
Sabouraud dex trose agar (SDA) is the most use ful
con tem po rary me dium for iso lat ing Candida

albicans and other yeasts in a clin i cal lab o ra tory. This
me dium is re li able and per mits the iso la tion of sev eral

dif fer ent gen era, but over all, the col o nies cul tured on
this me dium are very sim i lar in ap pear ance and their
sub se quent iden ti fi ca tion re quires con sid er able in ves -
ti ga tive time.1 Al though Candida albicans re mains
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Back ground. CHROMagar Candida (CAC) is a new chromogenic me -
dium for the pre sump tive iden ti fi ca tion of clin i cally-important yeast
iso lates. A yeast bio chem i cal card (YBC), a part of the Vitek sys tem is
an au to matic method for the iden ti fi ca tion of clin i cally-important
yeast iso lates. We con ducted a com par i son of these two meth ods with a 
tra di tional bio chem i cal method in or der to choose a rapid and ac cu rate
tech nique for yeast iden ti fi ca tion.
Methods. All yeast iso lates were in oc u lated onto Sabourand dex trose
agar (SDA) and CAC, and in cu bated at 30 °C for 48 hours. All iso lates
were si mul ta neously tested us ing tra di tional bio chem i cal meth ods and
the yeast bio chem i cal card from the Vitek sys tem.
Re sults. We eval u ated 235 yeast iso lates from clin i cal spec i mens, in -
clud ing 89 Candida albicans, 47 Candida tropicalis, 43 Candida gla -
brata, six Trichosporon beigelii, and five Candida krusei in ad di tion to 
45 iso lates of other yeast spe cies. Iso lates were pre sump tively iden ti -
fied on the ba sis of col ony color and ap pear ance on CAC me dium.
These ob ser va tions were com pared with a tra di tional bio chem i cal
yeast- identification method and also with YBC from the Vitek sys tem.
For five com monly-isolated spe cies (Candida albicans, Candida trop -
icalis, Candida glabrata, Candida krusei and Trichosporon beigelii),
agree ment among the CAC me dium, YBC method and tra di tional bio -
chem i cal method were 98.9% (187/189), 96.3% (182/189), 100%
(189/189), re spec tively.
Con clu sions. From our com par i son, the CAC me dium is a con ve nient
and eco nomic method to iden tify five com monly-noted yeast spe cies,
and the YBC method war rants a greater cost and re quires a lon ger pe -
riod of time to ob tain re li able re sults.
[Chin Med J (Tai pei) 2001;64:568-574]
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the most fre quently-noted yeast patho gen, var i ous
other Candida spe cies have ex hib ited an in creas ingly
im por tant role in nosocomial and com mu nity in fec -
tion, thus it is de sir able to iden tify a greater pro por tion
of Candida spe cies from all clin i cal spec i mens.2 The
de tec tion of var i ous yeast spe cies and the pre sump tive 
iden ti fi ca tion of such iso lated yeasts may be an aid for
rapid and ap pro pri ate treat ment de ci sions in the light
of noted dif fer ences in the sus cep ti bil ity of yeast spe -
cies to var i ous antifungal agents.3,4 Some Candida
spe cies, such as Candida lusitaniae, may of ten be re -
sis tant to amphotericin B; Candida glabrata is less
sen si tive than other spe cies to fluconazole and ke -
toconazole, and Candida krusei ex hib its in nate re sis -
tance to fluconazole.4

CHROMagar Candida (CAC) is a novel dif fer en -
tial cul ture me dium.5,6 It can be used to elicit the pre -
sump tive iden ti fi ca tion of sev eral com monly-isolated
yeast spe cies by way of spe cific color re ac tions and
re sul tant col ony mor phol ogy7-10 This cul ture me dium
can elicit early spe cies-level iden ti fi ca tion of Candida
spe cies and, as a con se quence, fa cil i tate spe cies- spe -
cific treat ment de ci sions.2 A yeast bio chem i cal card
(YBC) con sti tut ing a part of the Vitek sys tem con tains 
32 in di vid ual bio chem i cal tests, and is an au to mated
sys tem for yeast iden ti fi ca tion, al though it war rants a
greater cost and re quires a lon ger pe riod of time for
ob tain ing re li able re sults than is the case for the CAC
me dium. In this study, we com pared the ef fi ciency of
CAC me dium and the Vitek YBC sys tem in or der to
de ter mine which method is more rapid and eco nom i -
cal for clin i cally im por tant yeast iden ti fi ca tion.

Methods

Or gan isms

Two hun dred and thirty five iso lates of yeast, col -
lected from the Tri-Service Gen eral Hos pi tal in Tai -
wan from March to Sep tem ber 1996, were main tained 
in Sabouraud dex trose agar at 4 °C. The yeasts were
subcultured on SDA for fur ther study. The fol low ing
strains were 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.

Cul ture me dium

(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 wa ter 1,000 mL. The me dium was pre pared by
stir ring and heat ing to 100 °C and then hold ing at that
tem per a ture for two min utes, the me dium sub se quently 
be ing dis pensed into petri dishes. (2) Sab ouraud dex -
trose agar (Becton Dickinson, Cock eysville, Mary land, 
USA): 65 g pow der was added to 1,000 mL of dis tilled
wa ter, autoclaved for 15 min utes and sub se quently dis -
pensed into petri dishes. (3) Tra di tional bio chem i cal
method: in cludes car bo hy drate- assimilation test, car -
bo hy drate-fermentation test, ni trate-assimilation test,
urease test, In dian ink, asco spore me dium and corn
meal agar. (4) Yeast bio chem i cal card (YBC,
Biomerieux Vitek, Hazelwood, Mis souri, USA).

Pro ce dure

All yeast iso lates were in oc u lated in par al lel onto
SDA and CAC, in cu bated at 30 °C for 48 hours and
sub se quently iden ti fied by the tra di tional bio chem i cal 
method and YBC. Or gan isms for YBC as say were in -
cu bated at 30 °C, for 24 or 48 hours, and read by a
Vitek reader (Vitek, Hazelwood, Mis souri, USA). Re -
sults which showed rel a tive prob a bil ity ≥ 90% and
were dif fer ent from re sults from the tra di tional bio -
chem i cal method rep re sented “mis iden ti fied”. Re sults 
show ing rel a tive prob a bil ity < 90% rep re sented “un -
iden ti fied”. At the same time, one ex pe ri enced reader
and two in ex pe ri enced read ers re corded their iden ti fi -
ca tion of the 235 iso lates by com par ing the panel of
ref er ence for the CAC plate la belled with the name of
the spe cies, the fi nal re sults of the CAC me dium be ing 
some what de pend ent upon the skills of the reader, ex -
pe ri ence be ing an ad van tage. The re sults which show -
ed dis tinc tive color and were dif fer ent from re sults
from the tra di tional bio chem i cal method rep re sented
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“mis iden ti fied”. The re sults show ing white color rep -
re sented “un iden ti fied.”

Cost

We eval u ated the dif fer ent method prices for the
iden ti fi ca tion of five com monly-seen germ tube neg a -
tive yeast spe cies us ing the three sep a rate iden ti fi ca -
tion meth ods.

Sta tis ti cal anal y sis

Col ony ap pear ance with the CAC me dium was
an a lyzed in terms of sen si tiv ity [the num ber of true
positives/(the num ber of true positives + the num ber
of false neg a tives)], spec i fic ity [the num ber of true
neg a tives/(the num ber of true neg a tives + the num ber
of false positives)], the pre dic tive value of a pos i tive
test [the num ber of true positives/(the num ber of true
positives + the num ber of false positives)], and the
pre dic tive value of a neg a tive test [the num ber of true
neg a tives/(the num ber of true neg a tives + the num ber
of false neg a tives)] to de ter mine their likely use ful -
ness in the clin i cal lab o ra tory set ting.

Re sults

Two hun dred and thirty-five yeast iso lates from
clin i cal spec i mens were iden ti fied by CAC, YBC and
the tra di tional bio chem i cal test. The re sults are sum -
ma rized in Ta bles 1 and 2. All of the 89 strains of
Candida albicans re vealed green col or ation with
CAC (sen si tiv ity and spec i fic ity = 100%), and for the
YBC, both the sen si tiv ity and spec i fic ity were 100%.
Forty-six of the 47 strains of Candida tropicalis ex -
hib ited blue col or ation with a halo but one strain re -
vealed a white color with CAC. One strain iden ti fied
as Candida spe cies and one strain iden ti fied as Can -
dida guillermondii ex hib ited an ap pear ance sim i lar to
that of Candida tropicalis (sen si tiv ity 97.9% and
spec i fic ity 98.8% with CAC). One strain iden ti fied as
Candida parapsilosis by YBC dem on strated a sen si -
tiv ity of 97.9% and a spec i fic ity of 100%. Forty-two
of the 43 strains of Candida glabrata ex hib ited 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 iden ti fied as Toluropsis candida (sen si tiv ity
97.7% and spec i fic ity 98.4% with CAC). One strain
was un iden ti fied by YBC and had a sen si tiv ity of
97.7% and a spec i fic ity of 100%. Five strains of C.
krusei ap peared to all be flat and re vealed a pale pink
cen ter with a white pe riph ery when us ing the CAC
(sen si tiv ity and spec i fic ity = 100%). For YBC, all
were un iden ti fied, and both sen si tiv ity and spec i fic ity
val ues were zero. Six strains of Trichosporon beigelii
re vealed a fuzzy blue-green col ony with a white pe -
riph ery when us ing the CAC (sen si tiv ity and spec i fic -
ity = 100%). For YBC, one strain was un iden ti fied
and had a sen si tiv ity of 83.3% and a spec i fic ity of
100%. For the re main ing yeasts, we found no spe cies
that could be dif fer en ti ated from each other by col ony
color and ap pear ance, all ex hib it ing a white to pink
col or ation. The de gree of con cor dance be tween the
two in ex pe ri enced and the one ex pe ri enced reader
was very high (99%) on the ba sis of spe cific col ony
color for spe cies such as Candida albicans, Candida
tropicalis, Candida glabrata, Candida krusei, and
Trichosporon beigelii (data not shown). For the re -
main der of the yeasts, the ap pear ance of col o nies was
equiv o cal and it was dif fi cult to strike good con cor -
dance be tween the three read ers.

The cost re quired to iden tify the five com -
monly-noted spe cies with CAC, YBC, and tra di tional
bio chem i cal meth ods is shown in Ta ble 3. Al though
the pur chase price of the me dium re quired for the
CAC is higher than that cor re spond ing to the YBC
method and the tra di tional bio chem i cal method, the
iden ti fi ca tion and la bor price of the CAC me dium is
sub stan tially less ex pen sive than is the case for these
other two meth ods. Over all, for the suite of anal y ses
con ducted with the CAC me dium, the cost was
NT$43 and for the YBC and the tra di tional bio chem i -
cal method it was NT$145 and NT$229, re spec tively.

Dis cus sion

The CAC me dium sup ports the growth of yeasts
and some molds while it sup pressed the growth of
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bac te ria, pro vid ing a high se lec tiv ity for yeast iso la -
tion.5,7 The me dium also is su pe rior to other rou tine
me dia for the de tec tion of mul ti ple Candida spe cies
from both clin i cal and stock cul tures.3 We con sider
that the CAC me dium can be in tro duced as a stan dard
rou tine me dium when in fec tion by fun gus is sus -
pected. In our eval u a tion of tra di tional bio chem i cal

method, CAC me dium, and YBC method with 235
yeast strains, we found that the per cent ages of re li abil -
ity for these three meth ods were 100% (235/235),
81.3% (191/235), 91.1% (214/235), re spec tively. The
tra di tional bio chem i cal method is still the gold stan -
dard. Our re sults of CAC me dium showed the sen si -
tiv ity for Candida albicans, 100%; Candida trop -
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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

No. of isolates identified bySpecies Morphology and color of colony on
CAC CAC YBC Traditional biochemical method

Candida albicans Green, round, convex 89 89 89
Candida tropicalis Blue to purple with halo 46 46 47
Candida glabrata Dark pink center, white edge 42 42 43
Trichosporon beigelii White center with green blue

edge, heaped, fuzzy, dry
6 5 6

Candida krusei Pale pink center, with white edge,
flat, dry

5 0 5

Trichosporon pullalans Yellow-brown, wrinkle 2 0 2
Geotrichum spp. Pale 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
misidentified as C. glabrata. One C. tropicalis, 1C. glabrata, 27 C. parapsilosis, 4 T. candida, 3 C. neoformans, 1 C.
lipolytica, 1 S. cereviaiae and 1 H. anomala were all unidentified.
Yeast biochemical card : One C. tropicalis was misidentified as C. parapsilosis and 1 C. parapsilosis was 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. guillermondii and 1 Candida spp. were all unidentified.

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

Positive Negative
Sensitivity (%) Specificity (%) Predictive value Predictive valueSpecies

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 99.5 99.5
Candida glabrata 97.7 97.7 98.4 100 93.3 100 99.5 99.5
Candida krusei 100 0 100 0 100 0 100 0
Trichosporon beigelii 100 83.3 100 100 100 100 100 99.6



icalis, 97.9%; Candida glabrata, 97.7%; Candida
krusei, 100%; Trichosporon beigelii, 100%; re spec -
tively. Bernal9 and Houang8 also had the same re sults
showed the sen si tiv ity for Candida albicans, 99.4 to
100%; Candida tropicalis, 95 to 100%; Candida gla -
brata, 95 to 98.9%; Candida krusei, 95 to100%; re -
spec tively. Willinger4 and Powell7 re ported the sen si -
tiv ity for Candida tropicalis were 66.7% and 52%.
They con sid ered that color vari a tion se verely af fected
the pre sump tive iden ti fi ca tion of Candida tropicalis.
The dis tinc tive green color of Candida albicans when
cul tured on the CAC me dium al lowed for easy pre -
sump tive iden ti fi ca tion of the yeast spe cies. The spec -
i fic ity of the CAC me dium for de ter min ing yeast spe -
cies was ex cel lent, the sug ges tion be ing here that ad -
di tional tests such as the germ-tube test may not be re -
quired.3,7,8 From our ex pe ri ence, 15% (13/89) of Can -
dida albicans anal y sis were germ-tube-negative, the
CAC me dium clearly be ing su pe rior in this re gard.
The unique white cen ter with a green-blue pe riph ery
and a fuzzy col ony ap pear ance, char ac ter is tic of Trich -
osporon beigelii has only pre vi ously been re ported by
Odds and Bernaerts (1994).5 The typ i cal and char ac -
ter is tic mor pho log i cal fea tures of this yeast spe cies
when iden ti fied us ing the CAC me dium were so spe -
cific that the CAC would not re sult in a mis iden ti fi ca -
tion of this spe cies as any other clin i cal-important
yeast. Among the many white col o nies pro duced by
iso lates, only Candida krusei col o nies could be re li -
ably dis tin guished from other yeast spe cies by their
char ac ter is tic dry and flat ap pear ance.5,8,9 Other spe -
cies such as Candida parasilosis, Saccharomyces ce -
revisiae, Hansenula anomala, Candida guilliermondii, 
Cryptococcus neoformans, Candida lipolytic and
Candida spe cies pro duced white col o nies, lead ing to a 
high de gree of con fu sion be tween the dif fer ent spe -

cies when us ing the CAC me dium.1,9,10 From our ob -
ser va tions, we sug gest that, due to the po ten tial for
such un cer tainty, these spe cies must be eval u ated by
tra di tional bio chem i cal meth ods.7 For the 27 white
color col o nies of Candida parasilosis, we just sup ple -
mented with corn meal agar and car bo hy drate fer men -
ta tion tests. If pos i tive for pseudohyphae and glu cose
fer men ta tion, we could dif fer en ti ate this spe cies from
oth ers. This is the ad van tage of CAC me dium. Our re -
sults of YBC method showed the sen si tiv ity for Can -
dida albicans, 100%; Candida tropicalis, 97.9%;
Can dida glabrata, 97.7%; Candida krusei, 0%; Trich -
osporon beigelii, 83%, re spec tively. Bernal9 and
Pfaller3 also had the same re sults showed the sen si tiv -
ity for Candida albicans, 100%; Candida tropicalis,
100%; Candida glabrata, 100%; Candida krusei,
100%; re spec tively. The sen si tiv ity and spec i fic ity of
the YBC method were closed or greater than the cor -
re spond ing val ues for the CAC me dium, al though the
YBC method re quired ad di tional sys tem equip ment
in clud ing the Vitek equip ment, and the method re -
quired more time to be com pleted.

Al though the cost of the re agents for the CAC me -
dium is three-fold more than that for Sabouraud dex -
trose agar, this ini tial cost may be off set when the cost
of sec ond ary bio chem i cal tests and the cost of la bor
(which is greater for the YBC and tra di tional bio -
chem i cal meth ods) are taken into ac count.6,8,9 The re -
duc tion in nec es sary an a lyt i cal la bor time when uti liz -
ing the CAC me dium may al low lab o ra tory man ag ers
to cost-effectively re ar range their work loads, al low -
ing med i cal tech nol o gists to com plete other tasks
more re quir ing of their par tic u lar skills. The cost of
us ing the CAC me dium was re duced by us ing bi-
 plates.

Clearly, the speed with which tests are con ducted
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Table 3. Estimated cost of identification of five commonly-found germ tube negative yeast isolates

CHROMagar Candida YBC (VITEK) Traditional biochemical method

Media NT $35 (CAC) NT $15 (SDA) NT $15 (SDA)
Germ tube - NT $2 NT $2
Identification - NT $100 NT $168
Labor NT $8 NT $28 NT $44
Total NT $43 NT $145 NT $229

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



and iso lates iden ti fied in the lab o ra tory is of vi tal im por -
tance. Pre sump tive iden ti fi ca tion of the pre vi -
ously-prescribed yeast spe cies was not dif fi cult us ing the 
CAC me dium, and the dif fer ent-species color dif fer en ti -
a tion af ter 48 h was very clear.4,9 With CAC me dium, we 
es ti mate that the five spe cies men tioned above can be
iden ti fied from 24 to 48 hours ear lier than is the case
with YBC and con ven tional iden ti fi ca tion meth ods, this
ob ser va tion also be ing noted by oth ers.2,3,9

The CAC me dium was easy to use, rel a tively easy
to read and in ter pret, and ap peared to be less sub jec -
tive than ei ther read ing germ tubes and/or var i ous bio -
chem i cal tests.7 It seems clear that the use of this me -
dium is eco nom i cal in the over all con text of la bor and
time. More over, the cost of us ing this CAC me dium
would be more than off set by the de creased need for
the use of sec ond ary bio chem i cal tests.
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