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Abstract
Background: Candida species are not only normal commensals of skin, mucous membranes and gastrointestinal
tract but may also cause a wide range of clinical manifestations ranging from muco-cutaneous involvement to
life-threatening systemic infections. In the last decade or so prevalence of non albicans candida (NAC)
species is increasing which are intrinsically more resistant to antifungals and thus it is important to speciate
the candida isolates. Purpose: To determine the prevalence rate of Candida infections and to compare the
conventional methods with CHROM Agar for identification of Candida species. Material and Methods: The
present study was carried out to isolate Candida species from various clinical samples received at the
Department of Microbiology, SGT Medical College Hospital and Research Institute over a period of 2.5 years
and to carry out their speciation using conventional methods and CHROM agar. The Candida species were
characterized using conventional methods such as Gram’s stain, culture characteristics, Germ tube test,
chlamydospore production, thermos-tolerance, carbohydrate fermentation- assimilation and growth on CHROM
Agar. Results: Of a total of 7903 clinical samples which included urine, sputum, high vaginal swab and pus,
Candida species were isolated from 200 (2.53%) specimens. C. albicans [80 (40%)] was the most commonly
isolated species followed by C. tropicalis [56 (28%)], C. glabrata [31 (15.5%)], C. kefyr [15(7.5%)], C.
krusei [14(7%)] and C. parapsilosis [04(2%)]. By using CHROM Agar medium, results obtained were similar
to conventional methods for all species except C. parapsilosis and C. kefyr, as CHROM agar cannot differentiate
between C. kefyr and C. parapsilosis as they both produce pink coloured colonies. Conclusion: The rapid
method, CHROM Agar does help in quick and easy identification of Candida species but might fail in determining
the exact species because of the same colour representation by some of the Candida species.
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Introduction
Candida species are normal commensals of skin,
mucous membranes and gastrointestinal tract. They can
also cause a wide variety of clinical infections more so in
immunocompromised hosts. Candidiasis can remain as
superficial infection of skin and mucous membranes or
can cause serious systemic infections. Specific virulence
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factors such as adherence to host tissues and medical
devices, the development of bio-films and the secretion
of extracellular hydrolytic enzymes make it easier for
Candida species to move from being a commensal to a
potent pathogen (1).
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Candida albicans is the most common pathogen
among Candida species that causes superficial infections
including thrush, vaginitis, skin and nail infections as well
as systemic infections. In the past two decades however,
there has been a rise in the prevalence of Non-albicans
Candida (NAC), being found in 35-65% percent of all
systemic candidiasis which was 10-40% in 1970s (2).
The growing use of azoles probably triggered this
epidemiological change as NAC are intrinsically more
resistant to antifungals than Candida albicans. Different
species of Candida have different patterns of tolerance
to antifungals. It is therefore important to classify species
to recognize certain strains that may be intrinsically
resistant to certain antifungal agents (3,4). In India, the
prevalence of Candida species in clinical specimens
ranges from 1.9% to 22.2% (5-7).
Speciation of Candida isolates is conventionally done
by germ tube test, chlamydospore formation on corn meal
agar, sugar assimilation and sugar fermentation tests.
Newer methods include CHROM agar, API systems,
Vitek 2 ID system, MALDI-TOF and several molecular
methods (8). CHROM agar is a simple, rapid, cost
effective method for speciation of Candida spp. The
present study was done to determine the prevalence rate
of Candida infections and to compare the conventional
methods such as germ tube test, chlamydospore formation
test, sugar fermentation test and sugar assimilation test
with CHROM Agar for identification of Candida species.
Material and Methods
The present study was carried out in the Department
of Microbiology, SGT Medical College Hospital and
Research Institute, Gurugram. The protocol of the study
was approved by institutional research and ethical
committees of SGT University (SGTU/FMHS/MICRO/
341). Clinical specimens received in the laboratory from
patients attending the inpatients and outpatient
departments of the hospital with suspected candidiasis
during the study period were processed as per standard
methods for the isolation of Candida species (9).
The specimens included urine (n=4252), high vaginal
swab (n=1028), sputum (n=1158) and pus (n=1465). The
specimens were inoculated on blood agar or MacConkey
agar and CLED medium (only for urine samples), and
were incubated at 35 ± 2°C for 24-48 hours. All the
smooth, pasty and creamy colonies suggestive of Candida
species were selected and Gram staining was performed.
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If gram positive budding yeasts cells with or without
pseudohyphae were seen then these were identified as
probable Candida species. For urine samples, in order
to differentiate colonization from true infection, the
following criteria were used (7).
• A pure colony of Candida spp. on culture with
a colony count of e 104 CFU/ml
• Presence of pus cells on urine wet mount
examination
• In case of catheterized patient, growth
of Candida spp. on repeat urine culture after
catheter removal
These isolates of Candida species were further
inoculated on Sabouraud dextrose agar and incubated at
37°C for 24 hours. Colony on Sabouraud dextrose agar
was further processed for germ tube test. Isolates which
were positive for germ tube were identified as either C.
albicans or C. dubliniensis. To further identify Candida
albicans, growth at 45°C and Chlamydospore formation
on Corn Meal Agar (CMA) was carried out. Isolates
which showed growth at 45°C and chlamydospore
formation were identified as Candida albicans.
All the isolates were subjected to sugar fermentation
test and sugar assimilation test for final confirmation of
species. Candida isolates were inoculated on CHROM
Agar and incubated at 35 ± 2°C for 24 hours and the
species were identified by type and colour of the colonies
on CHROM Agar media as per manufacturer’s
instructions (Himedia, Mumbai, India).
Results
A total of 200 (2.5%) Candida species were isolated
from 7903 clinical samples during the period of study.
Distribution of patients in whom Candida spp. were
isolated by age group, gender and specimen type is shown
in Table 1. Majority of the isolates were obtained from
urine 134/4245 with isolation rate of 3.1% followed by
high vaginal swab 28/1028 (2.7%), sputum 20 /1158
(1.7%) and pus 18/1465 (1.22%) respectively. Of the
134 urinary isolates, majority 118 were from female
patients while 16 were from male patients. Out of the 18
pus samples positive, 6 were from female patients and
12 were from male patients whereas in sputum sample,
15 of 20 specimens positive for Candida were from male
patients and 5 were from female patients. Altogether a
total of 157/200 (78.5%) Candida isolates were from
female patients while 43/200 (21.5%) were from male
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patients. Maximum number of patients (65.5%) from
whom Candida species were isolated were in the age
group 19-40 years (Table 1).
Among the 200 Candida isolates, 80(40%) showed
positive results in germ tube test, chlamydospore
production on corn meal agar and growth at 45°C and
were thus identified as Candida albicans whereas those
which were negative for all the above tests were identified

as Non albicans Candida (NAC).
Glucose was fermented by all Candida species, while
sucrose was not fermented by C. glabrata and krusei,
lactose was fermented by only albicans and kefyr, and
trehalose was not fermented by kefyr and krusei and
raffinose was only fermented by kefyr. In sugar
assimilation assays, again glucose was assimilated by all
Candida species, sucrose by only tropicalis and maltose

Table 1. Distribution of Patients from Whom Candida Species were Isolated by Age Group, Specimen and
Gender of the Patients
SPECIMENS

Age Groups

0 – 18 yrs.
19 – 40 yrs.
41 – 60 yrs.
> 60 yrs.
Total

Urine
No. Positive / No.
of Specimen (%)
134/4252
(3.1%)
M
F
04
11
06
88
03
14
03
05
16
118

Sputum
No. Positive / No.
of Specimen (%)
20/1158
(1.7%)
M
F
01
0
01
02
01
01
12
02
15
5

HVS
No. Positive / No.
of Specimen (%)
28/1028
(2.7%)
F
0
25
03
0
28

Pus
No. Positive / No.
of Specimen (%)
18/1465
(1.22%)
M
F
0
0
06
03
05
03
01
0
12
6

Total
(%)

16(8)
131(65.5)
30 (15)
23(11.5)

Table 2. Identification of Candida Species by Sugar Assimilation and Fermentation Reaction (Total No. of
Isolates Tested =200)
Carbohydrate Assimilation Test
GLU
SUC
LAC
TRE
RAFF
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
-

Carbohydrate Fermentation Test
GLU
SUC
MAL
LAC
AG
AG
AG
AG
AG
AG
AG
AG
AG
-

Candida Spp. Identified (No.)
C. albicans (80)
C.tropicalis (56)
C. glabrata (31)
C.kefyr (15)
C.krusei (14)
C.Parapsilosis (4)

Table 3: Type of Coloured Colonies Produced by
Various Candida Species on CHROM Agar (Total No.
of Isolates Tested: 200)
Colour of the Colonies
Produced on CHROM Agar
Dark green
Metallic blue
Purple fuzzy
White to Cream
Light pink

Candida Spp.
Identified* (No.)
C. albicans (80)
C. tropicalis (56)
C. krusei (14)
C. glabrata (31)
C. Parapsilosis** (19)

*As per the manufacture’s instruction
** C. kefyr was not identified since both C. parapsilosis and C. kefyr
produce light pink colonies
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Figure 1: Test Tube with SDA Agar Showing Smooth
Cream Pasty Colonies

JK Science: Journal of Medical Education & Research

177

JK SCIENCE

Figure 2: Germ Tube Formation in Human Serum
Seen at 40x Magnification

Figure 3: Growth of Candida Spp. on Corn Meal Agar

Figure 4: C. Albicans Showing Branched Pseudo
Hyphae and Chlamydospores Formation at 40 X
Magnification

Figure 5: Growth of Candida Species on CHROM
Agar

by albicans and tropicalis. Based on these sugar
fermentation and assimilation assays 80(40%) of the
Candida isolates were identified as C. albicans, 56(23%)
as C. tropicalis, 31(15.5%) as glabrata, 15(7.5%) as
C. kefyr, 14(7%) as krusei and 4(2%) as parapsilosis
(Table 2).
On growth on CHROM Agar Candida medium, dark
green coloured colonies were seen for all isolates of
Candida albicans, metallic blue coloured for all Candida
tropicalis, smooth cream colonies for Candida glabrata,
purple fizzy colonies for C. Krusei and light pink colored
colonies for C. parapsilosis and C. kefyr isolates (Table
3, Figure 5).
On comparison between results obtained by sugar
assimilation, fermentation and CHROM Agar methods,
it was observed that both the methods showed similar

results for identification of C. albicans, C. tropicalis,
C. krusei and C. glabrata. However, CHROM Agar
could not identify C. kefyr. Identification of C. kefyr and
C. parapsilosis could only be done by sugar assimilation
and fermentation tests. All the Candida species were
further identified by MALDI – TOF.
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Discussion
As Candida infections have increased significantly in
the last decade because of high prevalence of diabetes
in Indian population, increase in number of immunocomprised hosts due to HIV infection, and use of
immunosuppressive agents in transplant patients further
NAC are being increasing reported in systemic infection
(10). It is thus important not only to find out the rates of
candida infections in patients but also to speciate them.
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In the present study, the prevalence of Candida
species from various clinical specimens received from
the hospital was found to be 2.5%. A study from south
India also reported a low prevalence rate (1.9%) for
Candida spp. from various clinical specimens viz. blood,
urine, endotracheal tube, pus and throat swab (5). As
Candida is a commensal in superficial sites in humans,
its isolation can be seen in the absence of infection also.
Therefore, it should only be reported when there is
significant growth. In the present study, majority of the
specimens were from non-invasive site. Highest incidence
of candidiasis was seen in female study subjects. Majority
of the Candida species were isolated from urine sample
which indicates the high incidence of urinary tract
infections caused by Candida species which correlates
well with the female gender also.
Out of the 200 Candida isolates, 80/200 (40%) were
Candida albicans and the other 120/200 (60%) were
identified as Non albicans Candida species. In 120 NAC
species, C. tropicalis were (46.66%), C. glabrata
(25.83%), C. kefyr (12.5%), C. krusei (11.66%) and C.
parapsilosis (3.33%) respectively. The finding of the
present study shows similar distribution of Candida
species reported by other studies from India and Nepal
(1,11). A previous study carried out in the present hospital
revealed C. albicans as the predominant species (52%)
followed by C. tropicalis (25%), C. krusei (17%) and
C. glabrata (7%). However, the number of isolates were
less (n=60) compared to the present study (12).
C. tropicalis was the most prevalent NAC followed
by C. glabrata and C. kefyr, which is similar to studies
reported from India and abroad except that in these studies
C. krusei has been reported as third most common NAC
(13,14). In the present study overall isolation rate of NAC
was higher compared to C. albicans i.e. 60% suggesting
the emergence of NAC as important pathogens. Higher
prevalence of NAC (74 - 77.5%) has also been reported
in other studies from India (15,16).
For speciation of Candida, conventional methods such
as Germ tube test, chlamydospore formation, growth at
45°C, sugar fermentation and assimilation tests are used.
These methods are time consuming (upto 2 weeks) and
labour intensive. A chomogenic culture medium, CHROM
Agar method is a rapid method for speciation of different
Candida species. By using this medium, results can be
obtained within 24-48 hours. Considering the result
obtained from conventional methods, sensitivity and
Vol. 22 No. 4, October- December 2020

specificity of CHROM Agar for C. albicans, C.
tropicalis, C. glabrata and C. krusei were 100% while
for C. parapsilosis specificity was 92.89% and sensitivity
was 100%.
Although CHROM Agar cannot differentiate between
some of the Candida species such as C. kefyr and C.
parapsilosis since both of them produce pink color
colonies, it still is a valuable method in resource poor
settings. Other advantages of CHROM Agar are that it
is simple, rapid and it can be used for differentiation
between two or more Candida species present in a
sample.
Conclusion
The rapid method, CHROM Agar does help in quick
and easy identification of Candida species but might fail
in determining the exact species because of the same
colour representation by some of the Candida species.
The conventional method or traditional methods do take
time and are laborious still continues to be the only reliable
method for identification of Candida species against rapid
CHROM Agar method.
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