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K2 MYCOLOGY

Dr. Hala Tabl




Mycology bkt
Is the study of fungi

From greek “mykes” i.e mushroom




o hae What are fungqi
h::%ﬂolmpk“ '—b\ g

pxstene

-3 l:;»‘" &;‘J Fungi ‘are eukaryotic organisms
T

The natural habitat of most fungi is the environment. An

important exception is |[Candida albicans, which 1s part
of the normal human flora \
a2t ‘-"«\i)\"“”'“_fs('e
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Importance of fungi

“Fungi has both beneficial and harmful aspects’

1) Alexander Fleming; "/7/en I woke up just /p
after dawn on September 28, 1928, I certainly
didn't plan to revolutionizé all medicine by
discovering the world's first antibiotic, or bacteria

killer. But I suppose that was exactly what I did.”

1945 Nobel Prize in Medicine for the

discovery of [penicillin [from saprophytic

mold called “Penicillium notatum”.

Penicillium

r/\

Bactena inhibited >

Bacterlq’
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2) In Medicine: *Production of many important drugs and =<”-

.. . . ole p
antimicrobials, vaccines,.. s>
Poete
20== f
GRISEOFULYIN | “—

_ .

7
— D.H.E. 45
(dihydroaergotamine)
Antifungal Griseofulvin Ergot, used to induce uterine
from Penicillium contractions, from Claviceps

griseofulvum. purpurea

*Fung1 are widely used model organisms in genetic engineering.
/j,f) | ¢ A AL
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3) Food industry and processing:

Fungi are used in the production of

important foods (e.g., bread, cheese,

wine,...).

Soy Sauce




4) They are common cause of damage to:

crops, foodstuftfs, fabrics and building materials.




5) Few species of fungi can cause disease in
human and animals.
Fungal diseases may be due to either:

Infection

Allergies

Mycotoxins
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Structure of Fungi o
S|
2l !
: . . A BASIC FUNGAL CELL | o ler o™
Fungi are Eukaryotlc‘ organisms gertosls

. - - -
A (e

1. Have aith nuclear membrane.

2. Have membranous organelles (e.g. Golgi
apparatus, _endoplasmic  reticulum __and

mitochondria).

NUCLEUS e © MITOCHONDRION

CELL MEMBRANE ©

o CYTOPLASM

RIBOSOMES @

CELL WALL
(CONTAINING CHITIN,
RATHER THAN CELLULOSE)
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3. Their cell membrane containing ergosterol.
Gelde ~ LU s

Ve, Laen,
> In contrast to: oY s L
‘/“ g.:"‘)” :’*’( -

-Human cell membrane, which contains cholesterol.

-Bacterial cell membrane, which contains phospholipids.

» The main target of some antifungal drugs e.g.

Polyne and azole

r‘P\;“"fo Uj\-@ "'v_$ &/6"5/’”'/"«” \O"J'W"“:‘ ?JJ | \/_)*.B

drugs.
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4. Their|cell wall ‘consists mainly of polysaccharides:

T L5
a) Chitin

o ’,c—t"/"r(s

b) p-glucan

Medical importance of fungal cell wall —;”{J WL‘
[//¢_5J \,—Lgf)spy)LQR w«;;g_{,/\’ﬂ J:’Zw

» There 1s|NO Dentldoglvcanl as 1n bacteria; thus

o>kt f)ﬁ-ﬂ~L9“ﬁ>
fungi are @ﬂmmy_e to antibiotics, such as

penicillin.

> PB-glucan is the target of the antifungal drug,

Echinocandin (e. g.Caspfﬂb

» Hypersensitivity to its components.

jnhl'ﬁfz( #L smses
of B'al"mw
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2= Comparison between Fungi and Bacteria

Dl gl (91

KR

Feature

Fungl

Bacteria

Diameter

Nucleus
Cytoplasm

Cell membrane

Cell wall
content

Spores

Thermal
dimorphism

Approximately
4 um (Candida)

Eukaryotic

Mitochondria and
endoplasmic
reticulum
present

Sterols present
Chitin

Sexual and asexual
spores for
reproduction

Yes (some)

Approximately Tum
(Staphylococcus)

Prokaryotic

Mitochondria and
endoplasmic
reticulum absent

Sterols absent (except
Mycoplasma)
Peptidoglycan

Endospores for survival, not
for reproduction

No



Prokaryotes
(Bacteria)
0.1-10 um
No nuclear membrane
Single chromosome
No histones
Binjepﬁ‘“if fission roues
No organelles
Peptidoglycan
No ergosterol
(70)S ribosomes

Eukaryotes

(Fungi)
10-100 um
Nuclear membrane
multiple
Histones
Mjm'uj?c division
Organelles
Chitin
Ergosterol

80/'S ribosomes
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Morphological classification of fungi

ungal
morpholog

-+~ Yeast
- Mold yessh /mild
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1-Mold (filamentous fungi): L

Ol )
» They are multicellular fungi which produ@ﬁ@\a/)e\
(1.e) microscopic|long branching ﬁlamentsjb Aot
» Example: Dermqtophytes & Aspergillus. e i B
UG 5 et P  DLSlee
2-Yeasts (Budding fungi): (o by phtc ) oy

» Oval or rounded single cell, Reproduce by budding.

Iv

. W g
linked mn branches called pseudo-hyphae. |;¢ha
Lzyrlt“ oo P Tl om0 A d) G\ ) O

Ao &
» Some yeasts may have elongated budding cells Cf

» Example: Candida & Cryptococcus. = G

csl&
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3 T)lmorphlc fungi: (Dimorphism)

ungi can occur in 2 different forms:

>

>

0 , ®
In nature or 1n culture at room

temperature, they occur in a

form[(molds). = o omeoed o “
yaush b (R TG et ) 377,02

In infected tissues or when incubated at

37°C they occur in a yeast form.

Example: Histoplasma capsulatum

L& AU
0; morphic fugy:

> Loy et 1<l gl ()

Dimorphism of dimorphic fungi

SDA media

S zs;c

35-37C
) —

BHI media

| MOLD FORM |

M i9°
,0'0

| YEAST FORM |

This diagram shows dimorphic fungi can exist in
two forms at two different temperature showing
“DIMORPHISM” character




Fungal reproduction

Z)Jj‘"f"-’.f(“ #(’M LthkML’-’ kS"’, l&/(}’kﬁk hJFl”L ”AP)‘}U-U Hvpha of —

Z(jaosfakrﬂ“"sz_, . r’nating type/ Eﬂg;:?nagqtgr;e

(1) Sexual reproduction (perfect fungi): ' *

ln» )‘.’f (n)‘_,l
When two parents' spores combine to
(2n) vl

produce a zygospore.
\}JA"J“Q')I P (r‘“"”(éf’\_gu
(2) @sexual reproduction (imperfect fungi):

y W\ Gs =
-Most| of the common pathogenic species are

Gametangia
2y

Zygote
{2m1)

Zygospore
2r)

imperfect fungi and propagate by forming

Asexual spores e.g. Budding.

© Yeast Cell | @ Developing Bud | @) New Bud | @) Chain of buds



(Clinical classification of fungi)

Il g 1

HUMAN MYCOSES SR

_SL'J,O-a

Type Anatomic Location Representative Disease Genus of Causative Organism(s)
Cutaneous Dead layer of skin Tinea versicolor Malassezia
Epidermis, hair, nails Dermatophytosis (ringworm) Microsporum, Trichophyton, Epidermophyton
Subcutaneous  Subcutis Sporotrichosis Sporothrix
Mycetoma Several genera
Systemic Internal organs Coccidioidomycosis Coccidioides
Histoplasmosis Histoplasma
Blastomycosis Blastomyces
Paracoccidioidomycosis Paracoccidioides
Opportunistic Internal organs Cryptococcosis Cryptococcus
Candidiasis Candida
Aspergillosis Aspergillus
Mucormycosis Mucor, Rhizopus
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o= W =) e L 2 °
e 2 T Superficial Mycoses

Aftect the skin, mucous membrane, hair or nails.

(1) Pityriasis versicolor (Tinea versicolor). Ao/ VA0 s
ung- Qre sl o bo) J
» Caused by|Malassezia furfur, o s lhiw (
3 o @l Xige e
» Cause de-pigmentation of the skin (only cosmetic importance).
ChP o noelz g, r"‘-‘;'“ sL ~llw

(2) Candidiasis of the Skin / mucous membranes (Moniliasis)
e Ts » ﬁea{ﬁ'
» Candida albicans (normal flora of the mucous membranes). )
e Greo 1) UG L (Bl G2 JAe G s Ge e o G

> Opportunistic fungi which dominate with impaired immunity

» Affect warm, moist areas ﬁﬁ the skin (Axilla, Groin, diaper rash,...),
- . b —
. A
mucous membranes (Oral(thrush) vaginal thrush). _“" ) e
wj —)—’4:9 \b

[ L ‘ul.;x_sa\j'pl_;,!’_&;ﬂ&, + AN+ ‘}pgaexl (@
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(3) Dermatophytosis (Ringworm|infection) = {:imedos (14
S g J) nap L) g D35S Y
» Dermatophytes are 3 genera: Microsporum, Trichophyton, Epidermophyton

[7Z7 N\

R
. : . . . . ) F nFo+
» They infect only the superficial keratinized layers of the Skin, Hair and Nails. — _.) =00
3")55&:_,.;5 gi?\)_y'f__cé\_:’ ‘-ﬂl\)]_)" A d) o

» Cause Tinea, contagious disease characterized by itchy, scaly, red circular or ring-like
U it xn Gop2| 2T V) bss ;”*"%] G Jazir,

lesions (hence the name ringworm). ‘ S
o S s J 04! ¢ B 0y G )

e e e e A
Q’z% @ S YWl dp vo e Akele 5,

J\I)’Zﬁ)J"’ S-
"N

2y D\ o se pps \L _gp 5
Tinea capitis (scalp) Tinea corporis (body) Tinea pedis (Athlete's foot)
 pSio S
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o Subcutaneous Mycoses

These are caused by fungi that grow in soil and on vegetation and acquired

¥ L1l
PR
e,

only when the fungus is implanted into subcutaneous tissues by trauma. |

Involves skin, muscle and connective tissue immediately below the skin
’o“_,ﬂ))_g'j
(1) Sporotrichosis “Rose gardener's disease” |); mphic ﬁuaﬁ'
{ yask — —
J@Drb _
> Caused by Sporothrix schenckii. /s “>>" &7
, S U Uleerr 2L 1
» Spores introduced by rose thorn.

(2) Mycetoma “Madura foot”syold -4

N 55 o O Ll (R T2 50 s —*f’fJJ'yf'J‘J)';"."jJ)Q
» Caused by Madurel tomatis.

» Foot is the common site and usually called ''Madura foot|'.

) s
YOy, ¢ Wb S @ [
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v pas wuzer - SyStemic Mycoses

Mostly begin as primary pulmonary lesions that may disseminate to any organ.
(02 )~ G 5 o)) W G Jaiii Lo
1) Candidiasis: Infection is mostly blood borne c¢.g. Central venous catheters,
- (camnwda ) €25 [, v 5] _‘,’5&,“‘)3 ¢ =9 e CH T
intravenous drug use, Major surgery,..)

2) Histoplasmosis: (Histoplasma capsulatum) bird excreta, especially bats.
Inhalation of spores (pulmonary infection) — Reticuloendothelial system.

3) Cryptococcosis: (Cryptococcus neoformans) pigeon faeces

Inhalation of spores (pulmonary infection) — Meninges (Meningitis).

4) Coccidioidomycosis: (Coccidioides immitis)

Inhalation of spores (pulmonary infection) — disseminate to any organ.
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5) ASperglllos1s: mo)) on v wobar , 5044,
loAceW pp DU\,
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( ~ e dodu,\z})(‘d(FJJ‘/) —

(DAspergillus Fumigatus: o» {:

Causes pulmonary Aspergillosis, (in patients with a pre-existing lung disease) —
IS de.w o/ i
disseminate to any organ.

0 0 C/';.‘)l
(vAspergillus Niger: ,, -y > < icuis wbos

Causes otomycosis, chronic infection of the external auditory meatus.

(Aspergillus Flavus: —= = e
((}{l“"’ Cvme
Produce aflatoxins which cause neoplasm in liver (Cancer liver)
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Fungi that induce disease in immunocompromised ind1v1duals (those with

Opportunistic Mycoses

impaired immunity).

» Candida spp.

» Cryptococcus spp.

» Aspergillus spp.

» Mucormycetes (Mucor, and Rhizopus)

> Pneumocystis jiroveci. . 1, L .},

s Lasa)y Grnsalinl L gas! (001
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Examples:

Amanita phatioides | o2~
“Death angel mushroom

A

(1) Poisonous

& A
mushrooms (e.g.

Amanita
mushroom ) is potent hepatotoxin

(2) Aflatoxin, produced by Aspergillus flavus

causes neoplasm in liver (Cancer Liver)

(3) Ergotism, 1s caused by the mold Claviceps
_purpurea, which

alkaloids (e.g

infects grains

and produces
., ergotamine) that cause vascular and

neurologic effects.
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Laboratory diagnosis
A) Specimens: according to site of infection (e w1
v (SKinscales | oot oSl el ) g Goliebn oot
J

Thick keratinized samples are dissolved in KOH

v’ Infected nail — KOH digest the keratin, leaving the alkali-resistant

~+= | fungi intact = Easily visualized
v’ Hair o

mier?scofe

v Others: Pus, urine, sputum, CSF, blood,.. z

Dermatophytes




B) Microscopic examination:

 Unstained (after treatment with KOH)

Fungal stains :
| henol n blue

Calcofluor white

India ink
IIl dia ink / Cryptococcus

(Gram stain

N X X



lactophenol cotton blue

KOH preparation

Aspergillus fumegatus

Dermatophytes

Gram stain

India ink
Cryptococcus

Candida



C) Fungal culture:

Sabouraud’s dextrose agar (SDA): commonly used anlibisde

(contain chloramphenicol + cyclohexamide -2

inhibit bacterial growth

Mold colonies

N wil ﬂrom%

Yeast colonies
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D) Biochemicals: sugar fermentation, urease test,....
E) Molecular: PCR

F) Serology:
—5 P r\’“‘".’\(

» Tests for the presence of antibodies in the patient’s serum are
in diagnosing systemic mycoses.

»Detection of fungal Ag in serum or body fluids: e.g: p D-glucan
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A) Polyenes:

Binds to ergosterol and disrupts fungal cell membranes.
Nystatin: — i
Used for topical treatment (Not well absorbed orally and too toxic for 1.V).
Amphotericin B:

The most effective drug in treatment of sever systemic (deep) mycosis.

B) Azoles:

Inhibits ergosterol synthesis

Miconazole and Clotrimazole: are effective in topical treatment of
dermatophytosis & superficial candidiasis.

Ketoconazole, Itraconazole: are well absorbed from GIT so; given orally.
Fluconazole: penetrates C.N.S. and so effective in fungal meningitis either
orally or I.V.



C) Allylamines:
Inhibits ergosterol synthesis
Terbinafine: treatment of dermatophytosis.

D) Echinocandins:

Inhibits synthesis of D-glucan, a component of fungal cell wall.
Caspofungin: Used 1n invasive fungal infections b e o
¢ 2 &

E) Others:

Griseofulvin:

It blocks mitosis.

Active against all dermatophyte.

Topical application 1s ineffective. The drug is well absorbed from intestine, so it

1s given orally. The drug 1s deposited in diseased skin (keratophilic).



Flucytosine:

» Inhibit fungal DNA synthesis.

» Penetrates C.N.S. and so effective in fungal meningitis.

» Oral flucytosine and I.V. Amphotericin B = Synergism.
v" To delay resistance to Flucytosine.

v Also Amphotericin B inceases cell membrane permeability of the fungus
and this allow flucytosine to go through.



A girl who pricked her finger while pruning some rose bushes, develops
a local pustule that progresses to an ulcer. Several nodules then develop

along her forearm. The most likely agent is:

A) Aspergillus fumigatus.

Sporothrix schenckii.

C) Madurella mycetomatis.

< ad ,&vj 1S s
. . oo v (/ -
D) Candida albicans. D e

(o y_")p_g’-‘up" >
E) Histoplasma capsulatum.



A 50-year-old woman receiving chemotherapy via a subclavian catheter

for acute leukemia. She presented with fever and stiffness in the neck with

clinical suspicion of_mgningitis. CSF culture grew budding yeasts that

formed germ tubes. The organism most likely causing this infection is:

A) Cryptococcus neoformans.
('B) Candida albicans.

C) Candida krusei.

D) Histoplasma capsulatum.

E) Candida tropicalis.



Aspergillus fumigatus can be involved in a variety of clinical conditions.

Which one of the following is LEAST likely to occur?

A) Tissue invasion in immunocompromised host.

B) Allergy following inhalation of airborne particles of the fungus.
C) Colonization of tuberculous cavities in the lung.

( D) Thrush.’

E) Pneumonia and hemoptysis.



A 30-year-old woman has a painless ulcer on her tongue. She is |
patient. Biopsy of the lesion revealed veasts within macropha
What is the most likely diagnosis?

A) Candidiasis.

B) Cryptococcosis.

C) Sporotrichosis.

‘ D) Histoplasmosis. I

E) Aspergillosis.

a1V 15 SSeints | S5



Mycotoxins are toxins produced by fungi.
Which of the following statements best describes aflatoxin?
A) It is readily treated with antifungal drugs.

B) It is transmissible between persons.

) It causes chronic damage and neoplasm in liver.

D) It is produced by poisonous mushrooms.

E) It is produced by Aspergillus fumigatus.



