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Common Features of All Cells

Al cells, whether they are prokaryotic or eukaryotic, have some
commmon features,

Prokaryotic cell Eukaryotic cell
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There are four types of mycotic
diseases:

1. Hypersensitivity — an allergic reaction
to molds and spores

2. Mycotoxicoses — poisoning of man and
animals by feeds and food products
contaminated by fungi which produce toxins
from the grain substrate.

3. Mycetismus— the ingestion of preformed
toxin (mushroom poisoning).

4. Infection

e Mold

Aspergillus clavatus, young conidiophore

Fungal diseases

- Dermatophytosis

- Subcutaneous mycoses
= Chromomycosis
- Sporothrichosis

- Systemic mycoses
- Aspergillosis

- Pathogenic yeasts
= Dimorphic fungi

- Phycomycoses

- Mucomycoses
- Entomophthomycoses

- Mycotoxicosis

SHISTOPLASMOSIS-

Mycoses in domestic animals

Aspergillosis, Dermatophytoses, Otitis |
Dermatophytoses, Cryptococcosis ‘

' Fungal abortion caused by Aspergillus, Candida,
\ Zygomycetes

Dermatophytoses Cryptococcosis

‘ ePnuemonic cryptococcosis =i

- Pnuemocystic carinii and arthritis
Blanco, 200




Skin and Lung Intections Caused by
iptococcus neoformans

Courteey of MIMAG nns

in lung

Canine Otitis Externa

:_ Exudate stained with methylene blue
observed bottle-shaped cells.

Hyperkeratinization and hyperpigmentation at
anal region and tail caused by M.
pachydermatis




[OPLASMOSIS-
SKIN

Gross pathology specimen of
lung showing cut surface of
fibrocaseous nodule due to
Histoplasma capsulatum.




| Affinity of keratinized
™ structure of Fungi
. Imperfecti
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BONE INVOLVEMENT
BLASTOMYCOSIS

Histopathology of blastomycosis of skin. Budding cell of
Blastomyces dermatitidis surrounded by neutrophils.
Multiple nuclei are visible.

COCCIDIOIDOMYCOSIS-
GRANULOMAS IN LUNG




tﬁ;opathology of 00001d101d0my0051s of lung. Mature spherule
endospores of Coccidioides immitis, intense infiltrate of
eutrophils.
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A Chronic inflammatory response caused
by Rhinosporidiosis
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Defects in host defences that predispose patients to HOW the pathogen elude and subvert the hOSt defense
infections with specific fungi.
Fungal pathogen Host factor

¢ Candida (mucosal) Impaired cell mediated immunity
¢ Candida (disseminated) Impaired mucosa or integument,

neutropenia
* Aspergillus Neutropenia, high-dose corticosteroids
« Cryptococcus Impaired cell mediated immunity,

corticosteroids
e Zygomycetes Neutropenia, deferoxamine treatment,

corticosteroids, diabetic ketoacidosis
¢ Fusarium Neutropenia, impaired integument,

corticosteroids
¢ Scedosporium Neutropenia
¢ Trichosporon Neutropenia, impaired integument

Neutrophil, Macrophage, Monocyte, Complement, antimicrobial peptides.
Immune response to specific Non specific host defence
fungal antigens bt Bt octors st o
Prnhiut_ic .ﬂ.l’lli—!‘l’lil:rl]hial Tissue-Macrophages
Cutaneous Candidiasis P e s e Granulocytes

Difference of CMI and HMI response to pathogen

Yeast Germinating L | Bimee +° +° +'o
1 SkKin Mucous Mesenchyme Blood
A in norml A in pafient Primary line of defence against invasion by
Cause of CMI deficiency has still not elucidated in chronic form. fungi include:
Transformation of yeast: escape recognition - intact skin and mucus membrane

- inflammatory response and recruitment of

PMN neutrophil and macrophage




Host Physiology Defects

Relapsing Malignancy

Immobility Radiation Therapy
Mucositis Malnutrition
I
Immunosuppressive Antibiotics
Agents*
Intensive Care Unit Stay Hematopoietic

Stem-Cell Transplant

t i i ine, tacrolimus,

-Pregnancy, alcohol, drug abuse
-Prolong antibiotic administration

-Malnutrition = Diabetic ketoacidosis

intermediates and
Tkilling of

Patient Ri sk ;-Corticosteroid: 1
I Depress neutrophil |

1 and macrophage 1

-Neutropenia or neutrophil dysfunction | function. 1

| Inhibit reactive 1

-Cytotoxic chemotherapy for cancer | oxidant |

|

|

-Immunosuppressant for tissue graft 1 _
| phagocytosed f’u‘hgl.

~p

Where do fungi from?
Yeasts = normal flora

Mold = environmental contamination

Host response to fungal infections

Combinative response ~ — Extracellular and
Intracellular antigens

Animal models is just an individual response,
that do not make a complete explanation.

Role Of Immune System VS Fungus

Most of fungi are too large to be digested by phygocytic
neutrophil. However, these organism invoke HMI and
CML
HMI: Antibody does not appear to play the
protective role but it is an important defense
against yeast and mold...How?
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Which cell is a principle mediator of
antifungal mechanisms of phagocytic
cell ?

A. Neutrophil D. NK cell
B. Basophile E. CTL
C. Macrophage F. Eosinophil
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Major mediator by Neutrophil
Minor action by Macrophage

¢ Neutrophil:
- Microbicidal oxidant; H,O,, hypochlorous acid,
monochloramine
- non-oxidative substance; lysozyme, defensin,
lactoferrin, elastase, azuricidine,

CLASSICAL LECTIN ALTERNATIVE
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Toll-like receptor (TLR) leukocyte expression patterns and PAMP specificities.
Each of the TLRs is expressed on a different subset of leukocytes and each of the
TLRs detects different subsets of pathogens allowing vigilant surveillance by the

immune system.

microbes, allergens

: } . ‘Source of type 1 hypersensitivity ‘
% e
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iSource Of type 4 hypersensitivity "

Principle of antigen to activated systemic immunity
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Th1 and

Cytokine Secretion ﬂ
by Activated
T Helper J Th2

PN
N
Activation of

Delayed Type
Hypersensitivity NK Activity T Lymphocytes

TISSUE INJURY - CHRONIC INFLAMMATION

Promote killing of the intracellular microbes.

oe
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Mast Cell Degranulation

Skin : erythema, wheal, flare, urticaria

Lung : asthma

Intestine : diarrhea

ASPERGILLOSIS

Invasive Aspergillosis

Fungus triggers immune phenomena
Allergic rhinitis, asthma, hypersensitivity
pneumonitis, allergic bronchopulmonary aspergillosis,

aspergilloma.

Susceptible host

Normal Host
Switch to hyphae form

Maintain only conidia form

12



Toll like receptors identify microbial products

e To conidia I'.' _To .h;) ha e_ ..... .
Alternative pathway Classical pathway |

TLR4 Dc and Mc . TLR2 Dc and Mc: IL10
: TNFaq, IL1, MIPo I I
>/ : l i
el | Th2 :
I _0 m_cosw_rm_ | Th1, Mc, Neu . I

Specific immune response to fungi

Major defense mechanism esp. for intracellular fungi.

& B

CD4+ and CD8+ T cell limit dissimilation of fungi to other organs.
Th, Th,
Phagocytic dependence Non-phagocytic dependence

GM-CSF,
ﬂ IFN, TNF, ﬂ L4, IL10
IL1, IL6,

Phagocytosis, }ﬁfﬁfﬁgg Tissue injury, inflammation
IgG production granulomatous, IgE
Host resistance Host susceptible

Macrophage and T-cell Interactions in Aspergillosis

“#Macrophages secrete chemokines that attract

leukocytes and produce IFN-gamma and TNFa,

thereby activating CD4+T lymphocytes.
Chrumluw

|: .)‘[Lz " Phagnsarze »These lymphocytes produce cytokines, IL-2
f

T lyn‘uluu(rlty

and IFN-gamma.

/.
r,-n “Cytolytic T cells and macrophage-produced,
SNy o-"' [ — lysosomal, reactive nitrogen and oxygen
THF « E . “ intermediates.
), 1.51::|I::|—e +In mice, the presence of TNF-alfa and IFN-
/ * Texp gamma: granuloma formation and control of
£ infection.
’:’ +TGF-B, cause tissue destruction and
/ﬁ\\ fibrosis.
& b X . % In the process of macrophage activation,
[ ) m‘;&g‘hhma epithelioid, loses its phagocytic ability.
\ ¥ primarily seareb:y.
AN /  poolyshezpoptia
e -~

Hyphae damage is achieved via extracellular means.

E g_l\;lscl?_% IFN, i TNFa recruits neutrophils to damage hyphae via oxidative mechanism.
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Commensal Candida:
Protective immunity in absence of immuneopathology

weveevcens
®seccccccse

Commensal = mucocutaneous = systemic dissimilation

OPC, GMC GDC

_r' Host defense 1 Antigens
- Salivary proteins | - Adhesin
I - CMI I - Mannan
j - Comp | ement . - Unicellulaer yeast
- £HMI I - Pseudohyphae
’ ’ - Hyphae

Specific immune response to Candida

Major defense mechanism

IFN, TNF,
m 1L1, IL6,
IL12,
DC presents antigens via TLR/MyD88 signaling TLR
superfamily/IL1 ﬂ
CD4+T cell 2antifungal Th,response
1L4, IL10

Induce proinflammatory cytokinesﬂ

NK cell, Mc Nu limit dissimilation of fungi
Host resistance
Predominance of Th2 response = progression of infection

Host susceptible

Skin lesion of Cryptococcosis

C. neoformans cells in brain tissue
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Mucicarmine stain. Histopathology of lung shows widened alveolar
septum containing a few inflammatory cells and numerous yeasts of

Cryptococcus neoformans. The inner layer of the yeast capsule stains red.

Cryptococcus neoformans

* 90% associate with AIDS
* Virulent factors
— Polysaccharide antigens
— Mannitol, Superoxide dismutase and

Capsular polysaccharide

glucuronoxylomannan

Ab unresponsive to Ag
Inhibit leukocyte migration
Down regulate TNFa

Up regulate IL10 and Th2
Dysregulation of cytoine
Inhibit phagocytosis

Melanin
e 2wy ‘
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/.‘."’ '/'c % .
" ) " 3
o . 1 9\ -
ot (R 5 e 'd
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Intracellular killing
- Lysosomal fusion %2
Respiratory
- Phagosomal acidification i Frap i
- lron competition Q , orygen depender
- Enzymatic degradatio~- WPHQ G
huoeyme  odme =0y~ )

glycosylases 3

H,0,

phospholipases \‘ L2

psEe (Y on

lactoferrin (0)3)
basic proteins Hodl
p .O o7

oxygen-independent o
1

O mechanisms:

Extracellular killing
- Antifungal peptides
-Nitric oxide
- Oxygen intermediate
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- gt " ‘Host defense against

IL-1a/B, ete.)

s N/ eww Cryptococcosis

Angiogenic and
fibrogenic factors
(VEGE, HB-EGF,
et

i - members (CD9S,
\ 0 \ T TRAIL, CD301)

ITGFowth factors

(G-CSF, GM-CSF)

\

Anti-inflammatory
cytokines (IL-1ra,
TGFp, etc.)

CMI: Mc, Dc, NK, CD4+ and CD8+
infiltrate in infective sites.

Complement: C3, Cb5a, C3a
HMI: anticapsular antibody
ADCC enhances fungal killing.

Dermatophytosis

* Major antigenic substance: chitin, glucan,
~ glycopeptide, CHO and keratinase —DTH
TT— IgG
* Broadly cross-reactive to other fungi
— Immediate hypersensitivity to air-born fungi
and penicillin.

4 Stratum comaurm

3 Stratum granulosum

Basemen!
membrane  —

Y ?
Stralum basale l LT

Langerhans cell
Melanacyle

|Keratingcyte

Flete ndge

Sublayer in Epidermis

Cells with immunologic potential in the skin

* Epidermal langerhans cells: MHC class I and 1T
[ ¢ Dermal dendritic cells: MHC class 1I
| ¢ Epidermal T lymphocytes:
60% of heterodimer/ 29 % &y heterodimer
e Dermis T lymphocytes:
80% of3 heterodimer/ 7 % &y heterodimer

. Keratinocytes: structural role, cell proliferation
MHC class I - CTL > contact hypersensitivity, graft-versus-host
defense, lichenoid infiltrate
MHC class II - induce IFN y
¢ Microvascular endothelial cells: wound healing,
angiogenesis
Produce cytokine and chemotactic factor esp. macrophage

16



Epidermal langerhans cells

© 2-5% esp at head, face trunk, limbs ¥
> genital region, plam.

Surface makers:

CD1a, CD32, CD23, CD11b-CD18, CD25,
CD40, CD54, CD58, MHC I and MHC II

Adhesion molecules:
LFA-3, ICAM-1, B7

. Cytokines:
IL-1p, IL-6, TNFo,

Dermal dendritic cell

The Inflammatory Response

Relationship between inflammation and chronicity

Anthropophilic Zoophilic

M. furfur, E. floccosum T. verrucosum

T. rubrum

Chronic response Acute response

Dermatophytosis

* Major antigenic substance: chitin,
glucan, glycopeptide, CHO and
keratinase —DTH

\IgG
* Broadly cross-reactive to other fungi

— Immediate hypersensitivity to air-born
fungi and penicillin.
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"¢ Human: response in Type 1 > Type 4 to

e Cattle: Type 4 - desquamation of St corneum

« Guinea pig: Type 1 and 4 - erythema

Pathogenesis and pathogenicity

trichophytin = (gE > inhibit development of CMI?2)
Acute Chronic
+ve for DTH +ve € CMlresponse testing

‘Type 4/Type 1 hypersensitivity ‘

‘ Granulomatous response

‘ Immunocompromise ‘

[

Fungal species

 wall bodies
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