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Prevention/therapy

Fungi

Somewhere between 2-11 m species:
~150 000 described

600 associated with humans
20 000 plant pathogens 150-400 human patogens

Vf

Fungi are largely present in the air, dust, microbiota

Relationship with humans

Ecologic role

Probiotcs

Food

Enzymes used in biotechnology
Antibiotics

Immunomodulators

Food contamination/deterioration

Toxins
Allergies

Infections

“the full impact of fungal diseases in humans is not clear”

doi: 10.1128/AAMCol.180ct.2017
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The kingdom of Fungi

Ascomycota

Basidiomycota

humans are usually resistant to fungal
infections.

nevertheless...

human fungal infections - mycoses - may
occur, caused by primary or opportunistic

pathogens
Mucorales
modified from SchiBler A, et al. 2001. Mycological Research 105: 1413-21

CNS

Cryptococcus Oral
Airborne - Candida
Aspergillus il

Cladosporium N . ) .

Alternaria Saccharomyces Superficial infections of the skin and nails
Cladosporium o 25% of the world population (~1.7 billion people)

ex: athlete’s foot
Lungs

Common Food Aspergillus

Saccharomyces b
Penicillium Candida
Agaricus Clavispora
Skin i X i
Intestinal Malassezia Mucosal infections (oral, genital)
C’;ﬁ;[_;‘: Aspergils ex: vulvovaginal candidiasis 50-70% women
andida ) ppna ;
Saccharomyces in their childbearing years
Fusarium
Debaromyces
penicillium Vaginal
Galactomyces Candida
Nigam & Saleh. StatPearis [Internet]. Treasure Island (FL): StatPearis Publishing
Adapted from: Wheeler et al., Annu Rev Pathol 2017 Akpan & Morgan. Postgrad Med J. 2002

The dermatophytes
Common fungi associated with humans (20% world population infected) Corticosteroids can worsen ringworm
(rashes covering large body areas)

The dermatophyte Genera and diseses

Genus Disease Target Transmission

Tricophyton Ringworm of the  Hair, skin, nails Human to human,
scalp, body, animal to human
beard, nails

Athlete’s foot

Microsporum Ringworm of Scalp hair Animal to human,
scalp soil to human,
Ringworm of skin  Skin; not nails human to human

Epidermophyton  Ringworm of the  Skin; nails; Strictly human to
groin and nails not hair human

ps: cde.g gal/di i teroids.htm!
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The basidiomycete Malassezia causes dandruff
and tinea versicolor

Malassezia furfur
Malassezia globosa

https:, .may i di itic 78385

Nail infections or onychomycosis: nail may separate from
its bed, thicken, develop white spots, or become dystrophic

r—} Dermatophytes T} keratin layers: skin, hair, nail
= enter stratum corneum

spores:
soil
animal release keratinases
human redness
inflammatory reaction swelling
heat
movement away from alopecia

site of infection

central healing
classical ringed lesion

Invasive fungal infections are systemic life-threatening
infections that are estimated to cause 1.5 million deaths
annually

Aspergillus

Candida
i Cryptococcus

o @

o
0o
A ]

Invasive
fungal
infections

Dimorphic Fungi
Histoplasma capsulatum
Paracoccidiides brasiiensis
Coccidioides immitis
Blastomycis dermatiticis

Rhizopus

Pneumocystis

‘E.I
‘o » Q

Dimorphic pathogenic fungi
Primary pathogens

Histoplasma capsulatum
Blastomyces dermatitidis
Coccidioides immitis and posadasii
Sporothrix schenckii

Talaromyces marneffei
Paracoccidioides brasiliensis
(Lacazia loboi)

* Geographically restricted

« Acquired by inhalation

« Infect immunocompetent hosts

« Previous infection may confer immunity

* Filamentous in the environment, yeast form inside the host




01/02/2024

Histoplasma capsulatum

Histoplasma spores

Ashraf et al. Mycopathologia (2020) DROPPINGS

Biology of Histoplasmosis

Histoplasma capsulatum

temperature

mycelia 25°C yeast 37°C
3 infectious forms: 5 -

+ Conidia (spores)
* Yeast
+ Micellium

Risk factors:

Compromised imune system
+ HIV / AIDS

+ Organ transplants

« corticosteroids or TNF inhibitors
« babies ; adults > 55 years

macrophages infected with
H capsulatum

Common opportuni

g

Candida Antibiotic therapy; catheters; diabetes; autoimmune diseases;
corticosteroids; immunosuppression

Aspergillus Leukemia; corticosteroids; immunosuppression; i.v. drug abuse

Cryptococcus Diabetes; tuberculosis; cancer; corticosteroids;
immunosuppression (AIDS)

Pneumocystis Cancer, bone marrow or solid organ transplants; autoimmune
diseases ; immunosuppression (AIDS)

Zygomicota Iron overload; organ
cancer; diabetes; corticosteroids; i.v. therapy; third degree burns

zygomicetes dimorphic growth

« filamentous growth in Lab culture conditions
- growth as yeast under anaerobic conditions and high CO2

Mucormycoses Rhizopus species and Mucor species

1.7 cases/million annually (Rees et al. 1998. Clin. Infect. Dis.)
France: 0.7 to 1.7/million from 1997 to 2006
Third most common fungal infection in transplanted patients

50-90% mortality
diabetes, corticosteroids, other treataments; immunosupressors;

high serum iron levels
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Rhizopus spp.

SARS-Cov-2
i
I cytokine . h fl t . cell damage
storm yperinflammation apoptosis
IL-6
TNF

etc.
mucormycoses; aspergilosis
P

ketoacydosis .

free iron

Aspergillus

g >180 species; fewer (~40) infect humans
3 Aspergius fumigatus
Neosartorya fischeri
Asporgilus cavatus

Aspergilus oryzae
Aspergilus terreus
Aspergilus nidulans.
Aspergillus niger

+Allergic bronchopulmonary aspergillosis (ABPA)
+Allergic Aspergillus sinusitis

+Aspergilloma (fungus ball)

«Chronic pulmonary aspergillosis (CPA)

Invasive aspergillosis — cutaneous (skin) aspergillosis

*Azole-Resistant Aspergillus fumigatus

Allergic bronchopulmonary aspergillosis (ABPA)

azoles Omalizumab
echinocandins conidia Ligelizumab
hyphae Quilizumab Mast cell
Ll LI
-4 - Dupilumab e,
airway epithelium 13 IL-4Ra :'.‘

o

T2OXN a7

Mucolytics
Hypertonic
saline
DNAse

l

mucous viscosity

]

. Lyt
; AN O i

1

immunotherapy Reslizumab Va

sentalizumab Fevipiprant /Iniurv/remodellmg
toxic granular proteins smooth muscle

hyperresponsiveness

Chronic pulmonary aspergillosis: affects ~ 3 000 000 people,
240 000 Europe

Mortality rates up to 15% (lung haemorrage)

Risk factor: asthma

Global burden of CPA: following pulmonary TB (prevalence of 1.74 million)
complicating allergic bronchopulmonary aspergillosis (prevalence of 411 000)
sarcoidosis (prevalence of 72000)

Invasive aspergillosis: ~ 200 000/ annualy
Mortality rates up to 90%; therapy response < 30%
13-18% incidence in bone marrow transplants and solid tumors

Risk factors: neutropenia; cytotoxic drugs; leukemia; steroid therapy
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Cryptococcus neoformans
Cryptococcus gattii

g

Y

nematodes  amoeba

§7 07 5

» ! "@»

Cryptococcus

immunocompromised
individuals

lodging in alveoli

dissemination

N
Pneumonia  * to CNS

Meningitis

Cryptococcus neoformans

>30% AIDS patients worldwide
~150 000 deaths cryptococcal meningitis per year mostly in Sub-Saharan Africa

glucuronoxylomannan (GXM) capsule
Inhibits phagocytosis

Induces endocytosis by pulmonar epithelial and
endothelial cells

After reaching the bloodstream \
Crosses the blood-brain barrier:

meningitis

Infection by Cryptococcus neoformans

paracytosis

metalioprotease
Urease

Trojan horse
fo) Ht:anscytosls ®o

D44

BBB [

proliferation

Vo

immunod )
\ Vomocytosis

vomocytosis

(non-lytic exocytosis)

lysis

g O
proliferation Titan cells

extracellular €

https://doi.org/10.1186/512964-019-0429-0

Immunity to Cryptococcus neoformans

O o e :::;I\I’Iucan

Chitin

L4 Thi; Th17
1L-33 \A

IFN-y

IL-17
1 D

M1
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Pneumocystis jirovecii

asexual

Pneumocystis jirovecii

|
® sexwa « obligatory pathogens (non cultivable
excystment
‘ \ CX; « direct transmission (human to human)
L haploid « infects preferencially the lungs - fast fatal pneumonia if not
O —p ® P treated (100% fatal if untreated; 5 - 40% with treatment)
&
8 *’"1”95“0" « AIDS, transplants, glucocorticoids; cancer chemotherapy
v
K @ § maturation
£
4 o~
diploid
precyst
Candida Mucocutaneous infections
Vulvovaginal candidiasis
~75% women at least one episode
Comensals of the GI and GU tract, skin 20% :ecurr\'ng
Infection usually of endogenous origin Candida albicans

Candida albicans (~ 50% cases)
C. glabrata
C. parapsilosis

C. tropicalis Candida glabrata
C. krusei 5

C. auris

Some species are dimorphic or even polymorphic

Orofaringeal candidiasis
Babies, HIV/AIDS

Disseminated infections
Candidemia

endogenous origin
catheters

50% mortality; 50 000 deaths

wordlwide / annum Hyper-IgE syndrome, APS-1 (APECED), IPEX,
AD-CMC transplantation

Host-fungus interaction

Virulence factors
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Virulence factors

C. albicans secreted aspartic proteinases (Saps)

Oos st . st e

active

r—
Jretervon
i S swaisia
g swaisia
i s
8
1
ol
T e w ERE]
Days ater nfotion
Correia et al., Infect Immun 2010

passive (IgG)

Vilanova et al., Immunology 2004

Virulence factors

Virulence factors - Candidalysin

H it
oA .‘T“.—l

@ :

Epitell el

Virulence factors

Ow

Non-filamentous C. albicans mutants:

highly attenuated virulence

Dimorphism

4 8
Days aftor injoction

—e—HaGCT
—a—hgets
----elg1 cpht

o
12 20 24 26 30

Zheng et al. 2004. EMBO J.
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Virulence factors

SO
g

Response to environment

stress response aa
pH regulation

Fe, Zn, Cu, Mn
adhesion biofilm formation
< S ——"F

Eapi; Iff4; Hwpl; ALS

h
ex: catheters, host cells catheter

Escape from phagocytosis
macrophage
Q recognition (PRR)
endosome and enguifment
ytic enzymes

C. albicans

phagosome
maturation

Sg)

non-lytic
expulsion
escape

~

H. capsulatum

C. glabrata

Candida albicans cell wall

Main source of “Pathogen-associated molecular patterns” (PAMPs) -
composition varies with morphotype, growth phase, surrounding environment

Mannans

mannan Nemannan

glucans -(1-3)

Chitin

> amannose ® at3mannose
© cizmimosss e oiGmannase
® pmawose  © Nacetylglcosamine
® Blamamoss o Prosphate

cd

¢ (G| o] [Gvant] oot o] [Cooa] [ E
o [B3 o] ] [E75E [Frae p—

RO

=9 5

|
. O @i

‘ o \ W
free® ] -

eecs =

TNF-a [—
IL-23

Netea et al., Nature Reviews Immunology 15:630-642(2015)

Fungal immune evasion mechanisms

Pigment: oxidative stress
Detoxification
C. neoformans and A. fumigatus - Melanin

C. albicans - extracelular SOD

C. albicans, C. neoformans, Sod4

B. dermatitidis, C. posadasii - impaired NO production Sods
Sods

Sod1
Sod3

superoxide dismutases
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Histoplasma capsulatum
a-(1,3) glucans block
innate imune recognition
through Dectin-1

B-glucans are “masked” on C. albicans
exposure increases the pro-inflammatory
immune response

Wildtype

wr gos1a

ttps://dol org/10.1371/journal ppat 0020035
Rappleye, et al. 2007. PNAS 104: 1366-1370

Higher exposure of B-glucans leads to a
higher inflammatory response

facilitated access to B-glucans

-ﬂ' o

. . I .

Lima et al. Unpublished

Candida bracarensis
induces a more marked
pro-inflammatory response
via Dectin-1

E
Antimouse *_ b ok -
Dectint mab _~* M
MOI (1:2) MOl (1:2)
Dendritic cells Macrophages

Trained Immunity

B-glucan

Innate response

Innate cells

epigenetic modifications (chromatin organization; metilation)
metabolic reprogramming (aerobic glycolisis)

altered innate cell respoinsiveness (peripheral TI)

long-term effects (hematopoiesis; central TI)

Trained immunity in monocytes/macrophages

Naive monocyte

g-glucan mefp (& Dectin-1

low mRNA
transcription

low levels
cytokine production

Trained monocyte

activation markers

metabolism

Histone ...

high levels
MRNA transcription

cytokine production
*pm-mflammalory response

Continuated exposure
contributes for host protection

Dectin-1-Mediated Production ®onters
of Pro-Inflammatory Cytokines
Induced by Yeast B-Glucans in

Bovine Monocytes

Ana R V. Pedro"#?, Tania Lima', Ricardo Fréis-Martins', Birbara Leal*”, Isabel C. Ramos',
Elisaboto G. Martins™, Ana R..J. Cabrita®, Antdnio J. M. Fonseca’, Margarida R. G. Maia®,
Manuel Viianova 2 and Alexanda Correia "

May 2021 | Volume 12 | Article 689879

B foods

Feasibility of Brewer’s Spent Yeast Microcapsules as Targeted
Oral Carriers

Sofia E Reis "*(, Vitor J. Martins ', Rita Bastos ', Tania Lima ?, Viviana G. Correia >4,

Benedita A. Pinheiro >4, Lisete M. Silva ', Angelina S. Palma >, Paula Ferreira 5, Manuel Vilanova %67,

Manuel A. Coimbra *> and Elisabete Coelho *
Foods 2023,12, 246.

A single organism

Candida  'f
albicans 2 @ ‘

3 distinct host protective responses

Gl tract

lymphocytes (Th17)
AMPs

= Disseminated
@ neutrophils
% N

Urogenital tract

IgA?
lyi ogrfes
ng#trop!

10
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A

C. albicans

GM-CSF

GCSF

Dectin-1

. "syk/caRDS

IL-23
Tryptophan Lkynurenin N

Correia et of. 2015, in Human Emerging and Re-emerging Infections.

wancnJournal of
raomoar Clinical Microbiology®

Candida auris: an Emerging Fungal Pathogen

Emily S. Spivak Kimberly E. Hanson»>

“Degartment of Medicine,Division of nfectious Diseases, Uriversity of Utzh Salt Lake Gy, Utah,USA
partment of Salt Lake Giy, Utah, USA

ABSTRACT Candida auris has emerged globally as a multidrug-resistant health care-
associated fungal pathogen. Recent reports highlight ongoing challenges due to or-
ganism misidentification, high rates of antifungal drug resistance, and significant pa-
tient mortality. The predilection for transmission within and between health care
facilitis possibly promoted by virulence factors that facilitate skin colonization and
environmental persistence s unique among Candida species. This minireview details
the global emergence of C. auris and discusses issues relevant to clinical microbiol-
gy laboratories, hospital Infection control, and antimicrobal stewardship efforts.

February 2018

Rural environment

Candida auris previously existed as
jplant saprophyte that gained
thermotolerance and salinty tlerance
a5 a result of the effects of cimate

1E) Human migration towards urban areas.
on the wetland ecosystem. eventt

wally led C. auris into health care

f P

Visual A ©2019 The Universty o Texas MD Anderson Cancer Cantr

Candida auris, evades neutrophil attack

C. auris vs C. albicans

decreased neutrophil death
decreased phagocytosis
decreased netosis
increased fungal survival

live neutrophils
dead cells or RFP-tagged C. albicans
Calcofluor white-tagged C. auris

Johnson et al., 2018 mBio 9:e01403-18

T cells do not seem necessary in disseminated candidiasis!

6WT

Log CFUs

T-cell deficient

kidney

10.1281A1.68.4.2363.2365 2000

11
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Mutations affecting theTu17 Vaccination approaches to fungal infections
pathway in humans
but... crucial in mucocutaneous candidiasis
STAT-3 Recombinant/subunit
Chronic Mucocutaneous Candidiasis (CMC) }'L‘T;B Als-3-p: Candida spp
Hyper-IgE syndrome, APS-1 (APECED), IPEX L12RB1 mucocutaneous Sap-2
IL17F
IL17RA

Fungal
gff;lml vaccines Live-attenuated
AIRE Conjugate HK cerevisae
ACT1 B-glucan brown algae iDT formalin-K immitis spherules
IL17RC B-1,2 mannotriose attenuated strain C. posadasii
. with fructose bisphosphate aldolase attenuated strain C. neoformans
Gene defects associated to Th17 (also Treg) CARD9 m“;(v::::“s GXM tetanus toxoid 4 Bad1Blastomyces
live-attenuated strain T. verrucosum
o Antifungal therapeutic agents
% 4 fluconazole
% 3 amphotericin B 3
L% nistatin voriconazole
% natamycin
.

Pl

Lonosterol

&
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lobose
: ) Amoebas
etyostelid slime moigs oo
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e oo
aprot®” ¥

plasmod caspofungin
micafungin

Fungi are philogenetically
closer to Animais than Plants
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Mambro et al. Front. Pharmacol. 2019

A NP-based approach to limit inflammatory side-effects in a model of systemic candidiasis

Antifungal mAbs  Source  Pathogen Antigen Disease Tolerance
mAb C7 Mouse  C. albicans, Gell wall mannoprotein “‘/V'g"' PS NPs

C. lusitaniae,

C. neoformans, 5

A. fumigatus, Z

. 3

S. prolificans H
mAb A9 Mouse A. fumigatus Cell wall glycoprotein B
mAb 7B8 and 8G4 Mouse A. fumigatus Galactomannan of £

and flavus A. fumigatus H
mAb 1887 Mouse Cryptococcus Glucuronoxylomannan 3

SPp. E 4
Mycograb Human  Candida spp. Candida HSP(90)

Pathogen Load
[ -
HemiITAM
McCarville & Ayres domain
Mambro et al. Front. Pharmacol. 2019 Curr Opin Immunol 2018, 50: 88-93
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el ionali: icles D Modulate the

Response of Phag Nanomaterials 2022, 12,2475 In vivo anti-inflammatory effect of B-(1,3)-glucan conjugated NPs in a

Challenged with Candida albicans model of hematogenously disseminated candidiasis

Tinia Lima 1440, Stefin B. Gunnarsson %, Elisabete Coelho =, Dinitry V. Etuguin ", 55 Tc-COQH-P: I
£230, Manoel A. Coimbrs ), Tommy Cedervall 21 and Mansl Vilanova 123
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