CHAPTER 111

REVIEW LITERATURE
Biology

Candida belong to the class Fungi Imperfecti, the order Moniliales, and the family
Cryptococcaceae [1].

Family: Cryptococcaceae

pinched off the mother ' a irease-positive.  Cell surrounded by

are usually lacking.

Example: Cryptococcus neoft

Genus 3: Malasse- ells which reproduce by

blastoconidia that develop fer a reduced phjalide. Celis may adhere, forming short

hyphal strands. Grﬂ«yrﬂ Wﬁﬂrﬂﬁ ability.
Example: Malassezia, furfur (cause p1tynas1s versicolor
Genq w’;lhaom mﬂuwl:i]lg Yflr&l r]ha Ejely produce

pseudomycehum are generally encapsulated, but do not produce starchlike substance.
They do not assimilate inositol or ferment sugars. Carotenoid pigments are produced.

Example: Rhodotorula rubra (caused rare pulmonary and systemic infections)



Genus 5: Candida; Reproduction is by pinched blastoconidia. They may form
pseudomycelium or true mycelium; urease is generally negative; capsules are not
formed; strach or carotenoid pigments are not produced; inositol is not assimilated.

In Table 3 was shown the list of some pathogenic species of this genus.

Genus 6: Trichosporon; Reproduction is by blastoconidia and arthroconidia.

Mycelium and pseudomycelium are formed.

Example: Trichosporon beigelii (caused v‘h’ j piedra and systemic infections)

Genus 7: Geotrzchum c‘tlon &hrocomdla only. A true mycelium

is formed.
Example: Geotrichum CGW Via e-‘Rj\JWtrichosis)
! qf-’a'mg&:, me&ly hetcrogenous group of organism

that grow as yeast (Fig. 24). lenther of genus also produce a filamentous type of

The genus Candi

- he celi-cell junciions of fil aments. In comparison, true

hyphae form from yeast cells or branches o e
|

pt ac;;‘ Outgrowths of the yeast cell
(germ tube) grow by aplcj e xtension and cross w alls (Fig' 2 C), the latter of which are
perpendicular to t §! f hae differs somewhat
when grown in E}rﬁvﬂ iiﬂ‘m wmeﬂ? ding is delayed. The
pseudohyphae appears to be an infermediate growth form of“yeast and hyphal
morphologies. tcatst (\bifrbans b G e sfbice nypibe orm seast cels,
these spe0163are also referred to as being germ tube positive (Table 4) [1, 57, 58].

Candida is normally inhabits our digestive system: the mouth, throat, intestines and
genitourinary tract. Candida is a normal part of the bowel flora (the organisms that
naturally live inside our intestines, and are not parasitic). It has many functions inside our
digestive tract, one of them to recognize and destroy harmful bacteria. Healthy person can

have a millions o f C andida a Ibicans. O ur i mmune s ystem is supposed to keep it under

control, together with "friendly" bacteria. If the number of friendly bacteria is decreased in
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relation to a number of Candida, the immune systems is weakened or other conditions for
yeast proliferation occur. Candida is a conditionally pathogenic fungus. It causes infection
when antibiotics or other factors reduce our natural resistance to its overgrowth. Most

Candida infections are superficial, limited to mucous membranes [1, 57, 58].

Morphology [57]

Candida appears as a gram positive oval budding yeast and/or pseudohyphae,

measuring 2 — 3 x 4 — 6 um (Table 4). On Sz gar incubated at room temperature

asty odor develop. The surface
growth consists of oval buddin ‘--—ti consists of pseudomycelium,
composed of blastoconidia : des ¢ :ﬁamydoconidia (Figure 2B).
oval to elongate. Asexual

reproduction is by multilatgfal ding ’.;,ﬂ". / ay be present. If sexual

reproduction occurs, the yea ic state. Growth on fungal

media can be detected as e sually are visible in 48 - 72

hrs. as white cream colored o ta y become more membranous
and convoluted with age M;)s bically at 25 — 30 °C and may
with grow at 37 °C or above. Ca.r obyd: ation and occasionally fermentation
studies are needed to dlf&ennatc the yseudohyphae is one of the
major differentiating fac S S in vm‘xﬁ pp. Observation of germ
tubes, only the budding ccﬂs 24 hrs. old cultures of C ..@bicans and C. d ubliniensis

and not of other species &111 form germ, tubes (Fig. 2 and Table 4) in

2 — 3 hrs. when ﬂ ‘H &| ’Bn%ﬁl EtJ ‘ﬁ "g %N %Jmfanﬁo%udla is helpful in

identifying C. albiclns [1, 57-59].

Q‘W’m\‘]ﬂ‘im UARIINBIA
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Fig. 2. The growth forms of Candida species. (A) Blastoconodida and pseudohyphae ,
(B) Chlamydoconidia (C. albicans and C. dubliniensis), and (C) Germ tube

(C. albicans and C. dubliniensis)




Table 3. A partial list of pathogenic species of Candida [1]

Reported by 1988

Current list

C. albicans

C. tropicalis

C. glabrata

C. parapsilosis
C. krusei

C. guilliermondii

C. kefyr

C. viswanathii

Tabie 4. Morphological fe

Species

C. albicans
C. tropicalis

C. glabrata

o IUAY

C. krusei |

C. dubliniéaisw
C guilliermglndii
C. lusitaniae

C. kefyr

C. inconspicua

C. fumata

C. albicans

C. tropicalis

C. glabrata

C. parapsilosis

UNININI
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;—_;—)_; Size of yeast (um)
m 4-6 x 6-10
4-6 x 5-11
1-4
2.5-4%2.5-9
o+ 3-5x 6-20
ANPINY —eone
3 2-5x 3-7
Variable 2-6 x 3-10
+ 2.5-5% 5-10
+ 1.5-3x3-5
+ 3.7-5x 2.7-4.7
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Candida albicans

C. albicans strains produce white to cream colored, pasty, smooth colonies on
Sabouraud dextrose agar. On cornmeal tween 80 agar and at 25 °C for 72 hrs., C. albicans
produces clusters of round blastoconidia along the hyphae and particularly at points of
septa. Pseudohyphae and true hyphae are also observed. C. albicans, together with C.
dubliniensis, are the two Candida spp., which produce a typical asexual spore,
chlamydoconidium. Chlamydoconidia are round, large, thick-walled and usually terminal.
, lated in Sabouraud broth. Germ tube
% s. Germ tube is the beginning of
true hyphae and o bserved bch e.yirm 1noculat10n ofthe strainin

serum. Similar to the chla

C. albicans produces no surface grow

N
production is the other typical ch

Candida spp. that produce

germ tube are C. albicans and m simple methods, as well as

molecular studies are on species. In the interim, in

routine laboratory work, a s
as C. albicans [60, 61].

Candida stellatoidea arate Candida species, is now

classified as a subspecies of . albicans by not assimilating

J..r-rnr

sucrose and not being resistant to cydleﬁéx)fm

On Sabouraud deﬂose agar, C.
slightly mycelial border. It may=produce a thin &urface film and bubbles when grown in

Sabouraud broth. (ﬂ urEJﬂ’a/ m ﬂ% @ wﬁrﬂ@ ﬁ hrs., it produces oval

blastospores which g‘le located along the Jong pseudoh hae. The blast&})ores may appear

s QT TR ) B

true hyphae [60, 61].

ropicalis coloniég are cream-colored with a

Candida glabrata

This species, once classified in genus Torulopsis is now accepted to be included in
genus Candida. C. glabrata colonies are small, pasty, white to cream in color and

glistening. Candida glabrata does not grow on the surface when inoculated into Sabouraud
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broth. On cornmeal tween 80 agar and at 25 °C after 72 hrs., it produces clusters of tiny,

oval, budding blastospores. The absence of pseudohyphae is very typical [60, 61].

Candida parapsilosis

C. parapsilosis colonies are white, creamy, shiny, and smooth or wrinkled on
Sabouraud dextrose agar. It does not grow on the surface when inoculated into Sabouraud

broth. On cornmeal tween 80 agar and at 25 °C after 72 hrs., it produces blastospores

' aya ly, the p seudohyphae may be curved
giant cells" may be observed [60),

which are located along the pseudohyQ\-

and large mycelial (hyphal) ele% lic

61]. S——— 9

Candida krusei / /)

C. krusei colonies dif

\

Candida spp. They are typically dry,

dull and often have a my. se'&gar. The colonies are cream

colored and their shape is a prominent surface growth

ween 80 agar and at 25 °C after

C. guilliermondii colc&mes are flat, moist, smooth and cream to yellow in color on
Sabouraud dextros WH lated into Sabouraud
broth. On commeﬂm]glo? myl ?T%tll h, it prcﬁjlces clusters of small
blastospores al e do gﬁ ;:1}? dohyphae are
short and f@q i W ﬁ ErﬁTa ﬁ

Candida dubliniensis

C. dubliniensis is a novel species defined in genus Candida. In addition to its many
other comparable characteristics to C. albicans, its colony morphology is also similar to

that of C. albicans and appears creamy and smooth [30]. On cornmeal tween 80 agar and at



15

25 °C after 72 hrs., it produces blastospores, pseudohyphae and abundant chlamydospores.
The numerous number of chlamydospores and their tendency to appear in pairs and triplets
are typical but not sufficiently distinctive for definitive differentiation of the species from
C. albicans. Similar to C. albicans, C. dubliniensis also produces germ tubes when

inoculated in serum.

C. dubliniensis is most often isolated from the mouth in patients with AIDS [26, 30,

62]. One may inquire whether it is really necessary to differentiate C. dubliniensis from

C. albicans. In routine practice, the com ch is to identify a strain as C. albicans
if it produces germ tube or chlamydospores. fluconazole resistance has been

detected in a number of C. dubliniensis i“]ate@ese 1solates usua]]y remained

susceptible to other drug ericin . ,, ucytosine, voriconazole, and
caspofungin.
Physiology )
Physiological properti 5 ; 01 i nction w ith m orphological
criteria. Carbohydrate assimil : _ Candida species (Table 5) can be obtained
il = \
by examining zones of candid owih” aro or wells impregnated with various

sugar on basal agars [64]. In contr_;aﬂ ;'E ‘ ests are generally performed in liquid

media and are based or \de oduction. Individually these

physiological tests are timie-cor N osh , particularly in routine

diagnostic laboratories wh% there may be a high thro ghputa specimens.

AUINENINYINg
ARIAINTUNNING Y
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Epidemiology

Candida species are ubiquitous organisms [65]. An increasing incidence of
fungal infections with Candida species has been noted in immunocompromised
patients such as intensive care, post surgical, neutropenic patients, AIDS [15, 66-68].
Candida species are most frequently isolated from the oral cavity and are detected in
approximately 31 to 55% of healthy individuals. Colonization rates increase with

accounted for 70 to 80% of the 1

severity of illness and duration of h s tion [65]. Historically, C. albicans
: @ infected patients. C. glabrata

and C. tropicalis each accou prox1 8% of isolates, while other

non-albicans Candida speme nl - y-166, 69]. However, more recent

epidemiological data reveal icans to the non-albicans

(C ilosis, and C. krusei [19,
20, 66, 70]. The Candida spect ’ - S &;{d\probably be expanded as

more recent surveill

Candida species such as C.

C. utilitaniae, and others's

candidiasis.

in health and disease [65 f the oral yeast isolates,

while other medically lm}gmant yeast pathOéA,ans C. tropicalis, C. parapsilosis,

C. krusei, C. ke t less than 10% of
isolates [65]. Acchlng[t;tm species man C. albicans cause
increasin W ﬁ docarditis,
endopthaantﬁﬁ atﬁﬁ imm‘ ﬂ m Er

Candida tropicalis

C. tropicalis is one of the three most commomly ioslated NAC species(the
other being C. parapsilosis and C. krusei). C. tropicalis accounts for 4 to 25% of all
Candida isolates and a higher proportion ( 20-45%) of NAC isolated from blood
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culture [71]. In terms of the patient group affected, C. topicalis 1s seen more
frequently in cancer patients. The proportion of infection in children due to this
species is lower than in adults (0-8%) [72-75). C. tropicalis is less frequently
observed in surgical and ITU patients (4-18%) [76-79]. In Walsh et al.’s review of
fungaemia in HIV-positive children, 8% of infections were due to C. tropicalis [74).
The occurrence o f C. tropicalis infection in c ancer p atients v aries according to the
underlying diagnosis and treatment modality, with an incidence of 11-25% in BMT
patients, 18% in haematologic malignanci 7d 4-9% in solid tumor patients [79-83].

\\\

Candida parapsilos:s

C. parapsilosis is prob

incidence since 1990 in mos 0,81, 84]. Recently published
series from North Am a ‘Q\_earapszloszs 1S now the
predominant cause of ¢ Jrtisei and C glabrata are

observed more frequently i atienis, but C. losis occurs mainly in non-

fungaemia in chlidren compared wi 3 surgical or ITU populations
[76, 78, 79]. The incidence in can;e::;;;‘t;lenjﬁom 6 to 38 % in the USA and
12-15% in Europe centrfx and was‘l'ilgl'rér in BM? T'a 1d leukaemic patients (35%) than
in patients with otheff Jpahignancies—or— —— The highest
proportion has been obse in childr | 27 to 50% of total

longitudinal studies gave compared the yearly mmdence of C. parapsilosis over the
last 8-10 years; th 7 t0 37% and in
Europe from 0-21%@21‘?‘?13112% g; UI\' d to cause around 10%
of cases.

ARIAINTUNRIINYINY

Cam’tda grabrata

C. grabrata represents 8-37 % of all Candida blood culture isolates [78, 91].
Some centers report an increasing proportion of infections due to C. glabrata over the
last 10 years. The incidence is higher in adults (5.4-37%) than in children (0-6.6%),

and is lowest in neonates (0-2%). With regard to predisposing factors and underling
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disease, the incidence is lower in cancer patients (4.5-13%) than in the general patient

population (15-21%), or ITU and surgical patients (20—25%) [75, 80, 81, 91].
Candida krusei

C. krusei is an emerging NAC species. With a particular predilection for
neutropenic adult cancer patients [84]. Akin to C. albicans, the gastrointestinal tract is
probably its origin. C. krusei causes 2-25% of fungaemlas the proportion is lower in
ITU and surgical patients (2-4%) thgw} ients (13%), and also lower in
children (1-3%) than adults [71, & Th
with leukaemia (13-25%) and

ropomon 1S seen in patients
, 93, 94]. As illustrates,
ital 1s very high, suggesting

the variation from center to ce:
that features of local epidemio i id 1ation seen [95-97]. In some
centers, the proportion of infect; : increasing in at least
observed [70, 98, 99]. A

somewhat different picture is gai i “studies. of fungal isolates obtained

seven reports, an associati

In all three studies, the obs'é'x:ved—mc' or decrease was not statistically

significant and there was_no correTatmﬁ“wxﬂlf azole_consumption [100]. Two

aation-on the possible link
-time period 1989-1998

sez infections despite the widespread use of fluconazole

mampud "1ty =\ 11/ e
Ca@dmﬁlﬁﬁdﬂim UAAINYIAY

C. guilliermondii causes infection in humans only rarely. It was previously

between C. krusei and azele use. The stud

showed no increase in C.

considered as an animal saprophyte, but this situation has changed [80]. In the 40
years preceding 1990, only 10 cases of infection in man were documented, but a
further 33 cases of fungaemia have been reported since 1990 [80, 81, 84, 86, 102]. In
Wingard’s review of fungaemia (1960-1990), 10 cases of C. guilliermondii infection
were seen (0.7% of the total). Three of those patients died, giving a 30 % mortality.
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Abi Said’s single cancer centre review of candidaemias includes three cases (0.7%),
all of whom survived [80]. Finally the mu]tic-entre European study included 12 cases
(5.5%), of whom two survived [81]. Of the 140 cases of fungaemias reported from a
single center, only three (2.1%) were caused by C. guilliermondii and one died [71].
In a nationwide Dutch study, nine cases were seen among 671 fungaemias (1.1%)
[78]. Ina series of 148 cases o f fungaemiain BMT p atients, one case (0.7%) was
identified; this patient died despite therapy with amphotericin B colloidal dispersion
(ABCD). To summarize the curretly published data, the overall proportion of C.
guilliermondii has increased (from 0-0\73({ i\; 0 to 0.7-5.5% in 1991-1998). It

appears to affect patients with C@W‘o 31 of 43 cases), ITU and
T ——

surgical patients.

—-

,{'\

Isolates of C. dub in oral specimens from HIV-
infected and AIDS patients € ding the Dublin Dental
Hospitat [103, 104}. Since them €. nsis as covered in a wide variety
of clinical settings from individ | i,nen\ [30, 31, 36, 105-107]. The

vast majority of C. dubliniensis isol

Loty ) o

HIV-infected individuztlﬁor, mofé"—""‘n‘fé'“‘H il 46701 ‘patients_with AIDS [30, 31].
been implicated as an agent of oral candidosi o atiﬂ-;'e individuals, including
normal healthy individuals, including normal healthy indivji!éuals and diabetics | 30,
31, 36]. A limite Ji iniensis, 1 ':"'l'r 1 n recovered from
the vaginal tra:@: ﬁlﬂ ;Zjﬁjjnj ﬁﬂtlﬂksﬁ[l%]. Similarly,
C. dubliniensis isolates have been recévered from includingfaces,mputum, urine,

B v KB RPNHRRY

Pathogenesis

C. albicans is a human commensal so that the infectious sources are primarily
endogenous and secondary exogenous.
1. Endogenous : The gastrointestinal tract is considered a major reservior for

C. albicans, e.g. in vaginitis or diaper rash. Moreover, the fungus can invade the
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bloodstream from gastrointestinal tract a fter d amage to the gastrointestinal mucosa,
such as that induced by anti-cancer treatment (irradiation or chemotherapy) or major

surgery; it can then spread heamatogenously into various organs, causing deep-seated

/disseminated infections.
2. Exogenous : C. albicans can, however, be introduced from exogenous
sources as well. These may include introduction through various catheters and lines,

or other dwelling/prosthetic medical devices [109]. This route is of particular
importance in the development of deep-se systemic candidiasis because most
of these therapeutic modalities are \i};} n compromised hosts whose
defence systems are unable lo & athogen. Person-to-person

transmission is not a predor@anilo 51s incandidiasis. I t1s

seen primarily in the oral thy , wmothers have vaginal

0
infections, acquiring them duti m t sexual transmission from

patients with vaginitis to their s

Clinical disease [1,57,5

s Generalized cutaneous candit[’uTﬁs

TTE T
_ S WA

candidiasis that mamfﬁs as a diffuse ‘ert 1515 trunk, thorax, and

extremities. The patient g;r, a history o FUFITS; with increased severity

in the genitocrural folds, %l regi

. Phys1cal examination

reveals a widespread rash tléat begins as 1nd1v1dual vesicles that spread into large

e S AN

. ectlon is found predominan f;" in the hair follicles

a“df“”;?{mmmwmmm 2 e

are associated with immersion of the hands in water and with diabetes mellitus. The
patient has a history of a painful and erythematous area around and underneath the
nail and nail bed. Physical examination reveals an area of inflammation that becomes
warm, glistening, tense, and erythematous and may extend extensively under the nail.

It is associated with secondary nail thickening, ridging, discoloration, and occasional

nail loss.
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Chronic mucocutaneous candidiasis

e Chronic mucocutaneous candidiasis describes a group of Candida infections
of the skin, hair, nails, and mucus membranes that tend to have a protracted and

persistent course.

e Chronic mucocutaneous candidiasis frequently is associated with

endocrinopathies, such as the fol owmg
e Hypoparathyroidi

e Addison dis ///
e Hypoth
e Diabetes

° 1 < enal, thyroid, and gastric tissues

Gastrointestinal tract candidiasis ,_,.——‘
,,.»f.!,# Wl

e Oropharyngeal a di

The patient has %eque

or inhaled steroids or havm& HIV infection, chemotherapy, dentures, or diabetes

mellitus. Variable Sﬂpﬂ'xﬁj(ﬁl%ﬁ%ﬁ w EJ /] ﬂ .j

vad -spaBtrum antibiotics

Qmﬁﬁmﬂmmmaa

e Whitish thick patches on the oral mucosa.



e [Esophageal candidiasis

The patient’s history usually includes the use of broad-spectrum
antibiotics or inhaled steroids or the presence of HIV infection, chemotherapy, or

hematologic or solid organ malignancy. Variable symptoms that include the

following:

e Asymptomatic

e No oral dise

disseminated candidiasis. @'yngeaw y is @served in hematologic

malignancies. The patient may present with a sore throat and hoarseness. Physical
examination generﬁ unﬂn% ﬂ Elﬂ ﬁ}% Elsaaﬂb‘)jdlrect or indirect
laryngoscopy.

dlssemmai'l"mﬂmﬂ? ety upyirats i

hematogenous dissemination of Candida species. The high degree of colonization and
isolation o f Candida species from the respiratory tract makes it difficult to make a
diagnosis. The patient’s history reveals similar risk factors for disseminated
candidiasis, and patients complain of shortness of breath, cough, and respiratory
distress. Physical examination reveals fever, dyspnea, and variable breath sounds,

from clear to rhonchi to scattered rales.
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Genitourinary tract candidiasis

¢ Vulvovaginal candidiasis (VVC): This is the second most common cause
of vaginitis.The patient’s history includes vulvar pruritus, vaginal discharge, dysuria,
and dyspareunia. Approximately 10% of women experience repeated attacks of VVC

without precipitating risk factors. Physical examination includes a vagina and labia that

‘ ’7rge and a normal cervix on speculum

la1 of ;@he penis. Lesions and

usually are erythematous, a thick curdlike

examination.

o Candida balanitis: Patic

Thus, the distinction bet:ieen invasive dise&e nd colonizati ;cannot be made solely

on culture results because approximately 5-10% of all Ufifie et ltures may be positive
for Candida.

Systemic ““““‘ﬁsu EJ NN ‘ﬁ WeIN?
md,demmmﬁ:ﬁ AP

organ mfectlons due to Candida species generally are observed as part of the

disseminated c andidiasis s yndromes, w hich m ay b e a ssociated with either s ingle or

multiorgan involvement.
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e Candidemia
Candida species currently are the fourth most commonly isolated organism
in blood cultures, and Candida infection generally is considered a nosocomially
acquired infection. The patient’s history commonly will reveal the following:
- Fever for several days unresponsive to broad-spectrum antimicrobials,

frequently the only marker of infection
- Prolonged intravenous catheteri
- Possibly associated with t!j
o Other causes of candl out léease

include the follownF <

- Intravascula

is: F his entity usually

which is due to secondary spread d'lmnfig ..: ide lia and disseminated candidiasis.

B ) e IR
Endocarditis frequentlﬁls associated with 2 ﬁctors, which are the
following: (1) intravenous herotn use; wh ich trequently 1 1s-associated with infection

due to C. parapsilosis, ( emotherapy, ( ; vames (approximately 50%),

and (4) prolonged use of central venous catheters

iated with multiple
deep organ 1nf<;§013 ﬁ?ﬂﬁ mm tion.” Unfortunately, of
patients ted c
negative‘ﬁhﬁﬁﬁaﬂﬁmﬂﬁﬁiﬁﬁ

cand1d1as1s reveals a fever unresponsive to broad-spectrum antimicrobials and

;q‘a\)%-’olood cultures
u

sseminated

2}

negative results on blood culture. Physical examination reveals fever (may be the only

symptom) with an unknown source and sepsis and septic shock.
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Virulence factor

Virulence in Candida albicans includes host recognition. Binding of the
organism to host cells, host cell proteins or microbial competitors (co-
aggregation) more than likely prevents or at least reduces the extent of
clearance by the host. C. albicans, e xpresses s everal v irulence f actors t hat

contribute to pathogenesis. These factors linclude host recognition biomolecules
(adhesins), secreted aspartyl prot \&H

osphollpases (PL), phenotypic

switching, and hyphae [110].

Manoproteins /

[111]. Adherence to muc

ity =i
residues and asialo- GM,ll)\ endotheﬂ;f ceil rﬁamm%h as collage and C3d)

structural component of tlﬁ fimbria ave ﬁen seen on C. albicans

yeast cells [111]. Antlb0d1§S raised against a ﬂmbrlal extract containing MP66

inhibited the bmdﬁ yzj\ ﬁeﬂﬂﬂﬁ w}ﬂﬂlﬂuﬁn 11]. Antibodies

to the mannoproteqa sin recognized by component of complement,
have been described i [111]

monocloné ﬁlﬁlﬁﬂﬁmﬂﬁﬂﬁjﬁgj nglsonjugated
erythrocytes Several different models of murine candidiasis have suggested that
antimannan antibodies are protective and therefore, by implication, that
mannoproteins play a significant role in the disease process. Han and Cutler [ 113]
found that an antimannan serum and monoclonal antibody (B6.1) protected both

native immunocompetent mice and SCID (severe combined immunodeficiency) mice

from intravenous challenge with C. albicans.
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From the experimental observations, it appears that mannoproieins are
important not only in the adherence of the yeast to host epithelial and endothelial
cells, but also in the interaction of the yeast with components of the host defense

system such as complement and neutrophils.

The secreted aspartyl proteinases (SAP)

The SAP family comprise of nin

;ftems [114]. SAPs are not limited to

Candida tropicalis as well as
é The open reading frames

guinea pig and murine

C. albicans and their presence has by

(ORFs) of SAP1-9 range i

models of invasive disea irulence[115, 116]. The

contribution of Saps was tissue and human oral

lesions using strains of C. )s or with tripie deletions

(SAP1-3, SAP4-6) [117]. Fruthi . SABTS deemed important and SAP4-6

the tissue, that is, early 1nva51on,_]SE;T
.n-i‘ —j ;r"l g

extensive hyphal growth;(fAP6) In vaglmu{ ﬁl] SAPs have not been

E\

Phospholipases ( PL#)

AUYINYNITNYINT

The Phosphylpases family comprise of PLA, B PLC and P&P only PLB1

i T B4 PRI e

deleted strain produced less phospholipase in vitro and was less virulent (40% killing

versus 1 00% by wild-type cells). Plbip activity has recently been detected at hyphal

tips during tissue invasion. Plbip is an 84-kDa glycoprotein that has both hydrolase

and a lysophospholipase-transacylase activity.



28

Phenotypic switching

Candida is capable of high-frequency, reversible phenotypic switching, which
could generate phenotypes beneficially adapted to different host environments [111].
Phenotypic traits affected by this switching include cell morphology, lipid and sterol
content, adhesion to buccal epithelium, levels of protease secretion, antigen

expression and susceptibility to antifungal agents [111]. Freshly isolated strains from

vaginitis or systemically infected patients h \I

disease development or might ifggeneﬁaﬁon, of which switching
- - —

igher frequencies of switching [118].

This observation could be crucial i t association of switching with

could be one component. Of
colonize the skin in a cut han white'phase cells, but are less

virulent in a systemic of factors (including

colony morphology) is ex : andide Rat is i tant in its adaptation of the

organism to specific anato

Hyphae

Several investig&‘ﬁrs sugge al fc ?ulbicans is associated
with its invasiveness [ 2, 120-122]. Tt has be strated that there is a strong

correlation between germﬁ:‘t;é formatis creased adbesion of C. albicans to
buccal epithelium cell [12%1' The study showed that germ tubes of C. albicans
F-%

[ ¥
cxivied oSSR P YT A W L[] g et et
( 1

be one of the mechanisms related to virulence in candida species. It is thought that

SUON 1S NI NN 1LY
of the oraﬂ; a [123; 1 ﬁ ] rs'th 1 forms of
C.albicans, blastospore and hyphae, appear to initiate and sustain pathological

responses in mammalian hosts. However, it seems that one form may be better

adapted than the other to survive under specific ecological conditions.
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Antifungal drug susceptibility

The biological diversity of the organisms classified in the genus Candida has
other implications for the management of infections caused by these species and for
the development of antifungal agents. The ideal antifungal agents need to be effective
against a broad spectrum of organisms, including all of the medically important yeast
of the genus Candida [125]. Developing such agents has become increasingly
challenging due to the multitude of fungi that are now recognized to ¢ ause human
disease. The most important classes of\a\twmnts effective against Candida
species are the azole and the p%e antifi ts [1, 126-128]. The first
generation of drugs in the 197@C mﬂncam‘f&.ﬁﬁponmble for most fungal
nﬁmmes are susceptible to

\/dug fo the emergénce of organisms with

infections. Although most o

o

these agents in vitro, con

intrinsic (primary) resistan organ?m that have a tendency

to develop (secondary) resi escagents |[ 129, 130&‘. In recent years, the

S ’ both therapeutically and
s ouid W
e -gcnera%‘cjea d incidence of candidiasis.

¥~y ]
s@ésts.l this

widespread use of antifun
prophyloactically, due mainly

Evidence has been produce led to changes in the

epidemiology of candidiasis and t ‘emeroe@ Candida species that are less

susceptible to these agents [1, 13 W=l .r’ 4 Ve

Fluconazole is no% one of the mostm - j\e antifungal agents
and has proven efﬁcamo -in the treatment of b 1"and systemic fungal
disease [1, 127]. Howeverui number of NAC species are n&J recognized to exhibit
intrinsic resistance o _this &ﬁl now rally accepted that C. krusei is

‘)

,,,E_J m ?ﬂ &J rli«]liherapy is totally

inappropriate for treatment of infectiong’ caused by this species [132].,In addition,

AR ARSI s

with human “disease, also exhibit intrinsic resistance to fluconazole [133, 134].

intrinsically re51st

contrast, C. glabrata possesses the ability to rapidly develop resistance to fluconazole
[135]. In comparison with most Candida species, which are diploid, C. glabrata is
haploid and this may partly explain why mutations that lead to the development of
fluconazole resistance arise at high frequency in this organism. Developed resistance
to azole drugs has been described in other NAC species including isolates of

C. dubliniensis, C. guilliermondii, and C. tropicalis, usually recovered from HIV-
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infected patients following prolonged azole therapy [136, 137]. Both C. dubliniensis
and C. tropicalis have been shown to acquire resistance to fluconazole following
exposure to this drug in vitro [138]. Since the introduction and widespread use of
fluconazole in the 1990s there have been changes in the epidemiology of candidiasis,
with many studies reporting an increase in the incidence of C. glabrata infection and
the emergence of C. krusei [1, 20]. Although not proven conclusively, many studies
have suggested that the introduction and widespread use of the newer azole drugs
itraconazole and fluconazole may have c‘ tributed significantly to the selection and

b
emergence of strains and specie@ %reduced susceptibility to these

agents [20, 131]. '""-..\

The polyene agent am 1 Wsince the 1950s and has a
low incidence of developed S AL cl\ini’ ing [1]. C. albicans isolates

culture [1].

The ribosomal D I'

The overall tDNA dgtg? complex inc&ges (from 5° to 3’ orientation) the

intergenic spacerﬁﬁ(ﬁsf,}vﬁweﬁﬁwtﬁﬂﬂﬁed spacer (ETS) 1

region (also calledythe nontranscribed spacer) on the 5’ end and the ETS 2 region on

g
e e A S AR TR o
gene, the qS gi eHi88 1 mﬂt elITS2 on, ﬁ;\a8 NA gene

[140] (Fig. 3). During early transcription in the cell nucleous, the initial precursor in
the formation of RNA contains nucleotides for the 5°-ETS1/18S/ITS1/5.8S/ITS2
/28S/ETS2-3” subunit, referred to as the 35S to 45S rDNA transcription unit. T his
genomic unit, which contains the genes necessary for the formation of ribosomal
RNA (rRNA), has been designated the rDNA gene complex of the fungal genome
[140]. As the 5S r DNA gene is processed during transcription in a step distinct from
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the other rDNA gene products, it is not included as part of the precursor RNA
transcript. Therefore, the 5S gene will be excluded from the discussion on the rDNA

complex, although it is vitally important for the formation of ribosomes [140].

Figure 3. Representation of the rDNA gene complex in fungi denoting gene order

and position of the ITS region ’140]

///

i

rDNA complex g
All three genes = e have been used in studies on
the molecular evaluation of fungn"zﬁe:ri& egion is about 1800 bp in size with
both conserved and vatjible domain séi]ueﬁcé tions within this region
have been used to as > taxonomic relationships ol ajor groups of living

organisms and to separa

Qge ra and spec ﬂence polymorphism [140,
141]. However, the drawback to using this reglon for the 1dentification of species is

the relative seq eed to sequence a
large number o@ order to Mtwgl\jﬂ? .8S region on the
other h about_ 1 jor organism
groups. aﬁﬁ]ﬁ ﬁ ﬁrﬁ 3£ﬁ!ﬁnﬁ?ﬁ i‘ﬁ&‘g‘lﬂ opriate for

phylogenetlc studies to classify fungal species. However, this conserved sequence
within major groups of microorganisms has been useful as an attachment site for
universal primers to amplify flanking spacer regions within the eukaryotic genome

[140]. Finally, the 28S rDNA gene, which is around 3400 bp in size within fungi, also

contains both conserved and variable nucleotide sequence regions. The variable
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domains o f this large ribosomal subunit have also been used to allow comparisons

from high taxonomic levels to the species level [140].
rDNA complex spacer regions [140]

Four transcribed spacer regions are located within the rDNA gene
complex of fungi; two external to the 18S and 28S rDNA genes in the IGS noncoding
region (ETS 1 and ETS2) and two interna Wing the 5.8S r DNA gene (ITS1 and

ITS2) (Fig. 3). Both ETS regions oqn}!“x y ;equences among fungal cells

and although their biolegical r é:“:"f‘ully u both appear vital for early

rRNA processing during transcnﬁmr 4

The ITS1 and 2

rDNA gene, show e xtensiv iyeisity am ajor groups o f e ukaryotic

microorganisms and even wi . e rganism group. It was shown
that these DNA spacer re ) Importan v transcription during rRNA
processing.
Biology of the ITS regi
The biologcal role of ssing of the rRNAs
remains an intﬁguiné[ puzzie, even though a number c j.\ nctions have been
i

riiary 35S to 45S rRNA

ftiation o
transcription unit is form;? This precursor transcript undergoes enzymatic removal of
o . . . .
the four spacer ﬁﬂfzwﬂ ?[tﬂ HTZB[E that is modified
through RNA methylati d“othe el c[naer ions“and " ass led in to an 80S
nucleolar ribonucleoprotein particle RNP). The 80 lﬁP ﬂe n es cleavage
o o 1) TN 0 PR3 60 A A T BT e

become fungtional ribosomes. These functional ribosomes bind to mRNA and tRNA

suggested. During the

leading to protein production during translation.

Studies have shown that removal of one or both ITS regions prior to the
initiation of transcription has a deleterious effect on the formation of mature rRNAs.
Musters et al. [142] reported that removal of ITS1 prevented the formation of mature
18S rRNA and hence protein production during translation. Additionally, vander

Sande et al. [143] showed that removal of ITS2 sequence prevented the maturation of
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5.8S and 28S rRNAs. Further work by Good et al. [144] confirmed the important of
the ITS2 sequence in the formation of functional ribosomes. They suggested that
during rRNA maturation, there appeared to be an interdependence in the role of the
ITS region as quality control mechanism to ensure that only functional TRNA was
incorporated into the ribosomes. As DNA of ITS regions is removed and it is not part
of the mature RNA molecule, they are considered noncoding regions of the genome.
However, they are not normally identified as introns, but as intervening non-coding

sequence or pseudo-introns because of

N7

mportance as precursors in protein

manufacturing [140].

Laboratory identificatlo

Conventional method

f Candida species rely on

Appearance and._ﬁ o

- Ability to 'produce chlamydocomdla (chlamydospores)

ABEINEMINGINT
amm"ﬂﬁﬁfﬂmmmaﬁ

A germ tube is defined as a filamentous extension from a yeast cell

that is about one half the width and three to four times the length of the cell (Fig.1C).
The true germ tube of C. albicans and C. dubliniensis have no constriction at the point
of origin, early pseudohyphae of C. tropicalis may be confused but characteristically
show a point of constriction adjacent to the mother cell. A constricted germ tube

represents a pseudohyphae formation derived from a budding process of the



34

blastoconidia. In this experiment, both constricted and nonconstricted “germ tubes”
may be seen in the germ tube test for C. albicans and C.dubliniensis; however, if the
preparation appears to contain only constricted germ tubes, one should seriously
consider the possibility of C. tropicalis or other Candida species. In addition to using
a known culture of C. albicans as a positive test control, negative controls using
C. tropicalis and C. glabrata should also be included. The preparation should be
incubated longer than 3 hrs., as other hypha-producing yeasts will begin to germinate

after this time. In cases in which the differentiation may be clinically significant,

f

carbohydrate assimilation studies shoi

B. Cornmeal a

The cornme ¢ examined for the presence

of hyphae, biastoconidia, chl the past, cornmeal

agar morphology was ion of characteristic

chlamydospores produced b tly satisfactory for the
definitive identification of C. dans and C“dubliniensis when the germ-tube test is

negative. In other instances, ogic features on cornmeal agar

differentiate the Candida, Geotrichum;—and 13 ron. Previously, it was believed
. LZIREIN T, 3 .
that the morphologic feages of the Common spec [ Candida were distinct enough
A i

to provide a presumptive-rdentrficatn on. This can be ac glished for C. albicans,
7 |

C. glabrata, C. krusei, C.| arap s 1fone keeps in mind that

there are numerous other species, uncommonly recovered in the clinical laboratory,
that might resem 1 ‘nc jf{ i ioned species. In
general, this methﬁpuﬂalmﬂlﬂr i(ﬂmzlﬁznera and species
are m ore c ommonly seen in ¢ linical laBoratories. Fofsthe uncommorily’ encountered
A
q

Ghmrobey s d vl 112171 6 )

isolates, ¢
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Biochemical tests

A. Carbohydrate assimilation tests

B. Carbohydrate fermentation tests
A. Carbohydrate assimilation tests [58, 59]

The mainstay of yeast identification to the species level is the

carbohydrate assimilation test, which ility of a yeast cell to utilize a

specific carbohydrate as the sole s ’ esenc\, of oxygen. Once the

carbohydrate utilization proﬁ?d m!ctlonn-q-b'compared to those listed
c ¥

in Tables 1. In most instances

identification of an organis

and are simply performed : ontaining different carbohydrate
substrates. Fermentative yeasts recé&%?igdf' " al specimens produce carbon
dioxide and alcohol; therefore, prod-u!:tféﬁfvf a pH shift is indicative of
fermentatlon This test various species of

e ANYNINYINS

For laqgoratones where the'identification.of yeasts constitutes a small
ot G B 5 T AT DA b s
particularly aftractive. All of these kits will identify Candida species within 24 to 36
hrs., and many of them will provide an identification profile that can be used for
epidemiological strain typing purposes.

The following products have found a useful place in the routine
laboratory, although the list is not exhaustive: API ID 32C, API 20C AUX -
(commonly used in the United States), Fungicrom, Auxacolor, Candifast, and

Fungitest. T he d evelopment o f c ommercial kits has provided the routine laboratory
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with the opportunity to standardize the identification of Candida spp. However, for
many laboratories, the costs involved may exclude the use of kits, but this decision
must be weighed against the efforts in preparing media and reagents.

Molecular Identification methods for Candida species

General approach

Various molecular techniques usn TS regions as molecular targets
for the identification of fungi have b sen evalus able 6). These methods include
direct sequence analysis of amplified DI ﬁus- or species- specific
primer and oligonucleotide f striction  fragment length

polymorphism (RFLP) analysis 1 > sho n that enough sequence
variability exists among . region to allow for

species identification. Hov e sequence of one or

strains within some single specigs have'nof

- o - FIEEEAS 24 : :
variation), making it difficult to ass1gn specics otally on sequence information
. . ) IR R .
because of this d1ver51ty:&1401.. Tlﬁs.'fgeﬁlieqca ence among fungal strains and
sequence similarity amd ‘;T::-‘:;:_:'_::.:"-—__ resenf a misidentification

based solely on phenot -I ~cha abeling of the taxonomic

positioning of the microorganism. Likewise, however, geng ypic differences within

= e A
Numerous examp il disc ‘ i t liability @of using the ITS
regions as molecular targets to identify anid characterize-fungi to the genus and species

o ARIRNNIUNATINEIAE
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Direct sequence analysis

The utilization of direct sequence analysis was an important technical
development in the field of amplification-based genotypic pathogen identification
[140]. The rDNA complex was shown to be a useful target because of the preservation
of conserved gene sequences ( 18S, 5.8S and 28S rDNA) that flank highly v ariable
signature sequences (ITS1 and ITS2 re he direct sequence analysis of ITS
regions was useful for the identific ﬂ w d filamentous fungi.

The complete n equsnce @ndzda albicans 5.8S TRNA
coding gene and the flanki
[155]. Lott et al.[156] suly :

rRNA gene to identify Canrdi

iations. They evaluated

as 1« Mercure et al. in 1993
d work using the ITS2 regions o fthe
sequenc

multiple strains of C. albic well ;- strain of C. parapsilosis. Their

region sequences alone ap

C. albicans from C. parapsil.

researchers later develope, f WO |
the identification of C. al@an&fﬁ’i anothe a speciﬁsequence heterogeneity
within Candida species was gegrted to be common in the ITS1 region with the ITS2

region showing ﬂlu E)j %ﬂﬁ]cﬂoﬂﬂiw E|4ﬂ| ﬂzfjez al. [158] later

determined the nuclgotide sequences of the ITS2 reglon for 13 additional spemes from

BTN I e Tk e (20151

this region varied fourfold among the yeast studied. To expand on this observation,
Chen et al. [159] conducted a study to evaluate 34 yeast species from multiple genera
for ITS2 sequence polymorphism. They also determined that enough variation existed
within this region to develop a database composed of the ITS2 length and sequence
polymorphism for these isolates. Million et al. [160] in 2002 showed that the
sequence analysis o fthe PCR amplified ITS region of rDNA using ITS1 and ITS4
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primer showed six variable sites in the base order yielding 10 types of sequence from

the 39 C. albicans isolates. In Table 7 showed the position of nucleotide changes and

deletion in Million’s study.

Table. 7 The positions for nucleotide changes and deletions [160]

Exchanges site

90 | 428
SE1 a e
SE3 a t
SES a t
SE7 a &
SE9 a c
SE10 g t
SE2D a c
a t
SE4D a t
a t

¢ o :

= ARYINNINEINT |
a 'y t p Tl g a c
SESD’%W’] \jﬂ‘j u’]%ﬂ f]aauf c
9 a t t g a t

*= Deletion, SE = Sequence, D = Double
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Genus/species-specific primers and oligonucleotide probes

Once it was demonstrated that ITS sequences could be used for the
identification of fungal species, additional studies focused on the recognition of ITS
signature sequences for the development of specific primers and probes. Most of the
work to date has been in the creation of probes to identify Candida species. Fujita et
al. [153] constructed probes from the ITS2 region for the identification of C. albicans,
C. tropicalis, C. parapsilosis, C. krusei ag‘ glabrata. They used a micro-titer plate

enzyme immunoassay (EIA) with d}g\ / eled probe method and showed
that probes designed from this@on W for the identification of th
at probes designe _ % identification ese

Candida species (Table 5).Wow | tha‘@ssay was highly sensitive

S \I\Q{albicans cells per 0.2 ml

of blood. To expand on this hi iS¢ ' ol Martin et al. [151] recently

T/ S

included C. guilliermcfﬂdii,. C. ‘7@?;:; Z’?fa wbica, .i' ‘usZa

C. rugosa, C. zeylanoides;~€—haemutonn - C. norvegica, ( -

niae, C. pelliculosa,

orvegensis, C. utilis,
C. viswanathii and C. dubtiniensis (Table 5 rﬁoncluded that the probes

designed from the ITS2 rggion were reliable for the molecular identification of

Candida species \ﬁﬁﬁe mq{swt Gjef]: in which primers
were designed to amp 58b ent of theactin-ge ing known cultures as
well as blood;ﬁﬂgd’ with Candida

AT T Inenay

Restriction fragment length polymorphism analysis

Amplified DNA can be cleaved with a restriction endonuclease and
evaluated electrophoretically in a process referred to as post-amplification restriction
fragment length polymorphism (PCR-RFLP) analysis. Variations in the number and

size of the restriction fragments have been used for the identification of
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microorganisms. The PCR-RFLP analyses when applied to amplified products of the
5.8S ribosomal DNA-intervening ITS regions has shown promise in distinguishing
between different fungal species. In combination with morphological analysis, the
results of PCR-RFLP have been useful for the characterization of isolates in both
clinical and commercial applications [140]. Described in the following section are
some of the clinical applications of this technology using the ITS region targets.
Identification of Candida species using RFLP analysis of the rDNA

repeat has also been achieved [52, 55]. Williams et al. [55] evaluated eight species of
Candida by PCR-RFLP analysis oﬂﬂk\ /s They applied their genotypic

@nge of sources and felt that

this was a reliable method u@& Edzd 4SPECIES.

The LIA1-bas ,l%:en by making it species-
'\Q&l that can be separate

method to the identification of spec1e

specific using REA [152]

Candida species.
Comparison of PCR

Theoretically, PCR offe gr i t »- orproviding the basis of a rapid and

e

sensitive dlagnostlc test for systemlc"@uit conventional PCR tests in which

region of 100 CFU pergl. In using}nhanced PCR product
detection methods (e.g. nes&ed PCR, hybrldlzatlon and EIA) the sensitivity can be

increased by at lﬁ u} ﬂff':ﬂ ne to two cells or
NA per ml were detected

femtogram amounts| of 161]. In anot er study in which

patients e patients
who wermTﬁ ﬁsﬂj‘mrﬁ ﬁj;jﬁnalg -pos1t1ve
patients subsequently became culture-positive 7 days later, thus in dicating the
potential of PCR to allow early diagnosis in individuals at risk [146]. One
complication, however, is that PCR also has the ability to detect Candida DNA or
nonviable cells in blood, thus leading to positive test results that would prove negative

on culture. Most studies have also demonstrated that PCR is an excellent means of

correctly identifying particular species, with most studies reporting a specificity of



42

100%. Similar levels of specificity and sensitivity can be attained using conventional
diagnostic methods; however, the main advantage of PCR over this metho;i 1s the
speed with which results can be obtained. Most culture-based methods take a
minimum of 48 hrs. to allow detection of Candida in samples; however, species
identification can take at least another 48 hrs. (often longer in the case of slow-
grow'ing species). In contrast, PCR tests, even with additional adaptations to improve

sensitivity and specificity, can be performed in as little as 8 hrs. [140].

AUt INninens
RIAINTUNNINIAE
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