Chapter 1

INTRODUCTION

-‘ L ba:.ng isolated with greater
frequency from patTeNtuho have ARLEFATIOn of the host's cellular
defense and physiclgas CLRANIE ‘ edealbicans and Cryptococcus
neoformans are thedWeld® oy causati Naclils. The improvement of
various medical of human life have
concomitantly incrglise Yy to colonization and
superinfection with @s of yeasts and yeast-like
fungi (1,2,3). 1In 19 reviewed and reported that
the death of patients dugitale rﬁv" was increasing from 39 to 215
£=4*—=* T e e et casing from 70 to 131
\7 AX

cases. Because o _Z! o ' thE incidence of clinically

cases and accordy

iF |

significant disease E:aused by opporsyustlc yeasts (4-12),
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‘:'east of medicallye 1mpc:~rtant inclm‘il in 5 genera :
e gl FRHN) B B cccns
about 2 ~30 species from about 600 known species in the literature are
encountered as the etiologic agents (5). Ard thke number of species
implicated in the pathogenesis of ccmpromised host has grown steadily
(2). Since many yeast species constitute the normal flora in humans
and most of the yeast and yeast like will have the same general
appearance in tissue section. So that the rapid and correctly

identification of these organisms in laboratory is very important for



further diagnosis and clinical management of patient (6). Specific
identification of medically important vyeasts is mainly based on
morphological characteristics, which are primarily used to demonstrate
genera whereas physiological characteristics are used to differentiate

the various species,

The order medical important yeast

isoclant (3), the fj
microscopic morphgd®o;

chlamydoconidia on

tification is based on

tube, presence of
yphae and pseudohyphae.
The second step is gh: characteristic such as
present of phenol-giig ZMmE, Turease, and potassium nitrate
assimilation test. . eps could not specified the

isolant, the last step 48 is based on assimilation and

fermentation oL farbohvdrates for idant \ #n and cenfirmation of

isolants.  Since e Shydrate was more rapid and

iF

accurate than ferme tation of carbm:iryd'rate 50 that this test was well

developed fﬂ’ﬁm% Wﬂﬁrﬂﬁ During the last

10 years, mdlly commercial ki:,s on n:arboh rate assi tmn for rapid
- JRA Mﬂﬁ%ﬂaﬂdm%’l@ Bleer oucs
but theflr cost are more expensive than the manual (5,13-20). So we try
to develope and modify many useful and rapid test for specification

medical important yeasts in 24 hours or less.

The purpose of this study, tirst is the mndifir:atj.pn of method
tor carbohydrate assimilation test which can give rapid, low cost and

accurate result, Second is to modify other rapid tests, urease test,



nitrate utilization test, L-DOPA paper strip test, that had been
reported and wused in differentiate species of medically important
yeast. Third is collectirg all results that have been studies and

proposed the flow chart in differentiation and identification of

medical important yeast.
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REVIEW OF LITERATURE

Yeast and Yeast-Like as the Normal Flora and Saprophytes

microorganisms are  world-wide

ﬁmﬂ sources such as soil,

""" d clinical specimens from

Yeasts and
distribution. They
vegetable, honey, fas

human and animal, etc e aTE | \t food industries such as

Saccharomyces cerevj _ﬁ-_/ ol oy \R‘M ing of bread, for wine

and breweries for tj But some can cause the

spoilage of focd prg ./ i

example foods and fECNEadtCraSREIoRnIGpsis can spoil sweetened

- '

an and animals {29,30). rfor

condense milk, frui fx‘-’; —'---': and acid foods: Candida
lipolytica can spoil but eE 2 pgarine, while C. krusei has been

grown with didrd bartivity and increase

\Z AY
longevity of the™acs __f‘--- found in breweries

.'I
|

and on chilled 13

f-

e.g., color Wﬂ HWWIZ (39).
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literatres, only about 25 are commonly associated with human or have

ledotumla may cause"discoloration on food,

been documented as human pathcgenic for men (5). The common yeast
encountered as contaminants of bacterial culture or as transient flora
of the human are the member of the asporogenous genera Rhodotorul -

Candida, fTrichosporon, and Cryptococcus. The saprophytic species,

including several Rhodotorula and Trichosporon spp. are occasionally

isolated from human disease and represented opportunistic pathogen



(1). Negroni et.al (31) isolated Rhodotorula from 2000 human
specimens, mostly from skin, nails and mucous membrane, and found that
39 were positive cultures. They also found that Rhodotorula was

isolated with dermatophytes and Candida but the pathogenicity of

Rhodotorula could not be eq / in any of the cases.
A StatistiGadmmbih : -' of Torulopsis spp.in man
has showed that T. v ‘; portant species. It was

often found in its pathogenic nature

seemed certain (32)4 : hflora of the hard palate,
mucosa and pooled the predominate isoclate

I8y Saccharomyces spp.(19.7%)

was Candida albicans

and Candida tropics isolation of Torulopsis or

Rhodotorula were recovere s found that C. krusei 3-6% and
T. grabata 26% wel .
‘ 2

In most

KA ﬁ%ﬁ"%ﬂﬂﬁ%ﬁ%ﬁﬁﬁ‘“ i ia

1s also comgn isolated, Ci" tm and C. alb].cans are not

R TRIN TR NN VINBARNE oo

a, from the anorectal area or feces, 50% of isolates were E.

: vestigati-:m on t'he incidefice of yeast from normal

albicans and up to 20% were T. glabrata ard C. tropicalis. Geotrichum

candidum and Trichosporon cutaneum are also present but in small
number. In survey of the normal vagina, between 11 ard 30% of heal thy
women found C. albicans and up to 85% of gynecological patients. The
other common isolants in both groups were T. glabrata (9-30%), C.

parapsilosis, and C. tropicalis. Tn an investigation of the external



ears C. robusta, C. rthagii, C. parapsilosis and C. quilliermondii were

found in normal ears and also associated with a variety of eczematous

condition (2,3).

It was not only fou I / ganism from human but also from
bovine, porcine and % 1"’ / ated yeasts) and 4.9% from
feline avian specid® _ ol 1 ST VER! ts} The gastrointestinal
and reproductive trag 5 of yeasts and yeast-like
organisms represeg h Ilisolates. This survey
revealed that C. fgpicalis, C. parapsilosis
were the most frg Speiad¥recalle & W from clinical specimens

representing 71.4% of

In the survey ofAis-hoo gi in Thailand, it was found
that yeast isy -— Ste—oraantSi—atilf other evidences are

V;“ 4
supported this fir | .”F’.‘ iminary survey of yeast

3 4 |

from marine habita}s it was reported that C. guilliermondii, Cr.

s, of ) YHARTNBDE Frosoross mue

Trichosporon mltaneum, Sacchgromyces fermntat1 Tﬂfw&s Spp. were

=@ T ATTHH A FNH AN B o

isalaf1 of C. albicans, Cr. neoformans and Torulopsis glabrata were

found (34).



Clinical Significances

Yeast and vyeast-like infections are among the most common
fungal infection in human and have been recorded for approximately 140

years (4,28), Thrush, mos pew born and the aged, was the first

N
recognized yeast infect common in the 19th and early
20th centuries, was HE=m i BT rition. The etiologic agent

was Candida albic® J.nfectinn by €. albicans

occured infrequent v the late 19th century,

Cryptococcus neoforg S —Eepor yassociate with disease.
Infections were “ra gsted as fetal meningitis
(4,29,36)

!E;_;ﬁ

Since 1950, a L feasing number of reports have

recountered the ko nce of ye dlypast-like infections.
; v
The increasing has =¥actors and the factors

l 2 T iF
that predispose yesSt and yeast-like fungi td

BNtk 1) 1 K
miw‘ra:ﬁﬂ'sm PVTVRYR B tisins o

olonize or infect human

he restriction factor for Candida may be ahsent and

a clinical condition is produced (thrush, diaper rash,etc.).

2. Physiological change: Pregnancy appears to affect the
carbohydrate content of the vagina and leads to an increase of the
population of normal flora yeast.The administration of steriods to

males or females also leads to proliferation of yeast and yeast-like,
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The patients whko have endocrine dysfunction, particular diabetes, also

leads to easy colonization and infection.

3. Prolonged administraticn of antibiotics. Much evidence nas

accumilated associating clinidald Bisease with the use of antibacterial

i
1
% N
i

antibiotics. The mpO Ly, Ffect is the elimination and
alteration of the § --'--'h-’-;, fl@ra Loaltalds the population of yeast

{h!"-t; there is some effect of

™

flora in check.

",

the antibiotic on ilisposed it to invasion by

the organism.

4. TImmundsuplPrdBsiye | ments, “\-\-. otoxins and other drugs

abrogate the normal dg e defect patients ard the

o the causeslaf colonization and infection by
=

i e

slight avitaminosis wer

yeast and yeastcliké. £
v Y |

5. The bafrier-break such as a prol®fig catheter, hyperalimen-

ation. eghyg] AqpmrSigpe poppyey e, s e

intravenous gherapy, accidental barrier-break such as trauma, burn,

sthﬂfm nxiiu;ﬂ m %ﬂﬂ:ﬁ:ﬂié}ﬁlﬁeratwn at

the sife of opening skin.

Candidiasis is a primary or secondary infection involving a
member of genus Candida, especially C. albicans which shows greatly
varied of clinical manifestations. They range from acute, subacute and
chronic to episodic. The pathogen may involve in the mouth, throat,

skin, wvagina, nail, lung, and gastrointestinal tract, or may become



systemic or fungemia, endocarditis and meningitis. Among the species

of ida, Candida albicans causes most of the clinical forms of

candidiasis (3,35).

is the most common etiologic agent,

Although, Candida alhi
in some of the uncomis : flition such as endocarditis,
arthritis, peritonigs --- e aie more frequently isolated as
shown in the table I. ;':" Bther species represent normal
flora of the cutaneg
pathogenicity  (3)

camdidiasis, but somy

as and are of very limited
N - in any form of
ared in one particular type
(2,3,4,28,40).

The various cli cod andidiasis can also be produced

by other yeast (al\dd sk include Rhodotorula

Vi
I 7-} Osporon  beigellii, Tr.

iF |

glutinis, R.

[
capitatum and Geof¥ r:hum candidum,

ﬂUEl’JVIEWIﬁWEI']ﬂ’i

ypiroccosis is now bemq re::ogmzed more fraquently both as

"‘ "‘"’N‘W“\‘ﬁeﬁﬂ’i IV B e o

diseasefis Cryptococcus neoformans. The pathogen may involve mastly

central nervous system, pulmonary, skin, mucocutaneous membrane,

bone and joint and many become dissiminated cryptococcosis
(2,3,4,12,35,36).

From histopathology of yeast infection, it is difficult to

differentiate the genera or species of etiologic agents, since the



Table 1 : Human yeast pathogens.

species clinical manifestation

Candida albicans commonly isolated and considered

MERUIT , vaginitis, pulmonary and

Candida tropigdli :‘  Cheg i sy, Blenchopulmonary ,meningitis,

peritonitis,Ull,vagini-

infection.

Candida parapsilgfis. ' ‘?f s, otitis externa, fungemia.

Candida krusei _ By is, fungemia UTT,

i
Candida gqui ‘ermondii

ﬂﬂﬂ?ﬂﬂﬂﬂ'ﬂﬂ’]ﬂ'ﬁ

CandidaQlusitaniae Hueccutanecus fungemla

O HHAT AR B o

ifichospcrun beigellii White piedra, fungemia, endocarditis,

Dermatolnglc endncardltls onychomyco—

endophthalmitis.

Trichosporon capitatum Systemic , pulmonary.

Geotrichum candidum Rare pulmonary geotrichosis.
Rhodotorula rubra Fungemia, CNS, nephritis.
Rhodotorula glutinis Blood.,

CNS = central nerveous system

UTI = wurinary tract infection
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general appearance in tissue section is alike (3). Then the specific
diagnosis of the disease depends on isolation and
identification of the organism on culture. So the rapid and

precisian of identification of the organism is very important in

clinical lakoratory. For LE LS gk e e, the availability of modified
system, together withy Al " em’ for identification of yeasts
were developed turnaround time with

acceptable limits

Mechanism of Pathog

Yeast infecy faE CEpeRi@nly on the predisposing

factors but also on thé

In canh :;:__—:—I" ogic agent , Candida
albicans could Gijociuce en *'Subgfidnce (canditoxin) which
inducedthe releasing of histamine jprvivo (43). Not only the secreted

substance mﬂ ulang %H%ﬁ%ﬂMﬁe cell and the cell

walls were alsc caused pyrogdhic to rablgid Bkor actinomyein-

> RGN SUUNAANEARE
in cn]amzatmn of yeast is some certain enzymes; phospholipase A,
lysophospholipase, and keratinase. The first two enzymes wore
isolated frem the developing buds, the cell membrane, and also the
cell walls of the vegetative cells (35). It has been reported that
phospholipase A damaged cell membrane, whereas, lysophosphol ipase
protected the yeast from the damaging by phospholipase. It was

sugested that these enzymes may assist the yeast 1invasion in host
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tissne by disruption the epithelial membrane.  Followed by the hypha
penetrated through the host cell. Like phospholipase, keratinase
could digest keratin in vitro allowing the development of germ tube

into host cell (35).

In CryptOCOCCP‘,;:HF i “i,-f sis, there is the endotoxin-
like substance  isoimes=gromt e TETT Xtract, may play role in
pathogenesis (45). d the cell wall component
of gram-positive bag of chemical composition
and its activity dotoxin, it has been
suggested that the Ase of ammonia which may
destroy the compleme; 2%host defense and encourage

the fungal growth (46),

One of_#hé well definec ;.;r:hr,_re;dfr in cryptococcosis is
| )
]

polysaccharide ;%‘n BPesific and potent inhibitor

i¥

of phagocytosis. Therefore the fallure of capsule engulfment by the

el SRR PR TP RG o 12 o s

the present #ime (47). The‘Fommon route of cryptocggral infection is
dealw ﬁﬁq&aﬂaﬁrﬁlﬁr%w %}mﬂ%aﬂ of infection
may de d on the size of the particle. To enter to the lung, it must
be compatible with pulmonary deposit. To be clinically important, an
aerosol should be composed of particle less than lO/um in diameter and
the particle less than 5 pm in diameter are more compatible with low

respiratory tract deposition (48).
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Despite of a vast edge of the mechanisms of pathogenesis
of cryptococcosis and candidiasis, there is still less clear
understanding of the mechanisms in other yeast infections for example:
geotrichosis, torulopsosis and rhodotorulopsis, also (3,35).

Classification and Idegfif M gically Important Yeasts

—

Yeasts are fungi that on simple

appearance seem g /. 4 'S Oabbeir life cycle, vyeasts
grow in a conspigfit repmduced by fission,

budding, or a cogfighfion W\, Yeastsare separated into

three groups accordigh # al reproduction:

: £ Blastmycet ina or fungi imperfecti) with

ho  known se l.m.-—-'-' S S ; _, by the majority of
species of h
-

M BUBIWEIN T socmore e«

result of sexual reproduction and anexevﬁlﬂeﬂufa the genera

sscon piflee] QTS L 3 V1 E))

3. Hetercbasidiomycetes with formation of basidiospores as a
result of sexual reproduction and illustrated by the genera

Filobasidiella, Leucosporidium, and Syringospora (3,49).

In the recent monograph,Kreger (41) and Barnett (60) found

nearly 600 species of yeast, And for their differentiation using the
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physiological and morphological characteristics, Kreger (41) and
Barnett (60) suggested about 60 and 83 tests respectively. Apart from
the above characteristic, the molecular study, including the type of

coenzyme 1in the electron transport system and on nucleic acid base

ppear  promising  in  determining

relationship of vyea SENARENDLOCIEENL, more  reliable phenotypic

composition and reassocia

properties for clasksskat] O

correlate with ger S’T‘,;/ g

e R

of coenzyme Q appears to
And the G + C content is
very useful in the imperfect yeasts,

especially new specid

The yeasts et o0 a0 " are in the class
Blastomycetes, Form-Eghi -—‘——- ag@ae, and listed below along
witiﬁ the generally ication and basic differential
characteristic (3328 &
‘ AX J

Genus 1 ™ nggi__ Carﬂida is repfoductive by budding or

LI o BTN G s e

test is gerfirally negatwe capsules are not fnrmad starch or

an VOISO AT BN B i

ll'.I.DEJ.

Genus 2 : Cryptococcus. This genus is characterised by unice-
llular budding. Most of species are urease positive vyeasts.
Cryptococcus produces heteropolysaccharide capsule and starch-like

compound; carotenoid pigments are usually lacking. Cryptococcus

assimilates inositol but sugar are not fermented.
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Genus 3 : Trichosporon. Trichosporon is reproduced by blasto-

conidia and arthroconidia formation. ‘They form mycelium  and

peeudomycelium,

Genus 5 : Rhg 41, % soduces unicellular budding
ard rarely produces / ///

ferment sugars.

fict assimilate inositol or

pigments.

iant yeasts is based on both
morphological and ph -' @ istics. The morphological
characteristics may ing e Wﬁ res as capsule, germ tube,
chlamydoconidiay hlacta fa, pseudchyphae, and
| S, Weeful for differentiation

i¥
of various Specles may include assimlatmn and fermentation of

carboh&'dratﬁ, uﬁﬁaiw ﬂ %% wsyrq;ﬁcﬁ of nitrate, caffeic

acid reactih , temperature golerance, Lycluhexim resistance and

g LR CAdE WARNBAN G 0. o

laborat®h ry must develop its own policy about the need to do a complete

identification on each yeast isolate,

On demonstration of capsule for rapid presumptive identifica-

tion yeast of medical important in the genus Cryptococcus, it was
easily detected by using wet mount with diluted india-ink (51). The

most rapid identification of Candida albicans is done by obhserving the

012966
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formation of germ tube within three hours at 35-37 C in various media
such as peritoneal cavity and subcutaneous tissve of mice, in plasma,
egq white, saliva, cerebrospinal fluid and tissue culture medium 'TCC

199, sheep serum and in trypticase soy broth (40,52,55,56).

In 1931, use of corn meal agar for

stimulation of F __ i a ==formation. Since then many
modification? have bg e the efficiency of this
process. Addition g agar and glutinous rice
agar greatly impgved db fanveseon g ®Nction (55,56). It was
found that partia “;_ilizable carbon sources
were among several f, "5*5_. ey i1&meRtation and chlamydoco-
nidia formation Ey 4 ‘ B). Cycloheximide sensitivi-
ty test had shown tha T entration of ecycloheximide in

medivm for using4d routine JSoIatIONSEWEEsEJas 0,05% Barnett et al

I" ‘

v:
used 0.1% cyclo 'F"';h : 1 -ff' n the differentiation of

i iF |

some Candida gge;c%% (60). Cam@ll et al (51) suggested that

production ﬂauﬂ ’J%&V]ﬁ %’}ﬂ@th could use in

dlfferentlat of C. trgEicggis from C alblcans. showed that C.

QR ARHIUNNY SN AR s v

film ;erace but C. albiecans, T. glabrata did not produce film

surface.

Zimmer, and Roberts (61) had developed rapid urease test
for presumptive identification of Cr. neoformans within 15 min.
They used concentrated Christensen's urea agar base treated swab and

combined with 1% benzalkonium choloride pH 4.86+0.01. They suggested
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that pH of benzalkonium chloride was very important.

Robert, et al (62) investigated urease test by using urea

broth and urea R broth in multiwell test. All the urease producing

yeasts, Cryptococcus and

hours by using ureawbit

showed positive outcome in 4

el @f these vyeasts yielded the
j '

positive reaction ifn™ o

Hopkins e (63 Veleped rapid method for
determining nitra : S In their study,they used

concentrate potassi fer treated swab and

could demonstrate n%. atle gast within 10 min.

| -'::ﬂ
0dd, and Abbott, _g;. .;t | igated the growth of Candida

@sfitive result in the pH

on acidic pH medit 4
| )
1

@@ntification of a vyeast

IV
isolate cans. Later the same authors found that one

isolate of ﬂ Hﬁw H(Vl@ %gﬂ ﬂ ?ey proposed the use

of pH 1. 44 r further simple system i the presumtihp dentification

or < AR} BN I TN UA1ININY

Since Staib (65) reported that Cr. neoformans cultures

1.55 tolerance

deveolped a brown color when grewn on media into which an aqueous

extract of Guizotia abyssinica had been incorporated. He did not

observe coloration in other species of Cryptococcus or in species of

the genera Candida, Trichosporon, Rhodotorula. The ability to form

dark color was therefore a unique characteristic of Cr. neoformans.
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This technique has become a very important method for detection of
colonies of Cr. neoformans in mixed culture. It has also proved to
be .a reliable tool for the rapid identification of cCr.

neoformans.  So many author hed developed this pigment formation on

extract of G. abyssinica { *_' : ' , The 3,4-dihydroxycinnamic acid (or
caffeic acid, an g jsolated from extract of G.
abyssinica seed, wese—renr ‘brown coloration of Cr.
neoformans colonies fpl compound such as ferric
citrate within o En—thcibated, oty pom temperature (70,72).
R [ “ i X . - d pigmentation of Cr.
necformans in 30 mig tures of Cr. neoformans
in a phosphate buff o] enylalanine (L-DOPA)-ferric
citrate medium at 339 d Merz (73) developed this
test by using non-medi e paper strips saturated with a

buffered L.—DDPR cltrate Solutiomn. _m*-_,iu_ neaformans produced

pigment within ! alll other yeasts remained

i¥
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111:}{ of a yegst to assi ipilate (use) ggarbohydrates is

deterﬂnﬂb’ﬂ HIATR UAAINBAA L. v s

carbohy%irate 1s provided in a simple yeast nitrogen base. These tests

negative,

may be done either in a liquid or a solid medium (49-51). 'The
Wickerham's tubes, with each individual carbohydrate incoporated into
@ basal liquid medium, are the most accurate and easy to read but this
method takes too much time (75). Auxanographic plates, with the
carbohydrate absorbed into a paper disc placed on a plate of

inoculated agar which contains indicator, gives almost as accurate
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results as (approximate 90% correlation) the tubes and is easier to
prepare (76, 78). Time required for this method is about 74-72 hours.
On the further development of this method by Michelsen et al (77).

They used heavy inoculum of unstarved yeast, autoclaving veast

nitrogen base and diluted gogen base recieved satisfactory
N

/’

Up to date KiPSSR providing by  various
B J r

technique, as is tj

result by these modifics

companies. The Wamodified auxanographic
em (68-70). These two
systems consist off § ; te and need incubation
period for 3-6 dayg itt MS5-2 and Vitek Yeast

Biochemical Card tesf of single used plastic

strip or card containing288%0rhi tested substrate in chambers,

are based on prifiecs : SR e dail b E‘_ﬁ;"- (7,71-74). ‘The
v

time requirement i}’*- - olls. For all systems the

-

inoculum is a sus mn of an i Fplated yeast colony in sterile

o ol Y BB RUNTHE NG o ¢ v, .

specially pr&ared medium thag must be hgld at a temggrature of 50°¢
mﬂmm Thatld 8 W) KBk O & cost, 110
requ:.r t and accuracy of the results among Abbott MS-2, APT 20 &
Uni Yeast Tek, and conventional dye poured plate method. The
identification accuracies with all the commercial systems are in the
range of between 92.3% to 97.5%. ‘These tests are often definitive at
24 hours. However, the cost of commercial kits are higher than of the

manual.
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