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Mucorales takimi

Backusellaceae

* Zygomycetes (eski taksonomi) Crisamphoceas, | Uinknown afilaion

Backusellaceae

Syncephalastraceae

®* Mucoromycotina (gincel taksonomi) Cunninghameliaceae._

® Ya k|a$|k 240 tur Saksenaeaceae

Lentamycetaceae

Rhizopodaceae

Mucorales
240 species

° .
Septasiz hifler Lchtheimiaceas

Radiomycetaceae

Pilobolaceae

®* Melanin icermezler

Phycomycetaceae

® Sporangiospor eseysiz sporlari

Mycotyphaceae

Mucoraceae

* Zigospor eseyli sporlari




Mucorales takimi

® Rhizopus, * Cokeromyces,

* Mucor, * Actinomucor,

* Lichtheimia (eskiden Absidia), * Syncephalastrum,
®* Rhizomucor, * Thamnostylum,

® Cunninghamella, * Moycotypha,

* Saksenaea ®* Chlamydoabsidia,

* Apophysomyces, ® Mortierella




Mukormikoz

® Mucorales takimi mantarlarin neden oldugu anjiyoinvaziv ve agresif seyirli
fungal enfeksiyon

* Eskiden zigomikoz olarak isimlendirilmekteydi.

°* Mukormikozda en sik izole edilen tur Rhizopus arrhizus’tur.

® Rhizopus, Lichtheimia ve Mucor diinyadaki olgularin yaklasik %75’inden

sorumludur.

Mucormycosis
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Mucormycosis is caused by molds belonging to the order Mucorales, most commonly

Rhizopus species. Other causative species include Mucor species, Cunninghamella
bertholletiae, Apophysomyces species, and Lichtheimia (formerly Absidia) species.



Mukormikoz Tanisi Neden Zor?

* Hizli progresyon

* Kualtar negatifligi

® Yanlis 6rnekleme
* Antifungal baslanmis olgular
* Serolojik test yok

oo laktomannan / B-D-glukan negatif

* Non-spesifik goruntiuleme

® Multidisipliner tani yaklasimi gerektirir

Dogru tani = Dogru 6rnek + Dogru zaman + Dogru yontem




Laboratuvar Tanisi

* Direkt mikroskopik inceleme
° Kualtur
* MALDI-TOF MS

* Molekuler yontemler

rDNA gen bdlgesi

58S D2 . B8 :

ITS1 ITS2

ITS : Internal Transcribed Spacer
IGS : Intergenic Spacer 8,188 bp



Uygun Ornek Tipleri

* Kutanoz lezyonlardan cilt kazintilari,

®* Rinoserebral tutulumda nazal akintilar,

® Sinuslerden kazinti ve aspirat 6rnekleri,

® Pulmoner lezyonlarda bronkoalveoler lavaj ve igne biyopsileri,

® Gastrointestinal hastaligi olan olgularda biyopsi dokulari,

Mucorales’in histopatolojik incelemede diger filamentoz
kiiflerden ayirt edilmesi zor olabilecegi icin uygun klinik

orneklerin cok sayida ve dogru sekilde toplanmasi dnemlidir.

Lass-Florl, C. (2009). Zygomycosis: conventional laboratory
diagnosis. Clin Microbiol Infect, 15, 60-65.



Uygun Ornek Tipleri

* Kutanoz lezyonlardan cilt kazintilari,

®* Rinoserebral tutulumda nazal akintilar,

® Sinuslerden kazinti ve aspirat 6rnekleri,

® Pulmoner lezyonlarda bronkoalveoler lavaj ve igne biyopsileri,
® Gastrointestinal hastaligi olan olgularda biyopsi dokulari,

® Otopsi ornekleri
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The Postmortem Features of Mucormycosis

Tracy S. Halvorson ©, Alexandra L. Isaacson ©, Bradley A. Ford, and Dennis J. Firchau

ABSTRACT

Mucormycosis is a rare and severe invasive fungal infection caused by ubiquitous fungi of the order Mucorales. Infection often occurs in
immunocompromised hosts and includes cutaneous, pulmonary, gastrointestinal, rhinocerebral, and disseminated forms of disease. Although the
clinical characteristics of mucormycosis are well established, infection can be difficult to diagnose antemortem, resulting in frequent postmortem
diagnoses. Despite this, the gross appearance of mucommycosis at autopsy has not been well described. In the present report we illustrate the

Lass-Florl, C. (2009). Zygomycosis: conventional laboratory
diagnosis. Clin Microbiol Infect, 15, 60-65.



Uygun Ornek Gonderimi

* Mukormikoz stiphesinde laboratuvar

onceden bilgilendirilmeli. -
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* Sogukta gdnderilmez. ideali oda
Isisinda, mimkunse hemen

* Steril kapta serum fizyolojik ile
nemlendirilmis gazl bez icinde

® Kurutulmadan

* Formalin eklenmeden gonderilir.
® Laboratuvarda homojenizasyon yapilmaz.

* Dilimleme yada parcalama sonrasi Saboraud dekstroz agara ekim yapilir.

Ekstida ve nekrotik dokuda; canli organizma sayisi azdir.

Bu 6rneklerde yogun inoktilasyon gereklidir.




Direk Mikroskobik Inceleme

® Moucorales takimina ait

® Hyalin kuf,

° genis (6-25 um) capli,

* septasiz, duzensiz, serit benzeri,

* genis aciyla (90°) dallanan hif yapilarinin

goralur.

® Ucuz ve hizli ancak negatifligi enfeksiyonu

dislamaz (duyarlilik %70-80).

Aspergillus ve diger hiyalen kiflerden ayrimi

antifungal tedavi seciminini etkilediginden

klinik acidan onemlidir.




Direk Mikroskobik Inceleme
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* Doku biyopsisi, endoskopik sinlis 6rnegi, orbital doku, BAL
® Kdultur negatif olarak sonuclansa dahi ozellikle steril bir bolgeden alinan
biyopsi ornegindeki pozitif dogrudan mikroskobik inceleme sonucu dikkate

alinmalidir.



Kultur

® Kesin tani etkenin kiltlrde Uretilmesi ile konur.

® Mucorales takimi mantarlar Sabouraud dekstroz (antibiyotikli), PDA, BHI
agarda 28-30°C’de hizli Greme (24-72 saat) ozelligindedir.

* Pamuksu, beyaz-gri koloniler olustururlar.

® Petri kutusunu dolduran yintimsu koloniler olustururlar.

* Kdulturde uretildikten sonra identifikasyon yapilabilir.




Kultur

* Pozitifligi cok degerli ancak negatifligi mukoru dislamaz.

® Mucorales, biyopsi ve laboratuvarda doku ezme islemleri sirasinda kolayca
hasar goren ilkel koenositik hiflere sahiptir.

* Bu nedenle mikroskobide gorilmelerine ragmen kiltirde Gremeyebilirler.

* Mukormikoz stiphesi varliginda doku 6rneklerinin ezilmeden ekimi dnemlidir.

® Fungal kultlrler olgularin yalnizca %15-25"inde pozitiftir.

Tuz karabiber gérinimu Pamuk goérinimu

Lass-Florl, C. (2009). Clin Microbiol Infect, 15, 60-65.



Kultur

Negatif kultur # Mukormikoz yok

Steril olmayan vucut bolgelerinden
alinan kalturlerdeki pozitiflik tek basina
tani koydurucu degildir ciinkii Mucorales
cevrede yaygin bulunur.

Kaltirde Mucorales treyen 6rneklerin
yalnizca %7,6’sinin gercekte enfekte
hastalara ait oldugu gosterilmistir.
Torres ve arkadaslarinin calismasinda
|6semili hastalarda Mucorales
izolasyonunun pozitif prediktif degeri

%88 bulunmustur.
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Torres-Narbona M, et al. Med Mycol 2008;46(3):225-30.



MALDI-TOF MS

* Avantajlari (hiz, dogruluk)
* Dusuk maliyet, kolay uygulanabilirlik

* Dezavantajlari (veritabani bagimhligi)
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MALDI-TOF MS

Mucor circinelloides

Mucor lanceolatus

Mucor racemosus complex

Mucor velutinosus

Rhizopus microsporus complex

® Filamentdz mantarlar icin MALDI-TOF MS ticari kitliphanelerindeki fungal
spektrum cesitliligi gorece sinirhdir.

® Mucorales takiminda hif kompozisyonu heterojen, mutlaka mekanik ve

kimyasal on ekstraksiyon gerekir.



MALDI-TOF MS

”‘““"‘" Jo_umal Ofn . March 2025 Volume 63 Issue 3
=4 seaerveor | Clinical Microbiology

3 | Editor’s Pick | Clinical Microbiology | Full-Length Text

Comparison of the Filamentous Fungi Library v4.0 MALDI
Biotyper Platform vs MSI-2 performance for identifying
filamentous fungi from liquid cultures

Maria F. Gonzalez-Lara,' Carla M. Roman-Montes,' Paulette Diaz-Lomeli,' Winston Hernandez-Ceballos,'? Lizeth Morales-Camilo,’
Axel Cervantes-Sanchez,' Andrea Cordero-Rangel,' Jazmin Tejeda-Olan,’ Alexandro Bonifaz-Trujillo,* Alfredo Ponce-de-Leén,’
Areli Martinez-Gamboa'

* 2 farkli MALDI-TOF MS’in filamentoz mantarlari tanimlama performansinin
referans yontem olan dizi analiziyle karsilastirildigi calismada;

* Genel dogruluk: %96 - %78,5

®* Mucorales takiminda: %88,9 - %55,5

FFL v4.0 MSI2
Section Correct Correct Non-ID  MisID at Correct Correct Non-ID  MislD at
section/SC/genus species level (%) species level section/SC/genus species level (%) species level
level ID (%) 1D (%) (%) level ID (%) 1D (%) (%)

Genus
Mucorales (45) 43(95.5) 40 (89) 2(4) 0 26 (58) 25(55.5) 19 (42) 1(2)




Molekuler Yontemler

® PCR tabanli tani (ITS, 1GS)
* Sekans temelli yaklasimlar: ITS geninin dizi analizi
* Real-time PCR: Hizli, kantitatif sonuc

®* Multiplex PCR paneller: Ayni anda bircok patojen tespiti

~ ITSregion
Mucorales18SrRNA "~ Mucorales28SrRNA
ZMlmo  ZM3mod WB28-1m WB28-2
— = = <=
pan-Asp-For Asp-28-For

pan-Asp-Rev Asp-28-Rev

Aspergillus18SrRNA Aspergillus28SrRNA



Molekuler Yontemler

®* MucorGenius (PathoNostics, Netherlands),
* Fungiplex Mucorales RUO Real-Time PCR Kit (Bruker, Germany),
®* MycoGENIE Aspergillus-Mucorales spp. (Ademtech, France)

* Kan, bronkoalveolar lavaj, biyopsi ornekleri

Aspergillus spp./Mucorales




Molekuler Yontemler

S ckans temelli yaklasimlar: 5

°* Mantar sistematiginde en cok tercih edilen: ITS —
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® |TS bolgesi 500-800 bp uzunlugundadir ve evrensel primerler kullanilarak
kolaylikla PCR ile cogaltilabilir.
® LSU locus, B-tubulin gen dizileri, translation elongation factor 1 alpha

(TEF-1a) ve IGS de kullanilabilir.



Molekuler Yontemler

Open Forum Infectious Diseases @I D S ﬁ
MAJOR ARTICLE OXFORD

Received 14 November 2025; accepted 06 December 2025

Mucorales PCR Testing in Respiratory and Biopsy Samples
From Immunocompromised Patients With Invasive
Pulmonary Aspergillosis and Other Mold Infections:
Results From a Multicenter ECMM Study

Sarah Sedik," Robina Aerts,2*° Katrien Lagrou,”*“ Yuri Vanbiervliet,>*“ Johan A. Maertens,>* P. Lewis White," Raquel B. Posso,” Silke Schelenz,’
Alireza Abdolrasouli,’ Jochem B. Buil,”“ Karl Dichtl,? Harald H. Kessler,® Juergen Prattes,"“ and Martin Hoenigl"

® Calismada immunsiprese hasta grubunda invaziv pulmoner aspergilloz,
mukormikoz ve invaziv kuf enfeksiyonu tanisinda solunum ve biyopsi
orneklerinde MucorGenius PCR testinin performansinin degerlendirilmesi
amaclanmis.

* Bu cok merkezli kohort calismada Avusturya, Belcika ve Birlesik Krallik’taki 4

merkezden 114 hastaya ait 132 6rnek alinmis.



Molekuler Yontem
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High Sensitivity for
Mucormycosis

Detection of Co-Infections

Additional diagnostic
benefit in possible IMI

A

94.4%

O MucorGenius® PCR detected Mucorales DNA in 17/18 patients with
proven/probable mucormycosis

O MucorGenius® PCR resulted negative in 1/18 patients with proven/
probable mucormycosis
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69.4% 14%

@ Co-infections with Mucorales spp. in 10/72 patients with probable/
proven IPA in clinical routine and positive MucorGenius® PCR

O Co-infections with Mucorales spp. in 11/72 patients with probable/
proven IPA exclusively by MucorGenius® PCR

@ Co-infections with Mucorales spp. in 1/72 patients with probable/proven

IPA diagnosed exclusively in clinical routine (negative MucorGenius® PCR)

(3J50/72 probable/proven IPA patients without co-infections
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25.7%

74.3%

@ Possible IMI patients (9/35) tested positive by MucorGenius® PCR
O Possible IMI patients (26/35) tested negative by MucorGenius® PCR

\_ J

® MucorGenius PCR, standart fungal tani yontemleri ile karsilastiriimis.

* Kanitlanmis/olasi mukormikoz olgularinin %94,4’tinde (17/18) pozitif.



Molekuler Yontemler

] amemaan  Journal of MYCOLOGY
SOCIETY FOR T ' . ® June 2025 Volume 63 Issue 6 e01937-24
L wiczosioroey Clinical Microbiology https://doi.org/10.1128/jcm.01937-24

Development and evaluation of a Pan-Mucorales Real-time
PCR and a multiplex Real-time PCR for detection and
identification of Rhizopus arrhizus, Rhizopus
microsporus, and Mucor spp. in clinical specimens

Helen M. Tang, Sharon C.-A. Chen'23, Kerri Basile', Catriona L. Halliday (" 1

®* Mucorales'in dogrudan klinik érneklerden hizl bir sekilde tespit edilmesini
saglamak icin multipleks gercek zamanli PCR kiti gelistirilmis.

* Oncelikle Pan-Mucorales PCR ile tarama, ardindan R. arrhizus, R. microsporus
ve Mucor spp.'yi hedefleyen gercek zamanl multipleks PCR

® Tanisal performansi 166 klinik drnekte (70 Mucorales-pozitif ve 96 negatif)

degerlendirilmis.



Molekuler Yontemler
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Development and evaluation of a Pan-Mucorales Real-time
PCR and a multiplex Real-time PCR for detection and
identification of Rhizopus arrhizus, Rhizopus
microsporus, and Mucor spp. in clinical specimens

Helen M. Tang, Sharon C.-A. Chen'23, Kerri Basile', Catriona L. Halliday (" 1

® Pan-Mucorales PCR’nin, %98,6 duyarllik ve %100 6zgillik gosterdigi

belirlenmis.

Multiplex tir/cins PCR testi;

R. arrhizus icin %93,8,

R. microsporus icin %70,8 ve

Mucor spp. icin %75 duyarhlik ve her biri icin %100 6zgul



Riskll hastalarda kanda Mucorales PCR

Medical Mycology, 2024, 62, myae030 o s
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Use of the Mucorales gPCR on blood to screen high-risk
hematology patients is associated with better survival

Anne-Pauline Bellanger “12 Houssein Gbaguidi-Haore “23 Ana Berceanu? Laura Gouzien®
Chaima El Machhour! Damien Bichard® Fanny Lanternier’” Emeline Scherer'2
and Laurence Millon “'2* French Mycoses Study Group

* Yiksek riskli hematoloji hastalarinda haftada 2 kez serumda Mucorales gPCR ile

mukormikoz taranmasinin prognoza etkisi arastiriimis.

* 6 vyillik sirede 7825 serum Mucorales gPCR testi yapilmis; en az bir pozitif

Mucorales qPCR'li (164 pozitif 6rnek) olan 107 hasta tespit edilmis.

* pozitif cikan hastalar; kanitlanmis, olasi, sadece PCR pozitif olarak

siniflandiriimis.

Anne-Pauline Bellanger, et al. Medical Mycology 2024; 62(4):



Riskll hastalarda kanda Mucorales PCR
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Use of the Mucorales gPCR on blood to screen high-risk
hematology patients is associated with better survival

Anne-Pauline Bellanger “12 Houssein Gbaguidi-Haore “23 Ana Berceanu? Laura Gouzien®
Chaima El Machhour! Damien Bichard® Fanny Lanternier’” Emeline Scherer'2
and Laurence Millon “'2* French Mycoses Study Group

* 60 hastaya ait 70 6rnek (median Cg= 40); kolonizasyon, yalanci pozitiflik

® 6 hasta siniflandirilamayan

® 41 hastanin 82 6rnegi (median Cg= 35); mukormikoz tanisi

® Cqdustiukce fungal yik artar ve mukormikoz tanisi daha olasi

® Fransa ulusal RESSIF kohortu kiyaslandiginda: 1 aylik tim nedenlere bagl

mortalite %48 daha dustk (p = 0,03)

Proaktif tarama = erken tani = daha erken tedavi - daha iyi sagkalim



ECMM Mycoses Study Group Gorusleri

THE LANCET | I
Infectious Diseases Review

Global guideline for the diagnosis and management of @ ®
mucormycosis: an initiative of the European Confederation
of Medical Mycology in cooperation with the Mycoses Study

Group Education and Research Consortium

Oliver A Cornely, Ana Alastruey-lzquierdo, Dorothee Arenz, Sharon C A Chen, Eric Dannaoui, Bruno Hochhegger, Martin Hoenigl, Henrik E Jensen,
Katrien Lagrou, Russell E Lewis, Sibylle C Mellinghoff, Mervyn Mer, Zoi D Pana, Danila Seidel, Donald C Sheppard, Roger Wahba, Murat Akova,

* Mukormikoz tanisinda kultir stpheli vakalarin yaklasik %15-25’inde
pozitiftir.

® Vakalarin bir kisminda tani postmortem slirecte konur.

° antijen testi (GM / BDG negatif) ve serolojik testler yok

* sendromik panel testler yok



ECMM Mycoses Study Group Gorusleri

THE LANCET | I
Infectious Diseases Review

Global guideline for the diagnosis and management of @ ®
mucormycosis: an initiative of the European Confederation
of Medical Mycology in cooperation with the Mycoses Study

Group Education and Research Consortium

Oliver A Cornely, Ana Alastruey-lzquierdo, Dorothee Arenz, Sharon C A Chen, Eric Dannaoui, Bruno Hochhegger, Martin Hoenigl, Henrik E Jensen,
Katrien Lagrou, Russell E Lewis, Sibylle C Mellinghoff, Mervyn Mer, Zoi D Pana, Danila Seidel, Donald C Sheppard, Roger Wahba, Murat Akova,

* Tanida ozellikle Mucorales PCR testlerinin rolu giderek artiyor.

* “Mucorales PCR, stupheli vakalarda histopatoloji ve kilttrin tamamlayicisi
olarak degerlendirilmelidir ve tanisal algoritmalara eklenmelidir.”

® PCR testleri yuksek riskli hastalarda, kiiltiir negatif olgularda ve
kanitlanmis/olasi IPA hastalarinda mukormikoz tanisini hizlandirabilir ve

hastaligin yonetimine katki saglar.
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Clinical Microbiology and Infection MICROBIOLOGY
AND INFECTION
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journal homepage: www.clinicalmicrobiologyandinfection.org

Narrative Review

Laboratory innovations to diagnose invasive mould infections—what
is relevant, what is not?

Yuri Vanbiervliet "2, Robina Aerts % >, Lenn Maessen % #, Joost Wauters *°,
Johan Maertens 2, Katrien Lagrou > 5"

®* Mukormikoz tanisiicin ticari bir antijen testi yok.

* Mucorales PCR testleri tanida devrim niteliginde. Ozellikle negatifligi
enfeksiyonu dislamak acisindan 6nemli.

® Dongu aracili izotermal amplifikasyon (LAMP) testleri

® Yeni tani hedefleri: sideroforlar

® Mucorales-Spesifik T Hicrelerinin tespiti (ELISPOT)



Tesekkur ederim

* Tanida multidisipliner is birligi gerekir.

* Enfeksiyon Hastaliklari * Radyolojik bulgular

* Mikrobiyoloji * Histopatoloji




