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The Presumptlve Identlﬁcatlon of Candida albicans with Germ Tube

Induced by High Temperature

Kyoung-Ho Lee, Woon-Seob Shin, kDong=hwa Kim, and.Choon-Myung Koh

—— Abstract

For direct identification of Candida albicans from other Candida species, the chlamydospore formation and the mycelial
transition induced by high temperature and by sera were examined in 198 Candida isolates. The germ tubes of C. albicans
developed early at 30 min in high temperature- mductlon but at 60 min in serum-induction. C. albicans generated germ
tubes well at concentrations lower than 2X 10" cells/ml, but the germ tube formation was markedly restrained at
concentrations ‘higher than 4 X 107 cells/ml. In a serum-free, yeast extract-peptone-dextrose (YEPD) medium, C. albicans
grew as a yeast form at 30°C and as a mycelial form at 35—42°C. Mycelial development was maximal at 37°C in serum
and at' 39°C in YEPD. Germ tubes were formed within 30 min in YEPD ac 39°C, but after 60 min in serum at 37°C.
Our examinatiod showed that the 39°C-induced germ tube formation tests were very reliable (sensitivity 100%, specificity
100%) at discerning C. albicans from other Candida species. These results suggest that the high temperature- mduced germ
tube formation  testing could be a useful 1dent1ﬁcauon method of C. albicans in clinical laboratories.
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INTRODUCTION

Candida albicans. is the most frequently isolated
fungal pathogen in humans. As the primary agent of
mucocutaneous and disseminated candidiasis, the op-
portunistic pathogen C. albicans causes significant
morbidity and mortality, especially in immunocom-
promised, postoperative patients,l'4

C. albicans exhibits the ability to grow in either a
yeast or a mycelial form in response to different
environmental factors. In vivo, the mycelial forms
found in infected tissues may be important as a
virulence factor in the adherence of organisms to host
eplthehum ® In vitro, the morphological transition
can be induced by environmental shifts in growing
conditions or a variety of exogeneous factors including

Received March 12, 1999

Accepted July 19, 1999

Department of Microbiology and Institute of Basic Medical
Science, Yonsei University Wonju College of Medicine, Wonju, Korea.

This study was supported by a grant (# HMP-96-M-2-1060) of
the '96 Good Health R&D Project, Ministry of Health and Welfare,
Republic of Korea.

Address reprint request to Dr. C. M. Koh, Department of Micro-
biology and Institute of Basic Medical Science, Yonsei University
Wonju College of Medicine, 162 Ilsan-Dong, Wonju, Kangwon-Do,
220-701, Korea. Tel: 82-371-741-0321, Fax: 82-371-748-2709, E-mail:
kohcm@wonju.yonsei.ac.ke

Yonses Med J Vol. 40, No. 5, 1999

ambient pH,” nutritional status”"' and temperature.'”
However, the mechanism whereby these factors
induce germ tube formation in C. @lbicans is virtually
unknown.

In the identification of unknown yeast isolates,
conventional methods including germ tube and chla-
mydospore formation, as well as sugar assimilation
tests have been used.” To perform the germ tube
formation test, yeast isolates are incubated in serum
at 37°C for a few hours. In this study, for direct
identification of C. albicans from other Candida
species, we adopted germ tube formation induced by
high temperature in serum-free medium substituting
for the conventional method. The results were more
reliable than the serum-induced germ tube test and
chlamydospore test.

MATERIALS AND METHODS
Organisms and -culture

Standard strains of C. albicans ATCC 10231, C.
albicans ATCC 36081 (serotype A), C. albicans ATCC
36082 (serotype B), C. mropicalis ATCC 14056, C.
parapsilosis ATCC 7330, C. glabrata ATCC 38326,
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C. krusei ATCC. 2159, and C. guillieymondii ATCG«
56802 were obtained from the National -Institute of
Hea]th Seoul Korea. S1xty blood 1solates and 138
methods ificluding morphological characteristics and
biochemical . tests. All yeasts were _precultured in
YEPD broth composed of 1% (w/v) yeast extract, 2%
(w/¥) peptone and 2% (w/v) dextrose at 37°C for 18
h, then transferred into fresh YEPD 'medium, “and
incubated at 37°C for 4 h. Precultured yeast cells
were washed. rwice by centrifugation with stetile PBS
{50 mM-sodium phosphate buffer -with 0.9% (w/v)
sodium chloride, pH 7.2}. The concentration of yeast
suspensmn was adjusted by haemocytometer mea-
suring.. :

Carbohydrate assimilation

Carbohydrate assimilation test was performed by
the disk method. Yeast suspension in saline- equiv-
alent to McFarland standard No. 0.5 was spread on
a yeast nitrogen base agar plate. Paper disks soaked
in 1% (w/v) carbohydrate solution were placed on the
plate. The results were acquired after incubating at
25°C for 2—3 days.

Chlamydospore formation

Suspended yeast was deeply streaked with a loop
in cornmeal tween 80 agar plate and covered with
glass slips. The plate was incubated in high humidity
at 25°C for 7 days. Chlamydospore was observed with
a microscope (X400). -

Germ tube formation

Adjusting cell concentration of yeasts, the washed
C. albicans was inoculated into a culture flask in rabbit
serum or in YEPD, and incubated at 30—-45°C for

0.5—3 h. The germ tube was observed with a micro-
scope (X 400).

RESULTS

Optimal conditions for germ tube formation

The rate of germ tube formation of C. albicans was
investigated during incubation time of 3 h (Fig. 1 and
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Fig. 1. Effect of incubation time on germ tube formatwn of C.
albicans. At an initial cell concentration of 2 X 107 cells/ml, C.
albicans was cultured in serum (37°C, & 39°C o) and in YEPD'
(37°C, v; 39°C ). Data are. expressed as mean £SD (n=>3).

Fig. 2. Photographs of germ tube ma’uced by high temperature. At
an initial cell concentration of 2 X1 0 cellsimi, C. albicans was
cultured in YEPD at 39°C for various vimes. A, 30 min; B, 6O
min; C, 90 min; D, 180 min.

2). When culturing in serum for at least 2 h, C.
albicans generated germ tubes with more than 60%
yeasts.. In YEPD, a transition rate of >60% was
shown at 39°C after an incubation time of 1 h. The
germ tube was formed within 30 min in, YEPD .at
39°C, but after 60 min in serum at 37— 39°C, and
in YEPD at 37°C. The effect of cell concentration on
germ tube formation of C. albicans was also examined
in serum at 37°C for 2 h and in YEPD at 39°C for
1 h (Fig. 3). By increasing cell concentrations. of C.
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Fig, 3. Effects of cell concentration on germ tube formation of C.
albicans. Various concentrations of C. albicans were cultured in serum
(0).at 37°C for 2 b and in YEPD (@) at 39°C for 1 b. Data
are expressed as mean £SD (n=3).
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Fig. 4. Effects of temperature on germ tube formation of C. albicans.
At an initial cell concentration of 2 X107 cells/ml, C. albicans was
cultured in serum () for 2 b and in YEPD (m) for 1 b at an
vange of 30 —45°C. Data are expressed as mean +SD (n=5).

‘albicans, the rates of germ tube formation were
decreased in both conditions. C. albicans generated
germ tubes well at concentrations lower than 2 X 10’
cells/ml, but the germ tube formation was markedly
restrained at concentrations higher than 4X10’
cells/ml. As in culturing at a concentration of 2 X 10
cells/ml in YEPD for 1 h, the rate of germ tube
formation was more than 50% at 39—42°C (Fig. 4).
In-serum, C. albicans generated germ tubes well at
a wide range of 30—42°C. C. albicans grew as a yeast
form at 30°C and as a mycelial form at 35—42°C in
serum-free YEPD medium. Mycelial development was
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Table 1. Microscopic Morphology of Candida Species

Morphology*

Strains _—

Serum, YEPD,

37°C 39°C
C. albicans ATCC 10231 M M
C. albicans ATCC 36081 serotype A M M
C. albicans ATCC 36082 serotype B M M
C. tropicalis ATCC 14056 M Y
C. parapsilosis ATCC 7330 M Y
C. glabrata ATCC 38326 Y Y
C. kruses ATCC 2159 Y Y
C. guilliermondii ATCC 56802 Y Y

With the initial cell concentration of 2X 10’ cells/ml, each
yeast was incubated in serum (37°C, 2 h) and in YEPD (39°C,
1 h).

* M, mycelial form; Y, yeast form.

maximal at 37°C in serum and at 39°C in YEPD. In
both conditions, germ tube was not formed at 45°C.
Although the rate of mycelial transition in serum was
higher than that in YEPD at less than 37°C, the rate
was similar in both conditions at a higher tem-
perature, 39—42°C.

Mycelial transition

Eight standard yeasts were cultured in serum at
37°C for 2 h and in YEPD at 39°C for 1 h (Table
1). All three C. albicans formed germ tubes in serum
at 37°C and in YEPD at 39°C. However, C. glabrata,
C. krusei, and C. guilliermondii did not form germ
tubes and grew only as a yeast form in serum and
in YEPD. In cases of C. tropicalis and C. parapsilosis,
they grew as a single yeast form in YEPD, but as
a pseudohyphae or a chain form in serum.

Identification with high temperature-induced germ
tube formation

Among the 198 strains of clinical isolates, 131
strains formed germ tubes or pseudohyphae in serum,
105 strains produced germ tubes in YEPD at 39°C,
and 102 strains produced chlamydospores in cornmeal
tween 80 agar. However, of the 198 Candida isolates
tested, C. albicans comprised only 105 strains (Table
2). The sensitivities/specificities of the high tempera-
ture-induced germ tube test, the serum-induced germ
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Table 2. Sensitivity and Spec1ﬁcxty of Identifying Methods
for C. albicans

Hyphal transition induction

Chlamydospore
Serum, 37°C  YEPD, 39°C
Sensitivity 98.1 100.0 96.2
Specificity 78.6 100.0 99.0

For hyphal transition, with initial cell concentration of 2 X 10’
cells/ml, each yeast was incubated in serum (37°C, 2 h) and
in YEPD (39°C, 1 h). Chlamydospore test ‘is described in
Materials and Methods.

tube test, and the chlamydospore test were 100/
100%, 98.1/78.6%, and 96.2/99.0%, respectively.

DISCUSSION

C. albicans can reproduce by budding, giving rise
to the formation of yeast cells. The production of
germ tubes results in conversion to a filamentous
growth phase or mycelial form. The formation of
pseudohyphae occurs by polarized cell division when
yeast cells grown by budding have elongated without
detaching from adjacent cells. Under certain nono-
ptimal growing conditions, C. albicans can undergo
the formation of chlamydospores, which are round,
refractile spores with a thick cell wall. These mor-
phological transitions often represent a response of the
fungus to changing environmental conditions and
may permlt the fungus to adapt to different biological
nicks."

It has been known that serum, heme, albumin,
N-acethylglucosamine or glucose starvation have an
influence on germ tube formation of C. @lbicans. For
-germ tube formation, the concentration of yeast cells
and culture temperature also play a role as limiting
factors. With heavy inoculum of more than 8X 10’
cells/ml, germ tubes were formed from less than 10%
of yeast cells in serum and serum-free medium. For
germ tube development, the ranges of temperature
were different between serum and serum-free me-
dium. Germ tube induction of C. albicans may in-
volve complicated pathways triggered by distinct
environmental factors which regulate different or
overlapped subsets of controlling systems for dimor-
phism,

For more convenient identification. of Candida spe-
cies, commercial methods have been developed.” ™"
Recently, molecular’ methods including PCR have
been also studied.'®" However, the observation of
germ tube production as a method for the presump-
tive identification of C. albicans has been widely used
for many years without limitations of skill and cost,
and has provided quite reliable results. Besides C.
albicans, other Candida species which can grow my-
celial form in serum have been known. Since some
other Candida species can generate germ tubes or
pseudohyphae in serum and their assimilation pat-
terns are similar to that of C. albicans, it is often
difficult to discern C. albicans from other Candida
species. We investigated C. albicans generated germ
tubes only by the high temperature-induction in
serum-free medium. In the application of this method
for identifying C. albicans, our results obtained from
the high temperature-induced method were not only
more reliable than those of the serum-induced germ
tube formation test, but they were also more sensitive
than those of the specific chlamydospore formation
test. Germ tube formation induced by high temper-
ature could apply to a presumptive identification
method in clinical laboratories.
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