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INTRODUCTION 

              Candida species are ubiquitous organisms and most of them are 

commensals, or at least transient commensals in the gastrointestinal tract 
1
. 

Even though Candida species is one of the normal micro biota, more than 15 

species of Candida is considered to be pathogenic to humans, of which more 

than 90% of the infection is caused by the following 5 common pathogens 

namely, Candida albicans, C.tropicalis, Candida glabrata, C.paropsilosis, and 

Candida krusei. Each of the organisms has a completely unique virulence 

potential, epidemiology and antifungal susceptibility but, when considered on 

the whole, the significant infections caused by these organisms are generally 

termed as Invasive candidiasis
2
. The virulence factors include the ability of the 

organism to evade host defenses, adherence, biofilm formation both on the host 

tissue and the medical device and the production of enzymes like proteases, 

phospholipases, and haemolysin and these factors attribute to the pathogenecity 

of the organism
3
. 

      
 Candida albicans, the most common commensal in humans, of the genus 

Candida, is generally regarded as the most virulent of the Candida species and 

is being recovered from 70 to 80% of individuals. But, during recent days 

(during the 1980s and 1990s), epidemiological data reveals a mycological shift 

from C. albicans to non-C. albicans species like C.tropicalis.  In 1995, a novel 

Candida species, C. dubliniensis, was identified for the first time 
4
 in Dublin, 

Ireland. Oral carriage and infection with this species was prevalent in HIV 
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(Human Immunodeficiency virus)-infected and AIDS (Acquired Immune 

Deficiency Syndrome) patients. The changing scenario of Candida carriage and 

the increased incidence of Candida infections is a result of several different 

factors, such as the emergence of HIV-diseases, the increased use of 

immunosuppressive therapies and the widespread use of broad-spectrum 

antibiotics 
5
. 

  In a multicentric study across 27 ICUs for candidemia showed the 

emergence of Candida auris and was found to be 5.3% of the episodes which 

were genotypically and clonally distinct from Japanese and Korean isolates. 

This organism develops early resistance to azoles, polyenes and echinocandins 

too. The conventional phenotypic methods fail to identify this organism and 

require molecular techniques
6
. 

        Candidiasis has worldwide distribution and
 
In United States Of America, 

Candida species was the fourth leading cause of nosocomial blood stream 

infections, accounting for 8% of all infections. Forty-eight percent of 

Candidemia were due to species other than Candida albicans and the mortality 

rate in disseminated Candidemia is found to between 30% and 50%
6
. 

    
Candida is also a common cause of invasive fungal infection in 

seriously ill patients in intensive care units and second most common cause in 

immunocompromised individuals like recipients of hematopoietic stem cell and 

bone marrow transplantation and in solid organ transplantation and in cancer 

patients
7
.         
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   In addition, the transfer of Candida between individuals often occurs via 

the hands of health care workers 
8
 and nosocomial transmission can also occur . 

Furthermore, it has been reported that treatment with azoles antifungal for 

protracted periods may lead to the selection of non-C. albicans species, some 

of which have been shown to be less susceptible to these agents than C. 

albicans 
9
. 

 The management and prevention of candidiasis mainly depends on two 

important factors namely the early detection and identification of Candida 

species and  the second being  appropriate use of antifungal agents because 

C.albicans is sensitive to azole drugs. The non-albicans strains like C.glabrata 

and C.krusei are resistant to the azoles. 

         The early detection of the species will help in the use of antifungal agents 

in cost-effective manner and imparts positive impact on overall health of the 

patients. The methods used for the identification of Candida species must be 

rapid and strain specific. It should separate Candida from other microbial 

pathogens and distinguish them from other fungal pathogens like Aspergillus, 

Cryptococcus and other yeasts. Many different methods have been developed 

but most of them were based on culture methods and phenotypic methods 

which was time consuming
10 

.
 
Blood culture though considered as a gold 

standard for identification of Candida species. It  takes 24-48 hours to give a 

positive signal. 
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 The conventional methods like gram stain, culture on saborauds 

dextrose agar, germ tube test, TRM, Candida CHROM Agar, assimilation and 

fermentation  tests should be replaced with highly advanced technologies like 

MALDI-TOF-MS and real-time PCR, RFLP and DNA microarray in clinical 

setup. The identification and speciation facilities should be developed in such a 

way that the whole process will be rapid, accurate, cost effective, and 

timesaving. The diagnosis of invasive candidiasis requires biopsy of the 

involved tissue, followed by staining, culture, and histopathology. 

         Blood culture remain the gold standard for the diagnosis of candidemia 

and should be the initial diagnostic test when candidemia is suspected. 

However, cultures take 1 to 3 days to grow and an additional 1 to 2 days for 

identification of the organism, which Often leads to considerable delays in 

initiation of targeted treatment. 

 The result  of such delays in the case of invasive fungal infections is vast 

and many studies showing significant daily increases in mortality and 

hospitalization costs for every day without appropriate antifungal agents
12

. 

  Currently   microorganisms are best identified  up to the species level 

using 16SrRNA and 18SrRNA gene sequencing. But in recent years matrix 

assisted laser desorption ionization-  time of flight mass spectrometry(MALDI-

TOF MS) has emerged as a potential tool for identification and diagnosis of 

microorganisms .The process is rapid, sensitive, and economical in terms of 

both labor and costs involved. 
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AIMS AND OBJECTIVES
 

AIM: 

 Identification of the Candida species from various clinical samples by 

Matrix Assisted Laser Desorption Ionization–Time of flight Mass Spectrometry 

(MALDITOF-MS) and Molecular sequencing. 

OBJECTIVES: 

1. Collection of yeast and yeast like organism from various clinical samples 

2. Phenotypic identification of Candida species. 

3. VITEK -2 automated identification. 

4. MALDITOF-MS identification methods. 

5. Molecular sequencing of Candida species with ITS 1 and 4. 

6. To demonstrate the anti-fungal susceptibility pattern of Candida species. 
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REVIEW OF LITERATURE 

History 

  Candidiasis was first described by Hippocrates as ―Apthae‖ or ―Thrush‖ 

in his literature ' Epidemics ' during 4rth century B.C in debilitated patients. It 

is believed that the word thrush is derived from ancient Scandinavian or Anglo-

Saxon and in French ‗Le Muguet‘ meaning ―Lilley of the valley‘ and in 

Swedish ―Torsk‖. Galen described this condition in sick children and the term 

was first used which dated back to 17 June 1665 in Samuel Repy‘s diary
13

. 

 Rosenstein in 1771 and Underwood in 1784 identified this condition in 

newborn children and described oral and gastrointestinal candidiasis. In 1835, 

Veron described the acquisition of infection by newborn during delivery and 

described the first case of esophageal candidiasis. In 1839, Langenbach 

recognized the fungus first in the patient with typhoid fever
14

. 

     In 1844, Berg inoculated the apthous membrane material and 

reproduced the disease in healthy babies and one of them died due to 

pneumonia and bronchitis and he reported the transmission of infection through 

feeding bottles in unhygienic condition. Bennett in 1844 and Robin in 1853 

described the infection in debilitated patients and it was Bennett who observed 

the fungus in lung and sputum of the patient with pneumothorax due to 

tuberculosis.                                                                                                                                 

 In 1877 Parrot noted the pulmonary infection and Schmorl in 1890 

recorded disseminated infection involving many organs. In 1847, Charles 

Philippe Robin classified the fungus as ―Oidium albicans‖ using albicans (to 
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whiten) to name the fungus causing thrush. Hill in 1751 and Martin and Jones 

misclassified Candida into the genus Monilia which exists as a valid genus for 

plant pathogens. It was Christine Berkhout in 1923 who reclassified these 

yeasts under current genera of Candida but the name Candida was officially 

accepted only in 1954 at the Eighth Botanical Congress held at Paris. Candida 

was derived from Latin where toga Candida was the white robe worn by 

Roman Senators. 

    In 1959, Candida viswanathi was isolated by Viswanathan and 

Randhawa and was designated in honor of Dr.R.Viswanathan, the first director 

of the Vallabhai Patel Chest Institute, Delhi. In 1995, Sullivan and his 

colleagues from Dublin, Ireland described a new species Candida 

dubliniensis
15

. 

Taxonomic classification
16

. 

Kingdom: Fungi 

Phylum: Ascomycota 

Subphylum: Ascomycotina 

Class: Ascomycetes 

Order: Saccharomycetales                                                         

Family: Saccharomycetaceae,                                                                                              

Genus : Candida 

CANDIDA SPECIES: 

 Candida belongs to the phylum ascomycota. It predominately forms 

unicellular yeast like cells. A reversible morphological switch also occurs in 
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most members of the genus. The adverse environmental condition or 

pathogenic infection in the human host contributes to the switching 

mechanism
17, 18

. The genus Candida includes more than 350 species currently
19

 

out of which only few are pathogenic. The medically important species include 

Candida albicans, Candida krusei, Candida gulliermondii, Candida glabrata, 

Candida tropicalis
20

. 

  Candida infection may arise from either endogenous or exogenous 

source. The exogenous infection in the patients is usually due to nosocomial 

infections
21

. The endogenous infection is mainly due to Candida albicans, 

Candida glabrata, and Candida tropicalis as they are part of normal flora. It is 

also present in the mucosa of the oral cavity, gastrointestinal tract and 

genitourinary system
22

. 

  Candida albicans is the most common species isolated from infection. 

Candida tropicalis is on the rise. The non- albicans species like Candida 

paropsilosis, Candida krusei, and Candida gulleirmondii are part of skin flora. 

It usually colonizes patients with medical devices. In 70 -90 % of the patients 

infected with Candida, the albicans species was isolated
23

. But there is a 

significant increase in isolation and distribution of other non albicans species 

worldwide
24

. 

Candida albicans:  

 C. albicans is the most frequently isolated species from human fungal 

infections. It is diploid polymorphic yeast present over human mucosal 

surfaces including the gastrointestinal, respiratory, and urogenital tracts. It is 
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usually a commensal but might turn into an opportunistic pathogen in 

immunocompromised or immuno-deficient individuals. It is the major species 

causing invasive candidiasis (46.3%), with mortality rate of 40%
25

. 

   C. albicans has the ability to respond to various environmental 

imbalances like changes in nutrition, temperature and pH
26

. The risk factors 

that increase the risk of C. albicans infection include prolonged treatment with 

broad spectrum antibiotics, surgical procedures, and various diseases such as 

diabetes, trauma, and other genetic disease
27

. 

Candida glabrata: 

   It is often the second most common yeast infection and can be mucosal 

or systemic. It occurs in immunocompromised persons or people with 

diabetes
28

. C. glabrata is not a dimorphic fungus and has haploid genome
29

. It 

exists as small blastoconidia under all environmental conditions both as 

commensal and pathogenic. In animal models C.glabrata is relatively 

nonpathogenic with only few virulence attributes. But in the host environment, 

it spreads rapidly, and is difficult to treat because it is resistant to many azole 

antifungal agents. So C. glabrata infections have a high mortality rate in 

immuno compromised hospitalized patients. C. glabrata utilizes only glucose 

and trehalose. This unique sugar utilization among Candida species can be 

applied to identify yeast to the level of genus and species.  

Candida krusei 

 Candida krusei was first discovered by Langenbeck from a patient with 

typhus during the year 1839. After 75 years Castellani suggested that C. krusei 
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may cause disease in humans
30

. It is generally considered to be a transient 

commensal and is infrequently isolated from mucosal surfaces. But there has 

been an increase in the number of reports of C. krusei as a human pathogen 

during 1960s. C. krusei cells are generally elongated and have various colony 

morphologies. It has a multilayered cell wall. It consists of an outer irregular 

coat of flocculent material, an electron-dense zone, a granular layer, a less 

granular layer, a thin layer of dense granules and another sparsely granular 

layer outside the cell membrane. In C. krusei the mannan cell wall component 

has (1–2) and (1–6) side chains in the ratio of 3:1 and is lightly branched
31

. 

This differences account for the variable behavior of C. krusei in biological 

fluids such as saliva and bronchial lavage fluid.  

C. krusei has two basic morphological forms. They are yeast and 

pseudohyphae. They are often present simultaneously in growing cultures and 

not easily separated. C. krusei grows at a 37°C but can withstand temperature 

up to 45°C. It can grow in vitamin-free media and  ferments and assimilates 

glucose only . C. krusei can adhere to abiotic surfaces but not to the same 

extent as C. albicans and is able to colonize readily to inert surfaces like 

implants and catheters by cell surface hydrophobicity.  

Candida lusitaniae: 

 Candida lusitaniae was firstly isolated and shown to cause opportunistic 

infections in humans in 1979. It is differentiated from other Candida species by 

its resistance to Amphotericin B. But the resistance profile in vivo is similar to 
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other Candida species
32

. C. lusitaniae has the ability to colonize individuals but 

cause opportunistic infections in immune-compromised patients
33

. 

Candida dubliniensis  

   It is a species of chlamydospore- and germ tube-positive yeast. It is 

primarily recovered from HIV-infected individuals and AIDS patients. It grows 

well at temperatures ranging between 30 and 37°C but not 42°C. C. 

dubliniensis is unable to express beta-glucosidase activity
34

. 

Candida parapsilosis: 

 This organism has gained its significance and prevalence over the past 2 

decades. 

 The infections are mainly associated with prosthetic devices and 

catheters, mainly in the nosocomial spread. The risk factors for the infection 

include the hydrolytic enzymes secretion, prosthetics adhesion, and biofilm 

formation
35

. 

Candida guilliermondii:  

 It is one of the frequently isolated Candida species, an emerging 

pathogen. It rarely causes invasive Candida infections. But it exhibits reduced 

susceptibility to fluconazole
36

.  

Candida tropicalis; 

 It is another important and prevalent non albicans pathogen in Candida 

species. C. tropicalis isolates have increased virulence in immunocompromised 

individuals. The Secreted aspartyl proteinase 5 and 9 (Sap5 and Sap9) antigens 

are expressed by C. tropicalis. Invasive infections were found in acute leukemia 
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or bone marrow transplants patients. This may indicate that polymorphonuclear 

leukocytes are the first line of defense against  C.tropicalis
37

. Over expression 

of ERG11 gene mutations in C. tropicalis likely causes resistance to azoles. 

Candida auris :  

      C. auris was first described after it was isolated from the ear canal of a 

70-year-old Japanese woman at the Tokyo Metropolitan Geriatric Hospital in 

Japan in 2009. In 2011, South Korea saw its first cases of disease-

causing C. auris. Reportedly, this spread across Asia and Europe, and first 

appeared in the United States in 2013. 

 Candida auris is multi-drug resistant yeast. It causes cutaneous and 

invasive infections with high mortality rate
38,39

. Indian Council of Medical 

Research (ICMR) is aware of the numerous outbreaks of C. auris which has 

been reported globally and from India. Since 2009, the infection has been 

reported globally from many countries within a short period of time 
40,41,42

.  

 The analysis of the isolates collected from different geographical 

locations showed minimal difference among the isolates suggesting 

simultaneous emergence of C.auris infection at multiple geographical 

location
43

, rather than spread from one place to another. The fungus was 

isolated from patients‘ environment, hands of healthcare workers, and from 

skin and mucosa of the hospitalized patients. This indicates that the agent is 

nosocomially spreading. 

  It forms non-dispersible cell aggregates and persists for longer time in 

environment. It is thermo tolerant and salt tolerant. The organism has the 
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ability to adhere to polymeric surfaces forming biofilms and resist the activity 

of antifungal drugs. The yeast is misidentified as C. haemulonii, C. famata, C. 

sake, Saccharomyces cerevisiae, Rhodotorulaglutinis, C. lusitaniae, 

C.guilliermondii or C. parapsilosis by common phenotypic automated systems. 

 The definite confirmation of the species is made possible by MALDI-

TOF with upgraded database or DNA sequencing but is not frequently 

available in diagnostic laboratories. The challenges associated with the 

organism are high drug resistance and mortality (33-72%)
44

. This species 

acquires rapid resistance to azoles, polyenes and also to echinocandins. 

 C. auris infection has been reported from many hospitals across India 

since 2011
45

. The conventional phenotypic methods fail to identify the species 

and require molecular techniques. Globally several warnings and advisories 

have been provided  by Centers for Disease Control and Prevention (CDC), 

Atlanta Public Health England (PHE), London European Centre for Disease 

Prevention and Control (ECDC), Europe. In a multicentre study of candidemia 

across 27 ICUs in 2011 the emergence of C.auris in India was noted in sporadic 

outbreaks. It was the causative agent in 5.3% (74/1400) of patients, ranking 

fifth of the agents causing candidemia. These isolates were found to be clonally 

and genotypically distinct from Japanese and Korean isolates. The risk factors 

associated with C. auris candidemia are admission in over-capacity public 

sector hospitals, previous antifungal exposure, respiratory illness, vascular 

surgery and other multiple interventions. The multiple medical interventions in 

ICU patients may be a reason for high rate of the disease even in less morbid 
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patients. Healthcare providers need to be aware and screen for C. auris 

infections and colonization particularly in patients with long ICU stay and who 

are previously exposed to antifungals. 

 Candida auris is often multidrug resistant. It leads to high mortality (33-

72%) in candidemia. Currently, overall resistance pattern is seen as: Resistance 

to fluconazole >90%, voriconazole ~ 50%, Amphotericin B >30%, 

Echinocandins – 7-10%. The uniform opinion is that fluconazole should be 

avoided and antifungal susceptibility testing is highly desirable. Echinocandins 

is considered as the first-line therapy for C.auris infection, but, caspofungin is 

found to be inactive against C. auris biofilms. Flucytosine (MIC50, 0.125–1 

microgram/ml) has shown good activity for urinary tract infection and 

Posaconazole (range, 0.06–1 microgram/ml) has excellent in vitro activity 

against C.auris. 

VIRULENCE FACTORS: The virulence factors include the morphological 

transition between yeast and hyphal forms, the expression of invasins and 

adhesins on the cell surface, the formation of biofilms, thigmotropism, 

secretion of hydrolytic enzymes and the phenotypic switching
46

 

FITNESS ATTRIBUTES: It includes rapid adaptation to the environmental 

pH, metabolic flexibility, powerful nutrient acquisition systems and the heat 

shock proteins. An overview of selected C. albicans pathogenicity mechanisms 

is depicted in the picture below
47

. Yeast cells adhere to host cell surfaces by the 

expression of adhesins. Contact to host cells triggers the yeast-to-hypha 

transition and directed growth via thigmotropism. The expression of invasins 
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mediates uptake of the fungus by the host cell through induced endocytosis. 

Adhesion, physical forces and secretion of fungal hydrolases has been 

proposed to facilitate the second mechanism of invasion.  

       The attachment of yeast cells to abiotic (e.g., catheters) or biotic (host 

cells) surfaces can give rise to the formation of biofilms with yeast cells in the 

lower part and hyphal cells in the upper part of the biofilms. Phenotypic 

plasticity (switching) has been proposed to influence antigenicity and biofilm 

formation of C. albicans. In addition to these virulence factors, several fitness 

traits influence fungal pathogenicity. They include a robust stress response 

mediated by heat shock proteins (HSPs); auto-induction of hyphal formation 

through uptake of amino acids, excretion of ammonia (NH3) and concomitant 

extracellular alkalinization; metabolic flexibility and uptake of different 

compounds like  carbon (C) and nitrogen (N) sources; and essential trace 

metals, e.g., iron (Fe), zinc(Zn), copper (Cu) and manganese (Mn) 

FIG: 1 shows overview of C.albicans pathogenicity mechanism 
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POLYMORPHISM: 

 Candida albicans is a polymorphic fungus which shows either ovoid 

budding yeasts, elongated ellipsoidal form with pseudohyphae or true hyphae. 

The other morphology includes formation of white and opaque cells and 

formation of chlamydospores. At low pH <6, it shows yeast form and at high 

pH >7, hyphal growth is induced. So when the cell density is high yeast growth 

occurs and hyphae formation at low cell density. 

ADHESINS AND INVASINS: C. albicans has special proteins called adhesins 

an agglutinin like sequence (ALS) protein which form a family with eight 

members. Of the eight, ALS 3 is hyphae associated adhesins, which is 

important for adhesion and Hwp1, an adhesion which is hyphae associated 

GPI- linked protein. Hwp1 and ALS3 contribute to biofilm formation by 

serving as complementary adhesins. Candida albicans uses two mechanisms 

namely penetration and endocytosis to invade the host cells. 

BIOFILM FORMATION: 

    The ability of the Candida species to form biofilm on abiotic or biotic 

surfaces like catheters, dentures and mucosal cell surfaces constitute an 

important virulent factor. Biofilm formation is a sequential process which 

involves adherence of yeast cells to substrate, proliferation of yeast cells, and 

hyphal cell formation in the upper part of the biofilm, accumulation of 

extracellular matrix and dispersion of yeast cells from biofilm complex. Mature 

biofilms are resistant to anti microbial agents and resistant to killing by the 

neutrophils. 
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CONTACT SENSING AND THIGMOTROPISM: 

  The environmental factor that promotes hyphae and biofilm formation is 

contact sensing. When comes in contact with the surface of the host, the yeast 

cells change to hyphal form. This hyphal form invades into the substratum. On 

the surface with ridges, directional hyphal growth occurs and this is known as 

thigmotropism. This is regulated by extracellular calcium uptake through 

calcium channel and thigmotropism plays an important role in damaging the 

epithelial cells. So contact sensing, response to biofilm formation and invasion 

is important for pathogenecity. 

SECRETED HYDROLASES: After adhering onto the cell surface and the 

hyphal growth the organism secretes hydrolases which helps in active 

penetration into the host cells . There are three different types of hydrolases 

namely, proteases, phospholipases and lipases. Secreted aspartic proteinases( 

SAP)  has 10 members in the family SAP 1-10 of which Sap 1-8 is secreted and 

released into the surrounding medium and SAP 9 and SAP 10 are bound to the 

cell surface.Sap 1-3 is necessary for damage of reconstituted host epithelium 

and virulence. Phospholipases family has 4 different classes namely A, B C and 

D and Lipases consists of 10 members LIP 1-10. 

pH sensing and regulation: Candida albicans is exposed to varied pH levels in 

human host right from acidic to alkaline ph. The neutral to the alkaline pH 

cause stress to Candida albicans and results in malfunctioning of pH sensitive 

protein and impaired nutrient acquisition. The cell wall beta glycosidase Phr1 

and Phr2 is important for the adaptation to the changing pH. Phr 1 is expressed 
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at neutral or alkaline pH and this is required for systemic infections. Phr2 is 

expressed at acidic pH and results in vaginal infection.  

Metabolic adaptation: All living organisms require nutrition for survival and 

growth. Glycolysis, gluconeogenesis and starvation contribute to host 

colonization and pathogenesis. In healthy individuals, Candida species is 

present in the GI tract and the nutrition level is so high. Even then the growth 

of the fungus is controlled due the competition with other normal micro biota 

of the intestine.  

 Candida enters the blood stream in disseminated candidiasis. Since the 

blood is rich in glucose, it becomes the preferred nutrient for its growth. But 

after being phagocytosed by the macrophages and neutrophils, the environment 

factor changes for the organism. The phagocytes create the environment of 

nutritional starvation. 

Heat shock proteins: 

 The stressful conditions like high temperature, starvation and oxidative 

stress leads to heat shock response. This includes protein unfolding and non 

specific protein aggregation leading onto cell death. In order to overcome this, 

cells produce HSP –Heat shock proteins which prevents unfolding and 

aggregation. HSP are six in number and of this HSP 104 is required for biofilm 

formation. Hsp 90 regulates drug resistance, virulence, biofilm formation and 

morphogenesis
48

. 

Small heat shock proteins: There are six small hsp which are low molecular 

weight chaperones which helps in preventing protein aggregation. 
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Metal acquisition: 

  Trace metals like iron, zinc, copper and manganese are essential for 

proper function of protein and enzymes. Of all these the metal iron is the one 

mostly studied. Candida takes up the metal by various methods like reductive 

system, a siderophore uptake system and heme iron uptake system.  

PATHOGENESIS OF CANDIDA INFECTION: 

       Candida infection starts with adhesion and colonization of the organism 

to the epithelial cells, inert substances of polymers used in indwelling catheters 

and other human tissues. The level of adherence is correlated with the 

pathogenicity of the organism. It is found that the pathogenicity level is 

reduced in mutants with reduced adherence level. The surface molecules 

present on the surface of the Candida species also contributes to the virulence 

factor of the organism.  

The cell wall 

  C. albicans consists of multilayered cell wall structure. It is present 

external to the plasma membrane. The biological functions related to 

pathogenicity and virulence is mediated by the fungal cell wall. The cell wall 

acts as a permeability barrier. It maintains the characteristic shape of the 

fungus
49

. It mediates the initial physical interaction between the fungus and the 

environment and helps in the adhesion of the organism to the host tissue [51, 

55] It protects the organism against osmotic insult and promotes colonization 

and growth of the organism. The major cell wall component of C. albicans is 
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carbohydrate but other components like proteins and lipids are present as minor 

wall constituents
50

. 

Carbohydrates (80 to 90%) 

• Mannan  or mannan associated with polymers  proteins to form 

mannoproteins 

• beta -glucans  are branched polymers of glucose ( beta -l,3 and beta-l, 6 

linkages)    (47 to 60%) 

• Chitin (unbranched homopolymer of N-acetyl-D-glucosamine) (0.6 to 9%) 

Proteins (6 to 25%) 

Lipids (1 to 7%) 

 Proteins and glycoproteins forms the most external layers of the cell 

wall and polysaccharides (glucan and chitin) are concentrated in the inner cell 

wall layer, adjacent to the plasma membrane
51

. Mannoproteins of the cell wall 

are required for the adherence of the organism to the epithelial and endothelial 

cells.  

 Fibrinogen, binds to cell wall mannoproteins of the Candida. 

Fibronectin an adhesion promoting dimeric protein has been shown to bind to 

surface glycoproteins of Candida .Laminin, a large basement membrane 

glycoprotein, binds to receptors closely related or similar to the multi 

functional adhesins of Candida [MFA-C]. Complement components participate 

in many biological activities like infection and inflammatory reactions
52, 53

. 

 However, the expression and behavior observed in the biological 

properties of C. albicans cell wall proteins and glycoproteins appear to be 
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dependent upon multiple factors such as growth conditions, morphology of the 

cells, strain and serotype and phenotypic switching. The cell wall mannan 

structure is altered by alteration in external pH and temperature. After the 

attachment to host surface the microbes grow in colonial communities and 

results in the formation of biofilms. This biofilms contains extracellular 

materials like proteins, carbohydrates. The antimicrobials have poor response 

on the pathogens in the biofilms. 

 It then progresses to the invasive form of infection. There is a 

proliferation of Candida cells on the mucosal surface and penetrates into the 

epithelial and the endothelial cells and leads to the blood stream infections
54

. 

Furthermore, the enzymes thought to be involved in cell wall biosynthesis are 

important for candidal growth and cell division. There is formation of hyphae, 

and secretion of lytic enzymes like proteinase, phospholipase, catalase, 

coagulase, keratinases, acid and alkaline phosphatases and secretory aspartate 

proteinases (SAP). These enzymes play an important role in the pathogenesis 

of Candida species. 

 Proteinase helps in the invasion by degradation of keratin and collagen 

and the enzyme phospholipase controls the growth of Candida and is secreted 

during infection and attributes to the tissue penetration. The enzyme is 

concentrated more at the hyphal tip and has greater invasion property. This 

hyphae are bigger than the yeast and so cannot be phagocytosed thus 

contributing to the pathogenicity. SAP destroys the mucosal lining of the GI 

tract and helps in the spread of infection
55

. SAPs helps in the digestion of IgA 
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and IgM antibodies produced by the body to attack the Candida cells. It results 

in candidiasis and the severity of the infection ranges from superficial 

infections to disseminated or life threatening forms.  

CLINICAL MANIFESTATIONS OF CANDIDIASIS: 

 Candida species usually cause a wide spectrum of disease and based on 

that the clinical entity of Candidiasis may be divided into two large groups
56, 57

. 

   1. Mucocutaneous candidiasis. 

   2. Deep seated candidiasis. In healthy and immunocompetent hosts, 

superficial and muco-cutaneous candidiasis is the most common type of 

infection. But invasive and life threatening candidiasis is mainly seen in 

immuno compromised and debilitated hosts.  

1. MUCOCUTANEOUS CANDIDIASIS: It is the most common form of 

infection and the two most common types seen throughout the world are 

vulvovaginal candidiasis and oropharyngeal candidiasis.  

This is further classified into -- A. Mucosal candidiasis B. Cutaneous 

candidiasis.  

(A)MUCOSAL: 

Oral Candidiasis (Thrush): Oropharyngeal candidiasis is seen mainly in 

people wearing dentures, neonates and the aged persons. It is also seen as a 

common fungal infection in HIV-AIDS patients. It presents clinically in the 

form of pseudo membranous candidiasis, angular cheleitis and erythymatous 

and hyperplastic candidiasis. In case of newborn the pH of the mouth is very 

low that promotes the proliferation of Candida species.  
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Vaginal Candidiasis: The  second most common cause of vaginal infection 

after bacterial vaginosis is vulvovaginal candidiasis . The partners of the 

infected women presents with balanitis and balonopsthitis. The most common 

organism causing this infection is Candida albicans accounting for 80 -90 %. 

Candida oesophagitis: this occurs most commonly in patients with treatment 

for malignancy of the hematopoietic or lymphatic systems and in AIDS 

patients. 

(B) CUTANEOUS: 

 This occurs mainly due to trauma to the skin. It mainly involves the 

warm, moist and creased area of the skin such as auxiliary folds, inguinal and 

intergluteal regions. Generally the infection resolves on its own without the 

usage of anti fungal agents in most cases.  

 Generalized Cutaneous Candidiasis includes Erosio interdigitalis, 

Candida folliculitis, Candida balanitis-Intertrigo, Diaper rash Nail – Paronychia 

and Onychomycosis  

Chronic mucocutaneous Candidiasis: it is a heterogeneous group of Candida 

infections of the skin, mucous membranes, hair, and nails that have a protracted 

and persistent course despite the usual adequate therapy.  

2. DEEP SEATED CANDIDIASIS:  

 The colonization of Gastro intestinal tract is a prerequisite for invasive 

Candidiasis. The most frequent presentation of this type of infection is 

ulceration and pseudo membrane formation. This presents as septicemia, 

meningitis, and endocarditis, infection of the viscera or deep tissues in the 
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infected hosts. Endogenous candidemia is transmitted by the host‘s own 

Candida flora and the exogenous transmission is through intubation, 

catheterization, and surgery or through exposed blood vessels after trauma. 

This type of infection results in the mortality rate ranging between 30 – 90 % in 

immuno compromised patients typically due to the late diagnosis of the 

infection. Candidiasis is frequently associated with catheterization, prolonged 

antibiotic usage, diabetes mellitus, steroid use and structural abnormalities of 

the kidney. 

Central Nervous System Candidiasis: Candida infects both parenchymal 

brain tissue and the meninges. It mostly occurs as a complication of 

hematogenously disseminated candidiasis. Almost half of patients with 

Candida meningitis have had disseminated disease in other organs. 

Urinary tract Candidiasis:      

 Candida lower urinary tract infection (UTI) is most frequently seen in 

association with indwelling catheters. This arises from the GI tract or genital 

flora. So it is more commonly seen in females and is also found in diabetics. 

The symptoms are not unique and the course of the infection can be mild or 

more severe. But an interesting clinical feature is the possible formation of 

fungal masses, ‗fungus balls‘ which may cause obstruction and impair normal 

urine flow. A basic problem associated with the diagnosis is the significance of 

candiduria in respect of discriminating candidal infection from colonization 

due to contamination with flora of adjacent anatomic sites. Quantitative 
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assessment of Candida colony-forming units (CFU.) in urine may be helpful in 

diagnosing the problem. 

 In nosocomial UTI, about 11 – 30 % is caused by Candida species... It is 

mainly seen in the elderly and in neonates who are admitted in the hospital. 

Candiduria results in high mortality rate in immuno compromised hosts if not 

detected and treated. Current recommendations are to not treat it, unless the 

patient is symptomatic or a high-risk group for dissemination. The high risk 

groups include symptomatic patients, renal transplant patients, low-birth-

weight infants, and patients who are undergoing Urinary tract instrumentation.      

Respiratory tract Candidiasis: Candida pneumonia occurs in two forms: (1) 

local or diffuse bronchopneumonia = from endobronchial inoculation of the 

lung, (2) as a hematogenously seeded, finely nodular, diffuse infiltrate. It is 

difficult to distinguish from congestive heart failure or Pneumocystis 

pneumonia. Other forms of Candida pneumonia are necrotizing pneumonia, 

Candida pulmonary fungus ball, and transient infiltrates due to Candida. 

Cardiovascular Candidiasis: Candida infects both the pericardium and the 

myocardium. Candida myocarditis occurs as diffuse micro abscesses which are 

present throughout the myocardium with normal intervening myocardial tissue. 

Franklin and coworkers found the relatively high incidence of myocarditis, 

almost 62% of their patients with disseminated candidiasis had myocardial 

involvement. Candida myocarditis has also occurred in AIDS patients.  

Candida endocarditis occurs in association with six clinical factors: (1) 

underlying valvular heart disease, (2) heroin addiction – candida paropsilosis is 
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most common.       (3) cancer chemotherapy, (4) implantation of prosthetic 

valves. (5) Prolonged use of intravenous catheters (6) preexisting bacterial 

endocarditis, on which it is superimposed. 

Candida infection of Vasculature – due to increased use of indwelling 

intravascular devices for advanced life support. There is involvement of both 

peripheral and deep vascular structures as well as both the venous and arterial 

sides of the circulation and implanted prosthetic vascular materials. 

Disseminated Candidiasis and Candidemia:  When Candida disseminates, 

multiple organs are involved. The kidney, brain, myocardium, and eye are the 

most common. In cancer patients receiving extensive immunosuppressive 

therapy, the liver and spleen involvement increased. Other organs infected 

during dissemination include the lungs, GI tract, skin, and endocrine glands. 

Ocular Candidiasis: the organism enters the eye from the bloodstream 

(endogenous) or directly into eye from trauma or surgery (exogenous). 

Exogenous ocular infection is uncommon. It may be due to intraocular lens 

implantation, corneal transplantation 

Candida arthritis, Osteomyelitis, - Costochondritis, and Myositis: Candida 

arthritis occurs as a complication of disseminated candidiasis, from trauma, 

surgery, and intraarticular injections of steroids, and as a complication of 

heroin injection, rheumatoid arthritis, and AIDS. 

Candidiasis of Peritonum, Liver, Spleen and Gall bladder: Candida 

infection of the peritoneum is a complication of peritoneal dialysis, GI surgery, 

abdominal trauma, perforation of an abdominal viscus, and organ 
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transplantation. Hepatosplenic candidiasis is an important clinical problem in 

immunocompromised hosts and become manifest during their recovery from 

neutropenia and is difficult to treat successfully.  

DETECTION OF CANDIDA: 

 Blood culture for Candida detection—Blood culture is one of the standard 

methods for fungal detection. In this technique, 10 ml of blood is injected into 

two or more blood bottles with specific media to culture either aerobic or 

anaerobic organisms
58

. 

   The most frequently used blood culture media for Candida detection is 

BacT/ALERT®. This provides color modification when the pH changes as a 

response to increasing CO2 concentrations, with the leverage of liquid 

emulsion sensor and colorimetric analysis. The other methods of blood cultures 

used are BD Bactec™ FX blood culture (BC)
59

  and VersaTREK™ system 

(aerobic redox medium). BD is a fully automated  machine  with fluorescent 

sensors, which provides high-throughput sample analysis Despite significant 

advances in automation and throughput analysis, blood culturing is a very time-

consuming method and is not suitable for rapid Candida detection..  

   If a vial test is positive, the Gram-stain can be done as a subsequent step 

for bacterial or fungal analysis. Also, the blood can be subcultured onto agar 

plates to create distinctive colonies. A combination of blood culture and 

Candida CHROMagar provides a better technique for the colony formation and 

detection of various Candida sub-types
60 
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Candida species can be identified by various methods which includes 

• Microscopic examination 

• Conventional detection methods. 

• Non conventional methods. 

MICROSCOPIC EXAMINATION: 

This includes 

• Gram stain and LPCB 

• Non specific staining with Calco fluor white 

• Specific staining with fluorescent in situ hybridization/antibodies(FISH) 

Gram stain: this is done by standard method. The smear is prepared from the 

colonies grown on culture media on a clean glass slide. The smear was heat 

fixed by passing over the flame. It was then stained by Gram‘s Method and 

examined under 100x oil immersion field. Gram positive oval yeast like 

budding cells with pseudohyphae was visualized.  

Calcofluor white staining: 

   CFW staining is used for direct examination of samples using 

fluorescent microscopy. It is widely used in textile or paper industry as 

―fluorescent brightener‖ because it prevents the yellowing of fabric or paper
61

. 

It binds to beta 1-3 and beta  1-4  polysaccharide of the chitin ring present in 

the fungal cell wall. When it is excited by UV radiation it gives bright green to 

blue color. The maximum absorbance peak is at 347 nm. When KOH is added 

to CFW, it enhances the visualization of the fungal elements in the samples. 
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     CFW at the concentration of 0.0025 % is mixed with glucose medium 

and peptone water and used to differentiate Candida species. Candida krusei 

shows elongated cells and Candida glabrata shows oval cells but both 

exhibiting slight fluorescence at the end of the cells. Candida paropsilosis 

shows fluorescence over the entire surface. The drawback is that the procedure 

kills the organism and so AST cannot be performed and variable results also 

occurs due to non specific binding
62

. 

FISH/Antibodies: 

   FISH technique is one of the most reliable methods for diagnosis of 

Candida infection. This method uses fluorescent oligonucleotide probe which 

binds to the genes present in the cell genome. It targets 18S r RNA region of 

Candida which differentiates between C. albicans and C.paropsilosis. 

    FISH methods are prone to lengthy and dim fluorescent signals if DNA 

based probes are used. So to overcome this, DNA probes are used along with 

helper probes. This helper probes increased the fluorescent intensity of 

C.albicans when used with DNA probes. In order to enhance FISH staining, 

peptide nucleic acid PNA- probes which targets 26S r RNA were used. This 

improved signal intensity in shorter duration of time. The PNA FISH flow kit 

was used to identify Candida species. The sensitivity and specificity of PNA 

FISH probes for Candida identification were 100 % and 100 % respectively 

and it is completed in almost one hour. This method cannot be used directly 

with patient‘s blood samples without culture
63,64

. 
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CONVENTIONAL CANDIDA IDENTIFICATION METHODS:  

       The conventional methods of fungal identification includes 

• Biochemical characterization 

• Culture based identification 

Biochemical characteristics: 

    The genus Candida can be characterized by the utilization pattern of 

specific carbohydrate and nitrogen substances. 

   Candida species uses carbohydrates both oxidatively (assimilation) and 

anaerobically (fermentation).So the yeast which ferments a particular 

carbohydrate will assimilate that substance but not vice versa. 

Sugar Fermentation: 

     The fermentation test uses liquid media supplemented with different 

carbohydrates, along with colour indicator to assess the change in pH and acid 

formation, and Durham‘s tube is used to look for the gas production. Both are 

must criteria for fermentation
65

. 

Sugar Assimilation: This test is the mainstay of yeast identification to species 

level. It detects the ability of yeast isolates to utilize a particular carbohydrate 

as a sole source of carbon in the presence of oxygen. 

Several different patterns are used for assimilation study. They are 

(1) Classical Wickerham and Burton method: The ability of the given 

organism to grow in a defined minimal liquid media supplemented with 

different carbohydrate is tested. Even though this method is precise it is 

laborious and time consuming. 
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(2) Auxonographic technique: In this method, minimal media agar plates are 

used and sterile paper discs impregnated with different carbohydrates are used. 

The growth of the organism around the specific carbohydrate indicates the 

ability of the organism to assimilate that particular sugar. It is a simple and 

rapid test and modifications of this method is used in various commercial kits 

like VITEK, Uni Yeast One, etc 

C. Commercial yeast identification system: 

1. VITEK, bioMerieux vitek, Hazelwood, MO, USA. 

2. API Candida kit: this is based on acidification of sugars and detection of 

enzyme reactions. The system has strip of 10 tubes. It allows five carbohydrate 

acidification and seven enzymatic tests. It identifies 15 yeast species and the 

results are interpreted by spontaneous colour changes without adding any 

reagents. The morphological characters should be included to avoid errors in 

identification
66

. 

3. API 20C system: This was the first commercially available identification 

system for yeast and is replaced by API 20C Aux. This requires less 

preparation of reagents and has 19 carbohydrate assimilation tests in ampoule 

form. After incubation at 30 deg the turbidity of the ampoule is assessed and 

gives the result with excellent, very good, good and acceptable identification.                                                                                 

Drawbacks: this does not include urea and rhamnose and germ tube test and 

morphological studies should be included. It gives 1-3 different yeast 

identification for one isolate. 
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4. Uni Yeast One flow laboratories, Woodcock, UK.  

 This identification system consists of 11 tests which includes (i) a germ 

tube test; (ii) morphology on cornmeal agar; (iii) urease reaction; (iv) 

Assimilation of sucrose, lactose, maltose, raffinose, cellobiose, soluble starch, 

trehalose; and (v) assimilation of KNO3 

Culture based methods: 

Saboraud dextrose agar:  The routine medium used for Candida isolation is 

saboraud‘s dextrose agar SDA with pH adjusted to 5.6 and added with 

antibiotics chlorampenicol and gentamycin to prevent bacterial overgrowth. 

But few species of Candida will not grow in SDA with cyclohexamide and 

hence should be avoided. Most species grow at the temperature of 25 and 37 

degrees. · 

Candida albicans: Macroscopically – Colonies appear smooth, creamy, pasty, 

glistening and microscopically – globose or short ovoid cells (5 - 7 

micrometer), 

Candida tropicalis: Macroscopically –  appears white to cream coloured  with 

peripheral fringe and microscopically – globose – ovoid or short ovoid cells (4 

-8  X 5-11 μm) Candida krusei : Macroscopically - Colonies are flat ,dry 

becoming dull, smooth or wrinkled with the dense of mycelium extending as 

lateral fringe around the colony and microscopically - Cylindrical , few ovoid 

cells / elongated cells (3-5  x 6-20 micrometer) 

Candida parapsilosis: Macroscopically -soft, smooth, white and lacy colonies  

and Microscopically – Short to long ovoid cells (2.5 - 4 x 2.5 -9 micrometer) 
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Candida guilliermondii: Macroscopically –thin, flat, glossy, cream to pinkish 

colonies and microscopically - short ovoid / ovoid cells (2-5 x 3-7 micrometer) 

Candida glabrata: Macroscopically-Cream coloured, soft, glossy, smooth 

colony and  

Microscopically-small, round yeasts (2.5 – 4.5 x 4-6 micrometer) 

Pichia kudriavzevii: Colonies (SDA) white to cream-coloured flat and dry. 

Microscopically cylindrical and some are ovoid and long.  

Germ tube production:  

Germ tube test is a simple, reliable and economical procedure for the 

presumptive identification of Candida albicans and Candida dubliniensis which 

forms germ tube and so can be identified from other species. 

Corn meal Tween 80 agar inoculation: 

 It is a commonly used differential medium both for genus identification 

and speciation. The Corn meal Agar plate (Dalmau plate) is supplemented with 

Tween 80 .Subcultures are made by furrowing the Corn meal agar plates. Then 

the coverslips are applied on the streak line and incubated at 28 ⁰C for 2-5 days. 

The Coverslips provides an anaerobic environment . It enhances the formation 

of hyphae and blastoconidia. The  polysorbate 80 reduces the surface 

tension.The plates are examined after 2-3 days directly under the microscope 

and examined for the presence of pseudo hyphae/ true hyphae, 

chlamydospores, arthroconidia and blastoconidia. 

Microscopic Morphology of different species on Corn Meal Agar 
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C.albicans –Hyphae and pseudohyphae formed with clusters of blastospores  

along with large thick walled terminal chlamydospores 

C.tropicalis- Abundant long, branching pseudohyphae.True hyphae may be 

present. 

C.krusei – Presence of pseudohyphae. Blastoconidia elongated  in tree like 

arrangements or may be in the form of  Crossed match stick appearance 

C.parapsilosis- Presence of fine pseudo mycelium. Single  or small clusters of 

Blastoconidia.Thick pseudo mycelium and giant cells also found. 

C.glabrata –There is no pseudohyphae. Presence of  small, spherical and 

tightly compact blastoconidia 

C.guilliermondi –Presence of pseudohyphae. Blastospores   in small chains or 

in clusters. 

Candida CHROM agar. : Perry and Miller reported that Candida albicans 

produces an enzyme b -N-acetyl- galactosaminidase. Rousselle et al
67

 reported 

that incorporation of chromogenic or fluorogenic hexosaminidase substrates 

into the growth medium helps in identification of C.albicans isolates directly.  

HiChrome™ Candida Differential Agar is a selective and differential medium. 

It   facilitates rapid isolation of yeasts from mixed cultures and allows 

differentiation of Candida species namely C.albicans, C.krusei, C.tropicalis and 

C.glabrata on the basis of colouration and colony morphology
68

. 

IMMUNODIAGNOSIS: The direct examination of specimen is quiet enough 

for the diagnosis of mucocutaneous candidiasis. In case of invasive candidiasis 

this may not be enough and so immunodiagnosis and other methods are used 
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for identification. The immune response of the host to Candida infection is 

tested by two ways. They are  

1. Antigen detection tests: 

2. Antibody detection methods. 

 The Candida albicans germ tube antibody (CAGTA) assay detects 

antibodies against the surfaces of C.albicans germ tubes by indirect 

immunofluorescence. It has a sensitivity of 77 to 89% and a specificity of 91 to 

100% 
69

.  In a recent study, published in 2011 by Ramirez et al., shows that  

CAGTA assay is not affected by Candida colonization or intake of antifungal 

agents, which is useful in the ICU setting . 

 The other serologic tests for candidemia are the mannan antigen and 

anti-mannan antibody tests. The combined of positive mannan test and a 

positive anti-mannan antibody test has a sensitivity of 73% and a specificity of 

80% for the diagnosis of invasive candidiasis in patients with neutropenic 

fever. The sensitivity of antibody assays is limited for immunocompromised 

patients, high risk group for becoming infected by invasive candidiasis because 

they cannot develop antibodies against Candida antigens.  

Immuno fluorescence assay (IFA) 

 The methodology is very similar to that for enzyme immunoassay, but 

instead of antibodies with an enzyme conjugate, this assay utilizes fluorescein-

labeled antibodies which can then be visualized under a fluorescence 

microscope. It can be performed as both direct and indirect assays. CAGTA 

assay is an indirect IFA. 
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Beta-D-Glucan assay: 

 This detects b-D-glucan, a constituent of the fungal cell wall. But it 

cannot differentiate between Candida and Aspergillus, and is not helpful in 

diagnosing infection with Cryptococcus and Zygomycetes. False-positive 

results may be found in patients receiving beta lactams, albumin and 

immunoglobulins and patients on hemodialysis with cellulose membrane. It is 

useful in the diagnosis of catheter-associated candidemia. 

MALDI-TOF MS: 

 In 1985, soft ionization technique was established by Hillenkamp and 

Karas, two scientists from Germany. Koichi Tanaka and his colleagues 

successfully soft ionized much bigger molecules by using nitrogen laser for 

ionization. In 2002, Tanaka won one-quarter of the Nobel Prize in Chemistry 

for his contribution in development of the soft desorption ionization technique 

for mass spectrometric analysis. 

 In 1975 Anhalt and Fenselau first observed different mass spectra were 

Obtained from bacterial extracts of different species and proposed the 

application of MALDI in bacterial identification.  The first matrix assisted laser 

desorption ionization (MALDI-MS) instrument was commercially available in 

the early 1990s. The success of MS is only possible because of several 

important discoveries, including the electro spray ionization (ESI) discovered 

by JohnFenn and matrix-assisted laser desorption/ionization (MALDI) 

discovered by Koicihi Tanaka
70, 71

. 

 MALDI stands for Matrix-Assisted Laser Desorption Ionization.  
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 It is a rapid, accurate and cost effective method for fungal 

characterization and identification...In this ionization method samples are fixed 

in a crystalline matrix and are bombarded by a laser. The sample molecules 

vaporize into the vacuum while being ionized at the same time without 

fragmenting or decomposing. 

TOF stands for Time of Flight, a mass spectrometry method that separates ions 

by their mass to charge ratio and determines that mass to charge ratio by the 

time it takes for the ions to reach a detector. 

  This technology generates characteristic mass spectral fingerprints 

which are compared with large library of mass spectra. As the spectral 

fingerprints are unique signatures for each microorganism, accurate microbial 

identification at the genus and species levels is done using bioinformatics 

pattern profiling.  

Mass spectrometer has three functional units. 

1. An ionization chamber – it ionizes and transfer the ion molecules of the 

sample into gaseous phase. 

2. A mass analyzer – it selects and separates the ions according to their 

mass to charge ratio. m/z 

3. Detection device – it converts ionic current into electric current. 

The Principle of MALDI-TOF Mass Spectrometry system is described in 

Figure: 2 as follows. 

 

 



38 
 

Fig: 2 WORKING PRINCIPLE OF MALDITOF-MS 

 

 In a study done by Ying zao et al
72

,among the 71 isolates, 65 (91.5%) 

and 57 (80.3%) isolates were successfully identified to the correct species using 

the Bruker and Vitek platforms, respectively and  Fifty-four isolates (76.1%) 

could be correctly identified by both platforms. In another study by Teresa 

Spanu et al
73

 ,the reliability of the Bruker Daltonik‘s MALDI Biotyper system 

was reported.  In this study species-level identification of yeasts directly from 

blood culture bottles was evaluated. The identification results were concordant 

with those of the conventional culture-based method for 95.9% of Candida 

albicans (187/195) and 86.5% of non-albicans Candida species (128/148). 

Results were available in 30 min (median), suggesting that this approach is a 

reliable, time-saving tool for routine identification of Candida species causing 

bloodstream infection.  
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 A study by Dhiman et al. evaluated the Bruker system for identification 

of 138 common and 103 unusual yeast isolates, reporting 96% and 85% 

accurate species-level identification, respectively. In a study by Kauffmann et 

al in comparing two MALDI-TOF systems, the MALDI-TOF MS Andromas 

TM system was able to accurately identify 1359 isolates (98.2%). Three 

isolates (0.24%) were misidentified. The MALDI-TOF MS BioTyperTM 

system could accurately identify 1360 isolates (98.2%). Five isolates (0.36%) 

were misidentified. The species were not identified because these were not 

included in the database or because of no spectral acquisition in a study 

conducted by Rudramurthy and Sood et al from India showed that the MALDI-

TOF assay correctly identified 98.9% of PCR-sequenced yeasts
74

.  

T2 magnetic resonance Candida panel: 

     It is the only FDA cleared diagnostic method for blood culture 

independent species identification directly from the whole blood sample
75

. 

  T2MR is a miniaturized magnetic based approach which detects how the 

water molecules react in the presence of magnetic field. This test rapidly 

detects and identifies the organism directly from the blood sample without the 

need for culture or nucleic acid extraction methods. The workflow assay and 

the 1 CFU/ml LOD is made possible by the attributes of T2MR detection. 

Because two different capture probes must hybridize to a single nucleic acid 

target and only 1 × 10
9
 copies of nucleic acid are necessary to elicit a 

detectable change in T2MR signal. 
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 The T2MR detection method enables highly specific detection of minute 

amounts (femtomoles) of nucleic acid in a highly complex background. 

Because the target pathogen is not separated from the original sample matrix, 

the LOD is 1 CFU/ml and detection <1 CFU/ml occurs at high probability 

(70%)  

 Some Preclinical studies with T2 Candida showed that the T2Candida 

Limit of detection (LOD) was determined for to be 1, 2 or 3 CFU/ml for the 

target species. In another method where comparison between T2Candida Panel 

and the BACTEC blood culture system for samples showed the spikes  at 2.8–

11.1 CFU/ml indicating  100% detection for all target species on both 

platforms, except for Candida glabrata, where T2Candida had 100% detection 

and the BACTEC had 0% detection
76

.  

Molecular methods:  

  Many molecular techniques have been developed for the detection and 

identification of Candida species mainly based on amplification or 

hybridization of nucleic acids. This includes 

• Polymerase Chain Reaction (PCR),  

• Nucleic Acid Sequence-Based Amplification (NASBA) and  

• Fluorescence In Situ Hybridisation (FISH)  

PCR- based assays 

 PCR is based on the amplification of target yeast DNA. The most 

popular targets used are the ribosomal RNA (rRNA) gene. The rRNA gene is 

found in the haploid genome of all fungi. It consists of small subunit rRNA 
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gene (18S), 5.8S gene and a large subunit of rRNA (2.5S) gene separated by 

the Internal Transcribed Spacer-1 (ITS1) and ITS2 regions. The ITS region is a 

piece of non-functional RNA sequence. It is situated between rRNAs. . 

Although, rRNA genes are conserved in fungi, ITS regions are highly variable, 

making them suitable targets for the detection of Candida species
77

. 

Identification of Candida species is mainly achieved through DNA sequencing 

of the amplified ITS region. DNA sequencing of the ITS region is regarded as 

the gold standard in the identification of medically important fungi.  

 Nucleic Acid Sequence- Based Amplification (NASBA) 

 Nucleic Acid Sequence-Based Amplification (NASBA) is a specific and 

very sensitive RNA amplification technique. In this method three enzymes: 

reverse transcriptase, RNase H and T7 RNA are used. The conserved regions of 

the 18S rRNA gene have been targeted for the detection of fungi of medical 

importance, including Candida species. The demerit of NASBA compared to 

PCR is the high cost of the three enzyme mixture. 

DNA Microarray.  

 In the oligonucleotide microarray method, specific probes are targeted to 

internal transcribed spacer 2 (ITS2) and used for hybridization with fungal 

DNA amplified by PCR from different species. This method is sensitive 

enough to identify fungus at species level even  with 15 pg/ml of DNA .The 

sensitivity of the assay for C. albicans is about10 cells/microlitre. In 

conclusion, molecular techniques have higher efficiency, specificity and 

sensitivity to the identification of Candida from culture and samples 
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Molecular epidemiology: 

 It combines traditional epidemiological investigation with molecular 

typing. This is useful for identifying community or nosocomial infections and 

tracing the source of transmission and outbreaks. Nowadays, several different 

molecular typing approaches including 

• Pulsed field gel electrophoresis (PFGE),  

• Restriction fragment length polymorphism(RFLP),  

• Random amplified fragment length polymorphism (RAPD), and  

• Multi locus sequence typing (MLST).  

 The first three are labor intensive and time consuming and the results of 

these methods are difficult to compare among laboratories.  

 But, MLST, based on DNA sequencing, shows high discriminatory 

power and reproducibility, making it possible to compare results among 

laboratories. Therefore, nowadays MLST is a good tool to study and 

understand Candida species epidemiology. 

TREATMENT: 

 The site of infection and virulence of the organism plays a major role in 

the management of Candidiasis. Depending on the site of infection either the 

topical agents or systemic antifungals can be used in the treatment of 

mucocutaneous candidiasis. In deep seated infections and in blood stream 

infections systemic treatment is crucial. 

 In addition to the above factors, the clinical settings and the host factor 

also plays a role in choosing the appropriate antibiotics. The treatment should 
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be started only after testing the susceptibility. But in case of patients with fever 

of unknown origin and not responding to broad spectrum antimicrobials and in 

patients with a high risk for invasive candidiasis empirical therapy can be 

started.  

 Some Candida species are intrinsically resistant to antifungals. For 

example, Candida krusei is resistant to flucanazole and ketoconazole and C. 

lusitaniae to Amphotericin B. So the antifungals should be selected and used 

appropriately after speciation of Candida. 

 Susceptibility testing is expressed as drug concentration – in microgram 

per milliliter and it is represented as minimum inhibitory concentration (MIC). 

It is the lowest concentration of antifungal drugs required to inhibit the growth 

of the fungal isolate. 

MIC 50- The concentration at which 50 % of the organism tested is inhibited 

MIC 90- The concentration at which 90 % of the organism tested is inhibited. 

The clinical break points classify the organism into various categories 

• Susceptible 

• Susceptible dose dependant 

• Intermediate  

• Resistant  

The antifungal susceptibility testing for Candida is done by using the following 

methods. 
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Standardized methods:  

 These methods are approved by FDA and developed and approved by 

CLSI
78

. These tests are reproducible, reliable, accurate and available for use in 

clinical laboratories. 

• Broth macro and micro dilution. 

• Agar diffusion methods. 

• Commercial MIC methods : 

• The sensititre Yeast One Calorimetric plate method. 

• Antifungal strip test E-test 

• VITEK 2 yeast susceptibility test. 

Broth dilution methods:  

 In this method, small tubes with 1-2 ml broth are inoculated with 

concentrated antifungal agent and  then with serial 2 fold dilutions up to eight 

dilutions. The fungal isolate is added in equal volume in all the tubes and 

incubated at a given temperature 35
0
C and time of 24 hours and then examined 

for turbidity. The micro broth dilution test is done in 96 well plates so that 

multiple tests are done simultaneously. 

DISC DIFFUSION METHODS; 

  It is a simple, flexible and cost effective method for antifungal testing. 

After 24 hours of incubation at 35
0
 C the zone diameter is noted. The point at 

which there is a prominent reduction in growth is noted and measured in 

millimeters. 
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COMMERCIAL METHODS: 

E Test: 

 In this method, a stable concentration of antifungal agent is established 

following diffusion from a plastic strip into agar medium. The agar plate is 

inoculated with the test organism and the E Test strip is placed on it. It is 

incubated for 24 -48 hours and an ellipse of growth inhibition is noted. The 

intersection of the ellipse with numeric scale on the strip gives MIC. 

 Sensi titre Yeast One Panel: 

 It is available in a dry form, a 96 well tray with a calorimetric growth 

indicator. The broth inoculums suspension is added and incubated for 24 hours. 

Then the calorimetric MIC results are read at the first well which shows a 

colour change of red –growth to purple – growth inhibition or blue – no 

growth. 

VITEK 2 SUSCEPTIBILITY TESTS: 

 It is the first commercially available automated approach for testing 

antibiotic susceptibility. The identification and AST are performed 

simultaneously in the laboratory. 

 It determines the growth spectrophotometrically. It detects susceptibility 

of the Candida species against seven anti fungal agents namely Amphotericin 

B, Fluconazole, Posaconazole, Voriconazole, Caspofungin, Micafungin and 

Flucytosine. 

But it cannot detect reliably detect the resistance to echinocandins.  

It is a rapid test and the mean time for the result is about 12- 15 hours. 
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Table: 1 Antibiotic Susceptibility Testing For Various Candida Species as 

Per CLSI Guidelines 

Organism Reportable reading 

condition 

Breakpoints 

  S SDD I R 

Candida albicans 

Anidulafungin 24 hr 50 % ≤0.25 ─ 0.5 ≥1 

Caspofungin 24 hr 50 % ≤0.25 ─ 0.5 ≥1 

Micafungin 24 hr 50 % ≤0.25 ─ 0.5 ≥1 

Fluconazole 24 hr 50 % ≤2 4 ─ ≥8 

Voriconazole 24 hr 50 % ≤0.25 0.25-0.5 ─ ≥1 

Candida tropicalis 

Anidulafungin 24 hr 50 % ≤0.25 ─ 0.5 ≥1 

Caspofungin 24 hr 50 % ≤0.25 ─ 0.5 ≥1 

Micafungin 24 hr 50 % ≤0.25 ─ 0.5 ≥1 

Fluconazole 24 hr 50 % ≤2 4 ─ ≥8 

Voriconazole 24 hr 50 % ≤0.125 0.25 -0.5 ─ ≥1 

Candida parapsilosis 

Anidulafungin 24 hr 50 % ≤2 ─ 4 ≥8 

Caspofungin 24 hr 50 % ≤2 ─ 4 ≥8 

Micafungin 24 hr 50 % ≤2 ─ 4 ≥8 

Fluconazole 24 hr 50 % ≤2 4 ─ ≥8 

Voriconazole 24 hr 50 % ≤0.125 0.25 -0.5 ─ ≥1 

Candida glabrata 

Anidulafungin 24 hr 50 % ≤0.125 ─ 0.25 ≥0.5 
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Caspofungin 24 hr 50 % ≤0.125 ─ 0.25 ≥0.5 

Micafungin 24 hr 50 % ≤0.06 ─ 0.125 ≥0.25 

Fluconazole 24 hr 50 % ─ ≤32 ─ ≥64 

Voriconazole 24 hr 50 % ─ ─ ─ ─ 

Candida krusei 

Anidulafungin 

24 hr 50 % 

 

 

≤0.25 ─ 0.5 ≥1 

Caspofungin 24 hr 50 % ≤0.25 ─ 0.5 ≥1 

Micafungin 24 hr 50 % ≤0.25 ─ 0.5 ≥1 

Fluconazole Resistant ─ ─ ─ ─ 

Voriconazole 24 hr 50 % ≤0.5 1 ─ ≥2 

Candida guilliermondii 

Anidulafungin 24 hr 50 % ≤2 ─ 4 ≥8 

Caspofungin 24 hr 50 % ≤2 ─ 4 ≥8 

Micafungin 24 hr 50 % ≤2 ─ 4 ≥8 

ANTI FUNGAL DRUG RESISTANCE 

The antifungal drug resistance can be divided into two types: 

• Clinical resistance 

•  In Vitro resistance:  

                   Intrinsic /primary resistance 

                   Acquired / Secondary Resistance 

Clinical Resistance 

 Clinical failure to respond to an antifungal agent occurs due to many 

causes. A major problem for patients with HIV infection is the improper use of 
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prescribed medications. Clinical failures may also result from inadequate 

absorption of an antifungal medication. Drug interaction can also result in 

decreased level of antifungal metabolites 

Intrinsic Resistance 

 Intrinsic resistance is an inherited characteristic of a species or a strain. 

This innate level of susceptibility is thought to be a drug organism 

characteristic and independent of drug exposure. 

Acquired /Secondary Resistance: 

 Acquired resistance occurs when a previously susceptible isolate 

develops a resistant phenotype, usually as a result of prolonged treatment with 

antifungals. 

Azole Resistant Candidiasis 

 The development of resistance to azole antifungals in yeasts is a recent 

phenomenon. It is usually associated with Candida albicans. 

Acquired azole resistance 

 One of the consequences of continuous suppressive antifungal therapy 

has been the emergence of resistant disease .Resistance has been described both 

to fluconazole and itraconazole and tends to occur in persons with advanced 

HIV disease with CD4+ count < 50/mm , been exposed to antifungal therapy 

on a chronic basis. Resistant strain of 

 Candida albicans were found in 20 to 33% of symptomatic oral 

candidiasis. 
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Intrinsic azole resistance 

 Patients on fluconazole suppressive therapy are more likely to have 

infection caused by non –albicans species such as Candida krusei and Candida 

glabrata which are intrinsically resistant to fluconazole. glabrata isolates are 

often associated with high resistance to the azole class of antifungal agents and 

less susceptibility to most other antifungal agents including Amphotericin B . 

Several mechanisms of azole resistance of C. glabrata have been identified, 

such as  

• increased P-450-dependent ergosterol synthesis, 

• An energy-dependent efflux pump of fluconazole and possibly via a 

multidrug resistance-type transporter. 
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MATERIALS AND METHODS 

 The study was undertaken in the Diagnostic laboratory, Department of 

Microbiology, PSG Hospitals from January 2018 to June 2019 for the period of 

18 months. Institutional human ethical clearance was obtained prior to the 

study. 

Sample size: 126 samples. 

Sample size calculation: sample size    n = t
2
 p (1 – p)/ m

2
 

Where n= required sample size 

             t= confidence level at 95% standard value of 1.96 

             p= estimated prevalence value  

             m=margin of error at 5 % standard value of 0.05  

Study area: PSG Hospitals, Coimbatore. 

Study type: Prospective, Cross sectional study. 

Study population: In patients of PSG hospitals. 

Study period: From January 2018 to June 2019 for the period of 18 months. 

Ethical consideration: Institutional human ethical clearance was obtained 

prior to the study. 

Confidentiality: Confidentiality of the reports was maintained. 
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  Blood and urine samples collected from Inpatients were processed and 

the samples which were positive for Candida infections were taken up for the 

study. 

Inclusion criteria: 

1. Blood samples positive for Candida. 

2. Urine samples positive for Candida. 

Exclusion criteria: 

1. Sputum samples positive for Candida. 

2. Stool samples for positive Candida.  

 All the samples of blood and urine sent to the microbiology were taken 

up for the study and the samples were collected under aseptic precautions and 

transported to the laboratory. 

Preliminary tests for the blood samples: 

 BacT/Alert and BACTEC BD Fx principle
79 

(Becton, Dickinson 

and Company); When microorganisms are present in culture vials; they 

metabolize nutrients in the culture medium. It releases carbon dioxide into the 

medium. A dye in the sensor at the bottom of the vial reacts with CO2 and 

modulates the amount of light that is absorbed by a fluorescent material in the 

sensor.  

      A photo detector at each station measures the level of fluorescence, 

which corresponds to the amount of CO2 released by microorganisms. The 
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measurement is interpreted by the system according to pre-programmed 

positivity parameters. Light Emitting Diodes (LEDs) behind the vials 

illuminate the rows, activating the vials‘ fluorescent sensors. After a warm-up 

period, the instrument‘s photo detectors then take the readings. A test cycle of 

all rows is completed every ten minutes. Positive cultures are immediately 

flagged by an indicator light on the front of the instrument, an audible alarm, 

and are displayed on the LCD display. 

2. Wet Mount for urine samples:  

 Wet mount analysis was done for urine samples received in the 

laboratory.  10 microlitre of the sample was placed on a clean glass slide and a 

cover slip is placed over it. Then it was examined under 10x first and later with 

40x high power. Oval and budding yeast cells with or without pseudohyphae 

were looked for in the urine samples.  

II. Culture methods: 

1. Culture on Blood agar, MacConkey agar and Saboraud‘s Dextrose agar. 

Contents of SDA: 

Dextrose-40 Gms,  

Peptone -10 Gms 

Agar -20 Gms 

Chloramphenicol-50 ng/1000 ml 

Gentamycin -20 mg/1000ml  
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 pH – 5.4 

2. Culture on urochrome agar. 

III. Identification methods: 

1. Gram stain. 

2. Germ tube test. 

3. Candida CHROM Agar. 

4. Tetrazolium Reduction Medium: 

4. Sugar fermentation and assimilation. 

5. VITEK 2 system 

6. MALDITOF-MS 

7. Molecular sequencing. 

SPECIES IDENTIFICATION: 

Germ tube test 
80

. 

 Germ tube test is a simple, reliable and economical procedure for the 

presumptive identification of Candida albicans and Candida dubliniensis which 

forms germ tube and so can be identified from other species. 

Procedure: 

  0.5 ml of serum (pooled human) was taken into a sterile test tube. 

The yeast colonies were suspended into the serum to obtain faintly turbid 
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suspension and Incubated at 37
o
C for 2 hours. After two hours by using pipette, 

the suspension was taken and examined microscopically for the presence or 

absence of germ tubes. Formation of germ-tubes was indicated by the presence 

of long tube-like protrusion emerging from the yeast cell wall without 

constrictions or septa from the point of attachment of the yeast cell wall. It was 

typically seen as numerous ‗hand mirror‘ cells under the microscope. Averages 

of 10 fields of view through the microscope were used to calculate the 

percentage of cells that formed germ-tubes.  

 Each microscopic field of view with more than 70% of the cells 

transformed into filaments or a ‗hand mirror‘ shape was considered and 

subsequently scored as a germ-tube positive isolate. ATCC C.albicans 10231 is 

used as control.  

Growth at 42
0
C 

 The isolates positive for germ tube test were subcultured on SDA and 

incubated aerobically at 42
0
 C, to distinguish between Candida albicans and 

Candida dubliniensis 

Table: 2 Difference Between Candida albicans and dubliniensis 

Candida albicans 

Growth at 42
0
C – Present 

Candida dubliniensis  

Growth at 42
0
C - Absent 
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Candida CHROM agar: 

     This is the selective medium for isolation as well as identification of 

Candida species. 

Preparation: 

Chrome agar     : 4.27 gm 

Distilled water: 100 ml 

 The medium was dissolved by boiling and stirring continuously and then 

poured in Petri plates after cooling it slightly. 

TABLE: 3. Candida CHROME Agar identification of Candida species 

1.  Candida albicans  Green 

2.  Candida tropicalis  Metallic  blue with pink halo       

3.  Candida krusei   Dry Pink 

4.  Candida parapsilosis  Cream coloured 

5.  Candida glabrata  Purple, white, pink 

6.  Candida dubliniensis                             Dark green 

7.  Candida auris  white, mauve  

8.  Candida guilliermondii          Pale pink to purple65 
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 The Isolates were subcultured onto Sabouraud's Dextrose agar prior to 

inoculation on chromogenic media. A single yeast colony was streaked onto the 

plates and incubated at 37
0
 C and the results were read after 48 hours and the 

colony colour was noted. This helps in the presumptive identification of most 

commonly isolated Candida species especially Candida albicans, Candida 

tropicalis, Candida krusei and glabrata
81

. 

Tetrazolium reduction medium: 

   This medium is used for differentiation of various Candida species and 

is prepared by the following method. 

Peptone-1 gm 

Beef extract-0.1 gm 

Tetrazolium - 20 mg 

Glucose -4 gm 

Neomycin -50 gm 

Distilled water – 100 ml 

pH - 6-6.2 

 The isolates were inoculated onto Tetrazolium medium and the results 

were read after 18 hours of incubation. Each species produce different colour. 
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Table 4: Identification of Candida Species by Tetrazolium Reduction 

Medium 

Candida species Colour on TRM 

Candida albicans Pale pink 

Candida krusei Dry pink 

Candida glabrata Cream to white 

Candida tropicalis Maroon 

Candida parapsilosis Rose pink 

       Sugar fermentation:  

 A loopful of 24-48 hours culture from a sugar free media was suspended 

in sterile distilled water. 0.2 ml of this suspension was added to 2% sugar 

fermentation media with Andrade‘s indicator. Glucose, Lactose, Sucrose, 

Maltose, galactose and trehalose sugars were tested. Inoculated sugar tubes 

were incubated at 30⁰  c for 48 to 72 hrs. The ability to ferment a sugar was 

noted by the presence of acid and gas trapped in Durham‘s tube
82

. 

Sugar assimilation: 

1. Yeast nitrogen base: 

Dissolve 6.7 grams of the media in 100ml of distilled water. Sterilize by 

filtration and 

Store at 4
0
C. 
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2. Agar preparation: 

 Dissolve 20 gm of agar in 980 ml of distilled water.  

         The above is dispensed in 18 ml quantity in screw capped tubes and 

autoclaved at 121 
0
 c for 20 minutes and stored at 4

0
c. Then from 24 hour old 

culture heavy yeast suspension is prepared in 2 ml YNB and is poured in 18 ml 

agar bottle cooled at 45
0
C . This is poured into the petri plate and allowed to 

harden. Then 2 % of sugar solution is made in distilled water and autoclaved at 

115
0
c for 10 minutes. Now sterile discs are kept over the agar plate and 10 

microlitre of sugar solution is added and incubated at 37 
0
C for 2-3 days. 

VITEK 2 compact automated system  

(VITEK
®
 2 YST ID card and AST card, Biomerieux) 

 This is an automated system. It is based on modification of 

auxonagraphic assimilation technique. The organism when assimilates a 

particular carbohydrate will produce a change in colour. This test is performed 

for both yeast identification and antibiotic susceptibility testing. 

Inoculum preparation: 

 A pure culture of 24-48 hour old yeast cells growing in SDA is taken. 

After that 3 ml of saline solution is dispensed into the disposable plastic tubes 

provided by the manufacturer. The yeast suspension is prepared in above tubes 

.The density is adjusted to 1.8 to 2.2 Mc Farland standard using densitometer 

(Densichek.)  
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Loading the inoculum: 

 Place the cassette in the Filler box on the left side of the V2C unit and 

hit Start Fill button on the instrument. Filling the cards takes approximately 70 

seconds for a cassette regardless of the number of cards in the cassette holder. 

The V2C instrument will beep when the filling cycle is complete. i. Discard 

individual cards that may have been exposed to multiple fill cycles. NOTE: 

The cassette must be placed inside the Loader Door within 10 minutes from the 

end of the filling cycle to avoid the cards being rejected. b. When the cards are 

finished filling, the Load Door is automatically unlocked. Place the cassette in 

the Load Door. The V2C Instrument will verify the scanned barcodes against 

the Virtual Cassette (the information scanned in by the analyst). Cards are 

sealed, straws are cut and the cards are loaded automatically into the carousel. 

The V2C will beep once all cards are loaded into the cassette. When the cards 

are loaded, remove the cassette and dispose of the tubes and straws in a 

biohazard container. d. The V2C automatically processes the cards once all the 

cards are loaded. 

  Then after the beep, the card from the loading chamber is transferred to 

the incubator chamber and the door is closed. The accession number and 

sample details of the isolates are entered in the computer and the data is saved. 

The cassette is removed after the cards are transferred to the incubator and the 

tubes are discarded in the biohazard disposal bag. The identification results are 

read after 18 and half hours and the used cards from the waste bucket chamber 

are discarded for disposal. 
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Matrix-assisted laser desorption ionization Time of Flight - Mass 

Spectrometry:  

 (The Vitek MS system (bioMérieux, Marcy l'Etoile, France)            

           Candida species were subcultured in SDA plates. After 24 hour 

incubation, they were subjected to identification with MALDI-TOF MS. A 

small amount of sample from a single colony after 24 or 48 h of incubation was 

picked by a sterile applicator. It was smeared onto a target plate and covered 

with 0.5 microlitre formic acid (FA). Immediately after drying at room 

temperature, 1 microlitre α-cyano-4-hydroxycinnamic acid (CHCA) matrix 

solution was applied and again allowed to dry prior to being loaded into the 

Vitek MS system. 

     After the acquisition of spectra (mass range of 2 to 20 kDa in the linear 

mode), data were transferred from the Vitek MS acquisition station to the Vitek 

MS analysis server, which utilized software algorithms to compare the 

generated spectrum with the typical spectra within the database. The results 

were exhibited in one of three forms, (i) a single identification (confidence 

value of 60.0% to 99.9%), (ii) a split identification for which a set of possible 

organisms is displayed, or (iii) no identification when no match is found. 

Molecular sequencing: 

 The molecular methods helps in the detection of fungi at species level in 

clinical samples and accurate identification of the pathogen obtained. This is 

considered as ‗gold standard‘ test for species identification. 
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 Direct colony PCR:  All yeasts were cultured on Saboraud‘s dextrose 

agar and a fresh colony were used as the DNA template for colony-PCR 

For direct PCR amplification, each reaction contained  

        1. Quaigen master mix- 25 microlitre 

        2. Nuclease free water- 21 microlitre  

        3. Forward primer- 2 microlitre 

          (ITS1: 5‘-CCG TAG GTG AAC CTG CG -3‘) and  

        4. Reverse primer - 2 microlitres 

           (ITS4: 5‘-TCC TCC GCT TAT TGA TAT GC-3‘) 

   A single colony was picked with a micropipette tip and added to the 

tubes as the DNA template.  DNA amplification was carried out in a PCR 

thermal cycler. All primers used in the present study were synthesized by 

Quiagen. Negative control was performed with sterile deionizer water in place 

of template DNA. Amplification procedure was performed in a thermal cycler 

(VeritiiThermocycler, Thermo Fischer Scientific). 

The reaction is set as follows:  

                   1. Initial denaturation at 95
0
C for 10 minutes. 

                   2. Denaturation at  95
0
C   for 30 seconds   

                  3. Annealing  at 52
 0

for 30 seconds                             30 cycles. 

                  4. Extension at  72 
0
 C     for 30 seconds 

                  5. Final extension  at 72
0
C  for 5 minutes. 
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Detection of PCR products:   

Agarose gel electrophoresis: 

Agarose gel preparation: 

1. Both the ends of the gel tray are sealed with cellophane tape. 

2. 1.5 gm of agar is dissolved in 100 ml of TAE buffer and microwave for 3 

minutes until the solution becomes clear. 

3. It was cooled to 50
0
C and 1 microlitre of ethidium bromide was added. 

4. It was mixed and poured into the gel tray and the comb was placed in proper 

position and the gel was allowed to set.  

Gel loading and electrophoresis: 

1. The cellophane tape is removed from the tray and the gel is now placed in 

the electrophoresis tank.  

2. Then sufficient amount of TAE buffer is added to cover the gel up to 2 mm. 

3. Then 10 microlitre of the DNA sample was mixed with 2 microlitre of gel 

loading buffer and loaded in the lane. 

4. Then 1 ml of DNA molecular marker of 100 base pair is mixed with 4 ml of 

water and 1 ml of gel loading buffer and added in another lane and lid closed. 

5. The current was applied at 2 volts/cm and electrophoresis done until the dye 

reached 2/3 rd of the gel. 

6. It was then visualized under ultraviolet light.  
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SANGER DNA SEQUENCING   

 The amplified products are subjected to Sanger DNA sequencing and 

subjected to analysis in BLAST in NCBI database.  

 Sanger sequencing has been the gold standard for many years and, like 

many other assays, is based on the dideoxy-chemistry. The sequencing reaction 

is read as a color code that distinguishes oligonucleotides of variable length 

with four specific color labels. A ladder of nucleotides is created that can be 

identified by their electrophoretic mobility and color of terminal 

fluorescent nucleotide. The identification of abnormal (mutant) peaks in 

chromatograms of this ladder can be facilitated by computer programs that not 

only create the chromatogram but compare them with reference sequences 

(RefSeq) and identify abnormalities that represent mutations and 

polymorphisms. 

Antifungal susceptibility testing: 

 Antifungal susceptibility testing by disk diffusion methods was 

performed according to CLSI guidelines (CLSI document M44-A) [124] and 

manufacturer's instructions. The media and antifungal disks used in the testing 

were from HIMEDIA Laboratories. It is performed in Mueller-Hinton agar 

supplemented with 2% dextrose and 0.5 microgram/ml methylene blue.  The 

incorporation of methylene blue in the medium improves the yeast growth and 

gives sharp zones of inhibition for the azole group of drugs.  

https://www.sciencedirect.com/topics/medicine-and-dentistry/oligonucleotide
https://www.sciencedirect.com/topics/medicine-and-dentistry/nucleotide
https://www.sciencedirect.com/topics/medicine-and-dentistry/nucleotide
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 The colonies were suspended in 2 ml of sterile 0.85% saline.  The 

turbidity was adjusted to yield 1×10 
5
 - 1×10

6
 cells/ml (0.5 McFarland 

standard). A sterile cotton swab was dipped into the suspension, rotated several 

times, excess fluid from swab was removed by pressing firmly against the 

inside wall. 

 The plates were dried for 3-5 min at room temperature and the 

antifungal disks were placed on the inoculated agar with a forceps, and the 

plates were incubated at 37
0
C. The zone of inhibition was recorded after 24 

hours.  

 Fluconazole 10 microgram/disk, Itraconazole 8microgram/disk, 

Ketoconazole 10microgram/disk, Amphotericin B 20microgram/disk,  

Clotrimazole 10microgram/disk, , and Voriconazole 1microgram/disk were 

used.  

E Test: Anidulafungin Ezy MICTM Strip (AND) (0.002-32 mcg/ml) 

EM122, (HiMedia laboratory) 

 This test is performed for the Echinocandin –Anidulafungin EZY strip 

obtained from Himedia.  

Test Procedure  

1. Prepare plates with Muller Hinton Agar + 2% Glucose + 0.5 mcg/ml 

Methylene Blue Dye i.e. Mueller Hinton Agar, 2% glucose with methylene 

blue (M1825)  
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 2. Dip a sterile non-toxic cotton swab on a wooden applicator into the 

standardized inoculum (turbidity so adjusted, as to obtain semi confluent 

growth on the petri plate) and rotate the soaked swab firmly against the upper 

inside wall of the tube to express excess fluid. Streak the entire agar surface of 

the plate with the swab three times, turning the plate at 60° angle between each 

streaking. Allow the inoculum to dry for 5 - 15 minutes with lid in place.  

3. Remove Ezy MIC™ strip container from cold and keep it at room 

temperature for 15 minutes before opening. 

 4. Remove one applicator from the self sealing bag stored at room 

temperature.  

5. Hold the applicator in the middle and gently press its broader sticky side on 

the centre of Ezy MIC™ strip. 

 6. Lift the applicator along with attached Ezy MIC™ strip.  

7. Place the strip at a desired position on agar plate swabbed with test culture. 

Gently turn the applicator clockwise with fingers. With this action, the 

applicator will detach from the strip. 

 8. DO NOT PRESS EZY MIC™ STRIP. Within 60 seconds, Ezy MIC™ strip 

will be adsorbed and will firmly adhere to the agar surface.  

9. Ezy MIC™ strip should not be repositioned or adjusted once placed.  

10. Transfer plates in the incubator under appropriate conditions. 

 When testing Incubation Interpretive Criteria < S  I*  > R  
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Table 5: Interpretative Criteria for Anidulafungin MIC Strip 

 Growth conditions Sensitive Intermediate Resistant 

Candida albicans 35-37°C for 24 hrs. 0.25 0.5 1 

Candida glabrata 35-37°C for 24 hrs.  0.12 0.25 0.5 

Candida tropicalis 35-37°C for 24 hrs. 0.25 0.5 1.0 

Candida krusei 35-37°C for 24 hrs. 0.25 0.5 1.0 

 Candida parapsilosis 35-37°C for 24-48 hrs. 2.0 4.0 8.0 

Candida guilliermondii 35-37°C for 24 hrs. 2.0 4.0 8.0 

                         

 

           

 

 

 

 

                                                                             

         

 

              Illustration : 1 
CHROM-agar-showing-different-species-of-

Candida 

a-Calbicans- b-Ctropicalis,c—C.krusei-  

C. Glabrata e-C.parapsilosis. d- C.glabrata e-

C.parapsilosis. 
 

Illustration : 2 

Germ Tube Test - Positive 

 

Illustration : 3 

Sugar Fermentation Test  

 

Illustration : 4 

Gram Stain 

 



67 
 

 

 

         
 

   

Illustration : 5 

Agar Gel Electrophoeresis 

 

Illustration : 6 

Gel band seen under UV light 

 

Illustration : 9 

Sanger_sequencing_read_display 

Illustration : 7 

MALDITOF MS 

 

Illustration : 8 

48 well titre plate for MALDITOF 

MS 
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 Illustration : 10 

Phylogenetic Tree of various candida species 
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RESULTS AND ANALYSIS 

Of the 126 samples collected from patients with Candida infection 77(61%) 

were male and 49(39%) were female. This suggests that males being more 

susceptible to Candida infection than females as shown in Figure 3. 

 

 

 

 

 

 

As shown in Fig: 4 the age of the patients included in the study were analyzed. 

The highest number of patients belonged to the age group of 51-60 years - 30 

(24%). This is followed by 61-70 years -28(22%) patients and 41-50 years -

23(18%). There were 15(12%) patients in the age group of 71-80 years and 13 

(10%) patients in 31-40 years age group. About 7(6%) of patient population 

falls in the age group of 0-20 and 21-30 years respectively About 3 (2%) 

patients of the study population belong to 81-90 years. 

F, 49, 39% 

M, 77, 61% 

Fig : 3 Gender distribution of patients in the 

study(n=126) 
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The following Fig: 5 shows that out of the 126 samples collected 60 %( 76) of 

the isolates were from blood samples and 40% (50) were from urine samples. 
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FIG : 4  AGE DISTRIBUTION OF THE PATIENTS 
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The admission rate of the patients in the intensive care units were  about 47 % 

and that in the ward being 53 %  as shown in Fig : 6 
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67 
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Fig :6 ADMISSION IN VARIOUS ICUs AND 
WARD 
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The above figure 7 shows that the highest admission rate was seen in medicine 

44 patients followed by gastroenterology 20, pulmonology 12 and neurology 

12 patients and the least was in urology and plastic surgery 

 

 

Of the 126 patients admitted in various wards and intensive care units 17% of 

them were deceased and the general condition of 97(77%) patients improved 

with treatment and was discharged as depicted in Fig: 8 

In Fig no: 9, the germ tube test performed to differentiate between albicans and 

non albicans species of Candida shows that 27 (21%) of the isolates were 

Candida albicans and 99(79%) isolates belonged to non-albicans species. This 

showed that the non-albicans predominates the albicans species. 
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Fig : 8  Outcome Of The Patients 
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negative, 99, 79% 

positive, 27, 21% 

Fig: 9 Germ Tube Test To Differentiate Albicans And 

Non Albicans Species. 

candida albicans 
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paropsilosis 
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10% 
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tropicalis 

33 
26% 

unidentified 
 25 

20% 

Fig 10 :Phenotypic Identification Of Candida Species 

-Candida Chrom Agar (N=126) 
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 In The above Fig No: 10 the phenotypic identification of Candida species by 

Candida CHROM agar showed Candida tropicalis as a predominant species 33 

(26%) followed by Candida albicans 29 (23%). The next common species 

identified was Candida glabrata 18(14%) followed by Candida parapsilosis 13 

(10%), Candida krusei 5 (4%) and Candida guilliermondii 3(3%). But 25 

(20%) isolates were not identified by means of CHROM Agar. 

TABLE NO: 6 Comparison of Phenotypic Methods of Candida Species 

Identification (N=126) 

 HiCHROM ID Fermentation ID Assimilation ID 

Candida albicans 29 27 27 

Candida glabrata 18 13 13 

Candida 

guilliermondii 

3 1 1 

Candida krusei 5 3 3 

Candida 

parapsilosis 

13 14 14 

Candida tropicalis 33 33 33 

Unidentified 25 35 35 

Total  126 126 126 
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FIG 11 : Comparitive analysis  of candida 
species identication by phenotypic 

methods (N=126) 
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In Fig; 12 the identification by VITEK 2 automated Identification system was 

depicted. Candida tropicalis was the most commonly isolated species 

accounting to 29(23%) followed by Candida albicans 24 (19%). The next 

commonly isolated species were Candida glabrata and parapsilosis which were 

13 (10%) each. The next species which were identified commonly were 

Candida auris 7 (6%) and Candida haemulonii 7 (6%) respectively.  In this 

method about 11(9%) isolates were identified with low discrimination and 5 

(4%) isolates were unidentified. 

 

The above Fig No: 13 depict the species identification by MALDITOF-MS. 

The most common species isolated was Candida tropicalis -40 (32%) followed 

by Candida albicans-27(21%). Interestingly the next common species isolated 

was Candida auris -19(15%). 12(9%) isolates of Candida glabrata and 13 

C.paropsilosis was isolated. The next common organism isolated was Candida 

krusei-8(6%). Candida lusitaniae were 2 (%) in number and about 1% of 

27 
21% 

19 
15% 

1 
1% 

12 
9% 

1 
1% 

8 
6% 2 

2% 

13 
10% 

1 
% 

40 
32% 

2 
2% 

0

5

10

15

20

25

30

35

40

45

Fig : 13 Identification of Candida species by MALDITOF-MS 
(N=126) 
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isolates were from Candida catenulata and pelliculosa and 2 isolates of 

Trichosporon asahi was identified in this method.  

Of the 126 isolates 75 isolates were identified using Molecular sequencing 

which is considered as the gold standard test and the results were as follows: 

 

The common isolate was C.auris -19, C.tropicalis-17 and 11 0f  C.albicans and 

the results were compared with MALDITOF-MS ,Vitek and other methods.  

Table:7 Sensitivity  Rate Of All Detection  Methods With Gold Standard 

COMPARISON WITH 

GOLD STANDARD(N=75) 

SENSITIVITY RATE 

MALDITOF -MS 92% 

VITEK 2 57% 

CHROM AGAR 61% 

FERMENTATION 59% 

ASSIMILATION 59% 

11 

19 

1 

8 

1 1 2 

6 

17 

6 

2 1 

0
2
4
6
8

10
12
14
16
18
20

Fig: 14   IDENTIFICATION OF CANDIDA SPECIES BY 
MOLECULAR SEQUENCING(N=75) 
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*Anidulafungin alone is done by E-MIC Strip method 
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Fig 16: Antifungal susceptibility pattern of 
candida species by disc diffusion method 
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Table No: 8 Antibiotic Susceptibility pattern by VITEK 2 automated 

method 

 

 

Antifungal susceptibility pattern of Candida species by VITEK 2 automated 

system 

AMPHOTERICIN  B Sensitive 108 85.70% 

Intermediate 7 5.50% 

Resistant 11 8.70% 

FLUCANAZOLE Sensitive 85 67.50% 

Intermediate 0 0.00% 

Resistant 41 32.50% 

VORICANAZOLE Sensitive 121 96% 

Intermediate 0 0.00% 

Resistant 5 4% 

CASPOFUNGIN Sensitive 114 90.50% 

Intermediate 4 3% 

Resistant 7 5.50% 

MICAFUNGIN Sensitive 117 93% 

Intermediate 2 2% 

Resistant 6 5% 

ANIDULAFUNGIN 

By E strip method. 

Sensitive 126 100% 

Resistant 0 0% 
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Table no: 9 Antibiotic Susceptibility of Candida Species by Disc Diffusion 

Method 

Antifungal susceptibility pattern of Candida species by Disc diffusion method. 

AMPHOTERICIN B Sensitive 110 87% 

Intermediate 0 0 

Resistant 16 13% 

FLUCANAZOLE Sensitive 87 69% 

Intermediate 0 0% 

Resistant 39 31% 

KETOCONAZOLE Sensitive 116 92% 

Intermediate 1 0.50% 

Resistant 9 8% 

ITRACONAZOLE Sensitive 117 93% 

Intermediate 0  

Resistant 9 7% 

VORICANAZOLE Sensitive 114 90% 

Intermediate 0 0% 

Resistant 12 9.50% 
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TABLE: 10  Antibiotic susceptibility of Candida species by disc diffusion 

method 

 Antibiotic 

susceptibility of 

Candida species 

by disc diffusion 

method 

  

A
M

P
H

O
TE

R
IC

IN
B

 

FL
U

C
A

N
A

ZO
LE

 

K
ET

O
C

O
N

A
ZO

LE
 

IT
R

A
C

O
N

O
ZO

LE
 

V
O

R
IC

O
N

O
ZO

LE
 

    S I R S I R S I R S I R S I R 

Candida albicans 27 27 0 0 24 0 3 25 0 2 25 0 2 24 0 3 

Candida auris 19 11 0 8 6 0 13 17 0 2 19 0 0 17 0 2 

Candida catenulata 1 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 

Candida glabrata 12 11 0 1 5 0 7 11 0 1 12 0 0 10 0 2 

candida gulliermondii 1 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 

Candida krusei 8 5 0 3 1 0 7 7 1 0 7 0 1 7 0 1 

Candida lusitaniae 2 1 0 1 0 0 2 2 0 0 2 0 0 1 0 1 

Candida parapsilosis 13 12 0 1 10 0 3 11 0 2 11 0 2 13 0 0 

Candida pelliculosa 1 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 

Candida tropicalis 40 38 0 2 36 0 4 38 0 2 36 0 4 36 0 4 

Trichosporon asahii 2 2 0 0 2 0 0 2 0 0 2 0 0 2 0 0 
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Table 11: ANTIFUNGAL SUSCEPTIBILITY PATTERN BY VITEK 2 

AUTOMATED METHOD 

 

 

Antifungal 

Susceptibility 

Pattern of Candida 

species by VITEK 2 

AUTOMATED 

METHOD 

A
M

P
-B

 

FL
U

 

V
O

R
I 

C
A

SP
O

 

M
IC

A
 

A
N

ID
U

LA
 

S I R S I R S I R S I R S I R S R 

Candida albicans 27 27 0 0 24 0 3 26 0 1 26 0 1 26 0 1 27 0 

Candida auris 19 11 7 1 4 0 15 18 0 1 16 1 2 16 1 2 19 0 

Candida catenulata 1 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 

Candida glabrata 12 11 0 1 5 0 7 11 0 1 10 1 1 11 0 1 12 0 

candida 

gulliermondii 1 
1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 

Candida krusei 8 5 0 3 1 0 7 7 0 1 6 1 1 8 0 0 8 0 

Candida lusitaniae 2 1 0 1 1 0 1 2 0 0 0 2 2 0 2 2 2 0 

Candida 

parapsilosis 13 
12 0 1 9 0 4 13 0 0 12 1 0 12 1 0 12 0 

Candida pelliculosa 1 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 

Candida tropicalis 40 36 0 4 36 0 4 39 0 1 40 0 0 40 0 0 40 0 

Trichosporon 

asahii 2 
2 0 0 2 0 0 2 0 0 2 0 0 2 0 0 2 0 
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TABLE: 12 SPECIES IDENTIFICATION BY ALL METHODS WITH 

GOLD STANDARD –MOLECULAR SEQUENCING 
 

S
E

Q
U

E
N

C
IN

G
 

G
o

ld
 s

ta
n

d
a

rd
 

MALDITOF-MS VITEK 

C
 

IC
 

C
 

IC
 

Candida albicans 11 10 1-C.tropicalis 6 

C.tropicalis-1,C.glabrata-
1,C.DUBLINIENSIS-

1,unidentified-1,low 

discrimination-1 

Candida auris 19 19 nil 7 

C.haemulonis-
4,C.duobushaemulonii-

2,C.lusitaniae-1,C.famataa-

1,C.paropsilosis-
1,unidentified-1,low 

discrimination-2 

Candida catenulata 1 1 nil 0 unidentified-1 

Candida glabrata 8 4 
3-C.tropicalis,               

1-C.krusei 5 
C.tropicalis-1,C.albicans-
1,C.ciferrii-1 

Candida 

guilliermondii 1 1 nil 1 nil 

Candida haemulonii 1 0 1-C.tropicalis 1 nil 

Candida lusitaniae 2 2 nil 1 unidentified-1 

Candida parapsilosis 6 6 nil 5 low discrimination-1 

Candida tropicalis 17 17 0 12 

C.paropsilosis-2,unidentified-

1,low discrimination-2 

Pichia kudriavzevii 6 6 0 4 C.haemulonis-2 

Trichosporon asahi 2 2 nil 0 C.albicans-2 

Wickerhamomyces 

anomalus 1 1 nil 1 0 
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S
E
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U

E
N
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g
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n

d
a

rd
 CHROM fermentation assimilation 

C
o

rr
ec

t 

In
co

rr
ec

t 

C
o

rr
ec

t 

In
co

rr
ec

t 

C
o

rr
ec
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In
co

rr
ec
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Candida albicans 11 11 0 11 0 11 0 

Candida auris 19 0 

1-
c.paropsilosis,uni

dentified-

16,C.glabrata-2 

0 

1-

c.paropsilosis,uni
dentified-18 

0 

1-

c.paropsilosisunid
entified-18 

Candida catenulata 1 0 unidentified-1 0 unidentified-1 0 unidentified-1 

Candida glabrata 8 7 1-c.tropicalis 6 
c.tropicalis1 

,unidentified-1 
6 

1-

c.tropicalis,uniden

tified-1 

Candida 

guilliermondii 
1 1 0 1 0 1 0 

Candida 

haemulonii 
1 0 C.glabrata-1 0 unidentified-1 0 unidentified-1 

Candida lusitaniae 2 0 unidentified-1 0 unidentified-1 0 unidentified-1 

Candida 

parapsilosis 
6 6 0 6 0 6 0 

Candida tropicalis 17 17 0 17 0 17 0 

Pichia kudriazevii 6 4 2-unidentified 3 3-unidentified 3 1 

Trichosporon 

asahi 
2 0 2-C.albicans 0 1-unidentified 0 1-unidentified 

Wickerhomyces 
anomalus 

1 0 unidentified 0 1-unidentified 0 1-unidentified 
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DISCUSSION 

 The incidence of detection of invasive fungal infections has been 

increased significantly over the past two decades. The invasive fungi are 

gaining their attention because of their potential to cause life threatening 

infections in immuno-compromised patients and in patients undergoing 

transplant and in those receiving treatment for malignancy. Most of the yeasts 

associated with human infections are found to be innately resistant or they 

develop resistance easily to the most common anti-fungal agents used for 

treatment. 

 About 126 samples which yielded significant growth of Candida species 

is taken up for the study. The samples were taken up only from the in patients 

of PSG Hospital admitted during the period extending from January 2018 to 

May 2019. The study represents a brief clinical and microbiological survey of 

patients with candidiasis. The common species and the antibiotic susceptibility 

pattern were identified.  

INCIDENCE:   

 About 29,930 blood samples were received from the In-patients of our 

hospital out of which 2814 (9.4%) samples were culture positive. In this 2677 

samples were due to bacteremia and 137 (0.45%) isolates were positive for 

candidemia. The prevalence of candidemia in this study was found to be 4.8 %. 

This is similar to other studies done earlier. Great variation in the prevalence 

and incidence of candidemia has been reported from India. Kumar et al. 
83

from 
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South India reported incidence of 5.7% for candidemia among children with 

hematological malignancy; whereas Xess
84

 et al. found a prevalence rate of 6% 

for candidemia. A study by Sahin et al. done at Moulana Azad Medical 

College, New Delhi, India
85

, found incidence rate of 6.9% for Candida spp. 

CDC‘s active, population-based surveillance for candidemia has been ongoing 

since 2008 showed that Candidemia incidence declined during 2009–2013 and 

then stabilized at approximately 9 cases per 100,000 population during 2013-

2017. 

 In our study there was male preponderance of 77 (67%) followed by 

females 49 (39%).  

 The age distribution showed the prevalence of candidiasis in all age 

groups. The youngest person was a new born and the oldest patient was 85 

years old. The maximum number of patients belonged to the age group of more 

than 50 years corresponding to 59% of the study population.  

 The aging population is susceptible to fungal infection mainly due to the 

associated medical conditions and increase in rate of hospitalization, use of 

broad-spectrum antimicrobials, cancer chemotherapy, mucosal colonization 

by Candida species, indwelling vascular catheters like central venous catheters. 

The other predisposing factors include immunocompromised states such as 

diabetes mellitus and malignancy
86

. In a study by Furlaneto et al, it showed that 

the prevalence was high in the age group >61 years than that in younger ones
87

. 
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SPECIES DISTRIBUTION:  

 Among 126 isolates Candida albicans was found to be 21 % and non 

albicans were 79% of which C.tropicalis was the major species identified. 

 Our study revealed high prevalence of C. tropicalis (32 %) while C. 

albicans and C. auris affected 21 % and 15 % of cases, respectively. The 

preponderance of C. tropicalis was consistent with a prospective study by 

Chakrabarti
6
 et al., where C. tropicalis was the most common (42.1%) yeast 

isolated. The same scenario of predominant  C.tropicalis (41.1%) was seen in a 

study done by Kaur
88

 et al., from India. 

 C. glabrata candidemia was seen only 10 % of patients of our study 

group. This is in contrast to the developed world, where C. tropicalis is 

uniformly less common and C. albicans (45.0–74.0 %) and C. glabrata (16.7–

22.6 %) are more prevalent. The rise in C. glabrata in the Western world can be 

linked to increased use of azole prophylaxis. 

 In an international surveillance programs like the ARTEMIS antifungal 

surveillance program, a decreasing trend in the isolation of C. albicans was 

noted. The ARTEMIS surveillance study showed an increase 

in Candida species like C. tropicalis (4.6%).  

Candiduria and candidemia : 

 Candiduria was found to be one of the risk factor for candidemia. This 

may be an indicator of impending sepsis in patients admitted to hospitals, 

especially those in ICUs. The  presence of  risk factors like central venous 
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catheter, surgical intervention or procedures involving the urinary tract, 

presence of urinary catheters were associated with development of candidemia
.   

Outcome of the patients:  

 Mortality in candidemia patients occurs due to several factors like 

severity of injury in case of trauma, age of the patient, underlying co morbid 

conditions like diabetes, time elapsed before treatment was started, 

concomitant infections like blood stream infection, ventilator-associated 

pneumonia, and other bacterial infections, even though prompt administration 

of appropriate antibiotic or antifungal therapy was initiated.  

 In our study only crude mortality could be determined. Of the 126 

patients who had candidemia, 22 (17%) had a fatal outcome. This is 

comparatively low when compared to study by Lamoth 
89

et al with mortality 

rate ranging from 30 – 72 % and in another study it was about 39%.
90

 

 On microscopic examination of Candida species, a smaller mean 

diameter of 0.3 to 0.5 µm was observed in case of C.glabrata when compared 

with mean diameter of 0.7-0.8 µm in other species. With experience C.glabrata 

could be identified presumptively.  

 There was no major discrepancy in identification of Candida species by 

phenotypic methods like germ tube test, fermentation and assimilation tests and 

with colour production on TRM and Chrome agar 

 Of the 126 isolates only 27 (21%) of isolates showed GTT positive and 

99(79%) were GTT negative. This positive GTT was observed only in C. 
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albicans and C.dubliniensis. The other species were found to be negative for 

germ tube production.  In a study by D.W.R Mackenzie on the values of GTT 

for Candida albicans isolation, he concluded this test as a rapid and 

presumptive diagnostic test. In a random series of 163 isolates identified as 

albicans species, 8 (5%) of them failed to produce germ tubes
90

.Moreover 

discrimination of germ tube and psudohyphae needs experience and the results 

are liable to subjective interpretation. A similar few studies shows 100 % germ 

tube positivity for Candida albicans.  

Phenotypic methods: 

 CHROM agar is a differential and selective chromogenic medium for 

rapid screening of Candida species isolated from clinical samples. All 

C.albicans isolates showed light green colour on chrome agar and pale pink 

colour on TRM and 2 of the germ tube negative isolates produced dry light 

green colonies on Chrome agar which were later found to be Trichosporon by 

other methods. The C.tropicalis isolates produced blue colonies with purple 

halo in CHROM and maroon colour in TRM, which was similar to other 

studies by Nadeem 
91

and Odds et al
92

. 

 The assimilation and fermentation methods were found to be labor 

intensive and time consuming. The detection rate for the identification of C. 

albicans, C. tropicalis and C.paropsilosis was found to be correlating 100 % 

with gold standard method.  
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Vitek 2 automated system:  

 This automated method was used for the rapid detection of Candida 

isolates in our lab. Out of 126 isolates the most common species identified was 

C. tropicalis 29, followed by Candida albicans 24 isolates. In our vitek 2 

system, only 7 isolates  of Candida auris was identified correctly and 12(12%) 

species were misidentified as  Candida hemulonis-4 ,Candida lusitaniae -1 

,Candida duobushaemulonii-2, Candida famata-1 ,Candida paropsilosis-1. The 

system could not identify 5(3.9%) isolates and 11 (11%) isolates were given 

low discrimination. The overall detection rate of Candida species was 80 % and 

the correct identification rate was 55% by VITEK 2 system when compared 

with molecular sequencing –the gold standard method.  

 In a study by Mathur
93

 et al, The VITEK 2 yielded correct identification 

of 65% (n = 74) of the isolates, and 75%  C. auris was misidentified as C. 

haemulonii .A study by Massonet
94

 et al reported that Vitek-2 identified 

41(67.21%) Candida isolates correctly, 10 (16.39%) not identified, 3 (4.91%) 

misidentified, and 7 (11.47%) isolates with low discrimination. 

MALDI-TOF MS :  

 MALDI-TOF mass spectrometry is a technique used in Microbiology as 

a rapid, accurate and cost-effective method for the identification of 

microorganism .The sample is co-crystallized with the matrix on the sample 

target and it has  to be desorbed and ionized by the MALDI ion source. (E.g. 

ultraviolet laser) The ion molecules, including the microbial peptides/proteins, 

are accelerated by the electric field into the TOF analyzer. All the ions are 



91 
 

separated by TOF in accordance with the m/z ratio and a mass spectrum. 

VITEK
®
 MS (bioMerieux Inc.) was approved by the US FDA for identification 

of cultured bacteria and yeasts. 

 In our study, out of 126 samples, Candida tropicalis (32%) was the most 

common isolate followed by Candida albicans (21%) and then by Candida 

auris accounting for 15% .The next common isolate was Candida parapsilosis 

10% and Candida glabrata 9%. About 6 % of the isolates were found to be 

Candida krusei. Interestingly Candida auris was found be the third most 

common species accounting for 19 isolates (15 %) in our study which showed 

the emergence of this species in tertiary care hospitals. 

 Out of 126 isolates, only 75 isolates were subjected to molecular 

sequencing due to fund restraints. The molecular sequencing was kept as gold 

standard and the other methods were compared to the gold standard. 

MALDITOF-MS correctly identified all the 19 isolates of C.auris, 17 isolates 

of C.tropicalis, 6 isolates each of C.krusei and C.paropsilosis, 1 isolate each of 

C.pelliculosa and C.guilliermondi, and 2 isolates of C.lusitaniae. But 4 species 

of C.glabrata was misidentified (C.tropicalis -3 and C.krusei-1). One isolate of 

C.haemulonii was misidentified by MALDITOF-MS as C.tropicalis and 1 

isolate of C. albicans as C.tropicalis. In our study the detection rate of Candida 

species by MALDITOF-MS was found to be 100 % at the genus level and 92 

% at the species level.  

 Several studies were earlier done for the identification of Candida 

species are listed below which is similar to our study. 
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 A study by Ghosh
95

 et al., correctly identified 98.9 % of PCR sequenced 

yeasts.  In another study by Wattal
96

 et al., the Vitek MS showed identification 

at the genus and or species level up to 92.8% for yeasts. In A study by Mathur
93

 

et al., for yeast isolation by MALDI-TOF MS, for 9% of isolates no reliable 

identification was made  

 Dhiman
97

 et al. evaluated the Bruker system and reported 96% and 85% 

accurate species-level identification, respectively. 

 In a study by 
98

Westblade et al., the Vitek MS v2.0 system for 

identification of 852 yeast isolates, reported 97% and 86% identification at 

genus- and species-level, respectively. 

 Jamal
99

 et al. evaluated the Bruker and VITEK MS systems for 

identification of yeast isolates reporting accurate identification of 93%. 

 Won 
100

et al. assessed the Vitek MS system and showed correct 

identification, misidentification and no identification in 96%, 1% and 3% of 

cases, respectively. 

 Mancini 
101

et al. compared the Bruker and Vitek MS systems for 

identification of yeasts showed 100% identification using the Bruker system. 

 The detection  rate of Candida albicans isolates were 91% by 

MALDITOF, 55% by VITEK, 100% by HiCHROM agar, fermentation and 

assimilation and for  Candida auris 100 %  by MALDITOF, 58% by VITEK, 0 

% by HiCHROM agar, fermentation and assimilation. For C.parapsilosis 100% 

detection rate  was observed by MALDITOF all phenotypic methods and 83 % 
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by VITEK. The detection rate for C.krusei was100% by MALDITOF, 67% by 

VITEK and Chrome agar and 50% by assimilation and fermentation 

respectively. The detection  rate for C.glabrata was 100% by MALDITOF, 

62.5% by VITEK, 87.5% by chrome agar and 75% by fermentation and 

assimilation. The detection rate for C.tropicalis was 100% by all methods 

except in VITEK which showed only 70%. 

 The detection of C.auris was 100% by MALDITOF and 58% by VITEK 

but was not detected by  any of the phenotypic methods. 

Antifungal susceptibility test:   Candididiasis caused by yeasts might lead 

onto severe complications and results in increase the costs of hospital care . 

Mortality remains high, especially when effective antifungal drug therapy is 

not promptly administered . 

 The prevalence of the different Candida species varies widely from 

region to region, and antifungal susceptibility patterns are species specific and  

rapid, accurate identification  of the organism is critical for successful 

treatment. The anti fungal susceptibility testing was done by VITEK 2 

automated system and by disc diffusion methods according to CLSI standards 

(CLSI document M44-A). By VITEK 2 method, resistance to fluconazole was 

noted in 41(32%) isolates and to Amphotericin B noted in 11(9%) isolates. The 

overall resistance to Echinocandins by Candida species was comparatively less. 

Caspofungin and Micafungin resistance were observed in 7(6%) and 6 (5%) of 

Candida species respectively and no drug resistance was noted for 

Anidulafungin done by E strip MIC method. 
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 But by disc diffusion, 16 (13%) were resistant to Amphotericin B and 39 

(31%) isolates resistant to fluconazole and for 9-10 % for the other azole group 

of anti-fungals.  

 Among the 126 isolates, most of the resistance pattern to fluconazole is 

exhibited by C.auris -15(12%), C.glabrata-8(7%), C.krusei-8(6%), C.tropicalis 

-4(3%)  C.parapsilosis-5(3.5%) and C.albicans-1%. The resistance to 

Amphotericin B is seen in 9(7%) isolates of C.auris and in 3 (2%) isolates of C. 

tropicalis and C.krusei respectively. The resistance pattern to Echinocandins 

were seen in, C.auris 2, C.lusitaniae 2, and one isolate each of C.glabrata and 

C. albicans. 

 C.glabrata showed 58% resistance to fluconazole and 8% resistance to 

echinocandins. C.krusei was 38 % resistant to Amphotericin B and 87 % 

resistant to fluconazole   

 C.auris isolates were 79 % resistant to fluconazole and 5 % resistant to 

Amphotericin-B and Voriconazole. Caspofungin and Micafungin resistance 

was observed in 11% of the isolates tested  . 

Anidulafungin resistance was not observed in any of the isolates which was 

done by 

 E –Strip method.  

 In India, antifungal drug resistance to Candida isolates  is not very clear 

due to lack of multicentre studies over a period of many years.  In a study from 

New Delhi by Kothari 
76

et al., fluconazole resistance was reported in 36% 
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isolates.  An earlier study from a tertiary care center in North India by 

Gupta
102

 et al., showed fluconazole resistance only in isolates of C. 

glabrata (37.5%).  A study from Chennai by Kumar
83

 et al., found that 17.2% 

of all strains causing invasive candidiasis in children with onco-hematological 

diseases were resistant to fluconazole. 

Dendrogram:  

 With the importance of the genus Candida, the evolutionary 

relationships between closely related Candida species and genera with the 

variety of lifestyles had gained popularity in recent years. For analyzing the 

evolution of specific traits therefore, a robust phylogeny is essential. Inour 

present study, we had isolated 70 different types of Candida species and 

examined the evolutionary relationships among the closely related genera 

Pichia, Meyerozyma, Wickerhamomyces and Trichosporon and also made an 

attempt to resolve the isolated different strains of Candida species 

relationships. The phylogeny was constructed from the concatenated sequences 

verifies the monophyletic origin of this group of yeast species. In this above 

tree, the majority of nodes were strongly supported with posterior values close 

to 0.005. In addition, the main clade distribution was in agreement with the 

previously published phylogenies  (Loren et al.,
103 

 and Sanglas
104

 et al.,). Also 

we obtained a perfect clustering of the strains belonging to same genus, 

including those considered synonymous. 

 Phylogenetic neighbor-joining tree showing the relationships of all 

described Candida species (type strains) and other genera of the family Pichia 
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(P. kudriavzevii kv104 and kv11), Meyerozyma (M. caribbica kv107), 

Wickerhamomyces (W. anomalus kv102) and Trichosporon (T. asahii kv75). 

Our findings had clear implications for the current debate about the role and 

function of the Candida species, which tends to play in sustaining biodiversity 

persistence and key ecosystems services. From this robust and well supported 

evolutionary hypothesis for this genera confidently resolved their various inter 

and intragenic relationships, and representing a valuable resource for the future 

studies. Furthermore, it will form basis for studies aiming to understand the 

forces driving the divergence and maintenance of lineages, species and 

biological traits in this important group of yeast in near future. 

 Sensitivity rate of all the methods used for detection of Candida isolates 

were compared with gold standard method molecular sequencing. The 

sensitivity rate of MALDITOF-MS was 92%, VITEK 2 automated method 

57%, HiCHROM agar 61% and 59% for both fermentation and assimilation 

respectively. 

 When compared to all the phenotypic and genotypic methods for 

identification of Candida from critical to trivial infections, MALDITOF is  

unique  method which will change the way microbes are identified in general 

and Candida species in specific in a very short period of time at nominal cost. 
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SUMMARY 

 The present study which was conducted in Clinical Microbiological 

Laboratory, PSG medical college, Coimbatore, to identify the Candida isolates 

at species level by various phenotypic and genotypic methods and evaluate 

MALDITOF-MS technique in detecting and determining Candida to the 

species level.  

 A total of 126 samples were taken up for the study during the period of 

January 2018 to may 2019 from in patients. 

 The blood and urine samples from the in patients which were showing 

evidence of yeast like organisms by blood culture smears and wet mount  

respectively were taken up for the study. 

 Out of 29,930 blood samples received, 2814 (9.4%) samples were 

culture positive of which 2677 samples were due to bacteremia and 137 

(0.45%) isolates were positive for candidemia. 

  The prevalence of candidemia in this study was found to be 4.8 %.  

 The maximum number of patients belonged to the age group of more 

than 50 years corresponding to 59% of the study population.  

 Out of 126 patients, majority were males constituting 59 % of the study 

population. 

  The fatality rate in candidemia was 17 %( 22/126). 
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  The non albicans (79 %) predominates the albicans (21%) species 

  CHROM agar was showing results for the five species namely 

C.albicans, glabrata, parapsilosis, tropicalis and guilliermondii and  the 

overall detection rate was 61% 

 The single most common species isolated was Candida tropicalis -32% 

while C. albicans and C. auris affected 21 % and 15 % of cases, 

respectively. 

 The assimilation and fermentation methods were found to be labor 

intensive and time consuming and the detection rate was found to be 100 

% for all the isolates of C.albicans, c. tropicalis, C.parapsilosis 

C.glabrata the overall detection rate was 59% for both methods. 

 The overall detection rate of Candida species was 80 % and the correct 

identification rate was 55% by VITEK 2 system when compared with 

molecular sequencing –the gold standard method. The system could not 

identify 5(3.9%) isolates and 11 (11%)isolates were given low 

discrimination 

  The detection rate of Candida species by MALDITOF-MS was found to 

be 100 % at the genus level and 92 % at the species level. 4 species of 

C.glabrata was misidentified (C.tropicalis -3 and C.krusei-1). One 

isolate of C.haemulonii was misidentified by MALDITOF-MS as 
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C.tropicalis and 1 isolate of C. albicans as C.tropicalis when compared 

to gold standard method.   

 Direct colony PCR was done for all the isolates using universal primers 

ITS-1 and 4 and amplification was done using thermo cycler with 

appropriate conditions. 

 All the isolates were subjected to Sanger DNA sequencing after which it 

was compared with NCBI data bank to identify the species. 

 The sensitivity rate of detection of Candida species by MALDITOF-MS 

was 92%, VITEK 2 automated method 57%, HiCHROM agar 61% and 

59% for both fermentation and assimilation respectively when compared 

to molecular sequencing. 

 The sensitivity rate for detection of Candida albicans was 91% by 

MALDITOF, 55% by VITEK, 100% by HiCHROM agar, fermentation 

and assimilation. For Candida auris 100 % MALDITOF, 58% by 

VITEK, 0 % by HiCHROM agar, fermentation and assimilation. For 

C.paropsilosis 100% detection rate by MALDITOF and all phenotypic 

methods and 83 % by VITEK. 

 The detection rate for C.krusei 100% by MALDITOF, 67% VITEK and 

Chrome agar and 50% by both assimilation and fermentation. 
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 The sensitivity rate for C.glabrata was 100% by MALDITOF, 62.5% by 

VITEK, 87.5% by chrome agar and 75% by fermentation and 

assimilation. 

 The detection of C.tropicalis was 100% by all methods except in VITEK 

which was 70%. 

 The detection of C.auris was 100% by MALDITOF and 58% by VITEK 

but not detected by phenotypic methods. 

 By VITEK 2 automated  method, resistance to fluconazole was noted in 

41(32%) isolates and to Amphotericin B  in 11 (9%) isolates  

 Among the echinocandins, no resistance was found for Anidulafungin 

(E- MIC method.).The resistance pattern for caspofungin and 

Micafungin were 5% and 6% respectively. 

 C.glabrata showed 58% resistance to fluconazole and 8% resistance to 

echinocandins. C.krusei was 38 % resistant to Amphotericin B and 87 % 

resiszant to fluconazole   

 Interestingly Candida auris was found be the third most common species 

accounting for 19 isolates (15 %) in our study which showed the 

emergence of this species in tertiary care hospitals. C.auris isolates were 

79 % resistant to fluconazole and 5 % resistant to Amphotericin-B and 

Voriconazole. For Echinocandins  it showed 11% resistance  and 84 % 

sensitivity to  both caspofungin and Micafungin  but all the isolates were 

sensitive to Anidulafungin done by E –Strip method 
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CONCLUSION 

 MALDI-TOF mass spectrometry (MS) is becoming essential in most 

clinical microbiology laboratories throughout the world. This tool has 

accelerated laboratory analysis and provides accurate species-level information 

and very short turnaround times its successful use is due to the low operational 

costs, as well as the specificity and speed of analysis. MALDI-TOF MS 

provides highly discriminatory identification of yeasts and filamentous fungi 

starting from colonies.  

 The direct identification of yeasts from positive blood cultures has the 

potential to greatly shorten turnaround times and to improve laboratory 

diagnosis of fungemia, strain typing and to determine antifungal drug 

susceptibility.  

 Though got several advantages MALDI-TOF MS requires high initial 

set-up cost and molecular diagnostics for identifying missing species. Any 

discrepancy has to be clarified anyway by molecular sequencing. 
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Identification of Candida Species by Sugar Fermentation 
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Glucose F F F F F F F F F F F W NF NF F 

Sucrose NF F NF NF F F NF F F NF NF W NF NF F 

Maltose F F NF NF NF NF NF V NF NF F NF NF NF NF 

Lactose NF NF NF NF NF NF NF NF NF NF NF NF NF NF NF 

Galactos

e 
F F NF NF F NF NF V F NF F NF NF NF NF 

Trehalos

e 
F F NF F F N F NF NF F NF F W NF NF NF 

*F-Fermented NF-Not fermented. 

 

 



Identification of Candida Species by Carbohydrate Assimilation 

SPECIES C
.A

LB
IC

A
N

S 

C
.T

R
O

PI
C

A
LI

S 

C
.P

A
R

O
PS

IL
O

SI
S 

C
.G

LA
BR

A
TA

 

C
.G

U
LL

IE
R

M
O

N
D

II
 

C
.A

U
R

IS
 

C
.K

R
U

SE
I 

C
.P

EL
LI

C
U

LO
SA

 

C
.L

U
SI

TA
EN

IA
 

C
.C

A
TE

N
U

LA
T

A
 

C
.D

U
BL

IN
IE

N
SI

S 

C
.F

A
M

A
TA

 

C
.C

IF
ER

R
I 

GLUCOSE A A A A A A A A A A A A A 

MALTOSE A A A A A A NA A A A A A A 

SUCROSE A A A NA A A NA A A NA A A A 

LACTOSE NA NA NA NA NA NA NA NA NA NA NA NA NA 

GALACTOSE A A A NA A NA NA A A A A A A 

MELIBIOSE NA NA NA NA A NA NA NA NA NA NA A V 

CELIBIOSE NA A NA NA A NA NA A A NA NA A V 

INOSITOL NA NA NA NA NA NA NA NA NA NA NA NA NA 

XYLOSE A A A NA A NA NA NA A A A A A 

RAFFINOSE NA NA NA NA A A NA A NA NA NA A A 

TREHALOSE A A A A A A NA A A NA A A A 

DULCITOL NA NA NA NA A NA NA NA NA NA NA A NA 

*A-Assimilated NA- Not Assimilated. 



50 X TAE Buffer:  

      Tris base 24.2 gm 

     Glacial acetic acid – 5.7 ml 

     The TRIS base is dissolved in 50 ml of distilled water and glacial acetic acid 

and EDTA were added. The pH is adjusted to 8.0 and final volume of 100 ml is 

made and stored at room temperature. 

1X TAE: 20 ml of 50XTAE is mixed with 980 ml of distilled water. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

ABBREVIATIONS 

HIV     - Human Immunodeficiency virus  

AIDS  - Acquired Immune Deficiency syndrome 

ICU  - Intensive care units 

MALDITOF MS -  Matrix Assisted Laser Desorption Ionization- 

  Time of Flight Mass Spectrometry 

PCR   - Polymerase Chain Reaction 

RFLP  - Restricted Fragment Length Polymoorphism 

DNA   - Deoxy Ribo Nucleic Acid 

ITS  - Internal Transcribed Spacer 

SAP - Secreted Aspartic  Proteinase 

MIC     -  Minimum inhibitory concentration 

SDA -  Saboraud’s Dextrose Agar 

CFU - Colony Forming Unit 

LOD -  Limit of Detection 

MLST -  Multi locus sequence typing 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


