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MIKROBIOLOSKA RAZVRSTITEV PATOGENIH GLIV

KVASOVKE PLESNI OSTALE

Blastomyces dermatitidis

25°C

-- (D
* Candida spp. * Aspergillus spp. * Histoplasma * Pneumocystis
* Cryptococcus * Rhizopus spp. capsulatum Jirovecii
spp * Trichophyton spp. * Coccidioides * Coccidioides spp.
* Microsporum spp. immitis * Rhinosporidium

* Blastomyces seeberi

dermatitidis




RAZDELITEV GLIVNIH OKUZB GLEDE NA GLOBINO

memme POVRHNJE/KUTANE

» Dermatofitoze

* Povrhnja kandidiaza (npr. mukokutana, onihomikoza)
» otomikoze

* Pityriasis versicolor

BN S BKUTANE (tropska podrodja)

* Micetom

» Kromoblastomikoze

» Sporotrihoze

» Subkutane zigomikoze
* Lobomikoze

mmm  SISTEMSKE/GLOBOKE/INVAZIVNE

 Sistemske oportunisticne mikoze

 Endemske sistemske mikoze




POVRHNJE GLIVNE OKUZBE

Dermatofiti
Aspergillus spp.
Fusarium spp.
Candida spp.
Acremonium spp.
Alternaria spp.

Cladosporium spp.

Chanyachailert P, et al.J Fungi (Basel). 2023 Jun 14;9(6):669.



Koga ogrozajo!

Kako, zakaj in kje vstopajo v telo?

INVAZIVNE

GLIVNE OKUZBE Kako se lotiti diagnostike in kako jih
dokazemo!?

Zdravljenje




EPIDEMIOLOGIJA
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OBRAMBA PRED INVAZIVNIMI GLIVNIMI OKUZBAMI

Innate immune functions Adaptive immune functions
antimicrobial . : ’ netosis /4 e
peptides release neutrophil . ’  — __":;)
N - \ / o
® o0 e - CD4'T cells
0 % i /" — IFNy, TNFa
| \ - ( .II‘. [&] @
00, N\ : == \ |—> @4
ROS rel T q T 4 IL-4
release “ 1 - P
-?;ftm,g' )] //)' \\\\‘ V. N
macrophage \ ’ \') —p O g
CD8* T cells - IL-17
’: e | ".‘_ [.:.- g . \ g
I ..“‘ : S 3 e ® [ .
.o =T —> i".
. ' ; IFNy
S
(& \_» Beells
~ de / fr_“ Antibodies production
complement -~ ) ot

N >

activation

Loh JT, Lam KP. Fungal infections: Immune defense, immunotherapies and vaccines. Adv Drug Deliv Rev. 2023 May;196:114775



INVAZIVNE GLIVNE
OKUZBE - KDO |E
OGROZEN!?

(Kﬂmad spectrum antibiotics
=Acute necrotizing
pancreatitis
*Abdominal surgery
*Central venous catheters
*Haemodialysis
*Malignancy
*Immunosuppression,
corticosteroids,
chemotherapy

*Mechanical ventilation
*Candida spp. colonization
*MNeutropenia

~

="

=

*Aspergillus sp;,\
colonization
= Alemtuzumab
»Allogeneic HSCT
«Anastomotic complications
in lung transplantation
*CMV disease
«Corticosteroids
*Infliximab
*Neutropenia
«Older age
*Prolonged ICU stay
*Renal failure in dialysis

)

*Neutropenia
*Diabetes mellitus
*CMV disease
«Corticosteroids
*Echinocandin or
voriconazole use
*lron overload
*Malnutrition
=Myelodysplasia
*Qlder age
*Renal failure
*Severe GVHD

A

\

J

*Prolonged ICU stay : : *Retransplantation
*Prolonged hospitalization Candida spp. Asper Q‘FHUS Spp. Severe GVHD
=S0OT or HSCT = T-cell depleting agents
Qn’ml parenteral nutrition o d
Mucorales Fusarium spp.

/ |

L

* Corticosteroids
«Myelodysplasia
*Severe GVHD
=Neutropenia
*SOT or HSCT

CMV, cytomegalovirus; GVHD, graft-versus-host disease; HSCT, hematopoietic stem cell transplantation; IA, intraabdominal; ICU,
intensive care unit; SOT, solid organ transplantation.

Ibanes-Gutiérrez, Cyntia & Espinosa-Atri, Aaron & Carbajal-César, Ana (A Review of Healthcare-Associated Fungal Outbreaks in Children). Current Fungal
Infection Reports. 18. I-11.10.1007/s12281-024-00491-7



Inhalation into the Sinuses

- Aspergillus spp. N\ Qp-
- Mucorales spp. (L

- Other molds Inhalation into the Lungs

- Aspergillus spp. INVAZIVNE

- Mucorales spp.

- Other molds GLIVNE OKUZBE

Catheter-Related
Bloodstream Infectlon
- Candida spp.

—VSTOPNA

- Other yeasts
- endogeno
- eksogeno
v

Skin Inoculation Translocation from the GlI

- Aspergillus spp. Tract

- Mucorales spp. - Candida spp.

- Dematiaceous molds - Other yeasts

- Molds

Otto, William & Green, Abby. (2020). Fungal infections in children with haematologic malignancies and stem cell transplant recipients. British
Journal of Haematology. 189. 10.1111/bjh.16452.



INVAZIVNE GLIVNE OKUZBE

— KLINICNA SLIKA IN DIAGNOSTIKA
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ASPERGILOZA —
OBRAMBNI
MEHANIZMI

Migetalcni epitelij
Pljucni makrofagi
Polimorfonuklearni
levkociti

Celice ubijalke
Aktivirane celice T-
pomagalke




VLOGA IMUNSKEGA SISTEMA PRI ASPERGILOZ|

@ 4 IA ABPA , T
S Severe asthma with g
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o Chronic pulmonary aspergillosis >
LL

Simple aspergilloma

Aspergillus bronchitis

| o
NEVTROPENIJA! Immune dysfunction Lung damage Immune hyperactivity

GLUKOKORTIKOIDI
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Hybrid

R revwomis CQOVID-19-associated
Pulmonary Aspersgillosis

(CAPA)

Influenza associated
aspergillosis (IAPA

Simon Feys, et al. Influenza-associated and COVID-19-associated pulmonary aspergillosis in critically ill patients,The Lancet
Respiratory Medicine,Volume 12, Issue 9, 2024, Pages 728-742,


https://www.atsjournals.org/doi/10.1164/rccm.202004-1038LE
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Autoimmuns

Low Risk :
Solid mwmours

INVAZIVNA

Kidey spon PLJUCNA
L ASPERGILOZA -

Advanced HIV

COPD exacerbation DEJAVN I KI
TVEGANJA

Multiple micloma
Myelodysplastic syndrome
Chronic lymphocytic leukemia

Intermediate Risk  /,
/ AML during consolidation phase
/ Acute lymphoblastic leukemia

£ Liver transplant
Small-bowe] transplant
Allogengic HSCT wathout GvHID
AML/MDS after induction therapy
Lung or hear transplant
Allogeneic HSCT with GvHD:
Chronic granulomatous disease

High Risk




INVAZIVNA PLJUCNA ASPERGILOZA

= Nevarnostna dejavnika: predvsem NEVTROPENIJA,
zdravljenje z visokimi odmerki GK

Sequential high-resolution CTs in 25 patients with neutropenia and IPA at = Klini& lika: il h kaseli. di .
diagnosis: median number of lesions=2, bilateral in 48% INicna slika: n€znaciina (SU ase ]’ |spne]a,

N plevriticna bolecina, vztrajajoca vrocina; lahko
hemoptize, plevralni izliv)

= Pazi DD pljucni infarkt/embolija (plevriticna bolecina,
hemoptize, hipoksija)

= CT pljuc:
‘ a. Nodularni infiltrat (z ali brez halo znaka)

Baseline: halo Day 4: 1size, |halo Day 7: air crescent

b. Zracni polmesec

c. Kavitacija

Caillot D, Couaillier JF, Bernard A, Casasnovas O, Denning DW, Mannone L, Lopez J, Couillault G, Piard F, Vagner O, . . . ..
Guy H. Increasing volume and changing characteristics of invasive pulmonary aspergillosis on sequential thoracic d Kllnasta/segmentna all IObarna |(OnSO| |daC|]a

computed tomography scans in patients with neutropenia. J Clin Oncol. 2001

Desoubeaux G, Bailly E, Chandenier J. Diagnosis of invasive pulmonary aspergillosis: updates and recommendations. Med Mal Infect. 2014 Mar;44(3):89-101.
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MUKORMIKOZA - | 'ge
PATOGENEZA

Spores are inhaled, then *%
deposited in the nasal
turbinates and alveolar space

Dejavniki tveganja:
Dolgotrajna nevtropenija

Zdravljenje z GK

Hematoloske maligne bolezni Fo2s
" y . s
. B O. — PR, Fe2+ —» — Dissemination
SB (ketoacidoza, w Fe2+
hiperglikemija! »
perglikemija!) Fe?" i

Preobremenjenost Z zelezom Conidia reach distal alveolar Macrophages Neutrophils attack Angioinvasive growth in

space and begin to germinate phagocytose conidia  hyphal forms tissue with hemorrhage,

. thrombosis, and necrosis
Rane’ OPEkIme Acquisition of free
. o iron supports hyphal
Vstopno mesto: dihala, koza, proliferation

prebavila




OBLIKE
MUKORMIKOZE

Rinoorbitocerebralna
SB, ketoacidoza
Pljucna
hematoloski bolniki, huda nevtropenija
Kozna
Rane, opekline
Crevesna
Redka, nedonosencki
Diseminirana

razsoj invazivne pljucne bolezni




ChestCT

Infiltrate suggestive of invasive
aspergillosis (nodule, halo, cavity Infiltrate suggestive of

with area of consolidation, e.q. air- mucor‘mycos'ls (inve halo
sign)
crescent shaped)

l | SUM NA
 eonchostvotrevage ALY or | INVAZIVNO

galactomannan, direct microscopy, <
and culture
Sinusitis, facial pain,
[ proptosis, or amaurosis
i MUKORMIKOZO
for 3 consecutive days [
CT Staging: cranial,
- paranasal sinuses, —Bone destruction?
Microscopy: septate, hyaline hyphae, abdominal l
2.5-8 pm wide, with acute angle, |
tree-, or fan-like branching MRI to determine
(branching angle 45°), or extent of disease
galactomannan in BAL or serum = l
High probability of invasive
aspergillosis Surgical
CT-guided biopsy debridement
No response to treatment?
Consider biopsy ' Microscopy: ribbon-like, |

non-septate or pauci
septate hyphae with
variable width (6—25 pm) |
and a wide angle of
branching (45-90°)

!

Proven mucormycosis

Fig. 2. Diagnostic algorithm for suspected invasive aspergillosis or mucormycosis. CT,

Koehler P, Cornely OA. Contemporary Strategies in the Prevention and Management of Fungal Infections. Infect Dis Clin North Am. 2016
Mar;30(1):265-75.



DOKAZANA INVAZIVNA OKUZBA S PLESNIMI

Neposredni mikroskopski dokaz hif v sterilno odvzetih tkivnih
vzorcih (+ histolosko prisotna poskodba tkiva)

Osamitev iz krvi ali drugih sterilnih kuznin
(izklju€eni: BAL, urin, obnosni sinusi, mastoidna votlina)

Dokaz plesni z metodo PCR iz histoloskega preparata, kjer so vidne
glivne strukture (formalin, parafin)

DOKAZANA
INVAZIVNA
OKUZBA S

PLESNIMI

Dosezen eden od kriterijev




DIAGNOSTICNA MERILA ZA VERJETNO INVAZIVNO OKUZBO S PLESNIMI
I Bolnikovi defavniki tveganja I - Neviropenija (neverofilci <0.5 % 109/L > 10/dni) D I AG N OSTI K A

*  Alogena PKMC

*  Prolongirano prejemanje KS (20.3 mg/kg 23 tedne v zadnjih 60 dneh)
*  Prejemanje zdravljenja, ki zavira B-celi¢no linijo (npr. inbrutinib) I NVA Z IVN E

*  Akutni GVHD gradus Il ali IV (zajema ¢revo, pljuca, jetra), ki je odporen

na . linijo KS A4
Klinicni znaki O KU Z B E S
*  Pljucna aspergiloza Prisotnost | od 4 sprememb na CT:
a. Nodularni infiltrat (z ali brez halo znaka) P L ES N I M I —
b.  Zracni polmesec

c. Kavitacija
d.  Klinasta/segmentna ali lobarna konsolidacija V E RJ ET NA I N

*  Prizadetost pljuc — ostale plesni  Enako kot pri pljucni aspergilozi, dodatno se inverzni halo znak (Y

. Traheobronhitis Traheobronhialne ulceracije, noduli, psevdomembrane, plaki, nekroze M O 2 NA
(bronhoskopija)

. Prizadetost obnosnih votlin . Akutna lokalizirana bolecina O VERETNA
*  Nosna razjeda s ¢rno nekrozo (esharo) °

| dejavnik tveganja + |
klinicni znak + |
mikrobioloski kriterij (velja

+  Sirjenje preko kostnih pregrad (v orbito)

*  Prizadetost centralnega zivcevja  Prisotnost | od 2 slikovnih znakov: fokalne lezije ali prizadetost mening

[MikrobioloEki kriteriji] Mikroskopski dokaz/osamitev plesni iz sputuma/aspirata/BAL/bronhialnega le za imunsko OSIabeIe)
krtacenja/aspirata iz sinusov
*  Aspergiloza a.  Poz. galaktomanan (serum 21, BAL =1, serum 20,7 + BAL=0,8, CSF . MOZNA | dejavnik tveganja
1) .
b.  Poz. PCR Aspergillus (2 zaporedna poz. vzorca iz plazme/seruma/ + | klinicni znak (Ob
krvi, 2 poz. BAL vzorca ali | poz. vzorec iz plazme/seruma/ krvi + | poz. negativnih mikrobioloskih
BAL vzorec)

kriterijih)

c. Osamitev Aspergillus spp. iz sputuma/BAL/bronh. krtacenja/aspirata



The Aspergillus fumigatus cell wall The Candida cell wall

Cell Wall
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Sestavina polisaharidne celicne stene mnogih Glavna sestavina aspergilusne celicne stene
gliv
Vrsta gliv
rutinsko Candida, Aspergillus Aspergillus
poz PJP, Histoplasma, Fusarium, Acremonium, Fusarium, Penicillium, Histoplasma, Blastomyces,
Scedosporium, dermatofiti, Coccidioides Paecilomyces, Cryptococcus L I V I
neg Mucorales, Blastomyces dermatidis v
Obcutljivost in  * Serum: senz. 55-96%, spec. 77-96% * Serum:senz/spec. cca 80% za invazivno : z ‘ ‘ EV LC I
specificnost * Visja specificnost za invazivne glivne okuzbe aspergilozo
pri hematoloskih bolnikih (cut-off) * Uporaben: hemato, aloPKMC
* + BAL GM ne loci med kolonizacijo/invazivho
boleznijo
* Zmanjsana senz., Ce: prejemanje protiglivne th
(proti plesnih), ne-nevtropenicni pacienti, PCO,
CGD
Lazna * [Vlg, albumini, krvni preparati * |Vig, krvni preparati
pozitivhost * Parenteralni penicilinski preparati (pip/tazo, * Pip/tazo,amox/clav (novejsi ne)
amox/klav) * Uporaba plasmalyte za BAL tekocine (lazno
* HD s celulozno membrano poz.)
* Obvezilni material * Pogosot v prvih 100d po aloPKMC (GIT
* Okuzba z drugimi patogeni (Pseudomonas mukozitis, GVHD)
aeruginosa, Nocardia, mikobakterije * Kontaminacija hrane z aspergili

Thompson GR 3rd, et al. Open Forum Infect Dis. 2022 Mar 4;9(6):0fac112.



KANDIDOZA

BONE

Infectious
pulmanary
whacrey

* Endophthalmitis
—

Candida colonizing the gut

™ Peritonitis or candidemia
caused by surgical anastomotic
leakage of transiocaticn

f 4

Candidemia

Figure 1. Pathog is of Invasive Candidi

It

Candids

pralomephiti

=

P

Candiga

Candida spp: komenzal (koza, prebavila, urogenitalne poti)

Omejene okuzbe sluznic urogenitalnih in prebavnih poti

Orofaringealna kandidoza — soor
Ezofagitis

Vulvovaginitis, balanitis

Glivicni cistitis (SUK, SB)
Paronihija, onihomikoza
Intertriginozni dermatitis

Kroni¢na mukokutana kandidoza (poliglandularni avtoimuni sindrom tipa 1)

Invazivna okuzba - kandidemiija in tkivno-invazivna okuzba

(peritonitis, znotrajtrebusni absces, endoftalmitis, infekcijski endocarditis, osteomyelitis,

artritis, meningitis, hepatosplenicna kandidoza...)

Kullberg BJ, Arendrup MC. Invasive Candidiasis. N EnglJ Med. 2015 Oct 8;373(15):1445-56.



KANDIDEMIJA — DEJAVNIKI TVEGANJA

- Z intestinalno perforacijo;
po operaciji, e pusca
anastomoza

- Zz akutnim nekrozantnim
pankreatitisom

- po presaditvi jeter ali
pankreasa

- nedonosencki z nizko
porodno tezo

- antibiotiki Sirokega spektra

- kolonizacija s Candida spp
na ve¢ mestih

- parenteralna prehrana
HD

- prejemanje
imunosupresivnih zdravil

- HIV/AIDS

- Operacija secnih poti ob
kandiduriji

- Nevtropenija

- Opekline

- Imunsko oslabeli bolniki

- SB,
- KLB

- jetrna bolezen



KANDIDEMIJA IN TKIVNO INVAZIVNA OKUZBA - DIAGNOSTIKA

maaad HEMOKULTURE

* Poz. pri 2/3 bolnikov s kandidemijo in /3 bolnikov s tkivno-invazivno obliko
* HK 3x! (3 razlicna mesta, inkubacija 5 dni)

Zgodnje diagnosticiranje —
. . . * Histopatoloski pregled
ZgOd nje Zd I"aVIIGI’]]e — * Direktna mikroskopija in osamitev povzroditelja

manjsa smrtnost!
(smrtnost po 30 dneh 52-75%)!)

* Beta-D-glukan (visoka — 97% negativna napovedna vrednost ; 77% obcutljivost, 86%
specificnost)

* Manan/antimanan

* PCR?



DOKAZANA, VERJETNA ALI MOZNA KANDIDIAZA?

DOKAZANA INVAZIVNA KANDIDIAZA DIAGNOSTICNA MERILA ZA VERJETNO KANDIDIAZO

Neposredni mikroskopski dokaz glivnih elementov v sterilno el ¢l il 0 DoviepeEilly (pevieilt St = (Uil e [ eh)
. .. . . v . o . tveganja (vsaj |) c Hematolosko obolenje
odvzetih tkivnih vzorcih za histolosko/citopatolosko preiskavo +  PoaloPKMC
. PCO
c Prolongirano prejemanje KS (20.3 mg/kg 23 tedne v
zadnjih 60 dneh)
c Prejemanje zdravljenja, ki zavira T-celi¢no linijo v zadnjih
90 dneh (npr. kalcinevrinski inhibitoriji, antiTNF-alfa)
Osamitev kandide iz krvi/ druglh sterilnih tekoEin/steriInih . Primarna huda imunska motnja (npr. KGB, SCID...)

. Akutni GVHD gradus Il ali IV (zajema crevo, pljuca,
jetra), ki je odporen na |. linijo KS

kuznin, odvzetih med oeprativnim posegom

Klini¢ni znaki (vsaj |) Prisotnost | od 2 spremmeb po epizodi kandidemije v zadnjih
Dokaz kandide z metodo PCR iz histoloskega preparata, kjer so 2 tednih:

vidne glivne strukture (formalin, parafin)

* Majhni, taréni abscesi v jetrih, vranici ali v mozganih (oz.
slikovni znaki meningitisa)
* Progresivni eksudati mreznice ali motnjave steklovine

Mikrobioloski kriteriji * Pozitiven beta-D-glucan >80ng’L v vsaj dveh zaporedno
(vsaj 1) odvzetih serumskih vzorcih, ob predspostavki, da je drug
vzrok izkljuéen
* Pozitiven T2Candida*

Verjetna: vsi 3 kriteriji;
MozZna: brez zadosc¢enega mikrobioloskega kriterija



GLIVNI OZNACEVALCI — KAJ PA OSTALI?

= Candida spp,:
= molekularni dokaz (PCR)

= Histoloski preparat (identifikacija!)

= Kri — lahko, relativno slaba obcutljivost

=  Mananski antigen

Scedosporium spp.
o o
= slaba obcutljivost (58%) R iy ol
. . . Blastomyces spp.
= Protitelesa proti mananskemu antigenu aeieas. N\
oy ) ) \
= Slaba specifichost (83%) Histoplasma spp. _
Coccidioides spp.

=  Kombinacija manan/anti-manan Fusarium spp.

Alternaria spp.
Candida spp. Penicillium spp.

= Mucorales " Acremonium spp.
\  Pneumocystisspp. Paecilomyces spp.

= Obcutljivost 83%, specificnost 86%

Magnusiomyces\m itatus*

= Molekularni dokaz (PCR) (iz histoloskega preparata!)

= Aspergillus spp
= Molekularni dokaz (PCR) Mucorales* *

=  Cryptococcus spp.

™ Kriptokokni antigen qunely OAetal. Lan'cet Infect Dis. 2025 May;25(5):e280-e293
Mikulska M, et al. Crit Care. 2010;14(6):R222



KRIPTOKOKOZA

Brain Blood-brain barrier Brain capillary

7 00:0-0-0 ©
= | 200-0-0
L R e

Blood
(systemic circulation) oQ Systemic circulation
(infected monocytes, free cryptococci)

00/ .
00/ >,

Extracellular cryptococci
(Cap, App1, Gat201, MATa/u) Phagolysosome

"

—
Spores or dry cryptococci \

from the environment -

Intracellular cryptococci
/ (Cap, Mel, PLB1, PGE,
Ctr4, Cft1/Cfo1)

. AMD
Future Microbiol. © Future Science Group (2012) T Granuloma

Kvasovke iz rodu Cryptococcus spp.

= C.neoformans in C. gattii — zadnji v tropskem in
subtropskem pasu

Zemlja, onesnazena z golobjimi iztrebki (v obliki
spor tudi 2 leti) — vdihovanje aerosola,
onesnazenega s sporami, lahko okuzba rane

Bolniki z okvaro celicne imunosti (AIDS,
dolgotrajno prejemanje GK, PCO, rakava obolenja)

Oblike:

= PLJUCNA

=  KRIPTOKOKOZA OZ
= RAZSEJANA



DIAGNOSTIKA KRIPTOKOKOZE

= Osamitev (kri, likvor, sterilni vzorci)

= Neposredni dokaz - India Ink (razmaz vzorca
likvorja)

= Obcutljivost: 80% pri AIDS, 50% pri ostalih
= Antigenski testi (kri, likvor)

> 95% obcutljivost v likvoriju, serumu, plazmi

= HIV bolniki: >99,9% obcutljivost antigena v krvi pri
kriptokoknem meningitisu!

= Lazno negativno: redko; pazi: prozonski ucinek pri
titrih > |:| milijon

= Ni za spremljanje dinamike tekom zdravljenja

Thompson GR 3rd, et al. Open Forum Infect Dis. 2022 Mar 4;9(6):0fac112.



PLJUCNICA, Kl JO POVZROCA P JIROVECII (PJP)

= Ubikvitarna gliva

=  Mozna reaktivacija pri imunsko oslabljenih (CD4 <200 celic/mm)
= Kaplji¢ni prenos: ik
®=  Prehodno nosilstvo/blaga okuzba imunokompetentnih
= Okuzba pri imunokompromitiranih
= Klini¢na slika = subakutna (dnevi/tedni)
= Dispneja, vrocina, suh kaselj
= ARI
= 1 LDH (ob hujsi prizadetosti)
= 1 B-D-glukan

= Molekularno dokazovanje - PCR: visoka obcutljivost in specificnhost; loGevanje od kolonizacije (vloga
kvantitativhe preiskave)

(©)

= Direktna imunoflourescenca:
= Slaba obdutljivost sputuma (>50 do 90%), BAL 90 - 99%, transbronhialna in odprta pljuéna biopsija 95 - 100%.

Apostolopoulou A et Fishman JA. | Fungi (Basel). 2022 Nov 5;8(1 I):1167



DIAGNOSTIKA OKUZBE S PJP

Clinical Suspicion of PJIP in

: Ll Serum BDG*, PIP QPCR+ PIP strongly
immunocompromised Host suspected [119]

Serum BDG¥, Induced PJP can be ruled
Hypoxia, Elevated LDH, ; Sputum for DFA out with 95%
pulmonary infiltrates certainty [118]

PIP confirmed

no v

Is patient able to
undergo = > Send BAL DFA

bronchoscopy? yes

*BDG: Beta-D-glucan assay (positive for >200 pg/ml;
negative <80 pg/ml)

+QPCR: Quantitative BAL polymerase chain reaction
assay for PJP (False + and False — occur)

Apostolopoulou A et Fishman JA. ] Fungi (Basel). 2022 Nov 5;8(1 I):1167



Dejavniki tveganja Zgodnji diagnosticni testi  Dokaz povzroéitelja

| il ]

ZDRAVLJENJE INVAZIVNIH GLIVNIH OKUZB
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PROFILAKSA

PROFILAKSA KANDIDEMIJE = PROFILAKSA INVAZIVNE ASPERGILOZE (in

Bolniki po nedavni abdominalni operaciji s
ponavljajocimi tezavami (perforacijo GIT ali u
puscanjem anastomoze): flukonazol — I.dan
| 2mg/kg, potem émg/kg/dan
|

Bolniki, ki prejemajo intenzivho KT zaradi AML/MDS (
pricakujemo daljSe obdobje nevtropenije (= 7 dni))
- posakonazol

Bolniki po aloPKMC - flukonazol (75 dni po PKMC)
Bolniki v EIT — Studije zaenkrat NE podpirajo

Bolniki po presaditvi srca ali pljuc - vorikonazol
/izavukonazol (primarno profilaksa plesni)

Bolniki po presaditvi jeter, Ce retransplantacija, potreba
po HD, Zivi darovalec, visok MELD score, biliarni “leak”
- flukonazol/anidulafungin/mikafungin

drugih invazivnih okuzb s plesnimi)

Prolongirana huda nevtropenija - AML, high-risk MDS
(posakonazol)

Aktivha GVHD (posakonazol)

Visokorizicni prejemniki CAR-T (nevtropenija,
predhodnja invazivna glivna okuzba, predhodnja
aloPKMC)

L. Pagano et al. Primary antifungal prophylaxis in haematological malignancies (ECIL). Leukemia 2025.

Patterson F.T. et al. Practice guidelines for Diagnosis and Management of Aspergillosis: 2016 Update by IDSA. CID 2016.
Cornely OA at al. Global guideline for the diagnosis and management of candidiasis: an initiative of the ECMM in
cooperation with ISHAM and ASM. Lancet 2025.



SELEKCIJSKI PRITISK
ALl ZAKA|
PROFILAKSA NI
VEDNO NA MESTU

A Distribution Based on Duration of Prophylaxis
No Antifungal Prophylaxis Antifungal Prophylaxis <7 Days Antifungal Prophylaxis >7 Days

C. albicans

C. dubliniensis

C. tropicalis
W C glabrata
W C. krusei

S. cerevisiae
W C parapsilosis

Other candida species
B Other fungi

S

B Distribution Based on Antifungal Agent Used for Prophylaxis

No Antifungal Prophylaxis Fluconazole Prophylaxis Caspofungin Prophylaxis

C. albicans

C. tropicalis
W C glabrata
B C krusei
W C. parapsilosis

S
@4

Figure 2. Distribution of Candida Species According to Duration of Prophylaxis and Antifungal Agent Used for Prophylaxis.

Kullberg BJ, Arendrup MC. Invasive Candidiasis. N EnglJ Med. 2015




PREDBOLEZENSKO ZDRAVLJENJE IN EMPIRICNO ZDRAVLJENJE

* Predbolezensko zdravljenje (“pre-emptive treatment)
= Glivni oznacevalci + slikovno spremljanje
= Hemato-onkoloski bolniki z nevtropenijo (invazivna aspergiloza) — poz. galaktoman + npr. halo znak na CT PK

= |nvazivna kandidoza: zaenkrat se ne priporoca uvedbe antimikotika ob sepsi le na podlagi poz. beta-d-glukana (CandiSep trial, 28-
dnevna smrtnost enaka)

=  Empiricno zdravljenje (“fever-driven treatment”)
= Kriticno bolni z dejavniki tveganja za invazivno kandidiazo, brez drugega znanega za vzroka vrocine,
= Odloditev na oceni tveganja, markerjev za invazivno kandidiazo in kolonizacije s Candida spp
= Ehinokandin (lahko tudi azol, ¢e prej niso prejemali azolov oz. brez kolonizacije z na azole retistentno kandido)
= Ce po 4-5 dneh ni klini¢nega odgovora in dokaza invazivne kandidoze — ukiniti!
Patterson F.T. et al. CID 2016.
Cornely OA et al. Lancet Infect Dis. 2025 May;25(5):e280-e293

Pappas PG, et al. Clin Infect Dis. 2016 Feb 15;62(4):e1-50.
Ullmann AJ, e al.Clin Microbiol Infect. 2018 May;24 Suppl 1:e1-e38.



[ Strongly recommended

[ Moderately recommended
[ Marginally recommended
3 Recommended against ¢

Candidaemia without organ involvement
Consider local epidemiology and review treatment decisions in light of susceptibility testing results

ZDRAVLJENJE
INVAZIVNE

First-line treatment

- v I\ ¢ v - v * y_ 3

Anidula- Caspo- Micafungin® Rezafungin Fluco- Voricona- Liposomal Amphateri- Isavuco- Deoxycho- Itracon- ‘ \ N D I D E I I IJ E
fungin® fungin® 100 mg daily 400 mg once nazole® zole* amphoteri- <in B lipid nazole® late azole*
200 mg once 70mgencea aweekin 400-800mg 6mg/kg cinB* complex* 200 mg amphoteri- 200-400mg
adayon dayonday 1; week1; daily twice a day 2 marky 5 mglkg three times a cinB* daily : B R EZ
day 1; 50 mg daily 200 myg onday 1; daily daily dayon Any dose
100 mg daily from day 2 wieekly from 4mglkg day 1-2;
from day 2 week 2 twice a day 200 mg daily
PRIZADETOSTI

L | [ | | ]

v NOTRANJIH

Central venous catheter removal
As parly as possible (<48-72 h) if in place

CVK ex!

ORGANOV

Daily follow-up blood cultures until three consecutive negative days

Odvzem hemokultur Ix/dan

It blood from day five is positive, repeat search for intravascular or other uncontrolled source

Vsi bolniki:
* Pregled oCesnega ozadja v |I.

Second-line and salvage treatment
Switch drug class

MENJAVA
RAZREDA
(“SWITCH”)

‘ v +

t

Liposomal amphotericin B
3-5 mg/kg daily

Voriconazole

6 mg/kg twice a day on
day 1; 4 mg/kg twice a day
fram day 2

Fluconazole
400-800 mg daily

Isavuconazole

200 mg three times a day
on day 1-2; 200 mg daily
from day 3

Itraconazole
200-400 myg daily

l

h 4

Traditional duration 14 days after last positive blood culture

Zdravljenje 14 dni po dokumentirani negativni HK!

tednu (pri nevtropenicnih v
|. tednu po popravi
nevtropenije!)

Cornely OA et al. Lancet Infect Dis. 2025 May;25(5):e280-
e293



ZAKA] ZACNEMO Z EHINOKANDINI IN KDAJ] PREIDEMO NA
AZOLE!

Zakaj ehinokandini kot prva izbira za zdravljenje kandidemije?

* varnostni profil
* Sirok spekter
* ni veliko interakcij z drugimi zdravili (v primerjavi z azoli!)

HD stabilen bolnik

Negativne kontrolne hemokulture

Bolnik ni nevtropenicen

Origo okuzbe (‘“‘source control’’) odstranjen (npr. CVK)
Bolnik prenasa azole (interakcije!)

Vrsta kandide je obcutljiva na azole

Cornely OA et al. Lancet Infect Dis. 2025 May;25(5):e280-e293
Pappas PG, et al. Clin Infect Dis. 2016 Feb 15;62(4):e1-50.



TKIVNO-

INVAZIVNA
OBLIKA

- Zdravljenje nekaterih oblik

ENDOFTALMITIS (zdravljenje 4 - 6t)

= Flukonazol 200-400mg/dan ali vorikonazol (I.dan
émg/kg/ 1 2h, potem 4mg/kg/12h)

= Alternativa liposomalni amfotericin B (LAmB) 3mg/kg/dan

" Praviloma ne ehinokandini (ne prehajajo dobro)

OKUZBA CZS
" LAmB 3-5mg/kg/dan +/- flucitozin 150mg/kg/dan

= Kasneje prehod na flukonazol 400-800mg/dan +/- flucitozin
| 50mg/kg/dan do izzvenetja simptomov/znakoyv,
normalizacije likvorja in izboljSanja na slikovni diagnostiki

ENDOKARDITIS (zdravljenje vsaj 6 tednov od menjave
zaklopke)

= LAmB 3-5mg/kg/dan +/- flucitozin 25mg/kg 4x/dan ali
ehinokandin.

= Mozni tudi kombinaciji ehinokandin+azol ali
LAmB+ehinokandin

= Operacija zaklopke v | tednu od diagnoze

Cornely OA et al. Lancet Infect Dis. 2025 May;25(5):e280-e293
Pappas PG, et al. Clin Infect Dis. 2016 Feb 15;62(4):e1-50.



= INTRAABDOMINALNA KANDIDIAZA

= ‘“source control”’, drenaza, debridement

= Zdravljenej enako kot pri kandidemiji

= OSTEOARTIKULARNE OKUZBE
TKIVN O' = Osteomielitis: flukonazol 6-12m ali ehinokandin 2t, potem

flukonazol 6-12m
I NVAZIVNA = Artritis: flukonazol 6t ali ehinokandin 2t, potem flukonazol

O B LI KA 4tM spiranje, odstranitev umetnega materiala

- Zdravljenje nekaterih oblik

Cornely OA et al. Lancet Infect Dis. 2025 May;25(5):e280-e293
Pappas PG, et al. Clin Infect Dis. 2016 Feb 15;62(4):e1-50.
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REZISTENTNI IN NOVI SEVI

Resistance (%)

30+

254

20—

15+

10—

Azoles

e

Echinocandins
| S

2001-02

2003-04 ' 2005-06
Time period (years)

2007-08 | 2009-10

Figure 3: Parallel rise in azole and echinocandin resistance in Candida glabrata
bloodstream isolates over a 10-year period, showing emergence of
multidrug-resistant strains
The grey-shaded box shows the time of emergence of substantial multidrug
resistance. The three echinocandin-class drugs are shown: red, anidulafungin;
green, caspofungin; blue, micafungin (adapted from Alexander et al™).

MDR=multidrug resistance.

Perlin DS, et al. Lancet Infect Dis. 2017 Dec;17(12):e383-e392.

DRUG-RESISTANT
CANDIDA AURIS

e urcent NN

Candida auris (C. auris) is an emerging multidrug-resistant yeast (a type of fungus). It can cause severe
infections and spreads easily between hospitalized patients and nursing home residents.



ZDRAVLJENJE PLJUCNE INVAZIVNE ASPERGILOZE

A Probable or proven
invasive
aspergillosis

l m  Zdravilo izbire: VORIKONAZOL

g sy ®  Alternativa: LAmB, izavukonazol
received?
e | Yes—y | = CIM ZGODNEJSA UVEDBA!
AL ettty |y TDM
OR OR
Isavuconazole. Caspofungin d1 70 mg QD i.v., o . . . . . . . .
g2 s R R Sk =  Mozna kombinacija vorikonazola + ehinokandina (pri izbranih bolnikih)

l : |

v

" Trajanje zdravljenja: minimalno 6-12 tednov

Response Repeat CT on d7
or stable? and d14

—Prograssivs = Po zakljucenem zdravljenju: sekundarna profilaksa pred
imunosupresivnim zdravljenjem

Consider step
down to oral
formulation after at
least 7 days of i.v.
treatment

Consider
(re-) biopsy

Patterson F.T. et al. Clin Infect Dis. 2016 Aug 15;63(4):e1-e60.
Ullmann AJ, e al.Clin Microbiol Infect. 2018 May;24 Suppl 1:e1-e38.
Koehler P, et al. Infect Dis Clin North Am. 2016 Mar;30(1):265-75.



ZDRAVLJENJE
MUKORMIKOZE

Suspected, probable
or proven invasive
mucormycosis

v

Surgical debridement

v

Renal failure?

No

v

Liposomal amphotericin B
(5-) 10 mg/kg QD i.v.

Consider reducing
dose

<~ Stable disease?

If yes,
switch to

Posaconazole tablet
d1 300 mg BID p.o.,
d2 300 mg QD p.o.
OR
Isavuconazole tablet
d1-2 200 mg TID p.o.,
d3 200 mg QD p.o.

Koehler P, et al. Infect Dis Clin North Am. 2016 Mar;30(1):265-75.

g""--\.

~ Extensive disease?

e

If yes,
consider adding

v

Posaconazole
d1 300 mg BID i.v.,
d2 300 mg QD i.v.
OR
Isavuconazole
d1-2 200 mg TID i.v.,
d3 200 mg QD i.v.




ZDRAVLJENJE KRIPTOKOKOZE

Global guideline for the diagnosis and management of @ L)
cryptococcosis: an initiative of the ECMM and ISHAM in o
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ZDRAVLJENJE KRIPTOKOKOZE

Cryptococcal meningitis and CNS cryptococcosis Disseminated Isolated pulmonary cryptococcosis® Direct skin
(non-CNS/ innoculation
non-pulmonary)
cryptococcosis

HIV SOT Non-HIV/ Non-HIV Cryptococcoma Severe tMild (with or without
non-50T C gattii cryptococcoma)
| |
Without With
crypto- crypto-
coccoma coccoma
| |
(Alit) Liposomal amphotericin B 3-4 mg/kg daily and flucytosine 25 mg/kg four times a day in high-income settings or Fluconazole Fluconazole
(Al) SLiposomal amphotericin B 10 mg/kg single dose and 2 weeks of flucytosine 25 mg/kg four times a day and fluconazole 1200 mg daily in low-income 400-800 mg daily 400 mg daily
settings
2 weeks =2 weeks =2 weeks 4-6 weeks 4-6 weeks 2 weeks 2 weeks 4-6 weeks §6-12 months 3-6 months
Al | Allt | Allt ‘ Bl ] Bl | Bllu | Allu ‘ Bllu | Bllu Alll

Consolidation: (Al) fluconazole 400-800 mg daily for 8 weeks

| I ‘ [ | l ‘ | Grades of recommendation

] A. Strongly recommended

Maintenance: {Alit) fluconazole 200 mg daily for 12 months
1 B. Moderately recommended

Figure 1: Recommended first-line antifungal therapy by cryptococcosis syndrome
Grading of recommendation and level of evidence in bolded red letters. Recommendation grading by shading: blue (strongly recommended; A) and yellow (moderately recommend; B). SOT=solid

Chang CC, et al. Lancet Infect Dis. 2024 Aug;24(8):e495-e512.



Table 3. WHO fungal priority pathogens list

High group
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... Candida tropicalis Talaromyces marneffei

7

__L_
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» Candida parapsilosis - ) Pneumocystis jirovecii
- &
* &  Paracoccidioides spp.
% 5

https://www.who.int/publications/i/item/978924006024 |
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