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Abstract 

The purpose of the present study has been to isolate and identify Candida at the species level using different methods. 

Germ tube, Chlamydospore formation, Sugar fermentation, Sugar assimilation, CHROM agar and also PCR-based assays were 

used to differentiate the Candida sp. by using an ITS primer. In all, 20 organisms were isolated from the immuno-compromised 

patients (N =20) with symptoms of oral Candidiasis. PCR analysis and other methods described here is a relatively easy, 

reproducible and reliable technique and the same was applied to identify the organisms at species-specific level. These findings 

demonstrate that this method will be useful for identifying closely related species. 
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Introduction 

Candidiasis of the oropharynx is a major AIDS-

defining opportunistic infection in HIV-infected subjects 

and has been a key symptom for detecting HIV disease 

(Klein et al., 1984). Candida albicans is a commensal 

organism, commonly occuring in the oral and vaginal 

mucosa besides the gastrointestinal tract. It causes 

opportunistic infections in the immuno-compromised 

patients producing allergic reactions rarely causing 

morbidity and mortality (Douglas, 2003). Species of 

Candida have been the leading cause for disseminated 

fungal infections in the immuno-compromised hosts, the 

diabetics, the neonatals and the post-operative patients. In 

patients with chronic mucocutaneous candidiasis,              

C. albicans causes an erosive dermatitis involving skin and 

mucous membranes and severe inflammation of the vaginal 

tract (Margaret Hostet’lr, 1994). Among the standard 

methods available for identification of Candida sp. only a 

few methods are useful for the detection and identification 

of the various species by a single and direct PCR analysis.  

Materials and Methods 

Candida strains were isolated from the oral 

secretions of the immuno-compromised patients with 

clinical symptoms of oral Candidiasis. 

Collection of samples 

The samples collected from the immuno-

compromised patients with the help of sterilized tools were 

further tested for Candida species.  

Fig. 1. Colony Morphology of Candida sp. on SDA Plates 

(x100) 

 

 

 

 

 

 

 

 

 

Isolation and identification  

All samples were streaked on SDA containing the 

antibiotic (Streptomycin 200mg/l) and were incubated at 

37o C for two days. Growth was observed and the 

photomicrographs of individual plates were made with the 

help of a Nikon FM 10 camera and Nikon HFX Labophot 

(bright field) with Nickon FX-35A (Fig. 1). Cream colour 

colonies isolated from the SDA (Sabouraud’s Dextrose 

Agar) plates were subjected to the following tests such as 



Gokul Raj et al., 2012 

Germ tube Test, Chlamydospore formation test, Sugar 

fermentation test and Sugar assimilation test given in the 

reference. CHROM agar was used to identify the Candida 

spp. on the basis of colour colonies appearance; sugar 

fermentation test and sugar assimilation test were also 

done. These tests were performed to differentiate the 

isolates based on the identification index with the aid of a 

kit (RAPID) purchased from Hi Media Laboratories Pvt. 

Limited (Fig. 2). 

Fig. 2 Variation of Candida spp. on CHROM Agar on the 

basis of colour colonies. Green colour- Candida albicans 

(CA); Dull Blue- Candida tropicalis (CA); Small pink to 

purple colonies- Candida guilliermondii (CG); Candida 

parapsilosis (CP)- White to pale pink colonies; Candida 

lusitaniae (CL); Pink gray purple. 

 

For DNA extraction, the cultures were routinely 

raised on SDA plates incubated at 37ºC for 24 to 48hrs. 

Aseptically, a single colony was inoculated into YPD 

(Yeast Potato Dextrose) broth (Dextrose 2%, Peptone 2%, 

and Yeast extract 1%) and the same incubated at 37ºC for 

24-48 hrs in a shaker at 200 rpm. Next, DNA extraction 

was done based on the following method suggested by 

(Harju et al., 2004) (Fig. 3). The PCR profiles were 

obtained with specific primers for Candida spp.(23-mers) 

FP: (5’-GCTACCACTTCAGAATCATCATC-3’) RP: 

(21mers): (5’-GCACCTTCAGTCGTAGAGACG-3’). The 

reaction conditions remained same as suggested by Romeo 

et al. (2008) except for certain minor changes. 

Amplification consisted of 35 cycles, Denaturation at 95°C 

for 5min, Annealing at 55°C for 30 seconds, and extension 

at 72°C for 1 min followed by final extension at 72°C for 

12 min. For all PCR-based procedures, amplification was 

done with PTC (Programmable Thermal Cycler). To a 

sample of 10 and 5 μl of ethidium bromide (ETBR) was 

added. Each PCR product was then analyzed by 

electrophoresis in a 1% agarose gel and was visualized in a 

transilluminator under UV light. 

Results  

Opportunistic fungal infections are common 

among HIV infected patients. Previous studies have 

revealed that 60% to 80% of HIV patients develop one or 

more fungal infections at some point of time during their 

illness, the most frequent being ‘Oropharyngeal 

Candidiasis’. In the present study, 20 isolates were raised 

from different immuno-compromised patients. The samples 

were subjected to morphological, biochemical and 

microbiological studies. Of the 20 isolates, 16 agreed with 

the diagnostic features for Candida and these isolates were 

further subjected to molecular identification for species 

confirmation. Germ tube and chlamydospore tests had been 

negative for all the three types of organisms.  These isolates 

tested positive for xylose and urease hydrolysis tests as 

well. 

Culture numbers 1-10 and 14-16 was observed to 

be germ tube negative and were able to ferment and 

assimilate the sugars provided except Lactose, Inositol and 

Maltose; Melibiose, Sucrose, Galactose, Cellobiose, 

Dulcitol, Raffinose and Trehalose were also utilized by 

these isolates. As for isolate No.13 it was found to be 

negative for germ tube, able to ferment and assimilate the 

sugars provided expect Lactose, Inositol, Dulcitol, 

Raffinose and Maltose; besides Melibiose, Galactose, 

Sucrose, Cellobiose and Trehalose were also metabolized 

by this strain. Cultures No.11and12 is also germ tube 

negative fermented and assimilated for all sugars except 

Xylose (Table 1). DNA and PCR analyses for individual 

organisms were made and base pairs identified and all 16 

isolates were subjected to sequencing and the results were 

further analysed by BLAST to ascertain the homology and 

subsequently the phylogenetic tree was constructed by 

subjecting the data to the software CLUSTAL-X and NJ-

PLOT. All the sequences were deposited at the gene bank 

and the accession numbers were obtained which are as 

follows: HM132880, HM132881, JF508426, JF508427, 

JF508428,   JF508429,   JF508430,   JF508431,   JF508433,  



 

Table 1. Sugar fermentation and assimilation by various Candida sp. 

Sugars CP

1 

CP

3 

CP

4 

CP

11 

CP

12 

CP

14 

CP

16 

CP

19 

CP

1A 

CP

15 

CP

20 

CP 

2 

CP

5 

CP

8 

CP

17 

CP

18 

Urease  ⁻  ⁻  ⁻  ⁻  ⁻  ⁻  ⁻  ⁻  ⁻  ⁻  ⁻  ⁻ ⁻ ⁻ ⁻ ⁻ 

Melibiose  + +  +  +  +  +  +  +  +  +  +  +  +  +  ⁻ ⁻ 
Lactose  ⁻ ⁻ ⁻ ⁻ ⁻ ⁻ ⁻ ⁻ ⁻ ⁻ ⁻ ⁻ ⁻ ⁻ ⁻ ⁻ 
Maltose  ⁻ ⁻ ⁻ ⁻ ⁻ ⁻ ⁻ ⁻ ⁻ ⁻ ⁻ ⁻ ⁻ ⁻ ⁻ ⁻ 
Sucrose  +  +  + + + + + + + + + + + + ⁻  ⁻  

Galactose  +  +  + + + + + + + + + + + + ⁻  ⁻  

Cellobiose  +  +  + + + + + + + + + + + + ⁻  ⁻  

Inositol  ⁻ ⁻ ⁻ ⁻ ⁻ ⁻ ⁻ ⁻ ⁻ ⁻ ⁻ ⁻ ⁻ ⁻ ⁻  ⁻  
Xylose  +  +  + + + + + + + + + + + + + + 

Dulcitol  + +  + + + + + + + + + + + ⁻ ⁻  ⁻  
Raffinose  + +  + + + + + + + + + + + ⁻ ⁻  ⁻  
Trehalose  +  +  + + + + + + + + + + + + ⁻  ⁻  

CP 1-5, 1A, 8 and 11-20 – Denotes isolate numbers; + & - -- Denotes fermentation positive and negative cultures 

 

JF508432, JF508434, JF508436, JF508435, JF712904, 

JF712905 and JF712906 (Fig 5). Based on this analysis, out 

of 16 isolates, 13 were identified as C. guilliermondii or    

P. guilliermondii, 2 as C. parapsilosis and only 1 as 

Clavispora lusitaniae (or) C. lusitaniae (Table 2). 

Table 2. Table depicting name and base pair size of 

Candida sp. 

Fig. 3. DNA isolation of Candida spp. Lane 1-8: DNA 

without Marker 10 μl of sample + 10 μl of loading dye. 

 

Fig.  4. Graphic depiction of Candida sp. recovered 

Fig. 5. Phylogenetic relationship among the Candida 

strains (CLUSTALX and NJPLOT) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Culture number and name Size in  base 

pair 

CP2 (C. guillermondii) 536 

CP5 (C. guillermondii) 528 

CP1 (C. guillermondii) 608 

CP3 (C. guillermondii) 624 

CP4 (C. guillermondii) 634 

CP11 (C. guillermondii) 584 

CP12 (C. guillermondii) 572 

CP14 (C. guillermondii) 572 

CP16 (C. guillermondii) 651 

CP19 (C. guillermondii) 639 

     CP17 (C. parapsilosis) 489 

     CP18 (C. parapsilosis) 547 

     CP 8 (C. lusitaniae) 407 

CP1A (C. guillermondii) 603 

CP15 (C. guillermondii) 558 

CP20 (C. guillermondii) 565 
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Discussion 

A healthy immune system prevents the yeast 

Candida from entering the host to cause infections. It is 

when the body loses their proper immune protection or 

when the intestinal pH is altered substantially, that the 

organism can bring about infection in the host. When this 

happens, the non-parasitic fungal form penetrates the 

gastrointestinal mucosa and breaks down the barrier 

between the intestinal tract and the blood stream in the 

humans. This allows partially digested dietary proteins to 

enter the blood stream where they exert a powerful 

antigenic (antibody-stimulating) assault on the immune 

system. The immune system could be targeted by Candida 

sp. as a result of prolonged use of antibiotics or due to 

intake of steroids or oral contraceptives on a regular basis, 

or due to a high sugar diet. It is also known that Candida 

multiplies in numbers during periods of stress and at times 

of immune deficiency. On Hichrome Candida agar, 

scrapings from the oral cavity produced glistening green 

and light blue colour colonies indicating the presence of the 

standard strain while light and pale pink colour indicated its 

absence. All 16 Candida isolates were raised on the Corn 

Meal Agar. Chlamydospores and short pseudohyphae were 

absent. When the organism was inoculated with human 

serum no germ tubes were observed even after two hours of 

incubation and no constriction at the point of attachment to 

the yeast cells was noticed either. All the isolates 

hydrolysed urease, fermented and assimilated certain 

specific sugars. 

 In this study, C.albicans and C.dubliniensis could 

not be isolated from the human samples and the graphical 

depiction of Candida sp. recovered is given (Fig. 4). 

Perhaps more screening attempts need to be undertaken 

before ruling out their occurrence in the groups of patients 

studied. In the past years, several investigators have 

reported, with increasing frequency, recovery of atypical 

isolates of the pathogenic yeast, C. albicans from the 

clinical samples (Tietz et al., 1995; Boerlin et al., 1995; 

Sullivan and Coleman, 1997; Forche et al., 1999; Al-

Hedaithy and Fotedar, 2002). Some of the atypical C. 

albicans strains, primarily isolated from the oral cavity of 

HIV-infected patients, were assigned to the species C. 

dubliniensis (Sullivan et al., 1995). Recently, some atypical 

chlamydospore-negative C.albicans strains have been 

thought to denote a separate species within the genus 

Candida (C. africana), but there is far too little genetic 

information available so as to assess if it could indeed be 

considered a different species (Alonso-Vargas et al., 2007). 

Some important yeast species have also been identified 

largely by means of molecular methods; thus, Candida 

dubliniensis resembles C. albicans. Neither C. dubliniensis 

and C. albicans nor C. fermentati and C. guilliermondii are 

likely to be routinely distinguished from each other in most 

clinical laboratories. For this reason, the taxa                     

C. guilliermondii and C. albicans may best be considered 

species complexes rather than as discrete entities. 

Identification of Candida sp. on the basis of 

microbiological and biochemical methods is no easy task 

because these species are closely related. The method used 

in this study, in combination with certain other 

conventional methods will be certainly advantageous for a 

rapid identification of the Candida species by sequencing 

the ITS region of the various isolates. Therefore, evolving 

suitable protocols on the basis of certain genetic parameters 

of the organisms involved would pave way for a rapid 

characterization of the isolates which are otherwise similar 

phenotypically. 
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