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2.1 HISTORY
The history of the discovery and naming of Candida extends from the ancient 
Greeks to modern day researchers. The perception of Candida has evolved 
from the presence of an exudate in the human host to a known infectious agent.  
200 years of medical history was recorded before the etiological agent of oral 
thrush, the first form of candidiasis described, was correctly identified as a 
fungal pathogen. “Thrush” appears as whitish plagues within the oropharynx or 
thebuccal mucosa or tongue. One of the main points of contention when 
defining thrush was whether it originated from the host or was an infectious 
agent, or a combination of the two. 
 While Langenbeck (1839) first documented the fungus associated with  
thrush, he failed to make the direct connection. In 1847, French mycologist, 
Charles Philippe Robin, classified the fungus as Oidiumalbicans
 using albicans (“to whiten”) to name the fungus causing thrush. Hill  
and later Martin and Jones misclassified Candida into the genus Monilia, a 
genus containing fungi that commonly grow in plants. Subsequently, clinicians  
erroneously referred to the etiology of thrush as “Monilias” despite the fact 
mycologists had already elucidated the morphological differences between the  
fungus associated with thrush and the fungus in the genus Monilia. Christine 
Berkhout and others noted these differences, particularly the ability of this  
fungus to infect humans. Berkhout reclassified it under the current 
genus Candida (1923) . Candida is derived from Latin where toga candida was 
a white robe worn by Roman Senators. Berkhout’s taxonomy was later 
heralded by the prominent French mycologists, Maurice Langeron and Paul  
Guerra, as “the beginning of the rational systematics of the non- 
ascosporogenous yeasts” . However, it was not until 1954 that the Eighth 
Botanical Congress officially endorsed the binomial Candida albicans as  
the nomenconservandum formally ending the 200 year long uncertainty over  
theetiology and taxonomy of Candida.
2.2 TAXONOMY
Candida albicans - normal inhabitants of skin and mucosa.They can be  
recovered from the environment, humans and other mammalian species[12,13].
Ancestral evaluation of Candida: 

 Superkingdom                          -  Eukaryota 
 Kingdom                                - Fungi
 Phylum                                  - Ascomycota
 Subphylum                            - Saccharomycetina
 Class                                      - Saccharomycetes 
 Order                                     -Saccharomycetales 
 Family                                    -Saccharomycetaceae
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 Genus                                     - Candida 
 Species            -C.albicans,C.dubilensis, 

C.tropicalisetc 
 
2.3 Epidemiology 
 Candida is often regarded as commensal on various mucosal surfaces in  
different anatomical sites of different individuals.However ,it is capable of 
transition to a pathogenic state at its initial commensal mucosal site and can be 
transmitted to other tissues through blood stream.These include HIV/AIDS,  
expanded use of immuno suppressive drugs, use of broad  spectrum antibiotics, 
central venous cathethers , parenteral nutrition, pregnancy, uncontrolled  
diabetes, invasive surgical  procedures[14]. 
Invasive candidiasis is a serious and potentially lethal disease and is associated

with high global mortality rate , ranging from 36 % in different patient 
groups [15]. It represents a significant burden on the public health system  
in terms of patient management and healthcare costs . Of particular  
significance is the fact that approximately half of all Candida infections now  
occur in intensive care units[16] .
2.4 Pathogenesis 
 Candida species have the ability to inhabit and infect several anatomically 
distinct sites which require adaption to variety of different anatomical stresses. 
 Predisposing factors that are associated with risk of infection with Candida 
include Physiological state-extremes of ages(infancy , old age), 
pregnancy.Low immunity-patients on steroid or immunosuppressive drugs , 
post transplantation  malignancy, HIV infected people, Patients on broad 
spectrum antibiotics-suppresses normal flora, Others -diabetes milletus, febrile 
neutropenia and  Zinc or iron deficiency.  
2.4.1Virulence factors:
Adhesins –helps in adhesion to skin and mucosa,Enzymes –such as aspartyl 
proteinases and serine proteinases help  in tissue invasion,Toxins-glycoprotein 
extracts  of candida cell wall are pyogenic similar to bacterial endotoxins, 
Pseudohypae-presence of pseudohypae indicates active infection
phospholipase released from the hypal tip may help in invasion , though not 
proved. 
Virulence attributes that facilitate host tissue colonization and invasion have
mainly been studied among candida albicans and include hypae formation ,  
expression of surface recognition molecules(adhesins) ,phenotypic switching  
and extracellular hydrolytic enzyme production such as secreted aspartyl 
proteinases and phospholipases[17].       
C.albicans has a unique ability to transform frequently between three
phenotypic forms in the tissue-yeast (blastospore), pseudohypae and true
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hypae .this property is known as phenotypic switching or dimorphism. 
This enables adaption to changing conditions in the host thereby assist the
fungus in evading host defense system[18,19]. 
 In C.albicans,the yeast form also produces its own  repertoire of secreted  
aspartyl proteinases, all implicated in virulence[20].These observations 
therefore suggest  that both growth forms may play important role in the  
development and progression of invasive candidiasis. 
2.5 Immunological aspect 
Recent studies  have shown that different growth forms induce different 
types of  immune response in the kidney of the host,where as filaments induce
anon protectivetype 2 immune response[21,22].A proposed explanation is a 
differential of the hyphae and blastospore by Toll like receptors,which are 
important patterns recognition receptors for microbial ligands and modulators
of host defense[23,24]. 
C.albicansblastospores bind to TLR-2 and 4 on mononuclear leucocytes,  
stimulating the secretion of tumour necrosis factor-alpha as well as interferon 
gamma ,a key promoter of protective immunity to a pathogen[49].The hyphae  
form,however binds only to TLR-2,inducing  large amounts of interleukin-10 
secretion  but much less TNF-alpha secretion and negligble INF-gamma  
secretion.The loss of INF-gamma production during yeast to hyphae 
transformation is an important virulance mechanism used to escape from host
defense[22,23].
Candida species have special sets of glycosylphosphatidyl   inositol linked cell 
surface glycoproteins that allow adherence to host cells,and these glycoproteins  
areencooded by atleat 8 sets ofagglutinin like sequence gene,ranging from 
ALS-7 and 9[24].For adhesion ALS-3 gene appear to be the most 
important as it is up regulated during infection of oral and vaginal epithelial 
cells.It also helps with biofilm formation by helping with adhesion to each  
other[24].Following adherence endocytosis of C.albicans is mediated in part by 
hyphae specific binding to N-cadherin on the surface of vascular endothelial  
cells[25]. 
Candida species  elaborate extracellular hydrolytic enzymes which act as  
virulencefactor.three main classes of hydrolytic enzymes are produced- 
proteases,phospholipases,lipases .It is proposed that these hydrolases help 
to facilitate the active penetration of pathogens into host cells and uptake of  
extracellular nutrients from the environment.Candida species have the ability to  
form biofilms on non living surfaces such as mucosal membranes and  
cathethers respectively[26].Candida species have the ability to form biofilms on non-
living surfaces such as mucosal membranes and catheters, respectively[27]. 
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2.6 Clinical presentation of Candida infection
Candidiasis can be classified into 3 major types
-Oropharyngeal candidiasis 
 
-Vulvovaginal candidiasis 
 
-Invasive candidiasis
2.6.1Oropharyngeal Candidiasis
Infection in the mouth and throat area.Usually it is characterized  by the 
formation  of  white Patches on the top of  tongue and through out the mouth. It  
is a common opportunistic infection with prevalence of 80-95%in HIV/AIDS 
patients[28].

 
2.6.2Vulvovaginal Candidiasis 
Infection of the genital region, typically vaginal walls in  women.The 
vaginal yeast infection cause itching and a burning  sensation in the vagina 
and surrounding tissue. Vulvovaginalcandidiasis  affects approximately 
75% of   women with atleast one episode during their lifetime.  It is a 
common fungal infection mostly detected in pregnant women and can cause
systemic infection in neonates especially in premature one with low birth
weight and is associated with high mortality. 
Vulvovaginal candidiasis is one of the major finding in gynaecological disease  
among women world wide and they are  considered to have infection when the 
high vaginal yeast cunt in greater or equal to 10 5 CFU per ml of vaginal 
fluid.An estimation of 5% rate  occur as recurrent Candida vaginitis in adult 
women.The exceptionally high prevalence of  vulvovaginal candidiasis among 
commercial sex workers further affirms the impact of unsafe sexual activity on  
the burden of the disease. Sexual transmission of Candida seems to be high in
most sexually active  women and this may be attributed to high levels of   
reproductive hormones that provide more carbon sources for the  growth of 
Candida[29].
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2.6.3 Invasive Candidiasis
Or candidemia is the infection of C.albicans into the blood  stream.This leads
to invasion of organs through out the body such as kidney,liver and brain.  
Patients began to suffer from fever, chills, fatigue, muscle aches and 
abdominalpains.Typically patients with immunocomprimised immune system
are at risk of developing candidemia, while healthy are susceptible to  
oropharyngeal or genital candidiasis[30]. Comprimised immune system can be 
caused by chemotherapy, transplantation and broad spectrum antibiotics .  
Acute disseminated candidiasis occurs when organs are infected as a result     
of haematogenous spread,most commonly Kidneys, brain, myocardium and  
eyes.Clinical manifestations of candidemia include  characteristic skin lesions  
and more rarely eye lesions and deep abscessed. 
Hepatosplenic Candidiasis is an increasingly recognised form  of disseminated 
Candida infection that most commonly affects patients with acute leukemia
after prolonged chemotherapy related neutropenia. 
 

 
2.7Treatment of Candida infection 
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The current standard treatment of Candida infections consists of  antifungal 
agents from four different groups: Polyenes, Azoles ,Echinocandins,
Nucleoside and Nucleotide analogues. 
2.7.1Mechanism of action of Polyenes on Candida 
Polyenes such as Nystatin and Amphotericin B exert their fungicidal activity
by causing  porosity on the fungal cell membrane followed by the interaction  
with the membrane ergosterol and subsequent loss of  cytoplasmic  
content.Nystatin was the first antifungal agent reported and is available in  
topical creams and oral washes for treatment of cutaneous and mucocutaneous
Candidiasis[31].Amphotericin B exhibit broad spectrum antifungal activity 
against a variety of pathogenic fungi but its clinical utility is  limited by severe 
nephrotoxicity.Indeed the affinity of Amphotericin B for cholesterol,the main  
sterol of mammalian cell membrane is believed to cause alterations in the 
membrane  permeability of renal tubules  and vasculature contribution to  
toxicity . Furthermore, this antifungal has a poor oral and intramuscular 
absorption, and is consequently formulated as a  suspension 
solubilised in deoxycholate or as a lipid complex or amphotericin B colloidal 
dispersion[14] . Despite their wide use over several decades, the actual 
incidence of Candida resistance to polyenes is rare, but can sometimes arise 
through a reduction in ergosterol content of the cell membrane [32].

2.7.2 Mechanism of action of Azoles on Candida 
Azole antifungal agents are fungistatic through interference with the fungal 
cytochrome P450-dependent enzyme, lanosterol 14-demethylase, a key enzyme 
in the biosynthesis of ergosterol,which leads to an accumulation of aberrant  
sterol intermediates and depletion of ergosterol in thefungal cell 
membrane[32]. 
The first azoles developed were the imidazoles, miconazole and ketoconazole,  
for the systemic treatment of human mycoses, followed by the first- generation 
triazoles, fluconazole and itraconazole . The imidazole can be used to treat  
invasive disease, but are most effective as topical therapies against cutaneous 
andmucocutaneous infections. Both fluconazole and itraconazole are well 
absorbed through the gut, which means that oral administration is effective 
means of systemic delivery. Fluconazole has also a good safety profile when 
given systemically, with few side effects. The low-toxicity profile, favourable  
pharmacokinetics and general efficacy of fluconazole have made it the
predominant prophylactic and primary treatment choice for invasive  
candidiasis for the past 20 years . 
However, since the triazoles, fluconazole anditraconazole have limitations 
related to their spectrum of antifungal activity and their tolerability, efforts to 
develop improved triazoles have led to the regulatory approval of voriconazole 
andposaconazole.CertainCandidaspecies are inherently resistant to azole 
antifungal agents and acquired resistance has also emerged in recent years . 
 The latter has emerged due to the inadvertent selection of resistant  
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subpopulations during exposure to azoles[33].

2.7.3 Mechanism of action of Echinocandins 
Echinocandins (caspofungin, micafungin and anidulafungin) are the most 
recent advances in antifungal drug development . These fungicidalcompounds
are semi-systemic amphophiliclipopeptide composed of a cyclic hexapeptide 
corelinked to a variably configured lipid side chain .
Echinocandins have unique mechanism of action that consists of inhibition of  
the -1-3-Dglucansynthase, a predominant polysaccharide component of the  
Ascomycetecell that maintains osmotic integrity and is involved in cell 
division and growth. These three echinocandins demonstrate a broad and  
similar spectrum of in vitro and in vivoactivity against Candida 
species.Caspofungin,anidulafungin and micafungin are all well tolerated  
without serious adverse effects.However, the large size of thesecompounds
precludes oral formulations, and they are currently only available for 
comparable to previously established standards agents. Currently,caspofungin
is regarded as responsible initial treatment for invasive Candidainfections  
except for C. parapsilosis, which hasdemonstrated less in vitro 
sensitivity.Echinocandin drugs demonstrate fungicidal activity and low 
incidence of resistance .Nevertheless, as newer drugs, long-term studies are 
not yetavailable, and significant resistance mechanisms may emerge in the 
future[33].

2.7.4 Mechanism of action of Nucleoside analogues
The group of nucleoside analogues is solely composed of flucytosine. This 
antifungal agent is only used as part of a combination regimen due to rapid  
emergence of resistance against it. This is only systemically used antifungal 
agent for which therapeutic drug monitoring is established to avoid toxic  
effects[14]. 
2.8 ERG11 gene
ERG11 is an essential gene in S. cerevisiae.lanosterol 14-alpha-demethylase is 
a key enzyme in ergosterol biosynthesis that catalyzes the C-14 demethylation
oflanosterol via three consecutive monooxygenation reactions that lead to 4,4'-
dimethyl cholesta-8,14,24-triene-3-beta-ol activity requires the formation of a 
membrane-bound complex with Ncp1p, which is an NADPH-dependent 
cytochrome P450 reductase and acts as an electron donor,belongs to a diverse  
family of heme-bound cytochrome P450 monooxygenases found in  
mycobacteria, fungi, plants, animals and humans.
Ergosterol biosynthesis is a primary target of several antifungal drugs. The
azoles -demethylase (Erg11p), a key 
enzyme in the fungal ergosterol biosynthesis pathway . Several mechanisms of resistance 
to azoles have been described in C. albicans. These include increased expression of the 
drug efflux pump genes such as MDR1,CDR1 and CDR2 amino acid substitutions in the 
target enzyme Erg11p due to missense mutations in the ERG11 gene and possibly, 
overexpression of ERG11.Importantly in any one isolate, resistance may be due to a 
combination of mechanisms.Azole resistance of many clinical isolates correlates with 
mutations that alter the affinity of Erg11p for azoles.
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Treatment with azoles and other sterol biosynthesis inhibitors causes the induction 
of ERG11 gene expression, which is likely to contribute to azole tolerance. Real-time 
PCR (RT-PCR) used to determine the normal range of expression levels of genes known 
to confer azole resistance in a collection of azole-susceptible isolates[9,10].

2.9Global status of Candida albicans 

Candidiasis Reference year

 
 

Region

Total 
no.of 

strains

% of 
C.albicans 

Oral 
candidiasis 

Gonzalez,G
ravina et.al
Luque et.al 

Martins 
et.al 

2007

2009

2010

Venezuela

Argentina

Portugal 

43 

 
 78

  53 

42.3

60.7

79

Candiduria Kauffman
et.al 
Dorko et.al  
Alvarez-
Lerma et.al 
Kobayashi
et.al 
Passos et.al 
Binelli et.al 
Chen et.al
 

2000

2002
2003

2004

2005
2006
2008

USA
 
Slovakia 
Spain
 
Brazil 
 
Brazil 
Brazil 

Australia 

530
 
94 
389
 
45 
 
43 
23 

     65

51.8 
 
61.7 
68.4 
 
35.5 
 
70
52
85.2 

Candidemia Hazen et.al  
Tortorano 
et.al 
Colombo 
et.al 
Costa-de-
Oliveria et.al 
Chakrabarti. 
et.al 
Pfaller et.al 
 

1986
2006

2007

2008

2009

2010

USA
Italy 
 
Brazil 
 
Portugal 
 
India 

Europe

126
182
 
282
 
61 
 
50 
 
39 

 

21
40
 
38
 
35
 

26.3

50
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2.10 Status of Fluconazole resistant C.albicans in India 

Reference Year Place of study Percentage of 
resistance to 
Fluconazole

Gupta.et al 2001 NewDelhi 36

Kumar.et al 2005 Chennai 17.2

 
Xess.et al

2007  
NewDelhi 11.7

 
Kothari.etal 

2008  
NewDelhi 37.5

Goel.et al 2009 Rohtak 4.5

Adhikary.etal 2011 Bangalore 25

 

2.11 REVIEWS 

Author Year Study

K.P.Ng.M.Mad
asamy et.al   
 

1999 a study in Malaysia on the prevalence of  
candida species found that C.albicans accounted for 
59.4% of isolates from various clinical samples[40].

Jose L. Lopez-
Ribot et.al 

1999 a study on Distinct Patterns of Gene Expression
Associated with Development of Fluconazole 

Resistance in Serial Candida albicans Isolates from 
Human Immunodeficiency Virus-Infected Patients 
with Oropharyngeal Candidiasis  investigated the 
expression of C. albicans .ERG11  in sequential 
clinical isolates obtained from HIV-infected patients 
with OPC in order to assess the distribution and 
frequency of various mechanisms  
responsible for the development of antifungal drug 
resistance and their clinical 
impact[41]. 
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Kauffman.et.al  2000 a study carried out in USA showed that 51.7% of 
C.albicans isolates recovered from Candiduria 
cases[29]. 

Dominique 
Sanglard et.al 

2003 carried out a study on Candida albicans mutations 
in the ergosterol biosynthetic pathway and resistance 
to several antifungal agents and the result suggest 
that erg11 can spontaneously appear upon selective 
drug pressure invitro when one ERG11 allele is not 
functional[42]. 

Wang YB et.al  2005 a study on Analysis of  ERG11 gene mutation in 
Candida albicans showed that fluconazole resistance 
of C.albicans may be associated with mutations in 
ERG11 gene[43].    

CA Enwuru 
et.al  
 

2008 Isolated 40.5% of C.albicans isolates from oral 
specimens of HIV/AIDS patients from Nigeria 
78.4% sensitivity shown to fluconazole[44]. 

Xu Y, Sheng F 
et.al 

2008 carried out a study on ERG11 mutations and 
expressionof resistance genes in fluconazole-
resistant Candida albicans isolates and suggest that 
Erg11p conformational change due to the point 
mutations is mostlikely responsible for the azole 
resistance in the Candida albicans isolates[45]. 

Kothari.etal 2008 a study in India showed that 36% of C.albicans 
isolates were fluconazole resistant[39]. 

Luque et.al   2009 60.7% of C.albicans isolates from oral Candidiasis 
Patients[27]. 

Song JL et.al 2009 a study on Candida albicanslanosterol 14-alpha- 
demethylase(ERG11) gene promoter induction after 
prolonged growth with antifungal drugs resulted a 
whole that expression of ERG11 promoter is 
regulated in response to sterol depletion[8]. 

Martins.et al 2010 79% of C.albicans isolates  in a study  
“Oral Candida carriage of patients attending a dental 
clinic in Braga, 
Portugal”[28].

Yun-liang et.al 2011 showed that urine was found to be 
the main source of Candida isolates followed by 
sputum and blood. Females are more prone to 
colonization of Candida[45]. 

Dharwad et.al   2011 a study on antifungal susceptibility of Candida  
Species and showed that Candida albicans were 
100% susceptible to Amphotericin B and 



pg. 23 
 

Flucocytosine,22% were resistant to 
Fluconazole[46].

P.Badiee et.al 2011 a study in Iran showed that 48% C.albicans isolates 
wereisolated from various clinical specimens and  
susceptibile to voriconazole (94%),Amphotericin 
B(93%) and Fluconazole(89.5%) [47]. 

Kullberg.et al 2011 a study done in Denmark documented an increase in 
the incidence of  candidemia  from 2003 to 2004 
with C.albicans being the predominant isolates[48].

Gizachew.et al 2013 a study carried out in Ethiopia found that the most 
common species causing candiduria included 
C.albicans,C.glabrata ,C.tropicalis and significant 
candiduria was strongly associated with being 
female[50]. 

Guinea et.al 2014 study in Iran resulted that ,C.albicans were resistant to 
fluconazole and usually have poor response to 
treatment[49]. 

Sulaiman et.al 2014 Showed that  C.albicans (41.37%)was the 
predominant isolate recovered from respiratory tract 
samples in a study conducted in Southern
India[51]. 

Lvyin Hu et.al 2014 collected C.albicans isolates from lesions of 92 
infectious patients and observed  resistance rates to 
fluconazole, itraconazoleandvoriconazole were 12.5 
%, 15.4% and 11.5% respectively in Shangai[52].

Sumita.Rajeev
an 
et.al

2014 out of 269 Candida isolates from various  
clinical samples,94 isolates were of Candida 
albicans. They show 100%  
sensitivity  to Amphotericin B followed by 
Nystatin(85%),clotrimoxazole(74%).76%resistance 
shown to Itraconazole followed by  
Fluconazole(70%)[53]. 

RaminderSand
hu et.al

2015 a study in India found 22.2 % of Candida 
albicans isolate from various clinical samples. 
C.albicanssensitivitytoFluconazole,Voriconazole,A
mphotericin B was found to be 70,70 and  
90%[55].



pg. 24 
 

Parvez Anwar 
Khan et.al 

2015 isolated 66% of Candida albicans isolates from 
various clinical samples Fluconazole resistance was 
detected 32 Candida isolates followed by  
resistance to Ketoconazole in 3,Amphotericinin 
2,Clotrimoxazole in 12 isolates,while no resistance 
was detected against Itraconazole and Nystatin from 
a tertiary care hospital in North India  [54]. 

 

Many studies have shown that C.albicans is the main cause of candidemia and  
sepsis, especially in immunocompromised and debilitated patients with cancer, 
HIV or AIDS and diabetes. 
 
 
 
 

 

 

 


