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Background and objectives:  CHROMagar Candida is a novel, differential culture medium that is 
claimed to facilitate the isolation and presumptive identification of some clinically important 
Candida species. Rapid identification of yeast infections is helpful in prompt appropriate 
antifungal therapy. Chromogenic medium was also helpful in identifying “multi-species” 
candida infections. This study evaluated the usefulness of chromogenic medium, corn-meal 
agar morphology and Vitek 2 compact.   Material and Methods:  A total of 100 non duplicate 
Candida species were isolated from various clinical specimens including blood, urine, sputum, 
bronchial aspirate, tracheal aspiration and other specimens. Speciation of Candida was done 
by using chromogenic agar medium, Vitek 2 system and corn-meal agar morphology. 
Antifungal susceptibility testing was performed for all the isolates by automated Vitek 2 
system. Results: The results of this study shows that  (NAC) 
predominated over Candida albicans.  CHROMagar Candida can easily identify five species of 
Candida on the basis of colonial color and morphology and accurately differentiate between 
them i.e. C.albicans, C. tropicalis, C. krusei and C. glabrata.  The medium was unable to provide 
presumptive identification of C. pelliculosa, C. lipolytica, C. lustinae, C. famata and C. hemulonii.  
Vitek 2 compact (V2C) differentiated all pseudohyphae non-producing species.  

 (NAC) showed higher resistant to Fluconazole.  Conclusion:  CHROMagar Candida has 
been useful and capable of presumptive, rapid identification of clinically important Candida 
species.  This capability will help clinicians to choose appropriate antifungal agent.  
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1. Introduction
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The Candida species are a part of normal flora of the alimentary 
tract and mucocutaneous membranes of humans. Candida species 
that are a part of the normal flora can invade tissues and cause life 
threatening diseases in patients whose cell mediated immunity is 

 [1]decreased by disease or iatrogenic intervention .  Due to variable 
clinical presentation of candida infections, it is important to 
identify this pathogens from all the clinical specimens received at 

[2].laboratory irrespective of clinician's suspicion  The genus 
Candida includes several species implicated in human pathology 
such as C. albicans, C. tropicalis, C. parapsilosis, C. glabrata, C. krusei, 

[3]C. lusitaniae, C. kefyr,  C. guillermondii and C. dubliniensis .   
Although Candida albicans remains the most common cause of 
human Candidiasis, the frequency of infection attributed to other 
members of the genus i.e. (NAC) is also 
increasing.  The frequency of isolation of C. krusei, C. glabrata, C. 
tropicalis and C. parapsilosis is steadily increasing globally.  These 

Non-Albicans Candida 

species are also shown to have decreased susceptibility to 
[4,5]antifungal agents . C. krusei and C. glabrata are known for their 

[6,7]innate resistant to fluconazole . This changing Candida 
epidemiology characterizes by a shift from C.albicans to 
predominance of NAC along with increasing antifungal resistance 
is a matter of concern in health care settings.  Thus the 
identification of Candida species is very important in the 
diagnostic laboratory, because such identification shows 
prognostic and therapeutical significance, allowing in the selection 
of appropriate antifungal agents and to prevent the emergence of 
drug resistance. 

In routine diagnostic laboratories Sabouraud dextrose agar 
(SDA) is widely used for the isolation of all yeast species from 
clinical specimens.  Sabouraud dextrose agar is not a differential 
medium, and multiple yeast growth cannot be easily distinguished 

[8]from each other .  In most of the laboratories germ tube test is 
used to differentiate C. albicans and C. dubliniensis from other 
Candida species.  Although it is rapid test it may lead to false 

[9,10]positive and false negative results .  The other conventional 
methods of yeast identification, such as sugar assimilation and 

Copyright 2010 BioMedSciDirect Publications. All rights reserved.
c

: 

usanjeevkumar30@gmail.com

*  Corresponding Author : Sanjeev Kumar



Sanjeev Kumar  et.al Int J Biol Med Res. 2013; 4(4): 3600-3606

3601

A total of 100 nonduplicate Candida species isolated from 
various clinical specimens (blood, clean-voided urine, sputum, 
pus, bronchial and tracheal aspirates, etc.,) submitted to the 
Microbiology laboratory from different clinical units of Geetanjali 
Medical College and Hospital (GMCH), were included in the study. 
All yeast isolates that grew on blood agar, after gram staining were 
sub-cultured on chromogenic medium (HiChrome agar; HiMedia, 
Mumbai, India), which was used as a follow-up medium.  Yeast 
isolates sub-cultured on chromogenic medium were incubated 

0overnight at 37 C.  All yeast isolates grew well and developed 
distinctive coloured colonies after overnight incubation.  The 
plates were further incubated for a total incubation of 48hrs to get 
better-developed coloured colonies.  The colony morphology 
(colour, size and texture) were assessed to interpret the 
identification of species.  The interpretation was based on 
published appearance of various species on chromogenic 

[19,20,21]agar : Parrot green colonies of C. albicans; Steel blue colonies 

2. Materials and Methods

3. RESULTS:

of C. tropicalis accompanied by purple pigmentation which diffuses 
into surrounding agar by growth; larger, fuzzy, rose-coloured 
colonies with white edges of C. krusei; smooth, glossy white to light 
pink colonies of C. glabrata which later become dark pink; off 
white(cream) to pale pink  colonies of C. parapsilosis; dark pink 
matt colonies of C. pelliculosa; pale pink colonies of C. hemulonii; 
white, light pink colonies of C. famata; pink, grayish purple colonies 
of C. lusitaniae.  Species were identified when the isolates 
confirmed unequivocally to these morphological features.  Two 
different observers observed the morphology of each isolates.  All 
isolates which gave doubtful morphology or which did not confirm 
to the accepted morphological features were taken as 
“unidentified” or “misidentified”.  All the isolates were also 
speciated by the germ tube test and microscopic morphological 
features on corn meal agar (Dalmue technique).  Finally, all the 
yeast isolates were subjected to identification using the Vitek-2-
Compact (V2C) system using protocols prescribed by the 
manufacturer.  Species which were identified as   “high 
discrimination” were taken as the identification of an isolate. Purity 
check on chromogenic medium was performed for all V2C 
identifications. Antifungal susceptibility was performed by Vitek 2 
system. The tests were performed according to the manufacturer's 
instructions. Candida albicans ATCC 10231, C. krusei ATCC 14243 
and  C. tropicalis ATCC 201380 was used as control.

A total of 100 Candida non-duplicate isolates were recovered 

from 95 clinical specimens, viz. Clean voided urine(45.26%), blood 

( 1 6 . 8 4 % ) ,  t r a c h e a l  a s p i r a t e s ( 1 0 . 5 2 % ) ,  b r o n c h i a l  

aspirates(8.42%), sputum(11.57%), pus(5.26%) and others 

(2.10%).  Of these, 95 clinical samples  different Candida species 

were isolated, namely C.albicans(40%), C.tropicalis (33%), C.krusei 

(6%), C.parapsilosis (8%), C. glabrata (5%), C.haemulonii (2%), 

C.lipolytica (1%), C.famata(3%), C.pelliculosa (1%) and  C.lustinae 

(1%)[Table 1].  Among these 100 isolates, 90 isolates (90%) were 

identifiable by observing colony colour on the chromogenic 

medium[Table 2].   These clinical isolates namely, C.albilcans, 

C.tropicalis, C.krusei, C.glabrata and C. parapsilosis were 

presumptively identified to the species level by their colony 

morphology and colour using chromogenic medium [Figure 1].  

Among the remaining 10 isolates (10%), 7 isolates (7%) produced 

shades of pink colour on the chromogenic medium and three 

isolates (3%) produced off white to pink colonies.  These isolates 

could not be identified using chromogenic medium.  Detection rate 

of the isolate by using CHROMagar Candida medium was in 100% 

agreement with both V2C and CMA for C. albicans, C. tropicalis, C. 

glabrata, C. krusei, where as 75% for C. parapsilosis. The 

chromogenic medium identified the presence of multiple Candida 

species in 5 clinical specimens [Table 3].  All the isolates were 

identified by CMA morphology and V2C system.  Identification by 

observing microscopic morphology on CMA was successful for the 

92 (92%) isolates.  All these isolates produced characteristic 

morphology distinct for the particular species and confirmed the 

identification by chromogenic medium.  For the remaining 8 

isolates 7 isolates revealed presence of yeast cells only (no 

pseudohypahe formation) and one isolate produced only 

pseudohyphae formation [Figure 1].

fermentation, microscopic morphology on corn-meal agar are 
cumbersome, do not give consistence results and beyond the 
expertise range available in local laboratories.  As the traditional 
methods are tedious and time consuming to perform in the 
routine laboratories, a number of chromogenic media have been 
developed for rapid identification of the yeasts. Several 
chromogenic media are available in the market for rapid 

 [11]identification of yeast .  These media contain chromogenic 
substrates that react with enzymes secreted by the 
microorganisms.  These enzymes are species-specific, allowing 
organisms to be identified to the species level by their colour 

[12,13,14,15]development and colonial features .  Since molecular 
techniques are  expensive and available at only reference centres; 
using of CHROMagar for species differentiation is a good 
alternative, as interpretation of results is easier, easy to perform, 

[16]require less time and is cost effective too . Another important 
advantage of chromogenic medium is greatly facilitates the 

[17]detection of specimens containing mixture of yeast species .  
The prompt detection of such clinical scenarios of multiple yeast 
infections may be an aid for early appropriate treatment 
decisions.

Automation in yeast identification methods has been 
increasingly employed.  These systems assert for accurate and 
rapid identification of medically relevant bacteria and yeast.  The 
Vitek 2 compact(Biomerieux) system is a fully automated 
instrument for the identification and drug susceptibility testing of 
microorganisms, including yeasts using the ID-YST and ID-AST 

[18]cards . The ID-YST database of V2C system for yeast 
identification comprises 51 different taxa, including newly 
described species, taking into account recent advances in 

[19]taxonomy .  These systems are available at certain laboratories 
and are expensive.

The present study was done to evaluate the usefulness of 
CHROMagar Candida, microscopic morphology on corn-meal 
agar and the Vitek 2 Compact(V2C) system for the identification of 
medically important Candida species.  Antifungal susceptibility 
test was performed by V2C system.  
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Table 2: Identification of Candida species by CHROMagar, 

Corn-meal agar morphology and Vitek2Compact system(V2C)

The V2C system identified 97 isolates (97%) to the species level and labelled 3 isolates (3%) as low discrimination.  All low-discrimination 

isolates were subcultured on a chromogenic medium for purity check and subjected to a repeat identification attempt by the V2C system.  

These low discrimination isolates were identified as C. tropicalis by  chromogenic medium and microscopic morphology on CMA.  Among the 

100 isolates, 97 isolates (97%) were identified to a species level by the V2C system, identification of 90 isolates (90%) was in complete 

agreement with the CHROMagar Candida and 92 isolates (92%) was in complete agreement with the CMA morphology.  The remaining 8 

isolates (8%) could not be identified by either of the earlier two methods and could be successfully identified to the species level only using 

the V2C system.

Table 3: Details of clinical specimens that revealed 

“multiple-species” yeast infections

a b coff-white colonies produced;  only yeast cells no hyphae;  cream 
dto pink colour colonies produced; off-white to pale pink colonies 2 

e fisolates; compact spherical yeast cells; low discrimination 3 
gisolates; only pseudohyphae produced.

C. albicans(40)

C. tropicalis(33)

C. glabrata(05)

C. parapsilosis(08)

C. krusei(06)

C. famata(03)

C. pelliculosa(01)

C. haemulonii(02)

C.lipolytica(01)

C.lustinae (01)

Urine 

Bronchial aspirate

Sputum 

40

33

05

d06

06

a00

c00

c00

c00

c00

3

1

1

40

33

05

08

06

b00

b00

e00

00b

g00

C. tropicalis and C.albicans

 (1 patient)

C.parapsilosis and C.albicans

 (1 patient)

C.glabrata and C.albicans

(1 patient)

C.parapsilosis and C.albicans

C.tropicalis and C.albicans

40

g30

05

08

06

03

01

02

01

01

Identification 
species (n=100)

Type of 
specimen

CHROMagar 
medium

Corn-meal 
agar morphology

No. of cases with
 “multi-species yeast

 infection

Vitek2
Compact system

Multi-species yeasts 
isolation cases
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All the Candida isolates were subjected to anti-fungal susceptibility testing by V2C system [Table 4].  Hundred percent of the Candida 

isolates were found to be sensitive to Caspofungin, whereas 99(99%) of the isolates were sensitive to Voriconzaole. Among the 100 isolates 

97(97%) and 96(96%) were found to be sensitive to Flucytosine and Amphotericin  B respectively.  Fluconazole 87(87%) was found to be 

less sensitive against all the Candida species. The highest resistance (100%) was seen in C. krusei, C. pelliculosa and C. haemulonii against 

Fluconazole.

Vitek2C system does not perform AST for Candida famata.

**All the intermediate (I) isolates were considered as resistant (R).

FIG. 1. Appearances of colonies on CHROMagar and Microscopic appearance on Corn-meal agar after 48h of incubation.  (A) C. 

albicans (B) C. tropicalis (C) C.krusei (D)C.glabrata  (E)C.parapsilosis   (F)C. pelliculosa (G)C. haemulonii

Sanjeev Kumar  et.al Int J Biol Med Res. 2013; 4(4): 3600-3606
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All the Candida isolates were subjected to anti-fungal 

susceptibility testing by V2C system [Table 4].  Hundred percent 

of the Candida isolates were found to be sensitive to Caspofungin, 

whereas 99(99%) of the isolates were sensitive to Voriconzaole. 

Among the 100 isolates 97(97%) and 96(96%) were found to be 

sensitive to Flucytosine and Amphotericin  B respectively.  

Fluconazole 87(87%) was found to be less sensitive against all the 

Candida species. The highest resistance (100%) was seen in C. 

krusei, C. pelliculosa and C. haemulonii against Fluconazole.

A total of 100 Candida isolates from various clinical specimens 

were included in our study, of which urine showed the highest 

number of  isolates(45%),  fol lowed by respiratory 

specimens(sputum, tracheal aspirates and bronchial aspirates) 
2(31%) and blood (17%). The similar study has done by Patel et al , 

who also observed highest number of isolates from urine 

(30.5%), followed by sputum (28.9%) and blood (26%).  Pfaller et 
14al  have also reported Candida species as the seventh most 

common nosocomial pathogen hospital wide and a which 

accounted for 25% of all the urinary tract infections.

CHROMagar Candida, Himedia, easily and  accurately identifies 

following Candida species namely C. albicans, C. tropicalis, C. 

parapsilosis and C. Krusei based colour and morphological features 

on CHROMagar.  This finding is in agreement with the previous 

studies done by Murray et al and Nadeem et al, who also reported 

that accurate differentiation of three most common species on 

CHROMagar namely C. albicans, C. tropicalis and C. Krusei [31,32]. 

Another interesting finding in our study was that, we could identify 

C.glabrata correctly on CHROMagar. This Candida species have non-

specific morphological features on cornmeal agar (non-

psedohyphae producing yeast cells), so the same strains were 

processed by Vitek2 and results were confirmed. This is in 

agreement with the studies done by Pfaller et al14., Willinger et 

al.33 and  Peng et al.34, who also reported that C. glabrata can be 

identified by CHROMagar.    Rapid identification of C. glabrata has a 

special importance because C. glabrata is less sensitive than other 

species to ketoconazole and fluconazole35. Hence we suggest that 

by paying special attention to the colony morphology 

(convex/domeshaped, glossy and smooth texture and dark pink to 

purple colour) it is possible to identify C.glabrata on CHROMagar. In 

the present study we identified 6 isolates of C. parapsilosis correctly 

on CHROMagar, producing off-white to cream colour and 2 isolates 

were producing off-white to pink ‘colour colonies, which could not 

be identified by CHROMagar and these isolates were identified by 

V2C and CMA.  In our study colonies of C. parapsilosis shows 

variability in colours (off-white to pink) on CHROMagar and we also 

found similar colour (off-white to pink) of other Candida isolates 

namely C. hemulonii, C, famata, C. lustinae and C.lipolytica on 

CHROMagar.  Henceforth here we suggest that colonies producing 

off-white to pink colour should be further identified by suitable 

methods available in the laboratory;  as identification of C. 

parapsilosis is important since it colonises hands of health care 

workers and can be a cause of nosocomial infection.    In the present 

study 5 cases (5.26%) of “multi-species yeast infections were 

identified this is in contrast to the previous study which reported an 

18% occurrence of multi-species yeast infections. The difference in 

the results of multi-species yeast infections could be attributed to 

the difference in the study population characteristics.  The results 

of the present study suggests that CHROMagar medium helps to 

identify rapidly, clinically important Candida species while 

potentially decreasing laboratory cost.  This finding is in agreement 

with other previous studies, who observed the chromogenic 

medium provides an opportunity to detect “multi-species” yeast 
1,14,17,32,33infections .  

In the present study the Vitek 2 system performed well for the 

correct identification (97%). This finding was similar of the 
37 18previous studies done by Sood et al  and Graf et al , which showed 

higher sensitivity of Vitek 2 system (98%) and (97.5%) respectively 

for yeast identification.  In the present study, chromogenic medium 

and morphology on CMA did not enable the differentiation of C. 

hemulonii, C. lipolytica, C. lustaniae, C. famata and C. pelliculosa .  

However all these isolates could be clustered as those producing 

white to pink colonies on CHROMagar and producing only yeast 

c e l l s  ( y e a s t  c e l l s  w i t h o u t  p s e u d o h y p a h e )  o n  

Sanjeev Kumar  et.al Int J Biol Med Res. 2013; 4(4): 3600-3606

4. DISCUSSION:

Over the past decade, there has been a significant increase in the 

number of reports of systemic and mucosal yeast infections with 
[14,22,23]Candida species other than C.albicans .  The emergence of such 

infection has been attributed to the advances in medical 

management and increasing load of severely ill patients.  Infections 

with NAC species have a direct impact on choice of empirical 

antifungal therapy and clinical outcome.  The potential clinical 

importance of species and identification has been recognized as 

Candida species differ in the expression of putative virulence factors 
[16,24]and antifungal susceptibility .  Correct and rapid identification 

of various Candida isolates is definitely warranted not only for 

proper patient management as various species respond differently 

to various antifungal agents but also to prevent emergence of drug 

resistance. Studies over the years have shown that there is a 

considerable increase in the Non-albicans Candida (NAC) isolates.  

Our study showed that Non-albicans Candida(NAC) were isolated at 

a higher rate (60%) than C. albicans (40%), which was in agreement 
25 26with the findings of the studies by Shivanand et al , Ragini et al , 

21 29 20Machanda V etal , Mokaddas et al  and Vijaya D et al , who also 

showed the non-albicans Candida incidence to be higher than that of 

C. albicans.  The predominant NCA isolate observed in our tertiary 

care centre was C. tropicalis.  This was in agreement with the studies 
28 29conducted by Chakrabarthi A. et al , Agarwal J et al ., Singhi SC et 

26al30 and Ragini AK et al . These findings seem to suggest that non-

albicans Candida(NAC) are emerging as important fungal 

pathogens and a major threat for future.

In our study we evaluated the usefulness of the chromogenic 

agar medium for identification of Candida species.  In the present 

study we identified 90 Candida species correctly on CHROMagar. In 

our study the results on CHROMagar, almost matched that of 

microscopic morphology on corn-meal agar. We also found that 
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CMA.   All such isolates (yeast cells without pseudohyphae or 

pseudophyphae only) could be successfully identified only 

through automated systems i.e. the V2C system. Thus Vitek 2 ID 

could be an additional help in those situations where CHROMagar 

could not give identification37.  However V2C is an expensive and 

its use in most of the hospitals in developing countries like India 

cannot be justify.  CHROMagar was certainly the more efficient 

method over Vitek 2 for identification of most commonly isolated 

species from our centre.  For non-resolving identification issues 

of yeast, automated systems may be helpful.  However there were 

certain limitations in our study such as there was no isolate of 

C.dublinensis which is difficult to distinguish from C. albicans on 

chromogenic agar and very few isolates of C. lustaniae, C. 

haemulonii, C. famata, C. lipolytica and C. pelliculosa for 

comparison.

The invitro susceptibility testing of antifungal agents is 

becoming increasingly important because of the introduction of 

new antifungal agents and the recovery of clinical isolates that 

exhibit inherent or developed resistance to Amphotericin B, 

Flucytosine and the Azole group of drugs during chemotheraphy.  

In the present study antifungal susceptibility testing was done for 

100 Candida isolates by automated Vitek 2 system.  The C. 

albicans isolates were 100% susceptible to Caspofungin, 

Flucytosine and Voriconazole and showed 5% resistant to 

Fluconazole and Amphotericin B.  The C. tropicalis isolates were 

100% susceptible to Caspofungin, Flucytosine, Voriconazole, 

Fluconazole and Amphotericin B.  The C. krusei isolates were 

100% susceptible to Caspofungin, Amphotericin B and 

Voriconazole and showed 100% resistant to Fluconazole and 

34% resistance to Flucytosine.  The C. glabrata isolates were 

100% susceptible to Caspofungin, Amphotericin B and 

Flucytosine and showed 20% resistant to Voriconazole and 

Fluconazole.  The C. parapsilosis isolates were 100% susceptible 

to Caspofungin, Amphotericin, Flucytosine, Voriconazole and 

Fluconazole. The findings of the present study correlate with 

those of a study by Jin-Sol Lee et al, in which C. krusei showed 
38100% resistant to Fluconazole .  The studies conducted by 

39Yonghao Xu et al.  and Shivanand et al.25, also showed that the 

high resistant to Azoles and Flucytocine against the Non-albicans 

Candida (NAC) species.   C. krusei and C.glabrata showed high 

resistant to Fluconazole, probably due to their innate or 

developed resistance to the drug.  The speciation of Candida is 

important to provide a database for a given area of study.  The 

choice of antifungals is also dependent on the species of Candida.  

patient morbidity and mortality. As epidemiology of 

Candidemia differs markedly, the study advocate that it is 

important for every setting to speciate and perform the antifungal 

susceptibility testing.  This information will help us to recognise 

the emerging fungal pathogen and increasing drug resistance. 

The present study also highlights the need for periodic 

surveillance of antifungal susceptibility pattern of the prevalent 

Candida species, as it would enlightened the judicious use of 

antifungal drugs in patients and thus preventing the emergence of 

drug resistance.  

To conclude our study showed that CHROMagar Candida is an 

easy reliable and affordable medium for commonly isolated 

clinically important Candida species.  This capability will help 

clinician to choose appropriate antifungal agent, thus decreasing 

5. CONCLUSION:
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