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Background. CHROMagar Candida (CAC) isanew chromogenic me-

dium for the presumptive identification of clinically-important yeast

isolates. A yeast biochemi cal card (Y BC), apart of theVitek systemis
an automatic method for the identification of clinically-important

yeastisolates. Weconducted acom par i son of thesetwomethodswitha
tradi tional biochemi cal methodinor der tochoosearapidandaccurate
techniqueforyeastidentifi cation.

Methods. All yeastisolateswerein oc u lated onto Sabourand dex trose
agar (SDA) and CAC, andincubated at 30°Cfor 48 hours. All isolates

weres mul taneously testedusingtradi tional biochemi cal methodsand
theyeast biochemi cal cardfromtheVitek system.

Results. Weeval uated 235 yeastisolatesfromclini cal speci mens, in-

cluding 89 Candida albicans, 47 Candida tropicalis, 43 Candida gla-

brata, SX Trichosporon beigelii, and fiveCandida kruseiinadditionto
45isolatesof other yeast species. |solateswere presumptively iden ti-

fied on the basis of colony color and appearance on CAC medium.

These observations were compared with a traditional biochemical

yeast- identification method and also with Y BC fromthe Vitek system.

For fivecommonly-isolated species(Candida albicans, Candida trop-

icalis, Candida glabrata, Candida krusei and Trichosporon beigelii),

agreement among the CAC medium, Y BC method and tradi tional bio-

chemica method were 98.9% (187/189), 96.3% (182/189), 100%
(189/189), respectively.

Conclusions. Fromour compar i son,theCACmediumisaconvenient

and eco nomic method to iden tify five com monly-noted yeast species,

and the Y BC method war rantsagreater cost and requiresalon ger pe-

riod of timetoobtainreli ableresults.

[Chin Med J (Taipei) 2001,;64:568-574]

abouraud dex trose agar (SDA) isthe most useful
contemporary medium for isolating Candida
albicans and other yeastsinaclini cal laboratory. This
mediumisreli ableand per mitstheisolationof several

dif ferentgenera, but over al, thecol oniescul turedon
thismediumarevery simi larin ap pear anceand their
subsequentidenti fi cationrequiresconsiderableinves
ti gativetime.* Al though Candida albicans remains
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the most frequently-noted yeast pathogen, various
other Candida specieshaveexhibitedanincreasingly
im por tant rolein nosocomial and commu nity infec
tion, thusitisdesir abletoidentify agreater proportion
of Candida speciesfromall clini cal speci mens.” The
detectionof vari ousyeast speciesandthepresumptive
identi fi cationof suchisolatedyeastsmay beanaidfor
rapidand ap pro pri atetreat ment deci sionsinthelight
of noted dif fer encesinthesuscepti bil ity of yeast spe
cies to various antifungal agents.** Some Candida
species, such as Candida lusitaniae, may of ten bere-
sistant to amphotericin B; Candida glabrataisless
sensitive than other species to fluconazole and ke-
toconazole, and Candida kruseiexhibitsinnateresis
tanceto fluconazole.”

CHROMagar Candida(CAC) isanovel dif fer en
tial cul turemedium.>® It can be used to €dlicit the pre-
sumptiveidenti fi cationof several commonly-isolated
yeast spe ciesby way of specific color reactionsand
resul tantcol ony mor phol ogy”*° Thiscul turemedium
canedlicitearly species-leve identi fi cationof Candida
speciesand, asaconsequence, facil i tatespecies- spe
cifictreatmentdeci sions.? A yeast biochemical card
(YBC) condti tutingapart of theVitek systemcontains
32indi vidua biochemi cal tests, andisanautomated
systemfor yeastidenti fi cation, al thoughitwar rantsa
greater cost and re quiresalon ger period of timefor
obtainingreli ableresultsthanisthecaseforthe CAC
medium. Inthisstudy, we com pared theef fi ciency of
CAC mediumandtheVitek YBC systemin or der to
deter minewhich method ismorerapid and eco nomi-
calforclini callyimportantyeastidentifi cation.

Methods

Organisms

Two hun dred and thirty fiveiso lates of yeast, col-
lected from the Tri-Service General Hospi tal in Tai-
wanfromMarchto Septem ber 1996, weremaintained
in Sabouraud dex trose agar at 4 °C. The yeasts were
subcultured on SDA for fur ther study. Thefol low ing
strainswere used as con trol strains. Candida albicans
ATCC 14053, Candida tropicalis ATCC 750, Can-

dida glabrata ATCC 2001, Candida krusei ATCC
6258, Candida parapsilosis ATCC 22019, Geot-
richum spp ATCC 34614, Cryptococcus neoformans
ATCC 14116.

Culture medium

(1) CHROMagar Candida (CHROMagar Com-
pany, Paris, France): Peptone 10 g, glu cose 20 g, agar
15 g, chloramphenciol 0.5 g, chromogenic mix 2 g, dis-
tilled water 1,000 mL. The medium was pre pared by
tir ring and heat ing to 100 °C and then hold ing at that
tem per aturefor twominutes, themediumsubsequently
being dispensed into petri dishes. (2) Sab ouraud dex-
troseagar (Becton Dickinson, Cock eysville, Mary land,
USA): 65 g pow der was added to 1,000 mL of distilled
water, autoclaved for 15minutesand sub sequently dis
pensed into petri dishes. (3) Tradi tional biochemi cal
method: includescar bohy drate- assimilationtest, car-
bo hy drate-fermentationtest, ni trate-assimilationtest,
urease test, Indian ink, ascospore medium and corn
meal agar. (4) Yeast biochemica card (YBC,
Biomerieux Vitek, Hazelwood, Missouri, USA).

Procedure

Allyeastisolateswereinoculatedinpar a lel onto
SDA and CAC, in cu bated at 30 °C for 48 hours and
subsequentlyidenti fied by thetradi tional biochemi cal
method and YBC. Or ganismsfor YBC assay werein-
cu bated at 30 °C, for 24 or 48 hours, and read by a
Vitek reader (Vitek, Hazelwood, Missouri, USA). Re-
sultswhichshowedrel ativeprobabil ity 3 90% and
weredif fer ent fromresultsfrom thetradi tional bio-
chemi cal methodrepresented” misidentified” . Results
showing rel ativeprobabil ity <90% rep re sented “ un-
identi fied”. Atthesametime, oneex peri enced reader
andtwoinex peri encedreadersrecordedtheiridenti f
cation of the 235 iso latesby com par ing the panel of
ref er encefor the CAC platelabelled with the name of
thespecies, thefi nal resultsof theCACmediumbeing
somewhat de pend ent upon the skills of thereader, ex-
peri encebeinganadvantage. Theresultswhichshow-
eddistinctivecolor andweredif fer ent fromresults
fromthetradi tional biochemi cal methodrepresented
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“misidenti fied”. Theresultsshow ingwhitecolor rep-
resented” unidentified.”

Cost

Weeval u ated thedif fer ent method pricesfor the
identi fi cationof fivecommonly-seengermtubeneg a
tiveyeast speciesusingthethreeseparateidenti fi ca
tionmethods.

Statistical analysis

Col ony ap pear ancewiththe CAC mediumwas
analyzedintermsof sensi tivity [the num ber of true
positives/(the num ber of true positives + the num ber
of falsenegatives)], specificity [the num ber of true
negatives/(thenumber of trueneg atives+thenum ber
of false positives)], the predictivevaueof apositive
test [the num ber of true positives/(the num ber of true
positives + the num ber of false positives)], and the
predictivevalueof anegativetest[the num ber of true
neg atives/(thenum ber of trueneg atives+ thenum ber
of falsenegatives)] to deter minetheir likely useful-
nessintheclinical laboratory setting.

Results

Two hun dred and thirty-five yeast iso latesfrom
clini cal speci menswereidenti fiedby CAC, YBCand
thetradi tional biochemi cal test. Theresultsaresum
marized in Tables 1 and 2. All of the 89 strains of
Candida albicans revealed green coloration with
CAC(sensitivity and speci ficity = 100%), andfor the
Y BC, boththesensi tiv ity and speci ficity were 100%.
Forty-six of the 47 strains of Candida tropicalis ex-
hibited blue col or ation with ahalo but one strain re-
vealed awhite color with CAC. Onestrainidentti fied
as Candida species and one strain identi fiedasCan-
dida guillermondiiexhibitedanappearancesimilarto
that of Candida tropicalis (sensitivity 97.9% and
speci ficity 98.8% with CAC). Onestrainidenti fied as
Candida parapsilosis by Y BC dem on strated asen si-
tiv ity of 97.9% and aspeci ficity of 100%. Forty-two
of the 43 strains of Candida glabrata ex hibited dark

pink col or ation ex cept for one strain which pro duced
white col or ation on CAC. We found three false pos-
itives, all identi fied asToluropsis candida (sensitivity
97.7% and speci ficity 98.4% with CAC). Onestrain
was unidentified by YBC and had a sensitivity of
97.7% and a speci ficity of 100%. Fivestrainsof C.
krusei ap peared to al beflat and re vealed apale pink
cen ter with awhite periph ery when using the CAC
(sensitivity and specificity = 100%). For YBC, all
wereunidenti fied, andbothsensi tivity andspecificity
val ueswere zero. Six strainsof Trichosporon beigelii
revealed afuzzy blue-green col ony with awhite pe-
ripherywhenusingthe CAC (sensi tivity andspeci fic
ity = 100%). For YBC, one strain was unidentified
and had a sensi tivity of 83.3% and aspeci ficity of
100%. For theremaining yeasts, wefound no species
that could bedif fer enti ated from each other by col ony
color and ap pear ance, all ex hibitingawhiteto pink
col or ation. Thedegreeof con cor dancebetweenthe
two inexperienced and the one experienced reader
wasvery high (99%) on the basis of spe cific col ony
color for spe ciessuch as Candida albicans, Candida
tropicalis, Candida glabrata, Candida krusei, and
Trichosporon beigelii (data not shown). For the re-
mainder of theyeasts, theap pear anceof col onieswas
equiv o cal and it wasdif fi cult to strike good con cor-
dancebetweenthethreereaders.

The cost required to identify the five com-
monly-noted specieswithCAC, YBC, andtradi tional
biochemi cal meth odsisshowninTable3. Al though
the purchase price of the medium required for the
CAC is higher than that cor respondingtotheYBC
method and thetradi tional biochemi cal method, the
identi fi cationandlabor priceof the CAC mediumis
sub stantially lessex pen sivethanisthe casefor these
other two meth ods. Over all, for the suite of anal y ses
conducted with the CAC medium, the cost was
NT$43 and for the Y BC and thetradi tional bio chemi-
cal method it was NT$145 and NT$229, re spectively.

Discussion

The CAC me dium sup portsthe growth of yeasts
and some molds while it suppressed the growth of
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Table 1. Colony color and morphology of 235 yeast isolates on CHROMagar Candida medium, and results of
CHROMagar Candida (CAC), Yeast biochemical card (YBC) and traditional biochemical methods of

identification

Spedes

Morphology and color of colony on
CAC

No. of isolatesidentified by

CAC YBC Traditiond biochemical method
Candida albicans Green, round, convex 89 89 89
Candida tropicalis Blue to purplewith halo 46 46 a7
Candida glabrata Dark pink center, whiteedge 42 42 43
Trichosporon beigelii White center with green blue 6 5 6
edge, hegped, fuzzy, dry
Candida krusei Pd e pink center, with white edge, 5 0 5
flat, dry
Trichosporon pullalans Y ellow-brown, wrinkle 2 0 2
Geotrichum spp. Pde pink, fuzzy, dry 1 0 1
Candida parapsilosis White, convex 0 25 27
Torulopsis candida White, convex 0 6 7
Cryptococcus neoformans White, convex 0 0 3
Candida lipolytica White, convex 0 1 1
Saccharomyces cereviaiae White, convex 0 0 1
Hansenula anomala White, convex 0 0 1
Candida guillermondii White, convex 0 0 1
Candida spp. White, convex 0 0 1
Misidentified Color, convex 5 2 0
Unidentified White, convex 39 19 0
Total 235 235 235

CHROMagar Candida: One C. guillermondii and 1 Candida spp. were misidentified as C. tropicalis, and 3 T. candida were
middentified as C. glabrata. OneC. tropicalis, 1C. glabrata, 27 C. parapsilosis, 4 T. candida, 3 C. neoformans, 1 C.
lipolytica, 18. cereviaiae and 1 H. anomala were al unidentified.

Y east biochemical card : OneC. tropicdis was misidentified as C. pargpsilosisand 1 C. parapsilosiswas misidentified as C.
tropicalis. One C. glabrata, 1 T. beigelii, 5 C. krusei, 2 T. pullalans, 1 Geotrichum spp., 1 C. parapsilosis, 1 T. candida, 3 C.
neoformans, 1 S. cereviaiae, 1 H. anomala, 1 C. guilleemondii and 1 Candida spp. were al unidentified.

Table 2. Statistical evaluation of CHROMagar Candida (CAC) and Yeast Biochemical Card (YBC) for presumptive
identification of five commonly-observed yeast isolates

Positive Negaive

Species Sensitivity (%) Specificity (%) Predictive value Predictive value

CAC YBC CAC YBC CAC YBC CAC YBC
Candida albicans 100 100 100 100 100 100 100 100
Candida tropicalis 97.9 97.9 98.8 100 95.8 100 9.5 995
Candida glabrata 97.7 97.7 98.4 100 933 100 9.5 995
Candida krusei 100 0 100 0 100 0 100 0
Trichosporon beigelii 100 833 100 100 100 100 100 99.6

bacteria, providingahighselectivity foryeastisola
tion.>’ Themediumalsoissu perior to other routine
mediafor thedetection of mul ti ple Candida species
from both clini cal and stock cul tures:2 We con sider
that the CAC medium can beintroduced asastandard
routine medium when infection by fungus is sus-
pected. Inour eval uationof tradi tional biochemi cal

method, CAC me dium, and Y BC method with 235
yeast strains, wefound that the per cent agesof reli abil-
ity for these three methods were 100% (235/235),
81.3%(191/235), 91.1% (214/235), respectively. The
tradi tional bio chemi cal methodisstill thegold stan-
dard. Our resultsof CAC me dium showed the sen si-
tivity for Candida albicans, 100%; Candida trop-
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Table 3. Estimated cost of identification of five commonly-found germ tube negative yeast isolates

CHROM agar Candida YBC (VITEK) Traditional biochemical method
Media NT $35(CAC) NT $15 (SDA) NT $15 (SDA)
Germtube - NT $2 NT $2
| dentification - NT $100 NT $168
L abor NT $3 NT $28 NT $44
Total NT $43 NT $145 NT $229

YBC = Yeast Biochemical Card; NT = New Tawan dollars; CAC = CHROMagar Candida; SDA = Sabouraud dextrose agar.

icalis, 97.9%; Candida glabrata, 97.7%; Candida
krusei, 100%; Trichosporon beigelii, 100%; re spec-
tively. Bernal® and Houang? also had the samere sults
showedthesensi tivity for Candida albicans, 99.4 t0
100%; Candida tropicalis, 95 to 100%; Candida gla-
brata, 95 t0 98.9%; Candida krusei, 95 t0100%; re-
spectively. Willinger* and Powell” re ported the sen si-
tivity for Candida tropicalis were 66.7% and 52%.
They consideredthat colorvari ationseverdly af fected
thepresumptiveidentifi cationof Candida tropicalis.
Thedistinctivegreen color of Candida albicans when
cul tured onthe CAC medium al lowed for easy pre-
sumptiveidenti fi cation of theyeast species. Thespec
i ficity of the CAC mediumfor deter miningyeast spe
cieswasex cd lent, the sug gestion being herethat ad-
di tional tests such asthe germ-tubetest may not bere-
quired.>"®From our ex peri ence, 15% (13/89) of Can-
dida albicans ana y Siswere germ-tube-negative, the
CACmediumclearly beingsuperiorinthisregard.
The unique white cen ter with agreen-blue periph ery
andafuzzy col ony appear ance, char acteristic of Trich-
osporon beigelii hasonly previ ously been reported by
Odds and Bernaerts (1994).° Thetypi cal and char ac-
teristicmor phologi cal featuresof thisyeast species
whenidenti fied using the CAC me dium were so spe
cificthat the CACwould not resultinamisidenti fi ca
tion of this species as any other clinical-important
yeast. Among the many white col o nies pro duced by
isolates, only Candida krusei col oniescould bereli-
ably distin guished from other yeast spe ciesby their
char acteristicdry andflat ap pear ance.>8° Other spe-
cies such as Candida parasilosis, Saccharomyces ce-
revisiae, Hansenula anomala, Candida guilliermondii,
Cryptococcus neoformans, Candida lipolytic and
Candidaspe cies producedwhitecol onies, leadingtoa
highdegreeof confu sionbetweenthedif fer ent spe

cieswhen using the CAC me dium.**° From our ob-
ser vations, wesug gest that, dueto thepotential for
suchun cer tainty, these spe ciesmust beeval u ated by
tradi tional biochemi cal methods.” For the 27 white
color col oniesof Candida parasilosis, wejust sup ple-
mented with cornmeal agar and car bohy dratefer men
tationtests. If posi tivefor pseudohyphae and glu cose
fermentation, wecoulddif fer enti atethisspeciesfrom
others. Thisisthead vantageof CAC medium. Our re-
sultsof Y BC method showed thesen si tiv ity for Can-
dida albicans, 100%; Candida tropicalis, 97.9%;
Candidaglabrata, 97.7%; Candida krusei, 0%; Trich-
osporon beigelii, 83%, respectively. Bernal® and
Pfaller® also had the sameresultsshowed thesensi tiv-
ity for Candida albicans, 100%; Candida tropicalis,
100%; Candida glabrata, 100%; Candida krusei,
100%; respectively. Thesensi tivity and speci ficity of
the YBC method were closed or greater than the cor-
respondingval uesforthe CAC medium, a thoughthe
YBC methodrequired ad di tional system equip ment
including the Vitek equip ment, and the method re-
quired moretimeto be com pleted.

Al thoughthe cost of there agentsfor the CAC me-
dium is three-fold more than that for Sabouraud dex-
troseagar, thisini tial cost may be off set when the cost
of second ary bio chemi cal testsand the cost of labor
(which is greater for the YBC and traditional bio-
chemi cal meth ods) aretakenintoac count.®8° The re-
ductioninnecessary analyti cal labor timewhenuti liz
ingtheCACmediummay a lowlaboratory managers
to cost-effectively rear rangetheir work loads, al low-
ing medical technologists to complete other tasks
morerequir ing of their par ticular skills. The cost of
using the CAC medium was reduced by using bi-
plates.

Clearly, the speed with which tests are con ducted
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andisolatesidenti fiedinthelaboratory isof vi tal impor
tance. Presumptive identification of the previ
oudy-prescribed yeast specieswasnot dif fi cult usingthe
CACmedium,andthedif fer ent-speciescolor dif ferenti-
ationaf ter 48 hwasvery clear*° With CAC medium, we
esti matethat the five spe ciesmen tioned above can be
identi fied from 24 to 48 hoursear lier than isthe case
withY BCandconventiona identi fi cationmethods, this
observationalsobeingnotedby others?*°

TheCAC mediumwaseasy touse, rel atively easy
to read and inter pret, and ap peared to belesssub jec-
tivethanei ther readinggermtubesand/or vari oushio
chemi caltests.” It seems clear that the use of this me-
diumiseconomi cal intheover all context of labor and
time. More over, the cost of using this CAC medium
would be more than off set by the de creased need for
theuseof secondary biochemi cal tests.
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