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Candida species are the most common cause of fungal infections. Candida species are opportunistic yeast like fungi.
They are ubiquitous and have potential to cause human disease under specific circumstances and conditions. Materials
and methods: A total of 172 Candida species were isolated from various clinical samples like oral swab, vaginal swab,
urine, sputum, bronchial aspirate and other samples. All these samples were collected from patients having signs and
symptoms of candidiasis. All the isolates were identified by using urease test, germ tube test, Dalmau plate culture
method, growth on hichrome Candida agar and Growth at 45°C. Antifungal susceptibility test was done on all the isolates
by disk diffusion method (NCCLS M44-A). Results: Out of 172 total isolates, 112 were identified as Candida albicans,
41 as Candida tropicalis, 05 as Candida krusei, 04 as Candida dubliniensis and 10 as Candida glabrata.
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INTRODUCTION

Fungal infections are known to affect the
immunocompromised hosts. Modernization of medicine
and progressive HIV pandemic has provided ample
ground for the fungal pathogens.' The advent of HIV and
pandemic of AIDS have greatly increased the number of
immunocompromised individuals susceptible to a wide
variety of pathogens including mycoses due to yeast
species of genus Candida.” Candida is the most common
fungal agent encountered in human disease. Candidiasis
is often among the -earliest detectable clinical

manifestations of HIV seropositivity. Oral candidiasis
occurs in about 95% of HIV seropositive individuals at
some stage of their illness. It is highly predictive of
progression to AIDS.?

The common species found to cause human
infections are C. albicans, C. tropicalis, C. parapsilosis, C.
glabrata, C. krusei, C. lusitaniae, C. kefyr, C.
gullermondii and C. dubliniensis. Candida albicans is the
most frequently reported causative agent associated with
various lesions in immunocompromised individuals. The
frequency of infections caused by non albicans Candida
(NAC) is also increasing. The increased frequency of
these non albicans species is probably secondary to an
alteration in the flora induced by the use of systemic
azoles”. These species are also shown to have decreased
susceptibility to antifungal agents. C. krusei and C.
glabrata have innate resistance to fluconazole®**"*.
Presence of candidiasis may serve as clinical marker for
underlying immunosuppression. Hence, identification of
Candida species is very important in the laboratory.
Identification of species has therapeutic significance,
allowing use of appropriate antifungal agents and
preventing emergence of drug resistance.

The disk diffusion method of antifungal
susceptibility testing is relatively simple, reliable,
reproducible method. Resistance to most of the common
antifungal drugs is emerging, so rapid in vitro
susceptibility test is required to guide the selection of
antifungal therapy for successful antifungal susceptibility
test was done on all the isolates by disk diffusion method
(NCCLS document M44-A). This study was done to
isolate various species of Candida from various clinical g
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samples, identify them by using various methods and to
perform the antifungal susceptibility test of all the
isolates.

MATERIALS AND METHODS

A total of 172 Candida strains were isolated from
various clinical specimens like oral swab, vaginal swab,
urine (midstream), sputum, tracheal aspirate and pus.
Samples were collected from HIV seropositive patients
who were having clinically evident lesions suggestive of
candidiasis. For oral and vaginal sample collection, two
swabs were collected, one for Gram staining and one for
culture. For oral swab, vaginal swab, sputum, tracheal
aspirate and pus primary smears were prepared and Gram
staining was done and findings of Gram staining were
noted. For urine sample midstream urine sample was
collected and wet mount of urine was examined for the
presence of yeast cells and pseudohyphae if present.
Sabouraud dextrose agar (SDA) (Himedia, Mumbai,
India) slant was used as culture medium. Inoculation of
SDA slants was done by using various clinical samples.

The slants were observed daily for presence of
growth for seven days. When growth was observed on
SDA slants, colony smear was made and stained with
Gram stain method. Further tests done for the
identification were urease test, germ tube test, Dalmau
plate culture method, identification by growth on chrome
agar and growth at 45°C. Antibiotic susceptibility test was
done on all the isolates.

Germ tube test: A small portion of isolated
colony suspended in test tube containing 0.5 ml of human
serum. The test tube was incubated at 35°C for not more
than two hours. A drop of yeast-serum suspension was
taken on microscope slide overlaid with coverslip and
examined under 45X objective lens for presence or
absence of germ tube.

Dalmau plate culture method®: A heavy
inoculum of yeast was streaked across plate containing
cornmeal agar with tween 80 and coverslip was placed
over it. The streak should project beyond coverslip. Plates
were incubated at 25°C for 24 to 48 hours. Examination
was done for presence of chlamydospores, arrangement
of pseudohyphae under low and high power.

Use of Hichrome Candida agar”®’: Streaking
was done on Hichrome Candida agar (Himedia, Mumbai,
India) with a isolated colony of yeast. Colour and

morphology of the colony was observed after 48 hours of
incubation.

Urease test'’: Christensen’s Urease agar
(Himedia, Mumbai, India) was inoculated with isolated
colony of yeast. Test tubes were incubated at 30 °C for
one week. Change of colour to pink is considered as a
positive test.

Growth at 45 °C'': All germ tube test positive
isolates were inoculates on SDA plate. The plates were
incubated at 45 °C for a week. If abundant growth was
present, the isolate was considered as C. albicans. If there
is no growth, the isolate was considered as C.
dubliniensis.

Antifungal  susceptibility test'”:  The
susceptibility of the Candida species to fluconazole was
done by NCCLS M44 A disk diffusion method. 25 pg
disk of fluconazole (Himedia, Mumbai, India) was used
to perform antifungal susceptibility test. Isolated colony
was suspended in sterile saline and the turbidity of
inoculums was adjusted to match 0.5 Mcfarland density
standard. With the help of sterile cotton swab moistened
with the inoculum suspension lawn culture was done on
Mueller Hinton agar supplemented with 2% glucose and
0.5 pg/ml methylene blue. Fluconazole disc was applied
on the surface of the medium. Plates were incubated at 37
°C for 24 hours and diameter of zone of inhibition was
noted.

RESULTS

In this study majority of patients were male 62% and
females were 38%. Maximum patients (72) belong to age
group 31-40 years (male 46 and female 26) followed by
age group 21-30 years, which had 65 patients (36 male
and 29 female).

Table 1
Age group No of cases Males Females
10-20 07 05 02
21-30 65 36 29
31-40 72 46 26
41-50 19 13 06
51-60 09 06 03
Total 172 106 66
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Urease test: All the isolates were urease negative.

Germ tube test: The test was given positive by 116 isolates from which 112 were Candida albicans and 04 were further
identified as Candida dubliniensis on the basis of growth at 45°C, Dalmau plate culture method and morphology on
Chrome agar Candida.

Dalmau plate culture method: In this study, 112 were Candida albicans, 41 were Candida tropicalis, 05 were Candida
krusei, 04 were Candida dubliniensis and 10 were Candida glabrata.

Table 2: Morphology of various Candida species on Dalmau plate culture method
Species Number Observation
Elongated pseudohyphae with large clusters of blastoconidia at junctures

C. albicans 112 . .
between cells with terminal chlamydospores.
Abundant pseudohyphae and abundant branching, often radiating with clusters
C. tropicalis 41 of blastoconidia at the center.
C. krusei 05 “Crossed- matchsticks” appearance
C. dubliniensis 04 Abundant chlamydospores, abundant pseudohyphae, some true hyphae,
clusters of blastospores along pseudohyphae
C. glabrata 10 No pseudohyphae
Results of morphology on chrome agar Candida
Species Morphology on chrome agar
C. albicans Light green colonies.
Candida tropicalis blue coloured colonies
Candida dubliniensis Dark green colonies
Candida krusei Purple colonies
Candida glabrata Cream to white coloured colonies.

Various species isolated in this study
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Results of Growth at 452C: This test was done on all the isolates
which showed germ tube test positive

Total germ tube Presence of growth Presence of growth
positive isolates at 45°C and 37°C at 37°C only
116 112 04

Those isolated which show growth at 37°C only are
identified as C. dubliniensis. Results obtained by all these
methods of identification match with each other.

Results of antifungal susceptibility testing: Resistance pattern of
various Candida species against fluconazole
Candida species  Fluconazole  Total

C. albicans 41(36.6%) 112
C. tropicalis 16(39%) 41
C. glabrata 03(30%) 10
C. krusei 05(100%)* 05

C. dubliniensis 1(25%) 04
Total 66(38.3%) 172

*Candida krusei have innate resisiance to fluconazole

Out of 112 C. albicans isolates, 41(36.6%) were
resistant to fluconazole, out of 41 C. tropicalis isolates,
16(39%) were resistant, out of 10 C. glabrata isolates,
03(30%) were resistant to fluconazole, 05 out of 05 C.
krusei isolates were resistant to fluconazole and 01 out of
04 C. dubliniensis was resistant to fluconazole. Overall,
66(38.3%) Candida iaolates were resistant to fluconazole.

DISCUSSION

Though Candida albicans is responsible for most
of the cases of candidiasis, there has been striking
increase in the non albicans Candida species primarily C.
tropicalis, C. krusei, C. parapsilosis and C. glabrata. The
isolation and identification of yeast becomes more and
more necessary for the choice of adequate therapy. This is
particularly important in view of the development of
resistance to azole group of antifungal agents in
previously susceptible C. albicans strain and of the
different antifungal susceptibility patterns of non albicans
species. We undertook the present study to find out
various Candida species causing various clinical
conditions in HIV seropositive individuals and their
susceptibility to commonly used azole i.e. fluconazole.
The majority of patients presented with candidiasis
belong to age group 21-40 years. The mean age group
was 33.79 years. It is well documented that cases of
AIDS belong to sexually active people. The mean age
group was 27 in study of Barone ez al'*, 30.5 in Schiodt et
al®, 38.5 in Sangeorzan et al'®. In Gram staining of the
primary smears, presence of pseudohyphae indicates the
tissue invasion by Candida species and is of more
significance. Germ tube test was positive for 116 isolates.
Out of these 116 isolates, 112 were C. albicans and 04
were C. dubliniensis. C. albicans and C. dubliniensis can

be differentiated by Growth at 45°C, Growth on chrome
agar and by Dalmau plate culture method. Identification
by Dalmau plate method was done as per the guidelines
given in VII th National Workshop on simple diagnostic
methods in clinical microbiology’. Recognition of yeast
morphologies on Dalmau plates requires some experience
but once this is mastered the method is simple and
reliable. The findings of identification by morphology on
chrome agar Candida matches with various studies done
by Sanjeev kumar et al'’, Sayyada ghufrana nadeem et
al’® and Odds and Bernaerts”. This method is simple,
rapid, cost effective method of identification of various
Candida species.
Percentage of Candida albicans in various studies

Study Percentage of Candida albicans
Usha arora et al”® 62.5%
V P Baradkar and S Kumar?* 70%
Franker et al” 84%
Barone et al** 87%
Walmsley et al® 79.4%
Our study 65.1%

Fluconazole resistance pattern of Candida species in various

studies
Our Mondal set  Abhijit tiwari ~ Zarei Mahmoudabadi A
study al etal” etal®
38.3% 28.3% 37.6% 48.4%

In our study we found all candida krusei strains
are resistant to fluconazole. This is because C. krusei
have innate resistance to fluconazole. Revankar et a127,
Narain ef al”® also have similar finding in their studies.

CONCLUSION

In our study, 172 HIV seropositive cases having clinical
features of Candidiasis were included. Presence of
candidiasis indicates underlying immunosuppression in
the patient. Candida albicans was the major (65.1%)
Candida species isolated. Correlation between Germ tube
test and C. albicans speciation was good. Non albicans
Candida accounted for 34.9 % of total Candida isolates.
Recognition of yeast morphologies on Dalmau plates
requires some experience but once this is mastered the
method is simple and reliable. Identification of various
Candida species by morphology on CHROMagar is a
rapid, reliable, inexpensive method. 38.3% of the all the
Candida species were resistant to fluconazole. Candida
krusei has innate resistance to fluconazole. NCCLS
M44A disk diffusion method is easy, reliable method to
perform antifungal susceptibility testing. To conclude
Candida albicans was the major species out of all Candida
isolates in our study however the emergence of non
albicans Candida species cannot be overlooked. There is
emergence of fluconazole resistance and C. krusei having
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innate resistance to fluconazole, speciation of Candida
isolates and assessment of its susceptibility to antifungal
agents is necessary in every case.

REFERENCES

1.

10.

11.

12.

13.

14.

MedPulse — International Medical Journal, ISSN: 2348-2516, EISSN: 2348-1897, Volume 2, Issue 10, October 2015

Mandell GL, Bennett JE, Dolin R. Mandell, Cipugias and
Bennett's Principles and practice of infectious diseases.
4" ed. Vol. II. Churchill Livingstone, Edinburgh :1995.
McCreary C. Bergin C. Pilkington R, Kelly G, Muicahy
F. Clinical parameters associated with recalcitrant oral
candidosis in HIV infection: a preliminary study. Int. J.
STD and AIDS. 1995, 6 : 204-207.

Chander J. A text book of Medical mycology,
Candidiasis 3 edition. New Delhi: Mehta Publishers;
2009. Pp. 266-90.

John H Rex JH, Pfaller MA, Walsh TI. Antifungal
Susceptibility testing: Practical aspects and Current
challenges. Clinical Microbiol Rav 2001; 14: 643-58.
Koneman EW. Alien S.D. , Janda WM, S
chrenckenberger PC, Winn W.C Colour Atlas and
Textbook of Diagnostic Microbiology 5™ ed. Lippincott,
Philadelphia : 1997, 983-1069.

Identification of yeast by Dalmau plate cutture method:
VII national workshop on simple diagnostic methods in
clinical microbiology — standard operating procedure
manual page 37 to 41.

Pfaller MA, Houston A. Coffmann Application of
CHROMagar Candida for rapid screening of clinical
specimens for Candida albicans, Candida tropicalis,
Candida krusei, and Candida (Torulopsis) glabrata. J.
Clin Microbiol. 1996; 34 (1) : 58 - 61.

Willinger B, Manafi M. Evaluation of CHROMagar
Candida for rapid screening of clinical specimens for
Candida species. Mycoses 1999; 42 (1-2):61-65.
Aincough S, Kibbler CC. An evaluation of the cost
effectiveness of using CHROMagar for yeast
identification in a routine microbiology laboratory. J.
Clin. Microbiol 1998; 47: 623-628.

Pre Congress CME symposium and workshop on clinical
mycology. XXI National Congress of Indian Association
of Medical Microbiologists, Dr.V.M. Medical College.
17 December 1997 ; Pg. 31-35.

Pinjon E et al. Simple, inexpensive, reliable method for
differentiation of C.dubliniensis from C.albicans. J. Clin.
Microbiol 1998; 36(7):2093-2095.

Testore GP et al. In vitro fluconazole susceptibility of
1565.clinical isolates of Candida species evaluated by the
disk diffusion method performed using NCCLS M44-A
guidelines. Diagn. Microbiol. Infect. Dis.2004; 50 (3);
187-192. (Abstract)

Colombo Al et al. Fluconazole susceptibility of Brazilian
Candida isolates assessed by a disk diffusion method.
Braz. J. Infect. Dis. 2002;6 (3).

Millard HD. Prevalence of oral lesions among HIV
infected intravenous drug abusers and other risk groups.
ORAL SURG ORAL MED ORAL PATHOL 1990; 69:
169-173.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Schiodt M et al. Oral candidiasis and hairy leukoplakia
correlate with HIV infection in Tanzania. ORAL SURG
ORAL MED ORAL PATHOL 1990; 69: 591-596.
Sangeorzan JA et al. Epidemiology of oral candidiasis in
HIV infected patients: Colonization, Infection, treatment
and emergence of fluconazole resistance. Am. J. Med.
1994; 97:339-346.

Sanjeev Kumar et.al. Application of CHROMagar
Candida for identification of clinically important candida
species and their antifungal susceptibility pattern.
Internation Journal of Biological and Medical Research.
2013; 4(4): 3600-3606.

Sayyada Ghufrana Nadeem, Shazia Tabassum Hakim and
Shahana Urooj Kazmi. Use of CHROMagar Candida for
the presumptive identification of Candida species directly
from clinical specimens in resource limited settings.
Libyan J med 2010, 5:2144.

Frank C. Odds and Ria Bernarts. CHROMagar candida, a
new differential isolation medium for presumptive
identification of clinically important Candida species.
Usha Arora, Arun Aggarwal, Renuka bajaj. Oral
candidiasis in HIV seropositive patients. Journal of
conservative dentistry vol.6 no.2, Apr-jun2003, 62-64.\

V P Baradkar, S kumar. Species identification of Candida
isolates obtained from oral lesions of HIV infected
patients. Indian Journal of dermatology 2009;54(4), 385-
386.

Franker CK et al. Characterization of the mycoflora from
oral mucosal surfaces of some HIV-infected patients.
ORAL SURG ORAL MED ORAL PATHOL 1990; 69:
683-687.

Walmsley S. Oropharyngeal candidiasis in patients with
HIV: Correlation of clinical outcome, with in vitro
resistance, serum azole levels, and immunosuppression.
Clin. Infect. Dis. 2001 ;32 : 1554-1561.

Mondal S, Mondal A, Pal N, Banerjee P, Kumar S,
Bhargava D. Species distribution and in vitro antifungal
susceptibility patterns of Candida. Journal of Institute of
Medicine, April, 2013; 35:1, 45-49

Abhijit Awari. Species distribution and antifungal
susceptibility profile of Candida isolated from urine
samples. Indian Journal of Basic and Applied Medical
Research; September 2012: Issue-4, Vol.-1, P. 357-360
Ali Zarei Mahmoudabadi, Majid Zarrin , Maryam
Beheshti Fard. Antifungal Susceptibility of Candida
Species Isolated From Candiduria. Jundishapur J
Microbiol. 2013;6(1): 24-28.

Sanjay G. Revankar, William R. Kirkpatrick, Robert K.
McAtee, Olga P. Dib, Annette W. Fothergill, Spencer W.
Redding, Michael G. Rinaldi, and Thomas F. Patterson.
Detection and Significance of Fluconazole Resistance in
Oropharyngeal Candidiasis in Human Immunodeficiency
Virus-Infected Patients. The Journal of Infectious
Diseases 1996; 174:821-827.

S Narain. Neonatal systemic candidiasis in a tertiary care
centre. Indian J Med Microbiol 2003;21:56-8.

Page 630



