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Candidiasis is a fungal infection of the most common causes; generally, opportunistic infections
occur often in patients with weakened immune systems. Because of high rates in fungal infection
patients and increasing frequency of being isolated from clinical materials, quickly identifying of
Candlida albicans is critical. By identifying 404 yeast cell strains of referred samples via APl 20C
kits, NGL and PRO tests and Germ tube (GT) test were conducted and compared. In the 3.0
McFarland yeast cells, 0.1% p-nitrophenyl-N-acetyl-B-D-galactosaminide (NGL) and 0.04%
—proline B-naphtylamide (PRO) were each put in test tubes and incubated at 35°C for 15, 30, 60
and 90 minutes. Afterwards, 1 drop of 2% NaOH was applied, and if the color turned yellow; it was
positive for NGL test. Afterwards, 1% p-dimethylaminocinnamaldehyde was applied, and if the
upper layer turned pink or red, it was positive for PRO test. NGL and PRO tests were conducted for
all C albicans and identified accurately within 30 minutes. In NGL, PRO test, false-positive,
negative were not seen, whereas, GT test showed false-positive in 1 strain and false-negative in 3
strains. Therefore, sensitivity and specificity of NGL, PRO tests were 100% and 99.5%, respectively,
and positive and negative predictive rate were 99.5% and 100%, respectively. However, GT test
sensitivity and specificity were 98.5% and 99.5%, respectively, and positive and negative
predictive rates were 99.5% and 98.5%, respectively. In conclusion, NGL, PRO tests are better than
GT tests for sensitivity and specificity, therefore, these reliable tests will be useful in clinical
laboratories.

Keywords: Candida albicans, Candidiasis, NGL, PRO test, API 20C kit, GT test

Corresponding author: Hun-Hee Park
Department of Clinical Laboratory Science,
Ansan University, Ansan 426-701, Korea.
Tel: 82-31-400-7140

E-mail: hueheepark@ansan.ac.kr

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in
any medium, provided the original work is properly cited.

Copyright © 2013 The Korean Society for Clinical Laboratory Science. All rights reserved.

M2 -
C. albicans= “}} AA oA 71 T3] B = Ao HA dubliniensisF= FEE A
o]

Received: August 19, 2013
Revised: October 31, 2013
Accepted: November 2, 2013

5 K=ol A% (germ tube test, GT) C. albicans] Al
AU EAH FolA 7Y Wol o] &= WHolY Candida

oo 0 albicans FSALE UL

i eAgo] Zotar Tk Al Al F7E 57 okal glo] o L 37} 3 (Salkin 5, 1987; Perry®} Miller, 1990), Candida
X o o

Ab AP Al&st Ba] 9l BXo] ¢ 94| Fal gtk tropicalis, Candida parapsilosis, Cryptococcus gastricus 2
(Kauffman &, 1986; Hunter &, 1989; Odds, 1993; Russell &, o5 = JET Woltk AJdof kAo 2 e = Zl o7 B 5]
LSS A WOk A4t 5 RO H(FellZ} Meyer, 1967; Katsura®} Uesaka, 1974; Martin,
1979), 7htAR} FoF A e} Hrole] S o] o] 2 om Algt E

1999; Cateau 5, 2012). C, albicanss &
A2 2 A AU 5L 7| EE Hol o] 88l gloL, |

o] Wol 1L AJ7to] A8 F= 5o @] Jlo] A or F O] ARgo = QIS o] fel/do] EASE S(Berardinelli®}
A3t C albicanss WEA F7817] St ol FRe e S Opheim, 1985)2] of&] 7} @ 0 = Q18] & w211 o5l 4
o] a1otwo] QlthPerry9} Miller, 1990; Rousselle %5, 1994; H] T4 4= gl o] QHr}

Simpanya &, 1995; Campbell -5, 1998). AFgF G2l ARk 71 Fung} Liang (1998)< 0.01% aniline blue dye7} $-3-¥ YB
T AEORL 37°COllA] 2 ~4A17E Fo u gt & Wole] g4 H| A& o|-8-5t] C albicanss 41453] &8k S LSkl

www.kjcls.org



150 Shin Young Kim and Hun-Hee Park. Rapid Identification of Candida albicans Using Colorimetric Method

1, Odds®} Bernaerts (1994)+ CHROMagar Candida (Hardy
Diagnostics, U.S.A) oAl dAH o2 293k guoF Adel C
albicans, C. tropicalis®! C. krusei®] M| &35 99% o4 7FHs}
A 8L 4 dokar silth Perry 5(1990) 71AH
p-nitrophenyl-N-acetyl-B-D-galactosaminide (NGL)%}
i-proline B-naphtylamide (PRO)Z 0135}04 90% whof| C

albicanss 21559 o] S 4 oleS B arsteich EXVP—
2 NGL % PRO test & =] 4HHA] Oﬂﬁ o] 40470 At
sto] C albicans®] B.r} 414531

a A&
01131%3‘%%*%%% A3t om AlP Q] ol Bl S0l =E A
[

<

1. M=

201104 495E] 20123 49714 7471 A7) H el o] =]
25 A Aol A BelE Aot 404 755 ko g A9 o)
Fow, 52| 574-& API 20C kit (bioMerieux, France)E o]&-
BFAL, 90% o)Ake] Al g EAE FFES AlY fjAto g 3
oAk, T35 ShRpe] vk HAol A 22 o] A% HEE A
Folli= Aol A Al Lfstel o, 1%4 &
agar (SDA, BBL Co, U.S.A)°ll FZF2t ¥ 30°CellA] 18-24A]7L Hl
Fstol Heto] g2t FAE %

= Sabouraud dextrose

H A 9-3% SEATE ol HAR] 3
A o) -2 Candida dubliniensis?t C. albicans= 554
AE WA Aol AASE A 2587 (human pooled
serum, HPS)S Ag-sto] A%-S 233}t Park -, 2008; Kim
5, 2009).

rir

2.4
1) ZOor AI&(Germ tube test)

0.5 mLEJ AF Aol ek ool 37°Coll A 2417 9L 44]
ZHEQEuFet & 3ok #n| 7 0 =2 40080l A TSR] Holte
GRS S P o= wsgieh ol A1 A|EofA] Fg
SHA Aheb A, A3} 7] A Fof] FEbo] gli= RS o 1Y
8} th(Terrence®} Thrke, 1971; Berardinelli®} Opheim, 1985).

==

2) NGL2H PRO Al
0.1% p-nitrophenyl-N-acetyl-p-D-galactosaminide (Sigma,
U.S.A)%}0.04% 1-proline B-naphtylamide (Sigma, U.S.A)E Al
HIH110x 12 mmofl 2+ 0.15 mLE E53 3 A 88 a1
o= A HFMcFarland turbidimeter 3.00] 95)d}od]
35°COllA] 154, 304, 60, 90O & AJ7HH wjeFstoe] vl o}
ATk, i 5 Alge] 2% NaOH 125 Boj=d] o] =i
NGL Alg Aoz #4381, 71 & 1% p-dimethylamino-
cinnamaldehyde (cinnamaldehyde reagents; remel, U.S.A) &
oS 7ho Ao HS-S Wolw e & T3}slA] okl (H 7}
A Bteiekrt Aol B5A) Ei 140 2 WA PRO A% A

RS |
02 gPstlct. 3t Aulo] ot ol 9 Sol, o2&
&

A 40455 AT 2 NGL, PRO (Sigma, U.S.A) testE A
7P Rt Axt 1580 A= vk % A7F e A] ohatom 30+,
PAS-E LR 3080 2.1E 43

kS ATLE olojy “}irf}(Table 1. 308 ¥-8-0 2 NGL 3!
PRO Al8OA C albicans= A&t 1985 257} NGL 9 PRO

Fig. 1. NGL and PRO tests. Positive seen in NGL and PRO tests.
With NGL positive (On the left in yellow) and PRO positive (On
the right in red), positive results were seen in all 30-minute,
60-minute and 90-minute tests.

Table 1. Reaction results of NGL and PRO tests over time using commercialized reagents

NGL and PRO tests results over time

Organism
15'

30’ 60’ 90’

Candida albicans (198) - (0/198)

+(198/198)

+ (198/198) + (198/198)

..
, mintues.
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Table 2. Comparison of the NGL and PRO test with the GT test for the identification of 404 yeast isolates previously identified by API

20C kit

No. of isolates GT

Organism
Total

NGL +
PRO +

NGL + NGL - NGL -
PRO - PRO + PRO -
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Candida tropicalis 9
Cryptococcus albidus

Cryptococcus uniguttrulatus
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Prototheca wickerhami
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Rhodotorula pilimanae

Rhodotorula rubra

Saccharomyces cerevisiae

Trichosporon beigelli 18 1
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NGL, p-nitrophenyl-N-acetyl-p-D-galactosaminide; PRO, (—proline B-naphthylamide; GT, germ tube test.
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