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Chapter 3

RESULTS

According to the mg gaical and physiological study, 319

tested strains were id e G albicans 142 (44.24%), the
highest incidence s Lﬁ piial 1 Sebd ‘f 5.B0%), C. parapsilosis 8§
(2.49%), Torulops: E CaeF ol B The less frequent species of
candida included Pach 'cal_!'ls, c. krusei, C,

guilliermondii, C.mafcd Bft=e \ ‘ h(see Table 2). The momber

of organism in the % Cr. neoformans 51 (15.89%)

was isolated from t} e Gl 8s (see Table 2 ). For the

genus Trichosporon,

che of Tr. pillulans.

Rhodotorula, *_‘_g_,_________,__._‘ ___________ i olutinis (1) were found
=

in this research d '3_‘{3 "2 isoclated strains were

isolates of Tr. cutaneum and

t genus of isolated veasts,

undifferentiated™

e FE RS W e s

glutineous Qfice tween or aqar these twc:- isolates were identified as

RN TN FIN IR Y o

specirgns in this study. (see Table 2 ).

o species even based” on morphological and

Classical and rapid carbohydrates BEELI"ITJ.].Etan.

For the comparative study of conventional and rapid
asgimilaticn of 15 kirdsof carbohydrate it was found that Torulopsis

and Candida krusei have correct result there were no false pesitive and
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Table 2. Identification of Tested Strains

Species no. source

urine (50), throat and mouth
(30), sputum (24),
Snchial washing (13), wvaginal
wical swab (7), pus (7),
CSF (1), lung autopsy
idney autopsy (1)}, stool
scytic fluid (1), and no
(5).

Candida tropicalis (15), throat and mouth
sputum (5), pus (4),

=i t?}l

=7
B (Z, bronchal washing (2),

vaginal and cervical

iF

perlcardium (1), gastric content

A U TNYNG NIRRT 01, s
AR Mﬂ‘iﬁ“ﬂﬂ?%ﬂ&ﬂﬁ&l |

swab (3), mouth and throat swab
(2)

Candida parapsilosis 8 urine (2), throat and mouth swab

(2), hemoculture (1), pus (1),
sputum (1)

Candida pseudotropicalis 3 hemoculture (2), 1%
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Table2, Identification of Tested Strains (cont.)

Species no. source

Candida krusei

Cardida quilliermondiil : ospinal fluid

Candida lambica

Cryptococus neoforfin Mpinal fluid (20) animal

Trichosporen cutaneu 7‘;& §h(20), sputum and lurg (4),
uIM(92), tongue (1)

Trichosporon pullurans_.. f ik al diffusion fluid

Rhodotorula gramlnbst nails (7), pus (2)

ﬂumwﬂmwmm

Total gumber = 321 isolates

A AATUNRIINEIAY

* data not received.
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flase negative as shown in table 4.1 and table 4. 4. Table 4.2 was the
result of C. albicans, the data showed that some kind of carbohydrates
were not concomitant results. fThese carbohydrates were sorbose (4. 14%
different), cellobiose (100% different) , soluble starch (1.38%

different)and arabinose (93 ferent). By using chi-square test of

these four differen it was found that only 1apid

assimilation of ere significantly different
from conventional ks, table 4.3, only cellobiose
was 7.55% differs Fddhq & g8t at p=0,01 it was Ffound

that rapid cellobigdl A4 arson | jignificant different from

conventional 4.9, 7wesults of L.
parapsilosis, it shgfed g€ &y sSiMllation of trehalose, xylose,
arabinose were signif -ﬂ_‘:_';i-ﬂ:‘-' ROt W@rom conventional assimilation

at p=0.01. Compared resu ans was shown in table 4.6. Tt

was found that [S3pi §4y) trehalose, melibiose,

'.-.d

xylose and in&Sf arrent from conventional

AP

assimilation at p E .Dl

‘UEI'WIEIVIﬁWH']ﬂ'i

For cutaneum, the result was -;hn-.-:n in tahle 4.7, that only
rapidq wxm'_ﬁ:w Wﬂ‘ a%m ajﬁcrence from
conventgonal assimilation. Other carbohydrates also had different
results on these two methads but no significance by using p=0.01.
From table 4.8, result of R. graminis, the data had shown that rapid
assimilation of sorbose and xylose had significant differences Ffrom

conventional assimilation.
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The table 4.1 showed results of uncommon isolated species and
rapid assimilation was different from conventional assimilation in
some kind of carbohydrates, one of interesting carbohydrate was

duleitol  which has been assimilated by C. quilliermondii hy

conventional  assimilatiogdy Bt ould not assimilated by rapid

. AN\
assimilation. The oid \ !/ Species C. catenulata; its

et result between rapid and

data was not shdW,
classical methods o 7" HSOF. MMRbehydrate such as  xylose
lactose, raffincgda : - 1 s Oillilans: galactose for R,
glutinis, cellobjd® ‘ S8 and xylose for C. utilis;
trehalose and rafgl maltose for Cr. albidus;
sucrose, maltose g ose, melibiose, raffinose,
and soluble starch fag 7 { 1 i i trehalose, soluble starch

and arabinose for R. mig

Carbohydrates fermen®
arb Lo

~F U RN EART . i

Rhc:datumla Torulopsis ine medically :mecrtant yeggts Candida and

QR TREATUUAID T B o s

in th genus Candidawere able to ferment glucose, C. albicans 40

(28.17%) isolates could ferment galactose, 50 (39.43%) isolates could
ferment trehalose, all isolates could ferment maltose, but could not
ferment sucrose and lactose. All of C. tropicalis (51 isolates) were
able to ferment sucrose, 2 of 51 isolates could not ferment galactose

and maltose and 3 of 51 isolates could not ferment trehalose. The
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Table 3. : Characteristic of standard strain

Species INK GT MS TEM URE K Ch PI A Film
1 Candida albicans ATCC 10231 e & DL s GE W = fd =
2 C. albicans cDC 85-00000xyz - + - 42 - - + = 4+ -
3 C. tropicalis cDC 85-035258 - - - 42 - - - - - %
4 C. parapsilosis CDC B85-031853 = = o A7 = = = = = F
5 €. guilliermondii cpc 85-031998 s v B = = o = =
6 C. krusei cDC 85-031997 - - + 37 - - = - - +
7 C. stellatoides ¢ 2 ol (RE M e B S = e
8 Geotrichum candidum - U T = om = A
9 Candida albicans + 42 = = e = o =
10 C.tropicalis - 42 = = = = - +
11 C. pseudotropicalis # BF o e e pae g e
12 C. losis - 371 = = = = = %
13 T. glabrata S E @ = e e & o=
14 Trichosporon beije - 37 ¥ = = = = %
15 C. lusitaniae - B - = ow = =2 =
16 C. utilis VR . S o
17 Pichia guilliermondi: + 37 = alsgiEl L .
18 T. glabrata = = 25 = SpEaRESNG ] -
19 Rhodotorula rubra TASTEBL24 & 25 + By oot S
20 Cryptococcus neqElpréns DUKB U s L 37+ e s B
21 Cr. albidus o BE. Ot aoa Sl
37 Cr. laurentii m ‘ = e
23 Rh. minuta | DUKE U. L W g el
. g 'Y,

* e HAVEINSNG NS T T T T

"ll

= INDIA INK RREPARATION, TEM _‘_,Tmpmmz
q WA aw&mmgﬂm Ak
ASSIUM NITRATE ASSTMILATION
CH = CHLAMYDOSPORE PRODUCTION A = GROWTH IN ACID BROTH
PI = L~-DOPA-PAPER STRIP TEST FILM = FILM SURFACE FORMATION
ATCC = American Type Culture Collection

CDC = Division of Mycotic Disease,
Center for Disease Control, Atlanta

NIH = National Institute of health, Bethesda, Maryland
TIST

Thailand Institute of Scientific
and Technology Research
DUKE U. = Duke University



FD FG

FS

1 Candida albicans
Z C. albicans

3 C. tropicalis
4 C. parapsilosis

5
6
7
8
9

10
11
12
13
14
15
16

17

18
19
20 Cr
2l ¢r
22
23 R
24 Tr

g

o
)

C.tropicalis
pseudotropi
C. parapsilosis
T. glabrata -
Trichosporon beijéll ook 35
C. lusitaniae 2
C. utilis ()
Pichia quillgR

W

stellatoides
Geotrichum cand
Candida albica

ATCC 10231 +
CDC 85-00000xyz +

+
+ + + + +

o+ + + *

+ +

T. glabrata || |

Rhodotorula rubr

FD
FG
F35

"

TIST 5124

wﬁ@ﬁrﬂmw Jaie

Cr. laurentii

Q%ﬁﬁﬂ‘iﬂ@&lﬂﬁ? ﬂ%l’}ﬁﬂ

1]

]

#hosporon beijellii DUKE U.

GLUCOSE FERMENTATION FM
GALACTOSE FERMENTATION FT
SUCROSE FERMENTATION FL

]

[

FM

i el

MALTOSE FERMENTATION
TREHALOSE FERMENTATICN
LACTOSE FERMENTATION
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Table 3.1 : Characteristic of standard strain (sugar fermentation)



Table 3.2 : Characteristic of standard strain (Sugar assimilation)

—— R

Species GLU GAL SOR SUC MAL CEL TRE LAC MEL RAF ST XYL ARA INO DUL
i o 10231
1 Candida albicans ATCC Y S PR CH = T & =y i i S = e
- i . nﬂ
2cC ﬂl_hl-.ﬁé'_.h.“s‘ ShC iRl :Yz+ + - + + = 4+ - - + + 4 = =
3 C. tropicalis CbhC 85-03525 ndl T TI & S0 ke g P e
4cC. apsilosis \
SO T : + - + - - = # F = -
5 C. guilliermondii 'y
C. + o+ o+ - o= e =
6 C. krusei G e
7 C. stellatoides AT
: | - 4+ - - * 4 4 = =
8 Geotrichum candidum = =
9 Candida albicans + T
10 C.tropicalis + o+ i
= g = - & % $ & 4
11 C. pseudotropicalis
C + o+ + + = + 4+ - -
12 C. parapsilosis N
= - = o+ - -
13 T. glabrata & i
14 Trichosporon beijellii N TR
SPOre + + + + + + + +
15 C. lusitaniae TIST 5156
- - + -+ - - - -
16 C, utilis TIST 5145 4
- iy + — - - -
17 Pichia gquilliermondii e X
YT + - * = o b = 4
18 T. glabrata %
19 Rhodotorula rubra 1 _m i Bl bR
+ + + + + - + et + + B e
zugptomccusneofnmansmu.;n + % W e i = B e e
21 Cr. albidus
+ d+ - + * % ¥ = =
22 Cr. laurentii + PRy g +
=S . , " e ety o b, o -
24 eichosporen bei _;QM ﬂ‘iﬂJiWI i) S Sl
oo R . TR
GLU = GLUCOSE CEL = CELLOBIOSE ST =  SOLUBLE STARCH
GAL = GALACTOSE TRE = TREHALOSE XYL =  XYLOSE
SOR = SORBOSE LAC = LACTOSE ARA =  ARABINOSE
SUC = SUCROSE MEL = MELIBIOSE INO = ONOSITOL
MAL = MALTOSE FAF =  RAFFINOSE DUL = DULCITOL



Takle 4. Results of classical . and rapid carbohydrate assimilation
1

\|
Species GLU CAL ’/:}:/ MEL RAF ST XYL ARA INO DUL

. psewdotropicalis C© 4 3
(4) R 1 4
C. krusei c -3 3
(3) R 3
C. gquilliermondii N 3 3 3 3
(3) R 3 3 3 3 0
R. rubra C 3 3
(3) R 1 2 2
GLU = GLDCOSE S0R = SORBOSE
SO = SUCROSE = MALTOSE = CELLOBIOSE
- m Wﬁﬂ};lmmﬂi=m
ARK = ARABINOSE -"IPIJSITEL
Q= VONVENTIONAL METHOD = RAPID METHOD

Ly



Table 4.1 :

48

Result of classical . and rapid
carbohydrateassimilation test for C.
albicans Total = 145 strain (three

standard strain included)

0.00 ND
0.00 ND
414  4.25
0.00 ND
. 0.00 ND
\. ® 100.00 286.01
145  0.00 ND
0.00 ND
‘-:d 0.00 ND

145 %3 0.0 ND

ﬂjj’ﬂwﬁtmwfiwn*i
ammﬁnjwwmm ﬁf“ B

duleitol

% DIFF

% Difference

Not done



Table 4.2 : Result of classical and rapid
carbohydrat assimilation test for c,

tropicalis Total = 53 strain {two

standard strain included)

0.00 D

0.00 D

0.00 D

0.00 ND

0.00 D

cellobiggh | CE Q) 7.55 2.3

= 0.00 D

.00 ND

0.00 D

0.00 D

ﬂﬁﬂ’JﬂHﬂ’a‘WEf’]ﬂ“?“ .
Yxylose 3 o0

q qummﬂﬂqTﬂ B El "
inositol 53 0.00

dulcitol 53 53 0.00 D

% DIFF = % Difference

5
Ii

Not done
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Table 4.2 : Results of :classical . and rapid

carbohydrate assimilation tests for

Torulposis glabrata Total = 20

strains (two standard strain included)

% DIFF. chi-square

ﬂﬁ*mwﬂmwmm -
QWjﬁnimuwwgwggé’ i)

% DIFF = % Difference

ND = Not done
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Table 4.4 : Result of classical and rapid
carbohydrate assimilation test for C.

parapsilosis Total = 10 strain (two

standard strain included)

40.00 2.81
0.00 ND
0.00 ND
0.00 ND
cellobios; ”_;:;. l ' 20.00 0.56
trehalose ‘”7“"EL13 100.00 16.20

ladgdd————g NSRS 00 D

i -E "'; ND

éﬁ-ﬁe’mamwmm .
awwwwumwma y-

ND = Not done



Table 4.5 :

52

Result of classical and rapid
carbohydrate assimilation test for Cr.
necformans Total = 52 strain (one

standarﬁ strain included)

melib: "-;E -

raf flnD*

zl’lﬂ J
ny: - ﬁ:ﬁ DIFF. chi-square

3P
28.65
B.96
B2.31 85.47

48 1.41

ﬂ%ﬁl’m%lﬂﬁwmﬂoﬁ .

luse

50.00 4 96

’QWQMﬂ‘imﬁmﬂmﬁﬁﬂw

inositol 75.00 59.24
dulcitol 52 52 0.00 ND
f.
% DIFF = % Difference '
ND = Not done



Table 4.6 :

Result of classical and rapid
carbohydrate assimilation test for Tr.
cutaneum. Total = 29 strain (two

standard strain included)

—

glucose ‘ TR . S, 0.00 ND
galacig WL0.34 0.53
sorbosg NN62.07  23.28
sucrose n W 0.00 ND
maltoae' ND
cellobiosg 0.15
1.09

0.12

meli Et 4.61
rafflhse 17 3103 5.7
ﬁﬁmwﬂmwmm
&1ose 22 10.3¢ o ,0.45

inositol

dulcitol 29 29 0.00

% DIFF = ¥ Difference

Not done

]

QW?ﬁ%ﬂ‘ifﬁﬂJﬁW%ﬂﬁlﬂa&lu

0.00

ND

53



Table 4.7 : PResult of classical and rapid
carbohydrate assimilation test for Rh.

graminis Total = 9 strain

% DIFF. chi-square

qutingningng -
RN TU UM INBANE

dulcitol 0.00

% DIFF = % Difference

ND = Not done



lactose.

trehalose but could not ferment galactose, sucrose, maltose and

lactose. For C. parapsilosis, 5 of 8 isolates could not ferment

=

galactose and all of C. parapsiolsis could not ferment sucrose,

maltose, trehalose  and For C. pseudotropicalis, all

lmqe but could not ferment
t .

ST solates 1n the genus Candida

isolates could fermg t
maltose, trehalosE™SRETES

had fit fermentsa S\ - Fhe standard key (Table 3.1).
Urease test

All of 32 een tested for comparative
study of conventionalff @st.  All of isolated ycasts
in the genus Trichospozbd} /BB a, Cryptococcus neoformans and

Cthese ¥ e i gositive for urease by
X

the standard

i gl X
using conventionsl Festy There were no false

¥

positive and false élE!gEl'tl‘vE in the rapld urease swab test

ﬂuEI’JVIEWlﬁWEI']ﬂ’ﬁ

Nitrate ass latinn test

ammmmummmaﬂ

A_ll of 321 isolated yeasts had been tested for comparative

study of conventional and rapid nitrate assimilation . The positive
nitrate utilization yeast in the isolated yeast were Tr. pullulans and
R. glutinis and also with standard strain of Cr. albidus. The result
of rapid nitrate swab test and the conventional method were
concomitant. In the rapid test, we could not see false positive or

false negative result.
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Growth in Sabouraud broth for film surface production

All isolates of Trichosporon had width film surface production

while isolates of Rhodotorula and Cryptococcus had thin film surface

production. One standard St Geotrichum had width film surface

production. TIn the geuBESCaRGNGS ii. (all strains gave the

same result as Trichespesen Ly =11 (96.08%) of 51 isclates of
— ‘h-.___-_-!

——

C. tropicalis had th For 18 of 142 C.

albicans :12.63::{.1 ECE ol F Ll < Wther isolates in the genus

Candida had the samg
@,

o
.‘:ﬁ
Temperature tolerance, SARE)

.-
l

,‘_,
f:r,":'
The three ﬁﬁ;ﬂy wres 25"-::, 37°C and 42°C were

selected to lates of C. albicans

'l
-F.-r
-'d

and T, F c"r

tropicalis, 49 of 51

By at 42'!’:. Other lsﬂlates f Candida had no growth

isolates had grao

at 42°c blﬂ ﬁﬂra ﬂcE! m%%mﬂd Tr. cutaneum all

isolates coulfj not grow at 42 C but grc.w at 37'c. Gne isolate of Tr.

ARV TR HNIIN HAQ o

For Rhcﬂotc}rula All isolates could grow at 377C but at 42 °C it could

not grow.

Germ tuke test

On the study of germ tube production for rapid presumptive

identification of C. albicans in pooled human serum, it was found that
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Table 5. Result of other rapid methods compared with
classical method

Method Used

classical rapid method
methods and
morphological

Species 0o é
— ™ CH MS UREK A PIG

AL IAERS

fnc aliegy 1 142
Candida catenu
Candida quills
Candida
Candida ‘
Candida lusitanfae

Candida parapsilofis¥eeat <2
Candida pseudotropicAtiids /s
Candida sp.{gd '
Candida

= R < TR = IS = B o T = T — O -

=

-

0 :L' 0

Cryptococcus allgdg 1

neniwenns

QO O H O 0O Do O w o

0
0
0
0
0
0
0
0
0
0
0
0
1
1

5

P

0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
4]
1
0
0
0
0
1

QEEGQC}BGGEDEGGHGQD:'&-D
L= R = T =

Geotrichum c 0
ﬁﬁsnﬁummmﬁ% |

turula graminis 0 0 0 0

Rhodotorula minuta 1 c 9 0 v 1 0

Rhodotorula rubra 0 o 9 0 3 0

Trichosporon cutaneum 29 0 0 0 o0 29 0

Trichosporon pullulans 1 g% 9 0 3 0

INK = INDIAN INK PREPARATION URE = UREASE TEST

GT = GERM TUBE K = POTASSIUM NITRATE

CH = CHLAMYDOCONIDIA PRODUCTION ASSIMILATION

MS = RESISTANCE TO CYCLOHEXIMIDE A = GROWIH IN ACIDIC PH BROTH

PIG = L-DOPA-PAPER STRIP TEST
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140 isolated vyeasts were positive for germ tube production and all
the 140 isolates were identified as C. albicans. Five isolates of .
albican (3.45%) were negative for germ tube production. Other

isolated yeasts could not produce germ tube in this study.

Chlamydoconidia produt

ChlamydocogpsT - “'  1 ‘or Pagid presumptive identifica-
tion of C. albica 24 hours. There were 132

from 321 isolated Mjoconidia and 131 (90.35%)
isolates were C. a0iglng 3 i‘*ﬂ : 5.3 picalis. No others genera
and species of the o Tﬂ‘ﬂui;;‘ s¥e Bositive for chlamydoconidia in

this study.

Cycloheximide t,a;;:*::
LV

The resiss?ggf to cyclqtsximide could be used for rapid

acceren M LR VA TRHUBIARG:. o this scuay we

had found thlt 142(97.93%) igolates of L. albicans ggre resistance to

0. 1%5}%?@&% AL NHA IR B o

C. gu 1llerm0nﬂli was resistant to 0.1% cycloheximide. All of other

species and genera were sensitive to 0.1% cycloheximide.

Pigmentation from L-DOPA paper strip test

L-DOPA paper strip test for pigment formation was used in

rapid identification of Cr. neoformans. All of isolated Cr.
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neoformans and standard strain had produced dark pigment when streak
these yeasts on the L-DOPA paper strip after 60 minutes. No other
genera and species of isolated yeasts could produce dark pigment on

the L-DOPA paper. For the two standard strains of Cr. albidus and Cr.

S were positive for
encapsulated yeastd Cr. neoformans could
produce capsule whig ked by this simple method.
The . other isclatéd_' & capsule especially for C.
albicans, the most cof n this study.

Growth in acidi

After al¥ af 321 isolated yeasts were inoculated in Sabouraud

broth pH 1. ﬂfﬂ E’M:Wﬁ WﬂW?FE from one hundred

and fourty-{five (88.97%) of & alb:.cams had grcmth One C.

W G FIATIRY TN oo

isolat&s of C. tropicalis had the same growth equal to €. albicans.
The other isolated yeasts showed negative growth in Sabouraud broth

pH 1.5.
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