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'-INTRODUCTION AND HISTORICAL REVIEW

Since early times,.the action of yeasts haS~beeh

- known and used by man in the production of ethanol from

various carbohydrate seurces; Not until the late 19th

‘century'did'Schwann and Cagnard—LaTour determine that

the sediment in the bottem_of the fermentation vessels
was a living organism. The néme yeast is probably derived"
ffom.the Dutch word gist or the German word gischt for .
foam,.a characteristic of the fermenfation process.

" Originally bacterial methods utilizing chiefly
fermentationbstudies were used in_fhe cléssification ot
yeasts.  More recently, édditionai tests have been

added, and today the geﬁeral procedures include: growth

at 37°C, pellicle formation in Sabouraud broth, the pro-.

duction of hyphae, pseudohyphae, chlamydespores and germ

tubes, capsule formation, assimilation and fermentation
tests involving 12 andvfive carbOhydrates, respectively,
urease activity, nitrafe utilization,-resietance or sensi-
tivity.tb cycleheximide; and-ocCasionally production of
pigment on birdseed agar (Table I). |

| Growth at 37°C is not speeifieally teeted for since
clinical specimens are dlways cultured_routineiy at 35—3700,
and in the case of fungal cultures, both ét'35—3790

1



and room temperature, 20-25°¢C,

Pelliclé’fbrmation is usually pérfOrmed after'a pre;
sumptive identificaﬁion has been made, and is rarely re-
“sorted to as a routine procedure today. -

- Hyphae can be defined as the branched cells pro;

duced by fungal colonies which mdy or may not bevseptate.

z ~Each hypha has a uniform width with gfowth occurring at

_the»distal hyphal - tip producing_elongation of these tip
cells. This is in contrast with.pseudohyphae which are
produced by budding, giving rise to sméllér cells at the

distal portion of the filament'which are not of uniform

: widfh.
— ' ‘The ability of certain yeasts and particularly

I Candida albicans to produce chlamydosporés wasvfirst:re—

T ported by Benham (1931) using corn meal agar (CMA). Soon
after, it became evident that not all strains of C. albicans

| produce chlamydospores on this medium. Other media were

i A developed andvcharacterized in an effort to find a more

reliable one. _ _

. Reid et al. (1953) suggested that chlamydospore

‘ productibn depends on zein, a protein and chief ingredient
of corn meal. Because 6f'technica1 difficulties involved
in preparation of the medium and differences in‘contént

of this basic protein‘in white aﬁd yellow corn meals, pro-
duction of chlamydOSpores is inconsistent. Nickerson and
‘Mankowski (1953) suggested that the production éf Chiamydospores :

is due to the absence of reducing sugars and recommended
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the use of purified starch as a.medium. Liu and Newton
(1955)~suggestedvthat.chlamydospore preduction results

from growth uhder'unfavorable conditions‘such.as anaerebic
atmosphere,valkalineﬂpHrof 8.2 and deficiency in nutrients,
and these conditions are met'by their phosphate—buffered |
thioglycollate medium They were of the oplnlon that
starch agar of Nickerson and Mankowski could maintain these
three conditions whereas corn meal agar does not because of
a lowered pH which encourages production ofspseudomycelia‘

¢

rather than chlamydospores. The addition of Tween 80 to

rice infusion agar was[reperted’b§‘Taschdjién (1957) to

improve the production of chlamydospores. Kelly and

Funigiello (1959) reported on a comparative study using

~corn meal agar, corn meal agar with Tween 80, and rice

infusion agar with Tween 80. All 18 strains of C. albicans

used in this_study‘preduced chlamydospores in 24 hours but

’the'addition‘of Tween 80.to corn meal and rice infusion.

vagar stimulated productlon of chlamydospores 1n 1arger

numbers. More recently Behesti et al. (1975) introduced

- a medium, rice-infusion-oxgali-Tween 80 (RIOT) agar for

the production of both chlamydoSpores and germ tubes.

The produetlon of germ tubes in serum has been sug-

. gested by Taschdjian et al. (1960) as a rapid method for

the presumptive identificatlon,of C. albicans. .Johnson

(1954)'reported that Candida stellatoidea as well as

- C. albicans produce germ tubes. Mackenzie (1965) objected

to the use of the term ''germ tube”'on thebgrounds that it
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."does not refer to the germination of‘fungal spores and”sug~

gested its replacement by 'pseudogerm tube". While
Mackenzie is technically correct most investigators con-
tinue the usage of the more familiar term.

Capsule formation is a characteristic of most

- ‘species of the genus Cryptococcus,' In clinical work the

technique is almost limited to the detection of Cryptococcus

neoformans in cerebrospinal fluid.

Assimilation of a carbon séurce by yeasts is depen-
dent upon availability of enzymes necessary fo utilize that
particular>compound_fof energy needs and growth. Two basic
methods, each with,several modifications havevbeen,in use
for_mény yearé:  the auxanographid plafe’method of
Beijerinck infroduced in 1889 and Wickérham's enriched
broth procédure (Wickerham and_Burton,-1948).-.Beijerinck-

introduced the auxanogram procedure which became a useful

_ tqollin yeast taxonomy. ‘Beijerinck's method'called for.a

dry carbohydrate tb be sprinkled over a small area of a:
nutrient agar in'aAPetri dish_which had been.preVidusly
seededawith specific yeast. Assimilation is evident in
the-form of growth around the "sprinkles'. In modified
forms (Drouhet ahd Couteaﬁ?s method as reported in Schnall,

1967 DiMenna, 1955; Adams and Cooper, 1974; Huppert et al.,

'1975; Land et al., 1975) this auxanogram method is still

© used.

Wickerham andeufton (1948), in an effort to improve

- methods used in classification of yeasts, investigated 70
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~carbon sources using 100.strains_rebresenting,zz.genera
of’yeasfs in a vitamin-enriched’chemidaliy_defined medium,
:Yéast Nitrogen Base (YNB)l, to determine the moét”usefﬁl

carbon compounds for yeast classifiCation.A The additioh

of vitamins to the medium pérmitted growth of many species

'previouély unable to utilize’the3medium; ‘The inveStigatoré
- found 22.of,thé 70 -compounds tested to be uSéful for tax-
— ohomic work on‘the-basiS'of consistent reéults. Wickerhamfs
method differed from Beijerinck's injthat>the‘yéast'was
introdﬁded'into»a carbohydrate'broth.and'assimilatiqn

determined by turbidity."Wickerham's broth tubeVMéthod

- was modified by Martin and Schneidau (1970) through the
——— : o addition of agar and by Adams and'Cboper (1974) through
T the‘additionvof agar-and pH indiCatof. Another modifica~
tion (Hall et al., 1972) utilized fhe Semi-Solid oxidation
I . fermentation (OF) medium of Elizabeth O. King.'

| vIn'the classification»Of medicélly important:yeasts,

the twelve sugars used are glucose, maltose, sucrose,. -

blactose, galactose, melibioée,*cellobiose, inositol, xylose,
raffinose, frehaiose; and’dulcitol,
In contrast with assimilétion which may occurbunder
an anaerobic or aerobic.condition; fermentation of a Carbo;
{.hydrate isfaiways.anaerobic'usually resulting‘in the.pfo;

duction of organic acids and/or alcohols and gas.

Ipifco Laboratories, Detroit, Michigan.
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. In 1921, Stelling and Dekker’deVeloped a method

utilizing Einhorn fermentation flasks to indicate CO, pro- -

ductiou fromddifferent carbohydrates ‘as a means of charac-~
terizing:yeasts. In”1949, Bouthilet; Neilson; Mrak and'd
Phaff fouhd Durhamltubes,ashcoz collecting Vesseisvto be
as reliable astinhorndflasks.' Lodderd(1967); however,

favored the‘use of Einhorn flasks‘over Durham tubes'fOr-

the collectlon of CO/ Thls is the bacterlal method for -

2’

‘ the study of" fermentatlon However, 1nstead of 24 48 hours

1ncubat10n for bacterla 10415‘days-are needed-to.obtaln

deflnltlve results w1th yeasts Th1s is due to 1ncubat10n .

at lower temperature (25 C)and a slower generatlon time.

(20 24 hours) for yeasts compared w1th 20 -30 mlnutes

'for ‘most mesophlllc bacterla Rapld methods were. consequently

_1ntroduced where a: small amount of medlum a,large inoculum,

and . 37°C 1ncubat10n are used,' With such a system, fermenta-.

tion is'observed‘ih_one to five days. Harper (1975) and

. Huppert et al. (1975) devised one such ranid-fermentation
’metnod us1ng yeast suspens1on and Key Fermentation Tablets1

in plastlo tubes whlch are overlald w1th a vaspar plug (1: 1

Vaseline: paraffln) The productlon of gas is usually evi-

' dent 1n 24 hours through dJsplacement of the vaspar plug
- The f1ve sugars usually used in these fermentation studles

are“glucose, maltose, sucrose,llaotose, and galactose.

-The‘ability‘ofvyeasts to,utilize-nitrate as the

lKey.Scientific’Products, Los Angeles, California.
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sole source of nitrogen was a criterion Stelling and Dekker

- used in 1931 to distinguish between the‘genera'Pichiavand

Hansenula. Other nitrogen sources: ammonium sulfate, urea,

asparagine-and peptone, were investigated by,Lodder in 1934_

‘using the'auXanogram method develOped byABeijerinck in. 1889.

This method was applied by Langeron and Guerra in 1938 to

‘the study of Candida. Wickerham (1946) developed a syn-

thetic mediﬁm,’Yeast Carbon Base (Difco), enriched with-

trace elements (boric acid, copper sulfate,»potassium

iodideL ferric chloride, manganese sulfate, sodium molyb-

'déte,[land'zinc sulfate) and vitamins»(biotin;_calcium
pantothenefe, folic acid;'inosifol; niacin p ~aminobenzoic
acid;'pYridoXine, riboflavin, and thiamine).. He found

that mostvyeasts could'utilizé-maﬁy nftrogen,sourceS'when -
the medium is'sﬁpplied with.theée'vitamihs ahd ﬁrace"ele—

ments. The nitrate ass1m11atlon test used today utilizes

,KN03 in chkerham s broth

Cycloheximide an antibiotic fungicide .produced

by Streptomvces grlseus ‘has been shown to 1nh1b1t many

saprophytlc fungl and some pathogenlc species (Phllllps '

and Hanel, 1950 Fuentes et al. 1952; Georg, 1953; and

' Georg et.al - 1954). . Re81stance or susceptlblllty to cyclo-~

hex1m1de is therefore one more cr1ter10n for the 1dent1flca-
tion of medlcally 1mportant yeasts (Sllva—Hutner and Cooper
1974). | | | o
Another.fest,.introduced by_Weld'(1952), and not
included in Table I, but recommended for the presumptive

identification of’g._g}bicans is the.prodﬁction of feathery
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or spidery colonies on Levine eosin methylené blue (EMB)
incubated at 37OC and. 10% 002 atmosphere; Weld (1952)

described "spidery" colonies as "irregular masses of clear,

~oval, cells, from which radiate one or more filaments

of mycelium of varying 1ength tapering off to bare ends.

Along filaments are found small clusters of Spores; Many"

= of'the filaments are seen. to penétrate'deep into the
agar." This is in contrast with the ”feathéry” colonies
Wherefthe‘”céntral méss of cells is smaller than that of

a spidefy'colony;v.It appears as a dark mass of furry>brown

'in which the individual cells are indistinct. Each colony

is‘entirély encircled by a‘fringé,of'long'filaménts bearing

© small spore clusters, the branchés,tapering‘off'to long

.  bare ends." g.'stellatoidea will develop mycelia on’thié
,4444=: . medium'consisting "of é looée network ofbscattered spores
with Iong intertwining'tubes without the formation of
colonies."

Recently, Analytab Products, Inc. (API)' introduced

a kit, API 20 C fbf_identification of medically important
yeasts. Each API 20 Cﬂétrip system consists of microtubes
containing dehydrated substrates for fermentation and
assimilation reactions which are reconstituted when a pure
yeast suspension is added to each microtube. The strips
are incubated and read after.24—72 hours. This syStem;had'

Just been introduced into the American market at the time

1API','zoo Express Streét., Plainview, New York,

11803.
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that this study was begun. The only evaluation of this: |
system that this authofhasbee‘n able to find is by Miller
and Lu (1976) who compared it with conventional standard
media. These inveStigators'found disagreement in bidchemical

reactions between the two systems although '"the final

~identifications agreed in 100% of the cases and were based
on their Qomplete reaction‘pattern.”' Their study was based -

‘on 44 strains belonging to six species of yeasts.

Yeast infections in hospitals today involve basically

two groups of patiénts: 1. those on prolonged broad-

" spectrum antibiotic therapy; and 2. those who are

immunologically-compromised (patients on corticosteroids,
immunosuppressive drugs, or‘irradiation'fherapy).‘_In most
instahces, no attempt is made to accurafely identify the

yveast. Often a few tests are performed to determine if

the yeast isolate is "Candida albicans" or ”saprophytié_.
yeasts'. |

The purpose of this.study'is twofold: 1. conduct
an epidemiological survey of yeasts fbund in clinical
material; and 2. suggest én identificafion scheme that would
identify yeasts of medical importance in the shortest pos-

sible time.




MATERIALS AND METHODS

Between January'and_Deéember, 1976, 128 strains

of yeasts were isolated,fromvroutine_(lOO)band fungal

(28) cultures at the Micrébiology Departmeht of Daméron

Hospital Laboratory, Stockton, California. The'iéolatés

weré obtained from the folldwing sites (Table'Ii): ivaginal

tract (60), respiratory tract (48), urinary tract (15),

eye (2), and one each from ear, nail and.feces, Each
strain was subcuitufed on a brain heart infusion (BHI)
(Difco) agar plate and incubated at 37°C for 48 hours.
Anbisolated colony was séiected-from each plate;.trans;
ferred to a Sabouraud agar slént; and stored at 400
for further processing. |

The suspenSionAused to inoculate the various'media _
Was.a 1ight suspenéiqn dilﬁtéd in sterile distilled wétér'

and read against a Wickerham card (thfee Ihdia ink lines :

~each about 0.75 mm wide on a white card). A light inoculum

is that dilution in Which the‘1ines’obserVéd through a
16 mm diameter testvtubé can be seen as distinct bands.
The germ tube test and EMB plates (for spidery

colonies) were incubated at'37oc, fermentation tests at

30°C, and all the others at 25°C. Incubation time varied

from three hours for the germ tubes to 14 days for carbohydrate

10
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assimilation studies. -Incubation temperaturev(in'degrees

Celsius) and time are listed under each test.

1. Growth at 37°

This was determined when a streaked BHI plate was = -

incubated at 37° and also when the germ tube test was con-

- ducted.

2. Hyphae-pseudohyphae
The production of hyphae,or>pseudohyphae was deter-
mined. by streaking a portion of a colOny from a Sabouraud

agar plate on corn meal.agar'plate-with Tween 80 (CMTSO)lb'

using Dalmau's method (laying a steri1e coverglass over

the'streaks), incubated at-roomvtemperatureifor-24—48

~ hours. rowth was examined under low dry objective (100X).

3. Chlamydospore production

The production of chlamydospores was also deter-

‘mined on CMT80 by examining.growth atv450X magnification

for presende of round, thick-walled highly refractile cells.

4. Germ tube production

One-half milliliter of human serum waé;inoculated
directly with a portion of-an'iéolated colony ffom Sabouraud
agér slant and incubated at 37° for,three.hoﬁrs. Then a
dfop of serum'was placed on‘é slide and examined uhder ldw

dry objective for the production of germ tubes, parallel-

1Microbiologica1 Media,'Concord,_California.
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walled extrusions frpm the mother cell without any con-

' striction at the point of origin.

5. Production of feathery-spidery colonies

A small amount of a light suspension of a three-

day growth of yeast Wasstreakedoh Levine's EMB (Difco),

-and_incubated'in a COztjar at 37°. After 24-48 hours

incubation the colonies were éxamined under 100X magni-
fication for the typical cellular morphology of feathery
or spidéry colonies. '

e

6. Carbohydrate assimilation (Wickerham broth tube method)

Each carbohydrate was prepared as a 10% soiution _

in 6.7% yeast nitrogen base (YNB, Difco) and filter-
‘sterilized using a 0.22u Millipore filter'. Half ml
aliquots were added to 4.5 ml sterile water in 16x150 mm

" screw top tubes, Each tube was inoculated with 0.1 ml

aliquots of dilﬁte yeast suspension and incubated at 250

for 14 days. The tubes‘were‘shaken vigorously'andvdbserved

visually for turbidity on days 1, 2, 4, 7, 10 and 14

following inoculation.

7. Carbohydrate fermentation (modified method developed

by the author)

Fermentation studies were performed on 1% solutions

of each of five sugars (glucose, maltose, sucrose, lactose

and galactose) in an agar medium. Twenty ml of 10% filter-

'ilMiliipore Corporation,'Medford,'Massachusetfs.-
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'Sterilized (0.22u Millipore filter) sugar solution was
added to 186 ml of previousiy~autocléved'(15 1bs. psi for
15 minutes) phenoi red agar base (Difcd).' While still |

kmelted, 1.5 ml aliquots were dispensed in sterile 10x75 mm

capped tubes. The media in the tubes were stored at room '

temperature until ready to-bé used.

‘Each sugar was inoculated with 0.1 ml 1ight'sus¥
'pénsion of yeast, and stabbed several timéS'with a sterile
‘needle to insurebpenetration 6f the yeast-info the égar.’

The medium Was then oveflaid with_approximately 0.5 ml:

.méltéd'Vaspar, inéubated at’SOO and observed daily for

seven days. Fermentation was determined by gas production

——— ‘which raised,thé vaspar piug above'the-surface of the agar.
SN . If no gas_wasvevidént, the production of acid asievidenced

— by a change from red to yellow was noted.

8. Nitrate assimilation

" Eleven and two-tenth grams of yeast carbon base

2 i - (YCB, Difco) were dissolved in 100 ml distilled water, filter-

= 'sterilized (0.22u Millipore-filter) and pipetted'as_z ml i

aliguots into 15x100 mm PetribdiSheé.’ To each Petri dish -

1/10 ml_light suspeﬁsion and'lO ml'sterile_Z%'agar Were

-  added, mixed by swirling and allowed to harden.

o "To the outer edge of.one half of the plate;approxi-

_ matelyipne'mg KNO3 érystals'Was added-and to the,outér'edge
of‘the other half one mg peptone.‘_Plates were incubated‘

at 25° for three days. Nitrate assimilation is indicated

by ‘growth - around both the peptone and the nitrate
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erystals. ,Growth‘around the peptone only is considered a

negative test for nitrate assimilation.

9. TUrease production

Christensen urea agar (hlcroblologlcal Medla)

'was 1noculated w1th a small ‘portion of a 48 hour culture

grown - on Sabouraud agar us1ng an 1nocu1at1ng needle, and

' .1ncubatedvat 25° for five days. - A change 1n color to.cerise B

indicates a positive test.

10. Cycloheximide resistance

Mycoseliagar (Microbiological Media) was inooulated'
with;ismallportion of e;48—hour culture grown'on'Sebouraud
agaf'slant,-and inoubated at 25o for.five_days,' Growth

of colonies indicates resistance to cycloheximide.

11.  Statistical methods.

Ninety4five percent cohfidence intervals (DixOn'

and Massey, 1969) were set about the. sample probablllty

-that a carbohydrate would be a881m11ated or. fermented w1th1n_

48 hours for three spec;es, g;:alblcans, C. troplcalls and

' Torulopsis glabrata,ﬂ‘Confidence intervals were not set-for

the other seven‘species due to small sample size.
Chi square'analysis’was performed on Burroughs B6700_
computer at University of PacifiC'using the-SPSS (Nie et al.,

1970) program CROSSTAB. This test was used to determine

- the occurrence of species-dependent reactions in the assimila-

‘tions of xylose and trehalose on day one.




- RESULTS

-The 128 yeast isolates belong to'10 species in

R - three genefas(Tabie II): Candida (110), TOrulopsis (17),

Trichosporon (l)t The genus Candida is represented by
seVenvspecies, C. alblcans belng the most common- w1th 97

S ‘ strains or 75.8% of the total, C troplcalls (6)

stellatoidea (2),-g.-guillermondii (1), C. krusei (1),

C. paraSilosisx(l) IAnd Céndida sp> (2). The genus ;

e Torulopsis is represented by - two. species T. glabrata (16)

. S and T. p1ntolopes11 (1), and the genus Trlchosporon by a

S slngle isolate Ig. pullulans.
| The two Candida strains reported as Candida sp.
remain unidentified. Assimilation tests suggest either

- ' C. albicans, C»itropicalis Or C. parapsilosis. By fermenta-

-tlon studles the two straJns do not flt into any of these

three»spe01es. They dlffer from C alblcans by their failure
to ferment'maltose,’produCe germ tubes, spidery_celonies
- or chlamydospores._ Furthermore,.they are sensitive te

cyclohex1m1de ~ From C. tropicalis, they differ in their

inability to ferment maltose, and frdm C. parapsilosis by

vthelr ability to ierment sucrose. The two strains which
clearly belong"in the genusbcandida gave identical results

in their'physical and biochemical reactiOns,ihcludihg-the

15
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produétion ~of unusual lavender pigmented colonies on

 EMB. One of the fWO strains was isolated from an eye:
“culture of one patient, the other from the sputum of

"another.

Table IT lists the distribution of the isolates

by clinical material. For C. albicans‘the'most common

- site is the vaginal tract (46 strains) followed by the

respiratory tract (42) ahd_urinary.tract (5). T. glabrata

is represented by nine strains in the vaginal tract, five

Vin'the‘urinary tract,  and twd in the respiratory tract. -

fThree_strains of C. tropicalis Were'isblatedffrom the

urinary, two from the réspiratory, and one from the

Vaginal tracts.

1. Growth at 37°

All 128 strains of yeasts showed growth at 37°.

2. . Hyphae-pseudohyphae ‘

All species df Candida produced pseudohyphae and

the one strain of Trichosporon pullulans produced hyphae

on CMT80 in three days but none of the 17 species of

Torulopsis did.

3. Chlamydospore production

Chlamydospores were produced by 90 of 97 strains
of C. albicans. Five strains produced chlamydospores in

three days, 86 strains by six days, and 90 strains (92.8%)

. by day nine.  Seven strains of C. albicans did not produce

any chlamydospores affer>14 days of incubation.
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' No C. stellatoidea or C. tropicalis strains pro-

duced any chlamydospores in this study.

4. Germ tube production

‘Germ tubes were produced by 95 strains (97.7%): of

—E . L. albicans and by the’two.Strains of C. stellatoidea.

5. Production of feathery-spidery colonies

— ' o On EMB, typical feathery or Spidery~colcnies of

C. albicans were produced in 95 strains (97.9%). One

strain of C. stellatoidea produced colonies resembling

feathery colonies but were thread-like with few blastospores.

R No other speciés produced the typical colonies.

6}' Carbohydrate-assimilation

o : - | Assimilation tests wefe'performed, observed and
recorded on déyS oné,'two, four, seven, ten, and 14.
Table III lists the'cumulative reéultS'df assimilation
of carbohydrates. - The 97 strains'of C. albicans assimi-

lated six carbohydrates:_ glucose, maltose, sucrose, galac-

S . tose,.xylose, and trehalose. _The days at which assimila-

o “fions were recorded were as followé: glucose by_96 Strains
on dayvone; by the one remaihing strain on day two; maltose
by 60 strains on day oné,'36 on day two, and the one
remaining'strainvby day four; sucrosé’by 42 strains on»day

‘one,‘53 oh day two and fhe.remaining'two by day>four;
galactose by 25 strains on day one, 70-stfains on day th and
'the'reméiﬁing_twg strains by day four; xylése'by one

strain on day one, 71 strains on day two, and the remaining
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25 strains~by day 14; trehalose by one strain on day one,

80 strains on day‘two and the remaining 16 strains by day

seven.’

The 95% confidence intervals for the assimilation

.of carbohydrates within 48 hours by C. albicans are in

Table IV.

Six strains of C. tropicalis assimilated the seven

carbchydrates: glucose, maltose, sucrose, galactose,

~xylose, trehalose, and cellobiose. The days at which

assimilations were recorded were as follows: glucose

and maltose by six strains on day one; sucrose by five

“strains on day one and the one remaining strain on day

two; galactose by four strains on day one, one on day two,

and the one remaining strain by day four; xylose by

- four strains on day one, and the two remaining strains on

day two; trehalose by five strains-on day omne and_the one

remaining strain on day two; cellobiose by one strain on

‘day two and the five remaining strains by day seven.

The 95% confidence intervals for the assimilation

of carbohydrates within 48 hours.by C. tropiqalis are in

Table IV.

One strain of C. parapsilosis>assimilated‘six car-
bohydrates: glucoée, maltose, sucrose, galactose, xylose and
trehalose. The'days'at which assimilations were recorded

were as follows: glucose on day one, maltose, sucrose,

-'galactose, xylose and trehalose on day two.

~Two strains.of C. stellatoidea assimilated five
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cafbohydrates; glucose, maltose, galactose, xylose'and_tre—
halose. The'days'ét which assimilationé Wére fecorded were
.as'follows%_ glucose by two strains on day one; maltose

by one on day one and by the one remaining on day two;

,galaCtose by twb strains'on'day two; xylose by tw0“strains
by day four; trehalose.by-one strain by day two and the

‘one remaining by day four.

 One strain of g.‘guillermdndii assimilated ten

carbohydrates: glucose, maltose, sucrose, galactose,

~melibiose, cellobiose,'xylose; raffinose, trehalose, and

dulcitol. The dayé at which assimilations-Wére recorded
were as.follows: glucose, maltose, sucrose, galactose, -
éellobiose, and raffinose:oh‘day one; xylose on day two;.
melibiose, trehalose, and dulcitol on day four.

One sfrain.on Q;‘kruSei which characteristically
assimilétes.only gluéose did so on day 6ne{

Two strains of Candida sp. assimilated six carbo-
hydrates, glupose,-maltose, sucrose,'galactose, xylose,
and treﬁalose follows:A glﬁéose and»galactose>by béth

strains on day one; maltose and xylose by one on day one

- and the second on day two; SucroséAby tWO’strains Qn day two;

~trehalose by one strain on day two and the second by.day‘14.

~ Sixteen strains of T. glabrata assimilated two

- carbohydrates, glucose and-trehalose as fcllows: glucose

by 14 strains on day one and two remaining strains by
day ten; trehalose by 11 strains on day one, two on day

two; the three remaining strains by day 14.
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‘ The 95% confidenCe.intervalsler theAasSimilation
of glucose and tréhalbée withiﬁ 48 hours by T. glabrata
are in Table IV.

One strain of T. pintolopesii which character-

istically assimilates only glucose did so on day one.

One strain of Tr. pullulans assimilated all the
éarbohydrates with the exception of dulcitol iﬁ the fol-~
Wﬁ; . lowing manher: glucose, mﬁltose; galactose,Tmelibiose,

' cellobioée, inositol, xyiose, faffinosé,'énd trehalose on
day Qﬁe; sucrose and laétoSé-on day'twb.

On the basis of 707 sugars assimilatéd, involving

-all carbohydrates and all yeasts encountered in this

- study, 643 (91%) assimilations occurred within 48 hours.

7.  Carbohydréte:fermentatiqn

——— E ' Fermentation testS~wére performed on all 128

| | .strains of yeasts utilizing glucOse,_maltose,-sucrose,A'
‘lactose, and galactése; Teéts weré observed-daiiy'for 

. seven days with results recorded. on days one, two, and

four. Table V lists the cumﬁlative results for the car-
bohydrate fermentafion indicating production of acid (A)
or acid and gas (AG); | | |
The 97 strains of C. glhiggﬁg fermented fourvcar—
bohydrateé, glucose, maltose,-suchSe, galactose pfoducing
~acid: and.gas-dr acid. :Withfglucose, acid and gas were
produced by>61,strains Qn day'one, 22 strainé‘on day two ahd

three strains on day four*; while acid was produced by eight

= o *Acid alone was proudced on day one or two, gas
— = appeared on day four. ' ‘
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strains on day oue and'six-strains'onfday two W1th maltose,
acid and gas were produced by 55 strains on day one, 22»
stralns on dayvtwo and four strains on day fourx*; whlle
acid was produced by lo‘straihS~on day one and ten on day
two. With sucfose, acid and gas were produoed by seven.
strains on day two and 12 strains* by day four; aCid

‘was produced by six‘Straineion' day one, 77 strains éﬁ'
‘day. two aud.seven strains by day four. With galactose,
'acid.and gas were produced by five_strains on day four¥*;
acid‘uas produoed by:37 strains ou day'one,'and by‘60
strains on day two. | | |

The 95% confidence interval is at the 0.93 + 0.005
level fop fermentation of suorose-within 48 hours as‘evidenced .
by-acidiof acid and gas. The 95% confldence 1ntervals fo“
the fermentatlons of glucoee maltose and galactose are

at - the 1.00 + 0 level which indicates completlonvof-reactiOn

within 48 hours.

_The‘six strains of C. tropicalis fermented the four
carbohydrates glucose,'maltose, sucrose_and'galaCtOSe pro-

ducing acid and gas. or acid. With glucose, acid and gas

. were produced by three etralns on day one and two stralns on

- day two acid was produced by one strain on day one. _Wlth

maltose, acid and gas were produced by one strain on day

-one. and four strains on day two; acid was produced by one

strain on day two. With sucrose,.acid and -gas were produced

*Acid alone was produced on- day one or two, gas
appeared on day four.
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' by fhreevstrains on day One‘and-three Strains on day two.
vWith’galactose; acid was produced by two strainS'on day

one, four_straiﬁs’on day two. By day four,vthree]strains

hadﬂproduoed gas. *

| .,The 95% confidence*intervals for the'fermentafioh
of glucose, maltose, suoroee'and galactose are at ther |
1.00 + 0 level. T

The one'strain‘of1g, parapsilosis fermented'glucose'

and galactose with production of acid by day two.

The two strainSIOf C. stellatoidea fermented glucose,

maltose and galactose. Glucose and maltose were fermented

' with production of acid and gas by day one. Galactose:wasr

fermented with produotion of-acid_by one strain on:day

one and one strain on day two.

The single strain of C. guillermondii fermented

glucose, ancrOSe, and’galactose.as follows: acid'and-gas'

were produoed;from glucose on day one, sucrose on day two;

acid alone was produced from galactose on day two.
"The one .strain of QL krusei fermented glueoee_with
the production of acid and gas on day two.‘
| The‘two.strains'of Candida sp..fermented'glucoSé,

sucrose and galactose. With glucose both strains produced

ZaCid and gas on day two. With sucrose two strains produced

acid on day'twog’one strain produced acid and gas by day
four.* With galactose, both strains_produced acid on day

two.

*Acid alone was produced on day one or two, gas

appeared on day four.
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Sixteen strains of Q.Iglabratg fermented only
glucose as follows: acid and gas were produced by nine

strains on day one, five strains1byAday two; -acid was

produced by»one strain on day one and one strain on day

two.

The 95% confidence intervals for the fermentation

"of glucose is at the 1.00 + 0 1eve1..

‘The single strain of T. pintolopesii fermented

‘ dnly glucose with production.of acid ahd gas on day one.

Tr. pullulans single strainvfermented all’five_

carbohydrates with production bf acid_as'follows:'.glucose

~‘on day one; and maltose, sucrose, lactose, and galactose

‘on day two.

8. Nitrate assimilation

| The assimi1afiQn bf'KN03 as theysole source of -

nitrogen was characteristic of 25,'pu11u1%g§ only.

9. Urease production

Production of urease was detected only in the

single sﬁrain of Ez.'pullﬁlans.'

10. Cycloheximide resistance

‘A1l 97 strains of C. albicans were resistant to

" cycloheximide as were g}ﬂstellatoidea; C. trqgicalié, C.

guillermondii, and Tr. pullulans.

~ The results_on all phyéical.and biochemical tests

are summarized in Table VI.




DISCUSSION

Tﬁis sfudvaas undertaken'in part as an'epidemio-
logical survey'of yeasts isolated ateﬁameron Hoepital,'
Stockton, California, between January_and'Deeember, 1976.
One huﬁdred twenty—eight strains of yeaSts of human origin
representing ten species Werevisolated and idenfified{

The most common species was C. albicans repfesenting 97

stfains or 75.8%, followed'bY-zgﬁglabrata l6-strains:or

i © 12.5%, and C. tropicalis six strains or 4.7%. These three
—_— species repfeseﬁted 93% ofvall the ieoiates.

. Other inVestigators (Bump'andeunz,'iQGSQ Dolan,
_ 1971) have reported»the samevthree species as the most com-
| | monly isolated yeasts. .In a survey iﬁvolving 1443 isolates,
at Massachusetts General Hospita1, Boston; Massachusetts,

Bump and Kunz (1968) reported a prevalence of 43.2%

C. albicans, 14.6% C.tropicalis, and 15.6% T. glabrata for

~a total of 73.4%. Other yeaets found were: C. krusei

2.4%, C. parapsilosis 2.3%, miscellaneous Candida species

11.3%,’various Torulopsis species 2.4%, Rhodotorula sp.

"1.0%,Cryptococcus neoformans 0.6%, Cryptococcus sp. 0.4%,

Geotrichum-like species (including Trichosporon sp.) 1.0%,

and 5.3%vwere not identifed.

24
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At Mayo Clinic, Rochester, Minhesota, Dolan's (1971).
study involved 530 strains of yeaSts of which C. albicans

represented 28.3%, C. tropicalis 21.7% and T. glabrata 34.6%

for an overall total‘of 84.6%; In all three surveys,

repfesenting different geographical regiohs,of the United

States,'QQ albicans, C. tropicalis and T. glabrata were
tﬁé most common yéasts although nof in the same. order of
'prevalence;:

This,diffefenoe'in’inoidéncevof the'three speoies
may be partially explained on the‘basis of isolation-éite.
In this study 96.1% were isolated“from three sites (Tablé_
II11): vaginal tract 60 of 128 (46.9%), respiratqryotract
| 48 of 128 (37.5%), and urinary 15 of 128 (11.7%). Bump |
and Kunz (1968).reported’45.6%_from respiratory, 27.5%
'urinary; andAG.O% vaginal. Simiiarly Dolan (1971)'re~
ported 33.9%rospiratory, 24.5% ﬁrinary and 12.1% vaginal.
The higher incidence in the vaginal tract from Dameron
Hospiial may be expléined oy.the fact that the majority;
of cases were from Emergency Room out;patien£SVWhereas,
the majority_of respiratory and-urinary tréct.isolates
‘Wére-fromvin—patients.

Identification of clinically important yeasts has
traditionally'concentrated'onodetermining the ''pathogen"
C. albicans from ""mon-pathogenic'" yeasts. This is based
primariiy on four tests (germ tube formation, resistance
to oycloheXimide, formation of featherybor Spidery oolonies‘

on Levin EMB andfproduction of chlamydospores) Which allow
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rapid identification. C. albicans is identified on the
basis ofva‘positiVe reaction in any two of these four
:ﬁests.

Comparing the results obtainéd in this study with

the records at Dameron Hospital indicated that the hospital

‘microbiologists identified correctly 83 of the 97 strains

(85.6%) as C. albicans. Five strains identified by the

microbiologists as C. albicans proved to be T. glébrata

(3), Tr. pullulans (1), and'g{ stellatoidea (1). Those

isolates that.wéfe'not identified as C. g}bidans'were

reported as "saprophytic yeasts" or "Candida sp." The

detailed testing in this investigation placed them in the

following species: T. galabrath (13), T. pintolopesii (1),

C. albicans (14), C. tropicalis (6), C. krusei (1), C

VguillermondiiH(l), C. stellatoidea (1), C. parapsilosis

(1), Candida sp. (2).

It is. ev1dent from these results that although
' 85.6% of g.'glgigigs may be correctly 1dent1f1ed by these
four tests, a few strains bélongiﬁgvto this species may
vnot.bé. Furthermore, non%g.‘albicans strains cannot be
spsciated»by thesé tests. .Biochémical‘tssts and growth
chafactéristics are used as adjunct or supp1ementa1 pro—v
cedures for fUrthsr spéciation.v The problem, however,
is one of obtaining results in the shortest poss1b1e
time, w1th1n 48-72 hours, and us1ng-the minimum number
of teSts possible. |

The trad1t10na1 methods of carbohydrate asslmlla—

tion and fermentatlon requlrlng up to 14 day 1ncubatlon
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are the most reliable ones. In'this.study, the carbohydrate

a581m11at10n method of chkerham and Burton (1948) was

chosen for 1ts accepted accuracy Results were recorded

- ~at frequent intervals to determlne whether 1dent1flcat10n

‘in 48 hours was p0531b1e. The sample sizes of the.three'

species: C. albicans, C. tropicalis and.T. glabrata were
sufficient to be statistically analyZedJ(Table.IV).b It
is.evident from this stcdy that most‘assimiiafions do |
}cCCur within 48 hours. Oof 707 p031t1ve sugar assimilation :
tests by all strains of yeasts, q1 occurred W1th1n thls
,period.: Therefore, in'mcst cases the test would be re-

liable in the necessarily limited time.

Whereas the assimilation method is reliable, the
R o number of carbohydrates to be tested for each identification
~makes the procedure very cumbersome. In addition, several

S species have similar assimilation patterns e.g. C. albicans,

oL 'v C. parapsilosis and some strains of C. tropicalis, or C.

krusei and T. pintolopesii which would require.further

testing for speciation.
 Most strains of C. albicans would have assimilated
- the six sugars characteristic of the species within 48 hours.

C. tropicalis would assimilate the same six .sugars within

48 hours and cellobiose after 48 hours. The rates of
assimilgtioﬁ of xylose and'trehalose at 24 hours differed.
significantly (« = 0.005) and therefore can be used to die?
tingUish between C. albicans or C. tropicalis.

The introduction of a modified method for fermenta?

tion of sugars is designed to obtain rapid results by



' utilizing a minimum quantity of test sugar with a rela-

: tively large inoculum. - Harper (1975) introduced a rapid

method for fermentation utilizing the fermentation tab-
lets!(Key'Soientific Products) for glucose, maltose, and

sucrose, incubating at 37° and observing results in 24

ohours. AlthoUgh'her_method yields results.comparable to

conventional method ‘(Segal and Ajello, 1976) in a shorter
period of timel(24'hours versus 14. days) her methods

omitted lactose and galactose. The present'method:utilized

~small aliquots (1.5 ml) of alllfive sugars in 1% concen-

 tration ih.phenol red agar base and a vaspar plug. Incubawb

tion'at>30 -rather than 37 is preferred for more uniform’

results. The productlon of acid as well as a01d and gas

. was noted although Hall et al. (1972) and QiIVaaHutner

and Cooper (1974) have empha31zed that fermentatlon in

,yeast studies compared w1th bacterial testing 1mp11es the
,productlon of gas.and not.a01d alone.' As noted by Wickerham

'(1951) and Lodder (1967) gas may be produced but the collec—

tion veesel may not- accurately reflect this. Therefore

it was felt Justlflable to-record»both the production of

~acid as well as gas.

- Fermentation by the modified rapid method was ob-

served for seven days but changes occurring after'fouf days

‘were in the form of color reversal back to red due to change

in metabolic products after availableecarbohydrate was ex-
hausted,_and an appérent loss of gas with the vasparvpiug

returning to original position.
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The production'of'acid-from the'fermented carbo-

‘hydrate was observed in all ‘cases w1th1n 48 hours w1th the

: exceptlon-of seven stralns of_C alblcans whlch d1d not

produce acid from sucrose until day four,' Some strains

later produced gas as noted in Table V.

: BeCause‘of smallcSample size.further studies are

necessary on all species, with'the-pOSSibie eXception of"

C. albicans, before draw1ng any conclu81ons as to rellablllty,

"speed, and accuracy using thls modlfled method " Regardless

of these current 11m1tat10ns the method'ls certain1y bne

~which could be 1ncorporated 1nto the 1dent1flcat10n

 rout1ne of a cllnlcal 1aboratory on the bas1s of rapldlty

of results, and llmlted space requlrements‘due to small

siZe of the test tubes used in this‘prCCedure.

' Tables V and VI indicate that C. albicans and C.

_tropicalis'fermented the same sugarsvbut the rate and

reaction (acid or acid-gas) of sucrose fermentation appeared

to be different. Most strains of C. albicans (83/97) pro-

'_duced’acid but'no gas'by day two (only 7/97 produced'acid.

and gas on day two). This is in COhtraSt'With'the six

strains of C. tropicalis of which three produced acid and

gas on day one, and the.othere'by day two.

'Chlamydospore formation is a characteristic. of

C. albicans, C. stellatoidea and certain strains of C.

_ btropicalis-(Table I). _The prcduction of chlamYdospores

in:this,study ocCurred‘only in 90 strains (92.8%) of g.’

“albicans usingvDalmaulmethod on CMT80.  After three-day
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incubation at-25-O chlamydospores wefe evident in oniy
five strains (SJZ%); Whileecertain investigatcrs (Gordcn
et'al},»l952}iReid etfali;‘1953; Liu.andVNewton"lgss-

Kelley and Funigiello, 1959' Haley and'Standard 1973

“and Webb‘et al., 1975) recommend up to three=- day 1ncuba~-

tlon thlS study suggests that a longer 1ncubat10n perlod

1s-necessary.' While only 5.2% produced chlamyaospores

within three'days, 87.6% produced them_ln four to nine-

days and seven strains produced none. - None of the strains

of gﬂ'stellatcidea'or C. tropiCalis producedbchlamydOSpofes.

Althougn the productlon of chlamydosporee 1s an
ideutifyxng ;eature of g,'alblcans the llmltatlons due'
fo the time needed for producfion‘ make thlS test less use—
ful when rapld 1dent1flcat10n is. necessary

The productlon oI hyphae pseudohyphae on- CMTSO

is characteristic of Candida and Trlchosporon,but,not

Torulopsis. " Since these structures are Observable within

- 48 hours the test should be included-in foutinezprocedures.

It is evident then that the usefulness of CMT80, when re-

sults are desired within a 48 hour period, is as a medium

for the production of hyphae'end pseudohyphae rather'then

‘chlamydoqpores

Germ tube formation is a characterlstlc of C.

'albicaQ§_and C. stellatoidea (Table I). In this study 95 -

strains of C. albicans (97.9%) and twc-stralns of g.

etellatoidea (100%) produced germ tubes in three hours.

. TaSChdjiaudet al.v(1960)[rep6rted'that three of 39 strains .




31

(7.7%) of C. albicans did not produce germ tubes. Dolan

(1971).and Haley and Standard (1973) reported production

of germ tubes in 85% and 98%, respectively by their
strains of C. albicans.

Webb et al. (1973) and Huppert et al. (1975) sug-

;T;Té : gested microscopic examination for germ tubes within three

hours after inoculation of the serum. If incubation is

extended beyond that' time, C. tropicalis may form pseudohyphae
which superficially resemble germ tubes. The six strains

of C. tropicalis examined in this study all formed pSeudo—

‘hyphae atAthree hours. .The two structures can be dis-

tinguished. by examining-the proximal area of the tubebfor
E—— ..‘ 'constriction Which occurs~on1y-in_pseudohyphae.

| Germ'tube-formationvis the moét rapid teét'availm'-
able for presumptive identification of C. albicans and
= should certainly be a paft of any identification schema.

It is éasily‘performed and iequires minimal preparations-

of media, or equipment.

Cycloheximide resistance is a characteristic of

C. albicans, C. stellatbidea,'g. pseudotropicalis, C.

= guillermondii, Rhodotorula rubra,_Trichosporon béigelii,

Tr. capitatum, Tr. pullulans, and Tr. penicillatum (Table

I). - In this study, resistance to cycloheximide was ob-

served in all strains of C. albicans, C. stellatoidea, C.

tfopicalis, C. parapsilosis, C. guillermondii, and Tr.

‘pullulans (Table VII).

The results involving the six strains of C. tropicalis
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"are in disagreement with those reported in the literature

- (Silva-Hutner and Cooper, 1974):. Roberts et al. (1976)

reported growth on cycloheximide—cbntaihing media with two

.strains-of C. tropicalis. The tests for'cycioheximide
resistance.inv01Ving.the six straihs in this study Were
‘repeated and the same resuits obtained.
The tesf for‘cycloheximide-resistahce ié easily
performedvand'results aré thained'within 24-48 hours.
" Weld (1952) described the typical feathery or

. at 37°.

spidery colonies formed on Levine EMB in 10% CO,

In this study 95 strains (97.9%) of C. albicans produced

the typical colonies on this medium, -One strain of C.

stéllatoidea produced a thread—like growth which supef;v

ficially resémbles‘féathery—spidery colbnies of:g}'albigans.
This type of growth'was described by Weld (1952) for C. -

stellatoidea growing on Levine EMB in the presence'-of C02

unlike C. albicans which only forms typical growth in

the presence of COZ'

Levine EMB‘is readily available  in any clinical

- microbiology :laboratory because it is used in most routine

cultures, and the results are observable'within 24-48 hours.

Unrelated to formation of feathery-spidery colonies

but because growth was on EMB plate it was noted that fhree

of the six strains of C. tropicalis produced "fried egg"

colonies characterized by raised dark purple centers.surr

rounded by lavender borders. Further investigation is needed

to verify if this feature could be a reliable characteristic.
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;One_objective of this study was to recommend a

schema for rapid and accurate identification of medically

important'yeasts.» In most laboratories-four tests, germ
tube, chlamydospore, feathery colonies, and resistance to
cycloheximide, are commonly,usedyto distinguish C. albicans

from "saprophytic yeasts". Confirmation of C. albicans

"and identification of these "saprophytic yeasts" requires

‘the use of assimilation and fermentation studies. Assimila-
tion studies are more reliable than fermentation reactions.

If the API 20 C system alludedvto-in the introduction_proves

to be as reliable as the limited studies of Miller and Lu

- (1976) indicate, then a major problem in yeast identifica-

tion is solved. The system is also expensive and time con-.
suming with an average cost of about seven dollars per

test including_labor. Furthermore, in the Opinion of this

“author, the germ tube'fést should be performed because it

permits rapid presumptive identification of’g._albicans. _
Reaction to cycloheximide is part of the API 20'Cgsystemcbut

according to Millef and - Lu (1976)'the results méy not. be

' dependable{ According to the present study all ten species

of yeasts encountefedican be identified in 48 hours by
fermentation‘tests involving five sugars, the germ tube

test in_sérum, type of growth on Levin EMB and CMTSO_and

. reaction to'cycloheximided(Table VII). On the basiS'of

these tests identification of the three most common yeast

species, C. albicans, C. tropicalis, and T. glabrata

.~ can be made with a high degree of reliability; however,




larger sample sizes are needed for C. stellatoidea, C.

= - parapsilosis, C. krusei, C. guillermondii, T. pintolopesii,

%%%%%g . and EI. pullulans because the fermentation method is a
gggggg, ' modification of'existing methods and the reactions may not
— v ' ' : :

— be as reliably characteristic as they appear with the

present limited sample size. There does appear to be-a

‘unique fermentation pattern for C. steiiatoidéa, c.

parapsilosis, and Tr. pullulans. Although, C. albicans

and C. tropicalis ferment the sameITOur.carbqhydrates,

“the productibn of gas within‘48 hoursvfrom sﬁcrose appears

to be unique to C. tropicalis. The reactions of the com-

v:monly used media are additional criteria. . C. guillermondii

—— " could be differentiated from Candida‘sp; by reaction on
cycloheximide. Q,'krusei could be différentiated‘from

the genus Torulopsis by production of hyphae on CMT80..

e Growth at 42° distinguishes T. pintolopesii from T. glabrata.

hS




‘SUMMARY -

One hundredvand'twenty—eight strains of yeast

'represénting1xﬂispécies in three genera: Candida (C. .

albicans 97, C. tericalis 6; Q, stellatbidea-2,»g.'

guillermondii 1,°C. krusei 1, C, parapsilosis 1, Cahdida

sp. 2), Torulopsis (T.galabrata 16, T. pintolopesii 1),

"andnTrichospQrOn_(I;. pullulans 1),were isolatéd from

clinical material. AThéy were studied-with_respect to

‘their biochemicai and physical properties.

'A schema is presented for rapid and accurate. identif-

" ication of the ten species encountered in this study."These.

tests include serum for formation of germ tubes, EMB for

féatherY-Or spidery colonies, férmentétion of carbohydrates

(glucosé, maltose, sucrosé, lactose, and galactose), CMT80

" for production of pseudohyphae and chlamydospores, and -

Mycosel for resistance to cycloheximide.

'_Other yeast species are encountered occasionally

~ that would nbt fit intc the above schema. The more détailed'

procedures would then be necessary.
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TABLE I

. Culturc! and biochemical characteristics of yeasts frequently isolated from clinical specimens

E ) = Assimilations Fermentations = .
. . 2, 2 g _g : 4
. o <] @ @ > Njg al-=
Species S l5/281818]s= i ° - S |=|8 ¥ E
- R g1 812 - $18l=lsls LBl 8555,
= s e 21=41 = b 3 2 § o | = ] o @ g1 2 S 2 2 2 2 § @ Sic o
| S|8|& |5l8|8|c|2|d|5|8|3|8|s|=2|8 El|3|8|F|d|3|8|5[g|25|5%
Candida albicans ...... -+ |+ |+ +l+ 1+ |=-f+i=-t=]-]+]-]+|-|FIF{=*-|F|=1=-] -1+
C. stellatoidea ........ + =l +ts+ et =0+l +|=-1=t+l=-d=-=-1+]j=-}+*]-1F|IF}=-]~-i-1-1-1 -1+
C.tropicalis . ......... + [+] + |+t -t -1+t + i+~ |+]-{+*{-|+{- |+ |- |{F{F}F Fl- |-} -t~
C. parapsilosis ........ + =t ==t =]+t +l+|=-t+}=-f=-l=-t+i=-l4|=F}=-f=|~1F=-]-}1=]-
C.krusel ......ccco.un.. + i+l ettt =l dl=-i=l=t=f=1=0=]=0=-]=-1-1F{=-]=-{=01=]+"-] -1~
C. pseudotropicalis ....| + |~} + |~ 4l =-l+1+l+ -1+ |=1+N+ |- |-1F|~-{FI{F|{F|~-1-%{ -1+
Coguillermondii .......L + |-t + {~l-{ -l +l+l+l=-t+i+{+{-{+}+ |+ (+|{FI-{F|-|IFl-1{~-]| -1+
C.rugosa ............. -l s il =] +]~-i=d=0=0+j=d=Hf+l=-d=g=-f=-j=-j~l=}=-f=-1~1 ~1-
Cryptococcus neofor- ‘ } e
maonis Loeieadiea.. + T RV=1~] 4+t +1+{+ ]=-1+]~- + 1+ l4+*l+ l+ -1 =~{~1=t=1+1-] +1| -
C.albidusvar.albidus .} ~*} -1 +*} -1 -} + | + 1+ |+ |+*1-*1~-*{+}{+1+|*+ |+ + 1~~~V ~-{~=~({+]+} -1~
C. albidus var. ) . .
diffluens ........... e o O I T T I e e e A I e B B B A L A Tt A S B T
C. luteolus ........ O B B A I I I R I R T I I SR el I I A N B B e B S B R B
C. laurentii ... ....... + =1 - =] -1+ +}l+1+ 1+ ]+ i+ +j+ i+ ]+ + 1+ t-7=-1-1=-4t=-]+ -1~}
C.uniguttulatus ......] = (=] = |= | =]+ + 1+ |+ |- ]|=*= =%+ [+ |+*l+*|-|=-1=}|~-}-4-}+141-1 -1~
C.terreus v...ooviunnns T4+ J=] = }t=1 =1+ +1+"~*1=-*1+* = |+ |+ |+ |- 15+~ )=} -} -}1=j+]+}) -}~
C. gastricus ........... N O B I R R R AR I 2 T AU (A TN U (A (N N ST B R N el B
Rhodotorulaglutinis ...] = 1=) = =l -] =]+l + |+ ]« 1+ =0+ - J+|+ ]+ |- -4 -1-1=-|=-1+j+] -]~
R.rubra (mucilaginosa)] +* {~| « | = | =1 =40 4 {4+ |+ | = |+*= j+¢|~ [+ {+ {+}~-1-]-|-{-¢i=f+{-}] -1+
Saccharomyces - v -
cerevisiae ....... U B S (N RS O S B IR R el | m el =]+ {+*] -~ FIF|F}-1F N S B
Torulepsisglabrata ....J + [-| = |- | =] = |+ =] =-1=-tej=J=d=|=-f+|=|F || -p=4-4=1)~-]-1]-
T. pintolopesii ........ el -t -t+{-t=-t=fj=]=1=-{=-1=]= |~ }=|F|=j=-l=-l=-f=1=}]-1-
Trichosporon bezgelu + el + = = = ]+ 4%+ [+ {4+ V" + |+ =] -]~ =]=]+"=-] - +
T. capltatum .......... + I+l + -t =-J+l=-fj=t1<Hi+l=-t-{-f{=-]-01-1=-¥t=-{-4t=-41-1t-j-1{-1 -1+
T.pullulans ........... + |+l +]=f =~ -l +{+t+l++1+l+i+t+ 4"+ l=-]=-V=-=-f=1=1+]+1 -1+
T. pemczllatum ....... + 1+i + |- R I T EE TR N S I SR NN IR I NUUR VU N U S (U I RO (I D e
T.inkin ... .......00... + vy + -t~ sl sl s+t + =] +i+{+}=-1+}=1=-]=-4-=-}1=-t-4=-1-1 -1 -
Geotrichumcandidum | - |4+ | + |- | - -} + | ~{~-|-t+l-{=l=f+ |-ttt =l -f~F—t—t=-]=f=1=

 Asterisks indicate strain variation: R. rare. Under Assxmxlat:ons plus signs indicate growth greater than the control; under Fermentations, F indicates

that sugar'is fermented (i.e., gas is produced).

® Occasional strains of C. tropicalis produce tear drop- shaped chlamydospores.

< T. pintolopesil is a thermophilic yeast capable of growth at 40 to 42 C.

Photocopied from Silva-Hutner and Cooper (1974).
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TABLE 1T ’
Frequency oif Site of Isolation
Site of,isolationb
Species Total Vaginal Respiratorﬁ Urinary Eye Eér : Nail . Feces
Candida albicans 97 46 . 42 » 5 1 11 1
C. tropicalis 6 ' 1 ' 2 ' 3 h
C. stellatoidea ' 2 : 2
C. guiliermondii 1 1
C. krusei . i ' 1
C. parapsilosis ' : 1 | o 1
‘Candida sSp. 2 1 I
Torulopsis glabrata 16 9 2 5
T. pintolopesii 1 1
Trichosporon pﬁllulans 1 1 ’
Total 128 60 48 15 2 1 1

L8
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TABLE III
Number éf Straiﬁs Assimilatiﬁg.Carbohydrates

A. Candida albicans B. Csndida tropicalis C. Candida parapsilosis

Days of Assimilation Days of Assimilation Days of Assimilation
_Carbohydrate 1 2 4 7 10 14 2 4 7 100 14 2 4 7 10 14
Giﬁcose 96 1
Maltose 60 36 1 1
Sucrose 42 53 2 1 1
Lactose
Galactose 25 70 2 1 1 1
Melibiose
Cellobiose 1 4 1
Inositol
Xylose 171 22 2 1 2 1
Raffincse
Trehalose 1 80 iz 3 1 1 1
Duicitol

8¢




TABLE III

(cont,)
~D. Céndida steilétoidea E. Candida guillermondii 'F;‘Candida k}ﬁsei G. Qgggigg sp..

. - Days of Assimilation Days of Assimilation Déys'of Assimilation ~ Days of,Assimilafion :
Carbchydrate -1 - 2 4] 7. 10 10 1 2 4 7’ 100 14 1. 2 4 7 10 .14 1 2 4 7 10 14
Glucose 2 R . 1 | 2
Maltose 11 1 1 1

 Sﬁcrose ' 1 ‘« 2

~Lactose

Galactose 2 1 2

‘Melibiose'  S 1
;Cellbbiose 1}‘
Inositol

Xylose 2 1 101

Raffinose‘ i
Trehalose 101 1 1 1
_Dulcitol 1

Bg
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TABLE III (cont.)

sepbe dnur

Carbohydrate

H. Torulopsis glabrata

Days ‘of Assimilation

I.

Torulopsis pintolopesii

Days of Assimilation

dJ.

'Trichosporon pullulans

Days of Aésimilation
2 4 7 10 14

1 2 4 7 10 - 14 2 4 7 10 14 1

Glucose 14 1 1 1
Maltose 1
Sucrose 1
Lactose 1
Galactose 1
Melibiose 1
Cellobiose 1

:vInositol .1‘
Xylose 1 -
Raffinose 1
Trehalose i1 2 1 1 1 1
Dulcitol .

0p.



TABLE IV -

95% Confidence Intervals for Probability of
- Carbohydrate Assimilation within 48 Hours

o . C. albicans C. tropicalis E.lglabrazg
Carbohydrate (n=97) (n=6) - (n=16)
Glucose 1.00 + 0~ 1.00 + 0 0.88 + 0.17
Maltose 0.99 + 0.02 1.00 + 0
Sucrose 0.98 + 0.03 | 1;00vi-b
Galactose ~~ 0.98 + 0.03 0.83 # 0.30
Xylose 0.74 + Q.oQ 1.00 + 0
Trehalose  0.84 + 0.07 1.00 + 0

e i  Cé11obiose ~ 0.17 % 0.30
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TABLE V
Number of Strains Fermenting Carbohydrates
. A.  Candida albicans B.. Candida tropicalis C.. Candida parapsilosis D. Candida stellatoidea
Carbohydrate Day 1 Day 2 Day 4 Day 1 Day 2 Lay 4 Day 1 Day 2. -Day 4 Day 1 Day 2 Day 4
AG* 81 22 Zxk*k 3 o2 . . b 2
Glucose : ) )
Ax* 8 6 1 : : 1
AG 55 22 PEEE i 4 R 2
Maltose ) :
A i6 i0 1
AG ‘ _ 7 12%%% 3 ) 3
Sucrose . :
A 6 77 7
i AG
Lactose
A
AG . &%k % : . Fokkok
Galactose - ) o
A 37 60 2 4 1 » 1 1

*AG indicates both acid and gas produced
*kA indicates acid but no gas produced )
Hkk acid alone was produced on days 1 and 2, gas appeared on day 4.

“!_/7/




TABLE V (cont.)

TN LR (| ek

E, Candida guillermondii

F. Candida krusei

G. Candida sp.
Day 1 = Day 2 Day 4

Carbonydrate Day 1 Day 2 Day 4 Day 1 Day 2 Day 4
AG 1 1 2
Glucose
A
AG
Maltose
A
AG 1 1***
Suczrose
A 2
AG
Lactose :
A
AG
Galactose '
A 1 2

*¥*zcid alone was produced onr days 1 and 2, gas appeared on day 4.
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TABLE V (cont.)
. _ H. Torulopsis glabrata I. Torulopsis pintolopesii J. Trichosporon pullulans
Carbohydrate Day 1 Day 2 "Day 4 Day 1 Day 2 - Day 4 . Day 1 ' ”Day 2 Day»4
‘ AG 9 . S 1
Glucose .
A 1 1 - . 1
: AG
Maltose
A 1
AG
Sucrose
A 1
AG
Lactose
. A 1
‘ AG
Galactose
A 1

4
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Fermentation
Within 48 Hours :

A | AG A | AG

9500NTH

83 14 | 77 20, 7 83
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TABLE VI

oSOoUTIIRY

i+ ]+ 1+
+
+

9SOTAX | + + + +
1o1Tsour
5SOTAOT 19D +
9SOTQTTON +

A+

-+

Summary of Physical and Biochemical Tests

9809319818y + + + + + +

95071087

Assimilation
Within 14 Days

osoJaong + + + + +

9S07 TBN

+
+
+
+
+
+
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SUTBILS JO JIaquny

o7
6
1
2
1
1
2

16
1
1

Species
ermondii

opicalis.
positive test or growth

A Acid production

arapsilosis
‘AG  Acid and gas

stellatoidez -
pintolopesii

Tz
guill
kruseil

Trichesporon pullulans

Candida albicans

Candida sp.

+

c
o
=
c.
c
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Torulopsis glabrata




|
-
WI”JF\ ol

TABLE VII

Tests for 48 Hour Idéntification for Medically Important Yeasts

|

Il[

i) B

!
’
Ll
] H
i
h
‘\
e g el

' o Germ E:giﬁ:;g— : Fermentation _ Hyphae/chlamydcspores Cycloheximlde Additional
Species - tube colonies glucose maltose ‘sucrose lactose galagtose CM 80 ~Resistance tests
Candida albicans ‘+‘._ + AG/A** AG/A A . A B R
C. tropicalis - - AG/A ~ AG/A . AG - A + R*k%
Q.'péransiiosié _ - - A . - ' '-’ ’ - F:A' +
C. stellatoidea ~ | + - - CAG AG . = . = A + R
C. guillermondii | =- - .- - AG - AG - A o+ R
' C. krusei - - A = e L - + -
Tofulbpsis glaﬁrata : - ) - AG/A - - - - - - .A_Grdwth 42¢C -
T. pintolopesii - - AG - - - = - - Growth 42C +
Trichosporon‘gg;lﬁlans '7—_ - . AX . A*‘ ) A* _ A*_ ‘A + R

¥ in this study, acid was produced but no gas
** AG = acid and gas; A = acid bﬁt'no gas.
**% in this study, all strains were reSistant:

ov
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