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Biotypes, genotypes and ketoconazole
susceptibility of Candida albicans isolates from 

a group of Thai AIDS patients
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A total of eighty-seven Candida albicans isolates from a group of Thai AIDS patients were characterized for phenotypic
and genotypic profiles and antifungal susceptibility to ketoconazole. Phenotyping of the isolates was carried out by a
biotyping method based on the enzyme profiles, carbohydrate assimilation patterns and boric acid resistance of the
yeasts. Genotyping was performed through randomly amplified polymorphic DNA (RAPD) analysis. Antifungal sus-
ceptibility of ketoconazole was performed using the NCCLS broth microdilution method. Combination of the bio-
typic tests revealed a total of 49 different biotypes. The most predominant was A1S (31%), the remaining biotypes rep-
resented only few isolates in each. RAPD profiles identified 14 clusters of genotype among the 87 isolates. Almost
every individual harboured his/her own specific isolate and in 25 of 26 (96.2%) harboured more than one clonal type.
The heterogeneity of both phenotypic and genotypic profiles of C. albicans isolates in this study was similar to previ-
ous reports from other oral sources in different geographic areas. All isolates were susceptible to ketoconazole. The
findings may be useful as baseline information of oral C. albicans colonization in Thai population living in the south
of Thailand.
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INTRODUCTION

In healthy humans, Candida albicans presents as
part of normal human microbial population of
the oral cavity and gastrointestinal tract. However,
Candida can cause severe mucosal or invasive dis-
eases in immunosuppressed patients including
AIDS patients (Odds, 1988). The high incidence
of mucosal candidiasis in patients with AIDS may
be due to infection with the same strains that are
non-pathogenic in healthy subjects but that be-

come pathogenic in AIDS patients due to impaired
host defence mechanisms. Alternatively, it may be
due to infection with unique or more virulent
strains. In addition, the significance of oral can-
didiasis as a disease entity in HIV-related im-
munosuppression is its frequent recurrence. The
mechanism behind the ability of this fungus to
cause recurrent disease is unknown. A decrease
in susceptibility to antifungal agents has been pos-
tulated (Samaranayake and Holmstrup, 1989;
Larsen, 1990), and this may be related to certain
types of C. albicans (Odds et al., 1983). 
Various phenotypic methods have been used to
subtype C. albicans strains, such as serotyping
(Hasenclever and Mitchell, 1971; Polonelli and
Morace, 1986), morphotyping (Phongpaichit et
al., 1987), killer yeast typing (Polonelli et al., 1983)
and biotyping (Odds et al., 1983, Williamson et



al., 1987). Of these, the biotyping system devel-
oped by Williamson et al., (1987) has been wide-
ly used for typing C. albicans strains from vari-
ous oral sites in different geographic areas (Tsang
et al., 1995; Xu and Samaranayake, 1995; Matee
et al., 1996; Hannula et al., 1997; Teanpaisan et
al., 2000; Leung et al., 2000; Waltimo et al., 2001;
Samaranayake et al., 2003a; Pizzo et al., 2005).
However, it has been suggested that phenotypic
switching of C. albicans may have significant ef-
fects on the results of biotyping which is proba-
bly the cause of the poor reproducibility of this
method (Syverson, 1981).
Numerous molecular methods have been used to
subtype Candida species, including restriction en-
donuclease analysis of genomic DNA, Southern
hybridization analysis, pulsed-field gel elec-
trophoresis, and polymerase chain reaction-based
approaches (Pfaller, 1995; Dassanayake and
Samaranayake, 2003). Among these, the RAPD-
based typing was commonly used to assess the
diversity of Candida isolates, as it has been de-
scribed as a simple, rapid and reliable discrimi-
nating method for clinical epidemiological stud-
ies of oral Candida colonization and infection
(Barchiesi et al., 1997; Jain et al., 2001; Waltimo
et al., 2001; Dassanayake et al., 2002; Hossain et
al., 2003; Samaranayake et al., 2003b; Lattif et al.,
2004; Pizzo et al., 2005).
The aim of the present study was to characterize
biotyping, genotyping and antifungal suscepti-
bility of Candida albicans strains isolated from
HIV-infected subjects.

MATERIALS AND METHODS

Sources of Candida albicans strains
A total of 87 strains of C. albicans isolated from
26 HIV-infected patients with oral candidiasis. All
26 HIV-infected patients were at CDC stage IV
and admitted to Songklanagarind Hospital,
Songkhla, Thailand because of their diseases. All
participants gave informed consent for the pro-
cedure used to obtain the oral samples and oral
yeast isolates. The study was approved by the
Medical Faculty Ethics Committee, Prince of
Songkla University, Thailand.
The oral sample was obtained from individual
subjects using 10 ml sterile phosphate buffered
saline according to the method of Samaranayake

et al. (1986). Colonies showing yeast-like mor-
phology within 48 h incubation period were se-
lected for study. All colonies showing variation in
morphology, as well as identical colonies, were
selected from the same isolation plate. The num-
ber of the chosen colonies depended on the den-
sity of growth recovered on the primary culture
plate. In each patient, 2 to 5 isolates were col-
lected, and all isolates were identified using pro-
duction of chlamydospores, production of germ
tubes and carbohydrate assimilation with API 20
C AUX (Bio Merieux, France).

Biotyping of C. albicans isolates
All C. albicans isolates were biotyped using the
method of Williamson et al. (1987), which em-
ployed two commercially available kits, (API ZYM
and API 20 C AUX (Bio Merieux)), and a boric
acid resistance test. In brief, the API ZYM system
evaluated the enzyme activity of the isolates by
means of a set of 19 enzyme substrates contained
in a tray of miniaturised plastic cupules. After in-
oculation of a standard suspension of the organ-
ism and incubation for 4 h at 37°C, the colour re-
actions in each cupule were read according to the
manufacturer’s instructions. The API 20 C AUX
system utilised the ability of C. albicans isolates
to assimilate 19 different carbohydrates as sole
sources of carbon. The results were determined
by comparison of the opacity in the test and con-
trol cupules. Finally, the boric acid resistance test
assessed the sensitivity of the isolates to 1.8
mg/ml of boric acid incorporated into an agar
medium.

Genotyping
Genotyping was performed by using randomly
amplified polymorphic DNA (RAPD) analysis.
DNA was extracted from each isolate by a modi-
fication method of Anthony et al. (1995). 
In an initial study, several primers were used for
RAPD analysis according to the instruction from
previous studies. However, DNA fingerprints gen-
erated by primer RSD11 (5’GCATATCAATAA GCG-
GAGGAAAAG-3’) and RSD12 (5’-GGTCCGT-
GTTTCAAGACG-3’) (Samaranayake et al., 2003a)
showed adequately discriminatory and hence
were used in this study. 
Thermocycling was performed in a GeneAMP
2400 machine (Perkin Elmer, Foster City, USA).
PCR master mix containing approximately 20 ng
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of yeast DNA as template, 5 µl of 10x PCR buffer
(200 mM Tris-HCl (pH 8.4) and 500 mM KCl),
200 mM of dNTPS, 2 mM MgCl2, 1 µM of primer,

1.5 U Taq polymerase in 50 µl was used for PCR
reaction. The first 5 cycles included 30 s of de-
naturation at 94°C, 2 min of annealing at 52°C, 2
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TABLE 1 - The distribution of 49 biotypes and 14 clusters of genotype of C. albicans isolated from 26 HIV-
infected patients.

Biotypes Number of Biotypes Number of Clusters of Number of 
isolates (%) isolates (%) Genotype isolates (%)

A 1 S 27 (31.00) B 6 S 1 (1.15) 1 2 (2.3)

A 6 S 1 (1.15) B 15 S 1 (1.15) 2 6 (6.9)

A 6 R 1 (1.15) B 16 S 1 (1.15) 3 2 (2.3)

A 7 S 1 (1.15) B 19 S 1 (1.15) 4 8 (9.2)

A 8 S 3 (3.45) B 21 R 1 (1.15) 5 9 (10.4)

A 13 S 3 (3.45) C 1 S 2 (2.30) 6 11 (12.6)

A 14 S 3 (3.45) C 1 R 1 (1.15) 7 7 (8.0)

A 15 S 1 (1.15) C 2 S 2 (2.30) 8 4 (4.6)

A 16 S 1 (1.15) C 13 S 1 (1.15) 9 4 (4.6)

A 17 S 1 (1.15) C 22 R 1 (1.15) 10 2 (2.3)

A 17 R 1 (1.15) C 26 S 1 (1.15) 11 8 (9.2)

A 18 S 1 (1.15) C 29 S 1 (1.15) 12 7 (8.0)

A 19 S 1 (1.15) D 1 S 1 (1.15) 13 9 (10.3)

A 21 S 1 (1.15) D 8 S 1 (1.15) 14 3 (3.5)

A 22 S 1 (1.15) D 14 S 1 (1.15) uncluster 5 (5.8)

A 22 R 1 (1.15) E 2 R 1 (1.15)

A 23 S 1 (1.15) E 14 R 1 (1.15)

A 23 R 1 (1.15) E 21 S 1 (1.15)

A 24 S 1 (1.15) E 29 R 1 (1.15)

A 25 S 1 (1.15) F 4 S 1 (1.15)

A 26 S 1 (1.15) G 1 S 1 (1.15)

A 27 R 1 (1.15) G 2 S 3 (3.45)

A 30 S 1 (1.15) G 5 R 1 (1.15)

B 1 S 3 (3.45) G 6 R 1 (1.15)

B 4 S 1 (1.15)



min of primer extension at 72°C, and then fol-
lowed by 45 cycles of 30 s of denaturation at 94°C,
2 min at 57°C and 2 min at 72°C. The reaction
was held at 72°C for 15 min. Control tube con-
taining master mix but without template DNA
was included in each run and reproducibility
checked for each reaction. PCR products were
electrophoresed in 7.5% polyacrylamide gel,
stained with silver staining.

Analysis of fingerprints
RAPD gel profiles captured by a digital camera
were then digitized using the Dendron software
package version 3.0 (Solltech, Iowa City, Iowa)
(Dassanayake et al., 2006).

Antifungal susceptibility testing 
for ketoconazole
Minimal inhibitory concentration (MIC) for ke-
toconazole was performed using the NCCLS
broth microdilution method according to CLSI
guidelines (M27-A) (1997). A working suspension
of an inoculum was prepared using a spec-
trophotometer at a concentration of each isolate
0.5×103 - 2.5×103 cells/ml in RPMI medium.
Twofold dilutions of ketoconazole from 16 to
0.0075 µg/ml were prepared and inoculated with
the working suspension. The trays were incubat-
ed at 37°C for 24 h and the MIC endpoint was de-
termined by Microplate reader at the concentra-
tion that produced an 80% reduction of turbidi-
ty in comparison with a drug-free control.

RESULTS

The biotyping system employed in this study uti-
lized three tests: the API ZYM test (the first letter

of the code), the API 20 C system (the middle dig-
it of the code), and resistance or sensitivity to
boric acid, denoted as either R or S (the last let-
ter of the code). A total of 49 biotypes were found
among the 87 oral C. albicans isolates from HIV-
infected patients. The major biotype, A1S, ac-
counted for 31% of the isolates, and other 48 bio-
types were generally distributed in quite less per-
centage (Table 1).
Overall, the results of RAPD showed that most
patients exhibited varying and disparate geno-
typic patterns either within the same or different
individuals (Figure 1). When genotypes of C. al-
bicans from 26 patients were analyzed, it was
shown that most patients 96.2% (25/26) har-
boured more than one clonal type, and a single
patient could be colonized by up to 5 clonal types. 
The dendrogram based on SAB values of 87 iso-
lates from HIV-infected patients generated 14
clusters, contained 4 small clusters (clusters 1, 3,
10 and 14) and 10 larger clusters at the SAB =0.02
(Table 1). Thus, results indicated that there was
a loosely connection among this yeasts popula-
tion, implying there was diversity of C. albicans
isolated from Thai population.
All strains were examined for their MICs against
ketoconazole using the NCCLS microdilution
method, and the results are shown in Table 2. The
mean MIC of ketoconazole was 0.45 ± 1.09 µg/ml,
ranging from 0.0075 to 4.0 µg/ml. Only 17.2% (15
of 87 isolates) had MICs of ketoconazole more
than the mean value (0.45±1.09 µg/ml). To assess
the relationship of biotype, genotype and anti-
fungal susceptibility, there was no association
among biotypes, genotypes and antifungal sus-
ceptibility of ketoconazole (Table 2). It was not-
ed that certain genotype or susceptibility of ke-
toconazole tended to relate to the host (Table 2).
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FIGURE 1 - RAPD fingerprinting
patterns (Lanes 1-15) generated
with primer RSD 12 of Candida
albicans isolates from 15 unre-
lated HIV-infected patients, each
individual had a distinct pattern.
M, Molecular size markers (Bio-
Rad).
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TABLE 2 - Details of biotypes, clusters of genotype and ketoconazole susceptibility of 26 patients.

Patient Number Biotypes Clusters of genotype MIC (µg/ml)
of isolates

1 3 A1S (1), A6S (1), A13S (1) 3 (2), 13 (1) 0.031 (3)

2 4 A1S (3), B19S (1) 8 (4) 0.25 (4)

3 3 A1S (1), A17R (1), C13S (1) 11 (3) 0.015 (3)

4 4 A1S (2), A14S (1), B4S (1) 1 (1), 6 (3) 0.015 (2), 1.0 (1), 0.031 (1)

5 4 A1S (2), A7S (1), A15S (1) 1 (1), 6 (1), 7(2) 0.015 (4)

6 2 A16S (1), A24S (1) 10 (2) 0.015 (2)

7 2 A1S (1), C1S (1) 2 (2) 0.031 (1), 0.062 (1)

8 2 B1S (2) 14 (2) 0.25 (1), 0.031 (1)

9 5 A1S (1), A8S (2), A21S (1), 2 (1), 11 (1), uncluster (3) 0.031 (1), 0.0075 (4)
A25S (1)

10 3 A13S (2), A23S (1) 2 (3) 0.125 (2), 0.062 (1)

11 4 C1S (1), C2S (2), A22S (1) 6 (2), 14 (1), uncluster (1) 0.125 (1), 0.25 (1), 0.5 (1), 
4.0 (1)

12 2 A1S (1), A6R (1) 4 (2) 0.062 (2)

13 3 A1S (3) 4 (3) 0.031 (2), 0.015 (1)

14 5 A1S (5) 6 (5) 0.015 (3), 0.031 (2)

15 2 A17S (1), A18S (1) 11 (2) 0.031 (2)

16 3 A1S (2), B1S (1) 5 (3) 0.015 (2), 0.031 (1)

17 3 A8S (1), D1S (1), D8S (1) 5 (2), 9 (1) 0.015 (2), 0.062 (1)

18 2 B21R (1), E2R (1) 5 (2) 0.031 (1), 0.25 (1)

19 3 A22R (1), A23R (1), G6R (1) 5 (2), 11 (1) 0.015 (2), 0.031 (1)

20 2 A27R (1), G5R (1) 4 (2) 0.25 (1), 4.0 (1)

21 5 C1R (1), C22R (1), E14R (1), 11 (1), 12 (4) 4.0 (5)
E21S (1), E29R (1)

22 5 A14S (1), A19S (1), A26S (1), 7 (5) 1.0 (3), 2.0 (2)
A30S (1), C26S (1)

23 5 C29S (1), G1S(1), G2S (3) 4 (1), 12 (3), uncluster (1) 0.015 (1), 0.031 (3), 0.062 (1)

24 5 A1S (3), A14S (1), B6S (1) 13 (5) 0.031 (1), 0.062 (3), 0.5 (1)

25 2 A1S (2) 13 (2) 0.031 (1), 0.125 (1)

26 4 B15S (1), B16S (1), D14S (1), F4S (1) 9 (3), 13 (1) 0.015 (1), 0.031 (3)

MIC = minimal inhibitory concentration of ketoconazole



DISCUSSION

In the present study, we used a standardized bio-
typing system (Williamson et al., 1987), RAPD
genotyping method and antifungal susceptibility
to characterize strains C. albicans isolated from
HIV-infected patients living in the Southern
Thailand. The biotyping system we utilized is sim-
ple to perform, technically undemanding, rela-
tively inexpensive and has been shown to have a
good discriminatory power (Williamson et al.,
1987; Tsang et al., 1995; Pizzo et al. 2005). For all
of these reasons, this biotyping method has been
widely employed to characterize oral C. albicans
isolates from different geographic regions
(Williamson et al., 1987; Tsang et al., 1995; Xu
and Samaranayake, 1995; Matee et al., 1996;
Hannula et al., 1997; Teanpaisan et al., 2000;
Waltimo et al., 2001; Samaranayake et al., 2003a;
Pizzo et al. 2005). The percentage distribution of
biotyping detected in our study was consistent
with those reported in other studies in which A1S
was the most predominant biotype (Williamson
et al., 1987; Xu and Samaranayake, 1995;
Teanpaisan et al., 2000). Data from the current
and other studies imply that the phenotype A1S
may be more widely distributed in China and
Thailand (Xu and Samaranayake, 1995;
Teanpaisan et al., 2000).
RAPD analysis has proved to be a rapid, simple,
cost-effective and discriminatory technique for
the molecular typing of C. albicans, and has also
been demonstrated to be highly reproducible.
Thus, it was accepted that RAPD analysis of ge-
nomic DNA is a versatile tool for epidemiologi-
cal studies of C. albicans (Pfaller, 1995;
Dassanayake and Samaranayake, 2003; Pizzo et
al., 2005). In the present study, fingerprinting gen-
erated by RSD 11 and RSD 12 was further eval-
uated using a well-proven computer-assisted da-
ta analysis system, showing diversity of geno-
types. This confirmed previous reports on the dis-
criminatory power of DNA–based methods for
strain delineation of Candida. RAPD profiles of
isolates collected from different participants were
generally distinct, and almost every individual
harboured his/her own specific isolate. Such
broad spectrum of genetic heterogeneity within
isolates is quite similar to previous reports from
other oral and non-oral sources (Waltimo et al.,
2001; Pizzo et al., 2002; Dassanayake et al., 2003;

Samaranayake et al., 2003b; Pizzo et al., 2005). It
has been postulated that variations in the geno-
type could strategically enhance the survival of
an organism in the oral cavity (Dassanayake et
al., 2006). Although, it is not our purpose to com-
pare the study of HIV-infected patients to non-
HIV infected subjects, the genetic diversity of C.
albicans isolated from 6 healthy individuals
showed similar profile, heterogeneity of pheno-
typic and genotypic profiles, as HIV-infected pa-
tients (data not shown).
Susceptibilities to ketoconazole varied among the
isolates tested. However, all strains in this study
were (in vitro) susceptible to ketoconazole (MIC
≤8.0 µg/ml) according to Pfaller et al. (1997) cri-
teria. It is known that the emergence of resistant
strains of C. albicans frequently occurs in patients
previously exposed to azoles (Rex et al., 1995;
Masiá Canuto et al., 2000). This study showed
that ketoconazole could be the drug of choice for
treatment of oral candidiasis in the south of
Thailand.
The phenotypic and genotypic profiles and anti-
fungal susceptibility were also correlated to eval-
uate the congruence of the typing systems used
and antifungal susceptibility. As already report-
ed (Waltimo et al., 2001, Pizzo et al. 2005), such
typing systems were not in agreement, since dif-
ferent genotypes could be detected in the same
phenotype while the isolates in the same geno-
type could belong to different biotypes. In this
study, the most prevalent biotype A1S could be
distributed in several different genotypes, and the
isolates in the same genotypic cluster, e.g. five iso-
lates of cluster 7 of patient no. 22, could be de-
tected as 5 different biotypes. Moreover, the sus-
ceptibility of ketoconazole was not restricted to
either biotype or genotype. This confirms previ-
ous studies which showed that there was no as-
sociation between drug susceptibility and bio-
types or genotypes (Teanpaisan et al.; 2000; Pizzo
et al., 2002).
Despite the wide variety of sub-typing methods
developed for C. albicans, no single procedure has
become the accepted standard. Typing methods
based on phenotypes could be discounted for
their occasional poor discrimination and uncer-
tain reproducibility (Hunter, 1991). It has been
argued that phenotypic methods are now no
longer needed when DNA-typing methods are
available. However, DNA-typing methods are rel-
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atively expensive and require special equipment.
The results of this study showed that both bio-
typing and RAPD are applicable for sub-typing
of C. albicans strains. We suggest that biotyping
remains in use, as it is relatively inexpensive and
requires no special equipment. Biotyping is prob-
ably a method of choice for laboratories that can-
not afford equipment for DNA-typing. However,
genotyping with computer analysis should be-
come the preferred typing for C. albicans where
it is available.
In conclusion, the current study provided data
on the biotypes, RAPD profiles and antifungal
susceptibility of 87 C. albicans isolates recovered
from 26 HIV-infected patients living in Southern
Thailand. A total of 49 biotypes and 14 clusters of
genotype were found. The results of phenotyping
and genotyping suggested high heterogeneity
among C. albicans isolates, and all isolates were
found susceptible to ketoconazole. Such findings
may be useful as baseline information on oral C.
albicans colonization in the Thai population liv-
ing in the south of Thailand.

ACKNOWLEDGEMENT
We would like to give the special thanks to Professor
LP Samaranayake for his kind advice for the work
and for providing the laboratories facility and
Dendron software for analysis of DNA fingerprints.

REFERENCES

ANTHONY R.M, MIDGLEY J., SWEET S.P., HOWELL S.A.
(1995). Multiple strains of Candida albicans in the
oral cavity of HIV positive and HIV negative pa-
tients. Microbial Ecology in Health and Disease. 8,
23-30.

BARCHIESI F., FALCONI DI FRANCESCO L., COMPAGNUCCI P.,
ARZENI D., CIRIONI O., SCALISE G. (1997). Genotypic
identification of sequential Candida albicans iso-
lates from AIDS patients by polymerase chain re-
action techniques. European Journal of Clinical
Microbiology and Infectious Diseases. 16, 601-605.

DASSANAYAKE R.S., ELLEPOLA A.N.B., SAMARANAYAKE Y.H.,
SAMARANAYAKE L.P. (2002). Molecular heterogene-
ity of fluconazole-resistant and susceptible oral
Candida albicans isolates within a single geographic
locale. APMIS. 110, 315-324.

DASSANAYAKE, R.S., SAMARANAYAKE L.P. (2003).
Amplification based nucleic acid scanning tech-
niques to assess genetic polymorphism in Candida.
Critical Reviews in Microbiology 29, 1-24.

DASSANAYAKE R.S., SAMARANAYAKE Y.H., YAU J.J.Y.,
SAMARANAYAKE L.P. (2006). DNA fingerprinting
elicited evolutionary trend of oral Candida tropi-
calis isolates from diverse geographic locales.
Indian Journal of Medical Microbiology. 24, 186-
194.

HANNULA J., SAARELA M., ALALUUSUA S., SLOTS J.,
ASIKAINEN S. (1997). Phenotypic and genotypic
characterization of oral yeasts from Finland and
the United States. Oral Microbiology and
Immunology. 12, 358-365.

HASENCLEVER H.F., MITCHELL W.O. (1971). Antigenic
studies of Candida. Observation of two antigenic
groups in Candida albicans. Journal of Bacteriology.
82, 570-573.

HOSSAIN H., ANSARI F., SCHLUZ-WEIDNER N., WETZEL W.-
E., CHAKRABORTY T., DOMANN E. (2003). Clonal iden-
tity of Candida albicans in the oral cavity and the
gastrointestinal tract of pre-school children. Oral
Microbiology and Immunology. 18, 302-308.

HUNTER P.R. (1991). A critical review of typing methods
for Candida albicans and their applications. Critical
Reviews in Microbiology. 17, 417-434.

JAIN P., KHAN Z.K., BHATTACHARYA E., RANADE S.A.
(2001). Variation in random amplified polymorphic
DNA (RAPD) profiles specific to fluconazole-re-
sistant and - sensitive strains of Candida albicans.
Diagnostic Microbiology and Infectious Disease. 41,
113-119.

LARSEN R.A. (1990). Azoles and AIDS. Journal of
Infectious Disease. 162, 727-730.

LATTIF A.A., BANERJEE U., PRASAD R., BISWAS A., WIG N.,
SHARMA N., HAQUE A., GUPTA N., BAQUER N.Z.,
MUKHOPADHYAY G. (2004). Susceptibility pattern and
molecular type of species-specific Candida in
oropharyngeal lesions of Indian human immun-
odeficiency virus-positive patients. Journal of
Clinical Microbiology. 42, 1260-1262.

LEUNG W.K., DASSANAYAKE R.S., YAU J.Y.Y., JIAN JIN L.,
CHEONG YAM C., SAMARANAYAKE L.P. (2000). Oral col-
onization, phenotypic, and genotypic profiles of
Candida species in irradiated, dentate, xerostomic
nasopharyngeal carcinoma survivors. Journal of
Clinical Microbiology. 38, 2219-2226.

MASIÁ CANUTO M., GUTIÉRREZ RODERO F., ORTIZ DE LA

TABLA DUCASSE V., HERNÁNDEZ AGUADO I., MARTı́N
GONZÁLEZ C., SÁNCHEZ SEVILLANO A., MARTı́N
HIDALGO A. (2000). Determinants for the develop-
ment of oropharyngeal colonization or infection by
fluconazole resistant Candida strains in HIV-in-
fected patients. European Journal of Clinical
Microbiology and Infectious Diseases. 19, 593-601.

MATEE M.I., SAMARANAYAKE L.P., SCHEUTZ F., SIMON E.,
LYAMUYA E.F., MWINULA J. (1996). Biotypes of oral
Candida albicans isolates in a Tanzanian child pop-
ulation. APMIS. 104, 623-628.

NATIONAL COMMITTEE FOR CLINICAL LABORATORY

STANDARDS. (1997). Reference method for broth di-

Biotypes and genotypes of C. albicans 415



lution antifungal susceptibility testing of yeasts.
Approved standard. NCCLS document. M27A.
Villanova, PA.

ODDS F.C. Candida and candidiasis. (1988). A review
and bibliography, 2nd edition. Philadelphia: W.B.
Saunders.

ODDS F.C., ABBOTT A.B., STILLER R.L, SCHOLER H.J.,
POLAK A., STEVENS D.A. (1983). Analysis of Candida
albicans phenotypes from different geographical
and anatomical sources. Journal of Clinical
Microbiology. 18, 849-857.

PFALLER M.A. (1995). Epidemiology of fungal infec-
tions: the promise of molecular typing. Clinical
Infectious Diseases. 20, 1535-1539.

PFALLER M.A., REX J.H., RINALDI M.G. (1997).
Antifungal susceptibility testing: technical advances
and potential clinical applications. Clinical
Infectious Diseases. 24, 776-784.

PIZZO G., BARCHIESI F., FALCONI DI FRANCESCO L.,
GIULIANA G., ARZENI D., MILICI M.E., D’ANGELO M.,
SCALISE G. (2002). Genotyping and antifungal sus-
ceptibility of human subgingival Candida albicans
isolates. Archives of Oral Biology. 47, 189-196.

PIZZO G., GIAMMANCO G. M., PECORELLA S., CAMPISI G.,
MAMMINA C., D’ANGELO M. (2005). Biotypes and ran-
domly amplified polymorphic DNA (RAPD) pro-
files of subgingival Candida albicans isolates in HIV
infection. New Microbiologica. 28, 67-74.

POLONELLI L., MORACE G. (1986). Specific and common
antigenic determinants of Candida albicans isolates
detected by monoclonal antibody. Journal of
Clinical Microbiology. 23, 366-368.

POLONELLI L., ARCHIBUSACCI C., SESTITO M., MORACE G.
(1983). Killer system: a simple method for differ-
entiating Candida albicans strains. Journal of
Clinical Microbiology. 17, 774-780.

PHONGPAICHIT S., MACKENZIE D.W.R., FRASER C. (1987).
Strain differentiation of Candida albicans by mor-
photyping. Epidemiology and Infection. 99, 421-428.

REX J.H., RINALDI M.G., PFALLER M.A. (1995).
Resistance of Candida species to fluconazole.
Antimicrobial Agents and Chemotherapy, 39, 1-8.

SAMARANAYAKE L.P., MACFARLANE T.W., LAMEY P.J.,
FERGUSON M.M. (1986). A comparison of oral rinse
and imprint sampling techniques for the detection

of yeast, coliform and Staphylococcus aureus car-
riage in the oral cavity. Journal of Oral Pathology
and Medicine. 15, 386-388.

SAMARANAYAKE L.P., HOLMSTRUP P. (1989). Oral can-
didiasis and human immunodeficiency virus in-
fection. Journal of Oral Pathology and Medicine. 18,
554-564.

SAMARANAYAKE Y.H., SAMARANAYAKE L.P., YAU J.Y.Y.,
DASSANAYAKE R.S., LI T.K.L., ANIL S. (2003a).
Phenotypic diversity of oral Candida albicans iso-
lated on single and sequential visits in an HIV in-
fected Chinese cohort. APMIS. 111, 329-327.

SAMARANAYAKE Y.H., SAMARANAYAKE L.P., DASSANAYAKE

R.S., YAU J.Y.Y., TSANG W.K., CHEUNG B.P.K., YEUNG

K.W.S. (2003b). ‘Genotypic shuffling’ of sequential
clones of Candida albicans in HIV-infected individ-
uals with and without symptomatic oral candidia-
sis. Journal of Medical Microbiology. 52, 349-359.

SYVERSON R.E. (1981). Variable assimilation of carbon
compounds by Candida albicans. Journal of Clinical
Microbiology. 13, 163-168.

TEANPAISAN R., NITTAYANANTA W., CHONGSUVIVATWONG V.
(2000). Biotypes of oral Candida albicans isolated
from AIDS patients and HIV-free subjects in
Thailand. Journal of Oral Pathology and Medicine.
29, 193-199.

TSANG P.C.S., SAMARANAYAKE L.P., PHILIPSEN H.P.,
MCCULLOGH M., REICHART P.A., SCHMIDTWESTHAUSEN

A., SCULLY C., PORTER S.R. (1995). Biotypes of oral
Candida albicans isolates in human immunodefi-
ciency virus-infected patients from diverse locations.
Journal of Oral Pathology and Medicine. 24, 32-36.

WALTIMO T.M.T., DASSANAYAKE R.S., ØRSTAVIK D.,
HAAPASALO M.P.P., SAMARANAYAKE L.P. (2001).
Phenotypes and randomly amplified polymorphic
DNA profiles of Candida albicans isolates from root
canal infections in a Finnish population. Oral
Microbiology and Immunology. 16, 106-112.

WILLIAMSON M.I., SAMARANAYAKE L.P., MACFARLANE T.W.
(1987). A new simple method for biotyping Candida
albicans. Microbios. 51, 159-167.

XU Y.Y., SAMARANAYAKE L.P. (1995). Oral Candida albi-
cans biotypes in Chinese patients with and without
oral candidosis. Archives of Oral Biology. 40, 577-
579.

416 R. Teanpaisan, M. Niyombandith, P. Pripatnanant, W. Sattayasanskul



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Europe ISO Coated FOGRA27)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.03333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.03333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (Custom)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ITA ([Basato su 'JONA STAMPA'] )
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks true
      /BleedOffset [
        14.173230
        14.173230
        14.173230
        14.173230
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([Alta risoluzione])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 14.173230
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


