococcus,
Streptococcus spp., Enterococcus faecium and Enterococcus faecalis, Escherichia coli,

Pseudomonas aeruginosa and Enterobacterium spp)

TOCScan (Quantification of bacteria-Real-time PCR SYBR-Green)

GeneOhm Science

RiboTechnologies/
Microscreen

Genotype® MRSA Direct (reverse dot-blot): methicillin-resistant Staphylococcus aureus direct Biocentric

detection

Bacterial detection:

Pseudomonas aeruginosa Roche

Enterococcus faecalis

Staphylococcus aureus and coagulase negative staphylococci

Detection of resistance to therapy:

Detection of methicillin resistance of Staphylococcus spp. (MecA)

Detection of vancomycine resistance (vanA/vanB) of Enterococcus sp.

Gamme RealArt artus (Real-time PCR):

Borrelia spp.

Campylobacter spp. Qiagen

Listeria monocytogenes spp.

Gamme LightCycler (Real-time PCR):

Candida albicans detection Roche

Detection in whole blood (Real-time PCR): .

Aspergillus Tracer: Aspergillus spp. detection Affigene

Multiplex assays Seegene
IDOHA BIOTECH
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PCR can be used to detect antimicrobial
resistance mechanisms (e.g., mecA gene which
encodes resistance among methicillin-resistant
S. aureus strains, van genes which encode
vancomycin resistance among
resistant enterococci). Phenotypic mehods for
resistance detection are stil the methods of
choice most  resistance  mechanisms
determinants because of their simplicity.
However, the complexity of emerging resistance
mechanisms chalenges the ability and utility
of these classic methods (5, 7). Unfortunately,
there are some limitations in the use of
molecular the detection

vancomycin-

for

methods for of

resistance mechanisms. Despite these important
advantages, disadvantages still exist, notably
inhibitors (e.g., sputum, urine, feces).

REFERENCES

Phaller MA, Caliendo AM, Versalovic J. Molecular
biology. In: Isenberg HD, Garcia LS, eds. Clinical
Microbiology Procedures Handbook. Whashington
DC. ASM Press, 2007.

Lamoril J, Bogard M, Ameziane N, Deybach JC,
Bouizegarene P. Molecular biology in clinical
microbiology in 2007-Part 1. Immuno-Anal Biol
Spec, 2007; 22 (1): 5-18.

Nolte FS, Caliendo AM. Molecular microbiology.
Manuel of Clinical Microbiology, Washington DC:
ASM Pres, No: 10, 2011; 27-59.

Greenwood D, Slack R, Peutherer J, Barer M.
Medical Microbiology. 17th ed. Philadelphia:
Churchill Livingstone, 2007.

Forbes BA, Sahm DF, Weissfeld AS. Bailey & Scott’s
Diagnostic Microbiology. 12th ed. Philadelphia:
Mosby Inc, 2007.

Chen SC, Kontoyiannis DP. New molecular and
surrogate biomarker-based tests in the diagnosis
of bacterial and fungal infection in febrile
neutropenic patients. Curr Opin Infect Dis, 2010;
23 (6): 567-77.

7. Cai HY, Archambault M, Gyles CL, Prescott JF.

Molecular genetics methods in the veterinary
clinical bacteriology laboratory: current usage and
future applications. Anim Health Res Rev, 2003; 4
(2): 73-93.

Drancourt M. Molecular identification of bacteria.
Med Mal Infect, 1998; 28 (4): 380-2.

As medical

research of

infectious diseases

evolves, it is hoped that these techniques may also
be routinely used to investigate host immunogenetic
factors and host susceptibility for particular types

of

infections.

Better understanding of pathogen

genomics will lead to the discovery of new diagnostic
methods and therapies in the future.

Table 5. Bacteria which can be detected by Real-time PCR

Bacteria

Group A and B Streptococcus spp.

Escherichia coli 0157:H7
Bartonella henselae
Bartonella pertussis
Ehrlichia chaffensis
Tropheryma whipplei

Yersinia pestis

10.

11.

12.

13.

14.

15.

Mycoplasma pneumoniae

Legionella pneumophila
Haemophilus influenzae
Neisseria meningitidis
Borrelia burgdorferi
Bacillus anthracis
Clostridium difficile

Marcadé G. Rapid diagnostic tests for bacterial
infections. Immuno-Anal Biol Spec, 2013; 28 (4):
167-73.

Sibley CD, Peirano G, Church DL. Molecular
methods for pathogen and microbial community
detection and characterization: current and
potential application in diagnostic microbiology.
Infect Genet Evol, 2012; 12 (3): 505-21.

Biron M, Berche P, Ferroni A. Contribution of the
laboratory to the epidemiologic study of bacterial
infections. Pathol Biol, 2001; 49 (2): 128-37.

Meng QH. Mass Spectrometry applications in
clinical diagnostics. J Clinic Experiment Pathol,
2013. S6: e001. doi:10.4172/2161-0681.S6-e001.

Herida M, Michel A, Goulet V, Janier M, Sednaoui
P, Dupin N, et al. Epidemiology of sexually
transmitted infections in France. Med Mal Infect,
2005; 3 (5): 281-9.

Miller WC, Ford CA, Morris M, Handcock MS, Schmitz
JL, Hobbs MM, et al. Prevalence of chlamydial
and gonococcal infections among young adults in
United States. JAMA, 2004; 291 (18): 2229-36.

Anaes - Haute Autorité de Santé. Evaluation du
depistage des infection urogénitales basses a
Chlamydia trachomatis en France. Rapport 2003.
http://www.has-sante.fr/portail/upload/docs/
application/pdf/Chlamydia_tome2_synth.pdf.
Erisim: 02.01.2015

Turk Hij Den Biyol Derg

71



16.

17.

18.

19.

20.

21.

22.

725,

24,

258

26.

27.

28.

29.

72

Anaes - Haute Autorité de Santé. Place des
techniques de biologie moléculaire dans
Iidentification des infections urogénitales
basses a Chlamydia trachomatis. Rapport; 2003.
http://www.has-sante.fr/portail/upload/docs/
application/pdf/Chlamydia_tome1_synth.pdf.
Erisim: 02.01.2015

Lamoril J, Bogard M, Ameziane N, Deybach JC,
Bouizegarene P. Molecular biology in clinical
microbiology in 2007-Part 2. Immuno-Anal Biologie
Spec, 2007; 22 (2): 73-94.

Murray PR, Rosenthal KS, Pfaller, MA. Medical
Microbiology. 7th ed. Philadelphia: Saunders, 2013.

Hamdad F, Orfila J, Boulanger JC, Eb F. Chlamydia
trachomatis urogenital infections in women. Best
diagnostic approaches. Gynecol Obstet Fertil,
2004; 32(12): 1064-74.

Gaydos CA, Roblin PM, Hammerschlag MR, Hyman
CL, Eiden JJ, Schachter J, et al. Diagnostic
utility of PCR-enzyme immunoassay, culture, and
serology for detection of Chlamydia pneumoniae
in symptomatic and asymptomatic patients. J Clin
Microbiol, 1994; 32 (4): 903-5.

Johnson RE, Green TA, Schachter J, Jones RB,
Hook EW lll, Black CM, et al. Evaluation of nucleic
acid amplification tests as reference tests for
Chlamydia trachomatis infections in asymptomatic
men. J Clin Microbiol, 2000; 38 (12): 4382-6.

Diemert D, Libman MD, Lebel P. Confirmation by
16S rRNA PCR of the cobas amplicor CT/NG test for
diagnosis of Neisseria gonorrhoeae infection in a
low-prevalence population. J Clin Microbiol, 2002;
40 (11): 4056-9.

Cook RL, Hutchinson SL, Ostergaard L, Braithwaite RS,
Ness RB. Systematic review: noninvasive testing for
Chlamydia trachomatis and Neisseria gonorrhoeae.
Ann Intern Med, 2005; 142 (11): 914-25.

Mushahwar IK, McGrath LC, Drnec J, Overby LR.
Radioimmunoassay for detection of hepatitis B
e antigen and its antibody. Results of clinical
evaluation. Am J Clin Pathol, 1981; 76 (5): 692-7.

Olshen E, Shrier LA. Diagnostic tests for chlamydial
and gonorrheal infections. Semin Pediatr Infect
Dis, 2005; 16 (3): 192-8.

Anonymous. CDC (Center for Disease Control).
Screening tests to detect Chlamydia trachomatis
and Neisseria gonorrhoeae infections-2002.
morbidity and mortality weekly report 2002;
51. http://www.cdc.gov/std/labguidelines.
Erisim: 02.01.2015.

Koeck JL, Chakour M, Teyssou R. Apport de la
biologie moléculaire au diagnostic bactériologique.
Rev Franc Lab, 2001; 2001 (335): 37-41.

Tsara V, Serasli E, Christaki P. Problems in
diagnosis and treatment of tuberculosis infection.
Hippokratia, 2009; 13 (1): 20-2.

Heifets L. Gen-Probe test should not be considered

final in Mycobacterium tuberculosis identification.
J Clin Microbiol, 1989; 27 (1): 229.

Turk Hij Den Biyol Derg

30.

Byl

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Winn WJR, Allen S, Janda W, Koneman E, Procop
G, Schreckenberger P, et al. Koneman’s Color
Atlas and Textbook of Diagnostic Microbiology. 6th
ed. Philadelphia: Lippincott Williams & Wilkins,
2006.

Nahid P, Pai M, Hopewell PC. Advances in the
diagnosis and treatment of tuberculosis. Proc Am
Thorac Soc, 2006; 3 (1): 103-10.

Cheng VC, Yam WC, Hung IF, Woo PC, Lau SK, Tang
BS, et al. Clinical evaluation of the polymerase
chain reaction for the rapid diagnosis of
tuberculosis. J Clin Pathol, 2004; 57 (3): 281-5.

Truffot-Pernot C, Veziris N. Bacteriological tests
for tuberculosis: standards and perspectives. Rev
Mal Res, 2011; 28 (8): 1034-47.

Brossier F, Veziris N, Aubry A, Jarlier V, Sougakoff
W. Detection by GenoType MTBDRsl test of complex
mechanisms of resistance to second-line drugs and
ethambutol in multidrug-resistant Mycobacterium
tuberculosis complex isolates. J Clin Microbiol,
2010; 48 (5): 1683-9.

Vernet G, Jay C, Rodrigue M, Troesch A. Species
differentiation and antibiotic susceptibility testing
with DNA microarrays. J Appl Microbiol, 2004; 96
(1): 59-68.

Hillemann D, Riish-Gerdes S, Richter E. Feasibility
of the GenoType MTBDRsl assay for fluoroquinolone,
amikacin-capreomycin, and ethambutol resistance
testing of Mycobacterium tuberculosis strains and
clinical specimens. J Clin Microbiol, 2009; 47 (6):
1767-72.

Walters SB, Hana BA. Testing of susceptibility
of Mycobacterium tuberculosis to isoniazid and
rifampin by mycobacterium growth indicator tube
method. J Clin Microbiol, 1996; 34 (6): 1565-7.

Palomino JC, Traore H, Fissette K, Portaels F.
Evaluation of Mycobacteria growth indicator
tube (MGIT) for drug susceptibility testing of
Mycobacterium tuberculosis. Int J Tuberc Lung Dis,
1999; 3 (4): 344-8.

Cheng VC, Yew WW, Yuen KY. Molecular diagnostics
in tuberculosis. Eur J Clin Microbiol Infect Dis,
2005; 24 (11): 711-20.

Whelen AC, Felmlee TA, Hunt JM, Williams DL,
Roberts GD, Stockman L, et al. Direct genotypic
detection of Mycobacterium tuberculosis rifampin
resistance in clinical specimens by using single-
tube heminested PCR. J Clin Microbiol, 1995; 33
(3): 556-61.

Grisold AJ, Leitner E, Mihlbauer G, Marth E,
Kessler HH. Detection of methicillin-resistant
Staphylococcus  aureus and  simultaneous
confirmation by automated nucleic acid extraction
and real-time PCR. J Clin Microbiol, 2002; 40 (7):
2392-7.



Derleme/Review
Makale Dili “Triirkge”/Article Language “Turkish”

Turk Hijyen ve Deneysel Biyoloji Dergisi

Kuslarda ve insanlarda Chlamydophila psittaci enfeksiyonu
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OZET
Psittakoz, evcil ve yabani kuslarda gorilen ve
Chlamydophila  psittaci’nin neden oldugu sistemik,

morbiditesi yiiksek bir enfeksiyon olup, zoonotik o6zellik
gostermektedir. C. psittaci’nin diinya genelinde basta
papagan ve muhabbet kusu olmak iizere 470’in lizerinde
kus tiiriinde hastaliga yol actigi bilinmektedir. insanlarin
gerek yabani gerekse evcil kuslarla uzun yillar yakin iliski
icerisinde oldugu bir gercektir ve bu durum insanlarda
enfeksiyonun goriilmesine zemin hazirlamaktadir. C.
psittaci; Gram negatif, obligat, bifazik lireme siklusuna
sahip ve intraseluler bir bakteridir. Etken, kuslar arasinda
solunum veya fekal-oral yolla bulasmaktadir. Enfekte
kuslarda klinik olarak istahsizlik, goz ve burun akintisi,
konjunktivit, rinit, nefes almada zorluk, zayiflama,
tiylerde kabarmalar ve ishal gozlenebilir. Enfeksiyonun
insanlara bulasmasi inhalasyon veya dogrudan temas
yoluyla olmakta, kus 1sirmas1 veya insandan insana bulasma
nadir goriilmektedir. C. psittaci, insanlarda cogunlukla
pnomoni ile seyreden sistemik ozellikte bir enfeksiyona yol
acar. Tanida enzime bagli immiin sorbent analiz (ELISA),
komplement fiksasyon testi (KFT), mikroimmiin fluoresan
testi (MIF) gibi serolojik yontemlerin yan sira son yillarda
(PZR) temelli

yontemler kullanmilmaktadir. Hem enfekte kuslarin, hem

polimeraz zincir reaksiyonu molekiiler
de insanlarin tedavisinde tetrasiklinler veya makrolidler
tercih edilmektedir. Hastaligin oniine gecebilmek icin
ozellikle kuslarda kullanilabilecek ticari bir as1 mevcut
olmadigindan biyogiivenlik kurallarinin diizgiin sekilde
insan

uygulanmas1 gerek ekonomik yonden gerekse

ABSTRACT

Psittacosis is a systemic infection with high
morbidity caused by Chlamydophila psittaci in domestic
and wild birds.

C. psittaci leads an infection in over of 470 bird

It shows zoonotic characteristic.

species worldwide has been known. This is a fact that
people have a close relationship both with wild and
pet birds and this has paved the way for infection in
humans of. C. psittaci Gram negative, obligate and
intracellular bacterium with biphasic growth cycle.
It is transmitted by respiratory and fecal-oral route
between birds. Clinically, anorexia,eye and nasal
discharge, conjunctivitis, rhinitis, difficulty breathing,
weight loss, ruffled feathers and diarrhea may also
seen in infected birds. Transmission of infection to
humans occurs through inhalation or direct contact and
transmission through bird bites or human-to-human is
rare. C. psittaci usually leads to the systemic infection
associated with pneumonia in humans. In recent years,
PCR based molecular methods are used as well as
serological methods such as ELISA, CFT, MIF in diagnosis.
Both of infected birds and humans, tetracyclines and
macrolides are preferred for treatment of infection.
In order to prevent the disease, due to there isn’t
any commercial vaccine for especially using in birds,
applying biosafety rules is very important in terms of
human health and economical

aspects. Especially,

veterinarians, bird breeders and dealers, poultry
farmers and slaughterhouse workers are at high risk for

C. psittaci infection. Due to the transmission to humans
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saglig1 yoninden oldukca 6nemlidir. Ozellikle veteriner
hekimler, kus yetistiricileri ve saticilan, kiimes hayvanlan
yetistiricileri ve kesimhanede calisanlari C. psittaci
Psittakoz

enfeksiyonunun insanlara bulasmasi ve potansiyel biyolojik

enfeksiyonu acisindan yuksek risk altindadir.

silah olarak kabul edilmesi nedeni ile halk saglig1 yoniinden
Hastalik ile ilgili
farkindaligin diisiik olmasi ve hastaligin degisken bir klinik

onemli oldugu dustiniilmektedir.
tablo gostermesi dolayisiyla tanida gozden kacinlabilecek
olmas1 nedeniyle bu derlemede insan ve kuslar icin
enfeksiyon ile ilgili detayli bilgi verilmesi amaclanmistir.

Anahtar Kelimeler: Chlamydophila psittaci, insan,
kus, psittakoz

of psittacosis infection and accepting it as a potential
biological weapon, it is thought to be important for
public health. In this review, it is aimed to give detailed
in human and birds,
because it can be missed at the diagnosis, hence there

information about infection

is low awareness about disease and it has got variable
clinical symptoms.

Key Words: Chlamydophila psittaci, human, bird,
psittacosis

GIRIS

Chlamydophila psittaci evcil ve yabani kuslarda
sistemik, bulasic1 ve zoonotik bir enfeksiyona yol
acmaktadir (1 - 3). Psittacine kuslarda (muhabbet
kusu ve papagan) ve insanlarda goriilen hastaliga
“Psittakoz”, psittacine grubu kuslar disinda basta
kanaryalar olmak lzere diger kuslarda goriilen
hastaliga ise “Ornithoz” adi verilmektedir. Son
yillarda etkenin adina gore yapilan adlandirmada
hastaliga “Klamidiyoz” adi verilirken, papaganlardaki
hastaliga ayn1 zamanda “Parrot fever = Papagan
atesi” adi da verilmektedir (4 - 7). Enfeksiyon,
insanlarda ilk kez 1879 yilinda Isvicre’de goriilmdis,
1894 yilinda ise enfeksiyonun papaganlardan
insanlara bulastig1 kesinlik kazanmistir. Enfeksiyonda
morbidite %50-80, mortalite ise %10-30 arasinda
degismektedir. Etkenin, biyolojik silah olarak kabul
edilmesi dolayisi ile oldukca onem arz etmektedir
(8 - 11). Biyolojik silah olarak kullanilan bakteriler
arasinda ikincil oneme sahip bakterilerdendir (11).

Ulkemizde kuslarda bu hastalikla ilgili cok fazla
calismaya rastlanilmamistir. Sareyyiipoglu ve ark.
(12), kafes kuslarinin diskilar ile yaptiklari molekuler
bir calismada 47 hayvandan 43’inde (%91,5) etkenin
DNA’sin1 saptamistir. Celebi ve Ak (13), 96 hayvanin
diskiincelemesinde 33’linde (%34,4) C. psittaci DNA’s1
belirlediklerini bildirmislerdir. Karakuzulu (14), su
kuslarinda yaptigi serolojik calismada 140 hayvandan
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91’inde (%65) enfeksiyonun varligin1 saptamistir.
Ulmemiz disinda yapilan calismalara bakilacak
olursa; Hermann ve ark. (15), kloakal svaplarla
yaptiklari molekiler bir calismada, 431 kustan
%10’unda pozitiflik tespit etmislerdir. Heddema ve
ark. (16), 331 fekal ornekten 26’sinda (%7,9) etkenin
DNA’s1n1 tespit ettiklerini bildirmislerdir. Vanrompay
ve ark. (17), 308 kustan 59’unda (%19,2) molekiler
olarak etken DNA’sin1 saptamislardir. Lima ve ark.
(18), yaptiklar1 bir calismada 238 giivercinden
40’1inda (%17) etkenin varligin1 belirlemislerdir.
Dickx ve ark. (3), 32 giivercin vyetistiricisinin
dordiinde (%12,5) C. psittaci bulasik oldugunu
saptamislardir. Lagae ve ark. (19), inceledikleri 19
tavuk ciftliginde calisan 31 kisiden 29’unun (%93,5)
kiltir sonuclarimin C. psittaci yonunden pozitif
bulundugunu belirtmislerdir. Kalmar ve ark. (20),
yabani kus bakim evinde yaptiklan bir calismada;
42 kustan 11’inde (%26), aym yerde calisan 10
kisinin de iclinde (%30) C. psittaci varligim
bildirmislerdir.

Etiyoloji

Zaman icerisinde Rikettsia psittaci, Ehrlichia
psittaci, Rickettsia formis psittaci ve Chlamidozoon
psittaci  gibi isimlerle tammlanmis olan bu



mikroorganizma kesin siniflandirmanin yapilmasindan
sonra Chlamydophila psittaci olarak adlandinlmistir.
Gram negatif, kapsiilsiiz, sporsuz, hareketsiz olan
bu mikroorganizmalar obligat intraseliiler ozellikte
bakterilerdir. Etken “Levinthal-Cole-Lillie” inkliizyon
cisimciklerine sahiptir ve bu cisimcikler Giemsa veya
Macchiavello yontemleri ile boyanarak tanida onem
arz ederler. C. psittaci, laboratuvarlarda kullanilan
genel besiyerlerinde uremezler. Etkenin uremesi icin
canli hiicrelerin bazi molekiillerine ihtiyac duymalar,
ureme asamasinin bakterilerden biraz farkli olmasi gibi
sebepler, izolasyonlarim1 zorlastirmakta ve Uremeleri
icin canli sistemlere ihtiyac duyulmalarina neden
olmaktadir. Etken ancak hiicre kiiltiirlerinde, embriyolu
tavuk yumurtalarinda ve deney hayvanlarinda
uretilebilmektedir (4, 17, 21-23).

Epidemiyoloji

Kuslarda: C. psittaci kanaryalar, muhabbet
kuslart ve papaganlarin disinda tavuk, givercin,
hindi, yaban ordegi gibi bircok kanatlida, memeli
hayvanlarda ve insanlarda da enfeksiyonlara yol
acmaktadir (7, 11). Hastaligin 470’den fazla kus
tlriini etkiledigi bildirilmektedir (3, 24).

Etken, kuslarda sindirim ve solunum yoluyla
bulasarak enfeksiyona sebep olur. Bu acidan fekal-
oral bulasma, havada bulunan mikroplu damlaciklar
ve kontamine kurumus fekal tozlar onemlidir. Kuslar,
iyi olmayan bakim kosullar, yetersiz beslenme,
stres faktorleri ve immiin sisteme olumsuz etki
eden nedenler predispozisyon yaratmaktadir.
Saglikli kuslarin bulundugu yere, herhangi bir saglik
kontrolinden gecirilmeden, karantina siresine
dikkat edilmeden getirilen diger kuslar, hastaligin
yayilmasinda onemlidir. Hasta hayvanlarin sekret
ve eskretlerinde, kontamine tiylerinde etkene
fazlaca rastlanir. Tiksirma ile havaya karisan etken
soluk alma ile diger hayvanlarin akcigerlerine kadar
ulasabilir. Bu tarz bulasma ozellikle fazla sayida
kusun oldugu vyerlerde &nemlidir. Etken sokucu
sineklerle ve boceklerle de tasinabilmektedir. Ayrica,
vertikal bulasma muhabbet kusu, tavuk, ordek, kaz
gibi hayvanlarda gozlenmis, fakat bu tarz bulasma
oraninin disiik oldugu bildirilmistir (3, 4, 10, 23, 25).

insanlarda: Hastalik insanlara enfekte kanatli
salgilarinin, diski tozlarinin solunmasi ile ya da
dogrudan temas sonucu bulasmaktadir. Ozellikle
evde beslenen kuslarin kontamine gaitalar kafesin
tabanindaki kagit Uzerinde toplanmaktadir ve
mikropla bulasik kuru gaita tozlarinin inhalasyonu
sonucu insanlarda enfeksiyon sekillenmektedir. Bu
nedenle ozellikle kafes kusu yetistiricileri gibi cok
sayida hayvanla ugrasanlarin maske kullanmalan
ve gaita ile kontamine kagid1 degistirirken dikkatli
olmalar1 gerekmektedir. insandan insana bulasma
da aerosol yolla olup nadir gozlenmekte ve bu tir
sekillenen bulaslar daha agir seyirli bir enfeksiyona
yol agmaktadir. (4, 21, 22, 26-28).

Semptomlar

Kuslarda: Enfeksiyon kuslara (yas, 1rk, duyarlilik
vs.), etkene (miktar, virulens), cevresel kosullara
(stres, kalabalik, bakim-besleme, hijyen vs.) gore
degismek Uzere asemptomatikten kronige kadar
degisik derecelerde seyretmektedir (4, 29).

Hastaligin  inkiibasyon  siiresi  konakcinin
duyartiigina, mikroorganizmanin  giris yoluna,
virilansina, miktarina, hayvanin yasina ve cevresel
kosullara gore 5-60 giin arasinda degismektedir.
Klinik belirtiler, olusan enfeksiyonun siddetine gore
degisiklik gostermektedir (23, 30).

Kanarya gibi “nonpsittacine” grubu kuslarda
durgunluk, hareketsizlik, tiiylerin kabarmasi,
goz ve burundan akinti gelmesi, konjunktivitis,
istahsizlik, zayiflama gibi genel bulgular disinda
soluk almada zorluk ve hinltii soluma, Okslrik,
tiksirik, ses tonunda degismeler, 6tmede isteksizlik,
yesilimsi bir ishal ve diskida urat kristallerinin
bulunmas1 gibi 6zel bulgular da meydana gelebilir
(5, 12, 31-34). Mortalite ise hastaligin siddetine gore
degisiklik gostermektedir (31). Nekropsi bulgularina
bakildiginda, st solunum yollarinin etkilendigi
gorulur. Burun, larinks, soluk borusu ve bronslarin
mukozalar1 hiperemik ve uzerlerinde fazla miktarda
mukoid madde birikimine rastlanir. Akcigerlerde
de hastaligin siddetine gore tek ya da cift tarafli
pnomoni lezyonlarina rastlanabilir (4, 23).
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Muhabbet kusu ve papagan gibi psittacine grubu
kuslarda asemptomatikten kronige kadar degisen
semptomlar gozlenir. Mortalite oran1 genellikle
disuk duzeyde kalmaktadir. Enfekte kuslarin
biyik cogunlugu klinik belirtiler gostermeden
etkeni asemptomatik olarak tasiyabilir ve etrafi
kontamine edebilirler (2, 4). Bu tarz subklinik
olgularda etkilenen kuslar yogun stres altinda
kalirsa hastalanarak etkeni daha cok disar sacarlar
(4).

Aktif olgularda tuylerde kabarma, konjunktivitis,
rinitis, nefes zorlugu, zayiflama, ishal, poliliri,
tuylerde matlasma gozlenebilir. Bu bulgularin
hepsini tek bir kusta gormek mimkiin degildir.
Nadiren sinirsel semptomlara bagli olarak boyunda
bukulmeler ve bacaklarda paraliz gelisebilir.
Nekropside karaciger ve dalakta biiyiime, akcigerde
odem, pnomoni, miyokarditis gozlenebilir (4).

insanlarda: C. psittaci insanlarda respiratuvar
enfeksiyona yol acar ve klinik semptomlar oldukca

degiskendir. Enfeksiyon insanlarda hafif gribal
semptomlar veya agir seyirli atipik pnomoni
semptomlart ile kendini gosterir. Enfeksiyonun

inkiibasyon periyodu 7-21 giin arasindadir. Hastalarda
halsizlik, ates, Usiime-titreme nobetleri, bas agrisi,
bogaz agrisi, oksiiriik, istahsizlik ve miyalji sekillenir.
Cogunlukla bronko-pnomoni gozlenebilir. Enfeksiyon,
hafif olgularda 10-14 giin, agir olgularda ise 3-7
hafta kadar siirer. Hastaligin nadiren perikardit ve
miyokardit veya tromboembolik komplikasyonlar
ile de seyredebilecegi bildirilmistir. Enfeksiyon,
primer atipik pnomoni, bruselloz, tifo, influenza,
tuberkuloz gibi hastaliklarla kanstirilabilir. (1, 9,
21, 28).

Teshis

Kuslarda: Nekropside karaciger ve dalakta
bliyuime, perikarditis, sinusitis, hava keselerinde
yangi, enteritis, pnémoni ve peritonitis sekillendigi
bildirilmistir (28).

Klinik ve nekropsi bulgularina bakilarak kesin
teshis yapilamamaktadir. Bu nedenle laboratuvar
muayenelerine  gereksinim  duyulmaktadir.  Bu
amacla, hasta hayvanlardan alinan kan, burun
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ve sinus akintilan, larinks ve trakeal svaplar
laboratuvara gonderilir. Sekretlerden ve svaplardan
yapilan preparatlar Stamp veya Giemsa boyama
yontemine gore boyanabilir. Stamp boyama
sonrasinda pembe renkte cok kiicik boyutlarda
etkenler gorilmelidir. Giemsa boyama sonrasinda
ise etkenler hiicre icinde veya disinda mavi renkte
gorulmelidir (4, 23). Alinan bu materyallerden
hazirlanan inokulumlarin, farelere intranazal yolla,
genc kobaylara intraperitoneal yolla enjekte edilmesi
ve/veya 6-7 glnlik embriyolu tavuk yumurtasina
ekim yapilmasiyla etken izolasyonuna yapilabilir.
Her ne kadar etken izolasyonu gecerli bir yontem
olsa da cogu zaman basarli sonu¢ alinamayabilir.
Sonuclarin negatif ¢cikmasi da hicbir zaman kuslarda
psittakoz olmadigi anlamina gelmemektedir (4).

Serolojik olarak serumlarda etkene karsi bulunan
spesifik antikorlar, duyarli serolojik testlerle (ELISA
vb.) ortaya konabilecegi gibi, dokularda etkene ait
spesifik antijenlerin saptanmasinda ELISA’nin yani
sira indirekt immun floresans antikor testi (iiFAT)
de kullanilabilir. Hayvanlar kiiclik olmasina ragmen
yeterli miktarda serum alinabilirse, KFT, agar jel
immun diffiizyon testi (AGID) ve lateks aglutinasyon
testi (LAT) de yapilabilir. Ayrica, son donmelerde
siklikla molekiler yontemler teshiste etkili bir
sekilde kullamlmaktadir (4, 10, 36)

insanlarda: C. psittaci yuksek virulansa
sahip bir mikroorganizma oldugu ve laboratuvar
kazalar sirasinda kolay bulas olabilecegi icin 6zel
ekipmali biyoguvenlik 3 diizeyinde laboratuvarlara
ihtiyac duyulmaktadir. Hastaligin akut donemi ve
antibiyotik kullanimindan once etken izolasyonu,
tan icin onemlidir. Tanm1 amaciyla balgam, plevral
sivi veya pihtilasmis kan ornekleri kullanilabilir.
Etken izolasyonu icin onceleri embriyolu tavuk
yumurtasina ekim yontemi kullamlirken son
yillarda Buffalo Green Monkey, McCoy, Hela, Vero
ve L-929 hiicre hatlarindan yararlanilmaktadir.
Hastaligin tamisinda insanlar icin de kuslarda
oldugu gibi serolojik yontemler de (ELISA, KFT,
mikro-immunofluoresans) kullanilmaktadir. Ancak
son yillarda molekiiler teknikler ozellikle multiple
nested PCR temelli ompA saptama testi rutin olarak



tercih edilmeye baslamistir. Ayrica kantitatif Real
Time PCR, sekans analizi ve microarray de ayrintili
genotipik incelemelerde kullanilmaktadir (28, 36, 37).

Sagaltim

Kuslarda: Hasta hayvanlar, ayr1 bir kafese
alinarak bakim ve beslemelerine dikkat edilmelidir.
Yemlere vitamin ve mineral takviyesi yapilarak
immun sistemi kuvvetlendirmek faydali olabilir.
Hayvan bakicilari, hasta hayvanlarin  yanina
koruyucu kiyafetlerini (tulum, bashik, maske ve
eldiven) giyerek girmelidirler. Hasta kuslara genis
spektrumlu antibiyotikler, yemlerine katilmak
suretiyle verilebilir. Tedavi genellikle uzun sirmekte
ve antibiyotik secimi iilkeden ulkeye degisiklik
gostermektedir (4, 23).

insanlarda: Tedavide doksisiklin veya tetrasiklin
hidroklorid gibi tetrasiklinler basta olmak uzere
azitromisin ve eritromisin gibi makrolidler de
kullanilabilir.  Ancak antibiyotiklerin  ozellikle
tetrasiklinlerin  kanatli  endustrisinde  siklikla
kullanilmas1 nedeniyle C. psittaci suslarinda direnc
gelisimi de bildirilmistir (28, 38).
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Laktik asit bakterilerinde cogunlugu algilama mekanizmasi

Hatice YILMAZ-YILDIRAN', Aynur Giil
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OZET

Uzun yillar mikroorganizmalarin sadece c¢ogalan,
besin arayan kendi baslarina yasayan hiicreler olduklari
Ancak 50 il
tarafindan bakterilerin birbirleri ve cevreleri ile iletisim

dustnulmustur. once mikrobiyologlar

kurduklarimin  anlasilmast  ile  mikroorganizmalarin
diinyasina bakis acis1 degismistir. Iletisimde kullanilan
dil,

molekiillerine

sinyal molekullerinden olusmakta ve sinyal

adi
verilmektedir. Bakteriler Uretilen sinyal molekillerinin

genel olarak “otoindiikleyici”
yogunlugunu oOlcebilmekte, bu sayede ortamdaki diger

mikroorganizmalarin ~ miktarin1  algilayabilmekte ve
tire oOzgu davramslar sergileyebilmektedirler. Yapilan
calismalar; farkli mikroorganizmalarin farkli cogunlugu
algilama (CA) molekiillerini kullandiklarim, hatta bazi
mikroorganizmalarnin bir kac cesit sinyal molekilini
birden kullandigin1 ortaya koymustur. LuxI/LuxR sistemi,
oligopeptit sistemi ve hibrit sistem olmak Uzere (¢
cesit cogunlugu algilama mekanizmasi tanimlanmistir.
Bu mekanizmalarda kullanilan sinyal molekili ve bu
molekiiliin algilanmas1 birbirinden farklidi. Cogunlugu
algilama ile ilgili ilk calismalar deniz suyunda yasayan
Vibrio fischeri ve Vibrio harveyi bakterileri ulzerinde
yapilmis ve sonraki asamada patojen bakteriler
lizerine yogunlasmistir. Spor olusturma, konjugasyan,
biyoliminesans, biyofilm olusturma, antibiyotik tretimi ve
bakteriyosin Uretimi gibi ture 6zgu pek cok davranis CA
mekanizmasi ile kontrol edilmektedir. CA mekanizmasinin

anlasilmasi, patojen mikroorganizmalarla etkili sekilde

ABSTRACT

For a long time, microorganisms were considered
as just multiplying, finding nutrients and living by
themselves organisms. But that belief changed 50 years
ago along with the discovery of bacteria communication
with each other and environment by microbiologists.
The language used in the communication consists of
signal molecules and these molecules are generally
called “auto inducer”. Bacteria are capable of
measuring density of these molecules and by this way
they are able to detect amount of the other organisms
and can have specific behaviors. Studies prove that
different types of bacteria use different quorum
sensing molecules, and some species use several
kinds of signal molecules together. There are three
Luxl/LuxR,
oligopeptide and hybrid system. Among these systems,
type of

are different from each other.

described quorum sensing mechanisms;

signal molecules and their perceptions
The first quorum
sensing studies are accomplished on Vibrio fischeri
and Vibrio harveyi and then focused on pathogen
microorganisms. Many specific behaviors such as

spore forming, conjugation, bioluminescense, biofilm

forming, antibiotic production and bacteriocin
production are controlled by quorum sensing
mechanisms. Understanding of QS mechanism is

very important in the terms of effective struggling
with pathogen microorganisms and understanding
behavior of lactic acid bacteria. Because of lactic
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micadele edilmesinde ve laktik asit bakterilerinin
davramislarinin - anlasilmasinda son derece oOnemlidir.
Ancak laktik asit bakterilerinin CA mekanizmasinin cok
farkli sinyal molekiillerinin kullanilmas1 ve algilamanin
olaylar dizisi seklinde gerceklesmesi nedeniyle anlasilmasi
zordur. Bu derlemede, saglik lizerine olumlu katki saglayan
probiyotik ozellikteki laktik asit bakterilerinin konakgisi
ile uyumu, sindirim sistemindeki patojenlerin gelisimini
ve koloni olusturmasini engellemesi, bakteriyosin
Uretimi, asit kosullara ve safra tuzlarina dayanimi, epitel
hiicrelere tutunma gibi pek cok 6zelliginin CA ile baglantisi
Laktik asit bakterileri

kullamlan CA mekanizmasimin anlasilmas

degerlendirilmistir. tarafindan
ile yeni
donem probiyotikler olarak tanimlanan metabiyotiklerin

tasarlanmasinda yarar saglayacagi diisiiniilmektedir.

Anahtar Kelimeler: Laktik asit bakterileri, cogunlugu
algilama, sinyal molekiilt

acid bacteria use different type of signal molecules
and detection occurs as a consecution it is hard
to understand their QS mechanism. In this review,
between QS
characteristics of lactic acid bacteria are evaluated

connection mechanism and some

such as concordance with its host, inhibition of
pathogen development and colonization in
gastrointestinal  system, bacteriocin  production,

acid and bile resistance, adhesion to epithelium

cells. Understanding QS mechanism of lactic acid

bacteria will be useful to design metabiotics

which is defined as novel probiotics.

Key Words:
Signal molecule

Lactic acid bacteria, Quorum sensing,

GIRIS
Mikroorganizmalar, gunlik yasantimizin hemen
varliklarint  hissettirmektedirler.

her alaninda

Mikroorganizmalarin bulunmadig bir yer
diisinmek neredeyse imkansizdir. insan hayatinda
mikroorganizmalarla surekli iletisim ve etkilesim soz
konusudur. Bu iliski ve etkilesim sonucunda karsiikli
fayda ve zarar ortaya c¢ikmakta ve insanoglu bu
iletisimi kendi yararina yonelik kullanmak icin
caba sarf etmektedir. Ancak bunu basarabilmenin
en iyi yolu; mikroorganizmalar cok iyi tanimak,
davranmislarini ve dillerini iyi anlamaktir (1).
Cogunlugu Algilama (CA); cogunluk (quorum)
ve hissetme, algilama (sensing) kelimelerinin
birlestirilmesi ile olusturulmakta ve ilk calismalar
1960°li yillara kadar dayanmaktadir. Bu alanda ilk
calismalar deniz suyunda yasayan Vibrio fischeri
ve Vibrio harveyi bakterileri Uzerinde yapilmistir
(2). Deniz suyunun mililitresinde 100’den daha az
sayida bulunan bu iki bakterinin normal sartlarda

1s1ma yapmadigi, ancak bazi deniz baliklarinin 1sik

80

Turk Hij Den Biyol Derg

organellerinde 10'"-10" seviyesine ulastiklarinda
1Isimaya neden olduklarinin tespit edilmesi ile
Buradaki

tirevi bir

CA mekanizmas1 anlasilmistir. sinyal

molekilunin  S-adenozil metiyonin
acil-homoserin lakton oldugu aciklanmis ve bu
sinyal molekilinin sentezinden sorumlu genler

tanimlanmistir.  Bu sistem, bundan sonraki CA
calismalariicin model olarak kullanilmis ve calismalar
bu dogrultuda ilerlemistir (3). Bu derlemede, saglik
lizerine olumlu katki saglayan probiyotik 6zellikteki
laktik asit bakterilerinin konakcis1 ile uyumu,
sindirim sistemindeki patojenlerin gelisimini ve

koloni olusturmasin1 engellemesi, bakteriyosin
Uretimi, asit kosullara ve safra tuzlarina dayanimi,
epitel hiicrelere tutunma gibi pek cok o6zelliginin
CA ile baglantis1 degerlendirilmistir. Laktik asit
bakterileri tarafindan kullanilan CA mekanizmasinin
anlasilmas1 ile yeni donem probiyotikler olarak
tanimlanan metabiyotiklerin tasarlanmasinda yarar

saglayacagi distinilmektedir.



1. COGUNLUGU ALGILAMA MEKANIZMASI

Yapilan calismalar farkl
farki  CA
kullandiklarini,

mikroorganizmalarin
mekanizmalari  ve  molekillerini

bazi durumlarda bir kac cesit
sinyal molekiliniin aym anda kullandigin1 ortaya
koymustur. Farkli tiirde olmalarina ragmen ayn
sinyal molekulunt kullanan mikroorganizmalarin
varligi da ispatlanmistir (4).

Mikroorganizmalarin iletisim kurmak icin Urettigi
sinyal molekillerine genel olarak “otoindikleyici-
OI1” adr verilmektedir. Bu molekiller besi ortamina
salinir, diger hiicreler tarafindan algilanir ve bu
molekiillere yanit verilir. CA mekanizmasi tlire 6zgl
farkliliklar gostermektedir. Bu mekanizmay kullanan
mikroorganizmalarda, bakterilerde,

ortamda yeterince besin maddesi bulunmazsa,

ornegin

hiicre sayis1 belirli bir esik degere ulasmadigindan,
bu mekanizma aktif hale gecmez ve tire ozgl
davranislar sergilenmez (5).

CA'nmin ilk asamasinda, her turiin kendine o6zgu
genleri kullanarak, eksponansiyel fazin sonlarina
dogru artan miktarda sinyal molekili urettigi

gorilmektedir.  Sinyal  molekillerinin  ortama
salinmasinin ise hiicre zarn yapisindaki 6zel bir sistem
araciligiyla gerceklestigi tespit edilmistir (6). ikinci
asamada, sinyal molekiillerinin degisime ugratilmasi
ve besi ortamina salinmasi protein yapisindaki
ozel molekiiller araciligi ile olmaktadir. Uciincii ve
son asamada, sinyal molekillerinin algilanmas iki
sekilde gerceklesmektedir. Birinci

asama, sinyal

molekiiliniin hiicre icine alinmasi, ikincisi ise
molekiiliin hiicre icine alinmadan, hiicre zarindaki

alicr bolgeler ile algilanmasidir (7).

Bu mekanizma icinde kullanilan sinyal molekiilleri
genel olarak Uc grupta toplanmaktadir. Bunlar;
acil-homoserin lakton (AHL veya HSL) turevleri,
oligopeptitler ve furanosil borat diester tirevleridir

(8).

AHL molekiilleri Gram negatif bakteriler,
oligopeptit grubu sinyal molekiilleri ise Gram
pozitif  bakteriler tarafindan kullanilmaktadir.

Furan tirevleri ise baz1 Gram negatif veya Gram
pozitif bakterilerde ikincil sinyal molekili olarak
gorev alir (2).

Bu mekanizma icerisinde yer alan sinyal
molekiillerinin cesidi ve bu molekiillerin algilanma
sekline gore ¢ cesit CA mekanizmasi vardir. Bunlar:

1. Luxl/LuxR Sistemi (Gram negatif bakterilerde)

2. Oligopeptit Sistemi (Gram pozitif bakterilerde)

3. Hibrit Sistem (Gram negatif ve Gram pozitif

bakterilerde) (9).

1.1. Luxl/LuxR Sistemi

Gram negatif bakterilerde bulunan bu sistemde,
Luxl ve LuxR olarak adlandinlan duzenleyici iki
protein rol alir. Ureme ortamina AHL’nin sentezinden
sorumlu otoindiikleyici sentaz olan Luxl tipi enzimler
tarafindan sentezlenerek salgilanan bu molekiiller,
ortamda birikmeye baslar ve belli bir esik degere
ulasmadan hucrelerde bir uyarilma gerceklesmez.
Sinyal
sitoplazmaya alinmasi ile molekil algilanmis olur.
Sitoplazma icindeki sinyal molekilleri, LuxR tipi

molekullerinin hlicre zarinda taninarak,

transkripsiyonel dizenleyiciler tarafindan algilanir
(10). AHL
faktorlerine (TF) baglanarak aktiflesmesini saglar. TF

sinyal molekillerinin  transkripsiyon
ise ilgili operonlarin promotorlarina baglanarak gen
ekspresyonunu dizenler. Boylece her tir kendine
0zgl davranms1 sergiler. Gram negatif bakterilerin
kullandig1 sinyal molekilii ilk kez V. fischeri’de
kesfedilen N-acil-homoserin lakton (AHL) tiirevleridir.
Cogunlugu
calismalar en fazla Gram negatif bakterilerden

algilama mekanizmalarina  yonelik

Pseudomonas aeruginosa, Escherichia coli ve

Salmonella tiirleri Gizerinde yogunlasmistir (8).

1.2. Oligopeptit Sistemi

Bu sistemde otoindikleyici peptitler (OIP)
olarak bilinen oligopeptitler salgilanir. Bunlar 5-17
aminoasitten olusmaktadir. Oligopeptit sisteminde
sinyal molekdillerinin algilanma mekanizmasi ise iki

bilesenli algilama sisteminden olusur. Bu sistemi
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olusturan proteinlerden biri hiicre zarina yerlesmis
olan bir histidin kinazdir. Digeri ise histidin kinazin
aktif olmasina bagli olarak calisan bir TF’dir (11).
Salgilanan sinyal molekiili miktarn esik degere
ulastigt zaman, hiicre yiizeyindeki alici bolgeler
ile sinyal molekili etkilesimi sonucunda histidin
kinaz proteinleri aktiflesir. Bu sekilde aktiflesen
bileseni
TF proteini fosforlayarak aktiflestirir. Boylece CA

yuzey proteinleri sistemin ikincil olan
mekanizmasina bagli davranislarin gerceklesmesi
saglanmir. Gram pozitif bakterilerde, Gram negatif
bakterilerde oldugu gibi AHL araciligiyla olusan CA
sistemi bulunmamaktadir. Gram pozitif bakterilerin
oligopeptit kullandiklarn

(12). Bacillus tirleri, Listeria monocytogenes ve

sistemini bildirilmistir
Staphylococcus turu bakteriler bu sitemi kullanan ve
tzerinde en cok calisma yapilan bakterilerdir (13).

1.3. Hibrit Sistem

Hibrit sistem baz1 ozellikleri acisindan Luxl/
LuxR sistemine, bazi ozellikleriyle de oligopeptit
sistemine benzerlik gostermektedir. Hibrit sistemde,
iki cesit sinyal molekulu kullamlr. Birincisi Gram
negatif bakterilerde goriilen AHL tiirevleridir. ikinci
sinyal molekilu ise furan tirevlerinden olusur.
Sinyal molekiilleri diger sistemlerde oldugu gibi
belli esik degere ulastig1 zaman hiicreler tarafindan
algilanir. Algilama sisteminde her iki sinyal molekulu
oligopeptit sistemine benzer sekilde, hiicre zarinda
yer alan iki bilesenli sistemler tarafindan algilanir. Bu
sistem, sinyal molekullerinin hicre icine alinmayip
hiicre zarindan algilanmas1 yoniiyle oligopeptit
sistemine benzemektedir (14).
tarafindan

Hibrit sistemde, LuxLM proteini

uretilen OI-1 sinyal molekulii LuxN proteini
tarafindan alimr. OI-2 sinyal molekili ise luxS
geninde kodlanan LuxS proteininin  LuxP’ye

baglanmas ile olusan LuxQ proteini tarafindan alinir.
Her iki sistemde de membrana bagli histidin kinazlar
olan LuxN ve LuxQ, sinyal molekulu hucre icine
alinirken sinyal molekuline ¢cok basamakli bir izyolu
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ile fosfat gruplarin1 ekler. Bu yolla iletilen sinyal
molekiili disiik hiicre yogunlugunda LuxO proteini
ile birlesir ve luxCDABE genlerinin transkripsiyonunu
engeller. Yiiksek hiicre yogunlugunda ise LuxN ve
LuxQ, LuxO uzerindeki fosfat gruplarini alir. Boylece
alict  proteinin sentezi gerceklesmeyeceginden
transkripsiyon aktivatori olan LuxR, luxCDABE gen
ekspresyonunu uyarir. Boylece ture 6zgu davranislar
gerceklesir (3, 11).
Bakterilerde tirler saglayan
Ol-2 olup,

Gram pozitif bakteri tarafindan Uretilmektedir.

arasi iletisimi

molekiil bircok Gram negatif ve
0lI-2’nin varligi ilk kez V. harveyi’de, daha sonra E.
coli, Helicobacter pylori, Neisseria meningitidis,
Porphyromonas gingivalis, Streptococcus pyogenes,
Shigella flexneri ve Salmonella
gibi bircok bakteri

gosterilmistir (15).

typhimurium

kultirtin Ust kisimlarinda

2. CA MEKANIZMASINI KULLANAN CANLILAR VE
BU MEKANIZMA ILE KONTROL EDILEN DAVRANISLAR

CA mekanizmas1 baslangicta sadece bakteriler
tarafindan kullanilan bir mekanizma olarak
disuinulse de ayn tire ait bakteriler arasinda farkli
bakteri turleri arasinda ve prokaryot canli ile okaryot
konakgist arasinda da gorilmektedir (16, 17).

CA mekanizmasi ile kontrol edilen pek cok
fenotipik  ozellik, hucre
dogrudan iliskili

ve  mikroorganizmalar

konsantrasyonu ile
oldugundan  mekanizmanin
tarafindan  sergilenen
davranislarin anlasilabilmesi icin Gireme egrilerinden
yararlanilmaktadir (18). Hiicreler ireme ortamina
uyum sagladiktan sonra boliinmeye baslar ve sayilan
artmaya devam eder. Bolinme hizi baslangicta
yavasken, eksponansiyel faza dogru gidildikce artar.
Ancak bu asamada da hiicre yogunlugu ve ortama
salinan sinyal molekiili yogunlugu azdir. Bu nedenle
CA genleri heniiz aktif degildir. Hiicre sayisindaki
artisla dogru orantili olarak CA sinyal molekiili ve
bu mekanizmanin kontrolu altinda sentezlenen
de giderek Duragan fazin

molekuller artar.



baslangicinda, hem sinyal molekulleri hem de bu
molekiiller sayesinde sentezlenen diger molekiiller
en yuksek konsantrasyona ulasir. Bu asamadan
sonra CA mekanizmasi ile kontrol edilen tiire 6zgu
fenotipik davranislar sergilenmeye baslar (9).

CA mekanizmas1 her tiir icin farkli oldugu gibi
her tiir icin kullanim amaci da farklidir. Bu farkliigin
nedeni, her tiirlin sahip oldugu genetik bilginin
farkli olmasidir. Bu mekanizma ile spor olusturma,
konjugasyan, biyoliminesans (19), hiicre bolinmesi,
lag fazindan cikma, biyofilm olusturma (14, 20-
22), hiicre dist enzimlerin salgilanmasi, virilans
(23),
kommensal-patojen formlar arasinda donusum (24),

faktorlerinin olusumu antibiyotik uretimi,
bakteriyosin uretimi (25-27) gibi bircok tire 0zgu
davranis kontrol edilmektedir. Yapilan calismalarda;
E. coli 0157:H7’nin virlilans ozelliklerinin ortaya
cikmasinda (28), dislerde plak olusumunda (29) CA
mekanizmasinin kullanildigr belirtilmistir.

Gida endiistrisi ve saglik acisindan ¢ok onemli
olan biyofilm olusumu da CA mekanizmasi ile
kontrol edilmektedir (13).
ilgili yapilan genetik incelemeler sonucunda, hiicre

Biyofilm olusumu ile
dis1 sinyallerin ve CA mekanizmasinin biyofilm
etkili oldugu ortaya
Pseudomonas aeruginosa’nmin biyofilm olusturmasi

olusumunda konmustur.
ile ilgili bir calismada; mikrobiyal yuk arttikca
biyofilm olusumunun da arttig1 tespit edilirken (17,
30), S. aureus’un CA mekanizmasi bloke edildiginde,
biyofilm olusumunda artis gozlendigi bildirilmistir. S.
aureus’un daha az sayida iken biyofilm olusumunu
arttirdigi, yliksek sayiya ulastiginda biyofilm
olusturmaktan vazgecerek konakgr hiicreye saldirdig
dusunulmektedir (31, 32).

Aynen farkli insan topluluklarinin farkli diller
kullanmas1 gibi farkli mikroorganizmalar da farkl
CA  molekileri kullandiklarindan anlasamazlar.
Hatta bazi mikroorganizmalar birkac cesit sinyal
Farkli

olmalarina ragmen ayni sinyal molekiliini kullanan

molekilund birden kullanmaktadir. turde

mikroorganizmalarin  varligt da ispatlanmistir.

Bu tarz capraz iletisim, cesitli
gruplarinin bir arada bulundugu sistemlerde (biyofilm
gibi) yaygindir (3). Ozellikle ayn1 ekolojik nis icerisinde

mikroorganizma

yer alan turler tarafindan, CA molekullerinin ortak
olarak kullamldig1 bildirilmistir (4).

3. LAKTIK ASIT BAKTERILERINDE (LAB) CA
MEKANIZMASI

Probiyotik o0zellik gosteren mikroorganizmalar
arasinda onemli bir yere sahip olan laktik asit
(LAB) Gram pozitifti. LAB pek cok
fermente gidada, insan ve hayvanlarin bagirsak

bakterileri

sistemlerinde bulunmaktadir. LAB arasinda genis ve
cesitli bir grup olan Lactobacillus cinsi bakteriler
saglik lzerinde olumlu etkilere sahiptir (26).
Laktik asit bakterilerinin hangi mekanizmalari
kullanarak saglik lizerine olumlu etki gosterdigi
pek cok arastirmaya konu olmustur. inhibe edici
maddeler Uretmek, toksin reseptorlerinin yikim,
besin maddeleri icin rekabet, bagisiklik sistemini
guclendirmek ve sindirim sitemi boyunca patojenlerin
tutunma bolgelerini bloke etmek, probiyotiklerin
etki mekanizmalari olarak gosterilmektedir (33).
Bugiine kadar yapilan calismalarda; sadece
insanlar ve sahip olduklarn mikroflora arasindaki
karmasik iliskinin genel hatlan belirlenebilmistir.
Bunun yani sira genetik arastirmalar yapildikca,
konak¢i-mikroflora etkilesiminin daha karmasik
Laktik asit bakterileri

hakkinda yapilan genomik calismalarla baz1 sorulara

oldugu belirlenmektedir.

cevap bulunurken, elde edilen bulgular yeni sorularin
da ortaya ¢ikmasina neden olmaktadir (34).
Probiyotik o©zellikteki LAB’in  kullandigi CA
mekanizmas1 farklilik gostermektedir. Ayn1 amacla
kullanilsa bile farkli mekanizmalar devreye girmekte
ve mekanizma tek bir molekil ile yiriutilmemekte,
olaylar bilesimi seklinde gerceklesmektedir. Bu
nedenle de karmasik ve anlasilmasi zor bir alan
olarak kabul edilmektedir (17). LAB genellikle
oligopeptit yapidaki sinyal molekilleri ile iletisim

kurmaktadir. Oncelikle aktif olmayan formdaki
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oncul molekuller sentezlenmekte, daha sonra
molekuller translasyon modifikasyonu
ile (proteolitik yikim ve/veya glikozilasyon gibi)
Aktiflesen

molekiilleri bakteriler ve/veya hiicre yuzeylerinde

bu oncil

aktif alicilara donusmektedir. sinyal
ozel alic1 bolgeler vasitasiyla taninmaktadir. Bakteri
ve konakcisi arasindaki capraz iletisim de genellikle
ayni yolla gerceklesmektedir (35).

LAB’da cevreyi algilama ve cevreye uyum,
bakteriyosin Uretimi, patojenlerin inhibisyonu ve
gida sistemlerindeki CA mekanizmasi uizerine yapilan

calismalar bulunmaktadir.

3.1. Gevreyi Algilama ve Uyum Ozelligi

LAB uygun sekilde koloni olusturmak ve degisen
cevre kosullarina etkin olarak uyum saglayip,
canliligint siirdiirebilmek icin cevreye 6zgii sinyalleri
algilama sistemlerine ihtiyac duymaktadir. Bu
bakterilerde yaygin olarak kullanilan TCS (two-
component regulatory system) adi verilen iki
bilesenli duzenleyici bir sistem mevcuttur. Bu sistem
icindeki bilesenlerden biri membrana bagli olan
histidin protein kinaz (HPK), digeri ise sitoplazmik
adlandinlan RR

(cytolasmic response regulator)’dir. Bu bilesenlerden

cevaplart duzenleyici olarak
HPK, sinyali alir ve RR’ye iletir, RR ise belirli gen
ekspresyonlarinin olusmasini saglar. Sistem fosfat
grubunun yer degistirmesi yoluyla sinyal iletimini
gerceklestirir. Her iki sistem bileseni de bir operon
yapisi icindedir. LAB’daki bu sistem ile cevredeki
ozmotik basing degisimleri, besin elementlerinin
miktarlar (C, N, P) ve sicaklik algilanarak gerekli
cevap olusturulur (36).

LAB tarafindan CA mekanizmasinda kullanilan
iki bilesenli dizenleyici sistem, L. acidophilus
icin tamimlanmistir. Bu sistemin, bakterinin safra
tuzlarina tolerans ve asit direnci 6zellikleri Uzerinde
etkili oldugu gosterilmistir. Bu iki 6zellik de sindirim
probiyotik
derece

sistemindeki canliigin devami ve
islevlerin  belirlenmesi

onemlidir (37, 38).

acisindan  son

84

Turk Hij Den Biyol Derg

LAB’1n yuzeye tutunma ve
mikroorganizmalar ile rekabet etme ozelliginin de

CA mekanizmasi ile kontrol edildigi belirlenmistir.

diger

L. plantarum WCFS1 ile gerceklestirilen in silico bir
calisma sonucunda, bu mikroorganizmanin oldukca
yiksek sayilabilecek peptit temelli CA-TCS’lerine
sahip oldugu gosterilmistir. Bu durum, bu tiriin
cevrede daha yaygin olarak bulunmasinin ve uyum
yeteneginin diger tiirlere gére daha iyi olmasinin
sebebi olarak bildirilmistir (39, 36).

Cesitli cevresel etkenler karsisinda canliligini
sirdirme, asit kosullara dayanim ve biyofilm
olusumunun laktik asit bakterilerinde bulunan
luxS geni ile kontrol edildigi bildirilmektedir. L.
rhamnosus GG, L. salivarius UCC118, L. acidophilus
NCFM ve L. johnsonii NCC5334 gibi dort farkli susun
dislik asitlige kars1 verdigi cevaplarin arastirnldig
bir calismada; luxS geninin asidik strese karsi cevap
vermede oOnemli bir rol oynadig1 gosterilmistir.
Asidik
salgilanan OI-2 sinyal molekillerinin aktivitesinin

stres karsisinda laktobasiller tarafindan

arttigr saptanmistir (38).

3.2. Bakteriyosin Uretimi
LAB’da CA mekanizmas1 ile ilgili
baz1

yapilan
laktobasil
turleri tarafindan Uretilen ve bakteriyosin olarak
antimikrobiyal  peptit
yogunlasmistir. Bu bakteriyosinler genellikle aym

calismalann buyik bir bolumd,

adlandinilan uzerinde
ekolojik nis icerisinde yer alan bakteriler Uzerinde
aktif etki Laktobasiller
uretilen bakteriyosinlerin cogu kiiciik, 1stya dayanikli

gosterirler. tarafindan
ve yuksek izoelektrik noktaya sahip proteinlerdir.
Cogu susta bakteriyosin liretimi bakteri yogunluguna
bagli bir sekilde salgilanan bir feromon peptiti ile
kontrol edilir (26).

Bakteriyosin Uretiminde CA mekanizmasinin etkili
olmasina ilaveten, bazi bakteriyosin molekdillerinin
sinyal molekiilli olarak gorev yaptigi da bilinmektedir.
Gram bakterilerde

pozitif bakteriyosinlerin

de icinde yer aldig1 peptitler sinyal molekiilii



olarak rol oynamaktadir. Bu nedenle en azindan
bakteriyosinler; yiksek konsantrasyonlarda
inhibitor etken, disik konsantasyonlarda ise sinyal

bazi

molekiili olarak iki gorevi birlikte ustlenmektedir.

Boylece probiyotik suslar tarafindan uretilen
bakteriyosinler; CA mekanizmas icerisinde yer alan
sinyal molekili veya otoindiikleyici peptitler olarak
bagirsak florasi lizerine etkili olurlar. Otoindiikleyici
peptitler genellikle sinyal rolu disinda bir isleve
sahip degilken, bazi peptitler ayn1 zamanda
antimikrobiyal olarak da gorev alirlar. Buna en iyi
ornek nisindir. Nisin hem antimikrobiyal etkiye sahip
bir molekiil, hem de hiicre yogunluguna bagl olarak
kendi biyosentezinde rol alan sinyal molekuludir
(27). Bu ozellik, L.

uretilen salivarisin Abp118 ve L.

salivarius UCC118 tarafindan
plantarum C11
tarafindan uretilen plantarisin A icin de gecerlidir
(40).

LAB’da tespit edilen ve CA mekanizmasi ile
kontrolii saglanan ekspresyon sistemlerinden biri,
nisinin sinyal molekiili olarak gérev yaptigi nisin-
kontrolli ekspresyon sistemidir (41). Lactococcus
lactis’in nisin Uretimi (42) iki bilesenli diizenleyici
bir sistem ile kontrol edilir. Bu sistemdeki bilesenler
NisK ve NisR’dir (43-45). Ispanya’ya 6zgii kirmizi
saraplardan izole edilen L. plantarum J51’de
bakteriyosin uretimine ait genetik bilgiyi iceren pln
lokuslar1 tanimlanmis (46) ve bakteriyosin uretme
ozelliginin CA ile kontrol edildigi tespit edilmistir
(47).

LuxS geni ile kontrol edilen CA mekanizmasinin
arastirildigi bir diger calismada; Cin’de geleneksel
olarak dogal fermantasyon yolu ile iiretilen kremadan
izole edilen, L. plantarum KLDS1.0391 tarafindan
sentezlenen plantarisin MG’nin, L.  helveticus
KLDS1.9207, Enterococcus faecium KLDS4.0352,
L. reuteri KLDS1.0737 ve E. faecalis KLDS4.0313
suslarina etkisi arastirilmistir. Elde edilen sonuclar;
plantarisin MG uretiminin L. plantarum KLDS1.0391
bagli
gostermistir. Hiicre konsantrasyonundaki artisin yani

hiicre konsantrasyonuna olarak arttigim

sira diger dort susun bakteriyosin Uretimini tesvik
ettigi de belirlenmistir. L. plantarum KLDS1.0391’in
CA sisteminin luxS temelli bir mekanizma oldugu
bildirilmistir (48).

LAB ile vyapilan bir diger calismada; sarap
Uretimi sirasinda starter kiltlir olarak kullanilan
L. reuteri DSMZ 20016’nin gliserol fermantasyonu
yolu ile olusturdugu 3-hidroksipropiyonaldehit (3-
HPA) Uretiminin CA mekanizmasi ile kontrol edildigi
ortaya konmustur. 3-HPA’nin, 1988 yilinda reuterin
ismi ile patenti alinmis ve gidalarda koruyucu
olarak kullanilmaya baslanmistir. Calisma sonundaki
veriler 3-HPA’nin dretiminin bu molekulin kendi
konsantrasyonu ile baglantili olarak CA mekanizmasi
ile kontrol edildigini gostermistir (49).

3.3. Patojenlerin Engellenmesinde CA Sistemi
Laktik
mikroorganizmalar1 inhibe ederek saglik (zerine
etki gosterdigi  pek
gosterilmistir.  Bu calismalardan

asit bakterilerinin patojen

olumlu cok calismada

birinde tavuk
korbagirsagindan izole edilip tanimlanan 36 adet
Lactobacillus susundan 25 adedinin E. coli ve
S. typhimurium Uzerinde degisik oranlarda inhibe
edici etki gosterdigi tespit edilmistir (50).
Probiyotik ozellik gosteren mikroorganizmalarin
ayn1 zamanda patojenlerin sinyal molekullerinin
olusmasinm agirtikli

engelleyen dusik molekul

biyoaktif bilesenleri urettikleri de bildirilmistir.

Bu biyoaktif bilesenler arasinda kisa zincirli

yag
organik asitler,
ve sinyal molekilleri sayilabilir. Bu molekillerin
patojenler tarafindan olusturulan toksinleri, zararl

asitleri, bakteriyosin benzeri bilesikler,

hidrojen peroksit, nitrik oksit

metabolitleri ve sinyal molekiillerini etkisiz

hale getirerek ya da duretimlerini baskilayarak
patojenlerin aktivitelerini engelledigi bildirilmistir
(35).

Patojenlerin rekabetle engellenmesi acisindan
da CA sistemi onem tasimaktadir. L. acidophilus

ve L. monocytogenes birlikte gelistirdiklerinde,
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L. acidophilus’un mukozaya tutunma ozelliginin
olumlu yonde gelistigi
ilgili daha fazla arastirmaya ihtiyac duyulmakla
birlikte, L.
bir molekilin luxS genini aktive ederek sindirim

belirlenmistir. Konu ile

monocytogenes tarafindan salgilanan

sistemindeki rekabette L. acidophilus lehine bir
durum olusturdugu gosterilmistir. Benzer bir iliskinin
L. reuteri ve E. coli 0157:H7 arasinda da oldugu
bildirilmistir (51).

LAB’1n
tutunma ve koloni olusturma ozelligine etkileri

enteropatojenlerin bagirsaklarda
in vitro bir calisma ile incelenmistir. Arastirma
sonucunda; L. acidophilus LA-5 tarafindan uretilen
benzeri molekillerin

protein enterohemorajik

E. coli 0157:H7’nin engellenmesinde, ayni
zamanda patojen mikroorganizmanin bagirsaklarda
koloni olusturmasinda ve CA mekanizmasinda etkili
olan enteropatojenik gen transkripsiyonunu azalttig
gosterilmistir (52).

Patojenlerin  engellenmesine dis yuzeyine
yapismak suretiyle sakkarozdan ¢ozunmeyen glukan
ve asit olusturarak dis plaklarinin olusmasinda etkili
olan Streptococcus mutans ile probiyotik ozellik
gosteren Lactococcus lactis arasindaki iliski de 6rnek
verilebilir. L. lactis’in besin azliginda yarismali
olarak S. mutans’1 engelledigi ve bunun yani sira
S. mutans tarafindan salgilanan hiicre dis1 sinyal
molekillerinin L. lactis’in nisin Uretimini tesvik
ettigi belirlenmistir. Yapilan pek cok calismada,
tukurikte bulunan S. mutans sayisinin probiyotikler
tarafindan antimikrobiyal 6zellikteki proteinler yolu
ile azaltildig1 gosterilmistir (29).

Son urunlerinde

yillarda, su antibiyotik

kullanmadan bakteriyel enfeksiyonlarin kontrol

altina alinmasinda probiyotiklerden yararlanilmasi
ile ilgili calismalar giderek artmakta ve ilgi
cekmektedir. Enfeksiyona neden olan bakterilerin
iletisimlerini saglamak amaciyla sentezledikleri
AHL turd CA molekullerini etkisiz hale getirme
ozelligindeki  inhibitorlerin

probiyotik  suslar

tarafindan sentezlendigi, 6zellikle Bacillus cinsleri
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tarafindan sentezlenen CA-inhibitorleri tarafindan
balik patojenlerinin lretmis oldugu AHL miktarinda
belirgin seklide azalma oldugu
(53-55).

Laktobasil cinsinden farkli probiyotik suslarin

gosterilmistir

P aeruginosa lizerine etkilerinin arastirnldig
calismalarda; farkli
belirlenmistir. Bu mekanizmalardan biri, probiyotik

birkac CA mekanizmasi
ozellik tasiyan suslar tarafindan P. aeruginosa’nin CA
gen ekspresyonlarini engelleyen bazi molekiillerin
iiretilmesidir. Ozellikle L. paracasei spp. paracasei
CMGB 18 ile yapilan calismada, bu susun patojen
P. aeruginosa’nmn gelisimini, yluzeye tutunmasini ve
CA mekanizmasinda rol alan molekillerin udretimini
gerceklestirecek gen ekspresyonlarini engelledigi
gosterilmistir.  Ayrica  probiyotikler tarafindan
uretilen asetik asit ve laktik asit gibi organik
asitlerin ozellikle ilaclara kars1 direnc genlerinin
olusmasini engelledigi yani CA inhibitorleri olarak

rol oynadiklar ortaya konmustur (56).

Bu konudaki calismalar genellikle, firsatci
patojen olan ve hastane enfeksiyonlarinin
gelismesinde rol alan P aeruginosa Uzerine

yogunlasmistir (30, 17). Ancak LAB’a yonelik sinirli
sayida calisma bulunmaktadir. Fermente gidalarda
yaygin olarak tespit edilen ayni zamanda aroma
katki
durumlarda

uzerinde olumlu saglayan Enterococcus

faecalis, bazi virilans  ozellik

gostererek septisemiye ya da bakterimiye neden

olabilmektedir. Bu mikroorganizmadaki virilans

etkenlerin ekspresyonlari CA mekanizmasi ile kontrol

edilmektedir. Ancak LAB’da virilans ozelliklerin

ortaya cikmasi cok rastlanan bir ozellik degildir
(57).

3.4. Gida Sistemlerindeki Laktik Asit

Bakterilerinde CA Mekanizmasi

Fermantasyon vyolu ile (uretilen gidalarda,

mikroorganizmalarin  birbirleri  ile  kurduklan

iletisimin anlasilmasi, fermantasyonun

tasarlanmasina ve sistemin basarili  sekilde



calismasina katki saglayacaktir. Gida sistemlerinde
birlikte gelisen mikroorganizmalar tarafindan
Uretilen aroma maddeleri, vyag gibi
teknolojik acidan oldukca onemli olan metabolitlerin

asitleri

Uretiminin de CA mekanizmalan temeline dayandigi
bildirilmistir (58).

L. helveticus, L. plantarum, L. paraplantarum,
L. sanfranciscensis, E. faecalis’in de aralarinda
bulundugu

bakterilerle yapilan bir calismada;

(5H)-furanonun  sinyal molekuli olarak rol
oynadig1 ve gida fermantasyonlarinda patojenlerle
antagonistik iliskinin anlasilmasinda onemli oldugu
bildirilmistir. Aslinda 5H-furanon ugucu ve suda/
yagda coziinebilen aromatik bir bilesiktir. Piyasada
sotolon (cemen kokusuna benzer bir kokuya sahip)
gibi kimyasal olarak uretilmis ticari analoglarn da
bulunmaktadir. Patojenlerin gelisimlerinin kontrol
altina alinmasinda, biyofilm  olusturmalarinin
tarafindan
kiltur

ile gidada dogal olarak bulunan LAB arasindaki

engellenmesinde  ve  laktobasiller

olusturulan fermente gidalarda baslatici

iliskilerin duzenlenmesinde bu sinyal molekulinin
etkin oldugu bildirilmistir (59).

LBS ve L.
sanfranciscensis LSCE1’in birlikte gelistirildikleri

Saccharomyces cerevisiae
eksi hamurda yapilan calisma sonucunda; bazi stres
faktorleri karsisinda salgilanan metabolitlerin ve
sinyal molekiillerinin mikroorganizmalarin birbirleri
ile kurduklarn iletisimde etkili oldugu ortaya
konmustur. Eksi hamur orneginde o6zellikle aroma
olusumunda CA mekanizmasinin oldukca etkili oldugu
ve bu konuda yapilacak ayrintili calismalara ihtiyac
duyuldugu bildirilmistir. Teknolojik ac¢idan onemli
bazi metabolitlerin iiretiminde hiicre yogunluguna
baglhi olarak harekete gecen CA sisteminin etkili

oldugu dustinilmektedir (58).

Benzer  sekilde L.

mekanizmasinin arastirilmasi

plantarum’un  CA
icin yapilan diger
DPPMA174
rossiae gibi eksi hamurdan izole edilen

bir calismada, L. sanfranciscensis
ve L.
laktobasiller birlikte gelistirildiklerinde, aralarinda
CA mekanizmasi icinde yer alanlar da dahil, bazi
gen ve protein ekspresyonlarinin etkilendigi tespit
edilmistir. L. plantarum DC400 susunun tek basina
ve L. sanfranciscensis DPPMA174 ya da L. rossiae
A7 suslarn ile birlikte gelistirildiginde yaklasik
olarak sirasiyla 2,5 ve 3,5 kat daha fazla luxS
gen olustugu
(60).

ekspresyonunun bildirilmistir

SONUC

Mikroorganizmalarin  birbirleri ve konakcisi
ile kurduklan iletisimin anlasilmas1 ile genetik,
metabolik ve fizyolojik pek cok aktivite hem
anlasii, hem de yeni amaglar icin kullanilabilir
hale gelecektir. Ancak, ozellikle LAB tarafindan
kullanilan CA mekanizmasi

daha ayrintili calismalara ihtiyac vardir. Probiyotik

tzerinde yapilacak

ozellik tastyan mikroorganizmalarin birbirleri ve

konakcilar ile kurduklan iletisimin anlasilmasi
ve kullanilmasi ile bagirsak florasi ve insan sagligi
iliskisi onemli ol¢lide aydinlanacaktir.
Gida bozulmalarinin ve mikrobiyal kaynakli
gida zehirlenmelerinin oniine gecilmesi acisindan
da mikroorganizmalarin CA mekanizmalarinin
anlasilmas1 son derece onemlidir. Raf omrunin
uzatilmasiyla Uretim masraflann ve gida kayiplan
azaltilmis olacaktir. Bu noktada hem patojenlerle
gida dogal

yollarla Uretimi, hem de yeni nesil probiyotiklerin

mucadele, hem koruyucularinin

tasariminda CA sistemlerinden yaralanmanin dogru
bir yaklasim olacag disiiniilmektedir.
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