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1.INTRODUCTION 
Fungal infections caused by yeasts of the Candida genus are a major problem
especially in immunocompromised patients or those hospitalized with 
underlyingdisease.Candida species are frequent colonisers of the skin and 
mucous membranes of animals and their dissemination in nature is 
widespread.There are over 350 heterogenous Candida species but only few
have been implicated in human disease.Candida species are the most common 
cause of fungal infections world wide, the fourth leading cause of health care 
associated infections and third most common cause of central line associated  
blood stream infections[1,2].
Candidiasis is a growing medical problem which requires prompt diagnosis 
and early treatment. The large population of immunocompromised patients 
using intravenous catheters,catheterization of urinary tract or vascular 
system,renal failure, hepatic failure, prolonged hospital stay, prolonged use of  
broadspectrum antibiotics, cytotoxic chemotherapies and transplantation are 
factorsthat contribute to increase of these infections. Diabetes milletus,  
leadingendocrinal dysfunction provides a potent soil for Candidial infection.
Candida albicans is the most common infectious agent among Candida 
species, accounting for 60-80% of infections.It is a type of yeast that is a 
common member of human gut flora[3,4]. 
C. albicans grow in several different morphological forms, ranging from  
unicellular budding yeast to true hyphae with parallel-side wall .  
Typically, C. albicanslive as harmless commensals in the gastrointestinal and 
genitourinary tract and are found in over 70% of the population. Overgrowth of 
these organisms, however, will lead to disease, and it usually occurs in 
immunocompromised individuals, such as HIV-infected victims, transplant  
recipients, chemotherapy patients, and low birth-weight babies[5,6].
It is dimorphic, due to their ability to form pseudohyphae and are also 
reffered as Germ tube positive .Pseudohyphae are formed from yeast cells  
or hyphae by budding but the new growth remains attached to 
parent cell and elongates, resulting in filaments with constrictions at cell-cell  
junctions[7]. 
The genome of C. albicans is almost 16Mb large, 8 chromosomes (28Mb for 
the diploid stage). It is diploid,naturally heterozygous opportunistic pathogen. 
Conditions in which C.albicans become pathogenic-its ability to grow in 
unicellular yeast, pseudohyphal and hyphal forms, its ability to switch between 
different but stable phenotypic states,the way it retains the ability to mate but 
apparently loses the ability to go through meiosis to complete sexual cycle.
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C.albicans is an imperfect yeast capable of  yeast to hyphal transition induced  
by environmental factors and a variety of high frequency heritable, reversible  
strain dependent ,phenotypic transitions frequently called switching, resulting 
in differences in colonial morphology.
C.albicans can be grown in the laboratory and appears as large, round, 
white or cream coloured colony of morphological variations which include  
smooth, rough, stippled, star, fuzzy and wrinkled at high frequency. When 
C.albicans is grown on enriched blood or chocolate agar media, a small  
extension is seen around the border of the colony. This colonial morphological  
feature may be useful for identification of C.albicans from specimens of 
patients infected with other yeasts. 
C.albicans is responsible for majority of oral and systemic Candidiasis 
cases as well as community onset and nosocomial Candidemia[8].A mortality 
rate of 40% has been reported for patients with systemic Candidiasis due to  
C.albicans. 
Antifungal drug resistance is fast becoming a major problem. Intensive  
and long term use of antifungal drugs lead to decline in susceptibility and 
resistance patterns of Candida species[9].It should also be noted that Candida 
species differ in their antifungal susceptibility and virulence factors.
The Antifungal susceptibility testing is an important tool in the management of  
Candida infection because it promotes accurate administration of antifungal 
agents, and as an aid in drug development as well as a means of tracking the  
development of antifungal resistance in epidemiological studies.
 The polyenes, azoles, echinocandins, nucleoside analogs, and allylamines are 
used with varying efficacy depending on the type and site of infection and the 
sensitivity of the Candida species. Azole antifungal drugs are the mainstay of 
management of infections with Candida species The most commonly 
prescribed antifungal used for most C. albicansinfections is fluconazole, a  
member of the azole class of antifungals.Azoles are known to induce  
expression of  ERG11 mRNA[8]. 
ERG11 is an essential gene in S. cerevisiae and the erg11 null mutant can only 
grow anaerobically on media supplemented with ergosterol in contrast, 
C. albicans erg11 null mutants are able to grow slowly under aerobic 
conditions without ergosterol  they accumulate toxic sterol intermediates and 
often give rise to spontaneous suppressor mutations that inactivate C-5 sterol  
desaturase, encoded by the ERG3 gene ergosterol biosynthesis is a primary 
target of several antifungal drugs  the azoles, such as fluconazole or 
ketoconazole, bind to the active site of Erg11p, interfering with its binding the
 normal substrates and blocking the ergosterol biosynthesis pathway ,azole  
resistance of many clinical isolates correlates with mutations that alter the  
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affinity of Erg11p for azoles.
Gene ERG11-2 is responsible for the phenomenon of resistance to
fluconazole a result of the mutation leading to an increase in gene expression 
Azoles inhibit 14- -steroldemethylase, encoded by the ERG11 gene, which is  
an enzyme involved in the biosynthesis of the fungal-specific membrane sterol 
ergosterol[9].
Treatment with azoles and other sterol biosynthesis inhibitors causes the  
induction of ERG11 gene expression, which is likely to contribute to azole 
tolerance
Moreover, many studies have documented the ability of Candida to develop 
high-level resistance to azole antifungals . However, with increased use of  
theseagents,particularly Fluconazole, treatment failures associated with the 
emergence of azole resistant strains of C.albicans have occurred.  
Real-time quantitative PCR was used to measure expression levels of 
gene ERG11.Real-time PCR (RT-PCR)  to determine the normal  
range of expression levels of genes known to confer azole resistance in a  
collection of azole-susceptible isolates[10]. 
Many clinical laboratories however donotspeciate the Candida species 
isolated from clinical samples unless specifically requested.Thus local changes  
or trends in infection causing species are difficult to determine.
As of 1997,33 species of Candida has been identified as agents of human 
disease,40 species as of 2012 ,46 species s of 2016.
Candidiasis in Immunocompromised patients 
Candida recovers from upto two thirds of oral cavity of persons with  
advanced HIV disease.Oral colonization with inherently drug resistant  
organisms is more common in advanced HIV Infection(CD4 lymphocyte  
count,50 cells per ul).Although vaginal colonization is more prevalent  
among HIV infected women compared with HIV negative women,no
association of colonization  rate with CD4 count is apparent. 
Upto 90% of persons with advanced untreated HIV infection develop 
oropharyngeal Candidiasis, with 60% having atleast 1 episode per year with 
frequent recurrences(50-60%). Oesophageal Candidiasis was diagnosed in 
15.5% of AIDS cases diagnosed in Europe in 2002[11].
Fluconazole is the standard treatment for oropharyngeal candidiasis, which is 
the third most common opportunistic infection in human immunodeficiency 
virus (HIV)/AIDS patients in Indonesia. Overuse of this drug could lead to the 
emergence of resistance[11] .      
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1.1Justification of the study
 Identification of Candida albicans is important as not all species respond to 
same treatment. In most hospitals, Candida infections are usually treated 

with Fluconazole. However, information about the prevalence of drug 
resistance to fluconazole and other antifungal agents on Candida albicans is
 very limited.ERG11 gene confers reduced susceptibility for fluconazole 
tolerance. 
Thus there is an urgent need to determine the extent of problem and 
identify Candida upto species level and determine antifungal susceptibility 
pattern and detect ERG11 gene in fluconazole resistant Candida albicans. 
 
 

 
 
 
 
 
 
 
 
 
 
 

 

 

 


