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“D#*%it, Jim,
I’m not a physician ”I m not a physician.
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The BBasics

4



SCOPE O
At least 100,000 nam

~1 million to 10 millio
1000 to 1500 new sp1000 to 1500 new sp

Fewer than 500 namFewer than 500 nam
with animal or human

Less than 50 are pat
human hostshuman hosts

Biol. Rev. 73:

OF FUNGI
med fungal species

on unnamed species;
pecies per yearpecies per year

ed species associateded species associated
n disease

hogenic in healthy

203-266; 1998 5



PATHOGENICI
-- Generally more chronic tha

Generally involves predispo-- Generally involves predispo
Chemotherapy-induced neutropenia

Organ transplantationOrgan transplantation
Corticosteroids

Broad-spectrum antimicrobialsBroad spectrum antimicrobials
Parenteral nutrition

Dialysisy
Invasive medical procedures

-- Certain infections can be “s

ITY OF FUNGI
an acute
ositionosition

HIV
DiabetesDiabetes

Alcoholism
Intravenous drug abuseIntravenous drug abuse

Intensive care population (burns, NICU)

Malignancyg y
Other immune deficiency 

signal diseases”g

6



CLASSIFYING O

Taxonomy

Holom
Teleomorph

Sexual reproduction
F i f t l i i t tFusion of two nuclei into zygote

Perfect Fungi
Pseudallescheria boydiiy

OPPORTUNISTS

morph
Anamorph

Asexual reproduction
Mit iMitosis

“Fungi Imperfecti”
Scedosporium apiospermump p p

7



SEXUAL REP
Subphylum 
Mucoromycotina

Zygopho

Mucoromycotina

Phylum Basidiomycota

Phylum Ascomycotay y

Phylum Deuteromycotay y

PRODUCTION
ores meet and fuse (zygosporangium)

Clamp connections
f ilit t b idifacilitate basidium

Nuclear division
inside ascus (bag)

NO SEXUAL REPRODUCTION X AL R PR TI
OBSERVED 8



CLASSIFYING O

Taxonomy

Cell morphology (co
Blastic bla
Enlarge, then divide phi

Thallic art
“Divide” then enlargeDivide , then enlarge

Mode of entry (implaMode of entry (impla

OPPORTUNISTS

nidiogenesis)
astoconidia annelloconidia
ialoconidia poroconidia

hroconidia aleurioconidia
chlamydoconidiachlamydoconidia

antation; inhalation)antation; inhalation)
9



UNIFYING C

Macroscopic observatMacroscopic observat

Microscopic observatMicroscopic observat

GrowthGrowth

CONCEPTS

tion of colonial growthtion of colonial growth

tion of colonial growthtion of colonial growth

h on selective mediumh on selective medium

Rate of growthRate of growth

PigmentationPigmentation
10



Wild  Card
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DERMATO
Infrequent mortality

Immunocompromise

Tinea (ringworm)

Immunocompromise

Some have niche inSome have niche in
Geophilic M

Zoophilic M
T.

Anthropophilic M

OPHYTES
y

ed host not requireded host not required

n terms of parasitismn terms of parasitism
M. gypseum

M. canis
T  mentagrophytes

Most 12



DERMATO
Some have regions o
M. audouinii Afric
T violaceum MidT. violaceum Mid

Nor
T concentricum PolyT. concentricum Poly

Poc

Dermatophyte
Microsporum spp.

Epidermophyton floccosum
Trichophyton spp.

OPHYTES
f endemicity
ca, Haiti
dle Eastdle East,

rth Africa
ynesiaynesia
ckets of C. and S. America

Nails Skin Hair
NO Yes Yes
Yes Yes NO
Yes Yes Yes 13



DERMATO

Rev. Inst. Med. trop. S. Paulo
45: 259-263; 2003

OPHYTES

Ann. Trop. Med. Pub. Health
3: 53-57; 2010 14



Trichophyt
~14 days; resistant t

Smooth walled “penc

Diffusible red pigmen

Smooth-walled penc
macroconidia (3-8 ce

i bl i tvariable in amount

Abundant microconidAbundant microconid
tear-shaped (“birds o

Urease-negative afte

ton rubrum
to cycloheximide

cil”

nt

cil
ells)

dia;dia;
on a wire”)

er 7 days
15



Trichophyto
~12 days; resistant to

Rare irregular thick

Suede surface with fo

Rare, irregular, thick-
macroconidia

Abundant microconid
(tears balloons club(tears, balloons, club
some elongated

Urease-positive after

on tonsurans
o cycloheximide; scalp

walled

olds

-walled

dia
bs);bs);

r 4 days
16



Trichophyton m
~7-10 days; resistant

Fluffy, white Variable-pig
Cigar-shape

(Rare macroconidia walled (1-
attachme

Small microconidia; Very roun
tear-shaped (resembling

T. rubrum)
clustered

conid

Spiral hyphae

Urease-positive after

mentagrophytes
t to cycloheximide; foot

gment, granular
ed, smooth, thin-

)6 cells); narrow 
ent to hyphae
d microconidia; 
d on branched 
diophores

r 4 days
17



Trichophyto
Homogenous suspen

Room temperature; 2p ;

GrowthSelected 
Trichophyton spp.

Growth 
Casein

Base + thiamin
T. rubrum 4+ 4+

T. tonsurans 1+ 4+
T. mentagrophytes 4+ 4+

on AGARS
nsion of mycelial growth

2 weeks

in Presence of:in Presence of:
Ammonium nitrate

ne Base + histidine
3+ 4+
1+ 1+
4+ 2+

18



Epidermophyt
~10 days; resistant to

Starts velvety and kh
becomes fluffy white

Smooth, thin- or thick
idi d

y

macroconidia; rounde
single or characteristi

No microconidia

Urease-positive after 

ton floccosum
o cycloheximide; jock

aki;

k-walled
d ded ends;

ic clusters

7 days
19



Microspor
~6-10 days; resistant

Cottony, wooly; lemon
closely-spaced groov

Rough, thick-walled, 
h d idi

y p g

shaped macroconidia
to knob-like ends (6-1

Rare, single microcon

Urease-positive after 

rum canis
t to cycloheximide; kids

n periphery
ves

spindle-
ta; tapers

15 cells)

nidia

7 days
20



Microsporu
~6 days; resistant to c

Cinnamon brown to b
granular (sporulates h

Very abundant macro
thi ll d ith d

g ( p

thin-walled with round
(4-6 cells)

Rare, single microcon

Urease-positive after 

um gypseum
cycloheximide; kids

buff;
heavily)

oconidia;
d d ti

y)

ded tips

nidia

7 days
21



Pictuures
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DEMATIACEOUS
Soil, plant, moist org

Immunocompromise

Some tropical; som

Immunocompromise

Spectrum of diseasSpectrum of diseas
Eumycotic mycetom
ChromoblastomycoChromoblastomyco
Phaeohyphomycos
Chronic sinusitis (pChronic sinusitis (p
Rare systemic dise

S OPPORTUNISTS
ganics (some air)

ed host not required

e temperate

ed host not required

ee
ma
osisosis
sis
portal for CNS disease)portal for CNS disease)
ase

23



Eumycotic mycetoma
with Exophiala etiologywith Exophiala etiology

Chromoblas
with Phialophwith Phialoph

stomycosis
hora etiologyhora etiology

Phaeohyphomycosis
with Alternaria etiology 24



Fonsecaea spp. 
Most common worldw
chromoblastomycosischromoblastomycosis
Maturity in ~14-28 da
Colony surface dark
green black or gray;green, black, or gray;
reverse is black
C idi ( h ) hilConidia (phores), hila
vase-shaped phialide
collarettes, denticles

AND OTHERS
wide cause of
ss
ys

Fonsecaea pedrosoi

a,
s,

Rhinocladiella spp.

Phialophora spp.
25



Fonsecaea spp. 

Scan from

Fonsecaea-type
conidiation

Rhinocladiella-type
conidiation

P

AND OTHERS

m Larone

Phialophora-type
conidiation

Cladosporium-type
conidiation

26



Cladosporium spp.,
Most common worldw
of chromoblastomycoof chromoblastomyco
Maturity in ~14-28 da
Colony surface dark
green black or gray;green, black, or gray;
reverse is black
C idi ( h ) hilConidia (phores), hila
vase-shaped phialide
collarettes, denticles

, Cladophialophora
wide cause
osisosis
ays

Cladosporium spp

;

Cladosporium spp.

Cladophialophora carrionii; Cladophialophora carrionii
(formerly Xylohypha)

a,
es,

Cladophialophora bantianaCladophialophora bantiana
(formerly Xylohypha)

27



Cladosporium spp.,

ClaCladosporium spp.

Dematiaceous Mold Distinct 
conidiophores

Hila on 
conidia

Co
c
lconidiophores conidia le

Cladosporium spp. Yes Yes S
C. carrionii Variable Yes M
C. bantiana No No L

D. H. Larone, Medically Im

, Cladophialophora

Cladophialophoraadophialophora
bantiana

onidial 
chain 

th

Conidial 
chain 

b hi

Gelatin 
hydrolysis

Growth 
in 15% 
N Cl

Max 
growth 
°C

carrioniibantiana

ength branching hydrolysis NaCl °C
Short Frequent Positive Positive <37
edium Moderate Negative Negative 35-37
Long Sparse Negative Negative 42-43

mportant Fungi, fourth ed. 28



Alternar
Typically contaminan
phaeohyphomycosisphaeohyphomycosis,
Maturity in ~5 days
Colony surface becom
greenish black or brogreenish black or bro
light border; reverse i
D ti k iDrumstick macroconi
with longitudinal, tran
septations; poroconid

ria spp.
t; role in
allergy, allergy

mes
own withown with
is black
idiidia

nsverse
diation (chains)

29



Inhalation

30



ASPERG
Nasoorbital
Endocardial
Cutaneous
Endocardial

Disseminated
Central nervous sysCentral nervous sys
Pulmonaryy

Allergic broncho
Aspergilloma (fuAspergilloma (fu
Invasive pulmon

GILLOSIS

stem diseasestem disease

pulmonary aspergillosis
ngus ball)ngus ball)
ary aspergillosis 31



24 MEDICAL CE
What does your (lab) posit

Clin. Infect. Dis. 33

ENTERS; n = 1477
tive culture result mean???

3: 1824-1833; 2001 32



UNDERLYING RIS

Clin. Infect. Dis. 33

K AND OUTCOME

3: 1824-1833; 2001 33



ASPERGGILLOSIS

(---)seriate
phialides

conidia
phialides

vesicle
conidiophore

34



Aspergillus
Maturity in ~3 days

Conidiophores short 

C fColony surface becom
dark greenish to gray
reverse white to tan

U i i t hi lidUniseriate phialides o
upper 2/3 of vesicle; 
to axis of conidiophor

s fumigatus

& smooth

mes
y;

on
parallel
re

35



Aspergill
Commonly associate

Conidiophores rough

C fColony surface velve
yellow to green or bro
reverse white to tan

U i i t d bi iUniseriate and biseria
phialides covering
entire vesicle (all dire

lus flavus
d with aflatoxins

 & spiny

ty,
own;

tate

ections)
36



Aspergillu
Commonly considere

Conidiophores short 

C fColony surface velve
cinnamon brown;
reverse white to brow

Bi i t hi lidBiseriate phialides ve
compact; can be quite
lengthy

us terreus
ed contaminant

& smooth

ty,

wn

ery
e

37



Emericella (Aspe
Commonly considere
C idi h h tConidiophores short,
smooth, brown
Colony surface typica
green (yellow in spotsgreen (yellow in spots
reverse purplish red
Bi i t h t lBiseriate, short, colum
phialides; cleistothec
Hülle cells

ergillus) nidulans
ed contaminant

ally
s);s);

mnar
ia,

38



CASE PRES
19-year-old male with
congestion and ear pacongestion and ear pa
PMH of psoriasis in mp
daily ibuprofen for ton
Pre io s regimens ofPrevious regimens of 
amoxicillin, otic neomy
ciprofloxacin-hydrocor
Pain worsened; ENT c

Courtesy T

Pain worsened; ENT c

SENTATION
 three-day history of
ainain

multiple cutaneous sites;p
nsillar hypertrophy

amo icillin cla lanateamoxicillin-clavulanate,
ycin-polymyxin, otic
rtisone
consult

T. K. Block

consult
39



CASE PRES

Courtesy T

SENTATION

calcofluor white stain;
400x total magnificationg

T. K. Block 40



Aspergill
Can cause disease in

Conidiophores long &

Colony surface starts
t ll t bl kto yellow, turns black
reverse white to yello

Biseriate phialides;
forms a “radiate head

lus niger
n debilitated patients

& smooth

s white
;

ow

d” 41



Aspergillus niger 
A. niger at least two ti
than A flavus in contethan A. flavus in conte

Eur. J. Clin. Microbiol. Inf
Am. J. Trop. Med. Hy

Superficial infection; im
Eur J Clin Microbiol Inf

Self manipulation; ma

Eur. J. Clin. Microbiol. Inf

Am. J. Trop. Med. Hy

Self-manipulation; ma

OTOMYCOSIS
mes more common
ext of otomycosisext of otomycosis
fect. Dis. 8: 413-437; 1989
yg. 29: 620-623; 1980

mmunocompetent hosts
fect Dis 8: 413-437; 1989

anipulation by barbers

fect. Dis. 8: 413 437; 1989

yg. 29: 620-623; 1980

anipulation by barbers
42



Penicilli
Typically contaminan
respiratory cornea erespiratory, cornea, e
Maturity in ~4 days
Colony surface becom
powdery and bluish gpowdery and bluish g
white border; reverse
B h d bBranched or non-bran
conidiophores; secon
branches known as m

ium spp.
t; ear,

endocarditisendocarditis

mes
green withgreen with
e variable

h dnched
ndary
metulae 43



Penicillium
Endemic to Southeas
compromised and comcompromised and com
Mold maturity (25°C)
Colony surface can be
reddish yellow with ligreddish yellow with lig
reddish pigment diffus
Y tlik ll bYeastlike cells observ
35-37°C; central cro
as result of fission (no

m marneffei
t Asia;
mpetentmpetent
) in ~3 days
ecome

ght edge;ght edge;
sion

d ted at
ss wall

ot budding)
44



Fusariu
Common contaminan
keratitis disseminatedkeratitis, disseminated
Maturity in ~4 days
Cottony surface, deve
violet or pink center wviolet or pink center w
light periphery; revers
C h dCanoe-shaped macro
± oval 1- to 2-celled 
in clusters resembling

um spp.
nt; mycotic
d diseased disease

elops
withwith
se light

idioconidia
conidia

g Acremonium
45



Pseudallescheria
Mycetoma; respirator
(bone brain eyes m(bone, brain, eyes, m
Maturity in ~7 days;
mouse-like appearan

Scedosporium apiospermum GrapScedosporium apiospermum
asexual

no inhibition by cycloheximide

Grap
asex

no inhibition by

HOLOMORPH
ry/sinus, disseminates

meninges)meninges)

nce

phiumphium
xual

y cycloheximide
Pseudallescheria boydii

sexual
inhibited by cycloheximide

46



Scedosporium
Invasive infection (ost
competent & compromcompetent & comprom
Maturity in ~5 days; g
inhibited by cyclohexiinhibited by cyclohexi
Cottony or moist surfa
becomes dark gray/bl
white tufts; reverse grg
Olive to brown conidia
annellides have swollannellides have swoll
and elongated neck

m prolificans
teomyelitis, arthritis);
misedmised
growth
midemide
ace,
lack with
ray/blacky
a, ovoid;
en baseen base

47



MORE M

Chrysosporium spp. Sepedoni

MIMICRY

Malbranchea spp.ium spp.
48



MUCORM

Rapid growers

Diabetic susceptibility

Different cellular nom

Ribbon-like hyphae;
most are aseptate

www.youtube.com/w

MYCOSIS

y

enclature

watch?v=IK0MtXNKgKI
49



MUCORM

Clin. Infect. Dis. 4

MYCOSIS

41: 634-653; 2005 50



Rhizop
Common contaminan

Maturity in ~4 days; g
cycloheximidey

Cotton candy--white a
ll i h byellowish brown;

reverse white

Rhizoids opposite of
sporangiophoressporangiophores

us spp.
nts

growth inhibited by

at first, then gray or

51



Muco

Common contaminan

Maturity in ~4 days; g
inhibited by cyclohexiinhibited by cyclohexi

Cottony or moist surfaCottony or moist surfa
becomes gray;

hitreverse white

Rhizoids absentRhizoids absent

r spp.

nt

growth
midemide

aceace,

52



Lichtheim
Common contaminan
M t it i 4 dMaturity in ~4 days; g
inhibited by cyclohexi
Coarse, wooly-gray s
eventually covers surfeventually covers surf
with “fluff”; reverse wh
Sporangiophores form
conical apophysis jusp p y j
columella; rhizoids alt

mia spp.
nt

thgrowth
mide
urface--
faceface
hite
m
t below
ternate 53



OTHER MUCO

Cunninghamella
spp.

Rhizomucor
sppspp. spp.

ORMYCETES

A hApophysomyces
spp.

Syncephalastrum
spp.

54



Antifungal Susceeptibility Testing
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CLSI DOCUMENT

M38-A2 Reference
Dilution Antifungal 
of Filamentous Fun
Approved Standard

M51-A Method fo
Diffusion SusceptibDiffusion Susceptib
Nondermatophyte 
Approved GuidelineApproved Guideline

TS OF INTEREST

e Method for Broth
Susceptibility Testing
ngi, 2nd ed.;g , ;
d

or Antifungal Disk
bility Testing ofbility Testing of
Filamentous Fungi;
ee

56



BROTH MICR
“Intended for testing c
moulds, including the demoulds, including the de
invasive and cutaneous 
A illAspergillus spp.
Rhizopus spp.
Scedosporium prolificansScedosporium prolificans
Opportunistic monilaceous f
Opportunistic dematiaceouspp

“Method has not been
yeast or mould form oyeast or mould form o

CLSI M

RODILUTION
common filamentous...
ermatophytes, which causeermatophytes, which cause
infections, respectively...”

F iFusarium spp.
Pseudallescheria boydii
Sporothrix schenckii (mould)Sporothrix schenckii (mould)

fungi
s fungig

n used in studies of the
of dimorphic fungi ”of dimorphic fungi.
M38-A2 57



BROTH MICR
RPMI 1640 broth (MO

7-day filamentous fung
potato dextrose agar sp g
Flood with saline
Withdraw mixture parWithdraw mixture, par
Upper suspension con
Inoculum (OD530) dep
[0 09-0 30]; range of 0[0.09-0.30]; range of 0

CLSI M

RODILUTION
PS buffer, 0.2% dextrose)
gus growth;
slants

rticles settle 3 5 minrticles settle 3-5 min
ntains mycotic elements
endent upon fungus

0 6 to 3 0 x 106 CFU/mL0.6 to 3.0 x 10 CFU/mL
M38-A2 58



BROTH MICR

Non-dermatophyte

0.03-16 g/mL amphg
ketoc
posac

0.125-64 g/mL flucyt

0.015-8 g/mL flucyt

CLSI M

RODILUTION

e filamentous fungi

hotericin B ravuconazole
conazole itraconazole
conazole voriconazole

tosine fluconazole

tosine fluconazole

M38-A2 59



BROTH MICR
Dermat

0.06-32 g/mL

0 125 64 g/mL0.125-64 g/mL

0.001-0.5 g/m

0 004-8 g/mL
CLSI M

0.004-8 g/mL

RODILUTION
ophytes

ciclopirox

L i f l iL griseofulvin
fluconazole

L itraconazole
voriconazole

posaconazole

terbinafine

M38-A2

posaconazole
60



BROTH MICR
35°C ambient air

21-26 hours for mucor
70-74 hours for Scedo
46-50 hours for most o

21-26 hours for echino
46-72 hours for Scedo

Amphotericin B: observeAmphotericin B: observe 
Other agents: observe 5
Dermatophytes: observe 8

Echinocandins: lowest co
compact,
Mi iMinimum

CLSI M

RODILUTION

mycetesy
sporium spp.

others

ocandin testing
sporium spp./echinocandins

100% inhibition100% inhibition
50% inhibition
80% inhibition

oncentration resulting in small,
, rounded hyphae

Eff ti C t ti (MEC)m Effective Concentration (MEC)

M38-A2 61



Ete

Not FDA-approved for

Etest MIC and broth m
bl f t i lcomparable for trizole

than for amphotericin 

Etest MIC values high
A. flavus, S. prolifican
values

J. Clin. Microbiol. 39

est

r filamentous fungi

microdilution data more
( 90% t)s (>90% agreement)

B (>80% agreement)

her for S. apiospermum,
s higher than reference

9: 1360-1367; 2001 62



CLINICAL
“Factors related to…..ap
than the MIC as predictothan the MIC as predicto

Clin. Infect. Dis. 2

“Very few correlations of
response have been rep

Curr. Fungal Infect. R

“ t t tl“…tests are currently mo
resistance or outliers ba
i it b k i tin vitro breakpoints or ep

Pfaller et al., Manual of Clin

L UTILITY
ppear to have more value
ors of clinical outcome ”ors of clinical outcome.
4: 235-247; 1997

f in vitro results with in vivo
ported for mold infections.” 
Rep. 3: 133-141; 2009

t f l f d t tiost useful for detecting
sed on either assigned
id i l i l t ff ”pidemiological cutoffs.” 

nical Microbiology, tenth ed.
63



THE 
Mostly an observation
biochemical may helpbiochemical may help
note growth distributi
A tif l tibilAntifungal susceptibil
continues to be a wor
See you at the Dells

END
nal science (occasional
p with dermatophytes);p with dermatophytes);
on and rate of growth
lit t ti f ldlity testing for moulds
rk in progress

64



CRED

mold.ph
doctorfungus.com
asm.org
mycology.adelaide.edu.au
uniprot.org
mikologi.com
jbjs.org
els netels.net
labmed.ucsf.edu
pf.chiba-u.ac.jp
gefor 4t comgefor.4t.com
cladosporium.net
mycota-crcc.mnhn.fr
humanpath.comp
extension.umass.edu

DITS

dehs.umn.edu
biotechnologie debiotechnologie.de
madsci.org
botit.botany.wisc.edu
pfdb netpfdb.net
my wife’s iPhone
thunderhouse4-yuri.blogspot.com
infections.consultantlive.com
listal.com
mycobank.org
en.wikipedia.org
www.proprofs.com
cmpt.ca
path.umpc.edu

db b f itprgdb.cbm.fvg.it
images.mitrasites.com
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