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Non albicans Candida species: A review of epidemiology , pathogenicity
and antifungal resist ance.
Sachin C. Deorukhkar.*, Dr. Santosh Saini**

Abstract

Among various pathogenic fungi, Candida species is the only pathogen capable of causing wide spectrum c
clinical manifestations ranging dm mucocutaneous oggowth to disseminated infectionslthough Candida
albicans is consided as the most peasive pathogenic speciegcent studies ém various pats of the

world have documented the emgence of non albicans Candida (NAC) spp. The Candida isolates belonging
to NAC spp. differ in the terms of epidemiologathophysiology and of most impant the pattern of
susceptibility to a pdicular antifungal dug. Theefore species identification along with in-dtisusceptibility

has became imptant for ‘species dicted therapyand selection of apppriate antifungal therapeutic
agent.
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Introduction

Infections have always been a feature of human life ahfie drastic epidemiological shift in trend of candidiasis
continue to be a significant problem for health cafgom C. albicansto NAC spp. can be related to
professionals across the globe. The last three decawédespread empirical use of azole group of antifungal
have witnessed a significant rise in the incidence @gent for prophylaxis and treatment of mycoses and
infections due to fungal pathogesdthough numerous Utilization of commercially available diagnostic kits for
factors are implicated in the increased occurrence igentification of pathogenic fungi. [3]

mycotic infections, certain factors like advent of HIViThe shift towards NAC spp. is of concern because, the
AIDS, increased and widespread use ofandidaisolates belonging to this group often
immunosuppressive therapies and broad spectrum afginonstrate innate or acquired or both reduced
invasive surgical interventions are particularly importansusceptibility to fluconazole, the most cost-effective and
[1] readily available antifungal drug for treatment of
Among various pathogenic fungi, the members of gengandidiasis. [2] In the present revigthe epidemiological
Candidaare most frequently isolated from humarfnd clinical features of NAC spp. are addressed together
infections_A|though Candida albicanss considered as with their virulence factors and antifungal resistance
the most pervasive pathogenic species, recent studies fidatern.

various parts of the world have documented thg@ethod

emergence of noalbicans CandidaNAC) spp. [2] For preparation of this revigwhe relevant research and

review articles were retrieved from databases like
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They grow on variety of foods, vegetable and debrBeing a non fastidious organisi@andidaspp. grows
matter Candidaspp. are frequently isolated from skinon most of media used for isolation pathogenic fungi.
and mucosal sites like gastrointestinal and genitourina®abouraud dextrose agar (SDA) is the most widely used
tract of human body for primary isolation ofCandidaspp. On this medium,

Morphologically they are classified as yeast like fungf-@ndidaproduces cream to yellow coloured colonies.
whereas as per taxonomic classification, the gen8€ téxture of colony may vary from smooth and
Candidabelong to the phylumscomycetes, class classd/Stening to drywrinkled and dull depending on species
Deuteromycetes, order Cryptococcales and familg¢]- SDA is neither a selective nor a differential medium.

Cryptococcaceae.[4] The class Deuteromycetes ('jit_ion ofantimicrqbigl agents like thoramphenicol apd
described as “taxonomic pit” in which enCOmloasgtctldlone (cyglohgxn'm.de) makes this mgdlqm selective.
ascomycetes and basidiomycetes yeasts without knogghl'oramphemcol inhibit bacterial contamlnathn whereas,
sexual stage or other remarkable phenotypic featureﬁit'd'one prevents the growth of saprotrophic fungi [4].
This genus subsumes characteristically white ov4lOWeVer certain strains of NAC spp. like. kuseiand
cylindrical or elliptical asporogenous unicellular yeast&: Parapsilosisre inhibited by actidione, therefore SDA
The individual yeast cell measures about 3_5\|mx3_7\|\mlth.act|d|one is not recommended as single isolation
and is surrounded by bilayered cell-waiandidacell medium.

wall is composed of polysaccharides, mannan, glucan addndidaspp. can metabolize glucose either aerobically
chitin. The mannan protein is distributed throughout th@ssimilation) via hexose mono phosphate pathway or
cell wall, whereas chitin and glucan are mainly preseahaerobically (fermentation) via the Embden Meyerhof
in the inner cell wall.Vegetative reproduction occurs bypathway It ferments a number of sugars like glucose,
budding. galactose and maltose, with formation of acid & gas.

Formation of true or pseudohyphae is a characteristit present, there are about 200 recognized species within
feature of this genusAll Candidaspp. excepC. the genuandidahowevey only 10% are pathogenic.
glabrata and C. parapsilosisare capable of forming Species are direntiated on the basis colony morphology
true or pseudohyphae.[4] Pseudohyphae may lorsygar fermentation and assimilation patternCdhdida
branched or elongate@. glabratg is the onlyCandida spp. implicated in human infections is shown figure 1.
spp. that is haploid and lack the ability to produce both

true and pseudohyphae where@s,parapsilosiscan Cundida spp.

generate pseudohyphae but not true hyphae.[4] ﬁ‘x_x

The development of true hyphae is initiated by ‘gen P ' "

tube’ formation.True hyphal formation can occur from ¥ .

yeast cell or even from existing hypfaue hyphae are © i (Establisd pathesen) NAC 400 (Ewariag A thogeae)
characteristically septate.[4] The septa (cross wall S o

divide the hyphae into separate unit. Pseudohyphae Froguenily snemmired Rarely encuiimsird

also originated from yeast cells or hyphae but in contre
to true hyphae they lack septa. The bud remains atte
to the parent yeast cell or hypha. It further elongates a
forms filaments with constriction at cell-cell junctions.[4]

C. dubliniensisis the only NAC spp. capable of !
producing ‘germ tubes’ which is the characteristic feature Figure1. Candida species implicated in human

of C. albicanswithin 2 h of incubation in human serum infections.

or other substances like egg white, saliva, sheep serum, ,

peptone water and trypticase soya broth.[6] This NAEP!demiology

spp. can also produce chlamydospores@Gkalbicans Following the widespread use of immunosuppressive and
Chlamydospores are highly refractile, round and resistdimoad spectrum antibiotic thergpMAC spp. have
asexual spores. These are producedChydidain emerged as an important cause of health care associated
response to unfavourable conditions. and opportunistic infections [2]. Only few decades back,
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NAC spp. were overlooked as mere contaminants or noaematology patients with prolonged neutropenia
pathogenic isolates. compared to non-neutropenic patients in the surgical

Candidiasis due to NAC spp. are most commonly notéfénsive care unit.[7/Jable 1 shows important risk
in patients who on azole treatment or prophylaxis. THactors for NAC spp. infections.
incidence of infections due to NAC spp. is high in

Table 1 Important risks factors for NAC spp. infections.

Candida spp. Risk factors

C. tropicalis ICU stay, prolonged catheterization, total parenteral nutritional (TPN), neutropenia,
malignancy.

C. glabrata Fluconazole prophylaxis, advanced age, presence of solid tumor , bone marrow transplant

recipients, abdominal surgery, renal dysfunction.

C. krusei Flunonazole prophylaxis, leukemia, neutropenia, bone marrow transplant recipients, ICU
stay, neonatal age group.

C. parapsilosis Presence of intravascular devise, TPN, prematurity, bone marrow transplant recipients
C. lusitaniae Bone marrow transplant recipients, cytoreductive therapy, broad spectrum antibiotics.
C. guilliermondii Malignancy, bone marrow transplant recipients.

C. dubliniensis HIV infection, neutropenia.

Among NAC spp.C. tropicalis C. kusej C. glabrata spp. isolated from various types of candidiags.
andC. parapsilosisare most commonly isolated [Z}. glabrata BSI are common in older adults compared to
tropicalis alone, or in association wit@. albicansor neonatal and paediatric age groGpglabratainfections
other NAC spp. is frequently encountered in humagire associated with high mortality rates.[9] Like any other
infections. It is the 2 or 39 most commorCandida hospital pathogenC. glabratacan also be acquired,
spp. isolated from candidemia cases. Recent studies frairectly or indirectly from contaminated environmental
India have documente@. tropicalis to be the most surfaces.[9]

prevalent NAC spp. i@andidablood stream infections. C. parapsilosisis one of the important causes of

C. tropicalisis also reported as the most common NACazystemic candidiasis in neonates and ICU patients. [9]

SPp- in'candiduria patients. Mam a.I (2010) and This Candidaspp. is most commonly isolated from
Kanthetiet al (2012) reportedC. tropicalis as the most normally sterile body sites of hospitalized patients. The

common NAC spp. from HIV infected patients with, i 15 colonize human hands and intravascular devices
oropharyngeal candidiasis (OPC).[8] This NAC spp. i nd prosthetic materials, makes parapsilosisan
mportant nosocomial pathogen.[d] parapsilosibears

often isolated from ICU patients. Prolonge
catheterization, antineoplastic chemotherapyute  oqj0 tive growth ability in hyperalimentation solutions.[9]

leukemia, neutropenia and broad spectrum ant'b'oﬁ\?osocomial infection due to this NAC spp. is noted in

ther,aplY _a;e |'mpor£';ant factors (;[hg:t p)IL¢C|p|taI§ extremely low birth weight neonates and is associated
tropicalisin ectlons.[ ]AS_ compare t L. abicansand. i high mortality rates.[9] It is also implicated in various
other NAC spp., it has higher dissemination potential Bther clinical manifestations like endopthalmitis,

heutropenic patients. endocarditis, septic arthritis and peritonitis.[9]

g' g(ljg(t;rata thg _O,nh/ knowr)dhap(ljmd Species ofhgenu&_ kruseicauses disseminated infections in bone marrow
andi awalts |1r2)|t|<':1_|y considered as a saprho'p |\)1/,t£co(5r stem cell transplant recipients and haematological
commensal. [10] Howevein recent years, this malignancy patients.[] The incidence of. kiuseiBSI

Spp. is increasing implicated in human infectiong pigh in adults, lower in children and lowest in neonates.
worldwide. It is the 2 or 39 most commorCandida
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C. kruseiis a comparatively uncommon cause of. pelliculosa C. norvegenesisind C. inconspicua
candidemia in HIMnfected patientsApart from BSI,C.  are the examples of NAC spp. rarely encountered from
kruseiis also implicated in UTI, endopthalmitis,human infectionsC. inconspicuaand C. norvegenesis
osteomyelitis and endocarditis. Mjtifungal prophylaxis, resembleC. krusei phenotypically[12] Majoraset al
particularly fluconazole is the major risk factor associataéported isolation ofC. inconspicuafrom respiratory
with C. kruseiinfections.[4] tract, wound, blood and genitals.[12] Bailketyal (1997)

C. guilliermondiiis a rare cause of human infectionsi€ported isolation o€. inconspicuan a HIV infected
Initially it was considered as an animal saprophyte but R@tient.[12] Isolation ofC. norvegenesifrom clinical
recent years, it is being isolated from BSl in patients wi@mples was first reported from Norwgh?] C.
prior cardiovascular or gastrointestinalgamy[12] This norvegenesiias been identified from respiratory
NAC spp. rarely causes BSI in paediatric and HI$Pecimens, blood, urine and peritoneal fluid.[12] C.
infected patients. The majority of deaths dueCto pelliculosa was reported from cases of candidemia by
guilliermondii disseminated infections occur in cancephivprakashat al (2007).[3]

patients.[12] The empirical azole prophylaxis and therapy has altered

C. kefyrwas reported as an emerging pathogen in patief#§ €pidemiology o€andidainfections. NAC spp. once
with oncohaematological disorders by Sendidal Cconsidered as non-pathogenic and saprophytic isolates
(2006).[11] Reuteret al (2005) reported isolation . has emeged as important opportunistic pathogénside
kefyr from nosocomial BSI in neutropenic patients][1 Variation in species distribution is noted not only in
C. lusitaniaewas considered as a rare pathogen befdiéferent countries of the world but also in different health
the introduction of aggressive chemotherapy in cancefre institutes within the same geographical area.
patients.[12] It has emerged as an important aetiologicdierefore institutional epidemiological factors play an
agent in bone marrow transplant recipient and candgHortant role in treatment decisions.

patients on high dose cytoreductive therg2j Clinical manifestations

C. dubliniensis the novelCandidaspp. was first Candidaspp. is the only mycotic pathogen, capable of
described by Sullivaet alin July 1995.[13] This NAC causing a wide spectrum of clinical manifestations ranging
spp. was first reported from Irish HIV infected patientfrom mucocutaneous overgrowth to systemic infections.
with OPC. In recent years, isolation Gf dubliniensis An infection caused by Candidspp. is referred as

is reported from other body sites/ specimens, such @mndidiasis. Candidiasis is usually endogenous in origin
vagina, urine, skin and gastrointestinal tract of both HI§ut exogenous transmission may occur in hospitals via
infected and non infected individuals.[4] Due to limite@ontaminated medical devices and hands of health care
phospholipase activity and ability of yeast-to-hyphalroviders.[4]

transformation, this NAC spp. is rarely implicated i
invasive infections.[4] Howevein recent years, it has
been reported from few cases of candidemia.[3]

'tandidainfections are most commonly encountered in
immunocompromised and critically ill, non-
immunocompromised patients. Therefore, candidiasis can
The incidence of infections due@ rugosaa relatively be rightly called as ‘disease of diseased'.
uncommonCandidaspp. appears to be increased i'?'hrush,

recent < was isolated from 1.1% of oral chronic atrophic stomatitis, chronic
ecent years.. rugosawas isoated 1ro 70 0 Oa.mucocutaneouscandidiasisandvulvovaginitisarecommon

thet lated BSI i h iri 3 . Phanifestations of mucocutaneous candidiasis. This form
catheter-relate in most countries.[£3]rugosais of candidiasis is extremely common and occurs in

one of the common yeasts isolated from mastitic Covlgherwise healthy individuals. Mucocutaneous candidiasis

usually self limiting in healthy individuals and can be
treated with basic hygiene measures. It generally
C. lipolytica, initially considered as an animal and plantesponds to topical antifungal therapiowever in case
saprophyte was reported as a cause of candidemia isf d@mmunosuppressed hosts, mucocutanedasdida
cancer patients who received intravenous fluconazdigfections could become a gateway to systemic spread.[4]
therapy[{12] Agarwal et al (2008) reported a case of
catheter-related candidemia causedylipolytica[3]

and hence consumption of contaminated milk or mi
product may be the source Gf rugosainfections.

The term invasive candidiasis encases two very close
but distinct clinical entities: candidemia and disseminated

10



Sachin C. Deorukhkar et alNon albicans Candida species.......... Pravara Med Rev 2015;7(3)

or systemic candidiasis. Candidemia is defined as tl#inical manifestations caused by NAC spp. are usually
condition whereCandidaspp. is isolated from blood of indistinguishable from those attributed @ albicans.

the patient whereas disseminated or systemic candidiaiable 2 shows common clinical manifestations caused
refers to a condition wher€andidainvasion is by NAC spp.

documented by positive culture or histopathological

examination at non adjacent, normally sterile body site.[14]

Table 2 Important clinical manifestations caused by NAC species.

Candida spp. Clinical manifestations

C. tropicalis Candidemia and other disseminated in immunocompromised patients. catheter-
associated candiduria, oropharyngeal candidiasis, vulvovaginal candidiasis

C. glabrata Candidemia, candiduria, vulvovaginal candidiasis
C. krusei Candidemia, neonatal diarrhoea, endophthalmitis
C. parapsilosis Candidemia, endophthalmitis, endocarditis, septic arthritis, peritonitis and other

disseminated infections associated with invasive or prosthetic devices.

C. lusitaniae Candidemia and other forms of systemic candidiasis.

C. guilliermondii Candidemia in patients with prior cardiovascular or gastrointestinal surgery, endocarditis
in intravenous drug addicts.

C. dubliniensis Oropharyngeal candidiasis in HIV infected patients.
C. kefyr Systemic candidiasis.

C. famata Catheter related candidemia

C. rugosa Candidemia and wound infections.

C. lipolytica Intravenous catheter related candidiasis.

Pathogenicity

Until recently the role ofCandidaspp. in the process of of Candidaspp. [4] Most of published literatures on
pathogenesis of infection was contemplated to be passiwmilence factors ofCandidaspp. are focused o@.

and therefore ganic weakness or impairment of hest’ albicansand hence relatively less is known about NAC
immune system were the only mechanisms pondered &mp.

establishment of this opportunistic mycotic infection. [15Agherence to host cell is the first and most important
However this concept is modified and now it can be statesqep in the establishment of infectiohdhesion aid
that, Candidacan actively participate in the overallcangidato penetrate and disseminate the host tissues.
pathogenesis of infection using mechanisms of aggress{eindidacan adhere to variety of cells including vaginal,
known as virulence factors. [15] gastrointestinal and buccal epithelium cells, endothelium,
Traits attributed for establishment and development pblymorphs and lymphocytes. [4] I@andida spp.
infection are defined as virulence factors. [4] Differerddhesins (specialized surface proteins responsible for
virulence factors collectively attribute to the microbiahdhesion) can recognize host ligands (binding site) like
pathogenicityVarious virulence factors like adhesion tgroteins, fibrinogen and fibrinonectin. Several studies have
host tissues, biofilm formation and secretion oflocumented high adhesive propertyGnalbicans
extracellular hydrolases contribute to the pathogenicity

11
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In C. albicans a major group of adhesins are coded byhospholipase activity in NAC spp. lik& tropicalisand
the ALS (agglutinin like sequence). In recent years, fe@. parapsilosis In contrary toC. tropicalis and C.
researchers have directed their studies towards adhegi@gapsilosis very few studies are available on
properties of NAC sppAmong NAC spp.,n vitro phospholipase production i@. glabrata [4, 9] C.
adherence is demonstratedGntropicalis C. glabrata dubliniensis isolates often demonstrate low
and C. dubliniensis Gilfillan et al, McCulloughet al phospholipase activity his could be one of the possible
and Jabra-Riskt al reportedC. dubliniensigo be more reason for minimal or no role of this NAC spp. in invasive
adherent tharC. albicans [16] Adhesins ofC. infections. [2]

dubliniensisare encoded by the gene similarGo |n addition to phospholipases, secreted aspartyl
albicans However the regulation of genes may beyroteinases (saps) play a pivotal role in adherence,
different in these two species. [1Aflhesins ofC. penetration, dissemination and the destruction of host
glabratais encoded by thEPA (epithelial adhesin) gene tissues. These enzymes degrade importantimmunological
family. [9] Epa proteins are structurally similar Ats  and structural defence proteins of host. Proteinase activity
proteins ofC. albicans Number of genes responsibleis described in NAC spp. lik€. tropicalis, C.

for adhesion irC. parapsilosishas been identified. [9] parapsilosis and C. guilliermondii [4, 9] C.
These include fivéls proteins and six Pga (predictedqypliniensisisolates demonstrates high proteinase

glycosyl phosphatidyl-anchored protein 3)least three  activity compared teC. albicans [16]

Als protein have identified i€. tropicalis. [16] Haemolysin is an example of protein that plays an

Ab|||ty to form biofilms on medical devices is an importantmportant role in virulence dtand|daspp This protein
virulence factor responsible for emergenceCahdida gestructs host erythrocytes and facilitates hyphal invasion.
spp. as one of the important causes of health caigemolysin is essential for survival and persistence of
associated infections (HCAIs). Biofilms are surfacecandidaspp. in the host. [4, 8] Most of NAC spp. are
associated microbial communities which are firmly fixedple to produce haemolysiimsvitro, although the extent

within an extracellular matrix. [15] It limits the penetratioyf haemolytic activity is both strain and species
of an antifungal agent through the matrix and protecigpendent. [8]

the yeast cells from host immune response. The abiIKyAC spp. can praduce virulence factors once only

to form biofilm and extracellular matrix varies according ., . . -
. : : o %ttrlbuted toC. albicans The type of virulence factors
to species, strain and environmental factors. Biofilm

: . . produced varies with species, strain and site of lesions
matrix of C. albicansis made up of carbohydrates, . e . .

. . .. and therefore identification of these virulence attributes
proteins, phosphorus and hexosamir@stropicalis

biofilm matrix contains low levels of carbohydrates anﬁ glcqeuses;? atgaﬁféjelerﬁzz?d;?p'altshfbesr?leustiilyan q
proteins compared tG. albicansand other NAC spp. e idemiolg ofCandidainfections Ir?neargfuture the

[9] C. glabratabiofilm matrix has high levels of proteins p gy . ' o

and carbohydrates. [4, 9] The extracellular matriof virulence factors may prowde powerful insights for
parapsilosishiofilm is mainly composed of carbohydratesd(':‘Veloloment of new antifungal drug targets.

and low levels of proteins. [4, 9] Biofilm formation isAntifungal Resistance

noted in NAC spp. likeC. tropicalis, C. glabrata C.  Antifungal resistance once rarely reporteddandida
parapsilosisand C. dubliniensis Deorukhkaret al spp. has emerged as important health care problem
(2014) noted greater biofilm forming ability in C.\worldwide.Various factors like the advent of HIV/AIDS
tropicalis compared t€. albicans [8] and the widespread use of azole group of antifungal

Extracellular hydrolytic enzymes play a crucial role igents to treat and prevent mycotic infections in these
pathogenesis of candidiasis @andidaspp., the invasion Patients have significantly contributed to emergence of
of host tissue is facilitated by enzymatic activation gntifungal resistance i@andidaspp. Empirical use of
phospholipases, lipases and proteinases. Enzy@#dles has increased the incidence of infections due to
phospholipase hydrolyses phospholipids of host céglatively unknown, unusual and treatment resistance
membrane and expose receptors to facilitate the adhesiandidaspp. [14] The classification of antifungal
of yeast cells. [4] Several studies have reportd@sistance is shown in figure 2.

12
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Antifungal resistance

h o Y

Microbiological resistance Clinical resistance Comibined resistance

Primary or Inu'in'-:l-;'] [F&'ucundalr}' or acguined

Figure 2. Classification of antifungal resistance.

Microbiological or microbial resistance refers to thgesistance acquired by the previously susceptible fungal
condition wherein vitro susceptibility testing strain after exposure to an antifungal drug. This type of
demonstrates non susceptibility of a fungus to aBsistance is usually dependent on altered gene
antifungal drug. It may be also defined as the conditieipression. [4] E. g. development of fluconazole resistance
in which the minimum inhibitory concentration (MIC) ofin C. tropicalisandC. dubliniensissolates during course
the antifungal drug exceeds the susceptibility breakpogtt treatment. [4]

for that fungus. [17] Microbial resistance is furtheA
classified into primary or intrinsic resistance ans
secondary or acquired resistance. [4]

s shown in Figue 3. development of resistance to a
articular antifungal agent by a fungal pathogen is
dependent on multiple factors like properties of infecting
Primary (intrinsic) resistance is noted naturally or innatefyingal pathogens, pharmacokinetic and pharmacodynamic
among certain fungal pathogens without prior exposUsgoperties of antifungal drugs and hespredisposing

to an antifungal drug. E.g. fluconazole resistanc€.in factors.

krusei [4] Secondary (acquired) resistance refers to

Properties of antifungal drug used,
Properties of infecting fungal | = Inappropriate dosage.
pathogen. | #  Nature of antifungal drug
| {fungistatie/fungicidal],
| ~ Pharmacokinetic and
_— pharmacokinetic properties
of drug.

# Microbial resistance.
7  Fumgal population size.

Host factors
= Immune status,
~ Presence of organic matter
and foreign body
# Site of leslon

Figure 3. Factors contributing to antifungal resistance.

13



Sachin C. Deorukhkar et alNon albicans Candida species.......... Pravara Med Rev 2015;7(3)

The number of available antifungal drugs is limiteéction, pharmacokinetic and pharmacodynamic properties
compared to antibacterial agemsitifungal agents are and route of administration. [4pble 3 shows properties
classified into polyenes, azoles, pyrimidine analogue anficommonly used antifungal drugs for prophylaxis and
echinocandins. [18] These drugs differ in their mode ¢ifeatment of candidiasis.

Antifungal agent Nature Mode of action Route of administration
Polyene Fungicidal Distruption of fungal cell wall \%
Amphotericin Topical
BNystatin

Azoles Fluconazole Fungistatic Inhibition of ergosterol biosyntheisis IV and oral
ltraconazole by blocking lanosterol 14a- [V and oral
Voriconazole demethylase. IV and oralOral
Posaconazole

Echinocandins Fungistatic or| Inhibition of &-(1-3)-D-glucan by v
Caspofungin fungicidal binding to &-(1-3)-D-glucan synthase. \%

Micafungin v
Anidulafungin

*|V -intravenous

Amphotericin B, the broad spectrum polyene antifungéading to accumulation of methylated sterols and finally
is used for treatment of dissemina@ahdidainfections. the cell membrane disruptiofl9] Widespread empirical

[7] This antifungal drug has unique mechanism of actiodse of this group of antifungal agents is thought to be the
Amphotericin B unlike many other antimicrobial agentghajor factor for emergence of azole resistance and azole
binds to ergosterol, the principal sterol in the fungal ceiesistant NAC spp. Decreased drug concentration,
membrane and causes leakage of cytoplasmic conteafteration in target site, upregulation of target enzymes
[4] Resistance to amphotericin B is very ra@. and development of bypass pathways are major
albicansand most of NAC spp. are considered to baechanisms described for azole resistanc€andida
amphotericin B susceptible. However amphotericin Bpp. [4] C. krusej an emerging pathogen from NAC
resistance is occasionally reported from few strains ®pp. is intrinsically resistant to fluconazole. [4] Féw
NAC spp. likeC. tropicalis C. kruseiandC. lusitaniae glabrata isolates are intermediately resistant to azole
[4] C. glabratais considered as intermediate oantifungals whereas 20% of strains develop secondary
susceptible dose dependent. [19] Mechanisms likesistance during fluconazole treatment or prophylaxis.
decrease in ergosterol content in the plasmalemmals2] C. tropicaliswas initially considered as fluconazole
alteration in the target lipid leading to a decrease in thgsceptible species. Howeyeecent studies have
amphotericin B binding have been proposed fogeported development of fluconazole resistanc€.in
amphotericin B. [19] I€andidaspp. polyene resistancetropicalisisolates C. dubliniensisalthough the innately

is usually a result of defective ergosterol biosynthesis.[18liconazole sensitive species can rapidly acquire
Mutation in genes lik€ERG3 ERG1 andERG6leads resistance during course of theraf]

to polyene resistance. [18mphotericin B resistant The echinocandins (caspofungin, anidulafungin and
NAC spp. are associated with a poorer outcome thaficafungin) are recent addition to antifungal arsenal. This
susceptible strains. group of antifungals inhibitshe synthesis of &-1-3-D-
Azole antifungal drugs (especially fluconazole) are mo@ucan, the important structural and functional part of
frequently used prophylaxis and treatmenCaindida fungal cell wall.[7] Mechanisms like insufficient
infections. Tis group of antifungals inhibits C-14 &-steroproduction oftarget enzyme a-1-3-D-glucan synthase
demethylation (the primary step in ergosterol synthesigj generation of alternate form of tlezyme with
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reduced drug binding are suggested for echinocandi.
resistance inCandida spp. [20] Echinocandins

demonstrate fungicidal activity (baitivivoandin vitro)

againstC. albicansand commonly isolated NAC spp.

like C. glabrataandC. tropicalis.[4] HoweverC.

parapsilosisisolates have higher minimum inhibitory 9.

concentration (MIC) for echinocandins comparedCto

albicansand other NAC spp.[4]

Conclusion

Invasive infections due to Non-albica@sindidahave

emerged as important cause of morbidity and mortaliggp'

among hospitalized patienfss compared t€. albicans
these emerging NAC spp. isolates demonstrate
considerable reduced susceptibility to commonly used

antifungal drugs. Theandidaisolates belonging to NAC 11.

spp. difer in the terms of epidemiologyathophysiology

and of most important the pattern of susceptibility to &2.

particular antifungal drug. Therefore species identification
once seldom performed in clinical microbiological services

for Candidaspp. has became important for ‘species3s.

directed therapy’'Thein-vitro susceptibility testing often
guides clinicians in selection of appropriate antifungal
therapeutic agent.
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