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Pieface to the Second Edstzon

The opjecTnE of the second edition vemams the same as that
of the first—an ud in the teacling of the essentials n the dentifi
cation of pathogenic fung: to the beginner and as a bench com
panion for the bictenologist engaged m mycologic diagnosis

Many additions and substitutions h1ve been made n the hope
of increasing the usefulness of the monognph A scctmn has been
added on the d m the labora
tory and so often mlS"\‘\en for pathogenie fung: by the nex
petienced The colontal and mucroscopie charactenssties by which
these saprophytic fungi can be identified and differentiated from
the pathogen are described and illustrated photographically

In the section on the pathogemce fung incitants of South
American blastomycosts aspergillosss mucormycosis and mon:
hasis mated by species of Candida other than Candida albicans
are described  South American blastomy cosis 1s not endemic m
North America but travel between the two continents 1s so com
mon that the possibility of infection 1n persons who have been m
South Amenca should not be overlooked The systemic form of
aspergillosss and mucormycosis has mereased since the advent
of the broad spectrum antibiotics steroids and folie acid antago
nists

Drawings of charactenistic microscopic structures of some of
the common fung: constitute a new frontispiece which should be
useful to the student m testing hus ability to 1dentify these fungy
Some of the photomicrographs have been replaced with better
prints Recent ref have been included 1n the bibl
and new formulae have been added to the list of media

Agam we achnowledge with deep appreciation the valuable
assistance of our many colleagues without which this second
edition would not have been possible

phy
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Preface to the Frst Edition

Tins aovocnarn 1s the outgrowth of an experience n teaching
diagnostic mycologie methods to students who had been tramed
m baeteriologic procedures but who had little or no evpenence
m the field of mycology Some students were assistants i this
Jaboratery some were visitors from other laboratories and some
were physiciins prepiring to dircct local laboratories m New
York State  All wished to become familiar m a short time with
the essentinl procedures and enteria m the identification of the
meitants of fungus infections

As a visual ud m this program of mstruction the exlubit
panel shown mn the Frontispiece was designed to present the
charactenstic features upon wiich the identification of the patho
geme fungl 1s based Giant hving colontes and dragrammatic
draw ings of the microscopic structures famihanzed the students
with the morphology of the fungt The exhulat was also used
effectively m lecture demonstrations to medical students Later
as a matter of convemence photographs of the individual sec
tions of the extubit were bound sith a supplementary text as a
manual for use at the lnboratory bench Impetus to make the
manual more widely available came from the response of mem
bers of the New York State Assomation of Public Health Libora
tories to whom 1t was shown at the Annual Meeting m 1952
In the present book photomicrographs replace the drawings of
the onignal exlubit Tabular and other textual deseriptive m
formation has been added together with formulie of the essen
tial culture media and a selective list of references The objective
remams the same as m the earher presentations namely an aid
to the teaching of the essentials m the 1d¢ ntification of the patho
genic fung to the begmner and a bench compwon for the
bacterologist engaged in mycologic diagnosis
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Only those pathogenic fungs commonly encountered i North
Americt are meluded i this work and al slustrations 2re from
cultures studied in this lbaratory  The pathogenic funge are,
with few evceptions members of the clss of Fungi Imperfect:
that 1s fungt mn which the sesul spore s not been demon
strated Identihcation 1s based upan asewnal spores the comdin,
which 1re borne on specribized hyphae (comdiophores) The
diseases caused by the pathogenic fungr have been ronghly chssi
ficd mto superfictal and systemuc or deep seated mycoses

In publishing this monograph our wppreciition goes to the
students whaose responses have helped us to sharpen the yanous
presentations  Achnow kdgment is lso made to our collergues
whose encouragement and valmble issutince are responsible for
the dectsion to offer to others this outlme of 1 prictical Iabora

tory experience
ELH
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Superficzal Mycoses
Dermatophytoses (Ringuorm)

Tte: sUPERFICIAL v63COSES are the most common and widely dis
tributed of all fungus diseases They are confined to the keratin
1zed lavers of skin and 1ts appendages but nevertheless are of
major mmportance since they are so widespread and masy cause
great discomfort and even at times are very disabling

These diseases are maited by a group of fungt the dermato
phyvtes embracing many species The 1solation and 1dentification
of the fungus from scrapings from skin lesions infected nails or
from stubs of broken hairs are essential to specific diagnosts

This group of fungi s represented by three genera based
upon the type of macrocomdia (fuseaux) formed Microsportm

‘richophyton and Epidermoph

Note The dermatophytes are usually easy 1solated on
Sabouraud s glucose agar at room temperature however m
cases of grosshv contamunated specimens a selective 1solation
agar Mycosel (Balttmore Biological Laboratory Inc} should
be used.

3]
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MicrosporUM

The cenus Microsporum conststs of three commonly recognized
species M audownt M canis and M gypscum They attack haie
and glabrous shir  These fung: are the clhuef meitants of ring
worm of the scalp (tinea eapitis) among, children m the Umted
States The infected har shows a sheath of spores m the form of
1 moswuic about the hr shaft (ectothnx type) and under filtered
ultraviolet hght (Woad s lamp) there 15 a bnllant green fluores
cence In the infected shin segmented branching mycehum 15
found

They form cottony or downy matted or powders nernal my
cehum and vary m color from winte to grayish white or buff to
vartous shades of brown

They produce charactenstic large thick rough or smooth
walled multiseptate  spndle shaped macrocomdia {fuseaux)
and small single celled clavate spores attached directly or to
short stenngmatt on the sides of the hyphae pectmate hyphae
nodular bodies ricquet hyphae and chlimydospores are also
formed
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AMrcrosPorUN AUDOUINT

AMedra for Development of Sugnificant Characters

MACROSCOPIC
Sthourauds glicose Fiit groashwhite vebety wmit
agar mycelmm (with button mn eonter)
rose brown pizment on under
surfice
Polnhed nec No aerl mycedum  browmsh dis
pruns caloetion of gruns
MICROSCOPIC
Corn mail g Pectimite hvphae
)
Honey 1,17 plus  Aheroconhin mucroconidn
vt extrct (10

mg ml)

Incubsted 6 23 C




Superficial Mycoses 7

MICROSPORUN AUDOUINI

T seecies Microsporim audowmnt 1s of human ongm and 15
the chief agent of tinet capitis among children i the United
States This dermatophvte also attacks glabrous shin

Cultural and Microscopic Charactenistics

The colony on Sabouraud s glucose agar 1s slow growing flat
sith a button 1n the center and a surface of grayish white closely
matted velvety sometimes fluffy aeral mycelium occasionally
showmg rdal foldings a rose brown pigment on the under
surface

Microscopically large thick rough or smooth walled multa
septate  spindle shaped mncrocomdia (fuseaux) and numerous
single celled clavate microcomdia and pectinate hyphae may be
seen The macrocomdia can seldom be demonstrated on Sabour
aud s glucose medium  An enriched medium 1s required



Mlckospokuu aunovl\x

Figure 1

© B afy, thre¢ Meek
Tone, L plus St gy shide cultyr, m
Miltiseptag, Dindle g, ped Mcrocomy,

"D irbop shoumz;
T mnd ¢y e 1Crocomd)
\ 400
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MICROSPORUNM canis

Media for Development of Sigmificant Characters

MACROSCOPIC
Sabourtud's glucose White cottom or wooly nenil
war myeehum  hecoming powdery

with age  bright vcllow to orwee
prgment on undersurf ice

Pohshed nee gruns Gruns covercd with hewy white
cottony  aeril mycchwm  becom
wg powdery with 1gc  pmhish
buff discolorition of mcdian

MICROSCOPIC

Sibourmds glucose | Maczoconuhy smerocomdin
f
agr ,

|
i

Polished rice gruns \ficraconulit meroconide




Superfical Mycoses 1

MICROSPORUNM CANIS

(Microsporum lanoswm Microsporum felmeum)

T sereres Microsporum canis s of animal ongmn and 1s respon
sible for roughly 10 per cent of tinea capitis among children 1n
the Umted States This fungus also attacks glabrous shin

Cultural and Microscropic Charactenistics

The colony on Sabouraud s glucose agar develops farrly rap
dly forming a white cottony or wooly aenal mycelium becom
mg powdery with a central depressed area sometimes showing
radial folds The pigment on the undersurface 1s yellowish orange
later changing to reddish brown

Microscopically numerous large thick rough walled multy
septate spindle shaped macrocomdia (fuseaux) and numerous
clavate or elongated microcomdia are found Racquet hyphae
and chlimydospores are also present
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MICROSPORUN CANIS

Digure 2

A Colony on Sibourauds glueose agar after three weeks

B Shde culture preparation stuned with hietophene! cotton blue
showing numerous microcomd and smill singlc Hled mrcrocomdn
\ 600

C Multiseptaite spindlke shaped macrocomdin \ 400
D Young maerocomdn athiched to hvphal branches N 400

T Racguet haphr \ 100
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MICROSPORUNM GYPSEUNL

Meda for Development of Siemificant Characters

MACROSCOPIC
Sibourauds glucose Powdery acrl mycchum of buff
agar to Iight brown or cinnimon
color
Pohshed rice pruns Grans covestd with powdory aenal
mycelum of pmbish cinnunon
color
MICROSCOrIC
Sibourwud s glucose Macroconidin

agar

Polished ricc gruns Macrocomdit




Superfictal Mycoses 15

MICROSPORUNM (YPSEUM

{Microsporum fulvum)

The srecies ot porum gyy long o dered to be of
ammal ongin has more recently been found to be a soil inhabnt
ing fungus Of the three microspora 1t 1s least commonly en
countered as the cause of tinca capitis or rngworm of the
glabrous shin

Cultural and Microscopsc Charactenstics

The colony 1s comparatnely fast growmng shows 2 central
cottony boss surrounded by a flat powdery cinnamon brown
mivcelium terminating in a border of downmy white myveelum
The pigment on the undersurface 15 reddish brown

\Microscopically numerous large rough thick walled multa
septate spndle shaped macrocomdia with shghtly rounded ends
are found
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Microsporu cypsiuw

Fiqure 3

A Colom on Stbourwid s glucose avar after three weeks

B Numcrous hirge rough thieh walled multiseptite spmdde shped
macrocomdrr with blunt ends  \ 400
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TRICHOPHY TON

Tue cenvs Trichophyton contamns 1 large number of spectes
which attack glibrous shin bearded areas harr and nuls and
causes 1 wide vanety of lesions depending upon the species
and the site of mfection Infected hurs show either chams of
spores outside the shaft (ectothrix type) or parallel rows of
spores withm the shaft (endothrix type)

Cultural and Microscopsc Charactenstics

These fungi form cottony vclvety finely granular to powdery
or glabrous aenal myveellum and vary mn color from white to
brown vsolet to purple pink to red or yellow to orange

The macrocomdia (which cannot alw1ys be demonstrated m
every spectes) are lrge clwate smooth thin walled multisep
tate The microcomdia produced in abundance i some species
are smgle celled and are globular clavate or pynform m shape
and may be borne sngly along the sides of the hyphae (en
thyrse) or in grape like clusters (en grappe) Other structures
which may be produced are spiraled hyphie nodulwr bodies
racquet mveelum and chlamy dospores Ty pical of some species
of Trichophyton 15 the formation of the knobbed hyphal struc
tures called favic chandehers” as their onlv 1dentifying charae
ters
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Tricuorny TON MFPNTAGROPHYTES

Media for Development of Sigmficant Characters

MACROSCOPIC

Downy hpe—white vehety to fluffy
wrel myeeham hght buff to G to
brown an reverse surfrce  grnubir
type—ulite powdery to grinuhr
1 mycchum sometimes pinkish
Ight buff to sellow to reddish
brown putment on reverse sl

Cottony  type—white  fluffy  acml
myethum hght buff to tin on
reverse side

Sibourands glucose
Wi

Corn mel agar plus No pigment on undersurf e

1% glucose

MICROSCORIC
I Aficrocomidit mcrocomds sparads

Sybourwd s glucose
nodular bodies

Er wort or com
murd gy
Cottomy type Sibau Few or no mierocomdn
rwud s glircose ag
wort o com me
AT
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TRICHOPHYTON MTPNTAGROPHYTES
(Trchophyton gypseum)
Tue seecies Tric i mentagrophy. Tudes many van
ants This dermatophyte 1s the chref mcltnnt of the inflammatory
1ype of ringworm myohng the feet (athletes foot) hands and
glabrous shin particularly of the mtertrnigmous areas  The fungus

also atticks nails bearded areas and the scalp causing the ecte
thrix tvpe of hawr

Cultural and Microscopie Charactenistics

The vanants of this species on Sabouraud s glucose agar show
marked dufferences m colomal appearance the colomies having
aenal mycelium ranging from cottony to po“der) of white to
cream to tan or pinkish color with creim to tan to reddish brown
pigment on the reverse surface

Microscopreally  there are found in the downy and granular
types numerous clavate to pynform mucrocomdit borue singly
along the sides of the hyphae (en thyrse) and m clusters (en
grappe) typical long clavate thin walled multiseptate macro-
comdra with constriction at septa  Charactenstic spiraled hyphas.
and nodular bodies may also be present  In some of the vanants
parficularly the fiufly or cottony forms no 1dentifying structures
or only a few mucrocomda m+y be found



1
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TricHoPHYTON MIENTAGROPHYTES

Figure 4

Grow th on Sabonraud s glucose agar after two weeks
A Cottony type

B Powden to granulir type

Microseopie structure s—powdery tvpe

C Stuned shide culture preparttion show g microconidit m clusters

N\ 600
D Tymerl multiseptate el ate macrocomdit X 400
L Cultur. mount from corn meal 1w showmng nodular bodies \ 400
T Spiraled hyphae \ 600

€ \icrocomdia ong sides of hypha \ 400
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TricsHOPHY TON RUBRUNM

Media for Development of Significant Characters

\ACROSCOPRIC
Sibourtuds ghicose Cottomy myechum becommg vebveny
agir to powdary with centril umbo

reddish purple pigment on
reverse side

Com menf plus Wine red prament on undersur{cc
1% glucose J
\MICROSCOPIC
Blaod agrr Dase 1 Macrocomdn mrcroconidi
{Dhfco)

|
|

-




Superficial Mycoses 25

TRICHOI HY TON RUBRUM

{Trichophyton purpureum)

T species Trichophyton rubrum 1s the commonest incitnt of
chronic dermatophytosis of the hands and feet nuls and glh
brous shin  the fungus may also mmvolve the betrded areas in
cludmg the hrur follicles

Cultual and Microscopie Characteristics

The colony on Sabouriuds glucose agar at an early stage 1s
white fluffy and hemusphenie Iater becoming velvety to powdery
with a central umbo and sometimes showing radial folds on the
undersurface there 1s a charactenstic reddish purple pigment

Microscopically long slender thin walled multiseptate mac
rocomdia {fuseaux) with parallel sides and large numbers of
pviform microcontdia bome from sides of hyphae are found
Tor d 1on of the m dia 1 spectal medium 15
required
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TRICHOPHYTON RUBRU\M

Figure 5

A Colony on Sabourwd s glucose agar after eight dns

B Colony aftcr three weeks

C and D Blood agr bise shde culture preprrations stuned with
Tictophenol cotton biue showmg micracomdn 1long stdes of hvphac

and long, multiseptate macrocomdin \ 400

E Dircet preparttion from shin of ptrent sath nngworm \ 400
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TricHoPHY TON TONSURANS

Media for Devilopment of Sygmficant Characters

MACROSCOPIC
Sibourtuds glucose Howped  sregubady folded  nsundhy
kTiate fineh powdery el mvechum

creamy white to tin to vellow
or shades of rose on rovarse
ek brown pizment

MICROSCOPIC
Swourwuds glucose VMacrocomdia arregulih branched
g Inphae mny chium dospores

Polished ree gruns \erocomdiy mmerocomdt
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TRICHOPHYTON TONSURANS

(Trichophyton cratenforme)

T seecns Trchophyton tonsurans attacks hair glabrous shin
and nails  The haies show the endothrix ty pe of infection

Cultural and Microscope Charactenistics

The culture 1s comparatnely slow growng on Sabourauds
glucose agar The colony 1s heaped and folded sometimes show
mg a central crater or 1 central prominence with a surface of
compact velvety or powdery aenal mycelium of creamy wlite
tan vellow or shades of rose  the pigment on the undersurface
15 dark brown

Microscopically  there are large numbers of clavate or clon
gated microcomdia attached singly to the sides of the hyphae
or m loose clusters and few thmn walled club shaped macro-
comtdra long thich and wrregularly branched hyphae and many
chlhmydospores
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TRICHOPHYTON TONSURANS

Tiqure 6

A Colony on Sabourauds glucose 1gr after fve wieks

B Sabourwuds glucose agir shde culture prepimtion stuned with

hetophenol cotton blue  showing, microcomdn borne hterally on

hvphae and m cJusters N 400

C Growth from polished nice gruns showmg masses of microconidit
\ GO0

D Growth from polished nce gruns showimng thin walled clnate

rmicrocomdin \ 400
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TRrRicHOPHY TON VFRRUCOSUNI
Medha for Development of Sigmificant Characters
\ACROSCOPIC
Sibourtuds glucosc Glabrous heaped up cercbnform
ar colony  or dise shiped with white
rehety mveehum  or 2 much
Blood gar base wrmkled ghibrous eolony of
plus thrimmne bright vellow color
MICROSCOPIC
Blood 1gr base plus Irregulwly branched hs phae
thiamine microconsdit mterocomd
chluny dospores
Polished rice gruns \ficrocomidin mecroconidin

chlwm dospores
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TRICHOPHYTON VIRRUCOSUNM

(Trichophyton faviforme)

Thie seecies Trich phyton terrucosum meludes three vanebies
album discordes ochraccum  This microorganism causes a sup
puratine type of ringworm involung the deeper layers of the
shin and the har follicles  Infected hairs show Inrge spores ar
ranged m chams formmg a sheath on the outside of the haws
(ectothnx type) and myceln! elements within the hair shaft
Humn mfection 1s acquired directly or mdireetly through con
trct with cattle hiving nngworm lesions  The fungus may be
isolated on Sabourtud s glucose agar but usually an ennched
medim 15 required

Cultural and Microscopic Characteristics

The three varicties of T terrucosum differ markedly m co
lonial appearince varvng from a glabrous heaped up cerebr
form shightly yellowish colony (T terrucosum xar album) to a
flat disc shaped colony covered with a short white tenal my
celum (T cerrucosum var discordes) or 1 much wrmkled
glabrous flat colony of a brght yellow color (T terrucostm var
ochraceum)

Microscopieally there will be scen long multiseptate macro
conidia with pomted or bulbous distal ends elongated pear
shaped microconidia borne sessile along the sides of the hyphae
or i terminal clusters irregularly branched hyphae with vast
numbers of intercalary and termmal chlamvdospores Special
media are essential for demonstration of macrocomdia
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TRICHOPH\ TON VFRRUCOSUL M

Digure 7

Colonies on blood agar base plus thrimine

A T tersuco um sar discodes after two wedks

B T eerrucosum var bum after three weeks

C T rerrucosum sar ochsceum fter four weeks

D Shde culture prepirition stuncd wath Jictophenol cotton bluc

showng microcomdit clusters of mieroconmdiy and ehuns of chhinn
dospores  \ 400



3

Superficial \ycoses

]

2
£




36 Laboratory Identification of Pathogene Fungs Sumplified

TRICHOPHY TON SCHOFNIFINI

Medua for Development of Sigmficant Characters

MACROSCOPIC
Sabouriuds glucose Ghbrous heiped nd folded
agar sometmcs showmg 1 white

powders surfice

MICROSCOPIC
Sabourwud s glucose Fugc chandehers chltmydospores
agar
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TRICHOPHYTON SCHOFNLEINI

(Achorion schoenlein)

T roscus Trnchophyton schoenlcint 1s the chief agent of favus
A chrome fungus infection of the scalp and sometimes of the
glabious shin and nails  The disease 1s rare m the Umted States
In nfected hars large endothnx spores m chams arce found
together with mycelial elements and charactenstic arr bubbles
The species can be 1solited on Sabouriud s glucose medium but
may be difficult to obtan n pure form due to bacternl contam
nation of the inoculum

Cultural and Microscopic Characteristics

The colony on Sabourauds glucese agar 1s slow growing
glabrous heaped and folded the surface later becoming coered
with short white aerinl mycellum  a charactenstic of the colony
1s the cracking of the medum

\icroscopically  the wdentifying structures are the favie
chandeliers
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TRICHOPHYTON SCHOFNTI INT

Froure §

A Colony on $ibourtud s glucose azar after four weeks

B Sabourwds glucose 1gir shde calture preparibon showing, “fuie
cnndehers X 400
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TRicHOPHYTON VIOTACFUNM

Media for Devclopment of Sigmficant Characters

MACROSCOPIC
Sabourtuds glucose Ghbrous heaped and folded  decp
agir violet 1n color sometimes showing
fine white vchety meelum
on surface
MICROSCOrIC
Sabourwd's glucose No identifying structures
wgr
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TRICHOPUYTON VIOLACHUN

The seecirs Trchophyton violaceum attacks the hawe of the
scalp and bearded areas the shin and nails  The infection 1s
found cliefly 1 immigrants m the Unted States and causes one
of the most refractory types of nngworm of the scalp of all the
trichophytn The hairs show the endothn type of infection the
Targe spores beng arranged in rows within the hair shaft The
microorgamsm can be 1solated on Sabouraud s glucose agar but
growth mm not be recogmizable for three to four weeks

Cultaral and Microscopic Charactenstics

The colony on Sabourud s glucose medium 15 most glabrous
heaped and folded and shows a deep violet color the surface
it times becoming covered with a fine white short aenal my
celium

\icroscopically no identifymg structures are found
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TRICHOPHYTON VIOI AGFUN

Tigure 9

A Colom on Sabourwdss glucose 1 after four widks

B Hur from rngworm of scilp showin,, cndothm spores \ 600
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LPIDFRMOPHYTON FLOCCOSU I

Medua for Development of Significant Charactcrs

MACROSCOPIC
Srbourwds glteose Velvets or felt hke surfiee with or
agar without rdnl grooves  greemsh

vddlow m color

MICROSCOPIC

Sibourwds glucose
e \acrecanudir  chhmvdospores
Corn meal
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El'”)rl\\l()l‘ﬂ\ TON

The. cenvs Lpidermophyton consists of 1 single species E floc
cosum (I tngumale T cruns) Thus dermatoplivte attacks the
shin particularly of the grom and the nuls  The har 1s not af
fected

Cultural and \Microscopte Charactenistics

The colony on $ibouraud s glucose agar 1s moderately fast
growing  the surface 1s veliety or felt like often with radial
furrows and an wrregnlir folded center or the surface may be
smooth the color 1s greemsh vellon A charctenstic of this
culture 1s the appearance on aits surface of small tufts of winte
fluffy aeral mycelium

Microscopically there will be seen the distinctne clavate
macrocomdin with blunt ends they are smooth thin walled
and muluscptate and are frequently borne 1n banma like clus
ters numerous nterciliny and terminal chlamydospores are lso
charactenistic no microcomdin are produced
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Lriptrrtorny TON FLOCCOSUNM

Fioure 10

A Colomy on Sibourauds glucose agar fter four wedks

B Cluster of multiscptate elub shiped microcomdrt on Sibourd's
£, ucost 1 r \ 400

C Numerous typrcal club shapcd macrocomdin \ 400

D Chlhmivdospores \ 600
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Decp-Seared Mpcoses

(Subcutancous Systemic)

Avnost awe mie deep seated mycoses have been encountered
throughout the North Ametican continent although the ineitants
are not necessanly endemic 1n all the areas where the diseases
hwve been found Shiftng populations and travel n endemic
areas plav a large part 1 the appearance of some of these discases

1 ares where they are totally pected As a q
these mfections frequently remam und; 1 or are incorrectly
diagnosed

These discases wlich may be fatal or relatively bemgn are
localized or systemic and are usually chronic but may be 1cute
or subacute Thev are caused by a wide vanety of fung:

These fung: attack the mternal organs of the body bone
menmges subcutancous tissue shin and mucous membranes
A defimtne d cannot be blished without the aid of
the laboratory smce demonstration of the fungus m pathologic
specimens either by microscopic examination or cultural isola
tion 1s essentral

A number of the most important fungi are described in the
following pages under the specific diseases which they meite

[49]
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ACTINOMYCES BOVIS

Medu for Development of Sigmificant Characters

Beef heart mfusion
agar with blood
{an1erobic 7 to 10
days)

Beef infusion agr
with 1% glucose 1n
test tube® (acrobic
incubation)

Beef infusion broth
with 1% glucose
( wmaerobiec 7 to 10
dns)

MACROSCOPIC

Colomes—white rused rough dny
1 mm or less m diumeter wath e
regulir surface ind lobate cdees

No growth for 5 to 15 mm bedow
surfice  at upper lavel of growth
definite baind from 2 to 7 mm n
width  consisting of mmute col
onics  bedow this many diserete
colomes of varnble size and of
srregular shape

Cood growth clear supamatant
Bocenhir or grinvhir sediment by
colomes up stdes of tube

Bedf hewrt imfusion
agar with blood
{an1erobie}

Bedf infusion broth
with 19 glucoesc
{mrerohie 7 to 10
days)y

|
I

|
i
1

\ICROSCOPIC

Crim positine  branchmg fil unents
Jong wnd short rods coccoud
farms

Crim positne brnching, - filanents
plkomorphic rods coceord hodies

]







e

9

™
<

11 £, 7,
J of Path Fun_t Stmplified

ACTINONMYCES BOVIS

Figure 11

A Colomes on blood 1gar fter two weeks incubition under amero
bie conditions

B Stuned film preparition of culture from blood agir % 780

C Stuned film preparation of pus from abscess m cxpenimentally m
fected haumster \ 600

D Unstuned grinules with clubs m pus from encpsulited absecss
m axpenmentilly nfected himster \ 600

E Scchion of encipsulated abscess showmsg grinules wath clubs and
mass of ilments H & E \ 900
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Nocarpia ASTFROIDI S

Medua jor Development of Significant Characters

\{ACROSCOPIC
Sabourauds glucosc Ratsed wrmbled granulae growth
agar shnts ochire to vellow to oringe m color
(2225 or37 C) somctimes becoming covercd with
chathy white acrinl myeelom
Gelatmn No hquefiction 2fter 2 to 4 weeks
4222 or37 C
Mk contuning Surfiee pellicle no corgulition
bromceresol purple no peptomzation alkiline rcaction
or hitmus s indy after 4 weeks 24 2225 or 37 C
citor
AMICROSCOPIC
$ibourinds glucose Gram positne  branchmg,  fliments
agr frugmenting fhwments baoihin
and coccowd forms
Ak wath indietor Aard Fist fricmenting filiments
(3 weeks b 2223 hiallin wnd coccord forms

Cc)
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Nocirpiosts

Nocanross 1s a discase sumilar to or even clineally indis
tingwishable from actmomycosis The etilogic agent may be
one of several species of the genus Nocardia N asteroudes 1s the
most commonly encountered species m the United States and 1s
therefore descnibed below

Specumens for Examnation

Pus sputum cerebrospmal flind biopsy specimens or post
mortem materi\l may be submitted

Cultural and Microscopic Charactenistics

N asterordes 1s an aerobic Gram positne acd fast fila
mentous branching microorgamsm which breaks up readily mnto
short rods or coccord forms In sputum pus or other exudates
1t occurs mn these forms In abscesses it may also be found 1n the
form of granules with or without penipheral clubs  The acid fast
property of this spectes 1s relatively feeble as compared with the
tubercle baaillus In culture this property can best be demon
strated by growing the microorgamsm in shim mlk

The microorgamsm 15 easily 1solated on Sabouriuds glucose
agar at 2225 or 37 C The colony on this medium 1s slow
growmg dry wrinkled and granular with a shghtly heaped
center and an wregular lobulate margin  the color 1s at first
whitish changing to ochre and later to orange sometimes becom
ng covered with a chalky white aenal mycelium In film prep
arations stamed by Gram's method there will be seen long and
short Gram positve branching filaments fragmenting flaments
short bacillary and coccond forms
Pathogemcity for Ammals

The mucroorgamism has a high degree of pathogemicity for the
guinea p1g
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NOCARDIA ASTEROIDLS

Figure 12

A Colony on Sabournud s glucose agir after four weehks

B Stuned film prepiribion of culture in milk showing 2ad fst fih
ments and rods \ 1500

C Stuncd film preprition of pus from omentum of expcnmentally
mfeeted gmner prg showing frismenting branchin,, filiments \ 600

D Section of gunea pig omentum showing abscess with centril
grinule H &E X600
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BrasTovMycrs prRy:vTITIDLS

Media for Decelopment of Sizficant Characters

MACROSCOPIC
Blood agar (37 C) Croum to twn soft wrnkied nd
WYY 1IN ppermec
Sabourwuds glucose Vilute flnffy aenal myecham
wr (2225 C) beeoming cram to tn
\MICROSCOPIC
Blood 2ear (37 C) Large round single budding

thich wlled cells

Sibourwd s glucose Round to pyniform microconicdiy
wr (2225 C) borne Titerally on In phic
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BrasToMYCOSIS

North Amencan Blastomycosis (Gilchnist Disease)

Thus 15 A crnostc misease which may be localized or systemic
1t 15 often localized 1n the shin forming granulomatous lestons
with 1 verrucous surface and a rmised smooth border sloping
sharply to the normal shin  The systemic form usually follows
a primary pulmonary infection and may spread by the blood
stream affecting any other organ or tissue of the body The
etiologic agent 1s Blastomyces dermatitidis

Specimens for Exanunation

Buts of tissue from shin lesions pus from subcutaneous ab
scesses sputum bone blood or cerebrospinal flnd may be sub
mtted

Cultural and Microscopic Charactenstics

B dermatitidis exhibits dimorplusm 1e 1t grows in one form
m tissue and in another form on culture media  In pathologic ma
tertal 1t appears as a large spherical thick walled budding cell
of vanable size 8 to 20x 1n diameter on Sabouraud s glucose agar
at room temperature it appears m the mycelial form

On blood agar medium at 37 C the growth 1s soft wrmkled
and waxy n appearance cream to tan m color while on Sa
bourtud s glucose medium at room temperature the growth con
sists of white downy or fluffy aenal mycclium later becoming
cream to tan to brown

Microscopteally  the culture on blood agar medium at 87 C
appears i the same form as m tissue while on Sabouraud s
glucose medrum the growth consists of branched septate hyphae
on which are borne small round to pear shaped comdia sessile
or on short lateral branches

A culture thought to be B dermatitidis should not be identified
as such without demonstration of 1ts dimorphic nature

Pathogenicity for Amimals

The microorgamsm 1s pathogeme for the young male hamster

and to a lesser degree for the white mouse guinea pig and
rabbt
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BrasTonrycrs DERMATITIDIS

Fiqure 13

A Colomy on Sibourtuds glucose ag i fter three weeks 1t room
tempertture

B Culturc aftcr 72 hours on blood 1gar 37 €
C Culturc mount of growth on blood 1war 1 800

D Sibouriuds glucose agw shde culture preparation showing smill
round to pear shaped comdin \ 100

L Large sphencal tinck willed budding eclls of vinable size m
Tung, tissue of man stuned by Hotchhiss MeManus techmque X 00
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Biastovycosis

South Amenican Blastomycosis (Lutz Splendore \Imeidas
Drscasc)

Tius 15 » chronte grimulomatous disetse of mury mamfesta
tions  depending upon the ussue mvohed It m1v remun o
calized or become chsseminated Imitial lesions while commonest
on the mucous membrane of the mouth and phanmx mny ahbo
be Joclized on the nasil or anorectal membrane the sk nd
m the lungs frequently the lrinx 1s mfected from the lungs
Dissemmntion takes plice by the hematogenous and lymphatic
routes The etiologic agent 15 Paracoccidiotdes brasiliensis (Blast
omyces brasthensts)

Specunens for Evamunation

Buts of tissue from cutincous or mucosil lesions pus from
Ivmph nodes or from cutaneous abscesses sputum hone bload
brapsy materitl or tissues from post mortem cxanztions mm
be submitted

Cultural and Microscopic Characteristics

P brasiltensts 1s 1 dimorphie fungus  In pathologte matenls
the microorgamsm appears m the form of single and multiple
budding thieh walled veasthhe cells 10 to 60 i diameter wmd
on artrficra] medium at room temperature 1 2 mold hke or my
celial form

On bleod agar or chocolite agaw 2t 37 € the colomes are
white veasthhe and cerebnform  on Stbourwids ghieose y
at room temperature the colony 1s compact wreguhiey folded
wd covered with 4 short napped white el mycelinm: becom
ing browmsh m okl cultures .

\icroscopicillv  the growth on blood gar it 37 € conswts
of mm single nd multple buddmg, el dentic W wath the
tissue forms while on Sibourwds glucose medmm the grow th
at room tempcriture s composed of hr\lulud sptate 'I\[z)lui
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A mycehal culture thought to be P brasiiensis should not be
xdenuﬁcd as such without conversion to the yveast phase and
ration of multiple budding cells

Pathogenteity for Antmals
The microorganism has been reported as pathogemc for the
gumen pig sabbit hamster and white mouse



684 Laboratory Identifi of Path Funt Sunplified

Paracocciproines Br st LENSIS

Figure 14

A Colony on Sibourwds glucose gar fter three weeks at room
temperature

B Growth on blood agir tcr sevents two hours 2t 37 C

C Culture mount from blood agw at 37 ¢ w hetophenol cotton
blue \ 600

D Large sphencal tiiek wailled single and multsple buddmg cclls
human tissue H &E N\ 800 (Courtesy of Dr Mugmnty Stha Do
partment of Dermttology  College of Phvsiamns and Surgeons Co
fumbin Unnersih New York NY )
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CANDIDA ALBICANS

Mcduwa for Development of Sigmficant Characters

MACROSCOPIC
Sibourands glucose Creany pasty smooth
ar
AMICROSCOPIC
Sabourwuds glucosc Round to oy 1l budding eclls
g
Com meal agwr AMacehum blwstosporcs
dispensed 1 Petn chlwmn dospores

phtes
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MoniLiAasis (GANDIDIASIS)

Monnusis 15 a disease of many manifestations It may n
volve the shin particularly the intertnginous areas nails (ony
chia) and ussue around the nails (paronychia) the mucous
membranes {mouth pharvnt vagin1) thepenanal aren broncho
pulmonary system or even the blood stream or menmnges The
chief etiolomic agent 1s Candida albicans  other species which
may cause fection wre C tropiealts C guilliermond: € para
psilosis C psedotropicalis and C hruser C allrcans because of
1ts greater importance 15 desenbed n more detaill A table with
the differential characteristics of the su species 15 ncluded

Specimens for Examination

Skin and nail scrapings exudates from mucous membranes
sputum feces blood or cerebrospinal fluid may be required for
examination

Cultural and Microscope Characlenistics

C allrcans 1s 2 budding yeastlihe microorgamsm which forms
a true mycelium 1s well as pseudomycelum It appears m patho
logic materinls as budding cells and mycelnl elements

It 15 easily 1solated on Sabourauds glucose agar The colony
15 cream colored pasty and smooth and has a yeastlile odor
Microscopically there are found budding cells of varying shape
which are of Ittle md in the speaific 1dentification of the micro
orgamsm

For 1dentification the demonstration of the large round
thick walled chlamydospore charactenstic of C albicans 15 es
sential This may be accomphished by growing the microorgan
1sm on corn meal agar  The com meal igar dispensed 1 Petn
plates should be noculated with the primary culture by cutting
through the agar along the Line of streak and mcubating at room
temperature for several days Along the hne of streaks C albicans
develops myveelum on which 1s produced grape like clusters of
blastospores and the round thick walled chlamydospores char
acteristic of this species

Pathogenicsty for Animals
Thus fungus 1s pathogenic for mice and rabbats
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CANDIDA AIBICANS

Tigure 15

A Colony on Sabourudss glucose 1gir after tho wecks
B Culture mount from Sibourwds agw  \ 800

C Culture mount from corn meal 1gar showing clustars of blisto
sporcs and lirge round thick willed odls (chilimsdospores) ilong
hyphae \ 400

D Budding cells and myechl elements 1n skin serapings stuncd by
Hotchluss McAManus techmique N\ 400 (Preparition courtesy of \Mr
] Denms Polinch of the Depirtment of Dermitology College of
Physicians and Surgeons Columbia Unnersity )
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Laboratory Identification of Pathogeme Fungs Stmplified

CocciDIOIDES 1\ MITIS

Media for Development of Stgnificant Characters

\ACROSCOFIC
Sabourauds glucose Wlite cottons,  aenl myedium
agar ‘becommg tan with 1ge haung
4 centril zone of Mt sparse
mycelinm
MICROSCOPIC
Sibourwids glucose Coarse branching hyphic and chuns
awar of thick walled chlum dospores
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COCCID[O!DOI\[\ COSIS

Cocamomosscosts cawsed by Cocerdiowdes nmmitis occurs m
two forms —an acote sclf hmting respiratory wfection (Cal
fornta disease valley fever) and a chrome sometimes fatal
disease (cocerdiordal granuloma) insolvng the cutaneous sub
cttaneous visceral and bony tissues
Specumens for Examination

Exudates from cutaneous lestons pus from abscesses sputum
cerebrospmal fluid hlood biopsy matenal or tissues from post
mortem exammation may be submitted
Cultural and Microscopic Charactenstics

C mmutts 1s dimorphic  In the parasitic phase 1t appears as
thick walled endosporulating spherules 5 to 504 i diameter
in different stages of development In culture at 37 C or at
room temperature 1t occurs only m the mycehal form

The microorgamsm 1s easily 1solated on Sabourauds glucose
medium or on Mycosel agar if the specimen 15 grossly con
tammated The colony 15 moderately fast growing flat monst
and membranous lter developing a coarse white to tan to
brown cottony aenal mycelum with central zone of fiat sparse
mycelum

Microscopically the culture shows coarse branching hyphae
some broken up nto thick walled spores chlamydospores usually
11 chamns

Great precaution should be exercised when handling these
cultures since the chiamydospores are ensily dislodged and car
nied through the sir  Cultures on medium m Petnt plates should
not be employed Petroff flasks (22x95 mm ) or tubes should
be used mstead
Pathogenicity for Anumals

This fungus 1s pathogenic for white mice gumea pigs and
rabbits The gumea pig njected mtratesticularly with a suspen
sion of the chlamydospores develops a severe orclutis within
seven to ten days  From such lesions pus may be aspirated and
the typical endosporulting spherules d rated by direct
microscopic exammation

A culture thought to be C 1mmatis should not be 1dentified as
such without demonstration of transformation m a susceptible
ammal of the chlmyd to the cl istic parasitic
growth phase (thick walled endosporulating spherules)
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Coccripioinrs INIMITIS

Fuure 17

A Colony on Sibourauds glucose gar after five weeks
B Culture mount showng chiuns of chlimy dospores \ 100
C Swne \ 800

D Stction from testicle of expennmentally infected gumen prg, show
ing (ndosporuliting spherules H & E- N\ 400

E Sphernle \ 800
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CRYPTOCOCCUS NEOFORMANS

Vedia for Development of Swamficant Characters

\fACROSCOPIC
Sabouraud s glucose Cretm to tin i color usuilly
1gr mucowd and glossy  occasiomlly
(2223 and 37 drv and dull
c)
\MICROSCOPIC
Sabourad s glucose Round budding cclls of vinang
wgar size surrounded by cpsules of

different dinmeters
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CryPTOCOCCOSIS

Chyrrococcosts 1s 2 subacute or chronic mfection chiefly of
the central nervous system but may mvohe almost any part
of the body The etiologic ngent 15 Cryptococcus neoformans
(Torula Iustolytica)

Specimens for Exammatton

Cerebrospmal flurd scrapings from superfictal shin lestons pus
from subcutaneous abscesses sputum bone lvmph nodes blood
bone marrow or specimens collected 1t post mortem may be sub
mutted

Cultural and Microscopic Charactenstics

Cryptococcus neoformans 1s a budding yeasthhe microorgan
1sm In pathologic material and m culture 1t appears as a round
occasionally oval budding cell of varable size 4 to 15+ m i
ameter surrounded by a refractile mucious capsule The cap
sule varies m width sometimes bemg twice the diameter of the
cell and can be demonstrated by mounting 4 loopful of the i
fected matenal or culture 1n a drop of Indin mk

The fungus 1s easily isolated on Sabourauds glucose medium
The colony 1s mucowd and shmy and 1s cream to browmsh m
color

The pathogenic strams grow readily at 2225 and 37 C and
do not assimilate ANO, while the nonpathogenic or avirulent
strams grow poorly if atall at 37 C and assimlate ANO,

Pathogemeity for Ammals

The microorgamsm 1s virulent for white mice and rats For
proof of the virulence of a gren strun of C neoformans mice
should be injected intravenously or mtracerebrally and follow
mg the death of the animal budding cells with large capsules
demonstrated 1 the bram
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CRYPTOCOCCUS N} OIORMANS

Figure 18

A Colony on S1bourwds glucose agir after 10 dns

B Culture mount from Sibourauds agir s drop of Dctophenol
N\ 150

C Indn mk prepartion of culture from Sibouriuds e \ 100

D Scction of splen from white rit showsmg budding «dls sur
rounded by cipsules H & E N\ 323
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GFOTRICHUM CANDIDUM

Mcdia for Devclopment of Significant Characters

MACROSCOPIC
Sabourauds glucose Fhit membranous soft yveisthhe
gar consistency whitc to er¢ un
m color
Honey broth White pediicle
MICROSCOPIC
Sibourtuds glucose
agr Clhiuns of rectingnlir to round

Corn meal agar arthrosporcs
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GEOTRICHOSIS

Grommcnosts 15 a comparatively rare and mild disease Le
sions may occur 1n the mucous membranes of the mouth and
mtestinal tract m the bronchy and lungs  The etiologic agent 15
Geotrichum candidum

This microorgantsm may be present on the shin 1n the mouth
and 1 the feces of normal persons or s a secondary mvader
m pulmonary disese particularly tuberculosis A diagnoss of
bronchinl or pulmonarv geotrichosis should therefore not be
made without repeated d tion of the p of the
fungus in the sputum by both microscopre and cultural examina
tion and the elmmnation of other bronchopulmenary diseases

Specimens for Examination

Exudates from lesions in the mouth sputum or bloody stools
may be subnutted

Cultural and Microscopc Charactenstics

G didum appears m pathol matenal as large rectangu
lar to oval cells (arthrospores) and round thick walled non
budding cells 1t can be easily 1solated on Sabourauds glucose
agar

The colony on the Sabouraud s medium 1s flat membranous
soft of yeastlike consistency white to cream 1n color and closely
adherent to the medium A differential feature 1s the formation
of a white pellicle 1n liquud medium

\eroscopieally 1t reveals browd septate mycelium and chams
of rectangular to round arthrospores formed by fragmentation
of the hyphae

Pathogenicity for Amimals

Pathogemeity for Inboratory ammals has not been deman
strated
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GroTricHUN CANDIDU N\

Figure 19

A Colony on Sthourwd s glucose agar after three weeks

B Shde culture preparition on com meal agir stuned with heto
phenol cotton blue showing, arthrospore formatton \ 400

C and D Swune showng rectngulir ind round arthrospores \ 500
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HisTor1asya CAPSUIATUNV

Medw for Development of Stamficant Characters

—
\MACROSCOrIC
Blood agr (37 C) NMoist white ycasthhe gronth
Sibourwds glucose Wite fluffv el mycclum
w2225 C) gradullh becommg tin to broun
MICROSCOPIC
Blood xar (37 () Small ovil budding ¢clls
Potato glucosc Round to pyvriform microconidit
agar (2225 C) borne hterally on hyphw nd
large thick walled tubereulate
chlvmydospores {microcontdit)
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HisToPrI Asyosis

Hisrorrassiosis 15 a Tocalized or generalized nfection essen
tially of the reticuloendothelial system and may be acute sub
acute or chirome mvolving almost any organ of the body The
ncitant 1s found chiefly as an mtracellulr parasite of the mono
nuclear cells in the peripheral blood sternal bone marrow Iymph
nodes or spleen The etiologic agent 1s Histoplasma capsulatum

Specimens for Exanunation

Tissue obtamed by biopsy of lesions from skin mucous mem
branes and lymph nodes sputum  gastric washings or tissuc
from post mortem examiation mcluding the bran may be
submitted

Cultural and Microscopic Characteristics

H capstlatum 1s dimorphic  In parasiized tissue 1t 1s found
as small oval yeasthihe cells 2 5« m the longer diameter withm
the large monocytes on Sabourauds glucose agar 2t room
temperature 1t appears n the mycchal form

Colomes on blood agar at 37 C are small white yeasthke on
Sabouraud s glucose agar at room temperature they are downy or
cottony and whate to cream later becoming tan to brown

Microscopically the culture on blood agar at 87 C occurs
1 the same form as 1n tissue while on Sabouraud s glucose agar
it consists of septate hyphae on which are borne two types of
spores (1) small smooth walled round to pynform comdia
sessile on the sides of the hyphae or on very short lateral branches
(2) charactenstic large thick walled spiny or tuberculate
chlamydospores (macrocomdia)

For the identification of a culture thought to be H capsulatum
the demonstration of the dl.l’ﬂDl'pth nature of the fungus as well
as the p of the tut

15 essential
Pathogemaity for Ammals

This fungus 15 pathogeme for mice voung hamsters gumen
pigs and rabhits
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HisTorLAasMA ciPsuryviuv

Tigure 20

A Colony on Sabourtuds glucose agir ftcr three woeks 1t room
temperature

B Growth on blood agar after 72 hours 2 37 C
C Growth from blood agir 437 C 10 hetophenol \ 100

D Culture from potito glucose agar showing, small smooth wlled
round to pvriform conrdit and tubereulite chhmmdospores \ 100

E Luge thick walled tuberenhte chlimvdospores stuned with
Tctophenol eotton blue  \ 1000

F Granulomatous lesion from ear of cspanmentalls mfected ribing

showmg multmucloted gt edd) flled wath 1 capsulatum 1 &1
N\ 1500
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ASPERCILT 0s1s

AstenciLross 1 an mflimmatory gewnulomatous mfection The
shin nails esternal anditors camal prwsal smuses e
broncht bone menmges wnd bran may be mvoled  Scveril
speeres of Aspergillus e been menmimated as agents of the
diseise A funngatus A flarus A mdulans A glaveus and A
mger A fumgatus 1s by far the most frequenth, cncountered
These fungt are ubiquitous 1n nature and re commonly spro
phytic for reasons not understood they my hecome pithogame
and ncite infection

Palmonany aspergillosis as 2 primany mfection 1s wddl recoy,
mzed and occurs most often 1 agricalturil workers squab feed
ers fur clewners and other persons in contict with fungus con
tanmated gram  Its occurrence as 4 complication of bactend
mfection of the lungs has become mercismgly import mt with
the widespread use of antibioties sterords  md fohe wod antigo
msts  The portil of entry 1s usually the respirators trict from
whieh the wfection may become widel dissemmated nd ter
mmate fatally

Spccumens for Leamunation

Sputum shin matcrnl from ear and opsy and post mortem
specimens may be submitted

The disease 15 difficult to diignose with certunty since the
cansatne agent usualhy A fumi afus 15 extremels sidespread
i pature nd may appear i calture medi or m pathologie spec
mens 1s 2 contamimmt  The mere isolttion or even the identikics
tion of the fungus 1s not sufficent  Demonstrition of the funtus
n tissue by dircet microscopie cxrmination 1s eysents 1

Cultural and \Microscope Charactenstics

A fumgatus ts 1 filimentous fungus  In sputum or tissue itap
many smah

pears as shart branching, In phal fragments often with y
(2to 1) round green sporcs scitered thronghout the fickd
occastonally the ntire frntmg, structure mas be prosent The
fungas 15 el 1olted on Sibourimds ghicose agar at gousn
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temperature or at 37 C  Where there 1s marked bactenal con
tammation streptomyein and penicillin should be added to this
medium  Medium to whicl eycloheximide {Actidione) has been
added should not be used The colony 1s fast growing wiite at
first soon becoming green or dark green flat and velvety The
fungus grows well at 45 C or higher

Microscopreally  the identifying structure of this species as
well as all species of Aspergillus 1s the comdiophore with the
large termnal vesicle bearmg many stengmata (phalides) from
which chams of spores are produced The comdiophore of A
fumigatus 1s smooth walled and the comdual head columnar
and compact with sterigmata 1 one series comdra are globose
green and echmulate

Pathogenicity for Ammals

The fungus 1s pathogenic to a high degree for the rabbit and
to a lesser extent for the guinea pig
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ASPERGILLUS FUMICATUS

Figure 21

A Colony on Sabouriuds glucose ngar seven davs 2t room tempert
ture

B Shde culture preparaton on corn meal agar showing conudnt
heads X\ 600

C Scction from human Jung, showing septite nphic H & £\ 400

D Same section shovang comdial head {arrow )\ 800 {Courtcsy of
Dr | Lebowich Siritogh County Laboriors Swatogr Springs
NY)

E Hyphal fragment of A fumsgatus i sputum  (Reprnted with per
mission from Shinner C E  Lmmons € W Tsuchn: H M
Hennicrs Yeasts Molds and Actmomyeetes 1947 John Waley & Sons
Ine }



91

Deep Seated Mycoses

T el
——
'y
i

B

ES W . ~e d
WPy ; X
v T $ 1

ks Y S
P o

| AVURSIEIUD_SOE SUMP VA

r —
@ |

~
;b"'
-

Y § =] ]
_.«AM%W\M wl.tw;.ﬁ
Ay ﬂx.

o,

W.E %

R R T AT, s T
Raiesdin it
-

¢1 &)teﬂ..wmﬁ\: \%- \;)
o s
hv L QB

w%%%;@?

£ -
et e e
NS L& Wﬁ»\t
Pt SR SR s,
Pt AR " SN



92 Laboratory Identification of Pathogeme Funt Sunplificd

SysTEnric MUCORMY COSIS

Systenuc Mrcorvicosss s A disease charctenized by vaseudr
myasion with growth of hyphae thrombosis infarction and rc
actne mflammation of hemorrhgic exudatnye and mmmmal gran
ulomatous character The mfection may be meted by 1ny onc
of several spccies of three gener (Mucor Rhizopus and Absidia)
of the order Vucorales of the class Phycomycetes The disese
1s bemng scen with merensing frequencs the pulmonary wd cerc
bral tissues bemng most commonly attacked often with a fital
outcome These fungr may attack other tissucs such as orbital
nisil 1nd paranisil sinuses wnd intestine and produce reltnely
mild unrecogmzed mfection  From such sites dissemimation may
occur with 1 rapsdhy fatal result

These Ph cles e ulng and usnally saprophytic
but under certun conditions apprently have the eypacity to
cite disease  Ther spores become urborne and enter the nose
smuses and hungs by mhaltion or the gastromtestmal tract on
contamnted food

There are several predisposing factors acidotic diabeits mel
Iitus Jeukenun and other debilitatmg diseases  the usc of ster
oids folic acid ntagomsts and prolonged antitnotic therapy s
ilso believed to enhance susceptibibity

Specimens for Exanunation

\aterials from smuses sputum pus cerchrospmal flud nd
Inopsy and post mortem tissies mas be submitted

The hborwton dingnosis of mucormscosts 1s not csy and
should be made only under earefully controlled conditrons sinec
the ctiologic 1gents e estremels widesprexd m natore amlmn
apperr as contanunants on medin or pathologic specamens
Demonstration of browd nonseptate vphie by dircet micro
scopie examinition of pathologie specimens and rsolatron and
wdentification of the fungus re ¢ssential for 1 Aedimtan e dngnons

C ultural and \icroscopic Fxamnation

The Mucoralcs wre nonseptate filimentows funge  In sputum
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pus or tissue they appear as wide (lmuts of 4 to 50x) nonseptate
h hyphal frag occ 1ly the entire frutting
structure may be found They are casily 1solated at room tem
perature on Sabouraud s glucose agar with the addition of strep
tomyen and pemallin or at 37 C on blood medium with anty
biotics The colom grows rapidy quickly fillng a Petn plate
or test tube with fluffy mycelum first white later dark gray
\icroscoprcally the liyphaearewide colorless and coenocytic
The 1dentifying structures are the single or branched sporang:
ophores which anse from any powmt on the hyphie or opposite
rhizowds and bear large termmal globose spore filled structures
the sporangia (See pages 132133 )

Pathogemcity for Anmals

The Mucorales have only slight if anv  pathogemicity for the
normal rabbit Cerebral mucormycosis has been produced expen
mentally m rabbits with alloxin induced diabetes by mtranasal
mstillation of spore suspensions of these fung:
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Acrat or Mucoryh cosis

Figure 22

Scction of humtn lung showing
A Wide nonseptate vphae in pulmontny artern 11 &E \ 300

B Same m lumen \700
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MONOSPORIUM ARPIOSPERMUNM

Media for Decelopment of Sigmificant Characters

MACROSCOPIC
Sabouraud s glucose White cottomy acnal mycelum
becomung griy and spreading
mpidh over entire surface of
media bhickened undersurf ice

agar

MICROSCOPIC
Iiht brown smgle ovod comdin 1t
tips of long or shert comdiophorcs
occasionlly on the sides of fnphac

Corn meal agrr
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MapURONYCOSIS

VL apurowincosis 1s a chrome granulomatous disease usually
molvmng only one of the lower extremities charactenized by
nlargement and deformaty multsple drawmng sinuses and bone
lestruction The matenal from discharging sinuses generally con
ams granules {grans) srregular shaped masses of vanous colors
vute yellow red or black Among the mcitants are species of
\Iu(lurcl{a/As;wrleus Cephalosporium  Alleschenia and Mono
sportum ¥ M aptospermum  one of the chief mestants 1s de
seribed below

Specimens for Lxamination

Discharges from fistulie maternil asprrated from deep cu
taneous and subcutaneous nodules may be submtted

Cultural and Microscopic Charactenstics

M apospermum 15 a filamentous fungas In pathologic ma
tenial the fungus appears mn the form of yellowish white granules
lobulated structures composed of wide septate hvphae with
numerous penpheral chlamydospores

It 1s readily isolated on Sabourauds glucose agar at room
temperature The colony on this medum 15 fast growing white
cottony gradually becommng grav and has a grayssh to black
pigment on the undersurface

Aicroscopically there will be seen wide septate hyphae and
large round oval or clavate comdia borne singly at tips of short
or long comdiophores

M aprospermum 1s the imperfect form of A boydn also an
etwlogie agent of maduromycosis A bodyu produces asexual
spores wdentical with A apiospermum  for its 1dentification the
demonstration of penthecia (ascocarps) large (20 1504) sphen
cal brown to black structures 1s essential (See Figure 22C )

Pathogemeaty for Antmals

The pathogenicity of these spectes for small laboratory ammals
has not been established
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MONOSPORIUM APIOSPERMUNM

Tigure 23

A Colomy on Sabouraud s glucose agar after five wecks

B Culture mount from corn meal 1gir stuncd with Ictophenot cot
ton blue showing single tcrminal contdit on long and short condio
phores \ 400

C Culture mount of Allescheria bogdu from Sibourwnds glucose
gar eight weeks showwmg young wd miture ascociups  note lirge
npe ascocup discharging scospores \ §00

D Granulc from expermentilly infected hamster H &E N 500
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SPOROT!UCHL\I SCHFNCRAIL

Medsa for Decclopment of Sigficant Characters

\MACROSCOPIC
Glucase ¢vstine bload Soft veasthihe growth
agar (37 C)
Sibouraud s glucose Leithers wrinkled and folded
wr (2235C) tan to brown to biwch
MICROSCOPIC
Glucosc cvstine blood Round ovat fusform budding cclls
agar (37 C)
Com meil g Tine septate byphae ind poar shapad
(2225 C) microcomdit borne termmalhy in

rosctte hhe clusters on hiterad
branches or singly along the
vphac
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SPOROTRICHOSIS

Tms piseast 1s primanly a chronie infection of the shin and

tissues ¢l 1zed by nodular lestons which
spread alang the regonal lymphaties  generalized infections do
occur but are rare m the United States The locahzed lesions
are most frequently found on the extremities particulirly the
hands The ectiologic agent s Sporotrichum schenchu (S
beurmanni)

Spectmens for Lxamination

Pus from subentaneous nodules or from ulcerating lesions
may be submitted

Cultural and Microscopic Characteristics

§ schencku 1s dimorphic  In pus and necrotic tissue from
human infection this microorganism appears as single-celled
cigar shaped bodies usually within the polymorphonuclear leuco
cytes (these structures are extremely difficult to demonstrate 1n
pus or tissue sections from human lesions) on Sabourauds
glucose agar at room temperature 1t grows in the mycehal form

On glucose cvstine blood agar at 37 C  the growth 1s creamy
white soft and jeasthhe On Sabourauds glucose medium at
room temperature the microorgimsm forms a mycehal colony
at first white and soft later becoming tan to brown to black and
leathery in testure and having a convoluted center from which
extend radial grooves termmating m a flat border The appear
ance of the colony on this medium 15 dragnostic

Mucroscopteally the culture on the blood medium at 37 C
ss found 1n the same form as m tissue while on Sabourauds
glucose medum the culture shows 2 fine branching septate
mycelum and many small pear shaped comdia The comdia are
borne termmally 1 rosette ke clusters on lateral branches or
are attached singly along the hyphae

Pathogenienty for Animals

The funois 1 mfectiane for white male rate and mrma  amed



102 Laboratory Identsfication of Pathogenic Funat Simplified

SpPorROTRICHU M SCHENCGRIL

Figure 24

A Duk brown to blick colony on Sibourtuds glicose war tfter
three wedks at room temparture

B Culture mount of growth from glucose cystme blood agar
37 C \400

C Culture mount from corn meil showing fine brinching hyphae
and pear shaped comdiz borne 1 rosctte ke clusters 1t tips of hteral
branches (comdiophores) nd singly along sides of hyphie X 600

D Section from testicle of expermentally infected hamster showing
Grm positne  agrr shipad bodis Grim Wagat \ 500
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Ack NTS OF CHRO\IOBL ASTONMY COSIS

MACROSCOPIC

(On Sabouraud's glucosc agr)

Phulophora ver

rucosa Colonies slow growing
Cladosparium dark green to black
carrion felt ike 1enl myechum

Fansecaea pedroso

F compacta Extremely slow Lrowng,

F dermativdis Bliek ycastlihe at first gradually b
coming filimentous at the penph
en

MICROSCOPIC
(On corn meal or Czapek s agar)
Phualophora ver | Phialophora type of sporulition only
rucose cup shaped comdiophores wath
spores that bud from the basc of
the cup
i
Cladosparium ] Cladosportum type of sporulition
carnonu | only  tree ke branching comdio
| phorcs sith comdir i abundance
Fonsecaca ,‘ 3 types of sporulation single or com
pedrosof bined 1 onc hexd  (a) Cladospor
fum  (b) Plualophora and ()

psendo-Acrotheen condin borme

niterally on short protuberances on
conihiophore I compacta dilers
from I’ pedrosoi i ats broad based
comdny I dermatiidis o ats
veast ke and Pullulana phases

T compacta

I dermatiticis
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CHROMOBLASTONMY COSIS

Chnovontastosacosts ctused by scveral species of dematince
ous fungt was defined by Dr A L Camion (1947} as a chrome
infectious pparently non contagious shin disetse confined most
frequently to one of the lowcr extremibies and characterized chn
1eally by the formation of nodular verrucous or tumor hike lesions
More recently evidence of systemie disease has been reported
There are at Ieast five spectes representing three genera which
may cause tlis disease  Phwlophora terrucoss  Fonsecaca
(Hormodendrum) pedrosor F comy F dermatirdis and
Cladosporium carrionu

Specumens for Lxammation

Crusts or evudates from the verricous lesions mny be sub
mitted

Cultural and \icroscome Charactenstics

These fung1 are dimorphic In tissue pus or cascous maternl
they are mdistingwishable They appear as large round yellowish
brown thich walled often septate bodies On Sabouraud's glu
cose mediim they 2re filamentous at 2225 and 37 C

The colomes on this medium are slow growing dark green
to black felt like 1n appearance with the exception of F derma
titidrs and shghtly embedded in the substrate They cannot be
differentiated by stody of macroscopic characters alone due to
their stnhing cultural similanty  F dermatitidis 1s at fiest yeast
like gradually becoming mycehal at the periphery

Species 1dentification 1s based upon the method of sporulation
of which there are three tvpes Phialophora charactenized by
cup shaped comdiophores with spores which bud from the base
of the cup Clidosporium by tree like branching comdiophares
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with comdia i chams  Acrotheca by swollen comdiophores with
lateral protuberances from which are bome singly oveid condin
These three types of sporulation may occur simultancously i a
culture F dermatitidis m addition to the three types of sporula
tion also shows 1t a very early stage yeasthhe and Pulltlara
phases

P terrucosa exhibits the Plualophora type of sporulation anly

F pedrosot the most common meitant of chromoblastomy cosis
possesses - triple sporulating ability  All three types of sporula
tion oceur simultaneously and any one may predommate

F compacta ¢xltbuts the thrce types of sporultion sometimes
il combined m a single spore head with the Cladosporiam type
predominating

F dermatitidis exhubits early yeastlike and Pullulania phases
and later reveals in addition the three types of sporultion
charactenstic of the genus Fonsecaca

C carnonu shows the Cladosporium type of sporulition only
The pathogenic strains must be differentiated from saprophytic
speates of this genus on the basis of cultural characters  The
pathogens grow at 2225 and 37 C and are slow growmg
whereas the saprophytic forms are { st growng and do not grow
at37 C

Patho,encity for Anumals

Rats and mice appear to be susceptible to these fung) myccted
By the mtraperitoneal or intratesticular route

Grateful achnowledgment 15 made to Dr Margantr Silva for
her assistance m the preparation of tlis section
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CHRONIOBLASTON COSIS

Figure 23

Histopathologic section from lesion 1 chromob! istomycosts showmng
Trge septate bodies \ 800 (Courtess of the Ite Dr Rhody Benliim
Deputment of Dermatology Collet of Plnsictins wind Surgeons
Columb Unnversity )



Deep Seateq Wycoscs

109

<y ot i ey |
‘”'1"“.&1 Q‘} 2t /j
'.-f-("";'q £ ’-f.:"a



YO [Iahoratory Identification of Pathogene Fun.i Semphficd

Piiviornory vERRUCOSY
Yossicwry piprosor
Foxsrerry prryvvrirings

Figure 26

Plialophora orrucosa
A Colony on Sibourd's glucost e four wecks

B Cup shiped conrdiophores with spores \ 00

Lonsecaca pedrosor
€ Colom on Sibourmuds ghicose 1, r five waeke
D F Thrce types of sparulition
D Cladosporium X\ 600
L Acrotheca N\ 600
I Phudophora \ 600

Tonsccaca dermatitidts
€ Colony on Sibourinds glucose i 25 dus
H Yausthhe phise note double hudding, el NS00
I Lullulana phise showme clustees of spores dong baphac
N 200
§ ohwme \ 500
K (ladosporium tape of sporulition N\ 500
I Swe N0
A Acrotheca tpe of sporultion N\ 500
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Fovscecira CONMPACT
CLADOSPORIUN CARRIONII

Digure 87

Fonsceaca compacta
A Colom on Sibhourtuds glucose agar s wecks
B Complex condil head N 400

Cladosportum carrionu
C Colony on Sabourauds glucose agar four weeks

D Cldosporsum type of sporultion \ 400
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CONTANMINANTS

Satnorivic Funet are 1 constant nusance m laboratories <n
gaged in medical mveologic work  They appear frequently on
the usual phting medin e often found 1n pathologie matenals
and 1re at times mistahen for pathogeme fungt To learn to
differentiate between the siprophytic and the pathogenic fung:
1s 1 fundamental requirement 1 the laboratory ttempting my

cologie exanunations 1f scrious mistakes are to be avorded m the
diagnosis of fungus disease

Recogmtion of contammants should not be difficult provided
one 15 familir with a few of their common charactenistics  The
saprophy tic fungr usually grow well at room temperature on the
common mycologie media ind poorly or not at Wlat 37 C  they
are n general highly pigmented forming bluish green or green
cream to vellow orange brown deep rose or blck colonis
and nearly always produce an abundance of charactenstic repro
ductive structures  The pathogenic fungi on the other hand are
commonly slow growing at room temperature or at 37 C and
often require spectal media for spore formation There are some
pathogeme fung that form dirk green or black pigments and
some species of contammnants that are white or hght colored
Therefore a fungus 1solated from 2 pathologic specimen should
not be discirded 1s a saprophyte because of its pigment withoat
a thorough cultural examination and microscopic study nerther
should an 1solate because it 1s white be considered a pathogen
without an equally thorough study
Eighteen d 1 the laboratory

are descnbed and Mlustrated n the following pages The grant
colontes of all these fungi were grown on Sbourwds glucase
medium at room temperature Classification by genus 1s ade

quate m the diagnostic laboratory for the 1dentification of con

taminants Photomicrographs to illustrate the microscopic strue

tural characteristics by which these contamimants can be 1dent:

fied genenically are presented These structures are hest demon

strated m slide culture preparations on Czapek s or corn meal agar
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PeENtcILLit g sp
Pircirostvcrs op

Frure 28

Penserdlium sp
A Colony fist growmg ttumng 2 diimecter of 532 mm m ten dus
Mt with @ powdery blush green surfice surrounded by 1 narrow
wiute border

B \eroscopieally the dingnostic structure known s the  pem
allus” (1) or brush 1s seen This structure consists of chums of
spores pinched off from flwsk shaped stengmty (phithdes) (b)
horne in whorls from the ends of metulte () (short brinclics) s
ing from brnched or unbrinched comdiophores (d)
Many speeies of this genus differ wadch m color testare
and rite of growth Gencne wdentific ihon must be based
upon dcmanstratton of the “pamalins” or brush

Paccllomyces sp
C Colom ripidh growmng, attumng 2 diometer of $0 mm o five
dus it wath 4 surface of vellowsh brown powders myedim

D Aheroscoprerlhy  the comdnal bonng structures (1) susget
Penscilhum but differ e that the sk shaped stengmaty (b an
long nd tubulir band won from the s of the comdiaphore
(¢) wd ¢ not Alw s movartialb (whorls) Tong well separated
cliums of smill dlipticyl comdir (d1 we bomne at the tips of the

stenignnta
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Scorul \RI0OPSIS sp
Crrui1osroRriUs sp

Fiyure 29

Scopulariopsis sp

A Colony fast growing, attumng 1 dnmeter of 65 mm m Joven
dus  flat at first white Iter hoht brown and powdeny with @
heht tin peripheny  undersurfrec brownish at center fidmg, grudu
il to a hight tan

B \Microscopicail the vphic bear many short sumple o brnched
comdiophores (1) wlich sncgest the “pemallus of Pemieddfium
The stengmata (b)) produce chuns of lanen shiped comdn (¢)
with 1 somcwhat pomted apey and 4 truncite bise The mtune
spares are echmulte

Cephalosporum sp

C Colomy moderatehy fist growmng, attuning 1 dimcter of 51 mm
m saventecn dus  compict eonter shghth dopressed amegulrhs
foldud crem colored felt hke nd surrounded by 1 shchth rused
pure whitc border of finev powdery myechum termmating sn 4
thin long nipped myvcelum revesse prle sellow

D \ticroscopieally nuacrous clongate hvaling comdry horne
sphenenl clusters (1) at the tips of long or short hiter ] comdio

pheres (b)
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120 Lahoratory Identification of Pathogenic Funet Sunphficd

TricuosporRON sp
Ruobororur v sp

Figure 30

Trichosporon sp
A Colomy modertchy fast growme, attaming 1 drancter of 40 mm
m thirteen duvs nory membranous wd ridally folded  conter
moist and veisthhe
B \Microscopically psendomy cchum wd troe s cchum e formed
and mmy bhstospores (a) wnd arthrospores (b)
This fungus 15 often found 1s 2 contiminnt in sputum
Formition of blstospores differentintes 1t from
Geotrichum

Rhodotorula sp

C Colony slow growing attuming 1 diameter of 15 mm in fourteen

dnys deep cortl in color low comer ghstenmy soft and smooth

oceasionally becoming wnnkled

D \icroseopically oval or round thin walled  budding <l
The genus consists of at Ieast seven spectes showing 1
wde v imition 1 shape and size of celt and n the num
ber of buds {onc to severil) produced by 2 singk ocll
15 wall 1s an oolom texture  they produce Cirotenond
pigments (red ormge or sedlow)  The edlis form ather
no cipsule or 1 funt one No true myedum or asco
spares are produccd
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Moxtrrs sitovnina
S1TRFP1OMICLS 5P

Figure 31

Moniha sitophila

A Colons ripidhy growing eften completeh filhng the Potn phite
or culture tube within three or four dus  winte 1t fint growng
closc to the surfice of the agir quekh becomin, floccose nd
showmng, silmon colored masscs

B \Microscoprieally  branching, chuns of oviate comdn (1) Dorne
on short comdophores (b)  thick walled arthrospores (¢) formed
v braaking up of the old hyphie into scpnate edls

Streptomyces sp

C Colony slow growim, ttumng 1 divmeter of & mm m dJaven
dus rused shohthy folded hard laathens closddy adherent to
medim and covered with v wlite wml mycchum Many speeies
we vanoush prigmented white gry red rose Juender preon
depending hirgely on the nature of the medn nd the conditions
of growth Chirctenstically thes produce 1 strong musty ador

D \icroscopicilly lone branching wrl baphae (a) of 1 or
Iess i diamcter from these hyphac ansc spore bonng filuments
(sporophores) which by scgmentatton form chams of spheric U
or oval spores (h)  The sporophorcs mw be strught w s Jooseh
or ighthy sprnated
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TF'usiriuw sp
CIADoSPORILM (HORMODI NDRUN) sP

Figure 32

Lusarium sp

A Colomy fist grovang, attumng 4 dimcter of 53 mm g soven
dns at first white Titer vioket wath 1 eenter of hewsy fluffiu o
cclium ind 1 border of it white myvechum This genus consisty
of minv speeics some of which are of differant colors wlite tin
pink volet or red

B \licroscoprelh brnched or unbranched comdiophores (1) en
thin Inphtc the comdiophores produce two tvpes of spores maero
comdin Jong mult septitc sickle shaped (b)) microcomdn ovord
one cddled (¢)

Cladosporium (Hormodendrum) sp
C Colom modorite]s Fast growips, attupmg 1 dyuncter of 12 mm
n seventeen dus arrcguluhy hoped nd folded wath v smooth
flat paphery surfice velveh olive green undersurf e groomsh
bhik This fungus docs not grow tt 37 € s do the pathoganc
speeies of the sime gents
D Microscopreally myeclium ol ccons comddia n branching trec
Iihe chuns 11) bome from brinched comdiophores (b) of van thic
lengths
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Puonty sp
Puriurariy sp

Tijure 33

Phoma sp

A Colomy fist growme, wtuning 1 dometer of 70 mm m e
diys consisting, of two distinet zoncs 1 central umbonted zone
(35+40 mm ) of ¢ruv to twipe wrrtl myedum wnd 1 panphent
zonc (11 mm widc) of shorter mappud browmsh wnal bypline
with concentrie dker shin nings contumng pryemdin border
flat pkish tin hwang m outcrmost hiser of thin crom to tin
submerged hyphic Roverse shows 1 smudged browmsh bhick pig
ment 1t center with bage border

B \nheroscopically the sdentifuing structurcs arc the globose or
fluk shaped pvemdin (1) upon crushing, these e found to be
flled with mwy smll ovte to ddongite one celled haaline
pyvemdiospores (b) that have been produced on short comdrophores
mside the premdium Some speaics of Phoma show premdin with
onc or more ostiolcs

Pullularia sp

C Colony fist crowmy, attumng 1 diumceter of 60 mm n fourteen
dus at first white it nd membrinous hter showang wm wrn
Iirls rused folded blick shmy center of scsthhe ipperine sur
rounded by 2 Bt greamsh bhck border tomunabing e fnng of
greenish white myechum

D Ahicroscopicilly haphie of two tvpes  hyvaline thin w alled
(1) when vouns, Diter durk mnd thick walled (b)Y comdiy dliptc il
samctimes budding, (¢) borne by repetition it v maus fertile points
on mvechom
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HEeivtinToosrorius sp
ALTIRNARIY SP

Tiure 34

Helmuthysporium sp
A Colony moderatech fust growmg, tuming 2 deameter of 10 mm
m fourtcen duns  grnvsh graen rused wath surfice of howk
mitted wooly mycelium
B \licroscopreilly hvphic hight to dark giving nise to Jong septate
simplt or brinched comdwphores (1) hinmg, 1 hnotted twatud
appeirinee  comdir brown ovoid contumng four or more cclls

(b)

Alternana sp

C Colomy ripudh growmng, attuning 1 domcter of 75 mmoan mn
duss  grayish whate at fiest Nter grecmsh bhek surfice wooh or
felt Iihe with Joose grvish myeednl tufts border of grivish wlite
mycchum

D \heroscopredliy Iaphac lsahine or duh  comchophores (1)
short or dongite single or m groups brown or creemsh brown
comdit (b) brown transversch and Tongrtudimilly septate (mun
form) bomc singh or in wropetal ehmns
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ASPERGITIUS sP
SYNCIPHALASIRUNM SP

Figure 35

Asperatllus sp

A Calony frast growms, attuma, 1 dometer of 70 mm i seven
dns  flit with t eenter of thin grivish blur graen somewsint
floccose mitted mveehum and border of spusc partlhy sub
merged gravish myvedhim reverse pale vellowssh green

B Mhcroscopraally unbrmnched nonscptite comdiophore (1) s
g from 1 speerihzed el (b) ma the mvechum (foat ccll}  a the
apex of the comdiophore 1s the globose or liptical vesicle () bor
ing phialides (d) (f1sk shaped structurcs) from wiieh e pro
duced chuns of comdn ()

Syncephatastrum sp
C Colony ripidhy growms quickly Blling the Patn phite sath 2
dense white fluffv anal myeelium Titer dark grn
D \ieroscoprcalls  myechum nonseptite  Spormgrosports {2)
borne senally wathin finger ke spormgioles (b} msing riciddh
on inflated terminal ends (¢} of brinclung, sporngrophores (d)
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Mucor se
Ruisorvus s»

Figure 36

Mucor sp

A Colony rypidh grovmy filhng Poin dish wath floceose wnl
mscchum first white Tater gru

B C \Microscoprcalh myvechum nonseptate rhizords abwnt spo
rngiophores (1) brinched or unbrinched borne it iy pomt on
the Inphie trmmating i Jarge globose many spored sporngi
(b} sporwngal wall eastly ruptured seattening ¢psond or globose
spores (c) and reverlmy, columela (d) (2 swollin end of spo
rangtophore)

Rhuzopus sp

D Growth cxtremeh ripid cottomy grovash white el myechum
completds filhng 1 Petrn dish wathin three dns

E C Micrescopre iy myeehinm nonseptate At the apay of tlong
creet unbranched sporangiophore (1) 15 borne the topredl spo
rangium (b) 1 large sphenicil bhek spore easc flled wath m
round  brownshi spores spormgiophores inse sinuh or mosm il
groups drccth opposite rinzods (¢) (root Iike structures) athiched
to the substrite and connected by hvphal branches (d) (stolons)
sunmng, ong the surface of the substrite  The ruptured spo
ringnm freed of spores reseals columedh ()
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Media

Beef Infust n B th with Cluccse

Beef 4300 gm
Leptone (Difcy proteo ¢) 200 gm
Sybwm chlond 50 gm
Cluce ¢ 100 gm
Dualld water 10000 ml

Becf Infusim Agar with Glucose

Beef 4300 gm
D stllxd water 5000 ml
Agr 175 gm
Pepton 100 gn
Sod um chlnde 50 gm
Distilled + ater %000 ml
Glueo ¢ 100 gm

Bref Heert Infuson Agar witl Blood

Beef heut 4500 gm
Di talled 3 ater 5000 ml
Agar 00 gm
Sodium chlonde 50 gm
Peptone. 100 gm
s tlled water 5000 m!

Horse sheep or sablit Hood defbrnnated stenle 50 ml per 900 ml

Beef Infuston Agar with Bhod and Antil iotics

Beef heart infusion agar o det ydrated blood agar E1 et 1500 ml
Horse bhod dehbrnated stenle 100 ml
Pencill n (50 unuts per ml of medum) 80000 umits
Streptomycin (50 t mts per ml of medm) 80000 umts

Glucose € ystine ¥ eal Infusion Agar

Vet infus on 10000 m!
Peptone 100 gm
NaCl 50 gm
Agar -00 gm
Cystine or cys ne hydrochland 10 gm

bydrochlond

11351
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Clucose Cystine  eal Infusion \gar (cont )

Glucose 207 stenle olution
Blood (ribint or hor ¢}
Comlune wnd hert at 60 for tree honrs

Potato Infuston Agar with Clucose |

Totitoes pecled nd ground

Distilledd w ter

Agar

Glaco ¢
Used umidpsted 1t pH 56-5 8 or adju tedd sul sequent
to sterilization to pH 33 with 1 stende 107 tutiric
taad

Corn Neal \gar®

g

Coru maal yedlw ground

D tilled water
Dis slve the agaran one half the water by antoclnang
Add the com meal to the remamd 1 of the wtar and
heat at approumttehs 83 for one hour 1aker through
per Admic the di ohed agar ud th corn mel
flteate (300 100 ml ) and filter thronch cotton i
pene as required and aatocline treanty minutes N\
¥ adpastment 3 requuired

C.apek's \gar

NN\O
RHLO
LSO THO
AC
150
Suck ¢
Agir
Dt w ater
pH 66

Bice M lium

Ric whete grun

Ditlld witer
Flac o aod wateran 00wl Sk withn e gran

wenly ditatut Loy 1 bottom of ikt senl an
the tenbzer and wteline oty mrates

Saf uraud’'s Glucose Br th

Bicto & eptone

Glu ne

Ditfl<d ater to mike
Fuwnal pit 57

ol ml
S0 mi

2000 um
10000 m!
200 gm
00 1m

1750 fm
4000 gm
1000 00 ml

~ 00 gm
100 um
050 g
00
001 wm
000 L
1500 un
oo ¢ )

St

(LR
0o
woaa |



Meda

Sabouraud’s Clucose Apar  }

Agar

Pept

one

Clucose technical
Dustilled wates to make

Adjsted sul sequent to steribzation to pH 638
with stenle 107 tartanc aod

Sal ouraud's Pey tone Agar with Ioney

Agar

Peptone.

Honey

Dstlf o water to make

Adjsted subsequent to stenhzation to pil 5609
with stenle 107 tartanc acd

Ca bohydrate Broth for Fermentatin Tests wath Candi {3

Difco beef extract
Sodim ¢} Diekde
Difeo peptone
Distilled w ater

Heat to boshing and titrate cxactly to pll 72 Add
100 ml of mndicator solution filter and d:t pen e 1
10-ml quantities in Dutham type fermentation tube

Autocline at 135 pounds pres wre for evictly 15
minutes Add 0.5 ml of a 20 per-cent solution of t e
carbohydrate  The broth shonld not be kept fcrm 1

than two or three v ccks because shght changes m
1 may occur

Indicatsr solution

Brom thy mol biue
Di t Red water

(Marhn

Add 2 small amount of 1N N\aOfI to make the solu
tion alkalne  When indicator fs In solution neutra
bze with 1% HCI unul the evact neutral pomt 1s
teachied and one drop of either acd or alkah will
tause a conplete ctange of color
DS eral | Bact 3499 1937)

137

00 gm
0o
0o ¢
locon )

001 gn
10000 ml
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Wort tgar
Apw 2000 pm
Ammcenm chlonde N1 Cl 100 gm
1eptone 078 g
Maltose technieal 1275 jon
Malt extract 1o 00 g
Dextaa 275 g
Clherol 235 gm
Drpotassim phosphate KJ1PO 100 gm
IDnalled water 1000 00 mi

F ooyl lroh«lunth
Walwrnh A 18 “llnhrd St of th m Labo at alr |
Ser's A e Dprm ¢ f1lanh 3l llhlllmr L8 TR R
rit

$TH » dium  mle 1t [n 1onmerelall fnthed h d ated f mrt
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Rurung J N The examination of spatum T Cullection o0 clectien Il Serch
for clastic tssee I Sewch for fungil potes  Amer Rer Tulere 76 €71
675 679 195"

Lacaz € dv Sl Manual de Vieckgu Midica 23 o8 Sao Pavlo Bran!
Tomioy Dupont 1958 422

Langeron M and Vanbren eghem R Precis de Myeol gre 20 el Fan \lwn
1952, 703 p

Lewvis © Mt al  tn Intreductan fo Midical Mycdd gy th of Chicago
Ar Bh Iub 1958 453p

Lodder J and Rreger Van Ry \ ] W The Yeasts A Tavonome Study  New
York Intererence 1952 ~13p

Moss E § and McQuown A L Wlas of Moheal Mycohgy  altemore
Wilhams & Wilkins 1923 215 p

Neckerson W ] Medical mycology  Ann Rev Microliol 7213 1953

Pcezar M J Jroand Rad R D Micrehl gy New York MeCras 1M
1925 p 141 156

Riddedl B W Funcous dises os of Batun Bz Mad J 2753 1958

Rdlell B % Lomnnent staned imscolowcil preparations ol tund Ty shke
culture Mycol gta 1. 265> 1950

Shiner € F Emmon € W and Tsachuyy U AL Henricis Mokis Yeaste
and \ctinomyeetes 2 od New Yok Wilw 1917 109 p

Smith D T  Fungus Discases of the Lungs Springfid 1 Hhincs Themas 1917
59p

South D T A1 cellneons fungus dieves J Chronie Dis 5529 1937

Wad worth A B Standind Methwde of the Diinon of Lal rat n v and Re
search New York State Departoxent «f Health 3nd ed Biltimor Wallims &
Wilkins 1947 p 166478

Weed L A Tecl nics for the isol tion of fungt from i sues (ftuned at epera
tion and necrop sy Amer ] Chin Path 29498 11%

Wilon J W Clmcal and Immum Diac Aspoets of Tungetes Doen t Sprine
fid1 Ithpos Thomas 195 250 p

Zemmerman [ F Fatal fungus infections complivating atfer di v es
Chin Path 25 16 1955
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