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(A) Morphology of Rhizopus delemar. Sporangia form at the apices of sporangiophores and contain the asexual sporangiospores. Germinated spores
seen in the sporangium magnified box can be an overlay of the sporangium on released and germinated spores. (B) Under normal circumstance,
alveolar macrophages (AMS) are able to phagocytize fungi and killing through LC3-associated phagocytosis (LAP+). While AMS are able to
phagocytize Mucorales spores, spore melanin is able to arrest LAP to prevent phagosome maturation. However, spores are unable to grow and
germinate due to iron restriction (Frac et al, 2018). In the presence of abnormal nutritional immunity (i.e. excessive iron) spores are able to
germinate and kill Ams (Andrianaki et al., 2018). Courtesy of Dr. Georgios Chamilos. “Created with BioRender.com”.



Epidemiyoloji

* Son 15 yilda artista

* Pek cok Ulkeden bildirimler mevcut

* Hindistan- COVID-19 pandemisi ile hiperendemik
* 3. siklikta invaziv mantar enfeksiyon etkeni

* Transplant Unitelerinde artis
» Vorikonazol profilaksisi suclanmakta

Roden et al., 2005
Ambrosioni et al., 2010
Kontoyiannis et al., 2000
Petrikkos et al., 2012
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Underlying Diseases in Patients with Mucormycosis*

Microbiological findings for 465
patients with Mucorales*

Organism isolated

No. (%) of all

B 33.00% Diabetes ‘ . patictite
B 18.00% Normal Hosts Rhizopus species 218 (47)
W 16.00% Malignancy Not speciated 125 (27)
7.00% Solid organ transplant R. oryzae 55 (12)
[7 6.00% Deferoxamine therapy R. rhizopodiformis 20 (4)
: ggg:f’ g/Drug Use t i R. microsporus 1 (2)
.00% Bone marrow transplan -
10.00% Other 2 Ngcans 1
R. stolonifer 1(1)
Mucor species 85 (18)
c Initial Patterns of Mucormycosis* Cunninghamella bertholletiae 34 (7)
Apophysomyces elegans 27 (6)
M 22.00% Pulmonary Lechtheimia species 25 (5)
| 120.00% Rhinocerebral Saksenaea species 21 (5)
. 7.00% Sinusitis ; ;
7_0002: Sino-orbital Rhizomucor pusillus 19 (4)
_ 2.00% Sinopulmonary Entomophthora species 13 (3)
_ 18.00% Cutaneous Conidiobolus species 10 (2.2
M 8.00% Cerebral o pee 2=
[ 7.00% Gastrointestinal Basidiobolus species 9(2)
M 3.00% Disseminated Cokeromyces species 3(0.6)
M 2.00% Kidney :
B 400% Other sites Syncephalastrum species 1(0.2)

FIGURE 1

Frequency of mucormycosis manifestation in susceptible hosts and the etiologic agents of the disease. (A) Frequency of mucormycosis by

underlaying predisposing host condition. (B) Etiological agents of mucormycosis. (C) Frequency of different types of mucormycosis reported.
* Data adapted from Roden M et al. CID 2005 (Roden et al., 2005).



Macrophage and neutrophil

RS T phagocytosis is overcome
Spores are inoculated ~——— - Nd spores germinate
into the host tissue into hyphae

through inhalation, or by
skin disruptions like
wounds, burns

~ Damage endothelial
cells and the fungal
hyphae invade the
blood vessels
(angioinvasi

Produce effects like
thrombosis (left)
and necrosis (right)

Created in BioRender.com bio

Figure 3. General mechanism of pathogenesis in mucormycosis.
Created with BioRender.com, reference no. 2945-5180.




Konak immun yaniti

* Konak bariyer hiicreleri
* Nazal ve alveoler epitel hiicrelere invazyon- GRP78 reseptoru
 Hematojen yayilma

* Dogal immiunite
* Makrofajlar

* Diyabetik ketoasidoz durumunda makrofajlar fagosite edilmis Mucorales
sporlarini 6ldirememekte- aspergillus’tan farkl!

* Adaptif immunite



Patojenite faktorleri

1 Initiation 12 13
of the | Adhesion/) Hkq:F cell
’ H if/s po ro I u § umdu infection | Invasion | iling

* Hizli morfolojik degisimler Epithelial cells

Tissue

e Demir kullanimi

HUVECs

Angioinvasion

e Spor coathing proteinler

Organ invasion

* M i kOtO kSi n Ie r A integrina3p1 @ GRP78 & Mucoricin

R.delemar @ CotH



Risk faktorleri

* Hematolojik malignite, KHN * Major travma

 Uzamis/ciddi nétropeni Yanik, penetran travma, cerrahi

e Kontrolsiizdiabet yara

* Uzamis kortikosteroid

* Solid organ kanseri
kullanimi

transplatasyon
/ P Y * Bobrek yetmezligi

* Asirtdemir yuklenmesi, . HIV
deferoxamin tedavisi « iVilac aliskanhg
* Uzun sureli vorikonazol « Malnutrisyon

kullanimi  Prematurite



Klinik Tutulum

Figure 4. Various clinical types of mucormycosis based on the presentation of symptoms and the anatomical site

affected.

Rhinocerebral

Pulmonary

Cutaneous

Gastrointestinal

Disseminated

Uncommon
presentations

This infection is most commonly caused in
diabetic patients due to inhalation of
sporangiospores. The first signs are similar to
sinusitis and include eye and/or facial pain,
numbness, and blurry vision.

Inhalation of fungal spores results in this type
of infection most commonly in HSCT and
neutropenia cancer patients. Symptom
include cough, haemoptysis, chest pain and
dyspnea.

Caused due to direct inoculation of fungal
spores into the skin. The first signs are blisters
or ulcers, and blackening of infected area.
Other symptoms include pain, warmth,
excessive redness, or swelling

It is uncommon and rarely diagnosed in living
patients. It is caused due to ingestion of
pathogens in food. An appendiceal, cecal, or
ileac mass, as well as a gastric perforation, are
common symptoms.

It involves hematogenous spread of the fungal
pathogen from one organ to another. People
with iron overload, immunosuppression,
severe neutropenia and leukaemia are at risk.

Endocarditis, osteomyelitis, peritonitis, and
pyelonephritis are some of the uncommon
forms of mucormycosis.
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Table 1: Warning symptoms and signs of
rhino-orbito-cerebral mucormycosis

* Nasal stuffiness

* Foul smell

s Epistaxis

* Nasal discharge - mucoid, purulent, blood-tinged or black

* Nasal mucosal erythema, inflammation, purple or blue
discoloration, white ulcer, ischemia, or eschar

* Eyelid, periocular or facial edema

* Eyelid, periocular, facial discoloration

* Regional pain — orbit, paranasal sinus or dental pain
* Facial pain

* Worsening headache

* Proptosis

* Sudden loss of vision

» Facial paresthesia, anesthesia

* Sudden ptosis

* Ocular motility restriction, diplopia

* Facial palsy

* Fever, altered sensorium, paralysis, focal seizures

12



Tani

* Klinik siphe 6nemli

e + Risk faktorleri:

* sinlzit, periorbital selllit, fasiyal paralizi, agiz icinde standart tedaviye cevap
vermeyen ulser

* Akciger grafisinde tedaviye ragmen artan infiltrasyon
* Yanik veya yara uzerinde siyah renk olusumu



Tani

* Erken tani prognozda cok etkili
* Risk faktorlerinin degerlendirilmesi + Klinik + Gérlinttleme
* Histopatoloji, Kultir, Molekuler Yontemler

 Kantitatif multiplex PCR: Mucor/Rhizopus, Lichtheimia and

Rhizomucor 18S rRNA hedefli, erken donemde kandan DNA
izolasyonu.



Tani

e Kufler cok frajil yapida, doku ezilmemeli
* Direk baki: genis acili septasiz hif
e 25-37 C ‘de Ureme

e Steril alanlardan kulttr

e Kan kultuara genellikle negatif

15



Clinical scenario consistent with mucormycosis

Antifungal therapy

Induction phase

weeks

v v v v
Diagnosis/Disease Staging Surgical consult Improvement of immune and
+ Discontinue antifungal prophylaxis ~ « Careful clinical examination « Urgent consult for rhino- metabolic risk factors
+ Start liposomal AMB 5 mg/kg/d for signs of dissemination orbital or primary cutaneous « Taper corticosteroids
* OR consider Isavuconazole* + CT of brain, sinuses and chest disease + Hold other immunosuppressive
(loading dose 372mg g8 hrsfor6  « Early bronchoscopy to « Evaluation of risks and therapy if feasible
doses; followed by 372 mg /day document infection and rule benefits for targeted vs + Careful and rapid control of
+ Continue regimen for at least 3 out co-infections extensive hyperglycemia/acidosis
+ Biopsy suspicious lesions of resection/debridement

hard palate, skin, sinuses

Secondary prophylaxis phase

v

Re-assess infection response to treatment
( clinical and radiographic)

z v v

s If clinically and radiographically Progressive or refractory mucormycosis

2 improved « Consider escalation of liposomal AMB to 7,5-10 mg/kg/day
b + Start posaconazole tablets** (300 + Consider GM-CSF (25 pg/m?# day) and/or INF-y (50 pg/m?)
5 mg/d) OR Isavuconazole** 3x weekly

O » Consider TDM for Posaconazole » Consider deferasirox in iron overloaded patients

(goal >4 mecg/mL

* For less ill patients or patients with contraindications to LipoAMB, avoid Isavuconazole for breakthrough to mold-active prophylaxis mucormycosis

** Favor posaconazole for breakthrough to isavuconazole and isavuconazole for breakthrough to posaconazole mucormycosis
AMB=amphotericin B, TDM=Therapeutic drug monitoring, INF=interferon

FIGURE 4
An Algorithm for Mucormycosis Treatment.
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Goruntuleme

* Tani ve takipte
* BT (sinUs ve akciger, batin)
MR (orbital, santral sinir sistemi)



Goruntuleme

e Akciger: Cogunlukla aspergillus (Hematolojik maligniteli hastalarda
mucor’un en sik tutuldugu alan)
— Ters halo: Cogunlukla mucor (Fakat, tuberkiiloz, aspergillus.....)
— >10 noddiler infiltrat
— >3 cm nodil
— Plevral efizyon
— Halo: Cogunlukla aspergillus (Mucor, tuberculosis, CMV, nocardia......)
* Rhino-orbita-cerebral : Hematolojik maligniteli hastada ¢ogunlukla
mucor ( Fakat, aspergillus....)
— Kemik yikimi
— Mukozal kalinlasma

— intrakranial yayilim



Evrelendirme

Tutulum yeri, semptom, bulgu ve
taniya gore

Nazal/Paranazal/ Orbita/ SSS tutulumu

4 evre

INDIAN JOURNAL OF OPHTHALMOLOGY

Volume 69 Issue 6

Proposed Staging of Rhino-Orbito-Cerebral Mucormycosis (ROCM)

Staging of Rhino-Orbito-Cerebral

Mucormycosis

Stage 1: Involvement of the nasal
mucosa

Symptoms

Nasal stuffiness,
nasal discharge,

Foul-smelling sticky mucoid
or black-tinged, or

Primary
Assessment

Diagnostic nasal

Confirmation of
Diagnosis

Deep nasal swab

or

foul smell, or haemorrhagic nasal Contrast- guided nasal swab
1a: Limited to the middle turbinate epistaxis discharge, nasal mucosal | enhanced MRI or nasal mucosal
1b: Involvement of the inferior inflammation, erythema, (preferred) or CT- | biopsy for direct
tumrllate orpsthym of the violaceous or blue scan microscopy, culture
i m::e"’;‘:'o‘:‘:;‘e it skt discoloration, pale ulcer, and molecular
8 Bilataral kel miicoaal anaesthesia, ischemia, diagnostics; nasal
involvement eschar n;uicdcfsal biopsy for
rapi
histopathology with
special stains
Stage 2: ofp I | S in Signs in Stage 1 + Diagnostic nasal | Same as Stage 1 +
sinuses Stage 1 + facial i or bil Py sinus biopsy for
pain, facial edema, | localized or diffuse facial Contrast- direct microscopy,
2a: One sinus - dental pain, edema, edema localized enhanced MRI culture and
=0 s Al LR systemic over the sinuses, ® )or CT-
2: ;;;:;’ﬁ:zt:twa&smuses andjor symptoms sinus tenderness scan diagnostics and
24: Bilateral paranasal sinus imatales; favor) ool
involvement or involvement of the Tstopathology
zygoma or mandible
Stage 3: Involvement of the orbit Symptoms in Signsin Stage 1and 2 + Diagnostic nasal | Same as Stage 2 +
Stage1and 2 + Il orbital biopsy if
3a: Nasolacrimal duct, medial orbit, | pain in the eye, isolated ocular motility Contrast- indicated and if
vision unaffected proptosis, ptosis, | restriction, ptosis, enhanced MRI feasible (If the
3b: Diffuse orbital involvement (>1 diplopia, loss of ptosis, i ital nerve | (p Jor CT- | disease is
3::;:’:;:’ 2 structures), vision | igion infraorbital | anesthesia, central retinal | scan predominantly
S Coria] folal staty o and facial V1 V2 | artery occlusion, features of orbital) for direct
" ophthaimic artery occlusionor | MeVe artery microscopy, culture
superior ophthalmic vein ang superior ophthalmic a{\d molapulnr
thrombosis; involvement of the vein thrombosis. V1 and V2 diagnostics and
superior orbital fissure, inferior nerve anesthesia, and rapid
orbital fissure, orbital apex, loss features of Ill, IV and VI histopathology
of vision nerve palsy indicating
3d: Bilateral orbital involvement orbital apex/superior orbital
fissure involvement.
Stage 4: Involvement of the CNS Symptoms In Signs in Stage 1-3 (some Diagnostic Same as Stage 3
Stage 1103 + features overlap with Stage | endoscopy,
4a: Focal or partial sinus prop 3) + V1 and V2 nerve Contrast-
S paralysis, altered | anesthesia, ptosis, and enhanced CT
of the cribiform plate consciousness, | featuresof ll, IV andVi | Scan, MRI
4b: Diffuse cavernous sinus s nerve palsyindicate (preferred)
involvement and/or cavernous cavernous sings
e e B involvement. Bilateralty of
" cavernous sinus, involvement these signs with
of the skull base, Internal carotid contratateral orbital edema
artery occlusion, brain infarction with no clinico-radiological
4d: Multifocal or diffuse CNS disease evidence of paranasal
sinus or orbital involvement
on the contralateral side
Indicate cavernous sinus
thrombosis. Hemiparesis,
altered consciousness and

focal seizures indicate
brain invasion and
Infarction.

Figure 1: Proposed staging of Rhino-Orbito-Cerebral Mucormycosis with clinical symptoms and signs, evaluation and diagnosis




Tedavi

* Altta yatan hastaligin tedavisi
* Uygun ve erken cerrahi debridman

* Antifungal tedavi



Tedavi

e Amfoterisin B
 Posakonazol

* |savukonazol

e Azol duyarliligi tire gore degisebilmekte
e Mucor- posakonazol yiiksek MiK
* Rhizomucor- isavukonazol yiksek MiK
* MDR: Cunninghamella ve bazi Rhizopus spp



1364 INDIAN JOURNAL OF OPHTHALMOLOGY

Volume 69 Issue 6

Management Approach for Possible, Probable or Proven
Rhino-Orbito-Cerebral Mucormycosis (ROCM)

Possible ROCM
Typlca| symptoms and slgns in the clinical semng of concufrem or recently (<6 weeks) treated COVID-19, diabetes meliitus,
PP use of sy and ical ventilation or supp yg
p ! !
No supportive evidence on Probable ROCM ( Proven ROCM
diagnostic nasal endoscopy and/or Supportive evidence clinically and Supportive evidence clinically and on
contrast-enhanced MRI/CT Scan. on diagnostic nasal endoscopy diagnostic nasal endoscopy and/or
and/or contrast-enhanced MRI/ICT contrast-enhanced MRUCT Scan.
Close observation on suwo«we Scan.
with repeat di Confi ) direct or
nasal endoscopy q24h and No evidence on direct microscopy culture or histopathology with sprec’ ial
contrast-enhanced MRI/CT Scan or culture or histopathology with stains or mﬁu“:z‘yws
after 72 hours § special stains or molecular
\ diagnostics
ROCM unlikely
Clinically improving on ~ Probable ROCM i
supportive treatment Clinically worsening, with n s
PP on
No supportive evidence on nasal endoscopy and/or contrast-
repeat endoscopy or imaging L enhanced MRI/CT Scan.
No evide direct
: : wlmuomwbpalhologymm spomnl
( Continued obucvas tion for 3 labis or molecilar o
Immediate induchon Mapy wllh Iy | Amph: in B 5-10 mg/kg BW with strict metabolic control.
icit B Lipid Complex aro less oxponstvo but less effective and more toxic altematives
If Amp inB is i of i ired renal functi

le IV 200 mg thrice a day on days 1-2, 200
mg once a day from day 3; or Pesaconazole IV 300 mg twice a day on day 1, 300 mg once a day from day 2.
Prepare the patient and prioritize surgery.

Stage 1-2, 3a-b: Pred I manif ' & o .
[ No or limited involvement of the orbit, vision preserved J [ ot e criitatiov i
Early and aggressive i of p I si by
an & y+ palatal (s::o“mlgus Stage 4c-d: Extensive CNS
reseclion £ med-al orbnal wall resection) with clean SRR involvement
I l B 4 l 3
+ Retrobulbar Orbital exenteration + Surgery if systemic
P B35 agqressive debridement condition permits
mglmlt sinus irrigation i (* Orbital exenteration +
with Amphiotericin & ‘tnbinectomy + palatal aggressive debridement of
1 mg/ml; endoscopy resection + orbital wall paranasal sinuses (+
and MRICT-guided resection) with clean turbinectomy + palatal
debridement margins resection + orbital wall
ion) with clean
Metabolic condition | ) I iovedby
stabilizes, ":O:r'“ + Sinus irrigation with Amphotericin B Only supportive treatmentif
\"'w' “""""J 1 mg/ml; endoscopy and MRI/CT ~guided debridement surgery is not feasible
Conti therapy with i t in B 5-10 mg/kg BW for a mil f 4 weeks, followed b
step-down | 200mg|hr|coadnyondaysi—2 200 mg once a day from day 3; orora!Poswonazoie
300mgtw;ce| dayonday 1, 300mgoncs|day from day 2) for 3-6 months or for a minimum of 8 weeks following clinical
\_reg gl or stabilization. If refractory, follow guidelines for salvage therapy by ECMM/MSG-ERC.

Figure 2: Management algorithm for Rhino-Orbito-Cerebral Mucormycosis (ROCM)
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Mucormycosis

Diagnosis and disease staging using extensive clinical
examinations along with CT scan (brain, sinuses and chest)
and bronoscopy.

Primary

Management

of treatment Salvage Combination _Surgical
- using therapy therapy intervention
comorbidities antifungal

Adjuvant
therapy

agents

Surgical
excision of
antifungal drugs like necrotic tissues

Withhold
immunosuppression

Drugs with
Amphotericin B
(AmB)

Combination of

Hyperbaric
oxygen therapy

AmB with caspofungin
or posaconazole are
given to heavily
immunocompromised
patients

formulations,
isavuconazole and
posaconazole are
given as first-line
treatment )

Reduce the use of
steroids

_/

Control
hyperglycemia

Figure 6. Treatment strategies for mucormycosis.
GM-CSF: Granulocyte macrophage colony-stimulating factor.

Interferon-y
therapy

Hecombinan?
GM-CSF




Are we delivering antifungals to the site of infection?

* Established fungal les ons are characterized by extensive tissue necros's

24



YUksek doz?

Is high-dose liposomal AMB for mucormycosis?

ANBIZYCO study: I-1l prospective open label study by the French MSG

LipoAMB 10mg/kg/d, median duration was (only) 14 days

40 ots, 53% with hematologic cancer

Sites: Lungs 29%, rhino-orbital in 26%, dissemination in 18%, skin 18%

Lleicheimia spp the most commen Mucorales

Some surgery in 71%, in /39 of pts wjth rhino-orbital MCR

Poor to'erability: 40% required reduction of lipoAMB dose (to 7,5mg/kg/d) due rising creatinine
* Modest respenses: 38% wk 4, 45% wk 12

* QOverall mortality: 38% wk 12, 53% wk 24

25



Destek tedavi secenekler;

* Hiperbarik oksijen tedavisi
* GCSF
* Topikal antifungal tedavi

e Konvansiyonel antifungal kullanim
* Aerosol, irrigan, direk enjeksiyon, antifungal emdirilmis sement

Drew RH, Perfect JR. Fungi 2022
Vuong N,. Jfungii 2023



Hyperbaric Oxygen Therapy (HBOT):
Logistically difficult, expensive

* The patient breaths directly
pressurized 100% 02

* Patients are monitored remotely

* “Air breaks” that are times when
patients received room air are usually

given once or twice during the
session

27



Ozetle

* Firsatcl, anjioinvaziv

* Predispozan faktorler: Diyabeti notropeni, uzun streli kortikosteroid,
organ transplantasyonu

e Etken: Mucorales takiminin 38 tiru
* Mucor spp, Rhizopus spp., Lichthemia spp

* Fungal sporlarla-inhalasyon veya hasarli deriden

* Tedavi: Yuksek doz L-AmB, isavukonazol ve uygun cerrahi girisim, altta
yatan faktorin kontroll



TESEKKUR EDERIM
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